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Final adult height in male patients with central
precocious puberty after gonadotropin-releasing
hormone agonist treatment

Kyoung Won Cho', Purpose: We aimed to compare the final adult height (FAH) of male patients with
Youn Kyoung Kim', central precocious puberty (CPP) after treatment with a gonadotropin-releasing
Ji Eun Yoo', hormone agonist (GnRHa). Specifically, we compared FAH with the target height (TH)
Joon Young Kim?, and the predicted adult height (PAH) before and after GnRHa treatment to quantify
Seo Jung Kim', height gain and identify predictive factors.

Sujin Kim', Methods: We retrospectively reviewed the medical records of 92 male patients with
Youngha Chofi?, CPP and known FAH after GnRHa treatment at the Department of Pediatrics of
Kyungchul Song?, Severance Children’s Hospital between January 2000 and June 2024.

Eun Byeol Lee’, Results: The mean duration of GnRHa treatment was 2.7+1.3 years. A significant 1.1+0.9
Hyun Wook Chae?, years narrowing was observed in the difference between bone age (BA) and chro-
Junghwan Suh' nological age (CA) during treatment (P<0.001). TH was 172.4+34 cm. FAH was 173.6:6.4

cm. FAH was greater than TH by 1.2+5.9 cm (P=0.047). PAH before and after treatment

'Department of Pediatrics, Severance was 179.98.1 and 181.2+74 cm, respectively. PAH was increased by 1.3+4.9 cm (P=0.012)
Children’s Hospital, Yonsei University after treatment. As the PAH standard deviation score (SDS) before GnRHa treatment
ZCollege of Medicine, Seoul, Korea increased, FAH tended to exceed TH. In contrast, higher testosterone levels before
Department of Pediatrics, Gangnam treatment are associated with FAH falling below TH. A longer duration of treatment
Severance Hospital, Yonsei University and taller TH are associated with an FAH SDS greater than height SDS before treatment.
College of Medicine, Seoul, Korea Conversely, a greater weight SDS, BA-CA difference, and testis size before treatment

3 . . .

Department of ‘PeldlatrICS,' Yongin are associated with FAH SDS being less than height SDS before GnRHa treatment.
severance HOSP'Fa ' Yome', University Conclusion: GnRHa treatment improved FAH and inhibited bone maturation in male
College of Medicine, Yongin, Korea . .

patients with CPP.
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- The incidence of precocious puberty has increased along with the accelerated
onset of puberty worldwide. GnRHa is a standard treatment for central preco-
cious puberty in both boys and girls. Studies on the effectiveness of long-term
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include the increase in childhood obesity owing to poor
dietary habits and insufficient physical activity, greater
exposure to environmental hormones and endocrine
disruption through environmental pollution, and inc-
reased use of medical facilities because social influences
impact parental concern over child growth [3].

CPP can lead to premature osseous fusion, resulting
in decreased final adult height (FAH) and psychosocial
problems, requiring appropriate treatment [4]. Gonado-
tropin-releasing hormone agonists (GnRHa), which
have been used as standard treatments for CPP for deca-
des, suppress the secretion of sex hormones, inhibit
rapid bone maturation, and extend the growth period,
thereby improving FAH [1,4].

The prevalence of CPP in boys is approximately 10-15
times lower than in girls [5,6]. GnRHa treatment effecti-
vely improves FAH in children with CPP, with increased
FAH in girls and long-term treatment allows most boys
to reach their target height (TH) range [7]. Two Korean
studies demonstrated that FAH was 3.3 and 1.0 cm grea-
ter than TH after GnRHa, respectively [8,9]. However,
studies on the effectiveness of long-term GnRHa treat-
ment and FAH in boys with CPP are rare and often limi-
ted in size [7-10].

Therefore, this study was conducted on a large scale to
compare the FAH of male patients with CPP after
GnRHa treatment with the TH and predicted adult
height (PAH) before treatment, and to identify predic-
tive factors.

