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 !�%�1 :�;8�< 8� ��=�>' �8(' ���$� �'(�/ ?���(@  ����A�8  ����� ��� ������B�8%��  ��A�8  ����� ��� ��A��B�8%��*  

  
;8�< �A�8 ���  ����� ��� ��A��B�8%��**  

P 
;8�< �A�8 ���  ����� ��� ������B�8%��***  

P† 
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 

 ��)���(  6/15 ± 2/41  0/15 ± 6/38  5/13 ± 4/36  2/13 ± 9/33  05/0 < 3/15 ± 2/41  4/15 ± 5/38  0/13 ± 3/36  6/13 ± 2/34  05/0 <  

 ���)�������(  9/12 ± 1/70  3/13 ± 8/68  0/13 ± 2/68  2/12 ± 5/66  05/0 <  9/12 ± 8/69  4/13 ± 1/69  1/13 ± 3/68  0/12 ± 6/66  05/0 <  

 ���  !"�# $%�&)' �( �)( �  �������( 6/4 ± 2/26  9/4 ± 5/26  2/5 ± 7/25  2/5 ± 5/25  06/0 <  5/4 ± 5/26  0/5 ± 4/26  3/5 ± 8/25  8/4 ± 2/25  05/0 <  

 ��*()�+,"( 3/79  4/2  8/40  2/49  05/0 <  0/77  9/5  2/46  4/38  05/0 <  

�-./�0 1�2�30 )MET × 56�7"/��,(  500 ± 6/870  479 ± 2/802  515 ± 0/875  465 ± 1/819  24/0  502 ± 5/845  482 ± 4/813  497 ± 8/851  482 ± 2/856  76/0  

8����%" ��93)�: )�+,"(  1/15  8/6  2/11  0/12  09/0  8/10  7/12  6/11  2/9  64/0  

8;�<=# )�+,"(    

14/0  

  

22/0  
5-0 ���  9/35  2/59  5/38  8/35  0/45  1/43  9/45  0/35  

12-6 ���  9/35  0/38  8/48  3/51  4/43  8/48  7/44  1/55  

 �: �)?� 12 ���  2/10  9/2  7/12  9/12  5/11  1/8  4/9  9/9  

* #
	
 R�
� 
I  K�-�
��± ���>I 
�	��
��	 �
`N 
**K"$� R�
� ��h$���I ��" �I
�% �
I :K"$� [��
� $ /���5 ���\ �/	
�-L
�96 �
��� �
I 

***K"$�  ��h$���I ���� �I
�% �
I)�� #

1��	 �. $  Q. �	�L /	��	 �
 D��'� ��f �L 
�� (K��
%�
� $ 
†  /��56 5	ANOVA  $ �����. �
I��&�� �	�L2χ �W�� �
I��&�� �	�L �� #

1��	 �	 
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 !�%�2 :D$�
8� ;8�< 8� ��=�>' �8(' ���$� �
�EA ���  ����A�8  ����� ��� ������B�8%��  ��A�8  ����� ��� ��A��B�8%��*  

  
@,�A �B�, C�D  �D��� C�D ��B5�E�,��D**  

P 
 �D��� C�D �B�, C�D @,�A 59��5�E�,��D***  

P† 
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 

 G� CE��:)C�2������ /��,(  896 ± 5/2175  940 ± 3/1729  854 ± 1/2287  902 ± 2/1986  001/0 < 894 ± 6/2100  1006 ± 3/1821  809 ± 5/2253  917 ± 4/1984  001/0 <  

 8,��D� ��)CE��: �+,"(  6/12 ± 0/61  3/10 ± 2/62  0/11 ± 2/59  4/9 ± 3/59  001/0 <  3/12 ± 9/60  5/10 ± 0/62  0/11 ± 1/59  5/9 ± 6/56  05/0 <  

 ��H#��I)CE��: �+,"( 6/3 ± 6/13  4/3 ± 5/13  0/3 ± 9/12  2/3 ± 1/13  07/0  6/3 ± 5/13  4/3 ± 5/13  0/3 ± 1/13  2/3 ± 0/13  18/0  

