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Abstract

Purpose To examine differences in effects according to growth hormone (GH) treatment duration in adult GH-deficient
patients.

Methods In the Italian cohort of the observational Hypopituitary Control and Complications Study, GH-treated adults with
GH deficiency (GHD) were grouped by duration of treatment; <2 years (n=451), >?2 to <6 years (n=387) and > 6 years
(n=395). Between-group differences in demographics, medical history, physical characteristics, insulin-like growth factor-1I
standard deviation score (IGF-I SDS) and lipid profile at baseline, last study visit and changes from baseline to last study
visit were assessed overall, for adult- and childhood-onset GHD and by gender using ANOVA for continuous variables and
Chi-squared test for categorical variables.

Results At baseline, treatment duration groups did not differ significantly for age, gender, body mass index, GHD onset,
IGF-1 SDS, lipid profile, and quality of life. Mean initial GH dose did not differ significantly according to treatment duration
group in any subgroup, except female patients, with highest mean dose seen in the longest duration group. In the longest
duration group for patients overall, adult-onset patients and male patients, there were significant decreases in GH dose from
baseline to last visit, and in total and low-density lipoprotein (LDL)-cholesterol concentrations. IGF-I SDS increased, to a
greater extent, in the longest duration group for patients overall and female patients.

Conclusions The results show that long-term GH treatment is associated with decreasing GH dose, increased IGF-I, decreased
LDL-cholesterol and the presence of surrogate markers that help to give confidence in a diagnosis of GHD.
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Introduction

Growth hormone (GH) deficiency in adult patients is asso-
ciated with increased risk of mortality, predominantly due
to cardiovascular disease [1—4]. GH-deficient patients fre-
quently have excess body fat, decreased lean body mass
and an abnormal lipid profile, and GH treatment is able
to reverse these effects [2—8]. Adult patients diagnosed as
having GH deficiency require continuous treatment with
GH throughout their lives to maintain the metabolic bene-
fits. However, the effects of such continuous GH treatment
may change over time and data are required to evaluate
such potential changes.

Data from large observational studies indicate that
duration of GH treatment varies widely from a few months
to many years. However, only limited data have been pub-
lished that enable comparison of metabolic and hormonal
effects between short-term versus long-term GH treat-
ment [8, 9]. In the observational Hypopituitary Control
and Complications Study (HypoCCS) programme, data
have been collected for a large number of adult patients
with GH deficiency who were treated with GH [10, 11].
Among the 16 countries in Europe and North America that
enrolled patients into HypoCCS, Italy was a major con-
tributing country to the database [12]. The present analysis
used the Italian cohort of patients in HypoCCS, which
included data from patients with various durations of GH
treatment. The present analysis was carried out to examine
differences in baseline characteristics, efficacy and quality
of life between patients who received GH treatment for
different durations, to investigate changes in effects during
short-term versus long-term treatment.

Methods
Patients and study design

HypoCCS was a multi-national surveillance study
designed to examine the safety and efficacy of long-
term GH treatment in adult patients with GH deficiency.
Patients entered into the study were adults, aged at least
18 years, with onset of GH deficiency either during child-
hood (CO) or adulthood (AO). Because HypoCCS was a
surveillance study, the diagnosis of GH deficiency, entry
into the study and all treatment decisions were at the dis-
cretion of the attending physician according to local guide-
lines. The Italian cohort of patients who entered into the
present analysis met the criteria for the indication of adult
treatment with GH, according to Italian reimbursement
rules described in Nota AIFA no. 39.
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Other than a diagnosis of GH deficiency, the only inclu-
sion criterion for entry to HypoCCS was that patients had
achieved adult height, with closed epiphyses. Exclusion
criteria included active malignancy, recent growth of a
pituitary adenoma or other intracranial tumour, presence
of acute critical illness due to complications following
open heart or abdominal surgery, multiple accidental trau-
mas, or acute respiratory failure.

HypoCCS was registered with ClinicalTrials.gov, study
number NCT01088399. The clinical study protocol was
approved by appropriate institutional review boards and
adhered to all applicable regulatory requirements. All
patients provided signed informed consent for data collec-
tion, electronic processing and publication, in accordance
with national laws. The study was performed according to
the ethical principles of the Declaration of Helsinki.

Study evaluations

Data collected at baseline and during follow-up included
demographics, medical history, height, weight, body mass
index (BMI), insulin-like growth factor-I (IGF-I) con-
centrations, lipid profile and Framingham cardiovascular
risk index. Study visits for clinical assessment occurred
at approximately 6- to 12-month intervals, although time
between visits was flexible, in line with clinical practice.

