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Few studies have investigated the long-term effects of gonadotropin-releasing hormone
(GnRH) agonist treatment on the reproductive function of central precocious puberty (CPP)
girls. In this cross-sectional study, we assessed the ovarian function by analyzing the serum
anti-Müllerian hormone (AMH) levels of CPP girls. Our study included 505 CPP girls
subdivided into 5 groups according to the GnRH agonist treatment stage: group A (before
treatment, n = 98), group B (3 months after initiation, n = 103), group C (12 months after
initiation, n = 101), group D (24 months after initiation, n = 101), and group E (6 months
after discontinuation, n = 102). We compared the serum AMH levels of the CPP girls with
those of 100 bone age-matched controls (before treatment: n = 55; after discontinuation:
n = 45). At baseline, the mean AMH level of the CPP girls was 5.9 ± 3.6 ng/mL. The mean
AMH level after 3 months of the GnRH agonist treatment was lower (4.7 ± 3.2 ng/mL,
P = 0.047) than that at baseline and recovered after 12 months of treatment. Six months
after discontinuation, the AMH levels were similar to those at pre-treatment. Before and
after the GnRH agonist treatment, the AMH levels were similar to those of the bone agematched controls. In the precocious puberty girls, the AMH levels based on the GnRH
agonist treatment stage were all within the normal reference range. The results of this
study suggest that GnRH agonist treatment has no adverse effects on the reproductive
function.
Keywords: Puberty, Precocious; Gonadotropin-Releasing Hormone Agonist;
Anti-Müllerian Hormone; Ovarian Reserve

INTRODUCTION
Central precocious puberty (CPP) in girls is related to multiple
problems, including inappropriate behavior, teenage pregnancy, and compromised final height due to early epiphyseal fusion (1,2). The gonadotropin-releasing hormone (GnRH) agonist is the treatment of choice for CPP, and it constantly binds to
the GnRH receptor of the pituitary gland.
With the downward secular trend in pubertal timing, the number of girls diagnosed with CPP increases yearly (3). There have
also been rising concerns about the potential long-term complications from treatment. A number of studies have investigated the final outcomes of GnRH agonist treatment on factors, such
as the final adult height and the age of menarche (4-6). However, few studies have investigated the possible effects of GnRH
agonist treatment on the reproductive function of CPP girls during the treatment period. Ovarian reserve is measured by conventional tests, such as estradiol (E2), basal luteinizing hormone
(LH), follicle-stimulating hormone (FSH), and ultrasonography.
Serum anti-Müllerian hormone (AMH) is an emerging marker
for follicle reserve because of its low fluctuation and high availability (7).

Therefore, we aimed to assess the ovarian function by analyzing the serum AMH levels of CPP girls according to the GnRH
agonist treatment stage cross-sectionally. We also compared
the serum AMH levels in CPP girls with those of normal controls at the treatment initiation point and at follow-up after discontinuation.

