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               �� �#��� �4�J �)�(��+�( �� %N�h� ���� � %p�(� �")
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����( ��+� %�� �
�NX �")
�� � �
)���� %)��#���)J 	�.

    ����� �����5  ��
)�( � ���$��#
�� %�� 	��� �3#4��&�� 	
�#����

 )^^^^;/^P< W ;</^ =r (  %�� ����")
�� � ����$��#
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 )^^^^;/^P <   W ;I/^`r = (    ��")
�� � ��$��#
�� %�� �
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b����)^^^^;/^P <    W;</^`r =  ( � ���$��#
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 a4O! �")
�� )^^^^;/^P <   W ;;/^`r =  (  ��� �")
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 � ��$��#
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)�( 	3()�(BMI)       �4�J ������- *(�� �� 
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H/;±G/I            ����  .�)+ �� �� �D�� 	
�#�� W���()0 �.� �'( �� � �$��� ���()0 �.� WG � H�(��� �� o��5 �C( .

 (��/)*  :( !���/� �� TH/ U
�V# �� 05�����5�M 0��=� �� � !�� 0�� :
;<� 0��=��� !��
�

    t�+                                          

n0)� 

�4J �)(��+�(�#0� �)(��+�(0���M WB���

)�$�J %��(µg/dl)=/;>±=/KG )        GIG = n( >/;E±>/KH )      G^K = n( N.S

 �$��#
�� %��(µg/ml)^/I±>/K )            GIH = n( G/I±;/;; )         G^= = n( P< 0.0001

�� %��(µg/g);/HE±=/IIK )       <K> = n( ;/GK±H/IGE )     GIK = n( P< 0.0001

Z score	$ %��� �j KE/^±<;/^` )      GHI = n( EG/^±GK/^` )      GIK = n( P< 0.003

Z score	$ %��� ��� ^;/;±;</^ )        GHI = n( E^/^±;I/^ )        GIE = n( N.S

 (��/)A :( �)�5� ���� !���/� �� 0�� :
;<� X��L� 0��=��� 7
� ���"1%'

X����'5
E�����"1%' Y�5<0���M ���V#
;�$��#
�� %�� � )�$�J %��^G/^` = rN.S

I�� %�� � )�$�J %��^H/^` = rN.S

< � )�$�J %��Z score	$ %��� �j ^G/^ = rN.S

G � )�$�J %��Z score	$ %��� ��� ^=/^ = r^H/^P<

H��� ���5  
)�( � )�$�J %��^H/^ = rN.S

>5� � )�$�J %���Z�5  &^H/^` = rN.S

=�� %�� � �$��#
�� %��^=/^ = r^H/^P<

E � �$��#
�� %��Z score	$ %��� �j ^G/^` = rN.S

K � �$��#
�� %��Z score	$ %��� ��� ^H/^ = rN.S

;^��� ���5  
)�( � �$��#
�� %��;</^ = r^^^^;/^P<

;;�Z�5  &5� � �$��#
�� %��^</^` = rN.S

;I � �� %��Z score	$ %��� �j ^G/^ = rN.S

;< � �� %��Z score	$ %��� ��� ^;/^ = rN.S

;G��� ���5  
)�( � �� %��^^;/^ = rN.S

;H�Z�5  &5� � �� %��^E/^` = r^H/^P<

N.S = Not Significant

 (��/)+ :( ��� � 0�� ��1%2 0��=��� 7
� ���"1%'�)�5� ���� !���/� �� 0DE� ���� :P�
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X����'5
E�����"1%' Y�5<0���M ���V#
;%�� �")
�� � )�$�J %��^=/^` = r^H/^P<

