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ABSTRACT

Our aim was to analyze a cohort of patients with childhood-on-
set growth hormone deficiency (GHD) to evaluate if there is
some correlation between the response to GH treatment dur-
ing childhood and adulthood, respectively. This was an obser-
vational retrospective monocentric cohort study of 47 patients
treated with GH during childhood and adulthood. Changes in
growth parameters during childhood were compared with the
increase of IGF-I z-score and other indexes of GH response
(body composition, lipid profile) after 1 year of treatment in
adulthood. The only significant positive correlation was ob-
served between final growth velocity during the last year of
childhood GH treatment and increase in IGF-| z-score in
GH-treated adults (r=0.592, p=<0.01). No correlation was
observed between growth-promoting effects of GH as child
and metabolic changes induced by GH as adult. We also ob-
served a negative correlation between weight at the end of
childhood GH treatment and the IGF-I response during first year
of treatment in adults (r=-0.335, p <0.05). No significant
positive correlation could be observed between the main pa-
rameters that evaluate response to GH treatment in children
and adults. However, the final growth velocity, which may be
considered as one of the main criteria of end of GH treatment
in children, was identified as parameter that could predict fu-
ture response to GH treatment in adulthood.

Introduction

Growth hormone deficiency (GHD) in children is mainly character-
ized by a reduced growth rate and the objectives of GH replace-
ment therapy are to promote linear growth and to achieve adult
height within the target height range [1, 2]. In adults, GH deficien-
cy is associated with abnormalities in body composition, metabol-

* These authors contributed equally to this work.
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ic alterations, and suboptimal physical performance [3]. Multiple
studies have confirmed the beneficial anabolic effects of GH re-
placement therapy in both childhood onset (CO) and adulthood
onset (AO) in GHD adult patients, [4-6].

Several models have been developed to predict linear growth
response to GH treatment in children with GHD [7-12] and differ-
ent predictive factors for estimation of final adult height have been
proposed [11]. In contrast, in GHD adults, very few models have
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been found that can allow to predict good or poor responders
[13, 14]. Furthermore, except for changes in serum insulin-like
growth factor (IGF-I), the metabolic responses to GH in adults are
less reliably quantified, being assessed by variable markers such as
body composition, cardiovascular risk factors or quality of life (QoL)
indicators [15]. Thus, identifying parameters that could predict re-
sponse to treatmentin adults is important for clinicians in order to
better target patients for whom GH treatment would be the most
beneficial.

In the current study, we aimed to evaluate whether there might
be a correlation between the respective childhood and adulthood
responses to GH in CO-GHD patients, and to eventually identify
factors in childhood that could predict the response to treatment
when itis resumed in adult life.

Patients and Methods

Patients

We retrospectively reviewed the medical charts of 54 patients with
CO-GHD who had been treated with GH during both childhood and
adulthood and who were regularly followed in our unit of adult en-
docrinology from January 1996 until December 2013. Patients were
excluded from the study if they had received GH during adulthood
forless than twelve months (n=7).The final study group consisted
of 47 well-characterized GHD adult patients (29 men and 18
women). The diagnosis of GHD had been established in childhood
by observation of a maximum GH peak below 10 pg/l during two
consecutive GH stimulation tests [insulin-induced hypoglycemia
(ITT) and glucagon tests] and confirmed at adulthood in all patients
by a maximum GH peak less than 3 pg/l at one of the above-men-
tioned provocative tests [2,4, 16]. Patients still under treatment
(n=5) had to discontinue GH for at least 1 month before undergo-
ing the test [17]. The mean time interval between the end of GH
treatment at adolescence and restart in adulthood was 78 £ 65
months. The underlying diagnoses resulting in GHD were either
congenital GHD [n=27; 57.5% (idiopathic, n=24; genetic muta-
tion, n=3)], oracquired GHD [(n=20; 42.5 % (craniopharyngioma,
n=10; treatment of malignant disease distant from pituitary-hy-
pothalamic area, n=9; and germinoma, n=1)].

