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Abstract Introduction This review aims to systematically determine the effect of growth
hormone (GH) therapy on adult height of children and adolescents with idiopathic
short stature (ISS).
Methods A systematic review was conducted to assess the effectiveness of GH
therapy in children with ISS. Databases like ProQuest Central, journal @ Ovoid,
EBSCOhost Medline Complete, Oxford University Press Journals, KBþ JISC Collections
Elsevier Science Direct Freedo, and BMJ, and cross-referencing of bibliographies were
searched electronically. The randomized trials from 1989 to January 2023 were
retrieved. Randomized trials with final adult height measurements and fit the inclusion
criteria (height >2 standard deviation [SD] score below the mean with no comorbid
conditions that would impair growth, peak growth hormone responses >10 μg/L, no
previous history of GH therapy) were included in this review. The exclusion criteria are
nonrandomized trials; trials include causes of short stature other than ISS, and studies
include interventions other than GH and gonadotropin-releasing hormone analog
(GnRH-a). A structured approach to the critical appraisal program by Oxford was used
to analyze and extract the data.
Results The study reviewed 14 eligible randomized trials, which recruited 2,206
assessable children for analysis. Seven trials compared different GH doses, four trials
compared GH therapy with controls, and three trials compared a combination of GH
and GnRH therapy with GH alone. Apart from one study, the overall dropout rate was
not high. The high percentage of boys was a potential source of heterogeneity between
trials. The change in height (HT)-SD score was 1.06�0.30 and 0.18� 0.27 with
treatment and control children, respectively, and the difference is statistically signifi-
cant (p<0.001). The overall mean height gain was 5 cm (0.84 SD score)more in treated
children. The height velocity was found to be decreased significantly (p<0.001) in
the second and third years of treatment in the GHþGnRH-a treated group from
7 cm/year during the first year of treatment to 5.4 cm during the second year and
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Introduction

Short stature is the most common cause of referral to
pediatric endocrinologists1,2 A height above two standard
deviations (SDs) below the mean height of a reference
population matched for age, pubertal stage, and sex is
the definition of short stature.2,3 Based on this definition,
95% of the general population fall within two SDs of the
mean of a normal distribution; hence, 2.5% is considered
short.3

Several conditions can lead to short stature and impaired
linear growth. However, most short children do not fit into
any of the causes.4 Therefore, short stature can be idiopathic
due to an endocrine disorder or secondary to systemic
disease like chronic kidney disease.5

Idiopathic short stature (ISS) is defined as a height of less
than �2 SDs of the corresponding average height for the
same sex, age, and population in the absence of any causes of
growth disorders like systemic, nutritional, endocrine, or
chromosomal abnormalities.6 Therefore, childrenwith short
stature will be classed as having ISS after completing a
diagnostic investigation.7 ISS describes a heterogeneous
group of short children who are growth hormone (GH)-
sufficient and have normal birth weight. This definition
causes many short children to remain without a definitive
underlying cause and hence are labeled as ISS.1,2,8 ISS also
includes children with familial short stature and constitu-
tional delay of growth and puberty (CDGP).

Although it is usually accepted that, on average, children
with ISS will achieve adult height below the parental target
height,9 ISS has emotional and socioeconomic impacts.10 In
some countries, short stature is considered a disability
causing physical challenges; for example, “dwarfism” of
any type is one of the conditions under the Americans
with Disabilities Act.11

GH treatment of ISS was approved by the US Food and
Drug Administration (FDA). In 2003, expanding the GH
treatment eligibility to 1.2% of the US population.12 The
Growth Hormone Research Society and the International
Societies of Paediatric Endocrinology proposed warranted
consideration for the treatment of children with ISS whose
heights were less than �2.0 SD scores (SDS). They had a
predicted height of less than �2.0 SD or more than 2.0 SDS
below their mid-parental target height.13

ISSwas the first FDA indication that emphasized height as
the eligibility criterion for treatment rather than underlying
pathology.12

However, the European Agency for the Evaluation of
Medicinal Products Europe is yet to approve using GH for
ISS because available data is affected by several biases,
including using a wide variety of doses and relatively small
study cohorts.14

