
9

Smyczyńska J. i inni: Auxological and hormonal prognostic factors of growth hormone (GH) therapy effectiveness in children with GH deficiency...

Vol. 12/2013 Nr 2(43)

Endokrynologia Pediatryczna
Pediatric Endocrinology

 9

Background. The prognostic factors of growth hormone (GH) therapy effectiveness in children with GH deficiency 
(GHD) are still a matter of discussion. Aim. Assessment of the relationships between GH therapy effectiveness and the 
results of selected auxological and hormonal tests, available before treatment in children with isolated, non-acquired 
GHD. Subjects and methods. The analysis comprised 150 patients with isolated, non-acquired GHD, who completed 
GH therapy and reached final height (FH). In all the patients, selected auxological indices and IGF-I concentration 
were assessed before treatment. Effectiveness of GH therapy was compared with respect to patients’ sex, pubertal 
development, severity of deficit of height, GH peak in stimulating tests and IGF-I secretion before treatment. Results. 
There was no difference in GH therapy effectiveness between boys and girls and between prepubertal and pubertal 
children. There was also no difference in FH with respect to the severity of GHD. Better improvement of FH was ob-
served in the patients with more severe deficit of height, as well as in ones with lower IGF-I secretion. The effective-
ness of GH therapy in the patients with high IGF-I level before treatment was poor. Conclusion. The severity of the 
deficit of height and of IGF-I deficiency but not the results of GH stimulating tests are the important prognostic factors 
of GH therapy effectiveness in children with isolated, non-acquired GHD. Pediatr. Endocrinol. 12/2013;2(43):9-20.
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Auxological and hormonal prognostic factors of growth hormone (GH) therapy 
effectiveness in children with GH deficiency, available before treatment

Wskaźniki auksologiczne i wyniki badań hormonalnych wykonanych przed 
rozpoczęciem terapii, warunkujące skuteczność leczenia hormonem wzrostu dzieci 
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Wstęp. Czynniki prognostyczne warunkujące skuteczność terapii hormonem wzrostu (GH) dzieci z somatotropinową 
niedoczynnością przysadki (GHD) są nadal przedmiotem badań. Cel pracy. Oceniano zależność pomiędzy skutecz-
nością terapii GH a wybranymi wskaźnikami auksologicznymi i wynikami badań hormonalnych wykonanych przed 
rozpoczęciem leczenia u dzieci z izolowanym, nienabytym GHD. Pacjenci i metody. Analizą objęto dane 150 pa-
cjentów z izolowanym, nienabytym GHD, którzy ukończyli terapię GH i osiągnęli wzrost końcowy (FH). U wszyst-
kich pacjentów przed rozpoczęciem leczenia oceniono wybrane wskaźniki auksologiczne oraz dokonano pomiaru stę-
żenia IGF-I. Skuteczność terapii oceniono w odniesieniu do płci, stadium dojrzewania, ciężkości niedoboru wzrostu, 
wydzielania GH w testach stymulacyjnych i stężenia IGF-I przed rozpoczęciem leczenia. Wyniki. Nie stwierdzono 
różnic w skuteczności terapii GH u dziewcząt i chłopców, jak również pomiędzy dziećmi w okresie przeddojrzewa-
niowym i z rozpoczętym dojrzewaniem płciowym. Uzyskany FH nie różnił się także w zależności od ciężkości GHD. 
Skuteczność terapii była większa u pacjentów z cięższym niedoborem wzrostu oraz z niższym wydzielaniem IGF-I 
przed leczeniem. Leczenie okazało się nieskuteczne u pacjentów z wysokimi stężeniami IGF-I przed jego rozpoczę-
ciem. Wniosek. Ciężkość niedoboru wzrostu oraz ciężkość wtórnego niedoboru IGF-I przed leczeniem GH okazały 
się istotnymi czynnikami prognostycznymi skuteczności terapii, podczas gdy nie wykazano zależności efektów lecze-
nia od wydzielania GH w testach stymulacyjnych. Endokrynol. Ped. 12/2013;2(43):9-20.

