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  �� )�T�[� ��	 ��� � ��;� �� � 5!� 3�2�@� '��K

   3�?�� ��" � 5:�� ��?� ��je� �� ���� +�� X���

    �� ����� &��@ ���� � n�[� 3" k�S;� 5�/�� 3"

 3" ��. ��je�CAH3c6�8 +�� > )j�K�� 
-  )$�$W�

 ).:� )�����2 )!��" O4� �"TART    ���� ���je� ��

20  3" ��. ��!CAH 4�!� &�9�� 3".  

  

��� 	
  

3c6�8 N� 3c6�8 +�� )j�K�� 
 -    �� 3�� ���" )$�$W�

 ����!1390   (C) ������6� )������ )�����	 ����� ��

3c�? .4�!� &�9�� 3" B�gjK�  
     3�c6�8 ���� 
���	

    3�" ���. ��:� B���/�" ���CAH    �� �4�� a��f��

 ���� 
�����c .��" B��!��/�" +�� ��je� �4] ��@����

 3" �4� 3��� � 
��"� ��� 3c6�8 3"CAH  ���� +! >

20      �� 5���� 
���" +�4�6�� ��� ��/�" 5T2�� � ��!

    � 3� ��c B��,� &4�= '��K �� +� o/� .��" 3c6�8

) p��� 3c6�8 �� ��/�" >'�=�e� kT�   .4�  

 
��"44 "    3�" ���. ���/�CAH    3�c6�8 ���� 3��

3 ��c >4�4�    q��2 r�!�� &����,!� � 3\�" s�[� 


 '��K B����� �4] kRS�    '���K �� ��� 52�M

������ >����?�   .����� ���� k�S��;� m��/6 ���"�[ 


  r�!�� 3\�" )2��M���! B���/�" )�/� 
��" +� o/�

   '���K �� � 4�� &�9�� 3"�9� �" 5:�V�6����� N�

� >���� ��?�   ���� .4�� +���c� B	 <�97 � ���4�   
���

n/? �� 4c" 3c6�8   4�� 3����� ���� kT� n2� � 
��	

3$����!� 3���" � &����� 
  ������2�SPSS 3S���:�  
20   

)version 20, SPSS Inc., Chicago, IL � 3��9� ��� (

B��	 .52�M ���[ ��$W�   ���� 3c6�8 ��� 
��	 
��

B�����	  
�����Fiser's exact >One-way ANOVA   

)One-way analysis of variance>( t .��"�  

 �� B���/�"4   3�T.e ) �! ���M    :4�4�� 
4� "5-1 

 >��!10-5  >��!15-10  � ��!15   3�� ��(�" � ��!

 h���� 3" ���M �� B���/�" ��4c�9  >�j�15  >�j�9  �j�

 �11   B����/�" +�� ) ! +�@��� .��" �j�8/5 ± 2/10 

�" )�/� �� .��" ��! k�S;� B���/CAH   C��!� �"

1���	 � ) �6�" <��=  .��" 3�2�M '��K ��  

29 3��M 3" ��. ��/�"  �4� �� 5!� �� 
   N�/� 


) 4���"SW   ���Salt-wasting � (15     3�" ���. ���/�"

 ) ����! B��!���$���� X��SV   ���Simple virilising (

     X��� 3�" ���. B����/�" �� .4���"SW �� >16   ���/�"

 �� 
��/�" k�S;�2  � ��" �4� ���� )M4�� ��� ��

13  �� 4c" ��/�"2    4����" �4�� ���� k�S;� )@��

B	 +�" �� 3�  >��6  ��� +! �� ��/�"1  � ��!7   ���/�"

 
(�" +! ��1 .4���" �4� ���� k�S;� ��!  

 X�� 3" ��. B���/�" ��SV  �g �3  +! �� ��/�"2 

���" �4� ���� k�S;� )@�� � 412  �� 4c" ��/�"2 

) )@��8   ���� �j�5   � ���!4    
(��" ��j�5   (���!

.4���" �4� ���� k�S;�  
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  ���" B����� 5��W� 3��c6�8 ����� B�����/�" )���/�

 B����� 3��" B���������4���� day/2m/mg 20-10 >3 

    X��� �� � 4 ����� ����[ ��� �� 5"��SW   +�� o/�

.4 �2�M ���[ B�����������$2 �" B��� 5W�  

/�"    ��� B���� 5�W� B���6-3      ��" ���" N�� ���

      ���;2 � B�� � 4�[ )�!��" � ) �6��" <���= )"�����

  ��" 4�A�,����� ���$M ��� <�E � .4�4� 
��@�� B��

    )��! -8�! )"������17-   B����!V��� )�:���4��

)OHP-17  �����������Hydroxyprogesterone-17 >(

3 ��c ���4�� � ) �6�" 
 .52�M &�9�� B�� � 4[ 
��M  

���;�3���$7� � k�S    C����!� ����" D����$" 
  

Tanner stages 3 ��c �� 4� &�9�� ) �6�" 
.  

  

���	 	
  

��������� �
����  

 3c6�8 +�� ��44  3" ��. ��/�"CAH  � 3c6�8 ���

  B����/�" +�� ) ! +�@��� .4 �2�M ���[ )!��"8/5 ± 

2/10 3 �� �" ��!  
20-2     ���e +�@���� .���" ��!

   3�c6�8 5�W� B���/�" �� B��� '415/5 ± 55/7 

 B��� '4 ��e �v��47 � �[�47 .��" ��!2   � ���

20 .��" ��!  

  4� �2�M ���[ )2��M���! 5W� B���/�" +�� )�/�

     X���� >)2��M����! w����� s�.e 3�TART   +��� ��

 B���/�"5/4  U��" 4K��    3�9��� 3�� '���K +�4�"  


 �� )2��M���!32 ) ��/�"7/72    � )�c�.e (4�K��  ��

10 ) ��/�"7/22   � ���" )c�.e ��] '��K 3" (4K��

 ��2 ) ��/�"5/4       ���" �4�� a����M ����� (4�K��

 �,�)1.(  

  

  
 ���1����� . ������ ��� ������
 �  ��������� !�"  

  

 �� ),� ��2  32�e �� ���� >���� 3" ��. ��/�"

 �� .4� a���M2    3���M 3�" ���. >��/�"   5�!� �� 


�4 �� ���� �� � 4���" N/� 
  3 ��c �� m/6 �"�[ 


 �� ��(���" ) ��! �����M �� ����/�" �� ���� .4��;� 5��2��  

15 ���4�� r!�� .4 ���� ���[ ��!   ����� 
mm 14 

B���/�" �� ),� �� .��"    3�" ���.TART   3�" ����� >

3�7�� N� '��K    &� ���!��4 '����� �� ������� 


3\�"       B����� N�� '���K 3�" 
��@�� �� � xy 


Solid       .4�� 5��z� 3�\�" �� ��� )���[�2 �� �� ���

 ��4? �� ��/�" �� +�� '�RS;1 5!� �4	.  

