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Outcomes of GnRH Agonist Therapy in Boys with Central Precocious
Puberty: A Systematic Review of Final Height and Long-Term Health

Effects

Abstract

Background: Central precocious puberty (CPP) in boys can result in accelerated growth, early
epiphyseal fusion, and reduced adult height. Gonadotropin-releasing hormone agonists (GnRHa)
are commonly used to delay pubertal progression and preserve growth potential. However, data on
their long-term effects on final height, bone health, and body mass index (BMI) remain limited. This
systematic review aimed to evaluate the outcomes of GnRH agonist therapy in boys with CPP, focusing
on final height and reported side effects. Methods: A systematic literature search was conducted
across five databases for studies published from 2000 to 2023. Studies included boys with idiopathic
or non-idiopathic CPP treated with GnRH agonists, reporting outcomes related to final height, BMI,
or bone health. Data were synthesized qualitatively. Results: GnRH agonist therapy significantly
improved final height outcomes, particularly in idiopathic CPP cases, with boys often achieving
heights near or exceeding their genetic target. Non-idiopathic CPP cases showed more variable results.
Bone health assessments were limited, and long-term impacts on bone mineral density (BMD) remain
unclear. Transient increases in BMI were observed during therapy, with no substantial long-term risk
of obesity. Conclusions: In general, no serious side effects were reported. GnRH agonist therapy is
effective in improving final height in boys with CPP, especially in idiopathic cases. However, more
research is needed to understand its long-term effects on bone health and metabolic outcomes.
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sex hormones.”! These medications work
by desensitizing GnRH receptors in the
pituitary gland, leading to a temporary
and reversible suppression of luteinizing
hormone (LH) and follicle-stimulating
hormone (FSH).[*

Introduction

Central precocious puberty (CPP) is
characterized by the premature activation
of the hypothalamic-pituitary-gonadal axis,
leading to the early onset of secondary
sexual characteristics before the age of

9 years in boys and 8 years in girls.'!'  Since their development in the 1980s,

This early activation results in accelerated
skeletal maturation and early epiphyseal
fusion, which can significantly reduce final
adult height if left untreated.”’ The causes
of CPP can be idiopathic or related to
organic pathologies such as central nervous
system (CNS) abnormalities, hypothalamic
hamartomas, and brain tumors.**

The primary goal of treating CPP is to
delay pubertal progression and preserve
growth potential. Gonadotropin-releasing
hormone (GnRH) agonists are commonly
used to achieve this by suppressing the
secretion of gonadotropins from the pituitary
gland, thereby reducing the production of
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GnRH agonists have been widely studied
for their effectiveness in improving final
height outcomes in children with CPP.J The
majority of studies have focused on girls
with idiopathic CPP, showing that early
treatment can significantly improve final
height compared to untreated controls.#
However, there is limited data on the use of
GnRH agonists in boys with CPP.

The optimal timing and duration of GnRH
agonist therapy remain subjects of debate.
While some studies suggest that early
treatment leads to better height outcomes,
others emphasize the importance of
factors such as initial bone age, baseline
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height SDS, and predicted adult height at treatment
initiation.>®

In boys with non-idiopathic CPP, such as those with CNS
abnormalities or hypothalamic hamartomas, the outcomes
are more variable.”’! These boys often deal with additional
challenges related to their underlying conditions.

Although GnRH agonist therapy is generally considered
safe, there have been concerns about potential side effects,
including weight gain, changes in body composition, and
metabolic alterations.!'” Some studies have reported increases
in body mass index (BMI) during treatment, especially in
girls,[' but the long-term impact on BMI and obesity risk
in boys remains unclear. Bone density impairment is another
concern about the use of these drugs.!'!

Given the limited evidence on the effectiveness of GnRH
agonist therapy in boys with CPP, this systematic review
aims to address this gap by analyzing the available
literature on final height outcomes, the impact of therapy
on BMI, and potential side effects. The primary objective
is to assess whether GnRH agonist therapy improves final
adult height in boys with CPP and to identify factors that
influence treatment outcomes.

