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$PDo��)HWDO�E�\�PH�NÕVÕWOÕOÕ÷Õ��)%.��LOH�NRPSOLNH�JHEHOL÷L�RODQ�NDGÕQODUGD�WLPLN�WRUD-

VLN�RUDQ��772��NXOODQDUDN�IHWDO�WLPXV�ER\XWXQX�GH÷HUOHQGLUPHN�YH�ROXPVX]�SHULQDWDO�
VRQXoODUOD�RODQ�LOLúNLVLQL�EHOLUOHPHN�

*HUHoOHU� YH�<|QWHP��%X� SURVSHNWLI� oDOÕúPD\D�)%.� LOH� NRPSOLNH� WRSODP���� JHEH�
NDGÕQ�LOH�EHQ]HU�GHPRJUD¿N�|]HOOLNWH�VD÷OÕNOÕ�WRSODP����JHEH�NDGÕQ�GDKLO�HGLOGL��)%.�
JUXEXQGD��SDWRORMLN�'RSSOHU�DNÕP�SDUDPHWUHOHUL�RODQ�XPELOLNDO�DUWHUGH�HQG�GL\DVWROLN�
DNÕP�ND\EÕ��('$.��YH�VHUHEURSODVHQWDO�RUDQ��632�����RODQ�YH�WDKPLQL�IHWDO�D÷ÕUOÕ÷Õ�
�7)$������SHUVDQWLO�RODQ�ROJXODU�D\UÕFD�ND\ÕW�DOWÕQD�DOÕQGÕ��*UXSODU�DUDVÕQGD�GHPRJ-

UD¿N�|]HOOLNOHU��NOLQLN�YH�VRQRJUD¿N�|]HOOLNOHU�YH�IHWDO�772�DoÕVÕQGDQ�NDUúÕODúWÕUPDODU�
\DSÕOGÕ��(OGH�HGLOHQ�YHULOHULQ�LVWDWLVWLNVHO�DQDOL]LQGH��JUXSODU�DUDVÕ�RUWDQFD��PHGLDQ��
GH÷HUOHULQ�YH�NDWHJRULN�GH÷LúNHQOHULQ�NDUúÕODúWÕUÕOPDODUÕQGD�0DQQ�:KLWQH\�8�YH�)LV-
KHU¶V�([DFW�WHVWOHUL�NXOODQÕOGÕ��)HWDO�772�LOH�ROXPVX]�SHULQDWDO�VRQXoODU�DUDVÕQGDNL�
LOLúNL�6SHDUPDQ�NRUHODV\RQ�NDWVD\ÕVÕ�LOH�DUDúWÕUÕOGÕ��3������GH÷HUL�LVWDWLVWLNVHO�RODUDN�
DQODPOÕ�NDEXO�HGLOGL�

%XOJXODU�� 7)$� ���� SHUVDQWLO�� ROLJRKLGUDPQL\R]�� SDWRORMLN� 'RSSOHU� DNÕPÕ� GÕúÕQGD-

NL� ROXPVX]� SHULQDWDO� VRQXoODU� YH� GL÷HU� SDUDPHWUHOHU� KHU� LNL� JUXSWD� GD� EHQ]HUGL�
�S!������� )HWDO� 772¶QXQ� )%.� JUXEXQGD� NRQWURO� JUXEXQD� J|UH� DQODPOÕ� GHUHFHGH�
GDKD� G�ú�N� ROGX÷X� EHOLUOHQGL� ����������� >���������@� YH� ���������� >���������@��
S��������VÕUDVÕ\OD���)HWDO�772�LOH�7)$�����SHUVDQWLO��SDWRORMLN�'RSSOHU�DNÕPÕ��('$.�
YH�632�����DUDVÕQGD�LVWDWLVWLNVHO�RODUDN�DQODPOÕ��RUWD�G�]H\GH�QHJDWLI�ELU�NRUHODV\RQ�
VDSWDQGÕ��U ���������U ���������U ���������U ��������YH�S��������S��������S �������
S �������VÕUDVÕ\OD��

6RQXo��'�ú�N�IHWDO�772��)%.�LOH� IHWDO� WLPLN� LQYROXV\RQ� LOLúNLVLQL�GHVWHNOHPHNWHGLU��
%XQXQOD�ELUOLNWH��ROXPVX]�SHULQDWDO�VRQXoODUÕQ�|QJ|U�V�QGH�IHWDO�772�ELU�VRQRJUD¿N�
LQGLNDW|U�RODELOLU��

$QDKWDU�.HOLPHOHU��)HWDO�E�\�PH�NÕVÕWOÕOÕ÷Õ��WLPLN�WRUDVLN�RUDQ��XOWUDVRQ

$%675$&7

$LP��7R�HYDOXDWH�IHWDO�WK\PXV�VL]H�XVLQJ�WKH�WK\PLF�WKRUDFLF�UDWLR��775��LQ�ZRPHQ�
ZLWK�D�SUHJQDQF\�FRPSOLFDWHG�ZLWK�IHWDO�JURZWK�UHVWULFWLRQ��)*5��DQG�WR�DVVHVV�WKH�
UHODWLRQVKLS�ZLWK�DGYHUVH�SHULQDWDO�RXWFRPHV���

0DWHULDOV�DQG�0HWKRG��$�WRWDO�RI����SUHJQDQW�ZRPHQ�ZLWK�)*5�DQG����KHDOWK\�SUHJ-

QDQW�ZRPHQ�ZLWK�VLPLODU�GHPRJUDSKLF�FKDUDFWHULVWLFV�ZHUH�LQFOXGHG�LQ�WKLV�SURVSH-

FWLYH�VWXG\��,Q�WKH�)*5�JURXS��FDVHV�ZLWK�SDWKRORJLFDO�'RSSOHU�ÀRZ�SDUDPHWHUV�RI�
DEVHQW�HQG�GLDVWROLF�ÀRZ��$(')�� LQ�DQ�XPELOLFDO�DUWHU\�DQG�FHUHEURSODFHQWDO� UDWLR�
�&35�����DQG�HVWLPDWHG�IHWDO�ZHLJKW��():����UG�SHUFHQWLOH�ZHUH�DOVR�UHFRUGHG��7KH�
JURXSV�ZHUH�FRPSDUHG�LQ�WHUPV�RI�GHPRJUDSKLF�IHDWXUHV��FOLQLFDO�DQG�VRQRJUDSKLF�
FKDUDFWHULVWLFV� DQG� IHWDO�775�� ,Q� WKH� VWDWLVWLFDO� DQDO\VLV� RI� WKH� GDWD� REWDLQHG�� WKH�
0DQQ�:KLWQH\�8�DQG�)LVKHU¶V�([DFW�WHVWV�ZHUH�XVHG�WR�FRPSDUH�WKH�PHGLDQ�YDOXHV�
RI�WKH�JURXSV�DQG�FDWHJRULFDO�YDULDEOHV��7KH�DVVRFLDWLRQ�EHWZHHQ�IHWDO�775�DQG�DG-

YHUVH�SHULQDWDO�RXWFRPHV�ZDV�LQYHVWLJDWHG�XVLQJ�6SHDUPDQ¶V�FRUUHODWLRQ�FRHI¿FLHQW��
7KH�OHYHO�RI�VWDWLVWLFDO�VLJQL¿FDQFH�ZDV�VHW�DW�S������

5HVXOWV��2WKHU�WKDQ�WKH�DGYHUVH�SHULQDWDO�RXWFRPHV�RI�():���UG�SHUFHQWLOH��ROLJR-

K\GUDPQLRV��SDWKRORJLFDO�'RSSOHU�ÀRZ��DOO�WKH�RWKHU�SDUDPHWHUV�ZHUH�VLPLODU�LQ�ERWK�
JURXSV��S!�������7KH�IHWDO�775�ZDV�GHWHUPLQHG�WR�EH�VLJQL¿FDQWO\�ORZHU�LQ�WKH�)*5�
JURXS�WKDQ� LQ� WKH�FRQWURO�JURXS������������>���������@�DQG�����������>���������@��
S��������UHVSHFWLYHO\���$�VWDWLVWLFDOO\�VLJQL¿FDQW��QHJDWLYH�PRGHUDWH�FRUUHODWLRQ�ZDV�
GHWHUPLQHG�EHWZHHQ�IHWDO�775�DQG�WKH�():���UG�SHUFHQWLOH��SDWKRORJLFDO�'RSSOHU�
ÀRZ��$(')�DQG�&35���� �U � �������� U � �������� U � �������� U � �������DQG�S��������
S��������S �������S �������UHVSHFWLYHO\��

&RQFOXVLRQ��$�ORZHU�IHWDO�775�VXSSRUWV�WKH�UHODWLRQVKLS�EHWZHHQ�)*5�DQG�IHWDO�WK-

\PLF�LQYROXWLRQ��0RUHRYHU��IHWDO�775�PLJKW�EH�D�VRQRJUDSKLF�LQGLFDWRU�IRU�SUHGLFWLQJ�
DGYHUVH�SHULQDWDO�RXWFRPHV��

.H\ZRUGV��)HWDO�JURZWK�UHVWULFWLRQ��WK\PLF�WKRUDFLF�UDWLR��XOWUDVRXQG

6RUXPOX�<D]DU��&RUUHVSRQGLQJ�$XWKRU��6H\LW�$KPHW�(URO
$GUHV��.RQ\D�ùHKLU�+DVWDQHVL��$NDEH�0DK��$GDQD�dHYUH�<ROX�&DG��1R������3RVWD�NRGX��������.DUDWD\�.RQ\D
(�PDLO��J\Q�DHURO#JPDLO�FRP

g]J�Q�$UDúWÕUPD 2UඈJඈQDO�$UWඈFOH

%DúYXUX�WDULKL������������
.DEXO�WDULKL�������������
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)HWDO�JURZWK�UHVWULFWLRQ��)*5��LV�D�FRQGLWLRQ�LQ�ZKLFK�WKH�QRUPDO�
IHWDO�JHQHWLF�JURZWK�SRWHQWLDO�LV�QRW�UHDFKHG�GXH�WR�D�GHIHFW�LQ�
DQ\�RI�WKH�PDWHUQDO��IHWDO��RU�SODFHQWDO�IDFWRUV��,W�RFFXUV�LQ�DERXW�
����RI�SUHJQDQFLHV�DQG�SRVHV�D�VLJQL¿FDQW�ULVN�RI�DGYHUVH�SH-

ULQDWDO�RXWFRPHV��SHULQDWDO�PRUELGLW\��DQG�PRUWDOLW\������$OWKRX-

JK�WKH�XQGHUO\LQJ�SULPDU\�SDWKRSK\VLRORJLFDO�PHFKDQLVPV�GLI-
IHU��WKH�¿QDO�VWDJH�RI�WKHVH�PHFKDQLVPV�KDV�EHHQ�VKRZQ�WR�EH�
LQVXI¿FLHQW�XWHULQH�SODFHQWDO�SHUIXVLRQ�DQG� LPSDLUHG� IHWDO�QXW-
ULWLRQ��$V�D�UHVXOW��LW�LV�ZHOO�XQGHUVWRRG�WKDW�XWHURSODFHQWDO�DQG�
IHWDO�EORRG�ÀRZ�HYDOXDWLRQ�ZLWK�'RSSOHU�XOWUDVRQRJUDSK\��86*��
LV� XVHIXO� LQ� WKH� SUHGLFWLRQ� DQG�PDQDJHPHQW� RI� IHWDO� K\SR[LD�
DQG�DFLGHPLD��DQG�LV�WKH�SULPDU\�FRPSRQHQW�RI�FOLQLFDO�PDQD-

JHPHQW��+RZHYHU��DGYDQFHG�GLDJQRVWLF�SURJQRVWLF�IDFWRUV�DUH�
VWLOO�UHTXLUHG�WR�SUHGLFW�SHULQDWDO�RXWFRPHV�LQ�)*5�FRPSOLFDWHG�
SUHJQDQFLHV������

7KH� UROH� RI� WKH� SODFHQWD� LV� FUXFLDO� LQ�PDLQWDLQLQJ� JHVWDWLRQDO�
ELRORJLFDO�SDWKZD\V�DQG�D�VWDELOL]HG�PDWHUQDO�IHWDO�FRDFWLRQ��$�
EDODQFHG�HQYLURQPHQW�LQ�WKH�LQWHUYLOORXV�VSDFH��PDWHUQDO�IHWDO�
LQWHUIDFH��DQG�DGHTXDWH�IHWDO�SHUIXVLRQ�DUH�UHTXLUHG�IRU�QRUPDO�
IHWDO�JURZWK��9DULRXV�HSLJHQHWLF��PHWDEROLF��LPPXQRORJLFDO�DQG�
LQIHFWLRXV� IDFWRUV� FRXOG� LPSUHVV� WKH� FHOOXODU� IUDJPHQWV� RI� WKH�
LQWHUYLOORXV�VSDFH��HQGRYDVFXODU�WURSKREODVWV��V\QF\WLRWURSKRE-

ODVWV�HWF���DQG�PD\�FDXVH�REVWHWULF�FRPSOLFDWLRQV���������7KH�IH-

WDO�WK\PXV�JODQG�LV�D�YLWDO�RUJDQ�WKDW�FRQWULEXWHV�WR�WKH�LPPXQH�
V\VWHP�RI� WKH� IHWXV�E\�SURGXFLQJ�7�O\PSKRF\WHV��7KH� WK\PXV�
JODQG�VWDUWV�WR�GHYHORS�IURP�WKH�HQGRGHUP�DW�DERXW�¿IWK�ZHHNV�
RI�JHVWDWLRQ��7KLV�LV�IROORZHG�E\�O\PSKDWLF�SURJHQLWRU�FHOO�PLJUD-

WLRQ�IURP�RWKHU�LPPXQH�RUJDQV��HJ�OLYHU��VSOHHQ���7KH�PDWXUD-

WLRQ�RI�WK\PRF\WHV�DQG�GLIIHUHQWLDWLRQ�LQWR�7�O\PSKRF\WHV�RFFXU�
LQ�WKH�WK\PXV��DQG�DW�DSSUR[LPDWHO\�������ZHHNV�RI�JHVWDWLRQ��
IHWDO�WK\PXV�PDWXUDWLRQ�LV�FRPSOHWHG��7KHUHIRUH��LW�LV�LPSRUWDQW�
IRU�D�KHDOWK\�LPPXQH�V\VWHP���������7KHUH�KDYH�EHHQ�VWXGLHV�
LQ�UHFHQW�\HDUV�VXJJHVWLQJ�WKDW�D�FKDQJH�LQ�WKH�GLPHQVLRQV�RI�
WKH�IHWDO�WK\PXV�PD\�EH�D�VHQVLWLYH�DQG�VLJQL¿FDQW�SDUDPHWHU�
LQ�WKH�SUHGLFWLRQ�RI�FRPSOLFDWLRQV�GXULQJ�WKH�SUHJQDQF\������7KH�
DFWLYDWLRQ�RI�WKH�K\SRWKDODPR�SLWXLWDU\�DGUHQDO�JODQG�D[LV�DQG�
IHWDO�LQÀDPPDWRU\�UHVSRQVH�V\QGURPH��),56��GXH�WR�VWUHVV�UH-

ODWHG�FRQGLWLRQV�GXULQJ�SUHJQDQF\�KDYH�DOVR�EHHQ�VXJJHVWHG�WR�
EH�DVVRFLDWHG�ZLWK�WK\PLF�LQYROXWLRQ���������

&RQVHTXHQWO\��D�IHZ�VWXGLHV�KDYH�UHSRUWHG�WKDW�WKHUH�PD\�EH�
DQ�LQYROXWLRQ�LQ�IHWDO�WK\PXV�VL]H�LQ�SUHJQDQFLHV�FRPSOLFDWHG�E\�
SUHWHUP�SUHODERU�UXSWXUH�RI�PHPEUDQHV��33520���FKRULRDP-

QLRQLWLV��SUH�HFODPSVLD��GLDEHWHV�PHOOLWXV��DQG�IHWXVHV�ZLWK�FK-

URPRVRPDO�DQRPDOLHV��HVSHFLDOO\�FDUGLDF�DQRPDO\��������(NLQ�
HW�DO��VXJJHVWHG�WKDW�VPDOO�IHWDO�WK\PXV�VL]H�FRXOG�EH�DQ�HDUO\�
VLJQ�RI�DGYHUVH�SHULQDWDO�RXWFRPHV� LQ�SUHJQDQFLHV�ZKLFK�DUH�
FRPSOLFDWHG�E\�LQWUDXWHULQH�JURZWK�UHVWULFWLRQ�������

$V�WKH�IHWDO� WK\PLF�WKRUDFLF�UDWLR��775�� LV�XQDIIHFWHG�E\�ERG\�
PDVV� LQGH[�� IHWDO� VH[��RU�JHVWDWLRQDO�ZHHN�� LW� LV�DQ� LPSRUWDQW�
SDUDPHWHU�XVHG�LQ�WK\PXV�VL]H�VWDQGDUGL]DWLRQ��7KH�IHWDO�VWHU-
QXP�YHUWHEUD�DQWHULRU�VXUIDFH�GLVWDQFH�LV�FDOFXODWHG�LQ�WKH�WKUH-