Rasat et al. [4] proposed to introduce an assessment 
of IGF-I and its binding protein-3 (IGFBP-3) plas-
ma concentrations as a simple screening procedure 
in diagnosing GHD in short children. According 
to their suggestions, GHST should be performed 
only in the patients with decreased IGF-I secretion. 
However, in 2000 GH Research Society [5] still rec-
ommended GHST as the standard procedure in di-
agnosing GHD, however pointing at its limitations. 
The arbitrarily established cut-off levels for GHST, 
as well as the poor reproducibility of their results, 
reported in 1995 by Rosenfeld et al. [2], seem to 
be the problems not to overcome. The proposal of 
IGF-I assessment in the initial phase of diagnos-
ing GHD was then repeated in some papers [6, 7]. 
Moreover, in recent years GHD has been defined 
as secondary IGF-I deficiency [8, 9]. In Poland, 
IGF-I assessment before GH therapy administration 
is obligatory but decreased IGF-I secretion is not 
a criterion of subjecting a patient to GH therapy 
[10]. Thus, up to now, it is possible to qualify chil-
dren with either normal or even high IGF-I secre-
tion as GH-deficient. 

The aim of current study has been to assess the 
relationships between the growth-promoting effects 
of GH therapy and the results of selected auxologi-
cal and hormonal examinations, performed before 
the therapy onset.

Patients and methods 

The analysis comprised 150 children (115 
boys, 35 girls), age at therapy onset 12.2±2.3 years 
(mean±SD) with short stature, related to disorders 
of either GH secretion or its bioactivity, who started 
GH therapy in 1997-2001 and completed it at the 

Introduction

The most important goal of growth hormone 
(GH) therapy in short children with GH deficiency 
(GHD) is improvement of height velocity (HV) 
and achievement of normal final height (FH). Even 
though currently most of the children treated with 
GH reach normal FH, their mean adult height is 
about 1.0 SD below the mean value for reference 
population and 15-20% of all the treated patients 
remain short [1]. 

The reports on FH of the patients with child-
hood-onset GHD, treated with GH up to FH indi-
cate a tendency to treat the patients with less severe 
deficit of height and to use higher doses of GH [1]. 
The liberalisation of the cut-off level of GH peak 
in GH stimulating tests (GHST), confirming GHD 
(from 5 ng/ml to 10 ng/ml) has resulted in an in-
creased number of treated patients, who – in major-
ity – reach normal FH, however the decrease of the 
mean height gain during the therapy is observed [2]. 
The importance of other factors, determining FH, is 
still a matter of discussion. From the practical point 
of view, it seems particularly important to focus on 
the data available before the therapy onset. Such ap-
proach could be a contribution to optimisation the 
criteria of subjecting short children to GH therapy.

Insulin-like growth factor-I (IGF-I) is the main 
peripheral mediator of GH action. The main pool 
of IGF-I is synthesised in the liver, under control 
of GH, however the decreased GH sensitivity, as 
well as the impaired ability to IGF-I synthesis (de-
spite normal GH secretion) should be considered. 
Even so – in general – IGF-I plasma concentration 
reflects GH secretion, being relatively stable, in 
contrast to highly variable GH levels [3]. In 1996, 
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attainment of FH. Before GH administration, the 
following examinations were performed in all the 
patients:

1. Measurement of height of the patients and 
their parents, followed by the calculation of pa-
tients’ height SDS (H0SDS), target height (TH) 
and TH SDS, as well as – so called – „corrected” 
H0SDS, according to the formula: corrH0SDS = 
H0SDS – TH SDS. Short stature was defined as 
patient’s height below 3rd centile for age and sex. 
Reference data for Polish children [11] were used, 
assuming an exact value of -1.88 for height SDS 
(HSDS) as an equivalent to 3rd centile. 

Additionally, according to the deficit of height 
with respect to parental height, all the patients 
were classified as either fulfilling the criteria of 
familial short stature (FSS) or not (nonFSS). For 
every child, the cut-off value of HSDS for FSS 
and non-FSS was calculated, according to Ranke 
[12] and the children with H0SDS below the cut-
off value were classified as non-FSS, while the 
remaining ones – as FSS.

