
 

  

1- �����	
 �� � ����� ���� ������� ��	����� ���� � !�"�#$ % �� � ����� ��&��	
 '��� �!(�$ �)�*+,	 �)�*+,	 )	�-	  

2- /012� �� � ����� ���3 ��� � !��	
 % ��!(�$ ��&��	
 '��� �!(�$ �)�*+,	 �)�*+,	 �-	)	  

3- �����	
 �� � ����� ���� ������� �� � ����� � !�"�#$ % �� � ����� ��&��	
 '��� �!(�$ �)�*+,	 �)�*+,	 )	�-	  

4- %�2�
 %�6��	
� ���� ������� �� � ����� � !�"�#$ % �� � ����� ��&��	
 '��� �!(�$ �)�*+,	 �)�*+,	 )	�-	  

5- �
�28	 ���� ������� �� � ����� � !�"�#$ % �� � ����� ��&��	
 '��� �!(�$ �)�*+,	 �)�*+,	 )	�-	 

������� 	
��� : ������ 	
�� 	��  Email: golshahi@med.mui.ac.ir  

  

  

www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���32  ���
 /297 ���  /!�� "#� 1393 1269 

 �������	
� ���� ������  :������ 	���
2/4/1393 

�� ��� �� �� �����/297 ���  �� ��� �!	"/1393  :���� 	���
10/6/1393 

 

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

  
 ��������	 
����1 � ��������� ���2� �������� ������3 � ��������� �� ���4 � ����"#�	 $�%& ����#'5  

  
  

�����  

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

3'#%� �� ��� 4���� ���� 52! 6#%��� ��� #* 7�8%� 
�9.� �:�� ��$.  

��� :�� �+��,� ;. �  6�+,<� �142 �%�&�' ���' ���  ���1�� 
� -� .#%#* ���� 6#%��� ��� =�+� � >�� ;. (��#? �' �"��  -@� �$

55-25 �� @� � C�� 
�& �9D 65��.� �� EF�� 4�G � � ��� >�� �:�� ��$- �� H�& �+��,� "� ����I ;@D������ 4�IEJ� .#%#*  6��K* �

�<��� 6��� �� �2!���  �IEJ� � ��� L�M� 6�NOP1 �� @� � 
�& �9D � 
"� 6#� 3Q� � #* 5:� 
��#PP' 5'�* "� ;. �$ ��#%" ;:� 4

R"�#%� R"�#%� .#* ��@�  � ��S�� �D����.��'�'� 5T1 ���D� 65.�2% � � #* 7�8%� U@% 7�� ��� V,� ��@�M-Mode  
�@��� U@��%� .#PFD�� ���

3'#%� �� ��� 4���� ���� 52! �,& �� .5D �' �� �:�� ��$R� 7�% � �$  �UD�SPSS #%#* (@�T1 � �.U81 � ���. 

����� :��  
�� @� -� W��F�58/13 ± 78/41  ��� �� �2!��� W��F� � >��44/14 ± 54/23  
�& ��� V,� W��F� .��� >�� 

µg/dl 75/2 ± 59/7  � Z[ -,� �D��1�Q@$ .���12  �� 
�& ��� V,� .#* R#$�9� 
��#PP' 5'�* #G�3'#%�  "� 3S �D����.��'�'� ��$

�P+� \�:1� �].� �,& (���I � -� ���� ^@_P1 5*�#% ���. 

����� :���� �+��,� 
��#PP' 5'�* ��� V,� 3'#%� � 
�& ��� V,� -@� �J�:1� .��� ��#%�F�� �.��<� �." 6�`�? �  Z[ -,� ��a� I ��$

�� 
� 5�I �' #9% R#.� �� EF:� ���D� L0? #%��1 �:�� (a9� � C�� 
�& �9D- ��1�� 4�8%�&�' � ��F&�� 4��@@K1 .#*�� ����I  >�:%� �� �"��

�� 6
��.� � �%�%�� ���� #*�� �+��,� -.� 
��#PP' 5'�* � 
�& ��� -@.�S V,� (��I #%��1.  