Methods

We collected pediatric data concerning clinical characteristics at
diagnosis of GHD and childhood GH treatment. Mid-parental height
(MPH) was calculated and expressed in term of SDS and in absolute
value, as described by Tanner [18]. Height and weight SDS were
calculated using the reference growth charts of Flanders published
in 2004 [19]. Height, weight, and GH dose were recorded at base-
line, after one year of treatment and at the end of GH treatment.
Growth velocity (GV) was calculated during the first and last years
of treatment. We chose height gain (SDS) and growth velocity (cm/
year) during the first year of GH treatment as well as the difference
between final adult height and MPH as the main parameters to eval-
uate response to treatment in children. More specifically, children
were classified as good GH responders if height gain SDS after the
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first year of treatment was 2 0.5 and as poor responders if it was
below 0.5. Final growth velocity (cm/year) was also calculated dur-
ing the last year of GH treatment and may be considered as one of
the main criteria of end of GH treatment in children. Final adult
height was the height measured at the first visit in our unit of adult
endocrinology.

Data retrieved at adulthood included height, weight, BMI, blood
pressure, waist-hip ratio (WHR), waist circumference, fasting gly-
cemia, lipid levels, IGF-I concentration, and body composition as-
sessment by bioimpedance analysis (BIA), both at baseline and after
1 year of GH treatment. As an index of GH responsiveness, we used
the change (A) in IGF-I z-score divided by the dose of GH in mg/day
after one year of treatment. We also analyzed the changes in the
other above-mentioned parameters as possible indexes of GH re-
sponse in adulthood.

All patients had been treated with recombinant human GH, ex-
cept for 11 patients who had received pituitary-extracted human
GH at the beginning of their childhood treatment (between1974
and1984) but were switched to recombinant GH thereafter.

Hormonal assays

Growth hormone during testing was measured by different meth-
ods over time: a radioimmunoassay (RIA) (GH standard WHO RP
80/505) until 09/1999, the Nichols Advantage® GH immunoassay
until 04/2006, the Siemens DPC Immulite® assay between 04/2006
and 04/2008 and the Beckman DXI® GH assay using the RP WHO
standard 98/574 from 04/2008 to the time of the study. The fol-
lowing assays were used for IGF-I: a RIA until 02/2000, the Nichols
Advantage® IGF-1 assay until 07/2006, the Siemens DPC Immulite®
IGF-1 assay between 08/2006, and 03/2009 and the Liaison Diaso-
rin® IGF-1 assay from 03/2009 to time of evaluation. The IGF-I val-
ues were expressed as z-scores related to specific reference inter-
vals for age, as reported by Brabant et al. [20]. For IGF-1 values de-
termined by other assays, we used specific conversion formulas
derived from comparisons between internal determinations carried
out on large series of serum samples, as reported previously [21].

Statistical analysis

For normally distributed variables, differences between groups
were analyzed using one way ANOVA test followed by Student-
Newman-Keuls tests when p<0.05, while Kruskal-Wallis tests were
used for non-normally distributed continuous variables. To test for
GH treatment effect on different parameters a Student t-paired test
or a Wilcoxon signed rank test were used as indicated. Chi-square
tests were used for comparisons between categorical parameters.
Pearson and Spearman correlation coefficients were calculated to
assess relationships between normally and non-normally distrib-
uted variables, respectively. All statistical analyses were performed
with the SPSS 22.0 program (SPSS Inc., Chicago, IL, USA).

Results

Pediatric data

We included in our study 47 patients (18 women and 29 men). Thir-
ty-nine out of the 47 patients (83 %) had multiple pituitary defi-
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ciencies. Biological age and bone age at GHD diagnosis were
9.0+4.2 years and 7.6 4.8 years, respectively. The majority of pa-
tients had severe GHD defined in children as a peak GH concentra-
tion below 5 pg/l [22]. Mean GH peak value at provocative tests was
1.2+1.0pg/l. The GH treatment during childhood started at the
age of 9.6 4.4 years with a mean initial dose of 26.4+6.6 ug/kg/
day and ended at the age of 16.7 £ 1.9 years. As shown in »Table 1,
the mean growth velocity after one year of treatment was
10.1%6.2 cm with a gain of height of 0.8 £0.9 SDS (mean £SD). The
height gain SDS at the end of pediatric GH treatment [median du-
ration: 75 (12-198) months] was 2.2 £ 1.7, leading to a height SDS
at the end of GH treatment of - 1.3+ 1.4 compared to the refer-
ence population. The mean final adult height was 169.4+9.1cm
formen and 160.3+9.5cm forwomen and a difference of -0.5+1.3
SDS was observed between final adult height and MPH. There was
a parallel increase of body weight from —2.6+2.1SDSto -1.2+1.8
SDS at the end of GH treatment (> Table 1). Overall, the GH dose
remained stable over the treatment period (26.4 pg/kg/day at start
vs 26.1 pg/kg/day at the end).