GH is an expansive biotechnology originally designed for
treating GH deficiency,13 and increasing growth to achieve
an adult height within the target height range for the
individual is the primary treatment goal.15,16 The expansion
of GH therapy to include ISS is facilitated by pediatric
endocrinologists and supported by the producing compa-
nies.13 In response, the insurance industry has imposed
progressive restrictions on GH treatment coverage over the
last 10 years. Moreover, the psychological burden caused by
anxiety about the side effects and pain caused by daily GH
injections have also led to low patient satisfaction.17 In
addition, a high economic burden is caused by the high
cost of GH treatment worldwide.18

It is assumed that (1) severe short stature requires treat-
ment inchildrenbecause it is consideredadisablingcondition;
(2) GH increases final adulthood and improves the quality of
life (QoL); and (3)GH is safe for childrenwith ISS.However, due
to a shortage of evidence, each of the assumptions’ validity
and value are being challenged. An increasingly honest and
evidence-based appraisal of GH treatment’s risks, benefits,
value, and costs is highly required.15,18 There is also a consid-
erable debate about using such an expensive therapy in
otherwise healthy short children to increase their height by
just 2.5 to 5.0 cm (1 -to 2 inches).19 However, some studies
showed improvement in QoL in short children by using GH
therapy.20The guidelines-developing processpublishedby the
Pediatric Endocrine Society (PES) revealed some fundamental
questions about hGH treatment that still need evidence-based
answers. An hGH treatment of ISS continues to inspire debate
due to weak supporting evidence for treatment benefits and
philosophical disagreements between the involved parties.
The gaps related to diagnostic limitations, long-term post-
treatment safety, and appropriate outcome measures of hGH
therapy persist. The current healthcare constraints and the
persisting gaps move the situation to more restraints instead
of expiation. Therefore, the current practice guidelines by PES

4.9 cm/year during the third year. They also found that using a higher dose of GH at
9mg/m2/week leads to approximately 7 cm mean final height gain; however, lower
dose regimens are less effective.
Conclusion Although the magnitude of the effectiveness of GH therapy is, on
average, less than that achieved in other conditions for which GH is licensed, GH
therapy seems to be effective in children with idiopathic short stature, and it reduces
the deficit in height as adults. Moreover, the effect seems to be dose-dependent, with
better results at high GH doses, and the response variability is seen in different
individuals. The use of combined GH with GnRH therapy needs to be balanced with
their side effects.
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for hGH treatment are even more conservative than previous
guidelines.13 This clearly explains the necessity of our system-
atic review, which will be examined for all randomized
controlled trials (RCTs) published up to January 2023, where
the potential implications for clinical practice, patient out-
comes, and decision-making will be discussed.

Materials and Methods

The Study Question
What is the impact of GH therapy on the final adult height of
children with ISS in terms of effectiveness and safety?

Aims and Objectives

1. A clear and comprehensive overview of the available data
in this systematic review will explore the effect of GH on
the final height of children diagnosed with ISS.

2. The review will also find out the effect of combining
gonadotropin-releasing hormone analog (GnRH-a) with
GH therapy on the final height of children with ISS
compared to GH alone and the cost-effectiveness of
long-term use of expensive therapy.

3. To provide evidence-based information that guides and
helps pediatric endocrinologists and policymakers make
appropriate decisions when managing children with ISS.

Background and Justification
The process by which this systematic review was carried out
will be discussed by the author under the following head-
ings: Ethics, data source, and search strategy, inclusion and
exclusion criteria, methods of searching, study selection and
data extraction; studies excluded data analysis and critical
appraisal, risk of bias assessment.

Search Strategy
The Medical Subject Headings (MeSH) were used in the
literature search and are expressed in the Boolean search
format, as shown below.

#1 “idiopathic short stature”OR “short stature”OR “Growth
Disorders” OR “growth disorder” OR “growth retardation”
Dwarfism OR “growth impairment” OR “Failure to Thrive”
#2 “Growth hormone” OR “growth hormone therapy” OR
“recombinant growth hormone” OR “Genotropin” OR
“Somatropin” OR ’Somatrem” OR “Norditropin”
#3 #1 AND #2
#4 A combinations of keywords and MeSH terms were
adopted for each database.
#5 Limits to human studies and the English languagewere
applied.