  
 #$%&1 '�()� *� +,���-� .CAH.�%�� +����� '�()� *� +  �  ����� !2  �
 0�1� ����
TART  

�	���  �����   ����� ��CAH  ����� ����� ��  ������ ����� �  

1  SW 5 �'���  16 ���# 8 ��  mm 7  ×22  

2  SW �, - #�.  17 ���  mm 15  ×12  

CAH: Congenital adrenal hyperplasia; TART: Testicular adrenal rest tumor; SW: Salt-wasting 
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� ����� ���� �� CAH ���� ��� 	
�� ��� #���$
� % 

 X�� 3" ��. B���/�" +! +�@���SW >6/5 ± 2/9 

  X���� 3��" ����. B�����/�" +��! +�@����� � ����!SV >  

8/5 ± 0/12   B���	 s.e � ��" ��!t    ) �! +�@����

)��� c O������� >������M �� B������/�"  5�����4� ���  

)13/0  =P 3�9��� �E� �� .(   >)2��M����! 
19   ���/�"

  X���� 3��" ����.SW >)��c�.e )2��M�����! >8  ����/�"

  � )�c�.e ��] )2��M���!2     3�" ���. ���/�"TART 

 h������� 3���") 4������"4/59  >4���K��80  � 4���K��  

100 .(4K��  

�" �-�  ��2�3  

 ��44  >3��c6�8 +���� �� �4��� )��!��" ����/�"15  ���j�  

)1/34 4K�� D�$" ��y� (  +��� 3� 4���" �4� C����

       ����[ �������6 ��� +�6��j�� ��" B���� 5W� B���/�"

   +�6��j�� ��" B��� 5W� B���/�" ��4c� .4 �2�M4   ��j�

)7/26 4K��  �������6 �" B��� 5W� B���/�" ��4c� >(

9 ) �j�0/60 4K��   ��" B���� 5W� B���/�" ��4c� � (

 ���� �� ��2 ) �j�3/13 4K�� +�� �� .��" (15   >��j�

10   � )��c�.e )2��M�����! ���j�5   )2��M�����! ���j�

 �� �� U4 ���� F�,;2     `��� >����� 3�" ��. ��/�"

 �� .4���.� C���� D�$" 3" ��. N�2   3�" ��. ��/�"

 ) 4 ����� ��� D�$" >����Tanner stage V  &��9�� .(

 B��	Fisher's exact   )� c b��.��� ���   +��" �� 
���

3��9��� M�����! 
  ��4��� B���;� C���� D���$" � )2��

)420/0  =P ��4? �� w���� .(2 5!� �4	.  

�
����   ��4 ��)�  

 ��44  3c6�8 ��� ��/�"5  ) ��j�4/11  4�K��  ���. (

���" (�" B�� ��;2 3"   
������� �" B��� 5W� 3� 4��

   B	 +��" �� � 4� �2�M ����[ B�� ��;2 4|   >���4   ��j�

 � )��c�.e )2��M�����!1  F�,��; )2��M�����! ���j�

   ���;2 &�4�� `�� ���� 
���� ��/�" �� �� �� >4 ����

   B���	 &��9�� .4 ���4� (�" B��Fisher's exact   ����

) c b�.��� �39��� +�" �� 
��  3" ��"� � )2��M���! 


     ��4���?) ��4���� B����;� (����" B����� �����;23 (  

)990/0  =P.(  

  
 #$%&2����� 567 �
 8� $ 9�2
 ���$��� :��� . ��������� !�"  

�� !����  �"�#$  �"�#$  �%  �����  

/��#0 1 �.  (����) ���4-  (����) ���4-   ���4-(����)  

"56  )8/68 (22  )0/50 (5  )100 (2  

��.  )3/31 (10  )0/50 (5  )0 (0  

7�8  )100 (32  )100 (10  )100 (2  

420/0  =P 

  
 #$%&3����� 567 �
 <�
 ��4 ��)� �
 0�
� ���$��� :��� . ��������� !�"  

�� !����  

  

�"�#$  �"�#$  �%  �����  

9�. � 6 ���:  (����) ���4-   ���4-(����)  (����) ���4-  

�����  )5/87 (28  )0/90 (9  )100 (2  

����  )5/12 (4  )0/10 (1  )0 (0  

7�8  )100 (32  )100 (10  )100 (2  

990/0  =P  
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�
���� ��� =��� 17-"�6@$�%� �$���A$�B  

   )��! -8�! +�@���17-   B����!V��� )�:���4��

)OHP-17 3����c6�8 5����W� B�������/�" ������ �� (  

ng/ml 11/10 ± 15/9 3 �� �"  
ng/ml 42-1/0  .��"  

 )���! -8��! +�@�����OHP-17 ���" B�����/�" ��

 3�9���  )��c�.e )2��M�����! 
ng/ml 00/10 ± 59/8 >

3���9��� ����" B������/�" ��  F�,���; )2��M������! 
  

ng/ml 37/11 ± 79/11  ������ 3��" ����. �����2� �� �

ng/ml 97/2 ± 90/4    )������! -8�����! .�������"  

17-  3��" ����. B�����/�" �� B�����!V��� )��:���4��

TART  B�4" B���/�" �� ��/�TART     s�.e ��� U���"

 B��	One-way ANOVA )� c '��j� >   +��" 
���

) 5��4� ��?� ���M 3!580/0  =P.( 

 )�! -8! +�@���17-  B����!V��� ):���4��

  ���� B����� ��5   ���!ng/ml 75/14 ± 88/11 �� >

 B�����9-5  36�!ng/ml 23/9 ± 50/10 B����� �� >

14-10  36����!ng/ml 69/9 ± 54/7  B�������� �� �  

15  ��(���" � 36���!ng/ml 19/8 ± 07/7  s��.e � ����"

 B������	One-way ANOVA )�����! -8����! >  

17-     >) �! ����M h�:7 ��" B���!V��� ):���4��

) c '��j� ) 5��4� ���680/0  =P.(  

 #��-@������"  

  3�" ��. ��/�" �� ��TART     � )2��� B���� 5�W�

.4 ���� ���[ h!�  )����� ��� �  

  

&'�  

   >3�c6�8 +��� &�9�� �� )$� O4�   ).�:� )������2 +���c� 

TART  ��� �:� B���/�" ��20  3" ��. ��!CAH   .���"

   X���� >)2��M����! w���� s.eTART    B����/�" +��� ��

5/4    �� 3�� '���K +�4" U��" 4K��44    )�!��" ���/�"

39��� >�4�  �� 3\�" )2��M���! 
2   n�8[ ��e 3" >��/�"

 �4�  � kS;     �� � ���" 3�\�" �� ����� 
32   ���/�"

)7/72     �� � )��c�.e )2��M�����! (4��K��10   ����/�"  

)7/22   .4� a���M )c�.e ��] '��K 3" (4K��  

3����c6�8 ��  
Stikkelbroeck  �� B�������,/� �  

17  3" ��. ��/�"CAH >6 ���  3�\�" ����   ��"�[ 


  � 3� ��c �� m/610    )2��M����! �� ����TART 

) 4 ����8/58  ��e +�" b�.��� 3c6�8 +�� �� .(4K��

 X��� � 
��/�" '4TART  �� � �4;� ���� -�|��  

11  �� ��/�"16  3" ��. ��/�"TART>   � )2��� B���

) ��" 3�2�M '��K h!�  )����� ��� �20.(  

3c6�8 �� 
 Avila  �� B���,/� �42    ���. ���/�"

 3"CAH  +� ! ��31–5    &��9�� )2��M����! �� >��!

 �4�12 ) ��/�"6/28  (4K��TART 4 ���� )18(.  

c6�8 ��3 �  3�� 
Claahsen-van der Grinten   �

 )�����2 >4� &�9�� B���,/�TART    ���. B���:� ��

 3"CAH  �� ��/� +! �"18     ����[ )�!��" ���� ��!

 3��� 5��2�M8  �� ����/�"34  �� )��!��" ����� ����/�"

 )2��M���!TART ) 4 ����24   3�� )6�7 �� U(4K��

   ����� >3� ��c �� B����/�" �� N� `��    m�/6 ��"�[ 


) 4 ���4�23-21.(  

 ��2 ��. ��/�"   3�"TART >Bone age   �� ��(��"

) 5!� �4� a���M )/��T� +!22  3�c6�8 +�� �� .(

 ��2  3" ��. ��/�"TART    )2��� B���� &4= 4����

 �� 3� )6�7 �� U��" �4� 5�z�6   B���� �@�� ��/�"

) ��" 3�2�M '��K 47 �� 1�"24 >22.(  

     w����� ��" >'��c6�8 ����! �� �4	 5!� 3" w����

3��c6�8 �7 
)�� '����j� �����:" ���|  ����(� .4����"

   )2��� 5�[� &4= >)2��M���! 5[� 3$/? �� 
�4c�

3�� ��c  F4���� ��4��c� >������ k�S��;� �� ) �6���" 
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) �� ... � B���/�" .5:��� ���� X�|� +�� �� B���  

 )� ��/�7� >��?� 
����	 s.e ��7 �� 3"  ���

 B���/�" �� 
��(�" X��� 
���� ���� +�� ��?� ��.

