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,&-�./��! 01'2 ��� 3�� 4- �� ���52 �65&7�8 4.&52� 95  ���5': 4- %45' ;! <5# %"=>�5-"? %�"5- 

�� ���@�2� ���A <# "B� �� ��/�''#��!� ��	 .45D>�E� , � F�1�� �� G�!*01'52 �65&7�8 3��� ,&5&D8 

H�5I��� �����52 � �"�� �������2� J�D>����2� �� K�2� "- ��A ��/�''#��!� �� %���� 3�� 4- ,&-�./��!

��- ��" � ��A .

��	� �
�* 
�
I� 4D>�E� , � ���DE*��L ���	 M�7��� �)��68 ��N 4- ��A ��/�''#��!� �� "@� .��5A ,&-�5./��! ��;&�

 �O P�=�� Q�� �/" �� � 4- �!2�=�� K�&I� 4.&WHO �O %�5 �� ��A 4���� �*�!�=�52� 3�� 45- �5!

������ �5 �"�� 3�� �� �� ��/�5''#��!� MR�5# �>�5ST � %���"5� ����5� � �/U � *P&2�
( � �	 %"&/

2� �� 0&- ,&-�./��! K�2� "- ��''#��!� 3" VW ��&D� �O �� 4# �� �T �������g/dl ����- *� �"�� 3�� �- 

,&-�./��! K�2� "- ��''#��!� 3" VW ��&D� 4# � �� �������2�g/dl �
��"5T 4
5 �I� ���5� *P2� "��&- �  

�'�)"/.4�)�  F"� X2�8 �! %���O ��;)� �/�ZSPSS ����O �paired t test���	 J&.[8 � 4 ;18 .

�&-
' 
�
�� �"5) ,&-�./��! *%���� 3�� �- ,&-�./��! 01'2g/dl ��/L±Z�/L���5� �!�=�52� 3�� �� "5��# 

���)
�/L���/L=]�%CI)(LL�/Lp< .( J�D>����2� K�2� "- ,&-�./��! %���� 01'2 �/U � � P&2�
(

 _&8"8 4- �� �T�/�
�]�"� ����� � �`�� ��/�''#��!� MR�# %����MR�5# �>�5ST � �`�� Z�5`�� 

��- ._&8"8 4- � �� J�D>����2� K�2�"- 0 ���O , � �/U � � P&2�
(�/����/����5- �`�� .����5�

 ��/�''#��!� MR�# %���"��%MR�# �>�ST ��/L%��- .,&-�./��!
/Z]%,&5- *��/�''#��!�g/dl �
���

� ��&D� K�2� "- 4# ��-�'�
! G�D� ��A %��!� �� � �.

.��� �"�&� 
�5 �"/ 0 ���O P&2�
( 0 �;)� 4- "1'� ,&-�./��! 01'2 %�"- � �� J�D>����2� %"&/��# 4- .,5 � �5-

 PT� <! 4# ���	 �2�"- ���A <# "B� �� ab���1� � �- ��/�''#��!� �� ��&� 4- 9 �;� ���� <5! � ���5- "&/

 P2� �' �	�A�� ��''#��!� %�"- .�� ���'�&W , �"-�'- 4D>�E� ��"/ _2�'� 3�� �� ���@�2� %�"- %"��&- %�! "58

 F�1�� ��/�''#��!� �� ���A <# %"=>�-"?�	�.

 ������� /
:,&-�./��! �!*��A ��/�''#��!� *������ ,&-�./��! %"&/�-� ��� *

������ ����	 :�/
/��
����� ����	:��/�/��

��� ���� ����:�� ! "#$%� & �'()*+��+ *,- ��.%/+ *��0�  1�.�.2	 34�� �����% + 5.6'� 7�8��� �9+*,- ��.%/+ &%��:4 ) �;,<+ *+:�� ) �3� :�=�>=�?=� 
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9�+,/ ��� 5< C�<,DE,@F GH'  "�$I	 �0�+ &/�JIJ( 7�+0�+,K 7:��F �%4�9���+ 0�'L�� �%4� �

���

���	� 
5D� � B� *+,'A 5< 9�+,/ ��� 5< C�<,DE,@F GH' 

 7��  &#�$I	 � &/,)- M)4 "�$I)	 9+�)< 5'�3F M4 �

&)��N� �)(+:J< &/�)JK *��0�)  O) ,	 *! 1:( C��N	

 � + 7:���E .C�+G���0! Q�H/+ 5< & �% � 54 &6�+�( �� 

&F�8I))���0! 9�%�,))'�<,DE,@F��:)).� ��))�/ R&))� :))/+,	

 :(�< :'@(0�+ .)� *,)- 7�6S T/� 5���.� *! U� + &E��,

 �+� �+�S V;�K �W�4 9�� �< 54 ��� U��.� X<�.� �� 7:( 7

� + &8/� .&�+�E,	�)���4 �W�4 *+��Y@F � 1�% +ET ?�

:)/��4 &��N� *,- � �'� V;�K *+,'A 5< +� .�)W�4 C)�+ 

9�F�+,/ 1�,Z 5<�>��[>&D�� 7�)6S � 7:( 5�J	 9�%�

-�)6S �)< &E��,� *,�\��&)D�� 7�+� �+�)S *! 9�� �)%�

&� @F 7��:2� 54 &8/� U��.� �< � �,( C�< *! C�<,DE,[

�	�[& � �< Q�E XZ+,� �< �%��
& � �< Q�E �)%�� R�) + 

�,( &� 5���.� .R7:( Q�H/+ 5N��6� �� M4 "�$I	 �2Z

 O ,%� �	 ��]- &/,-)��	�
&) � �)< Q�E �)%�� (��%R

:�:( &/,- M4 9+�<)��	�& � �< Q�E �)%�� (��%M)4 �

:�:)( ����)< &/,)-)0+ �)%@4�) � �)< Q�)E &�)%�� (=�%

:( ��+3E)�.(C)�+ G��)�0! �,)a'� 5)< *�E:)''4+:F+ �� 

*,)- M4 �+��+ *,- 9+:F+ 0+ 9��E,DK ��)b�]L 9+�)<

*! :�:( &/,- M4 ��H�+ 0+ �FR0+ *�)'�@c+ 9+�)< C�'d MF 

0+ � �'� ��+:/�% + 9+�+� R7:( 5�J	 &/,- 7���!�� 54 C�+

 &)� Q�)H/+ R�) + C�<,)DE,@F 9+,)%2� �a/ � ���)E �)J'	 

G��))�0! *,))- 9+:))F+ 0+ X))eS *�E:))''4+:F+ 9�8��))<�W 

� +)
.(5N��6� C)�+ *�,)< �) �'� ��,)� �� 9��)�0 9�F

 �) + 5)%��E Q�)H/+ *�E:''4+:F+ 9�8��<�W 9+�< ��� .��

34+�� R� + 5%��� G�+3�+ *,- f�#� 54 *��0 0+ 7��� C�+

 5]�b� *,- ��.%/+ C���)	 C�)< ���)N	 g)]L 9+�< �+,(� 9+

*,- 0+ 7:)''4+:F+ �� ! 0+ 9��E,DK � f�c B� 0+ &��4 

:))/�+� �))8�� f�))c .�))a/ 0+ *�E:))''4+:F+ 9�8��))<�W

<,DE,@F 7��%�E �h	 � � + MJ� 5e'K �� �F 0+ C� �� 9+

 ���E C��N	 9�8��<�W ��� C��%J< �	 � + Q�H/+ ��L)
.(

*�E:)''4+:F+ 9�8��<�W 9+�< � �'� ��� 0+ 7��]% + *�:<

 M4 �a/ 0+ 5)< &/,)- ���)-; � *�E:''4+:F+ ��h  R&/,- 

&� �6- :%�+ .