Adult data
GH peak, GH dose, and IGF-I z-score

The diagnosis of GHD was confirmed at adulthood in all patients
(GH peak <3 pg/l), by an ITT in 34 patients (72 %) and by a gluca-
gon test (GT)in 11 (28%). The mean GH peak was 0.71+0.76 ug/|
forITTand 0.55+0.37 pg/l for GT. The mean age at first visitin the
adult department (corresponding to the age of the stimulation
test) was 21.7 £6.3 years but GH treatment was started at a mean
age of 24.0 £6.9 years. At initiation, mean GH dose was
0.58 £0.36 mg per day and increased to 0.67 +0.29 and
0.75+0.28 mg per day after one and two years of treatment, re-
spectively.

In the majority of these adult patients (87 %), IGF- z-score was
less than -2 SDS at the onset of GH treatment in adulthood (base-
line). There was no significant difference in the maximum GH peak
orin IGF-1z-score between acquired and congenital GHD (data not

»Table 1 Height and weight parameters before, under, and at the
end of GH treatment during childhood.

Variables Before After one End of GH
treatment year treatment
Height SDS -3.5+1.8 -2.8%£1.6 -1.3+14
Height velocity 33+£1.8* 10.1£6.2 2.8+1.5°%
(cmfy)
Height gain SDS NA 0.8+0.9 2.2+1.7
Weight SDS -2.6%2.1 -2.4+2.1 -1.2+1.8
BMI SDS -0.2+£1.3 -0.6£1.4 -0.3£1.7
ABMI (SDS) NA -0.3+£0.6 -0.1£1.2

The results are expressed as mean * standard deviation.

SDS: Standard Deviation Score; BMI: Body Mass Index; NA: Not
Available.

* Year before start of GH treatment; $ Last year of GH treatment in
childhood.
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shown). Patients with isolated GHD had a higher baseline IGF-I
z-score compared to patients with multiple pituitary deficiencies
(-2.0£1.5vs. —4.6+2.3; p<0.01). As expected, IGF-I z-score in-
creased significantly from baseline (-4.2+2.4) to one year
(-0.4+2.3)and two years of GH treatment (- 0.3+ 1.8; p<0.001).
Although we observed a more important increase of GH doses in
women compared to men (delta GH dose in pg/kg/day: +3.47 £3.33
vs. —0.14+2.97; p<0.001), their A IGF-1 z-score was lower after
oneyear of treatment (+2.4+2.3vs. +4.0+2.0inwomen and men,
respectively; p<0.05). On the other hand, the one year GH-induced
changes in IGF-1 z-score did not differ between patients with con-
genital and acquired GHD.

Anthropometry and body composition

At baseline, 33 % of patients were overweight and 13 % had obesi-
ty (mean BMI for the total cohort: 23.9 £ 4.8 kg/m?). The waist-hip
ratio (WHR) was 0.99+0.09 in men and 0.85 +0.06 in women. Both
weight and BMI increased significantly after 1 year of treatment
while WHR decreased significantly compared to baseline values
(»Table 2). We also noticed an improvement of body composition
evaluated by BIA, as fat mass (FM) decreased significantly and free
fat mass (FFM) increased, at one year of treatment (> Table 2).

Lipid profile and carbohydrate metabolism

Adult GHD patients showed an unfavorable lipid profile. However,
the HDL-cholesterol remained within the target value in both gen-
ders (60 £ 18 mg/dlin women and 47 £ 13 mg/dl in men). After one
year of treatment, we observed a significant decrease of LDL levels
(-14.7£25.9mg/dl, p <0.05). The other parameters of the lipid
profile were not significantly affected. No significant changes were
seen in fasting glucose (> Table 2).

»Table 2 Effects of one year of GH therapy on body composition,
lipid parameters, and plasma glucose in adult GHD patients.