Methods

This systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.'”” The primary
objective was to evaluate the effect of GnRH agonist
therapy on final adult height in boys with CPP. Final height
is considered reached when annual growth is less than
0.5 cm, while near-final height is defined as a bone age
exceeding 12 years in girls and 14 years in boys, indicating
that at least 90% of their adult height has been attained.!*!

Eligibility criteria

We included studies that:

1. Focused on boys with CPP, as defined by the
appearance of secondary sexual characteristics before
the age of 9 years due to premature activation of the
hypothalamic-pituitary-gonadal axis.

2. Reported final height outcomes after treatment with
GnRH agonists.

3. Were published in peer-reviewed journals.

4. Were available in English.

We excluded:

1. Studies focusing solely on girls with CPP.

2. Case reports, conference abstracts, and reviews without
original data.

3. Studies lacking data on final height or treatment
outcomes.

Search strategy

We searched four electronic databases, namely PubMed,
Scopus, Web of Science, and Science Direct, using

2

a combination of keywords and Medical Subject
Headings (MeSH) terms, including “precocious puberty,”
“GnRH agonists,” “final height,” and “boys.” The search
was conducted in September 2023, and all retrieved records
were imported into EndNote for further screening.

The search strategy for each database included:

1. PubMed: (“precocious puberty”[MeSH Terms] OR
“sexual precocity”’[MeSH Terms]) AND (“GnRH”
OR “Gonadotropin-releasing hormone”) AND (“final
height” OR ““adult height”) AND (“boy” OR “boys” OR
“male*”).

2. Scopus: ALL (“Sexual Precocity” OR “precocious
puberty”) AND ALL  (“Gonadotropin-releasing
hormone” OR “GnRH”) AND ALL (“final height”
OR “adult height”) AND ALL (“boy” OR “boys” OR
“male*”).

3. Similar strategies
databases.

were used for the remaining

Study selection

Two reviewers independently screened the titles and
abstracts of the retrieved articles to identify relevant
studies. Full texts of potentially eligible studies were then
reviewed against the inclusion criteria. Any discrepancies
were resolved through discussion or by consulting a third
reviewer.

Data extraction

Data were extracted from each study by using a

standardized form. The extracted data included:

1. Study characteristics: Author, year of publication,
country, and study design.

2. Patient characteristics: Number of boys, mean
age at diagnosis, and type of CPP (idiopathic or
non-idiopathic).

3. Treatment characteristics: Type of GnRH agonist used,
duration of treatment, and final height outcomes.

4. Other outcomes: Changes in BMI, reported side
effects, and any additional interventions (e.g., growth
hormone (GH) therapy).

Quality assessment

The quality of the included studies was assessed using
the Risk Of Bias In Non-Randomized Studies of
Interventions (ROBINS-I) tool.l'" Each study was evaluated
for potential biases related to patient selection, outcome
measurement, and reporting.

Data synthesis

Given the heterogeneity of the included studies, a
meta-analysis was not feasible. Instead, we conducted a
qualitative synthesis of the data, focusing on final height
outcomes, correlations between variables and final height,
and the impact of treatment on BMI and side effects. We
reported the results narratively, highlighting key findings
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from each study and identifying trends across the included
articles. Final height SDS was calculated in studies where
it was not reported using the mean final height reported.

Results

Initial search retrieved 2108 records from the
databases [Figure 1]. This systematic review included 17
studies from Europe (6 studies),>!>) Asia (6 studies),?*%!
South America (3 studies),['*?%?1 and North America (2
studies),l**) reporting data on 191 boys with CPP
treated with GnRH agonists. The studies covered a wide
range of patient characteristics, treatment durations, and
outcomes [Table 1].

Patient characteristics

The age at treatment initiation ranged from 3.9 to
12.1 years, while bone age at the start of treatment varied
from 6.8 to 15 years. Final height SDS ranged from — 2.4
to + 0.4 SDS.

