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1,�� ���
��<*
 ! C��� ��� �F!LLL �&Q	: 	' !� C����6

'LLL1�� ��� .%�G ��LQ b4	LLL�(, �	U
� �� �<���W&6LL��

#<��W&6LL�:	LW&6 ��LL�	:	#<� CF	)FG ij� �5(&4!�&:��	.�

 ij� �u	' �%��kl&2$ �%���m_C&%	�4! �<�!�(&6 D !

�
	4�, ��Q 5	6�	� )ABG (kl&2$ 1,�� ��X! )"!(X

�(."��� T%	� N�	�, �
�Q 5	6 )CBC(���P% �
�Q D�

��� �	*
 ��&�!�)&% ���K �'.

����' �' �X�: 	' �	�&' �� �6 �� �(, �	U
� 5	6

&%	�4! �' ��<'�! D<&�&,�� ^&P*:LLCD
LLLL !� Y�

)VDDR 2 ( �
��!� D&<�� 	' �4!��� �	%�� ! (, ��j%dm

��&% �(' ��! �����&� 5��� �' ��� �<�� !"�4�:)"	l� ���

 C&%	�4!D((, Y!�, �;&F	' ?�	. �(� 1�� �' �F!�

1�	4 b4�-�� !��� ��-&% 5B�F�4��� ! �6	0*4	%�G�'�

5��$ (J 	: �!� �	�&' �����<�� "�<W� �
��!� "�4�: !

1�	4�� -&
 5(4�! D&<�� ��JkF! ���
 �' D&<�� ij�

;&*&'�d��&% �� ���k�&% (K ! 1�	4 b4�-�� ��&F zj
 	'

! 5(4�! D&<�� �%��� +������Q �	%����	'!� D&<�� ij�

�' ! 1�	4 b6	� m/m��&% �� ���k�&% (K (&�� ��&F.

-&
 ��� ! "!� �	�&' �� D&<�� ij�w7Q�' �	%��

�<�� ! D&<�� ��-&% b4�-�� ! Ds;% r&6 �"�4�: (J �' 1
!

&2$(&��
 �l .���	�&' C4� �� (4(, (
 �6	:�� 1�� �'

���� D&��:(, ���%��6 ij� 5-&��W&6 5	6 ���%

��&� ���
 ����'.

C4��'	;' ��%�G -&
 ! C&F�<
� 	' (,� ��%��6 �)4�9:

 5(&4!�&: ��)����(, ����' �	�&' �� �6 �� ��

b4	%�G +	6 5(&4!�&:���	4 +	6 ��� �	*
 �� �l&2$.

�6 �� ���#
 ij� �(,� ��%��6 !�j��! +	6 �G

T%	, IGFBP-3i!IGF-1ii kl&2$ ��(8% 1,��."	J C4� 	'

 	' �	%�� 5(;%��� �' �;2% (4(X �	8&89: �' �X�: 	'

 ��j4��, C&;f C4� �� (,� ��%��6w7Q�' 1&l�!

kl&2$ �(,� ��%��6��s;% �' (,� ��2/'
�� C4� 5(

 	' �	%�� �' �!7� }���<�� ! D&<�����%��6 �"�4�:

�!� 	' -&
 (,� �/v��&% ��� ��#6 �� �(' �����&� 5��� �'

(, Y!�,..b4�-�� �' �!7� (,� ��%��6 w��% �� S

�;&F	' ��2/' �5(
 (,��4���LF�LL�6	0*4	%�G ! 5B�

 (, 14!� -&
 D<&�&,��)Y�X� �'"!(X +	6 (,� �&�

5(
:"!(X���!q(.

"!(X�_�4(/% ��! ! (
 (,� �&�–]F� )"!� �	�&'(

C� �' (
 

��
	� ��% 

(,� }(K 

5(
 

z-score
(
 

�' ��! 

�����&� 

(,� }(K 

�
�! 

z-score
��! 

m�0F	�)�lX��%!('(MM�� ������d/�_�����/�_

d�0F	� 

)(,� ��%��6 	' �	%�� Y!�,(

Hm �� �������/�_�t�� ���� ��M/�_

H�0F	� ��m �� �������_�q�m�d/v_

�� �0F	� �qm �m�m/v_qdmv_dm�m/v_

i- Insulin Like Growth Factor Binding Protein – 3 
ii- Insulin Like Growth Factor  Factor-1 
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�dm 
����	�� �� �	� ������  !� "�#� $�%�& '"(� �����)��

"!(X�_	24�� ��! ! (
 (,� �&�–]F� )�!� �	�&'(

C� �' (
 

��
	� ��% 

(,� }(K 

5(
 

z-score 
(
 

�' ��!