Baseline After one year
Weight (kg) 66.415.8 67.7+17.1*
BMI (kg/m?2) 23.7+4.8 24.1£5.1°
WHR 0.92+0.11 0.85+0.08"
Fat mass (%) 30.6+6.4 28.6%6.9"
Fat-free mass (%) 69.4+6.4 71.4+6.8"
IGF-I z-score -4.2+2.4 -0.4£23"""
Total cholesterol 213+47 209+45
(mg/dl)
LDL cholesterol (mg/dl) 136+42 121£35°
HDL cholesterol 53+18 5619
(mg/dl)
Glucose (mg/dl) 79+10 82+6

The results are expressed as mean + standard deviation.
BMI: Body mass index. WHR: Waist-hip ratio.

*p<0.05. " **p<0.001.

Baseline corresponds to onset of GH treatment in adulthood
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Bone mineral density

Bone densitometry was performed at baseline and after one year
of GH treatment (GHT) in only 18 adult patients. As expected, there
was no significant change in bone mineral density, t-score or
z-score at the lumbar spine, total hip and femoral neck after one
year of GH treatment.

Correlations between childhood and adulthood responses
to GH treatment

As shown in > Table 3, we did not find any significant correlation
between most parameters of childhood response to GH treatment
(height gain and growth velocity during the first year of treatment,
difference between final height, and MPH) and parameters of adult-
hood response to GH administration (increase in IGF-I z-score and
metabolic parameters). There was, however, a significant positive
correlation between growth velocity measured during the last year
of childhood GH treatment and the AIGF-1 z-score/GH dose after one
year of adulthood GH treatment (r=0.592, p=<0.01; »>Fig. 1a). Final
growth velocity was also negatively correlated with the change in
total cholesterol observed after one year of adult GH treatment
(r=-0.614; p<0.01). On the other hand, we observed a negative
correlation between the gain of weight during the first year of child-
hood treatment and the increase of IGF-I z-score [GH dose after
one year of adult treatment (r=-0.658, p<0.001; » Table 3; » Fig.
1b), meaning that children gaining more weight at the onset of GH
replacement therapy had a lesser IGF-I response to GH as adults. A
similar, though less important, negative correlation was also ob-
served between weight at the end of childhood GH treatment and
the first year AIGF-1 z-score/GH dose in adults (r=-0.335, p <0.05).
No significant correlation between changes in body composition
in adulthood and pediatric parameters estimating GH response in
childhood was observed, due probably to the small number of pa-
tients. Also, when we compared good and poor responders to GH
treatment in childhood, no significant difference was observed in

the parameters evaluating GH response in adulthood (data not
shown).

These correlations were also analyzed after excluding patients
with craniopharyngioma (n=10), as this pathology might have in-
fluence some responses to GH, such as body weight gain. Data are
shown in Table 1S . Importantly, the correlation between changes
in IGF-1 z-score at adulthood and final growth velocity in children
remains highly significant in this subgroup of patients. In contrast,
other correlations were no longer significant, likely because of a
lower number of data. Indeed, although the underlying pathology
might influence weight gain over the first year of GH treatment,
there was no significant difference in this parameter between pa-
tients with craniopharyngioma (+0.07 £1.11 SD) and the remain-
ing children (+0.38+0.67 SD; NS).

Discussion

Although the benefits of GH treatment in GHD adults are now well
established, individual effects are highly variable and predicting
optimum response remains difficult. Clinical or biochemical pre-
dictors of GH response would clearly be of great interest for the cli-
nicians and could help identifying individuals with high or low
chance of gaining the most benefits from long-term GH treatment.
The response to GH varies considerably between individuals
[23]. The reasons for such individual differences in GH responsive-
ness are not fully elucidated, but are probably influenced by factors
acting at the level of the target tissue. Indeed, Hansen et al. [24]
have demonstrated that body composition, IGFBP-1 and GH-bind-
ing protein (GHBP) affect the pharmacokinetics of GH in healthy
adults independently of age. The role of the GH receptor (GHR) pol-
ymorphism has also been examined in both GHD children and
adults with contradictory results [25, 26]. Recently, both GHR gen-
otype and epigenetic variation in the CG methylation of the P2 pro-
motor region of the IGF-1 gene have been found to be major deter-
minants of GH sensitivity in children with short stature [27].

