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ە ,QWURGXFWLRQ

+HSDWHFWRP\�LV�D FXUDWLYH�WUHDWPHQW�IRU�OLYHU�FDQFHU��DQG�WKH�VDIHW\�RI�WKLV�SURFHGXUH�KDV�LPSURYHG�

GUDPDWLFDOO\�LQ�UHFHQW�\HDUV��+RZHYHU��VWDWLVWLFV�IURP�WKH�1DWLRQDO�&OLQLFDO�'DWDEDVH�LQ�-DSDQ�VKRZ�

WKDW�VXUJHU\�UHODWHG�PRUWDOLW\�LV������LQ�DOO�FDVHV�RI�KHSDWHFWRP\��VXJJHVWLQJ�WKDW�WKH�VDIHW\�RI�WKLV�

SURFHGXUH�PXVW�EH�LPSURYHG�IXUWKHU��7R�DFKLHYH�WKLV��WKH�VWDJH�RI�OLYHU�FDQFHU�DQG�OLYHU�IXQFWLRQ�DQG�

KHSDWLF IXQFWLRQDO� UHVHUYH�� DOO� RI�ZKLFK� DUH� LQGLFDWLRQV� IRU� KHSDWHFWRP\�� VKRXOG� EH� HYDOXDWHG� DQG�

XVHG�DFFXUDWHO\�WR�VHOHFW�D�VDIH�DQG�SUDFWLFDO�VXUJLFDO�SURFHGXUH�

6RPH�QRWDEOH�FKDQJHV�UHODWHG�WR�KHSDWHFWRP\�LQ�UHFHQW�\HDUV�DUH�DGYDQFHPHQWV�PDGH�LQ�VXUJLFDO�

GHYLFHV� DQG� WHFKQLTXHV� DQG� WKH� LQWURGXFWLRQ� RI� ODSDURVFRSLF� KHSDWHFWRP\�� ,Q� -DSDQ�� ODSDURVFRSLF�

KHSDWHFWRP\�ZDV� DSSURYHG DV� D� KLJKO\ VRSKLVWLFDWHG�PHGLFDO� SURFHGXUH� LQ� ������ ,Q� ������ SDUWLDO�

KHSDWHFWRP\� DQG� ODWHUDO� VHJPHQWHFWRP\ ZHUH� DSSURYHG� IRU� FRYHUDJH� E\� WKH� 1DWLRQDO� +HDOWK�

,QVXUDQFH�V\VWHP�LQ�-DSDQ��IROORZHG�LQ������ZLWK�WKH�DSSURYDO�RI�DOO�W\SHV�RI�KHSDWHFWRP\��H[FHSW

WKRVH�LQYROYLQJ�UHYDVFXODUL]DWLRQ�DQG�ELOLDU\�WUDFW�UHFRQVWUXFWLRQ��6LQFH�WKHQ��WKH�QXPEHU�RI�SDWLHQWV�

XQGHUJRLQJ�ODSDURVFRSLF�KHSDWHFWRP\�KDV�LQFUHDVHG�UDSLGO\��+RZHYHU��ODSDURVFRSLF�KHSDWHFWRP\�LV�

QRW� D� ZHOO�HVWDEOLVKHG� VXUJLFDO� SURFHGXUH�� HVSHFLDOO\� IRU� H[WHQGHG� UHVHFWLRQ�� DQG� LW� LV� DOZD\V�

DVVRFLDWHG�ZLWK�VRPH�ULVNV�

7KH� GHVFULSWLRQ� RI� ODSDURVFRSLF� KHSDWHFWRP\� LQ� WKH� *XLGHOLQHV� SURPSWHG� VHYHUDO� GLVFXVVLRQV�

PDLQO\� GXH� WR� VDIHW\�UHODWHG� FRQFHUQV� UHSRUWHG� LQ� WKH� ODVW� IHZ� \HDUV�� +RZHYHU�� WKH� 5HYLVLRQ�

&RPPLWWHH� KDV� GHFLGHG� WR� HVWDEOLVK� D� &4� DERXW� LQGLFDWLRQV� IRU� ODSDURVFRSLF� KHSDWHFWRP\� LQ� WKH�

FXUUHQW� *XLGHOLQHV� EHFDXVH� RI� WKH� UHSRUWHG� HYLGHQFH� RQ� WKH� VKRUW� DQG� ORQJ�WHUP� EHQHILWV� RI�

ODSDURVFRSLF�KHSDWHFWRP\�DQG�EHFDXVH� WKH�SURFHGXUH�ZDV�SURSRVHG�DW� WKH� ,QWHUQDWLRQDO�&RQVHQVXV�

&RQIHUHQFH��1HYHUWKHOHVV��LQVWHDG�RI�VLPSO\�UHFRPPHQGLQJ�WKH�SURFHGXUH��WKH�UHFRPPHQGDWLRQ�DQG�

LWV� H[SODQDWLRQ� DUH� LQWHQGHG� WR� HPSKDVL]H� WKH� LPSRUWDQFH� RI� FDUHIXO� LQFRUSRUDWLRQ�� DFFXUDWH�

LPSOHPHQWDWLRQ��DQG�SURSHU�SRVWRSHUDWLYH�PDQDJHPHQW�RI�ODSDURVFRSLF�KHSDWHFWRP\�

3UHYLRXV�&4V� UHPDLQ� LQ� XVH� WR� HPSKDVL]H� WKH� LPSRUWDQFH� RI� LGHQWLI\LQJ� SURJQRVWLF� IDFWRUV� WR�

LPSURYH�WKH�HIILFDF\�DQG�VDIHW\�RI�KHSDWHFWRP\��GHWHUPLQLQJ�UHVHFWLRQ�PDUJLQV��UHGXFLQJ�EORRG�ORVV�

GXULQJ�KHSDWHFWRP\�E\�RFFOXGLQJ KHSDWLF�EORRG�LQIORZ�RU�ORZHULQJ�WKH�FHQWUDO�YHQRXV�SUHVVXUH��DQG�

SHUIRUPLQJ�DEGRPLQDO�GUDLQDJH��$OVR��WKLV�FKDSWHU�LQFOXGHV�D�GHVFULSWLRQ�RI�QHRDGMXYDQW�WKHUDS\�IRU�

KHSDWHFWRP\�� EXW� QRW� DGMXYDQW� WKHUDS\� DIWHU� KHSDWHFWRP\�� ZKLFK� LV� GHVFULEHG� LQ� &KDSWHU� ��

³3RVW�WUHDWPHQW�6XUYHLOODQFH�DQG�3UHYHQWLRQ�DQG�7UHDWPHQW�RI�5HFXUUHQW�+&&´�

/LYHU�WUDQVSODQWDWLRQ�LV�D�WUHDWPHQW�PRGDOLW\�IRU�+&&�DV�ZHOO�DV�FLUUKRVLV��WKH�SULPDU\�FDXVH�RI�

+&&��EXW�DV�DOZD\V��WKH�HOLJLELOLW\�FULWHULD�DQG�GRZQVWDJLQJ�WKHUDS\�DUH�GHVFULEHG�

$�OLWHUDWXUH�VHDUFK�IRU�SUH�HVWDEOLVKHG�&4V�ZDV�FRQGXFWHG�E\�VHWWLQJ�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�

-DQXDU\� ��� ����� DQG� -XQH� ���� ������ ZKHUHDV� D� OLWHUDWXUH� VHDUFK� IRU� QHZO\� HVWDEOLVKHG� &4V� ZDV�

FRQGXFWHG�E\�WDUJHWLQJ�DOO�DUWLFOHV�SXEOLVKHG�EHIRUH�-XQH����������
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&4�� :KLFK SDWLHQWV�DUH�HOLJLEOH�IRU�KHSDWHFWRP\"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ� ,W� LV� GHVLUDEOH� WR� SHUIRUP� KHSDWHFWRP\� LQ� SDWLHQWV� ZLWK� XS� WR� �� WXPRUV�

ORFDWHG�VROHO\� LQ�WKH�OLYHU��UHJDUGOHVV�RI� WXPRU�VL]H��7XPRU�LQYDVLRQ�XS�WR�WKH�ILUVW�EUDQFKHV�RI� WKH�

SRUWDO�YHLQ��ULJKW�DQG�OHIW SRUWDO�YHLQV� PD\�EH�DQ�LQGLFDWLRQ�IRU�VXUJHU\�

ڦ %DFNJURXQG

7KH�&4�³:KDW�DUH�WKH�LQGLFDWLRQV�IRU�OLYHU�UHVHFWLRQ�LQ�WHUPV�RI�WXPRU�FRQGLWLRQ"´�ZDV�XVHG�XS�XQWLO�

WKH� WKLUG� HGLWLRQ� ������ YHUVLRQ��� ,Q� WKH� FXUUHQW� *XLGHOLQHV�� WKH� ZRUGLQJ�ZDV� FKDQJHG� WR� ³:KLFK�

SDWLHQWV�DUH�HOLJLEOH�IRU�KHSDWHFWRP\"´�WR�UHIOHFW�SDWLHQWV�LQ�GLIIHUHQW�DJH�JURXSV�DQG�ZLWK�GLIIHUHQW�

36 OHYHOV�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�

EHWZHHQ�-DQXDU\���������DQG�-XQH����������H[WUDFWHG�����DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR�����

LQ� WKH� ILUVW� VFUHHQLQJ�� IURP�ZKLFK� ��� DUWLFOHV� ZLWK� KLJK�TXDOLW\� HYLGHQFH� DQG� FOLQLFDO� LPSRUWDQFH�

ZHUH� H[WUDFWHG� LQ� WKH� VHFRQG� VFUHHQLQJ� 7KH� LQGLFDWLRQV� IRU� KHSDWHFWRP\�ZHUH� UHYLHZHG IURP� WKH�

SHUVSHFWLYH�RI�WXPRU�FRQGLWLRQV��EXW�WKH�VWDJLQJ�RI�+&&�LV�SHUIRUPHG�EDVHG�RQ�WXPRU�QXPEHU�DQG�

VL]H� DQG� WKH� VHYHULW\� RI� YDVFXODU� LQYDVLRQ� GHVFULEHG� LQ� WKH� *HQHUDO� 5XOHV� IRU� WKH� &OLQLFDO� DQG�

3DWKRORJLFDO�6WXG\�RI�3ULPDU\�/LYHU�&DQFHU�LVVXHG�E\�WKH�/LYHU�&DQFHU�6WXG\�*URXS�RI�-DSDQ�

7KH���\HDU�VXUYLYDO�UDWH�DIWHU�KHSDWHFWRP\�LV�DSSUR[LPDWHO\ ������ LQ�SDWLHQWV�ZLWK�D�WXPRU ��

��� FP�� $OWKRXJK� QR� VWXG\� KDV� FRPSDUHG� ��\HDU� VXUYLYDO� UDWHV� EHWZHHQ� KHSDWHFWRP\� DQG� RWKHU�

WUHDWPHQW� PRGDOLWLHV� VXFK� DV� SHUFXWDQHRXV� WUHDWPHQWV� DQG� FKHPRWKHUDS\�� EHFDXVH WKH� UHVXOWV DUH�

FOHDUO\� EHWWHU� WKDQ� WKH� SUHVXPHG� QDWXUDO� FRXUVH�� WXPRU� VL]H� LV� XQOLNHO\� WR� OLPLW� WKH� LQGLFDWLRQ��

+RZHYHU��OLYHU�FDQFHU�UHFXUV VRRQ�DIWHU�KHSDWHFWRP\�LQ�VRPH�SDWLHQWV��/LP�HW�DO��KDYH SURSRVHG�WKH�

KLJK�SUHRSHUDWLYH�OHYHOV�RI�WRWDO�ELOLUXELQ� ORZ�SODWHOHW�FRXQWV� DQG�SRUWDO�YHLQ�WXPRU�WKURPEXV�DV�WKH�

ULVN� IDFWRUV� IRU� UHFXUUHQFH�ZLWKLQ� �� \HDU� RI� WKH� UHVHFWLRQ� RI� OLYHU� FDQFHU��� �� FP�� VXJJHVWLQJ� WKH�

LPSRUWDQFH�RI�FDUHIXOO\�VHOHFWLQJ�SDWLHQWV��

:LWK�UHJDUG�WR�WXPRU�QXPEHU��VWXGLHV�KDYH�FRPSDUHG�WUHDWPHQW�RXWFRPHV�EHWZHHQ�KHSDWHFWRP\�

IRU� �� RU�PRUH�+&&V� DQG� VROLWDU\�+&&� DQG� EHWZHHQ�KHSDWHFWRP\� IRU� � RU�PRUH +&&V� DQG� RWKHU�

WUHDWPHQW� PRGDOLWLHV� IRU� � RU� PRUH +&&V�� &RPSDUHG� ZLWK� VROLWDU\� +&&�� ORQJ�WHUP� SURJQRVLV� LV�

ZRUVH� LQ� SDWLHQWV� ZLWK� PXOWLSOH� +&&V�� EXW� VLPLODU UHVHFWLRQ� RXWFRPHV� ZHUH� UHSRUWHG� EHWZHHQ�

PXOWLSOH� SDWLHQWV� ZLWK PXOWLFHQWULF� FDQFHU� DQG� WKRVH� ZLWK� VLQJOH� FDQFHU��� %HFDXVH� WKH� WUHDWPHQW�

RXWFRPHV�RI�KHSDWHFWRP\ DQG�VRUDIHQLE�WKHUDS\�IRU�PXOWLSOH�+&&V�DUH�FXUUHQWO\�XQNQRZQ��PXOWLSOH�

+&&V� LV� QRW� D� FRQWUDLQGLFDWLRQ� IRU� UHVHFWLRQ�� ,Q� WHUPV� RI WKH� XSSHU� OLPLW� RI� WXPRU QXPEHU�� VRPH�
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VWXGLHV�UHSRUWHG D�ORZHU�ULVN�RI�UHFXUUHQFH�LQ�SDWLHQWV�ZLWK�XS�WR���+&&V�LQ�WKH�VDPH�OLYHU�VHJPHQW�

WKDQ LQ SDWLHQWV ZLWK���RU�PRUH�+&&V� LQ�GLIIHUHQW� VHJPHQWV�RU�SDWLHQWV ZLWK�PLFURVFRSLF�YDVFXODU�

LQYDVLRQ����� ZKLOH� DQRWKHU� VWXG\� KDV� UHSRUWHG� WKDW� HYHQ� � RU� PRUH +&&V� LV� DQ� LQGLFDWLRQ� IRU�

KHSDWHFWRP\�ZKHQ� WKH�SDWLHQW�KDV�JRRG�KHSDWLF IXQFWLRQDO� UHVHUYH�DQG�QR�SRUWDO�YHQRXV� LQYDVLRQ���

+RZHYHU��EHFDXVH�KLJK�TXDOLW\�HYLGHQFH�DERXW�WKH�XSSHU�OLPLW�RI�WXPRU�QXPEHU LV�ODFNLQJ� XS�WR���

+&&V��ZKLFK�LV�D ZHOO�DFFHSWHG�LQGLFDWLRQ�IRU�5)$��PD\�DOVR�EH�D�JRRG�LQGLFDWLRQ�IRU�KHSDWHFWRP\�

ZKHQ�KHSDWHFWRP\�LV�GHILQHG�DV�ORFRUHJLRQDO�WKHUDS\�

0DQ\�VWXGLHV�KDYH�FOHDUO\�VKRZQ�WKDW�SRUWDO�YHQRXV� LQYDVLRQ� LV� WKH�PRVW� LQIOXHQWLDO SURJQRVWLF�

IDFWRU�IRU�+&&��,Q�JHQHUDO��SURJQRVLV�ZRUVHQV�DV� WXPRU�WKURPEXV�DGYDQFHV�ZLWKLQ WKH SRUWDO�YHLQ��

EXW���\HDU�VXUYLYDO�UDWHV�DUH�DSSUR[LPDWHO\��������LQ�SDWLHQWV�ZLWK UHPQDQW�WXPRU�WKURPEXV�ZLWKLQ

WKH� ILUVW� EUDQFKHV RI� WKH� SRUWDO� YHLQ� �L�H��� XS� WR� 9S� WXPRU� WKURPEXV��� 6RUDIHQLE� LV� WKH� ILUVW�OLQH�

WKHUDS\ IRU�+&&�DFFRPSDQLHG�E\ SRUWDO�YHLQ�WXPRU�WKURPEXV��+RZHYHU��VXUJHU\�PD\�EH�LQGLFDWHG�

EHFDXVH� WKH� ORQJ�WHUP� RXWFRPHV RI� VRUDIHQLE� WKHUDS\� IRU� +&&� ZLWK� 9S� WXPRU� WKURPEXV� DUH�

FXUUHQWO\ XQNQRZQ��,Q�SDWLHQWV�ZLWK�WXPRU�WKURPEXV�LQ�WKH�PDLQ�SRUWDO�YHLQ��9S� WXPRU�WKURPEXV��

VXUJHU\�LV�FRQWUDLQGLFDWHG�EHFDXVH�RI�LWV�DVVRFLDWLRQ ZLWK�SRRU�SURJQRVLV��+RZHYHU� VXUJHU\�PD\�EH�

LQGLFDWHG� IRU� PLOG� WXPRU� WKURPERVLV� EHFDXVH� WKH� RXWFRPHV� RI� UHVHFWLRQ� DUH� UHSRUWHGO\� VLPLODU�

EHWZHHQ�PLOG�9S��DQG�RUGLQDU\�9S� WXPRU�WKURPEXV
��

,Q�DGGLWLRQ�WR�WKH�SRUWDO�YHLQ��+&&�RFFDVLRQDOO\�LQYDGHV�WKH�KHSDWLF�YHLQV DQG�ELOH�GXFW��IRUPLQJ�

WXPRU� WKURPEXV� DQG� UHVXOWLQJ� LQ� SRRU SURJQRVLV�� +RZHYHU� KHSDWHFWRP\� LPSURYHG� SURJQRVLV� RI�

SDWLHQWV�ZLWK�+&&�DQG�WXPRU�WKURPEXV LQ���VWXGLHV�����RQH�ZKHUH KHSDWHFWRP\�ZDV�SHUIRUPHG�VDIHO\�

LQ�PDQ\�SDWLHQWV�ZLWK�+&&�DFFRPSDQLHG�E\�LQIHULRU�YHQD�FDYD�WXPRU�WKURPEXV�DQG�DQRWKHU�ZKHUH

PHGLDQ�VXUYLYDO�ZDV����PRQWKV�DIWHU�FXUDWLYH�UHVHFWLRQ�

+HSDWHFWRP\� IRU�+&&� DFFRPSDQLHG� E\� ELOH� GXFW� WXPRU� WKURPEXV� LV� RIWHQ� UHSRUWHG� QHJDWLYHO\�

GXH� WR� LWV� IUHTXHQW� DVVRFLDWLRQ�ZLWK� YDVFXODU� LQYDVLRQ� DQG� SRRUO\� GLIIHUHQWLDWHG�+&& DV�ZHOO� DV� D�

KLJK� UDWH� RI� UHFXUUHQFH� VRRQ� DIWHU� WKH�SURFHGXUH���6WLOO�� KHSDWHFWRP\� IRU�+&&�ZLWKRXW� SRUWDO� YHLQ�

LQYDVLRQ� RU� LQ� SDWLHQWV� IRU� ZKRP� FXUDWLYH� UHVHFWLRQ� LV� LQGLFDWHG� VRPHWLPHV� \LHOGV ORQJ�WHUP�

VXUYLYRUV��� 'XH� WR� LQFRQVLVWHQW� VWXG\� UHVXOWV�� IXUWKHU� VWXG\� LV� QHHGHG� WR� FODULI\� WKH� RXWFRPHV RI�

KHSDWHFWRP\�

ڦ ([SODQDWLRQ

7KH� LQGLFDWLRQV�IRU�KHSDWHFWRP\�ZHUH�GHVFULEHG�IURP� WKH�SHUVSHFWLYH�RI�+&&�VWDJH��3DWLHQWV�ZLWK�

PXOWLSOH� +&&V�PD\� KDYH� SULPDU\�+&&� DQG� LQWUDKHSDWLF�PHWDVWDVLV�� PXOWLFHQWULF� +&&V�� RU� ERWK��

'HSHQGLQJ�RQ�WKH�FRPELQDWLRQ��WUHDWPHQW�RXWFRPH�YDULHV�DPRQJ�SDWLHQWV�ZLWK�WKH�VDPH�QXPEHU�RI�

+&&V�� $OWKRXJK� KHSDWHFWRP\ LV� D� ORFRUHJLRQDO� WKHUDS\�� WKH� VXSHULRULW\� RI� V\VWHPLF� KHSDWHFWRP\�

RYHU�SDUWLDO� UHVHFWLRQ� LV�DVVRFLDWHG�ZLWK� WKH� URXWH�RI� LQYDVLRQ� WKURXJK� WKH�SRUWDO�YHQRXV� V\VWHP� LQ�

SDWLHQWV ZLWK�+&&�DQG�LQWUDKHSDWLF�PHWDVWDVLV��$V�IRU�PXOWLFHQWULF�+&&V��LQ�DGGLWLRQ�WR FRQVLGHULQJ
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WKH�RQFRJHQLF�SRWHQWLDO�RI�WKH�EDFNJURXQG�OLYHU��WKH�HOLJLELOLW\�FULWHULD�IRU�ORFRUHJLRQDO�WKHUDS\��H�J���

5)$��DUH�XVHG��+RZHYHU�� WKH LQGLFDWLRQ� LV� WKRXJKW� WR�VKLIW� WRZDUG�7$&(�DV� WKH�QXPEHU�RI� WXPRUV

LQFUHDVHV�� ,Q� WHUPV� RI� WXPRU� QXPEHU�� <DQJ� HW� DO�� GHYHORSHG� D� QRPRJUDP� IRU� WKH� SUHGLFWLRQ� RI�

ORQJ�WHUP�VXUYLYDO�DIWHU�KHSDWHFWRP\�IRU�PXOWLSOH�+&&V��VXJJHVWLQJ�WKH�LPSRUWDQFH�RI�VWUDWLI\LQJ�WKH�

LQGLFDWLRQ�IRU�KHSDWHFWRP\�LQ�SDWLHQWV�ZLWK�PXOWLSOH�+&&V���

2YHUDOO� VXUYLYDO� UDWHV� DQG� UHFXUUHQFH�IUHH� VXUYLYDO� UDWHV� GLG� QRW� GLIIHU� VLJQLILFDQWO\� EHWZHHQ�

HOGHUO\�SDWLHQWV�DJHG������\HDUV�DQG�WKRVH�DJHG����� \HDUV��� ,Q�SDWLHQWV�DJHG������\HDUV�XQGHUJRLQJ�

KHSDWHFWRP\�� LQWUDRSHUDWLYH� EORRG� ORVV� DQG� SUH�H[LVWLQJ� FRPRUELGLW\� ZHUH� DVVRFLDWHG� ZLWK� D� KLJK�

LQFLGHQFH�RI�SRVWRSHUDWLYH�FRPSOLFDWLRQV����7KH� LQGLFDWLRQV�IRU�VXUJHU\�DUH�GLIILFXOW� WR�HOXFLGDWH� LQ�

HOGHUO\� SDWLHQWV� EHFDXVH� WKHLU� EDFNJURXQG� IDFWRUV� DUH� JHQHUDOO\� GLIIHUHQW� IURP� WKRVH� RI� FRQWUROV��

7KHUHIRUH�� WKH� LQGLFDWLRQV� IRU� VXUJHU\� VKRXOG� EH� GHWHUPLQHG LQ� LQGLYLGXDO� FDVHV� ,Q� SDWLHQWV� ZLWK�

VPDOO�+&&V DQG�36���SURJQRVLV�ZDV�EHWWHU�DIWHU�KHSDWHFWRP\�WKDQ�DIWHU�5)$��EXW�SURJQRVLV�GLG�QRW�

GLIIHU� VLJQLILFDQWO\� LQ� SDWLHQWV� ZLWK� �� 36����� ,Q� SDWLHQWV� ZLWK� +&&� EH\RQG� WKH� 0LODQ� FULWHULD��

UHJDUGOHVV� RI� 36�� ORQJ�WHUP� WUHDWPHQW� RXWFRPH� ZDV� EHWWHU� DIWHU� KHSDWHFWRP\� WKDQ� DIWHU 7$&(����

'HVSLWH� WKHVH� ILQGLQJV�� QR� GHILQLWLYH� UHFRPPHQGDWLRQ� LV� PDGH� GXH� WR� WKH� ODFN� RI� KLJK�TXDOLW\

HYLGHQFH��7KHUHIRUH��WKH�LQGLFDWLRQV�IRU�VXUJHU\�VKRXOG�EH�LQYHVWLJDWHG�IXUWKHU IURP�WKH�SHUVSHFWLYH�

RI DJH�DV�ZHOO�DV 36 LQ�WKH�IXWXUH�

$JDLQ��WKH�PRVW�UHFHQW�OLWHUDWXUH VHDUFK�GLG�QRW�JHQHUDWH�UHFRPPHQGDWLRQV�IRU�HOGHUO\�SDWLHQWV�RU�

IRU�36��$IWHU�FRPSUHKHQVLYH�GLVFXVVLRQ��WKH�5HYLVLRQ�&RPPLWWHH�KDV�GHFLGHG�WR�VWURQJO\�UHFRPPHQG�

KHSDWHFWRP\�IRU�SDWLHQWV�ZLWK�XS�WR ��WXPRUV�ORFDWHG�VROHO\�LQ�WKH�OLYHU��7KHUH�DUH�QR�OLPLWDWLRQV�ZLWK�

UHJDUG�WR WXPRU�VL]H��7XPRU�WKURPEXV�LQYROYLQJ�XS�WR�WKH�ILUVW�EUDQFKHV�RI�WKH�SRUWDO�YHLQ��L�H���WKH�

ULJKW�DQG�OHIW�SRUWDO�YHLQ��PD\�EH�DQ�LQGLFDWLRQ�IRU�VXUJHU\�

ڦ 5HIHUHQFHV

���/LP�&��&RPSDJQRQ�3��6HEDJK�0��HW�DO��+HSDWHFWRP\�IRU�KHSDWRFHOOXODU�FDUFLQRPD�ODUJHU�WKDQ����FP��SUHRSHUDWLYH�

ULVN VWUDWLILFDWLRQ�WR�SUHYHQW�IXWLOH�VXUJHU\� +3% �2[IRUG� ������������������30,'����������

��� .XER� 6�� 1LVKLJXFKL� 6�� +LURKDVKL� .�� HW� DO�� &OLQLFRSDWKRORJLFDO� FULWHULD� IRU� PXOWLFHQWULFLW\� RI� KHSDWRFHOOXODU�

FDUFLQRPD�DQG�ULVN IDFWRUV�IRU�VXFK�FDUFLQRJHQHVLV��-SQ�-�&QDFHU�5HV ������������������30,'���������

��� -LDQJ� /�� <DQ /�� :HQ� 7� HW� DO�� &RPSDULVRQ� RI� RXWFRPHV� RI� KHSDWLF� UHVHFWLRQ� DQG� UDGLRIUHTXHQF\� DEODWLRQ� IRU�

KHSDWRFHOOXODU� FDUFLQRPD� SDWLHQWV� ZLWK PXOWLIRFDO� WXPRUV� PHHWLQJ� WKH� %DUFHORQD�&OLQLF� /LYHU &DQFHU� 6WDJH� $�

&ODVVLILFDWLRQ��-�$P�&ROO�6XUJ ����� ���� ��������30,'����������

���*RK�%.� &KRZ�3.� 7HR� -<� HW� DO��1XPEHU� RI� QRGXOHV��&KLOG�3XJK� VWDWXV��PDUJLQ�SRVLWLYLW\�� DQG�PLFURYDVFXODU�

LQYDVLRQ�� EXW� QRW� WXPRU� VL]H�� DUH� SURJQRVWLF� IDFWRUV� RI� VXUYLYDO DIWHU� OLYHU UHVHFWLRQ� IRU� PXOWLIRFDO� KHSDWRFHOOXODU�

FDUFLQRPD��- *DVWURLQWHVW�6XUJ ������������������ 30,'� ��������

���1RMLUL�.��7DQDND .��7DNHGD�.�� HW� DO��7KH HIILFDF\�RI� OLYHU UHVHFWLRQ� IRU�PXOWLQRGXODU�KHSDWRFHOOXODU� FDUFLQRPD��

$QWLFDQFHU�5HV ������������������30,'����������



���

���.RMLPD�+��+DWDQR�(��7DXUD .��6HR�6��<DVXFKLND .��8HPRWR�6��+HSDWLF�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�

WXPRU�WKURPEXV�LQ�WKH�PDMRU�SRUWDO�YHLQ��'LJ�6XUJ�������������������30,'����������

��� /L� $-� =KRX�:3�� /LQ� &�� HW� DO�� 6XUJLFDO� WUHDWPHQW� RI� KHSDWRFHOOXODU� FDUFLQRPD� ZLWK� LQIHULRU� YHQD� FDYD� WXPRU�

WKURPEXV�� D� QHZ� FODVVLILFDWLRQ� IRU� VXUJLFDO� JXLGDQFH�� +HSDWRELOLDU\� 3DQFUHDW� 'LV� ,QW ������ ���� ������� 30,'��

��������

��� .RNXGR� 7� +DVHJDZD� .�� 0DWVX\DPD� <� HW� DO�� /LYHU &DQFHU� 6WXG\� *URXS� RI� -DSDQ�� /LYHU UHVHFWLRQ� IRU�

KHSDWRFHOOXODU�FDUFLQRPD�DVVRFLDWHG�ZLWK�KHSDWLF�YHLQ�LQYDVLRQ��D�-DSDQHVH�QDWLRQZLGH�VXUYH\� +HSDWRORJ\ ����������

�������30,'����������

���4LDR�:��<X )� :X�/��/L %��=KRX�<� 6XUJLFDO�RXWFRPHV�RI�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�ELOLDU\�WXPRU�WKURPEXV��D�

V\VWHPDWLF�UHYLHZ��%0& *DVWURHQWHURO ��������������30,'����������

����.DVDL�<��+DWDQR�(�� 6HR�6��7DXUD .��<DVXFKLND .��8HPRWR�6��+HSDWRFHOOXODU� FDUFLQRPD�ZLWK� ELOH�GXFW� WXPRU�

WKURPEXV��VXUJLFDO�RXWFRPHV�DQG�WKH�SURJQRVWLF�LPSDFW�RI�FRQFRPLWDQW�PDMRU�YDVFXODU�LQYDVLRQ��:RUOG�-�6XUJ ������

�������������30,'����������

����<DQJ�3��4LX�-��/L -��HW�DO��1RPRJUDPV�IRU�SUH� DQG�SRVWRSHUDWLYH�SUHGLFWLRQ�RI�ORQJ�WHUP�VXUYLYDO IRU�SDWLHQWV�ZKR�

XQGHUZHQW�KHSDWHFWRP\�IRU�PXOWLSOH�KHSDWRFHOOXODU�FDUFLQRPDV��$QQ 6XUJ ����� ���� ��������30,'����������

���� .LQRVKLWD� $� 2QRGD� +�� 8HGD� .� HW� DO�� &OLQLFDO� FKDUDFWHULVWLFV DQG� VXUYLYDO RXWFRPHV� RI� VXSHU�HOGHUO\�

KHSDWRFHOOXODU� FDUFLQRPD� SDWLHQWV� QRW� LQGLFDWHG� IRU� VXUJLFDO� UHVHFWLRQ�� +HSDWRO� 5HV ����� ���� (������ 30,'��

��������

����6FKLHUJHQV�76� 6WLHORZ�&��6FKUHLEHU�6�� HW� DO��/LYHU UHVHFWLRQ� LQ� WKH� HOGHUO\�� VLJQLILFDQFH�RI� FRPRUELGLWLHV� DQG�

EORRG�ORVV��-�*DVWURLQWHVW�6XUJ �������������������30,'����������

���� +VX� &<� /HH� <+� +VLD� &<� HW� DO�� 3HUIRUPDQFH� VWDWXV� HQKDQFHV� WKH� VHOHFWLRQ� RI� WUHDWPHQW� IRU� SDWLHQWV� ZLWK

KHSDWRFHOOXODU�FDUFLQRPD�ZLWKLQ WKH�PLODQ�FULWHULD� $QQ 6XUJ 2QFRO ��������� ���������30,'����������

���� /LX� 3+�� /HH� <+� +VX� &<� HW� DO�� 6XUJLFDO� UHVHFWLRQ� LV� EHWWHU� WKDQ� WUDQVDUWHULDO� FKHPRHPEROL]DWLRQ� IRU�

KHSDWRFHOOXODU� FDUFLQRPD� EH\RQG�0LODQ� FULWHULD LQGHSHQGHQW� RI� SHUIRUPDQFH� VWDWXV�� -�*DVWURLQWHVW� 6XUJ ������ ����

���������30,'����������

&4�� :KDW�WHVWV�HIIHFWLYHO\�HYDOXDWH OLYHU�IXQFWLRQ�SULRU�WR�KHSDWHFWRP\"

5HFRPPHQGDWLRQ

6WURQJ�UHFRPPHQGDWLRQ� ,W�LV�UHFRPPHQGHG�WKDW�WKH�LQGRF\DQLQH�JUHHQ�UHWHQWLRQ�UDWH�DW����PLQXWHV�

�,&*5���� EH� PHDVXUHG� LQ� DGGLWLRQ� WR� UHJXODU� OLYHU� IXQFWLRQ� WHVWV�� ,W� LV� DSSURSULDWH� WR� GHFLGH� WKH�

LQGLFDWLRQV�IRU�VXUJHU\�EDVHG�RQ�WKH�WHVW�UHVXOWV�DQG�HVWLPDWHG�OLYHU�UHVHFWLRQ�YROXPH�

ڦ %DFNJURXQG

7KLV�&4�ZDV�HVWDEOLVKHG�DV�D�FRQWLQXDWLRQ�RI�&4���³:KDW�DUH�WKH�LQGLFDWLRQV�IRU�VXUJHU\�IURP�WKH�



���

SHUVSHFWLYH�RI�OLYHU�IXQFWLRQ"´ LQ�WKH�WKLUG�HGLWLRQ��DIWHU�D�OLWHUDWXUH�VHDUFK�IRU�QRYHO�LQGLFDWLRQV�ZLWK�

KLJK�TXDOLW\�HYLGHQFH�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�

EHWZHHQ�-DQXDU\���������DQG�-XQH �������� H[WUDFWHG���� DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR ���LQ�

WKH�ILUVW�VFUHHQLQJ�DQG�WR���EDVHG�RQ�WKH�IROORZLQJ�LQFOXVLRQ�FULWHULRQ�RI VWXGLHV�VKRZLQJ�WKH�XWLOLW\�

RI�DVVHVVLQJ�OLYHU�IXQFWLRQ�SULRU�WR�KHSDWHFWRP\��$ WRWDO�RI����DUWLFOHV��LQFOXGLQJ ���RI�WKH����DUWLFOHG�

LQ�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���

7KH�&KLOG�FODVVLILFDWLRQ�V\VWHP�DQG�WKH�PRGLILHG�YHUVLRQ��WKH�&KLOG�3XJK�FODVVLILFDWLRQ�V\VWHP��

DUH�FRPPRQO\�XVHG�ZRUOGZLGH WR�FODVVLI\�KHSDWLF IXQFWLRQDO UHVHUYH�LQ WKH�SUHRSHUDWLYH�DVVHVVPHQW�

RI� OLYHU� IXQFWLRQ
�� ,Q� SDUWLFXODU�� VXUJHU\� LV� QRW� LQGLFDWHG�ZKHQ� DVFLWHV��ZKLFK� LV� DQ� LQGLFDWLRQ� IRU�

SRUWDO� K\SHUWHQVLRQ�� LV� XQFRQWUROODEOH�� ,Q� JHQHUDO�� VXUJHU\� LV� QRW� LQGLFDWHG� LQ� SDWLHQWV� ZLWK�

&KLOG�3XJK�%�&�OLYHU�IXQFWLRQ�LQ WKH�8QLWHG�6WDWHV�RU�(XURSH��(YHQ�LQ�SDWLHQWV�ZLWK�&KLOG�3XJK�$�

OLYHU� IXQFWLRQ�� KHSDWHFWRP\� LV� FRQWUDLQGLFDWHG� LI� SRUWDO� K\SHUWHQVLRQ� LV� SUHVHQW�� 7KH� FULWHULD� DUH�

GHVFULEHG� LQ� WKH�&OLQLFDO�3UDFWLFH�*XLGHOLQHV� IRU�/LYHU�&DQFHU� SXEOLVKHG� LQ� WKH�8QLWHG�6WDWHV� DQG�

(XURSH��� 'HVSLWH� WKH� FULWHULD�� SRUWDO� K\SHUWHQVLRQ� ZDV� QRW� FRQVLGHUHG� D� FRQWUDLQGLFDWLRQ� IRU�

KHSDWHFWRP\�LQYROYLQJ � RU�PRUH VHJPHQWV� LQ�D�VWXG\�FRQGXFWHG�LQ�(XURSH���6LPLODUO\��D -DSDQHVH�

VWXG\�VKRZHG�WKDW�SRUWDO�K\SHUWHQVLRQ�LV�QRW�D�FRQWUDLQGLFDWLRQ�IRU�KHSDWHFWRP\� EHFDXVH�WKH�ULVN�RI�

SRVWRSHUDWLYH�FRPSOLFDWLRQV�GRHV QRW�LQFUHDVH�ZKHQ�UHODWLYHO\�PLQLPDO KHSDWHFWRP\�LV�VHOHFWHG��

7KH� ,&*� WHVW� DQG� KHSDWRELOLDU\� VFLQWLJUDSK\� ZLWK� WHFKQHWLXP���P� JDODFWRV\O� VHUXP� DOEXPLQ�

���P7F�*6$��DUH�WKH�PDMRU�TXDQWLILFDWLRQ�PHWKRGV�IRU�DVVHVVLQJ�OLYHU�IXQFWLRQ�SULRU�WR�KHSDWHFWRP\�

0DQ\�VWXGLHV�KDYH�VKRZQ�WKH�,&*�WHVW�LV D�XVHIXO�SUHGLFWLYH�IDFWRU�RI�SRVWRSHUDWLYH�PRUWDOLW\�����7KH�

,&*5�� LV�GHILQHG�DV�D GLDJQRVWLF�IDFWRU�IRU OLYHU�GDPDJH�LQ�WKH�*HQHUDO�5XOHV�IRU�WKH�&OLQLFDO�DQG�

3DWKRORJLFDO�6WXG\�RI�3ULPDU\�/LYHU�&DQFHU�SXEOLVKHG�E\�7KH�/LYHU�&DQFHU�6WXG\�*URXS�RI�-DSDQ���

DQG�WKH�,&*�WHVW LV�D�VWDQGDUG�WHVW�IRU�SUHRSHUDWLYH�DVVHVVPHQW�RI�OLYHU�IXQFWLRQ�

<DPDQDND HW� DO�� HVWDEOLVKHG� HOLJLELOLW\� FULWHULD� IRU� VXUJHU\� EDVHG� RQ ,&*5���� WKH� H[WHQW� RI�

KHSDWHFWRP\�� DQG� DJH�EDVHG� SUHGLFWLRQ� VFRUHV� IRU� OLYHU� IDLOXUH� DQG DFFXUDWHO\� SUHGLFWHG

SRVWRSHUDWLYH� PRUWDOLW\��� 7DNDVDNL� HW� DO�� DOVR� SURSRVHG QRYHO� FULWHULD� WKDW� VHW GLIIHUHQW� PD[LPXP�

DOORZDEOH� UHVHFWLRQ�YROXPHV�IRU�GLIIHUHQW� ,&*�UDWHV���7KH\ UHSRUWHG WKH� LQFLGHQFH�RI�SRVWRSHUDWLYH�

OLYHU�IDLOXUH�DQG�PRUWDOLW\�DIWHU�KHSDWHFWRP\�SHUIRUPHG�DFFRUGLQJ�WR�WKH�FULWHULD�ZHUH����DQG�����

UHVSHFWLYHO\�� EXW� ZHUH� ���� DQG� ��� DIWHU KHSDWHFWRP\ SHUIRUPHG� ZLWKRXW� UHJDUG� IRU� WKH� FULWHULD��

GHPRQVWUDWLQJ�WKH�XWLOLW\�RI�WKH�FULWHULD��� )XUWKHUPRUH��FULWHULD HVWDEOLVKHG�E\�0DNXXFKL�HW�DO��DQG�LQ�

FRPPRQ XVH� LQ� -DSDQ� FOHDUO\� GHILQH� WKH� LQGLFDWLRQV� DQG� FRQWUDLQGLFDWLRQV� IRU� KHSDWHFWRP\

�GHWHUPLQHG�EDVHG�RQ� DVFLWHV�� WRWDO� VHUXP�ELOLUXELQ� YDOXHV�� DQG� ,&*5���� DQG� DFFHSWDEOH� UHVHFWLRQ�

YROXPH����0RUWDOLW\�ZDV����ZKHQ�KHSDWHFWRP\�ZDV�SHUIRUPHG�LQ�������SDWLHQWV�LQ�DFFRUGDQFH�ZLWK�



���

WKH�FULWHULD���

3UHYLRXV� VWXGLHV KDYH� UHSRUWHG� WKDW KHSDWRELOLDU\� VFLQWLJUDSK\�ZLWK� ��P7F�*6$ ZDV VXSHULRU� WR�

,&*5�� LQ�WKH�KLVWRORJLFDO�DVVHVVPHQW�RI�OLYHU�GDPDJH����DQG KHSDWLF IXQFWLRQDO UHVHUYH�FDOFXODWHG�

EDVHG� RQ� KHSDWRELOLDU\� VFLQWLJUDSK\� ZLWK� ��P7F�*6$� ZDV� D� XVHIXO� SUHGLFWRU� RI� SRVWRSHUDWLYH�

FRPSOLFDWLRQV�DQG�VXUJHU\�UHODWHG�GHDWKV�LQ�SDWLHQWV�ZLWK�EDFNJURXQG�OLYHU�GLVHDVH��FRPSDUHG�ZLWK�

VLPSOH� SRVWRSHUDWLYH� DVVHVVPHQWV��� +RZHYHU�� KHSDWRELOLDU\� VFLQWLJUDSK\�ZLWK� ��P7F�*6$� LV� QRW� D�

SRSXODU�DVVHVVPHQW� WRRO� LQ�PDQ\� LQVWLWXWLRQV�EHFDXVH RI� OLPLWDWLRQV RQ WKH�XVH�RI� WKH� UDGLRQXFOLGH�

JHQHUDWRU ��P7F�

7KH�PHWKRGV�RIWHQ XVHG� LQ� VWXGLHV� WR� DVVHVV OLYHU� IXQFWLRQ�EHIRUH VHOHFWLQJ� VXUJHU\� DUH� URXWLQH�

FOLQLFDO�H[DPLQDWLRQ� KHPDWRORJLFDO�WHVWLQJ�WR FDOFXODWH�&KLOG�3XJK�VFRUHV��DQG WKH�TXDQWLWDWLYH�,&*�

WHVW��:KHQ�DFWXDOO\� UHVHFWLQJ� WKH� OLYHU�� LW�PD\�EH�EHVW� WR�GHWHUPLQH� WKH� LQGLFDWLRQ�IRU�KHSDWHFWRP\�

EDVHG� RQ� D� EDODQFH� EHWZHHQ� WKH� DUHD� RI� KHSDWHFWRP\� �OLYHU� UHVHFWLRQ� YROXPH�� DQG� WKH� VHYHULW\� RI�

OLYHU�GDPDJH�GLDJQRVHG�EDVHG�RQ�ILQGLQJV�IURP�WKH�DERYH�WHVWV� 0DQ\�VWXGLHV�KDYH�SURSRVHG�FULWHULD�

VSHFLI\LQJ� WKH� UHODWLRQVKLS� EHWZHHQ� KHSDWLF IXQFWLRQDO� UHVHUYH� DQG�PD[LPXP� DOORZDEOH� UHVHFWLRQ�

YROXPH��HVSHFLDOO\�WKRVH�FRQGXFWHG�LQ�-DSDQ�


 7KH� RIILFLDO� QDPH� RI� WKH�&KLOG� FODVVLILFDWLRQ� V\VWHP� LV� WKH�&KLOG�7XUFRWWH� FODVVLILFDWLRQ� V\VWHP��

7KH�RIILFLDO�QDPH�RI�WKH�PRGLILHG�YHUVLRQ E\�3XJK�LV�WKH�&KLOG�7XUFRWWH�3XJK��&73��FODVVLILFDWLRQ�

V\VWHP�� +RZHYHU�� WKH� ³&KLOG�3XJK� FODVVLILFDWLRQ� V\VWHP´ LV� XVHG� LQ� WKH� *XLGHOLQHV� WR� PDLQWDLQ�

FRQVLVWHQF\�ZLWK�WKH�*HQHUDO�5XOHV�IRU�WKH�&OLQLFDO�DQG�3DWKRORJLFDO�6WXG\�RI�3ULPDU\�/LYHU�&DQFHU�

ڦ ([SODQDWLRQ

7KH� XWLOLW\ RI� WKH� JDODFWRVH� WROHUDQFH� WHVW�� DPLQR� DFLG� FOHDUDQFH� WHVW�� DQG� DPLQRS\ULQH� EUHDWK� WHVW�

ZHUH�GHVFULEHG�XS�XQWLO�WKH�WKLUG�HGLWLRQ�EXW�DUH�QRW�LQFOXGHG LQ�WKH�FXUUHQW�*XLGHOLQHV�EHFDXVH�WKHVH�

WHVWV�DUH�QRW�XVXDOO\�XVHG�QRZ�

$PRQJ�RWKHU�LQGLFDWRUV��SODWHOHW�FRXQW��D�NQRZQ�LQGLFDWRU�RI�SRUWDO�K\SHUWHQVLRQ��ZDV�VKRZQ�WR�

EH D�IDFWRU�SUHGLFWLQJ�SRVWRSHUDWLYH�FRPSOLFDWLRQV��OLYHU�IDLOXUH��DQG�GHDWK����5HJDUGOHVV�RI�UHVHFWLRQ

YROXPH��SODWHOHW�FRXQW�HIIHFWLYHO\�SUHGLFWV�SRVWRSHUDWLYH�OLYHU�IDLOXUH��$V�VKRZQ�E\�7RPLPDUX�HW�DO���

SODWHOHW� FRXQW� LV D� EHWWHU� SUHGLFWLYH� IDFWRU� WKDQ ,&*5��� HVSHFLDOO\ LQ� VPDOO�VFDOH� OLYHU� UHVHFWLRQ�

�UHVHFWLRQ�YROXPH��������J����

3UHYLRXV� VWXGLHV� KDYH� UHSRUWHG� WKDW� WKH� SUHRSHUDWLYH� PHDVXUHPHQW� RI� KHSDWLF� YHQRXV� SUHVVXUH�

JUDGLHQW� �+93*��� WKH� SUHVVXUH� JUDGLHQW� EHWZHHQ� WKH� ZHGJHG� KHSDWLF� YHQRXV� SUHVVXUH� DQG� IUHH�

KHSDWLF� YHQRXV� SUHVVXUH�� LV� D� XVHIXO�� DOEHLW LQYDVLYH�� SUHGLFWRU� RI� SRVWRSHUDWLYH� OLYHU� IDLOXUH�������

+RZHYHU��LQ�UHDOLW\��KDUGO\�DQ\�PHGLFDO�LQVWLWXWLRQV�PHDVXUH�+93*�LQ�WKH�SUHRHUDWLYH�DVVHVVPHQW�RI

OLYHU�IXQFWLRQ�

6HYHUDO� UHFHQW� VWXGLHV� PHDVXUHG� OLYHU� VWLIIQHVV� EHIRUH� KHSDWHFWRP\� DQG� LQYHVWLJDWHG� WKH�



���

UHODWLRQVKLS�EHWZHHQ�OLYHU�VWLIIQHVV DQG�SURJQRVLV��PRVWO\�UHSRUWLQJ�WKDW�SUHRSHUDWLYH�OLYHU�VWLIIQHVV�LV�

D� XVHIXO� SUHGLFWRU� RI� SRVWRSHUDWLYH� FRPSOLFDWLRQV� DQG� OLYHU� IDLOXUH��±���� /LYHU� VWLIIQHVV� PD\� EH�

YDOXDEOH�LQ�DVVHVVLQJ�SUHRSHUDWLYH�OLYHU�IXQFWLRQ�

%HFDXVH� PRUWDOLW\� IURP� OLYHU� UHVHFWLRQ� LV� �� ��� LQ� -DSDQ������� LW� LV� QRW� UHDOLVWLF� SUDFWLFDOO\ RU�

HWKLFDOO\ WR� HYDOXDWH� DQG� YHULI\� HOLJLELOLW\� FULWHULD� IURP� WKH� SHUVSHFWLYH� RI OLYHU� IXQFWLRQ� ZLWK

SRVWRSHUDWLYH�PRUWDOLW\�DV�DQ�HQGSRLQW� 3DUWO\�EHFDXVH�RI�WKH�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�GHDWKV�GXH�

WR�GLIIHUHQW�KRVSLWDO�YROXPHV��WKH�LQ�KRVSLWDO�PRUWDOLW\�UDWH�LV�������LQ�KLJK�YROXPH�KRVSLWDOV�DQG�DV�

KLJK� DV� ������ LQ� ORZ�YROXPH� KRVSLWDOV�� ZKLFK� VXJJHVWV WKDW� LW� LV� LPSRUWDQW� WR� DFFRXQW� IRU� WKH�

LQVWLWXWLRQ¶V�H[SHULHQFH ZKHQ�GHWHUPLQLQJ�WKH�LQGLFDWLRQ�IRU�VXUJHU\���

%HFDXVH�WKH�OLWHUDWXUH�VHDUFK�GLG�QRW�H[WUDFW�DQ\�DUWLFOHV ZLWK�KLJK�TXDOLW\�HYLGHQFH�DERXW�QRYHO�

LQGLFDWRUV RI� OLYHU� IXQFWLRQ�� WKH� UHFRPPHQGDWLRQ�PDGH� LQ� WKH� WKLUG� HGLWLRQ� UHPDLQV� LQ� XVH LQ� WKH�

FXUUHQW�*XLGHOLQHV��$IWHU�GHEDWLQJ�ZKHWKHU�WKH�,&*5�� LV�VWLOO�WKH�PRVW�FRPPRQ�SUHRSHUDWLYH�OLYHU�

IXQFWLRQ�WHVW��WKH�5HYLVLRQ�&RPPLWWHH�KDV GHFLGHG�WR�VWURQJO\�UHFRPPHQG WKH�WHVW�

ڦ 5HIHUHQFHV

��� %UXL[ -�� 6KHUPDQ� 0�� $PHULFDQ $VVRFLDWLRQ� IRU� WKH� 6WXG\ RI� /LYHU 'LVHDVHV�� 0DQDJHPHQW� RI� KHSDWRFHOOXODU�

FDUFLQRPD��DQ�XSGDWH��+HSDWRORJ\ ������������������30,'����������

���&XFFKHWWL�$��(UFRODQL�*��9LYDUHOOL 0��HW�DO��,V�SRUWDO�K\SHUWHQVLRQ�D�FRQWUDLQGLFDWLRQ�WR�KHSDWLF�UHVHFWLRQ"�$QQ�6XUJ

����� ���� �������30,'����������

��� ,VKL]DZD 7� +DVHJDZD� .� $RNL 7� HW� DO�� 1HLWKHU� PXOWLSOH� WXPRUV� QRU� SRUWDO� K\SHUWHQVLRQ� DUH� VXUJLFDO�

FRQWUDLQGLFDWLRQV IRU�KHSDWRFHOOXODU�FDUFLQRPD� *DVWURHQWHURORJ\ ��������������������30,'����������

���/DX�+��0DQ�.��)DQ�67� <X :&��/R�&0��:RQJ� -��(YDOXDWLRQ�RI�SUHRSHUDWLYH�KHSDWLF� IXQFWLRQ� LQ�SDWLHQWV�ZLWK

KHSDWRFHOOXODU�FDUFLQRPD�XQGHUJRLQJ�KHSDWHFWRP\��%U - 6XUJ ������������������30,'���������

���)DQ�67� /DL�(&� /R�&0��1J�,2��:RQJ�-��+RVSLWDO�PRUWDOLW\�RI�PDMRU�KHSDWHFWRP\�IRU�KHSDWRFHOOXODU�FDUFLQRPD�

DVVRFLDWHG�ZLWK�FLUUKRVLV��$UFK 6XUJ ����� ���� ���������30,'���������

���/LYHU &DQFHU�6WXG\�*URXS�RI�-DSDQ��7KH *HQHUDO�5XOHV�IRU�WKH�&OLQLFDO�DQG�3DWKRORJLFDO�6WXG\�RI�3ULPDU\ /LYHU

&DQFHU���WK�-DSDQHVH�HG��7RN\R��.DQHKDUD�6KXSSDQ�������

���<DPDQDND�1��2NDPRWR�(� .XZDWD .� 7DQDND 1��$ PXOWLSOH�UHJUHVVLRQ�HTXDWLRQ�IRU�SUHGLFWLRQ�RI�SRVWKHSDWHFWRP\�

OLYHU�IDLOXUH��$QQ�6XUJ ����� ���� ��������30,'���������

���<DPDQDND�1��2NDPRWR�(� 2UL\DPD�7� HW�DO��$ SUHGLFWLRQ�VFRULQJ�V\VWHP�WR�VHOHFW�WKH�VXUJLFDO�WUHDWPHQW�RI�OLYHU

FDQFHU��)XUWKHU�UHILQHPHQW�EDVHG�RQ����\HDUV RI�XVH��$QQ 6XUJ ���������� �������30,'���������

���7DNDVDNL .��.RED\DVKL�6��6X]XNL 6��HW�DO��3UHGHWHUPLQJ�SRVWRSHUDWLYH�KHSDWLF�IXQFWLRQ�IRU�KHSDWHFWRPLHV��,QW�6XUJ

������������������30,'���������

���� $ULL]XPL 6�� <DPDPRWR� 0�� 7DNDVDNL .� 5LJKW KHSDWHFWRP\� IRU� KHSDWRFHOOXODU� FDUFLQRPD� LQ� SDWLHQWV� ZLWK DQ�

LQGRF\DQLQH�JUHHQ�UHWHQWLRQ�UDWH�DW����PLQXWHV�RI���� RU�KLJKHU��'LJ�6XUJ ������������������30,'����������

����0DNXXFKL�0��.RVXJH�7� 7DND\DPD 7� HW�DO��6XUJHU\ IRU�VPDOO�OLYHU�FDQFHUV��6HPLQ�6XUJ�2QFRO ������������������



���

30,'���������

����,PDPXUD�+��6H\DPD�<��.RNXGR�1��HW�DO��2QH�WKRXVDQG�ILIW\�VL[�KHSDWHFWRPLHV ZLWKRXW�PRUWDOLW\�LQ���\HDUV��$UFK

6XUJ ����� ���������������30,'����������

����.ZRQ�$+��+D�.DZD�6.��8HWVXML�6��,QRXH�7� 0DWVXL�<��.DPL\DPD�<��3UHRSHUDWLYH�GHWHUPLQDWLRQ�RI�WKH�VXUJLFDO�

SURFHGXUH�IRU�KHSDWHFWRP\�XVLQJ�WHFKQHWLXP���P�JDODFWRV\O KXPDQ�VHUXP DOEXPLQ ���P7F�*6$��OLYHU�VFLQWLJUDSK\��

+HSDWRORJ\ �����������������30,'���������

����+D\DVKL�+��%HSSX�7� 2NDEH�+��HW� DO��)XQFWLRQDO DVVHVVPHQW�YHUVXV FRQYHQWLRQDO�YROXPHWULF�DVVHVVPHQW� LQ� WKH�

SUHGLFWLRQ�RI�RSHUDWLYH�RXWFRPHV�DIWHU�PDMRU�KHSDWHFWRP\��6XUJHU\ ����� ���� ������30,'����������

����0DLWKHO�6.� .QHXHUW] 3-� .RRE\�'$� HW�DO��,PSRUWDQFH�RI�ORZ�SUHRSHUDWLYH�SODWHOHW�FRXQW�LQ�VHOHFWLQJ�SDWLHQWV�IRU�

UHVHFWLRQ� RI� KHSDWRFHOOXODU� FDUFLQRPD�� D� PXOWL�LQVWLWXWLRQDO� DQDO\VLV�� -� $P� &ROO� 6XUJ ����� ���� �������� 30,'��

��������

����7RPLPDUX�<��(JXFKL�+��*RWRK�.��HW�DO��3ODWHOHW�FRXQW�LV�PRUH�XVHIXO�IRU�SUHGLFWLQJ�SRVWKHSDWHFWRP\�OLYHU IDLOXUH�

DW�VXUJHU\ IRU�KHSDWRFHOOXODU�FDUFLQRPD�WKDQ�LQGRF\DQLQH�JUHHQ�FOHDUDQFH�WHVW��-�6XUJ�2QFRO ����� ���� �������30,'��

��������

����%UXL[ -��&DVWHOOV�$� %RVFK�-��HW�DO��6XUJLFDO�UHVHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD�LQ�FLUUKRWLF�SDWLHQWV��SURJQRVWLF�

YDOXH�RI�SUHRSHUDWLYH�SRUWDO�SUHVVXUH��*DVWURHQWHURORJ\ ��������������������30,'���������

����&XFFKHWWL�$��&HVFRQ�0��*ROILHUL�5�� HW� DO��+HSDWLF� YHQRXV� SUHVVXUH� JUDGLHQW� LQ� WKH�SUHRSHUDWLYH DVVHVVPHQW� RI�

SDWLHQWV�ZLWK�UHVHFWDEOH�KHSDWRFHOOXODU�FDUFLQRPD��-�+HSDWRO �����������������30,'� ��������

����&HVFRQ�0��&ROHFFKLD�$��&XFFKHWWL $��HW�DO��9DOXH�RI�WUDQVLHQW�HODVWRJUDSK\�PHDVXUHG�ZLWK�)LEUR6FDQ LQ�SUHGLFWLQJ�

WKH�RXWFRPH�RI�KHSDWLF�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��$QQ�6XUJ �������������������GLVFXVVLRQ��������30,'�

��������

����:RQJ� -6��:RQJ�*/��&KDQ�$:��HW� DO��/LYHU VWLIIQHVV�PHDVXUHPHQW� E\� WUDQVLHQW� HODVWRJUDSK\� DV� D�SUHGLFWRU� RQ�

SRVWKHSDWHFWRP\�RXWFRPHV��$QQ�6XUJ ������������������30,'� ��������

���� 1LVKLR� 7�� 7DXUD .�� .R\DPD� <�� HW� DO�� 3UHGLFWLRQ� RI� SRVWKHSDWHFWRP\� OLYHU� IDLOXUH� EDVHG� RQ� OLYHU� VWLIIQHVV�

PHDVXUHPHQW�LQ�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��6XUJHU\ ��������������������30,'� ��������

����,NDL�,��$ULL�6��2ND]DNL�0��HW�DO��5HSRUW�RI�WKH���WK�QDWLRQZLGH�IROORZ�XS�VXUYH\�RI�SULPDU\�OLYHU�FDQFHU�LQ�-DSDQ��

+HSDWRO�5HV ������������������30,'� ��������

���� 6DWR�0��7DWHLVKL�5��<DVXQDJD�+�� HW� DO��0RUWDOLW\� DQG�PRUELGLW\� RI� KHSDWHFWRP\�� UDGLRIUHTXHQF\� DEODWLRQ�� DQG�

HPEROL]DWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��D�QDWLRQDO�VXUYH\ RI��������SDWLHQWV��-�*DVWURHQWHURO �������������������

30,'� ��������

&4�� :KDW�SURFHGXUHV�DUH�FRQVLGHUHG�VDIH�DQG�UHDVRQDEOH�IRU�OLYHU�
UHVHFWLRQ"

5HFRPPHQGDWLRQ



���

6WURQJ� UHFRPPHQGDWLRQ� $QDWRPLFDO� UHVHFWLRQ RI� D� VPDOO� DUHD� RU� SDUWLDO� KHSDWHFWRP\� DV� D�

F\WRUHGXFWLYH� VXUJHU\� �HVSHFLDOO\� LQ� SDWLHQWV� ZLWK� SRRU� OLYHU� IXQFWLRQ�� LV� UHFRPPHQGHG� IRU� VPDOO�

+&&V������FP���DQG H[WHQGHG�UHVHFWLRQ�LQYROYLQJ���RU�PRUH�VHJPHQWV��LQFOXGLQJ�KHPL�KHSDWHFWRP\��

LV�UHFRPPHQGHG�IRU�ODUJH�+&&V�

ڦ %DFNJURXQG

2QH�RI�WKH�&4V�UHODWHG�WR�KHSDWHFWRP\�LQ�WKH�WKLUG�HGLWLRQ�ZDV�&4���³:KDW�LV�WKH�VWDQGDUG�VXUJLFDO�

SURFHGXUH�IRU�OLYHU�UHVHFWLRQ"´�+RZHYHU��EHFDXVH�RI�XQFHUWDLQW\�DERXW�ZKHWKHU�WKH�XVH�RI�³VWDQGDUG´�

LV�DSSURSULDWH��WKH�&4�ZDV�FKDQJHG�WR�³:KDW�SURFHGXUHV�DUH�FRQVLGHUHG�VDIH�DQG�UHDVRQDEOH�IRU�OLYHU�

UHVHFWLRQ"´ DQG�D�OLWHUDWXUH�VHDUFK�ZDV�FRQGXFWHG�WR�VHDUFK�IRU�DUWLFOHV�ZLWK�KLJK�TXDOLW\�HYLGHQFH�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�

GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������H[WUDFWHG�����DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR

���DUWLFOHV� LQ� WKH�ILUVW� VFUHHQLQJ�DQG� WR ���DUWLFOHV� LQ� WKH�VHFRQG�VFUHHQLQJ�EDVHG�RQ� WKH�IROORZLQJ�

LQFOXVLRQ� FULWHULD�� VWXGLHV� WKDW� VKRZHG WKH� VDIHW\� DQG� UDWLRQDOH� RI� VXUJLFDO� SURFHGXUHV DQG�

LQWUDRSHUDWLYH�PDQHXYHUV��$ WRWDO�RI����DUWLFOHV��LQFOXGLQJ ���RI�WKH����DUWLFOHV�LQ�WKH�WKLUG�HGLWLRQ��

DUH�FLWHG�IRU�&4���

%HFDXVH� PDQ\� +&&V� RFFXU� LQ� DVVRFLDWLRQ� ZLWK� FKURQLF� GLVHDVH� LQ� WKH� EDFNJURXQG� OLYHU�� WKH�

PD[LPXP� DOORZDEOH� YROXPH RI� UHVHFWLRQ LV� RIWHQ� LQHYLWDEO\� UHGXFHG�� PDNLQJ� LW� YHU\� GLIILFXOW� WR�

SHUIRUP H[WHQGHG KHSDWHFWRP\� %HFDXVH�RI�WKLV� SDUWLDO�OLYHU�UHVHFWLRQ��LQFOXGLQJ�WXPRU�HQXFOHDWLRQ��

ZDV�SURSRVHG�IRU +&& UHVHFWLRQ���$OVR��EHFDXVH�OLYHU�VWLIIQHVV�LQ�SDWLHQWV�ZLWK�FLUUKRVLV�RIWHQ�PDNHV�

LGHQWLI\LQJ� WXPRUV�RQ� DEGRPLQDO� SDOSDWLRQ�GLIILFXOW�� D� VXUJLFDO� SURFHGXUH�JXLGHG�E\� LQWUDRSHUDWLYH�

86�ZDV�GHYHORSHG�IRU KHSDWHFWRP\�WKDW�FDQ�LGHQWLI\�WKH�ORFDWLRQ�RI�WKH�WXPRUV��

+&&�LV�NQRZQ�WR�VSUHDG� WR�RWKHU�DUHDV�RI� WKH� OLYHU�YLD� WKH�SRUWDO�YHLQ��7KHUHIRUH�� LQ� WKHRU\�� WR�

DFKLHYH� D� UDGLFDO� FXUH�� LW� LV� GHVLUDEOH� WR� G\H� WKH� OLYHU� VHJPHQWV� VXSSOLHG� E\� WKH� FRUUHVSRQGLQJ�

EUDQFKHV�RI�WKH�SRUWDO�YHLQ�DQG�SHUIRUP�DQDWRPLFDO�UHVHFWLRQ�RI�+&&�XQGHU�86�JXLGDQFH���:KHQ�WKH�

LQMHFWLRQ�RI�G\H�LQWR�WKH�FRUUHVSRQGLQJ�EUDQFKHV�LV�SUHYHQWHG�E\�SDWKRORJLFDO�FRQGLWLRQV�VXFK�DV�$3�

VKXQW� DQG� SRUWDO� YHLQ� WXPRU� WKURPEXV�� WKH� FRXQWHUVWDLQLQJ�PHWKRG� FDQ� EH� XVHG� WR� VWDLQ� WKH� DUHD�

DGMDFHQW�WR�WKH�FDQFHU�VR�WKDW�WKH�FDQFHURXV�DUHD�FDQ�EH�LGHQWLILHG�DQG�UHVHFWHG���0HWKRGV�NQRZQ�DV�

WKH� ³*OLVVRQHDQ� SHGLFOH� DSSURDFK´� KDYH� DOVR� EHHQ� GHYHORSHG� WR� SHUIRUP� DQDWRPLFDO� UHVHFWLRQ� RI�

+&&� DIWHU� LGHQWLI\LQJ� DQG� FROOHFWLYHO\� KDQGOLQJ� WKH�*OLVVRQ
V� VKHDWK� VXUURXQGLQJ� WKH� SRUWDO� YHLQ��

KHSDWLF�DUWHU\��DQG�ELOH�GXFW�UXQQLQJ�WKURXJK�WKH�DUHD�DIIHFWHG�E\�FDQFHU����

3URJQRVLV�LV�WKRXJKW�WR�EH�EHWWHU�DIWHU�DQDWRPLFDO�UHVHFWLRQ�WKDQ�DIWHU�QRQ�DQDWRPLFDO�UHVHFWLRQ��

DQG� WKLV� LV� VXSSRUWHG� E\� WKH� ILQGLQJV� RI� UHFHQW� VWXGLHV������+RZHYHU�� RWKHU� VWXGLHV� KDYH� VKRZQ� QR�

VLJQLILFDQW� GLIIHUHQFH� LQ� FXPXODWLYH� VXUYLYDO� UDWHV� DQG� UHFXUUHQFH�IUHH� VXUYLYDO� UDWHV� ZKHQ�



���

DQDWRPLFDO� DQG� QRQ�DQDWRPLFDO� UHVHFWLRQ� ZDV� FRPSDUHG� LQ� �� JURXSV� RI� SDWLHQWV� PDWFKHG� E\�

SURSHQVLW\�VFRUH�������7KHUHIRUH��WKLV�SRLQW�LV�QRW�PHQWLRQHG�LQ�WKH�FXUUHQW�*XLGHOLQHV�

ڦ ([SODQDWLRQ

6XUJLFDO� SURFHGXUHV IRU� UHVHFWLQJ WKH� OLYHU YDU\� ZLGHO\ FRPSDUHG� ZLWK� WKRVH� IRU� UHVHFWLQJ� RWKHU�

RUJDQV��,Q�WKH�OLYHU��WKH�SURFHGXUH GHSHQGV RQ�ZKLFK�OLYHU�VHJPHQWV�DUH WR�EH UHVHFWHG DQG�KRZ�ODUJH�

WKH� UHVHFWLRQ� DUHD� ZLOO� EH� /LYHU� UHVHFWLRQ DOVR� UHTXLUHV� VRSKLVWLFDWHG� WHFKQLTXHV� VXFK� DV�

LQWUDRSHUDWLYH� 86�JXLGHG� UHVHFWLRQ�� ZKHUH 86� LV� XVHG� WR� JXLGH� WKH� UHVHFWLRQ� SURFHGXUH ZLWKRXW�

DFWXDOO\�ORRNLQJ�DW�WKH�VWUXFWXUHV ZLWKLQ�WKH OLYHU�SDUHQFK\PD��1RQHWKHOHVV��WKH�VXUJLFDO�WHFKQLTXHV�

DSSHDU�WR�EH�IXOO\�HVWDEOLVKHG�JLYHQ�WKDW�KHSDWHFWRP\�UHODWHG�PRUWDOLW\�DQG�LQWUDRSHUDWLYH�EORRG�ORVV�

KDYH�GHFUHDVHG�GUDPDWLFDOO\�RYHU�WKH�ODVW�������\HDUV�

7ZR� KHSDWHFWRP\� SURFHGXUHV� KDYH� EHHQ� GHYHORSHG� WR VSDUH� WKH� OLYHU� SDUHQFK\PD� DV�PXFK� DV�

SRVVLEOH� 2QH�HQWDLOV�UHVHFWLQJ WKH�URRW�RI�WKH�ULJKW�KHSDWLF�YHLQ��LI�WKH�LQIHULRU�ULJKW�KHSDWLF�YHLQ��WKH�

EUDQFK� RI� WKH� KHSDWLF� YHLQ� LQ� 6�� WKDW� GLUHFWO\� IORZV� LQWR� WKH� LQIHULRU� YHQD� FDYD�� LV� SUHVHQW� ZKLOH�

SUHVHUYLQJ�WKH�VHJPHQW����7KH�RWKHU�LQYROYHV�UHVHFWLQJ�6����ZKLOH�SUHVHUYLQJ�6����

&RQYHQWLRQDOO\��H[WHQGHG KHSDWHFWRP\�LV�SHUIRUPHG�IRU WXPRUV�LQ�WKH�FDXGDWH�OREH ORFDWHG�RQ�WKH�

GRUVDO� VLGH� RI� WKH� KLODU� SODWH DQG WKH� OLYHU� SDUHQFK\PD� RQ� WKH� YHQWUDO� VLGH�� +RZHYHU�� H[WHQGHG

KHSDWHFWRP\�LV�FRQWUDLQGLFDWHG�IRU�PRVW SDWLHQWV�ZLWK�+&&�EHFDXVH�RI�OLYHU�GDPDJH��7KHVH�SDWLHQWV

XQGHUJR KLJK�GRUVDO�UHVHFWLRQ��LQ�FRQMXQFWLRQ�ZLWK�WKH�FRXQWHUVWDLQLQJ�PHWKRG��WR�LGHQWLI\�DQG�UHVHFW�

RQO\�WKH�FDXGDWH�OREH�IURP�WKH�GRUVDO�VLGH�������RU�WKH�DQWHULRU�WUDQVKHSDWLF�DSSURDFK�LV�XVHG�WR�H[FLVH�

RQO\�WKH�FDXGDO�OREH�DIWHU�WUDQVHFWLQJ�WKH�OLYHU�IURP�WKH�DQWHULRU�VLGH�DORQJ�ZLWK�WKH�PLGGOH�KHSDWLF�

YHLQ���

7KH�ULJKW KHPL�OLYHU� LV�JHQHUDOO\�UHVHFWHG�DIWHU�PRELOL]DWLRQ�RI WKH�OLYHU��EXW� ODUJH�WXPRUV�RIWHQ�

PDNH KHSDWLF� PRELOL]DWLRQ� GLIILFXOW�� ,Q� VXFK� FDVHV�� ULJKW� KHSDWHFWRP\� YLD� WKH� DQWHULRU� �YHQWUDO��

DSSURDFK�SURGXFHV�EHWWHU�VKRUW� DQG�ORQJ�WHUP�RXWFRPHV�WKDQ�ULJKW�KHSDWHFWRP\�YLD�WKH�FRQYHQWLRQDO�

DSSURDFK��PRELOL]DWLRQ�����$OVR��LW�LV�GLIILFXOW�WR�PDQDJH�EOHHGLQJ�IURP�WKH�KHSDWLF�YHLQ�ORFDWHG�GHHS�

LQVLGH�WKH�OLYHU��,Q�VXFK�FDVHV��KHSDWHFWRP\�LV�SHUIRUPHG�ZKLOH�OLIWLQJ�WKH�OLYHU�ZLWK�D�WDSH�SODFHG�LQ�

WKH�VSDFH�EHWZHHQ�WKH�SRVWHULRU�DVSHFW RI�WKH�OLYHU�DQG�WKH�LQIHULRU�YHQD�FDYD����7KLV�SURFHGXUH�KDV�

UHFHQWO\� EHFRPH�PRUH� FRPPRQ�� EXW� LQ� RQH� VWXG\� LW ZDV� FRPELQHG�ZLWK� WKH� DQWHULRU� DSSURDFK� WR�

LPSURYH�WKH�HIILFDF\�RI�ULJKW�KHSDWHFWRP\����

+&&�RIWHQ�FDXVHV WXPRU�WKURPERVLV�LQ�WKH�PDMRU�EUDQFKHV�RI� WKH�SRUWDO�YHLQ�GXULQJ� LWV FOLQLFDO�

FRXUVH�� ,Q� SDWLHQWV� ZLWK� +&&� DFFRPSDQLHG� E\� WXPRU� WKURPEXV�� +&&� LV� UHVHFWHG� DORQJ� ZLWK� WKH�

SRUWDO� YHLQ� FRQWDLQLQJ� WKH� WXPRU� WKURPEXV� DQG� WKH� OLYHU� VHJPHQW� VXSSOLHG� E\� WKH� FRUUHVSRQGLQJ�

SRUWDO�YHLQ�� WKXV� UHTXLULQJ�H[WHQGHG KHSDWHFWRP\�RU� WRWDO�KHSDWHFWRP\� �WKHRUHWLFDOO\��������EXW�ERWK�

DUH�GLIILFXOW�WR�SHUIRUP�LQ�SDWLHQWV�ZLWK�OLYHU�GDPDJH��,Q�D VSHFLDO�KHSDWHFWRP\�SURFHGXUH�GHYHORSHG�

DV�DQ�DOWHUQDWLYH��RQO\�WKH�WXPRU�WKURPEXV�IURP WKH�LQWHULRU�ZDOO�RI�WKH�SRUWDO�YHLQ LV�H[FLVHG��7KH�



���

ORQJ�WHUP�RXWFRPH�ZDV� FRPSDUDEOH� WR� WKH� RXWFRPH� RI� WKH� FRQYHQWLRQDO� SURFHGXUH�� GHPRQVWUDWLQJ�

HIILFDF\����

$Q�LQFUHDVLQJ�QXPEHU�RI�VWXGLHV�KDYH UHSRUWHG WKH�VDIHW\�DQG�XWLOLW\�RI�ODSDURVFRSLF�KHSDWHFWRP\��

,Q�D�VWXG\�FRQGXFWHG�E\ D KLJK�YROXPH�FHQWHU�ZLWK FXWWLQJ�HGJH�WHFKQRORJLHV��SDWLHQWV�PDWFKHG�E\�

SURSHQVLW\�VFRUH�XQGHUZHQW�RSHQ�RU� ODSDURVFRSLF�KHSDWHFWRP\��7KH�UHVXOWV�VKRZHG� WKDW�VKRUW�WHUP�

WUHDWPHQW� RXWFRPHV� ZHUH� EHWWHU� LQ� WKH� ODSDURVFRSLF JURXS�� ZLWK� QR� VLJQLILFDQW� GLIIHUHQFHV� LQ�

ORQJ�WHUP�WUHDWPHQW�RXWFRPHV EHWZHHQ�WKH�WZR�JURXSV��� $FFRUGLQJO\��D�QRYHO�&4�ZDV�HVWDEOLVKHG�LQ�

WKH�FXUUHQW�YHUVLRQ�RI�WKH�*XLGHOLQHV�WR�DVN�WKH�TXHVWLRQ�³:KDW�DUH�WKH�LQGLFDWLRQV�IRU�ODSDURVFRSLF�

KHSDWHFWRP\"´��VHH�&4����

$�OLWHUDWXUH�VHDUFK�ZDV�FRQGXFWHG�WR�JDLQ�QHZ�LQVLJKWV�LQWR�VDIH�DQG�SUDFWLFDO�VXUJLFDO�SURFHGXUHV��

EXW LW GLG� QRW� H[WUDFW� DUWLFOHV� ZLWK� KLJK�TXDOLW\� HYLGHQFH�� 7KHUHIRUH�� WKH� FXUUHQW� YHUVLRQ� RI� WKH�

*XLGHOLQHV� XVHV�� ZLWK� QR� PRGLILFDWLRQ�� WKH� FRUUHVSRQGLQJ� &4� DQG� UHFRPPHQGDWLRQ� LQ� WKH� WKLUG�

HGLWLRQ�� ,Q� SDWLHQWV� ZLWK� +&&�� WKH� FOLQLFDO� VLJQLILFDQFH� RI� H[WHQGHG� UHVHFWLRQ� LV� ORZ�� DQG� ZKHQ�

FXUDWLYH� UHVHFWLRQ� LV�SRVVLEOH� LQ� WHUPV�RI� OLYHU� IXQFWLRQ�DQG� WXPRU� VL]H��PLQLPDO� UHVHFWLRQ� LV�PRUH�

SUDFWLFDO� LQ� DFWXDO� FOLQLFDO� VHWWLQJV�� %DVHG� RQ� WKLV�� WKH�5HYLVLRQ� &RPPLWWHH� VWURQJO\� UHFRPPHQGV�

DQDWRPLFDO UHVHFWLRQ�RI�D�VPDOO�DUHD�RU�SDUWLDO�KHSDWHFWRP\�

ڦ 5HIHUHQFHV

���.DQHPDWVX�7� 7DNHQDND .��0DWVXPDWD�7� )XUXWD 7� 6XJLPDFKL�.��,QRNXFKL�.��/LPLWHG�KHSDWLF�UHVHFWLRQ HIIHFWLYH�

IRU VHOHFWHG�FLUUKRWLF SDWLHQWV�ZLWK SULPDU\ OLYHU FDQFHU� $QQ 6XUJ ����� ���� ������30,'���������

���0DNXXFKL�0��+DVHJDZD�+��<DPD]DNL 6��,QWUDRSHUDWLYH�XOWUDVRQLF�H[DPLQDWLRQ�IRU�KHSDWHFWRP\� 8OWUDVRXQG�0HG�

%LRO��������6XSSO����������� 30,'���������

���0DNXXFKL 0��+DVHJDZD�+��<DPD]DNL 6��8OWUDVRQLFDOO\� JXLGHG� VXEVHJPHQWHFWRP\�� 6XUJ�*\QHFRO 2EVWHW �����

���� ��������30,'���������

���7DND\DPD 7� 0DNXXFKL�0��:DWDQDEH�.��HW� DO��$�QHZ�PHWKRG�IRU�PDSSLQJ�KHSDWLF� VXEVHJPHQW� FRXQWHUVWDLQLQJ�

LGHQWLILFDWLRQ�WHFKQLTXH��6XUJHU\ ����� ���� �������30,'���������

���7DNDVDNL .��.RED\DVKL�6��7DQDND 6��6DLWR�$��<DPDPRWR�0��+DQ\X�)� +LJKO\�DQDWRPLFDOO\�V\VWHPDWL]HG�KHSDWLF�

UHVHFWLRQ�ZLWK *OLVVRQHDQ�VKHDWK�FRGH�WUDQVHFWLRQ�DW�WKH�KHSDWLF�KLOXV��,QW�6XUJ ����������������30,'���������

���<DPDPRWR�0��.DWDJLUL 6��$ULL]XPL 6��.RWHUD <� 7DNDKDVKL <� *OLVVRQHDQ� SHGLFOH� WUDQVHFWLRQ�PHWKRG� IRU� OLYHU

VXUJHU\ �ZLWK YLGHR�� - +HSDWRELOLDU\�3DQFUHDW 6FL �������������� 30,'� ��������

���&XFFKHWWL�$� &HVFRQ�0��(UFRODQL *��%LJRQ]L�(� 7RU]LOOL *��3LQQD�$'� $ FRPSUHKHQVLYH�PHWD�UHJUHVVLRQ�DQDO\VLV�

RQ�RXWFRPH�RI�DQDWRPLF�UHVHFWLRQ�YHUVXV�QRQDQDWRPLF�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��$QQ�6XUJ�2QFRO ������

��������������30,'����������

���=KRX�<� ;X '��:X�/� /L %��0HWD�DQDO\VLV�RI�DQDWRPLF�UHVHFWLRQ�YHUVXV QRQDQDWRPLF�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�

FDUFLQRPD��/DQJHQEHFNV�$UFK 6XUJ ����� ���� ���������30,'����������

���6KLQGRK�-��0DNXXFKL�0��0DWVX\DPD�<� HW�DO��&RPSOHWH� UHPRYDO�RI� WKH� WXPRU�EHDULQJ�SRUWDO� WHUULWRU\ GHFUHDVHV�



���

ORFDO� WXPRU�UHFXUUHQFH DQG�LPSURYHV�GLVHDVH�VSHFLILF� VXUYLYDO RI�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��-�+HSDWRO

�������������������30,'����������

����.LVKL�<� +DVHJDZD�.� .DQHNR�-��HW�DO��5HVHFWLRQ�RI�VHJPHQW�9,,,�IRU�KHSDWRFHOOXODU�FDUFLQRPD� %U -�6XUJ ������

�������������30,'����������

����/LP�&�� ,VKL]DZD�7� 0L\DWD�$�� HW� DO��6XUJLFDO� LQGLFDWLRQV� DQG�SURFHGXUHV� IRU� UHVHFWLRQ�RI�KHSDWLF�PDOLJQDQFLHV�

FRQILQHG�WR�6HJPHQW�9,,� $QQ�6XUJ ����� ���� ��������30,'����������

����&XFFKHWWL�$� 4LDR */� &HVFRQ�0��HW�DO� $QDWRPLF�YHUVXV QRQDQDWRPLF UHVHFWLRQ LQ�FLUUKRWLF�SDWLHQWV�ZLWK�HDUO\�

KHSDWRFHOOXODU�FDUFLQRPD��6XUJHU\ ����� ���� ��������30,'����������

���� +LURNDZD� )�� .XER� 6�� 1DJDQR� +�� HW� DO�� 'R� SDWLHQWV� ZLWK� VPDOO� VROLWDU\� KHSDWRFHOOXODU� FDUFLQRPDV ZLWKRXW�

PDFURVFRSLFDOO\�YDVFXODU�LQYDVLRQ�UHTXLUH�DQDWRPLF�UHVHFWLRQ"�3URSHQVLW\�VFRUH�DQDO\VLV��6XUJHU\ ����� ���� �������

30,'����������

����0DUXEDVKL�6��*RWRK�.��$NLWD +��HW�DO��$QDWRPLFDO�YHUVXV�QRQ�DQDWRPLFDO�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��

%U -�6XUJ ����� ���� ��������30,'����������

����0DNXXFKL�0��+DVHJDZD�+��<DPD]DNL 6��7DND\DVX .� )RXU QHZ�KHSDWHFWRP\�SURFHGXUHV�IRU�UHVHFWLRQ�RI�WKH�ULJKW

KHSDWLF� YHLQ� DQG� SUHVHUYDWLRQ� RI� WKH� LQIHULRU� ULJKW KHSDWLF� YHLQ�� 6XUJ� *\QHFRO� 2EVWHW ����� ���� ������� 30,'��

�������

���� .DZDVDNL 6�� 0DNXXFKL� 0�� +DUDGD� +�� 7DND\DPD 7� .RVXJH� 7� $ QHZ� DOWHUQDWLYH� KHSDWHFWRP\� PHWKRG� IRU�

UHVHFWLRQ�RI�VHJPHQWV���DQG���RI�WKH�OLYHU� 6XUJ�*\QHFRO�2EVWHW ������������������30,'� �������

����7DND\DPD 7� 7DQDND 7� +LJDNL�7� .DWRX�.��7HVKLPD�<� 0DNXXFKL�0��+LJK�GRUVDO�UHVHFWLRQ�RI�WKH�OLYHU��-�$P�&ROO�

6XUJ ����� ���� ������30,'���������

����0LGRULNDZD�<� 7DND\DPD 7� &DXGDWH�OREHFWRP\��VHJPHQWHFWRP\�����ZLWK YLGHR���-�+HSDWRELOLDU\�3DQFUHDW�6FL

�����������������30,'����������

����<DPDPRWR�-��.RVXJH�7� 6KLPDGD�.��<DPDVDNL�6��7DND\DPD 7� 0DNXXFKL�0��$QWHULRU WUDQVKHSDWLF�DSSURDFK�IRU�

LVRODWHG�UHVHFWLRQ�RI�WKH�FDXGDWH�OREH�RI�WKH�OLYHU� :RUOG�- 6XUJ ��������� ��������30,'���������

����/LX�&/� )DQ 67� &KHXQJ�67� /R�&0��1J� ,2��:RQJ� -��$QWHULRU DSSURDFK� YHUVXV FRQYHQWLRQDO DSSURDFK� ULJKW�

KHSDWLF�UHVHFWLRQ�IRU�ODUJH�KHSDWRFHOOXODU�FDUFLQRPD��D�SURVSHFWLYH�UDQGRPL]HG�FRQWUROOHG�VWXG\��$QQ�6XUJ �����������

���������30,'� ��������

����2JDWD�6��%HOJKLWL�-��9DUPD�'��HW�DO��7ZR�KXQGUHG�OLYHU�KDQJLQJ�PDQHXYHUV�IRU�PDMRU�KHSDWHFWRP\��D�VLQJOH�FHQWHU�

H[SHULHQFH��$QQ�6XUJ �����������������30,'� ��������

����:X�7-��:DQJ�)��/LQ�<6��&KDQ�.0��<X�0&��/HH�:&��5LJKW� KHSDWHFWRP\� E\� WKH� DQWHULRU�PHWKRG ZLWK� OLYHU�

KDQJLQJ� YHUVXV FRQYHQWLRQDO� DSSURDFK� IRU� ODUJH� KHSDWRFHOOXODU� FDUFLQRPDV�� %U� -� 6XUJ ������ ���� �������� 30,'�

��������

����:X�&&��+VLHK�65��&KHQ�-7��HW�DO��$Q�DSSUDLVDO�RI� OLYHU�DQG�SRUWDO�YHLQ�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD�

ZLWK�WXPRU�WKURPEL�H[WHQGLQJ�WR�SRUWDO�ELIXUFDWLRQ��$UFK 6XUJ ���������� ��������30,'� ��������

����0DWVXPRWR�7��.XERWD�.��$RNL�7��,VR�<��.DWR�0��6KLPRGD�0��&OLQLFDO� LPSDFW�RI�DQDWRPLFDO�OLYHU�UHVHFWLRQ�IRU�

KHSDWRFHOOXODU� FDUFLQRPD�ZLWK� SDWKRORJLFDOO\� SURYHQ� SRUWDO� YHLQ� LQYDVLRQ��:RUOG� -� 6XUJ ������ ���� ��������30,'�



���

��������

���� ,QRXH� <�� +DVHJDZD� .�� ,VKL]DZD 7�� HW� DO�� ,V� WKHUH� DQ\� GLIIHUHQFH� LQ� VXUYLYDO DFFRUGLQJ� WR� WKH� SRUWDO� WXPRU�

WKURPEHFWRP\�PHWKRG�LQ�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD"�6XUJHU\ ����� �����������30,'� ��������

����+DQ�+6��6KHKWD�$��$KQ�6��<RRQ�<6��&KR�-<��&KRL�<��/DSDURVFRSLF�YHUVXV�RSHQ�OLYHU�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�

FDUFLQRPD��&DVH�PDWFKHG�VWXG\�ZLWK�SURSHQVLW\�VFRUH�PDWFKLQJ��-�+HSDWRO ������������������30,'� ��������

&4�� :KDW�DUH�WKH�LQGLFDWLRQV�IRU�ODSDURVFRSLF�KHSDWHFWRP\"

5HFRPPHQGDWLRQ

6WURQJ�UHFRPPHQGDWLRQ� 6ROLWDU\�+&& PHDVXULQJ ����FP�DW�WKH�SHULSKHU\�RI�WKH�DQWHULRU�VHFWLRQ��6���

������������ ZKHUH�LW�LV�SRVVLEOH�WR�SHUIRUP�SDUWLDO�KHSDWHFWRP\�DQG�ODWHUDO�VHJPHQWHFWRP\� LV�D�JRRG�

LQGLFDWLRQ�IRU�ODSDURVFRSLF�KHSDWHFWRP\�

ڦ %DFNJURXQG

7KH�LQFOXVLRQ�RI�ODSDURVFRSLF�KHSDWHFWRP\�LQ�WKH�FXUUHQW�HGLWLRQ�RI�WKH�*XLGHOLQHV�ZDV�GHOLEHUDWHG

RQ�GXH�WR�VDIHW\�FRQFHUQV�RYHU WKH�ODVW�IHZ \HDUV��+RZHYHU��WKH�5HYLVLRQ�&RPPLWWHH�KDV�GHFLGHG�WR

HVWDEOLVK�D�QRYHO�&4�IRU�ODSDURVFRSLF�KHSDWHFWRP\�LQ�WKH�FXUUHQW�HGLWLRQ�DIWHU FDUHIXOO\ FRQVLGHULQJ�

WKH�IDFW�WKDW�WKH�,QWHUQDWLRQDO�&RQVHQVXV�&RQIHUHQFH�UHFRPPHQGHG�D�VSHFLILF�PHWKRG IRU�SHUIRUPLQJ

WKH�VXUJLFDO�SURFHGXUH��7KLV�UHFRPPHQGDWLRQ ZDV�EDVHG�RQ D�UDSLG�LQFUHDVH�LQ�WKH�QXPEHU�RI�FDVHV�

RI�ODSDURVFRSLF�KHSDWHFWRP\�DIWHU�EHLQJ�DSSURYHG�IRU�FRYHUDJH E\ 1DWLRQDO�+HDOWK�,QVXUDQFH�V\VWHP�

LQ�-DSDQ DQG DQ LQFUHDVH�LQ�WKH�QXPEHU�RI�YDULRXV�HYLGHQFH�EDVHG�DUWLFOHV SXEOLVKHG�

ڦ 6FLHQWLILF�6WDWHPHQW

7KH�OLWHUDWXUH�VHDUFK�H[WUDFWHG�����DUWLFOHV�DERXW�ODSDURVFRSLF�KHSDWHFWRP\�SXEOLVKHG�EHIRUH�-XQH�����

������LQFOXGLQJ WKH�ILUVW�UHSRUW�SXEOLVKHG�LQ�������2I�WKHVH ����DUWLFOHV�����ZHUH�H[WUDFWHG�LQ�WKH�ILUVW�

VFUHHQLQJ DQG ���DUWLFOHV�ZLWK�KLJK�TXDOLW\�HYLGHQFH RU�RI�FOLQLFDO�LPSRUWDQFH�ZHUH�H[WUDFWHG�LQ�WKH�

VHFRQG�VFUHHQLQJ�WR�UHFRPPHQG�WKH�RSWLPXP�LQGLFDWLRQV�IRU�ODSDURVFRSLF�KHSDWHFWRP\�

&RPSDUHG�ZLWK�RSHQ�KHSDWHFWRP\�� ODSDURVFRSLF�KHSDWHFWRP\�SURYLGHV�D�PDJQLI\LQJ HIIHFW�DQG�

GHFUHDVHV� EOHHGLQJ� IURP� WKH� KHSDWLF� YHLQ� GXH� WR� LQWUD�DEGRPLQDO� SUHVVXUH�� WKHUHE\� VXSSUHVVLQJ

LQWUDRSHUDWLYH� EORRG� ORVV�±��� ,Q� DGGLWLRQ�� ODSDURVFRSLF� KHSDWHFWRP\� IRU� +&&�� ZKLFK� LV� RIWHQ�

DVVRFLDWHG� ZLWK� FKURQLF� OLYHU� GLVHDVH VXFK� DV� FLUUKRVLV�� LV� OHVV� IUHTXHQWO\� DVVRFLDWHG� ZLWK�

SRVWRSHUDWLYH� FRPSOLFDWLRQV� VXFK� DV� DVFLWHV� FRPSDUHG� ZLWK� RSHQ� KHSDWHFWRP\�±��� :KLOH� WKH�

ORQJ�WHUP� SURJQRVLV� RI� SDWLHQWV� ZLWK� +&&� LV� RIWHQ� FRPSDUDEOH� EHWZHHQ� ODSDURVFRSLF� DQG� RSHQ�

KHSDWHFWRP\�±���� ODSDURVFRSLF�KHSDWHFWRP\� LV� VXSHULRU� WR�5)$�DV� D� ORFRUHJLRQDO� WKHUDS\� IRU� VPDOO�

VXSHUILFLDO�+&&V����+RZHYHU��WKH�WHFKQLFDO�GLIILFXOW\�RI�ODSDURVFRSLF�KHSDWHFWRP\�YDULHV�GHSHQGLQJ�



���

RQ� UHVHFWLRQ� VLWH�� WXPRU� VL]H�� DQG� WKH� SUHVHQFH� RI� FRPRUELGLW\� VXFK� DV� FLUUKRVLV�� ,Q� RWKHU� ZRUGV��

RSHUDWLYH� WLPH�� DPRXQW� RI� EORRG� ORVV�� DQG� WKH FRQYHUVLRQ� UDWH WR� RSHQ� VXUJHU\� LQFUHDVH� LQ�

ODSDURVFRSLF� KHSDWHFWRP\� IRU� WKH� ULJKW� SRVWHULRU� VXSHULRU� DQG DQWHURVXSHULRU� VHJPHQWV �6�� DQG� ���

FRPSDUHG�ZLWK�WKH�RWKHU�VHJPHQWV�RI�WKH�OLYHU��6��������HPSKDVL]LQJ WKH�LPSRUWDQFH�RI�HVWDEOLVKLQJ�

VWULFWHU LQGLFDWLRQV� WKDQ� IRU� RSHQ� KHSDWHFWRP\���� %DVHG� RQ� WKHVH� VWXGLHV�� LW� ZDV� GHFLGHG� DW� WKH�

,QWHUQDWLRQDO� &RQVHQVXV� &RQIHUHQFH� RQ� /DSDURVFRSLF� /LYHU� 5HVHFWLRQ� KHOG� LQ�0RULRND�� -DSDQ�� LQ�

�����WKDW� WKH�PRVW� LPSRUWDQW� LQGLFDWLRQ�IRU� ODSDURVFRSLF�KHSDWHFWRP\�LV�KHSDWLF IXQFWLRQDO UHVHUYH�

VXIILFLHQW�IRU�RSHQ�KHSDWHFWRP\��DQG�WKH�PRVW�VXLWDEOH�VXUJLFDO�SURFHGXUH�LV�SDUWLDO�KHSDWHFWRP\�RU

ODWHUDO�VHJPHQWHFWRP\�IRU VROLWDU\ +&& ����FP�LQ 6������

ڦ ([SODQDWLRQ

6LQFH� ILUVW� UHSRUWHG E\� 5HLFK� HW� DO�� LQ� ���� ODSDURVFRSLF� KHSDWHFWRP\� LV� QRZ� ZLGHO\� SHUIRUPHG�

DFURVV�-DSDQ��7KLV�LV�GXH�WR�QXPHURXV�WHFKQRORJLFDO�DGYDQFHV�PDGH�LQ�VXUJLFDO�GHYLFHV�DQG�DSSURYDO�

RI�WKH�SURFHGXUH DV�DQ�DGYDQFHG�PHGLFDO�WUHDWPHQW�LQ�������7KH�1DWLRQDO�+HDOWK�,QVXUDQFH�V\VWHP

KDV� FRYHUHG SDUWLDO� KHSDWHFWRP\�DQG� ODWHUDO� VHJPHQWHFWRP\� VLQFH������ DQG� DOO�RWKHU� KHSDWHFWRP\�

SURFHGXUHV�WKDW�GR�QRW�LQYROYH�UHYDVFXODUL]DWLRQ�RU�ELOLDU\�WUDFW�UHFRQVWUXFWLRQ�VLQFH�������+RZHYHU��

ODSDURVFRSLF�KHSDWHFWRP\�LV�QRW�D�IXOO\�HVWDEOLVKHG�VXUJLFDO�WHFKQLTXH��HVSHFLDOO\�ZKHQ�SHUIRUPHG�LQ�

H[WHQVLYH�UHVHFWLRQ��DQG�LW� LV�DVVRFLDWHG�ZLWK�SDUWLFXODU ULVNV��)RU�WKHVH�UHDVRQV�� WKHUH�ZHUH�GHEDWHV�

RYHU� WKH� UHFRPPHQGDWLRQ� DQG� WKH� VWUHQJWK RI� UHFRPPHQGDWLRQ DW� WKH� PHHWLQJV IRU ILQDOL]LQJ� WKH�

UHFRPPHQGDWLRQV��)LQDOO\��DIWHU�FRQVLGHULQJ� WKH�GHFLVLRQV PDGH� LQ� WKH�FRQVHQVXV�PHHWLQJV�DQG� WKH�

UHVXOWV� RI� UHFHQW� PHWD�DQDO\VHV�� WKH� 5HYLVLRQ� &RPPLWWHH� KDV� GHFLGHG� WR� VWURQJO\� UHFRPPHQG�

ODSDURVFRSLF�KHSDWHFWRP\ IRU�VROLWDU\ +&&�����FP�ORFDWHG�LQ�WKH�SHULSKHU\ RI�WKH�6������������DQG���

VHJPHQWV� ZKHUH� SDUWLDO� KHSDWHFWRP\� DQG� ODWHUDO� VHJPHQWHFWRP\� DUH� DSSOLFDEOH�� 2I� FRXUVH�� RQO\�

KLJK�YROXPH�FHQWHUV� WKDW� KDYH PHGLFDO� WHDPV�ZLWK VXIILFLHQW� H[SHULHQFH� LQ�RSHQ�KHSDWHFWRP\�DQG�

DGYDQFHG� HQGRVFRSLF� SURFHGXUHV� VKRXOG� SHUIRUP� ODSDURVFRSLF� KHSDWHFWRP\� )XUWKHUPRUH�� LW� LV�

LPSRUWDQW� WR� LQFRUSRUDWH� VXSSRUWLYH PHDVXUHV� VXFK� DV� D� SUHRSHUDWLYH� GLIILFXOW\� VFRULQJ� V\VWHP��

ZKHQ�SHUIRUPLQJ ODSDURVFRSLF�KHSDWHFWRP\�WKDW�UHTXLUHV JUHDWHU�VNLOOV��PRUH H[SHULHQFH� DQG�KDV�D�

VWHHSHU� OHDUQLQJ� FXUYH� WKDQ� UHTXLUHG� LQ SDUWLDO� KHSDWHFWRP\� DQG� ODWHUDO� VHJPHQWHFWRP\�� ERWK� RI�

ZKLFK�ZHUH� DSSURYHG� XQGHU� WKH�1DWLRQDO�+HDOWK� ,QVXUDQFH� V\VWHP LQ� ������ 6XUJHRQV� SODQQLQJ� WR�

SHUIRUP ODSDURVFRSLF�KHSDWHFWRP\�DUH�DOVR�UHTXLUHG�WR�UHJLVWHU�SUHRSHUDWLYHO\�ZLWK� WKH�(QGRVFRSLF�

/LYHU�6XUJHU\�6WXG\�*URXS�DQG�1DWLRQDO�&OLQLFDO�'DWDEDVH�

ڦ 5HIHUHQFHV

��� ;LRQJ� --� $OWDI .� -DYHG� 0$� HW� DO�� 0HWD�DQDO\VLV� RI� ODSDURVFRSLF� YV RSHQ� OLYHU UHVHFWLRQ� IRU� KHSDWRFHOOXODU�

FDUFLQRPD��:RUOG -�*DVWURHQWHURO �������������������30,'����������

���<LQ�=��)DQ�;��<H�+��<LQ '��:DQJ�-��6KRUW� DQG�ORQJ�WHUP�RXWFRPHV DIWHU�ODSDURVFRSLF�DQG�RSHQ�KHSDWHFWRP\�IRU�



���

KHSDWRFHOOXODU�FDUFLQRPD��D�JOREDO�V\VWHPDWLF�UHYLHZ DQG�PHWD�DQDO\VLV��$QQ�6XUJ�2QFRO �������������������30,'��

��������

���7DNDKDUD 7� :DNDED\DVKL�*��%HSSX�7� HW�DO��/RQJ�WHUP�DQG�SHULRSHUDWLYH�RXWFRPHV�RI� ODSDURVFRSLF�YHUVXV RSHQ�

OLYHU UHVHFWLRQ� IRU�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK SURSHQVLW\� VFRUH�PDWFKLQJ��D�PXOWL�LQVWLWXWLRQDO�-DSDQHVH�VWXG\��-

+HSDWRELOLDU\�3DQFUHDW�6FL ���������������� 30,'� ��������

���7ZDLM�$��3XFKHU�3+��6RGHUJUHQ�0+��*DOO�7� 'DU]L $�� -LDR�/5� /DSDURVFRSLF�YV�RSHQ� DSSURDFK� WR� UHVHFWLRQ�RI�

KHSDWRFHOOXODU� FDUFLQRPD� LQ� SDWLHQWV� ZLWK NQRZQ FLUUKRVLV�� V\VWHPDWLF UHYLHZ� DQG� PHWD�DQDO\VLV�� :RUOG� -�

*DVWURHQWHURO �������������������30,'����������

���0RULVH�=��&LULD�5��&KHUTXL�'��&KHQ�.+��%HOOL�*��:DNDED\DVKL�*��&DQ�ZH�H[SDQG�WKH�LQGLFDWLRQV�IRU�ODSDURVFRSLF�

OLYHU UHVHFWLRQ"�$ V\VWHPDWLF�UHYLHZ DQG�PHWD�DQDO\VLV�RI�ODSDURVFRSLF�OLYHU�UHVHFWLRQ�IRU�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�

FDUFLQRPD�DQG�FKURQLF�OLYHU GLVHDVH��-�+HSDWRELOLDU\�3DQFUHDW�6FL�������������������30,'����������

���.DQD]DZD�$��7VXNDPRWR�7� 6KLPL]X�6��HW�DO��,PSDFW�RI�ODSDURVFRSLF�OLYHU�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD�

ZLWK�)��OLYHU�FLUUKRVLV��6XUJ�(QGRVF ������������������30,'����������

��� =KRX� <0�� 6KDR� :<� =KDR� <)�� ;X� '+�� /L� %�� 0HWD�DQDO\VLV� RI� ODSDURVFRSLF� YHUVXV� RSHQ� UHVHFWLRQ� IRU�

KHSDWRFHOOXODU�FDUFLQRPD��'LJ�'LV�6FL �������������������30,'����������

���/L�1��:X�<5� :X�%��/X�04��6XUJLFDO�DQG�RQFRORJLF�RXWFRPHV�IROORZLQJ�ODSDURVFRSLF YHUVXV�RSHQ�OLYHU UHVHFWLRQ�

IRU�KHSDWRFHOOXODU�FDUFLQRPD��D PHWD�DQDO\VLV� +HSDWRO�5HV ����������������30,'����������

���+DQ�+6��6KHKWD�$��$KQ�6��<RRQ�<6� &KR�-<� &KRL�<� /DSDURVFRSLF�YHUVXV�RSHQ�OLYHU UHVHFWLRQ�IRU�KHSDWRFHOOXODU�

FDUFLQRPD��FDVH�PDWFKHG�VWXG\�ZLWK SURSHQVLW\�VFRUH�PDWFKLQJ��-�+HSDWRO ������������������30,'����������

����6SRVLWR�&��%DWWLVWRQ�&��)DFFLRUXVVR�$� HW� DO��3URSHQVLW\ VFRUH� DQDO\VLV�RI� RXWFRPHV� IROORZLQJ� ODSDURVFRSLF�RU�

RSHQ�OLYHU UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��%U -�6XUJ �������������������30,'����������

���� ,WR�7� 7DQDND 6�� ,ZDL 6��HW� DO��2XWFRPHV�RI� ODSDURVFRSLF�KHSDWLF� UHVHFWLRQ�YHUVXV�SHUFXWDQHRXV� UDGLRIUHTXHQF\�

DEODWLRQ� IRU� KHSDWRFHOOXODU� FDUFLQRPD� ORFDWHG� DW� WKH� OLYHU VXUIDFH�� D FDVH� FRQWURO� VWXG\� ZLWK� SURSHQVLW\� VFRUH�

PDWFKLQJ��+HSDWRO�5HV ������������������30,'����������

���� ;LDQJ� /�� ;LDR� /�� /L� -�� &KHQ� -�� )DQ� <�� =KHQJ� 6�� 6DIHW\� DQG� IHDVLELOLW\� RI� ODSDURVFRSLF� KHSDWHFWRP\ IRU�

KHSDWRFHOOXODU�FDUFLQRPD�LQ�WKH�SRVWHURVXSHULRU�OLYHU�VHJPHQWV��:RUOG�-�6XUJ ��������� ��������30,'� ��������

���� .DQHNR� +�� /DSDURVFRSLF� KHSDWHFWRP\�� LQGLFDWLRQV� DQG� RXWFRPHV�� -� +HSDWRELOLDU\� 3DQFUHDW� 6XUJ ������ ����

��������30,'� ��������

����:DNDED\DVKL�*��&KHUTXL�'��*HOOHU�'$��HW�DO��5HFRPPHQGDWLRQV�IRU� ODSDURVFRSLF�OLYHU�UHVHFWLRQ� D�UHSRUW� IURP�

WKH�VHFRQG�LQWHUQDWLRQDO�FRQVHQVXV�FRQIHUHQFH�KHOG�LQ�0RULRND��$QQ�6XUJ ����� �������������30,'� ��������

����%DQ�'��7DQDEH�0��,WR�+��HW�DO��$�QRYHO�GLIILFXOW\�VFRULQJ�V\VWHP�IRU�ODSDURVFRSLF�OLYHU�UHVHFWLRQ� -�+HSDWRELOLDU\�

3DQFUHDW�6FL ������������������30,'� ��������

&4�� :KDW�IDFWRUV�HIIHFWLYHO\�SUHGLFW�SURJQRVLV�DIWHU�KHSDWHFWRP\"



���

5HFRPPHQGDWLRQ

1R� UHFRPPHQGDWLRQ� 7KH�PDLQ SURJQRVWLF� IDFWRUV� DIWHU� KHSDWHFWRP\� DUH� WXPRU� VL]H� DQG� QXPEHU��

YDVFXODU�LQYDVLRQ��DQG�OLYHU�IXQFWLRQ�

ڦ %DFNJURXQG

,Q�WKH�WKLUG�HGLWLRQ�������YHUVLRQ���WKH�DQVZHU�WR�&4���³:KDW�DUH�WKH�SURJQRVWLF�IDFWRUV�DIWHU�OLYHU�

UHVHFWLRQ"´� ZDV� VWDJH� FODVVLILFDWLRQ� YDVFXODU� LQYDVLRQ�� OLYHU� IXQFWLRQ�� DQG� WXPRU� QXPEHU�� 7KH

FRQWHQW� RI� WKDW UHFRPPHQGDWLRQ ZDV� XQFKDQJHG IURP WKH� VHFRQG� HGLWLRQ� ������ YHUVLRQ�� )RU� WKH�

FXUUHQW�*XLGHOLQHV��ZH�FRQGXFWHG�D�OLWHUDWXUH�VHDUFK�WR�H[WUDFW�DUWLFOHV�ZLWK�KLJK�TXDOLW\�HYLGHQFH�IRU�

SURJQRVWLF�IDFWRUV�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�

EHWZHHQ�-DQXDU\���������DQG�-XQH����������H[WUDFWHG���� DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR ���LQ�

WKH�ILUVW�VFUHHQLQJ�DQG�WR���LQ�WKH�VHFRQG�VFUHHQLQJ�WR�H[WUDFW�VWXGLHV�WKDW�HOXFLGDWHG IDFWRUV�DIIHFWLQJ�

DQG�SUHGLFWLQJ�SURJQRVLV�LQ�SDWLHQWV�ZLWK�+&&�DIWHU�KHSDWHFWRP\��$ WRWDO�RI����DUWLFOHV��LQFOXGLQJ ��

DUWLFOH� WKDW�KDG�EHHQ�KDQG�VHDUFKHG�GXULQJ WKH�VHFRQG�VFUHHQLQJ�DQG� WKH����DUWLFOHV� IURP� WKH� WKLUG�

HGLWLRQ��DUH�FLWHG�IRU�&4���

,Q�D�VWXG\�WKDW�LQYHVWLJDWHG SRVW�KHSDWHFWRP\�VXUYLYDO�UDWHV��IDFWRUV�SUHGLFWLYH�RI SURJQRVLV�ZHUH�

PXOWLSOH�+&&V����� FP ZLWK� YDVFXODU� LQYDVLRQ�� QRQ�HQFDSVXODWHG� WXPRU�� � ��� J�/� VHUXP� DOEXPLQ�

�OLYHU�IXQFWLRQ���710�VWDJH�,,,�,9��DQG������QJ�P/�$)3�±���+RZHYHU��D�IHZ�VWXGLHV�KDYH�VKRZQ�WKDW�

WXPRU�VL]H�GRHV�QRW�DIIHFW�SURJQRVLV�±���VXJJHVWLQJ�WKDW� ODUJHU VL]H�GRHV�QRW�QHFHVVDULO\�PHDQ�SRRU�

SURJQRVLV��$OVR��SDWLHQWV�ZLWK�HDUO\�VWDJH�+&&�����FP�KDYH�JRRG�VXUYLYDO�UDWHV���DQG�6KLQGRK�HW�DO�

VKRZHG WKDW�WKH�SUHVHQFH RU�DEVHQFH�RI�KLVWRORJLFDO�YDVFXODU�LQYDVLRQ�PDNHV�QR�GLIIHUHQFH�LQ�WHUPV�

RI�SURJQRVLV�LQ�SDWLHQWV�ZLWK�HDUO\�VWDJH�+&&�����FP��

ڦ ([SODQDWLRQ

$PRQJ YDULRXV PROHFXODU� ELRORJLFDO� PDUNHUV�� 3,9.$�,,�� $)3�� $)3�/�� IUDFWLRQ�� DQG�

DOSKD���IXFRVLGDVH�ZHUH�VKRZQ�WR�SUHGLFW UHFXUUHQFH���WKH�&<3�$��JHQH�HQFRGLQJ�F\WRFKURPH�3����

�$��ZDV LGHQWLILHG DV�EHLQJ�DVVRFLDWHG�ZLWK UHFXUUHQFH����DQG�WKH�OHYHOV�RI�DQG�FKDQJHV�LQ�FLUFXODWLQJ�

WXPRU�FHOOV�PD\�EH�D�XVHIXO�SUHGLFWRU�RI UHFXUUHQFH���

3DWLHQWV�ZLWK�WXPRU�WKURPEXV�LQ�WKH�PDLQ�SRUWDO�YHLQ�RU�WKH�ILUVW�EUDQFK�DUH�NQRZQ�WR�KDYH�SRRU�

SURJQRVLV��EXW�SURJQRVLV�KDV�EHHQ�VKRZQ�WR LPSURYH�LQ�VRPH�SDWLHQWV�DIWHU�UHVHFWLRQ������

)URP� WKH� SHUVSHFWLYH� RI� FXPXODWLYH� VXUYLYDO�� WKH� *ODVJRZ� 3URJQRVWLF� 6FRUH LV DQ� LPSRUWDQW�

SUHGLFWRU�RI�SURJQRVLV�DIWHU�VXUJHU\�IRU�+&&�DQG�PRUH�FOHDUO\�VWUDWLILHV�SDWLHQWV�ZLWK�+&&�UDWHG�����

RQ�WKH�&DQFHU�RI�WKH�,WDOLDQ�3URJUDP��&/,3��VFDOH����$OVR��WKH�SUHRSHUDWLYH QHXWURSKLO�WR�O\PSKRF\WH�



���

UDWLR�LQ�SHULSKHUDO�EORRG�ZDV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�SRRU�SURJQRVLV�DIWHU�VXUJHU\�IRU�+&&���

7KH� QXPEHU� RI� VWXGLHV� LQYHVWLJDWLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� VDUFRSHQLD� DQG� FDQFHU� KDV� EHHQ�

LQFUHDVLQJ�LQ�UHFHQW�\HDUV��,Q�+&&��VDUFRSHQLD�ZDV�UHYHDOHG�WR�EH�DQ�LQGHSHQGHQW�ULVN�IDFWRU�IRU�SRRU�

SURJQRVLV������

$�QDWLRQZLGH� VWXG\� LQ� -DSDQ� UHSRUWHG WKDW� FRPSDUHG�ZLWK�+&&�DVVRFLDWHG�ZLWK�+%9�RU�+&9��

QRQ�+%9� DQG� QRQ�+&9�DVVRFLDWHG +&&� VKRZV� EHWWHU SURJQRVLV� LQ� WHUPV� RI� FXPXODWLYH� VXUYLYDO�

UDWH�E\�VWDJH�DQG�D�VLJQLILFDQWO\�ORZHU�LQFLGHQFH�RI�UHFXUUHQFH���

7R�UHYHDO�WKH�UHODWLRQVKLS�EHWZHHQ�SRVW�KHSDWHFWRP\�SURJQRVLV�DQG�WLPH�WR�UHFXUUHQFH��&KHQJ�HW�

DO��H[DPLQHG�SDWLHQWV�ZLWK�VROLWDU\�+&&�DQG�IRXQG�WKDW�ODWH�UHFXUUHQFH��DIWHU���\HDUV��DQG�FXUDWLYH�

WKHUDS\�IRU�UHFXUUHQW�+&&�ZHUH�WKH�EHVW�SUHGLFWRUV�RI�VXUYLYDO�DIWHU�UHFXUUHQFH���

$V� IRU� VXUJLFDO� VNLOOV� QRQ�DQDWRPLFDO UHVHFWLRQ�� EORRG� ORVV�� DQG� EORRG� WUDQVIXVLRQ� ZHUH�

VLJQLILFDQW�SURJQRVWLF�SUHGLFWRUV���

1R�FKDQJH�ZDV�PDGH�LQ�WKH�FRQWHQW�RI�UHFRPPHQGDWLRQ�EHWZHHQ�WKH�WKLUG�DQG�VHFRQG�HGLWLRQV��

+RZHYHU�� EHFDXVH� VWDJH� FODVVLILFDWLRQ� GHSHQGV� RQ� WXPRU� QXPEHU� DQG� VL]H� DQG� YDVFXODU� LQYDVLRQ��

WKHVH�WKUHH�IDFWRUV�DQG�OLYHU�IXQFWLRQ��LQVWHDG�RI�VWDJH�FODVVLILFDWLRQ� KDYH�EHHQ�FKRVHQ�DV�WKH�PDMRU�

SUHGLFWRUV�RI�SURJQRVLV�DIWHU�KHSDWHFWRP\��$OWKRXJK�SURJQRVWLF�IDFWRUV�DUH�FOLQLFDOO\�LPSRUWDQW��WKH�

5HYLVLRQ�&RPPLWWHH�DJUHHV�WKDW�QR�UHFRPPHQGDWLRQ�LV�DSSURSULDWH DW�WKH�SUHVHQW�WLPH�

ڦ 5HIHUHQFHV

���3RRQ�57� 1J�,2��)DQ 67� HW�DO��&OLQLFRSDWKRORJLF�IHDWXUHV�RI�ORQJ�WHUP�VXUYLYRUV DQG�GLVHDVH�IUHH�VXUYLYRUV DIWHU�

UHVHFWLRQ� RI� KHSDWRFHOOXODU� FDUFLQRPD�� D� VWXG\ RI� D� SURVSHFWLYH� FRKRUW�� -� &OLQ� 2QFRO ������ ���� ��������� 30,'��

��������

���$ULL 6��7DQDND -��<DPD]RH�<� HW�DO��3UHGLFWLYH IDFWRUV�IRU�LQWUDKHSDWLF�UHFXUUHQFH�RI�KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�

SDUWLDO�KHSDWHFWRP\��&DQFHU �����������������30,'���������

���,PDPXUD�+��0DWVX\DPD�<� 7DQDND (� HW�DO��5LVN IDFWRUV�FRQWULEXWLQJ�WR�HDUO\ DQG�ODWH�SKDVH LQWUDKHSDWLF�UHFXUUHQFH

RI�KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�KHSDWHFWRP\��- +HSDWRO ��������� �������30,'����������

���.DZDVDNL 6��0DNXXFKL�0��0L\DJDZD 6��HW�DO��5HVXOWV�RI�KHSDWLF�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��:RUOG�-�

6XUJ ����������������30,'���������

���)UDQFR '��&DSXVVRWWL�/� 6PDGMD�&��HW�DO��5HVHFWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPDV��5HVXOWV�LQ��� (XURSHDQ�SDWLHQWV�

ZLWK�FLUUKRVLV��*DVWURHQWHURORJ\ �����������������30,'���������

���<DQJ /<��)DQJ )� 2X�'3��:X�:��=HQJ�=-� :X�)� 6ROLWDU\ ODUJH�KHSDWRFHOOXODU�FDUFLQRPD��D� VSHFLILF�VXEW\SH�RI�

KHSDWRFHOOXODU�FDUFLQRPD�ZLWK JRRG�RXWFRPH�DIWHU�KHSDWLF�UHVHFWLRQ��$QQ�6XUJ ����� ���� ��������30,'����������

��� 7DND\DPD 7� 0DNXXFKL�0��+LURKDVKL� 6�� HW� DO�� (DUO\� KHSDWRFHOOXODU� FDUFLQRPD� DV� DQ� HQWLW\�ZLWK� D� KLJK� UDWH� RI�

VXUJLFDO�FXUH� +HSDWRORJ\ ������������������30,'���������

��� 6KLQGRK� -�� $QGUHRX� $�� $ORLD� 7$�� HW� DO�� 0LFURYDVFXODU� LQYDVLRQ� GRHV� QRW� SUHGLFW� ORQJ�WHUP� VXUYLYDO LQ�

KHSDWRFHOOXODU�FDUFLQRPD�XS�WR���FP��UHDSSUDLVDO�RI�WKH�VWDJLQJ�V\VWHP�IRU�VROLWDU\�WXPRUV��$QQ�6XUJ�2QFRO ����������



���

��������30,'����������

���:DQJ�.� *XR�:��/L 1��HW�DO��$OSKD���IXFRVLGDVH DV�D�SURJQRVWLF�LQGLFDWRU�IRU�KHSDWRFHOOXODU�FDUFLQRPD�IROORZLQJ�

KHSDWHFWRP\��D�ODUJH�VFDOH��ORQJ�WHUP�VWXG\��%U -�&DQFHU ����� �������������30,'����������

����7DQDND�6��0RJXVKL�.��<DVHQ�0��HW�DO��2[LGDWLYH�VWUHVV�SDWKZD\V�LQ�QRQFDQFHURXV�KXPDQ�OLYHU�WLVVXH�WR�SUHGLFW�

KHSDWRFHOOXODU� FDUFLQRPD� UHFXUUHQFH�� D� SURVSHFWLYH�� PXOWLFHQWHU� VWXG\�� +HSDWRORJ\ ������ ���� ��������� 30,'��

��������

����6XQ�<)��;X <� <DQJ ;5� HW�DO��&LUFXODWLQJ VWHP�FHOO�OLNH HSLWKHOLDO�FHOO�DGKHVLRQ�PROHFXOH�SRVLWLYH�WXPRU�FHOOV�

LQGLFDWH�SRRU�SURJQRVLV�RI�KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�FXUDWLYH�UHVHFWLRQ��+HSDWRORJ\ ��������������²����30,'��

��������

����,NDL�,��+DWDQR�(��+DVHJDZD�6��HW�DO��3URJQRVWLF�LQGH[�IRU�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD FRPELQHG�ZLWK�

WXPRU�WKURPERVLV�LQ�WKH�PDMRU�SRUWDO�YHLQ��-�$P�&ROO�6XUJ ������������������30,'� ��������

���� ,QRXH� <�� +DVHJDZD� .�� ,VKL]DZD 7�� HW� DO�� ,V� WKHUH� DQ\� GLIIHUHQFH� LQ� VXUYLYDO DFFRUGLQJ� WR� WKH� SRUWDO� WXPRU�

WKURPEHFWRP\�PHWKRG�LQ�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD"�6XUJHU\ ����� �����������30,'� ��������

���� ,VKL]XND�0��.XERWD�.��.LWD� -�� 6KLPRGD�0��.DWR�0�� 6DZDGD� 7�� ,PSDFW� RI� DQ� LQIODPPDWLRQ�EDVHG� SURJQRVWLF�

V\VWHP�RQ�SDWLHQWV�XQGHUJRLQJ�VXUJHU\ IRU�KHSDWRFHOOXODU�FDUFLQRPD� D�UHWURVSHFWLYH�VWXG\�RI�����-DSDQHVH�SDWLHQWV��

$P�-�6XUJ ������������������30,'� ��������

����0DQR�<��6KLUDEH�.��<DPDVKLWD�<��HW�DO��3UHRSHUDWLYH�QHXWURSKLO�WR�O\PSKRF\WH�UDWLR�LV�D�SUHGLFWRU�RI�VXUYLYDO DIWHU�

KHSDWHFWRP\�IRU�KHSDWRFHOOXODU�FDUFLQRPD� D�UHWURVSHFWLYH DQDO\VLV��$QQ�6XUJ ������������������30,'� ��������

���� +DULPRWR� 1�� 6KLUDEH� .�� <DPDVKLWD <,�� HW� DO�� 6DUFRSHQLD� DV� D� SUHGLFWRU� RI� SURJQRVLV� LQ� SDWLHQWV� IROORZLQJ�

KHSDWHFWRP\�IRU�KHSDWRFHOOXODU�FDUFLQRPD��%U�-�6XUJ ��������������������30,'� ��������

����9RURQ�7��7VHOLNDV /��3LHWUDV]�'�� HW� DO��6DUFRSHQLD� LPSDFWV�RQ� VKRUW� DQG� ORQJ�WHUP� UHVXOWV�RI� KHSDWHFWRP\� IRU�

KHSDWRFHOOXODU�FDUFLQRPD��$QQ�6XUJ ��������������������30,'� ��������

���� 8WVXQRPL\D� 7�� 6KLPDGD� 0�� .XGR� 0�� HW� DO�� $� FRPSDULVRQ� RI� WKH� VXUJLFDO� RXWFRPHV� DPRQJ� SDWLHQWV� ZLWK�

+%9�SRVLWLYH��+&9�SRVLWLYH��DQG�QRQ�%�QRQ�&�KHSDWRFHOOXODU�FDUFLQRPD� D�QDWLRQZLGH�VWXG\�RI��������SDWLHQWV��$QQ�

6XUJ �������������������30,'� ��������

����&KHQJ�=��<DQJ 3��4X�6��HW�DO��5LVN�IDFWRUV�DQG�PDQDJHPHQW�IRU�HDUO\�DQG�ODWH�LQWUDKHSDWLF�UHFXUUHQFH�RI�VROLWDU\�

KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�FXUDWLYH UHVHFWLRQ��+3% �2[IRUG� ��������� �������30,'� ��������

���� +DUDGD� 1�� 6KLUDEH� .�� 0DHGD� 7�� .D\DVKLPD +�� ,VKLGD� 7�� 0DHKDUD� <�� %ORRG� WUDQVIXVLRQ� LV� DVVRFLDWHG� ZLWK�

UHFXUUHQFH RI� KHSDWRFHOOXODU� FDUFLQRPD� DIWHU� KHSDWHFWRP\� LQ�&KLOG�3XJK� FODVV�$� SDWLHQWV��:RUOG� -� 6XUJ ������ ����

���������30,'� ��������

&4�� 'R�UHVHFWLRQ�PDUJLQV�DIIHFW�SURJQRVLV"

5HFRPPHQGDWLRQ

6WURQJ�UHFRPPHQGDWLRQ� ,Q�KHSDWHFWRP\�IRU�+&&��UHVHFWLRQ�PDUJLQV�PD\�EH�NHSW�DW�D�PLQLPXP�



���

ڦ %DFNJURXQG

7KLV� &4� FRQFHUQV WKH� HIIHFW� RI� UHVHFWLRQ� PDUJLQV� LQ� KHSDWHFWRP\� RQ� SURJQRVLV�� DQG� WKH�

UHFRPPHQGDWLRQ�KDV�QRW�FKDQJHG�VLQFH�WKH�VHFRQG�HGLWLRQ��)RU�WKH�FXUUHQW�*XLGHOLQHV��ZH�FRQGXFWHG�

D�OLWHUDWXUH�VHDUFK�WR�H[WUDFW�DUWLFOHV�ZLWK�EHWWHU�HYLGHQFH�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�

EHWZHHQ�-DQXDU\���������DQG�-XQH��������� H[WUDFWHG�����DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR����LQ�

WKH� ILUVW� VFUHHQLQJ�� IURP�ZKLFK���DUWLFOHV�ZLWK�KLJK�TXDOLW\�HYLGHQFH�DQG�FOLQLFDO� LPSRUWDQFH�ZHUH�

H[WUDFWHG� LQ� WKH� VHFRQG� VFUHHQLQJ� $� WRWDO� RI� �� DUWLFOHV�� LQFOXGLQJ �� KDQG�VHDUFKHG� DUWLFOH� DQG� ��

UHOHYDQW�DUWLFOHV��RXW�RI����IURP�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���

3RVWRSHUDWLYH� UHFXUUHQFH� UDWHV� GLG� QRW� GLIIHU� VLJQLILFDQWO\� DPRQJ� SDWLHQWV� ZKR� XQGHUZHQW�

KHSDWHFWRP\� IRU� +&&� ZLWK� UHVHFWLRQ� PDUJLQV� VHW� DW� �� �� FP� RU� �� �� FP�±��� $OVR�� WKHUH� ZHUH� QR�

VLJQLILFDQW� GLIIHUHQFHV LQ� SRVWRSHUDWLYH� FXPXODWLYH� VXUYLYDO� UDWHV� RU� UHFXUUHQFH�IUHH� VXUYLYDO� UDWHV�

EHWZHHQ� KHSDWHFWRP\�ZLWK� UHVHFWLRQ�PDUJLQV� VHW� DW� �� ��PP� DQG� �� ��PP�±�� :KHQ WKH� HIIHFW� RQ�

UHFXUUHQFH�IUHH�VXUYLYDO�RI�WKUHH�GLIIHUHQW�UHVHFWLRQ�PDUJLQV������PP������PP��DQG������PP��ZDV�

LQYHVWLJDWHG�DIWHU�GLYLGLQJ�SDWLHQWV�EDVHG�RQ� WKH�0LODQ�FULWHULD� �ZLWKLQ�RU�EH\RQG�� UHFXUUHQFH�IUHH�

VXUYLYDO� UDWHV� LPSURYHG� DV� UHVHFWLRQ� PDUJLQV� LQFUHDVHG� LQ� SDWLHQWV� ZLWK� +&&� ZLWKLQ� WKH� 0LODQ�

FULWHULD��+RZHYHU�� LQ� SDWLHQWV�ZLWK +&&�EH\RQG� WKH�0LODQ� FULWHULD��ZKLOH� UHFXUUHQFH�IUHH� VXUYLYDO�

UDWHV�ZHUH�EHWWHU�ZKHQ UHVHFWLRQ�PDUJLQV�ZHUH ����PP�WKDQ�DW ����PP� QR�VLJQLILFDQW�GLIIHUHQFH�ZDV�

REVHUYHG�EHWZHHQ�����PP�DQG������PP��� )XUWKHUPRUH��QR� VLJQLILFDQW�GLIIHUHQFH�ZDV�REVHUYHG� LQ�

UHFXUUHQFH�IUHH� VXUYLYDO� UDWHV�RU� FXPXODWLYH� VXUYLYDO� UDWHV�ZKHQ�KHSDWHFWRP\�ZDV�SHUIRUPHG�ZLWK�

KDUGO\�DQ\�UHVHFWLRQ�PDUJLQ�EHFDXVH�RI�WKH�FORVH�SUR[LPLW\�EHWZHHQ�+&&�DQG�WKH�PDMRU�YHVVHOV�� 2Q�

WKH�FRQWUDU\��DQ�5&7�VKRZHG�WKDW�SURJQRVLV�ZDV�EHWWHU�LQ�SDWLHQWV�ZLWK���FP�UHVHFWLRQ�PDUJLQV�WKDQ�

LQ�WKRVH�ZLWK���FP�UHVHFWLRQ�PDUJLQV���,UUHVSHFWLYH RI�WKHVH�VWXGLHV��WKH�RSWLPDO UHVHFWLRQ�PDUJLQV�LQ�

KHSDWHFWRP\�FXUUHQWO\�UHPDLQ�XQGHFLGHG�

ڦ ([SODQDWLRQ

0DQ\�VWXGLHV�KDYH� UHSRUWHG� WKDW�SURJQRVLV�GRHV�QRW�YDU\� VLJQLILFDQWO\�ZKHQ� UHVHFWLRQ�PDUJLQV�DUH�

EHWZHHQ���PP DQG�� FP��3URJQRVLV�ZDV�QRW�DIIHFWHG�HYHQ�ZKHQ�OLYHU�UHVHFWLRQ�ZDV�SHUIRUPHG�ZLWK�

KDUGO\� DQ\� UHVHFWLRQ�PDUJLQV� GXH� WR� WKH� FORVH� SUR[LPLW\� EHWZHHQ�+&&� DQG� WKH�PDMRU� YHVVHOV�� ,Q�

FRQWUDVW�� RQH� 5&7� VKRZHG VXSHULRU SURJQRVLV� IRU SDWLHQWV� ZLWK� VROLWDU\� +&&� ZLWKRXW� YDVFXODU�

LQYDVLRQ�ZKHQ�UHVHFWLRQ�PDUJLQV�ZHUH ��FP�FRPSDUHG�ZLWK���FP��+RZHYHU�� LQ� WKH 5&7��WKH�PHDQ�

DJH�RI�WKH�SDWLHQWV�ZDV������\HDUV��,&*5���ZDV � �����DQG�WKH�SURSRUWLRQ�RI�SDWLHQWV�ZLWK�KHSDWLWLV�

%� ZDV� �� ����� 7KHVH� SDWLHQW� FKDUDFWHULVWLFV� DUH� QRWLFHDEO\� GLIIHUHQW� IURP� WKRVH� VHHQ LQ� -DSDQ��



���

)XUWKHUPRUH�� LW� LV� RIWHQ� GLIILFXOW� WR� HQVXUH� �� ��FP� UHVHFWLRQ�PDUJLQV� GXH� WR� IDFWRUV� VXFK� DV� OLYHU�

IXQFWLRQ�DQG�WXPRU�ORFDWLRQ�DQG�VL]H��,Q�D�UHFHQW�VWXG\�LQ�ZKLFK�+&&�ZDV�FDWHJRUL]HG�EDVHG�RQ�WKH�

0LODQ�FULWHULD��WUHDWPHQW�RXWFRPHV�LPSURYHG�ZLWK�LQFUHDVLQJ�UHVHFWLRQ�PDUJLQV�LQ�SDWLHQWV�ZLWK�+&&�

ZLWKLQ� WKH� 0LODQ� FULWHULD�� 7KHVH� ILQGLQJV� VXJJHVW� WKDW� HYHQ� WKRXJK� LW� LV� GHVLUDEOH� WR� KDYH� ZLGH�

UHVHFWLRQ� PDUJLQV� IRU� UHODWLYHO\� HDUO\�VWDJH� +&&�� LW� LV� IXQGDPHQWDOO\� XQOLNHO\� WKDW� SURJQRVLV� LV�

DIIHFWHG� E\� UHVHFWLRQ� PDUJLQV�� DQG� WKHUHIRUH� UHVHFWLRQ� PDUJLQV� PD\� EH� NHSW� DW� D� PLQLPXP�� 7KH�

RXWFRPH RI�WKH�PRVW�UHFHQW�OLWHUDWXUH VHDUFK�LV�FRPSDUDEOH�WR�WKH�FRQWHQW�RI WKH UHFRPPHQGDWLRQ�LQ�

WKH� VHFRQG� HGLWLRQ��$FFRUGLQJO\�� WKH�5HYLVLRQ�&RPPLWWHH� KDV� GHFLGHG� WR� VWURQJO\� UHFRPPHQG� WKH

DFFHSWDELOLW\�WKDW UHVHFWLRQ�PDUJLQV�IRU�+&&�FDQ�EH�NHSW�DW�D�PLQLPXP�LQ�KHSDWHFWRP\�

ڦ 5HIHUHQFHV

���3RRQ�57� )DQ�67� 1J�,2��:RQJ�-��6LJQLILFDQFH�RI�UHVHFWLRQ�PDUJLQ�LQ�KHSDWHFWRP\�IRU�KHSDWRFHOOXODU�FDUFLQRPD��D�

FULWLFDO�UHDSSUDLVDO��$QQ�6XUJ ����� ���� ��������30,'����������

���$ULL 6��7DQDND -��<DPD]RH�<� HW�DO��3UHGLFWLYH IDFWRUV�IRU�LQWUDKHSDWLF�UHFXUUHQFH�RI�KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�

SDUWLDO�KHSDWHFWRP\��&DQFHU �����������������30,'���������

���7DQJ�<+� :HQ�7)��&KHQ�;��5HVHFWLRQ�PDUJLQ�LQ�KHSDWHFWRP\�IRU�KHSDWRFHOOXODU�FDUFLQRPD��D�V\VWHPDWLF�UHYLHZ��

+HSDWRJDVWURHQWHURORJ\ ������������������30,'����������

���.RVXJH�7� 0DNXXFKL�0��7DND\DPD 7� <DPDPRWR�-��6KLPDGD�.��<DPDVDNL�6��/RQJ�WHUP�UHVXOWV�DIWHU�UHVHFWLRQ�RI�

KHSDWRFHOOXODU�FDUFLQRPD��H[SHULHQFH�RI�����FDVHV��+HSDWRJDVWHURHQWHURORJ\ ������������������30,'���������

���.DZDVDNL 6��0DNXXFKL�0��0L\DJDZD 6��HW�DO��5HVXOWV�RI�KHSDWLF�UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��:RUOG�-�

6XUJ ����������������30,'���������

��� .XER� 6�� +LURKDVKL� .�� 7DQDND +�� HW� DO�� 5LVN� IDFWRUV� IRU� UHFXUUHQFH� DIWHU� UHVHFWLRQ� RI� KHSDWLWLV� & YLUXV�UHODWHG�

KHSDWRFHOOXODU FDUFLQRPD��:RUOG�-�6XUJ �������������������30,'����������

���+X�:��3DQJ�;� *XR�:��:X�/� =KDQJ�%��5HODWLRQVKLS�RI�GLIIHUHQW�VXUJLFDO�PDUJLQV�ZLWK�UHFXUUHQFH�IUHH VXUYLYDO LQ�

SDWLHQWV�ZLWK KHSDWRFHOOXODU�FDUFLQRPD��,QW - &OLQ�([S 3DWKRO �������� ��������30,'����������

���0DWVXL�<� 7HUDNDZD�1��6DWRL�6��HW�DO��3RVWRSHUDWLYH�RXWFRPHV�LQ�SDWLHQWV�ZLWK KHSDWRFHOOXODU�FDUFLQRPDV�UHVHFWHG�

ZLWK�H[SRVXUH�RI�WKH�WXPRU�VXUIDFH��FOLQLFDO�UROH�RI�WKH�QR�PDUJLQ�UHVHFWLRQ��$UFK 6XUJ ����� ���� �������� 30,'��

��������

��� 6KL� 0�� *XR� 53�� /LQ� ;-� HW� DO�� 3DUWLDO� KHSDWHFWRP\� ZLWK� ZLGH� YHUVXV� QDUURZ� UHVHFWLRQ� PDUJLQ� IRU� VROLWDU\

KHSDWRFHOOXODU�FDUFLQRPD��D�SURVSHFWLYH�UDQGRPL]HG�WULDO� $QQ 6XUJ ������������������30,'����������

&4�� 'RHV�KHSDWLF� YDVFXODU� RFFOXVLRQ� RU� ORZHULQJ�RI� WKH FHQWUDO� YHQRXV�
SUHVVXUH�UHGXFH EORRG�ORVV�GXULQJ KHSDWHFWRP\"

5HFRPPHQGDWLRQV



���

6WURQJ�UHFRPPHQGDWLRQ� +HSDWLF�YDVFXODU�RFFOXVLRQ�PLQLPL]HV�EORRG�ORVV�GXULQJ�KHSDWHFWRP\�

6WURQJ� UHFRPPHQGDWLRQ� /RZHULQJ� RI� WKH FHQWUDO� YHQRXV� SUHVVXUH� PLQLPL]HV� EORRG� ORVV� GXULQJ�

KHSDWHFWRP\�

ڦ %DFNJURXQG

7KLV�&4�FRQFHUQV WKH�VXSSUHVVLRQ�RI�EORRG�ORVV�LQ�KHSDWHFWRP\�E\�RFFOXGLQJ�KHSDWLF�EORRG�LQIORZ

DQG�ORZHULQJ�WKH�FHQWUDO�YHQRXV�SUHVVXUH��7KH�FRQWHQW�RI�WKH�UHFRPPHQGDWLRQ�KDV�UHPDLQHG�WKH�VDPH�

VLQFH� WKH� VHFRQG� HGLWLRQ�� )RU� WKH� FXUUHQW� *XLGHOLQHV�� ZH� FRQGXFWHG� D� OLWHUDWXUH� VHDUFK� WR� H[WUDFW�

KLJK�TXDOLW\�HYLGHQFH�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�

EHWZHHQ�-DQXDU\���������DQG�-XQH����������H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR����LQ�

WKH� ILUVW� VFUHHQLQJ�� IURP�ZKLFK���DUWLFOHV�ZLWK�KLJK�TXDOLW\�HYLGHQFH DQG�FOLQLFDO� LPSRUWDQFH�ZHUH�

H[WUDFWHG� LQ� WKH� VHFRQG� VFUHHQLQJ�� $� WRWDO� RI� ��� DUWLFOHV�� LQFOXGLQJ� �� �RI� WKH� ��� DUWLFOHV� ZLWK�

KLJK�TXDOLW\�HYLGHQFH�LQ�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���

$Q� 5&7� RQ� KHSDWLF� YDVFXODU� RFFOXVLRQ� VKRZHG WKDW� LQWHUPLWWHQW� KHSDWLF� YDVFXODU� RFFOXVLRQ�

NQRZQ� DV� WKH� 3ULQJOH� PDQHXYHU� UHGXFHG EORRG� ORVV� LQ� KHSDWHFWRP\� ZLWKRXW� DIIHFWLQJ� OLYHU�

IXQFWLRQ����� 2WKHU� VWXGLHV� DOVR� UHSRUWHG� WKH� HIILFDF\� RI� KHPLKHSDWLF� YDVFXODU� RFFOXVLRQ��� DQG� WKH�

VDIHW\�RI� LQWHUPLWWHQW�KHSDWLF�YDVFXODU�RFFOXVLRQ�IRU�XS�WR����PLQ��ZLWK�QR�DGYHUVH�HIIHFWV�RQ�OLYHU�

IXQFWLRQ�� ZKHQ� XVHG� LQ� FRPELQDWLRQ� ZLWK� SURWHDVH� LQKLELWRUV��� $OVR�� VHYHUDO� VWXGLHV� LQFOXGLQJ�

PHWD�DQDO\VHV�DQG�5&7V�UHSRUWHG WKDW�EORRG�ORVV�LV�PLQLPL]HG�ZKHQ�WKH�FHQWUDO�YHQRXV�SUHVVXUH�LV�

ORZHUHG� E\� FODPSLQJ� WKH� LQIHULRU� YHQD� FDYD� �,9&�� EHORZ� WKH� OLYHU� RU� DGPLQLVWHULQJ� GUXJV� GXULQJ�

KHSDWHFWRP\�±���7KH�RSWLPXP�UDQJH�RI�FHQWUDO�YHQRXV�SUHVVXUH�ZDV�������PP+J����DQG�FODPSLQJ�RI�

WKH�,9&�ZDV�PRUH�HIIHFWLYH�WKDQ�GUXJ�LQGXFHG�ORZHULQJ�RI�WKH�FHQWUDO�YHQRXV�SUHVVXUH����+RZHYHU��

ORZHULQJ� FHQWUDO� YHQRXV� SUHVVXUH� GRHV� QRW� DOZD\V� UHGXFH� EORRG� ORVV���� $OVR�� FDXWLRQ� PXVW� EH�

H[HUFLVHG�ZKHQ�FODPSLQJ�WKH�,9&�EHFDXVH�RI�WKH�SRVVLELOLW\�RI�SXOPRQDU\�HPEROLVP�

ڦ ([SODQDWLRQ

7KH�3ULQJOH�PDQHXYHU�LV�FRPPRQO\�XVHG�WR�PLQLPL]H�EORRG�ORVV�GXULQJ�KHSDWHFWRP\��DQG�LWV�VDIHW\�

KDV�EHHQ�YHULILHG��6RPH�UHSRUWV�ZHUH�QRW�LQ�IDYRU�RI�URXWLQHO\ XVLQJ WKH�3ULQJOH�PDQHXYHU�EHFDXVH�RI�

WKH VXEVWDQWLDO�UHGXFWLRQ�LQ�EORRG�ORVV�DFKLHYHG�LQ�UHFHQW�\HDUV�GXH�WR�DGYDQFHV�LQ�VXUJLFDO�VNLOOV�DQG�

WHFKQRORJLFDO�GHYLFHV��+RZHYHU��EHFDXVH�WKHVH�UHSRUWV�ODFNHG�HYLGHQFH�IRU� WKH�VDIHW\�DQG�XWLOLW\�RI�

WKLV�PDQHXYHU��WKH�5HYLVLRQ�&RPPLWWHH�KDV�GHFLGHG�WR�UHFRPPHQG�LW�IRU�KHSDWLF�YDVFXODU�RFFOXVLRQ

DV� VWURQJO\� DV� EHIRUH�� +HPLKHSDWLF� YDVFXODU� RFFOXVLRQ� LV� DOVR� UHFRPPHQGHG� IRU� XQLODWHUDO�

KHSDWHFWRP\��



���

,Q� KHSDWHFWRP\�ZLWK� WKH� 3ULQJOH�PDQHXYHU�� EOHHGLQJ�PRVWO\� RULJLQDWHV� IURP� WKH� KHSDWLF� YHLQV��

)RU� WKLV� UHDVRQ�� ORZHULQJ� WKH� FHQWUDO� YHQRXV� SUHVVXUH�PLQLPL]HV� EORRG� ORVV� DV�ZHOO� DV� WKH� ULVN� RI�

UHTXLULQJ EORRG� WUDQVIXVLRQ� ZLWKRXW� JUHDWO\� DIIHFWLQJ� SRVWRSHUDWLYH� OLYHU� IXQFWLRQ� RU� VKRUW�WHUP�

SURJQRVLV�� 7KHUHIRUH�� WKH� 5HYLVLRQ� &RPPLWWHH� VWURQJO\� UHFRPPHQGV� ORZHULQJ� WKH� FHQWUDO� YHQRXV�

SUHVVXUH��+RZHYHU��EHFDXVH�QR SUHYLRXV�VWXGLHV�KDYH UHSRUWHG�ORQJ�WHUP�RXWFRPHV�RI�WKH�SURFHGXUH��

IXUWKHU�VWXG\�LV�QHHGHG�WR�GHWHUPLQH�WKH�LQGLFDWLRQV�EDVHG�RQ�WKH�VLWH�RI�KHSDWHFWRP\�

ڦ 5HIHUHQFHV

���0DQ�.��)DQ�67��1J�,2��/R�&0��/LX�&/��:RQJ�-��3URVSHFWLYH�HYDOXDWLRQ�RI�3ULQJOH�PDQHXYHU�LQ�KHSDWHFWRP\�IRU�

OLYHU�WXPRUV�E\�D�UDQGRPL]HG�VWXG\��$QQ�6XUJ �������������������GLVFXVVLRQ��������30,'���������

��� 6FDWWRQ� 2�� =DOLQVNL� 6�� -HJRX� '�� HW� DO�� 5DQGRPL]HG� FOLQLFDO� WULDO� RI� LVFKDHPLF� SUHFRQGLWLRQLQJ� LQ� PDMRU� OLYHU�

UHVHFWLRQ�ZLWK�LQWHUPLWWHQW�3ULQJOH�PDQRHXYUH��%U�-�6XUJ �������������������30,'����������

���0DNXXFKL�0��0RUL� 7�� *XQYpQ� 3�� <DPD]DNL� 6�� +DVHJDZD� +�� 6DIHW\� RI� KHPLKHSDWLF� YDVFXODU� RFFOXVLRQ� GXULQJ�

UHVHFWLRQ�RI�WKH�OLYHU��6XUJ�*\QHFRO�2EVWHW ������������������30,'���������

���)X�6<��/DX�:<��/L�**��HW�DO��$�SURVSHFWLYH�UDQGRPL]HG�FRQWUROOHG�WULDO�WR�FRPSDUH�3ULQJOH�PDQHXYHU��KHPLKHSDWLF�

YDVFXODU�LQIORZ�RFFOXVLRQ��DQG�PDLQ�SRUWDO�YHLQ�LQIORZ�RFFOXVLRQ�LQ�SDUWLDO�KHSDWHFWRP\��$P�-�6XUJ �����������������

30,'����������

���.LP�<,��)XMLWD�6��+ZDQJ�<-��&KXQ� -0��6RQJ�.(��&KXQ�%<��6XFFHVVIXO� LQWHUPLWWHQW� DSSOLFDWLRQ�RI� WKH�3ULQJOH�

PDQHXYHU� IRU����PLQXWHV�GXULQJ�KXPDQ�KHSDWHFWRP\��D�FOLQLFDO� UDQGRPL]HG�VWXG\�ZLWK�XVH�RI�D�SURWHDVH� LQKLELWRU��

+HSDWRJDVWURHQWHURORJ\ �������������������30,'����������

���5DKEDUL�11��.RFK�0��=LPPHUPDQQ�-%��HW� DO�� ,QIUDKHSDWLF� LQIHULRU�YHQD�FDYD�FODPSLQJ� IRU� UHGXFWLRQ�RI�FHQWUDO�

YHQRXV�SUHVVXUH�DQG�EORRG�ORVV�GXULQJ�KHSDWLF�UHVHFWLRQ��D�UDQGRPL]HG�FRQWUROOHG�WULDO��$QQ�6XUJ ��������������������

30,'����������

���/L�=��6XQ�<0��:X�);��<DQJ�/4��/X�=-��<X�:)��&RQWUROOHG�ORZ�FHQWUDO�YHQRXV�SUHVVXUH�UHGXFHV�EORRG�ORVV�DQG�

WUDQVIXVLRQ�UHTXLUHPHQWV�LQ�KHSDWHFWRP\��:RUOG�-�*DVWURHQWHRUORJ\ �����������������30,'����������

��� +XJKHV�0-�� 9HQWKDP� 17��:LJPRUH� 6-�� &HQWUDO� YHQRXV� SUHVVXUH� DQG� OLYHU� UHVHFWLRQ�� D� V\VWHPDWLF� UHYLHZ� DQG�

PHWD�DQDO\VLV��+3%��2[IRUG� ������������������30,'����������

���=KDQJ�;/��:DQJ�:-��:DQJ�:-��&DR�1��(IIHFWLYHQHVV�DQG�VDIHW\�RI�FRQWUROOHG�YHQRXV�SUHVVXUH�LQ�OLYHU�VXUJHU\��D�

V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD�DQDO\VLV��%LR0HG�5HV�,QW ��������������������������30,'����������

����/LQ�&;��*XR�<��/DX�:<��HW� DO��2SWLPDO�FHQWUDO�YHQRXV�SUHVVXUH�GXULQJ�SDUWLDO�KHSDWHFWRP\� IRU�KHSDWRFHOOXODU�

FDUFLQRPD��+HSDWRELOLDU\�3DQFUHDW�'LV�,QW �����������������30,'����������

����=KX�3��/DX�:<��&KHQ�<)��HW� DO��5DQGRPL]HG�FOLQLFDO� WULDO� FRPSDULQJ� LQWUDKHSDWLF� LQIHULRU�YHQD�FDYD�FODPSLQJ�

ZLWK�ORZ�FHQWUDO�YHQRXV�SUHVVXUH�LQ�FRPSOH[�OLYHU�UHVHFWLRQV�LQYROYLQJ�WKH�3ULQJOH�PDQRHXYUH��%U�-�6XUJ ����������

�������30,'����������

���� .DWR 0�� .XERWD� .�� .LWD� -�� 6KLPRGD� 0�� 5RNNDNX� .�� 6DZDGD� 7�� (IIHFW� RI� LQIUD�KHSDWLF� LQIHULRU� YHQD� FDYD�

FODPSLQJ�RQ�EOHHGLQJ�GXULQJ�KHSDWLF�GLVVHFWLRQ��D�SURVSHFWLYH��UDQGRPL]HG��FRQWUROOHG�VWXG\��:RUOG�-�6XUJ ����������



���

��������30,'����������

&4�� ,V�URXWLQH�DEGRPLQDO�GUDLQDJH�QHFHVVDU\�DIWHU�KHSDWHFWRP\"

5HFRPPHQGDWLRQ

6WURQJ�UHFRPPHQGDWLRQ� $EGRPLQDO�GUDLQDJH�LV�QRW�DOZD\V�QHFHVVDU\�DIWHU�HOHFWLYH�KHSDWHFWRP\�

ڦ %DFNJURXQG

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�WKH�FRUUHVSRQGLQJ�&4�LQ�WKH�WKLUG�HGLWLRQ�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�

EHWZHHQ�-DQXDU\���������DQG�-XQH����������H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR���LQ�

WKH� ILUVW� VFUHHQLQJ�� IURP�ZKLFK���DUWLFOHV�ZLWK�KLJK�TXDOLW\�HYLGHQFH�DQG�FOLQLFDO� LPSRUWDQFH�ZHUH�

H[WUDFWHG� LQ� WKH� VHFRQG� VFUHHQLQJ��$� WRWDO� RI� ��� DUWLFOHV�� LQFOXGLQJ� �� KDQG�VHDUFKHG� DUWLFOH� DQG� ��

DUWLFOHV�ZLWK�KLJK�TXDOLW\�HYLGHQFH�IURP�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���

$Q�5&7� WKDW� HYDOXDWHG� WKH�XWLOLW\� RI� DEGRPLQDO� GUDLQV� DIWHU� HOHFWLYH�KHSDWHFWRP\� VKRZHG WKDW�

URXWLQH�GUDLQ�SODFHPHQW� LV� XQQHFHVVDU\� DQG� VKRXOG�QRW�EH� LQGLFDWHG��7KLV� LV� ODUJHO\�EHFDXVH� GUDLQ�

SODFHPHQW� LQFUHDVHV� WKH� LQFLGHQFH� RI� GUDLQ� DQG� VXUJLFDO� ZRXQG�UHODWHG� FRPSOLFDWLRQV�� VHSVLV�� RU

IOXLG�UHWHQWLRQ FDXVHG�E\�LQIHFWLRQ��ZKLFK�VLJQLILFDQWO\�H[WHQGV KRVSLWDO�VWD\�����,Q�FRQWUDVW��D�VWXG\�

WKDW� LQYROYHG� SDWLHQWV� ZLWK� +&&� DVVRFLDWHG� ZLWK� FLUUKRVLV� DQG� SRUWDO� K\SHUWHQVLRQ� VKRZHG WKDW�

DEGRPLQDO�GUDLQ�SODFHPHQW�GHFUHDVHV�WKH�LQFLGHQFH�RI�SRVWRSHUDWLYH�FRPSOLFDWLRQV�UHODWHG�WR�DVFLWHV�

DQG� VKRUWHQV� KRVSLWDO� VWD\�� DQG� WKXV� UHFRPPHQGV DEGRPLQDO� GUDLQDJH��� 2WKHU� VWXGLHV� KDYH� DOVR�

UHSRUWHG�WKH�FOLQLFDO�XWLOLW\�RI�GUDLQ�SODFHPHQW�IRU�ELOH OHDNDJH�DQG�DVFLWHV�����WKH�SRVVLEOH�SUHGLFWLRQ�

RI�ELOH OHDNDJH�E\�PRQLWRULQJ�ELOLUXELQ�OHYHOV�LQ�GUDLQ�HIIOXHQW�����DQG�WKH�UHFRPPHQGHG�XVH�RI�GUDLQV�

RQO\�LQ�SDWLHQWV�DW�KLJK�ULVN�RI�ELOH�OHDNDJH��VXFK�DV�SDWLHQWV�XQGHUJRLQJ�ELOLDU\�WUDFW�UHFRQVWUXFWLRQ�

DQG�WKRVH�ZLWK�H[SRVHG�PDMRU�*OLVVRQ
V�VKHDWK�RU�ZLWK�LQWUDRSHUDWLYH�GHWHFWLRQ�RI�ELOH�OHDNDJH�� 2Q�

WKH�RWKHU�KDQG��DEGRPLQDO�GUDLQDJH�LV�UHSRUWHG�QRW WR EH�HVVHQWLDO� LQ�KHSDWHFWRP\�IRU� OLYLQJ�GRQRU�

OLYHU� WUDQVSODQWDWLRQ��� 6RPH� LQYHVWLJDWRUV KDYH UHFRPPHQGHG� WKDW� GUDLQV� EH� UHPRYHG� ZLWKLQ� ����

GD\V�RI�VXUJHU\�ZKHQ�GUDLQ�HIIOXHQW�DSSHDUV�QRUPDO�����

ڦ ([SODQDWLRQ

7KH�*XLGHOLQHV� IRU� WKH�3UHYHQWLRQ�RI�6XUJLFDO�6LWH� ,QIHFWLRQ�SXEOLVKHG�E\� WKH�&HQWHUV� IRU�'LVHDVH�

&RQWURO�DQG�3UHYHQWLRQ�LQ�WKH�8QLWHG�6WDWHV�UHFRPPHQGV�� LI�QHFHVVDU\��XVLQJ�FORVHG�VXFWLRQ�GUDLQV�

DQG� UHPRYLQJ� WKHP� DV� HDUO\� DV� SRVVLEOH���� +RZHYHU�� XQOLNH� VXUJHU\� LQYROYLQJ� RWKHU� DEGRPLQDO�



���

RUJDQV��KHSDWHFWRP\� LV�SHUIRUPHG� LQ�SDWLHQWV�ZLWK�FKURQLF� OLYHU�GLVHDVH�DQG�RIWHQ� UHTXLUHV�FDUHIXO�

PRQLWRULQJ� RI� ELOH� OHDNDJH� DQG� LQWUDFWDEOH� DVFLWHV�� $V� IRU� HOHFWLYH� KHSDWHFWRP\�� 5&7V� KDYH� EHHQ�

SHUIRUPHG�VLQFH� WKH�����V� WR� MXVWLI\�GUDLQ�SODFHPHQW��EXW�EHFDXVH�RI� WKH�VPDOO�QXPEHU�RI�SDWLHQWV�

DQG�SUREOHPV�DVVRFLDWHG�ZLWK�DVVHVVPHQW�PHWKRGV��IXUWKHU�VWXG\�LV�QHHGHG�WKDW�FRQVLGHUV WKH�HIIHFWV

RI�VXUJLFDO�SURFHGXUHV�DQG�WKH�VHYHULW\�RI�FRPRUELG�OLYHU�GLVHDVH��0RUH�FDUHIXO�WUHDWPHQWV�DUH�QHHGHG�

IRU� OLYLQJ� GRQRU� OLYHU� WUDQVSODQWDWLRQ� SHUIRUPHG� LQ� KHDOWK\� LQGLYLGXDOV�� )XUWKHU� LQYHVWLJDWLRQ� LV�

QHHGHG� WR� HYDOXDWH WKH� HIILFDF\� RI� DEGRPLQDO� GUDLQDJH� LQ� ODSDURVFRSLF� KHSDWHFWRP\�� ZKLFK� LV�

EHFRPLQJ�FRPPRQ�

'HVSLWH�VRPH�FRQFHUQV�� WKH�5HYLVLRQ�&RPPLWWHH�UHDVRQV��EDVHG�RQ�WKH�UHVXOWV�RI�VHYHUDO�5&7V��

WKDW� HOHFWLYH�KHSDWHFWRP\�GRHV�QRW� UHTXLUH� URXWLQH�GUDLQ�SODFHPHQW�DQG� WKXV� VWURQJO\� UHFRPPHQGV�

DJDLQVW�LWV�URXWLQH�XVH�

ڦ 5HIHUHQFHV

��� /LX� &/�� )DQ� 67�� /R� &0�� HW� DO�� $EGRPLQDO� GUDLQDJH� DIWHU� KHSDWLF� UHVHFWLRQ� LV� FRQWUDLQGLFDWHG� LQ� SDWLHQWV� ZLWK�

FKURQLF�OLYHU�GLVHDVHV��$QQ�6XUJ ��������������������30,'����������

��� 6XQ� +&�� 4LQ� /;�� /X� /�� HW� DO�� 5DQGRPL]HG� FOLQLFDO� WULDO� RI� WKH� HIIHFWV� RI� DEGRPLQDO� GUDLQDJH� DIWHU� HOHFWLYH�

KHSDWHFWRP\�XVLQJ�WKH�FUXVKLQJ�FODPS�PHWKRG��%U�-�6XUJ �����������������30,'����������

��� %HOJKLWL� -�� .DEEHM�0�� 6DXYDQHW� $�� 9LOJUDLQ�9�� 3DQLV� <�� )HNHWH� )�� 'UDLQDJH� DIWHU� HOHFWLYH� KHSDWLF� UHVHFWLRQ�� $�

UDQGRPL]HG�WULDO��$QQ�6XUJ �������������������30,'���������

��� .LP� <,�� )XMLWD� 6�� +ZDQJ� 9-�� 1DJDVH� <�� &RPSDULVRQ� RI� DEGRPLQDO� GUDLQDJH� DQG� QR�GUDLQDJH� DIWHU� HOHFWLYH�

KHSDWHFWRP\��D�UDQGRPL]HG�VWXG\��+HSDWRJDVWURHQWHURORJ\ �����������������

��� )XVWHU� -�� /ORYHW� -0�� *DUFLD�9DOGHFDVDV� -&�� HW� DO�� $EGRPLQDO� GUDLQDJH� DIWHU� OLYHU� UHVHFWLRQ� IRU� KHSDWRFHOOXODU�

FDUFLQRPD� LQ� FLUUKRWLF� SDWLHQWV�� D� UDQGRPL]HG� FRQWUROOHG� VWXG\��+HSDWRJDVWURHQWHURORJ\ ������ ���� �������� 30,'��

��������

���.\RGHQ�<�� ,PDPXUD�+�� 6DQR�.�� HW� DO��9DOXH� RI� SURSK\ODFWLF� DEGRPLQDO� GUDLQDJH� LQ������ FRQVHFXWLYH� FDVHV� RI�

HOHFWLYH�OLYHU�UHVHFWLRQ��-�+HSDWRELOLDU\�3DQFUHDW�6FL ������������������30,'����������

���7DQDND�.��.XPDPRWR�7��1RMLUL�.��7DNHGD�.��(QGR�,��7KH�HIIHFWLYHQHVV�DQG�DSSURSULDWH�PDQDJHPHQW�RI�DEGRPLQDO�

GUDLQV�LQ�SDWLHQWV�XQGHUJRLQJ�HOHFWLYH�OLYHU�UHVHFWLRQ��D�UHWURVSHFWLYH�DQDO\VLV�DQG�SURVSHFWLYH�FDVH�VHULHV��6XUJ�7RGD\

������������������30,'����������

���7RU]LOOL�*��2OLYDUL�1��'HO�)DEEUR�'��HW�DO��%LOLUXELQ�OHYHO�IOXFWXDWLRQ�LQ�GUDLQ�GLVFKDUJH�DIWHU�KHSDWHFWRPLHV�MXVWLILHV�

ORQJ�WHUP�GUDLQ�PDLQWHQDQFH��+HSDWRJDVWURHQWHURORJ\ �������������������30,'����������

���+LURNDZD�)��+D\DVKL�0��0L\DPRWR�<�� HW� DO��5H�HYDOXDWLRQ�RI� WKH�QHFHVVLW\�RI� SURSK\ODFWLF�GUDLQDJH� DIWHU� OLYHU�

UHVHFWLRQ��$P�6XUJ ������������������30,'����������

����/LX�&/��)DQ�67��/R�&0��&KDQ�6&��<RQJ�%+��:RQJ�-��6DIHW\�RI�GRQRU� ULJKW�KHSDWHFWRP\ ZLWKRXW�DEGRPLQDO�

GUDLQDJH��D�SURVSHFWLYH�HYDOXDWLRQ�LQ�����FRQVHFXWLYH�OLYHU�GRQRUV��/LYHU�7UDQVSO �����������������30,'����������

����0LWVXND�<��<DPD]DNL�6��<RVKLGD�1��0DVDPLFKL�0��+LJDNL�7��7DND\DPD�7��3URVSHFWLYH�YDOLGDWLRQ�RI�RSWLPDO�GUDLQ�



���

PDQDJHPHQW �WKH��î��UXOH��DIWHU�OLYHU�UHVHFWLRQ��:RUOG�-�6XUJ �������������������30,'����������

����0DQJUDP�$-��+RUDQ�7&��3HDUVRQ�0/��6LOYHU�/&��-DUYLV�:5��*XLGHOLQH�IRU�SUHYHQWLRQ�RI�VXUJLFDO�VLWH�LQIHFWLRQ��

������+RVSLWDO�,QIHFWLRQ�&RQWURO�3UDFWLFHV�$GYLVRU\�&RPPLWWHH��,QIHFW�&RQWURO�+RVS�(SLGHPLRO ����������������㸹

TXL]���������30,'����������

&4�� ,V�QHRDGMXYDQW�WKHUDS\�QHFHVVDU\�LQ�KHSDWHFWRP\"

5HFRPPHQGDWLRQ

:HDN� UHFRPPHQGDWLRQ� 1R� WKHUDS\� LV� UHFRPPHQGHG� DV� QHRDGMXYDQW� WKHUDS\� DLPHG� DW� LPSURYLQJ�

SURJQRVLV�DIWHU�KHSDWHFWRP\�IRU�+&&�

ڦ %DFNJURXQG

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�&4���³'RHV�QHRDGMXYDQW�FKHPRWKHUDS\�LPSURYH�SURJQRVLV�DIWHU�OLYHU�

UHVHFWLRQ"´� LQ� WKH� WKLUG� HGLWLRQ� �QHRDGMXYDQW� WKHUDS\� LQ� WKH� VHFRQG� HGLWLRQ��� 1R� QHRDGMXYDQW�

FKHPRWKHUDS\�ZDV� UHFRPPHQGHG� LQ� WKH� WKLUG� HGLWLRQ� DV�D� WUHDWPHQW� IRU� LPSURYLQJ�SURJQRVLV� DIWHU�

KHSDWHFWRP\�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�

EHWZHHQ�-DQXDU\���������DQG�-XQH��������� H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR����LQ�

WKH�ILUVW�VFUHHQLQJ�DQG�WR���LQ�WKH�VHFRQG�VFUHHQLQJ�EDVHG�RQ�WKH�FULWHULRQ�RI�VWXGLHV�WKDW�UHYLHZHG�WKH�

XWLOLW\�RI�QHRDGMXYDQW�WKHUDS\�IRU�KHSDWHFWRP\��$�WRWDO�RI ���DUWLFOHV��LQFOXGLQJ�WKH����IURP�WKH�WKLUG�

HGLWLRQ��DUH�FLWHG�IRU�&4���

9HU\� IHZ� VWXGLHV� WKDW� HYDOXDWHG� WKH� HIILFDF\ RI� V\VWHPLF� FKHPRWKHUDS\� DV� QHRDGMXYDQW� WKHUDS\

KDYH�SURYLGHG�D KLJK�OHYHO�RI�HYLGHQFH��7KH�UHVHFWLRQ�UDWH�DIWHU�VLQJOH�7$&( RU�7$(�LPSURYHV�ZKHQ�

HLWKHU�SURFHGXUH LV�SHUIRUPHG�DV�QHRDGMXYDQW�FKHPRWKHUDS\�IRU�DGYDQFHG�+&&��EHFDXVH�7$&( RU�

7$(�OHDGV�WR WXPRU�QHFURVLV�DQG�VKULQNDJH��ZLWKRXW�VHYHUHO\�DIIHFWLQJ�OLYHU�IXQFWLRQ�RU�SUHFLSLWDWLQJ�

PDQ\� FRPSOLFDWLRQV�� +RZHYHU�� QR� FRQVHQVXV� KDV� EHHQ� UHDFKHG� RQ� ZKHWKHU� 7$&( RU� 7$(� KDV� D�

EHQHILFLDO�HIIHFW�RQ�SURJQRVLV��5HIHUHQFHV������EHQHILFLDO��5HIHUHQFHV�������QRW�EHQHILFLDO������� ,W�LV�

DOVR�XQFOHDU�ZKHWKHU�SUHRSHUDWLYH�7$,�HIIHFWLYHO\�VXSSUHVVHV�UHFXUUHQFH�DQG�LPSURYHV�VXUYLYDO���

$OVR��/L� HW� DO�� LQYHVWLJDWHG� WKH�HIILFDF\�RI�SUHRSHUDWLYH� UDGLDWLRQ� WKHUDS\� LQ�SDWLHQWV�ZLWK�+&&�

DQG�WXPRU�WKURPEXV�LQ�WKH�PDLQ�SRUWDO�YHLQ�DQG�IRXQG�WKDW�SUHRSHUDWLYH�UDGLDWLRQ�WKHUDS\�GHFUHDVHG�

WKH�LQFLGHQFH�RI�UHFXUUHQFH�DQG�WKH�QXPEHU�RI�+&&�UHODWHG�GHDWKV�DIWHU�KHSDWHFWRP\��7KLV VXJJHVWV

WKH�XWLOLW\�RI�UDGLDWLRQ�WKHUDS\ � KHSDWHFWRP\�LQ�SDWLHQWV�ZLWK�DGYDQFHG�+&&�DQG�SRUWDO�YHLQ�WXPRU�

WKURPEXV���



���

ڦ ([SODQDWLRQ

0RVW�VWXGLHV�WKDW�UHSRUWHG�XWLOLW\�RI�7$&(�7$(�DV�QHRDGMXYDQW�FKHPRWKHUDS\�ZHUH�SXEOLVKHG�LQ RU�

DURXQG�WKH�HDUO\�����V��DQG�RQO\�D�IHZ�RIIHUHG�KLJK�TXDOLW\�HYLGHQFH��0RUH�UHFHQWO\��KRZHYHU��PDQ\�

VWXGLHV�ZLWK� FRQWUDGLFWRU\ ILQGLQJV� DERXW�7$&(�7$(� KDYH� EHHQ� SXEOLVKHG� DQG� LQFOXGH�5&7V� DQG�

PHWD�DQDO\VHV�RIIHULQJ�KLJK�TXDOLW\ HYLGHQFH��'XH�WR�WKH�ODFN�RI�FRQVHQVXV�DERXW�WKH�XWLOLW\�RI�7$&(

RU�7$(��QHLWKHU�LV UHFRPPHQGHG�DV�QHRDGMXYDQW�FKHPRWKHUDS\�KHUH�

ڦ 5HIHUHQFHV

��� 0LQDJDZD� 0�� 0DNXXFKL� 0�� 7DND\DPD� 7�� 2KWRPR� .�� 6HOHFWLRQ� FULWHULD� IRU� KHSDWHFWRP\� LQ� SDWLHQWV� ZLWK�

KHSDWRFHOOXODU�FDUFLQRPD�DQG�SRUWDO�YHLQ�WXPRU�WKURPEXV��$QQ�6XUJ �������������������30,'����������

��� &KRL� 6%�� .LP� .6�� 3DUN� <1�� HW� DO�� 7KH� HIILFDF\� RI� KHSDWLF� UHVHFWLRQ� DIWHU� QHRDGMXYDQW� WUDQVDUWHULDO�

FKHPRHPEROL]DWLRQ� �7$&(��DQG� UDGLDWLRQ� WKHUDS\� LQ�KHSDWRFHOOXODU�FDUFLQRPD�JUHDWHU� WKDQ���FP� LQ� VL]H�� -�.RUHDQ�

0HG�6FL �����������������30,'����������

��� =KDQJ� =�� /LX� 4�� +H� -�� <DQJ� -�� <DQJ� *�� :X� 0�� 7KH� HIIHFW� RI� SUHRSHUDWLYH� WUDQVFDWKHWHU� KHSDWLF� DUWHULDO�

FKHPRHPEROL]DWLRQ� RQ� GLVHDVH�IUHH� VXUYLYDO� DIWHU� KHSDWHFWRP\� IRU� KHSDWRFHOOXODU� FDUFLQRPD�� &DQFHU ������ ����

���������30,'����������

���'L�&DUOR�9��)HUUDUL *��&DVWROGL�5��HW�DO��3UH�RSHUDWLYH�FKHPRHPEROL]DWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD�LQ�FLUUKRWLF�

SDWLHQWV��+HSDWRJDVWURHQWHURORJ\ ������������������30,'���������

���.DQJ�-<��&KRL�06��.LP�6-��HW�DO��/RQJ�WHUP�RXWFRPH�RI�SUHRSHUDWLYH�WUDQVDUWHULDO�FKHPRHPEROL]DWLRQ�DQG�KHSDWLF�

UHVHFWLRQ�LQ�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��.RUHDQ�-�+HSDWRO �����������������30,'����������

��� 3D\H� )�� -DJRW� 3�� 9LOJUDLQ� 9�� )DUJHV� 2�� %RULH� '�� %HOJKLWL� -�� 3UHRSHUDWLYH� FKHPRHPEROL]DWLRQ� RI� KHSDWRFHOOXODU�

FDUFLQRPD��D�FRPSDUDWLYH�VWXG\��$UFK�6XUJ �������������������30,'���������

��� +DUDGD� 7�� 0DWVXR� .�� ,QRXH� 7�� 7DPHVXH� 6�� ,QRXH� 7�� 1DNDPXUD� +�� ,V� SUHRSHUDWLYH� KHSDWLF� DUWHULDO�

FKHPRHPEROL]DWLRQ�VDIH�DQG�HIIHFWLYH�IRU�KHSDWRFHOOXODU�FDUFLQRPD"�$QQ�6XUJ ����������������30,'���������

��� &KRL� *+�� .LP� '+�� .DQJ� &0�� HW� DO�� ,V� SUHRSHUDWLYH� WUDQVDUWHULDO� FKHPRHPEROL]DWLRQ� QHHGHG� IRU� D� UHVHFWDEOH�

KHSDWRFHOOXODU�FDUFLQRPD"�:RUOG�-�6XUJ ������������������30,'����������

��� <DPDVDNL� 6�� +DVHJDZD� +�� .LQRVKLWD� +�� HW� DO�� $� SURVSHFWLYH� UDQGRPL]HG� WULDO RI� WKH� SUHYHQWLYH� HIIHFW� RI�

SUH�RSHUDWLYH� WUDQVFDWKHWHU� DUWHULDO� HPEROL]DWLRQ� DJDLQVW� UHFXUUHQFH�RI� KHSDWRFHOOXODU� FDUFLQRPD�� -SQ� -�&DQFHU�5HV

������������������30,'���������

���� =KRX� :3�� /DL� (&�� /L� $-�� HW� DO�� $� SURVSHFWLYH�� UDQGRPL]HG�� FRQWUROOHG� WULDO� RI� SUHRSHUDWLYH� WUDQVDUWHULDO�

FKHPRHPEROL]DWLRQ�IRU�UHVHFWDEOH�ODUJH�KHSDWRFHOOXODU�FDUFLQRPD��$QQ�6XUJ ��������������������30,'����������

����:DQJ�;��/L�-��3HQJ�<��'DL�<��;X�:� ,QIOXHQFH�RI�SUHRSHUDWLYH�WUDQVDUWHULDO�FKHPRHPEROL]DWLRQ�RQ�WKH�SURJQRVLV�

IRU�SDWLHQWV�ZLWK�UHVHFWDEOH�KHSDWRFHOOXODU�FDUFLQRPD��D�PHWD�DQDO\VLV�RI�UDQGRPL]HG�WULDOV��+HSDWRJDVWURHQWHURORJ\

������������������30,'����������

����6KL�+<��:DQJ�61��:DQJ�6&��&KXDQJ�6&��&KHQ�&0��/HH�.7��3UHRSHUDWLYH�WUDQVDUWHULDO�FKHPRHPEROL]DWLRQ�DQG�



���

UHVHFWLRQ� IRU� KHSDWRFHOOXODU� FDUFLQRPD�� D� QDWLRQZLGH�7DLZDQ� GDWDEDVH� DQDO\VLV� RI� ORQJ�WHUP�RXWFRPH� SUHGLFWRUV�� -�

6XUJ�2QFRO �������������������30,'����������

����=KRX�<��=KDQJ�;��:X�/�� HW� DO��0HWD�DQDO\VLV�� SUHRSHUDWLYH� WUDQVFDWKHWHU� DUWHULDO� FKHPRHPEROL]DWLRQ� GRHV� QRW�

LPSURYH� SURJQRVLV� RI� SDWLHQWV�ZLWK� UHVHFWDEOH� KHSDWRFHOOXODU� FDUFLQRPD��%0&�*DVWURHQWHURO ������ ���� ����30,'��

��������

���� -LDQ\RQJ� /�� -LQMLQJ� =��:HQWDR�:�� HW� DO�� 3UHRSHUDWLYH� WUDQVFDWKHWHU� DUWHULDO� FKHPRHPEROL]DWLRQ� IRU� UHVHFWDEOH�

KHSDWRFHOOXODU�FDUFLQRPD��D�VLQJOH�FHQWHU�DQDO\VLV��$QQ�+HSDWRO �������������������30,'����������

����0DWKXULQ� 3�� 5D\QDUG� %�� 'KDUDQF\� 6�� HW� DO��0HWD�DQDO\VLV�� HYDOXDWLRQ� RI� DGMXYDQW� WKHUDS\� DIWHU� FXUDWLYH� OLYHU�

UHVHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��$OLPHQW�3KDUPDFRO�7KHU �������������������30,'����������

����/L�1��)HQJ�6��;XH�-��HW�DO��+HSDWRFHOOXODU�FDUFLQRPD�ZLWK�PDLQ�SRUWDO�YHLQ�WXPRU�WKURPEXV��D�FRPSDUDWLYH�VWXG\�

FRPSDULQJ� KHSDWHFWRP\� ZLWK� RU� ZLWKRXW� QHRDGMXYDQW� UDGLRWKHUDS\�� +3%� �2[IRUG� ������ ���� �������� 30,'��

��������

&4�� :KDW� DUH� WKH� HOLJLELOLW\� FULWHULD� IRU� OLYHU� WUDQVSODQWDWLRQ� LQ� SDWLHQWV�
ZLWK�+&&"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ� /LYHU� WUDQVSODQWDWLRQ� VKRXOG�EH� FRQVLGHUHG� IRU� SDWLHQWV�ZLWK�+&&�ZLWKLQ�

WKH�0LODQ�FULWHULD�DFFRPSDQLHG�E\�GHFRPSHQVDWHG�FLUUKRVLV�

ڦ %DFNJURXQG

7KHRUHWLFDOO\�� OLYHU� WUDQVSODQWDWLRQ� LV� DQ� H[FHOOHQW� WUHDWPHQW� PRGDOLW\� IRU� SDWLHQWV� ZLWK� +&&� DQG�

FLUUKRVLV�EHFDXVH�LW�VLPXOWDQHRXVO\�HOLPLQDWHV�+&&�DQG�FLUUKRVLV��D�PDMRU�FDXVH RI�+&&��+RZHYHU��

KLVWRULFDOO\��+&&�ZDV H[FOXGHG� IURP� WKH� LQGLFDWLRQV� IRU� OLYHU� WUDQVSODQWDWLRQ� EHFDXVH� RI� IUHTXHQW�

UHFXUUHQFH� DQG� SRRU� SURJQRVLV� DIWHU� WUDQVSODQWDWLRQ�� ,Q� ������ 0D]]DIHUUR� HW� DO�� GHPRQVWUDWHG�

LPSURYHG�RXWFRPHV�RI� OLYHU� WUDQVSODQWDWLRQ� LQ�SDWLHQWV�ZLWK�+&&�FRPSDUDEOH� WR� WKRVH REVHUYHG� LQ�

SDWLHQWV�ZLWKRXW�+&&��DFKLHYHG�XVLQJ FULWHULD�WKH\�GHYHORSHG�EDVHG�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�VL]H�

DQG�QXPEHU�RI�WXPRUV�VHHQ�RQ�SUHRSHUDWLYH�LPDJLQJ��D�VROLWDU\ WXPRU�����FP�RU�XS�WR���WXPRUV�����

FP�ZLWKRXW�YDVFXODU� LQYDVLRQ�RU�H[WUDKHSDWLF�PHWDVWDVLV���7RGD\�� WKHVH� VR�FDOOHG 0LODQ�FULWHULD�DUH�

WKH� DFFHSWHG� JROG� VWDQGDUG� IRU� OLYHU� WUDQVSODQWDWLRQ� LQ� SDWLHQWV�ZLWK�+&&�� ,Q� -DSDQ�� WKH�1DWLRQDO�

+HDOWK� ,QVXUDQFH� V\VWHP� FRYHUV� OLYHU� WUDQVSODQWDWLRQ� RQO\� IRU� WKRVH� SDWLHQWV�ZLWK�+&&�ZLWKLQ� WKH�

0LODQ�FULWHULD�DQG�GHFRPSHQVDWHG�FLUUKRVLV��7KH�FOLQLFDO�VLJQLILFDQFH�RI�WKH�0LODQ�FULWHULD�LV�WKDW�WKH�

ELRORJLFDO�PDOLJQDQF\�RI�+&&V�LV�DQDORJL]HG�WKURXJK�WKH�HYDOXDWLRQ�RI�VLPSOH�HOHPHQWV��QDPHO\��WKH�

VL]H�DQG�QXPEHU�RI�+&&��+RZHYHU��ZKHWKHU�WKHVH FULWHULD�GHYHORSHG�LQ�WKH�����V�VKRXOG�FRQWLQXH�WR�

EH�XVHG� WRGD\� LQ� WKH�IDFH�RI� WHFKQRORJLFDO�DGYDQFHV� LQ�GLDJQRVWLF� LPDJLQJ�PRGDOLWLHV�DQG�FRQWUDVW�



���

DJHQWV� IRU� OLYHU� OHVLRQV�DQG�ZKHWKHU� WKH DGGLWLRQ�RI�RWKHU� IDFWRUV�ZRXOG�SURYLGH�HOLJLELOLW\�FULWHULD�

ZLWK�JUHDWHU�SURJQRVWLF�DFFXUDF\ DUH�ERWK�TXHVWLRQV�WKDW�QHHG�WR�EH�DGGUHVVHG��7R�WKLV�HQG��VWXGLHV�

DUH�FXUUHQWO\�XQGHUZD\�WR�HVWDEOLVK QRYHO�HOLJLELOLW\�FULWHULD�IRU�OLYHU�WUDQVSODQWDWLRQ�LQ�SDWLHQWV�ZLWK�

+&&�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�

EHWZHHQ�-DQXDU\���������DQG� -XQH����������H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ� WR���

DUWLFOHV�LQ�WKH�ILUVW�VFUHHQLQJ E\�H[WUDFWLQJ�VWXGLHV�WKDW�LQFOXGHG�SUHRSHUDWLYHO\�DVVHVVHG�IDFWRUV�LQ�WKH�

FULWHULD� IRU� OLYHU� WUDQVSODQWDWLRQ� DQG� VWXGLHV� WKDW� UHSRUWHG� RXWFRPHV� UHODWLYH� WR� WKRVH� EDVHG� RQ� WKH�

0LODQ� FULWHULD�� 7KLV� ZDV� IXUWKHU� UHGXFHG� WR �� DUWLFOHV� LQ� WKH� VHFRQG� VFUHHQLQJ��$IWHU� VHOHFWLQJ� ���

DUWLFOHV�EDVHG�RQ�WKH�VDPH�FULWHULD�IURP�WKH����DUWLFOHV�XVHG�LQ�WKH�WKLUG�HGLWLRQ��D�WRWDO�RI����DUWLFOHV�

DUH�FLWHG�IRU�&4���

$V�ZLWK� WKH�0LODQ� FULWHULD��PDQ\� FULWHULD� IRU� OLYHU� WUDQVSODQWDWLRQ� DUH EDVHG�RQ� WXPRU VL]H� DQG�

QXPEHU DQG�KDYH RXWFRPHV FRPSDUDEOH�WR�WKRVH�XVLQJ WKH�0LODQ�FULWHULD��WKH�8QLYHUVLW\�RI�&DOLIRUQLD�

6DQ�)UDQFLVFR �8&6)� FULWHULD��VROLWDU\ WXPRU�������FP�RU�XS�WR���WXPRUV�����FP�HDFK DQG ����FP�LQ�

WRWDO��� WKH�7RN\R�FULWHULD��XS�WR���WXPRUV�����FP�HDFK��� WKH�XS�WR�VHYHQ�FULWHULD��XS�WR���WXPRUV�����

FP�HDFK��� DQG DQ�H[SDQVLRQ�RI�WKH�0LODQ FULWHULD WKDW�FRQVLVWV�RI�D�VROLWDU\�WXPRU�����FP�RU�XS�WR���

WXPRUV�����FP�HDFK DQG ����FP�LQ�WRWDO���%HVLGHV�WXPRU VL]H�DQG�QXPEHU��VHUXP�$)3�DQG�3,9.$�,,�

YDOXHV�DUH�DOVR�SUHGLFWRUV�RI SRVW�WUDQVSODQWDWLRQ�SURJQRVLV�±����$FFRUGLQJO\��QRYHO�HOLJLELOLW\�FULWHULD�

IRU� OLYHU� WUDQVSODQWDWLRQ�KDYH�EHHQ� HVWDEOLVKHG�E\� FRPELQLQJ� WXPRU VL]H� DQG�QXPEHU�ZLWK�$)3�RU�

3,9.$�,,� YDOXHV�� WKH� .\RWR� FULWHULD� �XS� WR� ��� WXPRUV� �� �� FP� HDFK DQG� �� ���� P$8�P/�

3,9.$�,,������� WKH� 779�$)3� FULWHULD� �WRWDO� WXPRU� YROXPH� ���� FP��� �� ���� QJ�P/�$)3���±��� DQG�

DQRWKHU FULWHULD� FDOFXODWLQJ� D� VFRUH� E\� WXPRU� VL]H�� WXPRU� QXPEHU�� DQG� $)3� YDOXH� VHSDUDWHO\����

&RPSDUHG�ZLWK�WKH�0LODQ�FULWHULD��WKHVH�QHZHU�FULWHULD�EHWWHU SUHGLFW�WUDQVSODQWDWLRQ�RXWFRPH�

ڦ ([SODQDWLRQ

7KH�IDFWRU�WKDW�PRVW�LQIOXHQFHV�SURJQRVLV�DIWHU�OLYHU�WUDQVSODQWDWLRQ�IRU�+&&�LV�UHFXUUHQFH��7KHUHIRUH��

LW�LV�QHFHVVDU\�WR�H[FOXGH�SDWLHQWV�DW�KLJK�ULVN�RI�UHFXUUHQFH�LQ�WKH�LQGLFDWLRQV�IRU�OLYHU�WUDQVSODQWDWLRQ��

7KH� FOLQLFDO� VLJQLILFDQFH�RI� WKH�0LODQ� FULWHULD�� WKH� FXUUHQW� JROG� VWDQGDUG�� LV� WKDW� WKH\ HQVXUH�JRRG�

OLYHU� WUDQVSODQWDWLRQ�RXWFRPHV�E\�VHOHFWLQJ�SDWLHQWV�ZLWK�D�FHUWDLQ�VL]H�DQG�QXPEHU�RI�+&&V�PRUH�

DPHQDEOH� WR� WKH� SURFHGXUH�� +RZHYHU�� WKH� DSSOLFDWLRQ� RI� WKH� FULWHULD� HVWDEOLVKHG� ��� \HDUV� DJR� WR�

WRGD\¶V� GLDJQRVWLF� LPDJLQJ� PD\� UHVXOW� LQ� H[FOXGLQJ� SDWLHQWV� ZKR� DUH� DFWXDOO\� HOLJLEOH� IRU� OLYHU�

WUDQVSODQWDWLRQ�� )RU� WKLV� UHDVRQ�� VHYHUDO� VWXGLHV� KDYH� UHSRUWHG� H[SDQVLRQ� RI� WKH�0LODQ� FULWHULD� LQ�

WHUPV� RI� WKH� VL]H� DQG� QXPEHU� RI� WXPRUV�� JHQHUDWLQJ� RXWFRPHV� FRPSDUDEOH� WR� WKRVH� RI� OLYHU�

WUDQVSODQWDWLRQ�SHUIRUPHG�DFFRUGLQJ� WR� WKH�RULJLQDO� FULWHULD��7RJHWKHU�� WKH� ILQGLQJV�RI� WKHVH� VWXGLHV�



���

VXJJHVW�WKDW�PRGHUDWH�H[SDQVLRQ�RI�WKH�0LODQ�FULWHULD�GRHV�QRW�PDNH�D�VLJQLILFDQW�GLIIHUHQFH�WR�OLYHU�

WUDQVSODQWDWLRQ�RXWFRPHV��+RZHYHU��QR�FRQVHQVXV�KDV�EHHQ�UHDFKHG�LQ�WHUPV�RI�KRZ�IDU�WXPRU�VL]H�

DQG�QXPEHU�FDQ�EH�H[SDQGHG��2Q�WKH�FRQWUDU\�� WKH�XWLOLW\�RI� WKH�0LODQ�FULWHULD�KDV�EHHQ�FRQILUPHG�

EHFDXVH�RI�JRRG� WUDQVSODQWDWLRQ�RXWFRPHV� LQ�PDQ\�VWXGLHV� WKDW�XVHG� WKH�FULWHULD�DV�FRQWUROV��)URP�

WKHVH� ILQGLQJV� LW� LV� UHFRPPHQGHG� WKDW� WXPRU� VL]H� DQG� QXPEHU� VSHFLILHG� LQ� WKH�0LODQ� FULWHULD� �D�

VROLWDU\ +&&�����FP RU�XS�WR���+&&V�����FP��VHUYH�DV�WKH HOLJLELOLW\�FULWHULD�IRU�OLYHU�WUDQVSODQWDWLRQ�

IRU�QRZ�

0DQ\�VWXGLHV�KDYH�UHSRUWHG�SUHRSHUDWLYH $)3�DQG�3,9.$�,,�YDOXHV�DV�SURJQRVWLF�IDFWRUV�LQ�OLYHU�

WUDQVSODQWDWLRQ��7KHUHIRUH��E\�FRPELQLQJ�WKHVH�WXPRU�PDUNHUV�ZLWK�WXPRU�VL]H�DQG�QXPEHU��VWXGLHV�

WKDW�DUH�FXUUHQWO\�XQGHUZD\�DUH�VHHNLQJ�WR�HVWDEOLVK�QRYHO�HOLJLELOLW\�FULWHULD�ZLWK�JUHDWHU�DFFXUDF\��,Q�

SDUWLFXODU�� VHYHUDO� VWXGLHV� LQFOXGLQJ� SURVSHFWLYH� VWXGLHV� UHSRUWHG� WKDW� $)3� YDOXHV� FRPELQHG� ZLWK�

WXPRU� VL]H�DQG�QXPEHU LPSURYHG�SURJQRVWLF�DFFXUDF\�RYHU� WKDW�ZLWK WKH�0LODQ�FULWHULDQ�� DOWKRXJK�

WKH� XWLOLW\� KDV� \HW� WR� EH� YHULILHG�� ,W� VKRXOG� EH� QRWHG� WKDW WKHVH� VWXGLHV� XVHG� YDULRXV� PHWKRGV� WR�

GHWHUPLQH� WKH� $)3� FXWRII� YDOXH�� DQG� WKHUH� LV� QR� FRQVHQVXV� DERXW� VWDQGDUG� FXWRII� YDOXHV�� $V� IRU�

3,9.$�,,�YDOXHV��PRVW� UHSRUWV� DUH� IURP -DSDQ�SUHVXPDEO\�EHFDXVH 3,9.$�,,�PHDVXUHPHQW� LV�QRW�

FRPPRQ�LQ�WKH�8QLWHG�6WDWHV�DQG�(XURSH��&RQVHTXHQWO\��WKHUH�DUH�IHZHU UHSRUWV�RQ�3,9.$�,, WKDQ�

RQ $)3��%DVHG�RQ�WKHVH�ILQGLQJV��WKH�5HYLVLRQ�&RPPLWWHH�KDV�GHFLGHG�WKDW�LW�LV�SUHPDWXUH�WR�LQFOXGH�

$)3�DQG�3,9.$�,,� LQ� WKH�FXUUHQW�*XLGHOLQHV�HYHQ� WKRXJK� WKH�DGGLWLRQ�RI�$)3�DQG�3,9.$�,,�FDQ

LPSURYH�WKH�DFFXUDF\�RI�HOLJLELOLW\�FULWHULD�IRU�OLYHU�WUDQVSODQWDWLRQ�

,Q�WKH�8QLWHG�6WDWHV�DQG�(XURSH��WKH�LQGLFDWLRQV�IRU�OLYHU�WUDQVSODQWDWLRQ�LQ�SDWLHQWV�ZLWK�+&&�DUH�

GHFLGHG�EDVHG�RQ�WKH�GLVHDVH�VWDJH�UHJDUGOHVV�RI�WKH�SDWKRORJLFDO�FRQGLWLRQ�RI�WKH�EDFNJURXQG�OLYHU��

,Q� -DSDQ�� GHVSLWH� WKH� IUHTXHQW� XVH� RI� ORFRUHJLRQDO� WUHDWPHQWV� VXFK� DV� KHSDWHFWRP\�� SHUFXWDQHRXV�

DEODWLRQ�� DQG� HPEROL]DWLRQ� IRU� +&&�� WKH� QXPEHU� RI GHFHDVHG� GRQRUV UHPDLQV� ORZ� DQG� OLYHU�

WUDQVSODQWDWLRQ� LV� SHUIRUPHG� XVLQJ� OLYLQJ� GRQRUV��:KHQ� WKLV� FOLQLFDO� UHDOLW\� LQ� -DSDQ� LV� WDNHQ� LQWR�

FRQVLGHUDWLRQ�� LW� PDNHV� VHQVH� WR� GHILQH� SDWLHQWV� ZLWK� GHFRPSHQVDWHG� FLUUKRVLV� IRU� ZKRP� OLYHU�

WUDQVSODQWDWLRQ� LV� WKH�RQO\�YDOLG� WUHDWPHQW�FKRLFH�DV�HOLJLEOH� IRU� OLYHU� WUDQVSODQWDWLRQ��$FFRUGLQJO\��

GHFRPSHQVDWHG�FLUUKRVLV�LV�LQFRUSRUDWHG�LQWR�WKH�UHFRPPHQGDWLRQ��DV�LQ�WKH�WKLUG�HGLWLRQ��WKDW�OLYHU�

WUDQVSODQWDWLRQ�VKRXOG�EH�FRQVLGHUHG�IRU�SDWLHQWV�ZLWK�+&&�ZLWKLQ� WKH�0LODQ�FULWHULD�DFFRPSDQLHG�

E\�GHFRPSHQVDWHG�FLUUKRVLV�

ڦ 5HIHUHQFHV

���0D]]DIHUUR�9��5HJDOLD�(��'RFL�5��HW�DO��/LYHU�WUDQVSODQWDWLRQ�IRU�WKH�WUHDWPHQW�RI�VPDOO�KHSDWRFHOOXODU�FDUFLQRPDV�

LQ�SDWLHQWV�ZLWK�FLUUKRVLV��1�(QJO�-�0HG ������������������30,'���������

���<DR�)<��;LDR�/��%DVV�10��.HUODQ�5��$VFKHU�1/��5REHUWV�-3��/LYHU�WUDQVSODQWDWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��

YDOLGDWLRQ�RI�WKH�8&6)�H[SDQGHG�FULWHULD�EDVHG�RQ�SUHRSHUDWLYH�LPDJLQJ��$P�-�7UDQVSODQW ������������������30,'��

��������



���

��� 6XJDZDUD� <�� 7DPXUD� 6��0DNXXFKL�0�� /LYLQJ� GRQRU� OLYHU� WUDQVSODQWDWLRQ� IRU� KHSDWRFHOOXODU� FDUFLQRPD�� 7RN\R�

8QLYHUVLW\�VHULHV��'LJ�'LV �����������������30,'����������

��� 0D]]DIHUUR� 9�� /ORYHW� -0�� 0LFHOL� 5�� HW� DO�� 3UHGLFWLQJ� VXUYLYDO� DIWHU� OLYHU� WUDQVSODQWDWLRQ� LQ� SDWLHQWV� ZLWK�

KHSDWRFHOOXODU� FDUFLQRPD� EH\RQG� WKH�0LODQ� FULWHULD�� D� UHWURVSHFWLYH�� H[SORUDWRU\� DQDO\VLV�� /DQFHW�2QFRO ������ ����

�������30,'����������

���*XLWHDX�--��&RWWRQ�57��:DVKEXUQ�:.��HW� DO��$Q�HDUO\� UHJLRQDO�H[SHULHQFH�ZLWK�H[SDQVLRQ�RI�0LODQ� &ULWHULD� IRU�

OLYHU�WUDQVSODQW�UHFLSLHQWV��$P�-�7UDQVSODQW ������������������30,'����������

��� )LJXHUDV� -�� ,EDxH]� /�� 5DPRV� (�� HW� DO�� 6HOHFWLRQ� FULWHULD� IRU� OLYHU� WUDQVSODQWDWLRQ� LQ� HDUO\�VWDJH� KHSDWRFHOOXODU�

FDUFLQRPD�ZLWK�FLUUKRVLV��UHVXOWV�RI�D�PXOWLFHQWHU�VWXG\��/LYHU�7UDQVSO �����������������30,'����������

���7RGR�6��)XUXNDZD�+��-DSDQHVH�6WXG\�*URXS�RQ�2UJDQ�7UDQVSODQWDWLRQ��/LYLQJ�GRQRU�OLYHU�WUDQVSODQWDWLRQ�IRU�DGXOW�

SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��H[SHULHQFH�LQ�-DSDQ��$QQ�6XUJ ������������������GLVFXVVLRQ���������30,'��

��������

���6KLPDGD�0��<RQHPXUD�<��,MLFKL�+��HW�DO��/LYLQJ�GRQRU�OLYHU�WUDQVSODQWDWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��D�VSHFLDO�

UHIHUHQFH� WR� D� SUHRSHUDWLYH� GHV�JDPPD�FDUER[\� SURWKURPELQ� YDOXH�� 7UDQVSODQW� 3URF ������ ���� �������� 30,'��

��������

���7RGR�6��)XUXNDZD�+��7DGD�0��-DSDQHVH�/LYHU�7UDQVSODQWDWLRQ�6WXG\�*URXS��([WHQGLQJ�LQGLFDWLRQ��UROH�RI�OLYLQJ�

GRQRU� OLYHU� WUDQVSODQWDWLRQ� IRU� KHSDWRFHOOXODU� FDUFLQRPD�� /LYHU� 7UDQVSO ������ ��� ���� 6XSSO� ���� 6������� 30,'��

��������

����%HUU\�.�� ,RDQQRX�*1��6HUXP�DOSKD�IHWRSURWHLQ� OHYHO� LQGHSHQGHQWO\�SUHGLFWV�SRVWWUDQVSODQW� VXUYLYDO� LQ�SDWLHQWV�

ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��/LYHU�7UDQVSO��������������������30,'����������

����7DNDGD�<�� ,WR�7��8HGD�0��HW� DO��/LYLQJ�GRQRU� OLYHU� WUDQVSODQWDWLRQ� IRU�SDWLHQWV�ZLWK�+&&�H[FHHGLQJ� WKH�0LODQ�

FULWHULD��D�SURSRVDO�RI�H[SDQGHG�FULWHULD��'LJ�'LV �������������������30,'����������

���� )XMLNL�0�� 7DNDGD�<��2JXUD�<�� HW� DO�� 6LJQLILFDQFH� RI� GHV�JDPPD�FDUER[\� SURWKURPELQ� LQ� VHOHFWLRQ� FULWHULD� IRU�

OLYLQJ�GRQRU�OLYHU�WUDQVSODQWDWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��$P�-�7UDQVSODQW ������������������30,'����������

����7RVR�&��7URWWHU�-��:HL�$��HW�DO��7RWDO�WXPRU�YROXPH�SUHGLFWV�ULVN�RI�UHFXUUHQFH�IROORZLQJ�OLYHU�WUDQVSODQWDWLRQ�LQ�

SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��/LYHU�7UDQVSO �������������������30,'����������

���� 7RVR� &�� $VWKDQD� 6�� %LJDP� '/�� 6KDSLUR� $0�� .QHWHPDQ� 10�� 5HDVVHVVLQJ� VHOHFWLRQ� FULWHULD� SULRU� WR� OLYHU�

WUDQVSODQWDWLRQ� IRU� KHSDWRFHOOXODU� FDUFLQRPD� XWLOL]LQJ� WKH� 6FLHQWLILF� 5HJLVWU\� RI� 7UDQVSODQW� 5HFLSLHQWV� GDWDEDVH��

+HSDWRORJ\ �����������������30,'�����������

����7RVR�&��0HHEHUJ�*��+HUQDQGH]�$OHMDQGUR�5�� HW� DO��7RWDO� WXPRU�YROXPH�DQG� DOSKD�IHWRSURWHLQ� IRU� VHOHFWLRQ�RI�

WUDQVSODQW�FDQGLGDWHV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��D SURVSHFWLYH�YDOLGDWLRQ��+HSDWRORJ\ ������������������30,'��

��������

����'XYRX[�&�� 5RXGRW�7KRUDYDO� )��'HFDHQV� 7�� HW� DO�� /LYHU� WUDQVSODQWDWLRQ� IRU� KHSDWRFHOOXODU� FDUFLQRPD�� D�PRGHO�

LQFOXGLQJ� Į�IHWRSURWHLQ� LPSURYHV� WKH� SHUIRUPDQFH� RI�0LODQ� FULWHULD��*DVWURHQWHURORJ\ ������ ����� �������� 30,'��

��������



���

&4�� 'RHV� GRZQVWDJLQJ� RI� +&&� SULRU� WR� OLYHU� WUDQVSODQWDWLRQ� LPSURYH�
SURJQRVLV�DIWHU�WUDQVSODQWDWLRQ"

5HFRPPHQGDWLRQ

:HDN�UHFRPPHQGDWLRQ� 7KHUH�LV�LQVXIILFLHQW�VFLHQWLILF�HYLGHQFH�WR�VXSSRUW�WKDW�GRZQVWDJLQJ�RI�+&&�

SULRU�WR�OLYHU�WUDQVSODQWDWLRQ�LPSURYHV�WKH�SURJQRVLV�RI�WUDQVSODQWDWLRQ�

ڦ %DFNJURXQG

,QGLFDWLRQV�IRU�OLYHU�WUDQVSODQWDWLRQ�LQ�SDWLHQWV�ZLWK�+&&�DUH�GHFLGHG�EDVHG�RQ�WKH VWDJH RI�WKH�+&&�

EHFDXVH�LW�LV�WKH�PDMRU�IDFWRU�WKDW�GHQRWHV�WKH�ULVN�RI�UHFXUUHQFH�DIWHU�WUDQVSODQWDWLRQ��+RZHYHU��WKH�

LQGLFDWLRQV� IRU� OLYHU� WUDQVSODQWDWLRQ� FRXOG� EH� H[SDQGHG� LI� LW� LV� SRVVLEOH� WR� REWDLQ� FRPSDUDEOH�

WUDQVSODQWDWLRQ� RXWFRPHV� DIWHU�+&&� LV� GRZQVWDJHG� WR� WKH� SRLQW�ZKHUH� WUDQVSODQWDWLRQ� LV� QRUPDOO\�

LQGLFDWHG��E\�ILUVW�XVLQJ�RWKHU�PHWKRGV�WR�WUHDW�+&&�WKDW�LV�EH\RQG�WKH�HOLJLELOLW\�FULWHULD�

ڦ 6FLHQWLILF�6WDWHPHQW

$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�

EHWZHHQ�-DQXDU\���������DQG�-XQH����������H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR���LQ�

WKH�ILUVW�DQG�VHFRQG�VFUHHQLQJV EDVHG�RQ�WKH�IROORZLQJ�LQFOXVLRQ�FULWHULD��VWXGLHV�WKDW�FOHDUO\�GHILQHG�

LQGLFDWLRQV� IRU� GRZQVWDJLQJ� DV� ZHOO� DV� WKH VXFFHVV� UDWH� DQG� WUDQVSODQWDWLRQ� RXWFRPHV� DIWHU�

GRZQVWDJLQJ��2QH� RI� WKH� �� DUWLFOHV� LQ� WKH� WKLUG� HGLWLRQ� ZDV� VHOHFWHG� XVLQJ� WKH� VDPH� FULWHULD�� DQG�

WKHUHIRUH�D�WRWDO�RI���DUWLFOHV�DUH�FLWHG�IRU�&4���

7KHVH ��DUWLFOHV�ZHUH�SXEOLVKHG�E\�WKH�VDPH�LQVWLWXWLRQ���� $IWHU�WUHDWPHQW�VXFK�DV�HPEROL]DWLRQ�

DQG�SHUFXWDQHRXV�DEODWLRQ��+&&V�ZHUH�GRZQVWDJHG�WR�ZLWKLQ�WKH�0LODQ�FULWHULD�LQ�������RI�SDWLHQWV�

ZLWK�D�VROLWDU\ QRGXOH�����FP������QRGXOHV�����FP�HDFK��RU�����QRGXOHV�����FP�HDFK�DQG�����FP�LQ�

WRWDO�� 1R� VLJQLILFDQW� GLIIHUHQFHV LQ� OLYHU� WUDQVSODQWDWLRQ� RXWFRPHV� ZDV� REVHUYHG� EHWZHHQ� SDWLHQWV�

ZLWK� +&&� ZLWKLQ� WKH� 0LODQ� FULWHULD� DQG� WKRVH� ZLWK� +&&� DIWHU� GRZQVWDJLQJ�� 7KHUH� DV� DOVR QR�

VLJQLILFDQW� GLIIHUHQFH� LQ� WUDQVSODQWDWLRQ� ZDLW�OLVW� VXUYLYDO UDWH� EHWZHHQ� SDWLHQWV� ZLWK +&&V�

XQGHUJRLQJ� GRZQVWDJLQJ� DQG� WKRVH� ZLWK� +&&V� ZLWKLQ� WKH� 0LODQ� FULWHULD� QRW� XQGHUJRLQJ�

GRZQVWDJLQJ�

ڦ ([SODQDWLRQ

$OWKRXJK� FRQGXFWHG� DW� D� VLQJOH� LQVWLWXWLRQ�� WKH� SURVSHFWLYH� VWXGLHV� UHSRUWHG� RQ� LQGLFDWLRQV� IRU�

GRZQVWDJLQJ��VXFFHVV�UDWHV��DQG�VXUYLYDO�UDWHV��,Q�WKHVH�VWXGLHV��WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�

SRVWWUDQVSODQWDWLRQ VXUYLYDO� UDWH� EHWZHHQ� SDWLHQWV� ZLWK� DQG� ZLWKRXW� GRZQVWDJLQJ� �SHU� SURWRFRO�

DQDO\VLV�� ,Q� DGGLWLRQ�� SDWLHQWV� XQGHUJRLQJ� GRZQVWDJLQJ� VKRZHG� D� VLPLODU� RYHUDOO� VXUYLYDO� UDWH� WR�

SDWLHQWV� ZLWKRXW� GRZQVWDJLQJ� �LQWHQWLRQ�WR�WUHDW� DQDO\VLV��� 7KHVH� ILQGLQJV� VXJJHVW� WKDW�� ���� LW� LV�



���

SRVVLEOH�WR�GRZQVWDJH�D�FHUWDLQ�QXPEHU�RI�+&&V�IURP�EH\RQG�WR�ZLWKLQ�WKH�0LODQ�FULWHULD�ZLWK�DQ�

H[LVWLQJ� WUHDWPHQW� PHWKRG� LI WKH\� DUH� ZLWKLQ� D� OLPLWHG� VWDJH�� ���� FRPSDUDEOH� WUDQVSODQWDWLRQ�

RXWFRPHV� FDQ� EH� H[SHFWHG� EHWZHHQ� VXFFHVVIXOO\� GRZQVWDJHG� +&&V� DQG� +&&V� ZLWKLQ� WKH� 0LODQ�

FULWHULD��DQG�����GRZQVWDJLQJ�LWVHOI�GRHV�QRW�DGYHUVHO\�DIIHFW�SURJQRVLV��,Q�RWKHU�ZRUGV��GRZQVWDJLQJ�

SULRU�WR�OLYHU�WUDQVSODQWDWLRQ�FDQ�EH�UHJDUGHG�DV�D�WUHDWPHQW�VWUDWHJ\�IRU�+&&��+RZHYHU��LW�VKRXOG�EH�

QRWHG�WKDW�WKH�FKDUDFWHULVWLFV�RI�WKH�SDWLHQWV�LQ�WKHVH�VWXGLHV�GLIIHU�IURP�WKRVH�RI�SDWLHQWV�HQFRXQWHUHG�

LQ� GDLO\� FOLQLFDO� SUDFWLFH� LQ� -DSDQ�� ,Q� WKH� 8QLWHG� 6WDWHV� ZKHUH� WKH� VWXGLHV� ZHUH� FRQGXFWHG�� WKH�

LQGLFDWLRQV�IRU�OLYHU�WUDQVSODQWDWLRQ�DUH�GHFLGHG�LQ�SDWLHQWV�ZLWK�+&&�UHJDUGOHVV�RI�WKH�FRQGLWLRQ�RI�

WKH�EDFNJURXQG�OLYHU��������RI�WKH�SDWLHQWV�KDG�&KLOG�3XJK�$�FRPSHQVDWHG�FLUUKRVLV�LQ�WKH�VWXGLHV��

,Q�-DSDQ��KRZHYHU��ZKHUH�GRQRUV�IRU�OLYHU�WUDQVSODQWDWLRQ�DUH�VFDUFH��OLYHU�WUDQVSODQWDWLRQ�LV�LQGLFDWHG�

IRU� SDWLHQWV� ZLWK� +&&� ZLWKLQ� WKH� 0LODQ� FULWHULD� DFFRPSDQLHG� E\� GHFRPSHQVDWHG� FLUUKRVLV�� ,W� LV�

FXUUHQWO\� XQFOHDU� ZKHWKHU� GRZQVWDJLQJ� LV� EHLQJ� SHUIRUPHG� VDIHO\� DQG� HIIHFWLYHO\ �DV� LQ� WKH� ��

$PHUFLDQ� VWXGLHV� LQ� -DSDQHVH� SDWLHQWV� ZLWK� +&&� DFFRPSDQLHG� E\� GHFRPSHQVDWHG� FLUUKRVLV��

$FFRUGLQJO\��WKH�5HYLVLRQ�&RPPLWWHH�FRQFOXGHG�WKDW�WKHUH�LV�QR�VFLHQWLILF�HYLGHQFH�WR�VXJJHVW�WKDW�

GRZQVWDJLQJ�RI�+&&�LPSURYHV�SURJQRVLV�DIWHU�OLYHU�WUDQVSODQWDWLRQ�
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