�����&� 

(,� }(K

�
�! 

z-score 
��! 

m�0F	�)�lX��%!('(M� �� �������/�_����dm/v_

d�0F	� )(,� ��%��6 	' �	%�� Y!�,(Hv �� ������d/�_�m�� �������/�_

H�0F	� �v� �� �������/�_�M�� ������m/�_

�� �0F	� ��� m%�_�M�v�H/v_

"!(Xq_	24� ��! ! (
 (,� �&�–]F� )��� �	�&'(

C� �' (
 

��
	� ��% 

(,� }(K

5(
 

z-score 
(
 

�' ��! 

�����&� 

(,� }(K

�
�! 

z-score 
��! 

m/�k0F	� )�lX��%!('(dv�v��_H���_

��0F	�)(,� ��%��6 	' �	%�� Y!�,(Mv�� ������H/�_���� �������/v_

m�0F	� Ht�� ������m/�_�m�m��/v_

T), ���	:d1�� r% ! �<.�FG �� 5�4!	�: 5	6

7�Q� ! C/. �u �
�(
� �	���� �� (
 �6	:�� !���%

�(6	*% k���' �%��,.

T),�_1�� r% C/. 5	6 

T),�_��(
� ��(&��. ��(
� ��	��� ! 	6 ! C&*&. 5	6 b&
 

T),�_�*�;% N-4� ! 5-�
��. 5	6	. ! 	6	. ��&%����
�� 5	6�% 

T),q_�� 5	6�% �*�;% N-4� 

T), m–5-�
��. 5	6	. 
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�������	
���,����	����� � ������� ���� ���	 
��� 
�� ���������� 
���� �dt

T), t_�� 5	6�% N-4� ! (
 �6	:�� 

T),d

T),M

T),H

T),�v

T),��

������4��� ��(
� ! 1�� r% 5	6 �	%�� T2
 �	���� 5	6

 T), ����_dz�X , 5�!GLL�� �(�	*
 ;6�LLL�(+

),<0��! ��(
� ��), (' ! C/. 1�� r% ! �(l�% 5	6

�% D<&�&,�� D47� �4	� ! �
��P��� D���: b6	� (,	'.
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�dd 
����	�� �� �	� ������  !� "�#� $�%�& '"(� �����)��

�	���� �;&F	' D47� 5��2/' �&� k���' ���% ��, �'

1�� �4� :

"!� �	�&' :C� �� �4(/% 5��'d(
 	' �0F	�Hm

��
	� ��% )�/�_Z-score = ( Y!�, (,� ��%��6 	' �	%��

 ! (, �� S.��	%�� "	� ��' (
 �_Z-score =  �F! (&��

��' 5(
 (,� �;9;% ��� }(K �4� �	;��6 .�� �$ ��

 �	%�� �� S. "	��m��
	� (, �(4� (
 b4�-�� ��%.	'

! ���' Y!�, (
"�	l%��v ��
	� ��% zj
 (,� ��%��6

(,.'��<�� ! D&<�� �' �	&
 �!7� ! 1�	4 b6	� -&
 "�4�:

��;&� �0
 ���;� �' �� !��� ��(8% � 1�	4�� �(
���LLLL��!��

C� �� 14	/
��(
 	' �0F	��qm ��
	� �%LLL�)m/vZ-

score = - ( }(K �'�m1�	4 	8:�� C� Z<J �' (
 �;9;% 

)"!(X �(.

�!� �	�&' :C� �� -&
 	24��d(
 	' �0F	�Hv��
	� ��% 

)d/�Z-score = - ( 	' �	%�� 19: 1��� ���
 (,� ��%��6

 �s
 �� D<&�&,�� D47� 5(
 (,� C��	4 1��� �' �!7� !

�;&F	'���' ����6 5��2/' 	' 5B�F�4��� ! �6	0*4	%�G�'�

5��$ (,� ��%��6 Y!�, �� S. !� 5(
 (,� 1��� ��t

��
	� �!(J �� ��' "	� �� ��%q�' w��% �� S. "	�

�;4-6 1�� +' �	%�� �!��� 5u	' ! (, zj
 (,� ��%��6 	

�
	#�	�%t!��� zj
 �� S. (l' �	%��	'!� D47�

 �(6	*% -&
 5(
 (,� ! ��� ��� �6	0*4	%�G ! 5B�F�4���

(*
 .��'	;'4C5��2/' D47� �!��� �(U% Y!�, 	'��	'!� 

�6	�(4���.C� �� 	24�� �
�;� (
��"�	l% �0F	���H 

��
	� ��% )q/�Z-score = -(�%(,	' )"!(X�(.

��� �	�&' :-&
 Z;4� ���% �� C� ���	' �0F	�Mv

��
	� ��% )H/�Z-score = - ( (,� ��%��6 	' �	%�� 19:

1��� ���
 �!(J �' 5(
 (,� ��-&% ��d��
	� "	� �� ��%

 �6	0*4	%�G ! 5B�F�4��� D47� 5��2/' 	' ����6 ! (&��

��'��7)*% 1�� �' �
	#�	�% �F!�;4-6 5�! (, zj
 !���

��	'!� ��� D47����
.C� �� Z;4� ��;��m5���� �0F	�

 (
Ht��
	� ��% )m/�Z-score = - (�%(,	'.