I	u5��J �")
�� � )�$�J %��^G/^` = rN.S

<�&" �")
�� � )�$�J %��^</^` = rN.S

Ga4O! �")
�� � )�$�J %��^G/^` = rN.S

H��t� �")
�� � )�$�J %^I/^ =  rN.S

>	�- �")
�� � )�$�J %��^G/^` = rN.S

=a
b�� �")
�� � )�$�J %��^^I/^` = rN.S

E�{�" �")
�� � )�$�J %��^=/^` = r^H/^P<

K%�� �")
�� � �$��#
�� %��;I/ ^` = r^^^^;/^P<

;^	u5��J �")
�� � �$��#
�� %��^=/^` = r^H/^P<

;;�&" �")
�� � �$��#
�� %��^=/^` = r^H/^P<

;Ia4O! �")
�� � �$��#
�� %��;;/^` = r^^H/^P<

;<t� �")
�� � �$��#
�� %��^;/^ =  rN.S

;G	�- �")
�� � �$��#
�� %��^E/^` = r^H/^P<

;Ha
b�� �")
�� � �$��#
�� %��;</^` = r^^^^;/^P<

;>�{�" �")
�� � �$��#
�� %��^=/^` = r^H/^P<

;=%�� �")
�� � �� %��^^;/^ = rN.S

;E	u5��J �")
�� � �� %��^^^/^` = rN.S

;K�&" �")
�� � �� %��^I/^` = rN.S

I^a4O! �")
�� � �� %��^H/^ =  rN.S

I;t� �")
�� � �� %��^E/^` = r^H/^P<

II	�- �")
�� � �� %��^E/^` = r^H/^P<

I<a
b�� �")
�� � �� %��^;/^` = rN.S

IG�{�" �")
�� � �� %��^</^ =  rN.S

N.S = Not Significant

Z>�
  � �$��#
�� W)�$�J %�� �
)���� %)��0)� �'OX 	3()�

           �� ��#0� �)�(��+�( �� �#�! �4J �)(��+�( �� ��     )���5  �! ���)� �

              ��� ���.� %�)��- �)8Z �� t�+ �� �� )�$�J %�� 	� Y�#0�

 ��)�&���( )^H/^P> .(  V�$��5  �! %�  �.�Z)2�� ��Pilch ���: 

  %)�Z)$;KE^`;K=>    �'( �85 FAO       �
�)�7� 	3()�� W�� @)A(� 

         ��� �)(� �� �#�� ����� �� @�$ %��)I< (   �vb+ ��)C5 	�c��

 	3()� ��          �Z)P �� ��� )�  .Z)2� �� t�+ �� 	� )�$�J %�� 

              ��.&:  ����� �� �#.�$� ������� )�$�J %�� �'OX �.&:  ����

    ��)� �� @�$ %�� �'OX .          �)�.Z)2� �� b�( 	�778� �� %�)4��
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           %��� ��.� ��2� ���4J %�� �'OX 	3()�  ! ��#��� �)� ��0

         ��)� �� ���#0� �� %�� �� �5 	
)J)<<WIIW;GWEW=(    )�� 6�785 )�  ! 

���� �(����T�� .  	
���5 ���#4��? @���$ )��
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)��-

             *�)�! � ��$� ,�#�$� o�)j )��)3�
)��- �� %�)4� �� �()$-

              ���Q ���! ���( t�.�� �� ��&�! �)��bZ� ����()#$� �
� @�$ %��
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            �� ���)�� ��&�! ���� b( �#�! �
�)7� � �(� ���! ���)��)<G( .

       nT��5 �� )��$�J %�� � ��� %�� %)���
)��- �3
� Y�: ��

               ��C� %�� d�C0 ���&�! ��20 q��.� �� ��#.�+ %)����?

  �$�)<H(             �� �
��.5 o��)j �
)�0� �C� � �&#.� n0)� [
 �  %

   �$� ���);>( .      �� ��� %�� ��'OX %�)�
� o����� �3
� Y�: ��

    ���� �� �h5)<GWII( .            �{)�P �� ��$� 	���� ��� %�� x�2�$

           %�� ��&�! �
�� �{)P �� )�� ��)
 *�)! %�� dC0 ��&�!

                 ���� ��� d�j�#� ��� ���� ���Q ��()� ��� �j)� �.&: .  ����.�

             � ��$� ��)�C#� 9)�$ o��" )� �� %�� �'OX 	3()�   ����h5 

         V�$�5 b( �� %�� �'OX �� �O�"Hambidge    ��� ���)]  .  �N�Z

            �� �#�4�j ��$� 	���� �� %�� �'OX �� ��� ���)�� *
�b"�

 ��)� �O�" ���h5  A#();< ( ��
)��-  .Z)2� ��  ! %��2�( 

Pilot Study )   ��D�� W��"�? ���D b
)J ��  ! �/)P 6785 

        ��� %�� n0)�� ,)�$� ��� %�� ��&�! f��   ��O0 ���4�J �� 

 ��� W�"�? ���D �)�� ��  ! �OD� x�: �� �#��);( .

 ���� �C��Z score     ������ �)��( ��/)P  �.Z)2� �� 	$ %��� �j 

  ����$�  ���.Z)2� ������� �)���(��+�( �� ����j ��)���5�! .Gibson � 

 V$�#� �7785 �� *(��)���Z score %��� ��� � 	$ %��� �j 

        t(���"�  ()� �
� �� �)!��! 	$NCHS      ��(��! R��b�? );I (

��)� �� )#$���� )� 6785 )�  !.

