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Background: Gonadotropin-releasing hormone analog (GnRHa) is the mainstream treatment for central 
precocious puberty (CPP). However, its effect on the ovarian reserve in CPP girls remains unclear. This 
study was designed to analyze the changes of ovarian reserve in CPP girls during and after GnRHa therapy, 
with an attempt to achieve the early prediction of the effect of GnRHa treatment on the reproductive 
function of CPP girls, eliminate the concerns of girls and their parents on the potential toxicities of GnRHa 
treatment, and improve the patients’ adherence to treatment.
Methods: The clinical data of 383 CPP girls who had been treated with GnRHa for more than half a 
year in our hospital within the past 10 years were retrospectively analyzed. The serum luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), FSH/LH, estradiol (E2), and anti-Müllerian hormone (AMH) 
levels, as well as uterine and ovarian volumes, were measured before treatment, at various time points during 
treatment, and after menarche or resumption of menses (ROM) after treatment discontinuation.
Results: GnRHa treatment had similar effects on uterine/ovarian volumes, LH, FSH, and E2: these 
indicators were significantly inhibited during the treatment (compared with the pre-treatment levels), 
gradually returned normal after drug withdrawal, and became significantly higher than the pre-treatment 
levels after menarche or ROM (both P<0.05 for LH and FSH levels and P>0.05 for E2 and uterine/ovarian 
volumes). AMH level transiently decreased 6 months after GnRHa treatment (2.70±1.76 vs. 3.56±2.21, 
t=3.227, P=0.001); however, the AMH levels after 12, 18, and 24 months of treatment were similar to the 
pre-treatment level (P>0.05). The FSH/LH ratio significantly increased after 12 months of treatment 
compared with the pre-treatment (P<0.05), and the FSH/LH ratio after menarche or ROM was significantly 
lower than the pre-treatment value (1.34±0.66 vs. 5.69± 6.85, t=3.068, P=0.006). When FSH/LH and FSH 
level were used to reflect the ovarian reserve, the proportion of CPP girls with normal ovarian reserve after 
menarche or ROM was higher than at pre-treatment (FSH/LH ratio: 100% vs. 46%, χ2=27.586, P<0.05; 
FSH level: 100% vs. 99%, P>0.05). When AMH level was used to reflect the ovarian reserve, the proportion 
of CPP girls with normal ovarian reserve after menarche or ROM was slightly lower than at pre-treatment 
(87% vs. 93%, P>0.05).
Conclusions: The ovarian reserve of CPP girls is somehow inhibited during GnRHa treatment but is 
gradually restored after drug discontinuation. Thus, GnRHa treatment does not affect ovarian reserve in 
CPP children after the treatment stops.
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Introduction

The frequency and onset of precocious puberty (PP) rises 
annually over recent years, with changes in diets and living 
conditions. PP not only influences adult children’s height but 
may also be linked with adulthood diabetes, hypertension 
and some adult malignancies. In some situations, PP may 
contribute to psychosocial problems (1) and even crime 
contributing to mental, physical, and financial pressures on 
pediatric patients, parents, and the entire society.

Based on the activation of the hypothalamic-pituitary-
gonadal axis (HPGA), two types of PP are recognized: central 
precocious puberty (CPP) and peripheral precocious puberty 
(PPP) (2). The prevalence of CPP is 10 times higher in girls 
than in boys (3), and most cases are idiopathic.

Standard treatment of CPP is based on postponement of 
skeletal maturation by blockade of pubertal development, 
so as to improve the final height in adulthood, help 
children and their families handle stress, and restore the 
psychological behaviors consistent with the chronological 
age of the children; also, these efforts may relieve 
employment pressure and prevent the occurrence of 
psychosocial problems. Gonadotropin-releasing hormone 
analog (GnRHa), including leuprorelin and triptorelin, is 
the mainstream treatment for CPP.