:����� ������ �2!��� ��K* � Z[ -,� �D����.��'�'� 6��� 6  
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���� ���� �#��)*� + 

�9�;��   D���3� E��>� 7 D�� �"�� ��)�� ">9$ �� ��

) 
�9'3-2.(  

     7 I��J7��� ����� "�� ��
���� ���� 4(�K�� ��

 L�#� 	����  �� C����   ��� ���  ) ��3��4   2����1 ��+��� .(

 �IN3 �C� �"#$��� 4�� B�) ��7
 "� �O=:�   �=�5��

� 7 ��� ���91 ) 
��
 ����'� PQ5    ��=. ��8S ��� .(

"#$��� �� +�' �>N3 L/ 	  �� �Q>� 
�T>91 B5=;� �'���

) 
�3 01��6      ���; ���� C����V W�@�� �D75�1 "� .(

��        ��@��� A7��1 	���9�� 7 (��� ���;� ��<, �� �'���

) �3�� D��9�8 -7   ��7��Z=� ��
��[� �\>=]� ^���$ �
 .(

9�� �@; I��1 ���81 "� ��; ��� _@� �� ��Q>� 	�� - 

    4����@� �
 .���� D��3 "=;�83 ��� 7 `�� 7 ��7�1

L�      	(��� E�9�:� ���� ��
��[� ��7��g/dlµ 40   "��

      �
 "�/ ����. �
 b���� D��3 W��@� �@; I��1 ���81

"����$ 4�����@�  	(���� ��
���[� ����O'g/dlµ 10  ���� +���'

�Q>� 	��9�� ��7�>T��7��� -    7 `��� *��+�,� 7 ��7�1

) ��� D
�� D��9� ���11 -9.(  

  d�>� 	7� ��� 
�T>91 �>e� L:�'�T� �8S ��

      D��3 
�#8�<�V �>�e� L�:�'�T� 7
 ����� f]<��'

  ���<, *��+,� g��) �� �� ��� 
�T>91 �;�� .���

   ��'7�/ A7��1 7 d>� 	7� ��� �Z8� 
�T>91 7 ��;

�� �
 ��� �� �3�' �7�>T��7��� *��+,� �;�� 7 �8'

�� \��� �>e� I��1 �� ) �88/12   ����81 "�� ��� .(

    ���Q>� 	���9�� ?����3 �
 I[=�:� ���@; I���1 P��- 

) ��� D�3 W�@� +�' ��7�113.(  

 L��#� �� h��S C��@� 
���T>91 "'���<' C�����  	����

*�V �� �Q>� 	��9�� �#�� i7� .�3��  �'���'�� 	��

7 �Z�/ ����� 	���    
��$7 h�S C@� 
�T>91 �9/

   	����� �9$���#� ����j i7� ��,�����
����/�/� .
��


      B5=�;� ��>1 C=,��� 7 h�S C�@� 
�T>91 *k8�

) ��� hS C@� 
�T>9114   l��� ��� �"��@� C�� .(

  ���� 4���� *k8� �#$ P�,�����
��/�/� �����

"'�;��/ ������/ �
 �Q>� 
�T>91 	7� 	���� 	  	���

�3 E�k'�.  

  

��� 	
  

�
 "��@� P�  ��@[� 	142   "�'�;��/ �����/ 
��  	

	����  "�'�9' i7� �� ���#Ze� �
 	���    ����� 	����

�� C� "/ �'�3 ��]='�   C��� ��55-25    7 
��� B���

   
���,� .�8=�3�
 ���� ��� 2�� �
 B�� P� I���.

