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Treatment with gonadotropin-releasing hormone (GnRH) agonist is the treatment of 
choice for central precocious puberty (CPP). Many of the previous studies concerning 
the auxological effects of treatment with GnRH agonist in CPP have focused on final 
height. Much less attention has been paid to changes in body weight. However, concerns 
have been expressed that CPP may be associated with increased body mass index (BMI) 
both at initial presentation and during GnRH agonist treatment. We retrospectively 
reviewed the height and BMI of 38 girls with CPP. All patients were treated with GnRH 
agonist over 18 months. The height standard deviation score (SDS) for chronological 
age was significantly decreased during GnRH agonist treatment, whereas the height 
SDS for bone age was significantly increased. The predicted adult height was increased 
from 157.78±6.45 cm before treatment to 161.41±8.97 cm at 12 months after treatment. 
The BMI SDS for chronological age was significantly increased during treatment. The 
BMI SDS of normal-weight girls increased more than did the BMI SDS of overweight 
girls, but the increase was not significant. Preventive measures, such as increased 
physical activity, can be introduced to minimize possible alterations in body weight, 
and a long-term follow-up study is required to elucidate whether GnRH agonist treat-
ment in Korean girls with CPP affects adult obesity.  
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INTRODUCTION

　Precocious puberty is defined as secondary sexual char-
acteristics that come out more quickly than two standard 
deviations of the mean value; generally, precocious pub-
erty is the onset of secondary sexual characteristics before 
8 years of age in girls and 9 years in boys.1 Precocious pub-
erty may be classified as gonadotropin-dependent, which 
is called central precocious puberty (CPP), and gonado-
tropin-independent, which is also called precocious pseu-
dopuberty. Gonadotropin-releasing hormone (GnRH) ago-
nist treatment for CPP continuously desensitizes the gona-
dotropic cells of the pituitary to the stimulatory effect of en-
dogenous GnRH and effectively postpones the progression 
of rapid bone maturation and sexual precocity. This proc-
ess also helps to increase pubertal duration, postpone me-
narche, and improve final adult height.2,3 

　Many of the past studies concerning the auxological ef-
fect of treatment with GnRH agonist in CPP have focused 
on final height outcomes, and less attention has been paid 
to the body weight changes in this population of patients. 
Also, nutrition and body fat mass during childhood have 
been closely associated with early puberty, and recent pub-
lications have presented a more than doubled prevalence 
of overweight among youth in the United States in the re-
cent two decades. In this respect, the importance of the ef-
fect of GnRH agonist treatment on body weight is clearly 
growing.4-7 Published data have demonstrated an increase 
in body mass index (BMI) during treatment with GnRH ag-
onist, particularly in those with precocious puberty due to 
hypothalamic hamartoma.8,9 However, other reports sug-
gested a reduction of BMI under gonadotropin-suppressive 
therapy or weight excess that does not seem to be sig-
nificantly affected by GnRH agonist treatment.10,11 
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TABLE 1. Characteristics of girls treated with GnRH agonist for
central precocious puberty (N=38)

Before 
treatment

12 months 18 months

CA (years)
BA (years)
Height (cm)
BW (kg)
BMI (kg/m2)
Ht SDS for CA
BMI SDS for CA
Ht SDS for BA
BMI SDS for BA

7.93±0.77
9.98±0.95

130.74±7.67
30.80±6.38
17.85±2.28
1.29±0.97
0.58±1.18
−1.03±0.91

0.18±0.96

8.93±0.77
10.87±0.80

136.77±7.67
35.69±7.18
18.91±2.41
1.06±0.90*
0.79±0.84*
−0.73±0.90*

0.24±0.77

9.43±0.77
11.30±0.51

139.45±7.71
38.12±7.45
19.43±2.49
0.98±0.83*
0.96±0.83*

−0.66±0.79*
0.17±0.77

Data are shown as mean±standard deviation. *p＜0.05 compared
to before treatment. CA: chronological age, BA: bone age, BMI: 
body mass index, Ht: height, BW: body weight, SDS: standard de-
viation score.