Many studies (4-6) have demonstrated that GnRHa 
treatment can effectively increase the final height of CPP 
girls in adulthood; however, few pieces of literature have 
investigated whether GnRHa treatment will ultimately 
affect the children’s reproductive function and whether 
the early prediction of children’s reproductive function is 
possible. It is currently believed that ovarian reserve is a 
good indicator of female reproductive function. It mainly 
refers to the ability of primordial follicles in the ovarian 
cortex to develop into fertilizable oocytes and is assessed in 
terms of the number of the follicles remaining in the ovary 
and the quality of ovum (7). At present, the commonly 
used measures of ovarian reserve include serum luteinizing 
hormone (LH), follicle-stimulating hormone (FSH),  
FSH/LH, estradiol (E2), progesterone (P), inhibin B 
(INH B), anti-Müllerian hormone (AMH), uterine volume 
(Vuv), antral follicle count (AFC), ovarian volume (Vov), 
mean ovarian diameter, and ovarian stromal blood flow 
(8,9). The diagnosis criteria of diminished ovarian reserve 
(DOR) include: (I) a basal FSH level of >12 IU/L suggests 
decreased ovarian reserve (10); (II) FSH/LH >3 is used as a 
marker of declined ovarian reserve (11); (III) normal FSH 
level but elevated basal E2 level (>60–80 pg/mL) in the early 

follicular phase suggests a decrease in ovarian reserve (12); 
(IV) optimal reproductive function: serum AMH increases 
from birth up to 18 years, within the range of 4–6.8 ng/mL;  
suboptimal reproductive function: serum AMH level is  
2.2–4 ng/mL (12); and poor ovarian response: AMH is  
<1.1 ng/mL (13); (V) Vuv and Vov: it is believed Vuv should 
be <3.0 mL and Vov <2.0 mL in prepubertal ages. Girls are 
entering puberty when unilateral Vov is ≥1–3 mL, along 
with 4 or more follicles sized ≥4 mm, and uterine length is 
>3.4–4.0 cm (14).

AMH is the earliest substance produced in follicles that 
can be detected in peripheral blood, and its change is earlier 
than the changes of other blood biomarkers; thus, it allows 
the prediction of changes in ovarian reserve in an earlier and 
more accurate manner (15,16). Many studies have reported 
that AMH is less affected by other factors, and its secretion 
is relatively stable, mainly changing with age. With higher 
specificity and sensitivity than other indicators, AMH has 
become a reliable marker for ovarian reserve (16-19).

This study was designed to retrospectively collect clinical 
data including serum LH, FSH, LH/FSH, E2, and AMH 
levels, Vov, Vuv, and GnRHa dose at various time points 
from CPP girls who had received GnRHa treatment for 
more than half a year in our hospital, with an attempt to 
analyze the effect of GnRHa treatment on the ovary reserve 
in CCP girls, predict the effect of GnRHa treatment on 
the reproductive function, eliminate the concerns of girls 
and their parents on the potential toxicities, improve the 
patients’ adherence to treatment, and thus achieve the goal 
of increasing the final height in the adulthood.

Methods

Subjects

A total of 383 CPP girls received GnRHa treatment in 
our center for at least 6 months during the period between 
September 2009 and February 2019, of which 383 were 
treated with triptorelin, 130 with leuprolide. Follow-up 
was conducted in 221 patients who had discontinued the 
medical treatment. The inclusion criteria were patients who 
met the diagnostic criteria for CPP and received GnRHa 
treatment. The exclusion criteria included: (I) boys; (II) 
pediatric patients with lesions or tumors in the thyroid, 
adrenal gland, and/or other organs; and (III) patients 
who had refused to receive GnRHa treatment. The study 
protocol was reviewed and approved by the Institutional 
Review Board of Jiangsu Subei People’s Hospital. Informed 
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consents were waived by the board because the data in this 
study were collected retrospectively.

Methodology

Treatment algorithm
The initial dose of GnRHa treatment was 80–100 μg/kg 
administered every 4 weeks (maximum 3.75 mg). A simple 
GnRH stimulation test was performed 3 months later, 
during which the patient was injected with a GnRHa at the 
treatment dose, followed by the measurement of blood levels 
of LH, FSH, E2, and AMH 60 min later to learn the degree 
of HPGA suppression. Typically, an LH level of <2 U/L  
and an LH/FSH ratio of <1 indicate that the HPGA is 
suppressed in the child (20). The dose of GnRHa has 
adjusted accordingly.

