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:KLWH� WR�RII�ZKLWH�� IODW�� FLUFXODU�EHYHO� HGJHG�� XQFRDWHG� WDEOHWV�ZLWK�0,&52�HQJUDYHG�RQ�RQH� VLGH�DQG�

EUHDN�OLQH�RQ�RWKHU�VLGH�

%UHDNOLQH�LV�WR�IDFLOLWDWH�EUHDNLQJ�IRU�HDVH�RI�VZDOORZLQJ�DQG�QRW�IRU�GLYLGLQJ�LQWR�HTXDO�GRVHV�

���&/,1,&$/�3$57,&8/$56

����7KHUDSHXWLF�LQGLFDWLRQV�

3LRJOLWD]RQH�LV�LQGLFDWHG�DV�VHFRQG�RU�WKLUG�OLQH�WUHDWPHQW�RI�W\SH���GLDEHWHV�PHOOLWXV�DV�GHVFULEHG�EHORZ�

DV PRQRWKHUDS\

� ,Q�DGXOW� SDWLHQWV� �SDUWLFXODUO\�RYHUZHLJKW�SDWLHQWV�� LQDGHTXDWHO\� FRQWUROOHG�E\�GLHW� DQG�H[HUFLVH� IRU�

ZKRP� PHWIRUPLQ� LV� LQDSSURSULDWH� EHFDXVH� RI� FRQWUDLQGLFDWLRQV� RU� LQWROHUDQFH DV GXDO� RUDO�

WKHUDS\ LQ�FRPELQDWLRQ�ZLWK

� 0HWIRUPLQ�� LQ� DGXOW� SDWLHQWV� �SDUWLFXODUO\� RYHUZHLJKW� SDWLHQWV�� ZLWK� LQVXIILFLHQW� JO\FDHPLF� FRQWURO�

GHVSLWH�PD[LPDO�WROHUDWHG�GRVH�RI�PRQRWKHUDS\�ZLWK�PHWIRUPLQ

� $�VXOSKRQ\OXUHD��RQO\�LQ�DGXOW�SDWLHQWV�ZKR�VKRZ�LQWROHUDQFH�WR�PHWIRUPLQ�RU�IRU�ZKRP�PHWIRUPLQ�LV�

FRQWUDLQGLFDWHG��ZLWK� LQVXIILFLHQW�JO\FDHPLF� FRQWURO� GHVSLWH�PD[LPDO� WROHUDWHG�GRVH�RI�PRQRWKHUDS\�

ZLWK�D�VXOSKRQ\OXUHD�

DV WULSOH�RUDO�WKHUDS\ LQ�FRPELQDWLRQ�ZLWK



0,&52�/$%6�/,0,7('��,1',$

6800$5<�2)�352'8&7�&+$5$&7(5,67,&6

3,2*/,7$=21(�+<'52&+/25,'(�7$%�/(76������PJ��3,21250�������

�

� 0HWIRUPLQ�DQG�D� VXOSKRQ\OXUHD�� LQ�DGXOW�SDWLHQWV� �SDUWLFXODUO\�RYHUZHLJKW�SDWLHQWV��ZLWK� LQVXIILFLHQW�

JO\FDHPLF�FRQWURO�GHVSLWH�GXDO�RUDO�WKHUDS\�

3LRJOLWD]RQH�LV�DOVR�LQGLFDWHG�IRU�FRPELQDWLRQ�ZLWK�LQVXOLQ�LQ�W\SH���GLDEHWHV�PHOOLWXV�DGXOW�SDWLHQWV�ZLWK�

LQVXIILFLHQW�JO\FDHPLF�FRQWURO�RQ�LQVXOLQ�IRU�ZKRP�PHWIRUPLQ�LV�LQDSSURSULDWH�EHFDXVH�RI�FRQWUDLQGLFDWLRQV�

RU�LQWROHUDQFH��VHH�VHFWLRQ������

$IWHU� LQLWLDWLRQ�RI� WKHUDS\�ZLWK�SLRJOLWD]RQH��SDWLHQWV�VKRXOG�EH�UHYLHZHG�DIWHU��� WR���PRQWKV� WR�DVVHVV�

DGHTXDF\�RI�UHVSRQVH�WR�WUHDWPHQW��H�J��UHGXFWLRQ� LQ�+E$�F���,Q�SDWLHQWV�ZKR�IDLO� WR�VKRZ�DQ�DGHTXDWH�

UHVSRQVH�� SLRJOLWD]RQH� VKRXOG� EH� GLVFRQWLQXHG�� ,Q� OLJKW� RI� SRWHQWLDO� ULVNV� ZLWK� SURORQJHG� WKHUDS\��

SUHVFULEHUV�VKRXOG�FRQILUP�DW� VXEVHTXHQW� URXWLQH� UHYLHZV� WKDW� WKH�EHQHILW�RI�SLRJOLWD]RQH� LV�PDLQWDLQHG�

�VHH�VHFWLRQ������

����3RVRORJ\�DQG�PHWKRG�RI�DGPLQLVWUDWLRQ�

3LRJOLWD]RQH� WUHDWPHQW�PD\�EH� LQLWLDWHG�DW����PJ�RU����PJ�RQFH�GDLO\��7KH�GRVH�PD\�EH� LQFUHDVHG� LQ�

LQFUHPHQWV�XS�WR����PJ�RQFH�GDLO\�

,Q� FRPELQDWLRQ� ZLWK� LQVXOLQ�� WKH� FXUUHQW� LQVXOLQ� GRVH� FDQ� EH� FRQWLQXHG� XSRQ� LQLWLDWLRQ� RI� SLRJOLWD]RQH�

WKHUDS\��,I�SDWLHQWV�UHSRUW�K\SRJO\FDHPLD��WKH�GRVH�RI�LQVXOLQ�VKRXOG�EH�GHFUHDVHG�

(OGHUO\

1R�GRVH�DGMXVWPHQW�LV�QHFHVVDU\�IRU�HOGHUO\�SDWLHQWV��VHH�VHFWLRQ�������3K\VLFLDQV�VKRXOG�VWDUW�WUHDWPHQW�

ZLWK�WKH�ORZHVW�DYDLODEOH�GRVH�DQG�LQFUHDVH�WKH�GRVH�JUDGXDOO\��SDUWLFXODUO\�ZKHQ�SLRJOLWD]RQH�LV�XVHG�LQ�

FRPELQDWLRQ�ZLWK�LQVXOLQ��VHH�VHFWLRQ�����)OXLG UHWHQWLRQ�DQG�FDUGLDF�IDLOXUH��

5HQDO�LPSDLUPHQW

1R� GRVH� DGMXVWPHQW� LV� QHFHVVDU\� LQ� SDWLHQWV� ZLWK� LPSDLUHG� UHQDO� IXQFWLRQ� �FUHDWLQLQH� FOHDUDQFH� !� ��

P/�PLQ�� �VHH� VHFWLRQ� ������ 1R� LQIRUPDWLRQ� LV� DYDLODEOH� IURP� GLDO\VHG� SDWLHQWV� WKHUHIRUH� SLRJOLWD]RQH�

VKRXOG�QRW�EH�XVHG�LQ�VXFK�SDWLHQWV�

+HSDWLF�LPSDLUPHQW

3LRJOLWD]RQH�VKRXOG�QRW�EH�XVHG�LQ�SDWLHQWV�ZLWK�KHSDWLF�LPSDLUPHQW��VHH�VHFWLRQV�����DQG������
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3DHGLDWULF�SRSXODWLRQ

