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Effect of gonadotropin-releasing hormone analog
treatment on final height in girls aged 6-10 years
with central precocious and early puberty

Gonadotropin releasing hormon analog tedavisinin santral erken ergenlikli 6-10 yas aras1

kizlarda final boya etkisi
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The known about this topic

Treatment with gonadotropin-releasing hormone analogs significantly improves the predicted final height during treatment. Gonadotropin-

releasing hormone analog treatment increases body mass index.

Contribution of the study

Gonadotropin-releasing hormone analog treatment reached led to final height within their target height range in girls aged 6-10 years with
central precocious puberty and early puberty. Gonadotropin-releasing hormone analog treatment increased body mass index during treatment
and decreased it to pretreatment values after the cessation of treatment in girls aged 6-10 years with central precocious puberty and early

puberty when they reached their final height.

Abstract

Aim: To determine the effects of gonadotropin-releasing hormone ana-
log treatment on final height and body mass index in girls with central
precocious puberty.

Material and Methods: All cases with diagnosis age <8 years constituted
group 1 (n=19) and those with =8 years constituted group 2 (n=35).

Results: There was no significant difference in height standard devia-
tion score, body mass index standard deviation score, bone age/chrono-
logic age, predicted final height at the time of diagnosis, and follow-up
between group 1 and group 2. There was no significant difference in
final height (standard deviation score) between the groups. The number
of obese and overweight cases at diagnosis and final height was simi-
lar. The target height (standard deviation score), predicted final height
(standard deviation score), and final height (standard deviation score)
were similar in both Group 1 and Group 2.

Conclusion: We found that between the ages of 6-9.8 years, girls with
central precocious puberty who received gonadotropin-releasing hor-
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Amag: Santral erken puberteli olgularda Gonadotropin Releasing Hor-

mon agonist tedavisinin final boy ve viicut kitle indeksi tizerine etkisi-
nin degerlendirilmesini amacladik.

Gereg ve Yontemler: Calismaya alinan 54 kiz hasta tani yaglarina gére
2 gruba ayrildi. Tani yas: 8 yas alt1 olan olgular Grup 1'i, 8 yas ve iizeri
olan olgular Grup 2’yi olusturdu. Grup 1'de 19 hasta, Grup 2'de 35 hasta
vardi.

Bulgular: Tanida ve izlem yillarinda boy standart deviasyon skoru, viicut
kitle indeksi standart deviasyon skoru, kemik yasi/takvim yas1, 6ngorii-
len son boy agisindan Grup 1 ile Grup 2 arasinda istatistiksel olarak an-
laml fark yoktu. Gruplar arasinda final boy, final boy standart deviasyon
skoru agisindan fark yoktu. Tanida ve finalde obez ve kilolu olgu sayisi
benzerdi. Hem Grup 1 hem Grup 2'de hedef boy, éngériilen son boy ve
final boylar arasinda ve bunlarin standart deviasyon skorlar1 arasinda
istatistiksel olarak anlaml fark saptanmad.

Cikarimlar: Bu c¢alismada Gonadotropin Releasing Hormon agonist
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mone analog treatment reached a final height within their target height
range. It is concluded that gonadotropin-releasing hormone analog
treatment increases body mass index during treatment and when pa-
tients reach the final height, they return to their pretreatment body
mass index. Younger age and greater height at the time of diagnosis are
the positive factors on final height.

Keywords: Central precocious puberty, early puberty, final height, go-
nadotropin-releasing hormone analog treatment, rapidly progressive
puberty
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tedavisi verilen 6-9.8 yas araligindaki santral erken puberteli kizlarin
hedef boylari ile uyumlu final boya ulagtiklar1 belirlendi. Gonadotropin
Releasing Hormon agonist tedavisinin tedavi sirasinda viicut kitle in-
deksini arttirdi@, tedavi kesiminden sonra final boya ulagildiginda has-
talarin tani viicut kitle indekslerine geri déndiikleri sonucuna varildi.
Tamn yasinin kiigiik olmasi ve tan1 boyunun uzun olmas: final boy tizeri-
ne pozitif etkili etmenler oldugu bulundu.

