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 4	� ���	%����)Standardized mortality ratio 

 �)SMR(  

 �#�� �<� �� 6-W�� g� �-j`# ����� � .��� ��[� ��$

 �" .��� .�#�� ���-! 6Y ��� ����� � 69 �%� A�� . �4-�

 6-W�� �"  � . �4-��%�  �<��� � �! . ��L��! � ��! |y%

��� 6���>!  �<��� � �! �#�� �� �  ��� . .��� ��
�#  A��

�# � ����>! J-�3, �! ���
�%� �W���  ���)2 �1 .( �]��

 �]�� ��-! # P�!  �<��� � �! ����>! 6� ��� ��L��! ����>!

 ��� � �����%� �-! # P�!)Standardized mortality ratio  

�� SMR (�! ��-!�� ��� .6j0�X!  �  �#�� # 5��� 6� k���! .�L

 �#��  �<��� � �! ����>! 6� ��� ��L��! ����>! �]�� �� . �4-�

�! ���
�%� . �4-�  ��� � �����%� �#�� �]�� 69 ���)SIR  ��  

Standardized incidence ratio (�! ��-!�� ��� . �]�� A��

6-W�� �L �# � �]�� �XD � #"�� �! ���� �   �L�)2 �1 .(  

 6� 6�>� �K#  A�� .�-$ �9 6� .���n  ��  #�:! 6-W��

�! @-�>, JD���!  ���)I = 1,2,…,n .(iO  #iE  V-,�, 6�

 6-W��  �  �<��� � �! # ��� ��L��! ����#  ���j,i ���� �  �

�! �L� .iE �! ��B ���j! # ���v 6j0�X! � #�  �  �� # ���

J��W  J9  � J9 �-j4T 6� 6-W�� �L �-j4T �]�� {�`

�! �%� 6� ��� ��L��! � ��! ��".   � . �4-� �]�� �XD

 6-W��i �� �-� �iθ �! ���� ���� ��� .6�>�  � . �4-� .�)�  �L

�! ��B  A-� �L����#  ���j, 69 ��� @L �� J>��! ��W���

 U���, �� # �%�Poisson  A-���-! ��iiEθ �! .#�-� �)9 .

 ���4)�% � V-,�, A���iO  6X��  ����! �%� 6� �� ��".  

}{ ∏ ∑∏










−∝−=
n n

ii
O

i

On

ii
i

ii EE
O

E
L i

i

θθθθθ exp.
!

)exp(
)(

�%� ��� = �� 6� �-� ���4)�% � U��, @�� ��0.  

∑ ∑−== iiii EOLl θθθθ .ln)(ln)(
  

 �� =�]� ���4)�% � ��9��W � #"�� M�%� A�� ��

i

i
i E

O
SMR ==θ̂ �%�.  

 �� ���
�%� 6Y�$SMR  #SIR6�>�  � �L . �4-� .�)�  �L

 A�� �� ���
�%�  � �%�%� ij` 6X>� �)Y �!� ��%� m��   �-��

ZD�� �! ��-� 6!���  � 69 � �� ��T# �L ���.  

1- ZD�� A�� ��]�� � #"�� �� �)�]! �L �)��L .

�!  �<��� � �! ����>!  � �,��--S, n��� A�����)�  6� �:)! ����,

���$ � #"��  � �$ �� =��--S, .2-  �!��)L .�W �0�W  �

 A��  ��>! ����� �
� 6� g����  �<��� � �!  ��>! 69

ZD��  P ��  �-�� ��]�! ��� ��L��!  ��>! �L .��� �L

��� �L��D .3- ZD�� A�� �
� ����>! =#�
, �L  ��T�! .�L

�4� ���� �   �<��� � �! ����>!  � �L� .4-  A�� |��� �#

ZD��   � # �%�  �<��� � �!  ��>! |
� �� V%�)�! �L

 �� �W���  � # gY�9 ����>! .� �� �P �� �-j4T �� �W���

�%� P ��  ��>! .� �� �@9 �-j4T .@-4^, 60l�! A��  .�-$

�! J
�! �  �" M�%� �� ���% .5- ZD�� A��  ��5, �L

6���  ��D�% ���� ���� .��� ���� .� �4� ��:�� �L  q�>-O� # �)L�

�)��L �]�� �XD �� Q�]�� � #"�� . �" �� ���
�%� A�����)�

�%� n��!� J�� b5D.  