Peak GH concentration following stimulation testing
was determined at local laboratories using commercially
available GH assays. IGF-I concentration was measured at
a central laboratory (IGF Labor, Universitats Kinderklinik,
Giessen, Germany) and values were converted to standard
deviation scores (SDS) based on age- and gender-matched
reference ranges, using published methods [13]. Concen-
trations of total cholesterol, low-density lipoprotein (LDL)-
cholesterol, high-density lipoprotein (HDL)-cholesterol and
triglycerides were assessed locally using the routine proce-
dures of the hospital laboratories. The Framingham cardio-
vascular index was determined as 10-year risk according to
published calculations [14]. The risk score was calculated
as the sum of by-gender sub-scores of age, total cholesterol
level, HDL-cholesterol level, smoking history and systolic
blood pressure determined at each time point. Quality of
life was evaluated from the Questions on Life Satisfaction-
Hypopituitarism (QLS-H) questionnaire and Z-scores cal-
culated from normative data [15].

Data analysis and statistics

Data were analysed for patients in Italy who were fol-
lowed in HypoCCS from 1995 to December 2012. Dura-
tion of GH treatment for these patients ranged from <1
to > 16 years. For the present analysis, the patients were
divided into three groups based on duration of therapy:
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group A received GH treatment for <2 years (n=451),
group B received GH for >2 to <6 years (n=387) and
group C received GH for > 6 years (n=395). The fol-
lowing parameters were evaluated: demographics, GH
deficiency diagnosis, BMI, lipid profile, GH dose, IGF-I
SDS, Framingham cardiovascular risk and quality of life.
Data are shown as mean + standard deviation or with 95%
confidence intervals (CI) for continuous variables, and
number of patients (percentage of total patient number)
for categorical variables. Baseline variables and changes
from baseline to last available visit on GH treatment were
compared across treatment duration groups. Differences
between the duration of treatment groups were assessed
using ANOVA for continuous variables and Chi-squared
tests for categorical variables, with P <0.05 consid-
ered statistically significant. All analyses of differences
between duration groups were repeated for subgroups
based on the onset of GH deficiency (AO and CO), and
gender (male and female). The effect of age at last visit
was assessed for continuous variables using logistic
regression with group C as the reference group, assessing
effect of age and its interaction with treatment duration
groups. No adjustments for multiplicity were made due
to the ad hoc nature of the analysis.

Results

There were no statistically significant differences between
the duration-of-treatment groups for mean baseline age, pro-
portion of males, BMI, onset of GH deficiency, lipid profile,
IGF-I SDS or quality of life (Table 1). These parameters
did not differ significantly when the groups were com-
pared within individual subgroups of AO, CO, male and
female patients. Peak GH following GH-releasing hormone
(GHRH) + arginine tests did not differ significantly between
duration groups overall or for any individual subgroup.

There was a significant difference between the groups in
the type of stimulation test used for diagnosis of GH defi-
ciency (Table 2). In group C, with the longest duration of
GH treatment, the GHRH + arginine test was used more fre-
quently, and tests using either GHRH or arginine alone and
the insulin tolerance test were used less frequently than for
the other groups. The difference was significant overall and in
AO, but not CO, patients and in male, but not female, patients.

The difference between groups for the cause of GH
deficiency, as reported by the investigator, was statisti-
cally significant for AO patients, although not for patients
overall or for CO patients (Table 3); there was also no sig-
nificant difference when analysed by gender. For the AO
patients, there was a higher proportion with a diagnosis of
craniopharyngioma and a lower proportion with idiopathic
GH deficiency in group C with the longest treatment dura-
tion in the study.

Table 1 Patient demographics

o . Group A (N=451) Group B (N=387) Group C (N=395) P value
and characteristics at baseline
Age at baseline (years) 44.1+16.2 43.8+16.3 432+14.8 0.699
Gender, male n (%) 253 (56%) 235 (61%) 235 (60%) 0.365
Body mass index (kg/m?) 28.6+7.3 28.0+6.1 27.7+5.6 0.133
GH deficiency onset 0.345
Adult onset n (%) 336 (75%) 303 (78%) 308 (78%)
Childhood onset n (%) 115 (25%) 84 (22%) 87 (22%)
Peak stimulated GH (ug/)* 2.7+4.8 25+25 22423 0.223
Lipid concentrations
Total cholesterol (mg/dl) 210.0+52.9 208.5+47.8 212.5+42.0 0.561
LDL-cholesterol (mg/dl) 131.7+46.7 130.2+39.3 131.4+38.4 0.918
HDL-cholesterol (mg/dl) 50.1+154 499+14.1 51.4+17.3 0.453
Triglycerides (mg/dl) 151.0+98.0 150.8 +101.1 141.0+82.6 0.346
Framingham risk index 8.09+7.57 7.44+7.36 7.42+7.05 0.493
IGF-I concentration (ug/l) 117.1+81.4 106.7+76.9 112.6 +86.9 0.433
IGF-1 SDS —2.28+2.34 —-227+2.14 —-2.73+2.73 0.484
Quality of life Z-score® —-120+1.45 —-1.07+1.46 —-1.16+1.24 0.777

Data show mean + SD or number of patients (% of total)

