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Abstract 
 

Background and purpose: The precocious puberty in girls can have some adverse effects such as growth 

stoppage and subsequent short stature in comparison with predicted final adult height. Gonadotropin-releasing 

hormone (GnRH) agonists are now considered as the treatment of CPP (Centeral precocious puberty). One of the 

side effects of these drugs is increased appetite and consequently obesity. During puberty a progressive reduction in 

the level of ghrelin has been reported. This study was aimed to assess the obesity and its association with ghrelin in 

girls with true precocious puberty treated with GnRH agonists. 

Materials and methods: A sample of 20 consecutive girls with true precocious puberty was selected for 

this prospective observational study. They received 3.75 mg intramuscular GnRH every four weeks. Height, weight, 

body mass index (BMI), waist circumference, Tanner stage, body fat and serum ghrelin, were measured at the time 

of entrance into the study and during the follow-up visits. The follow-up visits were carried out after 6 and 12 

months. 

Results: Mean age of the studied 19 children was 87.5 ± 10.1. Height and weight increased significantly 

after 6 and 12 months (P < 0.01). The ghrelin level and body fat percentage demonstrated no significant change 

during the 12 months follow-up (P >0.05). There was not any significant association between neither ghrelin-BMI 

nor ghrelin-body fat percentage (P > 0.10).  

Conclusion: It seems that treatment with GnRHa is effective. More importantly patients with increased BMI 

may need appropriate dietary consultation to accomplish their weight control during the course of the treatment. 
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 %�"���

   
���*�A��@@@@'$ b
��@@@@o�� �@@@	�'�() ��	*@@@@!� "� ���]*@@@@!� �@@@$

)Bioelectrical impedance analysis  �@@@@@�BIA � (

M��@@�"K    'A�@@�] h��@@� 1@@��� ��@@D  �X�����*@@!� �RLH �FSH 

)Follicle-stimulating hormone��) �(  X��*B�� ����B'��

 �TSH )Thyroid-stimulating hormone.�
��$ [(  

 1@�:��  �'H� "� ���]*!� �$ J��$ 1�:�� R''H)   ��@O$Tanner 

 "�)1  �)5       "� ���]*@!� �@$ ��@���� ��@_ `@?L) z�@6 q!�) (

M!��   �O@� h@:��� ��D ���,
 � 1��
   1@
��Tanner �Davies 

 �� ��Z
�)2(M���"K ��Z
� ���$ .  ���: 1��� ��D2 
�'�   "� �@*'A

  � �@� 1*6�� ��*! �,'$ ��	����"K  � S[< X�'���$ �� � ��G

.����� "�_K �� �,'$ ��� � �H$  

  
@@!��
�,������  5@@'O�) "� ���]*@@!� �@@$ R'A�@@� ST@@!  

)Linco Research Inc, St. charles, MO R''H) (  .�@�

) ��@@� 1@@*'A�
�*�� R'A�@@� u�  R@@��Octanoylated �@@$ �  (

 #'!�B:100 
�'� �$ �����'�   
@� R'@'H) �*'A    ST@! .�@O�

R'���)���O� 
��,!;� ) �DLH  �FSH 1$ �'
 X�����*!� � (

 "� ���]*@@@@@@@!� �@@@@@@@$ 
@@@@@@@!��
�,������  u�  1�'@@@@@@@!�  

Bioserve diagnostics �Rostock  ���@@$) ��@@,AKLH  �

FSH� ( Research diagnostics Inc Flanders, N   �@����K

  ���@@$ #'@@!�B: ���@@'� .�
�@@� R'@@'H) X�����*@@!� ���@@$LH  �

FSH   ��&�3/0 R'$ �:��     X�����*@!� ���@$ � �@*'A �$ h�,A�15 

 ��'	'� � �� �,'$ #���� R'A�� .��$ �*'A �$ X����'�6  �12  ���

 @�� ���"  � .�� ��Z
� ������ ��_ `?L) z�6 q!�) �H$ R

#����  ��D   �R'A�@� x�T!LH    �"��@
� �@'
 X�����*@!� �   ��@'�

�"��@@
� R'@@Oj,D .�@@����  �@@< � � �@@,�  �� ��"� ��@@C ��@@'�

.�� ��Z
� ��$ 
$�N  

��
 "� ���]*!� �$ � ��K h'�() � 1��Z)    ��@6�SPSS   1L@B


16 )version 16, SPSS Inc., Chicago, IL   .�@� ��@Z
� (

 ���� �@@@@�"�) ���@@@@$ X�@@@@��
  �@@@@$ �@@@@D  ��@@@@�"K "� ���]*@@@@!�  

Kolmogorov-Smirnov    `G�@@� ���@@$ .#@@6�� % �@@<
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 �

�$ ���)Z-Score       

�@�- ���"�@! � ��
�*@!� "� ���]*@!� �@$

) #����$World Health Organization  ��WHO(  R''H)

  ��@�"K ��@� � X�W  � 
,� ��D�'3*� 1B��&� #�- .��   ��@D

Paired t �ANOVA  �"��@
� �@@$  � � ��@@�) ��@@DFriedman 

   "� ���]*@!� �@$ 
]'� ��D�'3*� 1B��&� .#6��  ��C ���]*!� � ��

���"K  2χ  r'C� ���"K �Fisher 
OH� ST! � ��Z
�   �@'
 � ��

05/0  �"��@
� ���$ .�� 1*6�� �i
  �  ��@'�    
D�	@����"K ��@D

.����� 1[!�(� %��''3) >��P  

  

����� �	  

19   h@���  �W 1$ �  ��'	'� #���� �� � ��� � X�W  �,'$

     �� �@,'$ R@! �t���@: � hC��@: .�
��� ��Z
�60  �99    ��@$ ��@�

  �'H� Y��(
� � 1
�'�)5/87  �1/10    h@,� 1@$ 
6����
�@!  � .(

 ��� �,'$ "� ���K2 ) �]
6/10   ��A�@$ s:  �� �� (�< �10   �@]


)53 L) �� �D  � X��'A�6 �� �� (�< �  ) �@]
 5@� ����,3/5 

 �#!�  ���,L)  � q&6 X��'A�6 (�< �5 ) �]
5/26   (�@< �

 � X��'A�6 ���$1 ) �]
3/5  u ���  n��'A�6 #B'� (�< �

  �"��@
� ��@D�'3*� ���! .��      X��@-  � ���@*G�  � ��@� ��@'�

 � �,@@�1    �1@@��� ����@@&� �@@$ 1@@B��&�  � .#@@!� ��@@� ���� ��@@�


 � �"� ��C %��''3)BMI  "� b�6  �12  "� b� �,�  �� � ���

12 
OH� � ��K �i
 "� ��� .��$  ��  

 "� 1@@@HA�T� ���@@@*$�  � �� �@@@,'$ 1@@@,D3  �@@@'H� Y��@@@(
�  

Z-score      

�@$ ���@) `G�@� MD�@� ��-� �$ .�
��$ �)n�$

#@@����  � �� �@@,'$  ��@@D6  �12   1@@,D ��@@Oj,D 
@@A� �1@@D��

  �n�@@@@$ ���@@@@�  � �� �@@@@,'$3   I�@@@@'&�  �@@@@'H� Y��@@@@(
�  

Z-Score .�
�
�� 
C�$ 

�$ ���) `G��  

  � �,@� X��-  � 1�  �W ��,D2     �#@!� ��D�@�� h@$�C

  1@�:�� �� �� 1'A�� #���� �� 
W  � �� �,'$ 1,DTanner 

 R'$2  �3   h@:��� .�
��$Tanner  )  �@,'$ ��5/10   (�@< �

   b@� X�� #@���� 1@$ #[B
 ��� #����  �     � .#@��� #@6 

)  �,'$ #]D8/36 b� �'
 (�< �    1@�:��  � #@6 Tanner 

       X�@: �@D 1@$ .��� V  ��� #@���� 1@$ #[@B
 #���� R'��!

 b@@�  � %��@])   
@@OH� � �@�K �@@i
 "� ���@@� #@6   ��@@[
  ��

)157/0  =P.(  

  
+�,- .���' 1.�
,�
 � /
���	� ���01� : 3�	4 
$�516���7 3�$  

 
��� � "� h[C  6 ��� � "� �H$ ���  12 ��� � "� �H$ ���  

1
�'� R'	
�'�  �'H� Y��(
� 1
�'� R'	
�'�  �'H� Y��(
� * P 1
�'� R'	
�'�  �'H� Y��(
� ** P 

(X�!) 

