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ABSTRACT

INTRODUCTION: Regular monitoring of growth and weight in children is crucial for
effective child health surveillance. Growth retardation is suspected when a child's height falls
below -2 standard deviations (SD) for age and sex, or when there is an abnormal growth
velocity. Whereas endocrine causes account for less than 10% of growth retardation cases,
they are essential to identify, as they require specific treatment. Growth Hormone Deficiency
(GHD) is one such endocrine cause, with a prevalence ranging from 1 in 4,000 to 1 in 10,000
in Europe and the U.S. Advancements in diagnostic methods have improved early detection,
allowing more children to benefit from treatment. The objective of this study is to investigate
the therapeutic aspects and outcomes for children followed for GHD to identify the factors
influencing the results of GH treatment.

METHODS: A descriptive retrospective study was conducted on patients hospitalized or
followed for GHD at the Endocrinology Department of Farhat Hached University Hospital in
Sousse from January 2000 to December 2020. Data were collected using a form that included
epidemiological data, familial and personal history, clinical data at first consultation, bone
age assessment, initial biological assessment, and substitutive treatment details.

RESULTS: The study enrolled 102 children (63 boys and 39 girls), with a mean age of
1243.83 years at diagnosis. The mean height at diagnosis was 12817 cm. GH deficiency
was classified as complete in 63.7% and partial in 36.3% of cases. Associated deficits were
found in thyrotropic (14.7%), corticotropic (19.6%), and gonadotropic (18.6%) axes. The
average weekly dose of recombinant human growth hormone (rh-GH) was 0.7+0.12 IU/kg,
and the mean stature gain under treatment was 17.5+14.5 cm, with a final height of 148+14
cm on average. Notably, younger children at the start of treatment showed greater stature
gains, and regular adherence to treatment significantly correlated with improved outcomes.
Overall, definitive stature gain was primarily associated with the frequency of GH injections
and treatment regularity. The multivariate study showed that definitive stature gain was only
associated with the frequency of GH injection and the regularity of treatment.

CONCLUSION: The study concludes that GH treatment can significantly enhance growth in
children with GHD, but various factors, including timing of initiation, adherence to therapy,
and individual patient characteristics, can affect whether the final adult height aligns with
parental expectations. Stature gain can also be improved by emphasizing early diagnosis,
patient education, and treatment adherence.
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Abbreviation

GHD: Growth Hormone Deficiency

rh-GH: recombinant human growth hormone
SD: standard deviations

INTRODUCTION

The systematic monitoring of growth and weight in children is a key element in the
surveillance of child health. A thorough medical history, reconstruction of growth curves,
clinical examination, and simple paraclinical tests often allow for a quick orientation toward
diagnosis. Growth retardation is suspected when a child's height is below -2 standard
deviations (SD) for age and sex, when height is more than 1.5 SD below the genetic target
height, or when there is an abnormal growth velocity accompanied by a change in the growth
corridor (a loss of 2 SD) (1). The etiologies of growth retardation are numerous. Although
endocrine causes represent less than 10% of these etiologies, they remain important to
identify and must be investigated as they require specific and effective treatment (2).

Growth Hormone Deficiency (GHD) is one of the endocrine etiologies of GR. Its exact
prevalence is unknown in Tunisia, while in Europe and the United States, it is estimated to
vary between 1 in 4,000 and 1 in 10,000 (3,4). The diagnosis of GHD is suggested based on
comprehensive anamnesis and clinical data and is confirmed through dynamic testing of
growth hormone (GH) levels.

Thanks to advancements in diagnostic and therapeutic methods, particularly with the
synthesis of recombinant GH since 1979, diagnoses have been made earlier, allowing more
children to benefit from this treatment (5). However, there remains significant variability in
the response to GH therapy.

This study aims to investigate the therapeutic aspects and outcomes for children followed for
GHD to identify the factors influencing the results of GH treatment.

METHODS

A descriptive retrospective study was conducted on patients hospitalized or followed for
GHD at the Endocrinology Department of Farhat Hached University Hospital in Sousse from
January 2000 to December 2020.

Inclusion Criteria

The study included boys and girls aged 18 years or younger who presented with growth
retardation defined by a height < -2 SD, a slowdown in growth velocity (< -2 SD over one
year or < -1.5 SD over two years), or a deviation of at least 1.5 SD from the parental target
height.

The diagnosis of GHD was confirmed through hormonal stimulation tests, where the
maximum GH values did not exceed 10 ng/ml.

Exclusion Criteria

Patients were excluded if:
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- Their clinical or paraclinical data were insufficient.
- They had only one test with a peak exceeding 10 ng/ml.

Data Collection

Data were collected using a form that included:

- Epidemiological Data: Age, gender, origin.

- Family and Personal History: Family history of short stature, amenorrhea, infertility,
and personal history of intrauterine GR, birth weight, and height.

- Clinical Data at First Consultation: Height, weight, pubertal stage.

- Bone Age Assessment: Via X-rays of the left hand and wrist.