GH growth hormone, GHRH GH releasing hormone, LDL low-density lipoprotein, HDL high-density lipo-
protein, /GF-I insulin-like growth factor-I, SDS standard deviation scores

*GHRH + arginine test only, group A n =274, group B n=262, group C n=290

®Group A n=95, group B n =121, group C n=90

@ Springer



Journal of Endocrinological Investigation

Table2 GH stimulation tests used for GH deficiency diagnosis, by

frequency of use

Group A GroupB  Group C P value
All patients N=424 N=365 N=378 0.008
GHRH + arginine test 275 (65%) 263 (72%) 292 (77%)
Insulin tolerance test 60 (14%) 47 (13%) 37 (10%)
GHRH test 44 (10%) 19 (5%) 25 (T%)
Arginine test 33 (8%) 19 (5%) 24 (6%)
Adult onset patients N=323 N=286 N=293 0.031
GHRH + arginine test 224 (69%) 218 (76%) 229 (78%)
Insulin tolerance test 36 (11%) 30 (10%) 25 (9%)
GHRH test 37(12%) 19 (7%) 18 (6%)
Arginine test 24 (7%) 10 3%) 17 (6%)
Childhood onset patients N=101 N=T79 N=85 0.064
GHRH + arginine test 51 (50%) 45 (57%) 63 (74%)
Insulin tolerance test 24 24%) 17 22%) 12 (14%)
GHRH test 7 (7%) 0 7 (8%)
Arginine test 9 (9%) 9(11%) 7 8%)
Male patients N=240 N=220 N=223 <0.001
GHRH + arginine test 151 (63%) 150 (68%) 185 (83%)
Insulin tolerance test 40 (17%) 29 (13%) 18 (8%)
GHRH test 28 (12%) 13(6%) 8 (4%)
Arginine test 18 (8%) 14 (6%) 13 (6%)
Female patients N=184 N=145 N=155 0.106
GHRH + arginine test 124 (67%) 113 (78%) 107 (69%)
Insulin tolerance test 20 (11%) 18 (12%) 19 (12%)
GHRH test 16 9%) 6 (4%) 13 (6%)
Arginine test 15 (8%) 5 (3%) 11 (7%)

Data show number of patients (% of N)
GH growth hormone, GHRH GH-releasing hormone

There was no statistical difference between the groups for
mean GH dose at start of treatment, except in female patients
where mean dose increased with increasing treatment dura-
tion (Table 4). Mean GH dose at the last study visit also
did not differ significantly between groups, again, except
for female patients where those with longest duration had
a higher mean dose than those with shortest duration. The
mean change in dose from baseline to last visit was signifi-
cantly different for patients overall and in AO, but not CO,
and in male, but not female, patients. The largest decrease in
all subgroups was seen in the group with the longest duration
of treatment. GH dose at last visit was significantly affected
by age (P <0.001), but the interaction was not significant
(P=0.063) indicating that the age effect was similar in each
group.

The increase in mean BMI from baseline to last visit
differed significantly by treatment duration, increasing
more in patients with the longest duration of treatment
(Table 5). BMI at last visit was not significantly affected
by age at last visit, either as a direct effect (P =0.093)
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Table 3 Reported cause of growth hormone deficiency

Group A GroupB  GroupC P value

All patients N=451 N=387 N=395 0.193
Pituitary adenoma 181 (40%) 144 (37%) 170 (43%)
Craniopharyngioma 51 (11%) 55 (14%) 60 (15%)
Idiopathic 62 (14%) 48 (12%) 42 (11%)

Other tumours 23 (5%) 28 (7%) 21 (5%)
Other causes 134 30%) 112 (29%) 102 (26%)

Adult onset patients N=336 N=303 N=308 0.028
Pituitary adenoma 177 (53%) 143 (47%) 164 (53%)
Craniopharyngioma 36 (11%) 36 (12%) 43 (14%)
Idiopathic 19 (6%) 26 (9%) 10 (3%)

Other tumours 13 (4%) 24 (8%) 14 (5%)
Other causes 91 27%) 74 24%) 717 (25%)

Childhood onset patients N=115 N=284 N=87 0.055
Pituitary adenoma 4 3%) 1 (1%) 6 (7%)
Craniopharyngioma 15(13%) 1923%) 17 (20%)
Idiopathic 43 37%) 22 (26%) 32 (37%)

Other tumours 10 (9%) 4 (5%) 7 (8%)
Other causes 43 37%) 38 (45%) 25 (29%)

or interaction (P =0.953). The significant difference
between the groups for increase in mean BMI was seen
overall and in CO patients, but not AO patients or in the
by-gender analysis. The increase in mean IGF-I SDS at
last visit was greater in group C with the longest dura-
tion of treatment. The difference between the groups for
IGF-1 SDS increase was significant overall and for female
patients, but not for the other categories. Age at last visit
had an effect on IGF-I SDS at last visit (P =0.003), while
the interaction with group effect was not significant
(P=0.300).