          %�� ��'OX 	�� %��� ���.� �3#4�&�� g�� W���'#�� �X ��2�

   ���� %�� � )���$�J %�� ���'OX )��
 ���$��#
�� %�� � )���$�J

 ��( ���)�� .       l)�&5�� g��  �! a
��! nT�� )� �3
� ��)&�  �

          �")
�� � �
)����� %)��#���)J 	� �20 �X )
 �20   �
�N�X �

����( ��+� %��  .

  � %�� ����&�! %)����0)� 	��� )��� �3#4��&�� �� o��D)P y
)��#(

         %��  �! �$� �- �� �!)P �/)P  .Z)2� �� %Nh� ���� �")
��

              ���� ��� ���.� ��C�� �3#4�&�� �{�" � %�� �")
�� )� )�$�J

 )^H/^P< W ^=/^`= r (  �3#4&��  (�3c� %Nh� ���� �
)$ )� �

����( .Thomas         )�$�J %�� �'OX  ! �(��� �)�( *(��)��� � 

  ������( %��� ����.� �3#4��&�� %�� ���")
�� )���)IK( . � �?)���!

     %�� ���")
�� )��� @���$ %��  ��! ���(��� �)���( b��( *(��)�����

    ����( �#&e� �3#4&��);H( .Thompson   � Singh   �A#( 	
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   �3#4��&�� %N��h� ������ ���")
�� )��� )���$�J %��  ��! �(���$�

  ����( )<^WI>( .            � )��$�J %�� 	�� �3#4&�� b( )�  .Z)2� ��  #&Z�

    ��� d./ �)4� %�� �")
�� .       ��")
�� � ��$��#
�� %�� 	�

               ���+� ��� ���.� ��C�� �3#4�&�� t�� �")
�� bA� %Nh� ����

������ .  � a4��O! W%�� ���")
�� W���$��#
�� %�� �3#4��&��

k��5�5  ��� a
b���� ) :^^^^;/^P< W ;I/^` =r (  W )^^H/^P< W 

;;/^` = r (   �)^^^^;/^P<   W ;</^` = r (  ��)� �� .    ��Z)P ��

Thompson  %N��h� ������ ���")
�� � ���$��#
�� %�� 	���  ��! 

    ���( ���)�� �3#4&��)<^( .         	��- � t�� �")
�� � �� %�� 	�

              	�
�  �! ���� ��+� ��� ��.� �C�� �3#4&�� �/)P  .Z)2� ��

   � ����� )� �3#4&��   ��(�� )^^H/^P<   W ;I/^` = r .( Thompson

        ����� ��")
�� � ��� %�� 	�� �3#4�&��  (�3c� *(��)��� �

  ���(���( ���)���� %N��h�)<^( .    ��(�3c� b��( ���/)P 6��785 ��

     � t�� b�A� %Nh� �����
)$ � �� %�� 	� %��� ��.� �3#4&��

��( ���)�� 	�-.

        �J %�� 	� �3#4&�� �/)P 6785 ��  OD)P y
)#(     �
)�$ � )��$

            %)��0)� �� [
 g� )� )�$�J %��  ! ��� �� �)�( )��0)�

 W�$��#
�� %�� W�� %��Z score ��� ���5  
)�( W	$ %��� �j 

   ����( %��� ��.� �3#4&�� �Z�5  &5� � . )� )�$�J %��Zscore

  �������� %��� ������.� �����&e� �3#4����&�� 	����$ %������� ���

 )^H/^P< W  ^=/^ =( r. 

#
�� %��  ����.� ���&e� �3#4��&�� ���� %�� )��� ���$��

 ���� %��� )^H/^P< W  ^=/^ =( r 	� �3#4&�� � Z score �j 

         ��� %�� � ��$��#
�� %�� ��'OX )� 	$ %��� ��� � 	$ %���

 ��( ���)�� .       � ��$��#
�� %�� 	�� �3#4&��BMI ��� ���.�  
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 )^^^^;/^P< W  ;</^ =( r    � ��� %�� 	�� )��� BMI  �3#4�&�� 

�)�� ��( �� .Gibson            ��'OX 	�� %��� ���.� ��&e� �3#4�&�� 

  � ��� %��Z score    ���! ���)���� 	�$ %���� ���j );I( . �� �w��.�

    ���)��� �3#4�&��  (�3c� �� %�� � )�$�J %�� 	� 	778�

 ����(���()<<W<^WEW=(  .Thompson %�� � )����$�J %�� 	���� b���( 

    � 	�� )��� ���( ���)�� �3#4&��  (�3c� �$��#
��  � ��� %�

          ��� R��b�? ��#&e� �3#4�&�� �$��#
�� %��)<^(      )�� �)�7j�  �! 

 ����� �)4���
 )��� 6��785 .  W	��778� �
)��$ Y�0����McBean � 

              �C.�/ �3#4�&�� [�
 ��� %�� � )�$�J %�� 	� *(��)���

�����(��! ������J ) .^H/^P< W  ^H/^ =( r);E( . Gibson & 

Vanderkooy       ��j o
)#��$�J )�� ��� %�� x�2�$ 	��    	�$ %����

    �(��! ���)�� �3#4&��)<<(           �3#4�&�� 	��Q )�� 6�785 ��  ! 

 ��( ���)�� .         %��� ���.� �72�� l)&5�� [
 a#4(��#( )�  ()C$s#�

     a�! ��J %�� �./� %)��#���)J 	� .      ��#�� %)��#���)J  � )� �NZ

   �)��( %�� ����&�! [
p�Z�����J� %)���$��� %����� %���5�&#.� �

a
���.

Archive of SID

www.SID.ir



���� ����� � ����� ���� ������ �� � ��� ����	 �
�� ����� ���79����

References

*O)/���8� W%���8�  .��.4� �$ W�?)�! .�D)( W�
{� . ���.� W��J�)CX: !�N��M [�� �� 0�� ��1%2 \�
� 
!�5�# 5�� ���%H'�� ]���� . W������J �����J  �)�O�";<=E@�)�Q 9)$ W . ��)��;<  8CD W>E`>; . 

2- Bishop ML,et al: Clinical Chemistry. Principles, Procedures, Correlation. 2nd ed. JB Lippincott 
Co. 1992 290-292. 
3- Brandao-Neto J, Stefan V, Mendonca BB, Bloise W: The essential role of zinc in growth. Nutr. 
Res. 1995; 15(3 ): 335-358.
4- Burtis CA, Ashwood ER: Tietz Text book of Clinical Chemistry. 2nd ed., Philadelphia: W.B. 
Saunders Co., 1994 1329-1333.
5- Castilo- Duran C, Garcia H, Venegas P, et al: Zinc supplementation increase growth velocity 
of male children and adolescents with short stature. Acta Paediatrica 1994; 83(8): 833-837.
6- Castilo- Duran C, Heresi G, Fisberg M, Uauy R: Controlled trial of zinc supplementation 
during recovery from malnutrition: Effects on growth and immune function. Am. J. Clin. 
Nutr. 1987; 45(6 ): 602-605.
7- Cavan KR, Gibson RS, Grazioso CF, Isalgue AM and Ruz M : Growth and body composition of 
periurban Guatemalan children in relation to zinc status: A cross-sectional study. Am. J. Clin. 
Nutr. 1993; 57(3 ): 334-343.
8- Eminians J, Reinhold JG, Kfoury GA, Amirhakimi GH, Sharif H, Ziai M :Zinc nutrition 
children in Fars of province of Iran. Am. J. Clin. Nutr. 1967; 20(7): 734-742.
9- Favier AE : Hormonal effects of zinc on growth in children. Biolog. Trace Element Res. 
1992; 32: 383-397.
10- Fidanza F : Nutritional Status Assessment, Chapman & Hall,1991: 385-395.
11- Gibson RS : Content and bioavailability of trace elements in vegetarian diets. Am. J. Clin. 
Nutr.1994; 59: Suppl. S1223-1232.
12- Gibson RS, Heywood A, Yaman C, Sohlström A, Thompson LU & Heywood p: Growth in 
children from the Wosera subdistrict, Papua New Guinea, in relation to energy and protein intakes 
and zinc status. Am. J. Clin. Nutr. 1991; 53: 782-789.
13- Gibson RS, Vanderkooy PDS, MacDonald AC, Goldman A, Ryan BA, & Berry M: A growth-
limiting, mild zinc-deficiency syndrome in some southern Ontario boys with low height 
percentiles. 1989; Am. J. Clin. Nutr. 49(6): 1266-1273.