 � �A)CE��: �+,"( 2/10 ± 2/27  3/9 ± 3/27  1/9 ± 0/30  2/8 ± 9/29  001/0 <  1/10 ± 4/27  4/9 ± 4/27  2/9 ± 8/29  3/8 ± 9/29  001/0 <  

 �.:*B �J�0)��, ," ���(  2/13 ± 6/18  3/9 ± 7/14  6/9 ± 3/19  1/9 ± 6/16  001/0 <  2/13 ± 5/18  8/8 ± 0/15  3/9 ± 2/19  1/9 ± 5/16  001/0 <  

!��� �.:*B C�D   

) ," 8�30" ":�3#5)KD(  
                    

!��(  0/4 ± 8/6  5/4 ± 1/7  4/4 ± 4/7  6/4 ± 5/8  001/0 <  5/4 ± 1/7  9/3 ± 8/6  2/4 ± 3/7  9/4 ± 7/8  001/0 <  

8�L./J�  4/3 ± 2/6  6/3 ± 2/6  8/0 ± 5/6  5/4 ± 5/7  001/0 <  4/3 ± 4/6  5/3 ± 0/6  9/3 ± 5/6  4/4 ± 4/7  001/0 <  

1&��  9/2 ± 1/6  2/3 ± 2/6  4/3 ± 0/7  9/3 ± 5/7  001/0 <  0/3 ± 3/6  1/3 ± 1/6  4/3 ± 0/7  8/3 ± 5/7  001/0 <  

��&  8/0 ± 3/0  1/1 ± 4/0  9/1 ± 6/0  6/2 ± 1/1  001/0 <  8/0 ± 3/0  2/1 ± 4/0  9/1 ± 6/0  6/2 ± 1/1  001/0 <  

8;B  2/6 ± 4/22  3/6 ± 9/22  6/5 ± 2/24  1/6 ± 5/24  001/0 <  4/6 ± 3/22  1/6 ± 1/23  7/5 ± 4/24  0/6 ± 4/24  001/0 <  

Non-HVO  8/4 ± 8/4  5/3 ± 2/2  1/4 ± 1/2  6/3 ± 6/1  001/0 <  3/4 ± 5/4  7/3 ± 3/2  3/4 ± 4/2  3/3 ± 9/1  001/0 <  

PHVO  8/2 ± 6/3  5/1 ± 0/7  4/3 ± 8/11  2/3 ± 2/14  001/0 <  7/2 ± 4/4  9/1 ± 5/8  5/1 ± 1/14  4/4 ± 3/19  001/0 <  
*#
	
  R�
� 
I K�-�
��± #�� R��'� �h��	  9
��
 $ K� �	�L 
I��&�� *
�� $ ���>I 
�	��
��	 �
`N ��	 

**K"$� R�
� ��h$���I ��" �I
�% �
I :K"$� [��
� $ /���5 ���\ �/	
�-L
�96 �
��� �
I 
***K"$�  ��h$���I ���� �I
�% �
I)�� #

1��	 �. $  Q. �	�L /	��	 �
 D��'� ��f �L 
�� (�
� $K��
% 

† /��56 5	ANCOVA  �	 #�� #

1��	  

Non-HVO: Non- hydrogenated vegetable oil; PHVO: Partially hydrogenated vegetable oil 
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 !�%�3: �8���� �>� 5'�(/ �F4G ��� - ;8�< 8� �G��/  D$�
8� ����A�8  ����� ��� ���� ��B�8%�� ��A�8  ����� ��� ��A��B�8%��*  

  
@,�A  C�D�B�,  �D��� C�D ��B5�E�,��D**  

P 
 �D��� C�D �B�, C�D @,�A 59��5�E�,��D***  

P† 
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 

��% �M7                     

��%  2/1 ± 6/83  3/1 ± 6/81  7/1 ± 5/82  6/1 ± 1/81  68/0 3/1 ± 2/84  0/1 ± 4/80  8/1 ± 8/83  6/1 ± 5/80  13/0  

