
 

 

Ê»Ô�Y{Y�M�ÃZ´�¿Y{�Ê°��a�¹Â¸��Ä¸n»� �
Orginal 
Article������������������������������������������������������������������������������������������������������������ƩŚſÎÑ�ƵŹŚưƃ���Î�šŚŰƠƇ��ÏÖ�Śţ�ÐÑ��żǀƿŚěÕÐ���

� �
� �

� �
ƶƬƿŻƺƨǀƬĭ�ƲǀŝƺƬĭƺưƷ�ƽźǀĭ�ƵŻřŶƳř�ƽŚƷźǀƜŤƯ�ƾŝŚƿŻŹř�ŚŝƽźŤưƿźƫŚƧ�ƁƹŹ���

��
*ƽŶưŰƯ�ŚƋŹźŤƧŵÎƵŵřŻ�Ųǀƃ�ƮƿźƯ�ÎƽŻƹŹƺƳ�ƶƸǀūƹ�Î��

� �

ÎƱřźƸţ�ƾƨƃżěŶůřƹ�ƾƯǈſřŵřŻō�ƵŚĮƄƳřŵ�ƾưǀƃƺǀŝ�Ƶƹźĭ� �
��

�ƵŶǀƨģ���
��

�ƝŶƷ����ƾƴǀŝƺƬĭƺưƷ�ƽźǀĭ�ƵŻřŶƳř�ƽźŤưƿźƫŚƧ�ƁƹŹ�Żř�ƪƇŚů�ŪƿŚŤƳ�ƽƹŹ�ƶƧ�ƽŵŶƘŤƯ�ƪƯřƺƗ�ƽźǀĭ�ƵŻřŶƳř��ƶƘƫŚƐƯ�ƲƿřŹŵ(HbA1c) A1c����ŶƳŹřŵ�źŧř
ŝ�ŵŹƺƯ�Ţſř�ƶŤƟźĭŹřźƣ�ƾſŹź���ƲǀŝƺƬĭƺưƷ(HbA1c) A1c �Ʊƺų�ƁŵźĭŹŵ�ƶƬƿŻƺƨǀƬĭ�ƲǀŝƺƬĭƺưƷ�ƾƬƇř�ƂŴŝ�ƱřƺƴƗ�ƶŝ���ƾŝŚƿŻŹř�ƁƹŹ�ƲƿźţŵŚưŤƗř�ƪŝŚƣ

ŶƃŚŝ�ƾƯ�ŢŝŚƿŵ�ƶŝ�ƱŚƿǈŤŞƯŹŵ�ƾưƀǀƬĭźĜǀƷ�ƱŚƯŹŵ���
ƾſŹźŝ� ƁƹŹ�ƽźǀĭ� ƵŻřŶƳř� ƽźŤưƿźƫŚƧ� ƁƹŹ� HbA1c�ǀŝƺƬĭƺưƷ� ƶŝ� ƶŤƟŚƿ� ƩŚƈţř� żƧƺƬĭ� ƽŻŚſŵřŻō� ŽŚſřźŝ� ƪƨƃ� ƶŝ� Ɓƺū� šŹřźůŹŵ� ƲÒ��

� ƩřŹƺƟŹƺƟ� ƪǀŤƯ� ƾƀƧƹŹŶǀƷ�5HMF� ��ƦƿŹƺŤǀŝŹŚŝƺǀţ� Ŷǀſř� Śŝ� ƾĮƳŹ�ƂƴƧřƹ�ƦƿŹŵ� Ʊō� ƽźǀĭ� ƵŻřŶƳř� ƹ�TBA� �ŶƃŚŝ� ƾƯ��źǀŧŐţ� ŢŰţ�ƁƹŹ� Ʋƿř
ŵŹřŵŹřźƣ�ƾƠƬŤŴƯ�ƽŚƷźǀƜŤƯ���

�ŪƿŚŤƳ��ƩƺƬŰƯ�ƶƧŵřŵ�ƱŚººƄƳźƋŚů�ƶƘƫŚƐƯ�TBA�šŶƯ�ƽřźŝ�ÎŹŵ�ƪƣřŶů�ƵŚƯ�ÑŹřŶƿŚě�ŵřźĭ�ƾŤƳŚſ�ƶūŹŵ�ŶƃŚŝ�ƾƯ����Żř�Ɓƺū�ƱŚƯŻ�ƂƷŚƧ�ŚƯřÒ�ƶŝ�ŢƗŚſ�
Î��Śţ�řŹ�ƪƇŚů�ĬƳŹ�šŶƃ�ŢƗŚſÑÏ��ŶƷŵ�ƾƯ�ƂƷŚƧ��Żř�Ŝǀţźţ�ƶŝ�ƾĮƳŹ�ƂƴƧřƹ�Ʊŵřŵ�ƭŚŬƳř�šŹřźů�ƶūŹŵƹ�ƱŚƯŻ�ƂƷŚƧ���Ŝǀţźţ�ƲǀưƷ�ƶŝÑÍ�ƶŝ�ƶƤǀƣŵ�
ÎÒ��Żřƹ�ƶƤǀƣŵ�ÒÍ�ƶŝ�ŵřźĭ�ƾŤƳŚſ�ƶūŹŵ�ÏÒ�ƂƷŚƧ��ŜūƺƯ�ŵřźĭ�ƾŤƳŚſ�ƶūŹŵ�ÏÖ��ƹÓÐ���ƾƯ�ĬƳŹ�šŶƃ�Źŵŵƺƃ���šŹřźůŹŵ�ƪƇŚů�ĬƳŹ���Ʊōźŝ�ƵƹǈƗ

