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ABSTRACT

Aim: 7R�GH¿QH�WKH�DGPLVVLRQ�V\PSWRPV�DQG�FRPSODLQWV�RI�FDVHV�ZLWK�YDJLQDO�FXII�
SURODSVH

Materials and Methods: $� UHWURVSHFWLYH�VWXG\� LQFOXGLQJ����SDWLHQWV�ZLWK� WKH�GL-
DJQRVLV� RI� YDJLQDO� FXII� SURODSVH��:KLOH� SDWLHQWV�ZKR�KDG�JUDGH����� YDJLQDO� FXII�
SURODSVH�ZHUH�DFFHSWHG�DV�HDUO\�FXII�SURODSVH��SDWLHQWV�ZLWK�JUDGH�����YDJLQDO�FXII�
SURODSVH�ZHUH�DFFHSWHG�DV�DGYDQFHG�FXII�SURODSVH��3DWLHQWV¶� LQLWLDO�FOLQLFDO�V\PS-
WRPV�DQG�FRPSODLQWV�DW�WKH�WLPH�RI�DGPLVVLRQ�ZHUH�UHFRUGHG�

Results: 7KH�PRVW�FRPPRQ�V\PSWRP� LQ�SDWLHQWV�ZLWK�YDJLQDO�FXII�SURODSVH�ZDV�
SUHVVXUH�VHQVDWLRQ�LQ�WKH�YDJLQD��)HFDO�LQFRQWLQHQFH�ZDV�WKH�OHDVW�UHSRUWHG�V\PS-
WRP��7KH�SURODSVH�V\PSWRP�ZHUH�KLJKHU�LQ�WKH�DGYDQFHG�FXII�SURODSVH�JURXS�WKDQ�LQ�
WKH�HDUO\�FXII�SURODSVH�JURXS��S���������'LI¿FXOW\�LQ�FRLWXV�DQG�GLI¿FXOW\�LQ�XULQDWLQJ�
ZHUH�PRUH�FRPPRQ�LQ�WKH�DGYDQFHG�FXII�SURODSVH�JURXS�WKDQ�LQ�WKH�HDUO\�JURXS��

Conclusion:�'LI¿FXOW\� LQ�FRLWXV�DQG�GLI¿FXOW\� LQ�XULQDWLQJ�V\PSWRP�ZHUH� IRXQG� WR�
EH�PRUH�FRPPRQ�LQ�WKH�DGYDQFHG�FXII�SURODSVH�JURXS�WKDQ�LQ�WKH�HDUO\�FXII�SURODS-
VH�JURXS��&XII�SURODSVH�LV�VRPHWLPHV�DFFRPSDQLHG�E\�XULQDU\�DQG�JDVWURLQWHVWLQDO�
V\PSWRPV�DV�ZHOO�DV�VH[XDO�G\VIXQFWLRQ�DQG�FRPSODLQWV�RI�SDLQ��7KHUHIRUH��DOO�WKH�
SDWLHQWV�VKRXOG�EH�HYDOXDWHG�DV�D�ZKROH�
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INTRODUCTION
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9DJLQDO�FXII�SURODSVH�LV�D�FRPPRQ�GLVRUGHU�JHQHUDOO\�VHHQ�DI-
WHU� K\VWHUHFWRP\�DV� WKH�SURWUXVLRQ�RI� WKH� YDJLQD� WKURXJK� WKH�
JHQLWDO�KLDWXV������7KH�XSSHU�SDUW�RI�WKH�YDJLQD�LV�WKH�RUJDQ�WKDW�
SURODSVHV��

+\VWHUHFWRP\�LV�WKH�PRVW�FRPPRQ�J\QHFRORJLFDO�VXUJHU\�ZLWK�
DQ� LQFLGHQFH�RI�SRVWRSHUDWLYH�FXII�SURODSVH�YDU\LQJ� IURP��� WR�

������������7KH�SUHGLVSRVLQJ�IDFWRUV�IRU�YDJLQDO�FXII�SURODSVH�
DUH�WKH�VDPH�DV�IRU�SHOYLF�RUJDQ�SURODSVH��323��LQFOXGLQJ�DJH��
SDULW\��REHVLW\�DQG�SUHYLRXV�K\VWHUHFWRP\�FKURQLF�FRQVWLSDWLRQ��
JHQHWLF�SUHGLVSRVLWLRQ�OHDGLQJ�WR�UHGXFHG�FRQQHFWLYH�WLVVXH�DQG�
PXVFOH�VWUHQJWK��������7R�SUHYHQW�SURODSVH��VXVSHQVLRQ�RI�WKH�
YDJLQDO� DSH[� WR� WKH�XWHURVDFUDO� OLJDPHQWV�RU� WR� WKH� VDFURVSL-
QRXV�OLJDPHQWV�DW�WKH�WLPH�RI�K\VWHUHFWRP\�FDQ�EH�SHUIRUPHG�
����
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RESULTS

MATERIALS AND METHODS

$OWKRXJK� WKH�PDMRULW\�RI� FDVHV�HVSHFLDOO\� LQ� WKH� LQLWLDO� VWDJHV�
DUH�DV\PSWRPDWLF��LW�LV�VRPHWLPHV�DFFRPSDQLHG�E\�XULQDU\�DQG�
JDVWURLQWHVWLQDO� V\PSWRPV�DV�ZHOO� DV� VH[XDO� G\VIXQFWLRQ� DQG�
FRPSODLQWV�RI�SDLQ�������9DJLQDO�FXII�SURODSVH�DQG�WKH�V\PSWR-
PDWRORJ\�LV�QRW�ZHOO�VWXGLHG��,Q�D�VWXG\�FRQGXFWHG�E\�%D\NXú�
HW�DO���WKH�V\PSWRPV�DQG�FRPSODLQWV�RI�WKH�FDVHV�ZKR�KDYH�XQ-
GHUJRQH�YDJLQDO�K\VWHUHFWRP\�GXH�WR�SHOYLF�RUJDQ�SURODSVH�DW�
WKH�WLPH�RI�DGPLVVLRQ�ZHUH�GHWHUPLQHG��,W�KDV�EHHQ�VKRZQ�WKDW�
WKHVH�FDVHV�PD\�SUHVHQW�ZLWK�SULPDULO\�DQDWRPLFDO�SUREOHPV��
XULQDU\��VH[XDO��GHIHFDWLRQ�UHODWHG�SUREOHPV�DQG�SDLQ�FRPSOD-
LQWV�����

,Q�WKLV�FXUUHQW�VWXG\��ZH�DLPHG�WR�GH¿QH�WKH�DGPLVVLRQ�V\PS-
WRPV�DQG�FRPSODLQWV�RI�FDVHV�ZLWK�YDJLQDO�FXII�SURODSVH��

$IWHU� UHFHLYLQJ� DSSURYDO� ������������� QXPEHU����� IURP� WKH�
LQVWLWXWLRQDO� UHYLHZ�ERDUG�� WKH�PHGLFDO� UHFRUGV�RI�FRQVHFXWLYH�
SDWLHQWV�GLDJQRVHG�ZLWK�YDJLQDO�FXII�SURODSVH�DW�8QLYHUVLW\�RI�
+HDOWK�6FLHQFH�7XUNH\�'U�=HNDL�7DKLU�%XUDN�:RPHQ¶V�+HDOWK�
7UDLQLQJ�5HVHDUFK�+RVSLWDO�RYHU���\HDUV�ZHUH�UHWURVSHFWLYHO\�
UHYLHZHG�� 7KH� VWXG\� ZDV� SHUIRUPHG� LQ� DFFRUGDQFH� ZLWK� WKH�
�����+HOVLQNL�GHFODUDWLRQ�

3DWLHQWV¶� LQLWLDO� FOLQLFDO� V\PSWRPV� DQG� FRPSODLQWV� DW� WKH� WLPH�
RI� DGPLVVLRQ� ZHUH� UHFRUGHG�� 7KH�PRVW� LPSRUWDQW� DSSOLFDWLRQ�
FRPSODLQWV�ZHUH� H[DPLQHG��$OVR�� SDWLHQWV¶� GHPRJUDSKLF� FKD-
UDFWHULVWLFV��REVWHWULF�DQG�J\QHFRORJLFDO�KLVWRU\��DQG�ODERUDWRU\�
¿QGLQJV�ZHUH�UHFRUGHG�DV�VWXG\�SDUDPHWHUV��

6WDQGDUGL]HG�FODVVL¿FDWLRQ�V\VWHPV�ZDV�XVHG�IRU�WKH�DVVHVV-
PHQW� DQG� GRFXPHQWDWLRQ� RI� SHOYLF� RUJDQ� SURODSVH�� LQFOXGLQJ�
YDJLQDO�FXII�SURODSVH�����

:KLOH�SDWLHQWV�ZKR�KDG�JUDGH�����YDJLQDO�FXII�SURODSVH�ZHUH�
DFFHSWHG�DV�HDUO\�FXII�SURODSVH��SDWLHQWV�ZLWK�JUDGH�����YDJLQDO�
FXII� SURODSVH�ZHUH� DFFHSWHG� DV� DGYDQFHG� FXII� SURODSVH��3D-
WLHQWV�ZKR�GLG�QRW�KDYH�VXI¿FLHQW�UHFRUGV�ZHUH�H[FOXGHG��

'DWD�ZHUH�DQDO\]HG�YLD�6366�YHUVLRQ�������6366�,QF���&KLFD-
JR��,/��86$���.ROPRJRURY��6PLUQRY�DQDO\VLV�ZDV�XVHG�WR�HYDOX-
DWH�WKH�QRUPDO�GLVWULEXWLRQ�RI�FRQWLQXRXV�YDULDEOHV��&RQWLQXRXV�
YDULDEOHV� ZHUH� FRPSDUHG� YLD� WKH� LQGHSHQGHQW� VLPSOH� W� WHVW��
7KH�FRPSDULVRQ�RI�FDWHJRULFDO�YDULDEOHV�ZDV�WHVWHG�YLD�Ȥ��WHVW�
DQG�)LVKHU�H[DFW�WHVW��1RPLQDO�GDWD�ZLWK�QRUPDO�GLVWULEXWLRQ�LV�
VKRZQ�DV�PHDQ���VWDQGDUG�GHYLDWLRQ�LQ�WKH�WDEOHV��&DWHJRULFDO�
GDWD�DUH�VKRZQ�LQ�QXPEHUV��Q��DQG�SHUFHQWDJHV������$�S�YDOXH�
RI�OHVV�WKDQ������ZDV�WDNHQ�WR�EH�VLJQL¿FDQW�

)RU�WKLV�VWXG\�����SDWLHQWV�DGPLWWHG�WR�WKH�KRVSLWDO�ZLWK�WKH�GL-
DJQRVLV�RI�YDJLQDO�FXII�SURODSVH�ZHUH�GHWHUPLQHG�DQG�IRUPHG�
WKH�VWXG\�JURXS��

'HPRJUDSKLF�DQG�ODERUDWRU\�GDWD�RI�SDWLHQWV�ZLWK�YDJLQDO�FXII�
SURODSVH�DUH�VKRZQ�LQ�7DEOH���

Table 1.�'HPRJUDSKLF�DQG�ODERUDWRU\�GDWD�RI�SDWLHQWV�ZLWK�YD-
JLQDO�FXII�SURODSVH

9DOXHV�ZHUH�SUHVHQWHG�DV�PHDQ�VWDQGDUG�GHYLDWLRQ��PHGLDQ��PLQ�PD[�DQG�QXPEHU�����

%0,��%RG\�0DVV�,QGH[��:%&��:KLWH�%ORRG�&RXQW��&53��&�UHDFWLYH�SURWHLQ�

6\PSWRPV�RI�SDWLHQWV�ZLWK�YDJLQDO�FXII�SURODSVH�DUH�VKRZQ�LQ�
7DEOH����7KH�PRVW�FRPPRQ�V\PSWRP� LQ�SDWLHQWV�ZLWK�YDJLQDO�
FXII� SURODSVH�ZDV� SUHVVXUH� VHQVDWLRQ� LQ� WKH� YDJLQD��7KH� VH-
FRQG�PRVW�FRPPRQ�V\PSWRP�ZDV�SURODSVH��,Q�DGGLWLRQ��IHFDO�
LQFRQWLQHQFH�ZDV�WKH�OHDVW�UHSRUWHG�V\PSWRP��7DEOH����
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9DJ൴QDO�FX൵�SURODSVH�FDVHV��Q ���
$JH��\HDUV ����������
$JH�DW�WKH�W൴PH�RI

�K\VWHUHFWRP\��\HDUV
����������

*UDY൴GD �������
3DU൴W\ �������
BMI �������������
:%&�FRXQW��î��ñ�ȝO ����������
&53��PJ�GO �����������
0HQRSDXVDO�6WDWXV ����������
*UDGH�� ��������
*UDGH�� ���������
*UDGH�� ��������
*UDGH�� ���������
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Table 2. 6\PSWRPV�RI�SDWLHQWV�ZLWK�YDJLQDO�FXII�SURODSVH

7KH�SURODSVH�V\PSWRP�ZHUH�KLJKHU�LQ�WKH�DGYDQFHG�FXII�SUR-
ODSVH� JURXS� WKDQ� LQ� WKH� HDUO\� FXII� SURODSVH� JURXS� �S���������
7KHUH�ZHUH� QR� VLJQL¿FDQW� GLIIHUHQFHV� EHWZHHQ� WKH� JURXSV� LQ�
WHUPV�RI�SUHVVXUH�VHQVDWLRQ�LQ�WKH�YDJLQD��D�PDVV�QHDU�WKH�RSH-
QLQJ�RI�WKH�YDJLQD��IHFDO�DQG�XULQDU\�LQFRQWLQHQFH��SHOYLF�SDLQ��
G\VSDUHXQLD��GLI¿FXOW\�LQ�GHIHFDWLQJ�DQG�IUHTXHQW�XULQDWLQJ��$OO�
S!��������

'LI¿FXOW\�LQ�FRLWXV�ZHUH�PRUH�FRPPRQ�LQ�WKH�DGYDQFHG�FXII�SUR-
ODSVH�JURXS�WKDQ�LQ�WKH�HDUO\�FXII�SURODSVH�JURXS��)XUWKHUPRUH��
GLI¿FXOW\�LQ�XULQDWLQJ�V\PSWRP�ZHUH�VLJQL¿FDQWO\�PRUH�LQ�WKH�DG-
YDQFHG�FXII�SURODSVH�JURXS��S ��������7DEOH�����

Table 3. 6\PSWRPV�RI�SDWLHQWV�ZLWK�HDUO\�DQG�DGYDQFHG�YDJLQDO�
FXII�SURODSVH

9DJLQDO�FXII�SURODSVH�LV�D�UDUH�FRPSOLFDWLRQ�DIWHU�K\VWHUHFWRP\�
������1RZDGD\V��GXH�WR�WKH�LQFUHDVHG�DYHUDJH�OLIH�H[SHFWDQF\�
YDJLQDO�FXII�SURODSVH�LV�RI�LQFUHDVLQJ�LPSRUWDQFH��%HVLGHV�EHLQJ�
D�PHGLFDO�SUREOHP��LW�KDV�VRFLDO�DQG�K\JLHQLF�HIIHFWV��7KH�SD-
WLHQW¶V�TXDOLW\�RI�OLIH�LV�DIIHFWHG�WR�DQ�LPSRUWDQW�H[WHQW��3DWLHQWV�
ZLWK�SURODSVH�PD\�SUHVHQW�ZLWK�SULPDULO\�DQDWRPLFDO�SUREOHPV��
XULQDU\��VH[XDO��GHIHFDWLRQ�UHODWHG�SUREOHPV�DQG�SDLQ�FRPSOD-
LQWV�EXW�WKH�DFWXDO�LQFLGHQFH�LV�XQNQRZQ������

,Q�RXU�VWXG\��ZH�IRXQG�SUHVVXUH�VHQVDWLRQ�LQ�WKH�YDJLQD��Q������
�������DQG�SURODSVH��Q������������DV�WKH�WZR�PRVW�FRPPRQ�
V\PSWRPV�VLPLODU� WR� WKH� OLWHUDWXUH� ������%RWK�FRPSODLQWV�ZHUH�
SUHVHQW� LQ� DSSUR[LPDWHO\� ���� RI� RXU� SDWLHQWV��:KLOH� SURODSVH�
ZDV�SUHVHQW�LQ�DOPRVW�DOO�RI�WKH�DGYDQFHG�FXII�SURODSVH�JURXS��LW�
ZDV�SUHVHQW�LQ�DSSUR[LPDWHO\�RQH�RI�HYHU\���FDVHV�LQ�HDUO\�FXII�
SURODSVH�JURXS��2Q�WKH�RWKHU�KDQG��ZH�GLG�QRW�¿QG�VWDWLVWLFDOO\�
LPSRUWDQW� GLIIHUHQFH� LQ� SUHVVXUH� VHQVDWLRQ� LQ� WKH� YDJLQD� V\-
PSWRP�EHWZHHQ�WKH�HDUO\�DQG�DGYDQFHG�FXII�SURODSVH�JURXSV��
+RZHYHU��SUHVVXUH�VHQVDWLRQ� LQ� WKH�YDJLQD�ZDV�DQ� LPSRUWDQW�
V\PSWRP�IRU�DGPLVVLRQ�ZKLFK�FRXOG�EH�FRQVLGHUHG�DV�D�IUHTX-
HQW�V\PSWRP�LQ�WKH�HDUO\�DQG�DGYDQFHG�FXII�SURODSVH�JURXSV��

,Q�WKLV�VWXG\��WKHUH�ZHUH�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�EHWZH-
HQ�DGYDQFHG�DQG�HDUO\�FXII�SURODSVH�JURXS�LQ�WHUPV�RI�GLI¿FXOW\�
LQ�FRLWXV�DQG�GLI¿FXOW\�LQ�XULQDWLQJ�V\PSWRP��6H[XDO�VDWLVIDFWLRQ�
PD\�EH�UHGXFHG�GXH�WR�G\VSDUHXQLD��XULQDU\�LQFRQWLQHQFH�DQG�
WKH�SHOYLF�SUHVVXUH�VHQVDWLRQ�LQ�WKH�YDJLQD�������1HYHUWKHOHVV��
ZKHQ� WKH� OLWHUDWXUH� LV� DQDO\]HG�� D� SUHYLRXV� VWXG\� KDV� VKRZQ�
WKDW�FRPSDUHG�WR�KHDOWK\�ZRPHQ��WKHUH�ZDV�QR�FKDQJH�LQ�WKH�
IUHTXHQF\� RI� VH[XDO� DFWLYLW\� LQ� ZRPHQ�ZLWK� SURODSVH� ������ ,Q�
RXU�VWXG\��PRUH� WKDQ�KDOI�RI� WKH�SDWLHQWV�KDG�GLI¿FXOW\� LQ�FRL-
WXV�V\PSWRP��7KLV�VXJJHVWV� WKDW� WKH�SUHVHQFH�RI�YDJLQDO�FXII�
SURODSVH�LV�DQ�LPSRUWDQW�UHDVRQ�RI�V\PSWRPDWRORJ\�LQ�VH[XDOO\�
DFWLYH�ZRPHQ� WR�YLVLW� WKH�GRFWRU�DQG�VHHN�D�VROXWLRQ��2Q� WKH�
RWKHU�KDQG��LQ�RXU�DGYDQFHG�FXII�SURODSVH�JURXS��WKLV�V\PSWRP�
ZDV�IRXQG�WR�EH�LQFUHDVHG�DERXW���WLPHV�PRUH�IUHTXHQWO\�DQG�
VLJQL¿FDQWO\�ZKHQ�FRPSDUHG�WR� WKH�HDUO\�FXII�SURODSVH�JURXS��
7KLV�VXJJHVWV�WKDW�VH[XDO�GLVVDWLVIDFWLRQ�LQFUHDVHV�ZLWK�WKH�LQF-
UHDVH�LQ�WKH�VHYHULW\�RI�FXII�SURODSVH��$QG�DOWKRXJK�GLI¿FXOW\�LQ�
FRLWXV�ZDV�VHHQ�LQ�������RI�RXU�SDWLHQWV��LW�FDQ�EH�WKRXJKW�WKDW�
WKLV� UDWH�PD\�KDYH�EHHQ� IRXQG�HYHQ� ORZHU�GXH� WR� WKH� IHHOLQJ�
RI�HPEDUUDVVPHQW�LQ�WKH�SDWLHQWV�DQG�LW�PD\�EH�LQGLFDWLYH�RI�D�
VLWXDWLRQ�EHORQJLQJ�WR�RXU�SRSXODWLRQ��

,Q�DGGLWLRQ��LQ�WKLV�FXUUHQW�VWXG\�GLI¿FXOW\�LQ�XULQDWLQJ�ZDV�IRXQG�
WR�EH�PRUH�FRPPRQ�LQ�FDVHV�ZLWK�DGYDQFHG�FXII�SURODSVH�ZKLFK�
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6\PSWRP 9DJ൴QDO�FX൵�SURODSVH�FDVHV��Q ���
3URODSVH ���������
3UHVVXUH� VHQVDW൴RQ� ൴Q� WKH�

YDJ൴QD

���������

$�PDVV�QHDU�WKH�RSHQ൴QJ�RI�

WKH�YDJ൴QD

��������

)HFDO�൴QFRQW൴QHQFH �������
8U൴QDU\�൴QFRQW൴QHQFH ��������
3HOY൴F�SD൴Q ���������
'൴൵൴FXOW\�Z൴WK�FR൴WXV ���������
'\VSDUHXQ൴D ��������
'൴൵൴FXOW\�൴Q�GHIHFDW൴QJ ��������
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