- Initial Biological Assessment: Including complete blood count, liver function tests,
glucose levels, renal function tests, and hormonal evaluations.

- Substitutive Treatment Details: Name of the product, dosage, injection frequency,
duration, and side effects.

Statistical Methods

Data were analyzed using SPSS version 20. Descriptive analyses calculated frequencies for
qualitative variables and means for quantitative variables. Group comparisons utilized
Student's t-test and chi-square tests. Univariate analysis calculated Odds Ratios to identify
risk factors, while multivariate analysis employed linear regression to determine independent
factors associated with outcomes, with a significance threshold set at p < 0.05.

Ethical considerations

The anonymity of the patients was maintained throughout the research process. All
participants gave informed consent to participate in the research. The study has been
approved by the Ethics Committee of the Faculty of Medicine of Sousse. This work does not
involve any conflicts of interest.

RESULTS

We enrolled 102 children, 63 boys, and 39 girls, with an M/F sex ratio of 1.61. The mean
chronological age at first consultation was 12+3.83 years, with a mean age of 12.3+3.8 years
for boys and 11.9+£3.8 years for girls, with no significant difference (p=0.5).

The mean birth weight was 3.02+0.58 Kg, and the mean birth height was 48+4 cm. In 22.2%
of cases, the boys were non-pubescent, as were 33.3% of the girls.

The mean height at diagnosis was 128+17 cm, with a harmonious stature delay in all cases.
Dynamic tests concluded that GH deficiency was complete in 63.7% (n=65) and partial in
36.3% (n=37) of cases. The hormonal investigation concluded an associated thyrotropic
deficit in 14.7% of cases, a corticotropic deficit in 19.6% of children, and a gonadotropic
deficit in 18.6% of cases.

The mean bone age was 9.54£3.6 years for boys and 9.3+3.9 years for girls. The delay
between bone age and chronological age was found in 81% (n=51) of boys and 77% (n=30)
of girls, with no significant difference.

MRI of the hypothalamic-pituitary region was performed in 61.8% of the children. Tumors of
the sellar region were found in 8 patients: craniopharyngiomas (5 patients), meningiomas
(two patients), and gliomas (one patient). MRI showed also interruption of the pituitary stalk
in 17.5% of cases, empty Sella and hypoplasia of the anterior pituitary in 3.17% each.

32



Advances in Obesity, Endocrinology, and Diabetes

Volume 1 Issue 1 (July-Dec 2024) | ISSN: 3049-0715

The genetic study was carried out on a 9-year-old girl who was the index case in a family
with a PROP1 mutation (recessive genetic mutation responsible for somatotropic, lactotropic,
thyrotropic, gonadotropic and corticotropic deficiencies with pituitary hypoplasia).

The mean weekly dose was 0.7+0.12 [U/Kg/week. The rate of injection of GH varied from
one child to another and from one period to another. No side effects were noted. The average
duration of treatment was 3 years, with extremes ranging from 6 months to 10 years. The
treatment was taken irregularly in 17.3% of cases, linked to the patient (38.5%) or the health
insurance (61.5%).

The mean stature gain under treatment was 17.5+14.5 cm with a maximum of 57 cm. Stature
gain at the end of treatment in DS was on average 1+0.9 with a maximum of 3 DS. Bone age
gain at the end of treatment averaged 4.6+3 years. The mean final height was 148+14 cm,
with extremes ranging from 96 cm to 176 cm.

Boys had a greater definitive stature gain than girls, with no statistically significant difference
(p=0.76). No correlation was found between birth weight and stature gain under treatment
with a correlation coefficient r = -0.013 and p = 0.93. There was a negative correlation
between age at the start of treatment and final stature gain (r = -0.346), and this correlation
was statistically significant (p=0.002). Thus, the youngest children at the start of treatment
will have the greatest stature gain.

The children with the smallest height at the start of treatment had a greater final stature gain,
this negative correlation (= -0.44) was statistically significant (p=10~). We found no
correlation between parental target height and growth rate in the first year (r=0.033; p=0.82).
We found a negative correlation between bone age at the start of treatment and growth
velocity at the first year of treatment (r = -0.29), and this correlation was statistically
significant (p= 0.01). Thus, the lower the bone age, the greater the stature gain. Definitive
stature gain was greater for children who had not started puberty, with no statistically
significant difference (p=0.63).

Stature gain was greater in cases of somatotropic deficiency associated with other deficits of
the hypothalamic-pituitary axis compared to an isolated deficit but with no significant
difference (p=0.09). There was no significant difference in stature gain between idiopathic
and lesional DGH (p=0.9). There was no significant correlation between the mean GH peak
(under glucagon-propranolol test or insulin tolerance test) and the final stature gain, with
respective p values of 0.16 (r= 0.17) and 0.78 (r=-0.03). Children who took their treatment
regularly had a greater definitive stature gain than those who did not, with a significant
difference (p=10~). No correlation was found between GH dose in the first year of treatment
and definitive stature gain (r=-0.16) (p=0.21). Injection on a 5/7 day schedule was associated
with greater stature gain than 6/7 and 7/7, with a significant difference (p=0.04). There was a
strongly positive (r=0.64) and statistically significant (p=107) correlation between total
stature gain and the duration of GH treatment.

