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ii- Bone mineral density 
iii- Discriminate classification
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)     �8;� e���	 ��>�$ )0  (%8<����  .   ��� ��%�
���J   �9C	 s�
 

  �� '�-5 '
� 	 '��T ?��� ��H�$ ?�9@��� ��95 ���	��
 �$

 �9$ ���>J)12/1p<  .(   ��$ ��V2    '��T %$ -��� ?� �V,   	 �[� 

  ��V,      s�
 '��T ?	8$ ?� 7  ���� �[�     �;��m ��z ?�9@��� N

  8<����)  F>�G� ��� '���)LR=  (6/7	   e��� '���=V, .(

         �9�� `	�[�� }��@� =p9&9��� �$ ?���>�$ �� '��T ���	��
 .

  �J+             �;��m��z ?�9@��� N���� ��� '�-5 '
� =���� ?� 

8<����)V/yLR=  .(          ?���� �� �959<� �9C	 %;&��� ��� ��

 �9��9J �<��R��C�  ���	��
 �$       ?�9@��� ��95 ��>� �� ��H�$ 

�9�� ���>J ?��� ��.

 L	8C L	8C L	8C L	8C0000uuuu=8�� ���� =��>�$ =p9&9��� =8�� ���� =��>�$ =p9&9��� =8�� ���� =��>�$ =p9&9��� =8�� ���� =��>�$ =p9&9��� 

]9>!�]9>!�]9>!�]9>!� PSC PBC CH ��\&� '���xJ��\&� '���xJ��\&� '���xJ��\&� '���xJ AIH HCV HBV =��>�$ '��=��>�$ '��=��>�$ '��=��>�$ '��

06)22(% u ))V11(% 6)01(% ))V11(% u +)+y(% V+)6y(% ?����

)y),2(% ))V11(% u V,)71(% u ,)V11(% V)VV(% +) 0V(% ?���

62 ))0(% ))0(% )1)0V(% ))0(% ,)6(% y)V,(% )6),1(% ]9>!�

HBV= '���xJB�HCV = '���xJC�AIH =�>��9�	� '���xJ �CH=v@H��� '�� �$ '���xJ�PBC =%�&	� =	��[. �	����PSC= '���-�

%�&	� ?��	��\��.
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72  ������� ���� ������� ���� ������� ���� ������� ���� � � � �����  !"! ���
#�����  !"! ���
#�����  !"! ���
#�����  !"! ���
#�  $�������%

 � ��!�&��� �'$#()

 L	8C L	8C L	8C L	8C,,,,uuuu }��@� `�C�� �� ?�9@��� N����  }��@� `�C�� �� ?�9@��� N����  }��@� `�C�� �� ?�9@��� N����  }��@� `�C�� �� ?�9@��� N���� Childe<C 	� �� e<C 	� �� e<C 	� �� e<C 	� �� }��@� }��@� }��@� }��@� 

 ���;� j��G�� ���;� j��G�� ���;� j��G�� ���;� j��G�� ?�9@��� N����?�9@��� N����?�9@��� N����?�9@��� N������R������R������R������R�����������������9>
�9>
�9>
�9>
  ���;� j��G�� ���;� j��G�� ���;� j��G�� ���;� j��G�� N����N����N����N����?�9@���?�9@���?�9@���?�9@������ ��R������� ��R������� ��R������� ��R�������������������� Child '��<C'��<C'��<C'��<C

V/1 y/1 12/1 16/V* A

17/1 +7/1 V)/1 1)/V B

1y/1 +2/1 16/1 y,/1 C

?���

V0/1 yV/1 00/1 +1/1 A

V)/1 y0/1 V/1 10/V B

Vy/1 12/V 0V/1 V0/V C

?����

V/1 y/1 0/1 y/1 A

V/1 y/1 V/1 V B

)/1 y6/1 0/1 V/V C

?���>�$ U�>�

*��� �<;� `	�[�  ?��� �9>
 ?�9@��� N����Child A 	 Child C) 12/1p<(

          ��� F��9� ��$ �� 8� v@H� ��K ?9���_� ��&��T �$

%��>�  ��9� = =  ��8$    � =p9&9���    �;� 	 =8�� =��>�$  ��Child �

            �8<<� ��9RH�5 �����$ ?���� �� =��>�$ b��9� 	 N�-�

  ���;�T  %�9>!� �9>
 =         �9C	 	 ��8$ = ��9� = %��>� ��� 

  '��T)67/1r=  (            = %��>� �=��>�$ %$ -�$� `8� ?��� �� 	

 ���9�&T '
� �9C	 	 �� ���8$ = ��9�)+)/1r=(8<��J.