Follow-up
The height, weight, secondary sexual characteristics, serum 
hormone (LH, FSH, E2, and AMH) levels, and Vuv and 
Vov were measured or observed every 3 months during the 
treatment, and the bone age was examined every 6 months. 
Serum hormone levels, changes in Vov and Vuv, and age of 
menarche or resumption of menses (ROM) were recorded 
after discontinuation.

Collection of clinical data
The clinical data including serum hormone (LH, FSH, E2, 
and AMH) levels, ovarian and uterine volumes, GnRHa 
dose, and course of treatment at baseline, after 6, 12, 18, 24, 
30, 36, 42, and 48 months of treatment, and after menarche 
or ROM were retrospectively collected. The serum levels 
of LH, FSH, E2, and AMH were analyzed with a Roche 
commercial assay kit on Cobas® e601 (Roche Diagnostics, 
Mannheim, Germany) immune-analyzer using enzyme 
chemiluminescence immunoassay technique. The lowest 
detection limit was 0.1 IU/L for LH and 18.35 pmol/L 
for E2. Mindray Resona7S color ultrasound system was 
used to measure the length, transverse diameters, and 
anteroposterior diameters of the uterus and ovary. The 
volume (mL) was calculated by using the following formula: 
length (cm) × transverse diameter (cm) × anteroposterior 
diameter (cm) ×0.5233. The assessment of bone age was 
based on the Tanner and Whitehouse method (TW3).

Statistical analysis

Data is expressed as mean ± standard deviations (χ ± SD). 

Statistical analysis was implemented by using SPSS 24.0 
software package. Pairwise comparisons of the data at 
different time points for the same subject were performed 
using a paired-sample t-test, and the Chi-square test 
was used to compare count data. A P value of <0.05 was 
considered to be significant for a comparison.

Results

Baseline ovarian reserve before treatment

This research contained 383 subjects altogether. With 
AMH ≥1.1 ng/mL as the standard for normal ovarian 
reserve, 109 of the 117 CPP girls with baseline AMH levels 
available had a basal AMH level of ≥1.1 ng/mL, and thus 
93% (109/117) of the patients were considered to have 
normal ovarian reserve at pre-treatment; with FSH/LH ≤3 
as the standard for normal ovarian reserve, 122 of 265 CPP 
girls with basal FSH/LH ratio available had an FSH/LH  
ratio of ≤3, and therefore 46% (122/265) of the patients 
were considered to have normal ovary reserve at pre-
treatment; with the basal FSH ≤12 IU/L as the standard 
for normal ovarian reserve, 262 of 265 CPP girls with basal 
FSH levels available had a basal FSH level of ≤12 IU/L, and 
therefore 99% (262/265) of the patients were considered to 
have normal ovary reserve at pre-treatment.

Effect of GnRHa on ovarian reserve during the treatment

Effect on Vuv
All the average Vuvs of CPP girls at different time points 
of GnRHa treatment were below the standard line (3 mL), 
and the Vuv gradually decreased over the treatment period, 
suggesting that GnRHa treatment was highly effective to 
arrest the uterine development at the prepubertal period. 
The Vuv was notably larger than 3ml after menarche and 
was greater than that before treatment, indicating the 
inhibitory effect of GnRHa treatment was reversible, and 
the ovarian reserve was not affected (Figure 1).

Effect on Vov
A Vov of <2 mL indicates that the hypothalamic-pituitary-
adrenal axis (HPGA) function has not been activated, and 
the girls are still in the prepubertal period. In our current 
study, the average Vov at each time point during GnRHa 
treatment was below 2 mL for all CPP girls, indicating 
that GnRHa treatment was effective in arresting ovarian 
development in the prepubertal period. The Vov was 
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notably larger than the standard line (2 mL) after menarche 
and was greater than that before treatment, indicating the 
inhibitory effect of GnRHa treatment was reversible after 
the girls entered the puberty and the ovarian reserve was 
not affected (Figure 2).

Effect on AMH
There was a transient decrease in AMH after initiation of 
GnRHa therapy. The AMH level was significantly lower 
after 6 months of treatment than pre-treatment (2.70±1.76 
vs. 3.56±2.21); however, such inhibitory effect gradually 
disappeared as the treatment continued, as the AMH levels after 
12, 18, and 24 months of treatment were similar to the pre-
treatment level (all P>0.05). According to the literature (13), and 
AMH value below the standard line (1.1 ng/mL) indicates 
a poor ovarian response. All the AMH levels were above  
1.1 ng/mL throughout the treatment despite some 
disparities at certain time points, indicating that the ovarian 
response did not decrease, and the ovarian reserve was not 
notably affected (Figure 3).