Inclusion and Exclusion Criteria
(i) Study design: All RCTs reporting the outcomes of interest
were included. (ii) Participants: This review targeted ISS
children aged between 2 and 18 years with a height of
more than two SDs below the corresponding average height
for a given sex, age, and population. No restrictions were
imposed on the sex or race of the patients. (iii) Interventions:
Only studies that included GH therapy or a combination of

GHandGnRHas an interventionwere included. (iv) Outcome
measures: final adult height. We have excluded the follow-
ing: (i) Studies done on short-term causes other than ISS
were excluded. (ii) Studieswith anyother intervention, other
than GH therapy or a combination of GH with GnRH, were
excluded. iii) Children with known chronic diseases that
might affect growth rate. iv) Short stature due to specific
pathologies, such as skeletal deformities, achondroplasias, or
GH deficiency. (v) Articles with insufficient information or
where the full texts cannot be accessed were also excluded.
(vi) Nonrandomized trials were also excluded. (vii) The
literature search was restricted to English-language articles,
and papers in other languages were excluded because the
author can only read English. The transition was considered
money and time-consuming.

Methods of Searching
The searchwas done in threemainways: electronic, hand, and
reference searching. Electronic searches were conducted for
the last 33 years (between 1989 and January 2023). The data-
bases (shown in►Table 1) included national and international
comprehensive online collections ofmedical journals, journals
targeting health professionals and researchers, and the largest
collections of online journals, research resources, and books
covering health. The full texts were searched where possible;
however, when it was not possible, abstracts rather than the
title alone were searched as the title may need more informa-
tion. Searching for a reference list can be a good source of
related papers and provide the project with valuable informa-
tion.22 However, only six papers were relevant and duplicates

Table 1 List of the database searched and the number of article
retrieved

Database Number of
articles retrieved

ProQuest Central 110

journal @ Ovoid 77

EBSChost Medline Complete 67

IntegraConnect Journals 65

DeGryter Journals (NIESG) 39

Oxford University Press Journals 32

EBSCOhost Academic
Search Complete

30

KBþ JISC Collections Elsevier
Science Direct Freedo

23

DOAJ Directory of Open
Access Journals

18

Single Journals 17

Publicity available content 16

Wiley Online Library 14

Spinger Journals 11

Spinger link Journals 6

BMJ 3

Total 528
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of the original search. The search terms were developed using
the keywords, alternatives, or related words referring to the
study question. The search terms included: idiopathic short
stature, ISS, short stature, growth disorders, growth retarda-
tion, dwarfism, growth impairment or failure to thrive; GH, GH
therapy, recombinant GH, r-hGH, Genotropin, Somatropin,
Somatrem or Norditropin; Effect, effectiveness, Impact, Effect
on final height, Impact on final height, final adult height.

Study Selection and Data Extraction
All studies on the effectiveness of GH in ISS were identified
and imported. Duplicate, unrelated studies, and studies not
fulfilling the inclusion criteria were excluded. Full-text were
reviewed before final inclusion. Fourteen relevant random-
ized studies were included in this review, and the researcher
collected the outcome measures data independently. Each
study was assessed carefully against the inclusion and exclu-
sion criteria before selection; this has led to the identifica-
tion of the relevant data. A descriptive analysis of each study
was conducted. The age group of the patients, percentage of
males, GH dose used, duration, side effects, and effect of
treatment on final height were the key variables extracted
from each study. All relevant information is summarized
in ►Table 2. The following studies were excluded because
they were not randomized trial.23–30 The literature selection
process is illustrated and reported in the flow diagram
depicted in ►Fig. 1.

Data Analysis/Critical Appraisal
The studies included in this review were very heteroge-
neous; therefore, a descriptive analysis of individual studies
was carried out.

Risk of Bias Assessment
Although all included one reviewer assessed studies, the
reviewer worked independently and assessed the riskof bias,
any inconsistency, imprecision, and publication bias for each
included study. A measurement tool to assess systematic
reviews (AMSTAR 2)was themain tool used to assess the risk
of bias in this review.31 For studies where full text was
unavailable, the reviewer searched other sources but was
unsuccessful.

Quality Assessment
This review has included RCTs only as it owns a “high
quality” rating, and this allows the decision makers and
healthcare professionals to draw causal inferences linking
interventions (GH or GH þGnRH therapy) and outcomes
(Effect on final adult height) with protection against bias.
Desirable effects can include beneficial health outcomes
regarding satisfactory height gain, reducing the burden on
the families and physicians, and cost savings for the insurers
and healthcare facilities. Undesirable effects can include
harm in terms of side effects of GH, affected patient
compliance, and medication expenses. The review recom-
mendation strength reflects the degree of confidence that
the desirable effects of a recommendation outweigh
the undesirable effects. The Endocrine Society classified

scientific trials into two grades (strong and weak) of
recommendation and categorized the quality of the evi-
dence into four categories (high, moderate, low, and very
low).32 On this basis, a grading was assigned to each of the
fourteen RCTs. The Oxford quality scoring system (also
known as the Jadad scale) was used in this review to assess
the quality of RCTs.33 The primary efficacy outcome mea-
sure was the difference in adult height between treated and
untreated groups.

Results

Background Details for Papers Retrieved
In total, 469 potentially relevant articles were initially
identified after a literature search for clinical studies on
the effect of GH therapy on final adult height in children
with ISS. Eight duplicates were excluded, and on the basis
of abstract screening for eligibility, a further 479 were
excluded due to their irrelevance. Then, the full texts of
37 papers were thoroughly screened, and a further 23
articles were excluded. Finally, there were 14 RCTs
(►Table 2) that fulfilled the inclusion criteria of this study.
This involved a total of 2206 assessable children for analysis,
and all trials were published from 1989 to 2022. Only one
study included a placebo-control group.34

Characteristics of the Qualified Trials
Characteristics of the fourteen qualified RCT trials are pro-
vided in ►Table 2. Four trials compared GH therapy with
controls, seven trials compared different GH doses, and three
trials compared a combination of GH and GnRH therapywith
GH alone.

Dropout/Withdrawal from the Study
The highest dropout was shown in34 Leschek et al study in
which 65% of the participants were in the placebo group, and
40% were in the GH-treated children. In the McCaughey et al
study,35 the dropout rate was 17% (5 patients out of 41) and
11% in van Gool et al study,36while the smallest dropout rate
(4.5%) was reported by Yuan et al.37 In one study by Benab-
bad et al, the initial protocol of the trial included a control (no
treatment) group, but this was stopped due to recruitment
issues.38 Apart from one study, the overall dropout rate
needed to be higher.

Effectiveness of GH Therapy
Short-duration studies compared different doses of GH ther-
apy.39,40 These studies showed better growth rate results of
high GH therapy doses than smaller doses; however, early
induction of puberty and acceleration of bone age due to
high-dose GH treatment may limit the potential therapeutic
benefit of this regimen in ISS.

Although studies combined GHand GnRH-a showed some
effect on increasing thefinal adult height. However, given the
lengthy, expensive treatment regimen and the possible
adverse effect on peak bone mineralization in males
compared to its modest height gain results, it cannot be
considered a routine treatment for children with ISS36
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Outcomes
The effectiveness of GH is the primary outcome measure of
interest of this review, and it is defined as post-treatment
height changes in growth-related anthropometric indicators,
such as adult height or predicted adult height. Therefore, all
studies in which the effectiveness of GH therapy for ISS
children and adolescents was conducted were included in
this review. Finding out if combining GH with GnRH-a is
more effective than GH therapy alone is the secondary
outcome and cost-effectiveness of long-term use of expen-
sive therapy.