MATERIALS AND METHODS
Subjects
We reviewed the records of 505 CPP girls who visited the Pediatric Endocrinology Clinic of Korea University Hospital between
May 2012 and September 2015 for the evaluation of early pubertal signs. CPP was diagnosed based on the appearance of
breast budding before the age of 8 years and bone age advancement, together with a pubertal peak LH level ≥ 5 IU/L before
the age of 9 years. The girls were treated with a long-acting GnRH
agonist (3.75 mg of leuprolide acetate) every 4 weeks. We subdivided the CPP girls into 5 groups based on the GnRH agonist
treatment stage: group A (before treatment, n = 98), group B (3
months after initiation, n = 103), group C (12 months after initiation, n = 101), group D (24 months after initiation, n = 101),
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and group E (6 months after discontinuation, n = 102).
To assess whether the AMH levels were affected by the GnRH
agonist treatment, we included 100 healthy girls as control subjects. The bone age-matched healthy girls were subdivided into
2 groups: control group 1 (before treatment, n = 55) and control
group 2 (after discontinuation, n = 45).
Methods
We retrospectively reviewed the chronological age, bone age,
height, weight, and body mass index (BMI, kg/m2) at the initial
GnRH stimulation test, as well as the laboratory profiles. The
height, body weight, and BMI were expressed as standard deviation scores (SDSs) from those of Korean girls of the same chronological age.
The serum concentrations of the basal LH and FSH were measured with an immunofluorimetric assay kit (DIAsource immunoassay, Louvain-la-Neuve, Belgium). The E2 level was measured using a radioimmunoassay kit (Siemens, Camberley, UK)
and the insulin-like growth factor-I (IGF-I) level was measured
with a double antibody immunoradiometric assay kit (Immunotech, Marseille, France).
For the AMH assay, the blood samples were centrifuged (2,330
× g for 7 minutes) within 30 minutes, and the serum was stored
at 2°C–8°C within 24 hours until analysis. The serum AMH levels were measured with the AMH Gen II enzyme-linked immunosorbent assay kit (Beckman Coulter Inc., Brea, CA, USA). The
intra-assay and inter-assay variation coefficients were less than
3.7% and 4.4%, respectively, and the lower detection limit was
0.08 ng/mL. The normal reference range of AMH level is 2.2–6.8
ng/mL based on the data of young women aged 20–31 years (8,9).
Statistical analysis
The SPSS software version 20.0 (IBM Co., Armonk, NY, USA) was

used for the statistical analyses. Independent t-test and MannWhitney test were performed for comparison of the 2 groups.
One-way analysis of variance (ANOVA) and repeated measures
ANOVA were conducted to compare the clinical and biochemical parameters of the groups. The χ2 test was used to assess the
proportion of normal AMH levels. Pearson’s correlation coefficients were calculated to evaluate the relationship between the
AMH levels and other factors. All the data were expressed as
mean ± standard deviation (SD), and a P value < 0.05 was considered statistically significant.
Ethics statement
The present study protocol was reviewed and approved by the
Institutional Review Board of Korea University Hospital (IRB
number: KUGH15219). Informed consents were waived by the
board because the data in this study were collected retrospectively.

RESULTS
Clinical and biochemical characteristics of CPP girls
according to stage of GnRH agonist treatment
The mean chronological age of group A was 8.4 ± 0.7 years, and
the mean bone age was 9.9 ± 0.6 years. The height SDS, body
weight SDS, and mean BMI SDS were 1.0 ± 0.7, 0.8 ± 0.9, and
0.4 ± 0.9, respectively. The mean chronological age of group E
was 11.8 ± 0.6 years, and the mean bone age was 12.7 ± 0.4 years.
The height SDS significantly decreased to 0.7 ± 0.9 (P = 0.036 as
compared with group B), while the body weight SDS and mean
BMI SDS were 0.6 ± 0.9 and 0.4 ± 1.0, respectively (Table 1).
The mean AMH level of group A was 5.9 ± 3.6 ng/mL. The
mean AMH level of group B was lower (4.7 ± 3.2 ng/mL, P = 0.047
as compared with group A), and this reduction in the AMH lev-

Table 1. Clinical and biochemical characteristics of CPP girls according to stage of GnRH agonist treatment
Characteristics

Group (stage of treatment)
A (before treatment)

B (3 mon)

C (12 mon)

98
8.4 ± 0.5
9.9 ± 0.6
1.0 ± 0.7
0.8 ± 0.9
0.4 ± 0.9
5.9 ± 3.6
7.9 ± 1.4
0.4 ± 0.6
3.5 ± 2.5
278.7 ± 77.4

103
8.6 ± 0.5
1.0 ± 0.8
0.7 ± 0.8
0.1 ± 0.8
4.7 ± 3.2*
6.0 ± 2.1
1.1 ± 1.0*
2.5 ± 3.0
297.9 ± 80.8

101
9.4 ± 0.7*,†
10.9 ± 0.8*,†
0.9 ± 0.7
0.7 ± 0.8
0.2 ± 0.8
4.9 ± 3.1
7.9 ± 6.8
0.9 ± 1.2
3.0 ± 3.0
327.9 ± 98.8*

No.
Chronological age, yr
Bone age, yr
Height SDS
Weight SDS
BMI SDS
AMH, ng/mL
E2, pg/mL
LH, mIU/mL
FSH, mIU/mL
IGF-I, ng/mL