H�YHVVHO�WUDFKHD�WUDQVYHUVH�VHFWLRQ�RI�WKH�IHWDO�WKRUD[�RQ�86*�
E\�GLYLGLQJ�WKH�IHWDO�VWHUQDO�DRUWD�DQWHURSRVWHULRU�IHWDO�WK\PXV�
OHQJWK�E\�WKH�WKRUD[�OHQJWK�������7KHUH�LV�D�OLPLWHG�QXPEHU�RI�
VWXGLHV� LQ� OLWHUDWXUH� HYDOXDWLQJ� IHWDO� WK\PXV� VL]H�ZLWK�775� LQ�
SUHJQDQFLHV�FRPSOLFDWHG�ZLWK�)*5�������7KHUHIRUH��WKH�DLP�RI�
WKLV�VWXG\�ZDV�WR�DVVHVV�IHWDO�WK\PXV�VL]H�ZLWK�775�LQ�ZRPHQ�
ZLWK�D�SUHJQDQF\�FRPSOLFDWHG�ZLWK�)*5�DQG�WR�LQYHVWLJDWH�WKH�
UHODWLRQVKLS�ZLWK�DGYHUVH�SHULQDWDO�RXWFRPHV����

7KLV�SURVSHFWLYH��FDVH�FRQWURO�VWXG\�LQFOXGHG�SUHJQDQW�ZRPHQ�
ZKR�ZHUH�DGPLWWHG�WR�WKH�2EVWHWULFV�DQG�*\QHFRORJ\�'HSDUW-
PHQW� RI� 8QLYHUVLW\� RI� +HDOWK� 6FLHQFHV�� .RQ\D� &LW\� +RVSLWDO��
EHWZHHQ���WK�-XO\�������DQG���WK�2FWREHU�������7KLV�KRVSLWDO�
LV�D�WHUWLDU\�OHYHO�UHIHUUDO�FHQWUH�ZLWK�DQ�DYHUDJH�RI�����ELUWKV�
SHU�PRQWK� ������ 7KH� VDPSOH� VL]H� UHTXLUHG� DQG� WKH� SRZHU� RI�
WKH�VWXG\�ZHUH�FDOFXODWHG�XVLQJ�*3RZHU�VRIWZDUH��9HU����������
8QLYHUVLW�W�'�VVHOGRUI��*HUPDQ\���$�WRWDO�RI����VXEMHFWV��DV����
LQ�HDFK�JURXS��ZDV�FDOFXODWHG�WR�EH�QHFHVVDU\�WR�REWDLQ�HIIHFW�
VL]H�RI��G� ������Į ��������ȕ ����UDWLR�IRU�����DFWXDO�SRZHU�����
�����7KH�VWXG\� LQFOXGHG����SUHJQDQW�ZRPHQ�ZLWK�D�VLQJOHWRQ�
SUHJQDQF\�ZKR�ZHUH� GLDJQRVHG�ZLWK� )*5�E\� XOWUDVRQRJUDS-

KLF� �86*��HYDOXDWLRQ� LQ� WKH� ODVW� WULPHVWHU�� DW�����JHVWDWLRQDO�
ZHHNV��DQG����KHDOWK\�SUHJQDQW�ZRPHQ�ZLWK�QR�DGGLWLRQDO�V\V-

WHPLF�SDWKRORJ\��PDWFKHG� LQ� WHUPV�RI�GHPRJUDSKLF� FKDUDFWH-

ULVWLFV�DQG�JHVWDWLRQDO�DJH��GHWHUPLQHG�E\�GDWLQJ�IURP�WKH�¿UVW�
WULPHVWHU�HDUO\�86*�PHDVXUHPHQWV���)*5�ZDV�GLDJQRVHG�IURP�
86*�HYDOXDWLRQ�RI�IHWXVHV�ZLWK�DQ�HVWLPDWHG�IHWDO�ZHLJKW��():��
���WK�SHUFHQWLOH�IRU�JHVWDWLRQDO�DJH������3UHJQDQW�ZRPHQ�ZHUH�
H[FOXGHG�IURP�WKH�VWXG\�LI� WKH\�ZHUH�����ZHHNV�RI�JHVWDWLRQ��
KDG� D� PXOWLSOH� SUHJQDQF\�� KDG� EHHQ� SUHYLRXVO\� WUHDWHG� ZLWK�
FRUWLFRVWHURLG� �EHWDPHWKDVRQH�� IRU� IHWDO� OXQJ�PDWXUDWLRQ�� KDG�
IHWDO�VWUXFWXUDO�DQG�FKURPRVRPDO�PDOIRUPDWLRQV��D�NQRZQ�PD-

WHUQDO�IHWDO�LQIHFWLRQ��LQWUDXWHULQH�IHWDO�GHDWK��SUHWHUP�UXSWXUH�RI�
PHPEUDQHV�RU�DFWLYH�ODERU��IHWDO�PDOSRVLWLRQ��PDWHUQDO�PRUELG�
REHVLW\��RU�LI�WKH�RSWLPDO�WK\PXV�VL]H�FRXOG�QRW�EH�PHDVXUHG�IRU�
WHFKQLFDO�UHDVRQV�VXFK�DV�DQK\GUDPQLRV���7KH�VWXG\�SURWRFRO�

,1752'8&7,21
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ZDV�LQ�DFFRUGDQFH�ZLWK�WKH�+HOVLQNL�,,�GHFODUDWLRQ��$SSURYDO�IRU�WKH�VWXG\�SURWRFRO�ZDV�JUDQWHG�E\�WKH�,QVWLWXWLRQDO�(WKLFV�&RPPLW-
WHH�RI�.72�.DUDWD\�8QLYHUVLW\��'HFLVLRQ�1XPEHU�����������'DWH�������������DQG�WKH�,QVWLWXWLRQDO�5HYLHZ�%RDUG�RI�8QLYHUVLW\�RI�
+HDOWK�6FLHQFHV��.RQ\D�&LW\�+RVSLWDO��'HFLVLRQ�1XPEHU��������'DWH��������������,QIRUPHG�FRQVHQW�ZDV�SURYLGHG�E\�DOO�WKH�VWXG\�
SDUWLFLSDQWV�

7KH�VDPH�PDWHUQDO�IHWDO�PHGLFLQH�VSHFLDOLVW��6$(��SHUIRUPHG�WKH�86*�HYDOXDWLRQV�ZLWK�D�6DPVXQJ�+6��$�86*�GHYLFH����0+]�
WUDQVDEGRPLQDO�WUDQVGXFHU��ZKLFK�LV�XVHG�IRU�URXWLQH�H[DPLQDWLRQ�LQ�WKH�3HULQDWRORJ\�&OLQLF��)HWDO�ELRPHWULF�SDUDPHWHUV��DPQLRWLF�
ÀXLG�PHDVXUHPHQWV��URXWLQH�'RSSOHU�ÀRZ�YHORFLW\�PHDVXUHPHQWV��H�J��XPELOLFDO�DQG�PLGGOH�FHUHEUDO�DUWHU\��ZHUH�SHUIRUPHG��7KH�
GLDJQRVLV�RI�ROLJRK\GUDPQLRV�ZDV�GHWHUPLQHG�DV�VLQJOH�GHHSHVW�SRFNHW��6'3�����FP��&DVHV�ZLWK�SDWKRORJLFDO�'RSSOHU�ÀRZ�SDUD-

PHWHUV�RI�DEVHQW�HQG�GLDVWROLF�ÀRZ��$(')��LQ�DQ�XPELOLFDO�DUWHU\��FHUHEURSODFHQWDO�UDWLR��&35�����DQG�():��UG�SHUFHQWLOH�ZHUH�
DOVR�UHFRUGHG��,Q�D�WKUHH�YHVVHO�WUDFKHD�WUDQVYHUVH�VHFWLRQ�RI�WKH�IHWDO�WKRUD[�RQ�86*��WKH�IHWDO�775�ZDV�FDOFXODWHG�E\�GLYLGLQJ�
WKH�IHWDO�VWHUQDO�DRUWD�DQWHURSRVWHULRU�IHWDO�WK\PXV�OHQJWK�E\�WKH�WKRUD[�OHQJWK��ZKLFK�LV�WKH�IHWDO�VWHUQXP�YHUWHEUD�DQWHULRU�HGJH�
GLVWDQFH��)LJXUH����������7KH�VWXG\�JURXS�RI�SUHJQDQW�ZRPHQ�FRPSOLFDWHG�ZLWK�)*5�DQG�WKH�FRQWURO�JURXS�RI�SUHJQDQW�ZRPHQ�
ZLWKRXW�DQ\�GH¿QHG�ULVN�IDFWRUV�ZHUH�FRPSDUHG�LQ�UHVSHFW�RI�GHPRJUDSKLF�IHDWXUHV��FOLQLFDO�DQG�VRQRJUDSKLF�FKDUDFWHULVWLFV��DQG�
IHWDO�775��

'DWD�REWDLQHG� LQ� WKH�VWXG\�ZHUH�DQDO\]HG�VWDWLVWLFDOO\�XVLQJ� WKH�6WDWLVWLFDO�3DFNDJH� IRU� WKH�6RFLDO�6FLHQFHV�YQ������VRIWZDUH�
�6366�,QF��&KLFDJR��,/��86$���&RQIRUPLW\�RI�WKH�GDWD�WR�QRUPDO�GLVWULEXWLRQ�ZDV�DVVHVVHG�ZLWK�WKH�6KDSLUR�:LON�WHVW�DQG�WKH�.RO-
PRJRURY�6PLUQRY�WHVW��$V�WKH�GDWD�ZHUH�VHHQ�WR�QRW�EH�QRUPDOO\�GLVWULEXWHG��GHVFULSWLYH�DQDO\VLV�UHVXOWV�ZHUH�SUHVHQWHG�DV�PH-

GLDQ�DQG�LQWHUTXDUWLOH�UDQJH�YDOXHV��7KH�0DQQ�:KLWQH\�8�WHVW�ZDV�DSSOLHG�WR�FRPSDULVRQV�RI�PHGLDQ�YDOXHV�EHWZHHQ�WKH�JURXSV��
1XPEHUV��Q��DQG�SHUFHQWDJHV�����ZHUH�XVHG�WR�H[SUHVV�FDWHJRULFDO�YDULDEOHV��&RPSDULVRQV�RI�FDWHJRULFDO�YDULDEOHV�EHWZHHQ�
WKH�JURXSV�ZHUH�SHUIRUPHG�ZLWK�)LVKHU¶V�([DFW�WHVW��ZDV�XWLOL]HG�WR�LQYHVWLJDWH�7KH�UHODWLRQVKLSV�EHWZHHQ�IHWDO�775�DQG�DGYHUVH�
SHULQDWDO�RXWFRPHV�ZHUH�LQYHVWLJDWHG�ZLWK�6SHDUPDQ¶V�FRUUHODWLRQ�FRHI¿FLHQW���$�WZR�WDLOHG�YDOXH�RI�S��������ZDV�DFFHSWHG�DV�WKH�
OHYHO�RI�VWDWLVWLFDO�VLJQL¿FDQFH�

7KH�FRPSDULVRQV�RI�GHPRJUDSKLF��FOLQLFDO�DQG�VRQRJUDSKLF�FKDUDFWHULVWLFV�DQG�IHWDO�WK\PLF�WKRUDFLF�UDWLRV��775��EHWZHHQ�SUHJ-

QDQW�ZRPHQ�FRPSOLFDWHG�ZLWK�)*5��Q ����DQG�KHDOWK\�FRQWURO�VXEMHFWV��Q ����DUH�VKRZQ�LQ�7DEOH���

7DEOH����&RPSDULVRQ�RI�GHPRJUDSKLF�IHDWXUHV��FOLQLFDO�FKDUDFWHULVWLFV�DQG�IHWDO�WK\PLF�WKRUDFLF�UDWLRV��775��EHWZHHQ�SUHJQDQW�
ZRPHQ�FRPSOLFDWHG�ZLWK�IHWDO�JURZWK�UHVWULFWLRQ��)*5��DQG�WKH�KHDOWK\�FRQWURO�JURXS
9DU൴DEOHV 3UHJQDQW�ZRPHQ�FRPSO൴FDWHG�Z൴WK�

FGR (n=35)

+HDOWK\�FRQWURO�

JURXS��Q ���

S�YDOXH

0DWHUQDO�DJH��\HDUV���PHG൴DQ��,45�a 28 (6) 27.5 (8.25) 0.902
%0,��NJ�P2���PHG൴DQ��,45�a 26.59 (2.52) 26.80 (2.42) 0.301
*UDY൴G൴W\��PHG൴DQ��,45�a 2 (2) 2.5 (2) 0.807
3DU൴W\��PHG൴DQ��,45�a 1 (2) 1 (2) 0.493
0൴VFDUU൴DJH��PHG൴DQ��,45�a 0 (1) 0 (1) 0.119
*HVWDW൴RQDO�DJH�DW�WKH�VFUHHQ൴QJ��ZHHNV���PHG൴DQ��,45�a 36 (1.25) 37 (3) 0.838
*HVWDW൴RQDO�G൴DEHWHV�PHOO൴WXV��Q���b 3 (8.5%) 0 (0%) 0.089
*HVWDW൴RQDO�K\SHUWHQV൴RQ��Q���b 3 (8.5%) 0 (0%) 0.089
3UH�HFODPSV൴D��Q���b 3 (8.5%) 0 (0%) 0.089
,&3��Q���b 2 (5.7%) 0 (0%) 0.203
<3WK�SHUFHQW൴OH��Q���b 9 (25.7%) 0 (0%) <0.001
2O൴JRK\GUDPQ൴RV��Q���b 8 (22.8%) 0 (0%) 0.001
3DWKRORJ൴FDO�'RSSOHU�ÀRZ��Q���b

x� $(')��Q���

x� &35����Q���

7 (20%)

2 (5.7%)

5 (14.2%)

0 (0%)

0 (0%)

0 (0%)

0.003

0.203

0.016
775��PHDQ�6'���PHG൴DQ��,45�a 0.37±0.02 

(0.33-0.42)

0.40±0.02 

(0.36-0.45)

<0.001

)*5��)HWDO�JURZWK�UHVWU൴FW൴RQ��%0,��%RG\�PDVV�൴QGH[��,45��,QWHUTXDUW൴OH�UDQJH��,&3��,QWUDKHSDW൴F�FKROHVWDV൴V�RI�SUHJQDQF\��$(')��$EVHQW�XPE൴O൴FDO�DUWHU൴DO�
HQG�G൴DVWRO൴F�ÀRZ��&35��&HUHEURSODFHQWDO�UDW൴R��6'��6WDQGDUG�GHY൴DW൴RQ��775��IHWDO�WK\P൴F�WKRUDF൴F�UDW൴R
D�6WDW൴VW൴FDO�DQDO\V൴V�ZDV�SHUIRUPHG�Z൴WK�WKH�0DQQ�:K൴WQH\�8�WHVW�
E�6WDW൴VW൴FDO�DQDO\V൴V�ZDV�SHUIRUPHG�Z൴WK�WKH�)൴VKHU¶V�([DFW�WHVW
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:LWK�WKH�H[FHSWLRQ�RI�WKH�DGYHUVH�SHULQDWDO�RXWFRPHV�RI�():���UG�SHUFHQWLOH��ROLJRK\GUDPQLRV�DQG�SDWKRORJLFDO�'RSSOHU�ÀRZ��WKH�
UHPDLQLQJ�SDUDPHWHUV�HYDOXDWHG�VKRZHG�QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV��S!�������6LJQL¿FDQWO\�ORZHU�IHWDO�775�
YDOXHV�ZHUH�GHWHUPLQHG�LQ�SUHJQDQW�ZRPHQ�FRPSOLFDWHG�ZLWK�)*5�WKDQ�LQ�WKH�FRQWURO�JURXS������������>���������@�DQG�����������
>���������@��S��������UHVSHFWLYHO\���)LJXUH����

)LJXUH����,Q�D�WKUHH�YHVVHO�WUDFKHD�WUDQVYHUVH�VHFWLRQ�RI�WKH�IHWDO�WKRUD[�RQ�XOWUDVRQRJUDSK\��WKH�PHDVXUHPHQW�RI�WKH�IHWDO�WK\PL-
F�WKRUDFLF�UDWLR��775��ZDV�FDOFXODWHG�E\�GLYLGLQJ�WKH�IHWDO�VWHUQDO�DRUWD�DQWHURSRVWHULRU�IHWDO�WK\PXV�OHQJWK�E\�WKH�WKRUD[�OHQJWK��
ZKLFK�LV�WKH�IHWDO�VWHUQXP�YHUWHEUD�DQWHULRU�HGJH�GLVWDQFH

)LJXUH����&RPSDULVRQ�RI� IHWDO� WK\PLF�WKRUDFLF�UDWLRV��775��EHWZHHQ�SUHJQDQW�ZRPHQ�FRPSOLFDWHG�ZLWK� IHWDO�JURZWK�UHVWULFWLRQ�
�)*5��DQG�WKH�KHDOWK\�FRQWURO�JURXS
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',6&866,21