��L*!� R! 0/9 8/8 1/1  -  -  -  -  -  -  -   - 

) 
,��&) R!���( 0/91 6/87 1/10 0/97 6/93 1/10 001/0 < 103 6/99 1/10 001/0 < 

BA/CA 2/1 2/1 2/0  -  -  -  -  -  -  -  - 


*
�!) �C (�*� 0/127 6/125 5/6 0/129 6/129 6/6 001/0 < 133 4/133 6/6 001/0 < 

(�����'�) �"� 7/25 6/26 9/5 4/26 0/28 6/5 002/0 29 6/29 8/5 001/0 < 

`G�� ) 

�$ ���)�*�  �2Z� �$ �����'�(  0/41  0/41  7/5  4/38  6/38  8/4  001/0 <  36  1/37  0/5  001/0 <  


*
�!) �,�  �� (�*�  0/64  2/64  9/5  0/64  5/64  9/5  450/0  64  5/65  5/6  045/0  

��$ 
$�N �< �  8/18  6/16  5/7  8/16  7/17  6/6  261/0  16  9/17  5/8  278/0  

����G X��*B 
�'�) 
!� �$ ��� (�*'A    -   -   -  0/147  9/148  9/12   -  150  1/150  8/16  780/0  

��) ���B'�� 
�'�) ��G 
!� �$ ��� (�*'A   5/75  3/79  8/20   -   -   -   -  70  8/73  7/21  228/0  

LH R'$ �:��) 
�'� �$ h�,A� (�*'A  9/0  1/1  8/0  1/1  1/1  4/0  982/0  1  0/1  23/0  790/0  

FSH R'$ �:��) 
�'� �$ h�,A� (�*'A  7/1  3/2  5/1   -   -   -   -   -   -   -   -  

(�*'A �$ X����'�) X�����*!�  0/23  3/25  1/14  0/24  3/25  8/10  100/0  19  5/20  10/8  195/0  
* � ��*$� 1B��&�6 ) ��� � "� �H$ ��� ���"KPaired t(  

** � ��*$� 1B��&�12 ) ��� � "� �H$ ��� ���"KPaired t(  

BA/CA: Bone age/Chronological age; LH: Luteinizing hormone; FSH: Follicle-stimulating hormone 
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������ 

 .���' +�,-2 ��
�� :Tanner  ��19 96:6� ;< 
= ���	�  

 1�:��Tanner ��� � "� h[C - ���H) )�< �( ��� � "� �H$ X�� #���� - ���H) )�< �( ��� � "� �H$ ��� #���� - ���H) )�< �(  

I )0/0 (0 )0/0 (0 )3/5 (1  

I-II )0/0 (0 )0/0 (0  )1/21 (4  

II )1/42 (8 )6/52 (10 )6/31 (6  

II-III )1/42 (8 )6/31 (6 )6/31 (6  

III )8/15 (3 )8/15 (3 )5/10 (2  

 
  ��@� � "� h[C R'A�� #i�_ R'	
�'�504/0    �@$ ����@�'�


�'�  � �*'A6  �12    >@')�) 1@$ ��� � "�_K "� b� ���495/0  �

480/0 
�'� �$ �����'�        ��@(A "� %��@''3) R@�� 1@� ��@$ �@*'A


OH� � ��K ) ��[
  ��050/0 > P � �,�  ���,
) (1 >��P .(

�"��
� #$�
 1!  � R'A��  � %��''3) ��'� D ���K h,� 1$ ��

 �h[C6  �12     >@')�) 1@$ ��@� � "� �H$ ���6/24 �4/17  �9/10 

.��$ �< � 

���� h'�() � 1��Z) �"��
� ���$ �D ��'�     �@$ 1@! 1� 
��D

���  ���)      ��@�"K "� ���]*@!� �@$ �@
�ANOVA  �"��@
�   ��@D

 5��*�� �� �'_ ���"K R'Oj,D � � ���)Friedman   ��@Z
�

-  � �K ���*
 1� �� � �,� X��3      ��@,D .#@!� ��@� 1@�� �

 
@� ���
 ���*
 1� 1
��       �� � �@C ��"� %��@''3) �@�O) ��@D�

    
@OH� � �@�K �@i
 "� 1@HA�T� X�W  � �,�    1@'&$  � � ��@$  ��


OH� � ��K ��(A "� 1� ��''3) 1
�� |'D �D�'3*�   ��@��$  ��

.��
 ��D���  

  