D (24 mon)
101
10.3 ± 1.5*,†,‡
11.5 ± 0.9*,†,‡
0.8 ± 0.8
0.7 ± 0.7
0.4 ± 0.8
5.5 ± 3.0
5.7 ± 1.9
0.9 ± 1.0
3.1 ± 1.7
367.7 ± 120.2*,†

E (after discontinuation)
102
11.8 ± 0.6 *,†,‡,§
12.7 ± 0.4*,†,‡,§
0.7 ± 0.9†
0.6 ± 0.9
0.4 ± 1.0
5.1 ± 3.3
12.6 ± 15.2*,†,‡,§
4.7 ± 3.5*,†,‡,§
4.6 ± 1.6*,†,‡,§
499.1 ± 148.5*,†,‡,§

P value
< 0.001ll
< 0.001ll
0.022ll
0.772
0.078
0.041ll
< 0.001ll
< 0.001ll
< 0.001ll
< 0.001ll

Data are presented as mean ± SD.
CPP = central precocious puberty, GnRH = gonadotropin-releasing hormone, SDS = standard deviation score, BMI = body mass index, AMH = anti-Müllerian hormone, E2 = estra
diol, LH = luteinizing hormone, FSH = follicle-stimulating hormone, IGF-I = insulin-like growth factor-I, SD = standard deviation, ANOVA = analysis of variance.
Each marks means significant differences between groups as determined by Tukey’s multiple comparison test; *P < 0.05 compared with group A; †P < 0.05 compared with
group B; ‡P < 0.05 compared with group C; §P < 0.05 compared with group D; llP < 0.05 by one-way ANOVA.
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Table 2. Comparison with normal controls before GnRH agonist treatment and after discontinuation of treatment
Before treatment
Parameters
Chronological age, yr
Bone age, yr
Height SDS
Weight SDS
BMI SDS
AMH, ng/mL
E2, pg/mL
LH, mIU/mL
FSH, mIU/mL
IGF-I, ng/mL

CPP group A
(n = 98)

6 months after discontinuation

Control group 1
(n = 55)

8.4 ± 0.5
9.9 ± 0.6
1.0 ± 0.7
0.8 ± 0.9
0.4 ± 0.9
5.9 ± 3.6
7.9 ± 1.4
0.4 ± 0.6
3.5 ± 2.5
278.7 ± 77.4

9.4 ± 0.5
9.8 ± 0.4
0.1 ± 1.1
0.2 ± 1.1
0.3 ± 1.1
5.4 ± 3.7
5.4 ± 2.0
0.3 ± 0.4
2.3 ± 1.3
259.8 ± 92.1

P value

CPP group E
(n = 102)

Control group 2
(n = 45)

P value

< 0.001*
0.185
< 0.001*
0.001*
0.603
0.419
< 0.001*
0.952
0.001*
0.179

11.8 ± 0.6
12.7 ± 0.4
0.7 ± 0.9
0.6 ± 0.9
0.4 ± 1.0
5.1 ± 3.3
12.6 ± 15.2
4.7 ± 3.5
4.6 ± 1.6
499.1 ± 148.5

12.6 ± 0.7
12.7 ± 0.5
0.5 ± 1.0
0.4 ± 1.0
0.3 ± 1.0
5.0 ± 3.1
14.6 ± 7.8
5.7 ± 3.8
5.1 ± 2.0
465.0 ± 196.4

< 0.001*
0.868
0.118
0.111
0.568
0.834
0.504
0.163
0.176
0.375

Data are presented as mean ± SD.
GnRH = gonadotropin-releasing hormone, CPP = central precocious puberty, SDS = standard deviation score, BMI = body mass index, AMH = anti-Müllerian hormone, E2 =
estradiol, LH = luteinizing hormone, FSH = follicle-stimulating hormone, IGF-I = insulin-like growth factor-I, SD = standard deviation.
*P < 0.05.
Table 3. Comparison in proportion of AMH range among CPP girls, control group 1,
and control group 2
Group
AMH range
Lower than normal ( < 2.2 ng/mL)
Normal range (2.2–6.8 ng/mL)
Higher than normal ( ≥ 6.8 ng/mL)