2. Pubertal stage was assessed according to Tan-
ner’s scale and all the patients were qualified at 
therapy onset as either prepubertal or pubertal.

3. Growth hormone secretion was assessed in 
two standard GHST – with clonidine (0.15 mg/
m2, orally) and with either insulin (0.1 IU/kg, i.v.) 
or glucagon (30 μg/kg, i.m.). GH peak below 10 
ng/ml in both tests confirmed GHD. Severe GHD 
(sGHD) was diagnosed when GH peak was below 
5 ng/ml in both tests, partial GHD (pGHD) for GH 
peak between 5 and 10 ng/ml. In 22 patients with 
previously normal GH response to stimulation, 
the decreased GH secretion was observed in the 
repeated GHST, performed due to slow HV during 
the observation and decreased IGF-I level in at least 
two assessments (thus enabling subjecting them to 
GH therapy as fulfilling the criteria of GHD). These 
patients, with “verified” diagnosis, were qualified 
to a separate group (verifGHD). Blood samples for 
GH estimation were collected every 30 min (from 0 
to 120 min) in clonidine and insulin tests, and at 0, 
90, 120, 150, 180 min in the test with glucagon. The 
concentration of GH was measured by the two-site 
chemiluminescent enzyme immunometric assay 
(hGH IMMULITE, DPC). 

4. In all the patients, basal serum IGF-I and 
IGFBP-3 concentrations were measured in the 
blood samples collected before the first of GHST, 
fasting, at morning hours. Both IGF-I and IGFBP-
3 concentrations were assessed by a solid-phase, 

enzyme-labelled chemiluminescent immunomet-
ric assays, (IMMULITE, DPC). For comparison 
among the children with different age and sex, 
IGF-I concentrations were expressed as IGF-I SDS. 
For calculation of the IGF-I/IGFBP-3 molar ratio, 
the following molecular masses were used: 7.5 kDa 
for IGF-I and 42.0 kDa for IGFBP-3. It should be 
stressed that – according to the assumed criteria 
– children with decreased GH response to pharma-
cological stimulation were qualified to GH therapy, 
independently from either decreased or normal 
IGF-I secretion.

5. Bone age (BA) was assessed according to 
Greulich-Pyle’s standards [13] and predicted adult 
height (PAH) was calculated for each patient at 
therapy onset, according to Bayley-Pinneau’s 
method [14].

6. In each patient, magnetic resonance imaging 
of the hypothalamic-pituitary region was performed 
and the children with any detectable abnormalities 
(except for anterior pituitary hypoplasia), as well 
as ones with acquired GHD, were excluded from 
the study. Other exclusion criteria encompassed 
any chronic diseases, congenital defects of internal 
organs, dysmorphic features and diagnosed or even 
suspected genetic syndromes (Turner syndrome was 
excluded in every girl by the karyotype assessment). 
In every patient included to the study, thyroid func-
tion was normal and there were no data suggesting 
other pituitary hormone deficiencies than GHD or 
other hormonal disorders.

The therapy with GH in the mean dose of 
0.19±0.06 mg (0.57±0.06 IU)/kg/week was admin-
istered up to the moment of fulfilling the criteria 
of its completion, i.e., when either bone epiphyses 
were closed or height velocity in terms of treatment 
decreased below 2 cm/year. 

After completion of linear growth, patients’ FH 
was measured and its centile position was assessed, 
followed by calculation of FH SDS and “corrected” 
FH SDS (according to the formula: corrFH SDS = 
FH SDS – TH SDS). Additionally, the change of FH 
SDS vs. H0SDS, (ΔHSDS) was calculated.

The effectiveness of GH therapy was analysed 
with respect to the following criteria: 

− patient’s sex (boys vs. girls) and pubertal 
stage at therapy onset (prepubertal vs. puber-
tal children),

− the relative deficit of height with respect to 
parental height (FSS vs nonFSS), 

− GH peak in GHST (sGHD vs. pGHD, vs. 
verifGHD),
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− IGF-I secretion before treatment: low 
– below 10th centile (IGI-I SDS below -1.29), 
normal – between 10th and 90th centile (IGF-I 
SDS from -1.29 to +1.29) or high – over 90th 
centile (IGF-I SDS over +1.29). 