 ��%�  �9�! {�-� .� �� �$� #"�� A�� 69 ���T �" ��

�! .��% ��4L �� ���, ! A�� �� 6]�d .��� . �!" .�L =5
�

 ��9 ���
�%�)12 .('�!  .�L.�-�  �4	! \>� �],��! 6���%

'�!  � ����  ��D�% �$�-e-� .�)�  ���fB ./�0�-!�-��  � �L

 =5
�! �� # �� ��SMR�! 6]�d �L  �))9)30 .( ��
�# 

.�-� 6�>�  � . �4-� .�)�  ��L��! .�L����#  �� �#5� ��L

� A-�-� =��5R� J!�� 6-W�� �L  � ��� .�����--S, �

���-!  �%� 6�>� J9  � . �4-� .�L)8 .(�! A-)e4L  ����,

 . �4-� ���fB .��0�)g���� ���-B��ST �W��� \���$  6� �,

���-! 6���! . �4-� .�L (��-�� �<�  � � .  
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 �	
�
��-������  

�4��O �� �
� 6��4� A��, 6�>� .�L  .�)�.�-� . �4-�  ��L

 '�!�!�$-��%"�� �%� . 6�%�  � A�� �� J��W �$� #"��

 .�L� #"��.�-�  � ��  ��O ���:,)31 .( �� ��B '�! A��  �

P�! ���j, 69 �%� A�� 6�#� 6-W�� �L  � �L  �)��L J>��! #�

 U���, �� #Poisson  A-���-! ��iiE θ �! .#�-� �))9 . U���,

 U���, �-� �]�� =��XD .��� A-�-�Gamma (a,b)  �<�  �

�! 6�B�$ ��� . U���, �A-�� U���, �� #" �%� 6� .���

 A-�-�Gamma  ���4)�% � �� �]�� =��XD .���Poisson 

�! V-9�, ��� . A-�� U���, .� �� �]�� �XD = �� A��  �

),( ii EbOaGamma ++  A-���-! ��

[ ]
b

a
wSMRw

Eb

Oa
baOE iii

i

i
ii

)1(,, −+=
+
+=θ  69

i

i
i Eb

E
w

+
= �%�.  

 .��� A-�� A-���-! A�����)�i ���# A-���-! �6-W�� A-!�

SMR  .���i ��9 6�>�  � . �4-� �]�� �XD # 6-W�� A-!�

 |��� �# �� M�
j!  �R 6� ��# 69 �%�SMR �%� k�], �  �.  

 ����� P ��  �<��� � �! ����>! # ��� ��L��! ����>! �$�

 �4% 6� �$� #"��SMR �! J-!  ��L��! ����>! �$� �!� ��)9

 �4% 6� �$� #"�� ����� gY�9  �<��� � �! ����>! # ���

�! J-! A-�-� A-���-!  �)9)31 �8 �5.(  

 J!�� K#  A�� A%�3!1-  �  J!�9 A-�� '�! A��

�! � #"��  6���B 6]%�3! # ��B ��!�" ��:�� ��
!� 69 �)9

�! @L��B �  ��)-4R�  # �)92- $� ��W =��XD �jO�# U���, �

 �]��gamma  �� �  �" |��� �# # A-���-! '�! A�� �����

�! � #"�� ���4)�% � ��9��W K#  �� ���
�%�  �� 69 �)9

K� �  �%� . #���$ K#  �� �,)31 �8 �5 .( A�� �%�%� V-�

 A�B�$ �<�  � 6�  ��O '�! A�� 69 �%� A�� �-� K# 

 ��-� ���fB ����]4L)31.(  

 �	
Lognormal  

 A-�-� U���,gamma  �<)! �� 6Y�$ �]�� �XD .���

�! ��%� V%�)! �,�-`��   69 ��Y F���� ��))9�#�3! ����,

 A�B�$ �<�  � ��
!� # �%� J
�! �" 6� �� #�9 �# #

g���� �W���  � ���fB ����]4L  � ��� ��T# �,)1 .( '�!