Anahtar sézciikler: Erken puberte, final boy, gonadotropin releasing
hormon analog tedavisi, santral puberte prekoks

Introduction

Precocious puberty is defined for the girls as onset of pu-
berty before 8 years of age. Central precocious puberty
develops due to premature activation of the hypothala-
mic-pituitary-ovarian axis. In these cases, early estradiol
secretion shortens the growth period by increasing the
growth velocity and bone maturation, resulting in short
final stature (1, 2). Treatment with gonadotropin-releasing
hormone analog (GnRHa) suppresses the hypothalamic-
pituitary-ovarian axis in patients with central precocious
puberty and reduces estradiol secretion. As a result, it de-
celerates rapid bone maturation, preserving growth po-
tential. In general, puberty is delayed until 10-11 years of
age by GnRHa treatment (2, 3).

There are conflicting results regarding the effects of
GnRHa treatment on final adult height. The group with
the largest gain in height is consists of patients with pu-
bertal findings before 6 years of age (4). The girls with
central precocious puberty aged 6-8 years at onset of pu-
berty and patients with early puberty aged 8-10 years at
onset of puberty are very heterogeneous groups. In these
groups, factors affecting final height are not definitively
determined (5, 6). The effect of GnRHa therapy on body
mass index (BMI) during and after treatment is not clear.
Studies have been published indicating that BMI possibly
increase with treatment (7, 8).

In this study, it was aimed to establish factors influenc-
ing final height by determining demographic character-
istics and evaluating effects of GnRHa treatment on fi-
nal height, body weight (BW) and BMI in girls aged 6-10
years with central precocious puberty who underwent
GnRHa treatment and reached their final height.

Material and Methods

This study included 54 girls who were diagnosed as hav-
ing precocious puberty in the pediatric endocrinology
outpatient clinic between April 2008 and December 2011,
who underwent GnRHa treatment and reached their final
height. The study was approved by the local Ethics Com-
mittee (approval number: 73799008). The study was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki. We retrospectively reviewed patient files.

The patients were divided into two groups based on age
at diagnosis as follows: group 1 (n=19) including patients
aged <8 years at diagnosis, and group 2 (n=35) including
patients aged =8 years at diagnosis.

During the clinical assessment, BW, and height mea-
surements were performed using a SECA 767 scale and
Harpenden stadiometer, respectively. In all cases, BMI was
calculated using the following formula: BMI=weight (kg)
x height? (m?). The height, weight, and BMI values were
compared according to standard curves for Turkish chil-
dren and standard deviation scores (SDS) for height, BW,
and BMI were calculated according to calendar age. The
patients with BMI-SDS >2 were considered as obese, and
those with BMI-SDS of 1-2 were considered as overweight
(9). Pubertal development was assessed using the Tanner
and Marshall criteria (10). At diagnosis, left wrist radiograph
was obtained from all cases and bone age (BA) was deter-
mined according to the Greulich and Pyle method (11). The
predicted final height (PFH) according to bone age was cal-
culated using the Bayley-Pinneau (12) method. To calculate
PFH, accelerated standards were used when bone age was
advanced by >1 year than chronologic age (CA). The pre-
dicted final height -SDS was calculated for each patient.
Final height was defined as height achieved when growth
rate within the preceding year was <1 cm or following clo-
sure of the epiphyses (13). Maternal and paternal heights
were measured during outpatient clinic visits. The target
height (TH) and TH-SDS were also estimated (14).