Statistical analysis included non-parametric 
tests: Mann-Whitney’s U test and Kruskall-Wallis’ 
test for independent samples for the assessment 
of differences among the groups in particular time 
points.

The study was approved by the local Ethics 
Committee.

Results

Effectiveness of GH therapy in boys and girls
At therapy onset, girls were significantly 

younger than boys, while the therapy duration was 
insignificantly longer in girls. There was no differ-
ence in any of the assessed auxological parameters 
and in GH peak in GHST between boys and girls 
at therapy onset, while IGF-I concentrations pre-
sented significantly lower in boys. Despite older 

age at therapy onset and shorter mean duration of 
treatment, both the improvement of height SDS 
(ΔFHSDS vs H0SDS) and the obtained FH SDS was 
significantly better in boys than in girls. There was 
no significant difference both in PAH before treat-
ment and in the obtained FH with respect to PAH. 
The detailed data are presented in Table I.

Effectiveness of GH therapy in prepubertal and 
pubertal children 

Children who entered puberty before treatment 
presented with more severe deficit of height at 
therapy onset than prepubertal ones, however the 
difference between them was insignificant. There 
was also no significant difference in GH secretion, 
while pubertal children had higher IGF-I SDS than 
prepubertal ones. Despite considerably shorter ther-
apy duration, the improvement of HSDS was sig-
nificantly better in the patients who were pubertal 
at therapy onset, however the difference in FH was 
insignificant. Independently from pubertal stage 
at therapy onset, FH was slightly better than PAH 
but lower than TH in both Groups and the obtained 

Table I. Selected auxological and hormonal data of boys and girls at therapy onset and at the attainment of FH
Tabela I. Wybrane dane auksologiczne i wyniki badań hormonalnych u dziewcząt i chłopców przed rozpoczęciem terapii 
GH i po uzyskaniu FH

Group boys girls p

Before treatment (at therapy onset)

No of patients 115 35

Age (years) 12.8±2.8 10.1±2.5 <0.0001

H0SDS -2.25±0.65 -2.17±0.45 1.00

TH SDS -0.64±0.83 -0.61±0.76 0.92

corrH0SDS -1.63±0.92 -1.58±0.83 0.98

PAH SDS -1.06±1.11 -1.24±0.98 0.37

GH peak (ng/mL) 7.6±4.2 7.7±2.2 0.22

IGF-I SDS -0.64±1.36 -0.06±1.81 0.001

After treatment (at the attainment of FH)

Therapy duration (years) 4.8±3.0 5.4±2.5 0.12

FH SDS -0.89±0.85 -1.17±0.82 0.05

corrFH SDS -0.28±1.02 -0.56±0.87 0.08

ΔFHSDS vs H0SDS 1.36±0.79 0.95±0.78 0.01

ΔFHSDS vs PAH SDS 0.15±0.91 0.02±1.13 0.76
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corrFH presented very similar in them. The detailed 
data are presented in Table II.

Effectiveness of GH therapy in the patients 
with FSS and nonFSS

Before treatment, the patients with nonFSS had 
significantly more severe deficit of height than 
ones with FSS (p<0.0001), despite taller parents 
(i.e. higher TH SDS). It seems worth to be noticed 
that GH and IGF-I secretion before the therapy pre-
sented similar in both Groups. Due to significantly 
higher ΔHSDS in nonFSS than in FSS (p<0.0001), 
the obtained FH, expressed as FH SDS was very 
similar in both Groups. However, while corrected 
with respect to TH, corrFH SDS presented sig-
nificantly (p<0.01) worse in nonFSS than in FSS. 
Interestingly, FH corresponded to TH in FSS, while 
in nonFSS the obtained obtained FH SDS was sig-
nificantly lower than TH SDS (p<0.05). In both 
Groups, the difference in PAH and the relationship 
between FH and PAH was similar. The detailed data 
are presented in Table III.

Effectiveness of GH therapy in the patients 
with sGHD, pGHD and verifGHD

Despite different results of GHST, there was no 
difference in any of the assessed auxological indi-
ces among the Groups, both before treatment and at 
FH. Interestingly, IGF-I secretion was significantly 
lower in verifGHD than in both sGHD and pGHD 
Groups (p=0.03), despite simultaneously obtained 
normal GH peak in GHST (during first assessment). 
The detailed data are presented in the Table IV (for 
verifGHD Group the higher values of GH peak, 
obtained during the first of two assessments are 
shown).

Effectiveness of GH therapy in the patients 
with respect to IGF-I secretion before treatment

There was no significant difference in H0SDS 
among the Groups with either decreased or normal, 
or high IGF-I secretion before treatment. However, 
in the Group with high IGF-I levels, TH presented 
significantly lower while corrH0SDS – significantly 
higher than in other Groups. Namely, despite the 

Table II. Selected auxological and hormonal data at therapy onset and at the attainment of FH in children who started GH 
therapy as either prepubertal or pubertal 
Tabela II. Wybrane dane auksologiczne i wyniki badań hormonalnych przed rozpoczęciem terapii GH i po uzyskaniu FH 
u dzieci rozpoczynających leczenie w okresie przeddojrzewaniowym lub w okresie dojrzewania płciowego 

Group prepubertal pubertal p

Before treatment (at therapy onset)

No of patients 86 64

Age (years) 10.9±2.9 14.1±1.6 <0.0001

H0SDS -2.19±1.56 -2.29±0.65 0.29

TH SDS -0.72±0.87 -0.51±0.72 0.16

corrH0SDS -1.48±0.90 -1.79±0.87 0.07

PAH SDS -1.24±0.99 -0.95±1.16 0.18

GH peak (ng/mL) 7.9±4.2 7.3±3.4 0.44

IGF-I SDS -0.71±1.56 -0.22±1.35 0.04

After treatment (at the attainment of FH)

Therapy duration (years) 6.1±2.7 3.2±2.2 <0.0001

FH SDS -1.04±0.83 -0.85±0.86 0.13

corrFH SDS -0.35±1.01 -0.33±0.97 0.71

ΔFHSDS vs H0SDS 1.15±0.79 1.41±0.80 0.01

ΔFHSDS vs PAH SDS 0.13±0.1.01 0.10±1.13 0.85
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Table III. Selected auxological and hormonal data of patients fulfilling the auxological criteria of FSS and nonFSS before 
treatmrnt, obtained at rhGH therapy onset and at the attainment of FH
Tabela III. Wybrane dane auksologiczne i wyniki badań hormonalnych przed rozpoczęciem terapii GH i po uzyskaniu FH 
u dzieci spełniających przed leczeniem kryteria auksologiczne FSS i nonFSS 

FSS nonFSS p

Before treatment (at therapy onset)

No of patients 59 91

Age (years) 11.8±2.6 12.4±3.2 0.04

H0SDS -1.97±0.18 -2.52±0.62 <0.0001

TH SDS -1.07±0.70 -0.54±0.86 0.07

corrH0SDS -0.90±0.55 -1.98±0.73 <0.0001

PAH SDS -1.00±0.90 -1.19±1.18 0.24

GH peak (ng/mL) 7.4±4.3 7.7±4.1 0.98

IGF-I SDS -0.38±1.40 -0.49±1.49 0.54

After treatment (at the attainment of FH)