Materials and methods

1. Study population

This study investigated 668 male patients diagnosed
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with CPP between January 2000 and June 2024 at the
Severance Children's Hospital. After excluding 4 pa-
tients who did not receive treatment after diagnosis and
66 patients who were lost to follow-up during treat-
ment, the total number of patients treated with GnRHa
was 598. Of these, 253 patients were still undergoing
treatment, 76 received concomitant growth hormone
treatment, and 177 had not yet reached their final height.
A total of 92 patients with known FAH were enrolled

(Fig. 1).

2. Study design

CPP was diagnosed based on the following criteria: (1)
objective testicular volume 24 mlL, (2) advanced bone
age (BA) beyond chronological age (CA), and (3) peak
values of pubertal luteinizing hormone (LH) (cutoff
value: 25 IU/L) achieved during a GnRH stimulation test.
A brain magnetic resonance imaging was performed to
rule out central nervous system tumors. FAH was de-
fined as a BA height of 16 years or older, and the yearly
growth rate was less than 1 cm/yr. The differences
between FAH and TH and FAH and PAH before GnRHa
treatment were evaluated for growth benefits. Height,
weight, Tanner stage, BA, serum LH, follicle-stimulating
hormone (FSH), and testosterone concentrations were
evaluated every 6 months. GnRHa treatment was disco-
ntinued at a BA of approximately 13 years. We compared
the differences between BA and CA at the beginning and
end of the GnRHa treatment. In addition, we analyzed
the correlation between FAH and factors such as Tanner
stage, age at the start and end of treatment, treatment
period, height, weight, body mass index (BMI), PAH,
standard deviation score (SDS), BA at the beginning and
end of treatment, and laboratory test results (LH, FSH,

668 Male patients with central precocious puberty
between January 2000 and June 2024

——)

598 Patients treated with GnRHa

4 Not treated after diagnosis

66 Follow-up loss

253 Still under GnRHa treatment

76 Treated with growth hormone

177 Completed GnRHa treatment but
not reached final adult height

| 92 Number of patients analyzed in this study |

Fig. 1. Flow chart of the patient selection process. GnRHa, gonadotropin-releasing

hormone agonist.
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peak LH, and testosterone levels).

3. Parameters

Pubertal stage was evaluated by trained pediatric
endocrinologists, and testicular volume was estimated
using a Prader orchidometer. Tanner stage in boys was
based on testicular volume using the following scale: T1,
<4;T2,4-8;T3,9-12; T4,15-20; and T5, > 22 mL [11].

Trained nurses performed anthropometric measure-
ments using a Harpenden stadiometer (Holtain, UK). As
of 2018, the SDS values for height, weight, and BMI were
calculated, and standard growth charts were used with 2
growth reference values for Korean children and adole-
scents in 2007 and 2017 provided by the Korean Acade-
my of Pediatrics and the Centers for Disease Control
and Prevention [12,13]. BA was measured using the
Greulich-Pyle method with simple radiographs of the
left hand and wrist [14]. PAH was calculated using the
average and advanced tables in the Bayley-Pinneau (BP)
method [15]. TH was defined as mid-parental height,
which was calculated by adding 6.5 cm to the average
parental height.

The GnRH stimulation test was performed using 0.1-
mg gonadorelin or triptorelin acetate intravenously, and
blood samples were taken at 0, 30, 60, 90, and 120 min to
determine LH, FSH, and basal testosterone levels.

The standard treatment regimen was the subcuta-
neous administration of leuprolide and triptorelin, in
either a 1 or 3-month formulation.

4. Statistical analysis

All statistical analyses were performed using IBM
SPSS Statistics ver. 27.0 (IBM Co., USA). Statistical signifi-
cance was set at P<0.05. The results are presented as
meansstandard deviation unless indicated otherwise.
We used a paired t-test to compare the FAH, TH, and
PAH levels before GnRHa treatment and the differences
between BA and CA at the beginning and end of treat-
ment. To determine significant associations with height
gain (FAH-TH, and PAH SDS-height SDS before GnRHa
treatment), univariate analyses followed by multivariate
linear regression analyses were performed with clinical
factors.

5. Ethical statement
This study was conducted in accordance with the

principles of the Declaration of Helsinki. Given that this
was a retrospective study of data obtained during the
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general course of medical treatment, the need for infor-
med consent was waived. This study was approved by
the Institutional Review Board (IRB) of the Yonsei Uni-
versity Health System (IRB No. 4-2024-1574).

Results

1. Clinical characteristics before and after GnRHa
treatment

The clinical and auxological factors according to the
period of GnRHa treatment in the 92 male patients with
CPP are shown in Table 1. The mean duration of GnRHa
treatment was 2.7¢t1.3 years. The mean height, weight,
and BMI before GnRHa treatment and their SDS values
were 140.8+7.2 cm (1.00+1.09), 41.6+9.6 kg (1.08+0.87), and
20.8+35 kg/m? (0.86+0.90), respectively. The mean
height, weight, and BMI after GnRHa treatment and
their SDS values were 155.6+70 cm (0.76£1.16), 58.3+12.0
kg (1.17+0.90), and 23.9+3.8 kg/m? (1.10+0.83), respectively.
Peak LH levels before GnRHa treatment were 13.2+6.8
mlIU/mL and after they were 1.3:t1.0 mIU/mL. Testoste-
rone levels were 40.0+971 ng/dL before GnRHa treat-
ment and 8.5£19.0 ng/dL after.

The BA and CA at the start of GnRHa treatment were
11.2+0.8 and 9.50+0.7 years, respectively. At the end of

Table 1. Clinical characteristics of patients before and after
GnRHa treatment

Characteristic Before treatment After treatment
CA(yr) 9.5+0.7 12.2+1.0
BA (yr) 11.2+0.8 128104
Testis size (cm’) 62428 NA
Height (cm) 140.8+7.2 155.6+7.0
Height SDS 1.00£1.09 0.76£1.16
Height SDSBA -3.92+0.95 -2.7140.94
PAH (cm) 179.9+8.1 1812474
PAH SDS 0.80+1.29 1.01£1.19
Weight (kg) 416496 583+12.0
Weight SDS 1.08+0.87 1.17+£0.90
BMI (kg/m?) 208435 239438
BMISDS 0.86+0.90 1.10+0.83
FSH (mlU/mL) 34419 2.1£12
Peak LH (mIU/mL) 13.246.8 13+1.0
Testosterone (ng/dL) 40.0+£97.1 85+19.0
Duration of GnRHa (yr) - 27+1.23
TH (cm) - 1724134
FAH (cm) - 173.6+£64
FAH-TH (cm) - 1.2459
PAH after — before GnRHa Tx (cm) - 13449

Values are presented as meanstandard deviation.

GnRHa, gonadotropin-releasing hormone agonist; CA, chronological age; BA, bone
age; SDS, standard deviation score; PAH, predicted adult height; BMI, body mass
index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; FAH, final adult
height; TH, target height; Tx, treatment; NA, not available.
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GnRHa treatment, the BA and CA were 12.8+0.4 and 12.2+
1.0 years. The difference between BA and CA was 1.7+0.6

years at the start of GnRHa treatment and 0.6£1.0 years 185
at the end of treatment. A significant 1.1+0.9 years reduc-
tion in the difference between BA and CA was observed 180

during GnRHa treatment (P<0.001) (Fig. 2).

TH was 172.4+3.4 cm, and FAH was 173.6+6.4 cm. FAH ’g 175
was significantly greater than TH by 1.2+5.9 cm (P=0.047) £
(Fig. 3). PAH before GnRHa treatment was 179.9+8.1 and 2 170
after it was 181.2+74 cm. Following GnRHa treatment,
there was a 1.3¥+4.9 cm (P=0.012) significant increase in 165
the PAH (Fig. 4).
When 92 patients were categorized by age, 79 patients 160
(85.9%) were over 9 years of age, and 13 patients (14.1%) OTH:1724534cm  BFAH:173.6:6.4 om

were under 9 years. FAH-TH demonstrated no statisti-
Fig. 3. Target height and final adult height in 92 male CPP patients.