In all patients, luteinizing hormone (LH) and follicle-s-
timulating hormone (FSH) were measured in blood sam-
ples obtained at morning hours. Luteinizing hormone
and FSH were measured using an ADVIA Centaur ana-
lyzer system (Bayer Diagnostics, Tarrytown, NY, USA) us-
ing immunochemiluminescence (ICMA) methodology.
The ADVIA Centaur LH assay has an analytical sensitivity
of 0.1 mIU/mL. The ADVIA Centaur FSH assay has an an-
alytical sensitivity of 0.3 mIU/mL (IU/L). A basal serum LH
level >0.83 mIU/mL (being compatible with findings as a
requirement) was accepted as activation of the hypotha-
lamic-pituitary-gonadal (HPG) axis (15). In patients with
basal LH <0.83 mIU/mL, a GnRH stimulation test was per-
formed through intravenous injection of gonadorelin ac-
etate (100 pg) between 8.00 and 8.30 a.m. for assessment
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Table 1. Demographic characteristics, clinical findings and target, diagnosis and final height of Group 1, Group 2 and of

total patients

Group 1 n=19 Group 2 n=35 Total n=54
MeantSD MeantSD MeaniSD
Age (years) 7.26+0.53 8.97+0.51 8.37+0.97
Thelarche stage, n (%) Stage 2 =10 (52.6) Stage 2 =10 (28.5) Stage 2 =20 (37)
Stage 3 =9 (47.4) Stage 3 =20 (57.2) Stage 3 =29 (53.7)
Stage 4 =(0) Stage 4 =5 (14.3) Stage 4 =5(9.3)
Pubarche stage, n (%) Stage 1=16 (84.2) Stage 1=9 (25.7) Stage 1 =25 (46.3)
Stage 2 =2(10.5) Stage 2 =11 (31.4) Stage 2 =13 (24.1)
Stage 3 =1(5.3) Stage 3 =12 (34.3) Stage 3 =13 (24.1)
Stage 4 =(0) Stage 4 =3 (8.6) Stage 4 =3 (5.5)
Duration of symptoms, (month) 4.4+4.35 9.11+7.06 7.67+6.68
Term/preterm, n (%) 17/2 29/4 46/6
Birth weight, (g) 3157616 2891+693 2988+673
Maternal menarche age, (years) 12.6+0.54 12.5+1.29 12.5+1.16
Mother’s height, (cm) 156.8+6.97 158.2+5.68 157.7+6.14
Father’s height, (cm) 172.1+5.64 171.7+6.09 171.9+5.88
Target height (cm) 157.945.14 158.4+4.45 158.2+4.67
Target height, SDS -0.4+0.86 -0.3£0.74 -0.33£0.78
Height SDS (diagnosis) 0.87+1.05 0.87+1 0.87+1.01
BW SDS (diagnosis) 0.63+0.86 0.9+0.75 0.8+0.79
BA/CA (diagnosis) 1.22+0.14 1.19+0.11 1.2+0.12
Duration of treatment (month) 44.7+6.4 24.4+7.7 31.6+12.1
Final height (cm) 159.245.9 157.8+5.59 158.3+5.7
Final height SDS 0.03+1.05 -0.4+0.93 -0.24+0.9

*: Continuous variables were presented as means+standard deviation. SDS: Standart deviation score; BW: Body weight; BA/CA: Ratio
of bone age to chronological age. The percent and frequencies were calculated for categorical variables

of early puberty. The blood samples for serum LH and
FSH level measurements were taken at 0, 15, 30, 45, 60, 90
min. In the test, peak LH =5 mIU/mL was accepted as the
diagnostic criterion for activation of the HPG axis (16). A
GnRH stimulation test was performed in all patients in
group 1 and 10 of 35 patients in group 2. GnRHa treatment
was started when baseline LH or peak LH met the crite-
ria given for patients aged 6-8 years. In patients aged be-
tween 8 and 10 years, GnRHa treatment was started in the
presence of pubertal laboratory findings with rapid pro-
gression of pubertal findings. A rapid progression of pu-
bertal findings was considered to be a one-stage progres-
sion of breast stage within 3-6 months and emergence
of uterine volume over 35 mm in pelvic USG. All patients
received 3.75 mg depot leuprolide acetate every 28 days.

Cranial magnetic resonance imaging (MRI) was normal
in all patients. Patients with problems that could affect
growth and puberty such as growth hormone deficiency,
thyroid pathology, adrenal and gonadal pathology, dys-

morphic syndrome, skeletal dysplasia, chronic illness, ce-
rebral palsy, hydrocephalus and those with a history of
chronic drug use were excluded.