　In this study, we investigated the height and BMI of pa-
tients treated with GnRH agonist for CPP. 

MATERIALS AND METHODS

1. Patients
　This retrospective study was done by reviewing the med-
ical records of 38 girls with CPP. The patients were treated 
with GnRH agonist for at least 18 months. The majority of 
the patients (35 girls) had idiopathic CPP. Organic CPP 
was diagnosed in 3 patients as the result of hypothalamic 
hamartoma, Rathke’s cleft cyst, and hydrocephalus. CPP 
was defined as follows: i) the onset of secondary sexual 
characteristics before 8 years of age in girls, ii) accelerated 
growth rate, iii) advanced bone age of 1 year more than 
chronological age, and iv) a pubertal response to exogenous 
GnRH (gonadorelin 100 μg intravenous injection) with a 
peak luteinizing hormone (LH) level above 5 IU/L. Subjects 
were excluded from the analysis if they had any additional 
conditions that might affect puberty onset or BMI (e.g., hy-
pothyroidism, growth hormone deficiency, and congenital 
adrenal hyperplasia). 

2. Methods
　The GnRH stimulation test for diagnosing CPP was per-
formed by injecting 100 μg of GnRH (Relefact; Sanofi- 
Aventis, Frankfurt am Main, Germany). Blood samples 
were obtained immediately before the injection and at 15, 
30, 45, 60, 90, and 120 minutes after the injection. Serum 
LH, follicle-stimulating hormone (FSH), and estradiol 
were measured by direct chemiluminescence with the 
ADVIA CentaurⓇ Immunoassay System (Siemens Heal-
thcare Diagnostics Inc., Tarrytown, NY, USA). The de-
tection limits for LH, FSH, and estradiol were 0.07 IU/L, 
0.6 IU/L, and 10 pmol/L, respectively. A stimulated LH val-
ue above 5 IU/L was considered diagnostic for CPP. 
Subcutaneous injection of GnRH agonist (leuprorelin ace-
tate) was administered to the patients every 28 days at a 
dose of 30-90 μg/kg per injection. We evaluated height, 
weight, BMI, and bone age before and 12 and 18 months 
after GnRH agonist treatment. Bone age was assessed ac-
cording to the Greulich-Pyle method12 and sexual matura-
tion was classified according to the Marshall-Tanner 
method.1 Predicted adult height (PAH) was calculated ac-
cording to the Bayley-Pinneau method.13 Mid-parental 
height was calculated by subtracting 6.5 cm to the mean 
of parental heights. Height and BMI standard deviation 
scores (SDS) for chronological age and bone age were 
calculated. 

3. Analysis
　Statistical analyses were performed by using the 
Statistical Package for Social Sciences software package 
for Windows (version 19.0; SPSS Inc., Chicago, IL, USA). 
All values are given as mean±standard deviation and the 
paired t-test was used to compare the data. In the case of 
longitudinal comparisons of the same parameter, re-

peated-measures ANOVA was performed. A p value of less 
than 0.05 was considered statistically significant. 

RESULTS

1. Characteristics of the patients 
　The age of initial manifestation of secondary sexual char-
acteristics was 7.20±1.02 years, and the mean age of diag-
nosis and treatment was 7.93±0.77 years. Treatment was 
delayed in most girls because of the prolonged procedure 
for referral from the primary care doctors to our depart-
ment. Bone age before treatment was 9.98±0.95 years, 
which was 2.05±0.65 years more than chronological age. 
Height SDS for chronological age was 1.29±0.97, and 
height SDS for bone age was −1.03±0.91. BMI SDS for 
chronological age was 0.58±1.18, and BMI SDS for bone age 
was 0.18±0.96 (Table 1). At 12 months after treatment, the 
difference between bone age and chronological age was 
1.88±0.63 years, which was lower than the difference be-
fore treatment. PAH before treatment was 157.78±6.45 cm 
and mid-parental height was 159.47±4.00 cm.
　Basal LH and FSH values were 2.09±2.41 IU/L and 
4.11±5.25 IU/L, respectively. Peak LH and FSH levels were 
22.87±12.61 IU/L and 15.47±6.79 IU/L, respectively. The 
peak LH/FSH ratio was 1.37±0.86. During the treatment 
period, we observed arrest or regression of clinical symp-
toms of gonadarche. 

2. Height and BMI changes during GnRH agonist treat-
ment 

　The height SDS adjusted for chronological age decreased 
from 1.29±0.97 at the onset of treatment to 1.06±0.90 at 12 
months (p=0.006) and to 0.98±0.83 at 18 months (p＜0.001). 
The height SDS for chronological age significantly de-
creased over time by use of repeated-measures ANOVA (p 
＜0.001). However, the height SDS adjusted for bone age in-
creased from −1.03±0.91 at the beginning of treatment to 
−0.73±0.90 at 12 months (p=0.004) and to −0.66±0.79 at 
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FIG. 1. Changes in the height SDS and BMI SDS for chronological
age during GnRH agonist treatment. *p ＜ 0.05 compared to before
treatment. BMI: body mass index, HT: height, SDS: standard de-
viation score, CA: chronological age.

FIG. 2. Changes in the height SDS and BMI SDS for bone age dur-
ing GnRH agonist treatment. *p＜0.05 compared to before 
treatment. BMI: body mass index, HT: height, SDS: standard de-
viation score, BA: bone age.

18 months (p ＜ 0.001) (Fig. 1, 2). The height SDS for bone 
age significantly increased over time by use of repeated- 
measures ANOVA (p＜0.001). The PAH significantly in-
creased from 157.78±6.45 cm before treatment to 161.41± 
8.97 cm at 12 months after treatment (p=0.015). 
　The BMI SDS for chronological age was significantly in-
creased at 12 months (0.79±0.84, p=0.049) and at 18 
months (0.96±0.83, p=0.048) compared with the BMI SDS 
at the beginning of treatment (0.58±1.18). The BMI SDS 
for chronological age significantly increased over time by 
use of repeated-measures ANOVA (p=0.025). The BMI 
SDS for bone age increased at 12 months after treatment, 
but the increase was not significant (Fig. 1, 2). According 
to their weight before treatment, girls were classified as 
overweight (group 1, n=12, BMI ≥85 percentile) and nor-
mal weight (group 2, n=26, BMI ＜85 percentile). The BMI 
SDS of normal-weight girls increased more than that of 
overweight girls, but the increase was not significant.

DISCUSSION

　CPP may have profound physical and psychological ef-
fects on affected children and their families. It is accom-
panied by growth acceleration, advancement of bone age, 
and elevated sex steroid hormone levels for age. Therefore, 
early menarche and significant impairment of final height 
can result in untreated CPP patients. It is estimated that 
precocious puberty affects between 1 in 5,000 and 1 in 
10,000 children, and CPP occurs at least 10-fold more fre-
quently in girls than in boys; in more than 90% of girls, sex-
ual precocity is idiopathic. Mogensen et al.14 reported a sig-
nificant increase in the number of CPP patients over the 
recent 16-year period. This trend also occurred in Korean 
girls with a 4- to 5-fold increment in CPP patients over the 
recent 5-year period.15

　GnRH agonist treatment in girls with CPP is reported 
to be effective in postponing the progression of puberty and 