�ƝźƓƹ�Ƶŵƺŝ�ŹřŶƿŚěŚƳ�ơŚţřÑÍ�Śţ�ƶƤǀƣŵ�ÒÐ��ŶŝŚƿ�ƾƯ�ƂƷŚƧ���
ƶŬǀŤƳ��ƽźǀĭ���ƽźǀĭ�ƵŻřŶƳř�ƽřźŝ�ƵŶƯō�Ţſŵ�ƶŝ�ŪƿŚŤƳ�ŽŚſřźŝHbA1c�Żř�ƵŵŚƠŤſř���ƽźŤưƿźƫŚƧ�ƁƹŹŚŝÒ�ƶŝ�ƾƿřŻ�ĬƳŹ�ƂƴƧřƹ���Ɓƺū�šŹřźů�ŢƗŚſ�
�šŶƯÑÍ�šŹřźůŹŵ�ƶƤǀƣŵ�ÒÍ�ŵřźĭ�ƾŤƳŚſ�ƶūŹŵ��ŵŵźĭ�ƾƯ��ƶǀƇƺţ�ƽŹƺƳ�śŸū�Ɩƿźſ�ƱŶƳřƺųƹ���

��

�ŚƷ�ƵĥřƹŶǀƬƧ��Î��ŢŝŚƿŵ�Ï��ƶƬƿŻƺƨǀƬĭ�ƲǀŝƺƬĭƺưƷ�� HbA1c Ð��ƶƬƿŻƺƨǀƬĭ�ƲǀŝƺƬĭƺưƷ�ƽźǀĭ�ƵŻřŶƳř���
��

�ƶƯŶƤƯ���
�żƿŹ�ƱƹŹŵ�ŵŶƛ�ƽŹŚŬƴƷŚƳ�Ʋƿźţ�ƖººƿŚƃ�ŢŝŚƿŵ�ƽŹŚưǀŝ
�ŻƹźŝŹŵ� řŹ�ƂƤƳ�Ʋƿźţ�Ƃǀŝ� ƱƺųżƧƺƬĭ� ŹřŶƤƯ� ƹ� Ƶŵƺŝ

�ƉŹřƺƗ�ŝŵŹřŵ� ŢŝŚƿŵ� ƽŹŚưǀŝ�ƮǀƔƴţƹ� ƩźŤƴƧ� ƲƿřźŝŚƴ
�ƽŵŚƿŻ� ŢǀưƷřŻř� ŢŝŚƿŵ� ƶŝ� ƱŚƿǈŤŞƯŹŵ� Ʊƺų� Ŷƴƣ

ŶƃŚŝ� ƾƯŹřŵŹƺųźŝ�� �Î� ��ƱřżǀƯ� ƶƧ� Ʋƿř� ƶŝ� ƶūƺţ� Śŝ
���ƾƟźƈƯ�ƽřŸƛ�ƱřżǀƯ�Żř�ƾƘŝŚţ�ƾŤŝŚƿŵ�ŵřźƟř�ƱƺųŶƴƣ

�ƽźǀĭ� ƵŻřŶƳř� �ŶƃŚŝ� ƾƯ� ƱŚƯŹŵ� ƁƹŹƹ� ƾƳŶŝ� ŢǀƫŚƘƟ
�ƪŝŚƣŹŚǀƘƯ�ŶƳřƺţ�ƾưƳ�ƾƿŚƸƴţ�ƶŝ�ŻƹŹ�ƩƺƏŹŵ�ƱƺųŶƴƣ���

ƽŵŚưŤƗř�ƽřźŝ� źŝŚƴŝ� ŵƺƃ� ƶŤƟźĭźƔƳŹŵ� ƱŚƯŹŵ� ƾŝŚƿŻŹř� ƽřźŝ�
� ƱŚƯŹŵ�ƩźŤƴƧ��šřźǀǀƜţ� ŹŚģŵźţ�ƮƧ� ƶƧ�Ţſř�ƾƃƹŹ� ƶŝ� ŻŚǀƳ
ŵŵźĭ� ƶƳřŻƹŹ�� ƲǀŝƺƬĭƺưƷ� ŹřŶƤƯ� ƽźǀĭ� ƵŻřŶƳř(HbA1c) 

A1c��ƪŝŚƣ� �� ƶƬƿŻƺƨǀƬĭ� ƲǀŝƺƬĭƺưƷ� ƾƬƇř�ƂŴŝ� ƱřƺƴƗ� ƶŝ
�ƾưƀǀƬĭźĜǀƷ� ƱŚƯŹŵ� ƾŝŚƿŻŹř� ƽřźŝ� ƁƹŹ� ƲƿźţŵŚưŤƗř

ƿǈŤŞƯŹŵŚƿŵ�ƶŝ�ƱŚŢŝŶƃŚŝ�ƾƯ����Ï����
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ÐÍ���������ƾƯǈſř�ŵřŻō�ƵŚĮƄƳřŵ�ƾƨƃżě�ƭƺƬƗ�ƶƬŬƯ�������������������������������������������ƲǀŝƺƬĭƺưƷ�ƽźǀĭ�ƵŻřŶƳř�ƽŚƷźǀƜŤƯ�ƾŝŚƿŻŹř 

 

HbA1c� ��ƲǀŝƺƬĭƺưƷ� ŚŤŝ� źǀŬƳŻ� ƶŝ� żƧƺƬĭ� ƩŚƈţř� ƩŚŞƳŵ� ƶŝ
ŵŵźĭ� ƾƯ� ŵŚŬƿř�� ƪƨƃ� ƶŝ� řŶŤŝřŹŵ� ƪƇŚů�žƨƬĜưƧpre-