The criteria for adequate HPG axis suppression were de-
fined as discontinuation or regression in breast devel-
opment and achieving GnRHa-stimulated LH levels <4
mIU/mL (17). The HPG axis was suppressed by treatment
in both groups.

Bone age was evaluated annually during treatment. The
bone maturation ratio was calculated as the ABA/ACA ra-
tio using the annual change in the years following treat-
ment compared with baseline. The predicted final height
and PFH SDS at baseline and during follow-up were used
to evaluate the short-term effectiveness of the treatment
regarding height.

Gonadotropin-releasing hormone analog treatment was
withdrawn when the bone age reached 12-12.5 years, pro-
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Table 2. Anthropometric data of Group 1, Group 2 and total pateints at the time of diagnosis and during the follow-up years

Group 1 n=19 Group 2 n=35 Total n=54 Group 1 vs. Group 2
MeantSD Mean+SD Mean+SD p

Height SDS (at diagnosis) 0.87+1.05 0.87+1 0.87+1.01 0.995*
Height SDS (at the first year) 0.85+1.08 0.771.06 0.8+1.06 0.276*
Height SDS (at the econd year) 0.72£1.33 0.6+0.98 0.66+1.15 0.191*
Final height SDS 0.03+1.05 0.47+0.93 -0.24+0.9 0.409*
BW SDS (at diagnosis) 0.63+0.86 0.9+0.75 0.8+0.79 0.636*
BW SDS (at the first year) 0.86+0.79 0.94+0.86 0.91+0.83 0.893*
BW SDS (at the second year) 0.78+0.83 0.88+0.92 0.83+0.87 0.590*
Final BW SDS 0.34+1.31 0.4+1.14 0.38+1.1 0.25*

BMI SDS (at diagnosis) 0.38+0.83 0.72+0.76 0.6+0.8 0.266*
BMI SDS (at the first year) 0.68+0.87 0.82+0.68 0.77+0.75 0.669*
BMI SDS (at the second year) 0.79+0.72 0.84+0.8 0.82+0.75 0.799*
Final BMI SDS 0.44+1.16 0.57+1.04 0.53+1.07 0.32*

PFH (cm) (at diagnosis) 157.347.68 157.7+6.45 157.6+6.84 0.556*
PFH (cm) (at the first year) 156.6+8.53 158.4+6.2 157.7+47.1 0.705°
PFH (cm) (at the second year) 158.5+7.13 159.5+7.08 159+7 0.878°
Final height (cm) 159.245.9 157.8+5.59 158.3+57 0.409*
PFH SDS (at diagnosis) -0.48+1.29 -0.36+1.08 -0.4+1.15 0.835*%
PFH SDS (at the first year) -0.45+1.34 -0.3+1.04 -0.36x1.15 0.971°
PFH SDS (at the second year) -0.29+1.20 -0.11+1.18 -0.2+£1.18 0.879°
Final height SDS 0.03+1.05 0.47+0.93 -0.24+0.9 0.409*

*: Mean values were compared using t-test when data distribution was normal; 8: Mean values were compared using Mann-Whitney
U-test when the data distribution was skewed; SDS: Standard deviation score; BW: Body weight; BMI: Body mass index; PFH: Predicted

final height

vided that the chronologic age reached at least 10 years
(5). The patients were followed up until the achievement
of final height after the cessation of therapy.

Statistical Analysis

Statistical analysis were performed using the Statisti-
cal Package for the Social Sciences software package for
Windows version 22.0 statistics program. Continuous
variables are presented as means+standard deviation or
median (interquartile range). Percentages and frequen-
cies were calculated for categorical variables. Mean val-
ues were compared using the t-test when data distribu-
tion was normal, and the Mann-Whitney U-test when
data distribution was skewed. Friedman analysis of vari-
ance (ANOVA) was used for the comparisons of BMI SDS
at the time of diagnosis, follow-up, and final BMI SDS
of both groups because parametric the test hypothesis
was not provided in repeated measures. The Wilcoxon
test was used for binary comparisons. Stepwise multiple
regression analysis was used to determine the best pre-
dictors of final height. A p-value <0.05 was considered
significant for all tests.

