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&ULNYHQLFD�
&URDWLD�

���,QWURGXFWLRQ�

����9HQWULFXODU�DUUK\WKPLDV�
$� ODUJH� QXPEHU� RI� FOLQLFDO� DQG� HSLGHPLRORJLFDO� VWXGLHV� >���@� KDYH� UHSRUWHG� D� FRUUHODWLRQ�
EHWZHHQ� WKH�PDVV� LQFUHDVH� RI� WKH� OHIW� YHQWULFOH� �/9�� DQG� WKH� ULVN� RI� GLVHDVH� RU� GHDWK��7KH�
SUHYDOHQFH� RI� OHIW� YHQWULFXODU� K\SHUWURSK\� �/9+�� LQ� SDWLHQWV� ZLWK� HVVHQWLDO� K\SHUWHQVLRQ�
PD\�EH�DV�KLJK�DV���������������>�@�� ,W�KDV�EHHQ�VXJJHVWHG�>�@� WKDW� LQ�SDWLHQWV�ZLWK�/9+�
VXGGHQ� GHDWK� PD\� EH� DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG� QXPEHU� RI� YHQWULFXODU� H[WUDV\VWROHV�
�93%���ZKLFK�LV�IUHTXHQWO\�REVHUYHG�LQ�WKLV�SRSXODWLRQ��,Q�HIIHFW��D�UHYLHZ�E\�/RPEDUGL�HW�DO��
>�@� LQGLFDWHG� WKDW� QRQVXVWDLQHG� YHQWULFXODU� DUUK\WKPLDV� DUH� DQ� LQGHSHQGHQW� SUHGLFWRU� RI�
FDUGLDF�GHDWK�LQ�K\SHUWHQVLYH�SDWLHQWV���
0RVW� IUHTXHQWO\� LW� FRQFHUQV� FRQFHQWULF� K\SHUWURSK\� ZLWK� QR� HQODUJHPHQW� RI� YHQWULFXODU�
FDYLWLHV��LQWHUSUHWHG�E\�PXOWLSOLFDWLRQ�RI�VDUFRPHUDV�LQ�D�SDUDOOHO�DUUDQJHPHQW��7KLV�W\SH�RI�
K\SHUWURSK\� LV�FKDUDFWHULVHG�E\� LQFUHDVHG�PDVV�DQG�LQFUHDVHG�UHODWLYH�ZDOO� WKLFNQHVV�� ,Q�D�
VPDOOHU� QXPEHU� RI� K\SHUWHQVLYHV� /9+� LV� LQLWLDOO\� HFFHQWULF�� ZLWK� D� PXOWLSOLFDWLRQ� RI�
VDUFRPHUDV� LQ� VHTXHQFH� LQ� WKH� SURFHVV� RI� ZKLFK� HQODUJHPHQW� RI� WKH� YHQWULFXODU� FDYLW\� LV�
SUHYDOHQW�DQG� WKLFNHQLQJ�RI� WKH�ZDOO� LV�RQO\�SURSRUWLRQDO�RU� OHVV�PDUNHG��$OWKRXJK�PDQ\�
K\SHUWHQVLYH� SDWLHQWV� GHYHORS� LVRODWHG� VHSWXP� K\SHUWURSK\�� GDWD� RQ� WKH� VWUXFWXUH� DQG�
IXQFWLRQ�RI�WKH�P\RFDUGLXP�DQG�DUUK\WKPLDV�LQ�K\SHUWHQVLYH�SDWLHQWV�ZLWK�WKLV�W\SH�RI�/9+�
DUH� OLPLWHG� >�@�� ,W� ZRXOG� DSSHDU� WKDW� FRQFHQWULF� K\SHUWURSK\� FDUULHV� WKH� JUHDWHVW� DQG�
HFFHQWULF� K\SHUWURSK\� D� PRGHUDWH� ULVN� RI� FDUGLRYDVFXODU� �&9�� HYHQWV� >�@�� 3XEOLVKHG� GDWD�
UHJDUGLQJ�DUUK\WKPLDV�DUH�VWLOO�FRQIOLFWLQJ�DQG�XQFRQYLQFLQJ�>���@��,W�LV�XQFOHDU�ZKHWKHU�WKH�
JUHDWHVW� ULVN� RI�&9� HYHQWV� LQ� WKH� FRQFHQWULF� W\SH� LV� GXH� WR� DUUK\WKPLDV� RU� VRPHWKLQJ� HOVH�
�LVKDHPLD� IRU� LQVW����$FFRUGLQJ� WR�VRPH�DXWKRUV� >�@� WKH�FRUUHODWLRQ�EHWZHHQ� OHIW�YHQWULFXODU�
PDVV��/90��DQG�YHQWULFXODU�DUUK\WKPLDV�LV�JUDGHG�DQG�SHUPDQHQW��$UUK\WKPLDV�GHVFULEHG�
LQ� K\SHUWHQVLYH� SDWLHQWV�ZLWK� /9+� DUH� XVXDOO\� VLQJOH� SUHPDWXUH� YHQWULFXODU� FRQWUDFWLRQV��
IUHTXHQWO\�ELJHPLQDO�RU�PXOWLIRUP��DQG�PRUH�UDUHO\�YHQWULFXODU�WDFK\FDUGLD��>��@��

����6XSUDYHQWULFXODU�DUUK\WKPLDV�
5LVN�RI�$)� �DQG�RWKHU� VXSUDYHQWULFXODU�DUUK\WKPLDV�� LV�DOVR� LQFUHDVHG� LQ�SDWLHQWV�ZLWK� OHIW�
YHQWULFXODU� K\SHUWURSK\� �/9+�� >��@�� &RQFHQWULF� K\SHUWURSK\� DSSHDUV� WR� KROG� WKH� KLJKHVW�
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ULVN�>��@��(DUOLHU�LQYHVWLJDWLRQV�UHSRUWHG�WKDW�/9+�OHDGV�WR�GLDVWROLF�G\VIXQFWLRQ��GHFUHDVHG�
FRURQDU\� EORRG� IORZ� UHVHUYH� DQG� WKH� RFFXUUHQFH� RI� YHQWULFXODU� DQG� DWULDO� DUUK\WKPLDV�� ,W�
DSSHDUV�WKDW�LQ�WKH�GHYHORSPHQW�RI�DWULDO�DUUK\WKPLDV��DWULDO�YROXPH�RYHUORDGLQJ�DQG�WKH�
GLVWHQVLRQ� DQG� GLODWDWLRQ� RI� WKH� P\RILEULOV� KDYH� D� JUHDWHU� LPSDFW�� 7KLV� UHVXOWV� IURP�
YHQWULFXODU� GLDVWROLF� G\VIXQFWLRQ� �SDUWLFXODUO\� RI� WKH� OHIW� YHQWULFOH��� GXH� WR� K\SHUWURSK\�
DQG� VXEVHTXHQW� GHFUHDVHG� FRPSOLDQFH� >��@�� )URP� WKH� SDWKRSK\VLRORJLFDO� SRLQW� RI� YLHZ��
WKLV� LV� FDXVHG� E\� WKH� K\SHUWURSK\� RI� FDUGLDF� P\RF\WHV�� LQWHUVWLWLDO� ILEURVLV� DQG� PHGLD�
K\SHUWURSK\� RI� WKH� DUWHULROHV��0LFURDQJLRSDWK\� FDQ� EH�GLDJQRVHG� DV� WKH� HDUOLHVW� VLJQ� RI�
K\SHUWHQVLYH� KHDUW� GLVHDVH�� ZLWK� GLDVWROLF� G\VIXQFWLRQ� DOVR� EHLQJ� IRXQG� DV� DQ� HDUO\�
FKDQJH�� >��@�� 0RUH� UHFHQWO\�� DQ� LQFUHDVLQJ� QXPEHU� RI� LQYHVWLJDWLRQV� FRQGXFWHG� RQ�
VXSUDYHQWULFXODU�SUHPDWXUH�EHDWV��693%��KDYH�GRFXPHQWHG�HQODUJHG�DWULD�LQ�K\SHUWURSKLF�
K\SHUWHQVLYH�KHDUWV���

����47�LQWHUYDO�DQG�47�GLVSHUVLRQ�
0DUNHG� OHIW� YHQWULFXODU� K\SHUWURSK\� �/9+�� LV� DVVRFLDWHG�ZLWK�SRWHQWLDOO\� DUUK\WKPRJHQLF�
YHQWULFXODU�UHSRODUL]DWLRQ�DEQRUPDOLWLHV�DQG�PD\�JHQHUDWH�FRQGLWLRQV�IRU�47�LQWHUYDO��47L��
SURORQJDWLRQ�DQG� LQFUHDVH�47�GLVSHUVLRQ� �47G��� >�����@��3URORQJDWLRQ�RI�47F� LQWHUYDO�DQG�
47G�DUH�ULVN�PDUNHUV�IRU�PDOLJQDQW�YHQWULFXODU�DUUK\WKPLDV��9$��DQG�VXGGHQ�FDUGLDF�GHDWK�
>�����@�� 47� SURORQJDWLRQ� DQG� GLVSHUVLRQ� DUH� LQGLFDWRUV� IRU� DEQRUPDOLWLHV� LQ� YHQWULFXODU�
UHSRODUL]DWLRQ�� 7KLV� FRXOG� VXJJHVW� WKH� SUHVHQFH� RI� IXQFWLRQDO� UHHQWUDQW� SURDUUK\WKPLF�
FLUFXLWV� >��@��'HILQHG� DV� WKH�GLIIHUHQFH� EHWZHHQ� WKH� ORQJHVW� DQG� VKRUWHVW�47L�PHDVXUHG� LQ�
DQ\� OHDG� RI� WKH� ���OHDG� HOHFWURFDUGLRJUDP� �(&*��� 47G� UHIOHFWV� WKH� LQKRPRJHQHLW\� LQ�
YHQWULFXODU�UHSRODULVDWLRQ��%RWK�SDUDPHWHUV� LQFOXGH�DOVR�GHSRODULVDWLRQ�� ,QFUHDVHG�47G�KDV�
EHHQ�VKRZQ�WR�FRUUHODWH�SRVLWLYHO\�WR�FRPSOH[�9$�LQ�PDQ\�FOLQLFDO�FRQGLWLRQV�>�����@��47G�
DQG� 47L� FRUUHODWH� ZLWK� WKH� OHIW� YHQWULFXODU� PDVV� LQGH[� �/90,�� GHWHUPLQHG�
HFKRFDUGLRJUDSKLFDOO\�LQ�D�JURXS�RI�VHOHFWHG�SDWLHQWV�ZLWK�HVVHQWLDO�K\SHUWHQVLRQ�>��������@��
1RUPDO�47G�YDOXHV�YDU\�H[WHQVLYHO\�IURP����WR����PV��47G�LV�KLJKHU�LQ�FDUGLDF�SDWLHQWV�LQ�
FRPSDULVRQ�WR�QRUPDO�VXEMHFWV��7KH�SUREDELOLW\�LV�WKDW�RQO\�H[SOLFLWO\�DEQRUPDO�YDOXHV��L�H���
WKRVH�!����PV��RXWVLGH�HUURU�PDUJLQV�PD\�SRWHQWLDOO\�KDYH�D�SUDFWLFDO�YDOXH��VXJJHVWLQJ�D�
PDUNHGO\�DEQRUPDO� UHSRODULVDWLRQ� >��@�� 6FDUFH�GDWD�ZDV�SXEOLVKHG� UHJDUGLQJ�47F� LQWHUYDO�
SURORQJDWLRQ�47G�DQG�FRPSOH[�YHQWULFXODU�DUUK\WKPLDV�LQ�K\SHUWHQVLYH�SDWLHQWV�ZLWK�/9+�
>�����@��EXW�ZKLFK�W\SH�RI�/9+�KDV�WKH�JUHDWHVW�LQIOXHQFH�KDV�EHHQ�XQGHUVWXGLHG��HVSHFLDOO\�
IRU�WKH�DV\PPHWULF�W\SH���

����'LVFXVVLRQ��
([DPLQHG�SDWLHQWV� LQFOXGHG� LQ� VXFK� VWXGLHV� VKRXOG�KDYH�HVVHQWLDO�K\SHUWHQVLRQ�DQG�/9+�
FRQILUPHG� E\� HFKRFDUGLRJUDSK\�� )RU� WKDW� UHDVRQ� RQH� PXVW� H[FOXGH� FRQJHVWLYH� KHDUW�
IDLOXUH�� NQRZQ� FRURQDU\� GLVHDVH� �DQJLQD� SHFWRULV�� SUHYLRXV� P\RFDUGLDO LQIDUFWLRQ�
SHUFXWDQHRXV� FRURQDU\� LQWHUYHQWLRQV��� KHDUW� VXUJHU\�� YDOYXODU� GLVHDVHV�� RWKHU� FDUGLDF�
GLVHDVHV� �SUHYLRXV� P\RFDUGLWLV� DQG� K\SHUWURSKLF� REVWUXFWLYH� FDUGLRP\RSDWK\� LQ� WKH�
DEVDQFH� RI� V\VWHPLF� K\SHUWHQVLRQ��� GLDEHWHV� PHOOLWXV�� DOFRKROLFV�� PHQWDO� GLVRUGHUV��
RYHUXVH�RI�QRQ�DQWLK\SHUWHQVLYH�GUXJV��SV\FKLDWULF�GUXJV��VHGDWLYHV��SV\FKRSKDUPDFV�HWF��
DQWLSDUNLQVRQLFV�� DQWLUKHXPDWLFV�� DQDOJHVLFV� DQG� KRUPRQHV��� PDOLJQDQW� RU� DFFHOHUDWHG�
K\SHUWHQVLRQ�� VWURNH� LQ� WKH� SUHYLRXV� VL[� PRQWKV�� SDWLHQWV� ZLWK� FDQFHU�� DEQRUPDO�
HOHFWURO\WHV�� DQHPLD�� FDUGLRSXOPRQDU\� GLVHDVHV�� VHUXP� FUHDWLQLQH� !���� �PRO�/� DQG�
DEQRUPDO�WK\URLG�IXQFWLRQ��
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6WXG\� VXEMHFWV� XVXDO\� KDYH� ORQJ�WHUP� K\SHUWHQVLRQ� �DYHUDJH� GXUDWLRQ� RI� ��� \HDUV� LQ� RXU�
VDPSOH�� DQG� H[FHVVLYH� ERG\� ZHLJKW�� 7KH� PDMRULW\� VXEMHFWV� DUH� SK\VLFDOO\� LQDFWLYH� ZLWK�
HOHYDWHG�YDOXHV�RI�OLSLGV�DQG�XUHD�LQ�VHUXP�>��@��
(FKRFDUGLRJUDSKLF� PHDVXUHPHQWV� FRQILUPH� DQWKURSRORJLFDO� GLIIHUHQFHV� EHWZHHQ� JHQGHUV� >��@��
0HQ�KDYH� ODUJHU�FDUGLDF�FDYLWLHV�DQG�/90��%\� LQGH[LQJ� OHIW�YHQWULFXODU�PDVV�DFFRUGLQJ�WR�
WKH� ERG\� VXUIDFH� �/90,�� WKLV� GLIIHUHQFH� EHWZHHQ� JHQGHUV� LV� ORVW�� (MHFWLRQ� IUDFWLRQ� �()�� LV�
PRVW� RIWHQ� YHU\� JRRG� �!������ 7KH� YDOXHV� RI�PHDQ� /90,�� DQG� LQ� ERWK� JHQGHUV� DUH�PXFK�
KLJKHU�WKDQ�QRUPDO�YDOXHV��!����J�P���&RQFHQWULF�/9+�LV�WKH�PRVW�IUHTXHQW������LQ�>��@���
ZKLFK�LV�QRW�LQ�DJUHHPHQW�ZLWK�VRPH�HDUOLHU�LQYHVWLJDWLRQV�>��@��(FFHQWULF�/9+��XVXDOO\�RI�D�
PLOG�GHJUHH�� LV�PRUH�IUHTXHQWO\�REVHUYHG�LQ�PDOH�SDWLHQWV��7KLV�FRXOG�EH�H[SODLQHG�E\�WKH�
ODUJHU� GLDPHWHU� RI� WKH� FDUGLDF� FDYLW\� LQ�PHQ��0LOG� /9+�� DFFRUGLQJ� WR� VRPH� DXWKRUV� >��@��
GRHV�QRW�FDUU\�LQFUHDVHG�ULVN�HLWKHU�RI�FRPSOH[�QHLWKHU�RI�VLPSOH�YHQWULFXODU�DUUK\WKPLDV��
&RPSOH[�YHQWULFXODU�DUUK\WKPLDV�RQ�(&*�DUH�XVXDO\�IRXQG�LQ�VPDOO�QXPEHU������RI�SDWLHQWV��
'XULQJ�+ROWHU�PRQLWRULQJ�WKLV�SHUFHQWDJH�LQFUHDVHG�WR�RYHU�����RI�SDWLHQWV��DQG�GXULQJ�WKH�
VWUHVV�WHVW�LW� LQFUHDVHG�E\�DGGLWLRQDO�������LQ�SURSRUWLRQ�WR�KHDUW�UDWH�DQG�EORRG�SUHVVXUH���
9HQWULFXODU�WDFK\FDUGLD�FDQ�EH�IRXQG�LQ�������>��@��6RPH�DXWKRUV�>��@ IRXQG�WKDW�FRQFHQWULF�
K\SHUWURSK\�FDUULHV�WKH�JUHDWHVW�ULVN��DQG�WKH�HFFHQWULF�D�PRGHUDWH�ULVN�RI�GHDWK�DQG�RI�&9�
FRPSOLFDWLRQV�� 1XQH]� HW� DO�� >�@� IRXQG� HTXDO� SUHYDOHQFH� DQG� FRPSOH[LW\� RI� YHQWULFXODU�
DUUK\WKPLDV� LQ� K\SHUWHQVLYH� SDWLHQWV� ZLWK� FRQFHQWULF� DQG� DV\PPHWULF� /9+�� 6RPH� HDUOLHU�
LQYHVWLJDWLRQV�>�@�UHSRUWHG�DQ�HTXDO�LQFLGHQFH�RI�YHQWULFXODU�DUUK\WKPLDV�ZLWK�UHJDUG�WR�WKH�
PRUSKRORJLFDO� W\SH� RI� /9+� DQG� /90,�� VLPLODU� WR� RXU� UHVXOWV�� 'HYHUHX[� HW� DO�� >��@� DOVR�
REWDLQHG�D�QHJDWLYH�FRUUHODWLRQ��2QO\�D�VPDOO�QXPEHU�RI�VWXGLHV�LQ�WKH�OLWHUDWXUH��QRW�ZULWWHQ�
LQ� WKH� (QJOLVK� ODQJXDJH�� KDYH� PRQLWRUHG� WKLV� FRUUHODWLRQ� DQG� REWDLQHG� D� VWDWLVWLFDO�
VLJQLILFDQFH��
$WULDO� ILEULOODWLRQ� DVVRFLDWHG� ZLWK� DWULDO� GLODWDWLRQ� LV� RIWHQ� REVHUYHG� LQ� SDWLHQWV� ZLWK�
K\SHUWHQVLRQ�>��@��$ERXW�����RI�SDWLHQWV�KDYH�SDUR[\VPDO�DWULDO�ILEULOODWLRQ�RU�SDUR[\VPDO�
VXSUDYHQWULFXODU� WDFK\FDUGLD� GXULQJ� +ROWHU� PRQLWRULQJ� DQG� DGGLWLRQDO� ��� GXULQJ� WKH�
H[HUFLVH� WHVW� >��@��8QWLO�QRZ� LW� LV�XQDEOH� WR�FRQFOXGH�ZKHWKHU�DQ\�RI� WKH�/9+�W\SHV�KDG�D�
JUHDWHU�HIIHFW�RQ�WKH�DSSHDUDQFH�RI�WKHVH�DUUK\WKPLDV��
7KH� OHIW� DWULDO� VL]H� VLJQLILFDQWO\� SRVLWLYHO\� FRUUHODWHV� ZLWK� OHIW� YHQWULFXODU� K\SHUWURSK\�
GHJUHH�� DQG� LW� VHHPV� WKDW� D� ODUJHU�QXPEHU� RI� VXSUDYHQWULFXODU� SUHPDWXUH� EHDWV� IRU�PRGHUDWH�
DQG� VHYHUH� FRQFHQWULF� /9+� FRPSDUHG� WR� PLOG� FRQFHQWULF� /9+�� FDQ� EHH� IRXQG� >��@��
6FKDQQZHOO� HW� DO�� >��@� DOVR� IRXQG� JUHDWHU� SUHYDOHQFH� RI� VXSUDYHQWULFXODU� DUUK\WKPLDV�
SURSRUWLRQDO�WR�WKH�GHJUHH�RI�/9+���
7KH�ODUJHVW�OHIW�DWULDO�GLDPHWHUV�FDQ�EHH�IRXQG�LQ�SDWLHQWV�ZLWK�HFFHQWULF�/9+�DQG�WKH�KLJKHU�
SUHYDOHQFH� RI� VXSUDYHQWULFXODU� SUHPDWXUH� EHDWV� LQ� WKH� FRQFHQWULF� DQG� HFFHQWULF� W\SH� >��@��
6RPH� RXWKRUV� >����@� IRXQG� VLJQLILFDQWO\� JUHDWHU� SUHYDOHQFH� DQG� FRPSOH[LW\� RI�
VXSUDYHQWULFXODU�DUUK\WKPLDV� LQ�SDWLHQWV�ZLWK�DV\PPHWULF�/9+��7KH� UHODWLRQVKLS�EHWZHHQ�
DUUK\WKPLDV� DQG� FRQFHQWULF� JHRPHWU\� DSSHDUV�PRUH� FRKHUHQW� LI�ZH� FRQVLGHU� WKDW� D� UHFHQW�
VWXG\�>��@�UHSRUWHG�DQ�LQGHSHQGHQW�DVVRFLDWLRQ�RI�LPSDLUHG�OHIW�YHQWULFXODU�UHOD[DWLRQ�ZLWK�
FRQFHQWULF�/9�JHRPHWU\� 7KH�DEQRUPDO�GLDVWROLF�IXQFWLRQ�RI�/9�DQG�WKH�VWUHWFK�LQ�/$�PD\�EH�
OHVV�H[SUHVVHG� LQ� WKH�DV\PPHWULF� WLSH�RI�K\SHUWURSK\�� ,Q� WKH�FRQWH[W�RI�HSLGHPLRORJ\�� WKLV�
PHDQV�WKDW�LQ�SDWLHQWV�ZLWK�DV\PPHWULF�OHIW�YHQWULFXODU�K\SHUWURSK\��DERXW����RI�VXEMHFWV��D�
ORZHU� LQFLGHQFH� RI� DUUK\WKPLDV� VKRXOG� EH� H[SHFWHG�� &RQFHQWULF� /9+� LV� PRVW� IUHTXHQWO\�
IRXQG� LQ� K\SHUWHQVLYH� SDWLHQWV�� DQG� LW� DSSHDUV� WR� FDXVH� WKH� PRVW� VHYHUH� GLDVWROLF� OHIW�
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YHQWULFXODU� GLVIXQFWLRQ�� 3DWLHQWV� ZLWK� HFFHQWULF� /9+� SRVVLEO\� KDYH� WKH� ODUJHVW� /$�
GLPHQVLRQ�� DQG� FDQ� KDYH� D� VOLJKWO\� ORZHU� LQFLGHQFH� RI� VXSUDYHQWULFXODU� SUHPDWXUH� EHDWV�
WKHQ�WKRVH�ZLWK�FRQFHQWULF�/9+��PHDQLQJ�WKDW�WKH�/$�VL]H�LV�QRW�WKH�RQO\�IDFWRU�WKDW�DIIHFV�
WKH� SUHYDOHQFH� RI� VXSUDYHQWULFXODU� DUUK\WKPLDV�� $SDUW� IURP� PHFKDQLFDO� UHPRGHOLQJ��
HOHFWULFDO� UHPRGHOLQJ� WKDW� RFFXUHV� HDUOLHU� VKRXOG� DOVR� EH� FRQVLGHUHG� �FKDQJH� LQ� WKH�
VWUXFWXUH�IXQFWLRQ� RI� LRQ� FKDQQHOV� DQG� FRPSRXQGV�� FDWHFKRODPLQHV�� IUHH� R[\JHQ� UDGLFDOV��
DQJLRWHQVLQ�FRQYHUWLQJ� HQ]\PH�� DQJLRWHQVLQ� ,,�� F\WRNLQV� DQG� QLWURJHQRXV� R[LG���
K\SHUWURSK\� RI� PHGLD� DUWHULROD�� GLFUHDVH� LQ� WKH� FRURQDU\� EORRG� IORZ� UHVHUYH� DQG� JHQHWLF�
IDFWRUV��UHSHWHG�H[SUHVVLRQ�RI�IHWDO�JHQRPH�LVRIRUPV��KHPH�R[\JHQDVH��>��@���7KHVH�IDFWRUV�
PD\�GLIIHU�LQ�LQGLYLGXDO�/9+�IRUPV���
0HDVXUHPHQW�RI�OHIW�DWULDO�VL]H�IURP�WKH�SDUDVWHUQDO�ORQJ�D[LV�YLHZ�XVLQJ�WKH���GLPHQVLRQDO
´0�PRGHµ�PHWKRG�LV�OLPLWHG�LQ�DFFXUDF\�IRU�/$�VL]H�TXDQWLILFDWLRQ�EHFDXVH�RI�WKH�LUUHJXODU�
JHRPHWU\� RI� WKH� /$� DQG� WKH� DQJXODWLRQV� RI� WKH� XOWUDVRXQG� EHDP� >��@�� 0HWKRGV� IRU�
PHDVXULQJ� WKH� /$� YROXPH� DUH� PRUH� DSSURSULDWH� IRU� WKH� DVVHVVPHQW� RI� WKH� DV\PPHWULF�
UHPRGHOOLQJ�RI�WKH�/$�FKDPEHU�>��@���
,Q�SDWLHQWV�ZLWK�VHYHUH�FRQFHQWULF�DQG�HFFHQWULF�/9+�KLJKHU�YDOXHV�RI�WKH�47F�LQWHUYDO�FDQ�EH�
ILQG��5HJDUGLQJ�WKH�GHJUHH�RI�/9+��D�SRVLWLYH�FRUUHODWLRQ�ZLWK�47F�OHQJWK�FDQ�EH�REVHUYHG�
>��@��1RW�PDQ\�DUWLFOHV� LQYHVWLJDWLQJ� WKLV� FRUUHODWLRQ�KDYH�EHHQ�SXEOLVKHG� LQ� WKH� OLWHUDWXUH�
>�����@��,Q�VRPH�>��@�RQO\����SDWLHQWV�ZLWK�HVVHQWLDO�K\SHUWHQVLRQ�DQG�/9+�ZHUH�DQDO\]HG��
DQG� DQ� DWWHPSW� WR� FODVVLI\� WKHP� LQWR� JURXSV� ZLWK� UHJDUG� WR� /9+� W\SH� ZDV� PDGH�� 7KHLU�
FRQFOXVLRQ�ZDV�WKDW�WKH�47F�LQWHUYDO�OHQJWK�FRUUHODWHV�SRVLWLYHO\�ZLWK�/90,�DQG�/9,'G��7KH�
ORQJHVW�47F�LQWHUYDOV�ZHUH�IRXQG�LQ�SDWLHQWV�ZLWK�/9+�DQG�FRPSOH[�DUUK\WKPLDV��7KH\�DOVR�
IRXQG� WKDW� WKH� LQFLGHQFH� RI� FRPSOH[� YHQWULFXODU� DUUK\WKPLDV� ZDV� JUHDWHU� LQ� SDWLHQWV� ZLWK�
/9+�� DQG� WKDW� WKH� SURORQJHG� 47F� LQWHUYDO� LQ� WKHVH� SDWLHQWV� PD\� EH� D� JRRG� LQGLFDWRU� IRU�
KLJKHU� ULVN�RI� DUUK\WKPLDV��7KH�PHQWLRQHG�DXWKRUV�DOVR�REWDLQHG� WKH�KLJKHVW�47F� LQWHUYDO�
YDOXHV� LQ� SDWLHQWV� ZLWK� GLODWHG� �HFFHQWULF�� /9+� EXW� WKH� /9+� W\SH� ZDV� QRW� GHILQHG� E\�
FDOFXODWLQJ� 5:7�� WKDQ� E\� D� VLPSOH� DGGLWLRQ� RI� ,96� DQG� /93:� WKLFNQHVV�� 3DWLHQWV� ZLWK�
P\RFDUGLDO�GLODWDWLRQ��ZLWK�DQG�ZLWKRXW�/9+��KDG�WKH�PRVW�VHYHUH�DUUK\WKPLDV��0HDVXULQJ�
47L� RQO\� IURP� WKH� VHFRQG� OHDG� UHSUHVHQWHG� D� OLPLWDWLRQ� WR� WKH� VWXG\� UHFRJQL]HG� E\� WKH�
DXWKRUV�� 2WKHU� UHVHDUFKHUV� DOVR� REWDLQHG� WKH� FRUUHODWLRQ� EHWZHHQ� 47L� DQG� /90,� OHQJWKV�
>�����@��47F�LQWHUYDO�LQ�SDWLHQWV�ZLWK�YHQWULFXODU�VHSWDO�K\SHUWURSK\�ZDV�VLJQLILFDQWO\�ORQJHU�
WKDQ�LQ�WKH�QRUPDO�JURXS�>��@���
+LJKHU�YDOXHV�RI� WKH�47GLVSHUVLRQ� LQ�VHYHUH�FRQFHQWULF�DQG�HFFHQWULF�/9+�FDQ�DOVR�EH� ILQG�
>��@��0DQXDO�DVVHVVPHQW�RI�WKH�7�ZDYH�HQG�LV�H[WUHPHO\�XQUHOLDEOH��5HJUHWWDEO\��WKH�H[LVWLQJ�
DXWRPDWHG�PHWKRGV�KDYH�QRW�SURYHQ�WR�EH�DGYDQWDJHRXV��7KH�PDLQ�VRXUFH�RI�PLVWDNHV�IRU�
UHDGHUV�DQG�FRPSXWHUV�DUH�WKH�ORZ�DPSOLWXGHV�RI�7�ZDYHV�>��@�DQG�WKH�ERUGHU�EHWZHHQ�WKH�7�
DQG� 8� ZDYH� RU� WKH� 3� ZDYH� >��@�� ,QFUHDVHG� 47F� GLVSHUVLRQ� ZDV� DVVRFLDWHG� ZLWK� /9+��
HVSHFLDOO\� ZLWK� LWV� FRQFHQWULF� YDULDQW� LQ� VRPH� VWXGLHV� >�����@�� ,Q� WKH� /,)(� VWXG\� ERWK�
FRQFHQWULF�DQG�HFFHQWULF�/9+�ZHUH�DVVRFLDWHG�ZLWK�SURORQJHG�47L�DQG�LQFUHDVHG�47G�>��@��
,Q�DQRWKHU�VWXG\�>��@�47G�!���PV�DQG�47L�!����PV�ZHUH�DVVRFLDWHG�ZLWK�JUHDWHU�SUREDELOLW\�
RI�/9+���
,Q� RXU� SDWLHQWV�� WKH� 47L� OHQJWK� FRUUHODWHV� ZLWK� WKH� 9$� LQFLGHQFH�� 47F� LQWHUYDO� ZDV� DOVR�
ORQJHU� LQ� SDWLHQWV� KDYLQJ� FRPSOH[� DUUK\WKPLDV� EXW� WKH� GLIIHUHQFH� LQ� UHODWLRQ� WR� VLPSOH�
DUUK\WKPLDV�ZDV�QRW�VLJQLILFDQW�>��@��
6HYHUDO� IDFWRUV� PD\� LQIOXHQFH� WKH� LQFUHDVHG� /9� HFWRSLF� DFWLYLW\� LQ� SDWLHQWV� ZLWK� /9+��
,QFUHDVHG�VWLPXODWLRQ�RI�K\SHUWURSKLF�P\RF\WHV�� ILEURVLV� LQ�K\SHUWURSKLF�P\RFDUGLXP�WKDW�
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,QIOXHQFH�RI�3DWHUQ�DQG�'HJUHH�RI�/HIW�9HQWULFXODU�+\SHUWURSK\�RQ�&DUGLDF�$UUK\WKPLDV� ����

OHDGV� WR� HOHFWURSK\VLRORJLFDO� LQKRPRJHQHLW\�� GLVWHQWLRQ� RI� FHUWDLQ� P\RF\WHV�� LQFUHDVHG�
R[\JHQ�UHTXLUHPHQW�RI�WKH�P\RFDUGLXP��GDPDJHG�PHPEUDQH�SRURVLW\�IRU�YDULRXV�LRQV��DQG�
LQFUHDVHG� V\PSDWLF� DFWLYLW\� DUH� SRVVLEOH� SDWKRSK\VLRORJLFDO� IDFWRUV� IRU� WKH� LQFUHDVHG�
LQFLGHQFH�RI�YHQWULFXODU�DUUK\WKPLDV�>�����@��
,Q�VXEMHFWV�ZLWKRXW�KHDUW�GLVHDVH��GXULQJ�D�������\HDUV�IROORZ�XS�SHULRG��SURVSHFWLYH�VWXGLHV�
IRXQG� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� SURORQJHG� 47F� LQWHUYDO� DQG� LQFUHDVHG� ULVN� IRU�
FRURQDU\�HYHQWV�>��@��FDUGLRYDVFXODU��&9��PRUWDOLW\�DQG�DOO�FDXVH�PRUWDOLW\��PHDQ�IROORZ�XS�
RI�����\HDUV��>��@��DV�ZHOO�DV�IRU�VXGGHQ�FDUGLDF�GHDWK�RU�&9�GHDWK�>��@��7KH�=XWSKHQ�VWXG\�
>��@�FRQFOXGHG�WKDW�PHQ�ZLWK�47F�LQWHUYDO� ����PV�ZHUH�DW�JUHDWHU�ULVN�IRU�&9�GHDWK�WKDQ�
PHQ�ZLWK�VKRUWHU�47F�LQWHUYDO��,QFUHDVHG�47G�LQ�SDWLHQWV�ZLWK�/9+�DQG�KLJKHU�LQFLGHQFH�RI�
YHQWULFXODU� SUHPDWXUH� EHDWV� �93%�� RU� FRPSOH[� 9$� ZDV� DOVR� GHVFULEHG� E\� RWKHU� DXWKRUV�
>��������@�� ,FKNKDQ� HW� DO�� >��@� IRXQG� D� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� 47G� DQG� /90� LQ�
K\SHUWHQVLYH� SDWLHQWV�� 7KH\� FRQFOXGHG� WKDW� /9+� DQG� QRW� K\SHUWHQVLRQ� SHU� VH� OHDGV� WR�
LQFUHDVHG�47G��EHFDXVH�K\SHUWHQVLYH�SDWLHQWV�ZLWKRXW�/9+�GLG�QRW�KDYH�DQ�LQFUHDVHG�47G��
2]GHPLU�HW�DO��>��@�VWXGLQJ����SDWLHQWV�ZLWK�FRQFHQWULF�/9+�KDYH�IRXQG�VWURQJ�FRUUHODWLRQ�
EHWZHHQ� LQFUHDVHG�47G�DQG� WKH� LQFLGHQFH�RI�9$��2WKHU� DXWKRUV� >��@�REWDLQHG� WKH�KLJKHVW�
LQIOXHQFH� RI� DV\PPHWULF� /9+� RQ� 47G�� EXW� ZLWKRXW� FRUUHODWLRQ� EHWZHHQ� 93%� DQG� 47G��
QHLWKHU�EHWZHHQ�93%�DQG�/90,��
$FFRUGLQJ� WR� VRPH� LQYHVWLJDWLRQV� SDWLHQWV� ZLWK� LQFUHDVHG� 47G� VKRXOG� EH� WUHDWHG� ZLWK�
DQJLRWHQVLQ�UHFHSWRU�EORFNHUV�DQG�QHELYRORO�>�����@��
,W�LV�YHU\�LPSRUWDQW�WR�H[FOXGH�WKH�SRVVLEOH�HIIHFW�RI�WKH�H[WHQW RI�DQWLK\SHUWHQVLYH�WKHUDS\�DQG�WKH�
W\SHV�RI�DQWLK\SHUWHQVLYH�GUXJV�RQ�WKH�UHVXOW��'LVFRQWLQXDWLRQ�RI�DOO�GUXJV�VHYHQ�GD\V�SULRU�
WR�HUJRPHWULF�H[DPLQDWLRQ�DQG�+ROWHU�PRQLWRULQJ�LV�RSWLPDO��,W�LV�VRPHWLPHV�QRW�SRVVLEOH�WR�
NHHS�SDWLHQWV���GD\V�ZLWKRXW�DQWLK\SHUWHQVLYH�DQG�DQWL�DUUK\WKPLF�GUXJV�EHFDXVH�D�ORQJHU�
VXVSHQVLRQ�RI�WUHDWPHQW�FRXOG�KDYH�WKUHDWHQHG�WKH�SDWLHQW�RU�OHDG�WR�UHGXFHG�FRRSHUDWLRQ���
6KRUWHU�GLVFRQWLQXDWLRQ�FDQ�EHH�DSSOLHG�EXW�WKH�GXUDWLRQ�DQG�WKH�W\SH�RI�GUXJV�VKRXOG�QRW�
GLIIHU�EHWZHHQ�WKH�H[DPLQHG�JURXSV��

���&RQFOXVLRQ�

,Q�FRQFOXVLRQ��7KH�GHJUHH�RI�/9+�FRQWULEXWHV�PRUH�WR�WKH�JUHDWHU�SUHYDOHQFH�RI�9$�WKHQ�
WKH� /9+� SDWWHUQ�� *LYHQ� WKDW� WKLV� FRUUHODWLRQ� �EHWZHHQ� WKH� GHJUHH� DQG� 9$�� LV� PRVW�
H[SUHVVHG� LQ� WKH�FRQFHQWULF� W\SH��ZKLFK� LV�DW� WKH�VDPH�WLPH�WKH�PRVW� IUHTXHQW�SDWWHUQ�RI�
/9+� LQ� K\SHUWHQVLYH� SDWLHQWV��� WKH� FRPELQDWLRQ� RI� VHYHUH� GHJUHH� DQG� FRQFHQWULF� W\SH�
FDUULHV� WKH� JUHDWHVW� ULVN�� $V\PPHWULF� /9+� GRHV� QRW� QHFHVVDULO\� UHSUHVHQW� DQ� LQFUHDVHG�
ULVN�� &RQFHQWULF� DQG� HFFHQWULF� W\SHV� KDYH� D� JUHDWHU� LPSDFW� RQ� WKH� IUHTXHQF\� RI� DWULDO�
DUUK\WKPLDV�� 7KH� SUHYDOHQFH� RI� VXSUDYHQWULFXODU� SUHPDWXUH� EHDWV� FRUUHODWHV� ZLWK� WKH�
GHJUHH� RI� OHIW� YHQWULFXODU� K\SHUWURSK\� LQ� WKH� FRQFHQWULF� W\SH�� 47F� LQWHUYDO� DQG� 47�
GLVSHUVLRQ�WHQG�WR�LQFUHDVH�SURSRUWLRQDOO\�WR�WKH�OHIW�YHQWULFXODU�PDVV�SUREDEO\�RQO\�LQ�WKH�
FRQFHQWULF�DQG�HFFHQWULF�/9+�W\SH���
,Q�FOLQLFDO�SUDFWLFH�WKLV�PHDQV�WKDW�SDWLHQWV�ZLWK�PRGHUDWH�DQG�VHYHUH�/9+��FRQFHQWULF�LQ�
SDUWLFXODU��VKRXOG�EH�WHVWHG�E\�+ROWHU�PRQLWRULQJ�DQG�ELF\FOH�HUJRPHWU\�DQG�WUHDWHG�ZLWK�
PD[LPDOO\� WROHUDEOH�GRVHV�RI�DQWLK\SHUWHQVLYHV��SDUWLFXODUO\�ZLWK�DQJLRWHQVLQ�FRQYHUWLQJ�
HQ]\PH� LQKLELWRUV�� DQJLRWHQVLQ� UHFHSWRU� EORFNHUV� DQG� DOVR� ZLWK� RXWSDWLHQW� WUDLQLQJ�
SURJUDP���
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&DUGLDF�$UUK\WKPLDV�±�1HZ�&RQVLGHUDWLRQV�����

���5HIHUHQFHV�

>�@ +HQQHUVGRUI� 0*�� 6WUDXHU� %(�� $UWHULDO� K\SHUWHQVLRQ� DQG� FDUGLDF� DUUK\WKPLDV�� -�
+\SHUWHQV�����������������5HYLHZ��

>�@ <LX�.+��7VH�+)��+\SHUWHQVLRQ�DQG�FDUGLDF�DUUK\WKPLDV��D�UHYLHZ�RI�WKH�HSLGHPLRORJ\��
SDWKRSK\VLRORJ\�DQG�FOLQLFDO� LPSOLFDWLRQV�� -�+XP�+\SHUWHQV�������0DU����� >(SXE�
DKHDG�RI�SULQW@�

>�@ &RFD� $�� *DEULHO� 5�� 'H� OD� )LJXHUD� 0�� /ySH]�6HQGyQ� -/�� )HUQiQGH]� 5�� 6DJDVWDJRLWLD� -'��
*DUFLD� --��%DUDMDV�5��7KH� LPSDFW�RI�GLIIHUHQW� HFKRFDUGLRJUDSKLF�GLDJQRVWLF� FULWHULD�
RQ� WKH� SUHYDOHQFH� RI� OHIW� YHQWULFXODU� K\SHUWURSK\� LQ� HVVHQWLDO� K\SHUWHQVLRQ�� WKH�
9,7$(�VWXG\��-�+\SHUWHQV������������������

>�@ 9HUGHFFKLD�3��$QJHOL�)��$FKLOOL�3��&DVWHOODQL�&��%URFFDWHOOL�$��*DWWRELJLR�5��&DYDOOLQL�&��
(FKRFDUGLRJUDSKLF�OHIW�YHQWULFXODU�K\SHUWURSK\�LQ�K\SHUWHQVLRQ��PDUNHU�IRU�IXWXUH�
HYHQWV�RU�PHGLDWRU�RI�HYHQWV"�&XUU�2SLQ�&DUGLRO�����������������

>�@ /RPEDUGL�)��7HUUDQRYD�3��+\SHUWHQVLRQ�DQG�FRQFXUUHQW�DUUK\WKPLDV��&XUU�3KDUP�'HV�
�����������������

>�@ 1XQH]�%'��/DYLH�&-��0HVVHUOL�)+��6FKPLHGHU�5(��&DUDYDJOLD�*(��1XQH]�0��&RPSDULVRQ�
RI� GLDVWROLF� OHIW� YHQWULFXODU� ILOOLQJ� DQG� FDUGLDF� G\VUK\WKPLDV� LQ� K\SHUWHQVLYH�
SDWLHQWV� ZLWK� DQG� ZLWKRXW� LVRODWHG� VHSWDO� K\SHUWURSK\�� $P� -� &DUGLRO� ���������
�������

>�@ 'H�6LPRQH�*��3DOPLHUL�9��/HIW�YHQWULFXODU�K\SHUWURSK\�LQ�K\SHUWHQVLRQ�DV�D�SUHGLFWRU�RI�
FRURQDU\� HYHQWV�� UHODWLRQ� WR� JHRPHWU\� >UHYLHZ@�� &XUU� 2SLQ� 1HSKURO� +\SHUWHQV�
����������������

>�@ 0DPPDUHOOD� $�� 3DUDGLVR� 0�� %DVLOL� 6�� 'H� 0DWWHLV� $�� &DUGDUHOOR� &0�� 'L� )UDQFR� 0��
'RQQDUXPPD�/��/DEEDGLD�*��3DROHWWL�9��0RUSKRORJLF�OHIW�YHQWULFXODU�SDWWHUQV�DQG�
SUHYDOHQFH� RI� KLJK�JUDGH� YHQWULFXODU� DUUK\WKPLDV� LQ� WKH� QRUPRWHQVLYH� DQG�
K\SHUWHQVLYH�HOGHUO\��$GY�7KHU�����������������

>�@ 0RW]� :�� $UWHULDO� K\SHUWHQVLRQ�� OHIW� YHQWULFXODU� K\SHUWURSK\�� DQG� YHQWULFXODU�
DUUK\WKPLDV��+HU]VFKULWWPDFKHUWKHU�(OHNWURSK\VLRO������������������

>��@ *DOLQLHU�0��3DWKDN�$��)DOORXK�9��%DL[DV�&��6FKPXW]�/��5RQFDOOL�-��%RYHGD�6��)DXYHO�-0��
+ROWHU� (.*� IRU� WKH� K\SHUWHQVLYH� KHDUW� GLVHDVH�� >$UWLFOH� LQ� )UHQFK@�� $QQ� &DUGLRO�
$QJHLRO�����������������

>��@ .DQQHO� :%�� :ROI� 3$�� %HQMDPLQ� (-�� /HY\� '�� 3UHYDOHQFH�� LQFLGHQFH�� SURJQRVLV�� DQG�
SUHGLVSRVLQJ� FRQGLWLRQV� IRU� DWULDO� ILEULOODWLRQ�� SRSXODWLRQ�EDVHG� HVWLPDWHV�� $P� -�
&DUGLRO����������VXSSO�����1��

>��@ 6LHUUD�&��GH�OD�6LHUUD�$��3DUp�-&��*yPH]�$QJHODWV�(��&RFD�$��&RUUHODWLRQ�EHWZHHQ�VLOHQW�
FHUHEUDO� ZKLWH�PDWWHU� OHVLRQV�DQG� OHIW� YHQWULFXODU� PDVV� DQG� JHRPHWU\� LQ� HVVHQWLDO�
K\SHUWHQVLRQ��$P�-�+\SHUWHQV������������������

>��@ 6FKDQQZHOO� &0�� 6WHLQHU� 6�� +HQQHUVGRUI� 0*�� 6WUDXHU� %(�� &DUGLRYDVFXODU� DQG� RUJDQ�
LPSDLUPHQW�GXH�WR�K\SHUWHQVLRQ��,QWHUQLVW������������������5HYLHZ��

>��@ +HQQHUVGRUI� 0*�� 6WUDXHU� %(�� 7KH� KHDUW� LQ� K\SHUWHQVLRQ�� ,QWHUQLVW� ��������� ��������
5HYLHZ���

>��@ 2LNDULQHQ�/��1LHPLQHQ�06��9LLWDVDOR�0��7RLYRQHQ�/��:DFKWHOO�.��3DSDGHPHWULRX�9��HW�
DO��5HODWLRQ�RI�47�LQWHUYDO�DQG�47�GLVSHUVLRQ�WR�HFKRFDUGLRJUDSKLF�OHIW�YHQWULFXODU�
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,QIOXHQFH�RI�3DWHUQ�DQG�'HJUHH�RI�/HIW�9HQWULFXODU�+\SHUWURSK\�RQ�&DUGLDF�$UUK\WKPLDV� ����

K\SHUWURSK\�DQG�JHRPHWULF�SDWWHUQ�LQ�K\SHUWHQVLYH�SDWLHQWV��7KH�/,)(�VWXG\��7KH�
/RVDUWDQ�,QWHUYHQWLRQ�)RU�(QGSRLQW�5HGXFWLRQ��-�+\SHUWHQV�������������������

>��@ *DOLQLHU�0��%DODQHVFX�6��)RXUFDGH�-��'RUREDQWX�0��$OEHQTXH�-3��0DVVDEXDX�3��HW�DO��
3URJQRVWLF�YDOXH�RI�DUUK\WKPRJHQLF�PDUNHUV�LQ�V\VWHPLF�K\SHUWHQVLRQ��(XU�+HDUW�-��
�����������������

>��@ +DLGHU� $:�� /DUVRQ� 0*�� %HQMDPLQ� (-�� /HY\� '�� ,QFUHDVHG� OHIW� YHQWULFXODU� PDVV� DQG�
K\SHUWURSK\� DUH� DVVRFLDWHG� ZLWK� LQFUHDVHG� ULVN� IRU� VXGGHQ� GHDWK�� -� $P� &ROO�
&DUGLRO��������������²���

>��@ .XODQ� .�� 8UDO� '�� .RPVXRJOX� %�� $JDFGLNHQ� $�� *ROGHOL� 2�� .RPVXRJOX� 66��
6LJQLILFDQFH� RI� 47F� SURORQJDWLRQ� RQ� YHQWULFXODU� DUUK\WKPLDV� LQ� SDWLHQWV� ZLWK�
OHIW�YHQWULFXODU�K\SHUWURSK\�VHFRQGDU\�WR�HVVHQWLDO�K\SHUWHQVLRQ��,QW�-�&DUGLRO��
�����������²����

>��@ )DFFKLQL�0��0DOIDWWR�*��&LDPEHOORWWL�)��5LYD�%��%UDJDWR�5��%UDQ]L�*��HW�DO��0DUNHUV�RI�
HOHFWULFDO� LQVWDELOLW\� LQ� K\SHUWHQVLYH� SDWLHQWV� ZLWK� DQG� ZLWKRXW� YHQWULFXODU�
DUUK\WKPLDV��$UH� WKH\�XVHIXO� LQ� LGHQWLI\LQJ�SDWLHQWV�ZLWK�GLIIHUHQW� ULVN�SURILOHV"� -�
+\SHUWHQV�����������������

>��@ 'D\� &3�� 0F&RPE� -0�� &DPSEHOO� 5:�� 47� GLVSHUVLRQ� LQ� VLQXV� EHDWV� DQG� YHQWULFXODU�
H[WUDV\VWROHV�LQ�QRUPDO�KHDUWV��%U�+HDUW�-�����������������

>��@ &KDSPDQ�1��0D\HW� -��2]NRU�0��/DPSH�)&��7KRP�6$��3RXOWHU�15��47� LQWHUYDOV�DQG�
47� GLVSHUVLRQ� DV� PHDVXUHV� RI� OHIW� YHQWULFXODU� K\SHUWURSK\� LQ� D� XQVHOHFWHG�
K\SHUWHQVLYH�SRSXODWLRQ��$P�-�+\SHUWHQV������������������

>��@ ,FKNKDQ�.��0ROQDU�-��6RPEHUJ�-��5HODWLRQ�RI�OHIW�YHQWULFXODU�PDVV�DQG�47�GLVSHUVLRQ�LQ�
SDWLHQWV�ZLWK�V\VWHPLF�K\SHUWHQVLRQ��$P�-�&DUGLRO������������������

>��@ 0DOLN� 0�� %DWFKYDURZ� 91�� 0HDVXUHPHQW�� LQWHUSUHWDWLRQ� DQG� FOLQLFDO� SRWHQWLDO� RI� 47�
GLVSHUVLRQ��-�$P�&ROO�&DUGLRO������������������

>��@ <LOGLULU�$��%DWXU�0.��2WR�$��+\SHUWHQVLRQ�DQG�DUUK\WKPLD��EORRG�SUHVVXUH�FRQWURO�DQG�
EH\RQG��(XURSDFH����������������

>��@ 6DDGHK� $�� (YDQV� 6�� -DPHV� 0�� -RQHV� -�� 47F� GLVSHUVLRQ� DQG� FRPSOH[� YHQWULFXODU�
DUUK\WKPLDDV� LQ� XQWUHDWHG� QHZO\� SUHVHQWLQJ� K\SHUWHQVLYH� SDWLHQWV�� -� +XP�
+\SHUWHQV�����������������

>��@ .XQLVHN� -��=DSXWRYL �/��0DYUL �=��.XQLVHN�/��%UXNHWD�0DUNL � ,��.DUODYDULV�5��/XNLQ�
(VNLQMD�.��,QIOXHQFH�RI�WKH�W\SH�DQG�GHJUHH�RI�OHIW�YHQWULFXODU�K\SHUWURSK\�RQ�WKH�
SUHYDOHQFH�RI�YHQWULFXODU�DUUK\WKPLDV�LQ�SDWLHQWV�ZLWK�K\SHUWHQVLYH�KHDUW�GLVHDVH��
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