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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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COMPARISON OF BONE MATURATION RESPONSE TO TREATMENT WITH SHORT 
AND LONG-TERM GROWTH HORMONE THERAPY IN SHORT-STATURE PEDIATRIC 

PATIENTS

Bashar Sh. Mustafa1, Ali A. Shareef1, Mohammed D. Mahmood2*.
1College of Medicine, Ninevah University, Mosul, Iraq.

2College of Pharmacy, University of Mosul, Mosul, Iraq.

Abstract.
Growth hormone deficiency is one of the major causes of short 

stature in children. It has been noted that hormonal treatment 
can be vindicated in short-stature children unless there are 
contraindications. This study aimed to investigate the impact 
of rhGH therapy duration on the increase of subjects’ height 
at the end of therapy. Materials and methods: A retrospective 
longitudinal study of children diagnosed with short stature 
was followed. Participants aged between 5 and 15 years old 
who had their GH stimulation test done were included in 
the study. Collected data were patients’ age, gender, rhGH 
therapy duration and height (cm) at presentation and the end 
of therapy. GH stimulation test readings and bone age were 
also gathered. Results: 129 children aged between 5-15 years 
of both gender were included in the study. They were grouped 
into three groups according to the duration of the received GH 
therapy: an 8-month group (n=25), a 14-month group (n=59) 
and 22-month group (n=45). No significant difference between 
males and females in regards to bone age, but the readings 
significantly increased with the increase in therapy duration (p 
< 0.05). Growth hormone assay results were conversely reduced 
with the increase in GH therapy duration, with no significant 
difference between the two genders. Interestingly, an increase 
in the participant's height in the three treatment groups both 
males and females were reported. Overall, the increase in height 
was 7.08 cm, 12.58 cm and 20.84 cm in 8, 14 and 22-month 
groups (± 1.6, 3.3 and 4.3), respectively, a significant statistical 
difference between the three groups (p-value < 0.05). This study 
provides evidence of the effect of long-term 22-month rhGH 
therapy on bone age and body height both in male and female 
children. Further prospective studies are required to assess the 
effect of the GH stimulation test on GH therapy.

Key words. Growth hormone, short stature, GH stimulation 
test, bone age, height.
Introduction.

Since growth is a vital parameter of individuals' growth, one 
of the common cases frequently presented to physicians is 
short stature. Besides sufficient nutrition, important hormones 
involved in growth are growth hormone (GH), sex steroids, 
insulin-like growth factor-1 and others [1]. Short stature is 
diagnosed, after considering the individual’s age, gender, and 
genetic background,  when the individual height is less than 
two standard deviations below the median appropriate height 
for a population. Using a growth chart, short stature can be 
considered when the patient is presented with a height below the 
3rd percentile on the chart [2,3]. Somatotropin or human growth 
hormone (hGH) secreted from the anterior pituitary gland is in 

charge of the growth of almost all body tissues and bones. 
Maximum linear growth is achieved in infancy age then drops 

gradually to 25 cm in the first year of age. In the following two 
years, the body grows by 10 cm per annum and then 6-7 cm per 
annum. During puberty, growth increases in a sigmoidal manner 
of 10 cm per annum where GH level is the utmost level [1]. 

Short stature is multifactorial and can be caused due to many 
reasons. However, familial short stature and constitutional 
growth delay are the main causes of short stature yonder the first 
two years of life [4]. Deficiency of GH is a rare condition with 
an approximated incidence of 1:4,000 to 1:10,000 live births 
[5]. 

Clinical examination of children presented to the endocrine 
clinics includes child history and physical examination. Bone 
age is another parameter that is considered during examining 
short-stature children. Bone age represents skeletal maturity and 
can be applied to many medical and nonmedical situations [6]. 
Hand and wrist radiography is best used for bone age estimation. 
Short stature that is established secondary to other systemic 
anomalies can only be reversed following treatment of the 
underlying causes. However, short stature due to GH deficiency 
can benefit from GH therapy. Since its discovery, recombinant 
human growth hormone therapy (rhGH) has gained a good 
reputation for use in a variety of growth conditions where child 
growth is retarded. Studies also reported a beneficial effect of 
GH therapy in improving the final height in different subgroups 
[7,8]. This study aimed to investigate the effect of rhGH 
administered at different periods in children of both genders.
Materials and methods.