Lognormal b�Xj�� . �4-� �]�� =��XD .���  �� �,����

 '�!�!�$-��%"���%� .  

)(~ iii Epoissony θ  

ii v+= αθlog  

),0(~ 2
vi Nv τ  

 '�! A��  �iv  # ���fB ����]4L A�B�$ �<�  � .���

 '�!  � @L  #�:! �W��� �-j`# �	���!�%� ��� � �# .  

 �	
BYM  

P�! ���j, 69 �%� A�� �� ��B '�! A��  �  6>X)! �L  � �L

6�#�  U���, �� # �%� J>��! #�Poisson �! .#�-� �)9 . A��

 2%�, '�!Clayton  #Kaldor  2%�, # �� ��X!Besag 

�� �
4L #  �� ���� 2��)32 �9 .('�!�B  6� '�! A�� .�)�

�%� ��� ��� .  

)(~ iii EPoissony θ  

iii vu ++= αθ )log(  

 6
0(! 6% 6� . �4-� �]�� �XD ��!� �� '�! A��  �

�! 6��:, ���.  

1- α :�%� �]�� �XD ��9 pX% 69 ��#  6
0(! .  

2- iu ) ���fB �$�)9��� \-�) 6��]4L �)�4L��

���fB :(( �]�� =��XD �@L g���� �W��� 69 �%� �>X)!

�)��� 6���� @L 6���! . �-S�! ���
!� A�� A�B�$ �<�  � .���

 �B��^,iu  ���� �� 69}{ ju � �# '�!  � ��%� 6��]4L �L

�! ��� .�6
0(! A�� .���  ���
�%� ���fB ����]4L  ��D�%

�!  �W��� 6� 6����# 6-W�� �L  � �]�� �XD � #"�� 69 ���

�%� 6���4L . 2%�, �R�� ���$�����D '�!Besag  #

�%� ��� ��	)�-� �� �
4L. 

[ ] ),(~,, 22
iiuji uNjiuu ττ≠  

 69∑
∑

=
j

ijj

j
ij

i wu
w

u
1

  #
∑

=

j
ij

u
i w

2
2 ττ  �$�i  #j 

 ��)���  #�:!1=ijw  = �� A�� �-d  � #0=ijw �%�.  

3- iv ) ���fB �-d �$�)9��� \-�) 6��]4L�� �)�4L��  
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���fB :('�!�B ��  6��]4L �$�)9��� \-� .��� '�! .�)�

�����4L ���j, 6� 6����# |��� �# ����fB  '5>�%� # �%� �L

 ���D 6��4� i��j, ��� .�! J
�! A�� JW .���  ���,

 .���� = �]�)iv ( �$�)9��� \-� ��!� �� 69 ��9 �B�j! � 

�%� � �����%� 6��]4L�� . ��!� �� A�� .��� A-�-� U���,

 �� = �]�),0(~ 2
vi Nv τ �%�.  

 .�L��!� ��2
uτ  #2

vτ  .�����--S,u  #v  '��)9 � 

�! �))9 . J-�3,  �BYM U���, �L��!� �� A�� .��� ����  .�L

��� A--j, A-�-�. Besag  �� �
4L #)32 (# 

Bernardinelli �� �
4L # )33( U���,  A-�-� .�Lgamma 

��� ��	)�-� �L��!� �� A�� .��� � ��. 

  
�%&�� �$ 

� J-�3, �� \-����  �-j4T 6� k���! =��5R� ��L

���%�	� � ��! ���j, ��5�� .�L  M�%� �� ��9��D

 '�% .�%��% . �4��%1385  ��9��D ��� �]v � ��! #

���%�	� g-

, 6�  ���!� � #�  � �L18  '�% .����� �� 6L�!

