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ABSTRACT

Aim:�7R�DVVHVV� WKH�SUHGLFWLYH� UROH�RI�KHPDWRORJLFDO� LQGLFHV� LQ� WKH�¿UVW� WUL-
mester of pregnancy for gestational diabetes mellitus (GDM) and to compare 
the progressive changes in these indices between patients with and without 
*'0�LQ�WKHLU�¿UVW�DQG�VHFRQG�WULPHVWHUV�

Materials and Methods: Pregnant women screened for GDM in 24-28 ges-
WDWLRQDO�ZHHNV�DQG�ZKR�KDG�&%&�WHVW�LQ�WKH�¿UVW�DQG�VHFRQG�WULPHVWHUV�ZHUH�
UHWURVSHFWLYHO\� LQYHVWLJDWHG��3ODWHOHW�PDVV� LQGH[� �30,���QHXWURSKLO�WR�O\PS-
KRF\WH�UDWLRV��1/5��DQG�SODWHOHW�WR�O\PSKRF\WH�UDWLRV��3/5��ZHUH�FDOFXODWHG��
7KH� ¿UVW� WULPHVWHU� KHPDWRORJLFDO� LQGLFHV� ZHUH� FRPSDUHG� EHWZHHQ� QRUPDO�
JO\FHPLF�SDWLHQWV�DQG�WKH�SDWLHQWV�ZLWK�VXEVHTXHQW�*'0��7KH�SURJUHVVLYH�
FKDQJHV�RI�WKHVH�LQGLFHV�ZHUH�FRPSDUHG��

Results: 7KUHH�KXQGUHG�VL[W\�HLJKW� ZRPHQ�ZHUH� HQUROOHG� DQG� ������ KDG�
*'0��7KHUH�ZDV� QR� GLIIHUHQFH� EHWZHHQ� ¿UVW� WULPHVWHU� KHPDWRORJLFDO� LQGL-
FHV�� H[FHSW� 3/5�ZKLFK�ZDV� ORZHU� LQ�*'0�JURXS�� KRZHYHU�� 3/5�ZDV� QRW�
DQ�LQGHSHQGHQW�SUHGLFWRU���,Q�QRUPDO�JO\FHPLF�SUHJQDQW�ZRPHQ�KHPRJORELQ��
KHPDWRFULW��O\PSKRF\WHV��SODWHOHWV��PHDQ�SODWHOHW�YROXPH��039���SODWHOHWFULW�
�3&7���SODWHOHW�ODUJH�FHOO�UDWLR��3/&5��DQG�30,�GHFUHDVHG�VLJQL¿FDQWO\�IURP�
¿UVW�WULPHVWHU�WR�VHFRQG�WULPHVWHU��:KLWH�EORRG�FHOOV�:%&���QHXWURSKLOV��QXF-
OHDWHG�UHG�EORRG�FHOOV�15%&��� LPPDWXUH� JUDQXORF\WHV� DQG� 1/5� LQFUHDVHG�
VLJQL¿FDQWO\�� ZKLOH� QR� VLJQL¿FDQW� FKDQJHV� ZHUH� GHWHFWHG� LQ� UHG�FHOO�GLVWUL-
EXWLRQ�ZLGWK�5':���SODWHOHW�GLVWULEXWLRQ�ZLGWK�3':��DQG�3/5�� ,Q�*'0�SD-
WLHQWV��KHPRJORELQ��KHPDWRFULW��O\PSKRF\WHV��SODWHOHWV�DQG�30,�VLJQL¿FDQWO\�
GHFUHDVHG�ZKLOH�:%&��QHXWURSKLOV��039�� LPPDWXUH�JUDQXORF\WHV�DQG�1/5�
LQFUHDVHG�IURP�¿UVW�WULPHVWHU�WR�VHFRQG�WULPHVWHU��5':��3':��3&7��3/&5��
15%&�DQG�3/5�GLG�QRW�FKDQJH��

Conclusion:�1RQH�RI�WKH�¿UVW�WULPHVWHU�KHPDWRORJLFDO�LQGLFHV�KDYH�D�SUHGL-
FWLYH�DELOLW\�IRU�VXEVHTXHQW�*'0��7KH�SURJUHVVLYH�FKDQJHV�LQ�039�FDQ�EH�
XVHG�DV�DQ�LQGLFDWRU�WR�DVVHVV�WKH�GHYHORSPHQW�RI�*'0��

Key Words: Hematological indices; gestational diabetes mellitus; mean pla-
WHOHW�YROXPH�� LQÀDPPDWRU\�PDUNHUV��FKDQJH�LQ�FRPSOHWH�EORRG�FRXQW�SDUD-
meters
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U�O�UNHQ��:%&��Q|WUR¿OOHU��039��LPPDW�U�JUDQ�ORVLWOHU�YH�1/2�ELULQFL�WULPHV-
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*HVWDWLRQDO�GLDEHWHV�PHOOLWXV��*'0��ZKLFK�LV�GH¿QHG�DV�FDUERK\GUDWH�LQWROH-
UDQFH�WKDW�GHYHORSV�GXULQJ�SUHJQDQF\��LV�FRQVLGHUHG�WR�EH�WKH�PRVW�FRPPRQ�
PHWDEROLF�GLVRUGHU�VHHQ�LQ�SUHJQDQF\�DQG�\HW�KDV�DQ�LQFUHDVLQJ�WUHQG������,W�
develops when pancreas cannot compensate increased insulin demand that 
UHVXOWHG� IURP� WKH�SHDN� LQ� WKH�VHFUHWLRQ�RI�SODFHQWDO�KRUPRQHV��&KURQLF�VX-
EFOLQLFDO� LQÀDPPDWLRQ�ZLWK� LQVXOLQ� UHVLVWDQFH�DUH�FRQVLGHUHG� WR�EH� WKH�PDLQ�
XQGHUO\LQJ�PHFKDQLVPV�����

&KURQLF�VXEFOLQLFDO�LQÀDPPDWLRQ�LV�WKH�VWDWH�RI�LQFUHDVHG�SURLQÀDPPDWRU\�DQG�
DFXWH�SKDVH�SURWHLQV�ZLWK�LQFUHDVHG�LPPXQH�FHOOV���������6RPH�RI�WKH�LQGLFHV�
RI�FRPSOHWH�EORRG�FRXQW� �&%&�� LQFOXGLQJ��ZKLWH�EORRG�FHOOV� �:%&��� UHG�FHOO�
GLVWULEXWLRQ�ZLGWK� �5':���PHDQ� SODWHOHW� YROXPH� �039��� SODWHOHW� GLVWULEXWLRQ�
ZLGWK��3':���SODWHOHWFULW��3&7��DQG�EORRG�FHOO�VXEW\SH�UDWLRV�DV�SODWHOHW�WR�O\-
PSKRF\WH�UDWLR��3/5���QHXWURSKLO�WR�O\PSKRF\WH�UDWLR��1/5��DQG�SODWHOHW�PDVV�
LQGH[� �30,�� KDYH�EHHQ�SURSRVHG�DV�PDUNHUV�RI� V\VWHPLF� LQÀDPPDWLRQ� �����
Recently these markers are suggested to differ in GDM patients in different 
VWXGLHV��������+RZHYHU��LQ�VRPH�RWKHU�VWXGLHV�QR�VLJQL¿FDQW�GLIIHUHQFHV�ZHUH�
REVHUYHG�LQ�WKHVH�PDUNHUV�EHWZHHQ�SDWLHQWV�ZLWK�DQG�ZLWKRXW�*'0���������

The pathophysiological process of GDM occurs months before the diagnosis 
and markers related to the disease may be present in the blood before the 
FOLQLFDO�GLDJQRVLV�LV�PDGH�������7KHUHIRUH��LQ�OLJKW�RI�WKH�FRQWUDU\�¿QGLQJV��WKH�
aim of the present study was to assess the predictive role of hematological 
LQGLFHV�WKDW�DUH�SDUWV�RI�D�VLPSOH�&%&�WHVW�SHUIRUPHG�LQ�WKH�¿UVW�WULPHVWHU�RI�
pregnancy for development of GDM and to compare the progressive changes 
LQ�WKHVH�LQGLFHV�EHWZHHQ�SDWLHQWV�ZLWK�DQG�ZLWKRXW�*'0�WKURXJKRXW�WKH�¿UVW�
DQG�WKH�VHFRQG�WULPHVWHUV��

All the pregnant women who were screened for GDM in their 24-28 gestational 
ZHHNV�ZLWK�D����J�RUDO�JOXFRVH�WROHUDQFH�WHVW��2*77��DQG�WR�ZKRP�D�&%&�
ZDV�RUGHUHG� LQ� WKH� ¿UVW� WULPHVWHU� DQG�DJDLQ� LQ� WKH� VHFRQG� WULPHVWHU� GXULQJ�
*'0�VFUHHQLQJ�LQ�REVWHWULFV�GHSDUWPHQW�RI�RXU�FOLQLF�EHWZHHQ�-DQXDU\������
DQG�-DQXDU\������ZHUH�LQFOXGHG�LQ�WKLV�UHWURVSHFWLYH�FRKRUW�VWXG\��'DWD�ZHUH�
REWDLQHG� IURP�WKH�HOHFWURQLF�GDWD�EDVH�RI� WKH�KRVSLWDO��6FUHHQLQJ� LV�RIIHUHG�
to all pregnant women in our clinic between 24-28 gestational weeks unless 
VKH�KDV�ULVN�IDFWRUV�IRU�HDUOLHU�WHVWLQJ������3DWLHQWV�ZLWK�D�NQRZQ�V\VWHPLF�GL-
VHDVH�LQFOXGLQJ�UKHXPDWRORJLF�GLVRUGHUV��WK\URLG�DEQRUPDOLWLHV��K\SHUWHQVLRQ��
SUHHFODPSVLD��UHQDO�IDLOXUH��FDUGLDF�GLVHDVHV��DQ\�NLQG�RI�DXWRLPPXQH�GLVHD-
VHV��PDOLJQDQFLHV�DQG�UHVSLUDWRU\�GLVHDVHV�ZHUH�H[FOXGHG��:RPHQ�ZKR�ZHUH�
XVLQJ�DVSLULQ�RU�KHSDULQ�DQG�VWHURLGV�IRU�DQ\�UHDVRQ�ZHUH�DOVR�H[FOXGHG��7KH�
LQVWLWXWLRQDO�HWKLFV�DSSURYDO�ZDV�REWDLQHG�IRU�WKH�VWXG\��������73��
7KH�&%&�ZDV�DQDO\]HG�ZLWK�WKH�6<60(;�;1������������KHPRJUDP�GHYLFH��
7KH�DVVHVVHG�SDUDPHWHUV� LQ�&%&�ZHUH�KHPRJORELQ�� KHPDWRFULW�� UHG�EORRG�
FHOOV��PHDQ�FRUSXVFXODU�YROXPH��0&9���0&+�FRQFHQWUDWLRQ��:%&��LQFOXGLQJ�
QHXWURSKLOV��O\PSKRF\WHV�DQG�WKHLU�SHUFHQWDJHV���SODWHOHWV��3':��039��5':��
QXFOHDWHG�UHG�EORRG�FHOO��15%&���15%&�SHUFHQWDJH��3&7��SODWHOHW�ODUJH�FHOO�
UDWLR��3�/&5���LPPDWXUH�JUDQXORF\WHV��,*��DQG�,*�SHUFHQWDJH��3ODWHOHW�PDVV�
LQGH[��30,��ZDV�FDOFXODWHG�E\�PXOWLSO\LQJ�SODWHOHW�QXPEHU�ZLWK�039�DQG�GLYL-
GH�WKH�UHVXOW�E\�������1/5�DQG�3/5�DUH�FDOFXODWHG�E\�GLYLGLQJ�WKH�DEVROXWH�
QHXWURSKLO�DQG�SODWHOHW�FRXQWV�E\�WKH�DEVROXWH�O\PSKRF\WH�FRXQW���

7KH�VFUHHQLQJ�IRU�*'0�XVLQJ�D����J����KRXU�2*77�KDG�EHHQ�SHUIRUPHG�LQ�
WKH�PRUQLQJ�DIWHU�DQ���WR����KRXUV�IDVW��$�IDVWLQJ�EORRG�VDPSOH�ZDV�REWDLQHG�
IRU�&%&�DQG�2**7��7KHQ�WKH�SDWLHQW�ZDV�LQVWUXFWHG�WR�GULQN�D�VWDQGDUG�OLTXLG�
FRQWDLQLQJ� ��� J� JOXFRVH��7KH� EORRG� VDPSOH�ZDV� REWDLQHG� DJDLQ� WZR� WLPHV�
HYHU\����PLQXWHV��6KH�ZDV�QRW�DOORZHG�WR�HDW�RU�GULQN�GXULQJ�WKH�WHVW��*'0�

ZDV�GLDJQRVHG�ZKHQ�DQ\�VLQJOH�WKUHVKROG�YDOXH�ZDV�PHW�RU�H[FHHGHG�IDVWLQJ�
YDOXH�����PJ�G/����KRXU�YDOXH������PJ�G/��RU���KRXU�YDOXH������PJ�G/������

6WDWLVWLFDO�DQDO\VLV�ZDV�DFFRPSOLVKHG�ZLWK�VWDWLVWLFDO�SURJUDP�IRU�VRFLDO�VFLHQ-
FHV� �6366����� GHPR� YHUVLRQ�� ,%0���1RUPDOLW\� RI� WKH� GDWD�ZDV� WHVWHG�ZLWK�
.ROPRJRURY�6PLUQRY�7HVW��1RUPDOO\�GLVWULEXWHG�GDWD�ZHUH�H[SUHVVHG�DV�PHDQ�
± standard deviation and compared with independent and paired samples 
W� WHVWV�ZKHUH�DSSURSULDWH��0DQQ�:KLWQH\�8�DQG�:LOFR[RQ�VLJQHG�UDQN� WHVWV�
(where appropriate) were used for comparison of non-normally distributed 
GDWD�ZKLFK�ZHUH� H[SUHVVHG� DV�PHGLDQ� �LQWHUTXDUWLOH� UDQJH��� %LQRPLDO� GDWD�
ZHUH�H[SUHVVHG�DV�SHUFHQWDJHV�DQG�FRPSDUHG�ZLWK�FKL�VTXDUH�WHVW��&RUUHODWL-
RQ�DQDO\VLV��3HDUVRQ�RU�6SHDUPDQ�FRHI¿FLHQWV�ZKHUH�DSSURSULDWH��ZDV�GRQH�
WR�¿QG�IDFWRUV�WKDW�KDG�FRUUHODWLRQV�ZLWK�GLDJQRVLV�RI�*'0�DQG�D�UHJUHVVLRQ�
DQDO\VLV�ZDV�SHUIRUPHG�ZLWK�WKHVH�IDFWRUV�WKDW�ZHUH�IRXQG�WR�KDYH�VLJQL¿FDQW�
FRUUHODWLRQ�LQ�RUGHU�WR�¿QG�RXW�WKH�LQGHSHQGHQW�SUHGLFWRUV�RI�*'0�GLDJQRVLV��$�
YDOXH�RI�������ZDV�FRQVLGHUHG�DV�VLJQL¿FDQW�

$�WRWDO�RI������SUHJQDQW�ZRPHQ�KDG�EHHQ�VFUHHQHG�IRU�*'0�LQ�������JHV-
WDWLRQDO�ZHHNV�EHWZHHQ�-DQXDU\������±�-DQXDU\������LQ�RXU�FOLQLF�DQG�����
ZRPHQ� IXO¿OOHG� WKH� LQFOXVLRQ� FULWHULD�� 7KHUH� ZHUH� ��� SDWLHQWV� �������� ZKR�
ZHUH�GLDJQRVHG�WR�KDYH�*'0��*'0�SDWLHQWV�ZHUH�VLJQL¿FDQWO\�ROGHU�DQG�KDG�
H[SHULHQFHG�PRUH�SUHJQDQFLHV�������������YV������������\HDUV��S�������������
������YV������������S��������UHVSHFWLYHO\���*URXSV�ZHUH�VLPLODU�ZLWK�UHVSHFW�WR�
GHOLYHU\�ZHHN��IHWDO�ELUWK�ZHLJKW��XPELOLFDO�EORRG�S+����DQG��WK�PLQXWH�$3*$5�
VFRUHV��KRZHYHU��PRUH�QHZERUQV�RI�*'0�PRWKHUV�KDG�EHHQ�DGPLWWHG�WR�WKH�
QHZERUQ�LQWHQVLYH�FDUH�XQLW�IRU�DQ\�UHDVRQ��������YV��������S���������

7KH�FRPSDULVRQ�RI�¿UVW�WULPHVWHU�&%&�SDUDPHWHUV�DQG�WKH�3/5��1/5�DQG�30,�
YDOXHV�LQ�WKH�JURXSV�ZHUH�GHSLFWHG�LQ�WDEOH���

Table 1.�&RPSDULVRQ�RI�WKH�¿UVW�WULPHVWHU�FRPSOHWH�EORRG�FRXQW�SDUDPHWHUV�RI�
the patients with and without gestational diabetes (shown as mean ± standard 
deviation or median (interquartile range) where appropriate)

MATERIAL AND METHOD 

RESULTS

INTRODUCTION

5':��5HG�FHOO�GLVWULEXWLRQ�ZLGWK��3&7��3ODWHOHWFULW��3/&5��3ODWHOHW�ODUJH�FHOO�UDWLR��15%&��1XFOHDWHG�UHG�EORRG�FHOO��
3/5��SODWHOHW�WR��O\PSKRF\WH�UDWLR��1/5��QHXWURSKLO�WR�O\PSKRF\WH�UDWLR��30,��3ODWHOHW�PDVV�LQGH[
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([FHSW�3/5��ZKLFK�ZDV�ORZHU�LQ�WKH�*'0�SDWLHQWV��JURXSV�ZHUH�VLPLODU�ZLWK�UHVSHFW�WR�KHPDWRORJLF�LQGLFHV��,Q�WKH�FRQWURO�JURXS�15%&�ZDV�SRVLWLYH�LQ������LQ�
WKH�¿UVW�WULPHVWHU�DQG�������LQ�WKH�VHFRQG�WULPHVWHU��,Q�*'0�SDWLHQWV�15%&�ZDV�SRVLWLYH�LQ�������DQG�������LQ�WKH�¿UVW�DQG�VHFRQG�WULPHVWHUV�UHVSHFWLYHO\�

7KH�SURJUHVVLYH�FKDQJHV�RI�WKH�&%&�SDUDPHWHUV�DQG�WKH�FRPSDULVRQ�RI�WKHVH�FKDQJHV�LQ�WKH�JURXSV�ZHUH�VKRZQ�LQ�WDEOH����

,Q�KHDOWK\�SUHJQDQW�ZRPHQ�ZLWKRXW�*'0�KHPRJORELQ��KHPDWRFULW�� O\PSKRF\WHV��SODWHOHWV��039��3&7��3/&5�DQG�30,�ZHUH�IRXQG�WR�GHFUHDVH�VLJQL¿FDQWO\�
IURP�¿UVW�WULPHVWHU�WR�VHFRQG�WULPHVWHU��7DEOH�����:%&��QHXWURSKLOV��15%&��LPPDWXUH�JUDQXORF\WHV�DQG�1/5�KDG�D�WHQGHQF\�WR�LQFUHDVH�VLJQL¿FDQWO\��ZKLOH�QR�
VLJQL¿FDQW�FKDQJHV�ZHUH�GHWHFWHG�LQ�5':��3':�DQG�3/5��,Q�SUHJQDQW�ZRPHQ�ZLWK�*'0�KHPRJORELQ��KHPDWRFULW��O\PSKRF\WHV��SODWHOHWV�DQG�30,�VLJQL¿FDQWO\�
GHFUHDVHG�ZKLOH�:%&��QHXWURSKLOV��039��LPPDWXUH�JUDQXORF\WHV�DQG�1/5�LQFUHDVHG�IURP�¿UVW�WULPHVWHU�WR�VHFRQG�WULPHVWHU��5':��3':��3&7��3/&5��15%&�
DQG�3/5�GLG�QRW�FKDQJH��7DEOH����

7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�DPRXQW�RI�LQFUHDVHV�RU�GHFUHDVHV�LQ�WKH�JURXSV��7DEOH�����7KH�SURJUHVVLYH�FKDQJHV�VHHQ�LQ�039�
ZDV�FRQWUDU\�LQ�WKH�SDWLHQWV�ZLWK�DQG�ZLWKRXW�*'0��LW�LQFUHDVHG�VLJQL¿FDQWO\�LQ�*'0�SDWLHQWV��EXW�GHFUHDVHG�LQ�WKH�FRQWURO�SDWLHQWV��7DEOH�����

Table 2. &RPSDULVRQ�RI�WKH�¿UVW�WULPHVWHU�FRPSOHWH�EORRG�FRXQW�SDUDPHWHUV�RI�WKH�SDWLHQWV�ZLWK�DQG�ZLWKRXW�JHVWDWLRQDO�GLDEHWHV��VKRZQ�DV�PHDQ���VWDQGDUG�

deviation or median (interquartile range) where appropriate)


��&RPSDULVRQ�RI�WKH�DPRXQW�RI�FKDQJH�LQ�WKH�SDUDPHWHUV�WKDW�KDG�D�VLJQL¿FDQW�FKDQJH�IURP�¿UVW�WR�VHFRQG�WULPHVWHU�
5':��5HG�FHOO�GLVWULEXWLRQ�ZLGWK��3':��3ODWHOHW�GLVWULEXWLRQ�ZLGWK��3&7��3ODWHOHWFULW��3/&5��3ODWHOHW�ODUJH�FHOO�UDWLR��15%&��1XFOHDWHG�UHG�EORRG�FHOO��3/5��3ODWHOHW�O\PSKRF\WH�UDWLR��
1/5��1HXWURSKLO�O\PSKRF\WH�UDWLR��30,��3ODWHOHW�PDVV�LQGH[