Therapy duration (years) 5.0±2.4 4.7±3.2 0.32

FH SDS -1.10±0.60 -1.10±0.96 0.13

corrFH SDS -0.03±0.70 -0.56±1.09 <0.01

ΔFHSDS vs H0SDS 0.87±0.54 1.43±0.87 <0.0001

ΔFHSDS vs PAH SDS 0.20±0.95 0.09±0.97 0.57

Fig. 1. Effectiveness of GH therapy in the patients, fulfilling the auxological criteria of FSS and nonFSS
Ryc. 1. Skuteczność terapii GH u pacjentów spełniających kryteria auksologiczne FSS i nonFSS
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Table IV. Selected auxological and hormonal data of the patients with sGH, pGHD and verifGHD, obtained at rhGH therapy 
onset and at the attainment of FH
Tabela IV. Wybrane dane auksologiczne i wyniki badań hormonalnych przed rozpoczęciem terapii GH i po uzyskaniu FH 
w zależności od ciężkości niedoboru GH przed rozpoczęciem leczenia 

sGHD pGHD verifGHD p

Before treatment (at therapy onset)

No of patients 22 106 22

Age (years) 11.7±3.4 12.4±2.9 11.6±3.0 0.32

H0SDS -2.33±0.75 -2.16±0.63 -2.16±0.64 0.66

TH SDS -0.74±0.82 -0.61±0.81 -0.62±0.80 0.55

corrH0SDS -1.59±0.87 -1.56±0.91 -1.54±0.96 0.48

PAH SDS -1.11±1.21 -1.06±1.11 -1.36±0.74 0.51

GH peak (ng/mL) 3.2±1.5 7.1±1.3 14.7±4.5 <0.0001

IGF-I SDS -0.40±1.60 -0.37±1.36 -1.27±1.81 0.03

After treatment (at the attainment of FH)

Therapy duration (years) 5.4±3.2 4.5±2.6 6.0±3.8 0.30

FH SDS -1.13±1.04 -0.90±0.78 -1.05±0.94 0.71

corrFH SDS -0.39±1.01 -0.30±0.94 -0.51±1.20 0.90

ΔFHSDS vs H0SDS 1.24±1.07 1.28±0.76 1.11±0.70 0.53

ΔFHSDS vs PAH SDS 0.01±1.36 0.13±0.91 0.15±0.87 0.93

Fig. 2. Effectiveness of GH therapy with respect to the results of GH stimulating tests before treatment
Ryc. 2. Skuteczność terapii GH w zależności od wyników testów stymulacyjnych przed rozpoczęciem leczenia
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similar values of H0SDS, children with high IGF-I 
levels had significantly lower TH and – consistently 
– significantly less severe deficit of height with re-
spect to TH (expressed as corrH0SDS). Moreover, 
despite the longest therapy duration, in the Group 
of patients with high IGF-I secretion, the improve-
ment of FH with respect to H0SDS was significantly 
worse and the obtained FH was significantly lower 
than in other Groups. Interestingly, in the patients 
with high IGF-I secretion before treatment, FH was 
significantly lower than PAH. Thus, in that group 
of patients, GH therapy did not improve the ob-
tained FH with respect to the prognosis, calculated 
at therapy onset. The detailed data are presented in 
the Table V.

Discussion

The large studies on FH of the patients with iso-
lated GHD, treated with GH up to the completion 
of linear growing were conducted – among others 

– by Reiter et al. [15] and Carel et al. [16]. In the 
former of these studies, the patients’ FH SDS was 
-0.8 for males and -1.0 for females, with a high cor-
relation between prepubertal height gain and total 
height gain, confirming the importance of early start 
of the therapy [15]. In our study, the attained FH 
SDS presented slightly worse both for boys (-0.89) 
and for girls (-1.17), despite very similar TH SDS, 
less severe initial deficit of height and similar GH 
dose, probably due to about one year older age of 
our patients at therapy onset. Reiter et al. [15] have 
also pointed at the variability in responsiveness to 
treatment, related to individual GH sensitivity. The 
authors quoted the data on the variability of GH-
induced IGF-I and IGFBP-3 synthesis, however 
that issue was not a subject of their analysis. Carel 
et al. [16] reported the mean FH SDS of treated 
patients on the level of -1.6, i.e. 0.4 SD below TH 
and the mean height gain on the level of 1.0 SD. 
The effectiveness of GH therapy, documented in 
their paper, presented worse than in our study, pos-