After linear logistic regression, including the variables of interest about definitive stature
gain, we found that definitive stature gain was only associated with the frequency of GH
injection and the regularity of treatment (see Table 1).

DISCUSSION
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The prevalence of GHD varies between 1 in 30,000 and 1 in 3,500 (6). There is currently no
registry for this condition in Maghreb countries. GHD is a rare cause of stature-ponderal
delay, with its frequency reported to range from 8.5% to 27% of cases of growth retardation
in children.

The treatment with GH plays a crucial role in preventing complications associated with GHD.
It not only enhances the stature growth of children but also reduces the risks linked to this
hormonal deficiency (7).

In recent years, the dosage of recombinant human growth hormone (rh-GH) has slightly
increased, varying based on the etiology of GHD and from one country to another. Current
consensus recommendations suggest a dosage between 0.025 and 0.035 mg/kg/day (or 0.7
U/kg/week) (8). The nocturnal predominance of endogenous GH secretion supports the
rationale for evening injections. Studies indicate that daily injections are significantly more
effective than administering three injections per week (9).

The only contraindication for GH treatment is the presence of an active tumor, which is
considered a temporary contraindication (10). For children with growth GHD, studies have
shown that maintaining IGF-1 levels within the normal range is crucial for optimizing
treatment outcomes and minimizing potential side effects (11,12). In our series, we adapted
doses according to weight and growth velocity, but we did not reassess IGF-1 levels.

In the absence of GH treatment, the stature deficit remained very severe, with spontaneous
adult height in individuals with somatotropic insufficiency varying between -3 and -7 SD.
GH treatment has led to significant improvements in growth and adult height for subjects
with somatotropic deficiency. All studies consistently show that catch-up growth is most
pronounced during the first year of treatment, followed by a progressive decline in height
gain in subsequent years (9). This trend was also observed in our series. The decrease in
growth rate does not appear to be solely due to patients reaching their natural height
trajectory but may also indicate acquired resistance to the effects of GH. In the literature,
stature gain varies between 1.1 and 3.1 DS, and was 1+0.9 DS in our series.

Various studies in the literature have shown that GH treatment does not always result in an
adult height consistent with the parental target height reference. This suggests that while GH
therapy can improve height, it may not always meet the expectations set by parental height
targets (13).

In addition, research has demonstrated that factors such as the age at which treatment begins
and the patient's initial height can significantly influence outcomes. A study found that
patients who started GH treatment later in life often experienced less favorable growth
outcomes compared to those who began treatment earlier. Specifically, the mean adult height
SD score for those treated was reported to be between -1.6 and -0.7, indicating that while GH
treatment can lead to improvements, it may still fall short of achieving the genetic potential
predicted by parental heights (14).

Furthermore, a comprehensive analysis highlighted that adherence to treatment regimens and
the actual dosage received also play critical roles in determining growth outcomes. Children
who received higher doses and maintained consistent treatment schedules were more likely to
achieve heights closer to their target ranges (9).

In summary, while GH treatment can significantly enhance growth in children with
deficiencies, various factors—including timing of initiation, adherence to therapy, and
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individual patient characteristics—can affect whether the final adult height aligns with
parental expectations (9,15).

In our series, we noted a delay in the diagnosis of GHD and the factors retained to influence
stature gain after multivariate analysis were the frequency of GH injection and the regularity
of treatment.

In summary, this study highlighted the importance of systematic monitoring and early
diagnosis of GHD in children. The findings reveal that GHD significantly impacts growth,
with a notable prevalence of associated hormonal deficiencies. Despite the advancements in
treatment with rh-GH, the variability in growth response highlights the need for
individualized treatment plans.

The results indicate that younger children at the onset of treatment tend to achieve greater
stature gains, emphasizing the critical window for intervention. In addition, adherence to
treatment schedules and regular monitoring of IGF-1 levels are essential for optimizing
outcomes. While GH therapy can lead to substantial improvements in height, it does not
always align with parental target heights, suggesting that further research is needed to explore
additional factors influencing growth responses.

Generally, this study contributes valuable data on the therapeutic aspects and outcomes of
GHD treatment, advocating for continued efforts to enhance diagnosis, patient education, and
treatment adherence. By tackling these aspects, healthcare providers can improve growth
outcomes and quality of life for children affected by GHD.
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Table 1: Multivariate study of factors influencing stature gain under GH treatment.

Initial model Final model

Parameters
OR ) OR D
Age at the start of treatment -0,48 0,002 - -
Target size - final size 0,55 0,002 - -
Isolated deficit 0,09 - -
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GH peak under glucagon 0.17 0.16 0.32
challenge

Regularity of GH treatment 10-3 -
Duration of GH treatment 0,8 10-3 0,58
Injection rhythm 0,04 -

0,01

10-3

37