1386  ��! �	! �,1387  '#�T  �1 �%� ��!" . � ��! ���j,

  � ��9��D  �<��� � �!J��W �� ���%�	� �L  �]�� {�`

 ��� ��L��! � ��! J9  � J9 �-j4T 6� 6-W�� �L �-j4T

) '#�T @:)� ���%  � ��% ���% {�` J��W1 ( �%� 6�

�! ��" . '#�T  � m����2 �%� ��!".  

K#  6���>! # .�-$ �9 6� �	T  .�L.�-�  � #"��  �

���%�	� ��9��D �]�� �XD '�! ��5�� ���%� .�L  .�L

$�!�-��%"�� )GP( �Lognormal )LN ( '�! #BYM  ��

��� �� ���
�%�   ��B�WinBUGS ���� 6� �� ���� K���� �L .

 6� ���%�	� �L ��9��D �]�� �XD � #"�� V-,�, A���

�!" �%� 6� ��)-4R� 6���B #  �-j! b��3�� ���4L .  � m����

 '#��T3 �4  #5 �%� ��!" .�! '#�T m���� M�%� ��  ���,

���%�	� ��<� � �! '�! 6% 6���>! �� �#�B�  �� �-� �  �L

��4� 6���>! @L �� �]�� =��XD �<)! . .�L� #"�� 6� 6T�, ��

���%�	� �'�! 6% A�� K���� �� ��!" �%� 6� � � .�L  �	�

��#�-� #-  �]�� �XD A���49 # A����-� V-,�, 6� '#���Y

����� a�^�D� ��D 6� �  ��9��D . 

��>! .��� ZD�� �� '�! 6% 6�DIC  69 ����$ ���
�%�

 '#�T  � �" m����6 �%� ��!" . ZD�� #� Q�4:! �� ZD�� A��

 �%� 6� ��%� '�! �$�-e-� # K���� ���
� ����-� V-,�, 6� 69

�! ��" . '#�T m���� M�%� ��6  ����>! �
���� 6� 6T�, �� #DIC 

(Deviance information criterion) ��)L� J-
�, ��T #� #  

 A�� A-� ���D =#�
, ��"'�! ��� ��L��! �L .  

  

 '��(1: ��%���* +�,�(  '�� -����� -#��*�� .��� �	 �$1385 �$ +�,�( �	 �0 +123 � �4���� �#��� ���,5 �  

 '�� -��%	� 6� ��%���*1386  8�� ��� �51387  

��%���* :�3  +�,�(  ��%�� ;� +�,�( �	 +�,�( +123   �#��� ���,5�4����   �$ #� �4���� �����10�000 �=3  

�������  47370  087/0  42  87/8  

����  199509  365/0  301  08/15  

�����  47958  088/0  52  84/10  

��� ���  56822  104/0  171  09/30  

������  62256  114/0  87  97/13  

�� �!�– " ���#  73973  136/0  29  92/3  

$��%&�'  31794  058/0  12  77/3  

����'  26105  048/0  16  13/6  

��()� *+ ,-.  545787  000/1  710  01/13  
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 '��(2 : '�� -��%	� 6� ��%���* �$ �4���� #�>%3� �#�� �#��� ���,51386  8�� ��� �51387  

��%���* :�3  �4���� #�>%3� �#�� �#��� ���,5  

�������  62  

����  260  

�����  62  

��� ���  74  

������  81  

�� �!�- " ���#  96  

$��%&�'  41  

����'  34  

��()� *+ ,-.  710  

  
 '��(3 :��%���* #� �4���� �123 �?� �#�0�	  '�� .��� �	 :��� ��%�� -�$���@-���0�B )GP(  

��%���*  �4���� �123 �?� �#�0�	 #��,� E��
3�  ��F��G� �HI�& 

�������  6909/0 1039/0  9107/0-5042/0 

����  154/1 0660/0 287/1-028/1 

�����  8412/0 1137/0 074/1-6372/0 

��� ���  243/2 172/0 59/2-922/1 

������  067/1 1126/0 307/1-859/0 

�� �!�- " ���#  3207/0 0572/0 4437/0-2182/0 

$��%&�'  339/0 0907/0 5403/0-1878/0 

����'  5113/0  1198/0  7702/0-3060/0 

  
 '��(4 :��%���* #� �4���� �123 �?� �#�0�	  '�� .��� �	 :��� ��%�� -�$Lognormal )LN(  