 3"CAH 3c6�8 �� .5!�    3�" ���. B���/�" >�|�7 


TART    )2��� B���� � )����� ��� � 5W� )@/�

   �� ���/c ���e 3" ���� +�� .4 ���� ���[ h!�  �

3����M) 
����/�" ��4�4��� X������ �4�� �� 5��!� �� 
  


) ��9�� (N/� .���  

 ��2 3c6�8 �� ��. ��/�"  ) ! ���M �� �|�7 


 
(�"15 ) +�� 3� 4 ���� ���[ ��!    �� )���7 4�����

  4���" ���� X��� � 
��/�" '4 ��e +�" b�.��� �

) +� o/� B���� B���   D��$" B�� �� 3W��� 
��

.5:��� �L} ���� ���" �� ��� ��  

 �� &�4��� `���� ��2  ����� 3��" ����. ����/�" �� �

3c6�8 ���� >�|�7 
     5�2�� 3� ��c �� m�/6 �"�[ 


  )� +��� 3� 4;�       �� )2��� 5�[� &4�= �@����" 4�����

3 ��c    3��K�� � 4���" ���� k�S;� 
��" ) �6�" 


 )�    ���� '����K 3�" B�����/�" )��/� 
����" ����  
�

   >����� ���?� '��K �� �� ���M &�9�� )2��M���!

+���� +! �� �� ���� B���" 
��  �" ��� � ��� k�S;�

) ����! )2��M���!     �� ����� 4��� B���� �� B���

    ��� � 52��:� �� B���� ��Ld� +� o/� � 
��/�" ��!

    )"������� ������ 4��7 �� 1���" 4���� �� 
��M���$?

s�[� ���	 �/= 3" 
��.  

  

���(��) �  *��  

+�4"     ��@�;��� 
���� 2 � '��T�TW� 5���c �� 3$�!�

5g? B�gjK� ),��� &�$=    1��l�� +��� )6� +�d�

) 
���@!��! .���M 
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The Relative Prevalence of Testicular Adrenal Rest Tumors in Fewer than 

20-Years-Old Boys with Congenital Adrenal Hyperplasia  
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Abstract 
Background: Testicular adrenal rest tumor (TART) is the presence of unspecified adrenocortical cells 
in the testis of patients with congenital adrenal hyperplasia (CAH) and is similar to the hyperplastic 
adrenal glands. These tumors are usually benign; but, due to the tumor site in testicles, can lead to 
seminiferous tubule obstruction, gonadal dysfunction and infertility. Therefore, early diagnosis and 
treatment of tumors is important. This study aimed to determine the relative frequency of testicular 
adrenal rest tumor in children with congenital adrenal hyperplasia.  

Methods: This descriptive study was performed on 44 boys with congenital adrenal hyperplasia at the 
age of fewer than 20 years. Height, weight and blood pressure were measured; also, exact examination of 
testis and scrotum was done to diagnose palpable masses. For all patients, ultrasound of testis was 
performed by an experienced radiologist. Assessment of patients was based on height, weight and serum 
level of 17–hydroxy progesterone.  

Findings: Testicular adrenal rest tumor was reported in 2 patients (4.5%) that in one of them, bilateral 
tumors were reported in the upper pole of both testes. The other tumor was visible in the mediastinum 
of left testis. Both patients had types of salt loss, were in the age group of 15-20 years, were under 
hormonal control and appropriate treatment, and none of them had impaired gonadal function. The 
average tumor size was 14 mm. Palpable mass was not found in any of the patients. Serum levels of 
17-hydroxyprogesterone was less in patients with testicular adrenal rest tumor than the others.  

Conclusion: The age group of the 2 boys with testicular adrenal rest tumor can show the correlation 
between duration of disease and the prevalence of the tumor. Examination has not enough accuracy to 
detect tumor and ultrasound is recommended for all the patients to be performed periodically. 

Keywords: Testicular adrenal rest tumor, Congenital adrenal hyperplasia (CAH), Ultrasound 
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8  003882-NM 

7 RC -55377 Contig 

58 018104-NM 

152 RC -57864 Contig 
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216 25991 Contig 

187 007203-NM 

105 RC -1778 Contig 

18 RC -63102 Contig 

211 052162-AF 

221 002019-NM 

217 RC -35251 Contig 

21 000320-NM 

SWLDA: Stepwise linear discriminate analysis  

  

	 �
6* ����� 7��	� )SVM(  

����
; ����% �� ����
��  �����?�� *��	�� D*��		� ��"� 

  ?$8�� ���Q �� �� #��  �����%
.�  Y��, � 
k 

 j���#�  8��l �� ��M� ��
* .� ��;  ��?��  *�	�� 

 @�� �� D*		�P��*2 ��� �(Q (Q �� ��� )
;  � 

�?��  kY�� ���+ *	�� .
a � ��;     t��, ��?$ ����

 �*K,� "�� �� ���  ���� �� �� #��� �2
� � 

 ���� �?�� �  ����+ 0
*�� "�� �� �� ��%
��   ����

��
D* �+ *�8�� .�;  ��?��  *�	��    *�	�� D*�		�LDA 

�J �?�� *	�� D*		� � ���	� #��N ��    w8�� �  ��"

(Q+ f �
� (Q+ f w8� .#��  8=8� �3 �
�  �(Q+ 

SVM  �����" "� f
�  �(Q+  ���    t���8, y8�zQ

RBF )Radial basis function(  D -��������+ ��	�* 

)11 -10.( ������;
  ������% �� ��������
  ����(Q+ 

�*= #E2 � +� q%�� � j�$ ���� :#��  

+� u�$  !
	�}Xn , ...,2X ,1X = {X �c8�O� � 

����8��  � ��"}1 ,1 - {y ∈ a���\�� !��"  ���"���?�� 

e*" .*	��) ��8�� �� #�� +(Q !
�z, ��� ;�$�   �"

�?�� +���  �� �� ��8�� �� �B�� *2 , � *	� �*	�   ��"

 � �?��  ;�� �0� .*�� ��  ��?��   PB�� A��(� 2  �� �

*	�� ��q% +��*= +(Q ��8L)    *�	�� �T-�L ��� J�

H ) &��, t�, �x(f �3 +� �*= !" �� �� " .*	�  

  

  
��� 2. 7��	� ����� 	 �
6* �� 9:	; +(��/ �(<* +,-  

  

)1(  )b  +W.x (sing () =f ,0  =b  +x .W:H  

�C��L$ ���s�	\ � �T-��L ����� ;
��� –H  �+H )  ‖ W ǁ /2  =m -�
�2 �  �����-  ��&��    ) 8�� ��,

�?��  �
��2 � D*		� �*	� �   ��&�� ��	
���  �  � ��, 

j�?� &�8� ����� �  �O
��    ���� +�2��� . 8�� *"�8Q �, 

�T-L �  � �	
M� ;����
� ��
2� u�c �  �����)   ���

���  #��  F��    ���8�� j��, �*�� �*	�  �")   J��

��r�E � �	
M�  ���#�� *
?�    <�� �� D -���� �� �

.#�� P2 P�� g���0b a���]  

)2(   

� Minimize 12║W║
Subject		to	y��W�x � b� � 1∀i � 1, … , n 



 

  

  

www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���32  ���
 /292 ���� /� !"�
 �#� 1393 1032 

������ �	
���� ������� ����� �� �������  ��!��� "���! !��� ����� ���	 ����� � 

K �(�=> ) �(	?�5 7(��KNN(  

 � �� kY�� J
	B, ;�� e*" ��?�� �  D �  J�� � 

 +������3 @���� �������?�� � K D �  �  ���� <�8���3

J��� &� ������" ;����,  +��� )*	����" �3 ���" *����   

)14-12(. J� &� ;�� ����" ;��, ")  �8� ��18�K� 

�CL$ J� �� D -��� � � D��*�� P��  ��
0   #��  ���

+�  J� � .*�3K     ���8�� � ��&�� +$�� �*�� ��   ��"