Table V. Selected data of the Groups of patients, depending on IGF-I SDS, obtained at rhGH therapy onset and at the 
attainment of FH
Tabela V. Wybrane dane auksologiczne i wyniki badań hormonalnych przed rozpoczęciem terapii GH i po uzyskaniu FH 
w zależności od wydzielania IGF-I przed rozpoczęciem leczenia 

IGF-I SDS Low Normal High

Before treatment (at rhGH therapy onset)

No of patients 39 98 13

Age (years) 13.3±1.8 12.1±2.9 9.8±4.7

H0SDS -2.26±0.58 -2.19±0.63 -2.43±0.47

TH SDS -0.60±0.93a -0.56±0.74b -1.24±0.73a,b

corrH0SDS -1.68±1.05 -1.65±0.84 -1.19±0.80

PAH SDS -1.13±1.06 -1.10±1.11 -1.10±0.90

GH peak (ng/mL) 9.1±5.6 7.0±2.8 7.7±3.0

IGF-I SDS -2.47±0.98 -0.04±0.67 1.91±0.49

After treatment (at the attainment of FH)

Therapy duration (years) 4.4±2.6c 4.8±2.8 6.1±3.7c

FH SDS -0.90±0.90d -0.86±0.80e -1.72±0.70d,e

corrFH SDS -0.37±1.11 -0.32±0.97 -0.47±0.84

ΔFHSDS vs H0SDS 1.36±0.67f 1.30±0.82g 0.71±0.89f,g

ΔFHSDS vs PAH SDS 0.02±1.10 0.22±0.90h -0.53±1.05h

Significant differences: a, c, g, h – p<0.05; b, d, f – p<0.005; e – p<0.001
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sibly due to the more restrictive criteria of therapy 
discontinuation. Very recently, Kirk [17] has pub-
lished the review concerning the indications to GH 
therapy in children, presenting the data on the mean 
FH ranging from -0.9 SD to -0.4 in uncontrolled 
studies, with no difference between the patients 
with isolated GHD and multiple pituitary hormone 
deficiencies.

In our study, auxological parameters turned out 
once again to be the most important factors, deter-
mining the effectiveness of GH therapy. Namely, 
in children with more severe deficit of height with 
respect to TH (nonFSS Group), the height gain dur-
ing GH therapy was significantly better than in FSS 
Group, independently from similar GH and IGF-I 
levels in both Groups. Our observations are quite 
consistent with the results of other studies [18, 19]. 

In mathematical models of growth prediction, 
GH dose has been reported as one of the variables 
that may influence FH, however of a moderate role 
[20]. In 2008, Coelho et al. [21] reported that, in 
GH-deficient children, higher GH doses, admin-
istered during puberty, did not improve FH. Our 
patients were treated with the relatively stable 
dose of GH (0.19±0.06 mg/kg/week), thus that is-
sue was not a matter of present study. In the study 
of Rachimiel et al. [18], almost the same GH dose 
(0.18 mg/kg/week) was administered and most of 
the patients reached FH within normal range, with 
an average FH close to -0.5 SD below midparental 

HSDS. Similar results were also presented by Ko-
rpal-Szczyrska et al. in 2006 [22]. In our present 
study, the mean FH of the patients was also about 
-0.4 SD below TH, however with significant differ-
ence between the group of children with FSS (who 
reached TH) and ones with nonFSS (who reached 
FH significantly below TH). The observation that 
only children with FSS (as a group) but not those 
with nonFSS have reached FH close to their ge-
netically determined TH seems very important, as 
normal FH with respect to parental height is often 
considered a marker of good effectiveness of GH 
therapy. It seems possible that – in case of nonFSS 
– the factors disturbing growing (including GHD) 
could have so strong effect that the deficit of height 
may be to some extend irreversible during GH 
therapy. 

Although the diagnosis of GHD is based on the 
results of GHST, it is well documented that GH 
therapy may be effective in the patients with normal 
results of GHST. In 2005, Loche et al. [23] stated 
that non-GH-deficient children may benefit from 
GH therapy, however, the predictors of the therapy 
responsiveness should be a subject of further clini-
cal studies. In our study, a group of patient with the 
diagnosis of verifGHD presented – in fact – with 
constantly decreased IGF-I secretion and inconstant 
results of GHST. The effectiveness of GH therapy 
was similar in all the patients with “true” GHD and 
in ones with divergent results of GHST in two as-

Fig. 3. Effectiveness of GH therapy in the patients with respect to IGF-I secretion before treatment
Ryc. 3. Skuteczność terapii GH w zależności od wydzielania IGF-I przed rozpoczęciem leczenia
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sessments (thus not necessarily with GHD). Our 
results speak for the potential effectiveness of GH 
therapy in the patients with IGF-I deficiency despite 
normal results of GHST (obviously, GH insensitiv-
ity should be excluded in each case).

The significance of IGF-I assessment in prog-
nosing GH therapy effectiveness has been a mat-
ter of discussion, being included as an important 
parameter in some models of growth prediction in 
terms of GH administration [24], while passed over 
in others [1].

The next important observation was related to 
the group of patients with high IGF-I secretion 
before treatment (thus with no secondary IGF-I 
deficiency), who had the lowest TH SDS. The im-
provement of FH SDS vs. H0SDS in that group was 
relatively poor. Moreover, it was the only group in 
which FH SDS was much lower than PAH SDS, 
calculated before treatment. It seems that in case 
of high IGF-I secretion despite low GH peak in 
GHST, the falsely positive results of GHST should 
be taken into account and further diagnostics seems 
necessary before qualifying such patients as GH-
deficient. Our previous study pointed at the rela-
tively high theoretical incidence of decreased GH 
peak in GHST in non-GH-deficient children [25]. 
Recently, in the classification of IGF-I deficiency, 
presented by Savage et al. [9], GHD was placed 
as a form of secondary IGF-I deficiency, thus – in 
practice – excluding that diagnosis in case of high 
or normal IGF-I secretion. It should be recalled that 
our patients were qualified to GH therapy independ-
ently from IGF-I levels, according to the rules of 
therapeutic program. The authors of current study 
are convinced that in case of elevated IGF-I con-
centration, the diagnosis of GHD is highly unlikely 
and further studies, including genetic assessment, 
should be considered. 

The data concerning the relationships between the 
increase of IGF-I (and IGFBP-3) and improvement 
of HV are not consistent. According to Kriström et 
al. [26] 58% of the variation in the 1st year growth 
response to GH therapy might be explained by se-
rum levels of IGF-I and IGFBP-3 before treatment, 
and their increase during GH therapy. Conversely, 
Tillmann et al. [27], as well as Lanes and Jakubo-
wicz [28] did not confirm any relationship between 
HV during GH therapy and IGF-I and IGFBP-3 
concentrations. In 2005, Ranke et al. [29] reported a 
negative correlation between HV in the initial phase 
of GH treatment and IGF-I SDS before GH therapy, 
however with no correlation between HV during the 
therapy and the increase of IGF-I secretion. In 2009, 
Spilotis et al. [30] published the data that IGF-I in-
crease during generation test might be an indirect 
indicator of GH secretory status. On the other hand, 
in the study of Cole et al. [31], 10 factors including 
auxological data and GH secretion explained only 
42% of the variance of the 1st year growth response to 
GH therapy. In that study, unfortunately, IGF-I secre-
tion was not assessed. In present study, the severity of 
the deficit of height, as well as the severity of IGF-I 
deficiency but not the severity of GHD (exactly: not 
the results of GHST) turned out to be important prog-
nostic factors of GH therapy effectiveness in children 
with isolated, non-acquired GHD. 

Finally, it seems worth mentioning that in 2010 
Takeda et al. [32] published the review of 34 pub-
lications, concerning the results of randomized 
controlled trials on GH therapy effectiveness. The 
authors pointed at the fact that most of the analyzed 
studies was relatively short-term and poorly docu-
mented, thus suggesting a strong need for further 
studies reporting near-FH or FH of GH treated pa-
tients. It seems that our paper may to some extent 
contribute to the achievement of that purpose. 
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