	' �	%�� �� S. �	�&' �� �6 �� �� 1�� ��x T'	


b4	%�G (,� ��%��6 +	6 1�	4 ��2/' -&
 �%���'�

5��$ �W&6 ! ��<���W&6 ��#<� CF	)FG ! ��:	#<�u	' �	:	�

(J �' 5����� C&;&:��� �' D&<�� 12<
 -&
 !$&2�l(&��.

����' �$ D6 �(U% 5	6��%�G +	6 �� S. 5(&4!�&:

 (,� ��%��6 	' �	%���l&2$ ��')"!(Xq(.

5��2/'���	4 +	6 (l' �	�&' �� �6 �%�� �6	0*4	%�G

 �	%����"!(Xm1�� �(, �(
	U;�.

"!(Xm–���	4 +	6 	%�G�	%�� (l' �	�&' �� �6 �%�� �6	0*4 

D&<��*�#<�*�	:	#<� CF	)FG†�m k<�!�(&6 C&%	�4!D3‡��Q ��4(&�� k'�	;'�� �:��	.���%§C&'�����6*

"!� �	�&' m/Md/��mt �M��/dm/��qmH/��

�!� �	�&' �/Mm/�mqv ���m/d�/�Hmv�/��

��� �	�&' �/M�/���v �m�/d�Mtvq/��

*k�&% k�&% (K �� ��� ���&F †���&F �� (J�! ‡k�&% �� ����
	
 ���&F§k�&% �� ����)&. ��&F 

������4��� �� �	%�� ���	�&' �	%�� �� (l' 5	6�4!	�: 

�q !��z�X �� �(, 5�!G�	*
 �(;6� +D���: ��2/'

D47� C��� C&' �� ! 1�� r% 5�&� T), ��2/' ! �
��P��� 

�% D<&�&,�� (,	'.

T),��
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�������	
���,����	����� � ������� ���� ���	 
��� 
�� ���������� 
���� �dM

T),�q

�9' 

5�	�&' C&%	�4! ��2�� �� �,	
 5	6D���K �'

 �� �!�.�=��� ! ��u	%�=��� ! �	���� �� D<&�&,��

�% �(&. �!�' C&VF	' (;� .D<&�&,�� �� �)&�
B Y��
�-&
 ��

���� ��X! �	���� C&%	�4! 5(&�� b8
 ��D�� ��

6! D&<�� �	�����	� ! 1Q�� �% �	*
 ���P��� (6�.�� 

��X!�!�mC&%	�4! �<�!�(&6 5�D(,� 5��' ���)�� 

kl&2$1�� ��u�5��$ �' �� "7�Q� �� ��)��� (
!� kl&2$

 C&%	�4!D�% -�)4� Y��
� �' �U;% ��,.��<'�! D<&�&,��

 C&%	�4! �'D!� E&: )VDDR 2 (!	8% D<&�&,�� 	4 �' �

C&%	�4!D�k��
 ��	
1a��! 	' �%!��:�"	R��V%�-�)4� ��

�% '�<.�FG 	' �� (,	)% N-4��� 5�((
 �6	:�� !

���� �6���6 �	��� ?�	. �(� 	4 1%!	8% 1�� �' !w(6 5	6

4B�F�4-&� �4�	8% �'oC&%	�4!D�% c� "	l� (6�.�� 

��&
 �� 5�	�&' �!�' C� +��(
� "!� "	� �!� 

�% (,	'��&F!� D47� +r% �(, C/. ���K �' D<&�&,��

 ! 	. ! 1�� �� �� C/. �7%�% c� (6� .���K �� �F!

 D<&�&,�� D47� �lX��% �� �&Q	:,�% �( ('	4�'�5��$ ��

��(
� T), �&&V: �' �U;% 	4 ��(&��. �5�(K �<#
 ! 	6

��(
� N-4� 	6��0�<), ��J ! (
 �6	:�� ]��P% 5	6

%�����.5����% �� D&<�� �%�� ij� b6	� 1�� �'

(6(' c� -&
 {;*: 1�� C)�% .D47� �	�:�(, �	4 ���

�� ��J ! 1,�� ��X! �lX��% �� �&Q	: 1�� �' �	�&'�

���
 -&
 "	�&'�	'�;� 	' �	%�� 19: {;*: 1�� �' �	,�#


(
��' �����.-&
 ���	�&' C4� �6	0*4	%�G ����' ��

�<���W&6���	:	#<� CF	)FG (4(, b4�-�� ! ��:	#<��W&6

, �(4�5(&4!�&:��	.�W&6 �);4� ZF	X ! (�
��2X)�4�
	a(��

���	�&' C4�i��! ���K �' p����� �X! �� 1,�� ��X!