the rapid bone maturation and in increasing the final adult 
height.2,3 However, there have been no randomized con-
trolled trials evaluating the effectiveness of GnRH agonist 
treatment; most studies compared PAH before treatment 
with the actual final adult height by a direct method.16 
Klein et al.17 reported on 98 children with precocious pub-
erty over a 2-year trial period of GnRH agonist treatment. 
The final height of 80 girls among these children averaged 
159.8±7.6 cm (−0.6±1.3 SDS), which was greater than the 
pretreatment PAH of 149.3±9.6 cm (−2.4±1.6 SDS). The 
final height of 18 boys among these children averaged 
171.1±8.7 cm (−0.8±1.3 SDS), which was also greater than 
the pretreatment PAH of 156.1±14.2 cm (−3.1±2.1 SDS). 
Thus, that study showed that the actual final adult height 
of both girls and boys was significantly higher than pre-
treatment PAH. Heger et al.18 also reported on 50 girls with 
precocious puberty over a 2-year trial period of GnRH ago-
nist treatment. The final height of these children averaged 
160.6±8.0 cm (−0.6±1.3 SDS), which was significantly 
greater than the pretreatment PAH of 154.9±9.6 cm. In this 
study, the PAH increased from 157.78±6.45 cm to 
161.41±8.97 cm over the 1-year interval of treatment. 
　Weise et al.19 analyzed the growth of 100 girls during 
GnRH agonist treatment of CPP patients. In that study, 
the height SDS for chronological age tended to decrease af-
ter GnRH agonist treatment; this impaired growth abnor-
mality was due to excessive advancement in growth plate 
senescence, induced by a prior rise of estrogen exposure. 
Meanwhile, the height SDS for bone age tended to increase 
after treatment. Those authors suggested bone age as a 
strong surrogate marker for growth plate senescence dur-
ing GnRH agonist treatment. In the present study, we 
measured the height of patients during GnRH agonist 
treatment and compared this with pretreatment height. 
The height SDS for chronological age decreased from 
1.29±0.97 at the onset of treatment to 1.06± 0.90 at 12 
months and to 0.98±0.83 at 18 months. When the height 
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SDS was adjusted for bone age, a remarkable increase in 
growth was found from −1.03±0.91 at the beginning of 
treatment to −0.73±0.90 at 12 months and −0.66±0.79 at 
18 months.
　Even though studies have been published on the issue 
of obesity during GnRH agonist treatment, there is much 
discussion.9,20,21 During normal physical development, the 
BMI of a female child increases in the first year of life, is 
then reduced until 4 years of life, and thereafter it seems 
to increase again until adulthood. Therefore, pediatric obe-
sity could be overlooked in the 6-year-old age group with 
an increased BMI SDS; thus, attention should be paid to 
potential patients who may have CPP. Several studies 
have reported that percentage of fat mass, percentage body 
fat SDS for chronological age, and BMI SDS for chrono-
logical age increase during GnRH agonist treatment in 
CPP patients.9,20 Oostidijk et al.21 reported that BMI SDS 
for chronological age and bone age increased during GnRH 
agonist treatment in CPP patients. In other studies, how-
ever, GnRH agonist treatment in CPP patients did not in-
duce significant changes in BMI SDS, and obesity was not 
related to GnRH agonist administration.10,11 After GnRH 
agonist treatment, increases in body weight and BMI SDS 
in CPP patients occur in most overweight patients.22 But 
Aguiar et al.23 reported that the BMI SDS increased sig-
nificantly more in normal-weight girls than in overweight 
girls during GnRH agonist treatment. In this study, the 
BMI SDS for chronological age was significantly increased 
at 12 months (0.79±0.84) and at 18 months (0.96±0.83) 
when compared with the BMI SDS at the beginning of 
treatment (0.58±1.18). The BMI SDS for bone age in-
creased at 12 months after treatment, but the increase was 
not significant. The BMI SDS of normal-weight girls in-
creased more than that of overweight girls, but this incre-
ment was not significant. To prove this trend, additional 
data acquisition and a long-term follow-up study are 
needed. 
　In summary, the height SDS for bone age significantly 
increased during GnRH agonist treatment in our patients, 
and the PAH was also increased after treatment. 
Furthermore, the BMI SDS for chronological age increased 
significantly. For ethical reasons, clinical trials using 
GnRH agonist to treat CPP have not included placebo con-
trol groups. Therefore, it is difficult to determine whether 
increased BMI is a result of the therapy or is an expected 
manifestation of the primary process. Preventive meas-
ures, such as increased physical activity, can be introduced 
to minimize possible alterations in body weight, and a 
long-term follow-up study is required to elucidate whether 
GnRH agonist treatment in Korean girls with CPP affects 
adult obesity.  
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