"[��� ��       	���9�� �(��� ���; ���<, ������
 "� 5=�� 	

,� +�' 7 ��)�� 7 	��>/ �� �Q>�  D��88/ l��K� 
��  	

      m���; "���@� �� ����; ���<, 	7� ��n�� 	��7��


.�'�3  	
���,�  "�/  *��� �� 25  B��� �
  C���  +�/��� 

B�N<� "� ��/ ��'
�� +�'  "��  I���
  o��9�  �'(��) �� 

"��@� m��; �'�3 .C��  "���@� �
  "�=�9/ 	  A5�;� 

D�T<�7pV 	 d>� 7 A7�1  ��#Z�e�  
����  d���K� 

���� �,��.  

 �� q���V  d���:/ 7 "�����@� l������� _����r��

���r� "��' *��V ��Q=/ 	  "���'    4��15)� 	7��. 	�

  _@�� �q8$ �C� I��3 ����88/ �/�3 P�,�����


  �IN�3 "� s���� 4�15)� �I��� ��r7 �45�K��

"[���    ��� ��� "�#$��� �O'�OS 7 ��� �� "#$��� 	

"[���   ����'� PQ� 7 7��
 l�K� ��:Z8� 	��9�� 	

��, ���O�� 7    	���� ���7 7 ���t�j L��u� 7 �'�� ��

.�3 I�9T� ��9�� ��  

"��>.�� �
  ���� ��7 7 	�����' ���=� ���� ���� ����� 	

) 
���'�=�� 	7����SecaD���'� (    C��8v9� .��3 	���

 ��9�� ��; ��<,20   ��) ��� "� C=:<' �� qV "[��


 Ie��,5 "[��
 D���'� 	�    "���9' .��3 	����  D
��� 	  	
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 ) �'���BMI  ����Body mass index g����) �� +���' (

"'�9' .�3 "Q���� �� �7tk� �� ��7 L�:[�   ���; 	

"��� �
 	���7    	���
 �
 ���� �7�� �D+�8���w� 	��

Cº 4 D���'� �#$      x���� ���; ���� _@�� 	���

 E���9� .���3 "��=,�� ���9�� �t��$ ���� �=����,7�=Tw����

"'�9' 	��� .�3 E�k'� _Qe 	��=�� �
 ��  

qV �� *��V I�9T� "��'  ���  7 E��k'�  *������  	��� 

�E�( �,�����
��/�/� M-Mode 7 �>V�
 	���  ���  
���� 

�� o��� I9����=�
 C9k'� ���T����  �,�����
���/�/� 

x��� fK]=� d>�  E��k'�  ��3 )15( . D����'� 	  C�@� 

h�����S �
 	������#='� B�=��������
 )LVEDd  ������� 

Left ventricular end-diastolic dimension(�  E�=w�� 

C���� ���8@� )IVS ���� Intact ventricular septum(� 

���]������r ���������$ �������Z>; )PWT  ��������  

Posterior wall thickness(� D�����'� 	 +���>�
  h��S

)LAD  ����Left anterior descending(� D�����'� 	 

 4���J� )AOD   ���Arsenal of Democracy(�  ��:/ 

"�������>]� 	� C������@� h������S )LVEF  ��������  

left ventricular ejection fraction(�  D
��� 	  C�@� 

h��S )LVM  ����Left ventricular mass(� q/���'� 

D
�� 	 C@�  h�S )Left ventricular mass index  ��� 

LVMI (7 �Q���:' ������3�V B�=������
 )E/A �����   

E/A waves (�
 �,�����
����/�/� D�����'� 	����� ���3   

)17 -16( ."��9� 	 D�����'� 	����� ���� x����� D�O=���
 

�'������=�7� 	u����
����/ 3 -Vivid 7 �7���V B���:��+� 

E�k'� �3 .�� o��� B���, Penn� _@� LVM  ��(��� �� 

g 177 "� ���81 �,7���w�� C@� hS \��� �3 )18(.  