Results

Demographic characteristics and clinical findings are
shown for both groups and the entire sample in Table 1.
The mean treatment duration was 44.7 (39-48.5) months in
group 1 and 24.4 (18.9-28.5) months in group 2. The treat-
ment duration was significantly longer in group 1 than
in group 2 (p<0.001). The mean age at menarche age was
12+0.57 years for the entire group and there was no signif-
icant difference between the groups. The anthropometric
data of group 1, group 2, and the entire sample at the time
of diagnosis and in the follow-up years are shown in Ta-
ble 2. The mean age at final height was 14.5+0.48 years in
group 1 and 14.4+0.52 years in group 2.

There was no significant difference in the mean age at fi-
nal height between group 1 and group 2. Final height and
final height-SDS were similar between the groups. Bone
age/chronologic age and growth velocity SDS of group
1, group 2 and the entire sample at the time of diagnosis
and in the follow-up years are shown in Table 3.

Height gain at the first year of follow-up in group 1 was
5.93+1.11 cm and in group 2 it was 5.74+1.23 cm, there was no
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Table 3. Bone age/chronological age and growth velocity SDS of Group 1, Group 2 and of total patients at the time of

diagnosis and during the follow-up years

Group 1 n=19 Group 2 n=35 Total n=54 Group 1 vs. Group 2
Mean+SD Mean+SD Mean+SD p
BA/CA (at diagnosis) 1.22+0.14 1.19+0.11 1.2+0.12 0.32*
BA/CA (at the first year) 1.17+0.14 1.16+0.82 1.17+0.1 0.436*
BA/CA (at the second year) 1.15+0.12 1.13+0.08 1.14+0.1 0.125*%
ABA/ACA (at the first year) 0.88+0.58 0.97+0.84 0.94+0.75 0.401*
ABA/ACA (at the second year) 0.93+0.8 0.7+0.69 0.81+0.74 0.404*
Growth velocity SDS (at the first year) 0.51+1.19 0.11+1.36 0.25+1.3 0.074*
Growth velocity SDS (at the second year) 0.17+1.43 -1.25¢£1.16 -0.55+1.47 0.005*

*: Mean values were compared using Mann-Whitney U-test; BA/CA: Ratio of bone age to chronological age; SDS: Standard deviation

score
162 Table 4. Multiple regression analysis of final height
12(1) Predictive factor B Standard error p
T 159 Height (diagnosis) ~ 1.000 0.132 0.000
= 123: BW (diagnosis) -0.106 0.108 0.333
§ 1564 CA (diagnosis) -5.829 0.726 0.000
1557 TH 0.082 0.106 0.443
154
153 BA/CA (diagnosis) -5.788 4.157 0.170
. érOUpl_ ) G.rouD_Z n=54; r’=0.741; p<0.001. Stepwise multiple regression analysis of
Targefhe'ght (p=0.68) ~ ® PFH (diagnosis) (p=0.83) the following independent variables: Chronological age, height,
- P_FH (ﬁrs_t year) (p=0.46) % PFH (second year) (p=0.56) body weight, target height and BA/CA at the time of diagnosis.
" Final height (p=0.41) BW: Body weight; CA: Chronological age; TH: Target height; BA/

Figure 1. Comparisons of target height, PFH and final height
within the Group 1 and Group 2

0.8
0.6
0.4
0.2

2
o e = B
-0.4

-0.6
-0.8

Group 1 Group 2
B TH SDS (p=0.52) ™ PFH SDS (diagnosis) (p=0.83)
® PFH SDS (first year) (p=0.97) ™ PFH SDS (second year) (p=0.88)
B Final Height SDS (p=0.13)

Figure 2. Comparisons of TH SDS, PFH SDS and Final height
SDS within the Group 1 and Group 2

significant difference between group 1 and group 2. Height
gain in the second year of follow-up in group 1 was 5.6+1.31
cm and in group 2 it was 4.8+1.1 cm. Height gain from the
time of the first-year follow-up to the second-year follow-up
was significantly greater in group 1 (p=0.005). Height gain
from the time of diagnosis to final height was significantly