 ��< �� )&F)D%$� 9�)� ��L �)�+ �)< ��� C)9+� 

0+ &/,))- M))4 "�$I))	�\�))	 =�7:))( ��+3))E :))Z�� 

� +)?R�.(5)N��6� 0+ �)8�� 9����< �� �)< ��� C)�+ �)F

��� � + 7:( 5���.� �8�� 9�F .GH'  54 &	�N��6� ��

 DE,@F 9�+,/ R� + 7:( 5���.� i� 1�]�,  ��� �< C�<,

 9�%I))�< �))S� 0+ 9�+,))/ ��� 5))< C�<,))DE,@F GH')) 

 �) + 5%(+� �S� 70+:/+ *�@F 5< �� � 7�,< �+��,-�<)��[.(

5N��6� 7�+� *�I/ *+�8�� 9�F C�<,DE,@F 9�+,/ GH'  R:/+

 ��+:)/ �) �'� �2Z C�<,DE,@F *+3�� C��N	 9+�<)�R�.(

5N��6� )< 9���0 9�F 9�8��)<�W ��� C��)%J< &) ��< 9+�

 � + Q�H/+ ��L �� &/,- M4 �a/ 0+ *�E:''4+:F+)=R
.(0+

��)) �?�
�))JK 9�+,))/ ��� 5))< C�<,))DE,@F GH'))  

7��]%) + ��,)� *+�)�+ �� *�E:)''4+:F+ &/,- M4 9�8��<�W

 �%I)�< C�<,DE,@F R*�E:''4+:F+ ����� ���N� � ���E �+�S

 0+g/dl �
�,)< )�/�
/\\� /IBTO. TQ. HCS .(5))N��6� 9+

��� C)�+ R�+� *�I)/ :)( Q�)H/+ *+��+ �� U� + C�+ �< 54

��)�/ � �'� *�E:''4+:F+ &/,- M4 9�8��<�W 9+�<)�\.(

��  ���?�[�)< *,)- 9+:)F+ 9+�)< ��)� ����)� ���N� 

C�<,DE,@F R��+:/�% + ��YD@A ��� C��-! U� +g/dl �[

�))��E �+�))S �%I))�< �))�)00.TM.004.SOP/00 .( �� C))�+ 0+

 #))�$I	 �0�+ C�))�N	 9+�))< �))j�L 5))N��6�&GH'))  

:)�:K X@N�+�,%) � U�) + �< 9�+,/ ��� 5< C�<,DE,@F

 �� &/,)- M)4 9�8��)<�W 9+�)< *+�)�+ *,- ��.%/+ *��0� 

:( Q�H/+ *�E:''4+:F+ .


�� � 
��� ��
:))( Q�))H/+ &))N6.� 1�,))Z 5))< 5))N��6� C))�+ .*�))�� 0+

 4 *,- 9+:F+ C�eDc�+� 5)NK+�� �3� *,- ��.%/+ 7�8��� 5< 5

R:'%(+� +� *,- 9+:F+ O�+�( � :/�,@/��\1�,Z 5< �]/ 

:/:���E V�$%/+ &���#	 .O) ,	 5)'��N� � 5eL�#� 0+ i�

 f�#)� ��)< B� ��/k 5D� � 5< B(3�R&E��,)� *,)- 

:( 5%��E �I8/+ l,/)5)< 7:( ��H�+ m+�,  54 &c�( 5<

 ,- 54 :(�< n�@A &��4 70+:/+ 5)< �I)8/+ 5< ��I� *�:< *

:'4 +:�� *���K &%L+�(.*�)��K *�,< &��4 Q:A 1�,Z ��

 &� m+�,  � ,� 0+ 9�8�� 56./ R*,- :(.n)ec �)<SOP 

9�+,/ ��� 5< C�<,DE,@F GH' R�)W�4 9�� *,- 7�6S 

� :( 7�+� �+�S o,#$�?\:N< 5�/�p RC�<,DE,@F �aDW 
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7��� >R@( 7��[R*�%��0qr

���

+:/+ 5c,<�� ���N� �< 5���.� n��c 0+70:( 9��E .

sK�� ��� �< 9�+,/ C�<,DE,@F 0+ 7:�! � � 5< t��%/ 

:���E 5���.� C�<,DE,@F ��,/��  GH'  .1�,Z C�+ 5<

 54
& & �)< &) ��< ��,)� �+�)�+ 9:)��� *,)- 5/,@/

B�	��,	+ �%�,4 7�8% � U��)Y�� ) U�<,4 7�8%) � �)< 5)4

��< R:( 7�e���4 B	,�<�� ����� 9�%�,%���%Yu +:���E &  .

��).%/+ *��0�)  &)DeS ��+:/�% + ��YD@A ��� U� + �< 

*+�)�+ *,-R��� 5)< C�<,)DE,@F *+3)�� 5)4 &	�,)Z �� 

0+ G�< 9�+,/g/dl �
:(�< R�) �'� *,- 9+:F+ 9+�< ��� 

&.D	7:( &� ����� ��)� �)%@4 C�<,)DE,@F �)E+ � ���E

 9����g/dl �
:(�< R&)� f�)N� *,- 9+:F+ 0+ ��� )(,�.

����)� ��)�N� R��+:/�%) + ��YD@A ��� C��-! U� + �<

 C�<,DE,@F R*,- 9+:F+ 9+�< ���g/dl �[� � + �%I�< �� 

0+ �%@4 C�<,DE,@F �< �+��+g/dl �[f�)N� *,)- 9+:F+ 0+ 

(,:/R*! ���4,	�@F 54 &c�( 5< &)N�ec 7��:)2� �� �)F

:))(�< .&F�8%)) � ��� 9+�))<RC�<,))DE,@F g/dl >/�
�))� 

�< �)%@4 C�<,DE,@F � 7:''4+:F+ ����� ���N� *+,'A 5< �%I

 0+g/dl >/�
�)a/ �� *,- 9+:F+ 0+ ����N� ���N� *+,'A 5<

:( 5%��E .s@K 0+ i� 7�+� 9��! Q�/ ��+� 1�Ahc+ R�F �+3�+

9��))�! >/�?SPSS7�+� X))�D2	 � 5))�3H	 � :))���E �))< �))F

 9���! *,�0! 0+ 7��]% +paired t Test��N	 �"-�( C9�F

:( Q�H/+ &Ev�� � �� ��L .

����� ��
X))�D2	 9�+,))/ ��� 5))4 �+� *�I))/ C�<,))DE,@F t��))%/ 

+� ��)� C�<,DE,@F �+:.� C�<,DE,@F GH' g/dl �>/\±
?
/\&� *�I/ &F�8% � ��� 0+ �%@4 :)F�)[
/\�

/\=

=> %CI)(\\�/\p<.( ��� 5)< C�<,)DE,@F GH')  t��%/

 9�+,/ � &F�8% � X@N�+�,%) � U�) + �< ��).%/+ *��0�)  

&)/+�+�� � &)Ev�� R�� ��)L � :���E 5���.� *+��+ *,-

 C�)�N	 *�E:)''4+:F+ V;�)4 &�,)eS � V;�4 9����� ��+,�

:()��:K�.(�)ex� 9��)e-+ �0�+ � &)Ev�� R�� ��L

 5)< &)DeS X@N�+�,%) � U� + �< C�<,DE,@F 9�+,/ GH' 

 �))�	�	>/>[%R[/=
%�?/??%�,))< .�%5))< *�E:))''4+:F+

 *�E:''4+:F+ V;�4 &�,eS � 7:( ����� V;�4 �,c?%�,< .

54 *,- ��.%/+ *��0�  :�:K &�+�K+ X@N�+�,% � U� + �<

 *,- 9+:F+ 9+�< ��� ����� ���N�RC�<,DE,@F g/dl �[��

�)ex� 9��)e-+ �0�+ � &Ev�� R�� ��L R:(�< &� �%I�<

))�	�	 5))< C�<,))DE,@F 9�+,))/ GH'))  ��/�>%R>/��%�

?/??%�,< .RV;�)4 9����)� &)/+�+���%V;�)4 &�,)eS �

�/\%�,< .