13 CPP, central precocious puberty; TH, target height; FAH, final adult
height.
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Fig. 2. Bone and chronological ages at the start and end of GnRHa 170
treatment. The difference between BA and CA was 1.7+0.6 years at CPAH before GnRHa treatment : 179.9:8.1 cm
the start of GnRHa treatment and 0.6+1.0 years at the end of GnRHa BPAH after GnRHa treatment : 181.247.4 cm
treatment. A significant 1.1£0.9 years narrowing of the difference
between BA and CA was observed during GnRHa treatment Fig. 4. Predicted adult height in 92 male CPP patients before and
(P<0.001). GnRHa, gonadotropin-releasing hormone agonist; BA, after GnRHa treatment. CPP, central precocious puberty; TH, target
bone age; CA, chronological age. height; FAH, final adult height.

Table 2. Linear regression of variables significantly associated with FAH-TH

Variable Univariate Multivariate
B-coefficient P-value B-coefficient P-value
Age before treatment (yr) -2.262 0.766 - -
Height SDS before treatment 3.345 <0.001 - -
Height SDSBA before treatment 3.777 <0.001 - -
Weight SDS before treatment 2.286 <0.001 - -
BMI SDS before treatment 0.246 0.162 - -
PAH SDS before treatment 0.625 <0.001 0.364 0.025
BA before treatment (yr) -0.107 0.894 - -
BA-CA before treatment (yr) 0.162 0.866 - -
LH before treatment (mlU/mL) -1378 0.044 - -
FSH before treatment (mIU/mL) -0.603 0.067 - -
Testosterone before treatment (ng/dL) -0.019 <0.001 -0.250 0.010
Peak LH before treatment (mlU/mL) -0.232 0.010 - -
Testis size before treatment (cc) -0.259 0.248 - -
Treatment duration (yr) 0.127 0.796 - -

FAH, final adult height; TH, target height; SDS, standard deviation score; BMI, body mass index; PAH, predicted adult height; BA, bone age; CA, chronological age; LH, luteinizing
hormone; FSH, follicle-stimulating hormone.
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cally significant difference between the 2 groups (mean
difference, -1.3+2.7 cm; P=0.643). Furthermore, analysis
of patients who initiated treatment before the age of 9
demonstrated a mean PAH increase of 4.2+14 cm, in
contrast to patients who initiated treatment after the
age of 9 (P=0.003).

In total, 92 patients were categorized according to
their medications: 39 patients were treated with leupro-
lide acetate, of which 1 patient was on a 1-month formu-
lation and 38 patients were on a 3-month formulation.
The remaining 53 patients were treated with triptorelin
acetate; 42 patients were on a 1-month formulation, and
11 patients were on a 3-month formulation. No signifi-
cant differences were observed in height gain or reduc-
tion in the BA-CA difference between the triptorelin
and leuprolide treatment groups after GnRHa treat-
ment.

2. Factors associated with FAH

After the univariate linear regression analyses, a mul-
tivariate linear regression analysis was performed with
significant factors. Before GnRHa treatment, PAH SDS
had a significant positive correlation (3=0.364, P<0.05)
with FAH-TH and testosterone level had a significant

apem

negative correlation (8=-0.250, P<0.05) (Table 2). A posi-
tive correlation was identified between treatment dura-
tion, TH (8=0.254, 0.177, respectively, all P<0.05), and FAH
SDS - height SDS before GnRHa treatment. Conversely,
weight SDS, BA-CA difference, and testis size before
GnRHa treatment had a negative correlation (8=-0.193,
-0432, and -0.278, respectively, all P<0.05) with FAH SDS
- height SDS before GnRHa treatment (Table 3).

Discussion

A review of the literature revealed that studies on
adult height gain and clinical factors after GnRHa treat-
ment in male patients with CPP have been conducted in
small patient populations, with fewer studies conducted
in this patient group than in female patients. We analy-
zed the effects of GnRHa treatment on FAH and bone
maturation and identified predictive factors. The BA-CA
difference narrowed significantly during GnRHa treat-
ment in male patients with CPP. The FAH was signifi-
cantly taller than the TH. There was an increase in PAH
after GnRHa treatment. A summary of previous studies
involving height gain and suppression of bone matura-
tion in male CPP patients with GnRHa treatment is
shown in Table 4.

Table 3. Linear regression of variables significantly associated with FAH SDS - height SDS before treatment

Variable Univariate Multivariate

B-coefficient P-value B-coefficient P-value
Age before treatment (yr) -0.001 0.99%4 - -
Weight SDS before treatment -0.284 0.006 -0.193 0.040
BMI SDS before treatment -0.146 0.165 - -
PAH SDS before treatment -0.130 0217 - -
BA before treatment (yr) -0.384 <0.001 - -
BA-CA before treatment (yr) -0457 <0.001 0432 <0.001
LH before treatment (mlU/mL) -0.253 0.015 - -
FSH before treatment (mlU/mL) -0.171 0.084 - -
Testosterone before treatment (ng/dL) -0.267 0.010 - -
Peak LH before treatment (mlU/mL) -0.380 <0.001 - -
Testis size before treatment (cc) -0.446 <0.001 -0.278 0.012
Treatment duration (yr) 0413 <0.001 0.254 0.042
TH (cm) 0.091 0.389 0.177 0.036

FAH, final adult height; PAH, predicted adult height; GnRHa, gonadotropin-releasing hormone agonist; BMI, body mass index; BA, bone age; CA, chronological age; LH, luteinizing

hormone; FSH, follicle-stimulating hormone.

Table 4. A summary of previous studies in male CPP patients with GnRHa treatment

Study Country No. Treatment duration (yr) BA-CA before-after treatment (cm) FAH(cm) ~ TH(cm)  FAH-TH (cm) PAH before-after treatment (cm)
Choetal, 2021[8] Korea 20 2.7+06 13 1734458  1709+4.2 25 43
Shimetal,2020[9] Korea 18 2.0+0.8 0.2 1720448 171.0+4.0 1.0 0.1
Maetal, 2013 [10] China 20 1.7£0.5 1.1 169.8+58 167.8+4.6 20 28
Rizzoetal,2000[16]  Italy 12 4106 1.8 176161 1742129 19 108
Lazaretal,2001[17]  Israel 11 3408 15 172370 170645 16 10

Values are presented as meanzstandard deviation unless otherwise indicated.

CPP, central precocious puberty; GnRHa, gonadotropin-releasing hormone agonist; BA, bone age; CA, chronological age; FAH, final adult height; TH, target height; PAH, predicted

adult height.
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Previous studies have indicated a reduction in BA-CA
in patients with CPP during GnRHa treatment [8-10,15-
18]. A Korean study reported a narrowing of the BA-CA
difference by 1.3 years during a 2.9-year course of
GnRHa treatment, administered to 20 male patients
with CPP [9]. The present study also demonstrated that
GnRHa treatment resulted in a 1.1-year delay in BA-CA,
thereby substantiating the efficacy of GnRHa in inhibi-
ting bone maturation in male patients with CPP. Inhibi-
tion of bone maturation and premature osseous fusion
is beneficial for FAH because it extends the growth
period.

In the present study, FAH was found to be taller by 1.2+
5.9 cm compared to the TH. Two studies, each including
20 male CPP patients treated with GnRHa, found FAH
values 2.5 cm and 2.0 cm greater than TH, respectively
[9,10].

PAH was increased by 1.3+4.9 cm after GnRHa treat-
ment in our study. A 4.3 cm and 2.8 cm increase in PAH
was observed in 20 male CPP patients after GnRHa
treatment in 2 studies [9,10]. An Israeli study of 11 male
CPP patients treated with GnRHa for 34 years, found
that PAH after GnRHa treatment was 1.0 cm greater
than before [19]. In particular, the deviation of total
height gain can depend on the method of height predic-
tion (for example, the Bayley and Pinneau method), the
retrospective nature of the study, regional differences in
practices, the use of more liberal criteria to initiate
GnRHa treatment, and different intervals between the
onset of puberty and start of treatment in the participa-
ting countries [20]. In our study, PAH before and after
GnRHa treatment was found to be greater when com-
pared to FAH and TH. It is well known that when predic-
ting adult heights via the BP method, the prediction
may overestimate FAH in pediatric patients [21,22].