There was a decrease from baseline to last visit in mean
total cholesterol and in mean LDL-cholesterol concentra-
tions in group C with the longest duration of treatment;
for both concentrations, 95% CI excluded 0, indicating a
significant effect, for patients overall and AO and male
patients (Table 5). The interaction of age at last visit with
treatment duration difference was significant for total
cholesterol (P <0.001) and LDL-cholesterol (P=0.017)
concentrations at last visit, indicating that the effect of
age differed between the groups. Changes in triglyceride
concentrations were very variable, with wide 95% CI, and
showed little effect of GH treatment duration except for
CO patients where the longest duration group showed
an increase in concentration. There was a significant
interaction of age with treatment duration on triglycer-
ide concentrations at last visit (P=0.019). No significant
between-group differences were seen for changes in HDL-
cholesterol concentration.
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Table 4 Growth hormone (GH)
dose (ug/kg/day) at start of
treatment, at last visit, and the
change from start to last visit for
all patients with GH deficiency,
and for GH deficiency group by
time of onset

Group A Group B Group C P value

All patients N=239 N=335 N=373

Treatment start 524.6105.7) 5.5(5.1t06.0) 5.6 (5.3106.0) 0.328

Last visit 504.41t05.5) 59(5.21t06.5) 53(4.9105.8) 0.076

Change to last visit —-0.1(-=0.3t00.1) 0.2 (=0.11t00.6) —-0.4(-0.7t0-0.2) 0.004
Adult onset patients N=173 N=261 N=289

Treatment start 42 (3.8t04.7) 47 (4.3t05.1) 50(4.6t05.4) 0.064

Last visit 42 (3.7t04.7) 5.1(4.31t05.8) 46(4.2t05.1) 0.149

Change to last visit —-0.1(-0.3t00.2) 0.3(=0.2t00.7) —-0.4(-0.7t0 =0.1) 0.017
Childhood onset patients ~ N=66 N=74 N=284

Treatment start 7.5(6.1108.9) 8.5(7.2t09.9) 79 (7.11t08.7) 0.500

Last visit 7.1(5.81t08.4) 8.7 (7.3 10 10.0) 7.7 (6.8 to 8.6) 0.180

Change to last visit —-0.1(-03t00.1) 0.1 (=0.41t00.5) —-0.4(-=091t00.0) 0.226
Male patients N=133 N=205 N=221

Treatment start 504.2t05.9) 50(4.41t05.5) 49(4.5t05.3) 0.902

Last visit 47391054 5243t06.1) 4.4 (4.0t04.7) 0.181

Change to last visit —-0.3(=0.5t00.0) 0.2(=0.41t00.7) —-0.6(—=09to—-0.3) 0.030
Female patients N=106 N=130 N=152

Treatment start 5.3(4.6106.0) 6.4(5.7t07.2) 6.8 (6.1t07.5) 0.015

Last visit 54 (4.6106.2) 6.9 (6.0t07.7) 6.7 (5.9107.6) 0.037

Change to last visit 0.2(-0.2t00.5) 0.3(0.0t00.5) —-0.2(-0.61t00.2) 0.113

Data show mean (95% CI)

The mean Framingham cardiovascular risk index increased
to a greater extent in the groups with longer duration of GH
treatment, with no overlap of 95% CI values for group A
(shortest duration) and group C (longest duration), for patients
overall and AO and male patients. At last study visit (Table 5),
there was a significant effect of treatment duration for patients
overall and by category of AO and CO GH deficiency and in
male patients, though not in female patients. There was no sig-
nificant effect of age at last visit on change in Framingham car-
diovascular risk at last visit (P=0.593) and interaction of age
with GH treatment duration was not significant (P=0.064).

The QLS-H questionnaire was completed by only a limited
number of patients. At baseline, the mean and 95% CI for the
quality of life Z-score was below 0 for each group [group A
—1.20 (95% CI —1.49 to —0.90); group B —1.07 (95% CI
—1.33 to —0.81); group C —1.16 (95% CI —1.42 to —0.90)],
with no significant difference between the treatment dura-
tion groups (P=0.777). There were insufficient numbers of
patients with available data to evaluate changes from baseline.

Discussion

Patients with GH deficiency, whether starting during adult-
hood or with onset during childhood and continuing in adult-
hood, require GH treatment throughout life to correct meta-
bolic abnormalities. Our analysis of metabolic parameters
in adult patients with GH deficiency in Italy showed effects
of duration of GH treatment on IGF-I SDS, BMI, lipids and

Framingham cardiovascular risk. The analysis also indicated
differences in the GH stimulation tests used and the diag-
nosed cause of the GH deficiency.