^��9$ 4���15)� E���' �
 D���3 	�7�  ��+��,�SPSS 

 "]�:'  	15 )version 15, SPSS Inc., Chicago, IL( 

 �@; ������� �� D
�Z=�� �� .�3 I�>�� 7 "�+k� 7 �Q�

q/�'� 	7� ��� *��/ ��� ��=�� D���'� �Q>� 	��   	����

     ���<, �"�'��7� �'��� �����, ���O�� 	��� qw� 7 �3

 �P���=:�� ��;BMI �3 \��� C� 7.  

  

���	 	
  

 �I��/ �
142  x����=� 
���� ���Z'   �8��� C�O'����� ����  

58/13 ± 78/41     4���15)� .�'���3 ������� B����

  B7��$ �
 
��,� P�,�����
1     �� *��� .���� D����  

50 �� ����88/ �/�3 �e�
  45�K�� �� �'
�� 
���

B�� x��=� .�8=3�
 ����=�� �. �
  �����    �
 
���,� "�/

"'�;��/ 	 	���� ���	 ��, "� B�N<���   "�#$��� �
 7

 ��'
�� ��� ��44/14 ± 54/23 B�� 
��.  

  

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

	
�����    

'� )���(: '+,��+� ± -!.�� ��+/� 58/13 ± 78/41  

34�  :56+7.8(����) ���/8    

�9 ��:� )1/2( 3  

�;���9� )3/48( 69  

����!+9� )0/35( 50 

56+7.8 � �,���� )0/14( 20  

<+/=#  > ?8)> ?��(: ���/8 )����( )5/82( 118  

34� ��@�� ���+ �� )���:8(: ���/8 )����(  

!��A B� 300  )2/25( 36  

500-300 )4/73( 105  

800-500 )7/0( 1  

  

C�O'�����  �"��'�;��/ �
 �7� �
 	����/ ������ x����=�

26/2 ± 77/9 ) �1��16 -5  ��� b
�� (�1��60  �e�


 �� �=<�� ��+�� "� 
��,�8   ��� ���/ �7� �
 �1��   .��'
�/

) ������/ �z/�7/79  L� 7 �=��V g��) �� L� (�e�
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  ���� _@� C�O'��� .�8=3�
 ��� �� "#$��� �:Z8�

  �����������88/ �/��������3 �
µg/dl 75/2 ± 59/7   

"8��
)  	µg/dl 10/16 -60/2.
�� (  

  B7��$2  "[����     "��� "=�:��7 I����1 7 	���9�� 	

 ����� �����<'�� ������'� PQ����  4����15)� .�����


   B7��$ �
 +��' 
��,� �,�����
��/�/�3    .���� D����

LVM C��gr 48/248-67/62 .
��  

 �D�88/ �/�3 
��,� C�� ��12    ��,7���w�� ��e�


    ���� �'��; _@�� x��=� ��+�� .�8=3�
 hS C@�

 
�����,� C�����LVM  C������V 7 (�����g 177 47����Z� �

�8�  ) ��3��' 	��
µg/dl 84/2 ± 05/8   "�:��[� �


 ��µg/dl 75/2 ± 55/7)(500/0  =P.(  

 B7����$4 q/����'� 	7� ������ 4�������  	�����

 i7� �
 �� �,�����
��/�/�Crude   ��� D�3 L�-8� 7

 "[���� �C� o���      ����9�� �'��� �����, �	���9�� 	

 7 ��O��BMI �� ��<'    ���� _@�� �I/ �
 "/ ��


i7� �� E����/ |���� �
 ����;  	7� ����r�7 ����� ����

q/�'� ��� "=3��' �Q>� 	��.  