Drugs used

The studies used various types of GnRH agonists, often
employing more than one drug within the same study.
Below is a breakdown of the drugs used and the studies
that reported them:

triptorelin in nine studies,?*!'>'*2221 leuprolide acetate in six
studies,[1321-2326.28] deslorelin in two studies,!'*?® nafarelin in
one study,™ and unspecified depot GnRH analogs in three
studies.[20-2327]

Idiopathic vs. non-idiopathic cases

The following studies included only idiopathic cases:
Shim et al.?? (20 boys), Cho et al.*! (18 boys), Galluzzi
et al.' (11 boys), Lazar et al.? (11 boys), Carel et al.®! (8
boys).

Several studies included non-idiopathic cases with causes
such as hypothalamic hamartoma, neurofibromatosis, and
brain tumors: Tsai et al.®! (6 boys (4 with septo-optic
dysplasia, 2 with SW congenital adrenal hyperplasia)),
Ramos et all'" (7 boys (all with hypothalamic
hamartomas)), Borges et al?! (5 boys (hypothalamic
hamartoma, hydrocephalus, 3™ ventricle cyst)), Tanaka
et alP"V (13 boys (non-idiopathic cases unspecified)),
Mul et al™® (26 boys (12 with organic causes such as
neurofibromatosis and brain tumors)), Nahime Brito
et alP (9 boys (8 with hypothalamic hamartomas,
pilocytic glioma, and exogenous androgen exposure)),
Oerter et alP (18 boys (15 with hypothalamic
hamartomas and CNS abnormalities)), Rizzo et al.l' (12
boys (3 with neurofibromatosis, craniopharyngioma,
bacterial meningitis)), Bertelloni et al.l') (9 boys (5 with
hamartoma, neurofibromatosis, brain tumor, congenital
adrenal hyperplasia)), and Paul et al.'*! (6 boys (causes not
specified)).

Growth hormone evaluation in non-idiopathic cases

The studies did not consistently report evaluations of GH
levels in boys with non-idiopathic CPP. However, some
studies did assess related parameters. Galluzzi et al.l'

[ Identification of studies via databases ]
(T
= Records identified (n = 2108): Records removed:
2 Scopus = 1333, Duplicate (n = 423)
8 PubMed = 176, Irrelevant based on the title, reviews,
% Web of Science = 148, conference abstracts, non-English
3 Science Direct = 451. language studies (n = 1449)
-
\4
Records screened Reports excluded:
_ Irrelevant based on the abstract (n = 120)
(n=236)
=)
g Reports sought for retrieval (n = 116) o Reports not retrieved (n = 2)
3
3]
3 v
Reports assessed for eligibility Reports excluded:
(n=114) Irrelevancy (final height not reported)
(n =50), low number of boys (less than 3)
n =10, results for males not reported
— n = 32, final height for patients complicated
with precocious puberty nr separately n =1,
@ treated with both gnrh agonistand GHn =1,
% v patients not reached final adult height n =1,
£ Studies included in meta-analysis articles based on data of the same
(n=17) patients n = 2
-

Figure 1: Study selection diagram 1
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evaluated GH and insulin-like growt factor I (IGF-I) levels
before, during, and after treatment, and found no significant
alterations in GH peak levels or IGF-I concentrations during
therapy. Rizzo et al.'” mentioned that no patients received
GH supplementation during GnRH agonist (GnRHa)
treatment.

The study by Galluzzi et al.'S! clearly evaluated GH axis
health through GH stimulation tests using clonidine. They
assessed GH peaks and IGF-I levels in children both
before and during GnRH analogue therapy, with results
showing no significant decrease in GH peak levels or IGF-I
concentrations during treatment. The study measured GH
responses to clonidine stimulation and found that the GH
axis remained intact during therapy. The IGF-I levels were
monitored to assess whether treatment impacted growth
factor production, and no adverse effects on GH secretion
were noted.