 )+$� <�8�3KNN +�      a���?, �� +K��, ��" *���8,

�� ;�� �� *�&�r  +�� U�c� �E    �,  8��KNN   *���8��

!
�z, �"��� �� +(Q �
f ��
0  .*	�  O  

 <�� � K J� &�   18��K� �8� �� )����" ;��,

K  +�� XY���  �$ � *c      !�" A�
?T, ;��� �  . 8��

�?�� #TL  ^C�Y� ��*?� *	\ ���� �*	�K  D*
O	�

   1�*��= �  ���� *���2     #��E2 ���� ������ R�����  

5 ,3 ,1  =K .#�� D*�3  

 1�*= A��2 +� ��� ��   ����� a�	� ��*?� *��

K   *c3 +�    �� ���� � �  ��� *��3  =K    ;��� �����

�?�� .*� �0 D -��� D*		� �*	�  

  

����	 	
  

�?�� �� �� D -��� �  D*�		� �*	� �  SWLDA )SVM 

 �KNN   ��?�� �  ��� F8���� �0 �  )    ��*�� � �� �

.*�*� J
B-, �����  

 1��*= � 3  ,5    ����  ��� F8���� R���� )   �*�	�

 �� F8��� �0 � 77 ) ��
�33     � ������ �� ��-�44 

   ��?�� ��� ;��� �� D -��� � (����� ��*� �-�   �*�	�

D*		�     8�=� P
E  �� �� #�� ��� �� j�b .#�� D*�3

 �� ?� +Q��Intensity    ��0 �  �� +�B� �  X8C(��

+B� )����� � D��0 ��8�� ��   *���� �� D��0 ;�� �"

.*� �0 eq2 ���T�  

 1�*= � 6    �� J�� ��" �� F8��� �"�����% &
�

�?�� D*		� �*	� .#�� D*�3 D -���  �8� �"  

 ���"   1�*��= ��� �8���6  +��� ����   ;�����M� )*�" 

�?�� D*		� �*	�   a�
,�, �� "SVM )KNN  �SWLDA 

+�  .*	��SVM      �� #����8, +�(Q P���� �� D -��� �

 �� .
� #
��284     ��� J�� &� #
�Lz�Q� � *L� 

82 . �� �m� �0 �  J
B-, �� *L�   

 .��/2�?(	�� .  @A
4� �(�	�� �B� $K  C�� ��KNN  

�����  

K  

 ��������  �� 	!"  #��$% ���&&'  

1  =K 7792/0  8636/0  6667/0  

3  =K  8182/0  8409/0  7879/0  

5  =K  8052/0  8409/0  7576/0  

KNN: K-Nearest Neighbours 
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SVM: Support vector machine 
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SWLDA: Stepwise linear discriminate analysis 
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Comparison of Different Classifiers for Prediction of Breast Cancer 

Metastasis in Microarray Analysis 
 

Zahra Amini MSc1, Alireza Mehridehnavi PhD2 

 
Abstract 
Background: In this research, we investigated the performance of some different classifiers for 
prediction of metastasis in breast cancer.  

Methods: We used the DNA microarrays of primary breast tumors of 78 young patients. Among these 
patients, 34 had developed distant metastases within 5 years (poor prognosis group) and 44 formed 
good prognosis group. For analysis, we applied three different classifiers including support vector 
machine (SVM), stepwise linear discriminant analysis (SWLDA) and K-nearest neighbors (KNN) 
classifier. Each of these classifiers used 231 selected genes as an input feature vector and their 
performances were estimated via using leave one out (LOO) method to classify patients into two 
groups namely, good and poor prognosis. 

Findings: The best results were obtained by support vector machine with linear kernel. This classifier 
achieved a sensitivity and specificity of 84% and 82%, respectively, for metastasis prediction. 

Conclusion: Our findings provide a strategy to specify patients who would benefit from adjuvant 
therapy. 

Keywords: Microarrays, Prediction of breast cancer, Support vector machine (SVM), Stepwise linear 
discriminant analysis (SWLDA), k-nearest neighbors (KNN) classifiers 
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��9"8: 
��� /��) /� ��� !� 2�.�"�' 7-��� 7��  � �;�' 2�<*� ��=( !� ��� .(��  �">�� !� ���: 
�)����.�� /�����? 6�)

!%�"� 
 0� ���� �>. �� 
�)����.�� 6�� 7��  � .$�� @� "8���� !�8� ,�"�' $A�4' �( B=�C /��� 6/="8� /��� .$�� �>. (�"� �'�� ��  /�-��� /��� D0-�� ��.�"

� /="8�E��  � /<� .���� (�F�� ��G�H ("H !� $I-. ,J �( � ���K� � &"8� �( ��G�H (�F�� 2��L /���� �">�� !� !� /��)  
�)T !8��� !� 
 /0.J  �(�40�� ,M

/� /� ��N<� /���� O��� J 6("? &"8� ��N<� 6!%=�P� 7�� �( .�?�� E"� /=�KG 
�)  7�Q���R �� ��? 7�� 
�)31Omp � /8� ����� E�� �(  � �(�40�� �� @�-�

  � �(�40�� 
��I� �� ��N<� /��� ��Carboxanil ide -5 -tetrazolium -)H2( -)sulphenyl -5 -nitro -4 -methoxy -2( -bis -)3,2) (XTT (  

 �Diphenyltetrazolium Bromide  -5,2 -)yl -2 -Dimethylthiazol -5,4( -3 )MTT�? /���� (.  

��� :�� E"�  
�)BalB/c   � �(�40�� ��PBS )Phosphate buffered saline 6(31Omp  @�-�� /8� ����� 7-��� � B����".1.Rev  !0*�

 .�.�? 7�� ��?30 E"� 6W��X� 7��HJ  � @R  �� ,J &�KG � �.�? !0*� �) &"8� .��(�9 ��: �) !0-) �� 
�)  2���F� �( ���J $�( !� &�KG 
�

31Omp )µg/ml 5/2  �5B����". ( &"8K� ,(�� !1�Y� �� ��N<� ,�X�� .��01�9 ���L  
�)XTT  ��MTT � ��.� �? �;�' Z.� ���[� � 
��9. 

����� :�� $��"4�= E"� &�KG 
�)  B����". 7�Q���R �� !� /��)31Omp !�:�"�  � �%� 6�.("� ��? 7�� 
 /0.J 7�� �� (�F�  ��N<� !� \��? 6,M

/�%� 2��4� 6��N<� 7�� � �.(�� E"� &�KG ��N<� �� 
��(  �� ��? 7�� 
�)PBS /� ,�*. ) (�(010/0 < PE"� &�KG 67�� �� ���� .(  7�� 
�)

 �� ��?1.Rev  ���9 �� !-��]� �(PBS ��N<� ) (�( ,�*. 
�0*��010/0 < P  � �(�40�� �� ��N<� /��� �� O��� J  � �(�40�� $="�� 7��^) .(XTT 

�? �(�( ,�*. X�.. 

����� :����  7�Q���R31Omp  Z.�  � �(�40�� �� ��N<� /��� �� O��� J 67�� �� ���� .(��( �� /="8� /��� ���K� /��.�"�XTT � $'�� /*��� J 6

&"8� ��N<� /��� �� �">�� !� �(�� /� &�KG 
�) �?��.  