In Italy, the GHRH + arginine test was used for approxi-
mately 70% of patients, in contrast to the global data from
HypoCCS where the test was used in less than a quarter of
the patients [11]. In Italy, a higher proportion of patients
in the longest GH treatment duration group received the
GHRH + arginine test, whereas a lower proportion of
patients received other tests. This could indicate that phy-
sicians were more confident about long-term GH replace-
ment for patients diagnosed as GH-deficient using the more
sensitive and accurate GHRH + arginine test [16]. This was
particularly noticeable for AO patients and was consistent
with the less-frequent diagnosis of idiopathic GH deficiency
and more-frequent diagnosis of craniopharyngioma in the
AQ patients in the longest duration of treatment group. How-
ever, it may also relate to changes over time in GH stimula-
tion tests and diagnoses that were observed previously for
patients entered into HypoCCS between 1996 and 2005 [11].

GH dose for patients overall was not significantly differ-
ent between treatment duration groups at the start of treat-
ment, but was decreased from baseline to last study visit
to a greater extent in the group with the longest treatment
duration. In the patients with the longest GH treatment dura-
tion, the 95% CI did not include zero, indicating a significant
decrease in dose. Because the aim was to assess changes
according to duration of GH treatment, the whole cohort
including all three groups was not analysed; however, a

@ Springer
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Table 5 Changes from baseline to last visit for body mass index, IGF-I SDS, lipid concentrations and Framingham cardiovascular risk index

Group A

Body mass index (kg/m?)
All patients
Adult onset patients
Childhood onset patients
Male patients
Female patients

IGF-1 SDS
All patients
Adult onset patients
Childhood onset patients
Male patients
Female patients

Total cholesterol (mg/dl)
All patients
Adult onset patients
Childhood onset patients
Male patients
Female patients

0.1 (=0.1 t0 0.3)
0.1 (=0.2t00.2)
0.3 (=0.1t00.7)
0.1 (=0.1t00.3)
0.2 (0.1 to 0.4)

1.3 (0.8 to 1.8)
1.5(0.9t02.1)
0.7 (=0.5t0 1.8)
1.7 (1.0 to 2.4)
0.7 (0.1 to 1.3)

—1.6(=48t0 1.5)
—1.1(-4.6t02.5)
—3.4(=104103.5)
—27(=66t01.3)
—0.3(=5.4t04.8)

LDL cholesterol concentration (mg/dl)

All patients

Adult onset patients

Childhood onset patients

Male patients

Female patients
Triglycerides (mg/dl)

All patients

Adult onset patients

Childhood onset patients

Male patients

Female patients

—24(=6.0to01.2)
—1.6(=52t02.1)
—57(=164105.1)
—33(=8.4t01.8)
—12(=64103.9)

—2.0(=92t05.2)
~5.5(=13.8t02.9)
9.2 (—5.2 t0 23.5)
~73(=17.8t03.2)
5.0 (—4.5 to 14.4)

Framingham cardiovascular risk index

All patients

Adult onset patients
Childhood onset patients
Male patients

Female patients

—0.24 (=0.66 t0 0.18)
—0.10 (=0.52 t0 0.33)
—0.62 (= 1.70 to 0.46)
—0.66 (= 1.12to —=0.21)
0.37 (=0.41 to 1.14)

Group B Group C P value
0.4 (0.1t0 0.7) 0.6 (0.3 t0 1.0) 0.013
0.2(0.0t0 0.5) 0.3(0.0t0 0.7) 0.319
1.0 (0.3 to 1.6) 1.7(1.0t0 2.4) 0.003
0.2(=0.1t00.5) 0.5(0.2t00.9) 0.102
0.7 (0.3t0 1.2) 0.8(0.2to 1.4) 0.071
1.1 (0.6 t0 1.7) 22(1.4t02.9) 0.039
1.1 (0.5 to 1.6) 1.8(1.2t02.5) 0.173
1.7 (-0.5t0 3.8) 4.0(0.5t07.5) 0.063
09(0.3to01.5) 1.9 (1.0t0 2.8) 0.108
1.4(0.5t02.4) 27(1.2t04.1) 0.039

—1.1(-6.41t0423) —10.1 (-15.0t0 —5.2) 0.008
—-3.8(=99102.4) —12.8(—18.4t0-"7.1) 0.005
10.0 (- 0.8 t0 20.8) -0.6(-103109.2) 0.109
0.8(=591t074) —-15.3(-21.8t0 —8.9) <0.001
-3.8(=1291t05.2) -19(-931t05.5) 0.790
—-0.5(=5.9t04.9) —-103(=153t0-54) 0.008
—2.8(—8.81t03.3) —13.1(-18.6t0 —7.6) 0.003
10.4 (- 1.6 t0 22.4) 0.7 (=10.0to 11.3) 0.142
1.7 (=5.4t0 8.8) —-123(-189t0-5.7) 0.007
-38(-122t04.7) -7.0(-142100.2) 0.511
—8.5(—18.6t0 1.6) 6.7 (-3.8t017.1) 0.078
—6.1(—16.7t04.4) -0.0(-11.1to 11.1) 0.650
—20.6 (=51.2 t0 10.0) 30.3 (4.2 t0 56.4) 0.016
—10.6 (—26.2t04.9) 32(-11.7t018.2) 0.340
-53(—15.51t04.8) 12.1 (=0.9 t0 25.1) 0.088
1.27 (0.87 to 1.67) 1.42 (1.03 to 1.81) <0.001
1.17 (0.76 to 1.58) 1.57 (1.16 to 1.99) <0.001
1.67 (0.51 to 2.83) 0.79 (=0.25 to 1.82) 0.027
1.42 (0.91 to 1.94) 1.45 (1.00 to 1.90) <0.001
1.04 (0.41 to 1.66) 1.36 (0.63 to 2.09) 0.206