H����:J�D>����2� �� K�2� "- ,&-�./��! 01'2 d ��� 4
 �I�

��A H�I��� �����2 � �� � �� �T 

eA�	 J�D>����2�T�� � � �� J�D>����2� 

�� ��L >/>[�/�>

&Ev�� [/=
>/��

ex� 9��e-+ �0�+�?/???/??

V;�4 9����� �%�%

V;�4 &�,eS ?%�/\%

��� 
��� RC�<,))))DE,@F C�))))�N	 9+�))))< s))))K�� ��� 

- 5/,@/ 9�� �< C�<,DE,@J%�,/��  0+ 7��]%) + �< 9:��� *,

 �) + 9y,�,	�@F �3���/!,	+ .3)4+�� �� �)J'	 ��� C)�+ �)�+

 B)��3/ 5)4 9��8/,)- 3)4+�� �� �)� � *,)- ��.%/+ z�3<

8I���0!7�*�Y�+ :/�+� �+�S 9y,�,	�@F 9�F �� � �) + ����

M�	 7�)8��� � ���  9�F 0+ 9��)�0 G)$< 5)4 9��)@S+ 9�)F

 *! �� 9��8/,- &)� Q�)H/+ �)K �,)(R��)�/ U�%) � �� .

��� C�+�<�))'< 9�8��))<�W 9+�))< 9�))8�� �))D%$� 9�))F 

&� 7��]% + *,- *�E:''4+:F+ �,)( .�� 0,)'F ��)L C)�+ �)<

 � 9�8��<�W ��� ��,� ����).� � *�E:)''4+:F+ 9+�< � �' 

cut offC�<,DE,@F R��+� �,)K� �)a/ fh%-+ .� �/+,) 

 0+ i))� 1�]�,))  ��� �))< 5))4 +� &/�E:))''4+:F+ *+��))Y@F

 ��� �< :/�,< 7:( f�N� *,- 9+:F+ &) ��< �)8�� 9�)F

 +,/ ��� 54 :/�+� *�I/ � :/��4�C�<,)DE,@F GH')  9R

:''4+:F+ 9�8��<�W 9+�< &e �'� ��� � + *�E .5N��6� ��

*! C�<,)DE,@F GH'  9�+,/ ��� &Ev�� � �� ��L �F

 �)�	�	 5<=��=?:)Z�� RV;�)4 9����)� ��+,)� ?%�

V;�4 &�,eS�%� 5'�3F 5< 5K,	 �< � �,<�*+,)'A 5)< *! C��

 X<�.� �� &<�$%/+ ���HemoCue :( {�6� )>.(� *�)@�	

 ))< +� C�<,)DE,@F 9�+,)/ GH'))  ��� 3)�/ *+��)Y@F 9+�
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9�+,/ ��� 5< C�<,DE,@F GH'  "�$I	 �0�+ &/�JIJ( 7�+0�+,K 7:��F �%4�9���+ 0�'L�� �%4� �

���

:'%�/+� � �'� *�E:''4+:F+ 9�8��<�W)[.(5)N��6� �� ����

 C�<,)DE,@F GH')  9�+,/ ��� 54 C�+ �< �+� *�I/ �,-

 ��� �< 5���.� �� ��+ � + *� ! � 5'�3F M4 9�)8�� 9�)F

 Xx�HemoCue R��+:/ &�,eS X<�S �2Z)�.(,)�D	 5)N��6�

 9�� �< *+��Y@F �
\[ � �� ��)L �+� *�I)/ 7:)''4+:F+ 

��� 0+ �))%@4 C�<,)DE,@F GH')  9�+,)/ ��� &)Ev��

 &F�8%)) �HemoCue�)) + .� �� ��))L 5))N��6� *! ��

 ��	�	 5< C�<,DE,@F GH'  9�+,/ ��� &Ev���>�=>

�,< :Z��)?.(

5))N��6� �� GH'))  9�+,))/ ��� �� ��))L i��,))�

 s)K�� ��� �< 5���.� �� C�<,DE,@F
?�,)< :)Z�� )�(.