 ��(1  6/1 ± 3/80  6/1 ± 3/83  4/1 ± 3/83  4/1 ± 9/81  56/0  4/1 ± 8/82  4/1 ± 1/80  4/1 ± 2/84  4/1 ± 8/81  25/0  

 ��(2 6/1 ± 2/80  6/1 ± 3/83  6/1 ± 5/83  5/1 ± 3/82  49/0  5/1 ± 9/82  5/1 ± 3/80  5/1 ± 4/84  5/1 ± 6/81  25/0  

 ��(3 7/1 ± 2/80  7/1 ± 4/83  5/1 ± 5/83  6/1 ± 3/82  51/0  5/1 ± 8/82  5/1 ± 2/80  5/1 ± 4/84  5/1 ± 0/82  26/0  

C�# �.��N���                      

��%  4/7 ± 4/185  9/5 ± 4/167  8/7 ± 2/167  7/7 ± 3/154  05/0 <  7/6 ± 8/185  7/6 ± 4/166  7/7 ± 9/164  6/7 ± 3/157  05/0 <  

 ��(1  8/7 ± 6/169  8/7 ± 6/177  1/7 ± 9/166  1/7 ± 3/161  48/0  1/7 ± 2/181  1/7 ± 1/162  1/7 ± 5/169  1/7 ± 6/161  18/0  

 ��(2 9/7 ± 2/169  0/8 ± 8/179  1/7 ± 9/166  4/7 ± 6/158  31/0  0/7 ± 0/181  0/7 ± 5/156  9/6 ± 6/168  1/7 ± 4/167  10/0  

 ��(3 8/7 ± 6/170  8/7 ± 1/1788  0/7 ± 0/167  2/7 ± 8/158  35/0  9/6 ± 9/181  0/7 ± 7/157  0/7 ± 9/168  0/7 ± 4/168  11/0  

���)N��                      

��%  0/3 ± 9/198  0/3 ± 6/197  2/3 ± 8/190  0/3 ± 0/190  08/0  0/3 ± 1/200  8/2 ± 8/196  2/3 ± 1/188  0/3 ± 2/192  05/0 <  

 ��(1  2/13 ± 8/194  2/3 ± 0/194  9/2 ± 4/194  9/2 ± 4/194  9/0  9/2 ± 9/196  9/2 ± 7/194  9/2 ± 5/190  9/2 ± 2/195  47/0  

 ��(2 3/3 ± 8/195  3/3 ± 6/194  0/3 ± 6/194  1/3 ± 4/193  96/0  0/3 ± 5/197  0/3 ± 4/195  0/3 ± 6/190  0/3 ± 6/194  44/0  

 ��(3 2/3 ± 7/196  2/3 ± 8/193  9/2 ± 8/193  0/3 ± 0/194  91/0  9/2 ± 9/196  9/2 ± 7/193  9/2 ± 7/190  9/2 ± 6/196  38/0  

 ���)N��LDL                     

��%  5/2 ± 1/117  5/2 ± 7/116  8/2 ± 4/114  5/2 ± 1/113  66/0  5/2 ± 1/117  3/2 ± 4/117  6/2 ± 7/111  5/2 ± 0/115  37/0  

��(1  8/2 ± 3/116  8/2 ± 4/112  5/2 ± 4/115  5/2 ± 4/117  61/0  5/2 ± 9/114  5/2 ± 4/116  5/2 ± 1/113  5/2 ± 1/113  72/0  

 ��(2 8/2 ± 5/116  8/2 ± 5/112  6/2 ± 5/115  7/2 ± 5/117  66/0  6/2 ± 6/115  5/2 ± 0/117  5/2 ± 4/113  6/2 ± 9/115  77/0  

 ��(3 8/2 ± 3/117  8/2 ± 0/112  6/2 ± 7/114  6/2 ± 9/117  45/0  5/2 ± 3/115  5/2 ± 9/115  5/2 ± 4/113  6/2 ± 2/117  76/0  
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 !�%�3: �8���� �>� 5'�(/ �F4G ��� - ;8�< 8� �G��/  D$�
8� ����A�8  ����� ��� ���� ��B�8%�� ��A�8  ����� ��� ��A��B�8%��* )�'���(  