CPP
girls

Control
group 1

Control
group 2

76 (15.0) 299 (59.2) 130 (25.7)
8 (14.5) 32 (58.2) 15 (27.3)
7 (16.0) 27 (60.0) 11 (24.4)

P value
0.999
-

Data are presented as number (%); P value was obtained by χ2 test.
AMH = anti-Müllerian hormone, CPP = central precocious puberty.

el diminished after 12 months and 24 months of treatment (4.9
± 3.1 ng/mL, P = 0.176 and 5.5 ± 3.0 ng/mL, P = 0.937 as compared with group A, respectively). Six months after discontinuation of the GnRH agonist treatment, the AMH levels were similar to those at pre-treatment (5.1 ± 3.3 ng/mL, P = 0.075). The
mean AMH levels were all within the normal reference range
(2.2–6.8 ng/mL). The E2, LH, FSH, and IGF-I levels were also significantly higher in group E (P < 0.001 as compared with group
A, group B, group C, and group D) (Table 1).
Comparison with normal controls before treatment and
after discontinuation of GnRH agonist treatment
Before initiation of the GnRH agonist treatment, the chronological age of the CPP group A was lower (8.4 ± 0.5 years vs. 9.4 ± 0.5
years, P < 0.001), and both their height SDS and weight SDS were
higher (1.0 ± 0.7 years vs. 0.1 ± 1.1 years, P < 0.001 and 0.8 ± 0.9
years vs. 0.2 ± 1.1 years, P = 0.001, respectively). However, their
bone age and BMI SDS were similar to those of the girls in normal
control group 1. Six months after discontinuation of the GnRH
agonist treatment, the chronological age of the CPP group E was
lower (11.8 ± 0.6 years vs. 12.6 ± 0.7 years, P < 0.001), but their
bone age, height SDS, weight SDS, and BMI SDS were similar to
those of the girls in normal control group 2 (Table 2).
The AMH levels of the CPP group A and CPP group E were
similar to those of the bone age-matched controls (5.9 ± 3.6 ng/
https://doi.org/10.3346/jkms.2017.32.3.475

mL vs. 5.4 ± 3.7 ng/mL, P = 0.419 and 5.1 ± 3.3 ng/mL vs. 5.0 ± 3.1
ng/mL, P = 0.834, respectively). The E2, LH, FSH, and IGF-I levels 6 months after discontinuation were also similar to those of
the girls in control group 2 (Table 2). No difference in the proportion of AMH range (lower than normal, normal, and higher
than normal) was observed among CPP girls, control group 1,
and control group 2 (P = 0.999) (Table 3).
Correlation between AMH level and other factors
A univariate analysis was performed using a simple linear regression to examine the correlation between the AMH level and
other factors. At baseline, the AMH level was negatively correlated with the FSH level (r = −0.264, P = 0.009). No correlation
was found during the treatment or at 6 months after discontinuation of the GnRH agonist treatment (3 months: r = 0.016, P =
0.873; 12 months: r = −0.018, P = 0.857; 24 months: r = −0.102,
P = 0.321; 6 months after discontinuation: r = −0.157, P = 0.110).
The AMH level did not correlate with the chronological age, bone
age, height SDS, weight SDS, BMI SDS, E2 level, LH level, or IGFI level (data not shown).