� �ŽƌƌĞůĂƟŽŶ��ŽĞĸĐŝĞŶƚ� Ɖ

Age (years) 0.230  <0.0001

'ƌĂǀŝĚŝƚǇ� Ϭ͘ϭϰϬ�� � Ϭ͘ϬϬϳ

PLR-              0.126                                                          0.029

� ɴ� ƚ� Ɖ� ϵϱй��ŽŶĮĚĞŶĐĞ�/ŶƚĞƌǀĂů

�ŐĞ� Ϭ͘ϮϮϴ� ϯ͕ϯϲϱ� Ϭ͘ϬϬϭ� Ϭ͘ϬϬϴ�Ͳ�Ϭ͘Ϭϯ

'ƌĂǀŝĚŝƚǇ� ͲϬ͘ϬϮϮ� ͲϬ͘ϯϮϯ� Ϭ͘ϳϰϳ� ͲϬ͘Ϭϰϯ�Ͳ�Ϭ͘Ϭϯϭ

W>Z� ͲϬ͘Ϭϵϯ� Ͳϭ͘ϱϭϯ� Ϭ͘ϯϮ� ͲϬ͘ϬϬϮ�Ͳ�Ϭ

W>Z͗�WůĂƚĞůĞƚ�ƚŽ�ůǇŵƉŚŽĐǇƚĞ�ƌĂƟŽ

W>Z͗�WůĂƚĞůĞƚ�ƚŽ�ůǇŵƉŚŽĐǇƚĞ�ƌĂƟŽ

$PRQJ� ¿UVW� WULPHVWHU� KHPDWRORJLF� LQGLFHV�� RQO\�3/5�ZDV� IRXQG� WR� EH� FRU-
UHODWHG�ZLWK�VXEVHTXHQW�*'0� �7DEOH�����KRZHYHU�� WKLV� VLJQL¿FDQFH�KDG�GL-
sappeared in regression analysis indicating that only maternal age was an 
LQGHSHQGHQW�SUHGLFWRU�RI�*'0��7DEOH�����

Table 3. Correlation analysis of possible factors related with gestational di-
DEHWHV�

Table 4. Regression analysis of factors independently associated with ges-
WDWLRQDO�GLDEHWHV�

,Q�WKH�SUHVHQW�VWXG\�LW�ZDV�IRXQG�WKDW�QRQH�RI�WKH�SDUDPHWHUV�LQ�D�&%&�WHVW�
LQ�WKH�¿UVW�WULPHVWHU�KDYH�D�SUHGLFWLYH�UROH�IRU�VXEVHTXHQW�*'0��3URJUHVVLYH�
changes in CBC parameters are similar in healthy and patients who will deve-
ORS�*'0�LQ�WKH�VHFRQG�WULPHVWHU�H[FHSW�039��ZKLFK�WHQGV�WR�LQFUHDVH�LQ�VXE-
VHTXHQW�*'0�SDWLHQWV��FRQWUDU\�WR�WKH�KHDOWK�SUHJQDQW�ZRPHQ�ZLWKRXW�*'0��

0DQ\�SK\VLRORJLFDO�FKDQJHV�LQ�KHPDWRORJLFDO�SUR¿OH�RFFXU�GXULQJ�SUHJQDQF\�
ZKLFK�PD\�DSSHDU� WR�EH�SDWKRORJLFDO� LQ� WKH�QRQ�SUHJQDQW��7KH� UHQLQ�DQJL-
RWHQVLQ��DOGRVWHURQH�V\VWHP� LV�DFWLYDWHG�ZKLFK� UHVXOWV� LQ�������� LQFUHDVH�
LQ�SODVPD�YROXPH�������(U\WKURSRLHWLQ� LQFUHDVHV�WKURXJKRXW�SUHJQDQF\�DQG�
DV�D� UHVXOW� UHG�EORRG�FHOO�PDVV� LQFUHDVHV�E\���������7KLV� UHODWLYHO\�VPDOO�
increase in red blood cell mass compared to plasma volume leads to a fall 
LQ�KHPRJORELQ�FRQFHQWUDWLRQ�E\�����J�G/�E\�WKH�ODWH�VHFRQG�WULPHVWHU�ZKLFK�
LV�WHUPHG�DV�WKH�SK\VLRORJLFDO�DQHPLD�RI�SUHJQDQF\�������5':�LV�D�PDUNHU�
IRU�DQLVRF\WRVLV�DQG�WKHUH�LV�FRQÀLFWLQJ�GDWD�ZLWK�UHJDUG�WR�LWV�SURJUHVVLRQ�LQ�
SUHJQDQF\��6RPH�DXWKRUV� UHSRUWHG�D� WHPSRUDO� LQFUHDVH� LQ�5':��KRZHYHU��
WKHUH�DUH�VWXGLHV�WKDW�GLG�QRW�¿QG�VLJQL¿FDQW�FKDQJHV�WKURXJKRXW�WKH�SUHJQDQ-
F\�����������:%&�FRXQW�LQFUHDVHV�GXH�WR�WKH�SK\VLRORJLF�VWUHVV�LQGXFHG�E\�
SUHJQDQF\�DQG�QHXWURSKLOV�FRQWULEXWH�PRVW�RI�WKH�RYHUDOO�KLJKHU�:%&�FRXQW�
������,PPDWXUH�IRUPV��P\HORF\WHV�DQG�PHWDP\HORF\WHV��PD\�EH�GHWHFWHG�LQ�
KHDOWK\�SUHJQDQW�ZRPHQ�ZLWKRXW�UHÀHFWLQJ�D�SDWKRORJLF�VWDWH�������

DISCUSSION



/\PSKRF\WH�FRXQW�GHFUHDVHV�WKURXJK�¿UVW�DQG�VHFRQG�WULPHVWHU�������0RQR-
F\WHV�LQFUHDVH�LQ�WKH�¿UVW�WULPHVWHU�DQG�WKHQ�GHFUHDVH�������7KHUH�LV�QR�VLJQL¿-
FDQW�FKDQJH�LQ�HRVLQRSKLO�DQG�EDVRSKLO�FRXQWV�������3ODWHOHW�FRXQW�GHFUHDVHV�
EHFDXVH�RI�KHPRGLOXWLRQ��LQFUHDVHG�SODWHOHW�DFWLYDWLRQ�DQG�FRQVXPSWLRQ��SDU-
WLFXODUO\�LQ�WKH�WKLUG�WULPHVWHU�������3':�LQFUHDVHV�FRQWLQXRXVO\�DV�SUHJQDQF\�
SURJUHVVHV�DQG�WKHUH�LV�OLWWOH�FKDQJH�LQ�039�����������7KH�DLP�ZDV�WR�FRP-
SDUH� WKH�SURJUHVVLYH�FKDQJHV� LQ�KHPDWRORJLFDO� LQGLFHV� WKURXJKRXW� WKH�¿UVW�
two trimesters in healthy pregnant women and pregnant women who would 
GHYHORS�VXEVHTXHQW�*'0��7KH�SURJUHVVLYH�FKDQJHV�WKDW�RFFXU�LQ�WKH�KHDOWK\�
SUHJQDQW�ZRPHQ�DUH�LQ�DFFRUGDQFH�ZLWK�WKH�OLWHUDWXUH��,Q�DGGLWLRQ��ZH�VKRZHG�
an increase in the amount of nucleated red blood cells as the pregnancy 
DGYDQFHV��7KHUH�DUH�VRPH�VLJQL¿FDQW�GLIIHUHQFHV�LQ�WKH�SDWWHUQ�RI�FKDQJHV�LQ�
WKH�*'0�JURXS��7KH�PDLQ�GLIIHUHQFH�LV�LQ�WKH�SURJUHVVLRQ�RI�039�ZKLFK�KDV�D�
WHQGHQF\�WR�GHFUHDVH�LQ�KHDOWK\�SUHJQDQW�ZRPHQ��EXW�LQFUHDVHV�VLJQL¿FDQWO\�
LQ�*'0�SDWLHQWV�� ,Q� DGGLWLRQ��3/&5�DQG�3&7�GHFUHDVH� VLJQL¿FDQWO\� LQ� WKH�
KHDOWK\�JURXS��,Q�WKH�*'0�SDWLHQWV�DOWKRXJK�QRW�VLJQL¿FDQW��3/&5�DQG�3':�
KDYH�D�WHQGHQF\�WR�LQFUHDVH�DQG�3&7�KDV�D�WHQGHQF\�WR�GHFUHDVH��,Q�DGGLWL-
RQ��WKH�PRQRF\WHV�LQ�WKH�KHDOWK\�JURXS�LQFUHDVHV�VLJQL¿FDQWO\�LQ�WKH�VHFRQG�
WULPHVWHU�LQ�WKH�KHDOWK\�JURXS��KRZHYHU��VXFK�D�VLJQL¿FDQW�LQFUHDVH�GRHV�QRW�
RFFXU�LQ�WKH�*'0�JURXS��

,W�LV�NQRZQ�WKDW�SODWHOHW�DFWLYLW\�LV�FRUUHODWHG�ZLWK�FKDQJHV�LQ�SODWHOHW�YROXPH��
WKH�ODUJHU�EHLQJ�PRUH�DFWLYH�������039��3':�DQG�3/&5�DUH�LQGLFHV�WKDW�UHS-
UHVHQW�SODWHOHW�DFWLYLW\��(VSHFLDOO\�039�FDQ�EH�XVHG�DV�DQ�LQGLFDWRU�RI�SODWHOHW�
DFWLYDWLRQ�������039�KDV�EHHQ�UHSRUWHG�WR�EH�LQFUHDVHG�LQ�*'0�SDWLHQWV�DQG�
LW�KDV�EHHQ�VXJJHVWHG�DV�D�SUHGLFWLYH�PDUNHU�IRU�*'0����������6RPH�DXWKRUV�
suggested that the positive relationship between an increased glucose level 
DQG�LQFUHDVHG�039�LV�D�XQLTXH�SKHQRPHQRQ�RI�GLDEHWHV�������$OWKRXJK�039�
ZDV�KLJKHU�LQ�WKH�*'0�SDWLHQWV��¿UVW�WULPHVWHU�039�YDOXHV�GLG�QRW�GLIIHU�VLJ-
QL¿FDQWO\�EHWZHHQ�WKH�JURXSV��+RZHYHU��GXULQJ�WKH�FRXUVH�RI�SUHJQDQF\�039�
VLJQL¿FDQWO\� LQFUHDVHG� LQ� WKH�SDWLHQWV�ZKR�ZRXOG�GHYHORS�*'0��7KH�VDPH�
SURJUHVVLYH�FKDQJHV�DUH�WUXH�IRU�3':�DQG�3/&5�ZKLFK�WHQG�WR�LQFUHDVH�LQ�
WKH�*'0�SDWLHQWV��KRZHYHU��WKH�LQFUHDVH�RI�039�LV�SURPLQHQW��7KLV�VWXG\�LV�
valuable as it compares the progressive changes in the hematological indi-
FHV�LQFOXGLQJ�039�EHIRUH�WKH�*'0�RFFXUV��)URP�WKLV�SRLQW�ZH�FRQFOXGH�WKDW�
FKDQJHV�LQ�039�FDQ�EH�XVHG�DV�DQ�LQGLFDWRU�WR�DVVHVV�WKH�GHYHORSPHQW�RI�
*'0��0RQLWRUL]DWLRQ�RI�WKH�RWKHU�SODWHOHW�LQGLFHV�LQFOXGLQJ�3':�DQG�3/&5�
PD\�DOVR�EH�YDOXDEOH��

&KURQLF�ORZ�JUDGH�LQÀDPPDWLRQ�LV�FRQVLGHUHG�WR�EH�RQH�RI�WKH�NH\�FRPSR-
QHQWV�RI�WKH�SDWKRJHQHVLV�LQ�*'0�����������7KLV�LQÀDPPDWLRQ�WULJJHUV�VXE-
VHTXHQW�FKDQJHV�LQ�KHPDWRORJLFDO�SDUDPHWHUV�LQFOXGLQJ�SODWHOHWV��ZKLWH�EOR-
RG�FHOOV�DQG�UHG�EORRG�FHOOV��3ODWHOHW�DFWLYDWLRQ�WKDW�DOWHUV�WKH�SODWHOHW�LQGLFHV�
LQFOXGLQJ�039��3':�DQG�3&7���������DQG�LQGLFHV�VXFK�DV�3/5�DQG�1/5�KDYH�
EHHQ�VKRZQ�WR�EH�DIIHFWHG�LQ�*'0�SDWLHQWV��������������������DOWKRXJK�WKHUH�
DUH�VWXGLHV�WKDW�UHSRUWHG�QR�VLJQL¿FDQW�FKDQJHV�����������6LPLODUO\��WKHUH�DUH�
FRQWUDGLFWRU\� UHVXOWV�ZLWK� UHVSHFW� WR�:%&�DQG� UHG�EORRG� FHOOV� ���� �����:H�
KDG�VKRZQ�WKDW� LQ� WKH�VHFRQG�WULPHVWHU�RI�SUHJQDQF\�5':�DQG�15%&�DUH�
LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�*'0�������+RZHYHU��LQ�WKH�SUHVHQW�VWXG\�VXFK�
DQ�DVVRFLDWLRQ�FRXOG�QRW�EH� IRXQG� LQ� WKH�¿UVW� WULPHVWHU�� ,W�KDV�EHHQ�VKRZQ�
WKDW�FKURQLF�LQÀDPPDWLRQ�PD\�FDXVH�5':�OHYHO�HOHYDWLRQ�DQG�HOHYDWHG�5':�
PD\�UHÀHFW�D�VWDWXV�RI�KLJK�LQÀDPPDWLRQ�DQG�R[LGDWLYH�VWUHVV������DQG�KLJK�
5':�ZDV�DVVRFLDWHG�ZLWK�KLJK� ULVN�RI�GHYHORSLQJ�GLDEHWHV� ������*'0�GH-
YHORSV�ZKHQ�WKH�SDQFUHDWLF�LQVXI¿FLHQF\�EHFRPHV�REYLRXV�DV�WKH�SODFHQWDO�
KRUPRQHV�LQFUHDVH�SURJUHVVLYHO\�IURP�¿UVW�WR�VHFRQG�WULPHVWHU��,W�LV�WUXH�WKDW�
WKH�SDWKRSK\VLRORJLFDO�SURFHVV�RI�*'0�RFFXUV�ZHHNV�EHIRUH�WKH�GLDJQRVLV��
)URP�WKLV�SRLQW�LW�VHHPV�WKDW�WKH�LQÀDPPDWLRQ�SURJUHVVHV�ZLWKLQ�JHVWDWLRQDO�
ZHHNV�DQG�WKH�KHPDWRORJLF�LQGLFHV�DUH�QRW�\HW�DIIHFWHG�LQ�WKH�¿UVW�WULPHVWHU��

5HFHQWO\�1/5��3/5�DQG�30,�KDYH�JDLQHG�VFLHQWL¿F�LQWHUHVW�EHFDXVH�RI�WKHLU�

DELOLW\� WR�UHÀHFW�V\VWHPLF� LQÀDPPDWLRQ������DQG�WKH�UROHV�RI�1/5��3/5�DQG�
30,�LQ�SUHGLFWLRQ�RI�*'0�ZHUH�DVVHVVHG��������������<LOPD]�HW�DO�����UHSRUWHG�
WKDW�1/5�ZDV�VLJQL¿FDQWO\�KLJKHU�LQ�*'0�SDWLHQWV�FRPSDUHG�ZLWK�QRUPDO�JO\-
FHPLF�SUHJQDQW�ZRPHQ�DQG�ZDV�D�SRZHUIXO�SUHGLFWRU�RI�*'0��ZKLOH�6DUJLQ�HW�
DO������UHSRUWHG�QR�SUHGLFWLYH�DELOLW\�RI�1/5���30,�KDV�EHHQ�VXJJHVWHG�WR�EH�D�
EHWWHU�SDUDPHWHU�RI�LQÀDPPDWLRQ�WKDQ�039��������:H�KDG�VKRZQ�WKDW�VHFRQG�
WULPHVWHU�30,�KDG�QR�SUHGLFWLYH�DELOLW\�IRU�*'0�������,Q�D�UHFHQW�VWXG\�6XQ�
HW�DO�IRXQG�WKDW�¿UVW�WULPHVWHU�YDOXHV�RI�QHXWURSKLOV��:%&�DQG�1/5�ZHUH�DOO�
DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RI�*'0��EXW�WKDW�QHXWURSKLO�FRXQW�KDG�WKH�
KLJKHVW�25������,Q�WKH�SUHVHQW�VWXG\�¿UVW�WULPHVWHU�QHXWURSKLOV��1/5�DQG�30,�
ZHUH�IRXQG�WR�EH�VLPLODU�LQ�WKH�JURXSV��2QO\�¿UVW�WULPHVWHU�3/5�ZDV�IRXQG�WR�
EH�VLJQL¿FDQWO\� ORZHU� LQ� WKH�SDWLHQWV�ZKR�ZRXOG�GHYHORS�VXEVHTXHQW�*'0�
DQG�QHJDWLYHO\�FRUUHODWHG�ZLWK�GHYHORSPHQW�*'0��KRZHYHU��WKH�VLJQL¿FDQFH�
GLVDSSHDUHG� LQ� WKH�UHJUHVVLRQ�DQDO\VLV� LQGLFDWLQJ� WKDW�¿UVW� WULPHVWHU�3/5� LV�
QRW�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�*'0��1RQH�RI�WKHVH�V\VWHPLF�LQÀDPPDWRU\�
UHVSRQVH�PDUNHUV�VHHP�WR�KDYH�D�SUHGLFWLYH�UROH�IRU�*'0�LQ�WKH�¿UVW�WULPHV-
WHU���

The main strength of this study is that the progressive changes in the hema-
tological indices of the normal glycemic pregnant women and women who 
ZRXOG�GHYHORS�VXEVHTXHQW�*'0�DUH�SUHVHQWHG�DQG�FRPSDUHG��7KLV�FRPSD-
ULVRQ�LV�SUHVHQWHG�IRU�WKH�¿UVW�WLPH�LQ�7XUNLVK�SUHJQDQW�ZRPHQ�DV�IDU�DV�ZH�
DUH�FRQFHUQHG��$OO�WKH�SDWLHQWV�DUH�IURP�WKH�VDPH�FOLQLF�DQG�IROORZHG�XS�ZLWK�
WKH�VDPH�SURWRFROV��7KH�EORRG�VDPSOHV�KDG�EHHQ�DQDO\]HG�ZLWK� WKH�VDPH�
GHYLFH��7KH�PDLQ�OLPLWDWLRQ�RI�VWXGLHV�OLNH�RXUV�LV�WKDW�WKDW�WKH�UHVXOWV�RI�WKH�
blood samples are laboratory and analyzer dependent and may be unique to 
WKH�VWXGLHG�SRSXODWLRQ��7KH�UHVXOWV�PD\�EH�KLJKO\�YDULDEOH��7KHVH�VKRXOG�EH�
NHSW�LQ�PLQG�ZKLOH�LQWHUSUHWLQJ�WKH�SUHVHQWHG�GDWD��5HWURVSHFWLYH�GHVLJQ�ZDV�
DQRWKHU� OLPLWDWLRQ�� 7KHUHIRUH�� SURVSHFWLYH��PXOWLFHQWHU� VWXGLHV� WKDW� XVH� WKH�
same analyzers in different populations with larger sample sizes would be 
PRUH�LQIRUPDWLYH�

,Q�FRQFOXVLRQ�QRQH�RI�WKH�¿UVW�WULPHVWHU�KHPDWRORJLFDO�LQGLFHV�KDYH�D�SUHGL-
FWLYH�DELOLW\�IRU�GHYHORSPHQW�RI�VXEVHTXHQW�*'0��7KH�SURJUHVVLYH�FKDQJHV�
in some hematological indices that occur in pregnant women who would de-
YHORS�*'0�GLIIHU�IURP�WKDW�RI�QRUPDO�JO\FHPLF�SUHJQDQW�ZRPHQ��&KDQJHV�LQ�
039�FDQ�EH�XVHG�DV�DQ� LQGLFDWRU� WR�DVVHVV� WKH�GHYHORSPHQW�RI�*'0�DQG�
PRQLWRUL]DWLRQ� RI� WKH� RWKHU� SODWHOHW� LQGLFHV� LQFOXGLQJ�3':�DQG�3/&5�PD\�
DOVR�EH�YDOXDEOH�

���$&2*�3UDFWLFH�%XOOHWLQ�1R������6XPPDU\��*HVWDWLRQDO�'LDEHWHV�0HOOLWXV��
2EVWHW�*\QHFRO�������������������

���3UDGKDQ�$'��0DQVRQ�-(��5LIDL�1��%XULQJ�-(��5LGNHU�30���&�UHDFWLYH�SURWH-
LQ��LQWHUOHXNLQ����DQG�ULVN�RI�GHYHORSLQJ�W\SH���GLDEHWHV�PHOOLWXV��-$0$�������
��������������

���)RZOHU�$-��$JKD�5$��1HXWURSKLO�O\PSKRF\WH�UDWLR�LV�UHODWHG�WR�WKH�VHYHULW\�
of coronary artery disease and clinical outcome in patients undergoing an-
JLRJUDSK\�WKH�JURZLQJ�YHUVDWLOLW\�RI�1/5��$WKHURVFOHURVLV������������������

���*XWKULH�*-��&KDUOHV�.$��5R[EXUJK�&6��+RUJDQ�3*��0F0LOODQ�'&��&ODUNH�
6-��7KH�V\VWHPLF�LQÀDPPDWLRQ�EDVHG�QHXWURSKLO�O\PSKRF\WH�UDWLR��H[SHULHQ-
FH�LQ�SDWLHQWV�ZLWK�FDQFHU��&ULW�5HY�2QFRO�+DHPDWRO�������������������

���<ÕOPD]�=��<ÕOPD]�(��øoHU�%��.�o�N|]NDQ�7��$VVRFLDWLRQ�RI�FRPSOHWH�EORRG�
FRXQW�SDUDPHWHUV�ZLWK�JHVWDWLRQDO�GLDEHWHV�PHOOLWXV��*\QHFRORJ\�2EVWHWULFV�
	�5HSURGXFWLYH�0HGLFLQH�����������������

���6XQ�7��0HQJ�)��=KDR�+��<DQJ�0��=KDQJ�5��<X�=��HW�DO��(OHYDWHG�¿UVW�WULPHV-
ter neutrophil count is closely associated with the development of maternal 
JHVWDWLRQDO� GLDEHWHV� PHOOLWXV� DQG� DGYHUVH� SUHJQDQF\� RXWFRPHV�� 'LDEHWHV�
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EHWZHHQ�SODWHOHW�DQG�EORRG�LQÀDPPDWRU\�LQGLFHV�DQG�WKH�ULVN�RI�JHVWDWLRQDO�
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