  
 ����2��	
 � ��	��� ����  . ��	�� ���� !��� �� "��#$ �%  �	�  

	
�����    

�D9�� (����) ���/8 :���+E+F G;� H  )2/11 (16  

�D9�� H (����) ���/8 :�I�J8 H���+9  )6/12 (18  

(����) ���/8 :KLJ� �	;�+M <+F�/M  )9/39 (57  

 '+,��+� :���B#� /�,�� ± ��+/� -�!.��  57/2 ± 50/3  

 '+,��+� :�D+N� /B#�± ��+/� -�!.��  07/27 ± 48/16  

��,+� -!7�    

Non-smoker(����) ���/8 :  )8/67 (97  

Ex-smoker(����) ���/8 :  )3/13 (19  

Smoker(����) ���/8 :  )2/18 (26  

�:8 OP�
 H  ) ���92kg/m '+,��+� :(± ��+/� -�!.�� 72/3 ± 70/25  

) Q+F:�I+� �:P ���MmmHg '+,��+� :(± ��+/� -�!.��  60/13 ± 52/111  

) Q+F:���;� �:P ���MmmHg '+,��+� : (± ��+/� -�!.��  95/8 ± 06/70  

  
 ����3��	
 .  �	���	�� ���� ����� �� "�����'��	(�(�  

	
�����  ����	�� ± ����� �	���  

B���� H '49 RS �� H����� �:���;� )mm(  30/5 ± 60/47  

) �J49 '+9 ":�E�mm(  20/3 ± 50/8  

 <��T=���U ) ���Pmm(  20/1 ± 30/8  

B���� H ) RS �+� �mm(  80/3 ± 60/35  

B����  H) 5�:V@mm(   30/5 ± 80/28  

 !IA�+�T8 H� (����) RS '49  51/4 ± 49/62  

�:8 ) RS '49 Hg(  18/34 ± 91/133  

GA��� �:8 RS '49 H 71/58 ± 29/76  

<WI� �X�
!� �:���;�  20/45 ± 83/1 
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 ��	 
�� ������������� ���  ����	 
���� �����#��)*� + 

���� 4 .��*+, -�  .�  �� ��	
 �	� "�����'��	(�(�  

 ���	 �	����� �  �����P  �����Beta 

"�P ���:    

B���� H '49 RS �� H����� �:���;� 029/0- 733/0 )027/0-039/0-( 

�J49 '+9 ":�E�  045/0- 600/0 )015/0-025/0-( 

���P ���U <��T= 057/0 505/0 )010/0-005/0-( 

B���� RS �+� � H 010/0- 905/0 )022/0-025/0-( 

B���� 5�:V@ H 013/0- 879/0 )036/0-031/0-( 

 !IA�+�T8 H� RS '49 013/0 877/0 )301/0-257/0-( 
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Abstract 
Background: Lead contamination affects various body organs such as heart. This study was designed 
to assess the effects of lead on cardiac function in terms of echocardiographic indices among battery 
factory workers who are in constant exposure to lead.  

Methods: In a cross-sectional study, 142 male battery factory workers who had been exposed to lead 
for at least 1 year were evaluated. The subjects aged 25-55 years and were excluded if they had 
hypertension, diabetes, or cardiovascular diseases. Demographic characteristics, professional profile, 
lead exposure, history of respiratory diseases, drugs intake, height, weight and blood pressure and 
lifestyle information of the participants were recorded. Blood lead levels were measured through blood 
tests. M-mode and doppler echocardiography was finally performed over each subject. Linear 
regression analysis was used to analyze the data. 

Findings: The mean age of the subjects was 41.78 ± 13.58 years and the mean duration of lead 
exposure was 23.54 ± 14.44 years. The mean blood lead level was 7.59 ± 2.75 µg/dl. Left ventricular 
hypertrophy was detected in 12% of the participants. Blood lead levels were not significantly related 
with echocardiographic indices in the crude model or after adjustments for age alone or for age and 
other risk factors. 

Conclusion: Blood lead levels of our subjects were below standard values. Accordingly, no 
significant relation was found between left ventricular function indices and blood lead levels. 
However, lack of such relations could be caused by exclusion of individuals with hypertension or 
cardiovascular diseases. Structural modifications in battery factories following legislations in Iran 
might have been responsible for low blood lead levels among the subjects. 
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