  
@,�A �B�, C�D  �D��� C�D ��B5�E�,��D**

  
P 

 �D��� C�D �B�, C�D @,�A 59��5�E�,��D***
  

P† 
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 

 ���)N��HDL                     

��%  7/0 ± 2/45  6/0 ± 9/46  7/0 ± 2/45  06/0 ± 8/46  09/0  7/0 ± 2/46  7/0 ± 3/46  7/0 ± 1/45  6/0 ± 7/46  37/0  

 ��(1  7/0 ± 3/45  7/0 ± 8/46  6/0 ± 7/45  6/0 ± 7/46  48/0  7/0 ± 0/46  6/0 ± 1/46  6/0 ± 3/45  7/0 ± 8/46  48/0  

 ��(2 7/0 ± 4/45  7/0 ± 7/46  7/0 ± 7/45  7/0 ± 3/46  60/0  7/0 ± 1/46  7/0 ± 1/46  6/0 ± 4/45  7/0 ± 5/46  68/0  

 ��(3 7/0 ± 3/45  7/0 ± 8/46  7/0 ± 8/45  7/0 ± 3/46  56/0  7/0 ± 2/46  7/0 ± 2/46  6/0 ± 3/45  7/0 ± 4/46  70/  

 �IOA                     

��%  2/2 ± 9/153  0/2 ± 2/150  7/2 ± 1/156  5/2 ± 1/157  17/0  2/9 ± 7/156  0/2 ± 9/148  6/2 ± 5/155  5/2 ± 3/156  07/0  

 ��(1  6/2 ± 2/154  6/2 ± 6/155  4/2 ± 9/154  4/2 ± 7/152  87/0  4/2 ± 8/155  4/2 ± 8/148  4/2 ± 7/155  4/2 ± 0/157  06/0  

 ��(2 7/2 ± 3/154  7/2 ± 0/156  4/2 ± 8/154  5/2 ± 0/153  89/0  4/2 ± 6/156  4/2 ± 9/149  4/2 ± 9/155  4/2 ± 6/155  18/0  

 ��(3 7/2 ± 6/154  7/2 ± 8/155  4/2 ± 7/154  5/2 ± 2/153  92/0  4/2 ± 7/156  4/2 ± 7/149  4/2 ± 9/155  5/2 ± 8/155  15/0  

�IOB                     

��%  1/2 ± 4/119  4/2 ± 7/113  9/1 ± 1/115  0/2 ± 2/114  21/0  1/2 ± 8/120  0/2 ± 1/111  3/2 ± 3/116  9/1 ± 2/114  05/0 <  

 ��(1  3/2 ± 0/115  3/2 ± 1/116  0/2 ± 3/117  1/2 ± 8/113  68/0  1/2 ± 3/118  0/2 ± 1/114  0/2 ± 5/117  1/2 ± 6/116  12/0  

 ��(2 3/2 ± 5/115  3/2 ± 9/116  1/2 ± 0/117  2/2 ± 5/113  66/0  1/2 ± 0/119  1/2 ± 8/117  1/2 ± 4/118  1/2 ± 7/117  25/0  

 ��(3 3/2 ± 7/115  3/2 ± 4/116  0/2 ± 3/116  1/2 ± 9/113  84/0  0/2 ± 7/118  0/2 ± 7/118  0/2 ± 5/117  1/2 ± 9/116  19/0  
*#
	
  K�-�
�� R�
� 
I± ���>I 
�	��
��	 �
`N 

**K"$� K"$� R�
� ��h$���I ��" �I
�% �
I [��
� $ /���5 ���\ �/	
�-L
�96 �
��� �
I 
***K"$�  ��h$���I �I
�% �
I)�� #

1��	 /	��	 �
 �. $  Q. �	�L D��'� ��f �L 
�� (K��
%�
� $ 

†  /��56 5	 #�� ��9�%ANCOVA 
 D��1 :$ n�( �K� �	�L R��'�  �	 #�� *
��	 ��9
��
 �h��	 R� 

 D��2 :R��'�  ��
��W_ ��
���W� $ �
I #��� ��7" � ��% ��	!" �
I  9
��
 ��)���9  �_
'9 ��
��
N
 D
�'��	 �	�L ����L �
I �I
�% �
I K"$� ������h$���I  $ �I
�% �
I K"$���"��h$���I 
 D��3 :�L D�������L #
�� bN
� �	�L ���  