:����� ������ &"8� 6B����". 7�Q���R 67-��� ��N<� /��� �� 6/=�KG 
�)  

  

: �!�� .���� 
�: 67-'���� /.�.�  67�-' �K� 
�_�� 6���� /��L/ �Y� �IF.� 6("K�.  "���
#� $�%
��� &����#
 &'��(��31Omp 

+#�, ��-.
 �� /�01
 &�� 2,��' �#� +�34 ��� 5�67���(8 9���: �� 5�: $;�� ��� . ,��4;� /<?XR ��<*.�( !8F�1393 `

32 )292 :(1045-1036  

($�.� /0�1� 
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����� ��	
�� ����� ��� �� ���� ��� �� ������� 31Omp   ����� ��	
 ���%
��&�' ( 

�����  

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

�� ���������   ��� ��������� ��	��� ������ .��	�

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

�+������ ,�-� ��     $���� �	��.� /0��� �$�� $	1��

) 0�� �&�!14.��� .(    6��� �� �7	# �	��   �	��

����+� �   8���	9� ����	��� $���&� 	��� /����� :� ��;

 ��	���� ���& �� �!
()�     <���=! />	�.+� �$ �����

   /4��9?�� � ��$�	�� >���# �� >@ A��B! 	� 4�9& CD�

��+@ $	1�� �$	�    ���� 4���� >���# >�� E�� �$ ��	�

�� FG� �� +�� H�	��@ �$ ��  �!
()� �-�I)! �	�

�� $	1�� ) �9�6-2.(  

�M�N �*$ �� �     >	��B�� 0�O	P# �$ �*���� �9���

�� /
���� ���� ��+@ �� >��!      F��.�� ��+���� ��� ��+Q

   "���� ����& �� �*���� �9���   �	��T   � <���=! ��

 4�.��� 4��	� 0R& /��	�+ ��S	� $	1��    ���� �	��

    �$	P���� 
����� ����� �#��    ��	����� H�	���@ .$���

 ���+@ ��	�	9� �� �� 0�� ���� /��T(! >Q    ��� ��	��

   $	��1�� � �*����� ���9��� F���.�� <����=! ��	��+��!

"�����  �	���T ��S	��� ���� <���� /���+��$ �� ��  .���9�

    0����P9* ���T(! >�B��� /���T(! ��	���� H�	��@   �	��

   �$ ���� H9����� �$ �	U��)�	��@ �$ ����� �$�$ 0��)�

�� $�1� ���V���G W� � ����� �  ���+@   >	�)+ �� >Q

�� ��$ )7(.  

0���P9*  �	�T ��+@ �	����YZ �� H9��� �$  <�+Q

   ��� ����������� �����������[�V ������������GMHC   

)Major histocompatibility complex "���� (   �	��

��99� >	�� � ��+@ �� ��T(! �� \��� />Q .�99�  

0�����P9* ����T(!  �$ ��	U��)�	��@ C������ �$ 	���

��+@ 	� H9��� >Q  	��� ]� �+	�� CD[   >	��B�� �� ��$

��+@ >@ 	� MG ��   �7	# ��	��� �� 	� � ��� 4��� >Q

��+@ >@ ��	# F.�+	V����(�� ��  .��	� ��[	� $�MR� >Q

0���P9* 4����	9�       �$ ���	M+ �� �MS >	��B�� <�� �	��

��+@ 	� $�����     ���T(! .���$ >	�)+ ���T(! ,	� >Q

"���   �	��T    ��� F�� ���   ��+��!+4CD �  �� 	+8CD 

����+@ ���7	-���  ������ ����7� 6�� <��� /����	� >Q

    ��� H9���� �$ �*���� �9��� $�(��� ��	+��! ��	����

<��=! 0�� '�	P�� �	� )8(.  

     ��	����� ���a9� ��� �$	P���� $��� 6�� 4���)��

 �� �$	P��� /��T(!H-thymidin3 ��    6�� 4��� .���	�

     ����@ 0��$ ��� c���& � 0�� d	� ����	.# ����$

0�����	G   �	��9M� ���� 6�� 4���� .$��$ ���e��Z �����(!

�������+�  >�B����� ������VH-thymidin3  �	��	���� �$

DNA     "���� ���T(! E	�U9� �$ ���� ���	� ��	! �	�

   ��!��f� ��� $��$ �!
()� F� 6�� 4�� ��M*� .0��

  ����� >$�� g	+�f� /�������$�� $��� �� �$	P��� �9+	�

  �	��+	���.Z 0������� 0���	R+ �$ � >	��.+� 0�
���

	#���& >@ �� H�	��@ 4�� �� 7 �+�.  

     G���# ��� � '
(�)� 4��� �� c	9�&� ��a9� ��

  �� �$���� ! /���������$�� ������ �� �$	P����� >�+	����

6�� 0���P9* ��T(! ��	���� �	�   ���� �$�$ � ��! 	�

6�� 4�� .0�� <�+ �	�#� �	� 	�   E���*�����! �	�

 ���MG ��Carboxanil ide-5-tetrazolium-)H2(-

)sulphenyl-5-nitro-4-methoxy-2(-bis-)3,2 (

)XTT) � (Diphenyltetrazolium Bromide -5,2-

)yl-2-Dimethylthiazol-5,4(-3) (MTT �$	P��� /(

   �������9+	� 4�������������Z j�*	������+@ <������� ��

Bromodeoxyuridine-5   �	��	��� �$ >@ ��	���$� �

DNA����+� /��[	� �()! ��	! �	�   ����k! >�B�� ���V

�BU� '�   H�	����@) �������B�* �	����9��@NAG  	���  
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����� ��	
�� ����� ��� �� ���� ��� �� ������� 31Omp  ����� ��	
 ��� %
��&�' ( 

Net acid generation test  ���+@ ��	��$� � ( >Q   �	��

 0�� ��T(! 	� CM!��)9(.  

      �� �$	P���� �	�9M� ��� ���T(! ��	����� H�	��@XTT 

    ��� ����& >@ �� ��� 0��� �$	�� %[	9� ����$    ��� >���!

  4��9?�� � >$�� �$	� /�������$�� $��� �� >$�(+ �$	P���

$�� ��	�� >@ �d	� 0�7	-��� )10(  0*�R�� $�&� 	� .

6�� �� 0M.+ 6�� 4�� �� �$	P���     4��� �� /��U�$ �	��

��+@ ��	�	9� ��a9� �� H�	��@ >Q     ��� ��
����� �	��

��  0����P9* ��T(! n�	� �9+��!   ��S	�� �	��   /�+��� ��

       	�� 0�+�P� ����� �M�.+ 0�O	P# .0��� ��)+ �$	P���

 �$ ��.9! ��� 
����6��  	� ��� 4��� �	�31Omp 

    0��� ���� �$�$ >	�)+ ��.9! ��� 
����)12 -11(  �

��+@ 4�9?��  ��+@ 4�� ���� "	+����+�� �$	� �� >Q   ��+��!

   0�a[	=� ���.9! ��� 
���� 	� 0+�P� ���� �� >���#

��	�+ )14 -13.(  

     8����!�+ 4�o!���Z ��� 0��� ��� 0�	p 4�9?��

31Omp ��    � 6��V�� E��� 	�� �+��!    	�� ���� 4���

��$ H9��� ��.9! ��� 
���� 4.��� 6�� )15( .

��� *	f� �$ /�� 4���� �� �   ����T(! ������� ���� ���;	#

0���P9* 6�� �	�       	�� ��R&��� �$ ���� 4���� �	��

 8�����!�+ 4�o!����Z31Omp  6�� �$ �� �$	P����� 	���

XTT  �MTT �� ����$�Z.  