�� &Ev�� � �� ��L�9�)F 5)N��6� �� 9�8��)<�W 9�)F

 9y,��:%� �� 1��]	 X��� 5< 54 � + 7�,< 1��]%� �D%$�

R7:( 7��]% + cut off |,)/ RC�<,)DE,@F 9+�)< 7:)( C��N	 

*,- 5/,@/)9:��� �� &E��,� ("$)( 5<�H	 � 1��J� �

&)� G��)�0! 7:'F� Q�H/+ :)(�< .GH')  9�+,)/ G��)�0!

 ��)� 5< 9���0 &8%�<+� C�<,DE,@F G��)�0! 7:)'F� Q�)H/+

 ����:2� 0+ � ��+� &)� ��@)( 5)< G���0! C�+ 9�F ��� .0+

����:)2� ����)).� C�))�N	 Q:))A G��))�0! C))�+ �))8�� 9�))F

 0+ G�< C�<,DE,@Fg/dl �[� + .�+� *�I/ �� 5N��6� t��%/

 ����)� ��)�N� U�) + �< C�<,DE,@F GH'  9�+,/ ���

 0+ G�))< C�<,))DE,@Fg/dl �
+� Q0k �� ��))L R��+:))/ .

��  �� *+��Y@F � 7�+0�:�L 5N��6��?GH')  �+� *�I/ 

�) �'� *�E:)''4+:F+ 9�8��)<�W 9+�)< C�<,)DE,@F 9�+,/

���/)�\.(7�+0�:�L 5N��6� �� X@N�+�,%) � U� + �< 3�/

&DeSR0+ G�)< C�<,DE,@F R7:''4+:F+ ����� ���N� g/dl �


�,))< .GH'))  :))�:K X@N�+�,%)) � 9+�))K+ �))� 5))N��6� �� 

9�+,))/ ��� 5))< C�<,))DE,@F)C�<,))DE,@F ����))� ��))�N�

 7:''4+:F+g/dl �[�%I)�< �� (�� ��)L G�+3)�+ 5)< �)H'�

 :���E C�<,DE,@F GH'  G���0!)��X<�.� �� :Z�� >>

:Z��)(\\�/\p<(.

G��)�0! 1+0�)�%�+ 0+ &)Y� 5)4 �� ��L G�+3�+ 9�)F

 + 9�%I)�< ��+,� ��	�	 C�:< � C���	 � + 9�8��<�W M)4 0

&�� �'( &/,-(:.V;�)4 &�,)eS ��+,)� :Z�� C�'d MF

 &/,)- M)4 :)S�� �)�+ 7�,)< *,)- M4 }~�NS+� 54 9�+��+ &'N�

 �)��� GF�)4 R:/��4 *,- 9+:F+ 5< Q+:S+ � :/:( &��N� .

0+ *,)- M)4 �+�)�+ �b�]L 5< �H'� :�:K ��� 5H�%/ ��

 5)4 *,- ��.%/+ *��0�  f:F C�+ 5< � 7:���E *,- 9+:F+

  + 7:''4+:F+ ��h  g]L�R�) + 7:)( B)��3/ .�� �)�+

 ��:L �,A[\%*! 9�+,/ C�<,DE,@F 54 *�E:''4+:F+ �)F

 C�<g/dl �[��
&)� f�N� *,- 9+:F+ 0+ �� :(�< � :/,)(

 &) ��< &/,)- M)4 �)a/ 0+ 9�8�� ��� �< :��< 54 C�+ ��

:/,( .5)K,	 �)< 54 *�E:''4+:F+ 0+ :Z�� C�+ 9+�< C�+�<�'<

 S �+:N	 R*�E:''4+:F+ X4 5<&)� X��( +� &JK,	 X<� :/,)(R

��)4 C)�+ 5)4 �,( 7��]% + &/,- M4 GH'  ��� �� :��<

 �)S� MF :'��)(,-�/ *�E:)''4+:F+ 9+�)< M)F � 7�,)< �)�E

&� M�)	 �� � :)(�< G��)�0! Q�)H/+ *�)Y�+ 5)4 ���)  9�)F

 ��:).� &F�8%) � ��� 5)< C�<,)DE,@F �)� � ���4,	�@F

&@/ :(�<R*�E:''4+:F+ 0+ &@�/ 5< B��3/ &)� f�N� :/,)( .

5N��6� 7�+� *�I/ �F 9+�)< �I)8/+ l,)/ 0+ 9��8/,)- :)/+

 &)� � �) + :'��)(,-�/ *�E:''4+:F+ GF�)4 �)A�< :)/+,	

 �,( *�E:''4+:F+ �IE0�< .R�)S,� �)���N� ��)L C�A ��

 &� ����� 9:N< 5NK+�� 0+ +� *�E:''4+:F+ :'4 .5< 5���� C�+

 *! 5< 54 &/�E:''4+:F+ ��,� �� o,#- ]E �F &)� 5)% �,)(

 &)� �:Z R:'%�F *,- M4 :)'4 .*��)4 +:)�� 9+�)< �h)	

��� �)))a/ 0+ *�E:)))''4+:F+ 9�8��)))<�W V,)))D6� 9�)))F

 �) + *�)��K �� C�<,DE,@F .7:)�+ 9�8��)<�W ��� �� �!

7:'�! :��< 5)'�3F M4 � X@L X<�S ��� 9�� 5)4 :)(�< 9+

 5)< *! 0+ �)%J< &)%L �)� � �,)( Q�H/+ &E��,� *,- 5/,@/

 	 ��W 1�,Z &�k�)< &)Ev�� � �� ��)L 0+ R:(�< &@K�J

 5%(+� &@4 V;�4 &�,eS � 9����� ��+,� � :(�< �+��,-�<

:(�<)
.(�<�W 54 C�+ 5< 5K,	 �< C�+�<�'<�*�E:)''4+:F+ 9�8

 � *�E:)''4+:F+ ��h)  g)]L 9+�< MF C�<,DE,@F �a/ 0+

 9��))�0 �))�@F+ 0+ &��))4 � M��))  *,))- C���))	 9+�))< M))F

 �� R� + �+��,-�< �,)K� �)< C�<,DE,@F GH'  &DN� �

�� � ��)�/ &�,)eS X)<�S ��� RG���0! �� ��L G�+3�+

 &� ��J'I�� �j�L O�+�( ��� ���)E GH')  �)8�� 9�)F

 R:)/�+� �) �'� &)Ev�� � k�)< �� ��)L 5)4 C�<,DE,@F

:/��E & ��< .

����� ���� 
G)))H'  9+�))< :)�:K X)@N�+�,)% � 9�)�E��)4 5)< 

www.SID.ir



Arc
hi

ve
 o

f S
ID

7��� >R@( 7��[R*�%��0qr

���

C�<,DE,@F :)���E G��)�0! �� ��L G�+3�+ 5< �H'� .�)<

 �a/ 0+ }~+�:H� :��< *�E:''4+:F+ 0+ &@�/ 5< B��3/ �,K� C�+

 �S� MF 54 :/,( & ��< &/,- M4 9+�)< M)F � 7�,)< ��E

� + :'��(,-�/ 7:''4+:F+ .

���
��� � ���  
C�:< ��S! 9��Y@F 0+ 5D� �*�9��!��)E �� &�hK &DA 

L:@2� � 1�Ahc+ 5)%��� 9��)�! 3���)/! �� 5�:@L+ C�� �)F

 �YI	 � ��:.	&����E .

References : 
1- Ingram C F, Lewis S M. Clinical use of WHO 

hemoglobin color scale: validation    and critique. J 
Clin Pathol 2000; 53:933-937. 

2- Cable RG. Hb screening of blood donors: how close is 
close enough? Transfusion 2003; 43(3):306-8.   

3- Tayou Tagny C, Monny Lobe M, Mbanya D. 
Evaluation of two methods for hemoglobin 
measurement in Cameroonian blood donors. 
Transfusion Clinical Biology 2006; 13(6):331-4. 