LDL: Low density lipoprotein; HDL: High density lipoprotein 
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� ��9
� 
L 
I  �-�
 
�'�� �
I  �	�� ��	�Q�I  
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 !�%�4 : L�FM8� ��(�+��8 N
��O�A�8  ����� ��� ��A��B�8%�� � �A�8  ����� ��� ������B�8%��  P(>+ ��  

��QM���(R�=(�S ���< � �� T�+ ���  

  
�A�8  ����� ��� ��A��B�8%��*  

P 
�A�8  ����� ��� ������B�8%��**  

p 
β 95  %�8� =CI 2R β 95  %�8� =CI 2R 

 �)&�� ��% �M7)���( ��" ," ��� �)�2(                  
��%  04/0  01/0-31/4-  00/0  26/0  78/0-  54/0-111/2-  00/0  24/0  

 ��(1  02/0  12/0-35/4 -  05/0  53/0  11/0  43/1-24/1 -  06/0  89/0  
 ��(2 03/0  14/0-14/4-  06/0  39/0  04/0  38/1-31/1-  06/0  96/0  
 ��(3 03/0  14/0-68/4-  07/0  41/0  18/0  54/1-18/1 -  06/0  79/0  

C�#  �.��N���)���( ��" ," ��� �)�2(                  
��%  01/0-  65/0-74/2-  00/0  60/0  72/8-  43/2-11/15-  00/0  05/0 <  

 ��(1  04/0-  54/0-72/2 -  07/0  22/0  10/5-  26/1-41/11-  06/0  11/0  
 ��(2 04/0-  93/0-32/2-  07/0  17/0  97/4-  52/1-43/11-  07/0  13/0  
 ��(3 05/0-  80/0-44/2 -  14/0  15/0  00/3-  34/3-35/9 -  13/0  35/0  

 ���)N��)���( ��" ," ��� �)�2(                  
��%  04/0  64/0-70/0 -  00/0  17/0  20/3-  51/0-90/5 -  00/0  05/0 <  

 ��(1  00/0-  64/0-71/0 -  11/0  96/0  91/0-  73/1-54/3 -  11/0  49/0  
 ��(2 02/0-  71/0-71/0-  11/0  61/0  37/1-  34/1-09/4 -  11/0  32/0  
 ��(3 02/0-  65/0-73/0 -  13/0  57/0  44/0-  19/2-08/3-  18/0  74/0  

 ���)N��LDL )���( ��" ," ��� �)�2(                 
��%  06/0  91/0-31/0-  00/0  07/0  21/1-  05/1-46/3-  00/0  30/0  

 ��(1  02/0  92/0-29/0-  06/0  50/0  22/0  45/2-99/1 -  66/0  84/0  
 ��(2 02/0  94/0-25/0 -  07/0  59/0  29/0-  02/2-62/2-  07/0  80/0  
 ��(3 02/0  93/0-24/0-  11/0  65/0  32/0  61/2-97/1-  11/0  78/0  

 ���)N��HDL )���( ��" ," ��� �)�2(                 
��%  05/0  10/0-19/0-  00/0  14/0  03/0  62/0-55/0-  00/0  91/0  

 ��(1  02/0  12/0-22/0-  04/0  59/0  15/0  74/0-43/0 -  03/0  61/0  
 ��(2 02/0  12/0-21/0-  04/0  61/0  03/0  63/0-57/0 -  04/0  92/0  
 ��(3 02/0  12/0-21/0-  05/0  59/0  04/0-  57/0-65/0-  04/0  89/0  