14- Heinersdorff N, Taylor TG: Concentration of zinc in the hair of school children. Arch. Dis. 
Childhood.1979;54: 958-960.
15- Kimiagar M, Navai L, Yassai M, Malek F and Samimi B: Zinc intake and bioavailability in a 
Tehran suburb.What is the minimum requirement ? In: D Southgate,et al. (eds). Nutrient 
Availability, Chemical and Biological Aspects. Royal Society of Chemistry. 1989: 421-424.
16- King JC, Keen CL: Zinc. In: Shils ME, Olson JA, Shike M (eds). Modern Nutrition in Health 
and Disease, 8th ed. Vol:1. Philadelphia: Lea & Febiger., 1994 :214-229.
17- Mahan LK, Arlin M: Zinc. Krause’s Food, Nutrition and Diet Therapy, 8th ed. Philadelphia: 
W.B. Saunders Co., 1992: 123-126. 
18- McBean LD, Mahloudji M, Reinhold JG, Halsted JA: Correlation of zinc concentrations in 
human plasma and hair. Am. J. Clin. Nutr. 1971; 24, May: 506-509.
19- McClatchey KD: Clinical Laboratory Medicine, Williams & Wilkins. 1994: 482.
20- McLaren DS, Burman D, Belton NR, And Williams AF: Textbook of Paediatric Nutrition. 3rd ed. 
Churchill Livingstone, Edinburgh, 1991: 462-468.

Archive of SID

www.SID.ir



���� ����� � ����� ���� ������ �� � ��� ����	 �
�� ����� ���80����

21- Michaelsen KF, Samuelson G, Graham TW, Lönnerdal B.: Zinc intake, zinc status and growth 
in longitudinal study of healthy Dannish infants. Acta Paediatrica, 1994; 83:     1115- 21. 
22- Perrone L, Moro R, Caroli M (1996): Trace elements in hair of healthy children sampled by 
age and sex. Biolog. Trace Element Res. 1996; 51: 71-76.
23- Pilch SM, Senti FR: Analysis of zinc data from the second National Health and Nutrition 
Examination Survey,(NHANES II). J. Nutr. 1985; 115(11): 1393-1397.
24- Reinhold JG, Hedayati H, Lahimgarzadeh A, Nasr K: Zinc, calcium, phosphorus, and 
nitrogen balance of Iranian villagers following a change from phytate-rich to phytate- poor
diets. Ecology of Food and Nutrition. 1973; 2: 157-162.
25- Sandstead HH: Requirement and toxicity of essential trace elements, illustrated by zinc 
and copper. Am. J. Clin. Nutr. 1995; 61: Suppl. S621-624. 

26- Singh A, Day BA, Debolt JE, Trostmann UH, Bernier LL and Deuster PA: US Navy SEAL 
trainees. Am. J. Clin. Nutr. 1989; 49(4 ): 695-700.
27- Stevens MD, Mackenize WF, Anand VD: A simplified method for determination of zinc in 
whole blood, plasma, and erythrocytes by atomic absorption spectrophotometry. Biochem. 
Med. 1977; 18: 158-163.
28- Thomas B: Manual of Dietetic Practice, 2nd ed. Black Well Science. 1994: 173-182.
29- Thomas AJ, Bunker VW, Hinks LJ, Sodha N, Mullee MA and Clayton BE: Energy, protein, 
zinc and copper status of twenty-one elderly patients: Analysed dietary intake and 
biochemical indices. Br. J. Nutr. 1988; 59, March: 181-191.
30- Thompson P, Roseborough R, Russek E, Moser PB: Zinc status and sexual development in 
adolescent girls. J. Am. Dietetic Assoc. 1986; 86(7 ): 892-897.
31- Tietz NW: Clinical Guide to Laboratory Tests. Philadelphia: W.B. Saunders Co. 1995; 650-
653.
32- Tolonen M: Vitamines and Minerals in Health and Nutrition. 1st ed. Ellis Horwood, 1990; 
178-181.
33- Vanderkooy PD, Gibson RS: Food consumption patterns of Canadian preschool children 
in relation to zinc and growth status. Am.J.Clin.Nutr. 1987; 45: 609-616.
34- Van Wouwe JP: Clinical and laboratory assessment of zinc deficiency in Dutch children, 
a review. Biolog. Trace Element Res. 1995; 49: 211-225.
35- Walravens PA, Krebs NF, Hambidge KM: Linear growth of low income preschool 
children receiving a zinc supplement. Am. J. Clin. Nutr. 1983; 38 August: 195-201.
36- Whitehouse RC, Prasad AS, Rabbani PI, Cossack ZT: Zinc in plasma, neutrophils, 
lymphocyte, and erythrocytes determined by flameless atomic absorption 
spectrophotometry. Clin. Chem. 1982; 28(3 ): 475-480.

Archive of SID

www.SID.ir