A retrospective longitudinal study of children diagnosed with 
short stature was followed. The study included the files of those 
patients who regularly visit and adhere to clinical follow-up 
over 2.5 years (starting from 2020-to 2022). After a thorough 
explanation of the study, a consent agreement was taken from 
the parents of the studied population. The study was approved by 
the ethical and scientific committee in the department.  Subjects 
with syndromic short stature and systemic illnesses such as renal 
failure were excluded. Participants aged between 5 and 15 years 
old who had their GH stimulation test done were included in the 
study. Collected data were patients’ age, gender, rGH therapy 
duration, and height (cm) at presentation and the end of therapy. 
The bone age of each participant was measured by means of 
an imaging study (x-ray of wrist joint) calibrated according 
to ossification of the carpal bone diagnosed by a specialist 
radiologist (Figure 1). The given dose of growth hormone 
(Norditropin Nordilet, Novo Nordisk, Denmark) is 0.035mg/
kg/day [every day with Fridays-off-therapy] subcutaneously. 
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Children's height (cm) was measured at clinical presentation 
(i.e., diagnosis) and the end of therapy. Results showed that there 
is an increase in the participant's height in the three treatment 
groups and both males and females (Figure 4). Overall, the 
increase in height was 7.08 cm, 12.58 cm and 20.84 cm in 8, 14 
and 22-month groups (± 1.6, 3.3 and 4.3), respectively. Using 
one-way ANOVA, a significant difference (p-value < 0.05) 
was found between 8-month and 14-month groups; between 
14-month and 22-month groups (p-value < 0.01) and between 8 
and 22-month groups (p-value < 0.001) with an increasing trend 
with the increase of treatment duration (Figure 5).
Discussion.

Treatment of short-stature children using GH is idiosyncratic 
and depends on many variables such as GH stimulation 
test results. It has been noted that hormonal treatment can 

Height below the third centile on the growth chart and delayed 
bone age was used as a tool to classify the patient group.

The GH assay was assessed by laboratory measurement of 
GH baseline and after stimulation using Cobas e 411 analyzers 
(Roche Diagnostics, Germany) using a kit supplied by Elecsys 
hGH (#cat no. 05390125500V8.0).

Data were collected and tabulated using excel sheets. Clear-
cut variables were presented as percentages and numerical 
variables were presented as mean and standard deviation (SD) 
using Microsoft excel. One-way ANOVA (GraphPad Prism 
v 3.1) was used to assess the difference among the different 
treatment groups and statistical significance was set at a p-value 
of < 0.05.  
Results.

The study involved 129 children aged between 5-15 years 
of both genders. They were grouped into three according to 
the duration of receiving rGH therapy; 8-month group of 25 
participants where 10 were males and 15 were females (age, 
8.56 ± 2.28), 14-month group of 59 participants (26 males and 
33 females, age 9.01 ± 2.29) and 22-month group of 45 children 
15 males and 30 females (age,10.43 ± 2.65).

Regarding bone age, no significant differences were 
encountered between male and female participants in all three 
treatment periods (8, 14 and 22 months). However, A significant 
increase was monitored over the treatment periods starting with 
1.56 ± 0.45 and 1.75 ± 0.48 for females and males, respectively 
in the 8-month treatment group (Figure 2), followed by 2.98 
± 0.59 and 3.07 ± 0.52 for females and males, respectively in 
the 14-month treatment group. Maximum bone age values were 
recorded at the GH long-term therapy of 22 months (3.8 ± 0.86 
and 3.7 ± 0.82 for females and males, respectively).

Regarding GH stimulation assay, although no differences 
were found between the two genders, groups treated for the 
longer period showed a declined level of GH assay. Participants 
treated for 8 months demonstrated the highest level of 5.03 
and 5.16 for females and males, respectively while GH assay 
levels of participants exposed to the extended treatment of 14 
months decreased to 3.5 for female children and 3.26 for their 
male counterparts. Treatment GH therapy for 22-month caused 
the GH assay to drop to the lowest level in comparison to the 
other groups (2.7 and 2.6 for female and male participants, 
respectively). Statistical analysis revealed a significant 
difference between 8 and 22-month periods of the female 
gender, however, the overall trend is of a decline with treatment 
duration (Figure 3).

Figure.1. Representative images of a sample of carpal bone ossification 
used as a diagnostic tool for growth stature identification.

Figure. 2. Mean bone age of the three treatment periods. * p-value < 
0.05; *** p-value < 0.001 using Dunnett's one-way ANOVA.  

Figure. 3. Average GH assay readings were collected during the three 
treatment periods. ** p-value < 0.01 using Dunnett's one-way ANOVA.

Figure. 4. Children averaged height (cm) at presentation and after 
therapy.
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be vindicated in short-stature children unless there are 
contraindications [2]. Objectively this study aimed to assess the 
impact of rhGH therapy duration on the increase of subjects’ 
height at the end of therapy (8 months, 14 months and 22 
months).  We Adjusted the duration of therapy to the clinical 
follow-up. Once desired length is reached based on the growth 
chart; the treatment is stopped while follow-up continues until 
reaching a year beyond the time target height.

Although the duration of growth hormone therapy has been a 
controversial approach for many years, recent data suggest that 
GH therapy plays a significant role in bone mineralization and 
body lean mass [9-11] together with improving risk factors for 
cardiac problems such as taming lipid profile [10,12,13]. These 
benefits have recommended the life-long use of GH therapy in 
susceptible individuals.  

The findings of our study indicated that children’s bone 
age and height increased in accordance with the extension of 
therapy duration. Similar results were obtained by Ross et al. 
2011[14]. Briefly, the height outcomes in patients with Turner 
Syndrome on GH therapy were measured following a short-
term period (1 year), long-term period (less than 3 years) and 
extended period (more than 3 years) and authors found that 62.3 
% of the patients on continuous therapy for more than 3 years 
achieved a normal population range of standard deviation scores 
highlighting the importance of long-term therapy commenced 
early after diagnosis. Another study revealed a significant 
difference in height scores between short-term therapy (less 

than 5 years) and long-term rhGH therapy (more than 5 years) 
with normalization of bone age at uniformity with their age [15]. 
Supporting our finding is a meta-analysis study of 21 studies 
indicating a significant increase in height following the 1-year 
treatment period when compared to the control group. The 
effect on height was further improved following the second year 
of therapy and the final adult height [16]. Moreover, a recent 
Korean observational study conducted on patients with growth 
hormone deficiency and idiopathic short stature documented 
an increase in height standard deviation score from that of the 
baseline in response to GH therapy [17]. 

GH assay was monitored during therapy and a trend of 
declining with treatment duration was reported in our study. 
The pulsatile nature of the growth hormone secretion makes 
the diagnosis of hormone deficiency difficult. Other factors 
also affect hormone secretion such as an individual's age, 
gender, genetic background and body mass. Hence, diagnosis 
cannot rely on a single random hormone measure. Also, it has 
been suggested that the GH stimulation test can be omitted in 
patients with short stature. This is particularly applicable in 
places where GH stimulation test is not available as in some 
countries of the Middle East, where patients have to queue 
long before getting the test and starting therapy. The delay of 
treatment may be harmful when bone maturation is completed. 
In certain situations, such as isolated GH deficiency, it has 
been claimed that the initial GH stimulation test has minimum 
impact on the continuation of the therapy and that the GH 
stimulation test needs to be performed repeatedly at eighteen 
years [18]. Moreover, although the GH stimulation test can aid 
in guiding GH dosing, weight-based or body surface area-based 
dosing is recommended in addition to physician and institution 
decisions [19-23]. Being multifactorial, the short stature has 
been improved with the addition of Citicoline used in this study. 
Other coexisted conditions were treated individually, such as 
thyroid disorders.

Regarding our study design, we acknowledge the impact of 
conducting a retrospective study in imposing the limitation 
of missing valuable data essential for robust study outcomes. 
A need for prospective studies investigating the effect of 
GH stimulation test treatment commencement and duration, 
especially in individuals with the normal test.   
Conclusion.

This study provides evidence of the effect of long-term 
22-month GH therapy on bone age and body height both in male 
and female children involved in the study. Further prospective 
studies are required to assess the effect of the GH stimulation 
test on GH therapy.
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