 �IOA                 
��%  002/0-  14/0-01/1-  00/0  99/0  54/0  63/2-52/1 -  00/0  61/0  

 ��(1  002/0-  11/0-01/1-  02/0  58/0  07/1  17/3-04/1-  021/0  32/0  
 ��(2 02/0-  03/0-11/1-  03/0  64/0  29/0  47/2-89/1-  02/0  79/0  
 ��(3 02/0-  02/0-14/1-  03/0  63/0  31/0  50/2-89/1-  03/0  78/0  

 �IOB                 

��%  02/0  31/0-59/0-  00/0  59/0  48/1-  37/0-33/3-  00/0  12/0  
 ��(1  01/0-  31/0-62/0-  05/0  75/0  33/0-  50/1-16/2 -  05/0  72/0  
 ��(2 02/0-  33/0-61/0-  06/0  55/0  94/0-  96/0-85/2 -  06/0  33/0  
 ��(3 02/0-  33/0-62/0-  11/0  56/0  32/0-  55/1-19/2 -  11/0  73/0  

*K"$� R�
� ��h$���I ��" �I
�% �
I :K"$� [��
� $ /���5 ���\ �/	
�-L
�96 �
��� �
I 
**K"$�  ��h$���I �I
�% �
I)�� #

1��	 /	��	 �
 �. $  Q. �	�L D��'� ��f �L 
�� (K��
%�
� $ 

 D��1 : R� ��9
��
 �h��	 $ n�( �K� �	 #�� R��'�  

 D��2 :R��'�  9
��
 ��)���9  �_
'9 ��
��
N
 D
�'��	 �	�L ����L �
I #��� ��7" � ��% ��	!" �
I  ��
��W_ ��
���W� $ 
IK"$�  �I
�% �
I ������h$���I $ K"$�  �I
�% �
I ��"��h$���I 
 D��3 :���L #
�� bN
� �	�L �9
u	 R��'�  

LDL: Low density lipoprotein; HDL: High density lipoprotein 
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Dietary Intake of Vegetable Oils, Serum Lipids and Apolipoprotein 
Levels among Iranians 

 
Parisa Hajhashemi1, Parvaneh Sanei1, Hossein Khosravi Broujeni2, 
Nizal Sarrafzadegan3, Noushin Mohammadifard4, Firoozeh Sajadi4, 

Sedigheh Asgari5, Maryam Maghroun4, Hasan Alikhasi4, Ahmad Esmaellzadeh6 
 

Abstract 
Background: The detrimental effects of partially hydrogenated vegetable oils (PHVOs) on 
apolipoproteins have been reported from several parts of the world; however, few data are available in this 
regard from the understudied region of the Middle East. The present study aimed to evaluate the 
association between type of vegetable oils, serum lipids and apolipoprotein levels among Iranians. 

Methods: In this cross-sectional study, data of 1772 people (795 men and 977 women) aged 19 to 81 
years were used. Participants were selected through multistage cluster random sampling method from 
three counties of Isfahan, Najafabad and Arak, Iran in Isfahan Healthy Heart Program (IHHP). To assess 
participants' usual dietary intakes, a validated food frequency questionnaire was used. Consumption of 
hydrogenated vegetable oil (commonly consumed for cooking in Iran) and margarine was considered as 
the category of PHVOs. Consumption of soy, sunflower, corn, olive and canola oils was considered as 
non-HVOs category. After an overnight fasting, serum colestrol (total, LDL, and HDL) and triglyceride as 
well as apolipoproteins A and B were measured using standard methods. 

Findings: Participants with the highest intake of non-HVOs and PHVOs were younger and had lower 
weight than those with the lowest intake. High consumption of non-HVOs and PHVOs was associated 
with lower intake of energy, carbohydrate, dietary fiber, and higher intake of fruits, vegetables, meat, milk 
and grains. No overall significant differences were found in serum lipids and apolipoprotein levels across 
quartiles of non-HVOs as well as PHVOs after controlling for potential confounding. 

Conclusion: There was no significant association between hydrogenated or non-hydrogenated vegetable oil and 
serum lipid and apolipoprotein levels. Further studies are needed to explore this association. 
Key words: Vegetable Oils, Cardiovascular Risk Factors, Lipids, Apolipoproteins, Diet 
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