Effect on LH
Since the LH value measured after menarche is the baseline 
value, the pre-treatment basal LV level was used for 

comparisons. All the LH levels (measured after a simple 
stimulation test) throughout the treatment were lower than 
the pre-treatment peak value, and the LH level showed 
a further decline as the treatment continued, indicating 
that the HPGA was well suppressed. The LH level after 
menarche was higher than those detected at other time 
points and increased compared with the pre-treatment basal 
LH level, suggesting that the suppression was reversible, 
and the treatment had little effect on the ovarian reserve 
(Figure 4).

Effect on FSH
Since the FSH value measured after menarche is the 
baseline value, the pre-treatment basal LV level was used 
for comparisons. All levels of FSH (measured after a 
simple stimulation test) during treatment were lower than 
the peak value of pretreatment, suggesting that HPGA 
was well suppressed. The FSH level after menarche was 
higher than those detected at other time points during the 
treatment and increased compared with the pre-treatment 
basal FSH level, suggesting that the suppression of 
HPGA was reversible. According to the literature (10), 
and the FSH level of below 12 IU/L (the standard line) 
indicates that there is no decrease or reduction in ovarian 

Figure 1 Uterine volumes of CPP girls at different time points. 
The highest point of the histogram is the mean of the uterine 
volume at each time point, and the error line indicates the standard 
deviation. a, the standard line (3 mL) of uterine volume; #, the 
uterus volume significantly decreased after 6 months of treatment 
(P<0.05, compared with the pre-treatment volume, which was 
3.48±3.23 mL); *, the uterus volume significantly decreased 
after menarche (P<0.05, compared with the volume during the 
period from 6 months of treatment to discontinuation, which was 
2.86±2.26 mL). CPP, central precocious puberty.

Figure 2 Ovarian volumes of CPP girls at different time points. 
The highest point of the histogram is the mean of the ovarian 
volume at each time point, and the error line indicates the 
standard deviation. a, the standard line of ovarian volume (2 mL); 
#, the ovarian volumes significantly decreased after 6 months of 
treatment (P<0.05, compared with the pre-treatment volume, 
which was 2.38±1.34 mL); *, the ovarian volume significantly 
increased after menarche (3.02±1.92 mL) (P<0.05, compared with 
those after 6 months of treatment until discontinuation). CPP, 
central precocious puberty.
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reserve. Since all mean FSH levels (except the level 
calculated after pretreatment stimulation) were below 
the standard line throughout the treatment, it could be 
fairly concluded that GnRHa treatment had no effect on 
ovarian reserve (Figure 5).

Effect on FSH/LH value
According to the literature (11), and FSH/LH value of >3 
indicates a decreased ovarian reserve. In our current study, 
FSH/LH was significantly increased after 12 months (or 
longer) of GnRHa treatment when compared with the 
pre-treatment value after stimulation. The mean values of  
FSH/LH after 18 months of treatment were above 3, the 
standard line, suggesting that GnRHa treatment might 
cause certain damage to ovarian reserve. The mean value 
of FSH/LH at menarche was below the standard line 3 and 
lower than the pre-treatment basal value, indicating that 
such possible damage was reversible (Figure 6).

Effect on E2
All the mean values of E2 at each time point during 
treatment were lower than that before treatment, indicating 
that the ovary function was well suppressed. The mean 
value of E2 increased after menarche and exceeded the pre-
treatment level, suggesting the suppression was reversible 
and had no adverse effect on ovarian reserve. According to 
the literature (12), a normal FSH level but elevated basal E2 
level (>60–80 pg/mL) in the early follicular phase suggests 
a decrease in ovarian reserve (12). As shown in Figure 5, the 
FSH levels were within the normal range throughout the 

Figure 4 LH levels of CPP girls at different time points. The 
highest point of the histogram is the mean of the uterine volume at 
each time point, and the error line indicates the standard deviation. 
#, the LH values at each time point were significantly reduced 
compared with the pre-treatment excitation values (25.77±26.26) 
(P<0.05); *, the LH levels after menarche (2.86±1.56) were 
significantly higher than those at pre-treatment and at the different 
time points during treatment until discontinuation (P<0.05). LH, 
luteinizing hormone; CPP, central precocious puberty.
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Figure 3 AMH levels of CPP girls at different time points. The 
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Figure 5 FSH levels of CPP girls at different time points. The 
highest point of the histogram is the mean of the ovarian volume at 
each time point, and the error line indicates the standard deviation. 
a, the standard line (12 IU/L); #, the peak FSH level (22.26±93.53) 
before treatment, which significantly differed from those at 
different time points throughout treatment (P<0.05); *, the FSH 
levels at pre-treatment (3.97±2.52) and during the treatment were 
significantly different from those after menarche (P<0.05). FSH, 
follicle-stimulating hormone; CPP, central precocious puberty.
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treatment. In our current study, the lowest standard line 
was an E2 level of 60 pg/mL (about 220.2 pmol/L). All the 
mean values of E2 were below the standard line throughout 
the treatment, indicating that the ovarian reserve was not 
affected (Figure 7).

Ovarian reserve after menarche

Up to now, medical treatment has been discontinued in 
221 girls, among whom 123 have experienced menarche, 
as shown by telephone follow-up. The age of menarche 
was 11.93±1.38 years (range: 10.55–71 years) in these girls. 
The menstrual periods were regular in 81.3% (100/123) 
of girls within 2 years after menarche. Some children had 
poor medication compliance and did not participate in the 
follow-up visits; as a result, fewer data on biochemical blood 
indicators and ultrasound results are obtained. Finally, a 
total of 26 children with data after menarche entered the 
subgroup analysis (Table 1). For girls reaching menarche, 
an AMH of ≥1.1 ng/mL is the standard for normal ovarian 
reserve. In our current study, 20 (87%) of 23 CPP girls with 
AMH values available after menarche had an AMH level of 
≥1.1 ng/mL and thus was considered normal ovary reserves; 
with FSH/LH ≤3 as the standard for normal ovarian reserve, 
26 of 26 CPP girls with FSH/LH values available after 
menarche had an FSH/LH value of ≤3, and therefore 100% 
(26/26) of the patients were considered to have normal 
ovary reserve after menarche; with basal FSH ≤12 IU/L  
as the standard for normal ovarian reserve, 26 of 26 CPP 
girls with basal FSH values available after menarche had a 

Figure 6 FSH/LH values of CPP girls at different time points. 
The highest point of the histogram is the mean of the ovarian 
volume at each time point, and the error line indicates the standard 
deviation. a, the standard line [3]; #, the FSH/LH value (1.47±5.51) 
before treatment significantly differed from those at different time 
points after 12 months of treatment until discontinuation (P<0.05); 
*, the FSH/LH value after menarche (1.34±0.66) were significantly 
decreased when compared with the pre-treatment value (P<0.05). 
FSH, follicle-stimulating hormone; LH, luteinizing hormone; 
CPP, central precocious puberty.

Figure 7 E2 levels of CPP girls at different time points. The 
highest point of the histogram is the mean of the ovarian volume at 
each time point, and the error line indicates the standard deviation. 
a, lowest standard line (220.2 pmol/L); #, the E2 values at each time 
point during the treatment were significantly reduced compared 
with the pre-treatment excitation values (121.06±97.91) (P<0.05); 
*, the E2 levels after menarche (150.46±45.03) were significantly 
higher than those at different time points during treatment 
(P<0.05). CPP, central precocious puberty.

Table 1 Ovarian reserve after menarche

Variable χ ± SD n

LH 5.25±3.22 26

FSH 5.48±1.67 26

FSH/LH 1.34±0.66 26

AMH 2.86±2.26 23

E2 153.85±54.26 26

Vut 12.22±5.45 25

Vov 3.02±1.92 25

n, number of cases. FSH, follicle-stimulating hormone; LH, 
luteinizing hormone; AMH, anti-Müllerian hormone.
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basal FSH value of ≤12 IU/L, and therefore 100% (26/26) 
of the patients were considered to have normal ovary reserve 
after menarche. As shown by χ2 test (Table 2), comparison 
of ovarian reserve before and after treatment showed that 
the percentages of patients with normal FSH/LH and FSH 
level after GnRHa treatment were higher than those before 
treatment and the percentage of normal AMH was slightly 
lower than that before treatment, although the differences 
were not statistically significant, suggesting that the ovarian 
reserve after GnRHa treatment is non-inferior to that 
before treatment.