In this study, patients were grouped according to the
age at which treatment was initiated, either before or
after 9 years. Although there was no significant diffe-
rence in FAH-TH, the posttreatment FAH in patients
who started GnRHa before the age of 9 was increased by
an average of 4.2 cm compared to those who started
after 9. In a previous study [7], the boys who started
treatment before the age of 6 years had a significantly
better height gain in comparison with those who started
after that age (12.5 cm vs. 2.3 cm), but final height was
not significantly different between the 2 groups, and
both reached their genetic target (174.1 cm vs. 171.8 cm).
In a study by Paul et al. [17], male CPP patients treated
with GnRHa were divided into groups before and after
the age of 5 and compared. The results demonstrated
that male CPP patients who initiated GnRHa treatment

Cho KW, et al. « FAH in male patients with CPP after GnRHa treatment

before 5 years exhibited an increase in PAH of 11.1 cm
after treatment, whereas those who began treatment
after the age of 5 demonstrated a 6.0 cm increase in
PAH. In a recent meta-analysis of female CPP patients
treated with GnRHa, those with an average increase of
5.1 cm started treatment before the age of 8 years, but
those with an average increase of 2.5 cm started treat-
ment after the age of 8 years [23].

The synthetic GnRH analog, triptorelin, is characte-
rized by the substitution of D-tryptophan for L-glycine
at the sixth position. This alteration expands the plasma
half-life and increases its effectiveness by improving
resistance to enzymatic degradation and affinity for the
pituitary receptor. Leuprolide is a synthetic nonapep-
tide analog of naturally occurring GnRH and is more
potent than the natural hormone. There is a lack of
comparative studies evaluating the effectiveness of vari-
ous formulations, specifically concerning treatment
completion [24]. No significant differences were obser-
ved between the triptorelin- and leuprolide-treated
groups in the present study. The 2 analogs show similar
effects in girls with CPP [24-26]. However, in another
study involving girls with CPP, triptorelin treatment
suppressed gonadotropins slightly more effectively than
leuprolide acetate treatment and increased FAH to over
the initial PAH [26].

The findings of this study indicate a positive correla-
tion between PAH SDS before treatment with the FAH-
TH. Conversely, a negative correlation was identified
between the testosterone level before treatment and
FAH-TH. When comparing FAH SDS - height SDS before
treatment with multiple factors, treatment duration and
TH were positively associated, whereas weight SDS, BA-
CA difference, and testis size before GnRHa treatment
were negatively correlated. PAH at the end of treatment
and TH were factors influencing FAH in a previous
Korean study with male patients with CPP [8,9]. Rizzo et
al. [27] reported that factors influencing FAH after
GnRHa treatment in boys identified TH and height at
the end of treatment as important predictive factors. In
a Japanese study [28], height gain was positively correla-
ted with mean growth velocity and BA change during
GnRHa treatment and negatively correlated with BA
and CA before GnRHa treatment.

This study has some limitations. The single-country,
single-center, and retrospective study design is a limita-
tion. Another limitation is the absence of a control
group of untreated patients. Nevertheless, this study
had the largest number of patients compared to previ-
ous studies, and our study will inform future clinical
applications for a growing number of male patients with
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CPP.

In conclusion, GnRHa improved FAH and inhibited
bone maturation in male patients with CPP. The greater
PAH SDS before GnRHa treatment, TH, and longer
GnRHa treatment duration were found to correspond
with greater FAH. Conversely, the higher testosterone
level, greater weight SDS, BA-CA difference, and testis
size before GnRHa treatment were associated with
smaller FAH.
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