Overall, the studies suggest that the final height
improvements were mainly attributed to the suppression of
pubertal progression regardless of GH pathways.

Side effects of GnRH agonist therapy

The studies reported relatively few side effects of GnRH
agonist therapy. No other major side effects were reported.
No systemic or local side effects related to the treatment
were observed in boys. Mul et all® reported some
complaints of weight gain during therapy but did not
observe any serious side effects.

Obesity and BMI changes in boys after therapy

Some studies assessed BMI and obesity as potential side
effects of GnRH agonist therapy. Ramos et al.'% observed
that two boys were overweight or obese at the start of
treatment, but all male patients had normal BMI and body
fat percentages at adulthood. The study concluded that male
patients did not experience long-term adverse effects on
BMI from GnRH therapy. Oostdijk et al.'”! found that BMI
SD scores increased slightly during therapy but returned to
normal levels after discontinuation. The study emphasized
that BMI changes during treatment were not significant
enough to suggest an increased risk of obesity in boys.

Borges et al.’” reported that some patients experienced
temporary weight gain during therapy but noted that
long-term BMI outcomes remained stable.

Studies!!” highlighted that male patients treated with
GnRH agonists were less likely to experience long-term
increases in BMI and body fat percentage, suggesting a
sex-specific pattern in how GnRH therapy affects weight
and metabolism.

The study by Bertelloni er al.l') assessed bone mineral
density (BMD) in boys treated with GnRH agonists. The
study measured both area BMD and volumetric BMD by
using dual-energy X-ray absorptiometry (DEXA) in nine

International Journal of Preventive Medicine 2026, 17: 31

boys with CPP. The results showed that BMD values
were within the normal range and comparable to healthy
adolescents with normal puberty onset (Area BMD SDS:
0.2 £ 1.0, Volumetric BMD SDS: —0.1 £+ 0.9).

**Correlations Reported**

Several studies reported correlations between treatment
outcomes and various factors. Shim er alP? showed
positive correlations between final height and target
height. Cho et al*! reported significant correlations
between final height and predicted adult height (P < 0.05).
Tanaka et al.?"! found positive correlations between adult
height and initial height SDS for chronological age, bone
age at the start of treatment, and mean growth velocity
during treatment. Rizzo et all'7 indicated a negative
correlation between peak LH/FSH ratio and final height.
Oerter et al.® noted negative correlations between final
height and treatment delay, as well as age at puberty onset,
and positive correlations with treatment duration and initial
height SDS. Paul et al.'¥! reported a positive correlation
between current predicted height and initial height SDS for
bone age, and a negative correlation between final height
and both chronological and bone age at therapy initiation.
Bertelloni et al." demonstrated that growth after treatment
correlated with bone age at treatment cessation.

This review highlights the variability in treatment
approaches and outcomes in boys with CPP. The use
of GnRH agonists generally resulted in final heights
comparable to target heights, particularly in idiopathic
cases. However, boys with non-idiopathic CPP had lower
final heights, as shown in the studies by Mul et al.'® and
Oerter et al.?®

Discussion

This systematic review aimed to evaluate the impact
of GnRH agonist therapy on final adult height in boys
with CPP. The findings provide valuable insights into
the variability of treatment outcomes based on patient
characteristics, the type of GnRH agonist used, and
whether the CPP was idiopathic or non-idiopathic. The
studies included in this review highlight the importance of
early diagnosis and timely intervention to optimize growth
outcomes in boys with CPP.

This limitation reflects the rarity of CPP in boys and
the limited availability of high-quality studies on this
population. A comprehensive and systematic search was
performed, and no further eligible studies were found,
despite rigorous screening. Therefore, the sample sizes
remain small (Shim er al., Lazar et al), which may
affect the generalizability of the findings to broader CPP
populations.??
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Effectiveness of GnRH agonist therapy in idiopathic
CPP

The studies in this review consistently reported that boys
with idiopathic CPP achieved final heights close to their
genetic potential after GnRH agonist therapy. For instance,
Shim et al.?? observed that boys treated with triptorelin
or leuprolide acetate showed a significant improvement
in final height compared to their predicted adult height at
the start of treatment. The mean final height in their study
was 173.4 cm, compared to an initial predicted height of
170.1 cm.