DISCUSSION
This cross-sectional study evaluated the possible effects of GnRH
agonist treatment on the ovarian function by examining the serum AMH levels of CPP girls. The results showed that the mean
AMH level after 3 months of GnRH agonist treatment was lower
than that at baseline. This reduction in the AMH level diminished
after 12 months of treatment. Six months after discontinuation
of the GnRH agonist treatment, the AMH levels were similar to
those at pre-treatment. Before and after treatment, the AMH levels of the CPP girls were similar to those of their bone age-matched
controls.
Besides compromised final adult height, CPP causes inconsistencies between physical and psychological development.
http://jkms.org  477
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According to the “8th Korea Youth Risk Behavior” web-based
survey, early menarche is strongly associated with early sexual
intercourse and teenage pregnancies (10).
The GnRH agonist is the treatment of choice for CPP. Although
it is considered effective and well-tolerated, the potential longterm complications of GnRH agonist treatment remain controversial (11). For example, it is unclear whether polycystic ovarian syndrome is caused by the premature adrenarche that presents at the onset of CPP, or whether it is a side effect of GnRH
agonist treatment (12,13). Several studies have reported that the
ages of menarche in treated CPP girls were similar to those of
normal healthy girls, and that GnRH agonist-treated patients
experienced regular menstrual cycles (4,14-16).
With the increasing number of girls diagnosed with CPP, concerns about the potential long-term complications at the time
of diagnosis and during the subsequent period of GnRH agonist treatment have also increased. However, few studies have
investigated the presence and use of markers that may indicate
the possible effects of the treatment on the reproductive function. This study assessed the ovarian function by analyzing the
AMH levels before, during, and after GnRH agonist treatment.
As the ovarian function cannot be measured directly, several
serum markers or ultrasound parameters have been used instead
(17). The AMH was discovered by Alfred Jost in the 1940s and has
been serving as a biomarker of the ovarian reserve since 2002
(18,19). AMH is only produced in the granulosa cells; thus, its
level is likely to present a high specificity and sensitivity in reflecting the presence of ovaries (20).
The AMH levels increase temporarily immediately after birth
up to 3 months of age. Further increases are then detected at 4
years of age and around puberty. After puberty, the AMH levels
remain relatively stable until early adulthood (21). The serum
AMH levels decrease with older age, increasing BMI, and gonadotropin administration (17,22,23). In a recent study of 13
CPP girls and 2 early puberty girls, the partial reduction of the
AMH level by a GnRH agonist treatment suggested a partial gonadotropin dependence of the AMH (24).
While other studies only included a comparison of the results
with those of normal controls at baseline, we also included a
comparison with normal controls after discontinuation of the
treatment. In this study, the AMH levels returned to pre-treatment levels after discontinuation of the GnRH agonist treatment,
and the mean AMH levels during the treatment were all within
the normal reference range. We did not find a significant difference between the AMH levels of the CPP girls and those of the
bone age-matched healthy girls at baseline or after discontinuation of the treatment.
Although the AMH levels remain stable throughout childhood
and adolescence, cross-sectional analyses and longitudinal data
have shown modest late pre-pubertal peaks and a slight decline
in the first 2 years after the pubertal onset in healthy girls (25-
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27). The mechanism underlying this decline has not been identified. However, it may be explained by the progression of the
preantral and small antral follicles to the antral follicles, which
do not produce AMH at the onset of puberty (23). The slight decrease in AMH levels observed in this study could be explained
by the coincidence of the pubertal onset rather than by the suppressive effects of the GnRH agonist treatment.
FSH plays a role in AMH regulation. Several studies have found
an inverse association between the AMH and FSH levels (25,28).
In this study, the AMH level was only negatively correlated with
the FSH level before the GnRH agonist treatment. The changes
in the AMH levels did not correlate with the changes in the gonadotropin or E2 levels during or after treatment. One explanation for this result may be that the AMH levels decrease at the
time of hypothalamus-pituitary-ovarian axis activation.
The application of AMH has some limitations in clinical practice. While AMH is a good predictor of the ovum supply, it may
not predict the ovum quality. Nevertheless, our study was significant in demonstrating that no differences were found in the
AMH levels of CPP girls and normal controls after discontinuation of the GnRH agonist treatment. As this was a cross-sectional study, inter-individual variations may have been possible. Therefore, further longitudinal studies are needed.
In conclusion, the AMH levels of CPP girls were partially reduced at the early stage of the GnRH agonist treatment, but returned to pre-treatment levels after discontinuation of the treatment. All of the AMH levels according to the GnRH agonist treatment stages were within the reference range. There was no evidence to suggest any adverse effects of GnRH agonist treatment
on the reproductive function.

DISCLOSURE
The authors have no potential conflicts of interest to disclose.

AUTHOR CONTRIBUTION
Conceptualization: Nam HK, Lee KH. Data curation: Nam HK,
Kim HR, Rhie YJ, Lee KH. Writing - original draft: Nam HK. Writing - review & editing: Nam HK, Kim HR, Rhie YJ, Lee KH.

ORCID
Hyo-Kyoung Nam http://orcid.org/0000-0003-1512-2062
Hye Ryun Kim http://orcid.org/0000-0002-6199-3654
Young-Jun Rhie http://orcid.org/0000-0002-1250-6469
Kee-Hyoung Lee http://orcid.org/0000-0002-4319-9019

REFERENCES
1. Brauner R, Adan L, Malandry F, Zantleifer D. Adult height in girls with id-

https://doi.org/10.3346/jkms.2017.32.3.475

Nam H-K, et al. • Anti-Müllerian Hormone Levels in Precocious Puberty Girls
iopathic true precocious puberty. J Clin Endocrinol Metab 1994; 79: 41520.

tion of gonadotropin-suppressive therapy in girls with central sexual precocity. J Clin Endocrinol Metab 2007; 92: 3483-9.

2. Mrug S, Elliott M, Gilliland MJ, Grunbaum JA, Tortolero SR, Cuccaro P,

15. Pasquino AM, Pucarelli I, Accardo F, Demiraj V, Segni M, Di Nardo R. Long-

Schuster M. Positive parenting and early puberty in girls: protective ef-

term observation of 87 girls with idiopathic central precocious puberty

fects against aggressive behavior. Arch Pediatr Adolesc Med 2008; 162:

treated with gonadotropin-releasing hormone analogs: impact on adult

781-6.

height, body mass index, bone mineral content, and reproductive func-

3. Na JM, Lee YJ, Kim MS, Lee DY, Yeo CY, Kim CJ, Kim JD, Kim EY. Causes
of precocious puberty: multicenter study in Honam area. J Korean Soc
Pediatr Endocrinol 2009; 14: 30-7.
4. Baek JW, Nam HK, Jin D, Oh YJ, Rhie YJ, Lee KH. Age of menarche and
near adult height after long-term gonadotropin-releasing hormone agonist treatment in girls with central precocious puberty. Ann Pediatr Endocrinol Metab 2014; 19: 27-31.
5. Paul D, Conte FA, Grumbach MM, Kaplan SL. Long-term effect of gonadotropin-releasing hormone agonist therapy on final and near-final height
in 26 children with true precocious puberty treated at a median age of
less than 5 years. J Clin Endocrinol Metab 1995; 80: 546-51.
6. Poomthavorn P, Suphasit R, Mahachoklertwattana P. Adult height, body
mass index and time of menarche of girls with idiopathic central precocious puberty after gonadotropin-releasing hormone analogue treatment.
Gynecol Endocrinol 2011; 27: 524-8.

tion. J Clin Endocrinol Metab 2008; 93: 190-5.
16. Heger S, Müller M, Ranke M, Schwarz HP, Waldhauser F, Partsch CJ, Sippell WG. Long-term GnRH agonist treatment for female central precoci
ous puberty does not impair reproductive function. Mol Cell Endocrinol
2006; 254-255: 217-20.
17. Peluso C, Fonseca FL, Rodart IF, Cavalcanti V, Gastaldo G, Christofolini
DM, Barbosa CP, Bianco B. AMH: an ovarian reserve biomarker in assisted reproduction. Clin Chim Acta 2014; 437: 175-82.
18. Jost A. Problems of fetal endocrinology: the gonadal and hypophyseal hormones. Recent Prog Horm Res 1953; 8: 379-418.
19. Visser JA, Themmen AP. Anti-Müllerian hormone and folliculogenesis.
Mol Cell Endocrinol 2005; 234: 81-6.
20. Durlinger AL, Visser JA, Themmen AP. Regulation of ovarian function: the
role of anti-Müllerian hormone. Reproduction 2002; 124: 601-9.
21. Hagen CP, Aksglaede L, Sørensen K, Main KM, Boas M, Cleemann L, Holm