7KH�VDIHW\�DQG�HIILFDF\�RI�3LRJOLWD]RQH LQ�FKLOGUHQ�DQG�DGROHVFHQWV�XQGHU����\HDUV�RI�DJH�KDYH�QRW�EHHQ�

HVWDEOLVKHG��1R�GDWD�DUH�DYDLODEOH�

3LRJOLWD]RQH�WDEOHWV�DUH�WDNHQ�RUDOO\�RQFH�GDLO\�ZLWK�RU�ZLWKRXW�IRRG��7DEOHWV�VKRXOG�EH�VZDOORZHG�ZLWK�D�

JODVV�RI�ZDWHU�

����&RQWUDLQGLFDWLRQV�

3LRJOLWD]RQH�LV�FRQWUDLQGLFDWHG�LQ�SDWLHQWV�ZLWK�

� +\SHUVHQVLWLYLW\�WR�WKH�DFWLYH�VXEVWDQFH�RU�WR�DQ\�RI�WKH�H[FLSLHQWV�OLVWHG�LQ�VHFWLRQ����

� &DUGLDF�IDLOXUH�RU�KLVWRU\�RI�FDUGLDF�IDLOXUH��Q\KD�VWDJHV�L�WR�LY�

� +HSDWLF�LPSDLUPHQW

� 'LDEHWLF NHWRDFLGRVLV

� &XUUHQW�EODGGHU�FDQFHU�RU�D�KLVWRU\�RI�EODGGHU�FDQFHU

� 8QLQYHVWLJDWHG�PDFURVFRSLF�KDHPDWXULD

����6SHFLDO ZDUQLQJ�DQG�SUHFDXWLRQV�

)OXLG�UHWHQWLRQ�DQG�FDUGLDF�IDLOXUH

3LRJOLWD]RQH�FDQ�FDXVH�IOXLG�UHWHQWLRQ��ZKLFK�PD\�H[DFHUEDWH�RU�SUHFLSLWDWH KHDUW�IDLOXUH��:KHQ�WUHDWLQJ�

SDWLHQWV� ZKR� KDYH� DW� OHDVW� RQH� ULVN� IDFWRU� IRU� GHYHORSPHQW� RI� FRQJHVWLYH� KHDUW� IDLOXUH� �H�J�� SULRU�

P\RFDUGLDO�LQIDUFWLRQ�RU�V\PSWRPDWLF�FRURQDU\�DUWHU\�GLVHDVH�RU�WKH�HOGHUO\���SK\VLFLDQV�VKRXOG�VWDUW�ZLWK�

WKH� ORZHVW� DYDLODEOH GRVH� DQG� LQFUHDVH� WKH� GRVH� JUDGXDOO\�� 3DWLHQWV� VKRXOG� EH� REVHUYHG� IRU� VLJQV� DQG�

V\PSWRPV�RI�KHDUW�IDLOXUH��ZHLJKW�JDLQ�RU�RHGHPD��SDUWLFXODUO\�WKRVH�ZLWK�UHGXFHG�FDUGLDF�UHVHUYH��7KHUH�

KDYH�EHHQ�SRVW�PDUNHWLQJ�FDVHV�RI�FDUGLDF� IDLOXUH�UHSRUWHG�ZKHQ�SLRJOLWD]RQH�ZDV�XVHG� LQ�FRPELQDWLRQ�

ZLWK�LQVXOLQ�RU�LQ�SDWLHQWV�ZLWK�D�KLVWRU\�RI�FDUGLDF�IDLOXUH�

3DWLHQWV� VKRXOG� EH� REVHUYHG� IRU� VLJQV� DQG� V\PSWRPV� RI� KHDUW� IDLOXUH�� ZHLJKW� JDLQ� DQG� RHGHPD�ZKHQ�

SLRJOLWD]RQH� LV�XVHG� LQ�FRPELQDWLRQ�ZLWK� LQVXOLQ��6LQFH� LQVXOLQ�DQG�SLRJOLWD]RQH�DUH�ERWK�DVVRFLDWHG�ZLWK�

IOXLG� UHWHQWLRQ�� FRQFRPLWDQW� DGPLQLVWUDWLRQ�PD\� LQFUHDVH� WKH� ULVN� RI� RHGHPD�� 3RVW�PDUNHWLQJ� FDVHV� RI�

SHULSKHUDO� RHGHPD� DQG� FDUGLDF� IDLOXUH� KDYH� DOVR� EHHQ� UHSRUWHG� LQ� SDWLHQWV� ZLWK� FRQFRPLWDQW� XVH� RI�

SLRJOLWD]RQH�DQG�QRQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV�� LQFOXGLQJ�VHOHFWLYH�&2;��� LQKLELWRUV��3LRJOLWD]RQH�

VKRXOG�EH�GLVFRQWLQXHG�LI�DQ\�GHWHULRUDWLRQ�LQ�FDUGLDF�VWDWXV�RFFXUV�
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$�FDUGLRYDVFXODU�RXWFRPH�VWXG\�RI�SLRJOLWD]RQH�KDV�EHHQ�SHUIRUPHG�LQ�SDWLHQWV�XQGHU����\HDUV�ZLWK�W\SH�

��GLDEHWHV�PHOOLWXV�DQG�SUH�H[LVWLQJ�PDMRU�PDFUR�YDVFXODU�GLVHDVH��3LRJOLWD]RQH�RU�SODFHER�ZDV�DGGHG�WR�

H[LVWLQJ� DQWLGLDEHWLF� DQG� FDUGLRYDVFXODU� WKHUDS\� IRU� XS� WR� ���� \HDUV�� 7KLV� VWXG\� VKRZHG� DQ� LQFUHDVH� LQ�

UHSRUWV�RI�KHDUW�IDLOXUH��KRZHYHU�WKLV�GLG�QRW�OHDG�WR�DQ�LQFUHDVH�LQ�PRUWDOLW\�LQ�WKLV�VWXG\�

(OGHUO\

&RPELQDWLRQ�XVH�ZLWK�LQVXOLQ�VKRXOG�EH�FRQVLGHUHG�ZLWK�FDXWLRQ�LQ�WKH�HOGHUO\�EHFDXVH�RI�LQFUHDVHG�ULVN�RI�

VHULRXV�KHDUW�IDLOXUH�

,Q� OLJKW� RI� DJH� UHODWHG� ULVNV� �HVSHFLDOO\� EODGGHU� FDQFHU�� IUDFWXUHV� DQG� KHDUW� IDLOXUH��� WKH� EDODQFH� RI�

EHQHILWV�DQG�ULVNV�VKRXOG�EH�FRQVLGHUHG�FDUHIXOO\�ERWK�EHIRUH�DQG�GXULQJ�WUHDWPHQW�LQ�WKH�HOGHUO\�

%ODGGHU�FDQFHU

&DVHV�RI�EODGGHU�FDQFHU�ZHUH�UHSRUWHG�PRUH�IUHTXHQWO\�LQ�D�PHWD�DQDO\VLV�RI�FRQWUROOHG�FOLQLFDO�WULDOV�ZLWK�

SLRJOLWD]RQH� ���� FDVHV� IURP� ������� SDWLHQWV�� ������� WKDQ� LQ� FRQWURO� JURXSV� ��� FDVHV� IURP� �������

SDWLHQWV���������+5 ����������&,������������S ��������$IWHU�H[FOXGLQJ�SDWLHQWV�LQ�ZKRP�H[SRVXUH�WR�

VWXG\� GUXJ� ZDV� OHVV� WKDQ� RQH� \HDU� DW� WKH� WLPH� RI� GLDJQRVLV� RI� EODGGHU� FDQFHU�� WKHUH� ZHUH� �� FDVHV�

�������� RQ� SLRJOLWD]RQH� DQG� �� FDVHV� �������� LQ� FRQWURO� JURXSV�� (SLGHPLRORJLFDO� VWXGLHV� KDYH� DOVR�

VXJJHVWHG�D�VPDOO�LQFUHDVHG�ULVN�RI�EODGGHU�FDQFHU�LQ�GLDEHWLF�SDWLHQWV�WUHDWHG�ZLWK�SLRJOLWD]RQH��DOWKRXJK�

QRW�DOO VWXGLHV�LGHQWLILHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVHG�ULVN�

5LVN�IDFWRUV�IRU�EODGGHU�FDQFHU�VKRXOG�EH�DVVHVVHG�EHIRUH�LQLWLDWLQJ�SLRJOLWD]RQH�WUHDWPHQW��ULVNV�LQFOXGH�

DJH��VPRNLQJ�KLVWRU\��H[SRVXUH�WR�VRPH�RFFXSDWLRQDO�RU�FKHPRWKHUDS\�DJHQWV�H�J��F\FORSKRVSKDPLGH�RU�

SULRU�UDGLDWLRQ�WUHDWPHQW�LQ�WKH�SHOYLF�UHJLRQ���$Q\�PDFURVFRSLF�KDHPDWXULD�VKRXOG�EH�LQYHVWLJDWHG�EHIRUH�

VWDUWLQJ�SLRJOLWD]RQH�WKHUDS\�

3DWLHQWV�VKRXOG�EH�DGYLVHG�WR�SURPSWO\�VHHN�WKH�DWWHQWLRQ�RI�WKHLU�SK\VLFLDQ�LI�PDFURVFRSLF�KDHPDWXULD�RU�

RWKHU�V\PSWRPV�VXFK�DV�G\VXULD�RU�XULQDU\�XUJHQF\�GHYHORS�GXULQJ�WUHDWPHQW�

0RQLWRULQJ�RI�OLYHU�IXQFWLRQ

7KHUH� KDYH� EHHQ� UDUH� UHSRUWV� RI� KHSDWRFHOOXODU� G\VIXQFWLRQ� GXULQJ� SRVW� PDUNHWLQJ� H[SHULHQFH� �VHH�

VHFWLRQ� ������ ,W� LV� UHFRPPHQGHG�� WKHUHIRUH�� WKDW� SDWLHQWV� WUHDWHG� ZLWK� SLRJOLWD]RQH� XQGHUJR� SHULRGLF�

PRQLWRULQJ� RI� OLYHU� HQ]\PHV�� /LYHU� HQ]\PHV� VKRXOG� EH� FKHFNHG� SULRU� WR� WKH� LQLWLDWLRQ� RI� WKHUDS\� ZLWK�

SLRJOLWD]RQH� LQ�DOO�SDWLHQWV��7KHUDS\�ZLWK�SLRJOLWD]RQH�VKRXOG�QRW�EH� LQLWLDWHG� LQ�SDWLHQWV�ZLWK� LQFUHDVHG�
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EDVHOLQH� OLYHU� HQ]\PH� OHYHOV� �$/7� !� ���� [� XSSHU� OLPLW� RI� QRUPDO�� RU� ZLWK� DQ\� RWKHU� HYLGHQFH� RI� OLYHU�

GLVHDVH�

)ROORZLQJ� LQLWLDWLRQ� RI� WKHUDS\� ZLWK� SLRJOLWD]RQH�� LW� LV� UHFRPPHQGHG� WKDW� OLYHU� HQ]\PHV� EH� PRQLWRUHG�

SHULRGLFDOO\�EDVHG�RQ�FOLQLFDO� MXGJPHQW�� ,I�$/7� OHYHOV� DUH� LQFUHDVHG� WR���[�XSSHU� OLPLW�RI�QRUPDO�GXULQJ�

SLRJOLWD]RQH�WKHUDS\��OLYHU�HQ]\PH�OHYHOV�VKRXOG�EH�UHDVVHVVHG�DV�VRRQ�DV�SRVVLEOH��,I�$/7�OHYHOV�UHPDLQ�

!� �� [� WKH� XSSHU� OLPLW� RI� QRUPDO�� WKHUDS\� VKRXOG� EH� GLVFRQWLQXHG�� ,I� DQ\� SDWLHQW� GHYHORSV� V\PSWRPV�

VXJJHVWLQJ� KHSDWLF� G\VIXQFWLRQ�� ZKLFK� PD\� LQFOXGH� XQH[SODLQHG� QDXVHD�� YRPLWLQJ�� DEGRPLQDO� SDLQ��

IDWLJXH��DQRUH[LD�DQG�RU�GDUN�XULQH��OLYHU�HQ]\PHV�VKRXOG�EH�FKHFNHG��7KH�GHFLVLRQ�ZKHWKHU�WR�FRQWLQXH�

WKH� SDWLHQW� RQ� WKHUDS\� ZLWK� SLRJOLWD]RQH� VKRXOG� EH� JXLGHG� E\� FOLQLFDO� MXGJPHQW� SHQGLQJ� ODERUDWRU\�

HYDOXDWLRQV��,I�MDXQGLFH�LV�REVHUYHG��WKH�PHGLFLQDO�SURGXFW�VKRXOG�EH�GLVFRQWLQXHG�

:HLJKW�JDLQ

,Q�FOLQLFDO�WULDOV�ZLWK�SLRJOLWD]RQH�WKHUH�ZDV�HYLGHQFH�RI�GRVH�UHODWHG�ZHLJKW�JDLQ��ZKLFK�PD\�EH�GXH�WR�

IDW�DFFXPXODWLRQ�DQG�LQ�VRPH�FDVHV�DVVRFLDWHG�ZLWK�IOXLG�UHWHQWLRQ��,Q�VRPH�FDVHV�ZHLJKW�LQFUHDVH�PD\�

EH�D�V\PSWRP�RI�FDUGLDF�IDLOXUH��WKHUHIRUH�ZHLJKW�VKRXOG�EH�FORVHO\�PRQLWRUHG��3DUW�RI�WKH�WUHDWPHQW�RI�

GLDEHWHV�LV�GLHWDU\�FRQWURO��3DWLHQWV�VKRXOG�EH�DGYLVHG�WR�DGKHUH�VWULFWO\�WR�D�FDORULH�FRQWUROOHG�GLHW�

+DHPDWRORJ\

7KHUH� ZDV� D� VPDOO� UHGXFWLRQ� LQ� PHDQ� KDHPRJORELQ� ���� UHODWLYH� UHGXFWLRQ�� DQG� KDHPDWRFULW� ������

UHODWLYH�UHGXFWLRQ��GXULQJ�WKHUDS\�ZLWK�SLRJOLWD]RQH��FRQVLVWHQW�ZLWK�KDHPRGLOXWLRQ��6LPLODU�FKDQJHV�ZHUH�

VHHQ� LQ�PHWIRUPLQ� �KDHPRJORELQ� ����� DQG� KDHPDWRFULW� ���±����� UHODWLYH� UHGXFWLRQV�� DQG� WR� D� OHVVHU�

H[WHQW� VXOSKRQ\OXUHD� DQG� LQVXOLQ� �KDHPRJORELQ� �±��� DQG� KDHPDWRFULW� �±����� UHODWLYH� UHGXFWLRQV��

WUHDWHG�SDWLHQWV�LQ�FRPSDUDWLYH�FRQWUROOHG�WULDOV�ZLWK�SLRJOLWD]RQH�

+\SRJO\FDHPLD

$V� D� FRQVHTXHQFH� RI� LQFUHDVHG� LQVXOLQ� VHQVLWLYLW\�� SDWLHQWV� UHFHLYLQJ� SLRJOLWD]RQH� LQ� GXDO� RU� WULSOH� RUDO�

WKHUDS\� ZLWK� D� VXOSKRQ\OXUHD� RU� LQ� GXDO� WKHUDS\� ZLWK� LQVXOLQ� PD\� EH� DW� ULVN� IRU� GRVH�UHODWHG�

K\SRJO\FDHPLD��DQG�D�UHGXFWLRQ�LQ�WKH�GRVH�RI�WKH�VXOSKRQ\OXUHD�RU�LQVXOLQ�PD\�EH�QHFHVVDU\�

(\H�GLVRUGHUV

3RVW�PDUNHWLQJ�UHSRUWV�RI�QHZ�RQVHW�RU�ZRUVHQLQJ�GLDEHWLF�PDFXODU�RHGHPD�ZLWK�GHFUHDVHG�YLVXDO�DFXLW\�

KDYH� EHHQ� UHSRUWHG� ZLWK� WKLD]ROLGLQHGLRQHV�� LQFOXGLQJ� SLRJOLWD]RQH� 0DQ\� RI� WKHVH� SDWLHQWV� UHSRUWHG�

FRQFXUUHQW� SHULSKHUDO� RHGHPD�� ,W� LV� XQFOHDU� ZKHWKHU� RU� QRW� WKHUH� LV� D� GLUHFW� DVVRFLDWLRQ� EHWZHHQ�
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SLRJOLWD]RQH�DQG�PDFXODU�RHGHPD�EXW�SUHVFULEHUV�VKRXOG�EH�DOHUW�WR�WKH�SRVVLELOLW\�RI�PDFXODU�RHGHPD�LI�

SDWLHQWV� UHSRUW� GLVWXUEDQFHV� LQ� YLVXDO� DFXLW\�� DQ� DSSURSULDWH� RSKWKDOPRORJLFDO� UHIHUUDO� VKRXOG� EH�

FRQVLGHUHG�

2WKHUV

$Q�LQFUHDVHG�LQFLGHQFH�LQ�ERQH�IUDFWXUHV�LQ�ZRPHQ�ZDV�VHHQ�LQ�D�SRROHG�DQDO\VLV�RI�DGYHUVH�UHDFWLRQV�RI�

ERQH�IUDFWXUH�IURP�UDQGRPLVHG��FRQWUROOHG��GRXEOH�EOLQG�FOLQLFDO�WULDOV�LQ�RYHU������SLRJOLWD]RQH�DQG������

FRPSDUDWRU�WUHDWHG�SDWLHQWV��RQ�WUHDWPHQW�IRU�XS�WR�����\HDUV�

)UDFWXUHV�ZHUH� REVHUYHG� LQ� �����RI�ZRPHQ� WDNLQJ� SLRJOLWD]RQH� FRPSDUHG� WR� �����RI�ZRPHQ� WUHDWHG�

ZLWK�D�FRPSDUDWRU��1R�LQFUHDVH�LQ�IUDFWXUH�UDWHV�ZDV�REVHUYHG�LQ�PHQ�WUHDWHG�ZLWK�SLRJOLWD]RQH��������

YHUVXV�FRPSDUDWRU��������

7KH� IUDFWXUH� LQFLGHQFH� FDOFXODWHG� ZDV� ���� IUDFWXUHV� SHU� ���� SDWLHQW� \HDUV� LQ� ZRPHQ� WUHDWHG� ZLWK�

SLRJOLWD]RQH�DQG�����IUDFWXUHV�SHU�����SDWLHQW�\HDUV�LQ�ZRPHQ�WUHDWHG�ZLWK�D�FRPSDUDWRU��7KH�REVHUYHG�

H[FHVV� ULVN� RI� IUDFWXUHV� IRU� ZRPHQ� LQ� WKLV� GDWDVHW� RQ� SLRJOLWD]RQH� LV� WKHUHIRUH� ���� IUDFWXUHV� SHU� ����

SDWLHQW�\HDUV�RI�XVH�

,Q�WKH�����\HDU�FDUGLRYDVFXODU�ULVN�3URDFWLYH�VWXG\�������������� ������IUDFWXUHV�SHU�����SDWLHQW�\HDUV��RI�

SLRJOLWD]RQH�WUHDWHG�IHPDOH�SDWLHQWV�H[SHULHQFHG�IUDFWXUHV�FRPSDUHG�WR�������������� ����IUDFWXUHV�SHU�

���� SDWLHQW� \HDUV�� RI IHPDOH SDWLHQWV� WUHDWHG� ZLWK� FRPSDUDWRU�� 1R� LQFUHDVH� LQ� IUDFWXUH� UDWHV� ZDV�

REVHUYHG�LQ�PHQ�WUHDWHG�ZLWK�SLRJOLWD]RQH��������YHUVXV�FRPSDUDWRU��������

6RPH� HSLGHPLRORJLFDO� VWXGLHV� KDYH� VXJJHVWHG� D� VLPLODUO\� LQFUHDVHG� ULVN� RI� IUDFWXUH� LQ� ERWK� PHQ� DQG�

ZRPHQ�

7KH�ULVN�RI�IUDFWXUHV�VKRXOG�EH�FRQVLGHUHG�LQ�WKH�ORQJ�WHUP�FDUH�RI�SDWLHQWV�WUHDWHG�ZLWK�SLRJOLWD]RQH��VHH�

VHFWLRQ������

$V�D�FRQVHTXHQFH�RI�HQKDQFLQJ�LQVXOLQ�DFWLRQ��SLRJOLWD]RQH�WUHDWPHQW�LQ�SDWLHQWV�ZLWK�SRO\F\VWLF�RYDULDQ�

V\QGURPH�PD\� UHVXOW� LQ� UHVXPSWLRQ�RI�RYXODWLRQ��7KHVH�SDWLHQWV�PD\�EH�DW� ULVN�RI�SUHJQDQF\��3DWLHQWV�

VKRXOG�EH�DZDUH�RI� WKH� ULVN�RI�SUHJQDQF\�DQG� LI�D�SDWLHQW�ZLVKHV� WR�EHFRPH�SUHJQDQW�RU� LI�SUHJQDQF\�

RFFXUV��WKH�WUHDWPHQW�VKRXOG�EH�GLVFRQWLQXHG��VHH�VHFWLRQ������

3LRJOLWD]RQH� VKRXOG� EH� XVHG� ZLWK� FDXWLRQ� GXULQJ� FRQFRPLWDQW� DGPLQLVWUDWLRQ� RI� F\WRFKURPH� 3���� �&��

LQKLELWRUV��H�J��JHPILEUR]LO��RU�LQGXFHUV��H�J��ULIDPSLFLQ���*O\FDHPLF�FRQWURO�VKRXOG�EH�PRQLWRUHG�FORVHO\��

3LRJOLWD]RQH�GRVH�DGMXVWPHQW�ZLWKLQ�WKH�UHFRPPHQGHG�SRVRORJ\�RU�FKDQJHV�LQ�GLDEHWLF�WUHDWPHQW�VKRXOG�

EH�FRQVLGHUHG��VHH�VHFWLRQ������
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3LRJOLWD]RQH WDEOHWV� FRQWDLQ� ODFWRVH�PRQRK\GUDWH�DQG� WKHUHIRUH� VKRXOG� QRW�EH� DGPLQLVWHUHG� WR�SDWLHQWV�

ZLWK� UDUH� KHUHGLWDU\� SUREOHPV� RI� JDODFWRVH� LQWROHUDQFH�� WRWDO� ODFWDVH� GHILFLHQF\� RU� JOXFRVH�JDODFWRVH�

PDODEVRUSWLRQ�

����,QWHUDFWLRQV�ZLWK�2WKHU�0HGLFDPHQWV

,QWHUDFWLRQ�VWXGLHV�KDYH�VKRZQ�WKDW�SLRJOLWD]RQH�KDV�QR�UHOHYDQW�HIIHFW�RQ�HLWKHU�WKH�SKDUPDFRNLQHWLFV�RU�

SKDUPDFRG\QDPLFV� RI� GLJR[LQ�� ZDUIDULQ�� SKHQSURFRXPRQ� DQG� PHWIRUPLQ�� &R�DGPLQLVWUDWLRQ� RI�

SLRJOLWD]RQH�ZLWK� VXOSKRQ\OXUHDV�GRHV�QRW�DSSHDU� WR� DIIHFW� WKH�SKDUPDFRNLQHWLFV�RI� WKH� VXOSKRQ\OXUHD��

6WXGLHV� LQ�PDQ� VXJJHVW� QR� LQGXFWLRQ� RI� WKH�PDLQ� LQGXFLEOH� F\WRFKURPH� 3����� �$�� �&���� DQG� �$�� ,Q�

YLWUR VWXGLHV�KDYH�VKRZQ�QR�LQKLELWLRQ�RI�DQ\�VXEW\SH�RI�F\WRFKURPH�3�����,QWHUDFWLRQV�ZLWK�VXEVWDQFHV�

PHWDEROLVHG� E\� WKHVH� HQ]\PHV�� H�J�� RUDO� FRQWUDFHSWLYHV�� F\FORVSRULQ�� FDOFLXP FKDQQHO� EORFNHUV�� DQG�

+0*&R$�UHGXFWDVH�LQKLELWRUV�DUH�QRW�WR�EH�H[SHFWHG�

&R�DGPLQLVWUDWLRQ�RI�SLRJOLWD]RQH�ZLWK�JHPILEUR]LO� �DQ� LQKLELWRU�RI� F\WRFKURPH�3�����&��� LV� UHSRUWHG� WR�

UHVXOW�LQ�D���IROG�LQFUHDVH�LQ�$8&�RI�SLRJOLWD]RQH��6LQFH�WKHUH�LV�D�SRWHQWLDO�IRU�DQ�LQFUHDVH�LQ�GRVH�UHODWHG�

DGYHUVH�HYHQWV��D�GHFUHDVH�LQ�WKH�GRVH�RI�SLRJOLWD]RQH�PD\�EH�QHHGHG�ZKHQ�JHPILEUR]LO�LV�FRQFRPLWDQWO\�

DGPLQLVWHUHG��&ORVH�PRQLWRULQJ�RI�JO\FDHPLF�FRQWURO�VKRXOG�EH�FRQVLGHUHG��VHH�VHFWLRQ������

&R�DGPLQLVWUDWLRQ� RI� SLRJOLWD]RQH� ZLWK� ULIDPSLFLQ� �DQ� LQGXFHU� RI� F\WRFKURPH� 3���� �&��� LV� UHSRUWHG� WR�

UHVXOW�LQ�D�����GHFUHDVH�LQ�$8&�RI�SLRJOLWD]RQH��7KH�SLRJOLWD]RQH�GRVH�PD\�QHHG�WR�EH�LQFUHDVHG�ZKHQ�

ULIDPSLFLQ�LV�FRQFRPLWDQWO\�DGPLQLVWHUHG��&ORVH�PRQLWRULQJ�RI�JO\FDHPLF�FRQWURO�VKRXOG�EH�FRQVLGHUHG��VHH�

VHFWLRQ������

����)HUWLOLW\��SUHJQDQF\�DQG�ODFWDWLRQ

7KHUH� DUH� QR� DGHTXDWH� KXPDQ� GDWD� WR� GHWHUPLQH� WKH� VDIHW\� RI� SLRJOLWD]RQH� GXULQJ� SUHJQDQF\�� )RHWDO�

JURZWK�UHVWULFWLRQ�ZDV�DSSDUHQW�LQ�DQLPDO�VWXGLHV�ZLWK�SLRJOLWD]RQH��7KLV�ZDV�DWWULEXWDEOH�WR�WKH�DFWLRQ�RI�

SLRJOLWD]RQH� LQ� GLPLQLVKLQJ� WKH�PDWHUQDO� K\SHULQVXOLQHPLD� DQG� LQFUHDVHG� LQVXOLQ� UHVLVWDQFH� WKDW� RFFXUV�

GXULQJ� SUHJQDQF\� WKHUHE\� UHGXFLQJ� WKH� DYDLODELOLW\� RI� PHWDEROLF� VXEVWUDWHV� IRU� IRHWDO� JURZWK�� 7KH�

UHOHYDQFH�RI�VXFK�D�PHFKDQLVP�LQ�KXPDQV�LV�XQFOHDU�DQG�SLRJOLWD]RQH�VKRXOG�QRW�EH�XVHG�LQ�SUHJQDQF\�
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3LRJOLWD]RQH� KDV� EHHQ� VKRZQ� WR� EH� SUHVHQW� LQ� WKH� PLON� RI� ODFWDWLQJ� UDWV�� ,W� LV� QRW� NQRZQ� ZKHWKHU�

SLRJOLWD]RQH� LV� VHFUHWHG� LQ� KXPDQ�PLON�� 7KHUHIRUH�� SLRJOLWD]RQH� VKRXOG� QRW� EH� DGPLQLVWHUHG� WR� EUHDVW�

IHHGLQJ�ZRPHQ�

,Q�DQLPDO�IHUWLOLW\�VWXGLHV�WKHUH�ZDV�QR�HIIHFW�RQ�FRSXODWLRQ��LPSUHJQDWLRQ�RU�IHUWLOLW\�LQGH[�

����(IIHFWV�RQ�DELOLW\�WR�GULYH�DQG�XVH�PDFKLQH�

3LRJOLWD]RQH KDV�QR�RU� QHJOLJLEOH� LQIOXHQFH�RQ� WKH�DELOLW\� WR�GULYH�DQG�XVH�PDFKLQHV��+RZHYHU�SDWLHQWV�

ZKR�H[SHULHQFH�YLVXDO�GLVWXUEDQFH�VKRXOG�EH�FDXWLRXV�ZKHQ�GULYLQJ�RU�XVLQJ�PDFKLQHV�

����8QGHVLUDEOH�HIIHFWV�

7DEXODWHG�OLVW�RI�DGYHUVH�UHDFWLRQV

$GYHUVH�UHDFWLRQV UHSRUWHG�LQ�H[FHVV��!�������RI�SODFHER�DQG�DV�PRUH�WKDQ�DQ�LVRODWHG�FDVH�LQ�SDWLHQWV�

UHFHLYLQJ�SLRJOLWD]RQH�LQ�GRXEOH�EOLQG�VWXGLHV�DUH�OLVWHG�EHORZ�DV�0HG'5$�SUHIHUUHG�WHUP�E\�V\VWHP�RUJDQ�

FODVV�DQG�DEVROXWH�IUHTXHQF\��)UHTXHQFLHV�DUH�GHILQHG�DV��YHU\�FR

NQRZQ��FDQQRW�EH�HVWLPDWHG�IURP�WKH�DYDLODEOH�GDWD���:LWKLQ�HDFK�V\VWHP�RUJDQ�FODVV��DGYHUVH�UHDFWLRQV�

DUH�SUHVHQWHG�LQ�RUGHU�RI�GHFUHDVLQJ�LQFLGHQFH�IROORZHG�E\�GHFUHDVLQJ�VHULRXVQHVV�

$GYHUVH�UHDFWLRQ )UHTXHQF\�RI�DGYHUVH�UHDFWLRQV�RI�SLRJOLWD]RQH�E\�WUHDWPHQW

UHJLPHQ

0RQR� WKHUDS\

&RPELQDWLRQ

ZLWK�

PHWIRUPLQ

ZLWK�

VXOSKRQ\OXUHD

ZLWK�PHWIRUPLQ�

DQG�

VXOSKRQ\OXUHD

ZLWK�LQVXOLQ

,QIHFWLRQV� DQG�

LQIHVWDWLRQV

XSSHU� UHVSLUDWRU\� WUDFW�

LQIHFWLRQ

FRPPRQ FRPPRQ FRPPRQ FRPPRQ FRPPRQ

EURQFKLWLV FRPPRQ
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VLQXVLWLV XQFRPPRQ XQFRPPRQ XQFRPPRQ XQFRPPRQ XQFRPPRQ