Similarly, Lazar et al.?® reported that the final height
achieved by boys treated with triptorelin was within the
target range for their genetic potential. The study also
emphasized the importance of treatment duration and bone
age at the start of therapy as critical factors influencing
height outcomes. In addition, Carel et al’! found that
early initiation of therapy was associated with better height
outcomes, reinforcing the need for prompt intervention in
boys with idiopathic CPP.

Potential  biases, including selection bias, were
systematically assessed using the ROBINS-I tool. Most
included studies attempted to reduce bias through clear
inclusion criteria and consecutive patient enrollment.
However, the absence of standardized treatment protocols
remains a limitation, potentially contributing to outcome
variability across studies.

Most studies included in this systematic review reported
that GnRH agonist therapy was effective in improving
final height in boys with CPP. For idiopathic cases, the
therapy consistently helped patients achieve a final height
within their genetic target range or higher than their
predicted adult height at treatment initiation. Galluzzi
et al.' reported a significant improvement in final height,
with boys achieving heights close to or slightly above their
genetic target heights. Ramos et al.l'” observed that all
boys with hypothalamic hamartomas who received GnRH
analogs reached normal final height within their target
range. Importantly, the study highlighted that treatment
was more effective when initiated at younger ages and
maintained for a longer duration. Mul et al'™® found
that boys treated with GnRH agonists achieved a mean
height SDS gain of 1.09, indicating that final height was
significantly improved compared to their predicted height
before treatment.

Boys with neurogenic CPP, including those with
hypothalamic hamartomas or CNS tumors, exhibit
more variable and often poorer final height outcomes
than idiopathic ~CPP.'*21  This is attributed to
hypothalamic-pituitary axis impairment and potential GH
deficiencies caused by CNS lesions. Comorbidities such as
neurofibromatosis may further limit growth.!l'”’ Moreover,
delayed diagnosis and treatment initiation in neurogenic
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cases contribute to poorer outcomes.*® Nonetheless, GnRH
agonist therapy remains beneficial, with some patients
achieving normal or near-normal final heights.!'**) Adjunct
therapies such as GH supplementation may be considered
to optimize growth in selected cases

However, in boys with non-idiopathic (neurogenic)
CPP, such as those with brain tumors or hypothalamic
hamartomas, the height outcomes were more variable. For
instance, Oerter et al.”® noted that boys with neurogenic
causes achieved lower final heights compared to idiopathic
cases, although early treatment initiation still resulted in
improvements.

Challenges in treating non-idiopathic CPP

In contrast to idiopathic cases, boys with non-idiopathic
CPP, such as those with hypothalamic hamartomas,
neurofibromatosis, or brain tumors, exhibited more variable
height outcomes. Ramos et al.'% studied boys with CPP
due to hypothalamic hamartomas and found that their final
height outcomes were less favorable compared to those
with idiopathic CPP. However, the study highlighted that
GnRH agonist therapy still helped these boys achieve a
final height within the normal range, suggesting that the
treatment is beneficial even in non-idiopathic cases.

Oerter et al.P® also reported that boys with organic
causes of CPP, such as hypothalamic hamartomas or CNS
abnormalities, achieved lower final heights compared to
idiopathic cases. However, the study emphasized that early
intervention could mitigate the negative impact of these
underlying conditions on growth.?®

Tsai et al® focused on boys with congenital adrenal
hyperplasia and CPP and found that adding GnRH agonist
therapy to conventional treatment significantly improved
final height outcomes. The study demonstrated that GnRH
agonist therapy can be an effective adjunct treatment in
boys with non-idiopathic CPP, particularly when initiated
early.?!