CA: Ratio of bone age to chronological age

greater in group 1 (32.6+1.63 cm/7.24 year) when compared
with group 2 (21.1+0.35 cm/5.43 year) (p<0.001). In the en-
tire group, delta height SDS from the time of diagnosis to
final was -1.12+0.76. Between group 1 and group 2, there
was no significant difference in target height (SDS), PFH at
the time of diagnosis (SDS), PFH at the first-year follow-up
(SDS), PFH at the second-year follow-up (SDS), final height
(SDS) (Fig. 1, 2). The ABA/ACA of group 1, group 2, and the
entire group were similar in the follow-up years. A linear
regression analysis showed that the age and height at the
time of diagnosis could explain 74% of the variation in final
height. The regression equation established for the final
height was as follows: FH=71.424+(1x,,,;, . ..-5-829xCA . ).
It is concluded that final height was affected positively by
height at the time of diagnosis and negatively by age at the
time of diagnosis in the multiple regression model includ-
ing chronologic age, height, body weight, target height,
and BA/CA at the time of diagnosis (Table 4).

At the time of diagnosis 3.7% of all patients were obese
and 22.2% were overweight. Ten of the 14 obese and over-
weight cases (71.4%) were in group 2. At the time of the fi-
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nal height assessment, 7.4% of all patients were obese and
25.9% of all cases were overweight. The number of obese
and overweight patients at diagnosis and the final assess-
ment were similar. BW SDS at diagnosis and follow-up
in group 1 and group 2 are given in Figure 3. In group
1, BMI SDS was significantly increased over time at the
first, second, and third year of follow-up compared with
the BMI SDS at baseline. The final BMI SDS was similar
to the BMI SDS at the time of diagnosis. In group 2, BMI
SDS at the time of diagnosis, BMI SDS in first and second
follow-up years, and the final BMI SDS were similar.

Discussion

It has been shown that, in patients with precocious pu-
berty, treatment with GnRH analogs significantly im-
proves the predicted final height during treatment (16,
18, 19). In recent studies, different results were reported
on final height in treated and untreated girls with early
puberty (20-24).

In a study on 71 Korean girls with central precocious pu-
berty (three groups: <8 years, 8-9 years and 9-10 years),
Baek et al. (25) investigated the near-final height, pre-
treatment PFH, and PFH after treatment with GnRHa.
The authors reported that PFH after treatment, which
was accepted as near-adult height, was significantly
higher than pretreatment PFH, and that there was no
significant difference in mean height SDS for CA and BA
between the time of diagnosis and end of treatment. La-
zar et al. (5) divided 115 girls with idiopathic central pre-
cocious puberty into three groups according to age at the
time of diagnosis (<6 years, 6-8 years, 8-9 years) and in-
vestigated their final height after GnRHa treatment. The
authors showed that only patients with age at puberty
onset <6 years achieved the PFH at that point, but the
final height was significantly lower than PFH in patients
with age at puberty onset between 6—8 years and those >8
years, concluding that pretreatment intrinsic changes in
growth plate negatively affected the final height of girls
diagnosed after the age of 6 years.

In their study, Paterson et al. (26) assessed 46 girls with
idiopathic central precocious puberty (8-10.5 yr) who had
completed goserelin treatment, reporting that 11 of 46
patients had reached their final height. The mean tar-
get height was 160.9 cm (-0.48 SDS) and the mean final
height was 159.7 cm (-0.63 SDS), indicating no significant
difference. The authors suggested that these children did
not gain in height, they only reached their target height.
However, the whole point of treatment with GnRHa
treatment was to allow the child to make it to their target
height, to prevent loss of height potential (which is deter-
mined by target height) due to advancement of skeletal

Turk Pediatri Ars 2020; 55(4): 361-9
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Figure 3. Comparisons of BW SDS at diagnosis and follow
up in Group 1 andGroup 2

maturation. In another study, researchers reported that
GnRHa administration did not contribute to final height
in patients aged 7-8.5 years with early puberty, only pro-
vided to reach final height within their target height, and
final height in this age group was positively influenced
by target height and height at the time of diagnosis (27).

In some studies, it was reported that children with
higher height at baseline would have a higher final
height (28-31). It was suggested that growth after the
withdrawal of treatment had a significant inverse cor-
relation with chronologic age and bone age at the end
of treatment, indicating that the timing of initiating
treatment and withdrawal could modify the final result
(28). Baek et al. (25) showed that factors affecting PFH,
thus near-adult height indirectly, included BA/CA at
baseline and target height. In our study, it was found
that height at diagnosis was positively correlated while
chronologic age and was negatively correlated with fi-
nal height in the multiple regression model including
chronologic age, height, BW, target height, and BA/CA
at the time of diagnosis. It was found that the age and
height at the time of diagnosis could explain 74% of the
variation in final height.

In April 2017, Bertelloni et al. (32) published a meta-anal-
ysis reviewing studies published between 1980 and 2016
that addressed the effects of GnRHa on final height in
girls aged 7-10 years with early puberty. In the meta-anal-
ysis, 300 untreated girls with early puberty from seven
studies that reported on adult height were defined as
group 1, and 183 girls who underwent GnRHa treatment
from six studies were defined as group 2. In untreated
patients, the target height SDS was -0.557 and PFH SDS
was -0.559 at baseline with a final height SDS of -0.663.
The Authors found that final height SDS was comparable
to target height SDS and PFH SDS at baseline in untreat-
ed cases. In patients who underwent GnRHa treatment,
target height SDS was -0.678 and PFH SDS was -0.939 at
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baseline with a final height SDS of -0.604. It was report-
ed that PFH SDS at baseline was significantly lower than
final height SDS in this group, but final height SDS was
similar to target height SDS.

There are many studies and one meta-analysis claiming
that GnRHa therapy does not affect height gain, especially
after 6 years of age (5, 27, 32). These data were also sup-
ported in our study.

There is an ongoing debate about the effect of GnRHa
treatment on BMI during and after treatment. Some
studies reported GnRHa treatment increased BMI (26,
31, 32). By contrast, in other studies, it was reported that
GnRHa treatment had no effect on BMI (7, 29, 33) or de-
creased BMI (8, 34). Seung Jae Lee et al. (35) investigated
38 girls with early puberty with a mean age of 7.93+0.84
years. The authors reported that BMI SDS was signifi-
cantly increased at month 12 (0.79+0.84) and month 18
(0.96+0.83) when compared with BMI SDS at baseline
(0.58+1.18). Paterson et al. (26) evaluated 46 girls with
precocious puberty who completed goserelin treatment.
The mean age at the beginning of treatment was 8.3
years and the duration of treatment was 2.9 years. The
authors reported that mean BMI SDS was significantly
increased from 0.93 to 1.2 during treatment. Forty-one
percent of the patients were overweight, whereas 28%
were obese before treatment. At the end of the treat-
ment, these rates increased to 59% and 39%. Howev-
er, 46 patients returned to their pretreatment BMI. Of
these, 11 reached the final height. In our study, GnRH
analog treatment increased BMI during treatment and
when they reached the final height, they returned to
their pretreatment BMI.

In this study, we found that girls aged 6-10 years with
central precocious puberty and early puberty who un-
derwent GnRH analog treatment reached the final
height within their target height range. It was conclud-
ed that GnRH analog treatment increased BMI during
treatment, which returned to pretreatment values after
the cessation of treatment when they reached the final
height. It was found that PFH at the time of diagnosis
and the follow-up years can accurately estimate the fi-
nal height, and the age and height at the time of diag-
nosis could explain 74% of the variation in final height.
Younger age and higher height at the time of diagnosis
are positive factors on final height. However, our study
has some limitations. One of the limitations is the ab-
sence of a control group. Another limitation is that the
number of patients for such an analysis, also consider-
ing the number of the factors analyzed in the regression
model, is not sufficient.
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