Discussion

GnRHa is currently the mainstream medical treatment 
for CPP (21) as it can down-regulate the receptors, 
suppress the function of the hypothalamic-pituitary-
gonadal axis, reduce the secretion of E2, LH, and FSH, 
inhibit sexual development, postpone skeletal maturation, 
and thus increase final height. Annually, the number of 
girls diagnosed with CPP has increased as more girls 
start puberty earlier, and the use of GnRHa is also rising. 
Accordingly, the toxicities of long-term GnRHa treatment 
have become major concerns in these patients. The 
effectiveness of GnRHa treatment in improving the final 
height in adulthood has been well demonstrated (4-6). 
However, few studies have explored the effect of GnRHa 
treatment on the reproductive function of CPP girls. A 
sporadic report in the Republic of Korea found that GnRHa 

treatment had no adverse effect on the AMH level of CPP 
girls (22), while no similar research has been carried out in 
China. CPP girls are young, and their reproductive function 
must be studied only when they grow up, which takes a 
long period and can not eliminate the concerns of parents. 
In contrast, the ovarian reserve represents the reproductive 
ability of women. Therefore, early use of routine clinical 
indicators to explore the effect of GnRHa treatment on 
ovarian reserve in CPP girls is of great significance for 
increasing the treatment compliance and improving the 
prognosis of CPP girls. In our current study, we followed up 
and statistically analyzed the relevant indicators of ovarian 
reserve in CPP girls treated with GnRHa.

These currently used indicators include Vuv, Vov, LH, 
FSH, FSH/LH, E2, AMH, AFC, and inhibin B (INHB) 
as well as the results of exogenous ovarian stimulation test 
and ovarian biopsy (8,9). As any single indicator has its 
disadvantages, multiple indicators were measured in our 
current study to improve the accuracy and reliability of the 
assessment. Because some tests are invasive and/or limited 
by detection techniques, we measured (or calculated) Vuv, 
Vov, LH, FSH, FSH/LH, E2, and AMH to assess the 
ovarian reserve in CPP girls.

Vuv, LH, FSH, and E2

The serum levels of Vuv, LH, FSH, and E2 always points 
after the initiation of GnRHa treatment were decreased 
compared with a pre-treatment. During treatment, the 
pituitary function was inhibited, and the decreased LH and 
FSH secretions led to the reduction in the downstream 
hormone E2, which further resulted in the shrinkage of 
the uterus and ovary. The levels of Vuv, LH, FSH, and E2 
remarkably increased at menarche after discontinuation, 
indicating that the inhibitory effect of GnRHa on HPGA is 
reversible and the ovarian reserve is not affected.

AMH

As reported in the literature (12), and AMH level of <1.1 ng/mL  
suggests poor ovarian response (POR). In our current study, 
the AMH level showed a transient decrease after 6 months 
of GnRHa treatment; however, such inhibitory effect 
gradually disappeared as the treatment continued, as the 
AMH levels after 12, 18, and 24 months of treatment were 
similar to the pre-treatment level. All the AMH levels were 
above 1.1 ng/mL throughout the treatment despite some 
disparities at certain time points, indicating that the ovarian 

Table 2 Ovary reserve before treatment and after menarche 
(assessed using three indicators)

Variable Percentage χ2 P

AMH 1.023 0.312

Before treatment 93%

After menarche 87%

FSH 0.297 0.585

Before treatment 99%

After menarche 100%

FSH/LH 27.586 0.000

Before treatment 46%

After menarche 100%

χ2 analysis; statistically significant if P<0.05. FSH, follicle-
stimulating hormone; LH, luteinizing hormone; AMH, anti-
Müllerian hormone.
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response did not decrease, and the ovarian reserve was not 
notably affected. This finding was consistent with the result 
of a foreign study (22).

FSH/LH

According to literature, the ovarian reserve begins to 
decline when FSH/LH is >3 (11). In our current study, 
FSH/LH was significantly increased after 12 months (or 
longer) of GnRHa treatment when compared with the 
pre-treatment value after stimulation. The mean values of  
FSH/LH after 18 months of treatment were above standard 
line 3, suggesting that GnRHa treatment might cause certain 
damage to ovarian reserve. The mean value of FSH/LH at 
menarche was below the standard line 3 and lower than the 
pre-treatment basal value, indicating that such possible damage 
was reversible and the effect of GnRHa treatment on the 
ovarian reserve was small after discontinuation.

Ovarian reserve before and after treatment

Comparison of ovarian reserve before and after treatment 
showed that the percentages of patients with normal FSH/LH  
and FSH level after GnRHa treatment were higher than 
those before treatment and the proportion of normal AMH 
was slightly lower than that before treatment, although 
the differences were not statistically significant, suggesting 
that the ovarian reserve after GnRHa treatment is non-
inferior to that before treatment. All the above standards 
are for adults, however, and whether they can be applied 
to children remains unclear. Therefore, when the criteria 
of FSH/LH ≤3 was applied, only 46% of the CPP girls 
had an abnormal ovarian reserve. Although the HPGA had 
been initiated in these girls, it was not yet mature, and the 
FSH/LH value could not reach the adult standard; thus, it 
could not be concluded that the ovarian reserve was low. 
In addition, the Vut and Vov criteria were based on foreign 
findings, and possible ethnic diversities should be taken into 
account.

Age of menarche

As shown in our follow-up visits, the age of menarche was 
11.93±1.38 years (range: 10.55–13.31 years) in our series, 
similar to most normal girls. In addition, up to 81.3% of 
CPP girls had regular menstrual cycles. Healthy girls in the 
early years of puberty can also experience irregular periods, 
with anxiety and stress also causing regular periods in CPP 

girls. Similarly, a study has also shown that GnRHa-treated 
CPP girls had similar age of menarche to normal healthy 
girls, and their menstruation was regular (23). Therefore, 
GnRHa treatment has no adverse effect on ovarian reserve 
in CPP girls.

In summary, GnRHa treatment has similar effects on 
ovarian reserve markers including uterine and ovarian 
volumes, LH, FSH, and E2: these markers were inhibited 
during treatment (compared with the pre-treatment levels), 
gradually recovered after discontinuation, and became 
higher than the pre-treatment level levels after menarche, 
suggesting GnRHa has an inhibitory effect on ovarian 
reserve during the treatment, but such effect is reversible 
and restoring the ovarian function after menarche. AMH 
showed a transient decrease after 6 months of GnRHa 
treatment; however, such inhibitory effect gradually 
diminished after 12 months of treatment. All the AMH 
levels were above 1.1 ng/mL throughout the treatment, 
indicating that the ovarian response did not decrease, and 
the ovarian reserve was not notably affected. FSH/LH 
was significantly increased after GnRHa treatment when 
compared with the pre-treatment value after stimulation; 
the mean values of FSH/LH after 18 months of treatment 
were above the standard line 3, suggesting that GnRHa 
treatment might cause certain damage to ovarian reserve. 
The mean value of FSH/LH at menarche was below the 
standard line 3 and lower than the pre-treatment basal 
value, indicating that such possible damage was reversible 
and had no notable impact on the ovary reserve after 
discontinuation.

To sum up, the ovarian reserve of CPP girls is somehow 
inhibited during GnRHa treatment but is gradually 
restored after discontinuation and is non-inferior to the 
pre-treatment levels. Assessment of the changes in ovarian 
reserve indicators, including Vuv, Vov, LH, FSH, FSH/LH, 
E2, and AMH, allows the early evaluation of reproductive 
function in CPP girls, eliminate the parents’ concerns 
on GnRHa treatment and thus increase the treatment 
compliance.

Limitations and prospects

(I) First, due to the poor treatment compliance, the 
sample sizes of patients at different time points after 
discontinuation and after menarche were small, and 
thus the trend of changes at different time points from 
discontinuation to menarche could not be analyzed.

(II) Second, although AMH, AFC, FSH/LH, and inhibin 
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B (InhB) are good indicators of ovarian reserve, no 
age-specific cut-off value has been available, and the 
application of the criteria for adults in CPP girls may 
be less persuasive.
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