Data show mean (95% CI)

LDL low-density lipoprotein, /GF-I insulin-like growth factor-I, SDS standard deviation scores, CI confidence interval

previous analysis of the patients, on the basis of severity of
GH deficiency, indicated that the dose increased over the
first 5 years and then fluctuated [12], suggesting that for
the whole cohort the dose decrease in the longer duration
group was balanced by an increase in the shorter duration
group. Mean doses in female patients were higher than in
male patients at treatment start and last visit, with no overlap
in 95% CI for the two longer duration groups, and in female
patients no significant difference was seen between groups
for change to last visit. This was consistent with the need
for a higher GH dose in female patients and indicated that
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endocrinologists in Italy involved in HypoCCS were aware
of the pathophysiological issue that female patients tend to
be more resistant to GH than male patients [17-20]. Mean
doses in patients with CO GH deficiency were higher than
in those with AO GH deficiency, consistent with the require-
ment of a higher dose in patients at a younger age to opti-
mise body proportions [21]. GH dose in overall patients with
the longest duration of treatment significantly decreased
from baseline to last visit, as indicated by 95% CI values
that did not include 0. This reduction in dose could reflect a
decreased requirement based on the physiological decrease
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of IGF-I with age [22, 23]. A significant direct effect of age
at last visit was observed for GH dose at last visit, suggesting
that the decrease in dose could possibly be more evident in
patients with longer term treatment.

IGF-I SDS was increased to a greater extent in patients
with longer duration of GH treatment overall, although this
was associated more with female and CO patients reflecting
their higher GH doses. Decreasing IGF-I with ageing has
been shown in some studies to be associated with increased
atherosclerosis and cardiovascular disease events [24-26],
and it was reported that this was related to components of
the metabolic syndrome [26]. An increase in BMI in the
patients with the longest duration of treatment was observed,
with a significant difference between duration groups. This
was seen for patients overall, but was particularly apparent
in patients with CO GH deficiency. While BMI generally
tends to increase with age in the general population [27-29],
no significant effect of age at last visit or interaction with
duration of treatment was found; however, adult GH-defi-
cient patients have a higher BMI at a younger age with no
change with increasing age [29] and when treated with GH,
an increased BMI was only seen after 7 years or more [9].

Significant decreases in total and LDL-cholesterol con-
centrations occurred in the group of patients with the longest
duration of GH treatment; this may indicate persistent effects
of GH treatment on these parameters. The 95% CI values
for decreases in both total cholesterol and LDL-cholesterol
excluded O in the group with the longest duration of GH
treatment for patients overall, AO patients and male patients.
GH treatment of adult patients has been shown in several
studies to decrease total and LDL-cholesterol levels [1, 4,
8, 21]. In contrast to total and LDL-cholesterol, triglyceride
concentrations appeared to increase in patients with longest
duration of GH treatment; however, this was primarily due
to an increase in the patients with CO GH deficiency. The
results for triglycerides were in accordance with studies that
generally show no effect of GH treatment on triglyceride
concentrations [8, 10] and may simply reflect an increase
with ageing.

Despite the decreased total and LDL-cholesterol con-
centrations in the group of patients with longest dura-
tion of GH therapy, the Framingham cardiovascular risk
index increased in these patients as expected due to the
progressive ageing of patients. The significant difference
between GH treatment duration groups was seen overall,
in patients with AO GH deficiency and in male patients.
However, the increase in the Framingham cardiovascu-
lar risk index may be the result of the increased age of
patients in the longest duration group. Total cholesterol
was significantly decreased and HDL-cholesterol was not
significantly changed, while LDL-cholesterol was signifi-
cantly increased but not included in Framingham score
calculation. Additionally, systolic blood pressure was not

analysed but considered unlikely to change, and the pro-
portion of smokers was similar during the study. There-
fore, it is clear that patients’ age at last visit is likely to
have had a major impact on Framingham cardiovascular
risk without having a significant effect overall. This would
suggest that GH, at the dose used, could not control all
the factors involved in cardiovascular risk and highlights
the importance of continued observation of all factors
associated with cardiovascular risk during long-term GH
replacement in adult patients.