7KH�FRUUHODWLRQV�EHWZHHQ�IHWDO�WK\PLF�WKRUDFLF�UDWLR��775��DQG�DGYHUVH�SHULQDWDO�RXWFRPHV��():���UG�SHUFHQWLOH��ROLJRK\GUDPQL-
RV��SDWKRORJLFDO�'RSSOHU�ÀRZ��LQ�SUHJQDQW�ZRPHQ�FRPSOLFDWHG�ZLWK�)*5�DUH�VKRZQ�LQ�7DEOH���

7DEOH����&RUUHODWLRQV�EHWZHHQ�WKH�IHWDO�WK\PLF�WKRUDFLF�UDWLR��775��DQG�DGYHUVH�SHULQDWDO�RXWFRPHV�LQ�SUHJQDQW�ZRPHQ�FRPSOL-
FDWHG�ZLWK�)*5

$�QHJDWLYH�VWDWLVWLFDOO\�VLJQL¿FDQW��PRGHUDWH�FRUUHODWLRQ�ZDV�GHWHUPLQHG�EHWZHHQ�IHWDO�775�DQG�WKH�():���UG�SHUFHQWLOH��SDW-
KRORJLFDO�'RSSOHU�ÀRZ��$(')�DQG�&35�����U ���������U ���������U ���������U ��������DQG�S��������S��������S �������S �������
UHVSHFWLYHO\���1R�RWKHU�VLJQL¿FDQW�FRUUHODWLRQ�ZDV�GHWHUPLQHG�IRU�ROLJRK\GUDPQLRV��U ��������DQG�S �������

7KH� UHVXOWV� RI� WKLV� VWXG\�GHPRQVWUDWHG� WKDW� IHWDO�775� LV� ORZHU� LQ�)*5�FRPSOLFDWHG�SUHJQDQFLHV� FRPSDUHG� WR�KHDOWK\� FRQWURO�
VXEMHFWV��$�PRGHUDWH�QHJDWLYH�FRUUHODWLRQ�ZDV�GHWHUPLQHG�EHWZHHQ�IHWDO�775�DQG�WKH�DGYHUVH�SHULQDWDO�RXWFRPHV�RI�():���UG�
SHUFHQWLOH�DQG�SDWKRORJLFDO�'RSSOHU�ÀRZ��$(')�DQG�&35�����1XPHURXV�JHQHWLF��LPPXQH��QHXURHQGRFULQH��DQG�QXWULWLRQDO�IDFWRUV�
ZKLFK�FDQ�LQÀXHQFH�IHWDO�WK\PXV�IXQFWLRQ�DQG�VL]H�KDYH�EHHQ�SUHYLRXVO\�UHSRUWHG��6RPH�HQYLURQPHQWDO�IDFWRUV��VXFK�DV�VWUHVV��
PDOQXWULWLRQ��WR[LF�H[SRVXUH��DQG�LQIHFWLRXV�SURFHVVHV��KDYH�DOVR�EHHQ�VKRZQ�WR�FDXVH�D�GHFUHDVH�LQ�WKH�VL]H�RI�WKH�IHWDO�WK\PXV�
GXH�WR�FRUWLFDO�DQG�PHGXOODU\�O\PSKRF\WH�GHSOHWLRQ��SDUWLFXODUO\�GXULQJ�WKH�SHULQDWDO�SHULRG�������)XUWKHUPRUH��LW�KDV�EHHQ�UHSRUWHG�
WKDW�XWHURSODFHQWDO�LQVXI¿FLHQF\�DQG�FKURQLF�PDOQXWULWLRQ�GXH�WR�YDVFXODU�DGDSWDWLRQ�GHIHFW�FDXVH�VRPH�QHXURHQGRFULQH�DGDSWD-

WLRQV�DQG�D�GHFUHDVH�LQ�OHSWLQ�OHYHOV�LQ�WKH�IHWXV��ZKLFK�PD\�WULJJHU�IHWDO�WK\PXV�LQYROXWLRQ�����������,W�KDV�DOVR�EHHQ�VXJJHVWHG�
WKDW�DEQRUPDO�WURSKREODVW�GLIIHUHQWLDWLRQ�PD\�UHVXOW�LQ�D�GHFUHDVH�LQ����K\GUR[\VWHURLG�GHK\GURJHQDVH�W\SH���HQ]\PH�DFWLYLW\�DQG�
WK\PLF�LQYROXWLRQ�E\�H[SRVLQJ�WKH�IHWXV�WR�PRUH�PDWHUQDOO\�DFWLYH�FRUWLVRO�������7K\PXV�LQYROXWLRQ�LV�REVHUYHG�DIWHU�SXEHUW\�DV�D�
UHVXOW�RI�SK\VLRORJLFDO�DSRSWRVLV�RI�FRUWLFDO�O\PSKRF\WHV��+RZHYHU��WKH�HDUOLHU�RFFXUUHQFH�RI�WKLV�FRQGLWLRQ�GXH�WR�WKH�DERYH�PHQ-

WLRQHG��IDFWRUV�VXFK�DV�LQDGHTXDWH�QXWULWLRQ��VWUHVV��DQG�LPPXQRWR[LQV� LV�NQRZQ�DV�WK\PXV�DWURSK\��DQG�LW�KDV�EHHQ�OLQNHG�WR�
YDULRXV�FDQFHUV��DXWRLPPXQH�GLVHDVHV��DQG�LPPXQH�GH¿FLHQF\�VWDWHV��������

3UHYLRXV�VWXGLHV�KDYH�HYDOXDWHG�WKH�VL]H�RI�WKH�IHWDO�WK\PXV�LQ�GLIIHUHQW�DGYHUVH�SUHJQDQF\�FRQGLWLRQV��,Q�D�VWXG\�LQYHVWLJDWLQJ�WKH�
SURJQRVWLF�YDOXH�RI�IHWDO�WK\PXV�VL]H�LQ�����KHDOWK\�DQG�����SUHJQDQW�ZRPHQ�FRPSOLFDWHG�ZLWK�,8*5�DW�������ZHHNV�RI�JHVWDWLRQ��
(NLQ�HW�DO��VWDWHG�WKDW�WKH�IHWDO�WK\PXV�WUDQVYHUVH�GLDPHWHU�ZDV�VPDOOHU����WK�SHUFHQWLOH��LQ�SUHJQDQW�ZRPHQ�FRPSOLFDWHG�ZLWK�
,8*5���,Q�DGGLWLRQ��HYHQ�VPDOOHU�WK\PXV�GLPHQVLRQV�ZHUH�UHSRUWHG�LQ�WKH�,8*5�JURXS�ZLWK�DEQRUPDO�'RSSOHU�ÀRZ��Q ����FRPSD-

UHG�WR�WKH�,8*5�JURXS�ZLWK�QRUPDO�'RSSOHU�ÀRZ��Q �����6PDOO�WK\PXV�VL]H�KDV�DOVR�EHHQ�OLQNHG�WR�HDUO\�GHOLYHU\��UHVSLUDWRU\�GLVW-
UHVV�V\QGURPH��HDUO\�QHRQDWDO�VHSVLV��DQG�ORQJ��!��GD\��1,&8�VWD\V�LQ�SUHJQDQW�ZRPHQ�ZLWK�,8*5��7KHUHIRUH��LW�ZDV�FRQFOXGHG�
WKDW�SUHJQDQFLHV�FRPSOLFDWHG�E\�,8*5�PD\�EH�DVVRFLDWHG�ZLWK�IHWDO�WK\PLF�LQYROXWLRQ�DQG�WKDW�VPDOO�IHWDO�WK\PXV�PD\�EH�D�VLJQ�
SUHGLFWLQJ�DGYHUVH�SHULQDWDO�RXWFRPHV�������2OHDUR�HW�DO��FDOFXODWHG�D�ORZHU�IHWDO�WK\PLF�YROXPH��79��IHWDO�DEGRPLQDO�FLUFXPIHUHQ-

FH��$&��UDWLR�LQ�JURZWK�UHVWULFWHG�IHWXVHV��Q ����FRPSDUHG�WR�D�KHDOWK\�FRQWURO�JURXS��Q ����XVLQJ�WKUHH�GLPHQVLRQDO���'��86*�

 TTR
ra Sa

<3WK�SHUFHQW൴OH -0.703 <0.001
2O൴JRK\GUDPQ൴RV -0.167  0.336
3DWKRORJ൴FDO�'RSSOHU�ÀRZ -0.588 <0.001
x� $(') -0.383 ������
x� &35�� -0.418 ������

775��)HWDO�WK\P൴F�WKRUDF൴F�UDW൴R��$(')��$EVHQW�XPE൴O൴FDO�DUWHU൴DO�HQG�G൴DVWRO൴F�ÀRZ��&35��&HUHEURSODFHQWDO�UDW൴R

a &RUUHODW൴RQ�DQDO\V൴V�ZDV�SHUIRUPHG�Z൴WK�WKH�6SHDUPDQ�WHVW
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������������� YH� ������������ FP��FP�� UHVSHFWLYHO\��� ,Q� WKH�
,8*5�JURXS�ZLWK�DEQRUPDO�'RSSOHU�¿QGLQJV�� WKH�79�$&� UDWLR�
ZDV�ORZHU�WKDQ�LQ�WKH�,8*5�JURXS�ZLWK�QRUPDO�'RSSOHU�¿QGLQJV��
,W�ZDV�VWDWHG� WKDW�D�VSHFL¿F� WULJJHU�� VXFK�DV�HDUO\� VXEFOLQLFDO�
LQIHFWLRQ��FRXOG�EH�OLQNHG�WR�ERWK�GHIHFWLYH�WURSKREODVW� LQYDVL-
RQ�DQG� WK\PXV� LQYDVLRQ��ZKLFK�FRXOG�H[SODLQ� WKH� UHODWLRQVKLS�
EHWZHHQ�SUH�HFODPSVLD�,8*5�DQG�WK\PRF\WH�GHSOHWLRQ�������,Q�
WKH�FXUUHQW�VWXG\��IHWDO�WK\PXV�VL]H�ZDV�PHDVXUHG�XVLQJ�IHWDO�
775��D�QHZHU��PRUH�VWDQGDUGL]HG�VRQRJUDSKLF�PDUNHU�ZKLFK�LV�
XQDIIHFWHG�E\�%0,�RU� IHWDO�JHQGHU��775�KDV�EHHQ�UHSRUWHG�WR�
EH�FRQVWDQW�DURXQG������LQ�QRUPDO�KHDOWK\�IHWXVHV�UHJDUGOHVV�
RI� JHVWDWLRQDO�ZHHN�� DQG� ����� �PHDQ� ������ LQ� IHWXVHV� FRPS-

OLFDWHG� E\� FRQJHQLWDO� KHDUW� GLVHDVH� DQG�PLFURGHOHWLRQ� ��T���
GHOHWLRQ�V\QGURPH�������,Q�WKH�KHDOWK\�FRQWURO�JURXS�RI�WKH�FXU-
UHQW�VWXG\��WKH�775�ZDV�ZLWKLQ�WKH�QRUPDO�UDQJH�DQG�FRQVLVWHQW�
ZLWK�WKH�OLWHUDWXUH������������>���������@���:KHQ�FRPSDUHG�WR�
WKH�KHDOWK\�FRQWURO�JURXS�� WKH�GHFUHDVHG� IHWDO�775�VHHPV� WR�
VXSSRUW�WKH�UHODWLRQVKLS�EHWZHHQ�)*5�DQG�IHWDO�WK\PLF�LQYROX-

WLRQ� LQ�SUHJQDQW�ZRPHQ�FRPSOLFDWHG�ZLWK�)*5��)XUWKHUPRUH��
WKH�QHJDWLYH�PRGHUDWH�FRUUHODWLRQ�RI�IHWDO�775�ZLWK�():���UG�
SHUFHQWLOH�DQG�SDWKRORJLFDO��DEQRUPDO��'RSSOHU�ÀRZ��ZKLFK�DUH�
DGYHUVH� SHULQDWDO� RXWFRPHV�� VWUHQJWKHQV� WKH� FRQFOXVLRQ� WKDW�
D� VPDOO� IHWDO� WK\PXV�PD\� EH� DQ� LQGLFDWRU� SUHGLFWLQJ� DGYHUVH�
SHULQDWDO�RXWFRPHV��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�OLWHUDWXUH�,Q�D�
VWXG\�FRPSDULQJ�WKH�IHWDO�WK\PXV�VL]H�XVLQJ�IHWDO�775�LQ�SUHJ-

QDQFLHV�FRPSOLFDWHG�ZLWK�GLDEHWHV��*KDODQGDUSRRU�$WWDU�HW�DO��
UHSRUWHG�WKDW�WKH�GLDEHWLF�JURXS��LQFOXGLQJ�VXEJURXSV�VXFK�DV�
RYHUW�GLDEHWHV��LQVXOLQ�QRQ�LQVXOLQ�GHSHQGHQW�JHVWDWLRQDO�GLDEH-

WHV�� WRWDO�Q ����KDG� ORZHU�775�YDOXHV� WKDQ� WKH�KHDOWK\�FRQW-
URO� JURXS� �Q ���� �������������YH�������������� UHVSHFWLYHO\��
������,PSDLUHG�JOXFRVH�PHWDEROLVP�KDV�EHHQ�OLQNHG�WR�SODFHQWDO�
G\VIXQFWLRQ�DV�D�FRQVHTXHQFH�RI�VXEDFXWH�PHWDEROLF�K\SR[LF�
VWUHVV�� WK\PXV�FRUWLFDO� O\PSKRF\WH�DWURSK\�DQG� WKLQQLQJ� �KLV-

WRSDWKRORJLFDO�VWDUU\�VN\�DSSHDUDQFH��DV�D� UHVXOW�RI�K\SRWKD-

ODPR�SLWXLWDU\�DGUHQDO� D[LV� DFWLYDWLRQ�� 7KHUHIRUH�� LW� KDV� EHHQ�
FRQFOXGHG�WKDW�775�PD\�EH�SUHGLFWLYH�IRU�GLDEHWHV�UHODWHG�DG-

YHUVH�SUHJQDQF\�HIIHFWV� ����������6LPLODUO\��'|UQHPDQQ�HW�DO��
UHSRUWHG�UHGXFHG�775�DQG�WK\PXV�KHDG�UDWLR��7+5��LQ�GLDEHWLF�
SUHJQDQW�ZRPHQ��Q �����LQFOXGLQJ�DOO�VXEJURXSV��FRPSDUHG�WR�
KHDOWK\�FRQWURO�VXEMHFWV��Q ������7KH�FXW�RII�SRLQW�IRU�PDWHUQDO�
GLDEHWHV�SUHGLFWLYLW\�ZDV�FDOFXODWHG�WR�EH�������ZLWK�VHQVLWLYLW\�
RI�������DQG�VSHFL¿FLW\�RI�������������6LPLODUO\�LQ�WKH�FXUUHQW�
VWXG\��SUHJQDQW�ZRPHQ�FRPSOLFDWHG�ZLWK�)*5��DV�DQ�DGYHUVH�
SUHJQDQF\�FRQGLWLRQ��KDG�ORZHU�775�YDOXHV��+RZHYHU��EHFDXVH�
RI�WKH�UHODWLYHO\�VPDOO�VDPSOH�VL]H��FXW�RII�SRLQWV�FRXOG�QRW�EH�

FDOFXODWHG�LQ�WKLV�VWXG\��2WKHU�VWXGLHV�RI�SUH�HFODPSVLD��ZKLFK�
LV�DQRWKHU�DGYHUVH�SUHJQDQF\�FRQGLWLRQ�FRPPRQ�ZLWK�GLDEHWHV��
DQG�)*5�KDYH�DOVR�UHYHDOHG�VPDOO�WK\PXV�PHDVXUHPHQWV������
������

7KHUH� DUH� DOVR� VWXGLHV� LQ� OLWHUDWXUH� ZKLFK� KDYH� LQYHVWLJDWHG�
IHWDO� LPPXQRORJLFDO�HIIHFWV�DQG� IHWDO� WK\PXV�VL]H� LQ�PDWHUQDO�
LQIHFWLYH�SURFHVVHV��<LQRQ�HW�DO��VWDWHG� WKDW� WKHUH�ZDV�D�GHF-

UHDVH� LQ� IHWDO� WK\PXV� GLPHQVLRQV� HVSHFLDOO\� LQ� SUHJQDQFLHV�
FRPSOLFDWHG� ZLWK� FKRULRDPQLRQLWLV� GXH� WR� SUHWHUP� SUH�ODERU�
UXSWXUH�RI�PHPEUDQHV��33520���VSHFL¿FLW\�IRU���WK�SHUFHQWLOH�
WK\PXV�SHULPHWHU�ZDV�UHSRUWHG�DV��������ZLWK�D�SRVLWLYH�SUH-

GLFWLYH�YDOXH�����������)HWDO�LQÀDPPDWRU\�UHVSRQVH�V\QGURPH�
�),56��LV�FKDUDFWHUL]HG�E\�IHWDO�LPPXQH�V\VWHP�DFWLYDWLRQ�DQG�
PXOWLRUJDQ� LQYROYHPHQW��ZLWK�DQ� LQFUHDVH� LQ�SUR�LQÀDPPDWRU\�
F\WRNLQHV�VXFK�DV�,/����,/����DQG�71)�Į�LQ�DPQLRWLF�ÀXLG�RU�XP-

ELOLFDO�FRUG�EORRG�VDPSOHV�7KLV�KDV�EHHQ�UHSRUWHG�DW� WKH�UDWH�
RI�DSSUR[LPDWHO\�����LQ�33520��3RVWQDWDO�KLVWRSDWKRORJLFDO�
GLDJQRVLV�KDV�LQGLFDWHG�FKURQLF�XPELOLFDO�FRUG�LQÀDPPDWLRQ��IX-

QLVLWLV��DQG�YDVFXOLWLV��,W�KDV�EHHQ�LQGLFDWHG�WKDW�LQ�WKH�SUHVHQFH�
RI�),56�� LQYROXWLRQ�PD\�RFFXU�DV�D�UHVXOW�RI�SUHYLRXVO\�KLJKOL-
JKWHG�PHFKDQLVPV�VXFK�DV�DQ� LQFUHDVH� LQ�HQGRJHQRXV�FRUWL-
FRVWHURLGV�GXH�WR�V\VWHPLF�LQIHFWLRQ�LQÀDPPDWLRQ�LQ�WKH�WK\PXV�
JODQG��ZKLFK�LV�FULWLFDO�IRU�WKH�IHWDO�LPPXQH�V\VWHP��DFWLYDWLRQ�
RI� WKH� K\SRWKDODPXV�SLWXLWDU\�DGUHQDO� D[LV�� SURLQÀDPPDWRU\�
PLFURHQYLURQPHQW�VKLIW��O\PSKRF\WH�PLJUDWLRQ��DQG�LQGXFWLRQ�RI�
WK\PRF\WH�DSRSWRVLV��$V�D�UHVXOW��VWXGLHV�KDYH�LQGLFDWHG�WKDW�D�
VPDOO�WK\PXV�PD\�EH�D�VRQRJUDSKLF�PDUNHU�IRU�),56����������9L-
WDPLQ�'�GH¿FLHQF\�GXULQJ�SUHJQDQF\�KDV�EHHQ�DVVRFLDWHG�ZLWK�
D�V\VWHPLF�LQÀDPPDWRU\�UHVSRQVH�LQ�WKH�IHWXV��ZKLFK�KDV�EHHQ�
UHODWHG�WR�D�VPDOO� IHWDO�WK\PXV�������5HFHQWO\�� LW�ZDV�GLVFRYH-

UHG�WKDW� WKH�PHGLDQ�775�LQ�SUHJQDQW�ZRPHQ�UHFRYHULQJ�IURP�
FRURQDYLUXV� GLVHDVH� ����� �&29,'����� �PLOG�PRGHUDWH�� ZDV�
ORZHU�WKDQ�LQ�KHDOWK\�FRQWURO�VXEMHFWV�������YH�������UHVSHFWL-
YHO\���,Q�DGGLWLRQ��D�PRGHUDWH�FRUUHODWLRQ�ZDV�UHSRUWHG�EHWZHHQ�
775�DQG�PDWHUQDO�PRQRF\WH�FRXQWV��PRQRF\WH�WR�O\PSKRF\WH�
UDWLR��0/5���DQG�UHG�FHOO�GLVWULEXWLRQ�ZLGWK��5':��������$�ORZHU�
IHWDO�775�ZDV�UHSRUWHG�LQ�SUHJQDQFLHV�FRPSOLFDWHG�ZLWK�)*5�
DQG�VPDOO�IRU�JHVWDWLRQDO�DJH��6*$��LQ�D�UHFHQW�VWXG\�VLPLODUO\��
)XUWKHUPRUH�� LW�ZDV�HPSKDVL]HG�WKDW��6*$�SUHJQDQFLHV�ZHUH�
DFFRPSDQLHG�E\�VPDOOHU�IHWDO�WK\PXV�VL]H�DQG�KLJKHU�DGYHUVH�
QHRQDWDO�RXWFRPHV������7KH�PDMRU�VWURQJ�DVSHFWV�RI�WKLV�VWXG\�
ZHUH�LWV�QRYHOW\�DQG�SURVSHFWLYH�GHVLJQ��7KH�VWXG\�OLPLWDWLRQV�
FRXOG�EH�VDLG�WR�EH�WKDW�WKH�QXPEHU�RI�)*5�FDVHV�FRPSOLFDWHG�
ZLWK���UG�SHUFHQWLOH�DQG�SDWKRORJLFDO�'RSSOHU�SRVLWLYLW\�ZDV�UH-

ODWLYHO\�ORZ��VR�WKHUH�ZDV�QR�FXW�RII�SRLQW����WK�SHUFHQWLOH�WK\-
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&21&/86,21

5()(5(1&(6

PXV�SHULPHWHU���'�IHWDO�79��DQG�WKDW�7+5�PHDVXUHPHQWV�ZHUH�
QRW�SHUIRUPHG��DQG�QHRQDWDO�UHVXOWV�ZHUH�QRW�DYDLODEOH��

$�ORZHU�IHWDO�775�VXSSRUWV�WKH�UHODWLRQVKLS�EHWZHHQ�)*5�DQG�
IHWDO�WK\PLF�LQYROXWLRQ��0RUHRYHU��IHWDO�775�PLJKW�EH�D�VRQRJ-

UDSKLF�LQGLFDWRU�IRU�SUHGLFWLQJ�DGYHUVH�SHULQDWDO�RXWFRPHV�

��� 0DUWLQV�-*��%LJJLR�-5��$EXKDPDG�$��6RFLHW\�IRU�0D-

WHUQDO�)HWDO�0HGLFLQH�&RQVXOW�6HULHV������'LDJQRVLV�DQG�PDQD-

JHPHQW�RI�IHWDO�JURZWK�UHVWULFWLRQ���5HSODFHV�&OLQLFDO�*XLGHOLQH�
1XPEHU����$SULO��������$P�-�2EVWHW�*\QHFRO��������������%��
%���

��� $&2*�3UDFWLFH�%XOOHWLQ�1R�������)HWDO�*URZWK�5HVWUL-
FWLRQ��2EVWHW�*\QHFRO��������������H���H����

��� 7DQDFDQ�$��%HNVDF�06��2UJXO�*��'XUX�6��6HQHU�%��.D-

UDDJDRJOX�(��,PSDFW�RI�H[WUDFWDEOH�QXFOHDU�DQWLJHQ��DQWL�GRXEOH�
VWUDQGHG� '1$�� DQWLSKRVSKROLSLG� DQWLERG\�� DQG� DQWLFDUGLROLSLQ�
DQWLERG\�SRVLWLYLW\�RQ�REVWHWULFDO�FRPSOLFDWLRQV�DQG�SUHJQDQF\�
RXWFRPHV��+XP�$QWLERGLHV��������������������

��� 6HNNLQ�(VHU�0��8OXWDV�8JXU�<��7DQDFDQ�$��*XUEX]�+H-

NLPRJOX�5��&DNDU�$1��%HNVDF�06��(YDOXDWLRQ�RI�XPELOLFDO�FRUG�
LPPXQH�FHOOV�LQ�SUHJQDQFLHV�ZLWK�DXWRLPPXQH�GLVRUGHUV�DQG�RU�
PHWK\OHQHWHWUDK\GURIRODWH�UHGXFWDVH�SRO\PRUSKLVPV��-�3HULQDW�
0HG��������������������

��� *RQFX�$\KDQ�6��2OXNOX�'��6LQDFL�6��$WDOD\�$��(URO�6$��
2]GHQ�7RNDOLRJOX�(��HW�DO��)HWDO�7K\PXV�6L]H�LQ�3UHJQDQW�:R-

PHQ�ZLWK�&29,'����,QIHFWLRQ��*\QHFRORJ\�2EVWHWULFV�	�5HSUR-

GXFWLYH�0HGLFLQH������������������

��� *RUGRQ� -�� 0DQOH\� 15�� 0HFKDQLVPV� RI� WK\-

PXV� RUJDQRJHQHVLV� DQG� PRUSKRJHQHVLV�� 'HYHORSPHQW��
���������������������

��� &URPL�$��*KH]]L�)��5DIIDHOOL�5��%HUJDPLQL�9��6LHVWR�*��
%ROLV�3��8OWUDVRQRJUDSKLF�PHDVXUHPHQW�RI�WK\PXV�VL]H�LQ�,8*5�
IHWXVHV�� D�PDUNHU� RI� WKH� IHWDO� LPPXQRHQGRFULQH� UHVSRQVH� WR�
PDOQXWULWLRQ��8OWUDVRXQG�2EVWHW�*\QHFRO�������������������

��� 'L�1DUR�(��&URPL�$��*KH]]L�)��5DLR�/��8FFHOOD�6��'¶$G-

GDULR�9��HW�DO��)HWDO�WK\PLF�LQYROXWLRQ��D�VRQRJUDSKLF�PDUNHU�RI�
WKH�IHWDO�LQÀDPPDWRU\�UHVSRQVH�V\QGURPH��$P�-�2EVWHW�*\QH-

FRO��������������������

��� 0DVWUROLD�6$��(UH]�2��/RYHUUR�*��'L�1DUR�(��:HLQWUD-

XE�$<��7LURVK�'��HW�DO��8OWUDVRQRJUDSKLF�DSSURDFK�WR�GLDJQRVLV�
RI�IHWDO�LQÀDPPDWRU\�UHVSRQVH�V\QGURPH��D�WRRO�IRU�DW�ULVN�IHWX-

VHV"�$P�-�2EVWHW�*\QHFRO�������������������

���� *KDODQGDUSRRU�$WWDU�61��%RUQD�6��*KDODQGDUSRRU�$W-
WDU�60��+DQWRXVK]DGHK�6��.KH]HUGRRVW�6��*KRWEL]DGHK�)��0H-

DVXULQJ�IHWDO�WK\PXV�VL]H��D�QHZ�PHWKRG�IRU�GLDEHWHV�VFUHHQLQJ�
LQ�SUHJQDQF\��-�0DWHUQ�)HWDO�1HRQDWDO�0HG������������������
���

���� (NLQ�$�� *H]HU� &�� 7DQHU� &(�� 6ROPD]� 8�� *H]HU� 16��
2]HUHQ�0��3URJQRVWLF�9DOXH�RI�)HWDO�7K\PXV�6L]H�LQ�,QWUDXWHUL-
QH�*URZWK�5HVWULFWLRQ��-�8OWUDVRXQG�0HG�������������������

���� *RQFX�$\KDQ�6��7XUJXW�(��2OXNOX�'��2]GHQ�7RNDOLRJ-

OX�(��0HQHNVH�%HVHU�'��0RUDORJOX�7HNLQ�2��HW�DO��,QÀXHQFH�RI�
&RYLG����LQIHFWLRQ�RQ�IHWDO�WK\PXV�VL]H�DIWHU�UHFRYHU\��-�3HULQDW�
0HG��������������������

���� .DUO�.��+HOLQJ�.6��6DUXW�/RSH]�$��7KLHO�*��&KDRXL�5��
7K\PLF�WKRUDFLF�UDWLR�LQ�IHWXVHV�ZLWK�WULVRP\��������RU�����8OWUD-

VRXQG�2EVWHW�*\QHFRO�������������������

���� $YDLODEOH� IURP�� KWWSV���NRQ\DVHKLU�VDJOLN�JRY�WU�75�
�������GRJXP�LVWDWLVWLNOHUL�KWPO�

���� )DXO�)��(UGIHOGHU�(��%XFKQHU�$��/DQJ�$*��6WDWLVWLFDO�
SRZHU� DQDO\VHV�XVLQJ�*3RZHU� ����� WHVWV� IRU� FRUUHODWLRQ� DQG�
UHJUHVVLRQ� DQDO\VHV�� %HKDY� 5HV� 0HWKRGV�� ����������������
���

���� &KDRXL�5��+HOLQJ�.6��/RSH]�$6��7KLHO�*��.DUO�.��7KH�
WK\PLF�WKRUDFLF� UDWLR� LQ� IHWDO� KHDUW� GHIHFWV�� D� VLPSOH� ZD\� WR�
LGHQWLI\�IHWXVHV�DW�KLJK�ULVN�IRU�PLFURGHOHWLRQ���T����8OWUDVRXQG�
2EVWHW�*\QHFRO���������������������

���� 6DYLQR�:��'DUGHQQH�0��9HOORVR�/$��'D\VH�6LOYD�%DU-
ERVD�6��7KH� WK\PXV� LV� D� FRPPRQ� WDUJHW� LQ�PDOQXWULWLRQ� DQG�
LQIHFWLRQ��%U�-�1XWU����������6XSSO���6�����

���� 2OHDUR�(��2EHUWR�0��2JJq�*��%RWWD�*��3DFH�&��*DJOL-
RWL�3��HW�DO��7K\PLF�YROXPH�LQ�KHDOWK\��VPDOO�IRU�JHVWDWLRQDO�DJH�
DQG�JURZWK�UHVWULFWHG�IHWXVHV��3UHQDW�'LDJQ�������������������

���� 9HOORVR�/$��6DYLQR�:��0DQVRXU�(��/HSWLQ�DFWLRQ�LQ�WKH�
WK\PXV��$QQ�1�<�$FDG�6FL������������������

���� &DXVHYLF� 0�� 0RKDXSW� 0�� ��EHWD�+\GUR[\VWHURLG�
GHK\GURJHQDVH� W\SH� �� LQ� SUHJQDQF\� DQG� SUHHFODPSVLD�� 0RO�
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$VSHFWV�0HG�������������������

���� 9DUJD�,��3RVSLVLORYD�9��-DEORQVND�0HVWDQRYD�9��*DO-
¿RYD�3��3RODN�6��7KH�WK\PXV��SLFWXUH�UHYLHZ�RI�KXPDQ�WK\PXV�
SUHQDWDO�GHYHORSPHQW��%UDWLVO�/HN�/LVW\���������������������

���� (GZDUGV�$��6SULQJHWW�$��3DG¿HOG� -��'RUOLQJ� -��%XJJ�
*�� 0DQVHOO� 3�� 'LIIHUHQFHV� LQ� SRVW�PRUWHP� ¿QGLQJV� DIWHU� VWLO-
OELUWK� LQ� ZRPHQ� ZLWK� DQG� ZLWKRXW� GLDEHWHV�� 'LDEHW� 0HG��
��������������������

���� '|UQHPDQQ�5��.RFK�5��0|OOPDQQ�8��)DONHQEHUJ�0.��
0|OOHUV�0��.ORFNHQEXVFK�:��HW�DO��)HWDO�WK\PXV�VL]H�LQ�SUHJQDQW�
ZRPHQ�ZLWK�GLDEHWLF�GLVHDVHV��-�3HULQDW�0HG�����������������
����

���� 0RKDPHG�1��(YLVWRQ�'3��4XLQWRQ�$(��%HQ]LH�5-��.LU-
E\�$&��3HHN�0-��HW�DO��6PDOOHU�IHWDO�WK\PXVHV�LQ�SUH�HFODPSVLD��
D�SURVSHFWLYH�FURVV�VHFWLRQDO�VWXG\��8OWUDVRXQG�2EVWHW�*\QH-

FRO�������������������

���� (YLVWRQ�'3��4XLQWRQ�$(��%HQ]LH�5-��3HHN�0-��0DU-
WLQ�$�� 1DQDQ� 5.�� ,PSDLUHG� IHWDO� WK\PLF� JURZWK� SUHFHGHV� FOL-
QLFDO� SUHHFODPSVLD�� D� FDVH�FRQWURO� VWXG\�� -�5HSURG� ,PPXQRO��

�����������������

���� <LQRQ�<��=DOHO�<��:HLV]�%��0D]DNL�7RYL�6��6LYDQ�(��6F-

KLII�(��HW�DO��)HWDO�WK\PXV�VL]H�DV�D�SUHGLFWRU�RI�FKRULRDPQLRQLWLV�
LQ�ZRPHQ�ZLWK�SUHWHUP�SUHPDWXUH�UXSWXUH�RI�PHPEUDQHV��8OWUD-

VRXQG�2EVWHW�*\QHFRO��������������������

���� (O�+DLHJ�'2��=LGDQ�$$��(O�1HPU�00��7KH�UHODWLRQV-

KLS� EHWZHHQ� VRQRJUDSKLF� IHWDO� WK\PXV� VL]H� DQG� WKH� FRPSR-

QHQWV� RI� WKH� V\VWHPLF� IHWDO� LQÀDPPDWRU\� UHVSRQVH� V\QGURPH�
LQ�ZRPHQ�ZLWK�SUHWHUP�SUHODERXU�UXSWXUH�RI�PHPEUDQHV��%MRJ��
�������������������

���� *XU�(%��*XU�06��,QFH�2��.DVDS�(��*HQF�0��7DWDU�6��
HW�DO��9LWDPLQ�'�GH¿FLHQF\�LQ�SUHJQDQF\�PD\�DIIHFW�IHWDO�WK\PXV�
GHYHORSPHQW��*LQHNRO�3RO��������������������

���� 6ÕQDFÕ�6��6DKLQ�'��$VVHVVPHQW�RI�)HWDO�7K\PXV�6L]H�
LQ�6PDOO� IRU�*HVWDWLRQDO�$JH�DQG�*URZWK�5HVWULFWHG�)HWXVHV��
-LQHNRORML�2EVWHWULN� YH� 1HRQDWRORML� 7ÕS� 'HUJLVL�� ������ �������
����������


