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of Pediatrics, Hacettepe University Faculty of Medicine, Ankara, Turkey). The results 
of long-term growth hormone replacement therapy In Turkish children with growth 
hormone deficiency. Turk J Pediatr 1998; 40: 55-60.
From a total of 118 patients treated for growth hormone deficiency, 37 (23 boys, 
14 girls) have reached their final height. Twenty-five patients had isolated growth 
hormone deficiency (IGHD) and 12 had multiple pituitary hormone deficiency (MPHD). 
Growth hormone deficiency was diagnosed and treated late in both boys and girls. 
The mean height standard deviation score (SDS) for chronological age (CA) increased 
significantly from -4.43 to -1.94 during the therapy. The target height was not achieved 
In boys or girls nor in MPHD and IGHD groups, although they have reached the 
third percentile of the normal Turkish population. The height and chronological age 
of the patients at the start of the treatment correlated significantly with final height 
in all patients. Therefore, early diagnosis and treatment is important to complete 
catch-up growth in growth hormone deficient patients. The height prognosis is 
improved with administration of a recombinant form of human growth hormone (GH) 
as daily subcutaneous injections with a dose of 0.1 lU/kg, when compared to the 
earlier studies with pituitary GH. Key words: growth hormone deficiency, final height, 
growth hormone treatment.

A recombinant form of human growth hormone (GH) has been available for 
replacement therapy in children with growth hormone deficiency for about ten years. 
Long-term results of the studies have shown the beneficial effect of GH treatment 
in improving severe growth deficits existing at the onset of therapy. However, previous 
results were obtained mostly from patients receiving intramuscular injections of 
pituitary-derived GH three times/week1'5. With the introduction of daily subcutaneous 
injections of recombinant human growth hormone, growth velocity increased 
significantly with the expectations of a better final outcome6.

This report is a retrospective analysis of growth data of 37 patients who have 
reached their final height from a total of 118 patients treated for growth 
hormone deficiency (GHD).

Material and Methods
A total of 118 patients were diagnosed with growth hormone deficiency and 
managed in the Pediatric Endocrinology Unit of Hacettepe University between
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the years of 1986 and 1995. Thirty-seven of them who reached their final height 
were included in this study.

The following criteria were used for the diagnosis of GHD:

1. A growth velocity below the third percentile according to Tanner growth charts7.

2. A peak serum GH concentration of less than 10 ng/ml during two 
pharmacological stimulation tests (L-DOPA and insulin stimulation tests). In 
prepubertal and early pubertal children with a bone age over eight years, one 
of the growth hormone stimulation tests was repeated after priming with sex 
steroids. In boys, a depot preparation of testosterone (100 mg/m2) was used 
six to eight days prior to the stimulation test and in girls, ethynyl estradiol 
(50 mg/m2) was given over a period of three days prior to the stimulation test8.

Replacement therapy for other trophic hormone deficiencies was started at least 
three months prior to growth hormone therapy. Height was measured by 
Harpenden stadiometer and converted to SDSs to allow comparison of data in 
children, using reference values at different ages9:

where X = measurement, X and SD = the mean and standard deviation, 
appropriate for age and sex. Bone age was determined according to the method 
of Greulich and Pyle10. Target heights, corrected for sex, were determined with 
the use of standard equations11;

boys, 1/2 (maternal + paternal height + 13), 
girls, 1/2 (maternal + paternal height -13).

Patients were treated with recombinant human growth hormone at a dose of 
0.1 lll/kg administered as daily subcutaneous injections, seven times/week.

Each patient was followed up every three months, with the usual clinical and 
laboratory such as height, weight, pubertal stage and total blood count, routine 
biochemistry and thyroid hormones. Bone age was determined every six months. 

Treatment ended when a bone age of at least 14 years (girls) or 16 years (boys) 
was reached.

Data were analyzed using Statistical Package for Social Sciences for Windows 
v. 5.01 (SPSS, Inc., USA). Descriptive data are expressed as mean (SD). Means 
of paired data were compared by Wilcoxon signed rank test. Means of non­
paired data were compared by Mann-Whitney U test. Correlations were made 
with the Spearman rank test. Differences were considered significant at p < 0.05.
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Results

Table I shows the auxological data of patients before and at the end of the GH 
therapy. Twenty-five patients had isolated growth hormone deficiency (IGHD) and 
12 had multiple pituitary hormone deficiency (MPHD). None of them had an organic 
cause for GHD. The mean peak GH response during the L-DOPA stimulation test 
was 4.1 (2.0) ng/ml in the IGHD group and 1.2 (0.8) ng/ml in MPHD group. During 
the insulin stimulation test it was 2.5 (2.4) ng/ml and 1.5 (1.6) ng/ml, respectively.

Table I: Auxological Data of All Patients and Patients with Isolated Growth 
Hormone Deficiency (IGHD) and Multiple Pituitary Hormone Deficiency 

(MPHD) Before and at the End of Therapy

IGHD (n = 25) MPHD (n = 12) AH Patients (n = 37)

Chronological age 
(CA, years)

Mean (SD) 12.0 (2.3) 11.5 (3.0)a 11.85 (2.59)

Bone age (BA, years) 
Mean (SD) 8.5 (2.9) 6.1 (2.3)b 7.75 (2.93)

Height SDS for CA 
Mean (SD) -4.3 (1.2) -4.6 (1.3)a -4.43 (1.29)

Height SDS for BA 
Mean (SD) -1.1 (1.4) 0.1 (2.0)a -0.74 (1.75)

Pretreatment height velocity 
cm/year, Mean (SD) 3.3 (1.0) 3.0 (0.6)a 3.26 (0.97)

Final height SDS 
Mean (SD) -2.06 (0.8) -1.7 (0.4)a -1.94 (0.74)

Target height SDS 
(Mean (SD) -1.1 (0.7) -1.01 (0.6)a -1.07 (0.72)

Duration of therapy, months 
Mean (SD) 45.6 (17.1) 56.2 (18.8)a 49.6 (18.1)

a: p > 0.05.
b: p < 0.05.

Growth hormone therapy started late in both boys and girls but significantly 
later in-boys than in girls (p < 0.05, Table II). The administration of growth hormone 
increased growth velocity effectively and the increment was sustained during 
the therapy (Fig. 1). As a result, the mean height SDS showed a significant 
increase during the therapy from -4.43 to -1.94. In the MPHD group, the mean 
bone age was significantly retarded compared to that in the IGHD group, whereas 
all other auxological parameters were not significantly different at the start of
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the treatment. The target height was not achieved in either MPHD or IGHD 
groups, but the mean difference between final height and target height was 
similar in both groups.

Table II: Auxological Data of Boys and Girls Who Have Reached Their Final Height
•

Boys (n = 23) Girls (n = 14)

Chronological age (CA, years) 
Mean (SD) 12.67 (2.38) 10.49 (2.42)a

Bone age (BA, years) 
Mean (SD) 8.24 (2.89) 6.94 (2.88)b

Height SDS for CA 
Mean (SD) -4.46 (1.30) -4.38 (1.31)b

Height SDS for BA 
Mean (SD) -0.43 (1.54) -1.26 (1.9)a

Pretreatment height velocity (cm/year) 
Mean (SD) 3.36 (1.06) 3.07 (0.80)b

Final height, cm 
Mean (SD) 161.8 (4.5) 149.0 (4.8)

Target height, cm 
Mean (SD) 168.8 (2.7) 154.3 (7.1)

Final height SDS 
Mean (SD) -1.79 (0.6) -2.10 (0.7)b

Target height SDS 
Mean (SD) -0.84 (0.4) 1.49 (0.9)a

Duration of therapy, months 
Mean (SD) 48.8 (17.8) 54.3 (19.6)b

a: p < 0.05. b: p > 0.05.

Fig. 1: The mean growth velocity of 37 patients during growth hormone therapy.
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No significant difference was found in bone age, height SDS for CA, pretreatment 
height velocity and duration of therapy between girl and boys (Table II). Target 
height was not achieved in either sex, although they reached the third percentile 
of normal Turkish men (162 cm) and women (148.5 cm)12. The duration of therapy 
was not significantly different in either group (p > 0.05). The height and 
chronological age of the patients at the start of the treatment correlated 
significantly with final height in all patients (r = 0.44; p < 0.05, r = 0.47; p < 0.05). 

During the therapy, serum T4 levels decreased in eight patients with isolated 
growth hormone deficiency; Na-L thyroxin was added to their therapy. In two 
patients, myalgia and elevated creatine phosphokinase (CPK) levels were 
observed. The clinical and laboratory investigations suggested myositis in these 
patients as reported previously13.

Discussion
Until 1985, human pituitary GH was given three times a week at low doses 
because only small amounts were available. The results of the studies with 
pituitary GH showed the failure of this therapy to normalize the final height in 
growth hormone deficient children1-2-4-5. To optimize the replacement therapy, 
the dose regimen for GH treatment has changed after the production of rhGH 
in terms of frequency and route of administration. Recently, better final outcomes 
have reported daily subcutaneous injection of rhGH14'17.

In this study, a final height SDS of -1.94 was achieved which is similar to the 
results obtained in other studies. The correlation of final height with height and 
chronological age at the start of the treatment underlines the importance of early 
diagnosis and treatment in growth hormone deficiency.

Price and Ranke18 reported final height in 95 children with idiopathic GH deficiency. 
Their median final height SDS was -1.03 which is higher than our findings. This 
is possibly due to earlier diagnosis and treatment and also to the less severe 
growth retardation of their patients at the start of the treatment (-4.43 vs -2.80). 

In our study, the mean final height SDS was slightly higher in the patients with 
MPHD than in the patients with IGHD, although the difference was not significant. 
Similar results were obtained by Severi19, whereas in other studies a better final 
outcome was reported in the patients with MPHD1,4. These controversial results 
emphasize that there are many different factors affecting final height in growth 
hormone deficient children.

In conclusion, the overall height gain and final height observed in this study 
appear promising although target height was not achieved. Analysis of the factors 
associated with final height may improve the management protocols and 
consequently a better final outcome could become possible.
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