�% ��:	#<��W&6 -�)4� �� 5�	�&' C4� (,	'.d

% N-4�LLL �� 5�)�<.�FG (6	:�� !LL(
 (4(, �

�P*%LLL�+E&: ��	' �!� �<'�! -�)4�LLL&%	�4! �' �LLL C

D(VDDR 2)�%(,	' �(4� D<&�&,�� Y��
� �4	� �� ��

��
��,.q����	J b6!3. �6 -&
��<.�FG �	f� ���%

(
��' (
 (4(, �6	:�� ! i��! .�' ��u +�!G�	4 �� 1��

1�� �	%�� �' �!	8% ���	�&' C4� �� �<.�FG.

Kumar "	� �� ���	)�6 !�v�v 5�<. �
 ��6� ��q

�� (
��� N��-� �F	#�!��	% ! �<.�FG ! -�)4� 	' �� �F	�

 5u	' �%�� ij� 	'�!�mC&%	�4! �<�!�(&6 5�D����6

 ^&P*: ! ��'VDDR2 5	6�!� 	' �� (, TU<% !� ��

 �F���%�_	#FG _T�)% D&<�� ! "!�#&<�� ��� �<�!�(&6

(
(, �	%�� �����Q.��C4�-&
 ���	�&' w7Q�' 

�	%�� 1,�(
 �
�(;f 5��2/' �<.�FG �]��P% 5	6��� �F!

1�� �(, N��-� �2<
 5��2/' �	lF	j% �Q�'.�� 

���' o&%(
G �' �X�: 	' VDDR ��,�&��: p��Ozkan 

���	)�6 !(
��� N��-���' �� 5	6�_v�!�' ��-&% �F	�

VDDR �!(JvH/t�	' �U&�
 C4� ! 1��b6!3. +!� 

�H��� ��' �4	.�� ��$ �' �� "	� �� �4� }��

o&;&�� 5	6Erzurum �%�' �(
��' ���� �lX �(%G 1��.�$

��!� o4 +	' �F	� o4b6!3. ��&,�&' ! 5B�F�4����H�

�	���� C4� VDDR C&%	�4! T�)% o4 r&6 ! (;�,��D

(
��' ����0
.�� ���	4 C4�: z4	, �	*4� 5-�)4� i&2<: !

�� ! C/. 1�� r%��' S'	:�&
�.�q 

���	�&' �)&�
B ����' �� 5����VDDR2 �(6	*% �

�� �(4��� �B b/XVDR ���� b8
 -&
 �	
G �<.�FG �� .

���4� �� ���	)�6 ! ��8#,��' 7�2% }���VDDR2 

C&%	�4! �(
�&� �B �F�)F�% ����' �� �� (
��� N��-�

D��04���6 1
	4��! o4 �(;�,��.���� }��� !� C4� 5

�-&F��
B �<.�FG�5�!(&�� �;&%G�RTAi�8% D<&�&,�� �!	

5(&4!�&:��	.�W&6 ! �	%�� �' (
��' .�<.�&' �);4� ZF	X

���.k��G �<.�FG 	' g'	j% -&
G��' 	:.�m 

(
!� �� C&:!� ��$ �' �)&�
B ����' �� 	U
G ��

 D47� �' �X�: 	' �OF �1<&
 �%�-F� ���	�&' C4� ��&P*:

F	' o&W&:�;&��6	0*4	%�G��7)*% -&
 ! 5B�F�4���

����
	Q 5�	��
� C4� +w�K �)&�
B ����' �� ����	�&'

 �s
(4���.

i - Renal Tubular Acidosis 
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�dH 
����	�� �� �	� ������  !� "�#� $�%�& '"(� �����)��

Kanakamani �� ��&�	:�%6 del A  C.71 �� ��DNA 

-�)4� ���% !� 1&��#;FVDDR2  N��-� C&�6 �� ���

�G �6��Q o4 ! C4(F�! �� b/X ! -&
 	6X1,�� ��.�t 

C&%	�4!D�����
	�!� �a� 5�;�4� D�<&� �� 5�

�% (,	' �'�5��$ D�<&� ! o4�9: �� �:�x �;�4� D�<&� ��

�% b6	� �� �'	<��� �;�4� (6� .�!�m�<�!�(&6 5�

C&%	�4!DZ2� 1&��;&:��� �&|): b6	� �#
! -&
 ! 	6 +

�	� �� �F���G1 �F��� �Q�fk%����.�d

w7Q�' 	
D&s;: (
!� ���' ��Q	;, (,� ����	�

 o4��:	#<� 1�7'!�2&���)FGF23(����� 	'�!�m5�

C&%	�4! �<�!�(&6DN�% �' �% b4�-�� ����	� C4� �	6 ('	4

"��� 1*� �� !C&%	�4! ����7'�=��� 5	6D3 �U;% -&


b4�-�� �'FGF 23  �%��/% b8
 �#<� �	����6 �� ! ��,

�% �(&. (;�.�M 

�!(&��Z2� "7�Q� ���	� ! 1Q�� C&%	�4!D

�% ��,�'�5��$ ��2�� 5���� }��� 1�� C)�% ��J ��

 C&%	�4!D���J 	' k�'	4� �!(&�����(DKA) ���;� �'