  

��� 	
  

4����� 6�� 6���� ��	��� ����+@ �� �$	P����� 	��� 	���  >Q

   C���! ���)�Z /4.��� 6�� � 8���!�+Delpino  �

0�� ��� 6��BV >��	(�� )16( �� 4�� �� .3   ����V

 �	� ���V ��) 6��5 E	+ �� (6��  �	�A /B  �C 

 ���V �� �P7 ��� �$ .�� :�� !A /µg 30  4�o!��Z

 8�����!�+31Omp )18-17  �����V ���� /(B  6����

  ���� ���)� 4.��� �     ���.9! ���� 
�����1.Rev 

   ����V ��� � /�+��[ qG	+ 0+��&$� 	� �����C /PBS 

)Phosphate buffered saline    0�+��&$� 	�� ������ (

 ��� �$ .���� A����B! �G	P��7 A����S �� ���	�15  ����

���V  �	�A  �C A��B!    qG	�+ 0�+��&$� 	� ����� 	�

.�� ���(! �+��[  

������ ��	��
 � ����� ���� ����� ) ��MNCs  ����

Mononuclear cells �� (����  

 �� � �45  �� ���4�*�� 6�� /A��B!    $��� ���� �$ 	�

     .�+��� ���)� 0��	R+ �$ � r��[ />$�V A��S �� �����

 (*� 	� >$�� �+�P� �; �� � �70   ���a9� �� /�7�$

��R! � "���  �	�MNCs>@ "	=S ��7	[
� /   ���& 	�

"��� � "��� �� .��@ 0�$ �� "	=S �	�   "	�=S �	�

cc 10 PBS  ��	���������#5  ����������7�$EDTA 

)Ethylenediaminetetraacetic acid �[	��;� $���� (

) ����$�V Q��P���+	��� � ����rpm 1500  '���� ����5 

    �Y�� .0�[�V E	�1+� �U�$ �	� <� �� 4�� .(�D�G$

      �	�� 4��� � ��� ���I�� ��$ ����� %�	�cc 5 PBS-

EDTA "��� �� $��   s	���#� 	� �� � � � �[	;� 	�

"��� 0*	# �� ��	��$ 	�   0�G$ 	� .��@�$ >��.+	Y���

"��� >��.+	Y��� 4��    ��� "	�=S �	�cc 5   "�(�	�[

 ��� >��.+	Y��� �� ��=+ �� t��$�V �[	;� �����

    ����@ 0��$ ��� 8���! /���$� �$ .$��U� ���G "�(�	[

��	+�� �� � � .��$�V Q��P���+	� �    ����S �	U���$

 $����U� 0����� ������@ ���� �	U����$ ���� $���� F���a9!  

)rpm 800  '�� ��25 .(�D�G$  

�*	� /���$� �$ �  �	�.� 0G$ 	� ��#�� �$ 4�� ��P�

      	�� ��U�$ �	�� <�� � ���$�V ��& ����	Z 0Y�Z 	� d	�

PBS-EDTA  "���� �Y� .�� �$�$ �)�.� $��   	��

   ) C��=� ������ � 6�	���Sigma, USA (DMEM 
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����� ��	
�� ����� ��� �� ���� ��� �� ������� 31Omp   ����� ��	
 ���%
��&�' ( 

)Dulbecco's modified Eagle's medium >����� (

<�	u �� ��$ �$ $� 9[ .�� F�.D!    "���� $��� !

  <���	u ���� �$105 × 2  �$µl 100   0��)� C���=�

DMEM    >	�(�� ��# 	�! �� � � .$�� $� 9[ >��� 

�����1+� �  $���� 0���	�� ����� $	��� ��#��� �$ $����  

)Cº 4( )20-19.(  

 ������XTT  

   �$	P���� 	�� �*��� ��T(! ��	���� H�	��@ E	1+� 6��

 ��XTT 0�� ��� �$�$ >	)+ ��)�Z )21(�� .   �� 4���

��=+ ����� ��a9� �� � w�	Z "��� ��$  �*	=S �	�

 8���!�! 4�o!��Z ��31Omp"��� /    ��� �*	�=S �	�

   ����#�� �$ �����V ���� �� �����@ 0���$ �  �$ ��MG

 <��	u    0���Z �	��96    ���� �$ .�+��� F��.D! ���+	�

 /<�	u200  � �� ��I�� 6�	�� �� � � "��� ��B�

 �� ���V �� ����3 ��$�V �$	P��� <�	u"��� .   �	��

    '��� ��� ���� �$�$ 0)�48    ��!	���(+� �$ 0�	��

 ����$5  �������7�$2CO  '��	������1� �$31Omp   

)µg/ml 5/2  �5 4�*��	(+	� /(A )µg/mL 3 � (PBS 

)3 .�9�[�V ���G (E��� �� ���� <�	u  

"��=� XTT  >$�� # ��mg/ml 1   �$��ZXTT 

 $����# 	��! ����� E���V H���Z �� C���=� �$50  ���&�$

DMEM   ��� .��@ 0�$ �� $� 9[ >���cc 5   4��� ��

 /"�����������=�µl 25  "�����������=�mM 5 PMS   

)Phenazine methosulfate) (Sigma �� .�� �[	;� (

   /����@ 0��$ �� "��=� 4��µl 100     <��	u ��� ���

       "���=� >$��� �[	�;� �� �� � .���$�V �[	�;�XTT-

PMS0��Z /  �	�$ �$ ��!	��(+� �$ 	�Cº 37   '��� ��

4  ���G 0�	� �	U��$ �� �$	P��� 	� >@ �� � � � �9�[�V

  y��� "�S �$ ���� �B�*�492   ����+	�+   ����+ ce�&

>@  >�B�� .�� ��+��� 	�SI )Stimulation index  	�� (

 .��@ 0�$ �� ��� "���[ �� �$	P���  
SI= (mean	OD	of	Stimulated	culture −

mean	OD	of	DMEM	blank	control)/

(mean	OD	of	Unstimulated	culture −

mean	OD	of	DMEM	blank	control) 

 ������MTT  

 6�� �$MTT ���k! �z+  $���� P9������H ������	{ 

�!����B�	 4�� ���" �	���� ��+�  ����$ ��	���  ��D��� 

ce��& +������ �� <�	u qI)� 99������� � ����B�>� 

�����4 ��M! �z+ �	+�����  �� [���0�*	 $������Q��+���	� 

�9���������	� ��� "  �	�� ��+� � 0�)11 .(�=� ����" 

!���������*E  ��#���� � �����>$ mg 5 Z ������$ MTT 

)Sigma�$ ( ml 1 ������������[	 PBS �� $0� @ .���4� 

��=�" 	� M�����  ����[ �� ��µm 22/0  ������ �� @�9�d� 

	Zg �� �� �� ��' 4 ��P�  �$	!��(� �	G U+�����R��� 

 ��	���)11 .( "���� ��MG 0�.G �9+	��    �*	�=S �	��

 $�� ! �� ���@ 0�$ ��200     <��	u ��� �$ "���� ��B�

 '��	1� �$31Omp 4�*��	(+	� /A  �PBS )3   <��	u

0��)� (E����� ���� ������  .���� �$�$µl 20  ���=�����" 

@��	�$ � MTT ��� � ��� �	u ���< �[ ����B�$� � ����  �

Z�����  ��4 �	������0 ���	��(+������> $ �$������	�   

C° 37  �P���+	��������������Q )5 $�D�G ����������	 ��$   

rpm 2000 /(�=��C �������� ���$������� � ��� . �Y�

µl 100 �$ ������� ��	����.��P*�� ) DMSO 	�����  

�Dimethyl sulfoxide (� ����� � ����� �	u �������< 

�[�����B�$� ���  �Z��  ��15 $D�G�� &�ec +���� 

)OD  	�Optical density ((��������Z��0 ��!����C 

$����	U��    "��S �$ ����� �B��*� �	U��$ �� �$	P��� 	� /

 y��492 ����+	+ >@ ���+ ce& �� ��+��� 	� )22( .

  >$��@ 0���$ ���� ������SI  H���Z "�����[ �� ����PV   

  .�� �$	P���  
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Abstract 
Background: Brucella melitensis infection is still a major health problem for human and cattle in 
developing countries and the Middle East. Cell-mediated immunity is the dominant immune response 
required for protection against brucellosis. So, identifying of new candidates which can induce cell-
mediated immunity is demanded. Proliferation assay is one of the methods used to evaluate the 
potential of an antigen to generate memory T-cell. In the present study, the proliferation of speloncyets 
obtained from immunized mice was evaluated when they were challenged by recombinant Omp31 
(rOmp31) in vitro.  

Methods: Mice were immunized by phosphate buffered saline (PBS), rOmp31 and formalin-killed 
Brucella melitensis Rev.1 with Freund’s adjuvant. At the day 30, after the last immunization, spleens 
were removed and homogenized. Purified rOmp31 (2.5 and 5 µg/ml) was added to 2 × 105 spleen cells 
and then, the speloncytes were incubated at 37◦C in 5% CO2 atmosphere. After 48 hours, XTT  
[2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide] and MTT  
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assays were used to show the 
splenocyte proliferation. 

Findings: The splenocytes of mice immunized with rOmp31or Rev.1 started to proliferate after 
stimulation with rOmp31. There was a significant difference between SIs obtained from rOmp31 and 
Rev compared to phosphate buffered saline group (P < 0.01 and P < 0.05, respectively). 

Conclusion: Based on our findings, rOmp31 could generate a good memory cellular immune 
response. In addition, the method described here to study the speloncyte proliferation using XTT, is a 
simple and efficient method. 
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�� ����3� F�� F!# Z�# x���B ��
� � �#.  

  
 ����1 .�	
�� ��� � ���� ���� �� �� ��������� ������ � ������ �  

��	�  

���� ����  

)43  =n(  

�
	� ����  

)100  =n(   �����P  

 �� !	��± ����!	�"� #��$!�   �� !	��± ����!	�"� #��$!�  

*���� ) ,��- �#� .cm(  639/11 ± 880/100 377/14 ± 190/104 185/0 

*���� ) "�1 �#� .cm(  668/12 ± 600/90 805/14 ± 980/90 885/0 

23456  = �*)0  = �"� #1(  489/0 ± 370/0 422/0 ± 230/0 080/0 

(���) ,�  547/11 ± 000/49 172/11 ± 000/47 541/0 

) �8cm(  315/9 ± 550/160 062/9 ± 240/160 849/0 

) �*#kg(  569/12 ± 650/69 211/12 ± 940/71 310/0 

� 9 :;�
 . ) ���-2kg/m(  441/4 ± 020/27 705/4 ± 100/28 204/0 

) ��- �-"< 2=�- >1kg(  621/8 ± 520/27 868/9 ± 230/31 054/0 

,��- �- "�1 �#� 2?4�  094/0 ± 890/0 097/0 ± 870/0 191/0 

�8 �- "�1 �#� 2?4�  079/0 ± 560/0 100/0 ± 570/0 776/0 

  
 ����2 . !��	"#� $
�%Pearson �&'�( ��� )�&#� *�#+ ���, ��	,�� �, -��	 �����.� ��,  

��	�  %�& '&�( )	& *+   �����P  

,�  142/0 091/0  

�8  326/0- 001/0 <  

�*#  602/0 001/0 <  

� 9 :;�
 . ���-  848/0 001/0 <  

,��- �- "�1 �#� 2?4�  014/0- 873/0  

�8 �- "�1 �#� 2?4�  615/0 001/0 <  

*���� �#� . ,��-  638/0 001/0 <  

*���� "�1 �#� .  541/0 001/0 <  
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 ����3���� ���� ���, ��	0 �12 3�� �, �����45 6������ 7� -8�2 9
��� .  

%�& '&�( )	& *+ )kg(  
��� *��,- ���,- .��/  

)2Adjust R(  

	1� 2	,&�� 3�45�  

)SSE(  
'!��"��� .��/   �����P  

A"B *� �?�C  808/0  509/1516  938/11 - 001/0 <  

 = �*) 234560  = �"� #1(  -   -  511/8- 001/0 <  

� 9 :;�
 . ���-  -   -  606/1 001/0 <  

SSE: Sum of squared errors 

  
 ����4�	
�� .  ��;<#= ��� ��� ���� �� ��  

)%�& '&�( )	& *+kg(    ��� *��,- ���,- .��/ )2Adjust R(   	1� 2	,&�� 3�45�)SSE(  

 ���1: � 9 :;�
 . ���-    680/0  42/999  

 ���2: *���� .  ,��- �#�    219/0  26/2438  

 ���3: *���� . "�1 �#�    078/0- 94/3364  

 ���4: *���� 2?4� . �8 �- "�1 �#�    070/0  39/2904  

 ���5: *���� 2?4� . ,��- �- "�1 �#�    208/0- 12/3772  

 ���6: � 9 :;�
 . 23456 E���-    808/0  28/585  

 ���7: *���� . 23456 E,��- �#�    378/0 74/1894  

 ���8: *���� . 23456 E"�1 �#�    388/0 09/1865  

 ���9: *���� 2?4� 23456 E�8 �- "�1 �#� .    335/0 43/2025  

 ���10: *���� 2?4� . 23456 E,��- �- "�1 �#�    195/0 94/2452  

SSE: Sum of squared errors 

  

  
 -;�1>�0 �
��� ��, >4?��0 ����#� .  ����@ � ��� !4�,  

��� ���� ���, !,�5 )A�, -? ���, ���  

  

6$&  

 � A��+��4" ���7 ���# �0��"� Y� ���# ����#�����LB

�� ��� A��H+�� ��� ���a+�� ���W /JK�  ��� 8��!"

  [��9!��B 1!:TB � ��0JB ���# ��9+E� � w�- Y�

 ��# 1� 0!6��  � �#)12(   � ���# [��9!��B /JK� .

/!W  ��9:� ����!� � }�� �K!#-     ��7 ��# � �����<

���� ����� A��H+���� ����� �����!� � }���� ���:� ���!" .�

A���6� ��!"     � ���# [��9!��B �� r!T�M � x!�� ���

     ���� � (-��� �I6��I� �� ��+	# _� �# �#�!+��

  �#����� � � �6��� D:+a� l���  � �)�g�*��0!�

�� �!H� [,-��� ��0!�  � �#)13(.  

(����T� �� �� �0"� Y� ���   �+����6 �# ���B

      8F)��� F!�� ~��- (!E��� 1��TB �# �K9� ��!#

�K�0� �E � (���� � Z�# (946 �# �  A� � ��0!6�� �

 A����� 8Y� F���� ���# ���4��3� � .�����  d��� � F����B

�K�0�   A��H+��� 8��� ����� � ���� ��!# ���# A� F��B
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C-�  �� FB ���    �� ���� ^(��� �JK� A��H+��� �  �

 .(���� F��)�� ���!@ ������ 8�0��"� F)���� �� A��+��4"

  A���B C-��  �� (�� A��� ���6 �+ h" [�E*�2�  �

8�6�#   C-��  ��I�� �# (946 C-�  F��+	#   ����

FB /!W ���# �JK�     (��� ���# ��#�� (��# 1� �K!#

)14( . /!��W (��	
 [Z����E� 8���E*�2� F���� �  ���K!#

 �6�"�K� ��!��" ��� �� A��H+�� �# ��# 1� [�9!��B

   ����K9� ���# � �6���  F!��!EB ����4W mh��� Y� ���#

 � A�  1��EB ?��� ����!E��2- [�E#�� u��J� 8

.�K+��" ��� �#���� ���  

/!W (	
 8A��S (�� �# k��+6 t��� �#  1� �K!#

 8��# �#�� (��#  A���B C-��      A����� ��# �6��# �

      ��I�� ��# (9�46 C-��  F���+	# ���K< �# (!4K


C-�  FB ���     �"���� ���
� ��# .�  F!!EB �JK�

  j���9B� ~���L- � A��+��4" [���E*�2� � D����EB

A��B C-�       8����� ��# j��#�� ����< �# �6�# �

# ��� ����� �+�� � A�9+ � �    ��-�# � ��2- ��K#

 ��� ��
�� (���) �� � ������) �����   �� �#)15( .

 A���B C-�  ��P� ���#     C!a��B ����6��B 8�6��# �

 A�����B ��� /��0����� F!���# [����HB  � �6,����< �

� ���) ��    �I6��I� F!�K��� � ����6 � ���� �

��6 0!6 � ����� ��� Q���B     F��� �� .��K� ���!# �6��B

      C-��  �!bn�B ��B (��� `�Z ��+��!# [�E*�2� 8�

A��B /!W � � �6�# �     �� � ��#�� (���# 1�� �K!#

     ���� (�!E�
 �� ���) ���)� �� � ������ A��"

�E*�2�    ��"� .��K� ���# (�6��# A�  mh� ���� �

 C-���  �� A��H+���� ����  �����HC 8WC 8WHR  �

WHtR   ���!H� ���#�� Q�����B �I6���I� F!���aB �

��   �K� �#)6(   F��� � ���� 8   C-��  F��� ��E*�2�   ���

/!W � �H!E� ���6��B       ���# ��#�� (���# 1�� ��K!#

.�6��� ���6  

 � �!O+� .� ���K< �# F� �� 8�+ h" [�E*�2� �

  (��� A�  A��H+�� �#�� (��# 1� ��I�!W [Z��E�

)12(�� ���6 �E*�2� F�� k��+6 ��� 8     ��# F�� ��� ���

/!W � �I�!W �!O+� .� ���K<   ��#�� (��# 1� �K!#

 ��#.���6 ��#��  

F�� �� 1M�� k��+6 �E*�2� �� ���6  ��)�� �� ���

 F!�aB��# �#�� (��# 1�    ���� � A���� �� � �#

      � (��� ��h�W ���)�� �I��!W [Z���E� �� A��H+�� �#

�� �K�0� /��� ?9� �6��B   �+��!# �+�� 8����� ���

�E � /#�B ��E� � ��!# F+��" ��� �+�� �   .�� 

M�B F���#�K# ��� �!   ����# ���      (�	
 �+��!# ����

/!W      �� A��H+��� ��# ���# ��#�� (��# 1� ����3� �K!#

C-�  FB ���   ��6��6 �� 8�JK��    ������ �� �����

    � Y� F���+	# ���K��� ��� �"� .��  ��
� ���

�9��T�  �0"� F)�� �� A��H+�� 8��# �#�� (��# 1� �

��# ����- ��# 1� ��.  

  

'!����7 � �89-  

F��#  �:!��    A�I��6�� ����K� � [��3!3TB (6��E� ��

 ��	HM� �) 0W `�:<F!�nB (	
    /��V�W F��� �*��

�� �6���� � �)�B ���" (����� �� F!K��� .  0����

  ����# [���9!��B F!��!EB � ���a+���� �����W C!a���B

��	HM� ���� 0!6 �  � � �� �� �#��<� A�LK� d6�-

   ��0I����X� ���6���6 ����� /��V��W F���� `���J6� 

�� .d!���6 
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Using Anthropometric Indices Predictive Equations for Estimating Whole-

Body Fat Mass Instead of Whole Body Dual-Energy  

X-Ray Absorptiometry Scan 
 

Mohammad Reza Salamat PhD1, Ahmad Shanei PhD2, Mahdi Asgari MSc3,  
Amirhossein Salamat MSc4, Mehri Khoshhali MSc5 

 
Abstract 
Background: This study was designed to compare the predicted whole-body fat mass via various 
anthropometric indices including waist circumference (WC), waist-to-height ratio (WHtR), hip 
circumference (HC), waist-to-hip ratio (WHR) and body mass index (BMI). Cost and radiation dose 
reduction are the advantages of this prediction compared to whole body dual-energy X-ray 
absorptiometry (DXA) scan.  

Methods: Whole-body composition was measured via dual-energy X-ray absorptiometry for 143 adult 
patients referred to Isfahan Osteoporosis Diagnosis Center, Isfahan, Iran. Values of weight, height, 
waist and hip circumferences were measured and body mass index, waist-hip ratio and waist-to-height 
ratio was calculated. Datasets were split randomly into two parts, the derivation set with 100 subjects 
and validation set with 43 subjects. Multiple regression analysis with back ward stepwise elimination 
procedure was used for derivation set and then, the estimates were compared with the actual 
measurements. 

Findings: Using multiple linear regression analyses, the best equation for predicting whole-body fat 
mass (R2 = 0.808) included body mass index and gender. 

Conclusion: The present study showed that body mass index is the best anthropometric predictor of 
whole-body fat mass (adjusted R2 = 0.680 and squared errors of prediction = 999.42). 

Keywords: Dual-energy X-ray absorptiometry (DXA), Anthropometry, Whole-body fat mass 
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�% �&'��# 
�  

  
����� ��	�
 ���1���	 ��� � �����	  ������2� �	���� ���� ���3� �!�"# �$�% ���3 �  

���� &����� �$�%4  

  
  

�����  

�����: 
���� ��� ���� ��� ��� �� �� �� ��� ��� ��� � �!��" #!$ %� &' ��& $ 
��� �(!� � )*� .�'!( ,-.�� "/�!��� &. 0�) $ 

��� #! 1�� 23).�   #!cm 4 4  ( �56� 78��!� 089� 0�:/�8 '��" ��! �� .�'! 08��7 ���� ;(� (��  2  <�)=  (8>3 ! #(��� 8�8� &-�?� 1% " (�!�.  

��� :�� &@AB� ��! �� $ &�/�  �"�= 7 120 &>�@� D')  &. D�!�� 8E!( �!��" F#  $�>�G!( �H!�I)�)' ( F)� J��#K ( �L/>/�.$!�!� 7  �
���

8�8� 0�!� M/N9  ���� ��� 7 ( #(� 2  ����� 0(�I (� ��8>3  0(�I $!�" .8>*H�I �!�O ,-.(� )*� #(�" #(� 2  F���7  2� ,-.(� )*��" 

 $%#(� �� PQ' ( !8*"! �� �
��� F)��)% RB' ( 8� <�)= 4  (7 0#!8�! 8� $�/I.  8>3 ,-.(� )*� " F��� 7S(� 0(�I �� #(� ��! ( 8� T(��

 $%#(� �� (�!�1 73 75  (7  ��4  �
��� F)��)% ,!�//U  RB' 0� 2� ( &*V% 2� #! 8@" 0(�I (� �� .8���I <�)=  #(��'��" 8�.  J%. F!</�

8���I �'��" 0(�I (� �% �� F��� �-L� F!</� ( &-�?� 0(�I (� �� F)��)% RB'. 

����� :��  �� #(� 2  0(�I76  8X��8>*�!� ����� �/?H)�. #(� 8>3 0(�I �� &. � �)X �� 77/96  �� &A)A �I�: .8� 08%9� ����� Y': 8X��

#(� 8>3 0(�I )3/3 8X��(  #(� 2  0(�I " &-�?� ��)10 8X��(�)" �*�. 7. 

����� :���� � )*� #(� 8>3 <�)=  ����� ;(�( �I�: F(8" ���� ��� �
��� F��� �� ,-." .�'! #(� 2  ;(� #! � �56� &A)A &0(\�7 

&A)A �I�: " #(� 2  ��(�!� F���  $�'! 0!��% $�*9/" ����.  
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Abstract 
Background: Ectopic pregnancy is a common serious problem with high morbidity percentage and 
possibility of maternal mortality. Methotrexate, in the patients with unruptured less-than-4-cm ectopic 
mass, is a proved treatment. We compared single- and multiple-dose systemic methotrexate regimen 
for ectopic pregnancy. 

Methods: 120 women who were diagnosed to have ectopic pregnancy via clinical symptoms, 
ultrasound examination and beta human chorionic gonadotropin (β-hCG) levels were divided to two 
equal groups. The first were treated with a single dose regimen of intramuscular methotrexate (50 
mg/m2) and the second, received 4 doses of 1 mg/kg of intramuscular methotrexate at the days 1, 3, 5, 
and 7. The serum β-hCG values were measured and compared at the initiation of treatment and 1 week 
and 1 month after it. 

Findings: The overall success rate of methotrexate for an ectopic pregnancy was 76% in single-dose 
and 96.7% in multiple-dose regimens. The rupture of ectopic pregnancy mass during the treatment was 
less (3.3%) in multiple-dose group compared to the single-dose one (10%). 

Conclusion: Multiple-dose methotrexate therapy is more effective than single-dose in ectopic 
pregnancy and is safer, too. 
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