��%���*  �4���� �123 �?� �#�0�	 #��,� E��
3�  ��F��G� �HI�& 

�������  6795/0 1033/0 9000/0-4938/0 

����  153/1 06639/0 2880/1-0300/1 

�����  8335/0 1157/0 0820/1-2610/0 

 ������  275/2 1730/0 6230/2-5700/1 

������  062/1 1136/0 3000/1-8497/0 

�� �!�- " ���#  3251/0 05799/0 4470/0-2230/0 

$��%&�'  3425/0 0893/0 5427/0-1914/0 

����'  4982/0 1128/0  7385/0-3044/0 
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 '��(5 :��%���* #� �4���� �123 �?� �#�0�	  '�� .��� �	 :��� ��%�� -�$BYM  

��%���*  �4���� �123 �?� �#�0�	 #��,� E��
3�  ��F��G� �HI�& 

�������  6904/0 10530/0 9107/0-4992/0 

����  1560/1 07467/0 31/1-0130/1 

�����  8287/0 11550/0 074/1-61850/0 

��� ���  2790/2 19220/0 675/2-9260/1 

������  0660/1 11790/0 312/1-8513/0 

�� �!�- " ���#  3193/0 05627/0 4398/0-2191/0 

$��%&�'  3335/0 08436/0 5152/0-1885/0 

����'  4872/0 11240/0  7363/0-2965/0 

BYM: Besag, York and Mollie 
 

 '��(6 : #��!�DIC �2��!� -��	  '�� ��  

'��  '�� "6��	 J��* �@��K�B J��*  DIC  
�'�0-��)��1 57/54  75/7  12/62  

Lognormal  43/54  70/7  13/62  

BYM  78/54  15/8  93/62  
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Applying Gamma-Poisson, Lognormal, and BYM Models in 
Comparing Relative Risk of Suicide among Provinces of Ilam, Iran 

 
Behzad Mahaki1, Yadollah Mehrabi2, Amir Kavousi3, Youkhabeh Mohammadian4 

Soheila Khodakarim5 

 

Abstract 
Background: Disease mapping includes a set of statistical techniques that provide detailed maps of rates 
based on estimated incidence, prevalence, and mortality. Bayesian models are the most important models 
in this field. They consider prior information on changes in the disease rates in the overall map and spatial 
pattern of the disease. These include a broad range of models with their own formulation, characteristics, 
strengths, and weaknesses. In the present study we explain and compare three important and widely-used 
models (Gamma-Poisson and lognormal as empirical Bayesian models, and Besag, York and Mollie 
(BYM) as a full Bayesian model) with regard to the relative risk of suicide in the Ilam Province, Iran. 

Methods: In this applied, ecological research, suicide information of the Ilam Province for 2007 and first 
half of 2008 was analyzed using Gamma-Poisson, lognormal, and BYM Bayesian models. Models were 
fitted to data using WinBUGS software. 

Findings: Fitting the three models showed that Darrehshahr and Shirvan-Chrdavol had the highest and the 
lowest relative risk of suicide, respectively. 

Conclusion: Despite some differences in estimates, the ranks of relative risks in all three models are 
similar for all provinces. This result was in accordance with the results of the study by Clayton and 
Kaldor. The provinces from the highest to lowest relative risk of suicide are: Darrehshahr, Ilam, Dehloran, 
Eyvan, Abdanan, Mehran, Malekshahi, and Shirvan-Chrdavol. 
Key words: Disease Mapping, Suicide, Empirical Bayes Method, BYM, Relative Risk 
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