 	' �!(&�� �(, ����% C4� �� ! (;� �lX��% 1%7� C&F!�

 ��2�� �(,D3 ���� �	2:�� .�4	&F����� ���0*6!3.tq

	' }���DKA �� (
��� ����' ���q(4(, ��2�� �#


C&%	�4!D3  �	&% �� ! (;�,��G�	6������ �	;'�� �' �#


��M��&% ��&F �� "�% (;�,��.�H �lF	j% -&
 �j
 ��+���% L

��2�� �	4� Y�&, �' �!7� ��� �	*
 �� (, �	U
� 5(6	,

 C&%	�4!DE&: 1'	4� �' �	47�2% �� ���*� C4� ���C4� -&


! �:(4(, ��2�� 1�� �: z4	,.�v 

SckowronkazX�� �	%�� Y��
� �' 5�	�&' 5	6 5	6

�	� ! 1Q�� �X�� �� �� ��� i&��: ���P��� +"!�

 C&%	�4! ! D&<�� 5!	J R�Q �4OV: �� �	;&�$�D-&
 !

! ��2/' �� ��/% b8
 �Z�	;% ! ��	� �)4-&� 1&F	l�

 1&l�! 5�&0*&.�
��P��� D���: ����.��5�	�&' 5	6

a�4�
	 +���� 1&�6� �&F!� 5�	�&' �	%�� ��
��P���.��

5�	�&' ���% �	%�(
� ���P��� o&�
B 5	65(4(X �
	%�� 

(;
	% �(, ��j% ���P��� -V% (
�&. ! �
	%�� �B1�� .

T�)% C&%	�4! �D&<�� 5	6D&' �S�	
�#<� �<�� �	6 �C&
�:

��%��6 6LL��<;X 5	 (,� ��%��6 !&:	LL�% -&
 (4� ��

9'LL1�� �.�	%�� :(4(X 5	6LL5�(;
	% �� ��	#���IGF-1  �

F	
GLe�C&%	�4! (4(X 5	6D�calcimimetics, 

osteoprotegrin !Strontium 1�� �(, ���' �	
 -&
.�� 

���	�&' 5��' �(, �	/;*&. �	%�� ��� ��$ �'VDDR2 

D&<�� �	2&��: �� ��	#��� T%	,dm��&% ��� �6 5��� �'

&��(' ��! ����� C&%	�4! "	l� ��� !D)�<�� "�4�: (�'

��-&%��
��!� ���!�)&% �%(,	' .�� �' 1&�	<J b6	� 1

�	��� ?�	. �(� !C&%	�4! o4B�F�4-&� �4�	8% �' w(6 5	6

DC&%	�4! 5u	' �4�	8% �D�� ��J ! 1�� �	&
 ���% "	l�

�% ��	#��� -&
 5(4�! D&<�� g4�-: ����% �Q�' ,��.

N��-� +	6 b4�-�� �4�	8% 	' �	%�� �� ���� ��X! 5�(l�%

���	4 +D&<��Z2� ! �(4��� ���	�&' �� ��;&<��!�#
 �	U4�

�� -&
 5����% ��J g4�-: �����Q �	#<� 	' ����6 D&<��

1�� �(, ��	#��� .'�5��$ �� ���_�"!� �	%��	%��

 �(% �' �0�#6 �	%�� SW� ! �
��!�m� ! �	% 14	/
 �

�' �
	%�� ?�	. �� 1�� ���� �	� �' �����Q �	%��

���' 5B�F�4��� ! �;&F	' D47� ��2/' ���K�C4� �F!