� 
  

 
W12       ��@� � I ��" J�@�$ 1@$ ;*@[� �� �@,'$ ��'	'� ���

 #B'
��K q!�) ���GnRH    
@$�N �@< � � R'A�@� ST! �

 ) ��@@$Percentage body fat   �@@�PBF  h@@@$�C %��@@''3) (

1i:;�   "� b@� �  ��12        1@HA�T� ���@*
 .���@
 ��@�
 ��@� � ��@�

 1� ��� ���
 �P�:BMI     �)n�@$ 1@HA�T� ���*$�  � �� �,'$ 1,D

 "�3   �@@'H� Y��@@(
�Z-score   ��@@� � X�@@W  � 1@@N��� � ��@@$


OH� MD��   "� �)n�@$ �� �,'$ 1,D  � ��Oj,D 
A� �#6�� � ��

3   �'H� Y��(
�Z-score .�
�� 
C�$  

   %��@''3) R'@$ 
�-�) h$�C y�[) � �P�: 1HA�T�  �BMI  �

     1@$ R'A�@� � ��@$ 
@$�N �< � R'$ �� R'A�� 
��,!;� x�T!

  1@HA�T� ����� �) �"� ����"� �$ �� �,'$ �R�� �$ ��;� .���'
 #!�

 .�
�
�� 
C�$ 
���*$� #'HP� ��,D  �Palmert  �'
 �� ��,D �

 %��''3) �i
 "� �  
�$��� ���*
BMI    �@
� �K #@!� 1$ �"� �

)22( @'��) 1� ��	�� 1HA�T� .      J�@�$ 1@$ ;*@[� ��@���� ��@$ >  

  
 .���' �
�%��1 >/���� �
 �?� �	)�4 
6��<(@ 9A�B :6  �12 /���� C��' �
 ,"� .�� 

0

0.1

0.2

0.3

0.4

0.5

0.6

����� �� 	
� ����� �
� �� ����� �� ���

 �
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�
)

��
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 �
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 .���' +�,-3.�
,�
 ��� ;< �� �
�		DE ,��� :	)��7 F6�!� :  >
,!�
) 3�	46  �12 (;")�I� C��' �
 ,"� .��  

  R'	
�'�   ���"KANOVA �"��
� � ���) ��D  
P  ���"K)Friedman(  

   #$�
X��  ��� #$�
  #$�
��! F DF  P 


�'� �$ �����'�) R'A�� (�*'A  50/0  49/0  48/0  565/0  )2/27 -5/1(  573/0  429/0  

LH R'$ �:��) 
�'� �$ h�,A� (�*'A  07/1  08/1  03/1  053/0  )1/22 -2/1(  867/0  399/0  

(�*'A �$ X����'�) X�����*!�  32/25  32/25 47/20  366/1  )0/36 -0/2(  268/0  022/0  


*
�!) �,�  �� (�*�  18/64  47/64  50/65  479/3  )0/36 -0/2( 042/0  001/0 < 

(�*�) �C  60/125  55/129  37/137  400/136  )5/23 -3/1(  001/0 <  001/0 < 

(�����'�) �"�  64/26  09/28  62/29  200/32  )1/23 -3/1(  001/0 <  001/0 < 

`G�� ���) 

�$ )�����'� �$  �2Z� �*�(  00/41  60/28  10/37  300/40  )8/34 -9/1(  001/0 <  692/0  

(�< �) ��$ 
$�N  63/16  66/17  89/17  966/0  )0/36 -0/2( 392/0  756/0  
DF: Degrees of freedom; LH: Luteinizing hormone 

 
      1�'@@!� 1@@$ ��@@� � "� b@@� � R'@@: �h@@[C �  ��@@��� I ��"

#@@B'
���  ��@@DGnRH �"��@@
�   � M���@@6� ���@@$ ���@@� ��@@'�

 � ��$ 
$�N �< �BMI  �K MD�@� � ��� � R':    
@W �  �@D

 ��� u ��� ��� � �TC "� b� X�! 5�)23(.  