Quality of Evidence and Strength of Recommendation
The evidence provided in this heterogeneous review is
moderate-to-high quality, with some low-quality studies.
There is a lack of detail on the randomization procedure and
high variability in some studies34 where the whole study
population comprised only 68 children: 49 treated children

(18with low dose and 31with high dose GH) and 19 controls
could have affected the results of the study. McCaughey
et al’s trial was classed as low-quality evidence because of
the small population (seven treated and six randomized
untreated girls).35

Discussion

Out of the 14 RCTs, seven trials studied the dose–response
relationship and its effect on the final adult height; three
studies compared the effect of a combination of GH with
GnRH-a versus GH only, and four studies compared the effect
of GH therapy versus untreated control groups.

The studies compared the effect of different doses of GH
which have established that there was a dose–response
relationship for the effect of GH therapy on the height
velocity (HV) and final height in children with ISS. A greater
velocity and final height increase were produced by the dose

Fig. 1 A flowchart diagram for the literature identification and selection process.
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of 0.37mg/kg per week, which is more than the dose of
0.24mg/kg perweek. As a result of this increase in height, the
final height for most patients receiving high doses was
within the normal adult range compared to those receiving
smaller doses.39,40 Children with ISS have a better growth
response to GH therapy, especially if treated at a younger age.
Although the response to GH therapy in those children is
dose-dependent, the magnitude of height gain is not solely
dependent on the GH dose. Other factors influencing the
growth response include delayed bone age or age at treat-
ment height velocity (HV).42,43 This difference in response
between treated groups was more obvious during the first
year of treatment41 and height deficits in comparison tomid-
parental height.35,42 Even after adjustment for growth
changes in the control subjects, the magnitude of HV is
substantial42 Although the interindividual variation in
growth response is considerable, GH therapy effectively
increases HV into adult height.35,42,43 The effectiveness of
combination therapy (GnRH-aþGH) in the treatment of
children with ISS was examined in three RCTs.36,38,43 These
trials found that combination therapy was shown to be
slightly effective in increasing the final height of children
with ISS. However, this effectiveness could have been more
evident when comparedwith GH-only treated groups. It was
also noted that factors like intervention duration, sample
size, study type, and boys percentagemight have affected the
results.

The marked male predominance in most studies reflects
the referral pattern to specialist growth clinics. However, one
RCT recruited girls only35 has shown that girls with ISS may
respond well to the early start of GH treatment, while
untreated short normal girls may not reach predicted or
targeted adult height.

The short-duration studies have compared different doses
of GH therapy and showed better growth rate results of high
GH therapy doses than smaller doses.39,40 However, long-
duration studies showed that the early benefits or caring
from GH therapy is lost during puberty.27

Regarding adverse events, therewere fewer serious adverse
effects noted in GH alone therapy compared to a combination
of GH and GnRH-a (26.1 and 15.6%, respectively).38 The
combination of GnRH-a with GH was also associated with
increased serious adverse events, including fracture rate.38

Decrease in height SDS gain was noted in patients treated
with a combination of GH and GnRH-a38 and this was also
observed when GnRH-a was used alone during puberty.44

Increases in final height and HV in childrenwith ISS are found
to be dose-dependent,40 where the growth and final adult
height prognosis improved slightly more with a high rhGH
therapy than with smaller doses when treated for 4 years.
However, on average, bone age advanced 4.8 years during this
period; therefore, any effect onfinal adult height will probably
be modest.45

GH dosage of 0.33mg/kg/week has an average increase of
7 cm in FAHandmore if BA is considerably delayed. However,
the effect of small doses of GH (0.17–0.21mg/kg/wk) on FH of
childrenwith ISS is limited to approximately 3 cm even if the
dose was increased by 50 to 100% after one or a few years.

Therefore, treatment of children with ISS with smaller doses
of GH is not recommended.

In this review, three trials reported the long-term effect of
GH therapy in childrenwith ISS, and theywere carried out up
to adulthood.34,35,41 Although none of the three studies was
a high-quality evidence RCT, one trial reported a dose-
dependent effect of GH therapy on adult height.41

Statistical comparison of NAH SDS between the groups in
the study by Benabbad et al.38 was not possible due to
premature discontinuation of treatments. Mean NAH SDS
was similar in the two groups despite the fact that patients
treated with the combination group more slowly than those
receiving GH alone during the first 3 years of treatment. Apart
from the potential effect of GnRH on bone fracture incidence,
there were no new GH-related safety concerns identified.38

Some studies reported that the average annual cost of GHT
is about €20 000 ($27 000, £17 000) per year of treatment, and
this is correspondent to approximately €27 000 per gained
centimeter.46,47 Therefore, cost is an important factor to
consider when using GH. Moreover, evidence from some
studies suggests that theremaybean increasedhumanburden
ofanycause inchildrenwithshort stature, andparentsof those
children may experience poorer QoL. Potential improvements
in this burden and QoL could be gained by improving final
adultheight.11However,more research is required in this area.

Strengths and Limitation of the Review
Thestrengthsof this systematic revieware: (i) a relatively large
sample size (2206 enrolled, out of which 1566 were treated
and 640 untreated), (ii) comprehensive exploration of the
heterogeneous trials, (iii) including of the wide range of
height-related indexes, and (iv) it answers a specific question
of high importance. However, limitations of this review are as
follows: 1. As in any systematic review, one potential limita-
tion is the pooling of studies with heterogeneous populations.
However, strict review procedures and entry criteria for the
analyses were instituted to exclude studies in patients with
known causes of short stature.

2. Potential limitation involves the effect of dropouts on
the validityof theirfindings in some studies. 3. There is a high
chance of false-positive results in some studies due to their
small sample size. 4. There was a lack of final height
measurement for many randomized patients in some stud-
ies.40 5. High dropout rate in some studies could lead to
dropout bias.34 6. Randomization was not stratified in some
studies, whichmight cause a selection bias. 7. The review has
included early trials from 1989, and as the diagnosis of ISS
has become more accurate by using more advanced genetic-
related techniques. Gene mutation-inducing bone mal-
development cannot be fully separated from ISS in some
early-year trials included in this review. and finally (8)
the power to detect significance needed to be increased in
some analyzed subgroups due to the small sample size in
some studies.

Safety and Potential Harms of GH Therapy
Some serious adverse side effects have led to discontinuation of
the GH therapy occurred in some studies, like slipped femoral
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epiphysis, impaired glucose tolerancewith glycosylated hemo-
globin of 6.3% and the third adverse eventwas intra-abdominal
desmoplastic small cell tumor in a 12-year-old boy after 6.5
years of GH treatment at 0.24mg/kg perweek (the only patient
died 4 years after discontinuation of the study despite surgery
and chemotherapy),40 Other adverse events are Persistent
migraine (one patient on GHþ leuprorelin), scoliosis (four
patients), and bone fracture, which was more in the combina-
tion group than in GH alone and impaired glucose tolerance.38

Counts et al have also reported scoliosis (6.1% in the individual-
ized dose group vs. 6.8% in the standard-dose group) and
headaches (11.6% vs. 8.5%).43

Most other adverse events were not serious and included
infection, pharyngitis, and flu syndrome, with no significant
differences among doses in the groups.

Other side effects like reduced tolerance during oral
glucose tolerance tests, fasting hyperinsulinemia, and
impaired fasting glucose (insulin resistance) have also
been described. Although metabolic memory could predis-
pose these children to a long-term increased risk of type II
diabetes, all minor effects mentioned above were reversible
after discontinuation of therapy.

There is an occasional increase of insulin-like growth
factor-I (IGF1) concentrations (which are dose-dependent)
reaching values above the 3 SDS as reported by Albertsson-
Wikland et al.41 The antiapoptotic and mitogenic actions of
insulin-like growth factor-I (IGF1) create a theoretical risk of
malignancy, and the association of high levels of IGF-Iwith an
increased risk of carcinogenesis has been shown. However,
there is no evidence for an increased risk of malignancy.
Therefore, the potential relationships among GH therapy,
insulin-like growth factor-I levels, and neoplasia require
long-term surveillance after treatment.48

Other mild-to-moderate side effects like elevated thyroid-
stimulating hormone (4 children), scoliosis (3 children), ele-
vated blood glucose level and rash (2 children each), and
hypersensitivity and hypothyroidism (1 child each) were also
seen. The numbers of subjects with high IGF-1 SDS more than
þ2 noted in the control and treatment groups at week 52were
2 (1.7%) and 154 (42.5%), respectively. The number of subjects
detected with antidrug antibodies at baseline was 0 (0.0%), 5
(1.4%) at week 26, and 10 (2.8%) at week 52.37

Conclusion

However, on average the effect of GH is less than that achieved
in children with other conditions like GH deficiency.49 Treat-
ment with GH seems to be effective in childrenwith ISS, and it
reduces the deficit in height as adults. Moreover, the effect
seems to be dose-dependent with better results at high GH
doses and the response variability is seen in different individ-
uals. The combined therapy of GH with GnRH is found to
augment the effect of GHalone; however, their use needs to be
balancedwith the side effects. Treatment of ISS childrenwith a
high dose of GH is more effective than the smaller doses
regimen. However, a balance between this positive effect
and possible harm due to GH side effects needs to be carefully
considered.

The current review findings supported by high-quality
evidence from randomized, double-blind, placebo-controlled
trials34 indicate thatGHtherapycan increaseadultheight upto
the achievement of adult height and showed that GH therapy
increases adult height in prepubertal children with ISS.

High doses of r-hGH may result in a greater short-term
acceleration in growth rate than “standard” dose therapy of
children with ISS, without an excessive advance in bone age,
and represented the optimal growth-promoting dose for
children with ISS.39,40 However, long-duration studies
showed that the early benefits or caring from GH therapy
are lost during puberty.27

This study also provided the best estimate of the height
increase expected from GH treatment. However, given the
lengthy, intensive, and expensive treatment regimen and the
possible adverse effect on peak bonemineralization in males
compared to its modest height gain results, a combination of
GH plus GnRH-a cannot be considered a routine treatment
for children with idiopathic short stature.36

GH treatment has shown a positive effect on growth in
childrenwith ISS in the short termwas well toleratedwith no
safety issues.35,37,50 Long-term treatment of children with ISS
administration with GH can increase final adult height to a
level above the PAH and the adult height of untreated control
children.34,51However, amore cost-effective growth improve-
ment in patients with ISS was provided by individualized,
formula-based GH dosing than generalized fixed doses.43

Recommendations and Implications for Clinicians and
Policymakers
This is the first systematic review that includes such a good
number of RCTs only (14 RCTs with 2206 participants).
Therefore, the results of this study can provide a guide to
pediatric endocrinologists tomake evidence-based decisions
when managing children with ISS; it will also help the
insurers to understand the logic behind treating these chil-
dren with an expensive medication like GH.

The results of this reviewmay have potential implications
for health policies and clinical practice. Most of the previous
and current ongoingdebate about GHuse in childrenwith ISS
have centered around the magnitude of GH therapy’s effect
on the final adult height. Based on the included RCTs, the
current findings indicate that long-term GH therapy can
increase the final height of children with ISS and partially
reduce the height deficit in those children.

As pediatric endocrinologists, we always have to ask
ourselves this difficult question of the ethical and cost-
effectiveness of these ISS children treated with GH.

Pediatricendocrinologistsandpolicymakersneedtoaddress
the value of the height gained and its clinical importance in
relation totreatmentgoals inchildrenwithISS.Other important
factors like adverse effects, cost of therapy, the impact of the
height gained on psychosocial and physical wellbeing, and
patients’ expectations should be considered when deciding
GH therapy for ISS children in practice. Moreover, the cost–
benefit ratio should always be considered for GH therapy.

Cost-effectiveness, psychological Impact, pressure fromsur-
rounding society, involvement of insurers, social class, and
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economic status of the country all play an important rolewhen
it comes toGH therapy, and theweightofeach factormaydiffer
from one country to another and from patient to another;
therefore, the recommendations cannot be generalized, and
discussion of healthcare providers with parents, considering
our evidence may help to take the appropriate decision.

Further discussion on the implications of the findings for
clinical practice, patient management, and future research
directions would be beneficial.

It is also recommended that children and their parents
should receive counseling and monitoring for slipped capital
femoral epiphysis (SCFE), potential intracranial hyperten-
sion, scoliosis progression, and diabetes development before
starting hGH therapy.
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