N!� �
u�$ 5��<' �' �	&
 �
	%�� 5	6 g4�-: ! �(% +	6 

���� 5(4�! ��)% g4�-: �� �,	
 �7)*% ! 5(4�!.����� ��

	���� C&�6Nicolaidou  ���	)�6 !q	' }���VDDR2 ��

(;�,�� D6 	' 5(
!	*4�Q 12<
 ��(
��� ���l%.�G!� 	6

C&%	�4! �(
�&� �B �� ]��P% ��04��%�6 b/XD(;�,�� 

�&, T4�!� �� �	<)4 ��$ �' !�� �����Q D47� �0�6

 ��' �(, Y!�, 5B�F�4��� ! �;&F	' ��&,�&' �34! �'

�% N-4� ��' ��	' �0�6 �� �� .5(4�! D&<�� 	' �	%���

C&%	�4! ! �����Q D5��' "	l�G�(, Y!�, 	6 �(�'� �� 

�_C&%	�4! �<�!�(&6D3 ! �(, -4�U: u	' �!� 	'

(
��� �'�Q ?�	. ]F� ����
	Q�	' R ����
	Q �F!�!�m

C&%	�4! �<�!�(&6 5�D(
(, �	%��.�� b6!3. ����

 �6��Q o4 ���% �� -&
 R���M����' o4 ! �6	%�v�6	%

&�	:u	' �!� 	' D&<�� 5(4�! ��4��#
� 	' �	%�� �� (
��� (

)q/���
	�F� D&<�� �� �
��!� ���(�����Q �	#<� ����6 �'

u	' �!� 	' �����Q D&<�� 	' �� )�;&*&' 	:t�6 5��� �' ���

�(' ��! �����&� (�.�� 5�a�% �	%�� ���, 5�&� Y�
 �

VDDR  1�� C)�% ��J ! 1��Z2� !� �	%�� ���

��*' -&
 �<.�FG.�� 

�9' ���% ���	�&'��	J k���' �� ! �6��Q !� ��

�	%�� Y��
� �(
��' ��� ��Q� o4 5	6�(, �	4 1�	4�� ��

(
��� ."	� o4 �$ �� (
 (,� b4�-�� �&� �	%�� w7Q�'

! D� �	&<' �!(Jm/�	:���
	� ��' ��%�C4� �!7� �' ��

D<&�&,�� D47� �2/' �&� -&
��
 �	*
 5� ���.1�� �'

�6	:�� (4(,(
�	%�� �$ �� 5(
 (,� �(� !�� S. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                             9 / 13

https://ijem.sbmu.ac.ir/article-1-1735-en.html


�������	
���,����	����� � ������� ���� ���	 
��� 
�� ���������� 
���� �Mv

5	6!��� �' �!7� (,� "7�Q� T�� �4	� �s
 �� ����'

1,�� �%��� ��(8% �	�6 	' �� ��2
 ��2/' �' o�� ���;� �'

��(8% �' (,� ��%��6 	' �	%�� �(,� �/v(J�! ��&% ��� �'

�����&� 5��� ��! ����#6 Y!�, (, ��!� o4 �� S. ��

 C��	4 1��� �' �!7� (,� ��%��6 	' �6	% b, �	%��

 5(
 (,�)q��
	� 	' �<4	8% �� �	% b, �$ �� ��%�

��
	� �	% b, �$ �� (,� ��%��6 �� T2
 ��%(�

�
	�P2,�Q5����'�4��: �� 5��2/' D47� {4�(: �' ! 	6

 -&
���	4 +	6 ���	�&' �� �6	0*4	%�G	*%(, �(6 )�lX��%

"!(X �' +	6 (,� �&�(.

���	�&' (,� �;9;% :�$ �� (,� -2� �
� ��	%�� ��!� �$ �� b#;' �
� �Z;4� �� �	%�� zj
 �	%� �� ! �	%�� T2
 -%�
 �
�
(,� ��%��6 �!(' ���' ��J�% 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                            10 / 13

https://ijem.sbmu.ac.ir/article-1-1735-en.html


�M� 
����	�� �� �	� ������  !� "�#� $�%�& '"(� �����)��

C&%	�4! ��-&% (,� ��%��6D�% b4�-�� �� "	l� (6��

�F!�	�!�	� 1<&
 �(, ��Q	;, �a� C4�.�% ��#� (4	, ��,

 ij� b4�-��PTH (,	' ��j% .�j��! �' (,� ��%��6 +

IGF-1 5!� -&
�	� ! 1Q�� -&
 ! ���� �&a	: ���P���

Z2� ��!� �� D&<�� ROX ��-&% b4�-�� 	' 	6�	�!�	� 

�% ��Q	;,	
 ��,.�q�� �(, N��-� ����% �Q�' �� ��J 

�
	<� -&��W&6 �� �G	6! �(, ��,���' ��%��6 ��2��

(,� C&%	�4! !D��,�� �;4-04	X �	%�� 	' �(
� ��%��6

(,� C&%	�4! ij� �D-&
kl&2$ 1�� �(,.��

���	�&' �� ZF	X ��)
��	J zj
 �� S. �� ��' C4�

 �7)*% 1�� �' ����
	Q w�$ �� (,� ��%��6 w��%

	0*4	%�G D47� ��F	%�6�D<&�&,�� 5B�F�4��� ! �;&F	'

1��<. D47� (,� ��%��6 	' �	%�� �(U% Y!�, 	' ! ���

��	'!� 1�	4 ��2/'.

{4�(: �' ��J�% �' �(, o4�-
 ! C� b4�-�� 	' +���'

T�)% �' �	&
 C&%	�4! ! D&<�� 5	6D�% b6	� -&
 ! ('	4

�% 	' ���:�;&�� "��;� �� D47� �!�����
�.�J� �'�	4� "	� 

�(4(. D6 ���' ���!� �� +��%��6 o4B�F�4-&� b4�-��

1�� ��j% (,�.H��q ���	�&' ���% ����	J k���' -&


�� "	� (;f �� S. 1�	4 b6	� !��� �' �	&
 �	%���'�

5��$ 	' �	�&' �� �� �#
 !� ���;&�� "��;� 19: !��� ��(8%

(;���� ���
 (, zj
 D6 (,� ��%��6 �	%�� !.

�f����	�!�	� )���LLL6 ��L��2/' �� (,� ��%��

 C&%	�4! �' ��<'�! D<&�&,��D�(*
 ��Q	;, T%	� ��$ �'

 �F! ��(*
 ���l% ��;� 	: �
	%�� N!� o4 ���;� �' !��

��	J k���' �� (,� ��%��6 �� ��	#��� 	' �2�	;% ?�	.

 �(6	*% ���	�&' -�)4� D47� ��2/'(4��� .C4��'	;' �% �� ���

�	%�� �' D<&�&,�� ?�	. �(� 	' C&:!� 5	6�;&*&' %8��(

 �&K�: (,� ��%��6 �� ��	#��� �5�	/;*&.k%�f��� �����

 �' �	&
 ��;6k���' +	6 �;&%� C4� �� 5��*&'k%(,	'.

References 
1. Lips P. Vitamin D physiology.Prog Biophys Mol Bi-

ol 2006; 92: 4-8.  
2. Levy-Litan V, Hershkovitz E, Avizov L, Leventhal 

N, Bercovich D, Chalifa-Caspi V, et al. Autosomal-
Recessive Hypophosphatemic Rickets Is Associated 
with an Inactivation Mutation in the ENPP1 Gene. Am J 
Hum Genet 2010; 86: 273-8. 

3. Takeda E, Yamamoto H, Taketani Y, Miyamoto K. Vi-
tamin D-dependent rickets type I and type II. Acta 
Paediatr Jpn 1997; 39: 508-13. 

4. Malloy PJ, Feldman D. The role of vitamin D receptor 
mutations in the development of alopecia. Mol Cell 
Endocrinol 2011; 347: 90-6. 

5. Simonin G, Chabrol B, Moulene E, Bollini G, Strouc S, 
Mattei JF, et al. Vitamin D-resistant rickets type II: 
apropos of 2 cases. Pediatrie; 47: 817-20. 

6. Santos R, Neves S, Gomes C, Neves F, Correia AJ. Ric-
kets vitamin-D-dependent type 2. Acta Med Port 2009; 
22: 861-6.  

7. Malloy PJ, Feldman D.Genetic disorders and defects in 
vitamin d action. Endocrinol Metab Clin North Am 
2010; 39: 333-46. 

8. Kim CJ. Vitamin D dependent rickets type I. Korean J 
Pediatr 2011; 54: 51-4. 

9. Soni SS, Adikey GK, Raman AS.Vitamin D dependent 
rickets type II: late onset of disease and response to high 
doses of vitamin D. Saudi J Kidney Dis Transpl 2008; 
19: 796-8. 

10. Pozzo AM, Kemp SF. Growth and growth hormone tre-
atment in children with chronic diseases. Endocrinol 
Metab Clin North Am 2012; 41: 747-59. 

11. Tissandié E, Guéguen Y, Lobaccaro JM, Aigueperse J, 
Souidi M. Vitamin D: metabolism, regulation and asso-
ciated diseases. Med Sci (Paris) 2006; 22: 1095-100. 

12. Demay MB, Sabbagh Y, Carpenter TO. Calcium and 
vitamin D: what is known about the effects on growing 
bone. Pediatrics 2007; 119 Suppl  2: S141-4. 

13. Kumar V, Kumar M, Yadav M. Alopecia in vitamin D-
dependent rickets type II responding to 1α-hydro-
xycholecalciferol. Ann Trop Paediatr 2010; 30: 329-33.  

14. Ozkan B, Doneray H, Karacan M, Vançelik S, Yildirim 
ZK, Ozkan A, et al. Prevalence of vitamin D deficiency 
rickets in the eastern part of Turkey. Eur J Pediatr 2009; 
168: 95-100. 

15. Shafeghati Y, Momenin N, Esfahani T, Reyniers E, W-
uyts W. Vitamin D-dependent rickets type II: report of a 
novel mutation in the vitamin D receptor gene. Arch 
Iran Med 2008; 11: 330-4.  

16. Kanakamani J, Tomar N, Kaushal E, Tandon N, Gos-
wami R. Presence of a deletion mutation (c.716delA) in 
the ligand binding domain of the vitamin D receptor in 
an Indian patient with vitamin D-dependent rickets type 
II. Calcif Tissue Int 2010; 86: 33-41.  

17. Bouillon R, Verstuyf A, Mathieu C, Van Cromphaut S, 
Masuyama R, Dehaes P, et al. Vitamin D resistance. 
Best Pract Res Clin Endocrinol Metab 2006; 20: 627-45. 

18. Liu S, Tang W, Zhou J, Stubbs JR, Luo Q, Pi M, et al. 
Fibroblast growth factor 23 is a counter-regulatory 
phosphaturic hormone for vitamin D. J Am Soc Nephrol 
2006; 17: 1305-15.  

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                            11 / 13

https://ijem.sbmu.ac.ir/article-1-1735-en.html


����
�����	 �,����	����� � ������� ���� ���	 
��� 
�� ���������� 
���� �M�

19. Huynh T, Greer RM, Nyunt O, Bowling F, Cowley D, 
Leong GM, et al. The association between ketoacidosis 
and 25(OH)-vitamin D levels at presentation in children 
with type 1 diabetes mellitus. Pediatr Diabetes 2009; 10: 
38-43. 

20. Bener A, Alsaied A, Al-Ali M, Al-Kubaisi A, Basha B, 
Abraham A, et al. High prevalence of vitamin D defic-
iency in type 1 diabetes mellitus and healthy children. 
Acta Diabetol 2009; 46: 183-9. 

21. Skowrońska-Jóźwiak E, Lorenc RS. Metabolic bone 
disease in children: etiology and treatment options. Treat 
Endocrinol 2006; 5: 297-318. 

22. Nicolaidou P, Tsitsika A, Papadimitriou A, Karantana 
A, Papadopoulou A, Psychou F, et al. Hereditary vita-
min D-resistant rickets in Greek children: genotype, 
phenotype, and long-term response to treatment. J 
Pediatr Endocrinol Metab 2007; 20: 425-30. 

23. al-Aqeel A, Ozand P, Sobki S, Sewairi W, Marx S.The 
combined use of intravenous and oral calcium for the 
treatment of vitamin D dependent rickets type II 
(VDDRII). Clin Endocrinol (Oxf) 1993; 39: 229-37. 

24. Samardzic M, Pavicevic S, Ludwig M, Bogdanovic R. 
Effect of growth hormone replacement therapy in a boy 
with Dent's disease: a case report. J Med Case Rep 
2011; 5: 400. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                            12 / 13

https://ijem.sbmu.ac.ir/article-1-1735-en.html


391/Iranian Journal of Endocrinology and Metabolism Vol 16 No.5 December, 2014 January, 2015

Case Report 

Effects of Growth Hormone Replacement on Clinical, 
Radiologic and Laboratory Parameters Improvement in 

Children with Vitamin –D dependent Rickets (type-2) 
Ghaemi N1, Elmi Saghi1, Kuzegaran S1, Erfani Sayyar R2, Elmi Sam3

1Department of Pediatrics, & 2Department of Intensive Care Unit (ICU) Imam Reza Hospital, & 3Health Investigation 
Center, Facutly of Medicine, Mashhad University of Medical Sciences, Mashhad, I.R. Iran  

e-mail: saghi_elmi_106@yahoo.com 
 

Received: 19/05/2014  Accepted: 22/11/2014 

Abstract 
Introduction: Rickets, which occurs during bone growth development, is a result of severe 

vitamin D deficiency, that has autosolamal subtypes, i.e. A- type 1- (VDDR-I), due to a defect of the 
1-alfa-hydroxilase enzyme and B) type -2(VDDR-II), due to a mutation in the intracellular vitamin –D 
receptor (VDR), associated with some specific symptoms like alopecia (global head hair loss) and 
short stature. Diagnosis was established based on physical examination, laboratory findings and 
radiological examination. Case presentation: We report here 3 cases with vitamin D-dependent 
rickets, type-II, all members of the same family (2 sisters, aged 1.5, 5 years and their 5 year-old 
cousin) who had referred to the endocrine and metabolic center in the Imam–Reza hospital in 
Mashhad, presenting with limb deformities, wide wrist, seizures, disorder in dental growth, 
alopecia, and several bone fractures. Despite various treatments, they had not recovered. However 
it was notable that after receiving growth hormone therapy for growth failure, rickets symptoms 
improved dramatically in clinical, laboratory, and radiological parameters. Using growth hormone 
therapy to improve height, we observed improvements in the underlying disease of siblings with 
VDDR-type-II. Conclusion: Growth hormone therapy may be advisable to treat VDDR-type II 
symptoms. 

 

Keywords: Vitamin –D dependent rickets, Growth hormone, Alopesia, Short stature 
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