4- Timan S, Tatsumi N, Aulia D, Wangsasaputra E. 
Comparison of haemoglobinometry by WHO 
Haemoglobin Colour Scale and copper sulphate against 
haemiglobincyanide reference method. Clinical and 
Laboratory Haematology 2004; 26(4 ):253 - 258. 

5- Sawant RB, Bharuchab ZS, Rajadhyakshac SB. 
Evaluation of hemoglobin of blood donors deferred by 
the copper sulphate method for hemoglobin estimation. 
Transfusion and  Apheresis  Science  2007; 36(2):  
143- 8.  

 
6- Lewis SM, Stott GJ, Wynn KJ. An inexpensive and 

reliable new haemoglobin colour scale for assessing 
anaemia. J Clin Pathol. 1998; 51(1):21-4. 

7- Paddle J. Evaluation of the Haemoglobin Colour Scale 
and comparison with the HemoCue haemoglobin assay. 
Bull World Health Organ 2002; 80 (10).   

8- Tatsumi N, Bunyaratvej A, Timan IS, Aulia D, 
Funahara Y, Sumiyoshi A. Field evaluation of who 
hemoglobin color scale in West Java. Southeast Asian J 
Trop Med Public Health. 1999; 3:177-81. 

9- Morris LD, Osei-Bimpong A, McKeown D, Roper D, 
Lewis SM. Evaluation of the utility of the HemoCue 
301 haemoglobinometer for blood donor screening. 
Vox Sang 2007; 93(1):64-9. 

10- Heidarzadeh M, Sultani Z. Heamoglobinometry of the 
1 and 2 blood drops by WHO heamoglobin colour 
scale and its comparison with automated blood cell 
counter.Blood J 2005; 7(2):379-383. 

 

www.SID.ir



Arc
hi

ve
 o

f S
ID

9�+,/ ��� 5< C�<,DE,@F GH'  "�$I	 �0�+ &/�JIJ( 7�+0�+,K 7:��F �%4�9���+ 0�'L�� �%4� �

���

Validity of hemoglobin color scale in blood donor screening based 
on Standard Operating Procedures of Iranian Blood Transfusion 

Organization 
 

Javadzadeh Shahshahani H.1,2(MD), Amiri F.1,2(MD) 
 

1Iranian Blood Transfusion Organization, Research Center, Tehran, Iran 
2Yazd Regional Blood Transfusion Center, Iran 
 

Abstracts 
Background and Objectives 
The hemoglobin color scale (HCS) is a simple and inexpensive clinical device for screening of 
blood donors. This study aimed to assess the validity of the device for anemia screening of 
blood donors. 
 
Materials and Methods 
This cross sectional study was done on 170 randomly selected blood donors. The hemoglobin 
levels of blood samples taken by both skin puncture and venepuncture were measured by HCS 
and calibrated automated blood cell counter (standard method), respectively. Sensitivity and 
specificity as well as false results of the above two measurement methods based on the old and 
new eligibility criteria of hemoglobin level of >12 g/dl and ≥ 14 g/dl were compared. Data 
were analysed with SPSS 13.5 by paired t test. 
 
Results 
Analysis of paired results showed that Hb measured by HCS was 0.32 ± 0.65 g/dl lower than 
the standard method (p<0.001). Sensitivity and specificity of HCS based on previous Standard 
Operating Procedures (SOPs) were 54.5 and 92.4%, respectively. The frequency rates of false 
exclusion and inclusion were 7 and 3%, respectively. Sensitivity and specificity of recent SOPs 
were 85.7% and 87.5%, respectively. Based on recent SOPs, 39.4% of blood donors with Hb 
range of 12-14 g/dl were considered rejected. 
 
Conclusions 
Recent SOPs have increased the sensitivity of hemoglobin measurement by HCS but almost 
half of blood donors need to be retested to see if they are eligible as blood donors; this process 
is however labor intensive and unpleasant for donors. Therefore, further studies are 
recommended for more appropriate methods of anemia screening in blood donors to be 
created. 
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