The strength of this study lies in providing data on GH
therapy according to duration of follow-up that has been
obtained from daily clinical practice.

In conclusion, in a real-life setting such as the Italian
HypoCCS study, increased IGF-I SDS, decreased LDL-cho-
lesterol, more robust diagnostic tests and more severe causes
of hypopituitarism (i.e. craniopharyngioma) are associated
with a longer term duration of GH therapy. Thus, the pres-
ence of such surrogate markers that help to give confidence
in a diagnosis of GH deficiency predicts a longer duration
of treatment.

Acknowledgements HypoCCS was sponsored by Eli Lilly and Com-
pany. The authors thank all the investigators who participated in the
study and all the patients. Medical writing assistance was provided by
Peter Bates (Cambridge Medical Writing Services, UK) and editorial
support by Caroline Spencer (Rx Communications, UK), funded by
Eli Lilly and Company.

Funding This study was funded by Eli Lilly and Company.

Compliance with ethical standards

Conflict ofinterest Vincenzo Rochira, Salvatore Cannavo, Paolo Beck-
Peccoz, Gianluca Aimaretti, Maria R Ambrosio, Carolina Di Somma,
Diego Ferone, Carla Lubrano, Carla Scaroni, Antonella Giampietro,
Salvatore M. Corsello and Maurizio Poggi declare that they have no
conflicts of interest. Gilberto Mossetto and Nan Jia are employees of
Eli Lilly and Company. Marco Losa has received consulting fees from
Eli Lilly, Ipsen, and Pfizer.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Data availability The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on
reasonable request.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Journal of Endocrinological Investigation

References

10.

11.

12.

13.

14.

15.

Erfurth EM (2013) Update in mortality in GH-treated patients. J
Clin Endocrinol Metab 98:4219-4226

Gazzaruso C, Gola M, Karamouzis I, Giubbini R, Giustina A
(2014) Cardiovascular risk in adult patients with growth hormone
(GH) deficiency and following substitution with GH—an update.
J Clin Endocrinol Metab 99:18-29

Lanes R (2016) Cardiovascular risk in growth hormone defi-
ciency: beneficial effects of growth hormone replacement therapy.
Endocrinol Metab Clin N Am 45:405-418

Verhelst J, Abs R (2009) Cardiovascular risk factors in hypopitui-
tary GH-deficient adults. Eur J Endocrinol 161:S41-S49
Hoybye C, Christiansen JS (2015) Growth hormone replacement
in adults—current standards and new perspectives. Best Pract Res
Clin Endocrinol Metab 29:115-123

Claessen KM, Appelman-Dijkstra NM, Pereira AM, Joustra SD,
de Mutsert R, Gast KB, den Heijer M, Smit JW, Dekkers OM,
Biermasz NR (2013) Abnormal metabolic phenotype in middle-
aged GH-deficient adults despite long-term recombinant human
GH replacement. Eur J Endocrinol 170:263-272

van der Klaauw AA, Biermasz NR, Feskens EJ, Bos MB, Smit
JW, Roelfsema F, Corssmit EP, Pijl H, Romijn JA, Pereira AM
(2007) The prevalence of the metabolic syndrome is increased in
patients with GH deficiency, irrespective of long-term substitution
with recombinant human GH. Eur J Endocrinol 156:455-462
Appelman-Dijkstra NM, Claessen KM, Roelfsema F, Pereira AM,
Biermasz NR (2013) Long-term effects of recombinant human
GH replacement in adults with GH deficiency: a systematic
review. Eur J Endocrinol 169:R1-R14 R
Elbornsson M, Gétherstrom G, Bosaus I, Bengtsson BA, Johanns-
son G, Svensson J (2013) Fifteen years of GH replacement
improves body composition and cardiovascular risk factors. Eur
J Endocrinol 168:745-753

Attanasio AF, Mo D, Erfurth EM, Tan M, Ho KY, Kleinberg
D, Zimmermann AG, Chanson P, International Hypopituitary
Control Complications Study Advisory Board (2010) Prevalence
of metabolic syndrome in adult hypopituitary growth hormone
(GH)-deficient patients before and after GH replacement. J Clin
Endocrinol Metab 95:74-81

Webb SM, Strasburger CJ, Mo D, Hartman ML, Melmed S, Jung
H, Blum WF, Attanasio AF, HypoCCS International Advisory
Board (2009) Changing patterns of the adult growth hormone
deficiency diagnosis documented in a decade-long global surveil-
lance database. J Clin Endocrinol Metab 94:392-399

Losa M, Beck-Peccoz P, Aimaretti G, Di Somma C, Ambrosio
MR, Ferone D, Giampietro A, Corsello SM, Poggi M, Scaroni C,
Jia N, Mossetto G, Cannavo S, Rochira V (2015) Characteristics
and outcomes of Italian patients from the observational, multi-
centre, hypopituitary control and complications study (HypoCCS)
according to tertiles of growth hormone peak concentration fol-
lowing stimulation testing at study entry. Clin Endocrinol (Oxf)
83:527-535

Blum WF, Béttcher C, Wudy SA (2011) Insulin-like growth fac-
tors and their binding proteins. In: Ranke MB, Mullis P-E (eds)
Diagnostics of endocrine function in children and adolescents, 4th
edn. Karger Publishers, Basel, pp 157-182

D’Agostino RB Sr, Vasan RS, Pencina MJ, Wolf PA, Cobain M,
Massaro JM, Kannel WB (2008) General cardiovascular risk pro-
file for use in primary care: the Framingham Heart Study. Circula-
tion 117:743-753

Blum WF, Shavrikova EP, Edwards DJ, Rosilio M, Hartman ML,
Marin F, Valle D, van der Lely AJ, Attanasio AF, Strasburger

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

ClJ, Henrich G, Herschbach P (2003) Decreased quality of life in
adult patients with growth hormone deficiency compared with
general populations using the new, validated, self-weighted ques-
tionnaire, questions on life satisfaction hypopituitarism module. J
Clin Endocrinol Metab 88:4158-4167

Andersen M (2015) The robustness of diagnostic tests for GH
deficiency in adults. Growth Horm IGF Res 25:108-114
Columb B, Smethurst LE, Mukherjee A, Jostel A, Shalet SM,
Murray RD (2009) GH sensitivity of GH-deficient adults is
dependent on gender but not timing of onset. Clin Endocrinol
(Oxf) 70:281-286

Cook DM, Yuen KC, Biller BM, Kemp SF, Vance ML (2009)
American Association of Clinical Endocrinologists medical
guidelines for clinical practice for growth hormone use in growth
hormone-deficient adults and transition patients—2009 update.
Endocr Pract 15:1-29

Scaroni C, Ceccato F, Rizzati S, Mantero F (2008) Concomitant
therapies (glucocorticoids and sex hormones) in adult patients
with growth hormone deficiency. J Endocrinol Invest 31:61-65
Rota F, Savanelli MC, Tauchmanova L, Savastano S, Lombardi
G, Colao A, Di Somma C (2008) Bone density and turnover in
young adult patients with growth hormone deficiency after 2-year
growth hormone replacement according with gender. J Endocrinol
Invest 31:94-102

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 het-
erogeneity 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

Vestergaard PF, Hansen M, Frystyk J, Espelund U, Christiansen
JS, Jgrgensen JO, Fisker S (2013) Serum levels of bioactive IGF1
and physiological markers of ageing in healthy adults. Eur J Endo-
crinol 170:229-236

Bidlingmaier M, Friedrich N, Emeny RT, Spranger J, Wolthers
OD, Roswall J, Koérner A, Obermayer-Pietsch B, Hiibener C,
Dahlgren J, Frystyk J, Pfeiffer AF, Doering A, Bielohuby M, Wal-
laschofski H, Arafat AM (2014) Reference intervals for insulin-
like growth factor-1 (IGF-I) from birth to senescence: results from
a multicenter study using a new automated chemiluminescence
IGF-I immunoassay conforming to recent international recom-
mendations. J Clin Endocrinol Metab 99:1712-1721

Higashi Y, Sukhanov S, Anwar A, Shai SY, Delafontaine P (2012)
Aging, atherosclerosis, and IGF-1. J Gerontol A Biol Sci Med Sci
67:626-639

Yeap BB, Flicker L (2014) Hormones and cardiovascular disease
in older men. J Am Med Dir Assoc 15:326-333

van Bunderen CC, Oosterwerff MM, van Schoor NM, Deeg DJ,
Lips P, Drent ML (2013) Serum IGF1, metabolic syndrome, and
incident cardiovascular disease in older people: a population-
based study. Eur J Endocrinol 168:393-401

Song M, Willett WC, Hu FB, Spiegelman D, Must A, Wu K, Chan
AT, Giovannucci EL (2016) Trajectory of body shape across the
lifespan and cancer risk. Int J Cancer 138:2383-2395

Lee JM, Pilli S, Gebremariam A, Keirns CC, Davis MM, Vijan
S, Freed GL, Herman WH, Gurney JG (2010) Getting heavier,
younger: trajectories of obesity over the life course. Int J Obes
(Lond) 34:614-623

van Beek AP, Wolffenbuttel BH, Runge E, Trainer PJ, Jonsson
PJ, Koltowska-Haggstrom M (2010) The pituitary gland and age-
dependent regulation of body composition. J Clin Endocrinol
Metab 95:3664-3674



	Analysis of characteristics and outcomes by growth hormone treatment duration in adult patients in the Italian cohort of the Hypopituitary Control and Complications Study (HypoCCS)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patients and study design
	Study evaluations
	Data analysis and statistics

	Results
	Discussion
	Acknowledgements 
	References