qqqq  (  (  (  (     ����>�$ �����<� =��$ � ��� ���J��     ����>�$ �����<� =��$ � ��� ���J��     ����>�$ �����<� =��$ � ��� ���J��     ����>�$ �����<� =��$ � ��� ���J��     '�� ���$ %a �     '�� ���$ %a �     '�� ���$ %a �     '�� ���$ %a �

�9� �8�!<� ���T ?�9@��� Na����9� �8�!<� ���T ?�9@��� Na����9� �8�!<� ���T ?�9@��� Na����9� �8�!<� ���T ?�9@��� Na���::::

              F��G� ��K b�;� �� =8�� ?���>�$ v�@H� =��$

?�9@���)            	� �� g� �J �� �<59O��� 	 �	�59O��� ]9>!�

��R��C  (         �$ ?�9@��� N���� S!<� =��$ ]�C�� U	�& ���;� 	

           ��8$ = ��9� = %��>� ��� �e<C N�� ��K F��� ���X W���

      '��T �9C	 	      �	�_ 3	� �� ���[��� �$    �$ �#���
� =8<$

   �� ���[���72%        �<�$ S�5 =��$ �;$�9� %;&��� ��9� ?���>�$ 

           �$ ex� 	 8� }��;� ?�9@��� ��95 ��K ?����)2%  �#�$ 

�8���=     8� ��9��T ?���>�$ )12/1p<.(     	 �_��	 �'����
 

       �[<� 	 '��� =���K� 3��� Z$�� ���    v�@H� =��$  ?���>�$

�5   $ ��K     r���� %+/+,%�,/6+%  �7/+6  %  	62  % v@H�

8� .�� 8<����� �9�4� Z$�9�:

F (Yes)= 0.876*BMI+2.946*SEX –0.053*AGE 
+6.186*Ascites –17.249
F (No)= 1.149 *BMI +3.168*SEX -0.141*AGE 
+7.635* Ascites –23.65

           � e<C %$ ��>�$ �J =��$ Z$�9� ��� �� ���[��� =��$Q I�

  ��8��V�      ��8�� ��4� e<C %$ )�   %$ '��T    �9C	 `�9. �� 

T?    ��8�� V�             ��8�� ?T �9C	 U8� `�9. �� 	 )    	 ���� 

  ��<X NJ        �� 	 ��8$ = ��9� = %��>� =�C %$�   =�8� ������ 

   �9� �� ���� ���# ���T  .        �� Z$�� =�8� ��8�� %a ���9. ��V

)%�$  (             S!<� ?9��T U�!�� =��$ �� ��>�$ 8��$ 8��$ ��H�$

���9>� ]�C�� ?�9@��� Na�.

IG$IG$IG$IG$

       %$ -��� ?���>�$ ��CLD�     S���
� �	�59O��� ���	��
 

��� 8$�  .         ?���>�$ �� �	�59O��� 	 �<59O��� ]9��CLD  �� 

                    W��� �$ �9>
 	 =�>� =�J ���� ��R��C 	� �� �\�

�J %;&��� }��@�      �� r���� %$ 02  %  ��,+  %  	  ��V)  %  ��07 %  

   '�� �8� 3���_.y�V1    ��        	 �<59O��� ���	��
 %;&��� ���

        %$ g���� r���� %$ �	�59O���,+  %  	)0  %    ?�H� %� �9$

�8<J�=         -��� '�;>C �� ?T ="�$ ]9��    ���� =��>�$ %$

  =8��     ������ N&�� '�;>C %$ '��� '�� .VV�V)     �&�
 �� ��� 

        8��9$ ��9>� '
���� 8�i	����9\���9� %� �����>�$ %� '���

    %;&��� ��� ���	8�8H�  .       L9m S���
� %$ %C9� �$ ]9 9� ���

   ?���>�$ �>�CLD $   %        ��H�$ �8<�T �� 8�� 8�9�5 �$ t9cK

  �9>� 8J�9K �9�C  .     %�<�� %$ %C9� �$    �� ?�9@��� ��95 ?9<��

      ���� �R��\� %$ �!<� �R�� =�J �9H�   �� �J)y  % ?���>�$

     �9� �� 8�� 8�9�5 �� 8;$.V0     ��.� '��  '�� �\>�  S���
� 
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 ,� ���
����������� � ������	
���
������������
���� 76