M'�   � R'A�@� R'$ 
����
 y�[) ��)BMI    ��@� ���� ��@�


 ��$)24(      =�@C� 1@� #@!� h@,*(� �@'_ =�P�� R�� X�: �D 1$ �

  � �?*L� %��''3)BMI -
,
 1�      h@$�C � �@�K �@i
 "� �@
��)

���$ 1-�)-        R'@: �  R'A�@� x�T@!  � %��@''3) =�@C� �@
��*$

��A�
K �$ ��� �  ��DGnRH  .�O� 1'-�)  

 
! �$  �Feuillan 1*6�� �� ��,D �  �@� u ��� 
��D   1@�

1*6�� �$  #��� #&$�T� �P�: 1HA�T� ��D )25(    �@$ ��@� � "�@_K  � .

#B'
��K   ��@DGnRH      ���@$ I ��" J�@�$ 1@$ ;*@[� �� �@,'$ �

�K � #��  I��n�)�o'D ��) ���D "� 
��
 I ��" J��$ 1� 
��D

 ��,
 R'	
�'� ��O*���BMI       
,��@&) R@! ���@$ �  1@*6�� M���@6�

    @,
 ��K X�@[
� 1@$ .�@
��� ���
 ��BMI      ��A�@
K �@$ ��@� � R'@:

GnRH         � ���@
 ��@�
 �  
�-�@) h@$�C �@''3) �K �@TC "� b@� ��

 �K �� �@,'$ "� ���H*� ���H)      .�@
�
�� 
C�@$ z�@N �@DOostdijk  �

 �'
 �� ��,DBMI    � �  
,��@&) R! ���$ #$�f ��� 1*6�� M���6�

  #@@B'
��K �@@$ ��@@� � ��@@��� � "�@@_KGnRH  �K �@@TC "� b@@� �

 �
��� u ���)26( �K 1$�@�� .       ��@� ��@�� �@P�: 1@HA�T�  � 1@N

�K  �DBMI     #@B'
��K �@$ ��@� � �����  � R! 1$ #[B
 �  
�n�$

GnRH   � �K �TC "� b� �31     J�@�$ q�*@L� ��@6 1$ ;*[�  �,'$

.�
��� u ��� 5'
�� �
 � #�� ���$ I ��"  


� ���
 I�*!�  � %��;W� '� 1� �D�  ��@,
 R'	
�BMI 

      I ��" J�@�$ 1@$ ;*@[� ��@���� "� 
@*'H,- 
,��&) R! ���$

 ��A�
K Y�?� R': �����GnRH    1@i:;� h@$�C �@''3)  ��


,
 ��'�   M���@6� #!� R�,� ���6� "� 
aH$ ���-� R�� �$ .�O�

 �OO� 1$�Z) ��� � �'! 
W �  
�D�� ��)4(   
��,@!;� x�T@! .

#@@����  � R'A�@@� �@@]) ��@@'	'� ��@@D1@@i:;� h@@$�C %�   � ��

    � R'A�@� #@$�f ST! Y;G �$ .#���
 1'A�� ����&� �$ 1B��&�

 ��P�: 1HA�T� ���*
Maffeis  
�-�) h$�C MD�� �� ��,D �

) R'A�� ST!  � � 05/0 < P  ) ��@� � R'@: (322 ± 1849   �

 h$�&�637 ± 1207 
�'� �$ �����'�   �@�� ���Z� M���6� � (�*'A

  ) 
�-�@@) h@@$�C 1@@
09/0  =P(   � 6   ��@@� � �@@TC "� b@@� ��@@�  

)629 ± 1567 
�'� �$ �����'�  �
��� u ��� (�*'A)17( .Zhu 
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