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DVVRFLDWLRQ�EHWZHHQ���2+'�DQG�SHDN�92����3� �������DIWHU�DGMXVWLQJ�IRU�DJH��UDFH��DQG�UHVSLUDWRU\�H[FKDQJH�UDWLR��DGMXVWHG�5��� 
�������$VVRFLDWLRQ�EHWZHHQ�SUR[LPDO�PXVFOH�VWUHQJWK�ZLWK�WKH���2+'�FRQFHQWUDWLRQ�ZDV�QRW�VLJQLILFDQW��7KH�.DQVDV�&LW\
&DUGLRP\RSDWK\�4XHVWLRQQDLUH�SK\VLFDO�OLPLWDWLRQ�GRPDLQ�VFRUH�ZDV�QHJDWLYHO\�DVVRFLDWHG�ZLWK���2+'��3� ������EXW�ZDV�QRW
VXVWDLQHG�LQ�PXOWLYDULDEOH�DQDO\VLV�
&RQFOXVLRQV����+\GUR[\YLWDPLQ�'�PD\�EH�DQ�LPSRUWDQW�PDUNHU�RU�PRGXODWRU�RI�IXQFWLRQDO�FDSDFLW\�LQ�SDWLHQWV�ZLWK�KHDUW�IDLOXUH�
5DQGRPL]HG�FRQWUROOHG�WULDOV�DUH�QHHGHG�WR�DVVHVV�WKH�HIIHFW�RI�YLWDPLQ�'�UHSOHWLRQ�RQ�IXQFWLRQDO�SHUIRUPDQFH�

,QWURGXFWLRQ

+HDUW�IDLOXUH��+)��FDQ�EH�D�GHELOLWDWLQJ�V\QGURPH�DQG�LV�ZHOO�NQRZQ�WR�FDXVH�IXQFWLRQDO�OLPLWDWLRQV��'HFUHDVHG�FDUGLRSXOPRQDU\
UHVHUYH��DEQRUPDOLWLHV�LQ�PXVFOH�VWUXFWXUH�DQG�IXQFWLRQ��DQG�QHXURHQGRFULQH�GHUDQJHPHQWV�DOO�FRQWULEXWH�WR�D�GHFOLQH�LQ�SK\VLFDO
SHUIRUPDQFH��6\PSWRPV�RI�IDWLJXH�DQG�G\VSQHD�ZLWK�H[HUFLVH�GR�QRW�FRQVLVWHQWO\�FRUUHODWH�ZLWK�UHVWLQJ�KHPRG\QDPLF�SDUDPHWHUV�>�@
&RDWV>�@�SURSRVHG�WKH�PXVFOH�K\SRWKHVLV�WKDW�LQWHJUDWHV�WKH�VNHOHWDO�PXVFOH�P\RSDWK\�UHVXOWLQJ�IURP�KRUPRQDO�G\VUHJXODWLRQ�DQG
V\PSDWKHWLF�H[FLWDWLRQ�LQWR�WKH�+)�V\QGURPH��7KLV�K\SRWKHVLV�KDV�EHHQ�LPSRUWDQW�WR�XQGHUVWDQGLQJ�WKH�SK\VLRORJLF�FKDQJHV��ORVV�RI
PXVFOH�VWUHQJWK��DQG�IXQFWLRQDO�OLPLWDWLRQV�LQ�SDWLHQWV�ZLWK�+)��)XUWKHUPRUH��PXVFOH�VWUHQJWK�KDV�EHHQ�IRXQG�WR�EH�SUHGLFWLYH�RI
DGYHUVH�RXWFRPHV�>�@�'HVSLWH�WKLV��KRZ�WR�LPSURYH�SK\VLFDO�SHUIRUPDQFH�LQ�SDWLHQWV�ZLWK�+)�EH\RQG�VWDQGDUG�WKHUDSLHV�VXFK�DV
PHGLFDWLRQV�DQG�RU�DHURELF�WUDLQLQJ�FRQWLQXHV�WR�EH�XQFOHDU�

9LWDPLQ�'�GHILFLHQF\�KDV�UHFHQWO\�EHHQ�IRXQG�WR�EH�SUHYDOHQW�LQ�WKRVH�ZLWK�FDUGLRYDVFXODU�GLVHDVHV�VXFK�DV�FRURQDU\�GLVHDVH�DQG
+)>�@�DV�ZHOO�DV�DVVRFLDWHG�ZLWK�FDUGLRYDVFXODU�ULVN�DQG�HYHQWV�>�±�@�7KHUH�LV�HYLGHQFH�WKDW�YLWDPLQ�'�LV�DVVRFLDWHG�ZLWK�DQG�PD\
GRZQ�UHJXODWH�LQIODPPDWRU\�PHGLDWRUV>���@�DQG�SURPRWH�FHOO�JURZWK�DQG�GLIIHUHQWLDWLRQ�>��@�9LWDPLQ�'�PD\�EH�RI�SDUWLFXODU�LPSRUWDQFH
LQ�SDWLHQWV�ZLWK�+)�EHFDXVH�WKHUH�LV�HYLGHQFH�WKDW�LW�GRZQ�UHJXODWHV�WKH�UHQLQ�DQJLRWHQVLQ�V\VWHP��5$$6�>��±��@�DQG�UHGXFHV�EORRG
SUHVVXUH�>��@

,Q�WHUPV�RI�IXQFWLRQ��VWXGLHV�KDYH�UHSRUWHG�RQ�WKH�UHODWLRQVKLS�RI�YLWDPLQ�'�FRQFHQWUDWLRQV�DQG�SK\VLFDO�SHUIRUPDQFH��ZLWK�ZRUVH
SHUIRUPDQFH�LQ�WKRVH�ZLWK�ORZHU���2+'�FRQFHQWUDWLRQV�>��±��@�7KH�PRVW�UDSLGO\�JURZLQJ�JURXS�RI�SDWLHQWV�ZLWK�+)�DUH�ROGHU�DGXOWV�
DQG�EHFDXVH�ROGHU�DGXOWV�DUH�SURQH�WR�YLWDPLQ�'�GHILFLHQF\±UHODWHG�V\QGURPHV�VXFK�DV�RVWHRPDODFLD�DQG�RVWHRSRURVLV��WKH\�PD\
DOVR�EH�WKH�PRVW�DW�ULVN�IRU�FDUGLRYDVFXODU�UHODWHG�HIIHFWV�RI�YLWDPLQ�'�GHILFLHQF\��5HFHQWO\��ZH�GHPRQVWUDWHG�WKDW��LQ�SDWLHQWV�ZLWK
+)��ORZ�FRQFHQWUDWLRQ�RI���2+'�LV�DVVRFLDWHG�ZLWK�IUDLOW\�DQG�D�VKRUWHU���PLQXWH�ZDON�GLVWDQFH�>��@�,PSDLUHG�ZDONLQJ�KDV�DOVR�EHHQ
UHSRUWHG�LQ�DVVRFLDWLRQ�ZLWK�ORZ�VHUXP���2+'�FRQFHQWUDWLRQV�LQ�QRQ�+)�SRSXODWLRQV�>��@�,GHQWLILFDWLRQ�RI�WKH�UROH���2+'�LQ
IXQFWLRQDO�GHFOLQH�DQG�+)�SURJUHVVLRQ�UHPDLQV�HOXVLYH��:KHWKHU�YLWDPLQ�'�VHUYHV�VLPSO\�DV�D�PDUNHU�RI�SRRU�KHDOWK�DQG�QXWULWLRQ
YHUVXV�D�PHGLDWRU�RI�ERWK�PXVFOH�DQG�FDUGLRYDVFXODU�IXQFWLRQ�UHPDLQV�XQFOHDU�

7R�IXUWKHU�HYDOXDWH�WKH�UHODWLRQVKLS�RI���2+'�FRQFHQWUDWLRQV�ZLWK�SK\VLFDO�SHUIRUPDQFH�LQ�+)��ZH�DVVHVVHG�WKH�FURVV�VHFWLRQDO
UHODWLRQVKLS�EHWZHHQ���2+'��IXQFWLRQDO�FDSDFLW\��DQG�PXVFOH�VWUHQJWK�LQ�ROGHU�DGXOWV�ZLWK�+)�

0HWKRGV

7KH�VWXG\�ZDV�DSSURYHG�E\�WKH�LQVWLWXWLRQDO�UHYLHZ�ERDUG�DW�8QLYHUVLW\�+RVSLWDOV�&DVH�0HGLFDO�&HQWHU��3DUWLFLSDQWV�ZHUH�UHFUXLWHG
IURP�WKH�+)�DQG�JHQHUDO�FDUGLRORJ\�SUDFWLFHV�DW�ERWK�WKH�WHUWLDU\�FDUH�VLWH�DQG�VDWHOOLWH�FOLQLFV��7KH�VWXG\�LV�D�GRXEOH�EOLQGHG�
UDQGRPL]HG��FRQWUROOHG�WULDO�RI�FKROHFDOFLIHURO�YHUVXV�SODFHER��%DVHOLQH�GDWD�LV�SUHVHQWHG�LQ�WKLV�DUWLFOH��,QFOXVLRQ�FULWHULD�LQFOXGHG�DJH
����ZLWK�HLWKHU�V\VWROLF�RU�SUHVHUYHG�V\VWROLF�IXQFWLRQ�+)��1HZ�<RUN�+HDUW�$VVRFLDWLRQ��1<+$��FODVVHV�,,�WR�,9�DW�WKH�WLPH�RI�VWXG\
HQUROOPHQW��PD[LPXP�WROHUDWHG�GRVHV�RI�+)�PHGLFDWLRQV�DV�SHU�WKH�SULPDU\�FDUGLRORJLVW�EHIRUH�HQUROOPHQW�LQWR�WKH�VWXG\��DQG���2+'
FRQFHQWUDWLRQ�������QJ�P/��3RWHQWLDO�SDUWLFLSDQWV�ZHUH�H[FOXGHG�IRU�SULPDU\�K\SHUSDUDWK\URLGLVP�RU�K\SHUFDOFHPLD��QHSKUROLWKLDVLV��D
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GLDJQRVLV�RI�RVWHRSRURVLV��KHPRGLDO\VLV�RU�SHULWRQHDO�GLDO\VLV�DQG�RU�FUHDWLQLQH�RI�!����PJ�G/��FXUUHQW�XVH�RI�GDLO\�YLWDPLQ�'�!����,8�
FRUWLFRVWHURLGV��SDUDWK\URLG�KRUPRQH��37+���DQGURJHQ��RU�HVWURJHQ��FXUUHQW�LOOLFLW�GUXJ�XVHU�RU����DOFRKROLF�GULQNV�D�GD\��PHWDVWDWLF�RU
DGYDQFHG�FDQFHU��DQG�P\RFDUGLDO�LQIDUFWLRQ�LQ�WKH�SUHFHGLQJ���PRQWKV��,QGLYLGXDOV�ZKR�ZHUH�RQ�PHGLFDWLRQV�WKDW�FRXOG�ORZHU
��2+'�FRQFHQWUDWLRQV�RU�ELRDYDLODELOLW\�RI�RUDO�YLWDPLQ�'�DGPLQLVWUDWLRQ�LQFOXGLQJ�NHWRFRQD]ROH��FROHVWLSRO��FKROHVW\UDPLQH��PLQHUDO
RLO��SKHQREDUELWDO��DQG�SKHQ\WRLQ�ZHUH�DOVR�H[FOXGHG��6FUHHQLQJ�IRU�LQFOXVLRQ�LQWR�WKH�VWXG\�ZDV�FRQGXFWHG�DV�D���VWHS�SURFHVV�
,QLWLDOO\��YROXQWHHUV�ZHUH�VFUHHQHG�E\�PHGLFDO�KLVWRU\�IRU�WKH�H[FOXVLRQ�FULWHULD�OLVWHG�DERYH��DQG�LI�TXDOLILHG��D�VHUXP���2+'
FRQFHQWUDWLRQ�ZDV�FROOHFWHG�

0HDVXUHV

&DUGLRSXOPRQDU\�6WUHVV�7HVWLQJ��&DUGLRSXOPRQDU\�VWUHVV�WHVWLQJ�IRU�IXQFWLRQDO�FDSDFLW\�ZDV�SHUIRUPHG�XVLQJ�D�PRGLILHG
1DXJKWRQ�SURWRFRO��0HGLFDO�*UDSKLFV��6W�3DXO��01���%UHDWK�E\�EUHDWK�RQOLQH�JDV�PHDVXUHPHQWV�ZHUH�REWDLQHG�DW�UHVWLQJ�EDVHOLQH
DQG�WKURXJKRXW�WKH�H[HUFLVH�SURWRFRO�WR�PHDVXUH�PLQXWH�YHQWLODWLRQ��9(���WLGDO�YROXPH��97���UHVSLUDWRU\�UDWH��R[\JHQ�XSWDNH��92����
DQG�FDUERQ�GLR[LGH�SURGXFWLRQ��9&2����>��@�3HDN�92���ZDV�GHILQHG�DV�WKH�KLJKHVW�92���LQ�WKH�ODVW�PLQXWH�RI�V\PSWRP�OLPLWHG
H[HUFLVH��9HQWLODWRU\�WKUHVKROG�GHILQHG�DV�WKH�92���DW�ZKLFK�DQDHURELF�PHWDEROLVP�SUHYDLOV�LQ�WKH�SHULSKHU\�ZDV�PHDVXUHG�E\�WKH
9�VORSH�PHWKRG�>��@�7KH�%RUJ�VFDOH�ZDV�XVHG�WR�DVVHVV�SDWLHQW�HIIRUW��DQG�SDWLHQWV�ZHUH�HQFRXUDJHG�WR�UDWLQJ�RI�SHUFHLYHG�H[HUWLRQ
!����PHGLXP�KDUG�>��@�DQG�D�UHVSLUDWRU\�H[FKDQJH�UDWLR��5(5� �9&2���92����!������5HVSLUDWRU\�H[FKDQJH�UDWLR�VHUYHV�DV�D
PHDVXUH�RI�HIIRUW��2QOLQH�HOHFWURFDUGLRJUDSKLF�PRQLWRULQJ�ZDV�REWDLQHG�LQ�DGGLWLRQ�WR�VWDQGDUG����OHDG�HOHFWURFDUGLRJUDPV�DW�UHVW
DQG�DW�WKH�HQG�RI�HDFK�VWDJH�RI�H[HUFLVH��*DV�H[FKDQJH�FROOHFWLRQ�FRQWLQXHG�LQWR�UHFRYHU\�ZLWK���PLQXWH�RI�DFWLYH�FRRO�GRZQ�DW����
PSK�����HOHYDWLRQ�IROORZHG�E\�UHVWLQJ�ZKLOH�VLWWLQJ�LQ�D�FKDLU�XQWLO�D�UHWXUQ�WR�EDVHOLQH�92���LV�REVHUYHG�RU�XS�WR���PLQXWHV�

,VRNLQHWLF�0XVFOH�7HVWLQJ��0XVFXODU�VWUHQJWK�DQG�SRZHU�ZHUH�DVVHVVHG�LQ�WKH�GRPLQDQW�OHJ�XVLQJ�WKH�%LRGH[�6\VWHP���3UR
,VRNLQHWLF�'\QDPRPHWHU��%LRGH[��6KLUOH\��1<���7KH�SURWRFRO�ZDV�GHVLJQHG�VSHFLILFDOO\�IRU�WKH�ROGHU�DGXOWV��DQG�EHIRUH�WHVWLQJ��HDFK
VXEMHFW�ZDV�JLYHQ�SURSHU�LQVWUXFWLRQ�RQ�KRZ�WR�EUHDWKH�FRUUHFWO\�GXULQJ�WHVWLQJ�WR�DYRLG�9DOVDOYD�EUHDWK�KROGLQJ�GXULQJ�WKH�H[HUFLVH�
4XDGULFHSV�VWUHQJWK�GXULQJ�NQHH�H[WHQVLRQ�DQG�KDPVWULQJ�VWUHQJWK�GXULQJ�NQHH�IOH[LRQ�ZHUH�PHDVXUHG�ZLWK�WKH�VXEMHFW�LQ�D�VHDWHG
SRVLWLRQ�RYHU�D�UDQJH�RI�PRWLRQ�RI�DSSUR[LPDWHO\������XVLQJ�D�VSHHG�RI������Ví���0XVFOH�VWUHQJWK�ZDV�DVVHVVHG�DV�SHDN�WRUTXH�LQ
1HZWRQ�PHWHUV��1P��DQG�DOVR�SHDN�WRUTXH�ERG\�ZHLJKW�UHSUHVHQWHG�DV�1P�NJ�

6HUXP�$QDO\VLV��%ORRG�ZDV�FROOHFWHG�DQG�VWRUHG�DW����&�WR����&����2+'�ZDV�PHDVXUHG�E\�&KHPLOXPLQHVFHQW�,PPXQRDVVD\
�$583��6DOW�/DNH�&LW\��87��ZLWK�DQ�LQWUD�DVVD\�FRHIILFLHQW�RI�YDULDWLRQ�RI����DQG����DQG�D�EHWZHHQ�DVVD\�YDULDELOLW\�RI����WR�����
3DUDWK\URLG�KRUPRQH�ZDV�PHDVXUHG�E\�&KHPLOXPLQRPHWULF�7HFKQRORJ\��6LHPHQV�'LPHQVLRQ�9LVWD�6\VWHPV��1HZDUN��'(��E\
8QLYHUVLW\�+RVSLWDOV�FOLQLFDO�ODERUDWRU\���&UHDWLQLQH��EORRG�XUHD�QLWURJHQ��DOEXPLQ��DQG�FDOFLXP�ZHUH�PHDVXUHG�DW�8QLYHUVLW\�+RVSLWDOV
FOLQLFDO�ODERUDWRU\�

.DQVDV�&LW\�&DUGLRP\RSDWK\�4XHVWLRQQDLUH��7KH�.DQVDV�&LW\�&DUGLRP\RSDWK\�4XHVWLRQQDLUH��.&&4��LV�D����LWHP
VHOI�DGPLQLVWHUHG�LQVWUXPHQW�WKDW�JLYHV�DQ�RYHUDOO�FOLQLFDO�DQG�VXPPDU\�VFRUH�EXW�LV�DOVR�GLYLGHG�LQWR���VXEVFDOHV��GRPDLQV��LQFOXGLQJ
V\PSWRPV��IUHTXHQF\��VHYHULW\��DQG�UHFHQW�FKDQJH�RYHU�WLPH���SK\VLFDO�OLPLWDWLRQV��VRFLDO�IXQFWLRQLQJ��DQG�TXDOLW\�RI�OLIH��7KH
VHQVLWLYLW\�RI�WKH�.&&4�KDV�EHHQ�VKRZQ�WR�EH�JUHDWHU�WKDQ�WKDW�RI�WKH�0LQQHVRWD�/LYLQJ�ZLWK�+)�DQG�WKH�6KRUW�)RUP���
TXHVWLRQQDLUHV�>��@�7KH�TXHVWLRQQDLUH�WDNHV�DSSUR[LPDWHO\���WR���PLQXWHV�WR�FRPSOHWH��6FRUHV�UDQJH�IURP���WR������KLJKHU�VFRUHV
UHIOHFW�EHWWHU�KHDOWK�VWDWXV�

6WDWLVWLFDO�$QDO\VHV

3HDUVRQ�SURGXFW�PRPHQW�FRUUHODWLRQ�ZDV�XVHG�WR�DVVHVV�WKH�DVVRFLDWLRQV�EHWZHHQ�WKH�SK\VLFDO�SHUIRUPDQFH�PHDVXUHV�DQG���2+'�
$�OHYHO�RI������ZDV�FRQVLGHUHG�VLJQLILFDQW��$IWHU�WKH�VLJQLILFDQW�DVVRFLDWLRQV�UHYHDOHG�E\�3HDUVRQ�SURGXFW�PRPHQW�FRUUHODWLRQ��ZH

6HUXP����+\GUR[\YLWDPLQ�'�DQG�2OGHU�$GXOWV�:LWK�+)��SULQWHU�IULH��� KWWS���ZZZ�PHGVFDSH�FRP�YLHZDUWLFOH�������BSULQW

��RI��� ����������������30



XVHG�D�OLQHDU�UHJUHVVLRQ�PRGHO�WR�VWXG\�WKHVH�DVVRFLDWLRQV�DIWHU�DGMXVWLQJ�IRU�RWKHU�SRWHQWLDO�H[SODQDWRU\�YDULDEOHV��7R�VWXG\�WKH
DVVRFLDWLRQ�EHWZHHQ���2+'�DQG�SHDN�92�������VXEMHFWV�VXFFHVVIXOO\�FRPSOHWHG�FDUGLRSXOPRQDU\�VWUHVV�WHVWLQJ���ZH�PRGHOHG�WKH
ORJ��QDWXUDO��WUDQVIRUPHG�SHDN�92���WR�EHWWHU�PHHW�QRUPDOLW\�DVVXPSWLRQV�RI�WKH�OLQHDU�UHJUHVVLRQ�PRGHO��3UHGLFWRUV�WKDW�UHDFKHG�WKH
���OHYHO�RI�VLJQLILFDQFH�LQ�XQLYDULDWH�DQDO\VLV�ZHUH�LQFOXGHG�LQ�PXOWLYDULDEOH�UHJUHVVLRQ�DQDO\VLV��$OO�SRWHQWLDO�SDLU�ZLVH�LQWHUDFWLRQV
ZHUH�WHVWHG�DQG�ZHUH�QRW�VLJQLILFDQW��$OO�DQDO\VHV�ZHUH�FRQGXFWHG�XVLQJ�6$6�VRIWZDUH��YHUVLRQ������6$6�,QVWLWXWH�,QF��&DU\��1&��

6WXG\�6XSSRUW��7KH�VWXG\�ZDV�VXSSRUWHG�E\�DQ�$PHULFDQ�+HDUW�$VVRFLDWLRQ�6FLHQWLVW�'HYHORSPHQW�*UDQW�DQG�WKH�./��DW�&DVH
:HVWHUQ�5HVHUYH�8QLYHUVLW\��7KH�DXWKRUV�DUH�VROHO\�UHVSRQVLEOH�IRU�WKH�GHVLJQ�DQG�FRQGXFW�RI�WKH�VWXG\��DOO�VWXG\�DQDO\VHV��DQG
GUDIWLQJ�DQG�HGLWLQJ�RI�WKH�PDQXVFULSW�

5HVXOWV

7ZR�KXQGUHG�VHYHQWHHQ�SDWLHQWV�ZLWK�V\PSWRPDWLF�+)��LQFOXGLQJ�V\VWROLF�G\VIXQFWLRQ�DQG�SUHVHUYHG�V\VWROLF�IXQFWLRQ��ZHUH
VFUHHQHG�IRU�HQUROOPHQW��0RVW�SDWLHQWV
�VFUHHQ�IDLOHG�������EHFDXVH�RI�WDNLQJ�GLVTXDOLI\LQJ�PHGLFDWLRQV�LQFOXGLQJ�!����,8�RI�YLWDPLQ
'�D�GD\��,Q�DGGLWLRQ������KDG�D�FUHDWLQLQH�!����PJ�G/������KDG�D�KLVWRU\�RI�NLGQH\�VWRQHV�RU�RVWHRSRURVLV�����ZHUH�1<+$�FODVV�,�
DQG�����ZHUH�XQDEOH�WR�ZDON�RQ�D�WUHDGPLOO�RU�ULGH�D�ELF\FOH�EHFDXVH�RI�PRELOLW\�SUREOHPV��)RUW\�SDWLHQWV��PHDQ�DJH������������
\HDUV������ZRPHQ�DQG�������$IULFDQ�$PHULFDQ�>$$@��������QRQLVFKHPLF��ZHUH�HQUROOHG�LQ�WKH�VWXG\�DV�VKRZQ�LQ�7DEOH�,��7KH�PHDQ
HMHFWLRQ�IUDFWLRQ��()��ZDV������������1<+$�FODVV�,,�ZHUH������DQG�1<+$�FODVV�,,,�ZHUH������&RPRUELGLWLHV�LQFOXGHG�������ZLWK
K\SHUWHQVLRQ�DQG�������ZLWK�GLDEHWHV��0HDQ�VHUXP���2+'�FRQFHQWUDWLRQ�ZDV������������QJ�P/����2+'�YDULHG�E\�UDFH��ZLWK�$$
KDYLQJ�VLJQLILFDQWO\�ORZHU���2+'�FRQFHQWUDWLRQ�WKDQ�&DXFDVLDQV�����YV����QJ�P/��3� ���������2+'�FRQFHQWUDWLRQ�GLG�QRW�YDU\�E\
DJH������YV�����\HDUV���ERG\�PDVV�LQGH[��%0,������YV�����NJ�P����RU�VH[�

7DEOH�,��&KDUDFWHULVWLFV�RI�WKH�VWXG\�SDUWLFLSDQWV��Q� ����

$JH��\���PHDQ��6'� �����������
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���0HQ �������

���:RPHQ �������

5DFH��Q����

���$$ ���������

���&DXFDVLRQ ���������

%0,��NJ�P����PHDQ��6'� ����������

&DXVH�RI�+)��Q����

���,VFKHPLF ���������

���1RQLVFKHPLF ���������
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���,,, �������
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7KH�PHDQ�SHDN�92���ZDV��������P/�NJ�SHU�PLQXWH�ZLWK�D�PHDQ�5(5�RI�������UDQJH�����±�������7KH�PHDQ�9(�9&2���ZDV�������

<HDUV�ZLWK�+)��PHDQ��6'� ���������

()��Q���� �����������

'LDEHWHV��Q���� ���������

3XOPRQDU\�GLVHDVH��Q���� ���������

+\SHUOLSLGHPLD��Q���� ���������

3HULSKHUDO�YDVFXODU�GLVHDVH��Q���� �����

+\SHUWHQVLRQ��Q���� ���������

6WURNH��Q���� ��������

&XUUHQW�VPRNHUV��Q���� ������

6HUXP�7HVWV

&DOFLXP��PJ�G/� ��������

$OEXPLQ��J�G/� ��������

3KRVSKRUXV��PJ�G/� ��������

37+��SJ�P/� �����������

6HUXP�EORRG�XUHD�QLWURJHQ��PJ�G/� ���������

6HUXP�FUHDWLQLQH��PJ�G/� ��������

6HUXP���2+'��QJ�P/� ����������

0HGLFDWLRQV

$&(�LQKLELWRU��Q���� ���������

���(QDODSULO�(4�GRVH��PJ� ����

$QJLRWHQVLQ�LQKLELWRU�EORFNHU��Q���� ���������

���9DOVDUWDQ�(4�GRVH��PJ� �����

�%ORFNHU��Q���� �������

���0HWRSURORO�(4�GRVH��PJ� �����

/RRS�GLXUHWLF��Q���� �������

���)XURVHPLGH�(4�GRVH��PJ� �����

$OGRVWHURQH�DQWDJRQLVW��Q���� �������

���6SLURQRODFWRQH�GRVH��PJ� ����

'RVHV�DUH�JLYHQ�LQ�PHDQ�GDLO\�GRVH�DQG�FRQYHUWHG�WR�D�VWDQGDUG�PHGLFDWLRQ�
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�����LQGLFDWLQJ�D�PLOGO\�LPSDLUHG�YHQWLODWRU\�HIILFLHQF\�ZLWKLQ�WKH�JURXS��3HDN�WRUTXH�DGMXVWHG�IRU�ERG\�ZHLJKW�LQ�KHDOWK\�SRSXODWLRQV
XVXDOO\�UHIOHFWV�EHWWHU�VWUHQJWK�LQ�PHQ�WKDQ�LQ�ZRPHQ��,Q�WKLV�FRKRUW�RI�SDWLHQWV��WKHUH�ZDV�QR�VWDWLVWLFDO�GLIIHUHQFH�LQ�SHDN�WRUTXH
EHWZHHQ�PHQ�DQG�ZRPHQ��7KH�.&&4�VFRUHV�VKRZHG�WKH�ORZHVW�VFRUH�DW�����������IRU�WKH�SK\VLFDO�OLPLWDWLRQ�GRPDLQ�DQG�WKH
KLJKHVW�RI�������������IRU�WKH�WRWDO�V\PSWRP�VFRUH��7DEOH�,,��

,Q�XQLYDULDWH�DQDO\VLV��SUHGLFWRUV�RI�SHDN�92����ORJ�>QDWXUDO@�WUDQVIRUPHG��DVVHVVHG�ZHUH�DJH��UDFH��VHUXP���2+'��5(5��+)
HWLRORJ\��()��%0,��DQG�VH[��7KHUH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�SRVLWLYH�DVVRFLDWLRQ�RI���2+'�ZLWK�SHDN�92����3� �������)LJXUH����
3UHGLFWRUV�WKDW�UHDFKHG�WKH����OHYHO�RI�VLJQLILFDQFH�LQ�XQLYDULDWH�DQDO\VLV�ZHUH�LQFOXGHG�LQ�PXOWLYDULDEOH�UHJUHVVLRQ�DQDO\VLV��6HUXP
��2+'�PDLQWDLQHG�DQ�LQGHSHQGHQW�UHODWLRQVKLS�ZLWK�SHDN�92����7DEOH�,,,���DGMXVWHG�5��� ��������7KLV�PRGHO�H[SODLQHG�����RI�WKH

7DEOH�,,��)XQFWLRQDO�DQG�KHDOWK�VWDWXV�WHVWLQJ

&DUGLRSXOPRQDU\�VWUHVV�WHVW��PHDQ��6'�

3HDN�9R���P/�NJ�PLQ� ������

0HQ ����������

:RPHQ ����������

3HUFHQWDJH�SUHGLFWHG�9R� �����������

3HDN�H[HUFLVH�9(�9&2� ����������

5HVSLUDWRU\�H[FKDQJH�UDWLR ���������

9HQWLODWRU\�WKUHVKROG���P/�NJ�PLQ� ����������

([HUFLVH�WLPH��PLQ� ���������

,VRNLQHWLF�PXVFOH�WHVWLQJ�DW�����Ví�

3HDN�WRUTXHÁ��QP�NJ� ([WHQVLRQ )OH[LRQ

0HQ��Q� ���� ����������� ����������

:RPHQ��Q� ���� ����������� ����������

.&&4

2YHUDOO�VXPPDU\�VFRUH �����������

6XEVFDOHV

3K\VLFDO�OLPLWDWLRQ�VFRUH ���������

6\PSWRP�VFRUH �����������

4XDOLW\�RI�OLIH�VFRUH ���������

6RFLDO�OLPLWDWLRQ�VFRUH �����������

7KLUW\�QLQH�SDUWLFLSDQWV�KDG�VXFFHVVIXO�FDUGLRSXOPRQDU\�VWUHVV�WHVWLQJ�
�7ZHQW\�WZR�SDUWLFLSDQWV�DWWDLQHG�WKHLU�YHQWLODWRU\�WKUHVKROG�
Á$GMXVWHG�IRU�ERG\�ZHLJKW�
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YDULDELOLW\�LQ�SHDN�92����%DVHG�RQ�WKLV�UHJUHVVLRQ�PRGHO��IRU�HYHU\���QJ�P/�LQFUHDVH�LQ�VHUXP���2+'��WKH�92���LQFUHDVHG�E\������

7DEOH�,,,��8QLYDULDWH�DQG�PXOWLYDULDEOH�DQDO\VLV�IRU�WKH�ORJ��QDWXUDO��WUDQVIRUPHG�SHDN�9R��DV�WKH
GHSHQGDQW�YDULDEOH

8QLYDULDWH�UHJUHVVLRQ�DQDO\VLV 0XOWLYDULDEOH�UHJUHVVLRQ�DQDO\VLV

9DULDEOH (VWLPDWH������&,� 3 (VWLPDWH������&,� 3

$JH ������������±������ �� ������������±������ ���

5DFH� ������������±����� �� ������������±������ ���

��2+' ������������±������ �� ������������±������ ����

5(5 ������������±������ ��� ������������±������ ����

+)�HWLRORJ\Á ������������±������ �� ������������±������ ����

() ������������±������ �� 5��� �������DGMXVWHG�5��� �����

%0, ������������±������ ��

6H[� ������������±������ ��

9DULDEOHV�WKDW�UHDFKHG�3������LQ�XQLYDULDWH�DQDO\VLV�ZHUH�LQFOXGHG�LQ�WKH�PXOWLYDULDEOH�DQDO\VLV�
�5HIHUHQFH�JURXS�LQFOXGHV�$$�
Á5HIHUHQFH�JURXS�LQFOXGHV�LVFKHPLF�
�5HIHUHQFH�JURXS�LQFOXGHV�PHQ�
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)LJXUH�����8QLYDULDWH�UHODWLRQVKLS�EHWZHHQ�ORJ�WUDQVIRUPHG�SHDN�9R��DQG���2+'��3HDN�9R��LV�EDFN�WUDQVIRUPHG�IRU
LQWHUSUHWDELOLW\�

)URP�WKH�.&&4��VHUXP���2+'�FRQFHQWUDWLRQV�ZHUH�FRUUHODWHG�ZLWK�WKH�SK\VLFDO�OLPLWDWLRQ�VFRUH��U� �������3� �������8QLYDULDWH
UHJUHVVLRQ�DQDO\VLV�VKRZHG�WKDW�WKH�%0,����2+'��VH[��UDFH��1<+$�FODVV��DQG�HWLRORJ\�RI�+)��LVFKHPLF�RU�QRQLVFKHPLF��ZHUH
DVVRFLDWHG�ZLWK�WKH�.&&4�SK\VLFDO�OLPLWDWLRQ�VFRUH�DW�D����OHYHO�RI�VLJQLILFDQFH�DQG�ZHUH�WKHUHIRUH�LQFOXGHG�LQ�WKH�PXOWLYDULDEOH
UHJUHVVLRQ�PRGHO��,Q�PXOWLYDULDEOH�UHJUHVVLRQ�PRGHO��RQO\�UDFH��$$�KDYLQJ�ORZHU�VFRUHV��DQG�1<+$�FODVV��ORZHU�FODVV�ZLWK�KLJKHU
VFRUHV��UHPDLQHG�VLJQLILFDQW��3� ������3��������DGMXVWHG�5��� ��������7KLV�PRGHO�H[SODLQHG�����RI�WKH�YDULDQFH�LQ�WKH�.&&4
SK\VLFDO�OLPLWDWLRQ�VFRUH�

0HDVXUH�RI�LVRNLQHWLF�PXVFOH�VWUHQJWK��SHDN�WRUTXH�DGMXVWHG�IRU�ERG\�ZHLJKW�LQ�IOH[LRQ��VKRZHG�QR�DVVRFLDWLRQ�ZLWK�VHUXP���2+'
FRQFHQWUDWLRQ��2OGHU�DJH�WUHQGHG�WRZDUG�VLJQLILFDQFH�DW�3� ������ZLWK�ROGHU�DJH�UHODWLQJ�WR�ORZHU�SHDN�WRUTXH��8QLYDULDWH�DQDO\VLV�RI
UDFH��VH[��()��DQG���2+'�FRQFHQWUDWLRQ�ZHUH�QRW�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�SHDN�WRUTXH�

'LVFXVVLRQ

,Q�D�VPDOO�JURXS�RI�ROGHU�SDWLHQWV�ZLWK�+)��ZH�IRXQG�WKDW�VHUXP���2+'�FRQFHQWUDWLRQV�������QJ�P/�ZHUH�DVVRFLDWHG�ZLWK�SHDN�92��
DV�D�PHDVXUH�RI�IXQFWLRQDO�FDSDFLW\�EXW�QRW�ZLWK�LVRNLQHWLF�PXVFOH�VWUHQJWK��,Q�DGGLWLRQ��WKH�.&&4�SK\VLFDO�OLPLWDWLRQ�GRPDLQ�ZDV
DVVRFLDWHG�ZLWK���2+'�FRQFHQWUDWLRQV�RQO\�LQ�XQLYDULDWH�DQDO\VLV��7KLV�UHODWLRQVKLS�ZDV�ORVW�ZLWK�PXOWLYDULDEOH�PRGHO��:H�KDYH
SUHYLRXVO\�GHPRQVWUDWHG�DQ�DVVRFLDWLRQ�EHWZHHQ���2+'�FRQFHQWUDWLRQV�ZLWK�WKH���PLQXWH�ZDON�GLVWDQFH�DQG�IUDLOW\�LQ�D�FRKRUW�RI
SDWLHQWV�ZLWK�+)�>��@�7KLV�VWXG\�H[SDQGV�WKDW�REVHUYDWLRQ�WR�LQFOXGH�SHDN�92����WKH�JROG�VWDQGDUG�PHDVXUH�RI�IXQFWLRQDO�FDSDFLW\�
7KH�UHODWLRQVKLS�EHWZHHQ�92���DQG���2+'�OHYHO�ZDV�VKRZQ�SUHYLRXVO\�LQ�SDWLHQWV�ZLWK�+)�ZKR�ZHUH�1<+$�FODVV�,,,�RU�,9�DQG
UHIHUUHG�IRU�FDUGLDF�WUDQVSODQWDWLRQ�>��@�7KLV�REVHUYHG�DVVRFLDWLRQ�H[SDQGV�ZKDW�ZDV�VHHQ�SUHYLRXVO\�LQ�HYDOXDWLQJ�DQ�ROGHU�PRUH
KHWHURJHQHRXV�SRSXODWLRQ�LQ�VH[�DQG�UDFH��DV�ZHOO�DV�+)�VHYHULW\�
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7KH�SDUWLFLSDQWV�LQ�WKLV�VWXG\�KDG�HLWKHU�V\VWROLF�RU�SUHVHUYHG�V\VWROLF�+)�ZLWK�IXQFWLRQDO�OLPLWDWLRQV�PHDVXUHG�E\�1<+$
FODVVLILFDWLRQ��:H�FKRRVH�WR�EH�LQFOXVLYH�RI�ERWK�W\SHV�RI�+)�EHFDXVH�ERWK�DUH�HTXDOO\�GLVDEOLQJ�DQG�KDYH�DEQRUPDO�SHDN�92���>��@
DOEHLW�V\VWROLF�IDLOXUH�LQFXUV�D�KLJKHU�ULVN�RI�PRUWDOLW\�>��@�,QFOXGLQJ�+)�SUHVHUYHG�V\VWROLF�IXQFWLRQ�LV�LPSRUWDQW�LQ�VWXGLHV�RI�ROGHU
DGXOWV�EHFDXVH�DW�OHDVW�����RI�ROGHU�SDWLHQWV�ZLOO�KDYH�SUHVHUYHG�V\VWROLF�IXQFWLRQ�>��@�,Q�DGGLWLRQ��WKH�LQWHUDFWLRQ�WKDW�YLWDPLQ�'�PD\
KDYH�RQ�WKH�5$$6>�����@�ZRXOG�QRW�EH�VSHFLILF�WR�WKH�()��LQ�WKDW�ERWK�W\SHV�RI�+)�KDYH�5$$6�DFWLYDWLRQ�

,Q�WKH�SDWLHQW�ZLWK�+)����2+'�FRQFHQWUDWLRQV�PD\�EH�GLUHFWO\�LPSDFWHG�E\�WKHLU�H[SRVXUH�WR�VXQOLJKW��3DWLHQWV�ZLWK�ORZ�92���RIWHQ
KDYH�ORZ�DFWLYLW\�OHYHOV�DQG�WKHUHIRUH�PD\�VSHQG�OHVV�WLPH�RXW�RI�GRRUV�H[SRVHG�WR�89%�OLJKW��)URP�WKLV�VWXG\��WKHUH�LV�QR�ZD\�WR
NQRZ�LI�KDYLQJ�+)�DQG�ORZ�SK\VLFDO�DFWLYLW\�VXQ�H[SRVXUH�LV�ORZHULQJ�WKH���2+'�OHYHO�DQG�XQLQYROYHG�LQ�WKH�SDWKRSK\VLRORJ\�RI�+)
RU�LI���2+'�FRQFHQWUDWLRQV�DUH�GLUHFWO\�LQYROYHG�LQ�ZRUVHQLQJ�WKH�IXQFWLRQDO�FDSDFLW\��/DERUDWRU\�ZRUN�LQ�YLWDPLQ�'�KDV
GHPRQVWUDWHG�GLUHFW�P\RFDUGLDO�HIIHFWV�RI�YLWDPLQ�'�LQFOXGLQJ�UHJXODWLRQ�RI�H[WUDFHOOXODU�PDWUL[�SURWHLQ�WXUQRYHU��FDOFLXP�IOX[�DQG
P\RFDUGLDO�FRQWUDFWLOLW\��DQG�DQWLSUROLIHUDWLYH�DQG�K\SHUWURSKLF�HIIHFWV�>��@�+RZHYHU��PXFK�RI�WKLV�ZRUN�KDV�EHHQ�GRQH�ZLWK
�����2+��'�

2XU�ILQGLQJV�RI�ORZHU�FRQFHQWUDWLRQ�RI���2+'�LQ�WKH�$$�SDWLHQWV�LQ�WKLV�FRKRUW�DUH�FRQVLVWHQW�ZLWK�WKH�1DWLRQDO�+HDOWK�DQG�1XWULWLRQ
([DPLQDWLRQ�6XUYH\��7KH�1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\�UHSRUW�FRPSDULQJ������ZLWK������KDV�QRWHG�WKDW
DOWKRXJK�FRQFHQWUDWLRQV�RI���2+'�DUH�UHPDLQLQJ�FRQVWDQW�LQ�WKH�JHQHUDO�SRSXODWLRQ�RYHUDOO��$$V�DUH�DQ�DW�ULVN�VXEJURXS�LQ�ZKLFK
VHUXP���2+'�FRQFHQWUDWLRQV�KDYH�EHFRPH�PRUH�GHILFLHQW�RYHU�WLPH�>��@�7KH�SUHGRPLQDQFH�RI�$$�SDUWLFLSDQWV�LQ�RXU�FRKRUW�LV
LPSRUWDQW�ZKHQ�H[DPLQLQJ�WKH�DVVRFLDWLRQ�RI�YLWDPLQ�'�ZLWK�KHDUW�GLVHDVH��9LWDPLQ�'�GHILFLHQF\�KDV�EHHQ�LPSOLFDWHG�DV�KDYLQJ
LQIOXHQFH�RYHU�WKH�K\SHUWHQVLYH�SDWLHQW��LQFUHDVLQJ�ULVN�IRU�DGYHUVH�FDUGLRYDVFXODU�RXWFRPH�>�@�)XUWKHUPRUH��YLWDPLQ�'�GHILFLHQF\
PD\�FRQIHU�PRUH�ULVN�IRU�GLVHDVH�DQG�FDUGLRYDVFXODU�PRUWDOLW\�LQ�$$V�WKDQ�LQ�RWKHU�UDFLDO�JURXSV�>�����@�7KLV�GLVSDULW\�LQGLFDWHV�D
FRQVLGHUDEOH�DQG�UHYHUVLEOH�SXEOLF�KHDOWK�FKDOOHQJH�WKDW�UHTXLUHV�IXUWKHU�HYDOXDWLRQ�LQ�D�GLYHUVH�SDWLHQW�SRSXODWLRQ�

7KH�GHILFLHQF\�RI�YLWDPLQ�'�SURPSWV�WKH�TXHVWLRQ�RI�UHSOHWLRQ��,PSURYLQJ�IXQFWLRQ�ZLWK�YLWDPLQ�'�UHSOHWLRQ�ZDV�UHFHQWO\�VWXGLHG�LQ�D
���ZHHN�UDQGRPL]HG��SODFHER�FRQWUROOHG�WULDO�RI�����SDWLHQWV�ZLWK�V\VWROLF�+)��PHDQ�DJH������\HDUV��DQG�VHOHFWHG�IRU�ORZ���2+'
FRQFHQWUDWLRQV�>��@�7KH�PHDQ�EDVHOLQH���2+'�FRQFHQWUDWLRQ�LQ�WKH�WUHDWPHQW�JURXS�LQFUHDVHG�IURP������WR������QJ�P/�ZLWK���RUDO
GRVHV�RI���������,8�RI�HUJRFDOFLIHURO��YLWDPLQ�'���JLYHQ�DW�EDVHOLQH�DQG�DJDLQ�DW����ZHHNV��7KH�VWXG\�IDLOHG�WR�VKRZ�D�FKDQJH�LQ
SK\VLFDO�SHUIRUPDQFH�RXWFRPH�PHDVXUH�RI�WKH���PLQXWH�ZDON�WHVW��7KH���2+'�FRQFHQWUDWLRQ�DFKLHYHG�LQ�WKLV�VWXG\�LV�XQOLNHO\�DQ
DGHTXDWH�FKDQJH�LQ�WKH���2+'�FRQFHQWUDWLRQ�WR�VHH�D�UHVSRQVH�LQ�SK\VLFDO�SHUIRUPDQFH��6LPLODUO\��D�ODFN�RI�LPSURYHPHQW�LQ�92��
ZDV�VHHQ�LQ�D�VWXG\�RI�����DGXOWV�ZLWK�+)������PHQ��UDFH�QRW�UHSRUWHG��ZKR�ZHUH�VXSSOHPHQWHG�ZLWK�������,8�FKROHFDOFLIHURO�>��@
7KH�PHDQ�FRQFHQWUDWLRQ�RI���2+'�DFKLHYHG�ZDV����QJ�P/��DW�WKLV�FRQFHQWUDWLRQ��WKHUH�ZDV�D�UHGXFWLRQ�LQ�37+�DQG�LQIODPPDWRU\
PHGLDWRUV�LQGLFDWLQJ�D�SK\VLRORJLF�HIIHFW��EXW�WKLV�FRQFHQWUDWLRQ�PD\�EH�WRR�ORZ�WR�LPSDFW�D�FKDQJH�LQ�IXQFWLRQDO�FDSDFLW\��ZKLFK�LV
QRWHG�E\�WKH�DXWKRUV��$�GURS�LQ�WKH�FRQFHQWUDWLRQ�RI�37+�LQ�DQG�RI�LWVHOI�PD\�EH�EHQHILFLDO�WR�UHGXFH�FDUGLRYDVFXODU�ULVN��GLVHDVH�
DQG�UHODWHG�PRUWDOLW\�>�����@�+RZHYHU��WKHUH�ZDV�QR�UHODWLRQVKLS�EHWZHHQ�37+�DQG�UHSRUWHG�RXWFRPHV�LQ�WKLV�VWXG\�

$Q�DGHTXDWH���2+'�FRQFHQWUDWLRQ�IRU�LPSURYHG�SK\VLFDO�IXQFWLRQ�LV�EHWZHHQ����DQG����QJ�P/�>��@�)RU�UHGXFLQJ�FDUGLRYDVFXODU�ULVN�
WKHUH�LV�HYLGHQFH�WKDW�WKH�RSWLPXP�OHYHO�LV�!���QJ�P/�>��@�6WXGLHV�RI�RWKHU�GLVHDVH�VWDWHV�LQFOXGLQJ�ERQH�PLQHUDO�GHQVLW\�KDYH�IRXQG
DGHTXDWH���2+'�FRQFHQWUDWLRQ�WR�EH�DSSUR[LPDWHO\����QJ�P/�IRU�SK\VLRORJLF�EHQHILW�>��@�,Q�DGGLWLRQ��D�UHYLHZ�RI�SK\VLFDO
SHUIRUPDQFH�LQ�ROGHU�DGXOWV�ZLWK�YLWDPLQ�'�VXSSOHPHQWDWLRQ�IRXQG�WKDW�VWXGLHV�WKDW�LQFOXGHG�FDOFLXP�VXSSOHPHQWDWLRQ�KDG�D�SRVLWLYH
HIIHFW�RYHU�VWXGLHV�WKDW�JDYH�YLWDPLQ�'�DORQH�>��@

7KH�PHDVXUH�RI�KHDOWK�VWDWXV��WKH�.&&4��GLG�QRW�VKRZ�D�VLJQLILFDQW�UHODWLRQVKLS�ZLWK�WKH���2+'�FRQFHQWUDWLRQ�H[FHSW�IRU�WKH
SK\VLFDO�OLPLWDWLRQ�VXEVFDOH�LQ�XQLYDULDWH�DQDO\VLV��&OHDUO\��WKH�PRVW�SRZHUIXO�SUHGLFWRU�RI�WKH�SK\VLFDO�OLPLWDWLRQ�VFRUH�LV�WKH
IXQFWLRQDO�FODVV�WKDW�LV�FOLQLFDOO\�DSSURSULDWH�DQG�H[SHFWHG�>��@�5DFH�ZDV�DOVR�D�VLJQLILFDQW�SUHGLFWRU�LQ�WKH�PRGHO��$IULFDQ�$PHULFDQ
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SDWLHQWV�DUH�DOVR�NQRZQ�WR�KDYH�ZRUVH�SK\VLFDO�IXQFWLRQ�VFRUHV�ZKHQ�KHDOWK�VWDWXV�LV�PHDVXUHG�>�����@�7KLV�ILQGLQJ�UHTXLUHV�IXUWKHU
HYDOXDWLRQ�LQ�ROGHU�$$�SDWLHQWV�ZLWK�+)�

7KHUH�ZDV�QR�UHODWLRQVKLS�ZLWK�LVRNLQHWLF�PXVFOH�VWUHQJWK�DQG���2+'�FRQFHQWUDWLRQV�LQ�SDWLHQWV�ZLWK�+)��7KLV�ZDV�XQH[SHFWHG�LQ
WKDW�YLWDPLQ�'�GHILFLHQF\�KDV�NQRZQ�VNHOHWDO�PXVFOH�HIIHFWV�ZLWK�VHYHUH�YLWDPLQ�'�GHILFLHQF\�FKDUDFWHUL]HG�E\�SUR[LPDO�PXVFOH
ZHDNQHVV�DQG�SDLQ��3DUWLFXODUO\��ROGHU�DGXOWV�ZKR�DUH�GHILFLHQW�LQ�YLWDPLQ�'�KDYH�PXVFOH�ZHDNQHVV�DQG�GHFUHDVHG�PXVFOH�PDVV�DQG
DUH�SURQH�WR�IDOOV�>��������@�3RRU�SK\VLFDO�SHUIRUPDQFH�UHSUHVHQWHG�E\�VORZHG�ZDON�WLPH��GHFUHDVHG�JULS�VWUHQJWK��DQG�PHDVXUHV�RI
IUDLOW\�KDV�EHHQ�FRUUHODWHG�ZLWK�YLWDPLQ�'�GHILFLHQF\�LQ�ERWK�+)�DQG�QRQ�+)�SRSXODWLRQV�>��������@�%HFDXVH�RI�WKH�OLPLWV�RI�FURVV�
VHFWLRQDO�VWXG\�GHVLJQ��PHDVXUHV�RI�PXVFOH�VWUHQJWK�ZLWK�YLWDPLQ�'�UHSOHWLRQ�LQ�IXQFWLRQDOO\�OLPLWHG�SDWLHQWV�LV�VWLOO�ZDUUDQWHG�EHFDXVH
WKH�UHODWLRQVKLS�EHWZHHQ�VNHOHWDO�PXVFOH�DQG�YLWDPLQ�'�LV�VR�ZHOO�HVWDEOLVKHG�

6WXG\�/LPLWDWLRQV

7KLV�VWXG\�LV�OLPLWHG�E\�WKH�FURVV�VHFWLRQDO�GHVLJQ��DQG�WKHUHIRUH��FDXVDOLW\�FDQQRW�EH�GHWHUPLQHG��1RQHWKHOHVV��WKH�UHVXOWV�DUH
K\SRWKHVLV�JHQHUDWLQJ��DQG�FOLQLFDO�WULDOV�RI�YLWDPLQ�'�WKHUDS\�LQ�+)�VKRXOG�DVVHVV�WKH�UHVSRQVH�RI�IXQFWLRQDO�FDSDFLW\�LQ�WKH�ROGHU
DGXOW��7KLV�VWXG\�GLG�QRW�GHPRQVWUDWH�D�UHODWLRQVKLS�EHWZHHQ�KHDOWK�VWDWXV�RU�PXVFOH�VWUHQJWK�DQG�WKH�VHUXP�FRQFHQWUDWLRQ�RI
��2+'��7KLV�PD\�EH�GXH�WR�WKH�VPDOO�VDPSOH�VL]H�DQG�LQFOXGHV�D�ODUJH�YDULDQFH�PDNLQJ�VWDWLVWLFDO�VLJQLILFDQFH�OHVV�OLNHO\�

&OLQLFDO�,PSOLFDWLRQV

7KH�UHVXOWV�RI�WKLV�VWXG\�DGG�WR�D�JURZLQJ�ERG\�RI�FOLQLFDO�HYLGHQFH�WKDW�YLWDPLQ�'�PD\�KDYH�LQIOXHQFH�RYHU�WKH�KHDOWK�RI�WKH
FDUGLRYDVFXODU�V\VWHP��7KLV�SLORW�VWXG\�EHJLQV�WR�GUDZ�WRJHWKHU�WKH�EHWWHU�NQRZQ�HIIHFW�RI�YLWDPLQ�'�RQ�WKH�PXVFXORVNHOHWDO�V\VWHP
ZLWK�HPHUJLQJ�HYLGHQFH�RI�WKH�UHODWLRQVKLS�RI�YLWDPLQ�'�WR�WKH�FDUGLRYDVFXODU�V\VWHP��7KLV�VWXG\�LWVHOI�PD\�QRW�FKDQJH�FOLQLFDO
SUDFWLFH�LQ�SDWLHQWV�ZLWK�+)��EXW�LW�LV�SURYRFDWLYH�DQG�SURYLGHV�D�EDVLV�IRU�IXUWKHU�UHVHDUFK��6KRXOG�WKHVH�DVVRFLDWLRQV�EH�GLUHFWO\
UHODWHG�WR�FDXVDWLRQ��WKH�UHSOHWLRQ�RI�YLWDPLQ�'�LQ�WKH�HOGHUO\�SRSXODWLRQ�ZLWK�+)�FRXOG�KDYH�D�EURDG�SXEOLF�KHDOWK�LPSDFW�
)XUWKHUPRUH��UHFRPPHQGDWLRQV�WR�PDLQWDLQ�DGHTXDWH�YLWDPLQ�'�VWDWXV�DUH�LPSRUWDQW�WR�PXOWLSOH�SK\VLRORJLF�SURFHVVHV�DQG��SHUKDSV�
WR�GHFUHDVH�WKH�ULVN�RI�FDQFHU��7HVWLQJ�RI�YLWDPLQ�'�VWDWXV�DQG�UHSOHWLRQ�VKRXOG�EH�FRQVLGHUHG�DV�SDUW�RI�VWDQGDUG�FOLQLFDO
SUDFWLFH�>��@

&RQFOXVLRQ

3DWLHQWV�ZLWK�+)�PD\�KDYH�DQ�LQFUHDVH�YXOQHUDELOLW\�WR�YLWDPLQ�'�GHILFLHQF\�EHFDXVH�RI�WKH�GLVHDVH�SURFHVV�WKDW�HIIHFWV
FDUGLRSXOPRQDU\�UHVHUYH�DQG�VNHOHWDO�PXVFOH�IXQFWLRQ��$OWKRXJK�WKHUH�ZDV�QR�HYLGHQFH�IURP�WKLV�FURVV�VHFWLRQDO�DQDO\VLV�WKDW�WKHUH
LV�DQ�DVVRFLDWLRQ�ZLWK�LVRNLQHWLF�PXVFOH�VWUHQJWK�DQG���2+'�FRQFHQWUDWLRQV��WKH�DVVRFLDWLRQ�ZLWK�SHDN�92���PD\�LQGLFDWH�D�PRUH
FRPSOLFDWHG�UHODWLRQVKLS�ZLWK�WKH�FDUGLRYDVFXODU�V\VWHP�

5HIHUHQFHV

:LOVRQ�-5��5D\RV�*��<HRK�7.��HW�DO��'LVVRFLDWLRQ�EHWZHHQ�H[HUWLRQDO�V\PSWRPV�DQG�FLUFXODWRU\�IXQFWLRQ�LQ�SDWLHQWV�ZLWK�KHDUW
IDLOXUH��&LUFXODWLRQ�����������±���

��

&RDWV�$-��7KH��PXVFOH�K\SRWKHVLV��RI�FKURQLF�KHDUW�IDLOXUH��-�0RO�&HOO�&DUGLRO�������������±�����
+XOVPDQQ�0��4XLWWDQ�0��%HUJHU�5��HW�DO��0XVFOH�VWUHQJWK�DV�D�SUHGLFWRU�RI�ORQJ�WHUP�VXUYLYDO�LQ�VHYHUH�FRQJHVWLYH�KHDUW
IDLOXUH��(XU�-�+HDUW�)DLO�����������±��

��

.LP�'+��6DERXU�6��6DJDU�81��HW�DO��3UHYDOHQFH�RI�K\SRYLWDPLQRVLV�'�LQ�FDUGLRYDVFXODU�GLVHDVHV��IURP�WKH�1DWLRQDO�+HDOWK
DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\������WR��������$P-�&DUGLRO��������������±��

��
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*LRYDQQXFFL�(��/LX�<��+ROOLV�%:��HW�DO�����+\GUR[\YLWDPLQ�'�DQG�ULVN�RI�P\RFDUGLDO�LQIDUFWLRQ�LQ�PHQ��D�SURVSHFWLYH�VWXG\�
$UFK�,QWHUQ�0HG��������������±���

��

'REQLJ�+��3LO]�6��6FKDUQDJO�+��HW�DO��,QGHSHQGHQW�DVVRFLDWLRQ�RI�ORZ�VHUXP����K\GUR[\YLWDPLQ�G�DQG������GLK\GUR[\YLWDPLQ�G
OHYHOV�ZLWK�DOO�FDXVH�DQG�FDUGLRYDVFXODU�PRUWDOLW\��$UFK�,QWHUQ�0HG��������������±��

��

:DQJ�7-��3HQFLQD�0-��%RRWK�6/��HW�DO��9LWDPLQ�'�GHILFLHQF\�DQG�ULVN�RI�FDUGLRYDVFXODU�GLVHDVH��&LUFXODWLRQ
������������±���

��

0LOOHU�55��+LFNV�*(��6KDUGHOO�0'��HW�DO��$VVRFLDWLRQ�RI�VHUXP�YLWDPLQ�'�OHYHOV�ZLWK�LQIODPPDWRU\�UHVSRQVH�IROORZLQJ�KLS
IUDFWXUH��WKH�%DOWLPRUH�+LS�6WXGLHV��-�*HURQWRO�$�%LRO�6FL�0HG�6FL�������������±��

��

9DQ�GHQ�%HUJKH�*��9DQ�5RRVEURHFN�'��9DQKRYH�3��HW�DO��%RQH�WXUQRYHU�LQ�SURORQJHG�FULWLFDO�LOOQHVV��HIIHFW�RI�YLWDPLQ�'��-
&OLQ�(QGRFULQRO�0HWDE�������������±���

��

+ROLFN�0)��9LWDPLQ�'�GHILFLHQF\��1�(QJO�-�0HG�������������±������
.RQJ�-��4LDR�*��=KDQJ�=��HW�DO��7DUJHWHG�YLWDPLQ�'�UHFHSWRU�H[SUHVVLRQ�LQ�MX[WDJORPHUXODU�FHOOV�VXSSUHVVHV�UHQLQ�H[SUHVVLRQ
LQGHSHQGHQW�RI�SDUDWK\URLG�KRUPRQH�DQG�FDOFLXP��.LGQH\�,QW�������������±���

���

/L�<&��9LWDPLQ�'�UHJXODWLRQ�RI�WKH�UHQLQ�DQJLRWHQVLQ�V\VWHP��-�&HOO�%LRFKHP������������±������
/L�<&��.RQJ�-��:HL�0��HW�DO�������'LK\GUR[\YLWDPLQ�'����LV�D�QHJDWLYH�HQGRFULQH�UHJXODWRU�RI�WKH�UHQLQ�DQJLRWHQVLQ�V\VWHP��-
&OLQ�,QYHVW�������������±���

���

3IHLIHU�0��%HJHURZ�%��0LQQH�+:��HW�DO��(IIHFWV�RI�D�VKRUW�WHUP�YLWDPLQ�'����DQG�FDOFLXP�VXSSOHPHQWDWLRQ�RQ�EORRG�SUHVVXUH
DQG�SDUDWK\URLG�KRUPRQH�OHYHOV�LQ�HOGHUO\�ZRPHQ��-�&OLQ�(QGRFULQRO�0HWDE�������������±��

���

%LVFKRII�)HUUDUL�+$��'LHWULFK�7��2UDY�(-��HW�DO��+LJKHU����K\GUR[\YLWDPLQ�'�FRQFHQWUDWLRQV�DUH�DVVRFLDWHG�ZLWK�EHWWHU
ORZHUH[WUHPLW\�IXQFWLRQ�LQ�ERWK�DFWLYH�DQG�LQDFWLYH�SHUVRQV�DJHG�1�RU� ����\��$P�-�&OLQ�1XWU������������±��

���

%R[HU�56��'DXVHU�'$��:DOVK�6-��HW�DO��7KH�DVVRFLDWLRQ�EHWZHHQ�YLWDPLQ�'�DQG�LQIODPPDWLRQ�ZLWK�WKH���PLQXWH�ZDON�DQG
IUDLOW\�LQ�SDWLHQWV�ZLWK�KHDUW�IDLOXUH��-�$P�*HULDWU�6RF������������±���

���

:LFKHUWV�,6��YDQ�6FKRRU�10��%RHNH�$-��HW�DO��9LWDPLQ�'�VWDWXV�SUHGLFWV�SK\VLFDO�SHUIRUPDQFH�DQG�LWV�GHFOLQH�LQ�ROGHU
SHUVRQV��-�&OLQ�(QGRFULQRO�0HWDE�������������±���

���

:HEHU�.7��.LQDVHZLW]�*7��-DQLFNL�-6��HW�DO��2[\JHQ�XWLOL]DWLRQ�DQG�YHQWLODWLRQ�GXULQJ�H[HUFLVH�LQ�SDWLHQWV�ZLWK�FKURQLF�FDUGLDF
IDLOXUH��&LUFXODWLRQ�������������±���

���

%HDYHU�:/��:DVVHUPDQ�.��:KLSS�%-��$�QHZ�PHWKRG�IRU�GHWHFWLQJ�DQDHURELF�WKUHVKROG�E\�JDV�H[FKDQJH��-�$SSO�3K\VLRO
������������±��

���

%RUJ�*��%RUJ
V�SHUFHLYHG�H[HUWLRQ�DQG�SDLQ�VFDOH��&KDPSDLJQ��,OOLQRLV��+XPDQ�.LQHWLFV����������
/OR\G�-RQHV�'��$GDPV�5��&DUQHWKRQ�0��HW�DO��+HDUW�GLVHDVH�DQG�VWURNH�VWDWLVWLFV±�����XSGDWH��D�UHSRUW�IURP�WKH�$PHULFDQ
+HDUW�$VVRFLDWLRQ�6WDWLVWLFV�&RPPLWWHH�DQG�6WURNH�6WDWLVWLFV�6XEFRPPLWWHH��&LUFXODWLRQ�������������±��

���

6KDQH�(��0DQFLQL�'��$DURQVRQ�.��HW�DO��%RQH�PDVV��YLWDPLQ�'�GHILFLHQF\��DQG�K\SHUSDUDWK\URLGLVP�LQ�FRQJHVWLYH�KHDUW
IDLOXUH��$P�-�0HG�������������±����

���

.LW]PDQ�':��/LWWOH�:&��%UXEDNHU�3+��HW�DO��3DWKRSK\VLRORJLFDO�FKDUDFWHUL]DWLRQ�RI�LVRODWHG�GLDVWROLF�KHDUW�IDLOXUH�LQ
FRPSDULVRQ�WR�V\VWROLF�KHDUW�IDLOXUH��-$0$��������������±���

���

6PLWK�*/��0DVRXGL�)$��9DFFDULQR�9��HW�DO��2XWFRPHV�LQ�KHDUW�IDLOXUH�SDWLHQWV�ZLWK�SUHVHUYHG�HMHFWLRQ�IUDFWLRQ��PRUWDOLW\�
UHDGPLVVLRQ��DQG�IXQFWLRQDO�GHFOLQH��-�$P�&ROO�&DUGLRO�������������±��

���

<DQF\�&:��/RSDWLQ�0��6WHYHQVRQ�/:��HW�DO��&OLQLFDO�SUHVHQWDWLRQ��PDQDJHPHQW��DQG�LQ�KRVSLWDO�RXWFRPHV�RI�SDWLHQWV
DGPLWWHG�ZLWK�DFXWH�GHFRPSHQVDWHG�KHDUW�IDLOXUH�ZLWK�SUHVHUYHG�V\VWROLF�IXQFWLRQ��D�UHSRUW�IURP�WKH�$FXWH�'HFRPSHQVDWHG
+HDUW�)DLOXUH�1DWLRQDO�5HJLVWU\��$'+(5(��'DWDEDVH��-�$P�&ROO�&DUGLRO�����������±���

���

9LVVHU�0��'HHJ�'-��/LSV�3��/RZ�YLWDPLQ�'�DQG�KLJK�SDUDWK\URLG�KRUPRQH�OHYHOV�DV�GHWHUPLQDQWV�RI�ORVV�RI�PXVFOH�VWUHQJWK
DQG�PXVFOH�PDVV��VDUFRSHQLD���WKH�/RQJLWXGLQDO�$JLQJ�6WXG\�$PVWHUGDP��-�&OLQ�(QGRFULQRO�0HWDE�������������±���

���
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$FNQRZOHGJHPHQWV
7KH�SURMHFW�GHVFULEHG�ZDV�VXSSRUWHG�E\�WKH�&OLQLFDO�DQG�7UDQVODWLRQDO�6FLHQFH�&ROODERUDWLYH�DQG�XWLOL]HG�WKH�5('&DS�GDWDEDVH�
,WV�FRQWHQWV�DUH�VROHO\�WKH�UHVSRQVLELOLW\�RI�WKH�DXWKRUV�DQG�GR�QRW�QHFHVVDULO\�UHSUHVHQW�WKH�RIILFLDO�YLHZ�RI�1DWLRQDO�&HQWHU�IRU
5HVHDUFK�5HVRXUFHV�RU�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�
$PHULFDQ�+HDUW�-RXUQDO������������������������������0RVE\��,QF�
&RS\ULJKW���0RVE\�<HDU�%RRN��,QF��$OO�ULJKWV�UHVHUYHG�
�

3LO]�6��7RPDVFKLW]�$��'UHFKVOHU�&��HW�DO��9LWDPLQ�'�GHILFLHQF\�DQG�P\RFDUGLDO�GLVHDVHV��0RO�1XWU�)RRG�5HV
������������±���

���

*LQGH�$$��/LX�0&��&DPDUJR�-U�&$��'HPRJUDSKLF�GLIIHUHQFHV�DQG�WUHQGV�RI�YLWDPLQ�'�LQVXIILFLHQF\�LQ�WKH�86�SRSXODWLRQ�
����±������$UFK�,QWHUQ�0HG�������������±���

���

)LVFHOOD�.��)UDQNV�3��9LWDPLQ�'��UDFH��DQG�FDUGLRYDVFXODU�PRUWDOLW\��ILQGLQJV�IURP�D�QDWLRQDO�86�VDPSOH��$QQ�)DP�0HG
���������±��

���

0HODPHG�0/��$VWRU�%��0LFKRV�('��HW�DO�����+\GUR[\YLWDPLQ�'�OHYHOV��UDFH��DQG�WKH�SURJUHVVLRQ�RI�NLGQH\�GLVHDVH��-�$P�6RF
1HSKURO�������������±��

���

:LWKDP�0'��&ULJKWRQ�/-��*LOOHVSLH�1'��HW�DO��7KH�HIIHFWV�RI�YLWDPLQ�G�VXSSOHPHQWDWLRQ�RQ�SK\VLFDO�IXQFWLRQ�DQG�TXDOLW\�RI�OLIH
LQ�ROGHU�SDWLHQWV�ZLWK�KHDUW�IDLOXUH��D�UDQGRPL]HG�FRQWUROOHG�WULDO��&LUF�+HDUW�)DLO�����������±����

���

6FKOHLWKRII�66��=LWWHUPDQQ�$��7HQGHULFK�*��HW�DO��9LWDPLQ�'�VXSSOHPHQWDWLRQ�LPSURYHV�F\WRNLQH�SURILOHV�LQ�SDWLHQWV�ZLWK
FRQJHVWLYH�KHDUW�IDLOXUH��D�GRXEOH�EOLQG��UDQGRPL]HG��SODFHERFRQWUROOHG�WULDO��$P�-�&OLQ�1XWU������������±��

���

+DJVWURP�(��+HOOPDQ�3��/DUVVRQ�7(��HW�DO��3ODVPD�SDUDWK\URLG�KRUPRQH�DQG�WKH�ULVN�RI�FDUGLRYDVFXODU�PRUWDOLW\�LQ�WKH
FRPPXQLW\��&LUFXODWLRQ��������������±���

���

3LO]�6��7RPDVFKLW]�$��'UHFKVOHU�&��HW�DO��3DUDWK\URLG�KRUPRQH�OHYHO�LV�DVVRFLDWHG�ZLWK�PRUWDOLW\�DQG�FDUGLRYDVFXODU�HYHQWV�LQ
SDWLHQWV�XQGHUJRLQJ�FRURQDU\�DQJLRJUDSK\��(XU�+HDUW�-�������������±��

���

0D\�+��$QGHUVRQ�-/��/DSSH�'/��HW�DO��6WUDWLI\LQJ�FDUGLRYDVFXODU�ULVN�E\�YLWDPLQ�'�OHYHOV��ZKDW�DUH�WKH�RSWLPDO�FXWRIIV��-�$P
&ROO�&DUGLRO���������$���(����

���
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