1HRSODVPV� EHQLJQ��

PDOLJQDQW� DQG�

XQVSHFLILHG�

�LQFOXGLQJ� F\VWV� DQG�

SRO\SV�

EODGGHU�FDQFHU XQFRPPRQ XQFRPPRQ XQFRPPRQ XQFRPPRQ XQFRPPRQ

%ORRG� DQG� O\PSKDWLF�

V\VWHP�GLVRUGHUV

DQDHPLD FRPPRQ

,PPXQH� 6\VWHP�

'LVRUGHUV

K\SHUVHQVLWLYLW\� DQG�

DOOHUJLF�UHDFWLRQV�
QRW�NQRZQ QRW�NQRZQ QRW�NQRZQ QRW�NQRZQ QRW�NQRZQ

0HWDEROLVP� DQG�

QXWULWLRQ�GLVRUGHUV

K\SR�JO\FDHPLD XQFRPPRQ YHU\�FRPPRQ FRPPRQ

DSSHWLWH�LQFUHDVHG XQFRPPRQ

1HUYRXV� V\VWHP�

GLVRUGHUV

K\SR�DHVWKHVLD FRPPRQ FRPPRQ FRPPRQ FRPPRQ FRPPRQ

KHDGDFKH FRPPRQ XQFRPPRQ

GL]]LQHVV FRPPRQ

LQVRPQLD XQFRPPRQ XQFRPPRQ XQFRPPRQ XQFRPPRQ XQFRPPRQ

(\H�GLVRUGHUV

YLVXDO�GLVWXUEDQFH� FRPPRQ FRPPRQ XQFRPPRQ

PDFXODU�RHGHPD QRW�NQRZQ QRW�NQRZQ QRW�NQRZQ QRW�NQRZQ QRW�NQRZQ

(DU� DQG� ODE\ULQWK�
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GLVRUGHUV

YHUWLJR XQFRPPRQ

&DUGLDF�GLVRUGHUV

KHDUW�IDLOXUH� FRPPRQ

5HVSLUDWRU\�� WKRUDFLF�

DQG� PHGLDVWLQDO�

GLVRUGHUV

G\VSQRHD FRPPRQ

*DVWURLQWHVWLQDO�

GLVRUGHUV

IODWXOHQFH XQFRPPRQ FRPPRQ

6NLQ� DQG�

VXEFXWDQHRXV� WLVVXH�

GLVRUGHUV

VZHDWLQJ XQFRPPRQ

0XVFXORVNHOHWDO� DQG�

FRQQHFWLYH� WLVVXH�

GLVRUGHUV

IUDFWXUH�ERQH� FRPPRQ FRPPRQ FRPPRQ FRPPRQ FRPPRQ

DUWKUDOJLD FRPPRQ FRPPRQ FRPPRQ

EDFN�SDLQ FRPPRQ

5HQDO� DQG� XULQDU\�

GLVRUGHUV

KDHPDWXULD FRPPRQ

JO\FRVXULD XQFRPPRQ

SURWHLQXULD XQFRPPRQ

5HSURGXFWLYH� V\VWHP�

DQG�EUHDVW�GLVRUGHUV
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HUHFWLOH�G\VIXQFWLRQ FRPPRQ

*HQHUDO�GLVRUGHUV�DQG�

DGPLQLVWUDWLRQ� VLWH�

FRQGLWLRQV

2HGHPD� YHU\�FRPPRQ

IDWLJXH XQFRPPRQ

,QYHVWLJDWLRQV

ZHLJKW�LQFUHDVHG� FRPPRQ FRPPRQ FRPPRQ FRPPRQ FRPPRQ

EORRG� FUHDWLQH� SKRVSKR�

NLQDVH�LQFUHDVHG

FRPPRQ

LQFUHDVHG�ODFWLF�GHK\GUR�

JHQDVH

XQFRPPRQ

DODQLQH�DPLQRWUDQVIHUDVH�

LQFUHDVHG�
QRW�NQRZQ QRW�NQRZQ QRW�NQRZQ QRW�NQRZQ QRW�NQRZQ

'HVFULSWLRQ�RI�VHOHFWHG�DGYHUVH�UHDFWLRQV
� 3RVW� PDUNHWLQJ� UHSRUWV� RI� K\SHUVHQVLWLYLW\� UHDFWLRQV� LQ� SDWLHQWV� WUHDWHG� ZLWK� SLRJOLWD]RQH� KDYH� EHHQ�

UHSRUWHG��7KHVH�UHDFWLRQV�LQFOXGH�DQDSK\OD[LV��DQJLRHGHPD��DQG�XUWLFDULD�
� 9LVXDO� GLVWXUEDQFH� KDV� EHHQ� UHSRUWHG� PDLQO\� HDUO\� LQ� WUHDWPHQW� DQG� LV� UHODWHG� WR� FKDQJHV� LQ� EORRG�

JOXFRVH�GXH�WR�WHPSRUDU\�DOWHUDWLRQ� LQ�WKH�WXUJLGLW\�DQG�UHIUDFWLYH� LQGH[�RI�WKH� OHQV�DV�VHHQ�ZLWK�RWKHU�

K\SRJO\FDHPLF�WUHDWPHQWV�
� ,Q�FRQWUROOHG�FOLQLFDO�WULDOV�WKH�LQFLGHQFH�RI�UHSRUWV�RI�KHDUW�IDLOXUH�ZLWK�SLRJOLWD]RQH�WUHDWPHQW�ZDV�WKH�

VDPH�DV� LQ� SODFHER��PHWIRUPLQ� DQG� VXOSKRQ\OXUHD� WUHDWPHQW� JURXSV�� EXW�ZDV� LQFUHDVHG�ZKHQ� XVHG� LQ�

FRPELQDWLRQ�WKHUDS\�ZLWK�LQVXOLQ��,Q�DQ�RXWFRPH�VWXG\�RI�SDWLHQWV�ZLWK�SUH�H[LVWLQJ�PDMRU�PDFURYDVFXODU�

GLVHDVH��WKH�LQFLGHQFH�RI�VHULRXV�KHDUW�IDLOXUH�ZDV������KLJKHU�ZLWK�SLRJOLWD]RQH�WKDQ�ZLWK�SODFHER��ZKHQ�

DGGHG�WR�WKHUDS\�WKDW�LQFOXGHG�LQVXOLQ��+RZHYHU��WKLV�GLG�QRW�OHDG�WR�DQ�LQFUHDVH�LQ�PRUWDOLW\�LQ�WKLV�VWXG\��

,Q� WKLV� VWXG\� LQ� SDWLHQWV� UHFHLYLQJ� SLRJOLWD]RQH� DQG� LQVXOLQ�� D� KLJKHU� SHUFHQWDJH� RI� SDWLHQWV�ZLWK� KHDUW�

\HDUV� FRPSDUHG� ZLWK� WKRVH� OHVV� WKDQ� ��� \HDUV� ������

FRPSDUHG�WR��������,Q�SDWLHQWV�RQ�LQVXOLQ�ZLWK�QR�SLRJOLWD]RQH�WKH�LQFLGHQFH�RI�KHDUW�IDLOXUH�ZDV������LQ�

WK�
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PDUNHWLQJ� XVH� RI� SLRJOLWD]RQH�� DQG� PRUH� IUHTXHQWO\� ZKHQ� SLRJOLWD]RQH� ZDV� XVHG� LQ� FRPELQDWLRQ� ZLWK�

LQVXOLQ�RU�LQ�SDWLHQWV�ZLWK�D�KLVWRU\�RI�FDUGLDF�IDLOXUH��VHH�VHFWLRQ������
� $�SRROHG�DQDO\VLV�ZDV�FRQGXFWHG�RI�DGYHUVH�UHDFWLRQV�RI�ERQH�IUDFWXUHV�IURP�UDQGRPLVHG��FRPSDUDWRU�

FRQWUROOHG��GRXEOH�EOLQG�FOLQLFDO�WULDOV�LQ�RYHU�������SDWLHQWV�LQ�WKH�SLRJOLWD]RQH�WUHDWHG�JURXSV�DQG�������

LQ�WKH�FRPSDUDWRU�WUHDWHG�JURXSV�RI�XS�WR�����\HDUV�GXUDWLRQ��$�KLJKHU�UDWH�RI�IUDFWXUHV�ZDV�REVHUYHG�LQ�

ZRPHQ�WDNLQJ�SLRJOLWD]RQH��������YHUVXV�FRPSDUDWRU���������1R�LQFUHDVH�LQ�IUDFWXUH�UDWHV�ZDV�REVHUYHG�

LQ�PHQ�WUHDWHG�ZLWK�SLRJOLWD]RQH��������YHUVXV�FRPSDUDWRU��������

,Q� WKH� ���� \HDU� 352DFWLYH� VWXG\�� ������� ������� RI� SLRJOLWD]RQH�WUHDWHG� IHPDOH� SDWLHQWV� H[SHULHQFHG�

IUDFWXUHV FRPSDUHG� WR� ������� ������� RI IHPDOH SDWLHQWV� WUHDWHG� ZLWK� FRPSDUDWRU�� 1R� LQFUHDVH� LQ�

IUDFWXUH� UDWHV�ZDV�REVHUYHG� LQ�PHQ� WUHDWHG�ZLWK�SLRJOLWD]RQH� �������YHUVXV� FRPSDUDWRU� ��������3RVW�

PDUNHWLQJ��ERQH�IUDFWXUHV�KDYH�EHHQ�UHSRUWHG�LQ�ERWK�PDOH�DQG�IHPDOH�SDWLHQWV��VHH�VHFWLRQ�����
� 2HGHPD�ZDV�UHSRUWHG�LQ��±���RI�SDWLHQWV�WUHDWHG�ZLWK�SLRJOLWD]RQH�RYHU�RQH�\HDU�LQ�FRQWUROOHG�FOLQLFDO�

WULDOV��7KH�RHGHPD�UDWHV�IRU�FRPSDUDWRU�JURXSV��VXOSKRQ\OXUHD��PHWIRUPLQ��ZHUH��±����7KH�UHSRUWV�RI�

RHGHPD�ZHUH�JHQHUDOO\�PLOG�WR�PRGHUDWH�DQG�XVXDOO\�GLG�QRW�UHTXLUH�GLVFRQWLQXDWLRQ�RI�WUHDWPHQW�
� ,Q�DFWLYH�FRPSDUDWRU�FRQWUROOHG�WULDOV�PHDQ�ZHLJKW�LQFUHDVH�ZLWK�SLRJOLWD]RQH�JLYHQ�DV�PRQRWKHUDS\�ZDV�

�±�� NJ� RYHU� RQH� \HDU�� 7KLV� LV� VLPLODU� WR� WKDW� VHHQ� LQ� D� VXOSKRQ\OXUHD� DFWLYH� FRPSDUDWRU� JURXS�� ,Q�

FRPELQDWLRQ�WULDOV�SLRJOLWD]RQH�DGGHG�WR�PHWIRUPLQ�UHVXOWHG�LQ�PHDQ�ZHLJKW�LQFUHDVH�RYHU�RQH�\HDU�RI�����

NJ�DQG�DGGHG�WR�D�VXOSKRQ\OXUHD�RI�����NJ��,Q�FRPSDUDWRU�JURXSV�DGGLWLRQ�RI�VXOSKRQ\OXUHD�WR�PHWIRUPLQ�

UHVXOWHG� LQ�D�PHDQ�ZHLJKW�JDLQ�RI�����NJ�DQG�DGGLWLRQ�RI�PHWIRUPLQ�WR�D�VXOSKRQ\OXUHD�D�PHDQ�ZHLJKW�

ORVV�RI�����NJ�
� ,Q�FOLQLFDO�WULDOV�ZLWK�SLRJOLWD]RQH�WKH�LQFLGHQFH�RI�HOHYDWLRQV�RI�$/7�JUHDWHU�WKDQ�WKUHH�WLPHV�WKH�XSSHU�

OLPLW�RI�QRUPDO�ZDV�HTXDO�WR�SODFHER�EXW�OHVV�WKDQ�WKDW�VHHQ�LQ�PHWIRUPLQ�RU�VXOSKRQ\OXUHD�FRPSDUDWRU�

JURXSV��0HDQ�OHYHOV�RI�OLYHU�HQ]\PHV�GHFUHDVHG�ZLWK�WUHDWPHQW�ZLWK�SLRJOLWD]RQH��5DUH�FDVHV�RI�HOHYDWHG�

OLYHU� HQ]\PHV� DQG� KHSDWRFHOOXODU� G\VIXQFWLRQ� KDYH� RFFXUUHG� LQ� SRVW�PDUNHWLQJ� H[SHULHQFH�� $OWKRXJK� LQ�

YHU\�UDUH�FDVHV�IDWDO�RXWFRPH�KDV�EHHQ�UHSRUWHG��FDXVDO�UHODWLRQVKLS�KDV�QRW�EHHQ�HVWDEOLVKHG�

����2YHUGRVH�

,Q�FOLQLFDO�VWXGLHV��SDWLHQWV�KDYH�WDNHQ�SLRJOLWD]RQH�DW�KLJKHU�WKDQ�WKH�UHFRPPHQGHG�KLJKHVW�GRVH�RI����

PJ�GDLO\��7KH�PD[LPXP�UHSRUWHG�GRVH�RI�����PJ�GD\ IRU� IRXU�GD\V�� WKHQ�����PJ�GD\� IRU� VHYHQ�GD\V�

ZDV�QRW�DVVRFLDWHG�ZLWK�DQ\�V\PSWRPV�

+\SRJO\FDHPLD� PD\� RFFXU� LQ� FRPELQDWLRQ� ZLWK� VXOSKRQ\OXUHDV� RU� LQVXOLQ�� 6\PSWRPDWLF� DQG� JHQHUDO�

VXSSRUWLYH�PHDVXUHV�VKRXOG�EH�WDNHQ�LQ�FDVH�RI�RYHUGRVH�
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���3+$50$&2/2*,&$/ 3523(57,(6