In the study by Oostdijk et al.,l'”! there was no improvement
in adult height in boys compared to girls. The authors
suggested that this could be due to underlying conditions
such as neurofibromatosis that impair growth, potentially
causing complications such as optic nerve gliomas, leading
to GH deficiency. However, GH levels were not evaluated
in these patients. The dataset shows that boys with organic
causes of CPP, such as neurofibromatosis and arachnoid
cyst, had their final height negatively affected, which
explains the lack of improvement in adult height in this

group.
Types of GnRH agonists used

Various GnRH  agonists, including triptorelin,
leuprolide acetate, deslorelin, and nafarelin, suppress

the hypothalamic-pituitary-gonadal axis by continuous
receptor stimulation, leading to receptor desensitization and

International Journal of Preventive Medicine 2026, 17: 31



Hashemi, et al.: Final height outcomes after GnRH agonist therapy in boys with CPP

decreased gonadotropin secretion (Paul et al.l"¥! and Tanaka
et alPY). Pharmacokinetic differences influence dosing
schedules, with slow-release triptorelin allowing less
frequent administration (monthly or quarterly), potentially
improving adherence compared to daily injections required
by some formulations of leuprolide or nafarelin (Oostdijk
et all™). All studied agonists demonstrated comparable
efficacy in halting pubertal progression and preserving
growth potential, with no significant difference in final
height outcomes (Paul et a/.l"¥ and Tanaka et al.*'1). Safety
profiles were similarly favorable, with minimal adverse
effects reported (Mul er al/I'" and Bertelloni et al.l').
Despite pharmacological differences, current evidence
supports equivalent effectiveness among these agents.

The studies included in this review utilized various GnRH
agonists, including triptorelin, leuprolide acetate, deslorelin,
and nafarelin. The choice of GnRH agonist did not appear
to significantly affect final height outcomes, as all drugs
were effective in suppressing pubertal progression and
improving growth potential.

Paul et al.'"*! compared the effectiveness of multiple GnRH
agonists, including deslorelin, leuprolide, and nafarelin,
and found that all three drugs were equally effective
in improving final height outcomes in boys with CPP.
Similarly, Tanaka et al.?!! reported that leuprolide acetate
was effective in increasing final height and preserving
gonadal function after treatment discontinuation.

However, some studies noted differences in patient
compliance based on the administration method and
frequency of the GnRH agonist. For example, Oostdijk
et al.™ highlighted the benefits of slow-release triptorelin,
which required less frequent administration and resulted in
better patient adherence to therapy.

Correlations Between Growth Parameters and Final
Height

Several studies reported correlations between initial growth
parameters and final height outcomes. Tanaka et al.*"
found a positive correlation between initial height SDS
and final height, suggesting that boys who were taller at
the start of treatment were more likely to achieve better
height outcomes. Similarly, Rizzo et al.'”! reported that the
initial peak LH/FSH ratio negatively correlated with final
height, indicating that higher initial hormonal levels were
associated with lower height outcomes.

In contrast, Oerter et al.?® observed a negative correlation
between the age at treatment initiation and final height,
emphasizing the importance of early intervention. The
study found that boys who started therapy at a younger
age achieved significantly better final heights compared to
those who started treatment later.*®!

The positive correlation between initial height SDS and
final height outcomes suggests that earlier diagnosis
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and intervention, especially in boys with taller stature at
baseline, may improve height outcomes.?!! This finding
highlights the importance of timely treatment initiation
and suggests that boys presenting with lower initial height
SDS might require closer follow-up and consideration of
adjunctive therapies to optimize growth.

Comparison with historical controls

Some studies included in this review compared the final
height outcomes of boys treated with GnRH agonists to
historical controls who did not receive treatment. For
instance, Paul et al.l"¥ found that boys treated with GnRH
agonists achieved significantly better final heights compared
to untreated controls with similar initial characteristics. The
study concluded that GnRH agonist therapy is essential in
improving height outcomes in boys with CPP.l'*!

Obesity and BMI outcomes

Several studies addressed the potential impact of GnRH
agonist therapy on BMI and obesity risk in boys. While
some studies reported temporary weight gain during
treatment, the overall consensus was that boys did not
experience significant long-term increases in BMI or
obesity risk.

Ramos et all' observed that male patients did not show
an increased risk of obesity or abnormal BMI at adulthood
after receiving GnRHa therapy. Oostdijk er al.!"! found a
slight increase in BMI SD scores during therapy, but these
returned to normal levels after treatment discontinuation.
Importantly, these studies indicate that GnRHa therapy
does not predispose boys to long-term obesity or metabolic
issues.

However, it is noteworthy that some studies identified a
sex-specific pattern in BMI outcomes. Female patients
treated with GnRH agonists were found to be more likely
to experience long-term increases in BMI and body fat
percentage compared to their male counterparts.!?*”! This
suggests that while boys are less likely to experience
adverse metabolic effects, girls may require -closer
monitoring for weight-related side effects.

Reported side effects of GnRH agonist therapy

Although short-term side effects of GnRH agonists were
minimal in reviewed studies, long-term safety data are
scarce. Therefore, prolonged follow-up is essential to
evaluate metabolic health, bone density, and reproductive
function in treated patients.'*!®?7] This ongoing monitoring
is critical to fully understand the sustainability and safety
of GnRH agonist therapy.

GnRH agonist therapy was generally well tolerated, with
minimal reported side effects. The most commonly reported
adverse effects were temporary and resolved without
discontinuing treatment.

There were no systemic side effects reported in boys.
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Mul et al™ noted that some patients experienced
complaints of weight gain during therapy, although this
did not result in significant long-term consequences.
These findings suggest that GnRH agonist therapy is safe
for long-term use in boys with CPP, with only minor and
transient side effects observed in the reviewed studies.

Bertelloni et all' concluded that long-term GnRH
agonist therapy does not impair BMD in boys during
late adolescence. The authors suggested that bone health
remains normal following therapy, and serum markers of
bone turnover were also within the normal range.

Clinical implications and recommendations

The findings of this review have important clinical
implications. First, they underscore the effectiveness of
GnRH agonist therapy in preserving growth potential
and achieving final heights close to the genetic target
height, particularly in boys with idiopathic CPP. Second,
they highlight the challenges associated with treating
non-idiopathic CPP and the need for individualized
treatment plans based on the underlying cause.

Moreover, this review emphasizes the importance of early
diagnosis and timely initiation of therapy to optimize
height outcomes. Delayed intervention can negatively
impact final height, as shown in several studies included in
this review.!'728]

Future research should focus on optimizing treatment
protocols for boys with non-idiopathic CPP and exploring
the long-term effects of GnRH agonist therapy on metabolic
and reproductive outcomes. Additionally, further studies
with larger sample sizes are needed to better understand
the impact of different GnRH agonists and the role of
adjunctive therapies, such as GH, in improving height
outcomes. Future research should focus on multicenter
trials with larger sample sizes and standardized treatment
protocols to improve result reliability. Investigating
adjunctive therapies, including GH supplementation, and
longitudinal studies assessing long-term metabolic and
reproductive outcomes are also recommended.

Conclusions

In conclusion, GnRH agonist therapy was generally
effective in improving final height outcomes in boys with
CPP, especially in idiopathic cases. While GH evaluation
was not consistently reported in non-idiopathic cases, the
therapy’s effectiveness in improving height appears to stem
primarily from suppressing puberty rather than directly
affecting GH pathways.

Reported side effects were minimal, with some transient
weight gain and isolated cases of other minor effects.
Importantly, BMI outcomes in boys remained stable after
treatment, suggesting that GnRH agonists do not contribute
to long-term obesity in male patients. However, studies
pointed out a sex-specific pattern, with female patients
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more likely to experience adverse effects on BMI and body
composition. More research is needed to understand its
long-term effects on bone health and metabolic outcomes.
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