 � �4C?�9@��i       =��� ���$	� SJ�� 	 ii 8��$ ?T    �$ %� 

               	 ��&	8�<���5 ���&	�5 ���	�8�J =�J����� S���
�

��&	8�<���5 ���	�8�Jiii �� v@H� �9�.V,

 ��K F��9����  �8� %�K�<� =       ��� �� ?�9@��� ��95 

?���>�$    ��� S���
� V2  ��R�� j�c��  F\&� �V6�V7   SJ�� 

��9�=   �$ ���-:�  %�4Y� ����G�= 8$   �J8�i	���� �$ ?���� ��
V+�Vy������ )1��$ N����<_ 9x�J 	 �959�9� 8��� 	 <8.)V�))

              ?���� �$ ��8$ = ��9� = %��>� 	 �� ���# �J %;&��� ��

 ?�9@��� N����   8<���� %�$�� ?���>�$ .)2u)0    ��� %;&��� ��� ��

              ?���� �$ �R�� ��Y�� ���Y�� 	� ��� �� �\� �P� j4
 �$ N����

?�9@���         ��9� �� %�$�� ��� %� '��� %�$��%��>�  ��9� = = 

��8$         �9$ W9\;� �� ��9� �� 	 N�����   .   %� '�� �;��m

  ?�9C ?���>�$      ��9� =���� 	 ��=     ��H�$ ��-:� � N����

?�9@���  ���� =��H�$ <8  .        �"�>�
� ?8$ ?�	 	 �� ��<� ��

         ?�9@��� F��G� �� =8�� =��>�$ =p9&9��� 8<��� �R�� F��9�

 8���8� S��.y          39� =	� %;&��� �9C	 ��� �$ )6    ?���� 	 

 ���� ?�H� '��       8<��� g������� =�J =��>�$ %� PSC   	 PBC

           �9� �� ?�9@��� F��G� S���
� I��$ ���	 �9m %$.)7  �� 

%;&���=  � �
 �         '���xJ %$ -��� ?��� B      %$ ?��-��� �� 

  '���xJ         ?�9@��� N���� F�� ���� �P� ��   =��H�$ �9>
 

8<����  .           %$ 	 �8���4_ '�-� �� �� ���9C ��<� ?���>�$ ���

 ��9� ����8
=  ���9@��� iv  �8��� r��<� 8��  .   ��� �� ��>�#

  $ ��� `	�[�  % ��9� �m�K=      '�� ?���>�$ ��� ��H�$ ��-:�  .

       %<��� 	 ��9��9J F�"� �9C	 L�>�
� %��&�  =�  ��  ?���>�$ ��

            '�� �$ ��>�� �9K '���xJ %$ -���    g������� 	 %�K�<���

�>��9>� �� ?�9�.

   vK�� %;&��� ��� ��      L9m �$ �9>
 ?�9@��� N���� =�J

        ��9$ ^9$�� =��>�$ %$ -�$� `8�8��  .     �_� %� '�� �;��m

   =8�� =��>�$  N����� �9m %$  $ ��   %%���	=    '�; 	 ���Y� 

%�4Y�=          �P� ��>�$ ?�9@��� N���� �$ ��>�$ 8<�    �� ��Pn� ��� �

  ����   �9$ 8J�9K ��H�$ `8�  .     ��� �� �:#�<�� =�J %�
�� %��&�

    ���� �9C	 �9�����& �� ��9�.)+�)y %�
��      �� �9C	 ��9� �� �J

     =��>�$ b��9� 	 =8�� =��>�$ `8� ��$ ^����� �9C	 U8�

           �#�<�� �J�_ 	 �8;�� ?�9@��� N���� ?���� �$ ���8��01u00

    $ %;&��� ��� ��  %   SJ�� �C ?�9@��� N����   ?��� �� �9>


i- Bone resorption 

ii- Remodeling

iii- free deoxypyridinoline, pyridinoline, and hydroxyproline
iv- Peak Bone Mass

%C��= CChild   %C�� %$ '��� = Child A� %�
�� =  �R��  =

%�                ="�$ `�C�� �� ?�9@��� N���� SJ�� 8�Q� Child

 �8��$'��8� �9C	.

   8<��>J    %;&��� ��� =�J %�
���       ���# �J %;&��� �� ���

  ?9��9J �<��R��C 	 �R�i�� %� '�� �8� 3���_ =��Pn� �J

   ������ �$ 9@��� N����?� ���8� .V1     ��� �#�<�� =�J %�
�� %��&� 

���� �9C	.

      %;&��� ��� ����T ?���>�$ ���     N���� ���	��
  ?�9@���

  �9$ ��H�$ �;��m��z  .        	 %�4Y� 8$ Z 	 %$ 8��� ]9 9� ���

�$       �� ?���>�$ ��� ���G�  %$ %<��� '��    ^9$�� =��>�$ =�

8��$  .                �� �� `��P� =��$ =8J�� %;&��� ��� �� %��&� ���

� �
%�J 8���� '�� %$ .

         ��95 �9C	 ��K ?���� ��>@� � ��� ��\J�� ��9� �� 

     %� '[_ 8��$ ?�9@���    ��� �� S�5 3-� ���   �� ��$�H� =�J

  S�5 ��9�             �� ?�9@��� F��G� ��K �9C	 L�>�
� �<�$

                   	 �� �� ���T �� %� '�� �8� U�!�� 8�� ���� =��>�$

       %�$�� 	 ��8$ = ��9� = %��>�=  �   8�i	���9\���9� j�c

  '�� �8� ���[���.0,�02  %;&��� ��  � �
 =      ?�9��T �� e5 

%>J=  r����         �\>� %� ���J��Y�� �� F>�G� =�J'��  ?���� 

         8<��>� �<�$ S�5 �� ?�9@��� ��95 ��K�     ���X W��� �$ 

 _��Pn� ��Y���      ��� �e<C �<;� ��.� ��%��>�  ��9� = =  ��8$ �

      }��;� �;$�9� '��T �9C	 	  8�  N�>c� %$ %�  g��5 =��_

              ��>�$ ]�C�� U8� �� ]�C�� =��$ ������ =8�� ��>�$ ��&�$ �$

  '�C      g>� ?�9@��� N���� ����$��8<�   .   %� ���9. ��

    '��� Z$��)f(Pos)  (        �[<� Z$�� �� ��H�$)f(Neg)  (8��$�

     ?�9@��� F��G� �9C	 L�>�
���H�$ �9$ 8J�9K    '�� U�" 	 

    ��>�$ ?�9@��� N���� �9� �8�!<�.      ���� `�9. ��� ��z �� 

 ����$ %$ ��H�$'���.

 �9�� ���� ���
 �   �9K ')+2(%     �&9�# F$�# �_��	 	

)6y(%            S!<� %$ ���� %� �����>�$ ���� ��
�� �>  %� ����

         %<��J j�. �� 8���� ?�9@��� N����=     =��_9�C �C �$ 

8<� ��  .       �>�$ %;&��� ��� �� �9>� ?�H� �m�K 8��$ %��&� %� ����

 8<�
�_ �� 8�i	����9\���9��        ?�9� ?�9��T �� 	 8�8H� ���	 

       S�5 �� ��
���� =�J	��� �R��      ��� ?�9@��� ��95 �<�$

  8� �|� j�.  .          ?���>�$ 8��$ �9
 L9��
 ��<� �� ��� �$ �<$

j�c��8<<�= 9\���9�        =�J	��� ���� 	 8�i	����I��$

             %�4Y� 8$ Z 	 �$ ?���>�$ �?�9@��� ��95�  	    ?���>�$ 

����   $ 	 ��_  %             ?�9@��� N���� �|� �� ��� L�
 8$ `8�

 8�9� ����$  .          %$ '��� ��H�$ '����
 %$ %C9� �$ 	� ���
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77  ������� ���� ������� ���� ������� ���� ������� ���� � � � �����  !"! ���
#�����  !"! ���
#�����  !"! ���
#�����  !"! ���
#�  $�������%

 � ��!�&��� �'$#()

  3	�IOSS06   ���	 �
��m 	 =        %$ ?��-��� =��$ ?T CLD �

r��<�8�� �� �|� %$ ��8����� 	 �� .

       %.-K �9m %$       %� '[_ 8��$     U�R<J �	� =�R&�$�z

  �$ ��K�5 ?���>�$  �� ?�9@��� N����  8��9� S�5 ���  	 =��_

          ?���>�$ �� ?�9@��� ��95 ?����CLD ���_ �9�G� .

        %&��� ��� � ��� ��\J�� �� ���[���        �� %� ���9. �� / 

            %$ =8�� ���� ?���>�$ �� =��H�$ ��8;� �� �8<�T �J %;&���

           �8<� 8��n� �� f��G� ��� ����� 	 �9� %�
�_ ���   %$ 8��9� �� 

  v�@H�        =�J ����$ U�!�� =��$ ��K �5 ?���>�$ U�R<J �	�

             %<��J j-�� �� �>  �� 	 8��>� g>� ���>\�=  �&�>�
�

         ���� ��K %� �����>�$ ?�9@��� N���� S!<� =��$ �
� �

    8��>� =��_9�C �8���� =��>�.   %��&�      �	� �$����>�$ ��<� ��

  U�R<J       �8� %�K�<� =�J 3	� �� ���[���=     ������  g>�

<<� '�� �8  .     %� '�� ?T %�\� ����>��      ���	��
 %$ %C9� �$ 

      �� �	�59O��� 	 �<59O��� CLD      ����T ?�9$ '�-� ?	8$ 	

                �� U�R<J �	� ����$ �$ 	 'K�<� �� ?T ��K F��9� 8��$

'�C ���$ r��<� ������ 	 %����RH�5 =�J��\J��.
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Original Article

Osteoporosis in chronic liver disease: a mathematical method 
to screen high-risk patients based on clinical findings

Esteghamati AR, Alizadeh R, Abassi M, Seltan A, Frotan H, Larijani B.

Endocrine Research Center, Tehran University of Medical Sciences, Tehra, I.R.Iran

Abstract
Introduction: Patients with chronic liver disease (CLD) have an increased prevalence of 

osteoporosis but it is unclear which patients are at high risk for developing bone disease. The goal 
of this study was to evaluate the bone mineral density (BMD) among Iranian CLD patients and to 
compare it with healthy controls. We have also established a mathematical method, which can be 
used to determine high-risk patients based on clinical findings. Methods: A total of 65 patients (36
male, 29 female; mean age 51.1years) with chronic liver disease were recruited over a 1-year 
period. BMD measurements were done using dual energy X-ray absorptiometry in the lumbar spine 
(LS) and femoral neck (FN). Osteoporosis and osteopenia were defined by WHO criteria and BMD 
of patients was compared with the BMD of 65 age and sex matched normal individuals as controls. 
Finally we constructed a mathematical function to identify CLD patients who are at high risk for 
decreased BMD. Results: The overall prevalences of osteopenia and osteoporosis in both sites 
were 47/7% and 23/1% respectively. BMDs at LS and FN were significantly lower in CLD patients 
than BMD in controls (p<0.005 and p<0.05, respectively). BMD at LS and FN among women and 
BMD at LS among men was significantly lower in patients compared to controls (p<0.005 for all). 
Increasing age was inversely correlated to BMD of females at LS and BMD of males at FN when the 
effect of BMI was controlled (r=-0.43 and rs=-0.5, respectively). BMI was also correlated to BMD of 
females at LS and FN and BMD of males at FN when the effect of age was controlled (r=0.37, r=0.44
and rs=0.4, respectively). At FN, BMD in Women with autoimmune, idiopathic and cholestatic liver 
disease was lower than BMD in viral hepatitis. Osteoporosis was more frequent in women with 
ascites and decreased (p<0.05). Longer duration of CLD was correlated with lower BMD in women 
(p<0.05). Women with Child C liver disease had higher abnormal BMD frequency compared to Child 
A (p<0.05); in men, no statistically significant correlation was found. Two functions were built 
based on sex, age, BMI and presence or absence of ascites, which could predict the abnormal BMD 
with sensitivity and positive predictive values of 85% and 87% respectively, which is significantly 
better than purely by guessing(p<0.05). Conclusion: Osteoporosis is fairly common in CLD. We 
could screen high-risk patients by clinical indices as sex, age, BMI and presence of ascites so 
diagnostic and preventive measures could be instituted earlier in the course of the disease.

Key words: Osteoporosis, chronic liver disease, Screening of osteoporosis, Bone mineral densitometry
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