����3KDUPDFRG\QDPLF�3URSHUWLHV�

3KDUPDFRWKHUDSHXWLF� JURXS��'UXJV� XVHG� LQ� GLDEHWHV�� EORRG� JOXFRVH� ORZHULQJ� GUXJV�� H[FO�� LQVXOLQV�� $7&�

FRGH��$��%*���

3LRJOLWD]RQH�HIIHFWV�PD\�EH�PHGLDWHG�E\�D�UHGXFWLRQ�RI�LQVXOLQ�UHVLVWDQFH��3LRJOLWD]RQH�DSSHDUV WR�DFW�YLD�

DFWLYDWLRQ� RI� VSHFLILF� QXFOHDU� UHFHSWRUV� �SHUR[LVRPH� SUROLIHUDWRU� DFWLYDWHG� UHFHSWRU� JDPPD�� OHDGLQJ� WR�

LQFUHDVHG�LQVXOLQ�VHQVLWLYLW\�RI�OLYHU��IDW�DQG�VNHOHWDO�PXVFOH�FHOOV�LQ�DQLPDOV��7UHDWPHQW�ZLWK�SLRJOLWD]RQH�

KDV�EHHQ�VKRZQ�WR�UHGXFH�KHSDWLF�JOXFRVH�RXWSXW�DQG�WR�LQFUHDVH�SHULSKHUDO�JOXFRVH�GLVSRVDO�LQ�WKH�FDVH�

RI�LQVXOLQ�UHVLVWDQFH�

)DVWLQJ� DQG� SRVWSUDQGLDO� JO\FDHPLF� FRQWURO� LV� LPSURYHG� LQ� SDWLHQWV� ZLWK� W\SH� �� GLDEHWHV�PHOOLWXV�� 7KH�

LPSURYHG�JO\FDHPLF�FRQWURO�LV�DVVRFLDWHG�ZLWK�D�UHGXFWLRQ LQ�ERWK�IDVWLQJ�DQG�SRVWSUDQGLDO�SODVPD�LQVXOLQ�

FRQFHQWUDWLRQV��$�FOLQLFDO�WULDO�RI�SLRJOLWD]RQH�YV��JOLFOD]LGH�DV�PRQRWKHUDS\�ZDV�H[WHQGHG�WR�WZR�\HDUV�LQ�

RUGHU� WR� DVVHVV� WLPH� WR� WUHDWPHQW� IDLOXUH� �GHILQHG� DV� DSSHDUDQFH� RI� +E$�F VL[�

PRQWKV�RI� WKHUDS\���.DSODQ�0HLHU�DQDO\VLV� VKRZHG�VKRUWHU� WLPH� WR� WUHDWPHQW� IDLOXUH� LQ�SDWLHQWV� WUHDWHG�

ZLWK�JOLFOD]LGH��FRPSDUHG�ZLWK�SLRJOLWD]RQH��$W� WZR�\HDUV��JO\FDHPLF�FRQWURO� �GHILQHG�DV�+E$�F ��������

ZDV�VXVWDLQHG�LQ�����RI�SDWLHQWV�WUHDWHG�ZLWK�SLRJOLWD]RQH��FRPSDUHG�ZLWK�����RI�SDWLHQWV�RQ�JOLFOD]LGH��

,Q� D� WZR�\HDU� VWXG\� RI� FRPELQDWLRQ� WKHUDS\� FRPSDULQJ� SLRJOLWD]RQH� ZLWK� JOLFOD]LGH� ZKHQ� DGGHG� WR�

PHWIRUPLQ�� JO\FDHPLF� FRQWURO� PHDVXUHG� DV� PHDQ� FKDQJH� IURP� EDVHOLQH� LQ� +E$�F ZDV� VLPLODU� EHWZHHQ�

WUHDWPHQW�JURXSV�DIWHU�RQH�\HDU��7KH�UDWH�RI�GHWHULRUDWLRQ�RI�+E$�F GXULQJ�WKH�VHFRQG�\HDU�ZDV�OHVV�ZLWK�

SLRJOLWD]RQH�WKDQ�ZLWK�JOLFOD]LGH�

,Q� D� SODFHER� FRQWUROOHG� WULDO�� SDWLHQWV�ZLWK� LQDGHTXDWH� JO\FDHPLF� FRQWURO� GHVSLWH� D� WKUHH�PRQWK� LQVXOLQ�

RSWLPL]DWLRQ� SHULRG� ZHUH� UDQGRPLVHG� WR� SLRJOLWD]RQH� RU� SODFHER� IRU� ��� PRQWKV�� 3DWLHQWV� UHFHLYLQJ�

SLRJOLWD]RQH�KDG�D�PHDQ�UHGXFWLRQ� LQ�+E$�F RI�������FRPSDUHG�ZLWK�WKRVH�FRQWLQXLQJ�RQ� LQVXOLQ�DORQH��

DQG�D�UHGXFWLRQ�RI�LQVXOLQ�GRVH�LQ�WKH�SLRJOLWD]RQH�WUHDWHG�JURXS�

+20$� DQDO\VLV� VKRZV� WKDW� SLRJOLWD]RQH� LPSURYHV� EHWD� FHOO� IXQFWLRQ� DV� ZHOO� DV� LQFUHDVLQJ� LQVXOLQ�

VHQVLWLYLW\��7ZR�\HDU�FOLQLFDO�VWXGLHV�KDYH�VKRZQ�PDLQWHQDQFH�RI�WKLV�HIIHFW�

,Q� RQH� \HDU� FOLQLFDO� WULDOV�� SLRJOLWD]RQH� FRQVLVWHQWO\� JDYH� D� VWDWLVWLFDOO\� VLJQLILFDQW� UHGXFWLRQ� LQ� WKH�

DOEXPLQ�FUHDWLQLQH�UDWLR�FRPSDUHG�WR�EDVHOLQH�

7KH�HIIHFW�RI�SLRJOLWD]RQH�����PJ�PRQRWKHUDS\ YV� SODFHER��ZDV�VWXGLHG�LQ�D�VPDOO����ZHHN�WULDO�LQ�W\SH���

GLDEHWLFV�� 3LRJOLWD]RQH� ZDV� DVVRFLDWHG� ZLWK� VLJQLILFDQW� ZHLJKW� JDLQ�� 9LVFHUDO� IDW� ZDV� VLJQLILFDQWO\�
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GHFUHDVHG�� ZKLOH� WKHUH� ZDV� DQ� LQFUHDVH� LQ� H[WUD�DEGRPLQDO� IDW� PDVV�� 6LPLODU� FKDQJHV� LQ� ERG\� IDW�

GLVWULEXWLRQ� RQ� SLRJOLWD]RQH� KDYH� EHHQ� DFFRPSDQLHG� E\� DQ� LPSURYHPHQW� LQ� LQVXOLQ� VHQVLWLYLW\�� ,Q�PRVW�

FOLQLFDO�WULDOV��UHGXFHG�WRWDO�SODVPD�WULJO\FHULGHV�DQG�IUHH�IDWW\�DFLGV��DQG�LQFUHDVHG�+'/�FKROHVWHURO�OHYHOV�

ZHUH� REVHUYHG� DV� FRPSDUHG� WR� SODFHER�� ZLWK� VPDOO�� EXW� QRW� FOLQLFDOO\� VLJQLILFDQW� LQFUHDVHV� LQ� /'/�

FKROHVWHURO�OHYHOV�

,Q�FOLQLFDO�WULDOV�RI�XS�WR�WZR�\HDUV�GXUDWLRQ��SLRJOLWD]RQH�UHGXFHG�WRWDO�SODVPD�WULJO\FHULGHV�DQG�IUHH�IDWW\�

DFLGV��DQG�LQFUHDVHG�+'/�FKROHVWHURO�OHYHOV��FRPSDUHG�ZLWK�SODFHER��PHWIRUPLQ�RU�JOLFOD]LGH��3LRJOLWD]RQH�

GLG� QRW� FDXVH� VWDWLVWLFDOO\� VLJQLILFDQW� LQFUHDVHV� LQ� /'/� FKROHVWHURO� OHYHOV� FRPSDUHG�ZLWK� SODFHER��ZKLOVW�

UHGXFWLRQV�ZHUH�REVHUYHG�ZLWK�PHWIRUPLQ�DQG�JOLFOD]LGH��,Q�D����ZHHN�VWXG\��DV�ZHOO�DV�UHGXFLQJ�IDVWLQJ�

WULJO\FHULGHV��SLRJOLWD]RQH�UHGXFHG�SRVW�SUDQGLDO�K\SHUWULJO\FHULGHPLD�WKURXJK�DQ�HIIHFW�RQ�ERWK�DEVRUEHG�

DQG� KHSDWLFDOO\� V\QWKHVL]HG� WULJO\FHULGHV�� 7KHVH� HIIHFWV� ZHUH� LQGHSHQGHQW� RI� SLRJOLWD]RQH
V� HIIHFWV� RQ�

JO\FDHPLD�DQG�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQWO\�GLIIHUHQW�WR�JOLEHQFODPLGH�

,Q� 3URDFWLYH�� D� FDUGLRYDVFXODU� RXWFRPH� VWXG\�� ������ SDWLHQWV� ZLWK� W\SH� �� GLDEHWHV� PHOOLWXV� DQG� SUH�

H[LVWLQJ�PDMRU�PDFUR�YDVFXODU�GLVHDVH�ZHUH�UDQGRPLVHG�WR�SLRJOLWD]RQH�RU�SODFHER�LQ�DGGLWLRQ�WR�H[LVWLQJ�

DQWLGLDEHWLF�DQG�FDUGLRYDVFXODU�WKHUDS\��IRU�XS�WR�����\HDUV��7KH�VWXG\�SRSXODWLRQ�KDG�DQ�DYHUDJH�DJH�RI�

��� \HDUV�� WKH� DYHUDJH� GXUDWLRQ� RI� GLDEHWHV� ZDV� ���� \HDUV�� $SSUR[LPDWHO\� RQH� WKLUG� RI� SDWLHQWV� ZHUH�

UHFHLYLQJ� LQVXOLQ� LQ� FRPELQDWLRQ�ZLWK�PHWIRUPLQ� DQG�RU� D� VXOSKRQ\OXUHD�� 7R� EH� HOLJLEOH� SDWLHQWV� KDG� WR�

KDYH�KDG�RQH�RU�PRUH�RI�WKH�IROORZLQJ��P\RFDUGLDO� LQIDUFWLRQ��VWURNH��SHUFXWDQHRXV�FDUGLDF�LQWHUYHQWLRQ�

RU�FRURQDU\�DUWHU\�E\SDVV�JUDIW��DFXWH�FRURQDU\�V\QGURPH��FRURQDU\�DUWHU\�GLVHDVH��RU�SHULSKHUDO�DUWHULDO�

REVWUXFWLYH�GLVHDVH��$OPRVW�KDOI�RI� WKH�SDWLHQWV�KDG�D�SUHYLRXV�P\RFDUGLDO� LQIDUFWLRQ�DQG�DSSUR[LPDWHO\�

����KDG�KDG�D�VWURNH��$SSUR[LPDWHO\�KDOI�RI�WKH�VWXG\�SRSXODWLRQ�KDG�DW�OHDVW�WZR�RI�WKH�FDUGLRYDVFXODU�

KLVWRU\�HQWU\�FULWHULD��$OPRVW�DOO� VXEMHFWV� ������ZHUH� UHFHLYLQJ� FDUGLRYDVFXODU�PHGLFLQDO�SURGXFWV� �EHWD�

EORFNHUV�� DQJLRWHQVLQ�FRQYHUWLQJ� HQ]\PH� �$&(�� LQKLELWRUV�� DQJLRWHQVLQ� ,,� DQWDJRQLVWV�� FDOFLXP� FKDQQHO�

EORFNHUV��QLWUDWHV��GLXUHWLFV��DFHW\OVDOLF\OLF�DFLG��VWDWLQV��ILEUDWHV��

$OWKRXJK�WKH�VWXG\�IDLOHG�UHJDUGLQJ� LWV�SULPDU\�HQGSRLQW��ZKLFK�ZDV�D�FRPSRVLWH�RI�DOO�FDXVH�PRUWDOLW\��

QRQ�IDWDO� P\RFDUGLDO� LQIDUFWLRQ�� VWURNH�� DFXWH� FRURQDU\� V\QGURPH�� PDMRU� OHJ� DPSXWDWLRQ�� FRURQDU\�

UHYDVFXODUL]DWLRQ�DQG�OHJ�UHYDVFXODUL]DWLRQ��WKH�UHVXOWV�VXJJHVW�WKDW�WKHUH�DUH�QR�ORQJ�WHUP�FDUGLRYDVFXODU�

FRQFHUQV�UHJDUGLQJ�XVH�RI�SLRJOLWD]RQH��+RZHYHU��WKH�LQFLGHQFHV�RI�RHGHPD��ZHLJKW�JDLQ�DQG�KHDUW�IDLOXUH�

ZHUH�LQFUHDVHG��1R�LQFUHDVH�LQ�PRUWDOLW\�IURP�KHDUW�IDLOXUH�ZDV�REVHUYHG�
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7KH� (XURSHDQ� 0HGLFLQHV� $JHQF\� KDV� ZDLYHG� WKH� REOLJDWLRQ� WR� VXEPLW� WKH� UHVXOWV� RI� VWXGLHV� ZLWK�

3LRJOLWD]RQH LQ� DOO� VXEVHWV� RI� WKH� SDHGLDWULF� SRSXODWLRQ� LQ� W\SH� �� GLDEHWHV�PHOOLWXV�� 6HH� VHFWLRQ� ���� IRU�

LQIRUPDWLRQ�RQ�SDHGLDWULF�XVH�

����3KDUPDFRNLQHWLF�3URSHUWLHV��

)ROORZLQJ� RUDO� DGPLQLVWUDWLRQ�� SLRJOLWD]RQH� LV� UDSLGO\� DEVRUEHG�� DQG� SHDN� SODVPD� FRQFHQWUDWLRQV� RI�

XQFKDQJHG�SLRJOLWD]RQH�DUH�XVXDOO\�DFKLHYHG���KRXUV�DIWHU�DGPLQLVWUDWLRQ��3URSRUWLRQDO� LQFUHDVHV�RI� WKH�

SODVPD�FRQFHQWUDWLRQ�ZHUH�REVHUYHG�IRU�GRVHV�IURP��±���PJ��6WHDG\�VWDWH�LV�DFKLHYHG�DIWHU��±��GD\V�RI�

GRVLQJ��5HSHDWHG�GRVLQJ�GRHV�QRW�UHVXOW� LQ�DFFXPXODWLRQ�RI�WKH�FRPSRXQG�RU�PHWDEROLWHV��$EVRUSWLRQ�LV�

QRW�LQIOXHQFHG�E\�IRRG LQWDNH��$EVROXWH�ELRDYDLODELOLW\�LV�JUHDWHU�WKDQ�����

7KH�HVWLPDWHG�YROXPH�RI�GLVWULEXWLRQ�LQ�KXPDQV�LV������/�NJ�

3LRJOLWD]RQH�DQG�DOO�DFWLYH�PHWDEROLWHV�DUH�H[WHQVLYHO\�ERXQG�WR�SODVPD�SURWHLQ��!������

3LRJOLWD]RQH� XQGHUJRHV� H[WHQVLYH� KHSDWLF� PHWDEROLVP� E\� K\GUR[\ODWLRQ� RI� DOLSKDWLF� PHWK\OHQH� JURXSV��

7KLV� LV� SUHGRPLQDQWO\� YLD� F\WRFKURPH� 3���� �&�� DOWKRXJK� RWKHU� LVRIRUPV�PD\� EH� LQYROYHG� WR� D� OHVVHU�

GHJUHH�� 7KUHH� RI� WKH� VL[� LGHQWLILHG� PHWDEROLWHV� DUH� DFWLYH� �0�,,�� 0�,,,�� DQG� 0�,9��� :KHQ� DFWLYLW\��

FRQFHQWUDWLRQV�DQG�SURWHLQ�ELQGLQJ�DUH�WDNHQ� LQWR�DFFRXQW��SLRJOLWD]RQH�DQG�PHWDEROLWH�0�,,,�FRQWULEXWH�

HTXDOO\� WR� HIILFDF\�� 2Q� WKLV� EDVLV� 0�,9� FRQWULEXWLRQ� WR� HIILFDF\� LV� DSSUR[LPDWHO\� WKUHH�IROG� WKDW� RI�

SLRJOLWD]RQH��ZKLOVW�WKH�UHODWLYH�HIILFDF\�RI�0�,,�LV�PLQLPDO�

,Q� YLWUR VWXGLHV� KDYH� VKRZQ� QR� HYLGHQFH� WKDW� SLRJOLWD]RQH� LQKLELWV� DQ\� VXEW\SH� RI� F\WRFKURPH� 3�����

7KHUH�LV�QR�LQGXFWLRQ�RI�WKH�PDLQ�LQGXFLEOH�3����LVRHQ]\PHV��$���&�����DQG��$��LQ�PDQ�

,QWHUDFWLRQ�VWXGLHV�KDYH�VKRZQ�WKDW�SLRJOLWD]RQH�KDV�QR�UHOHYDQW�HIIHFW�RQ�HLWKHU�WKH�SKDUPDFRNLQHWLFV�RU�

SKDUPDFRG\QDPLFV�RI�GLJR[LQ��ZDUIDULQ��SKHQSURFRXPRQ�DQG�PHWIRUPLQ��&RQFRPLWDQW�DGPLQLVWUDWLRQ�RI�

SLRJOLWD]RQH� ZLWK� JHPILEUR]LO� �DQ� LQKLELWRU� RI� F\WRFKURPH� 3���� �&��� RU� ZLWK� ULIDPSLFLQ� �DQ� LQGXFHU� RI�

F\WRFKURPH� 3���� �&��� LV� UHSRUWHG� WR� LQFUHDVH� RU� GHFUHDVH�� UHVSHFWLYHO\�� WKH� SODVPD� FRQFHQWUDWLRQ� RI�

SLRJOLWD]RQH��VHH�VHFWLRQ������
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)ROORZLQJ�RUDO�DGPLQLVWUDWLRQ�RI�UDGLRODEHOOHG�SLRJOLWD]RQH�WR�PDQ��UHFRYHUHG� ODEHO�ZDV�PDLQO\� LQ�IDHFHV�

������DQG�D�OHVVHU�DPRXQW�LQ�XULQH��������,Q�DQLPDOV��RQO\�D�VPDOO�DPRXQW�RI�XQFKDQJHG�SLRJOLWD]RQH�

FDQ� EH� GHWHFWHG� LQ� HLWKHU� XULQH� RU� IDHFHV�� 7KH� PHDQ� SODVPD� HOLPLQDWLRQ� KDOI�OLIH� RI� XQFKDQJHG�

SLRJOLWD]RQH�LQ�PDQ�LV���WR���KRXUV�DQG�IRU�LWV WRWDO�DFWLYH�PHWDEROLWHV����WR����KRXUV�

6WHDG\�VWDWH�SKDUPDFRNLQHWLFV�DUH�VLPLODU�LQ�SDWLHQWV�DJH����DQG�RYHU�DQG�\RXQJ�VXEMHFWV�

3DWLHQWV�ZLWK�UHQDO�LPSDLUPHQW

,Q�SDWLHQWV�ZLWK� UHQDO� LPSDLUPHQW��SODVPD�FRQFHQWUDWLRQV�RI�SLRJOLWD]RQH�DQG� LWV�PHWDEROLWHV�DUH� ORZHU�

WKDQ�WKRVH�VHHQ�LQ�VXEMHFWV�ZLWK�QRUPDO�UHQDO�IXQFWLRQ��EXW�RUDO�FOHDUDQFH�RI�SDUHQW�VXEVWDQFH�LV�VLPLODU��

7KXV�IUHH��XQERXQG��SLRJOLWD]RQH�FRQFHQWUDWLRQ�LV�XQFKDQJHG�

7RWDO�SODVPD�FRQFHQWUDWLRQ�RI�SLRJOLWD]RQH� LV�XQFKDQJHG��EXW�ZLWK�DQ� LQFUHDVHG�YROXPH�RI�GLVWULEXWLRQ��

,QWULQVLF�FOHDUDQFH�LV�WKHUHIRUH�UHGXFHG��FRXSOHG�ZLWK�D�KLJKHU�XQERXQG�IUDFWLRQ�RI�SLRJOLWD]RQH�

����3UHFOLQLFDO�VDIHW\�'DWD�

,Q� WR[LFRORJ\� VWXGLHV�� SODVPD� YROXPH�H[SDQVLRQ�ZLWK� KDHPRGLOXWLRQ�� DQDHPLD�� DQG� UHYHUVLEOH� HFFHQWULF�

FDUGLDF�K\SHUWURSK\�ZDV�FRQVLVWHQWO\�DSSDUHQW�DIWHU�UHSHDWHG�GRVLQJ�RI�PLFH��UDWV��GRJV��DQG�PRQNH\V��

,Q� DGGLWLRQ�� LQFUHDVHG� IDWW\� GHSRVLWLRQ� DQG� LQILOWUDWLRQ� ZHUH� REVHUYHG�� 7KHVH� ILQGLQJV� ZHUH� REVHUYHG�

DFURVV� V

DSSDUHQW� LQ� DQLPDO� VWXGLHV� ZLWK� SLRJOLWD]RQH�� 7KLV� ZDV� DWWULEXWDEOH� WR� WKH� DFWLRQ� RI� SLRJOLWD]RQH� LQ�

GLPLQLVKLQJ�WKH�PDWHUQDO�K\SHULQVXOLQHPLD�DQG�LQFUHDVHG�LQVXOLQ�UHVLVWDQFH�WKDW�RFFXUV�GXULQJ�SUHJQDQF\�

WKHUHE\�UHGXFLQJ�WKH�DYDLODELOLW\�RI�PHWDEROLF�VXEVWUDWHV�IRU�IRHWDO�JURZWK�

3LRJOLWD]RQH� ZDV� GHYRLG� RI� JHQRWR[LF� SRWHQWLDO� LQ� D� FRPSUHKHQVLYH� EDWWHU\� RI LQ� YLYR DQG LQ�

YLWUR JHQRWR[LFLW\� DVVD\V�� $Q� LQFUHDVHG� LQFLGHQFH� RI� K\SHUSODVLD� �PDOHV� DQG� IHPDOHV�� DQG� WXPRXUV�

�PDOHV��RI�WKH�XULQDU\�EODGGHU�HSLWKHOLXP�ZDV�DSSDUHQW�LQ�UDWV�WUHDWHG�ZLWK�SLRJOLWD]RQH�IRU�XS�WR���\HDUV�

7KH�IRUPDWLRQ�DQG�SUHVHQFH�RI�XULQDU\�FDOFXOL�ZLWK�VXEVHTXHQW�LUULWDWLRQ�DQG�K\SHUSODVLD�ZDV�SRVWXODWHG�

DV�WKH�PHFKDQLVWLF�EDVLV�IRU�WKH�REVHUYHG�WXPRULJHQLF�UHVSRQVH�LQ�WKH�PDOH�UDW��$����PRQWK�PHFKDQLVWLF�

VWXG\�LQ�PDOH�UDWV�GHPRQVWUDWHG�WKDW�DGPLQLVWUDWLRQ�RI�SLRJOLWD]RQH�UHVXOWHG�LQ�DQ�LQFUHDVHG�LQFLGHQFH�RI�

K\SHUSODVWLF�FKDQJHV� LQ� WKH�EODGGHU��'LHWDU\�DFLGLILFDWLRQ�VLJQLILFDQWO\�GHFUHDVHG�EXW�GLG�QRW�DEROLVK� WKH�


