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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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. Mustafa', Ali A. Shareef', Mohammed D. Mahmood?*.

!College of Medicine, Ninevah University, Mosul, Iraq.

?College 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 thGH 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, thGH
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 c¢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
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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
[51.

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

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. 05390125500V 8.0).

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).
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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
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Figure. 2. Mean bone age of the three treatment periods. * p-value <
0.05; *** p-value < 0.001 using Dunnett's one-way ANOVA.
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Figure. 3. Average GH assay readings were collected during the three
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Increase in height at end of therapy
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Figure. 5. The height difference between mean presentation height and
mean at the end of therapy height in all study participants. *, p-value
< 0.05; ** p-value < 0.01; *** p-value < 0.001 using Dunnett's one
way ANOVA.

Table 1. Demographic representation of the study variables.

Treatment duration (months)

8 14 2
(n=25) (n=59) (n=45)
Age (meanE g5 508 9014229 10.43 42.65

(years) SD)

male
Gender
female

n=10(40 %) n =26 (44.06%) n= 15 (33.4%)

n=15(60%) n=33 (55.9%) n=30(66.6%)

be vindicated in short-stature children unless there are
contraindications [2]. Objectively this study aimed to assess the
impact of thGH 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
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than 5 years) and long-term rthGH 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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