HbA1c� ��ŹřŶƿŚě�ƪƨƃ�ƶŝ�ŪƿŹŶţ�ƶŝƹ�Ƶŵƺŝ�ŹřŶƿŚěŚƳHbA1c��

�šŶƯ� ƵŚţƺƧ� šřźǀǀƜţ� ƩŚŞƳŵ� ƶŝ� ƲƿřźŝŚƴŝ� ŵƺƃ� ƾƯ� ƪƿŶŞţ
� ŵŚŬººƿř� ƩŚưºŤůř� Ʊƺºų� żºƧƺºƬĭŹřŶºƤƯpre-HbA1c���

��żƧƺƬĭ� ƱřżǀƯ� ƱŶƳŚƯ� ŢŝŚŧ� Śŝ� ŚƯř� ŵŹřŵ� ŵƺūƹ� Ʊō� ƶƿżŬţƹ
HbA1c�żƯźƣ�ƩƺŞƬĭ�ŜƿźŴţ�ƱŚƯŻŚţ�ƹŵƺƃ�ƾƯ�ŵŚŬƿř�ŹřŶƿŚě

ŶƳŚƯ�ŶƷřƺų�ŹřŶƿŚě�ƱŚƴģ�ƮƷ�ƲǀŝƺƬĭƺưƷ�ƶƿżŬţƹ��Ð���ƶūƺţ�Śŝ
�ŵƹŶů�źưƗ�ƩƺƏ�ƶŝÎÏÍ�ƱřżǀƯ���ƾƘǀŞƏżƯźƣ�ƽŚƷ�ƩƺŞƬĭ�ŻƹŹ�

HbA1c� �ƺų�żƧƺƬĭŻř�ƾſŚƨƘƳř�Ʊƺų�Ɓŵźĭ�Źŵ�ŵƺūƺƯ�Ʊ
�ƾºƏŹŵÎ�Śţ�ÏŶƃŚŝ�ƾƯ�ƶŤƃŸĭ�ƵŚƯ��Ñ����

�ƽźǀĭ�ƵŻřŶƳř�ƽřźºŝ�ƽŵŶƘºŤƯ�ƽŚºƷ�ƁƹŹ�ƱƺºƴƧŚţHbA1c��

�Ţſř� ƶŤƟźĭŹřźƣ� ƵŵŚƠŤſř� ŵŹƺƯƹ� ƵŶƃ�ŭźƐƯ� ��Śŝ� ƶƧ�ƾŬƿŚŤƳ
�ŵŵźĭ�ƾƯ���ƁŹřżĭ�ƞƬŤŴƯ�ƽŚƷ�ƁƹŹ�Żř�ƵŵŚƠŤſř��ƝǈŤųř

�ƽŚƷ�ƵŚĮƄƿŚƯŻōŻř�ƪƇŚů�ŪƿŚŤƳ�ƶƀƿŚƤƯƹ�ŶƳŹřŵ��ƾƸūƺţ�ƪŝŚƣ
ŝ� ƾƯ� ƪƨƄƯ� ƞƬŤŴƯŶƃŚ���� ŜſŚƴƯ� ŵŹřŶƳŚŤſř� ŵƺūƹ� ƭŶƗ

�źĭ� ƶƬųřŶƯ� ƪƯřƺƗ� ŵƺūƹ� ƹ� ŚƷ� ƁƹŹ� šƹŚƠŤƯ� ŢǀſŚƀů
ŶƴƃŚŝ� ƾƯ� ŚƷ�šƹŚƠţ� Ʋƿř� ƪƬƗŻř�ƞƬŤŴƯ��Ò� ��Ʋƿźţ� ƩƹřŶŤƯ

� ƽźǀĭ� ƵŻřŶƳř� ƁƹŹHbA1c� � ���ŹƺƄƧ� ƽŚƷ� ƵŚĮƄƿŚƯŻōŹŵ
� Ţſř� ƽźŤưƿźƫŚƧ� ƁƹŹ� ��ƽŻŚſŵřŻō� �� ƁƹŹ� Ʋƿř� ŽŚſř

ƽŶºǀſř�ƎºǀŰƯ�ƦƿŹŵ�ƲǀŝƺƬĭƺưƷ�ƶŝ�ƪƈŤƯ�żƧƺƬĭ�ƮƿǈºƯ�
�ƪƨƃ�ƶŝÒ�ƩřŹƺƟŹƺƟ�ƪǀŤƯ�ƾƀƧƹŹŶǀƷ�5HMF����ƲǀǀƘţ�ƹ

�Śŝ� ƂƴƧřƹ� Żř� ƪƇŚů� ĬƳŹ� šŶƃ� ŽŚſřźŝ� Ʊō� ŹřŶƤƯ
� ƦƿŹƺŤǀŝŹŚŝƺǀţŶǀſř�TBA� �ŶƃŚŝ� ƾƯ� ��ƁƹŹ� ƲƿřŹŵ

�ŚƷ� Ʊō� ƶŝ� ƶūƺţ� ƭŶƗ� ƶƧŶƳŹřŵ� ŵƺūƹ� ƽŵŶƘŤƯ� ƽŚƷźǀƜŤƯ
ŵŵźĭ�ƾƸūƺţ�ƪŝŚƣ�ƽŚƷŚƐų�Żƹźŝ�ŜūƺƯ�Ţſř�ƲƨưƯ��Ó��

�Ʋƿř� źŧř� �� źƋŚů� ƶƘƫŚƐƯŹŵ�ƾŝŚƿŻŹř� ŵŹƺƯ� �� �ŪƿŚŤƳźŝ� ŚƷźǀƜŤƯ
�Ţſř�ƶŤƟźĭŹřźƣ���
�ƾſŹźŝ�ƁƹŹ���

�ƦǀƫřżĭřŶǀſř�mol/L�Ò�Í� ��Ò�ÐÎ��Ʀǀƫřżĭř� Ŷǀſř� ƭźĭ�
ŹŵmL�ÒÍÍ�ŵƺƃ�ƾƯ�ƪů�źƐƤƯ�śō�źŤǀƫ�ƾƬǀƯ���ƝźƘƯ�Ʋƿř

�ƽřźŝÏŢſřŹřŶƿŚě�ơŚţř�šŹřźůŹŵ�ƶŤƠƷ����

�� ƦǀƫřżĭřŶǀſř�mol/L�ÏÒ�Í� �� ŹřŶƤƯMlÎÍÍ�ƩƺƬŰƯ�
�Ʀǀƫřżĭř�Ŷǀſřmol/L�Ò�Í�Śŝ��mL ÎÍÍ�����ƍƺƬŴƯ�źƐƤƯ�śō

� ƽřźŝ� ƝźƘƯ� Ʋƿř� ŵƺƃ� ƾƯÏ�ŹřŶƿŚě� ơŚţř� šŹřźůŹŵ� ƶŤƠƷ�
�Ţſř���

�ƮƿŶſ� ŶƿźƬƧ�g/L �Ö��� ƱřżǀƯÖŹŵ� � ƮƿŶſ� ŶƿźƬƧ� ƭźĭ�Î�
� ŵŵźĭ� ƾƯ� � ƪů� źƐƤƯ� śō� źŤǀƫ�� ƽřźŝ� ƝźƘƯ� ƲƿřÐ�ƵŚƯ�

Ţſř�ŹřŶƿŚě�ơŚţř�šŹřźůŹŵ���
��ƦǀŤſřƹźƬƧ�ƽźţŶǀſř�g/L�ÑÍÍ� ���ƱřżǀƯÑÍÍ�Ŷǀſř�ƭźĭ�

�ƽźţ�ƝźƓ�Ʀƿ�Źŵ�ƦǀŤſřƹźƬƧÎ�žěƹ�ƵŶƃ�ƶŤŴƿŹ�ƽźŤǀƫ�
� ƶŝ� � ƮŬů� ƱŶƃ� ƪů� ƹ� Ʊō� ƶŝźƐƤƯ� śō� ƱŵƹżƟř� ŻřÎ�źŤǀƫ�

ŵƺƃ�ƾƯ�ƵŶƳŚſŹ���ƩƺƬŰƯ�ƲƿřÐ�Źŵ�ƵŚƯ�Ñ�ŵřźĭ�ƾŤƳŚſ�ƶūŹŵ�
�Ţſř�ŹřŶƿŚě���

�ƦƿŹƺŤǀŝŹŚŝƺǀţŶǀſřmmol/L�ÒÍ����ŹřŶƤƯÔÏ�Í��Ŷǀſř�ƭźĭ�
Ï�Źŵ�řŹ�ƦƿŹƺŤǀŝŹŚŝƺǀţ� mL ÎÍÍ����ƹ��ƵŶƃ�ƪů�źƐƤƯ�śō��

�ŵƺſ�ƩƺƬŰƯŻř�ƵŵŚƠŤſř�ŚŝpH,1mol/Lƶŝ��Í�Ó�ƾƯ�ƵŶƳŚſŹ�
�ŵƺƃ���ƪƣřŶů�ƝźƘƯ�ƲƿřÎŶƃŚŝ�ƾƯ�ŹřŶƿŚě�ƩŚĤŴƿŹŵ�ƵŚƯ����

�� ƽźǀĭ� ƵŻřŶƳř�HbA1c�� � ���Śŝ� ƽŶƿŹƹ� Ʊƺų� ƶƳƺưƳ� řŶŤŝř
� Ŷǀſř�ƦǀŤſřřźŤţ�ƲǀƯō�ƽŵ�ƲƬǀţř� ŵŚƤƘƳřŶƋ� �EDTA� ���Śŝ

ŢƔƬƛÏ�ŵƺƃ� ƾƯ� ƶǀƸţ� źŤǀƫ� ƾƬǀƯŹŵ� ƭźĭ� ƾƬǀƯ�
ŝĥƺƠƿźŤƳŚſŻřŶƘŝƹ� Źƹŵ� Śg�ÏÍÍÍ� šŶƯ� ƶŝ�ÎÍ��� ƶƤǀƣŵ�

ŵŵźĭ�ƾƯ� řŶū�Ʊō�ƽŚưſǈě�Źŵ� Śưſǈě�ŶƣŚƟ�ƶƳƺưƳÐ�Śŝ�ŢŝƺƳ
ŵƺƃ�ƾƯ�Ƶŵřŵ�ƺƃƹ�Ţƀƃ�ƲǀƫŚſ�ƩƺƬŰƯ��Żř�žěŹƺƔƴƯ�ƲƿŶŝ

� ƱŵźƧ� ƶƟŚƋřÎÍ�ĥƺƠƿźŤƳŚſ� ƶƫƺƫ� ƶŝ� ƲǀƫŚſ� ƩƺƬŰƯźŤǀƫ� ƾƬǀƯ�
� �� ƲǀƫŚſ� ŚŝŚƷ� ƩƺƬſ� ƱŵźƧ�ƍƺƬŴƯƹ��šŶƯ� ƶŝ� ĥƺƠƿźºŤƳŚſÒ�

� Źŵ� ƶƤǀƣŵgÏÍÍÍƯ� šŹƺƇ��ƱŚƿŚě� Żř� žě� ƹ� ŵźǀĭ� ƾ
�ĥƺƠƿźŤƳŚſ��ƹ�Ţƀƃ�Ʋƿř� ŵŵźĭ�ƾƯ�ƶǀƬŴţ� ľǈƯŚƧ�ƾƿƹŹ�ƖƿŚƯ�

� ƢƿźƏ� ƲǀưƷ� ƶŝ� ƺƃÏ�ƲƿźųōŹŵƹ� ŵƺƃ� ƾƯŹřźƨţ� źĮƿŵŹŚŝ
�ƺƃ�ƹ�Ţƀƃ��ƶƬůźƯ��šŹƺƇ�ƪƯŚƧ�ŹƺƏ�ƶŝ�ƾƿƹŹ�ƖƿŚƯ�ƶǀƬŴţ�

�ƶŝ� ��ƩƺƬŰƯ�ƪƣřŶů�Śŝ�ƮƧřźŤƯ�żƯźƣ�ƽŚƷ�ƩƺŞƬĭ�Śţ�ŵźǀĭ�ƾƯ
Ŷƿō�Ţſŵ����žĜſÎÍÍƳƺưƳ�źŤǀƫƹźƨǀƯ��ƶŝ�ƮƧřźŤƯ�Ʊƺų�ƶÑ�Î�

�ŵŵźĭ�ƾƯ�ƍƺƬŴƯ� ľǈƯŚƧƹ� ƵŶƃ� ƶƟŚƋř� źƐƤƯ�śō� źŤǀƫ�ƾƬǀƯ
�ƪƇŚů� šřżǀƫƺưƷ� ƹ� ƵŶƃżǀƫ� żƯźƣ� ƽŚƷ� ƩƺŞƬĭ� ƭŚưţŚţ
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�ƩŚſæé�Ɣ�ƵŹŚưƃ�æ�Ɣ�żǀŗŚě�íè������������������������������������������������������������������������������ŵ��������������źŤƧƽŶưŰƯ�ŚƋŹƱřŹŚƨưƷ�ƹ��ÐÎ 

 

ŵƺƃ�� Źřŵ� ĢǀěŹŵ� ƶƫƺƫ� ƦƿŹŵ� ŶƘŝ� ƶƬůźƯŹŵÍ�Î�źŤǀƫ� ƾƬǀƯ�
�Śŝ�šřżǀƫƺưƷ Ò�Í�Ʀǀƫřżĭř�Ŷǀſř�ƩƺƬŰƯ�źŤǀƫ�ƾƬǀƯ�mol/L 

Ò�ÍººƯ�ƶŝ�ƶƫƺƫ���ƱōŹŵ�ƲŤƀŝŻřŶƘŝƹ�ƍƺƬŴƯ��šŶÎ�ŢºººƗŚſ�
� ŵƺƃ� ƾƯ� ƵŵřŵŹřźƣ� Ɓƺū� ƽŹŚƯ� ƲŝŹŵ���ƱŶƃ�ƦƴųŻř� ŶƘŝ

��ƱřżǀƯÍ�Î�ƶƫƺƫ� ƶŝ�ƦǀŤſřƹźƬƧ�ƽźţ� �Ŷǀſř�ƩƺƬŰƯ�źŤǀƫ�ƾƬǀƯ
����ƱŵźƧ�ƍƺƬŴƯ��ŻřŶƘŝƹ�ƵŶƃ�ƶƟŚƋř�Źŵ�ĥƺƠƿźŤƳŚſgÎÍÍÍ�ƶŝ�

�šŶƯÎÍ�ŵƺūƺƯ�ƽŚƷ�ƲǀŘţƹźě��Śţ�ŵźǀĭ�ƾƯ�šŹƺºƇ�ƶºƤǀƣŵ�
ŶƴƿŚưƳ� śƺſŹ� ƶƳƺưƳŹŵ�řƹ� Ʊŵřŵ� � ƭŚŬƳř� ƽřźŝ������ƾĮƳŹ�ƂºƴƧ

Ò�ÎŚŝ� ƾƿƹŹ� ƖƿŚƯ� źŤǀƫ� ƾƬǀƯ Ò�Í� ƩƺƬŰƯ� źŤǀƫ� ƾƬǀƯ�TBA�
� šŶƯ� ƶŝƹ� ƵŶƃ� ƍƺƬŴƯÐÍ� ƽŹŚƯ� Ʋŝ� � Źŵ� ƶƤǀƣŵ�°CÑÍ�

� ŵƺƃ�ƾƯ� � ƵŵřŵŹřźƣ� � ��Śŝ� � �ƪƇŚů�ĬƳŹ�šŶƃ� �� �ŢƿŚƸƳŹŵ
� ũƺºƯ� ƩƺƏŹŵ� źŤƯƺŤƟƹźŤƨĜſř� ƵŚĮŤſŵÑÑÐ�ƪŝŚƤƯŹŵ� źŤƯƺƳŚƳ�

ŵƺƃ�ƾƯ�ƵŶƳřƺų�ƦƳǈŝ����
� żǀƳ�ƦƳǈŝ� ƶǀƸţ�ƽřźŝÍ�Î��Ʀǀƫřżĭř�Ŷǀſř�ƩƺƬŰƯ� źŤǀƫ�ƾƬǀƯ

mol/L ÏÒ�ÍŚŝ� Ò�Í� ƹ� źƐƤƯ�śō�źŤǀƫ�ƾƬǀƯ�Í�Î�źŤǀƫ�ƾƬǀƯ
ŵŵźĭ� ƾƯ� ƍƺƬŴƯ� ƦǀŤſřƹźƬƧ� ƽźţŶǀſř� ƝźººƘƯ��

�Ó�� ƽŹƺƳ� śŸū� šŹƺƇ� ƶŝ� ŪƿŚŤƳ� ƱŚƿŚěŹŵ�OD � ��ƱŚǀŝ
ŶƳŶƃ����
�ŪƿŚŤƳ���

�ƽźǀĭ� ƵŻřŶƳř� ƽźŤưƿźƫŚƧ� ƁƹŹŹŵ� ƽŵŶºƘŤƯ� ƽŚƷźǀƜŤƯ
HbA1C � Ţſŵ� ƶŝ� ƽřźŝ� ƶƧŶƳŹřŵ� ŵƺūƹ�������ŪƿŚŤƳ� ƱŵŹƹō

ŶƳźǀĭŹřźƣ� ƩźººŤƴƧ� ŢŰţ� ŶƿŚŝ� � � �� Źřźƨţ� ƪŝŚƣ� ���������������Źŵ
�ƽŹřŶƿŚě�ƶƘƫŚƐƯ�ƲƿřTBA�Ŷǀƫƺţ�ƽřźŝ�Ɓƺū�ƱŚƯŻ�šŶƯ���

5HMF����ƽřźŝ� ŜſŚƴƯ� ƽŚƯŵ� �� ƾƿřŻ�ĬƳŹ� ƱŚƯŻ� šŶƯ�
�ƾŝŚƿŻŹř� ŵŹƺƯ� �� ƽŶǀƫƺţ� ĬƳŹ� ƽŹřŶƿŚěƹ� ƾƿřŻ� ĬƳŹ

ŶƴŤƟźĭŹřźƣ���
źǀƜŤƯ� Ʋƿř� Żř�ƦƿźƷ� ƾŝŚƿŻŹř� ƽřźŝ� �� ŚƷ������ŢŝŚŧ� ŚƷźǀƜŤƯ� źƿŚſ

�ŵŹƺƯ� ƞƬŤŴƯ� šǇŚůŹŵźƔƳ� ŵŹƺƯźǀƜŤƯƹ� ŶƳŶƃ� ƶŤƃřŵ� ƶĮƳ
ŢƟźĭŹřźƣ�ƾſŹźŝ���

�� ƽŹřŶƿŚě�TBA� ��� ƩƺƬŰƯ� � ƶǀƸţŻřŶƘŝTBA��������ƱōŻř� �
� ƾƏ� ƾĮƳŹ� ƂƴƧřƹ� � Ʊŵřŵ� ƭŚŬƳř� ƽřźŝÑ�ƾƫřƺŤƯ� ƶŤƠƷ�

Ŷƿŵźĭ�ƵŵŚºººƠŤſř���šŶƯ�Ʋƿř�ƾƏŹŵ��ƩƺƬŰƯTBA�ƽŚƯŵ�Źŵ�
Ñ�ŵřźĭ�ƾººŤƳŚſ�ƶūŹŵŶƃ�ƽŹřŵ�ƶĮƳ����

Ʊŵřŵ�ƭŚŬƳř�Żř�ƪƇŚů�ŪƿŚººŤƳÎÍ�ƶƳƺưƳ�Ʀƿ�ƽƹŹ�ƂƿŚƯŻō�ŹŚŝ�
� ƵŹŚưƃ� ƩƹŶºūŹŵÎ�ƾƴƘƯ�šƹŚƠţ�ĢǀƷ� � �Ţſř� ƵŶƃ� ƵŵŹƹō�

ŶƯŚǀƳ�Ţſŵ�ƶŝ��ŪƿŚŤƳ�Ʋǀŝ�ƽŹřŵ���
�ƵŹŚưƃ�ƩƹŶūÎ���ƽŹřŶƿŚě�ƾſŹźŝŻř�ƪƇŚů�ŪƿŚŤƳTBA��

�ŜƿźƋ
šřźǀǀƜţ 

�ƝřźŰƳř
ŹŚǀƘƯ 

ƲǀĮƳŚǀƯ ŵřŶƘţ ƩƺƬŰƯ TBA 

ÖÓ�Í ÑÕ�Í Ô�ÑÖ ÎÍ �ƶǀƸţ�ƵŻŚţ�ƩƺƬŰƯ
ƵŶƃ 

ÍÒ�Î ÒÏ�Í Ò�ÑÖ ÎÍ ŻřŶƘŝÎƶŤƠƷ� 

ÍÐ�Î ÒÎ�Í Ñ�ÑÖ ÎÍ ŻřŶƘŝÏƶŤƠƷ 

Ô�Í ÐÒ�Í Ô�ÑÕ ÎÍ ŻřŶƘŝÐƶŤƠƷ� 

Õ�Í ÐÖ�Í Ó�ÑÕ ÎÍ ŻřŶƘŝÑƶŤƠƷ 

Ɓƺū� ƱŚƯŻ� šŶƯ�� �Źŵ� ƶŝŚƄƯ� ƎƿřźƃŹŵ�ƂƿŚƯŻōÐÒ�ƶƫƺƫ�
Ŷƃ� ƭŚŬƳř�� ƶŝ� ŚƷ� ƶƫƺƫ� ƶƧ� šƹŚƠţ� ƲƿřŚŝÒ�ƮǀƀƤţ� Ƶƹźĭ�

ř�ƽźſ�ƽŚƷ� ƶƫƺƫƹŶƳŶƃŜǀţźţ� ƶŝ� ƮŬƴěŚţ� ƩƹÎ� �Ï�Ð� �Ñƹ�Ò�
ŶƴŤƟźĭŹřźƣ�Ɓƺū�šŹřźů�ƉźƘƯŹŵ�ŢƗŚſ���

ƵŹŚưƃ�ƩƹŶūŹŵ�ƪƇŚů�ŪƿŚŤƳÏŢſř�ƵŶƃ�ƵŵŹƹō���ƶƳƺĭ�ƱŚưƷ
�ĬƳŹ�šŶƃ���Ɓƺū�ƱŚƯŻ�ƂƷŚƧŚŝ��ŵŵźĭ�ƾƯ�ƶƔůǈƯ�ƶƧ

ŵƺƃ�ƾƯźţ�ƮƧżǀƳ�ƪƇŚů��Ɓƺū�šŹřźů�Śŝ�ƶƧ�ƽŹƺƏ�ƶŝÎ�
� ŚƸƴţ� ƶŤƗŚſÒÕ� � ��Ɓƺū�šŹřźůŻř�ƪƇŚů� �ĬƳŹ�šŶƃ�Żř

ÒƶŤƗŚſŶƯō�Ţſŵ�ƶŝ�����
�ƵŹŚưƃ�ƩƹŶūÏ��Ɓƺū�ƱŚƯŻ�ƾſŹźŝŻř�ƪƇŚů�ŪƿŚŤƳ��

�ƱŚƯŻ� šŶƯ
Ɓƺū� �

ŵřŶƘţ� �ƲǀĮƳŚǀƯ� ��ƝřźŰƳř
ŹŚǀƘƯ� �

�ŜƿźƋ
šřźǀǀƜţ� �

�ĬƳŹŶƇŹŵ
ƽŶǀƫƺţ� �

ÎŢƗŚſ�� �Ô� �ÒÐ�Õ� �ÓÏ�Í� �Ð�Ô� �ÒÕ� �
ÏŢƗŚſ� �Ô� �Ð�ÎÍ� �ÐÒ�Í� �Ñ�Ð� �ÔÎ� �
ÐŢƗŚſ�� �Ô� �Ò�ÎÍ� �ÑÎ�Í� �Õ�Ð� �ÔÏ� �
ÑŢƗŚſ� �Ô� �Í�ÎÏ� �ÑÕ�Í� �Í�Ñ� �ÕÏ� �
ÒŢƗŚſ�� �Ô� �Ó�ÎÑ� �ÑÕ�Í� �Ï�Ð� �ÎÍÍ� �

ƾĮƳŹ�ƂƴƧřƹ� Ʊŵřŵ� ƭŚŬƳř� ƱŚƯŻ� šŶƯ��� ���ƎƿřźƃŹŵ�ƂƿŚƯŻō
Źŵ�ƶººŝŚƄƯÒÍ�� ƶŝ� ŚƷ�ƶƫƺƫ�ƶƧ� �šƹŚƠţ�Ʋƿř� Śŝ� �Ŷƃ� �ƭŚŬƳř�ƶƫƺƫ�Ò�
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ÐÏ���������ƾƯǈſř�ŵřŻō�ƵŚĮƄƳřŵ�ƾƨƃżě�ƭƺƬƗ�ƶƬŬƯ�������������������������������������������ƲǀŝƺƬĭƺưƷ�ƽźǀĭ�ƵŻřŶƳř�ƽŚƷźǀƜŤƯ�ƾŝŚƿŻŹř 

 

�ƶŝ�ƮŬƴěŚţ� Ʃƹř�ƽźſ�ƽŚƷ� ƶƫƺƫ� � ƹ� ŶƳŶƃ�ƮǀƀƤţ�ƞƬŤŴƯ� Ƶƹźĭ
�šŶƯ�ƶŝ�ŜǀţźţÎÒ��ÏÍ� �ÏÒ�ÐÍƹÑÍ�ƽŚƯŵŹŵ�ƶƤǀƣŵ� ÑÍ�ƶūŹŵ� �

ŶƳŶƃ�ƵŵřŵŹřźƣ�ŵřźĭ�ƾŤƳŚſ���
ŵ� ƪƇŚů� ŪƿŚŤƳƵŹŚưƃ� ƩƹŶūŹÐ�ƱŚưƷ� Ţſř� ƵŶƃ� ƵŵŹƹō�

�Ʊŵřŵ�ƭŚŬƳř�ƱŚƯŻ�šŶƯ�ƂƷŚƧŚŝ��ŵŵźĭ�ƾƯ�ƶƔůǈƯ�ƶƧŹƺƏ
ŵƺƃ�ƾƯ�źţ�ƮƧ�żǀƳ�ƪƇŚů�ĬƳŹ�šŶƃ���ƂƴƧřƹ� ��ƽŹƺƐŝ

�ƱŚƯŻŚŝ�ƶƧÎÒ���ƶƤǀƣŵ�ÔÎ���ƱŚƯŻ�Żř�ƪƇŚů�ĬƳŹ�šŶƃÑÍ�
Ŷƿō�ƾƯ�Ţſŵ�ƶŝ�ƶƤǀƣŵ���

��
� ƵŹŚưƃ� ƩƹŶūÐ� ��Ʊŵřŵ� ƭŚŬƳř� ƱŚƯŻ�ƾſŹźŝ� Żř�ƪƇŚů�ŪƿŚŤƳ
ĮƳŹ�ƂƴƧřƹƾ��

������ƱŚƯŻ� šŶƯ
�ƱŵřŵŹřźƣ

Źŵ°C    ÑÍ� �
ŵřŶƘţ� �ƲǀĮƳŚǀƯ� ��ƝřźŰƳř

ŹŚǀƘƯ� �
�ŜƿźƋ
šřźǀǀƜţ� �

�ŶƇŹŵ
�ĬƳŹ
ƽŶǀƫƺţ� �

ÎÒ�ƶƤǀƣŵ�� �ÎÍ� �Ö�ÏÒ� �ÕÕ�Í� �Ð�Ð� �ÔÎ� �
ÏÍ�ƶƤǀƣŵ� �ÎÍ� �Ö�ÏÕ� �ÐÏ�Í� �Î�Î� �ÕÍ� �
ÏÒ�ƶƤǀƣŵ�� �ÎÍ� �Ñ�ÐÎ� �ÔÍ�Í� �Ï�Ï� �ÕÔ� �
ÐÍ�ƶƤǀƣŵ� �ÎÍ� �Ô�ÐÒ� �ÑÕ�Í� �Ð�Î� �ÖÕ� �
ÑÍ�ƶƤǀƣŵ� �ÎÍ� �Ð�ÐÓ� �ÓÕ�Í� �Ö�Î� �ÎÍÍ� �
��

Źřźů� ƶūŹŵƾĮƳŹ� ƂƴƧřƹ� Ʊŵřŵ� ƭŚŬƳř� š���ƂƿŚƯŻō�
Źŵ�ƶŝŚƄƯ�ƎƿřźƃŹŵÔÍ�Ŷƃ�ƭŚŬƳř�ƶƫƺƫ���ƶƫƺƫ�ƶƧ�šƹŚƠţ�Ʋƿř�Śŝ�

�ƶŝ� ŚƷÔ�ƶŝ�ƮŤƠƷŚţ�Ʃƹř�ƽźſ�ƽŚƷ�ƶƫƺƫƹ�ŶƳŶƃ�ƮǀƀƤţ� �ƽźſ�
� ƽŚƷ� ŚƯŵ� Źŵ� ŜǀţźţÏÒ� �ÐÍ�ÐÒ� �ÐÔ�ÑÍ�ÑÒƹ�ÒÍ�ƶūŹŵ�

ŶƳŶƃ�Ƶŵřŵ�Źřźƣ�ŵřźĭ�ƾŤƳŚſ��ƵŹŚưƃ�ƩƹŶū�Źŵ�ƪƇŚů�ŪƿŚŤƳÑ�
Ţſř� ƵŶƃ� ƵŵŹƹō� �Ʒ� ŵƺƃ� ƾƯ� ƵŶƷŚƄƯ� ƶƧ� ƶƳƺĭ� ƱŚư� ��Śŝ

�ĬƳŹ�šŶƃ� ��ƂƴƧřƹ� Ʊŵřŵ� ƭŚŬƳř� šŹřźů� ƶūŹŵ�ƂƷŚƧ
ŵƺƃ�ƾƯ�źţ�ƮƧżǀƳ�ƪƇŚů���ƪƇŚů�ĬƳŹ�šŶƃ�ƶƧ�ƽŹƺƏ�ƶŝ

� ƽŚƯŵŻřÏÒŚƸƴţ� �ŵřźĭ� ƾŤƳŚſ� ƶūŹŵ�ÐÔ� ��ƶŝ� ĬƳŹ� šŶƃ
�ƽŚƯŵŻř�ƵŶƯō�ŢſŵÒÍŶƃŚŝ�ƾƯ�ŵřźĭ�ƾŤƳŚſ�ƶūŹŵ����

��
� ƵŹŚưƃ� ƩƹŶūÑ� �ŵ� ƭŚŬƳř� ƽŚƯŵ�ƾſŹźŝŻř� ƪƇŚů� ŪƿŚŤƳ�Ʊŵř
ƾĮƳŹ�ƂƴƧřƹ 

�šŹřźů�ƶūŹŵ� �
Ƙţ
ŵřŵ� �ƲǀĮƳŚǀƯ� �

�ƝřźŰƳř
ŹŚǀƘƯ� �

�ŜƿźƋ
šřźǀǀƜţ� �

�ŶƇŹŵ
�ĬƳŹ
ƽŶǀƫƺţ� �

ÏÒŵřźĭ�ƾŤƳŚſ�ƶūŹŵ�� �ÎÍ� �Ñ�ÎÓ� �ÒÏ�Í� �Î�Ð� �ÐÔ� �
ÐÍŵřźĭ�ƾŤƳŚſ�ƶūŹŵ�� �ÎÍ� �Ï�ÏÒ� �ÑÕ�Í� �Ö�Î� �ÒÓ� �
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Abstract 
 

Evaluation of a Colorimetric Method in 
Glycated Hemoglobin measurment 

 
*R . Mohammadi Ph.D I M.Sheikhzadeh B.S II  V.Norouzi B.S II 

 
 
Objective:Measuring of hemoglobin A1c( HbA1c )as the main glycated hemoglobin in 
circulation, is the most reliable method for evaluation of hyperglycemia  control in 
diabetic patients.  
Method:Colorimetric measuring method for HbA1c is based on  releasing glucose in 
100°C as5-hydroxymethylfurfural(5HMF)and then measuring it in a colorimetric 
reaction with thiobarbituric acid (TBA).This method is affected by different variables.  
Results: This study shows that TBA solution is stable at 4°c at least for one month. 
But by reducing the time of boiling from 5 hours to 1 hour, color intensity would 
decrease as much as 42% .  On the other hand, reducing the time and temperature of 
colorimetric reaction from 40 to 15 minutes and 50 ° C to 25° C would result in 29% 
and 63% reduction in color intensity, respectively. In addition, developed color is 
unstable at room temprature and would decerase as much as 53% within 40 minutes.  
Conclusion: With the colorimetric measurment of HbA1c , it is recommended to use 5 
hours boiling , colorimetric reaction in 50 ° C for 40 minutes,and rapid reading of 
optical density. 
 
 
Key words: 1-Diabetes 2- Glycated hemoglobin / HbA1c 3- Glycated hemoglobin 
Determination 
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