»Table 3 Correlations between pediatric estimates of GH response and adult A z-score IGF-1/GH dose, body composition, and lipid parameters after

one year of GH treatment.

AIGF-1 z-score|GH dose AFM %
(mg/d)

Growth velocity first year 0.055 -0.080
R/GH (cm/year)
Height Gain 0-1 year -0.050 -0.157
(SDS)
Difference (Adult Height -0.237 0.122
— MPH) (SDS)
A weight 0-1 year (SDS) -0.658""" -0.173
Final growth velocity (cm/ 0.592°" -0.414

year) (last year R/GH)

" p <0.01, """ p <0.001.

AFFM % AWHR AT-Chol ALDL-Chol
0.088 0.471 0.040 0.144
0.215 0.143 0.044 0.116

-0.120 0.103 -0.018 0.312
0.174 0.034 -0.360 -0.312
0.411 -0.171 -0.614"" -0.290

A 0-1 year: Difference between the parameter value after one year of GH treatment for pediatric period and its value at the initiation of therapy. R/
GH: GH treatment; FM: Fat Mass; FFM: Fat-Free Mass; WHR: Waist-hip ratio; T-Chol: Total cholesterol; LDL-Chol: LDL-cholesterol; MPH: Mid-parental

height.
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»Fig. 1 a: Positive correlation between final growth velocity during
the last year of childhood GH treatment and the AIGF-I z-score/GH
dose after one year of adulthood GH treatment (r=0.592; p<0.01).
b: Negative correlation between A weight during the first year of
childhood GH treatment and the AIGF-I z-score/GH dose after one
year of adulthood GH treatment (r=-0.658; p<0.001).

Itis also known that IGF-lis not a reliable marker for the diagno-
sis of GHD in adults as a large overlap exists between GHD and nor-
mal subjects [28]. However, IGF-| is still the primary biochemical
marker that is followed during GH replacement in adults and a dose
titration regimen based on measurements of serum IGF-I is recom-
mended [4, 29]. As the dose of GH depends on the baseline levels
of IGF-1[30] and the IGF-I response is influenced by the GH dose,
we decided to use as index of GH response in adults the ratio be-
tween the change in IGF-I z-score from baseline to year 1 and the
daily GH dose at the end of this period. This approach has been used
in previous studies [31], while Barbosa et al. [13] preferred to use
the cumulative dose, as it would reflect the total dose exposure
during the study period.

As recommended [4, 29], GH replacement therapy was com-
menced in our adult GHD patients by using a dose titration regi-
men based on measurements of serum IGF-I. The treatment al-
lowed a significant increase of IGF-1 z-score but the recommended
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target of reaching the upper half or quartile of the IGF-1 normal
range [4] was not achieved in most patients. This could be due to
insufficient compliance of some patients or to some medical iner-
tia in increasing GH doses in real life situation. However, despite
that, we observed a significantimprovement of body composition
and lipid parameters after one and two years of treatment. We also
observed expected significant correlations between the increase
in IGF-1 z-score and decreases in total cholesterol and LDL choles-
terol (data not shown), suggesting that IGF-I levels may reflect a
sufficient clinical response to treatment.

In previous studies [32,33], a positive correlation between in-
creases in IGF-1and FFM has been shown while other effects of GH
replacement on quality of life or on dyslipidemia did not correlate
with modifications of circulating IGF-I concentrations [33]. In the
current study we could not identify a significant correlation be-
tween changes in IGF-1 and body composition parameters. The
small number of patients has probably attenuated the effects of
GH treatment due to possible influence of different confounders.
Interestingly, in a recent observational study including a much larg-
er number of patients, Feldt-Rasmussen et al. [14] showed that the
increase in IGF-1-SDS was associated with some but not with all pa-
rameters of the phenotypic response to GH treatment.

Our data confirm that adult men and women with GHD display
marked differences in their responsiveness to GH replacement ther-
apy, as the IGF-I response was much lower in women, despite a
higher GH dose. This is in accordance with previous studies show-
ing men to be more sensitive to GH than women [13, 23,29, 34, 35].
Interestingly, such a gender difference does not seem to exist in
children, suggesting that different factors must be involved in the
mediation of growth and metabolic responses to GH. Besides,
Drake et al. [29] have shown that the time taken to achieve an ef-
ficient maintenance dose of GH was significantly longer in female
patients.

The response to GH therapy in children has been traditionally
expressed in terms of growth velocity (GV) measured as cm/year.
In our cohort of patients, after one year of treatment, the average
GV was 9.4 +3.5cm, similar to that reported in larger studies
[22,36]. The difference between near-adult height SDS and mid-pa-
rental target height SDS is, however, considered as the best indi-
cator of whether an individual has achieved his/her height poten-
tial [10]. This difference was — 0.5+ 1.3 SDS in our patients suggest-
ing that they indeed achieved a height close to their genetic
potential, similar to results reported in other studies [10,37-39].
Therefore, we can assume that our patients had efficient GH ther-
apy during childhood as far as longitudinal growth is concerned.

The prediction of the response to GH in GHD children has been
widely examined in several studies including very large numbers of
patients [9,22,40,41] and mathematical algorithms have been
proposed to predict the individual response to GH therapy
[7,9,11,42]. On the other hand, very few prediction models exist
to predict achievement of the main clinical end points with adult
GH replacement therapy [13, 14, 35].

To the best of our knowledge, our study is the first to investigate
possible associations between the response to GH treatment in the
same individuals treated during childhood and adulthood. We
found no significant correlation between the main parameters,
which evaluate response to GH treatment in children (height gain,
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growth velocity during the first year of GH treatment and differ-
ence between adult height and MPH) on one hand, and the increase
of IGF-1 z-score or the changes in other metabolic parameters dur-
ing the first year of adult GH treatment on the other hand. This
again suggests that different mechanisms operate to mediate the
pediatric linear growth-promoting effects of GH and its IGF-I gen-
erating and metabolic effects in adults. Alternatively, it is also pos-
sible that factors determining GH response are not genetically de-
termined but may evolve in a positive or negative way during tran-
sition from adolescence to adulthood. We observed, however, a
highly significant positive correlation between growth velocity dur-
ing the last year of childhood GH treatment and changes in IGF-I
z-score and total cholesterol after one year of GH treatment in
adulthood. Thus, the final growth velocity, which may be consid-
ered as one of the main criteria of end of GH treatment in children,
could serve to predict response to GH treatment in adult.

We also found a negative correlation between body weight
achieved at the end of childhood GH treatment and the AIGF-I
z-score at one year of treatment at adult life, suggesting that weight
gain during childhood treatment is a negative predictor of subse-
quent response to GH in adult life. Barbosa et al. [13] found that
adult patients with a higher BMI are more likely to be poor respond-
ers to GH in terms of body composition. Similarly, they showed that
anincrease in fat mass decreases the probability of good response
to GH therapy. In a randomized double-blind placebo study, Ezzat
et al. [33] demonstrated that having a higher BMI is a predictor for
less significant improvements in fat mass and lean mass and that
changes in lean body mass are associated with those of IGF-I.
Bengtsson et al. [43] reported a lower increase of IGF-I with increase
of baseline body weight. Accordingly, we found at adult life a neg-
ative correlation between BMI at baseline and AIGF-1 z-score after
one year of treatment. Taking into account that the BMI in adult-
hood was strongly correlated with the BMI at the end of pediatric
treatment, one can speculate that children that took more weight
during GH treatment remained overweight and thus were less good
responders to GH in adulthood.

Some limitations of our study must be acknowledged. First,
there were only a limited number of patients with a sufficient
amount of available data to be included. Thus, the power of our
statistical analyses was reduced and some significant associations
might have been underestimated. Also, our analysis of the data was
retrospective and could not take into account important factors
such as patient compliance to treatment or the influence of other
factors that might have interfered with the response to GH. Nev-
ertheless, we believe that these limitations do not introduce major
bias in our main conclusions.

In summary, the only positive pediatric clinical predictor of GH
response in adults was the final growth velocity during the last year
of childhood GH treatment. Furthermore, we identified a negative
association between body weight increase during first year of child-
hood GH treatment, BMI at the end of pediatric treatment and BMI
at the onset of adult treatment on one hand, and the IGF-lincrease
during first year of adult GH treatment on the other hand, thus sug-
gesting that excessive weight gain during GH treatment in childhood
could predict a less good response to GH treatment in adult life.
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