7. Choi MH, Yoo JH, Kim HO, Cha SH, Park CW, Yang KM, Song IO, Koong

K, Gravholt CH, Andersson AM, Pedersen AT, et al. Serum levels of anti-

MK, Kang IS. Serum anti-Müllerian hormone levels as a predictor of the

Müllerian hormone as a marker of ovarian function in 926 healthy females

ovarian response and IVF outcomes. Clin Exp Reprod Med 2011; 38: 153-8.

from birth to adulthood and in 172 Turner syndrome patients. J Clin En-

8. Parco S, Novelli C, Vascotto F, Princi T. Serum anti-Müllerian hormone as
a predictive marker of polycystic ovarian syndrome. Int J Gen Med 2011;
4: 759-63.
9. Yoo JH, Kim HO, Cha SW, Park CW, Yang KM, Song IO, Koong MK, Kang
IS. Age specific serum anti-Müllerian hormone levels in 1,298 Korean women with regular menstruation. Clin Exp Reprod Med 2011; 38: 93-7.
10. Cheong JI, Lee CH, Park JH, Ye BJ, Kwon KA, Lee YS, Yoo JH. The effect of
early menarche on the sexual behaviors of Korean female adolescents.
Ann Pediatr Endocrinol Metab 2015; 20: 130-5.
11. Kim EY. Long-term effects of gonadotropin-releasing hormone analogs
in girls with central precocious puberty. Korean J Pediatr 2015; 58: 1-7.
12. Chiavaroli V, Liberati M, D’Antonio F, Masuccio F, Capanna R, Verrotti A,
Chiarelli F, Mohn A. GNRH analog therapy in girls with early puberty is

docrinol Metab 2010; 95: 5003-10.
22. Su HI, Maas K, Sluss PM, Chang RJ, Hall JE, Joffe H. The impact of depot
GnRH agonist on AMH levels in healthy reproductive-aged women. J Clin
Endocrinol Metab 2013; 98: E1961-6.
23. Broekmans FJ, Visser JA, Laven JS, Broer SL, Themmen AP, Fauser BC.
Anti-Müllerian hormone and ovarian dysfunction. Trends Endocrinol
Metab 2008; 19: 340-7.
24. Hagen CP, Sørensen K, Anderson RA, Juul A. Serum levels of antimüllerian hormone in early maturing girls before, during, and after suppression
with GnRH agonist. Fertil Steril 2012; 98: 1326-30.
25. Jeffery A, Streeter AJ, Hosking J, Wilkin TJ, Nelson SM. Anti-Müllerian hormone in children: a ten-year prospective longitudinal study (EarlyBird
39). J Pediatr Endocrinol Metab 2015; 28: 1153-62.

associated with the achievement of predicted final height but also with

26. Hagen CP, Aksglaede L, Sørensen K, Mouritsen A, Andersson AM, Peters-

increased risk of polycystic ovary syndrome. Eur J Endocrinol 2010; 163:

en JH, Main KM, Juul A. Individual serum levels of anti-Müllerian hormone

55-62.

in healthy girls persist through childhood and adolescence: a longitudi-

13. Magiakou MA, Manousaki D, Papadaki M, Hadjidakis D, Levidou G, Vakaki M, Papaefstathiou A, Lalioti N, Kanaka-Gantenbein C, Piaditis G, et al.

nal cohort study. Hum Reprod 2012; 27: 861-6.
27. Lashen H, Dunger DB, Ness A, Ong KK. Peripubertal changes in circulat-

The efficacy and safety of gonadotropin-releasing hormone analog treat-

ing antimüllerian hormone levels in girls. Fertil Steril 2013; 99: 2071-5.

ment in childhood and adolescence: a single center, long-term follow-up

28. Sahin NM, Kinik ST, Tekindal MA, Bayraktar N. AMH levels at central pre-

study. J Clin Endocrinol Metab 2010; 95: 109-17.
14. Lazar L, Padoa A, Phillip M. Growth pattern and final height after cessa-

https://doi.org/10.3346/jkms.2017.32.3.475

cocious puberty and premature thelarche: is it a parameter? J Pediatr Endocrinol Metab 2015; 28: 1351-6.

http://jkms.org  479

