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$OFRKRO�$VVRFLDWHG�/LYHU�'LVHDVH�DQG�+&&

$EVWUDFW�

3ULPDU\�OLYHU�FDQFHU�LV�WKH�WKLUG�PRVW�FRPPRQ�FDXVH�RI�FDQFHU�GHDWK�DV�SHU�WKH�:+2��%RWK�$OFRKRO�DV�
VRFLDWHG�OLYHU�GLVHDVH�DQG�1$)/'�DUH�DPRQJ�WKH�PDMRU�FRQWULEXWRUV��$OFRKRO�LV�FODVVLILHG�DV�D�*URXS��
FDUFLQRJHQ�E\�,$5&�&KURQLF�DOFRKRO�FRQVXPSWLRQ�VWDUWLQJ�DW���J���XQLW�GD\�LQFUHDVHV�WR�WZR�WLPHV�LQ
KHDY\�GULQNHUV��!��J�G��FRPSDUHG�ZLWK�QRQ�GULQNHUV��$OFRKRO�LQWDNH�DOVR�LQFUHDVHV�WKH�ULVN�RI�+&&�GXH
WR�RWKHU�IDFWRUV��LQ�KHDY\�GULQNHUV��WKH�ULVN�RI�+&&�ULVHV�����LQ�SDWLHQWV�ZLWK�GLDEHWHV��DQG�QHDUO\������IROG
LQ�SDWLHQWV�ZLWK�+&9�LQIHFWLRQ��2EHVLW\�DOVR�KDV�D�V\QHUJLVWLF�HIIHFW�RQ�+&&�GHYHORSPHQW��2Q�WKH�RWKHU
KDQG��DEVWLQHQFH�LV�DVVRFLDWHG�ZLWK�D�ULVN�UHGXFWLRQ�LQ�+&&�E\���±���SHU�\HDU��7KH�SDWKRJHQHVLV�RI
DOFRKRO�LQGXFHG�KHSDWRFDUFLQRJHQHVLV�LV�PXOWLIDFWRULDO�DQG�VWLOO�LOO�XQGHUVWRRG��$OFRKRO�LV�PHWDEROL]HG�E\
DOFRKRO�GHK\GURJHQDVH��$'+��LQWR�DFHWDOGHK\GH��$OFRKRO�PHWDEROLVP�LQFUHDVHV�526�SURGXFWLRQ�YLD
LQGXFWLRQ�RI�&<3�(��DQG�LPSDLUPHQW�RI�PLWRFKRQGULDO�IXQFWLRQDOLW\�ZKLFK�LV�FDUFLQR�
JHQLF�DV�LW�FDXVHV�FHOO�LQMXU\�E\�IRUPLQJ�'1$�DQG�SURWHLQ�DGGXFWV�DQG�DOVR�OHDGV�WR�'1$
K\SRPHWK\ODWLRQ�ZLWK�PRGLILFDWLRQV�RI�RQFRJHQHV�DQG�WXPRU�VXSSUHVVRU�JHQHV��$FHWDOGHK\GH�DQG�526
GDPDJH�FHOO�FRPSRQHQWV�WKURXJK�OLSLG�SHUR[LGDWLRQ��LURQ�DFFXPXODWLRQ��DQG�'1$�PXWDJHQHVLV�YLD
LPSDLUPHQW�RI�UHSDLU�PHFKDQLVPV��7KH�WUDQVORFDWLRQ�RI�JXW�EDFWHULD�DQG�OLSRSRO\VDFFKDULGHV�SURGXFHV
SUR�LQIODPPDWRU\�F\WRNLQHV�DQG�FKHPRNLQHV��$GGLWLRQDOO\��DFHWDOGHK\GH�FDXVHV�OLSLG�DFFXPXODWLRQ�LQ
KHSDWRF\WHV�YLD�WKH�WUDQVFULSWLRQDO�DFWLYLW\�RI�65(%3���DQG�33$5�U��$OFRKRO�FRQVXPSWLRQ�DOVR�GHFUHDVHV
WKH�VLUWXLQV��WKH�PHWDEROLF�VHQVRUV��ZKLFK�DGGV�WR�OLSLG�DFFXPXODWLRQ��$OFRKRO�LQGXFHG�KHSDWLF�ILEURVLV
DQG�FLUUKRVLV�DOVR�FRQWULEXWH�WR�KHSDWRFDUFLQRJHQHVLV��$OFRKRO�H[SRVXUH�SURPRWHV�+&&�SURJUHVVLRQ�DQG
WKH�ȕ�FDWHQLQ�PL5�����S�7(7��UHJXODWRU\�D[LV�SOD\V�DQ�LPSRUWDQW�UROH�LQ�DOFRKRO�SURPRWHG�+&&
PDOLJQDQF\�+&&��1HDUO\�D�WKLUG�RI�$VLDQV�DUH�GHILFLHQW�LQ�DOGHK\GH�GHK\GURJHQDVH����DQ�HQ]\PH�WR
GHWR[LI\�DFHWDOGHK\GH��7KLV�OHDGV�WR�WKH�SURGXFWLRQ�RI�D�ODUJH�DPRXQW�RI�R[LGL]HG�PLWRFKRQGULDO�'1$�YLD
H[WUDFHOOXODU�YHVLFOHV��ZKLFK�FDQ�EH�GHOLYHUHG�LQWR�QHLJKERULQJ�FHOOV�DQG�VXEVHTXHQWO\�DFWLYDWH�PXOWLSOH
RQFRJHQLF�SDWKZD\V��WKHUHE\�SURPRWLQJ�+&&��,/���$��D�WXPRU�SURPRWLQJ�F\WRNLQH�KDV�DOVR�EHHQ
LPSOLFDWHG�LQ�+&&�SDWKRJHQHVLV��,Q�DGGLWLRQ��WKHUH�LV�D�GHOD\�LQ�WKH�GHWHFWLRQ�RI�WKH�+&&�LQ�DOFRKRO
XVHUV��DV��GHVSLWH�NQRZQ�OLYHU�GLVHDVH��VXFK�SDWLHQWV�DUH�QRW�SDUW�RI�DQ\�VXUYHLOODQFH�SURJUDP�SDWLHQWV�
7KLV�RIWHQ�UHVXOWV�LQ�JUHDWHU�FDQFHU�DJJUHVVLYHQHVV��OHVV�DPHQDEOH�WR�FXUDWLYH�RSWLRQV��DQG�ZRUVH
WUHDWPHQW�RXWFRPHV��1XPHURXV�KRVW�IDFWRUV�LQ�SDWLHQWV�ZLWK�$/'�PRGXODWH�WKH�ULVN�RI�WKH�GHYHORSPHQW�RI
+&&��7KHVH�LQFOXGH�DJH��JHQGHU��OLYHU�IDLOXUH��REHVLW\�VPRNLQJ��DQG�RWKHU�FR�PRUELGLWLHV��3DWLHQWV�ZLWK
DOFRKROLF�FLUUKRVLV�VKRXOG�EH�LQFOXGHG�LQ�+&&�6XUYHLOODQFH�SURJUDPV�

�
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$3$6/�67&�$UPHQLD
³7KH����\HDUV�RI�$3$6/�DQG�WKH�IXWXUH´
0DVDR�2PDWD��7RN\R��-DSDQ

$%675$&7

$3$6/�ZDV�VWDUWHG�LQ������DW�WKH�LQLWLDWLYH�RI�2NXGD��3RZHOO��HW�DO�DQG������ZLOO�PDUN�LWV���WK
DQQLYHUVDU\��'XULQJ�WKDW�WLPH��VHYHUDO�PDMRU�GHYHORSPHQWV�KDYH�WDNHQ�SODFH��7KH�FRQIHUHQFH
XVHG�WR�EH�KHOG�RQFH�HYHU\�WZR�\HDUV��EXW�VLQFH�������DQ�$QQXDO�0HHWLQJ�KDV�EHHQ�KHOG�HYHU\
\HDU��DQG�LQ�������WKH�6LQJOH�7RSLF�&RQIHUHQFH��67&��ZDV�VWDUWHG��ZKLFK�KDV�EHHQ�KHOG���
WLPHV��7KH�67&�KDV�FRYHUHG�WKUHH�PDMRU�DUHDV��KHSDWLWLV�%�YLUXV��KHSDWLWLV�&�YLUXV��DQG
KHSDWRFHOOXODU�FDUFLQRPD����PHHWLQJV�KDYH�EHHQ�KHOG�IRU�KHSDWLWLV�%����IRU�KHSDWLWLV�&��DQG���IRU
KHSDWRFHOOXODU�FDUFLQRPD�
+RZHYHU��WKH�LVVXH�RI�UDSLGO\�LQFUHDVLQJ�OLYHU�GLVHDVHV��VXFK�DV�1$6+�RU�0$)/'��KDV�HPHUJHG�
7KLV�WLPH��'U��+DVPLN�ZLOO�SUHVHQW�WKH�PRVW�UHFHQW�LQIRUPDWLRQ�RQ�WKLV�WRSLF�
7KH�$3$6/��ZKLFK�FRYHUV�$VLD��LV�FHOHEUDWLQJ�LWV���WK�DQQLYHUVDU\�DQG�LWV�LPSRUWDQFH�LV
LQFUHDVLQJO\�EHLQJ�XQTXHVWLRQHG��7KHUHIRUH��WKLV�SUHVHQWDWLRQ�ZLOO�EH�D�JUHDW�EOHVVLQJ�WR�����RI
WKH�ZRUOG
V�SRSXODWLRQ�LQ�$VLD��HVSHFLDOO\�WKRVH�VXIIHULQJ�IURP�OLYHU�GLVHDVHV�

�
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3DWKRJHQHVLV�RI�1$6+�DQG�OLYHU�ILEURVLV

$%675$&7

1RQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH��1$)/'��KDV�EHHQ�UHFRJQL]HG�DV�D�JOREDO�SXEOLF�KHDOWK�EXUGHQ�
6RPH�SDWLHQWV�ZLWK�1$)/'�PD\�SURJUHVV�WR�QRQ�DOFRKROLF�VWHDWRKHSDWLWLV��1$6+��IROORZHG�E\
OLYHU�ILEURVLV��FLUUKRVLV�RU�HYHQ�KHSDWRFHOOXODU�FDUFLQRPD��,W�LV�NQRZQ�WKDW�G\VIXQFWLRQ�RI�OLSLG
PHWDEROLVP�ZLWKLQ�KHSDWRF\WHV�PD\�FDXVH�E\�JHQHWLF�IDFWRUV��GLHW��DQG�LQVXOLQ�UHVLVWDQFH�WKDW
OHDGV�WR�VWHDWRVLV��/LSRWR[LFLW\��R[LGDWLYH�VWUHVV��PLWRFKRQGULDO�G\VIXQFWLRQ��DQG�(5�VWUHVV�DOO
FRQWULEXWH�WR�KHSDWRF\WH�DSRSWRVLV�DQG�GHDWK��ZLWK�VXEVHTXHQW�QHFUR�LQIODPPDWLRQ�DQG�KHSDWLF
ILEURVLV��'XULQJ�WKH�GHYHORSPHQW�RI�1$6+�DQG�OLYHU�ILEURVLV��D�G\VUHJXODWLRQ�RI�WKH�JXW�OLYHU�D[LV�
DGLSRVH�OLYHU�D[LV��DQG�UHQLQ�DQJLRWHQVLQ�V\VWHP�PD\�RFFXU��7UDQVORFDWLRQ�RI�EDFWHULD�RU�LWV
HQG�SURGXFWV�HQWHU�WKH�OLYHU�ZRXOG�DFWLYDWH�KHSDWRF\WHV��.XSIIHU�FHOOV�DQG�KHSDWLF�VWHOODWH�FHOOV�
FDXVLQJ�H[DFHUEDWLRQ�RI�KHSDWLF�VWHDWRVLV��LQIODPPDWLRQ�DQG�ILEURVLV��,QFUHDVHG�DGLSRVH
WLVVXH�GHULYHG�QRQ�HVWHULILHG�IDWW\�DFLGV�ZRXOG�H[DFHUEDWH�KHSDWLF�VWHDWRVLV��,QFUHDVHG�OHSWLQ
DOVR�SOD\V�D�UROH�LQ�KHSDWLF�ILEURJHQHVLV�ZKLOH�GHFUHDVHG�DGLSRQHFWLQ�PD\�FRQWULEXWH�WR�KHSDWLF
LQVXOLQ�UHVLVWDQFH��,Q�DGGLWLRQ��G\VUHJXODWLRQ�RI�SHUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRUV�LQ�WKH
OLYHU��DGLSRVH�DQG�PXVFOH�WLVVXHV�PD\�LPSDLU�OLSLG�PHWDEROLVP��0RUHRYHU��WKH�UHQLQ±DQJLRWHQVLQ
V\VWHP�FRXOG�FRQWULEXWH�WR�KHSDWLF�IDWW\�DFLG�PHWDEROLVP��LQIODPPDWLRQ�DQG�ILEURVLV��7DNHQ
WRJHWKHU��WKH�GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�1$6+�DQG�OLYH�ILEURVLV�LQYROYHV�FRPSOH[�LQWHUSOD\
RI�QXPHURXV�IDFWRUV�

�
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7KH�*OREDO�(SLGHPLRORJ\�DQG�2XWFRPHV�RI�1$)/'

$%675$&7

,Q�������GDWD�IURP�D�PHWD�DQDO\VLV�VXJJHVWHG�WKDW�WKH�JOREDO�SUHYDOHQFH�RI�1$)/'�LV������,Q�D
PRUH�UHFHQW�PHWD�DQDO\VLV��WKH�SRROHG�SUHYDOHQFH�RI�1$)/'�IURP�����������LV�HVWLPDWHG�WR�EH
�����,Q�ERWK�VWXGLHV��WKH�KLJKHVW�SUHYDOHQFH�UDWHV�DUH�UHSRUWHG�IURP�0LGGOH�(DVW�DQG�1RUWK�$IULFD
�0(1$��DQG�6RXWK�$PHULFD��1HYHUWKHOHVV��YHU\�KLJK�SUHYDOHQFH�UDWHV�DUH�UHSRUWHG�IURP�$VLD�DQG
1RUWK�$PHULFD��0RUH�LPSRUWDQWO\��DVVHVVPHQW�RI�SUHYDOHQFH�UDWHV�RYHU�WLPH�VXJJHVWHG�DQ�LQFUHDVH
IURP��������������������WR��������������������

,Q�DGGLWLRQ�WR�WKH�SUHYDOHQFH�RI�1$)/'��WKH�SUHYDOHQFH�RI�1$6+�LV�DOVR�KLJK�DQG�LV�QRZ�HVWLPDWHG
WR�EH�DURXQG��������$OWKRXJK�WKH�KLJKHVW�SUHYDOHQFH�RI�1$6+�����DQG�����LV�UHSRUWHG�IURP�0(1$
DQG�6RXWK�$PHULFD��PRVW�RWKHU�UHJLRQV�RI�WKH�ZRUOG�H[SHULHQFH����SUHYDOHQFH�UDWH�RI�1$6+�DPRQJ
WKHLU�JHQHUDO�SRSXODWLRQV�

7KH�PHWD�DQDO\VLV�DOVR�VXJJHVWHG�WKDW�WKH�RYHUDOO�PRUWDOLW\�RI�1$)/'�LV�������SHU�������ZKLFK�LV
DOPRVW�WZLFH�DV�KLJK�DV�WKH�PRUWDOLW\�LQ�WKH�JHQHUDO�SRSXODWLRQ��,Q�WKLV�FRQWH[W��&9'��FDQFHU�DQG�OLYHU
PRUWDOLW\�DFFRXQWHG�IRU�����RI�DOO�GHDWKV�DPRQJ�1$)/'�

7KH�GLVHDVH�SUHVHQWDWLRQ�DQG�WKH�SURJUHVVLRQ�RI�1$)/'�LV�YHU\�KHWHURJHQRXV��,Q�JHQHUDO��LW�LV
HVWLPDWHG�WKDW��������RI�SDWLHQWV�ZLWK�XQGHUO\LQJ�1$6+�FDQ�SURJUHVV�WR�FLUUKRVLV�DQG�DUH�DW�ULVN�IRU
OLYHU�FDQFHU�DQG�OLYHU�UHODWHG�PRUWDOLW\��7KLV�SURJUHVVLRQ�LV�QRW�XQLIRUP�DQG�PD\�IROORZ�D�SURJUHVVLYH
FRXUVH�IROORZHG�E\�UHJUHVVLRQ�RU�VWDELOLW\��7KLV�W\SH�RI�FRPSOH[�QDWXUDO�KLVWRU\�KDV�OHG�WR�VLJQLILFDQW
SODFHER�UDWH�LQ�FOLQLFDO�WULDOV�ZKHUH�SDWLHQWV�ZLWK�1$6+�WUHDWHG�ZLWK�SODFHER�H[SHULHQFH
VSRQWDQHRXV�LPSURYHPHQW�RI�ILEURVLV�RU�1$6+�

�



7KHUH�LV�VLJQLILFDQW�GDWD�GRFXPHQWLQJ�WKH�FRQVHTXHQFHV�RI�WKLV�SURJUHVVLYH�QDWXUH�RI�1$)/'��,Q�WKLV
FRQWH[W��KHSDWRFHOOXODU�FDUFLQRPD��+&&��KDV�EHHQ�UHFRJQL]HG�DV�DQ�LPSRUWDQW�FRPSOLFDWLRQ�RI
1$6+�UHODWHG�FLUUKRVLV��,QWHUHVWLQJO\��QRQ�FLUUKRWLF�SDWLHQWV�ZLWK�1$)/'�DQG�1$6+�FDQ�DOVR�GHYHORS
+&&��,Q�WKLV�FRQWH[W��WKH�UDWH�RI�+&&�LV�EHORZ�WKH�WKUHVKROG�RI�FRVW�HIIHFWLYH�VFUHHQLQJ�IRU
QRQ�FLUUKRWLF�1$6+�DQG�WKH�VFUHHQLQJ�SURJUDPV�DUH�UHVHUYHG�IRU�1$6+�SDWLHQWV�ZLWK�FLUUKRVLV��,Q
WKH�ODVW�GHFDGH��1$6+�1$)/'�KDV�UDSLGO\�EHFRPH�WKH�VHFRQG�PRVW�FRPPRQ�LQGLFDWLRQ�IRU�OLYHU
WUDQVSODQWDWLRQ��/7��LQ�WKH�8QLWHG�6WDWHV��,Q�IDFW��1$6+�1$)/'�LV�QRZ�WKH�PRVW�FRPPRQ�LQGLFDWLRQ
IRU�/7�DPRQJ�ZRPHQ��WKRVH�ZKR�DUH�LQ�WKHLU���V�DQG�SRVVLEO\�+&&�/7�FDQGLGDWHV��)LQDOO\��PRUWDOLW\
GDWD�IURP�WKH�8QLWHG�6WDWHV�VXJJHVW�WKDW�ERWK�LQ�PHQ�DQG�ZRPHQ��1$)/'�LV�JURZLQJ�DV�D�FDXVH�RI
OLYHU�GHDWK��7KHVH�GDWD�KDYH�EHHQ�UHSOLFDWHG�LQ�(XURSH�DQG�RWKHU�UHJLRQV�RI�WKH�ZRUOG�

,Q�DGGLWLRQ�WR�FRXQWU\�VSHFLILF�GDWD��*OREDO�%XUGHQ�RI�'LVHDVH�GDWD�VXJJHVW�WKDW�PRUWDOLW\�IURP
FLUUKRVLV�DQG�OLYHU�FDQFHU�UHODWHG�WR�1$)/'�1$6+�LV�LQFUHDVLQJ�LQ�PRVW�UHJLRQV�RI�WKH�ZRUOG��,Q�IDFW�
GLVDELOLW\�DGMXVWHG�\HDUV�RI�OLIH��'$/<V��UHODWHG�WR�1$)/'�DUH�YHU\�KLJK�LQ�$VLD�DQG�WKH�0(1$�DQG
WKLV�UDSLGO\�JURZLQJ�EXUGHQ�PD\�EH�GULYHQ�E\�WKH�QXWULWLRQDO�DQG�DFWLYLW\�KDELWV�LQ�WKHVH�UHJLRQV�RI
WKH�ZRUOG�

,Q�DGGLWLRQ�WR�WKHVH�RYHUDOO�HSLGHPLRORJLF�DVSHFWV�RI�1$)/'��IRFXVHG�DUHDV�RI�DVVHVVPHQW�LQFOXGH
SUHYDOHQFH�RI�1$)/'�DPRQJ�FKLOGUHQ��SUHYDOHQFH�DPRQJ�W\SH���GLDEHWLFV��7�'0��DQG�WKH�HWKQLF
DQG�UDFLDO�GLYHUVLW\�LVVXHV�LQ�1$)/'��,Q�WKLV�FRQWH[W��WKH�SUHYDOHQFH�RI�1$)/'�LV�HVWLPDWHG�DERXW
���������DPRQJ�&KLOGUHQ��KLJKHVW�LQ�6RXWK�$PHULFD�������DQG�����DPRQJ�W\SH���GLDEHWLFV��,Q�WKH
8QLWHG�6WDWHV��+LVSDQLF�SRSXODWLRQ��HVSHFLDOO\�WKRVH�RI�0H[LFDQ�GHVFHQW��KDYH�WKH�KLJKHVW
SUHYDOHQFH�RI�1$)/'��,Q�RWKHU�FRXQWULHV�VXFK�DV�&KLQD��WKHVH�W\SHV�RI�HWKQLF�DQG�UDFLDO�GLIIHUHQFHV
KDYH�EHHQ�UHSRUWHG��7KHVH�GLIIHUHQFHV�UHODWHG�WR�HWKQLF�DQG�UDFLDO�GLYHUVLW\�RI�1$)/'�1$6+�DUH
SUREDEO\�UHODWHG�WR�ERWK�HQYLURQPHQWDO�IDFWRUV�DQG�JHQHWLF�IDFWRUV��)XUWKHUPRUH��WKHVH�GLIIHUHQFHV
FDQ�KDYH�LPSRUWDQW�LPSOLFDWLRQV�IRU�XQGHUVWDQGLQJ�GLVHDVH�EXUGHQ��ELRPDUNHU�GLVFRYHU\�DQG�GUXJ
GHYHORSPHQW�

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�1$)/'�1$6+�LV�QRW�RQO\�DVVRFLDWHG�ZLWK�VLJQLILFDQW�FOLQLFDO�EXUGHQ
�PRUWDOLW\��EXW�DOVR�ZLWK�LPSDLUHG�SDWLHQW�UHSRUWHG�RXWFRPHV��352V��DQG�WUHPHQGRXV�HFRQRPLF
EXUGHQ��,Q�WKLV�FRQWH[W��WKH�WRWDO�EXUGHQ�RI�1$6+�1$)/'�RQ�WKH�SDWLHQWV�DQG�WKH�VRFLHW\�FDQ�EH
HQRUPRXV�

)LQDOO\��D�QXPEHU�RI�IDFWRUV�KDYH�EHHQ�XVHG�WR�SUHGLFW�WKH�RXWFRPHV�RI�SDWLHQWV�ZLWK�1$)/'��1$)/'
SDWLHQWV�ZLWK�7�'0�DUH�DW�HVSHFLDO�KLJK�ULVN�RI�DGYHUVH�RXWFRPHV��,Q�IDFW��WKH�KLJKHU�WKH�QXPEHU�RI
PHWDEROLF�FRQGLWLRQV��WKH�KLJKHU�WKH�PRUWDOLW\��,Q�DGGLWLRQ�WR�WKHVH�FOLQLFDO�IDFWRUV��VWDJH�RI�ILEURVLV
�VWDJH���RU�KLJKHU��KDV�EHHQ�DVVRFLDWHG�ZLWK�PRUWDOLW\��$OWKRXJK�LQLWLDO�GDWD�DERXW�GLVHDVH�VWDJH�ZDV
JHQHUDWHG�XVLQJ�KLVWRORJLF�GDWD��PRUH�UHFHQWO\��QRQ�LQYDVLYH�WHVWV��VHUXP�EDVHG�DQG
LPDJLQJ�EDVHG��DUH�EHLQJ�YDOLGDWHG�DV�SURJQRVWLF�WHVWV�RU�DOJRULWKPV�LQ�1$)/'�1$6+�

,Q�VXPPDU\��1$)/'�DQG�1$6+�KDYH�EHFRPH�RQH�RI�WKH�PRVW�FRPPRQ�FDXVHV�RI�&/'�DURXQG�WKH
ZRUOG��7KH�SUHYDOHQFH�RI�1$)/'�DQG�1$6+�DUH�UDSLGO\�JURZLQJ�GXH�WR�WKH�SDQGHPLF�RI�REHVLW\�DQG
7�'0��,Q�DGGLWLRQ�WR�KLJK�SUHYDOHQFH��PRUWDOLW\��PRUELGLW\�DQG�HFRQRPLF�LPSDFW�RI�1$)/'�DQG
1$6+�SRVH�VLJQLILFDQW�EXUGHQ�WR�WKH�VRFLHW\��'HVSLWH�WKLV�LQFUHDVLQJ�EXUGHQ��DZDUHQHVV�DERXW�WKLV
GLVHDVH�LV�TXLWH�ORZ�DPRQJ�DOO�VWDNHKROGHUV��HVSHFLDOO\�WKRVH�ZKR�DUH�DW�WKH�IRUHIURQW�RI�SRWHQWLDOO\

�



HQFRXQWHULQJ�SDWLHQWV�ZLWK�1$)/'�VXFK�DV�SULPDU\�FDUH�SURYLGHUV�DQG�GLDEHWHV�H[SHUWV��7KLV
FRQXQGUXP�RI�KLJK�EXUGHQ�DQG�ORZ�DZDUHQHVV�LV�ZRUVHQHG�E\�ODFN�RI�HIIHFWLYH�GUXJ�WUHDWPHQW�ZKLFK
LV�VSHFLILFDOO\�GHYHORSHG�IRU�1$6+��,Q�WKLV�FRQWH[W��D�PXOWL�IDFHWHG�DSSURDFK�LQYROYLQJ�SDWLHQWV�
SURYLGHUV��LQGXVWU\�DQG�SROLF\�PDNHUV�DW�ORFDO�DQG�JOREDO�OHYHO�LV�FULWLFDO�

5()(5(1&(6

�� <RXQRVVL�=0��.RHQLJ�$%��$EGHODWLI�'��)D]HO�<��+HQU\�/��:\PHU�0��*OREDO�HSLGHPLRORJ\�RI
QRQDOFRKROLF�IDWW\�OLYHU�GLVHDVH�0HWD�DQDO\WLF�DVVHVVPHQW�RI�SUHYDOHQFH��LQFLGHQFH��DQG
RXWFRPHV��+HSDWRORJ\�����������±����KWWSV���GRL�RUJ���������KHS�������

�� <RXQRVVL�=��*RODEL�3��3DLN�-��+HQU\�$��9DQ�'RQJHQ�&��+HQU\�/��7KH�PRVW�UHFHQW�DQG
LQ�GHSWK�PHWD�DQDO\WLF�DVVHVVPHQW�RI�WKH�JOREDO�HSLGHPLRORJ\�RI�1RQDOFRKROLF�IDWW\�OLYHU
GLVHDVH��1$)/'���,QWHUQDWLRQDO�/LYHU�&RQJUHVV��($6/�������-XQH��������������/RQGRQ�8.�

�� 6D\LQHU�0��.RHQLJ�$��+HQU\�/��<RXQRVVL�=0��(SLGHPLRORJ\�RI�1RQDOFRKROLF�)DWW\�/LYHU
'LVHDVH�DQG�1RQDOFRKROLF�6WHDWRKHSDWLWLV�LQ�WKH�8QLWHG�6WDWHV�DQG�WKH�5HVW�RI�WKH�:RUOG�
&OLQ�/LYHU�'LV������������±����KWWSV���GRL�RUJ���������M�FOG�������������

�� .DEDUUD�.��*RODEL�3��<RXQRVVL�=0��1RQDOFRKROLF�VWHDWRKHSDWLWLV��JOREDO�LPSDFW�DQG�FOLQLFDO
FRQVHTXHQFHV��(QGRFU�&RQQHFW�������KWWSV���GRL�RUJ���������(&���������

�� <RXQRVVL�=��6WHSDQRYD�0��6DQ\DO�$-��+DUULVRQ�6$��5DW]LX�9��$EGHOPDOHN�0)��HW�DO��7KH
FRQXQGUXP�RI�FU\SWRJHQLF�FLUUKRVLV��$GYHUVH�RXWFRPHV�ZLWKRXW�WUHDWPHQW�RSWLRQV��-�+HSDWRO
������������±����KWWSV���GRL�RUJ���������M�MKHS�������������

�� +HQU\�/��3DLN�-��<RXQRVVL�=0��5HYLHZ�DUWLFOH��WKH�HSLGHPLRORJLF�EXUGHQ�RI�QRQ䇲DOFRKROLF�IDWW\
OLYHU�GLVHDVH�DFURVV�WKH�ZRUOG��$OLPHQWDU\�3KDUPDFRORJ\�	�7KHUDSHXWLFV������
KWWSV���GRL�RUJ���������DSW�������

�� *RODEL�3��2WJRQVXUHQ�0��GH�$YLOD�/��6D\LQHU�0��5DILT�1��<RXQRVVL�=0��&RPSRQHQWV�RI
PHWDEROLF�V\QGURPH�LQFUHDVH�WKH�ULVN�RI�PRUWDOLW\�LQ�QRQDOFRKROLF�IDWW\�OLYHU�GLVHDVH��1$)/'��
0HGLFLQH���������H������KWWSV���GRL�RUJ���������0'������������������

�� <RXQRVVL�=0��6WHSDQRYD�0��2QJ�-��7ULPEOH�*��$O4DKWDQL�6��<RXQRVVL�,��$KPHG�$��5DFLOD�$�
+HQU\�/��1RQDOFRKROLF�6WHDWRKHSDWLWLV�,V�WKH�0RVW�5DSLGO\�,QFUHDVLQJ�,QGLFDWLRQ�IRU�/LYHU
7UDQVSODQWDWLRQ�LQ�WKH�8QLWHG�6WDWHV��&OLQ�*DVWURHQWHURO�+HSDWRO�������0DU���������������H��
GRL����������M�FJK��������������(SXE������-XQ����30,'�����������

�� <RXQRVVL�=��6WHSDQRYD�0��2QJ�-3��-DFREVRQ�,0��%XJLDQHVL�(��'XVHMD�$��HW�DO��*OREDO
1RQDOFRKROLF�6WHDWRKHSDWLWLV�&RXQFLO��1RQDOFRKROLF�6WHDWRKHSDWLWLV�,V�WKH�)DVWHVW�*URZLQJ
&DXVH�RI�+HSDWRFHOOXODU�&DUFLQRPD�LQ�/LYHU�7UDQVSODQW�&DQGLGDWHV��&OLQ�*DVWURHQWHURO
+HSDWRO�������0DU���������������H���GRL����������M�FJK��������������(SXE������-XQ����
30,'�����������

��� 6WHSDQRYD�0��.DEEDUD�.��0RKHVV�'��9HUPD�0��5RFKH�*UHHQ�$��$O4DKWDQL�6��2QJ�-��%XUUD
3��<RXQRVVL�=0��1RQDOFRKROLF�VWHDWRKHSDWLWLV�LV�WKH�PRVW�FRPPRQ�LQGLFDWLRQ�IRU�OLYHU
WUDQVSODQWDWLRQ�DPRQJ�WKH�HOGHUO\��'DWD�IURP�WKH�8QLWHG�6WDWHV�6FLHQWLILF�5HJLVWU\�RI
7UDQVSODQW�5HFLSLHQWV��+HSDWRO�&RPPXQ�������)HE�����GRL����������KHS��������(SXE�DKHDG
RI�SULQW��30,'�����������

�



��� *RODEL�3��%XVK�+��6WHSDQRYD�0��/RFNOHDU�&7��-DFREVRQ�,0��0LVKUD�$��HW�DO��/LYHU
7UDQVSODQWDWLRQ��/7��IRU�&U\SWRJHQLF�&LUUKRVLV��&&��DQG�1RQDOFRKROLF�6WHDWRKHSDWLWLV��1$6+�
&LUUKRVLV��'DWD�IURP�WKH�6FLHQWLILF�5HJLVWU\�RI�7UDQVSODQW�5HFLSLHQWV��6575��������WR������
0HGLFLQH��%DOWLPRUH��������$XJ��������H������

��� <RXQRVVL�=0��*RODEL�3��GH�$YLOD�/��3DLN�-0��6ULVKRUG�0��)XNXL�1��HW�DO��7KH�JOREDO
HSLGHPLRORJ\�RI�1$)/'�DQG�1$6+�LQ�SDWLHQWV�ZLWK�W\SH���GLDEHWHV��$�V\VWHPDWLF�UHYLHZ�DQG
PHWD�DQDO\VLV��-�+HSDWRO������������±�����KWWSV���GRL�RUJ���������M�MKHS�������������

��� 3DLN�-0��*RODEL�3��<RXQRVVL�<��0LVKUD�$��<RXQRVVL�=0��&KDQJHV�LQ�WKH�*OREDO�%XUGHQ�RI
&KURQLF�/LYHU�'LVHDVHV�)URP������WR�������7KH�*URZLQJ�,PSDFW�RI�1RQDOFRKROLF�)DWW\�/LYHU
'LVHDVH��+HSDWRORJ\�������KWWSV���GRL�RUJ���������KHS�������

��� 3DLN�-0��*RODEL�3��%LVZDV�5��$OTDKWDQL�6��9HQNDWHVDQ�&��<RXQRVVL�=0��1RQDOFRKROLF�)DWW\
/LYHU�'LVHDVH�DQG�$OFRKROLF�/LYHU�'LVHDVH�DUH�0DMRU�'ULYHUV�RI�/LYHU�0RUWDOLW\�LQ�WKH�8QLWHG
6WDWHV��+HSDWRO�&RPPXQ�����������±�����KWWSV���GRL�RUJ���������KHS�������

��� 'DQ $$� .DOOPDQ -%� :KHHOHU $� HW DO� +HDOWK�UHODWHG TXDOLW\ RI OLIH LQ SDWLHQWV ZLWK
QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH��$OLPHQW�3KDUPDFRO�7KHU�������6HS�����������������

��� <RXQRVVL =0� 6WHSDQRYD 0� $QVWHH 40� HW DO� 5HGXFHG 3DWLHQW�5HSRUWHG 2XWFRPH 6FRUHV
$VVRFLDWH :LWK /HYHO RI )LEURVLV LQ 3DWLHQWV :LWK 1RQDOFRKROLF 6WHDWRKHSDWLWLV� &OLQ
*DVWURHQWHURO�+HSDWRO�������1RY������������������H���

��� <RXQRVVL =0� 6WHSDQRYD 0� /DZLW] (-� HW DO� 3DWLHQWV :LWK 1RQDOFRKROLF 6WHDWRKHSDWLWLV
([SHULHQFH 6HYHUH ,PSDLUPHQW RI +HDOWK�5HODWHG 4XDOLW\ RI /LIH� $P - *DVWURHQWHURO� ����
2FW�������������������

��� <RXQRVVL =0� :RQJ 9:� $QVWHH 40� 5RPHUR�*RPH] 0� 7UDXQHU 0+� +DUULVRQ 6$� /DZLW]
(-� 2NDQRXH 7� &DPDUJR 0� .HUVH\ .� 0\HUV 53� *RRGPDQ =� 6WHSDQRYD 0� )DWLJXH DQG
3UXULWXV LQ 3DWLHQWV ZLWK $GYDQFHG )LEURVLV 'XH WR 1RQDOFRKROLF 6WHDWRKHSDWLWLV� 7KH ,PSDFW
RQ�3DWLHQW�5HSRUWHG�2XWFRPHV��+HSDWRO�&RPPXQ�������$XJ��������������������

��� <RXQRVVL =0� $QVWHH 40� :DL�6XQ :RQJ 9� 7UDXQHU 0� /DZLW] (-� +DUULVRQ 6$� &DPDUJR
0� .HUVH\ .� 6XEUDPDQLDQ *0� 0\HUV 53� 6WHSDQRYD 0� 7KH $VVRFLDWLRQ RI +LVWRORJLF DQG
1RQLQYDVLYH 7HVWV :LWK $GYHUVH &OLQLFDO DQG 3DWLHQW�5HSRUWHG 2XWFRPHV LQ 3DWLHQWV :LWK
$GYDQFHG )LEURVLV 'XH WR 1RQDOFRKROLF 6WHDWRKHSDWLWLV� *DVWURHQWHURORJ\� ����
$SU������������������H���

���*RODEL 3� 2WJRQVXUHQ 0� &DEOH 5� HW DO� 1RQ�DOFRKROLF )DWW\ /LYHU 'LVHDVH �1$)/'� LV
DVVRFLDWHG ZLWK LPSDLUPHQW RI +HDOWK 5HODWHG 4XDOLW\ RI /LIH �+542/�� +HDOWK 4XDO /LIH
2XWFRPHV�������)HE���������

��� <RXQRVVL =0� <LOPD] <� <X 0/� HW DO� &OLQLFDO DQG 3DWLHQW�5HSRUWHG 2XWFRPHV )URP 3DWLHQWV
:LWK 1RQDOFRKROLF )DWW\ /LYHU 'LVHDVH $FURVV WKH :RUOG� 'DWD )URP WKH *OREDO 1RQ�$OFRKROLF
6WHDWRKHSDWLWLV �1$6+�� 1RQ�$OFRKROLF )DWW\ /LYHU 'LVHDVH �1$)/'� 5HJLVWU\� &OLQ
*DVWURHQWHURO�+HSDWRO�������1RY����GRL����������M�FJK�������������

��� <RXQRVVL =0� 6WHSDQRYD 0� /DZLW] (� &KDUOWRQ 0� /RRPED 5� 0\HUV 53� 6XEUDPDQLDQ 0�
0F+XWFKLVRQ -*� *RRGPDQ =� ,PSURYHPHQW RI KHSDWLF ILEURVLV DQG SDWLHQW�UHSRUWHG
RXWFRPHV LQ QRQ�DOFRKROLF VWHDWRKHSDWLWLV WUHDWHG ZLWK VHORQVHUWLE� /LYHU ,QW� ����
2FW������������������

�



��� <RXQRVVL =0� 6WHSDQRYD 0� 1DGHU )� HW DO� 2EHWLFKROLF $FLG ,PSDFW RQ 4XDOLW\ RI /LIH LQ
3DWLHQWV :LWK 1RQDOFRKROLF 6WHDWRKHSDWLWLV� 5(*(1(5$7( ���0RQWK ,QWHULP $QDO\VLV� &OLQ
*DVWURHQWHURO�+HSDWRO�������-XO�����GRL����������M�FJK��������������(SXE�DKHDG�RI�SULQW�

��� <RXQRVVL =0� 6WHSDQRYD 0� 7DXE 5$� HW DO� +HSDWLF )DW 5HGXFWLRQ 'XH WR 5HVPHWLURP LQ
3DWLHQWV :LWK 1RQDOFRKROLF 6WHDWRKHSDWLWLV ,V $VVRFLDWHG :LWK ,PSURYHPHQW RI 4XDOLW\ RI /LIH�
&OLQ�*DVWURHQWHURO�+HSDWRO�������-XQ�����������������H��

��� <RXQRVVL =0� %OLVVHWW '� %OLVVHWW 5� +HQU\ /� 6WHSDQRYD 0� <RXQRVVL <� 5DFLOD $� +XQW 6�
%HFNHUPDQ 5� 7KH HFRQRPLF DQG FOLQLFDO EXUGHQ RI QRQDOFRKROLF IDWW\ OLYHU GLVHDVH LQ WKH
8QLWHG�6WDWHV�DQG�(XURSH��+HSDWRORJ\�������1RY�����������������

��� <RXQRVVL =0� 7DPSL 53� 5DFLOD $� 4LX <� %XUQV /� <RXQRVVL ,� 1DGHU )� (FRQRPLF DQG &OLQLFDO
%XUGHQ RI 1RQDOFRKROLF 6WHDWRKHSDWLWLV LQ 3DWLHQWV :LWK 7\SH � 'LDEHWHV LQ WKH 8�6� 'LDEHWHV
&DUH�������)HE���������������

��� <RXQRVVL =0� 7DPSL 5� 3UL\DGDUVKLQL 0� 1DGHU )� <RXQRVVL ,0� 5DFLOD $� %XUGHQ RI ,OOQHVV
DQG (FRQRPLF 0RGHO IRU 3DWLHQWV :LWK 1RQDOFRKROLF 6WHDWRKHSDWLWLV LQ WKH 8QLWHG 6WDWHV�
+HSDWRORJ\�������)HE���������������

��� 7DPSL 53� :RQJ 9:� :RQJ */� 6KX 66� &KDQ +/� )XQJ -� 6WHSDQRYD 0� <RXQRVVL =0�
0RGHOOLQJ WKH HFRQRPLF DQG FOLQLFDO EXUGHQ RI QRQ�DOFRKROLF VWHDWRKHSDWLWLV LQ (DVW $VLD�
'DWD�IURP�+RQJ�.RQJ��+HSDWRO�5HV�������6HS�����������������

��� <RXQRVVL =0� 7DPSL 53� 1DGHU )� HW DO� +\SRWKHWLFDO WUHDWPHQW RI SDWLHQWV ZLWK QRQ�DOFRKROLF
VWHDWRKHSDWLWLV��SRWHQWLDO�LPSDFW�RQ�LPSRUWDQW�FOLQLFDO�RXWFRPHV��/LYHU�,QW��������������

��� <RXQRVVL�=0��/RRPED�5��5LQHOOD�0(��%XJLDQHVL�(��0DUFKHVLQL�*��1HXVFKZDQGHU�7HWUL�%$��HW
DO��&XUUHQW�DQG�IXWXUH�WKHUDSHXWLF�UHJLPHQV�IRU�QRQDOFRKROLF�IDWW\�OLYHU�GLVHDVH�DQG
QRQDOFRKROLF�VWHDWRKHSDWLWLV��+HSDWRORJ\������������±����KWWSV���GRL�RUJ���������KHS�������

���*RODEL�3��3DLN�-0��$O4DKWDQL�6��<RXQRVVL�<��7XQFHU�*��<RXQRVVL�=0��7KH�%XUGHQ�RI
1RQDOFRKROLF�)DWW\�/LYHU�'LVHDVH�LQ�$VLD��0LGGOH�(DVW�DQG�1RUWK�$IULFD��'DWD�IURP�*OREDO
%XUGHQ�RI�'LVHDVH������������-�+HSDWRO�������KWWSV���GRL�RUJ���������M�MKHS�������������

��� <RXQRVVL�=��$QVWHH�40��0DULHWWL�0��+DUG\�7��+HQU\�/��(VODP�0��HW�DO��*OREDO�EXUGHQ�RI
1$)/'�DQG�1$6+��WUHQGV��SUHGLFWLRQV��ULVN�IDFWRUV�DQG�SUHYHQWLRQ��1DW�5HY�*DVWURHQWHURO
+HSDWRO�����������±����KWWSV���GRL�RUJ���������QUJDVWUR���������

��� <RXQRVVL�=0��1RQ�$OFRKROLF�)DWW\�/LYHU�'LVHDVH�$�*OREDO�3XEOLF�+HDOWK�3HUVSHFWLYH��-
+HSDWRO�������KWWSV���GRL�RUJ���������M�MKHS�������������

��� $OTDKWDQL�6$��3DLN�-0��%LVZDV�5��$UVKDG�7��+HQU\�/��<RXQRVVL�=0��3RRU�$ZDUHQHVV�RI�/LYHU
'LVHDVH�$PRQJ�$GXOWV�:LWK�1$)/'�LQ�WKH�8QLWHG�6WDWHV��+HSDWRO�&RPPXQ������
KWWSV���GRL�RUJ���������KHS�������

��� <RXQRVVL�=0��2QJ�-3��7DNDKDVKL�+��<LOPD]�<��(JXFKL�<��(O�.DVVDV�0��HW�DO��$�*OREDO�6XUYH\
RI�3K\VLFLDQV�.QRZOHGJH�$ERXW�1RQ�DOFRKROLF�)DWW\�/LYHU�'LVHDVH��&OLQ�*DVWURHQWHURO
+HSDWRO�������KWWSV���GRL�RUJ���������M�FJK�������������

��� <RXQRVVL�=0��&RUH\�.(��$ONKRXUL�1��1RXUHGGLQ�0��-DFREVRQ�,��/DP�%��HW�DO��86�0HPEHUV�RI
WKH�*OREDO�1DVK�&RXQFLO��&OLQLFDO�DVVHVVPHQW�IRU�KLJK�ULVN�SDWLHQWV�ZLWK�QRQ�DOFRKROLF�IDWW\
OLYHU�GLVHDVH�LQ�SULPDU\�FDUH�DQG�GLDEHWRORJ\�SUDFWLFHV��$OLPHQW�3KDUPDFRO�7KHU������
$XJ����������������GRL����������DSW��������(SXE������-XQ�����30,'�����������

�



��� <RXQRVVL�=0��1RXUHGGLQ�0��%HUQVWHLQ�'��.ZR�3��5XVVR�0��6KLIIPDQ�0/��<RXQHV�=�
$EGHOPDOHN�0��5ROH�RI�1RQLQYDVLYH�7HVWV�LQ�&OLQLFDO�*DVWURHQWHURORJ\�3UDFWLFHV�WR�,GHQWLI\
3DWLHQWV�:LWK�1RQDOFRKROLF�6WHDWRKHSDWLWLV�DW�+LJK�5LVN�RI�$GYHUVH�2XWFRPHV��([SHUW�3DQHO
5HFRPPHQGDWLRQV��$P�-�*DVWURHQWHURO�������)HE�����������������

��� �����<RXQRVVL�=0��&RUH\�.(��$ONKRXUL�1��1RXUHGGLQ�0��-DFREVRQ�,��/DP�%��HW�DO��86
0HPEHUV�RI�WKH�*OREDO�1DVK�&RXQFLO��&OLQLFDO�DVVHVVPHQW�IRU�KLJK�ULVN�SDWLHQWV�ZLWK
QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH�LQ�SULPDU\�FDUH�DQG�GLDEHWRORJ\�SUDFWLFHV��$OLPHQW
3KDUPDFRO�7KHU�������$XJ����������������GRL����������DSW��������(SXE������-XQ�����30,'�
���������

��� /D]DUXV�-9��0DUN�+(��9LOORWD�5LYDV�0��3DOD\HZ�$��&DUULHUL�3��&RORPER�0��HW�DO��7KH�JOREDO
1$)/'�SROLF\�UHYLHZ�DQG�SUHSDUHGQHVV�LQGH[��$UH�FRXQWULHV�UHDG\�WR�DGGUHVV�WKLV�VLOHQW
SXEOLF�KHDOWK�FKDOOHQJH"�-�+HSDWRO������������±���
KWWSV���GRL�RUJ���������M�MKHS�������������

�
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)DWLJXH�LV�D�QRQ�VSHFLILF�V\PSWRP�DVVRFLDWHG�ZLWK�D�GHFUHPHQW�LQ�SHUIRUPDQFH��SK\VLFDO�RU
SV\FKRORJLFDO��WKDW�FDQ�EH�REMHFWLYHO\�PHDVXUHG�RU�VXEMHFWLYHO\�VHOI�UHSRUWHG��)DWLJXH�LV�DVVRFLDWHG�ZLWK
ODFN�RI�HQHUJ\��IHHOLQJV�RI�H[KDXVWLRQ�XQDLGHG�E\�VOHHS�DV�ZHOO�DV�SHUFHSWLRQ�RU�LQDELOLW\�WR�SHUIRUP
PHQWDO�DQG�SK\VLFDO�DFWLYLWLHV��)DWLJXH�FDQ�EH�QRUPDO�ZKHQ�DVVRFLDWHG�ZLWK�DQ�LGHQWLILDEOH�FDXVH�DQG
UHOLHYHG�E\�UHVW��,Q�FRQWUDVW��SDWKRORJLFDO�IDWLJXH�LV�QRW�UHOLHYHG�E\�UHVW�DQG�LV�GLIILFXOW�WR�PDQDJH�
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REVHUYDWLRQDO�VWXG\�LQ�,QGLD��-�,QGLDQ�0HG�$VVRF�����������������������
����=KGDQRY�.9��*XVHY�'$��5\D]DQRY�$1��$GHPHWLRQLQH�LQ�WKH�WUHDWPHQW�RI�FKURQLF�KHSDWLWLV�&��&OLQ
3URVSHFW�*DWVURHQWHURO�+HSDWRO��������������
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0RVW�1,7�UHYLHZV�IRFXV�RQ�EORRG�WHVWV�HLWKHU�RQ�OLQH�FDOFXODWRUV��$35,��),%��RU�1$)/'
VFRUH��RU�SURSULHWDU\�PDNHUV�VXFK�DV�)LEUR7HVW�)LEURVXUH�)LEUR6SHFW�RU�(/)��(QKDQFHG
/LYHU�)LEURVLV���7KLV�SUHVHQWDWLRQ�ZLOO�ORRN�DW�LPDJLQJ�WHVWV�IRU�ILEURVLV�DQG�IDW�DVVHVVPHQW�
7KH�PDMRU�WRRO�XVHG�WRGD\�LV�VWDQGDUG�XOWUDVRXQG�WKDW�FDQ�TXDOLWDWLYHO\�LGHQWLI\�IDW�DQG
LQGLUHFWO\�SRUWDO�K\SHUWHQVLRQ��2YHU�WKH�ODVW�GHFDGH�GDWD�KDV�HPHUJH�RQ�WKH�XVH�RI
HODVWRJUDSK\�LQ�WKH�IRUP�RI�9&7(��7(���'�6:���'6:��$5),��DQG�QHZHU�V\VWHPV�VXFK�D
9HOFXU���6RQLF,QF\WHV��9DQFRXYHU��&DQDGD���7KHVH�WRROV�LQ�FRPELQDWLRQ�ZLWK�&$3��FRQWUROOHG
DWWHQXDWLRQ�SDUDPHWHU��ZH�FDQ�LQWHJUDWH�IDW�TXDQWLILFDWLRQ�ZLWK�VWLIIQHVV�WR�FRPH�XS�ZLWK�D
EHWWHU�FRPSOHWH�SDWLHQW�DVVHVVPHQW��,Q�DGGLWLRQ��ZH�KDYH�D�QHZ�WRRO�PD[LPL]LQJ�05
LPDJLQJ��/LYHU�0XOWL6FDQ��3HUVSHFWXP��2[IRUG��(QJODQG��WKDW�XVHV�NH\�LQIRUPDWLRQ�GHULYHG
IURP�PRUH�DGYDQFHG�05�PDFKLQHV�WR�FDOFXODWLRQ��)DW��3'))���VWLIIQHVV�LQ�FRPELQDWLRQ�ZLWK
LQIODPPDWLRQ��F7���DQG�LURQ�TXDQWLILFDWLRQ��7KHVH�QHZ�WRROV�ZLOO�PDUNHG�LPSURYH�SDWLHQW�FDUH
E\�PRUH�DFFXUDWH�DVVHVVPHQW�RI�IDW��ILEURVLV��LQIODPPDWLRQ��DQG�LURQ�

��




AKNCA��=S
&KDLUPDQ�DQG�6HQLRU�&RQVXOWDQW�LQ�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�

+XPDQLW\�DQG�+HDOWK�0HGLFDO�*URXS��+.6$5��&KLQD

&KDLU�3URIHVVRU�DQG�&R�'LUHFWRU��/LYHU�'LVHDVH�DQG�7UDQVSODQW�

7KH��WK�0HGLFDO�&HQWUH�RI�&KLQHVH�3/$

*HQHUDO�+RVSLWDO��%HLMLQJ�����+RVSLWDO����+RQJ�.RQJ�+XPDQLW\�	

+HDOWK�0HGLFDO�*URXS��%HLMLQJ��&KLQD

'LUHFWRU��&RPPXQLW\�DQG�3XEOLF�+RVSLWDOV�&29,'���
9DFFLQDWLRQ�&HQWHUV��+RQJ�.RQJ�6$5��&KLQD

&29,'����DQG�/LYHU�6WHDWRVLV

$%675$&7

7KH SDQGHPLF RI FRURQDYLUXV GLVHDVH ���� �&29,'����� FDXVHG E\ WKH 6HYHUH $FXWH
5HVSLUDWRU\ 6\QGURPH &RURQDYLUXV�� �6$56�&R9��� KDV UHVXOWHG LQ RYHU �� PLOOLRQ FRQILUPHG
FDVHV DQG RYHU � PLOOLRQ GHDWKV JOREDOO\� $OWKRXJK GLVVHPLQDWHG OXQJ LQMXU\ ZLWK WKH
GHYHORSPHQW RI DFXWH UHVSLUDWRU\ GLVWUHVV V\QGURPH �$5'6� LV WKH PDLQ FDXVH RI PRUWDOLW\ LQ
&29,'���� OLYHU LPSDLUPHQW KDV EHHQ IUHTXHQWO\ UHSRUWHG DV D FRPPRQ PDQLIHVWDWLRQ���� 2XU
VWXGLHV VKRZHG WKDW SDWLHQWV ZLWK QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVHV �1$)/'� KDG D KLJKHU ULVN RI
SURJUHVVLRQ WR VHYHUH &29,'���� KLJKHU OLNHOLKRRG RI DEQRUPDO OLYHU IXQFWLRQ IURP DGPLVVLRQ WR
GLVFKDUJH DQG ORQJHU YLUDO VKHGGLQJ WLPH FRPSDUHG WR SDWLHQWV ZLWKRXW 1$)/'�� $FXWH RQ
FKURQLF OLYHU IDLOXUH �$&/)� FDQ DOVR RFFXU LQ SDWLHQWV ZLWK SUH�H[LVWLQJ 1$)/' ZKR KDG
&29,'����� 7KH OLYHU FRQWDLQV WKH ODUJHVW QXPEHU RI PDFURSKDJHV �.XSIIHU FHOOV� LQ WKH ERG\
DQG LV D SRWHQW F\WRNLQH SURGXFHU� :H SRVWXODWH WKDW LQ SDWLHQWV ZLWK 1$)/'� WKH SRODUL]DWLRQ
VWDWXV RI KHSDWLF PDFURSKDJHV PLJKW EH VNHZHG IURP LQIODPPDWLRQ�SURPRWLQJ 0� PDFURSKDJHV
WR LQIODPPDWLRQ�VXSSUHVVLQJ 0� PDFURSKDJHV� OHDGLQJ WR SURJUHVVLRQ RI &29,'���� :H DOVR
REVHUYHG WKDW WKH SUHYDOHQFH RI GHHS YHLQ WKURPERVLV �'97� DQG '�GLPHU OHYHOV ZHUH
VLJQLILFDQWO\ KLJKHU LQ &29,'��� VXEMHFWV ZLWK 1$)/' FRPSDUHG ZLWK WKRVH ZLWKRXW 1$)/'�� ,W
PD\ EH SRVVLEOH WKDW WKH K\SHUFRDJXODEOH VWDWH LQ 1$)/' FRQWULEXWHV WR WKH KLJK LQFLGHQFH RI
WKURPERVLV LQ WKHVH VXEMHFWV GXULQJ &29,'��� LQIHFWLRQV� )XUWKHU XQGHUVWDQGLQJ RI WKH UROH RI
1$)/'�LQ�&29,'����ZLOO�KDYH�WKHUDSHXWLF�LPSOLFDWLRQV�

��



5HIHUHQFH�

�� $3$6/ &RYLG��� 7DVN )RUFH� /DX *� 6KDUPD 0� &OLQLFDO SUDFWLFH JXLGDQFH IRU KHSDWRORJ\
DQG OLYHU WUDQVSODQW SURYLGHUV GXULQJ WKH &29,'��� SDQGHPLF� $3$6/ H[SHUW SDQHO
FRQVHQVXV�UHFRPPHQGDWLRQV��+HSDWRO�,QW�������-XO���������������

�� 6DULQ 6.� &KRXGKXU\ $� /DX *� =KHQJ 0+� -L '� $EG�(OVDODP 6� HW DO� 3UH�H[LVWLQJ OLYHU
GLVHDVH LV DVVRFLDWHG ZLWK SRRU RXWFRPH LQ SDWLHQWV ZLWK 6$56 &R9� LQIHFWLRQ� 7KH
$3&2/,6 6WXG\ �$3$6/ &29,'��� /LYHU ,QMXU\ 6SHFWUXP 6WXG\�� +HSDWRO ,QW� ����
6HS���������������

�� -L '� 4LQ (� ;X -� =KDQJ '� &KHQJ *� :DQJ <� /DX *� 1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVHV
LQ�SDWLHQWV�ZLWK�&29,'�����$�UHWURVSHFWLYH�VWXG\��-�+HSDWRO�������$XJ���������������

�� -L '� =KDQJ '� <DQJ 7� 0X -� =KDR 3� ;X -� /L &� &KHQJ *� :DQJ <� &KHQ =� 4LQ (� /DX
*� (IIHFW RI &29,'��� RQ SDWLHQWV ZLWK FRPSHQVDWHG FKURQLF OLYHU GLVHDVHV� +HSDWRO ,QW�
�����6HS���������������

�� -L '� =KDQJ 0� 4LQ (� =KDQJ /� ;X -� :DQJ <� &KHQJ *� :DQJ )� /DX *� /HWWHU WR WKH
(GLWRU� 2EHVLW\� GLDEHWHV� QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH DQG PHWDEROLF G\VIXQFWLRQ
DVVRFLDWHG IDWW\ OLYHU GLVHDVH DUH SURLQIODPPDWRU\ K\SHUFRDJXODEOH VWDWHV DVVRFLDWHG
ZLWK�VHYHUH�GLVHDVH�DQG�WKURPERVLV�LQ�&RYLG�����0HWDEROLVP�������)HE������������

��



0RKDPPHG�(VODP
6WRUU�/LYHU�&HQWUH��:HVWPHDG�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK�DQG

:HVWPHDG�+RVSLWDO��8QLYHUVLW\�RI�6\GQH\��$XVWUDOLD�

*HQHWLFV�DQG�HSLJHQHWLFV�RI�0$)/'

$%675$&7

0HWDEROLF �G\VIXQFWLRQ� DVVRFLDWHG IDWW\ OLYHU GLVHDVH �0$)/'� DIIHFWV ������ RI SHRSOH LQ DIIOXHQW
VRFLHWLHV DQG LV D SULPDU\ FDXVH RI FLUUKRVLV DQG KHSDWRFHOOXODU FDUFLQRPD� 0$)/' UHVHPEOHV D FRPSOH[
GLVHDVH WUDLW UHVXOWLQJ IURP WKH G\QDPLF LQWHUDFWLRQ RI HQYLURQPHQWDO IDFWRUV �H�J�� FDORULF LQWDNH DQG
FRPSRVLWLRQ� HQHUJ\ H[SHQGLWXUH� WKH PLFURELRPH� DFWLQJ RQ D VXVFHSWLEOH SRO\JHQLF EDFNJURXQG� ZLWK D
NH\�UROH�IRU�HSLJHQHWLFV�LQ�PHGLDWLQJ�WKLV�LQWHUDFWLRQ�
*HQRPH�ZLGH DVVRFLDWLRQ VWXGLHV �*:$6� DQG FDQGLGDWH JHQH VWXGLHV KDYH HQULFKHG RXU XQGHUVWDQGLQJ
RI JHQHWLF IDFWRUV FRQWULEXWLQJ WR WKH NQRZQ LQWHU�LQGLYLGXDO YDULDWLRQ LQ 0$)/' LQ WHUPV RI GLVHDVH
VSHFWUXP DQG RXWFRPHV� ,Q VSLWH RI WKH HQWKXVLDVP IRU XVLQJ VLQJOH JHQHWLF PDUNHUV DV D SUHGLFWRU RI
OLYHU GLVHDVHV LQ FOLQLFDO SUDFWLFH VXFK DV 313/$�� LW VKRXOG EH QRWHG WKDW LW LV XQOLNHO\ WKDW WKLV 613
DORQH RU SRWHQWLDOO\ DQ\ RWKHU 613 DORQH ZLOO DOORZ PHDQLQJIXO GLVFULPLQDWLRQ EHWZHHQ SDWLHQWV ZLWK DQG
ZLWKRXW VLJQLILFDQW OLYHU GDPDJH� <HW� LW FDQ EH SURMHFWHG WKDW DV PRUH ULVN YDULDQWV DUH LGHQWLILHG� WKH
SUHGLFWLYH YDOXH RI FXPXODWLYH SRO\JHQLF VFRUHV ZLOO LQFUHDVH� HVSHFLDOO\ LI LW LV LQFRUSRUDWHG ZLWK RWKHU
FOLQLFDO YDULDEOHV LQ QRYHO PRGHOV� )XUWKHUPRUH� WKH LGHQWLILFDWLRQ RI ULVN JHQHV DQG WKHLU UHJXODWRU\
UHJLRQV SURYLGHV WKH HVVHQWLDO IUDPHZRUN IRU DQ LQWHJUDWHG DQG V\VWHPV�EDVHG DSSURDFK WR
XQGHUVWDQGLQJ WKH PROHFXODU EDVLV RI 0$)/'� )XUWKHUPRUH� WKH KLJK SODVWLFLW\ RI HSLJHQHWLF PRGLILFDWLRQV
LQ UHVSRQVH WR HQYLURQPHQWDO FXHV UHQGHUV HSLJHQHWLFV D QRYHO DUHD IRU WKHUDSHXWLF GUXJ GLVFRYHU\�
6XFK LQIRUPDWLRQ ZLOO EH HVVHQWLDO IRU WKH GHYHORSPHQW RI QHZ WKHUDSLHV� ZKLFK DUH XOWLPDWHO\ OLNHO\ WR
UHTXLUH SHUVRQDOL]HG DSSURDFKHV� 7KH UHFHQW DGYDQFHV LQ RXU DELOLW\ WR DFFHVV ODUJH SKHQRW\SLFDOO\
ZHOO�FKDUDFWHUL]HG FOLQLFDO FRKRUWV� WKH DYDLODELOLW\ RI QHZ WHFKQRORJ\ SODWIRUPV� EHWWHU VWXG\ GHVLJQV� DQG
VWDWLVWLFDO DOJRULWKPV KDYH XV ZHOO SODFHG WR VLJQLILFDQWO\ LPSURYH RXU XQGHUVWDQGLQJ RI 0$)/'
GHYHORSPHQW DQG LWV SURJUHVVLRQ DQG WR LGHQWLI\ DGGLWLRQDO JHQHWLF DG HSLJHQHWLF ULVN IDFWRUV ZLWK PRGHVW
HIIHFW DQG WR FRUUHODWH WKHVH ZLWK HSLJHQHWLF IDFWRUV� ,Q WKLV WDON� , ZLOO SURYLGH DQ RYHUYLHZ RI WKH ILHOG DV LW
SHUWDLQV WR 0$)/'� ZLWK DQ HPSKDVLV RQ GDWD DERXW WKH SRWHQWLDO FOLQLFDO XWLOLW\ RI SRO\JHQLF VFRUHV�
7KHVH DGYDQFHV KDYH QRW \HW EHHQ IXOO\ FDSLWDOL]HG XSRQ� KHQFH� , ZLOO DOVR GLVFXVV WKH SURPLVHV DQG
FKDOOHQJHV RI XVLQJ JHQHWLFV DV D SUHGLFWRU RI OLYHU GLVHDVHV DQG IRU JHQH�EDVHG VWUDWLILFDWLRQ LQ FOLQLFDO
WULDOV�

��
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0RKDPPHG (VODP 6WRUU /LYHU &HQWUH� :HVWPHDG ,QVWLWXWH IRU 0HGLFDO 5HVHDUFK� :HVWPHDG
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3HUKDSV WKH JUHDWHVW FRQFHSWXDO DGYDQFH LQ WKLQNLQJ DERXW IDWW\ OLYHU GLVHDVHV RYHU WKH ODVW VHYHUDO
GHFDGHV KDV EHHQ WKH GULYH WR UHQDPH DQG UHGHILQH WKH GLVHDVH EDVHG RQ SRVLWLYH FULWHULD� 7KLV DGYDQFH
ZDV OHG E\ DQ LQWHUQDWLRQDO JURXS RI UHVHDUFK OHDGHUV DFURVV WKH ZRUOG� LQFOXGLQJ IURP WKH $VLD 3DFLILF�
(XURSH� 1RUWK DQG 6RXWK $PHULFD� DQG WKH 0LGGOH (DVW DQG $IULFD� :KLOH WKH WHUPV QRQ�DOFRKROLF IDWW\
OLYHU GLVHDVH �1$)/'� DQG QRQ�DOFRKROLF VWHDWRKHSDWLWLV �1$6+� KDYH EHHQ LQ XVH IRU RYHU � GHFDGHV�
WKHUH DUH QXPHURXV SUREOHPV ZLWK WKH GHILQLWLRQ� )LUVW DQG IRUHPRVW� 1$)/' LV D GLVHDVH RI H[FOXVLRQ�
ZLWKRXW D VHW RI SRVLWLYH FULWHULD� $Q\ VXFK GHILQLWLRQ LQWURGXFHV KHWHURJHQHLW\ WR WKH FOLQLFDO SKHQRW\SH
DQG XOWLPDWHO\� SRRU UHVSRQVHV LQ FOLQLFDO WULDO HFRV\VWHPV� 6HFRQGO\� WKH WHUP 1$)/' WULYLDOL]HV DQG
GLVFULPLQDWHV RQ WKH RQH KDQG ZLWK WKH XVH RI WKH ZRUG DOFRKRO LQ WKH QDPH� EXW DOVR LPSOLHV WKDW D
SHUVRQ ZKR KDV DOFRKRO�UHODWHG OLYHU GLVHDVH RU IRU WKDW PDWWHU� DQ\ RWKHU OLYHU GLVHDVH� FDQQRW
FRQFRPLWDQWO\ KDYH D IDWW\ OLYHU GLVHDVH DVVRFLDWHG ZLWK PHWDEROLF G\VIXQFWLRQ� ,QGHHG� PRGHUDWH DOFRKRO
FRQVXPSWLRQ KDV EHHQ UHSRUWHG LQ XS WR � WKLUGV RI SHRSOH IURP PDQ\ FRXQWULHV� ZKLOH IDWW\ OLYHU GLVHDVH
UHODWHG WR PHWDEROLF G\VIXQFWLRQ LV SUHVHQW LQ XS WR D TXDUWHU RI WKH SRSXODWLRQ� +HQFH� OLYHU GLVHDVH ZLWK
D GXDO HWLRORJ\ FDQ DQG GRHV IUHTXHQWO\ FRH[LVW� &RQFHSWXDOO\ WKHQ� WKH WDVNV IRU WKH LQWHUQDWLRQDO
FRQVHQVXV ZHUH ILUVW WR FRPH XS ZLWK D QHZ DQG PRUH DSSURSULDWH QDPH DQG VHFRQGO\ WR FRPH XS ZLWK D
SRVLWLYH GHILQLWLRQ DQG VHW RI FULWHULD IRU GLDJQRVLV RI WKH GLVHDVH� ,PSRUWDQWO\� WKH JRDOV RI VXFK D
GHILQLWLRQ KDG WR LQFOXGH WKDW LW UHIOHFWV SDWKRSK\VLRORJ\ DQG FDQ EH XVHIXO IRU FOLQLFDO UHVHDUFK VWXGLHV�
EXW PRVW LPSRUWDQWO\� VKRXOG KDYH XWLOLW\ LQ GDLO\ FOLQLFDO SUDFWLFH� 7KH QDPH WKDW KDV EHHQ SURSRVHG E\
LQWHUQDWLRQDO FRQVHQVXV LV PHWDEROLF �G\VIXQFWLRQ� DVVRFLDWHG IDWW\ OLYHU GLVHDVH RU 0$)/'� ZKLFK UHIHUV
WR WKH SDWKRSK\VLRORJ\ RI WKH GLVHDVH� EXW LV GLVWDQFHG IURP ERWK DOFRKRO DQG REHVLW\� 7KH QHZ GHILQLWLRQ
LV VLPSOH WR XVH LQ FOLQLFDO SUDFWLFH HYHQ LQ UHVRXUFH�OLPLWHG VHWWLQJV� WKH ODWWHU EHLQJ FULWLFDO IRU
ZLGHVSUHDG DFFHSWDQFH LQ ZKDW LV D YHU\ FRPPRQ GLVRUGHU� 6LQFH SXEOLFDWLRQ� 0$)/' KDV EHHQ
DFFHSWHG E\ LQWHUQDWLRQDO OLYHU DVVRFLDWLRQV �$3$6/� $/(+� DQG WKH 0LGGOH (DVW�� SDWLHQW JURXSV� DQG
DOOLHG KHDOWK DOLNH� &ULWLFDOO\� LQ PRYLQJ IURP D FRQFHSW WR HYLGHQFH� PXOWLSOH VWXGLHV LQGLFDWH WKDW 0$)/'
RXWSHUIRUPV 1$)/' IRU WKH LGHQWLILFDWLRQ RI SDWLHQWV ZLWK PRUH DGYDQFHG OLYHU GLVHDVH� DQG IRU ULVN
VWUDWLILFDWLRQ ERWK IRU OLYHU DQG H[WUDKHSDWLF FRPSOLFDWLRQV� %DVHG RQ WKHVH WUDQVIRUPDWLRQDO FKDQJHV� LQ
IXWXUH� ZH ZLOO ZLWQHVV EHWWHU SDWLHQW VWUDWLILFDWLRQ OHDGLQJ WR SUHFLVLRQ PHGLFLQH� WKH GHYHORSPHQW RI
PXOWLGLVFLSOLQDU\�PRGHOV�RI�FDUH��DQG�LQQRYDWLYH�FOLQLFDO�WULDO�GHVLJQV�

��



*DPDO�6KLKD
3URI�RI�,QWHUQDO�0HGLFLQH�'HSW���)DFXOW\�RI�0HGLFLQH�

0DQVRXUD�8QLYHUVLW\��(J\SW�

/LYHU�ILEURVLV�DQG�+&&�LQ�WKH�(UD�RI�0$)/'

$EVWUDFW

0HWDEROLF �G\VIXQFWLRQ� DVVRFLDWHG IDWW\ OLYHU GLVHDVH �0$)/'� LV GHILQHG DV HYLGHQFH RI
KHSDWLF VWHDWRVLV ZLWK LQYDVLYH RU QRQLQYDVLYH PHWKRGV DQG WKH SUHVHQFH RI DW OHDVW � RI �
PHWDEROLF G\VIXQFWLRQV� VXFK DV H[FHVV ZHLJKW RU REHVLW\� W\SH � GLDEHWHV PHOOLWXV RU
HYLGHQFH RI PHWDEROLF G\VIXQFWLRQ �LQFUHDVHG ZDLVW FLUFXPIHUHQFH DQG DQ DEQRUPDO
JO\FHPLF DQG OLSLG SURILOH� � 0$)/' LV D FRPSOH[ FRQGLWLRQ WKDW OHG WR VHULHV FRPSOLFDWLRQV
VXFK�DV�OLYHU�IDLOXUH�DV�ZHOO�DV�+&&�

&XUUHQWO\� 0$)/' LV WKH VHFRQG OHDGLQJ HWLRORJ\ RI SDWLHQWV OLVWHG IRU WUDQVSODQWDWLRQ
EHFDXVH RI +&&� DQG IURP ���� WR ���� WKH QXPEHU RI 0$)/' SDWLHQWV RQ WKH
WUDQVSODQWDWLRQ OLVW LQ WKH 86$ KDV DOPRVW WULSOHG� 7KH EXUGHQ RI SDWLHQWV ZLWK 0$)/'�
0$)/' �FLUUKRVLV DQG LWV DVVRFLDWHG FRPSOLFDWLRQV LV DOVR JURZLQJ� 7KH HVWLPDWHG DQQXDO
+&& LQFLGHQFH LQ WKH SURJUHVVLYH IRUP RI 0$)/' LV DERXW ����� 7KH ULVN RI +&&
GHYHORSPHQW LV KLJKHU LQ PHQ DQG LQFUHDVHV ZLWK DJH� PRUH DGYDQFHG ILEURVLV� SURJUHVVLYH
REHVLW\� LQVXOLQ UHVLVWDQFH DQG GLDEHWHV PHOOLWXV� VHYHUDO IHDWXUHV VHHP WR EH SDUWLFXODUO\
LPSRUWDQW LQ WKLV KHSDWRFDUFLQRJHQLF SURFHVV WKH LQVXOLQ UHVLVWDQFH ZKLFK LV DVVRFLDWHG ZLWK
KLJK OHYHOV RI LQVXOLQ ZKLFK LV DQ LPSRUWDQW JURZWK IDFWRU� WKH G\VIXQFWLRQ RI WKH $NW�P725
SDWKZD\ ZKLFK EULGJHV PHWDEROLVP FRQWURO ZLWK FHOO SUROLIHUDWLRQ� WKH R[LGDWLYH VWUHVV� DQG D
G\VELRVLV ZLWK TXDQWLWDWLYH DQG TXDOLWDWLYH FKDQJHV RI WKH JXW PLFURELRWD� $OVR� DGYDQFHG
ILEURVLV DQG FLUUKRVLV DUH DW LQFUHDVHG ULVN RI +&& LQ SDWLHQWV ZLWK 0$)/'� WKRXJK +&& FDQ
DOVR�DULVH�LQ�WKH�DEVHQFH�RI�DGYDQFHG�ILEURVLV
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+2'�±�/LYHU�7UDQVSODQW�	�'LJHVWLYH�'LVHDVH
6DQDU�,QWHUQDWLRQDO�+RVSLWDO

*XUJDRQ���1DWLRQDO�&DSLWDO�5HJLRQ���,QGLD�±�������
0RE�1R����������������(�PDLO���LQIR#VDQDUKRVSLWDOV�FRP

/LYHU�7UDQVSODQWDWLRQ�DQG�0$)/'
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7KH OLYHU LV WKH ODUJHVW JODQG LQ WKH KXPDQ ERG\� ZKLFK LV UHVSRQVLEOH IRU KXQGUHGV RI FULWLFDO
IXQFWLRQV�WR�NHHS�WKH�ERG\�IUHH�IURP�WR[LQV�DQG�KDUPIXO�VXEVWDQFHV��%HVLGHV�ILJKWLQJ�LQIHFWLRQV
DQG LOOQHVV� WKH OLYHU LV UHVSRQVLEOH IRU UHPRYLQJ WR[LQV� VXFK DV DOFRKRO� IURP WKH ERG\ DQG
FRQWUROV FKROHVWHURO OHYHOV� ,W SURGXFHV D VSHFLDO OLTXLG� NQRZQ DV ELOH� ZKLFK KHOSV EUHDN GRZQ
IDW DQG ERRVWV GLJHVWLRQ� 7KH OLYHU DOVR KHOSV \RXU ERG\ ILJKW LQIHFWLRQV E\ UHPRYLQJ EDFWHULD
IURP�WKH�EORRG��7KHUH�DUH�YDULRXV�OLYHU�GLVHDVHV�WKDW�DUH�GHWULPHQWDO�WR�KXPDQ�KHDOWK�

7KH�FRPPRQ�OLYHU�GLVHDVHV�LQFOXGH�
��$OFRKROLF�OLYHU�GLVHDVH
��1RQDOFRKROLF�6WHDWRKHSDWLWLV
��/LYHU�&LUUKRVLV
��)DWW\�/LYHU�'LVHDVH
��+HSDWLWLV���$��%��&
��)DWW\�/LYHU�RI�3UHJQDQF\

:H�DUH�RQH�RI�WKH�YHU\�IHZ�OLYHU�XQLWV�LQ�WKH�FRXQWU\�KDYLQJ�WKH�DELOLW\�WR�PDQDJH�VLFN�SDWLHQWV
DQG XQGHUWDNH OLYHU WUDQVSODQWDWLRQ RQ DQ HPHUJHQF\ EDVLV� ,Q RXU KRVSLWDO� ZH JHW PDQ\
SDWLHQWV�ZLWK�$FXWH�/LYHU�)DLOXUH��ZKLFK�UHIHUV�WR�D�VHYHUH�IDLOXUH�RI�OLYHU�IXQFWLRQ�ZLWKLQ�D�PDWWHU
RI GD\V WR ZHHNV LQ D SUHYLRXVO\ KHDOWK\ SHUVRQ� 7KH PRVW FRPPRQ FDXVH RI $/) L LV YLUDO
LQIHFWLRQ GXH WR KHSDWLWLV YLUXVHV� 2WKHU FDXVHV RI $/) DUH RYHUGRVH RI SDUDFHWDPRO�
FRQVXPSWLRQ RI SRLVRQRXV PDWHULDOV OLNH SKRVSKRUXV FRPSRXQGV �IRXQG LQ UDW NLOOHU SRLVRQ��
DXWRLPPXQH�KHSDWLWLV��DQG�:LOVRQ¶V�GLVHDVH��3DWLHQWV�ZLWK�DFXWH�OLYHU�IDLOXUH�XVXDOO\�SUHVHQW�ZLWK
MDXQGLFH� EOHHGLQJ SUREOHPV� DQG DOWHUHG EHKDYLRU� 3DWLHQWV ZLWK DFXWH OLYHU IDLOXUH QHHG XUJHQW
WUDQVIHU�WR�D�KRVSLWDO�ZLWK�OLYHU�WUDQVSODQW�VHUYLFH�WR�KDYH�D�VXFFHVVIXO�RXWFRPH��6RPH�RI
WKHVH�SDWLHQWV�PD\�UHFRYHU�ZLWK�PHGLFDO�WUHDWPHQW�DORQH��7KLV�WUHDWPHQW�KDV�WR�EH�SURYLGHG
LQ�DQ�LQWHQVLYH�FDUH�XQLW�ZLWK�FDUHIXO�PRQLWRULQJ�E\�OLYHU�SK\VLFLDQV�DQG�LQWHQVLYH�FDUH
VSHFLDOLVWV��3DWLHQWV�ZKR�UHDFK�FHUWDLQ�FULWHULD�RQ�EORRG�WHVWV�QHHG�XUJHQW�OLYHU�WUDQVSODQWDWLRQ
DV�WKH\�ZLOO�QRW�VXUYLYH�ZLWK�PHGLFDO�WUHDWPHQW��8UJHQW�OLYLQJ�GRQRU�RU�GHFHDVHG�GRQRU�OLYHU
WUDQVSODQWDWLRQ�LV�OLIHVDYLQJ�LQ�WKLV�VLWXDWLRQ�DQG�6DQDU�,QWHUQDWLRQDO�+RVSLWDO�LV�RQH�RI�WKH�EHVW
OLYHU�WUDQVSODQW�KRVSLWDOV�LQ�,QGLD�

��



'U��-DFRE�*HRUJH
:K\�WKH�0$)/'�QDPH�DQG�GHILQLWLRQ�LV�WKH�ZD\�IRUZDUG�

-��*HRUJH��6WRUU�/LYHU�&HQWUH�
7KH�:HVWPHDG�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK�

:HVWPHDG�+RVSLWDO�DQG�8QLYHUVLW\�RI�6\GQH\��06:��$XVWUDOLD

:K\�WKH�0$)/'�1DPH�DQG�'HILQLWLRQ�LV�WKH�:D\�)RUZDUG

$%675$&7

0HWDEROLF �G\VIXQFWLRQ� DVVRFLDWHG IDWW\ OLYHU GLVHDVH RU 0$)/' LV WKH PRVW FRPPRQ OLYHU
GLVHDVH JOREDOO\� DIIHFWLQJ WKH ODWHVW DQDO\VLV� XS WR ��� RI WKH SRSXODWLRQ� 7KH SDWKRJHQHVLV RI
WKH GLVHDVH LV FRPSOH[ DQG PXOWLIDFWRULDO UHSUHVHQWLQJ WKH LQWHUDFWLRQ RI JHQHV DQG HSLJHQHWLFV
ZLWK WKH HQYLURQPHQW� DQG WKH PHWDEROLF PLOLHX RI WKH LQGLYLGXDO� 7KLV UHVXOWV LQ WKH
PHWD�LQIODPPDWLRQ RI PXOWLSOH WLVVXHV� :LWK WKLV XQGHUVWDQGLQJ RI SDWKRSK\VLRORJ\ DQG WKH
REVHUYDWLRQ WKDW WKH OLYHU LV EXW RQH WDUJHW RUJDQ DIIHFWHG E\ PHWDEROLF G\VUHJXODWLRQ� LW IROORZV�
WKDW SDWLHQWV ZLWK 0$)/' ZLOO FRQFRPLWDQWO\ KDYH FRPSHWLQJ ULVNV IRU DGYHUVH RXWFRPHV IURP
RWKHU FKURQLF GLVHDVHV� 7KLV QRW RQO\ LQFOXGHV FDUGLRYDVFXODU DQG FHUHEURYDVFXODU GLVHDVH EXW
DOVR H[WUD�KHSDWLF FDQFHUV DV ZHOO DV FKURQLF NLGQH\ DQG UHVSLUDWRU\ GLVHDVH� $V WKH H[WHQW RI
PHWDEROLF G\VUHJXODWLRQ LQFUHDVHV DV PHDVXUHG E\ FRPPRQ SDUDPHWHUV LQFOXGLQJ G\VOLSLGHPLD�
K\SHUWHQVLRQ� G\VJO\FDHPLD� DQG LQIODPPDWLRQ �KV&53�� VR GRHV WKH VWDJH RI OLYHU GLVHDVH DQG
WKH ULVN RI DGYHUVH OLYHU�UHODWHG RXWFRPHV� (TXDOO\� WKHVH SDWLHQWV DUH DW ULVN RI FRPSHWLQJ LQ
H[WUDKHSDWLF HYHQWV� 7KH UDWLR RI KHSDWLF WR H[WUDKHSDWLF ULVNV IRU DGYHUVH RXWFRPHV LQFUHDVHV
ZLWK WKH LQFUHDVLQJ OLYHU GLVHDVH VWDJH� $PRQJ WKH FDWHJRULHV RI PHWDEROLF ULVN WKDW GHILQH
0$)/'� W\SH � GLDEHWHV FRQIHUV WKH JUHDWHVW ULVN IRU OLYHU ILEURVLV VWDJH DQG IRU DGYHUVH OLYHU
RXWFRPHV�

7KH FORVH DVVRFLDWLRQ RI 0$)/'� DQG PHWDEROLF VWHDWRKHSDWLWLV �0H6+� ZLWK WKH H[WUDKHSDWLF
GLVHDVH KDV EHHQ UHSRUWHG LQ PXOWLSOH VWXGLHV DQG PHWD�DQDO\VHV� ,Q DOO� WKH 0$)/' WHUP
LGHQWLILHV SDWLHQWV ZLWK PRUH DGYDQFHG GLVHDVH DQG ZLWK D JUHDWHU ULVN RI KHSDWLF DQG
H[WUDKHSDWLF DGYHUVH RXWFRPHV WKDQ WKH RXWGDWHG WHUP 1$)/'� 8VLQJ WKH 0$)/' GHILQLWLRQ� LW
ZLOO EH SRVVLEOH LQ IXWXUH VWXGLHV� WR PRUH FOHDUO\ GHOLQHDWH WKH UROH RI WKLV GLVHDVH LQ FRQWULEXWLQJ
WR FOLQLFDO RXWFRPHV LQ WKH SUHVHQFH RI FRQFRPLWDQW OLYHU GLVHDVHV VXFK DV YLUDO KHSDWLWLV RU
DOFRKRO�UHODWHG OLYHU GLVHDVH� 8OWLPDWHO\� IRU WUHDWLQJ SDWLHQWV� WKHUDSLHV WKDW WDUJHW PHWDEROLF
G\VUHJXODWLRQ ZLWK V\VWHPLF DFWLYLW\ ZLOO EH WKH RQHV PRVW OLNHO\ WR UHVXOW LQ WKH JUHDWHVW EHQHILW�
UDWKHU WKDQ MXVW IRFXVLQJ RQ OLYHU GLVHDVH ULVN UHGXFWLRQ� %DVHG RQ DOO WKHVH GDWD� WKHUH LV QR
GRXEW WKDW WKH QDPH 0$)/' DQG LWV GHILQLWLRQ LV WKH ZD\ IRUZDUG WR LQFUHDVH DZDUHQHVV DQG
LPSURYH�WKH�FDUH�RI�SDWLHQWV�

��



3URIHVVRU�/HRQ�$GDPV
8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD��3HUWK��:$��$XVWUDOLD

*DVWURHQWHURORJ\�DQG
KHSDWRORJ\�VHUYLFHV�DW�+ROO\ZRRG�3ULYDWH�+RVSLWDO�

/RFDO�JUDGXDWH�ZKR�XQGHUZHQW�JDVWURHQWHURORJ\�WUDLQLQJ�LQ
3HUWK�EHIRUH�XQGHUWDNLQJ�D�IHOORZVKLS

DW�WKH�0D\R�&OLQLF��8QLWHG�6WDWHV�
DQG�FRPSOHWLQJ�D�3K�'��DW�7KH�8QLYHUVLW\�RI

:HVWHUQ�$XVWUDOLD��8:$��

3UHGLFWLQJ�RXWFRPHV�DQG�PRQLWRULQJ�SDWLHQWV�ZLWK�1$)/'�0$)/'

$%675$&7

$PRQJ SDWLHQWV ZLWK PHWDEROLF G\VIXQFWLRQ DVVRFLDWHG ZLWK IDWW\ OLYHU GLVHDVH �0$)/'�� WKH
GHJUHH RI ILEURVLV LV SUHGLFWLYH RI FOLQLFDOO\ UHOHYDQW RXWFRPHV VXFK DV GHFRPSHQVDWLRQ�
KHSDWRFHOOXODU FDUFLQRPD �+&&�� DQG OLYHU�UHODWHG PRUWDOLW\� ),%�� LV UHFRPPHQGHG DV WKH
ILUVW�OLQH VFUHHQLQJ WHVW IRU ILEURVLV GXH WR LWV ZLGHVSUHDG YDOLGDWLRQ� ORZ FRVW� DQG DYDLODELOLW\ DV
ZHOO DV KDYLQJ D VOLJKWO\ KLJKHU DFFXUDF\ FRPSDUHG WR WKH 1$)/' )LEURVLV 6FRUH �1)6��
$OWKRXJK ),%�� LV DVVRFLDWHG ZLWK WKH GHYHORSPHQW RI OLYHU�UHODWHG RXWFRPHV DW D SRSXODWLRQ
OHYHO� LW LV UHODWLYHO\ LQVHQVLWLYH� ODFNV VSHFLILFLW\ ZLWK LQFUHDVLQJ DJH� DQG KDV UHGXFHG DFFXUDF\
LQ W\SH � GLDEHWHV� &RPELQLQJ WZR RU PRUH QRQ�LQYDVLYH ILEURVLV WHVWV �HJ VHUXP WHVW ZLWK
)LEURVFDQ� LV UHFRPPHQGHG IRU WKH GHWHFWLRQ RI DGYDQFHG OLYHU ILEURVLV� DOWKRXJK KDV PRGHVW
SRVLWLYH SUHGLFWLYH YDOXHV ��������� 0DJQHWLF UHVRQDQFH HODVWRJUDSK\ �05(� LV WKH PRVW
DFFXUDWH QRQ�LQYDVLYH WHFKQLTXH WR DVVHVV OLYHU ILEURVLV LQ 0$)/'� DQG DOVR SUHGLFWV SURJQRVLV�
KRZHYHU� LV OLPLWHG E\ H[SHQVH DQG DFFHVVLELOLW\� 3URJQRVWLFDWLRQ RI RXWFRPHV LQ 0$)/'
SDWLHQWV ZLWK FLUUKRVLV FDQ EH SHUIRUPHG XVLQJ FLUUKRVLV�VSHFLILF VFRUHV VXFK DV $%,'(� 7KH
SUHGLFWLRQ RI +&& LQ 0$)/' UHPDLQV FKDOOHQJLQJ ZLWK VFRUHV IURP WKH 86 9HWHUDQV $IIDLUV GDWD
VHWV KDYLQJ PRGHVW DFFXUDF\ EXW KLJKHU WKDQ VFRUHV EDVHG RQ JHQHWLF YDULDQWV� 0RQLWRULQJ
0$)/' SDWLHQWV RYHU WLPH DOVR UHPDLQ FKDOOHQJLQJ� &KDQJHV LQ ),%�� 1)6� ILEURVFDQ� RU 05(�
FRUUHODWH ZLWK FKDQJHV LQ ILEURVLV RYHU WLPH� KRZHYHU� WKHLU SUHGLFWLYH YDOXH DW DQ LQGLYLGXDO
SDWLHQW OHYHO LV PRGHVW� 3HUVLVWHQWO\ QRUPDO RU ORZ YDOXHV KDYH WKH JUHDWHVW XWLOLW\ LQ FRQILUPLQJ
WKH DEVHQFH RI ILEURVLV SURJUHVVLRQ ZKHUHDV LQFUHDVLQJ YDOXHV DUH OHVV SUHGLFWLYH RI ILEURVLV
SURJUHVVLRQ�

��



6DUR�.KHPLFKLDQ��0�'�
$VVLVWDQW�3URIHVVRU�RI�&OLQLFDO�0HGLFLQH

$VVRFLDWH�'LUHFWRU�/LYHU�7UDQVSODQW�3URJUDP
'LYLVLRQ�RI�*DVWURLQWHVWLQDO�DQG�/LYHU�'LVHDVHV

.HFN�0HGLFDO�&HQWHU�RI�86&

$EVWUDFW

3DWLHQW�*XLGHOLQHV�)RFXVLQJ�RQ�1RQ�DOFRKROLF�)DWW\�/LYHU�'LVHDVH

1RQDOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV WKH PRVW FRPPRQ FKURQLF OLYHU GLVHDVH LQ WKH 8QLWHG 6WDWHV
DQG LQ RWKHU LQGXVWULDOL]HG QDWLRQV� ,W KDV LQFUHDVHG LQ SUHYDOHQFH LQ SDUDOOHO ZLWK ULVLQJ LQ REHVLW\ DQG
PHWDEROLF V\QGURPH� DQG 1$)/' QRZ UHSUHVHQWV D OHDGLQJ LQGLFDWLRQ IRU OLYHU WUDQVSODQWDWLRQ LQ WKH
8QLWHG�6WDWHV�

$ VWUHDPOLQHG DSSURDFK WR WKH SUHYHQWLRQ� GLDJQRVLV DQG WUHDWPHQW RI WKH GLVHDVH UHPDLQV RI XWPRVW
LPSRUWDQFH���$OO�VRFLHWLHV�KDYH�SURYLGHG�UHFRPPHQGDWLRQV�IRU�WKH�PDQDJHPHQW�RI�1$)/'�

*XLGDQFH IRU GLDJQRVLV RI 1$)/' VXJJHVWV WKH IROORZLQJ� ��� HYLGHQFH RI KHSDWLF VWHDWRVLV E\ LPDJLQJ RU
KLVWRORJ\� ��� QR VLJQLILFDQW DOFRKRO FRQVXPSWLRQ� ��� QR FRPSHWLQJ FDXVHV RI KHSDWLF VWHDWRVLV� DQG ���
QR�FR�H[LVWLQJ�FDXVHV�RI�FKURQLF�OLYHU�GLVHDVH�

2QH QRWDEOH FKDQJH LQ JXLGDQFH� FRPSDUHG WR SUHYLRXV \HDUV LV D VWURQJHU HPSKDVLV RQ DVVHVVPHQW IRU
PHWDEROLF ULVN IDFWRUV LQ SDWLHQWV ZLWK LQFLGHQWDO ILQGLQJV RI KHSDWLF VWHDWRVLV DQG QRUPDO OLYHU FKHPLVWULHV
EXW ODFNLQJ OLYHU�UHODWHG V\PSWRPV� 7KHUH LV HYLGHQFH WKDW SDWLHQWV ZLWK 1$)/' KDYH LQFUHDVHG
FDUGLRYDVFXODU PRUELGLW\ DQG PRUWDOLW\� ,Q DGGLWLRQ� DGYDQFHG ILEURVLV LV DVVRFLDWHG ZLWK DQ LQFUHDVLQJ
QXPEHU RI PHWDEROLF FR�PRUELGLWLHV� 7KXV� HDUO\ LGHQWLILFDWLRQ DQG WUHDWPHQW RI LQGLYLGXDO FRPSRQHQWV RI
WKH�PHWDEROLF�V\QGURPH�DUH�FULWLFDO�LQ�SUHYHQWLQJ�ERWK�FDUGLRYDVFXODU�DQG�OLYHU�UHODWHG�PRUWDOLW\�

�� :RQJ�5-��$JXLODU�0��&KHXQJ�5��HW�DO��1RQDOFRKROLF�VWHDWRKHSDWLWLV�LV�WKH�VHFRQG�OHDGLQJ�HWLRORJ\
RI�OLYHU�GLVHDVH�DPRQJ�DGXOWV�DZDLWLQJ�OLYHU�WUDQVSODQWDWLRQ�LQ�WKH�8QLWHG�6WDWHV� *DVWURHQWHURORJ\
��������������������

�� &KDODVDQL�1��<RXQRVVL�=��/DYLQH�-(��HW�DO��7KH�GLDJQRVLV�DQG�PDQDJHPHQW�RI�QRQ�DOFRKROLF�IDWW\
OLYHU�GLVHDVH��SUDFWLFH�*XLGHOLQH�E\�WKH�$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�/LYHU�'LVHDVHV�
$PHULFDQ�&ROOHJH�RI�*DVWURHQWHURORJ\��DQG�WKH�$PHULFDQ�*DVWURHQWHURORJLFDO�$VVRFLDWLRQ�
+HSDWRORJ\ ���������������������

��



�� &KDODVDQL�1��<RXQRVVL�=��/DYLQH�-(��HW�DO��7KH�GLDJQRVLV�DQG�PDQDJHPHQW�RI�QRQDOFRKROLF�IDWW\
OLYHU�GLVHDVH��3UDFWLFH�JXLGDQFH�IURP�WKH�$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�/LYHU�'LVHDVHV�
+HSDWRORJ\ �������������������

�� 7DUJKHU�*��%\UQH�&'��/RQDUGR�$��HW�DO��1RQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH�DQG�ULVN�RI�LQFLGHQW
FDUGLRYDVFXODU�GLVHDVH��D�PHWD�DQDO\VLV� -�+HSDWRO �������������������

�� :RQJ�5-��7UDQ�7��.DXIPDQ�+��HW�DO��,QFUHDVLQJ�PHWDEROLF�FR�PRUELGLWLHV�DUH�DVVRFLDWHG�ZLWK�D
KLJKHU�ULVN�RI�DGYDQFHG�ILEURVLV�LQ�QRQDOFRKROLF�VWHDWRKHSDWLWLV� 3/R6�2QH ���������H��������

�� $QJXOR�3��.OHLQHU�'(��'DP�/DUVHQ�6��HW�DO��/LYHU�ILEURVLV��EXW�QR�RWKHU�KLVWRORJLF�IHDWXUHV��LV
DVVRFLDWHG�ZLWK�ORQJ�WHUP�RXWFRPHV�RI�SDWLHQWV�ZLWK�QRQDOFRKROLF�IDWW\�OLYHU�GLVHDVH�
*DVWURHQWHURORJ\ ��������������������H���

�� (VODP�0��6DQ\DO�$-��*HRUJH�-��,QWHUQDWLRQDO�&RQVHQVXV�3DQHO��0$)/'��D�FRQVHQVXV�GULYHQ
SURSRVHG�QRPHQFODWXUH�IRU�PHWDEROLF�DVVRFLDWHG�IDWW\�OLYHU�GLVHDVH� *DVWURHQWHURORJ\ ����������
�����������H��

�� (XURSHDQ�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�WKH�/LYHU��(XURSHDQ�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�'LDEHWHV�
(XURSHDQ�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�2EHVLW\��($6/�($6'�($62�&OLQLFDO�3UDFWLFH�*XLGHOLQHV
IRU�WKH�PDQDJHPHQW�RI�D�QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH� -�+HSDWRO ���������������������

�� :RQJ�9:��&KDQ�:.��&KLWWXUL�6��HW�DO��$VLD�3DFLILF�:RUNLQJ�3DUW\�RQ�1RQ�DOFRKROLF�)DWW\�/LYHU
'LVHDVH�JXLGHOLQHV������3DUW����GHILQLWLRQ��ULVN�IDFWRUV��DQG�DVVHVVPHQW� -�*DVWURHQWHURO�+HSDWRO
�����������������

��� &KLWWXUL�6��:RQJ�9:��&KDQ�:.��HW�DO��7KH�$VLD�3DFLILF�:RUNLQJ�3DUW\�RQ�1RQ�DOFRKROLF�)DWW\
/LYHU�'LVHDVH�JXLGHOLQHV������3DUW����PDQDJHPHQW�DQG�VSHFLDO�JURXSV� -�*DVWURHQWHURO�+HSDWRO
�����������������

��� /LX�&-��3UHYDOHQFH�DQG�ULVN�IDFWRUV�IRU�QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH�LQ�$VLDQ�SHRSOH�ZKR�DUH
QRW�REHVH� -�*DVWURHQWHURO�+HSDWRO ��������������� �����

��� 'DVDUDWK\�6��'DVDUDWK\�-��.KL\DPL�$��HW�DO��9DOLGLW\�RI�UHDO�WLPH�XOWUDVRXQG�LQ�WKH�GLDJQRVLV�RI
KHSDWLF�VWHDWRVLV��D�SURVSHFWLYH�VWXG\� -�+HSDWRO ���������������������

��� 0LWWDO�6��(O�6HUDJ�+%��6DGD�<+��HW�DO��+HSDWRFHOOXODU�FDUFLQRPD�LQ�WKH�DEVHQFH�RI�FLUUKRVLV�LQ
XQLWHG�VWDWHV�YHWHUDQV�LV�DVVRFLDWHG�ZLWK�QRQDOFRKROLF�IDWW\�OLYHU�GLVHDVH� &OLQ�*DVWURHQWHURO
+HSDWRO �������������������H��

��� %ODLV�3��+XVDLQ�1��.UDPHU�-5��HW�DO��1RQDOFRKROLF�IDWW\�OLYHU�GLVHDVH�LV�XQGHUUHFRJQL]HG�LQ�WKH
SULPDU\�FDUH�VHWWLQJ� $P�-�*DVWURHQWHURO ���������� �������

��� $OH[DQGHU�0��/RRPLV�$.��)DLUEXUQ�%HHFK�-��HW�DO��5HDO�ZRUOG�GDWD�UHYHDO�D�GLDJQRVWLF�JDS�LQ
QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH� %0&�0HG ��������� ����

��



&XUUHQW�$YDLODEOH�3KDUPDFRORJLFDO�7KHUDSHXWLF�2SWLRQV�IRU�1$)/'

$%675$&7

3KDUPDFRORJLFDO�WUHDWPHQW�IRU�QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH��1$)/'��UHPDLQV�DQ�DUHD�RI
DFWLYH�UHVHDUFK�ZLWK�PDQ\�GUXJV�WKDW�DUH�XQGHU�YDULRXV�VWDJHV�RI�GHYHORSPHQW�DQG�WHVWLQJ�
7KHUH�DUH�QR�)'$�DSSURYHG�WUHDWPHQWV�FXUUHQWO\���0HGLFDWLRQV�WKDW�KDYH�EHHQ�HYDOXDWHG�LQ
FRQWUROOHG�FOLQLFDO�WULDOV�DQG�GHPRQVWUDWHG�SRWHQWLDO�EHQHILW�LQFOXGH�9LWDPLQ�(��3LRJOLWD]RQH��DQG
/LUDJOXWLGH�

:LWK�UHJDUGV�WR�9LWDPLQ�(�LQ�SDWLHQWV�ZLWK�1$6+��WKHUH�KDYH�EHHQ�PXOWLSOH�UDQGRPL]HG
FRQWUROOHG�WULDOV�ZLWK�YDULDEOH�HQGSRLQWV��GXUDWLRQV��DQG�IRUPXODWLRQV���7KHUH�KDV�EHHQ�PRGHVW
KLVWRORJLFDO�LPSURYHPHQW�ZLWK�YDULDEOH�LPSDFW�RQ�ILEURVLV���7KHUH�KDV�EHHQ�D�VXJJHVWLRQ�RI
DOO�FDXVH�PRUWDOLW\�ZLWK�D�KLJK�GRVH�RI�9LWDPLQ�(���&XUUHQW�UHFRPPHQGDWLRQ�LV�IRU�QRQ�GLDEHWLF
SDWLHQWV���7KLD]ROLGLQHGLRQHV��LQ�WKLV�JURXS�SLRJOLWD]RQH��KDV�EHHQ�DSSURYHG�IRU�XVH�LQ�SDWLHQWV
ZLWK�ELRSV\�SURYHQ�1$6+�DQG�FDQ�DOVR�EH�XVHG�LQ�SDWLHQWV�ZLWK�GLDEHWHV�

/LUDJOXWLGH�ZKLFK�LV�D�*/3���DJRQLVW�KDV�VKRZQ�SRWHQWLDO�EHQHILW�LQ�SDWLHQWV�ZLWK�1$6+�LQ�VPDOO
UDQGRPL]HG�FRQWUROOHG�WULDOV���,QWHUHVWLQJO\�ZHLJKW�ORVV�PD\�KDYH�DFFRXQWHG�IRU�WKH�GLIIHUHQFH
WKDW�ZDV�QRWHG�LQ�SDWLHQWV�ZLWK�1$6+���6WDWLQV�KDYH�EHHQ�VKRZQ�WR�EH�VDIH�LQ�XVH�IRU�SDWLHQWV
ZLWK�1$)/'�1$6+�VLQFH�PDQ\�RI�WKHVH�SDWLHQWV�KDYH�FDUGLRYDVFXODU�ULVN�IDFWRUV�
&DUGLRYDVFXODU�ULVN�IDFWRU�PRGLILFDWLRQ�LV�DQ�LPSRUWDQW�SDUW�RI�SDWLHQWV�EXW�WKHUH�KDV�QRW�EHHQ
DQ\�GRFXPHQWDWLRQ�RI�KLVWRORJLFDO�LPSURYHPHQW�

0DQ\�GUXJV�UHPDLQ�LQ�WKH�SLSHOLQH�IRU�1$6+�DQG�WKH�PRVW�SURPLVLQJ�LQ�GHYHORSPHQW�RU�SHQGLQJ
)'$�GHFLVLRQV�DUH�2EHWLFKROLF�DFLG��(ODILEUDQRU��DQG�DQWLILEURWLFV�

�� 6DQ\DO�$-��&KDODVDQL�1��.RZGOH\�.9�HW�DO��3LRJOLWD]RQH��9LWDPLQ�(��RU�SODFHER�IRU
QRQDOFRKROLF�VWHDWRKHSDWLWLV��1(-0���������������

�� &XVL��.��2UVDN�%��%ULOO�)��/RQJ�7HUP�3LRJOLWD]RQH�7UHDWPHQW�IRU�3DWLHQWV�ZLWK
1RQDOFRKROLF�6WHDWRKHSDWLWLV�DQG�3UHGLDEHWHV�RU�7\SH���'LDEHWHV�0HOOLWXV��$�UDQGRPL]HG
7ULDO��$QQ�,QWHUQ�0HG��������������

�� %ULO�)��&XVL�.��0DQDJHPHQW�RI�1RQDOFRKROLF�)DWW\�/LYHU�'LVHDVH�LQ�3DWLHQWV�ZLWK�7\SH��
'LDEHWHV��$�&DOO�WR�$FWLRQ��'LDEHWHV�&DUH��������������

�� <DX�+��5LYHUD�.��/RPRQDFR�5�HW�DO��7KH�)XWXUH�RI�7KLD]ROLGLQHGLRQH�7KHUDS\�LQ
0DQDJHPHQW�RI�7\SH���'LDEHWHV�0HOOLWXV���&XUU�'LDE�5HS��������������

�� 7XFFRUL�0��)LOLRQ�.��<LQ�+�HW�DO��3LRJOLWD]RQH�XVH�DQG�ULVN�RI�%ODGGHU�&DQFHU��3RSXODWLRQ
%DVHG�&RKRUW�6WXG\��%0-�����������L�����

��



�� /HZLV�-'��+DEHO�/$��4XHVHQEHUU\�&3�HW�DO��3LRJOLWD]RQH�8VH�DQG�5LVN�RI�%ODGGHU�&DQFHU
DQG�2WKHU�&RPPRQ�&DQFHUV�LQ�3HUVRQV�ZLWK�'LDEHWHV���-$0$���������������

�� 'DYLGVRQ�0%��3LRJOLWD]RQH�DQG�%ODGGHU�&DQFHU��/HJDO�6\VWHP�7ULXPSKV�2YHU�(YLGHQFH�
-�'LDEHWHV�&RPSOLFDWLRQV��������������

�� &KDODVDQL�1��<RXQRVVL�=��/DYLQH�-(�HW�DO��7KH�'LDJQRVLV�DQG�0DQDJHPHQW�RI
QRQDOFRKROLF�IDWW\�OLYHU�GLVHDVH�3UDFWLFH�*XLGDQFH�IURP�WKH�$PHULFDQ�$VVRFLDWLRQ�IRU�WKH
6WXG\�RI�/LYHU�'LVHDVHV���+HSDWRORJ\�������������

�� .DQZDO�)��6KXEURRN�-+��$GDPV�/$��HW�DO�&OLQLFDO�FDUH�SDWKZD\V�IRU�WKH�ULVN�VWUDWLILFDWLRQ
DQG�PDQDJHPHQW�RI�SDWLHQWV�ZLWK�QRQDOFRKROLF�IDWW\�OLYHU�GLVHDVH��*DVWURHQWHURORJ\
������������������

���.DQZDO�)��6KXEURRN�-+��<RXQRVVL�=�HW�DO��3UHSDULQI�IRU�WKH�1$6+�HSLGHPLF��$�&DOO�WR
$FWLRQO� 'LDEHWHV�&DUH� ���������������±����

���:LOGLQJ�-3+��%DWWHUKDP�5/��&DODQQD�6��HW�DO�2QFH�ZHHNO\�6HPDJOXWLGH�LQ�$GXOWV�ZLWK
RYHUZHLJKW�RU�REHVLW\��1(-0�������������������

���+DJVWU|P�+��1DVU�3��(NVWHGW�0�HW�DO�)LEURVLV�VWDJH�EXW�QRW�1$6+�SUHGLFWV�PRUWDOLW\�DQG
WLPH�WR�GHYHORS�VHYHUH�OLYHU�GLVHDVH�LQ�ELRSV\�SURYHQ�1$)/'� -�+HSDWRO ������������

���+DUULVRQ�6$��%DVKLU�05��*X\�&'�HW�DO� 5HVPHWLURP��0*/������ IRU�WKH�WUHDWPHQW�RI
QRQ�DOFRKROLF�VWHDWRKHSDWLWLV��D�PXOWLFHQWHU��UDQGRPL]HG��GRXEOH�EOLQG�
SODFHER�FRQWUROOHG��SKDVH���WULDO� /DQFHW��������������������

���)UDQFTXH�60��%HGRVVD�3��5DW]LX�9�HW�DO� $�5DQGRPL]HG� &RQWUROOHG�7ULDO�RI�WKH
3DQ�33$5�$JRQLVW�/DQLILEUDQRU�LQ�1$6+� 1(-0�������������������

���1HZVRPH�31��%XFKKROW]�.��&XVL�.�HW�DO��$�SODFHER�FRQWUROOHG�WULDO�RI�VXEFXWDQHRXV
6HPDJOXWLGH�LQ�QRQDOFRKROLF�VWHDWRKHSDWLWLV���1(-0��������������������

���.OHLQHU�'(��%UXQW�(0��:LOVRQ�$/�HW�DO� $VVRFLDWLRQ RI�+LVWRORJLF�'LVHDVH�$FWLYLW\�:LWK
3URJUHVVLRQ�RI�1RQDOFRKROLF�)DWW\�/LYHU�'LVHDVH� -$0$ 1HWZRUN�2SHQ���������H�������

���<RXQRVVL�=0��5DW]LX�9��/RRPED�5��HW�DO��2EHWLFKROLF�DFLG�IRU�WKH�WUHDWPHQW�RI
QRQ�DOFRKROLF�VWHDWRKHSDWLWLV��LQWHULP�DQDO\VLV�IURP�D�PXOWLFHQWHU�UDQGRPL]HG�
SODFHER�FRQWUROOHG�SKDVH���WULDO� /DQFHW ������������������

���&KDODVDQL�1��$EGHOPDOHN�0)��*DUFLD�7VDR�*��HW�DO��(IIHFWV�RI�%HODSHFWLQ���DQ�LQKLELWRU�RI
*DOHFWLQ���LQ�SDWLHQWV�ZLWK�QRQDOFRKROLF�VWHDWRKHSDWLWLV�ZLWK�FLUUKRVLV�DQG�SRUWDO
K\SHUWHQVLRQ��*DVWUR��������������������

��
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3URI��'U��1HFDWL�gUPHFL

øVWDQEXO�+HDOWK�DQG�7HFKQRORJ\�8QLYHUVLW\��9LFH�5HFWRU�

0HGLFDO�)DFXOW\��+HDG�RI�WKH�GHSDUWPHQW�RI�,QWHUQDO�0HGLFLQH�

0$)/'��$�1HZ�'LVHDVH

$EVWUDFW

1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV GHVFULEHG DV HYLGHQFH RI KHSDWLF VWHDWRVLV� DW OHDVW �� RU KLJKHU
RI KHSDWRF\WHV� HLWKHU E\ LPDJLQJ RU KLVWRORJ\� ,Q WKLV GHILQLWLRQ� WKH ODFN RI VHFRQGDU\ FDXVHV RI KHSDWLF IDW
DFFXPXODWLRQ LQFOXGLQJ VLJQLILFDQW DOFRKRO FRQVXPSWLRQ� YLUDO� DXWRLPPXQH� RU JHQHWLF GLVRUGHUV� 6HYHUDO
YDULDQWV LQ GLIIHUHQW JHQHV DUH DVVRFLDWHG ZLWK WKH VXVFHSWLELOLW\ WR WKH SURJUHVVLRQ RI 1$)/'� 'LVFULPLQDWLRQ
RI 1$)/' ZLWK 1$6+ RU ZLWKRXW 1$6+ LV D PDWWHU RI GHEDWH� +RZHYHU� WKH GHILQLWLRQ RI 0HWDEROLF $VVRFLDWHG
)DWW\�/LYHU�'LVHDVHV��0$)/'��ZRXOG�KHOS�WR�RYHUFRPH�WKH�GLFKRWRPL]DWLRQ�RI�1$6+�DQG�1RQ�1$6+�

0$)/' LV GHVFULEHG DV KHSDWLF VWHDWRVLV� DW OHDVW �� RU KLJKHU RI KHSDWRF\WHV� HLWKHU E\ LPDJLQJ RU KLVWRORJ\�
%HVLGHV WKDW� WKH SDWLHQWV PXVW KDYH DW OHDVW WZR RI WKUHH FULWHULD VXFK DV �� WKH SDWLHQWV PXVW EH RYHUZHLJKW
RU REHVH � WKH SDWLHQWV PXVW KDYH W\SH � GLDEHWHV PHOOLWXV �� 7KH SDWLHQWV ZLWK OHDQ�QRUPDO ZHLJKW PXVW KDYH
DW OHDVW WZR PHWDEROLF ULVN DEQRUPDOLWLHV DV IROORZV� D�:DLVW FLUFXPIHUHQFH ������� FP LQ &DXFDVLDQ PHQ DQG
ZRPHQ RU � ����� FP LQ $VLDQ PHQ DQG ZRPHQ� E�%ORRG SUHVVXUH � ������ PP+J RU VSHFLILF GUXJ WUHDWPHQW�
F�3ODVPD WULJO\FHULGHV � ��� PJ�GO �� ���� PPRO�/� RU VSHFLILF GUXJ WUHDWPHQW� G� 3ODVPD +'/ FKROHVWHURO �
��PJ�GO ����� PPRO�/� IRU PHQ DQG � �� PJ�GO ����� PPRO�/� IRU ZRPHQ RU VSHFLILF GUXJ WUHDWPHQW�
H�3UHGLDEHWHV�I��+20$�VFRUH�������J�3ODVPD�KLJK�VHQVLWLYLW\�&�UHDFWLYH�SURWHLQ�OHYHO�!���PJ�/�

7KH KHWHURJHQHRXV QDWXUH RI IDWW\ OLYHU GLVHDVHV VXJJHVWV WKDW FDQQRW EH FRQVLGHUHG RU PDQDJHG DV D VLQJOH
FRQGLWLRQ ZLWK D ³2QH VL]H ILW DOO ³DSSURDFK WR WKHUDS\� 7KH GHILQLWLRQ RI 0$)/' IDFLOLWDWHV WKH DVVHVVPHQW RI
GLVHDVH VHYHULW\ LQ FOLQLFDO SUDFWLFH� 'HILQLWLRQ RI 0$)/' LQFUHDVHV RI DZDUHQHVV RI SK\VLFLDQV UHJDUGLQJ WKH
PDQDJHPHQW RI WKH GLVHDVHV� 'LDJQRVLV RI FU\SWRJHQLF FLUUKRVLV DWWULEXWDEOH WR PHWDEROLF GHUDQJHPHQWV
ZRXOG EH HDVLHU XVLQJ WKH GHILQLWLRQ RI 0$)/'� 7KH GHILQLWLRQ RI 0$)/' LQFUHDVHV SXEOLF DWWHQWLRQ DQG
LPSURYHV�KHDOWK�SROLF\�DFWLRQV��7KH�GHILQLWLRQ�RI�0$)/'�UHGXFHV�FRQIXVLRQ�DQG�VWLJPD�UHJDUGLQJ�WKH�GLVHDVH�

,Q VHYHUDO FOLQLFDO WULDOV� 0$)/' LGHQWLILHV SDWLHQWV ZLWK KLJK FDUGLRYDVFXODU ULVN� VLJQLILFDQW ILEURVLV� KLJK
SURSRUWLRQV RI PHWDEROLF FR�PRUELGLWLHV� ZLWK VHYHUH OLYHU VWHDWRVLV� $OO FDXVHV RI PRUWDOLW\� FDUGLRYDVFXODU
GLVHDVHV UHODWHG PRUWDOLW\� FDQFHU�UHODWHG PRUWDOLW\� DQG RWKHU FDXVH PRUWDOLWLHV DUH KLJKHU LQ SDWLHQWV ZLWK
0$)/' FRPSDUHG WR 1$)/'� +RZHYHU� WKH GHILQLWLRQ RI 0$)/' PD\ XQGHUHVWLPDWH WKH DFWXDO SUHYDOHQFH RI
WKH GLVHDVH� ,W PD\ H[FOXGH SDWLHQWV ZLWKRXW PHWDEROLF GLVWXUEDQFHV� 0HWDEROLF GHUDQJHPHQW PD\ EH DEVHQW
LQ ��� RI WKH SDWLHQWV ZLWK 1$)/'� 7KHUH VKRXOG EH GHILQLWLYH JXLGHOLQHV UHJDUGLQJ WKH LQFOXVLRQ RI JHQHWLF
ULVN IDFWRUV� SKHQRW\SLF PHDVXUHPHQWV� GLHWDU\ LQWDNH� YLVFHUDO DGLSRVLW\� DQG DOWHUDWLRQV LQ WKH PLFURELRWD LQ
WKH�GHILQLWLRQ�

��



'U�0DQRM�.XPDU�6KDUPD
%DULDWULF�6XUJHU\�DQG�0$)/'

'HSDUWPHQW�RI�+HSDWRORJ\�DQG�/LYHU�7UDQVSODQWDWLRQ
,QVWLWXWH�RI�/LYHU�	�%LOLDU\�6FLHQFHV��1HZ�'HOKL��,QGLD

(PDLO� PDQRMNXPDUGP#JPDLO�FRP

%DULDWULF�6XUJHU\�DQG�0$)/'
$EVWUDFW

7KH�SUHYDOHQFH�RI�REHVLW\�DQG�PHWDEROLF�GLVHDVHV�VXFK�DV�W\SH���GLDEHWHV�DQG
1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'��0HWDEROLF DVVRFLDWHG IDWW\ OLYHU GLVHDVH �0$)/'� KDV ULVHQ
GUDPDWLFDOO\ RYHU WKH SDVW GHFDGHV� %DULDWULF VXUJHU\ �%6��0HWDEROLF VXUJHU\�0%6� LV YHU\ HIIHFWLYH IRU
REHVLW\ DQG PHWDEROLF FRPRUELGLWLHV LQFOXGLQJ 1$)/'�0$)/'� ,QGLFDWLRQV IRU %6�0%6 YDU\ DFURVV
$VLD�3DFLILF &RXQWULHV� (DVW�6RXWK (DVW�6RXWK $VLDQ FRXQWULHV KDYH D ORZHU %0, FXW�RII IRU %6�0%6 �DV
FRPSDUHG WR WKH :HVWHUQ�&DXFDVLDQ SRSXODWLRQ�� %6�0%6 KDYH HIIHFWV RQ IRRG LQWDNH� JXW KRUPRQH
VHFUHWLRQ� PHWDEROLF VLJQDOLQJ SDWKZD\V� DQG DGLSRVH WLVVXH G\VIXQFWLRQ� $ UHGXFWLRQ LQ KHSDWLF IDW
FRQWHQW DQG DQ LPSURYHPHQW LQ KHSDWLF LQVXOLQ UHVLVWDQFH DUH DPRQJ WKH HDUOLHVW EHQHILFLDO HIIHFWV RI
EDULDWULF VXUJHU\� ZKLFK KDV WKHUHIRUH HPHUJHG DV DQ DWWUDFWLYH WUHDWPHQW RSWLRQ IRU 1$)/'�0$)/'�
%6�0%6 SURYLGHV ORQJ�WHUP UHVROXWLRQ RI 1$6+ DQG ILEURVLV UHJUHVVLRQ� %6�0%6 LV DVVRFLDWHG ZLWK D
VLJQLILFDQWO\ ORZHU ULVN RI LQFLGHQW PDMRU DGYHUVH OLYHU RXWFRPHV DQG PDMRU DGYHUVH FDUGLRYDVFXODU HYHQWV
LQ 1$6+ DQG REHVLW\� %6�0%6 DOVR UHGXFHV FDQFHU ULVN �LQFOXGLQJ +&&� LQ DGXOWV ZLWK 1$)/' DQG
VHYHUH REHVLW\� %6�0%6 KDV KLJK PRUWDOLW\ LQ GHFRPSHQVDWHG FLUUKRVLV� %6�0%6 FDQ VDIHO\ EH
SHUIRUPHG LQ VHOHFWHG SDWLHQWV ZLWK OLYHU FLUUKRVLV DQG LV DQ DWWUDFWLYH RSWLRQ LQ FDUHIXOO\ VHOHFWHG
WUDQVSODQW FDQGLGDWHV ZLWK VHYHUH REHVLW\� 6OHHYH JDVWUHFWRP\ �6*� DQG 5RX[�HQ�< JDVWULF E\SDVV �
5<*%� DUH HTXLYDOHQWO\ HIIHFWLYH IRU WUHDWLQJ 1$)/'�0$)/'� +RZHYHU� 6* KDV EHFRPH WKH SUHIHUUHG
SURFHGXUH LQ WKH ODVW GHFDGH� HVSHFLDOO\ IRU SDWLHQWV ZLWK FLUUKRVLV� 5HSRUWV RI OLYHU IDLOXUH IROORZLQJ
%6�0%6 �HVSHFLDOO\ ZLWK ROGHU E\SDVV SURFHGXUHV� KDYH EHHQ UHSRUWHG� %6�0%6 PD\ EH D ULVN IDFWRU IRU
DOFRKRO DEXVH� %6�0%6 VKRXOG EH XVHG DIWHU DSSURSULDWH VFUHHQLQJ DQG ZLWK FORVH IROORZ�XS� DQG WKH
EHQHILFLDO�HIIHFWV�JHQHUDOO\�IDU�RXWZHLJK�WKH�ULVNV�

��



'U��-HIIUH\�9��/D]DUXV
+HDG�RI�WKH�KHDOWK

V\VWHPV�WHDP�DW�WKH�%DUFHORQD�,QVWLWXWH�IRU
*OREDO�+HDOWK��,6*OREDO��DQ

$VVRFLDWH�3URIHVVRU�DW�WKH�)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI
%DUFHORQD��DQG�D�6HQLRU�6FKRODU�DW�&81<�63+�

$EVWUDFW

$GYDQFLQJ�WKH�JOREDO�SXEOLF�KHDOWK�DQG�SROLF\�DJHQGD�IRU�1$)/'

1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV WKH PRVW SUHYDOHQW FKURQLF OLYHU GLVHDVH JOREDOO\ EXW LV
ZLGHO\ DEVHQW IURP SXEOLF KHDOWK DQG SROLF\ DJHQGDV� ,Q UHVSRQVH� LQ ���� PRUH WKDQ ��� H[SHUWV
IURP DURXQG WKH ZRUOG GHYHORSHG D JOREDO 1$)/' SXEOLF KHDOWK FRQVHQVXV VWDWHPHQW DQG
UHFRPPHQGDWLRQV �)LJXUH�� LQFOXGLQJ DGYDQFLQJ WKH 1$)/' SXEOLF KHDOWK DJHQGD E\ IRUPLQJ D
JOREDO FRDOLWLRQ WR GHYHORS D URDGPDS� FROODERUDWLQJ DFURVV GLVFLSOLQHV� GHYHORSLQJ DFWLRQ SODQV�
JXLGHOLQHV DQG SROLFLHV WKDW DGGUHVV 1$)/' DQG OLQNHG QRQ�FRPPXQLFDEOH GLVHDVHV KROLVWLFDOO\�
PRQHWDU\ LQYHVWPHQW LQ 1$)/' UHVHDUFK� UDLVLQJ GLVHDVH DZDUHQHVV� DQG LPSURYLQJ PRGHOV RI FDUH
�0R&V��

7KH µZKDW� ZKHUH ZKR� DQG KRZ¶ RI 1$)/' 0R&V VKRXOG LQFOXGH� GHYHORSLQJ JXLGDQFH RQ VFUHHQLQJ
DQG WHVWLQJ XVLQJ QRQ�LQYDVLYH PHWKRGV DQG RQ WUHDWPHQW VWUDWHJLHV� HVWDEOLVKLQJ SDWKZD\V WKDW DUH
SDWLHQW�FHQWHUHG DQG WDLORUHG WR WKH GLVHDVH VWDJH� SURSHUO\ DUWLFXODWLQJ WKH FDUH UROHV RI DQG
LQWHUDFWLRQV EHWZHHQ SULPDU\� VHFRQGDU\ DQG WHUWLDU\ FDUH SURYLGHUV� DQG HVWDEOLVKLQJ ZKHUH
FR�ORFDWLRQ RI VHUYLFHV IRU WKH WUHDWPHQW RI 1$)/' DQG FRPPRQ FRPRUELGLWLHV ZRXOG EH IHDVLEOH�
LQWHJUDWLQJ DQG FRRUGLQDWLQJ FDUH DFURVV WKH ZKROH KHDOWKFDUH V\VWHP� (IIHFWLYHO\ WDFNOLQJ 1$)/'
ZLOO DOVR HQWDLO HQJDJLQJ SDWLHQWV DQG UHYLVLQJ LWV WHUPLQRORJ\� $$6/' DQG ($6/ ZLWK $3$6/� $/(+�
DQG RWKHUV KDYH EHHQ OHDGLQJ DQ LQFOXVLYH� JOREDO PXOWL�VWDNHKROGHU SURFHVV� LQFOXGLQJ SDWLHQW
JURXSV� WR H[DPLQH QRPHQFODWXUH RSWLRQV DQG UDPLILFDWLRQV WR LQIRUP DJUHHLQJ RQ D QDPH WKDW
DGGUHVVHV VWLJPD DQG DGYDQFHV WKH XQGHUVWDQGLQJ RI GLVHDVH VXEW\SHV� LWV QDWXUDO KLVWRU\ DQG LWV
UHVSRQVH�WR�WUHDWPHQW��VR�DV�WR�KHOS�LQ�EDWWOLQJ�WKLV�SXEOLF�KHDOWK�FULVLV�

)LJXUH� 1$)/'�SXEOLF�KHDOWK�FRQVHQVXV�VWDWHPHQW�UHFRPPHQGDWLRQV�

��



��



$OH[DQGHU�9��1HUVHVRY
QHUVHVRY�D#ND]QPX�N]

6�'��$VIHQGL\DURY�.D]DNK�1DWLRQDO�0HGLFDO�8QLYHUVLW\��.D]DNK
$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�WKH�/LYHU��$OPDW\��.D]DNKVWDQ

08/7,',6&,3/,1$5<�$3352$&+(6�)25�7+(�0$1$*(0(17�2)�1$)/'��0$)/'�

$EVWUDFW
��	��  ��	��¡ EO QOQ=HHU =OOK?E=PA@ SEPD K>AOEPU� @UOHELE@AIE=� EJOQHEJ NAOEOP=J?A  ��¡ KN �½���
=J@ =NPANE=H DULANPAJOEKJ SDE?D =NA @ABEJA@ =O = IAP=>KHE? OUJ@NKIA  ��¡� �L=NP BNKI PDAOA ��
?KILKJAJPO� PDANA =NA OKIA KPDAN AOP=>HEODA@ HEJG=CAO KB ��	�� OQ?D =O =PDANKO?HANKOEO�
?=N@EKR=O?QH=N @EOA=OAO  DA=NP B=EHQNA� =NNDUPDIE=¡� ?DNKJE? GE@JAU @EOA=OA  ���¡� K>OPNQ?PERA OHAAL
=LJA=� LKHU?UOPE? KR=NE=J OUJ@NKIA� =J@ DULKPDUNKE@EOI� 	QNPDANIKNA� NA?AJP ARE@AJ?A D=O
EJ?NA=OA@ PDA >NK=@ OLA?PNQI KB KPDAN ATPN=�DAL=PE? AIANCEJC HEJG=CAO� EJ?HQ@EJC REP=IEJ �
@ABE?EAJ?U� KOPAKLKNKOEO� I=HA OATQ=H @UOBQJ?PEKJ� ?KNKJ=NU =NPANU ?=H?EBE?=PEKJ� ?=NKPE@ =NPANU� =J@
=KNPE? R=HRA O?HANKOEO� ���� ?=N@EKIUKL=PDU� EO?DAIE? OPNKGA =J@ B=PECQA� =H>QIEJQNE= =J@
QNKHEPDE=OEO� LANEK@KJPEPEO� LOKNE=OEO� =J@ PQIKNO  J=IAHU ���¡� ?KHKNA?P=H =J@ >NA=OP ?=J?AN�
�NA=PIAJP KB ��	�� AJ?KIL=OOAO HEBAOPUHA IK@EBE?=PEKJ� P=NCAPEJC �� ?KILKJAJPO� HERAN�@ENA?PA@
LD=NI=?KPDAN=LU� =J@ I=J=CEJC HERAN ?ENNDKOEO ?KILHE?=PEKJO� �A@EPANN=JA=J @EAP� HKS EJ O=PQN=PA@
B=PO =J@ =JEI=H LNKPAEJ� DECD EJ =JPEKTE@=JPO =J@ BE>ANO� KIAC=�¾� =J@ LKHULDAJKHO� EO OQCCAOPA@ PK
>A ABBA?PERA EJ ��	��� �QA PK EPO =JPE�EJBH=II=PKNU� =JPEKTE@=JP� HELE@�HKSANEJC� LNA>EKPE?� =J@
LNK>EKPE? LNKLANPEAO� EP NA@Q?AO SAECDP� EJOQHEJ NAOEOP=J?A BQJ?PEKJ=H HERAN PAOPO� =J@ OPA=PKOEO� =J@ =O
= NAOQHP� NEOGO KB ���� ��� ��� =J@ @UOHELE@AIE=� �DUOE?=H =?PEREPU HA=@O PK EJ?NA=OA LANELDAN=H
EJOQHEJ OAJOEPEREPU SEPD = NA@Q?PEKJ KB HELKCAJAOEO� REO?AN=H B=P� =J@ HELE@ OQLLHU PK PDA HERAN� =J@ =O =
NAOQHP� = NEOA EJ ���� ?HA=N=J?A� = @A?NA=OA EJ HELE@ OPKN=CA� =J@ HERAN PNECHU?ANE@A ?KJPAJP� �=NCAPA@
PDAN=LEAO BKN �� =J@ KPDAN =OOK?E=PA@ ?KIKN>E@EPEAO EJ L=PEAJPO SEPD ��	�� I=U =HOK D=RA =
LKOEPERA EIL=?P KJ PDA HERAN� �J L=NPE?QH=N� LEKCHEP=VKJA EILNKRAO HERAN DEOPKHKCU EJ L=PEAJPO SEPD
>EKLOU�LNKRAJ ���� SEPD =J@ SEPDKQP �½��  ������ OPQ@U¡� 
���¼ =CKJEOPO  HEN=CHQPE@A¡ HA=@ PK
DEOPKHKCE?=H NAOKHQPEKJ KB JKJ�=H?KDKHE? OPA=PKDAL=PEPEO EJ ¾ÄÎ� =O SAHH =O PK @A?NA=OA ��� =J@ >K@U
SAECDP  ���� OPQ@U¡� �
��½ EJDE>EPKNO  AIL=CHEBHKVEJ¡ DAHL PK NA@Q?A PDA HERAN B=P BN=?PEKJ AR=HQ=PA@
>U ������		 BNKI ¼Á Î PK ¼¼Î =O SAHH =O ��� HARAH  ����	� OPQ@U¡� �J OKIA PNE=HO� OP=PEJ PNA=PIAJP
HA@ PK = @A?NA=OA ���� ���� 

�� =J@ ���� =O SAHH =O >=HHKKJEJC� HK>QH=N EJBH=II=PEKJ� =J@ ?KHH=CAJ
@ALKOEPEKJ EJ PDA HERAN� 	E>N=PAO I=U NA@Q?A PNECHU?ANE@AO� ��� ���� C=II=�
�� =J@ PN=JO=IEJ=OAO� =O
SAHH =O >=HHKKJEJC =J@ HERAN OPEBBJAOO� ��	�O SANA @AIKJOPN=PA@ PK NA@Q?A� ���� ���� 

�� �
�
CHQ?KOA� ��� =J@ HERAN B=P� ��� >HK?GANO  AOLA?E=HHU =JCEKPAJOEJ NA?ALPKN >HK?GAN �AHIEO=NP=J¡ SANA
ODKSJ PK @A?NA=OA �� =J@ HERAN BE>NKOEO EJ OKIA OPQ@EAO� �J OQII=NU� OKIA EJPANRAJPEKJO =J@
P=NCAPA@ PDAN=LEAO BKN �� =J@ KPDAN ��	���=OOK?E=PA@ ?KIKN>E@EPEAO D=RA KN I=U D=RA OKIA
LKPAJPE=H�>AJABEPO�BKN�HERAN�DA=HPD�

��
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3DYHO�%RJRPRORY
7KH�KHDG�RI�WKH�+HSDWRORJ\�GHSDUWPHQW��0RVFRZ

5HJLRQDO�6FLHQWLILF�DQG�5HVHDUFK
&OLQLFDO�,QVWLWXWH�Q��D��9ODGLPLUVN\�0�)���0RVFRZ���5XVVLD

$EVWUDFW

6DIHW\�DQG�(IILFDF\�RI�*OXFDJRQ�OLNH�3HSWLGH��7\SH���LQ�1$6+

�=?GCNKQJ@� �QH=CHQPE@A D=O >AAJ =LLNKRA@ =O = DULKCHU?AIE? =CAJP BKN PDA PNA=PIAJP KB L=PEAJPO
SEPD �½��� � LKOEPERA ABBA?P KJ ?=N>KDU@N=PA IAP=>KHEOI =J@ >K@U SAECDP S=O ODKSJ EJ ���� �P
S=O BKQJ@ PD=P 
���¼ =CKJEOPO I=U LNARAJP PDA LNKCNAOOEKJ KB ��	�� @ENA?PHU =BBA?PEJC HELE@
IAP=>KHEOI =J@ EJBH=II=PEKJ� �EI� �K =OOAOO PDA ABBA?P KB @QH=CHQPE@A KJ ?=N>KDU@N=PA =J@ DAL=PE?
IAP=>KHEOI EJ L=PEAJPO SEPD �½�� =J@ ��	�� EJ NA=H ?HEJE?=H LN=?PE?A EJ PDA �KO?KS �ACEKJ�
�AOECJ� �J KLAJ K>OANR=PEKJ=H LNKOLA?PERA ?KDKNP OPQ@U KB NA=H ?HEJE?=H LN=?PE?A� �BPAN =LLNKR=H >U
��� ¿À LPO SEPD �½�� =J@ ��	��� ��� � ½Â GC � I½� NA?AEREJC >=OE? PDAN=LU =P PDA PEIA KB
EJ?HQOEKJ SEPD = @=EHU @KOA KB IAPBKNIEJ � ¼�À»» IC =O IKJKPDAN=LU KN =O L=NP KB ?KI>EJ=PEKJ
PDAN=LU SANA ?KJ@Q?PA@ EJ PDA OPQ@U SEPD PDA PNA=PIAJP KB @QH=CHQPE@A OQ>?QP=JAKQO EJFA?PEKJO ¼�À
IC SAAGHU BKN ½Á SAAGO� �A=J =CA ÀÀ�ÁÐ¼»�Á ɥɟɬ� ¼Á ¾ÁÎ¡ IAJ� �HH L=PEAJPO QJ@ANCK = LDUOE?=H
AT=IEJ=PEKJ SEPD DAECDP� SAAGHU SAECDP� S=EOP =J@ DEL ?EN?QIBANAJ?A IA=OQNAIAJP� IKJPDHU
>HKK@ O=ILHEJC PAOPO  �>�¼?� 	�
� ���� ���� 

�� HELE@O� DAI=PKHKCU¡� QHPN=OKQJ@� AH=OPKIAPNU
QOEJC 	E>NKO?=J >ABKNA =J@ =BPAN ½Á SAAGO KB PNA=PIAJP� �HOK 	��¿� =J@ 	�� SANA ?=H?QH=PA@ >ABKNA
=J@ =BPAN ½Á SAAGO KB PNA=PIAJP� �P=PEOPE?=H =J=HUOEO S=O @KJA QOEJC >U �A@�=H? �ANOEKJ ¼Ä�¼ QOEJC
PDA �EH?KTKJ PAOP BKN JKJL=N=IAPNE? =J@ PDA 	EODAN PAOP BKN L=N=IAPNE? @=P=� �AOQHPO LNAOAJPA@ EJ
PDA IA@E=J SEPD EJPANMQ=NPEHA N=JCA  ���¡� �AOQHPO� �J NA=H ?HEJE?=H LN=?PE?A SAAGHU REOEPO� EP S=O
BKQJ@ OP=PEOPE?=HHU OECJEBE?=JP @EBBANAJ?A EJ SAECDP HKOO� ÀÎSAECDP HKOO S=O BKQJ@ EJ ÀÁ�» Î LPO� ¼»Î
SAECDP HKOO � EJ Â�» Î KB L=PEAJPO� IA@E=J SAECDP HKOO S=O �À GC EJ ½Á SAAGO� � OP=PEOPE?=HHU
OECJEBE?=JP @A?NA=OA EJ SAECDP� ���� S=EOP ?EN?QIBANAJ?A� �>�¼?� =J@ ��� HARAHO SANA @APA?PA@ EJ PDA
SDKHA CNKQL� @AOLEPA PDA B=?P PD=P PDA CK=H KB IKNA PD=J ÀÎ KB PDA EJEPE=H SAECDP HKOO D=O NA=?DA@
KJHU ÀÁ�»Î KB L=PEAJPO� �DANA S=O JK OP=PEOPE?=H @EBBANAJ?A EJ DEL ?EN?QIBANAJ?A� 	�
� ���� 

�� KN
HELE@O HARAHO� �A@E=J KB �>�¼? @A?NA=OA@ BNKI Â�¿Î  Á�¼�Ã�¿¡ PK Á�¾  À�Á�Á�Ã¡� ��� IA@E=J @A?NA=OA@
BNKI ÁÂ�½  ��� ¾À�À�ÄÁ�Ä¡ PK ¾Ã�½  ��� ½½�Á�Á½�Ä¡� � @KSJS=N@ PNAJ@ EJ 	�� =J@ �� S=O =HOK JKPA@�
=HPDKQCD =>OKHQPA R=HQAO ��?KNNAOLKJ@A@ PK = DECD NEOG KB OPA=PKOEO� �KJ?HQOEKJ� �J NA=H ?HEJE?=H
LN=?PE?A�QH=CHQPE@A I=U D=RA = LKOEPERA ABBA?P KJ SAECDP HKOO� =J@ IAP=>KHE? =J@ DAL=PE? L=N=IAPANO
EJ�L=PEAJPO�SEPD���	���=J@��½���

��



$OH[H\�%XHYHURY

0'��3URIHVVRU�RI�WKH�'HSDUWPHQW�RI�0HGLFDO�DQG�6RFLDO�([SHUWLVH�
(PHUJHQF\�DQG�3RO\FOLQLF�7KHUDS\�DW�,QVWLWXWH

RI�9RFDWLRQDO�(GXFDWLRQ�
)LUVW�0RVFRZ�6WDWH�0HGLFDO�8QLYHUVLW\��6HFKHQRY�8QLYHUVLW\

$EVWUDFW

'UXJ�'HYHORSPHQW�2YHUYLHZ�DQG�&OLQLFDO�3KDUPDFRORJ\

1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH LV D VSHFWUXP RI SDWKRORJLFDO FKDQJHV LQ WKH OLYHU� H[FHVVLYH
DFFXPXODWLRQ RI WULJO\FHULGHV� WKH GHYHORSPHQW RI LQIODPPDWLRQ� ILEURVLV� DQG FLUUKRVLV� 1$)/' LV
WKH PRVW FRPPRQ FKURQLF GLVHDVH LQ WKH ZRUOG� 7KH SDWKRJHQHVLV DQG SURJUHVVLRQ RI WKH
GLVHDVH DUH RIWHQ GHVFULEHG E\ WKH �PXOWLSOH KLW K\SRWKHVLV´� 7KH ILUVW �KLW� LV WKH DFFXPXODWLRQ RI
H[FHVV WULJO\FHULGHV LQ KHSDWRF\WHV� 7KH GHSRVLWLRQ RI KLJKO\ WR[LF IUHH IDWW\ DFLGV LQ WKH
EDFNJURXQG RI LQVXOLQ UHVLVWDQFH OHDGV WR OLSLG SHUR[LGDWLRQ DQG R[LGDWLYH VWUHVV� &RQVLVWHQWO\ RU
VLPXOWDQHRXVO\ ZLWK WKH ILUVW ³KLW´� WKH VHFRQG RQH GHYHORSV � LQ WKH EDFNJURXQG RI LQFUHDVHG
SHUR[LGDWLRQ SURFHVVHV� UHDFWLYH R[\JHQ VSHFLHV DFFXPXODWH� DQG WKH SURGXFWLRQ RI
SUR�LQIODPPDWRU\ F\WRNLQHV LQFUHDVHV� 7KH RQJRLQJ VKLIW LQ WKH F\WRNLQH EDODQFH WRZDUGV WKH
RYHUSURGXFWLRQ RI SUR�LQIODPPDWRU\ F\WRNLQHV SOD\V DQ LPSRUWDQW UROH LQ WKH GHYHORSPHQW DQG
SURJUHVVLRQ RI 1$)/' E\ VWLPXODWLQJ KHSDWLF LQIODPPDWLRQ� FHOO QHFURVLV� DSRSWRVLV� DQG ILEURVLV
LQGXFWLRQ� *HQHWLF DQG HSLJHQHWLF IDFWRUV FDQ FRQWULEXWH WR WKH FKURQLFLW\ RI WKH LQIODPPDWRU\
SURFHVV� WKH GHDWK RI KHSDWRF\WHV� WKH DFWLYDWLRQ RI OLYHU VWHOODWH FHOOV� DQG WKHLU LQFUHDVHG
SURGXFWLRQ RI WKH H[WUDFHOOXODU FROODJHQ PDWUL[� 7KXV� LQIODPPDWLRQ LV RQH RI WKH NH\ OLQNV LQ WKH
SDWKRJHQHVLV RI 1$)/' DQG WKH PRVW LPSRUWDQW IDFWRU LQ LWV SURJUHVVLRQ� 7KHUHIRUH� LW LV
H[WUHPHO\ LPSRUWDQW WR UHFRJQL]H WKH LQFOXVLRQ RI DQWL�LQIODPPDWRU\ GUXJV LQ WKHUDS\� 2QH VXFK
GUXJ LV JO\F\UUKL]LF DFLG� ZKLFK LV PDUNHWHG DV IL[HG FRPELQDWLRQV ZLWK SKRVSKROLSLGV RU 8'&$�
7KH UHVXOWV RI WKH VWXGLHV LQGLFDWH WKDW JO\F\UUKL]LF DFLG KDV DQWL�LQIODPPDWRU\ DFWLYLW\ DVVRFLDWHG
ZLWK DQ LQKLELWRU\ HIIHFW RQ WKH SURGXFWLRQ RI 71)Į DQG ,/��� DV ZHOO DV DQ DQWLILEURWLF HIIHFW GXH
WR WKH VXSSUHVVLRQ RI WKH DFWLYLW\ RI OLYHU VWHOODWH FHOOV DQG WKHLU SURGXFWLRQ RI FROODJHQ� 7KH
HIILFDF\ DQG IDYRUDEOH VDIHW\ SURILOH RI JO\F\UUKL]LF DFLG KDYH EHHQ SURYHQ LQ WZR PXOWLFHQWHU�
GRXEOH�EOLQG� UDQGRPL]HG� SODFHER�FRQWUROOHG� SRVW�UHJLVWUDWLRQ FOLQLFDO WULDOV �*(3$5'� DQG
³-$*8$5���ZKLFK�LQFOXGHG�����SDWLHQWV�

��



9HQHUD�5DNKPHWRYD�
'RFWRU�RI�PHGLFDO�VFLHQFHV��SURIHVVRU�RI

$VWDQD�0HGLFDO�8QLYHUVLW\
1XU�6XOWDQ��.D]DNKVWDQ

$EVWUDFW

/LIH��6W\OH�DQG��1$)/'
7KH GHYHORSPHQW RI QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH LV FORVHO\ UHODWHG WR OLIHVW\OH IDFWRUV� QDPHO\
H[FHVVLYH FDORULH LQWDNH FRPELQHG ZLWK UHGXFHG SK\VLFDO DFWLYLW\ DQG H[HUFLVH� 7KH SUHVHQWDWLRQ
JLYHV HYLGHQFH IRU OLIHVW\OH PRGLILFDWLRQ DV D WRRO WR LPSURYH OLYHU VWHDWRVLV DQG OLYHU KLVWRORJ\ LQ
SDWLHQWV ZLWK QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH�QRQ�DOFRKROLF VWHDWRKHSDWLWLV DQG VWUDWHJLHV WR
RYHUFRPH WKHVH REVWDFOHV LQ WKH FOLQLFDO VHWWLQJ� 7KH GHYHORSPHQW RI QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH
�1$)/'� LV FORVHO\ UHODWHG WR OLIHVW\OH IDFWRUV� QDPHO\ H[FHVVLYH FRQVXPSWLRQ RI KLJK�FDORULH IRRGV
FRPELQHG ZLWK UHGXFHG SK\VLFDO DFWLYLW\ DQG H[HUFLVH� *OREDO XUEDQL]DWLRQ DQG PRGHUQL]DWLRQ LQ WKH
��WK DQG ��VW FHQWXULHV KDYH EHHQ DVVRFLDWHG ZLWK XQKHDOWK\ OLIHVW\OH FKDQJHV� &RQVHTXHQWO\� RYHU
WKH SDVW � GHFDGHV� WKHUH KDV EHHQ D VLJQLILFDQW LQFUHDVH LQ WKH DYHUDJH JOREDO ERG\ PDVV LQGH[
�%0,� DQG WKH SUHYDOHQFH RI REHVLW\� ZKLFK DUH SDWKRSK\VLRORJLFDO IDFWRUV LQ 1$)/'� $Q H[DPSOH RI
WKLV LV WKH UDSLG LQFUHDVH LQ WKH SUHYDOHQFH RI 1$)/' LQ $VLD RYHU WKH SDVW �� \HDUV� DVVRFLDWHG ZLWK
XUEDQL]DWLRQ DQG WKH WUDQVLWLRQ WR �:HVWHUQ� IRRG� 7KH GULYHUV EHKLQG XQKHDOWK\ OLIHVW\OHV DQG
FKRLFHV DUH FRPSOH[ DQG PXOWLIDFHWHG� EXW WKH\ FDQ EH VXFFHVVIXOO\ DGGUHVVHG WR UHDS VLJQLILFDQW
KHDOWK EHQHILWV� ,I VXFFHVVIXO� OLIHVW\OH FKDQJHV OHDGLQJ WR ZHLJKW ORVV DUH YHU\ HIIHFWLYH LQ UHGXFLQJ
ILEURVLV DQG QHFURLQIODPPDWRU\ FKDQJHV LQ QRQ�DOFRKROLF VWHDWRKHSDWLWLV �1$6+�� +RZHYHU�
VXVWDLQDEOH OLIHVW\OH FKDQJHV DQG ZHLJKW ORVV DUH GLIILFXOW WR DFKLHYH� DQG XQIRUWXQDWHO\� OLIHVW\OH
FKDQJHV DORQH GR QRW EULQJ VXFFHVV WR HYHU\ SHUVRQ� /LIHVW\OH LQWHUYHQWLRQV FDQ EH YHU\ HIIHFWLYH LQ
WUHDWLQJ 1$)/' DFURVV WKH VSHFWUXP RI GLVHDVH DQG PDQDJLQJ QRW RQO\ OLYHU KHDOWK EXW DOVR
FDUGLRYDVFXODU DQG PHWDEROLF GLVHDVH� ,W LV RIWHQ GLIILFXOW IRU RXU SDWLHQWV WR DFKLHYH OLIHVW\OH FKDQJHV�
EXW ZLWK LQGLYLGXDO VXSSRUW� VLJQLILFDQW ORQJ�WHUP FKDQJHV DUH SRVVLEOH� )XUWKHU UHVHDUFK LV QHHGHG WR
GHWHUPLQH RSWLPDO QXWULWLRQDO WKHUDS\ LQ FRPELQDWLRQ ZLWK SK\VLFDO DFWLYLW\�H[HUFLVH WKDW LPSURYHV
OLYHU GDPDJH DQG ILEURVLV� 0RUH HYLGHQFH LV QHHGHG WR GHWHUPLQH ZKLFK SDWLHQWV DUH PRVW OLNHO\ WR
EHQHILW IURP OLIHVW\OH LQWHUYHQWLRQV DQG� LQ SDUWLFXODU� ZKHWKHU WKH LQLWLDO VWDJH RI ILEURVLV DIIHFWV WKH
HIIHFWLYHQHVV RI OLIHVW\OH FKDQJHV� ,I OLIHVW\OH FKDQJHV DUH DFKLHYHG DQG PDLQWDLQHG� WKH EHQHILWV WR
OLYHU� KHDUW DQG PHWDEROLF KHDOWK PD\ RXWZHLJK WKH HIIHFWLYHQHVV RI GUXJV� 7KHUHIRUH� OLIHVW\OH
PRGLILFDWLRQ�VKRXOG�UHPDLQ�WKH�PDLQ�IRFXV�IRU�DOO�SDWLHQWV�ZLWK�1$)/'�
&RQFOXVLRQ� 7KH PDLQ WUHDWPHQW IRU 1$)/' LV GLHW DQG OLIHVW\OH FKDQJHV� $Q LQGLYLGXDO DSSURDFK
VKRXOG�EH�WDNHQ��FRPELQLQJ�GLHW�DQG�JUDGXDO�LQFUHDVH�LQ�DHURELF�VWUHQJWK�ORDG�
,GHQWLILFDWLRQ DQG FRUUHFW GLDJQRVLV DW WKH RQVHW RI 1$)/' GLVHDVH SUHYHQW LUUHYHUVLEOH
FRQVHTXHQFHV�DQG�UHGXFH�PRUWDOLW\�
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�=OIEG�
D=VEJU=J����������
�ENA?PKN�KB��EGKIA@����

�KJOQHP=JP����AL=PKHKCEOP�
�=PEKJ=H��AJPNA�KB��JBA?PEKQO��EOA=OAO

�ANAR=J���NIAJE=

$EVWUDFW

1$)/'�LQ�&KLOGUHQ

1RQDOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'�� GHILQHG DV WKH DEQRUPDO KHSDWLF DFFXPXODWLRQ RI
PDFURYHVLFXODU IDW LQ WKH DEVHQFH RI RWKHU HWLRORJLHV� VXFK DV LQIHFWLRQ� DXWRLPPXQH SURFHVVHV�
KHSDWRWR[LF GUXJV� DQG VWRUDJH GLVRUGHUV� LV WKH PRVW FRPPRQ FDXVH RI OLYHU GLVHDVH LQ FKLOGUHQ DQG
WHHQDJHUV� 1$)/' UHSUHVHQWV D VSHFWUXP RI GLVHDVHV IURP VLPSOH KHSDWLF VWHDWRVLV WR
VWHDWRKHSDWLWLV WKDW PD\ GHYHORS LQWR SURJUHVVLYH KHSDWLF ILEURVLV DQG HYHQ FLUUKRVLV� ,W LV WKH PRVW
UDSLGO\ LQFUHDVLQJ LQGLFDWLRQ IRU OLYHU WUDQVSODQWDWLRQ LQ DGXOWV� DQG DOVR D KLJKO\ SUHYDOHQW OLYHU
GLVHDVH LQ FKLOGUHQ� 7KH LQFLGHQFH RI 1$)/' KDV LQFUHDVHG RYHU WKH SDVW GHFDGH� 1$)/' LV D
FRPPRQ GLVHDVH LQ FKLOGUHQ� ZLWK D SUHYDOHQFH UDWH EHWZHHQ �� DQG ���� 3UHYDOHQFH LV KLJKHU LQ
ROGHU FKLOGUHQ� ER\V� DQG FKLOGUHQ RI +LVSDQLF HWKQLFLW\ RU $VLDQ UDFH FRPSDUHG ZLWK \RXQJHU
FKLOGUHQ� JLUOV� RU FKLOGUHQ RI WKH EODFN UDFH� 2EHVLW\ LV RQH RI WKH VWURQJHVW ULVN IDFWRUV IRU 1$)/' LQ
FKLOGUHQ� EXW PRVW FKLOGUHQ ZLWK REHVLW\ GR QRW KDYH 1$)/'� 7KH SUHYDOHQFH UDWH RI 1$6+ DQG
DGYDQFHG ILEURVLV LQ FKLOGUHQ ZLWK 1$)/' LV a��� WR ��� DQG EHWZHHQ ��� DQG ���� UHVSHFWLYHO\�
7KH PDMRULW\ RI FKLOGUHQ ZLWK 1$)/' DUH RYHUZHLJKW RU REHVH� WKHUH LV DQ LQFUHDVLQJ VXEVHW RI
FKLOGUHQ ZLWK QRUPDO ERG\ PDVV LQGH[ ZLWK VR�FDOOHG OHDQ 1$)/'� 1$)/' LQ FKLOGUHQ LV DVVRFLDWHG
ZLWK VHYHUDO H[WUDKHSDWLF PDQLIHVWDWLRQV� LQFOXGLQJ K\SHUOLSLGHPLD� LQVXOLQ UHVLVWDQFH� DQG
REVWUXFWLYH VOHHS DSQHD� 7KH SDWKRJHQHVLV RI 1$)/' LQ FKLOGUHQ LQYROYHV D PXOWLIDFWRULDO LQWHUDFWLRQ
DPRQJ JHQHWLFV� LQ�XWHUR H[SRVXUHV� HDUO\ FKLOGKRRG H[SRVXUHV� DQG RQJRLQJ QXWULWLRQDO H[SRVXUHV�
$OWKRXJK WKHUH DUH VRPH VLPLODULWLHV EHWZHHQ SHGLDWULF 1$)/' DQG DGXOW 1$)/'� OLYHU ELRSVLHV LQ
FKLOGUHQ VKRZ KLVWRORJLF GLIIHUHQFHV EHWZHHQ WKH WZR� 7KH FXUUHQW VWDQGDUG�RI�FDUH WUHDWPHQW RI
1$)/' LQ FKLOGUHQ LV D OLIHVW\OH FKDQJH WR GHFUHDVH FDORULF LQWDNH DQG LQFUHDVH SK\VLFDO DFWLYLW\�
7KHUH�DUH�QR�PHGLFDWLRQV�FXUUHQWO\�DSSURYHG�IRU�WKH�WUHDWPHQW�RI�1$)/'�LQ�FKLOGUHQ�

&21&/86,216 $1' 5(6($5&+ 1(('6� 7KH HPHUJHQFH RI 1$)/' KDV EHHQ DQ LPSRUWDQW
FKDQJH LQ WKH ODQGVFDSH RI WKH SHGLDWULF OLYHU GLVHDVH� ,W LV QHFHVVDU\ WR UHFRJQL]H WKH ULVN IDFWRUV RI
1$)/' IRU SUHYHQWLRQ LQ FKLOGKRRG VLQFH 1$)/' LV DV\PSWRPDWLF LQ WKH HDUO\ VWDJH� .H\ZRUGV
1RQDOFRKROLF IDWW\ OLYHU GLVHDVH� QRQDOFRKROLF VWHDWRKHSDWLWLV� REHVLW\� FKLOGUHQ� FKURQLF OLYHU
GLVHDVH

��



+HSDWRFHOOXODU�&DUFLQRPD�(PHUJHQFH��LQ�$UPHQLD
7KH�RXWFRPH�RI�0XOWLSOH�5LVN�)DFWRUV
-DQXDU\������WR�0DUFK�����
+DVPLN�*KD]LQ\DQ 0'��3+'���'LUHFWRU�RI��1LNR0HG�0HGLFDO�&HQWUH
3LQHDX 3DVFDO � ,QVWLWXW 3DVWHXU� 8QLWp ©2UJDQLVDWLRQ QXFOpDLUH HW RQFRJHQqVH ª� ,16(50 8�����
3DULV��)UDQFH

$EVWUDFW
%DFNJURXQG� $FFRUGLQJ�WR�WKH�PRVW�UHFHQW�HVWLPDWHV RI�*/2%2&$1�
SULPDU\�OLYHU�FDQFHU��3/&��HPHUJHG�DV�D�PDMRU�KHDOWK�WKUHDW�LQ�$UPHQLD�
:H�LQWHQG�WR�SURYLGH�WKH�ILUVW�GHWDLOHG�GHVFULSWLRQ�RI�3/&�ULVN�IDFWRUV
DQG�FOLQLFDO�SUHVHQWDWLRQ�LQ�$UPHQLD�
0HWKRGV��$�VHULHV�RI����SDWLHQWV�ZHUH�GLDJQRVHG�ZLWK 3/&�
'HPRJUDSKLF�GDWD��ULVN�IDFWRUV��KLVWRORJ\��3/&�ZRUN�XS��V\PSWRPV��DQG
ELRORJLFDO�YDULDEOHV�ZHUH�FROOHFWHG�DW�WKH�WLPH�RI�GLDJQRVLV�DQG�SDWLHQW
VXUYLYDO�ZDV�GHWHUPLQHG�ORQJ�WHUP�
5HVXOWV��+&&�ZDV�IRXQG�LQ�WKH�PDMRULW\�RI�FDVHV�RI 3/&���������ZKLOH
WXPRUV�DSSHDUHG�LQ�SDWLHQWV�ZLWK�FLUUKRVLV�LQ�PRVW�FDVHV���������
7KH�VH[�UDWLR�RI�WKLV�VHULHV�ZDV��0��) �����ZLWK�WKH�PHDQ�DJH�RI�SDWLHQWV
������������\HDUV���+&9�ZDV�WKH�PDLQ�ULVN�IDFWRU��������RI�FDVHV�
IROORZHG�E\�KHDY\�DOFRKRO�FRQVXPSWLRQ���������IROORZHG�E\�+%9���������
0HWDEROLF�GLVRUGHUV�ZHUH�SUHYDOHQW�LQ�������RI�WKH�SDWLHQWV�ZLWK�REHVLW\
EHLQJ�WKH�PRVW�FRPPRQ��%0,������7KH�PHGLDQ�RYHUDOO�VXUYLYDO�WLPH�ZDV
���PRQWKV��,45��������<RXQJHU�SDWLHQWV��������\HDUV��ZHUH�FKDUDFWHUL]HG
E\�DQ�HYHQ�KLJK�SURSRUWLRQ�RI�PDOH�VH[��������YV�������IRU�SDWLHQWV
RYHU�!���\HDUV�ROG��3��������DV�ZHUH�IUHTXHQW�WREDFFR�FRQVXPSWLRQ
�����YV��������3��������:H�QRWLFHG�WKDW�+%9�LQIHFWHG�SDWLHQWV
VHOI�UHSRUWHG�VLJQLILFDQWO\�KLJKHU�UDWHV�RI�VRPDWLF�FDQFHUV�LQ�WKHLU�IDPLOLHV
�������YV��������3�������
&RQFOXVLRQ��7KH�FXUUHQW�SUREOHP�RI�+&&�LQ�$UPHQLD VHHPV�WR�EH�GXH
WR�WKH�SUHVHQFH�RI�+&9�VSUHDG�ZLWK�PHWDEROLF�GLVRUGHUV�DQG�WR�WKH
DOFRKRO�WREDFFR�XVH�GLVRUGHUV��)XUWKHU�VWXGLHV�DUH�ZDUUDQWHG�WR�FKDUDFWHUL]H
YLUDO�FKDUDFWHULVWLFV�DQG�PROHFXODU�DOWHUDWLRQV�WKDW�PD\�SURPRWH�OLYHU
WXPRULJHQHVLV�LQ�$UPHQLD�

.H\ZRUGV��+HSDWRFHOOXODU�FDUFLQRPD��PHWDEROLF�GLVRUGHUV��+&9��+%9�DOFRKRO�FRQVXPSWLRQ

��
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7KH�FXUUHQW�VLWXDWLRQ�ZLWK�1$)/'�LQ�$UPHQLD

0��*HPLO\DQ�������*��+DNRE\DQ����

���<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��'HSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\

����0LNDHO\DQ�8QLYHUVLW\�+RVSLWDO��'HSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\

1$)/' LV WKH OHDGLQJ FDXVH RI FKURQLF OLYHU GLVHDVH LQ WKH :HVWHUQ ZRUOG� 7KH SUHYDOHQFH RI
QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� DQG QRQ�DOFRKROLF VWHDWRKHSDWLWLV �1$6+� LQ $UPHQLD
LV QRW NQRZQ� :H UHYLHZHG WKH SXEOLVKHG GDWD RQ WKH SUHYDOHQFH RI NQRZQ ULVN IDFWRUV IRU
1$)/'�PHWDEROLF V\QGURPH� LQFOXGLQJ REHVLW\� GLDEHWHV� DQG K\SHUWHQVLRQ� :H DOVR VXUYH\HG
IRFXV JURXSV RI SULPDU\ FDUH SK\VLFLDQV LQ RUGHU WR DVVHVV WKH FRPPRQ SUDFWLFHV LQ WKH
GLDJQRVLV DQG WUHDWPHQW RI SDWLHQWV ZLWK IDWW\ OLYHU GHWHFWHG E\ XOWUDVRXQG� $FFRUGLQJ WR *OREDO
1XWULWLRQ 5HSRUW� ����� RI PHQ DQG ����� RI ZRPHQ LQ $UPHQLD ZHUH RYHUZHLJKW LQ ����� DQG
WKH SUHYDOHQFH RI REHVLW\ ZDV ����� DPRQJ PHQ DQG ����� DPRQJ ZRPHQ� 2EHVLW\ UDWHV
ZHUH SUHGLFWHG WR UHDFK ����� LQ PHQ DQG ����� LQ ZRPHQ E\ ����� %DVHG RQ WKH RIILFLDO
QDWLRQDO VWDWLVWLFDO UHSRUW� WKH SUHYDOHQFH UDWH RI GLDEHWHV DPRQJ DGXOWV LQ $UPHQLD ZDV ���� LQ
����� DQG WKLV QXPEHU KDV EHHQ VWHDGLO\ LQFUHDVLQJ RYHU WKH SDVW �� \HDUV� +\SHUWHQVLRQ KDV
EHHQ RIILFLDOO\ UHSRUWHG WR EH SUHYDOHQW LQ ���� RI WKH $UPHQLDQ DGXOW SRSXODWLRQ� KRZHYHU�
FURVV�VHFWLRQDO VWXGLHV KDYH SURGXFHG D SUHYDOHQFH UDWH RI ����� DPRQJ DGXOWV� 7KH VXUYH\ RI
SK\VLFLDQV DQG REVHUYDWLRQ RI FRPPRQ SUDFWLFHV KDV VKRZQ WKDW LQ SDWLHQWV ZLWK
XOWUDVRXQG�FRQILUPHG IDWW\ OLYHU WKHUH LV LQDGHTXDWH VFUXWLQ\ UHJDUGLQJ KLVWRU\ WDNLQJ �DOFRKRO
FRQVXPSWLRQ SDWWHUQV�� ODFN RI DZDUHQHVV RI QRQ�LQYDVLYH ILEURVLV PHDVXUHPHQW VFRUHV� DV ZHOO
DV ZLGHO\ REVHUYHG XQZDUUDQWHG SUHVFULSWLRQ RI VR�FDOOHG ³KHSDWRSURWHFWLYH´ ZKLFK KDV QRW
VKRZQ�DQ\�(IIHFWLYHQHVV�

,Q VXPPDU\� WKH KLJK SUHYDOHQFH RI 1$)/' ULVN IDFWRUV DQG FRPPRQO\ REVHUYHG JDSV LQ WKH FDUH
IRU WKHVH SDWLHQWV FDOO IRU VWXGLHV WR DVVHVV WKH SUHYDOHQFH RI 1$)/'�1$6+ LQ $UPHQLD DQG
GHYHORS�DQG�LPSOHPHQW�ORFDOO\�DGDSWHG�JXLGHOLQHV�

��
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$OFRKROLF�DQG�QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH��D�FRPSDUDWLYH�DQDO\VLV

*��+DNRE\DQ�������0��*HPLO\DQ����

��±�<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��'HSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\
��±�0LNDHO\DQ�8QLYHUVLW\�+RVSLWDO��'HSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\

$EVWUDFW�

7KH�PRVW�FRPPRQ�FDXVHV�RI�IDWW\�OLYHU�DUH�H[FHVVLYH�DOFRKRO�FRQVXPSWLRQ�OHDGLQJ�WR�DOFRKROLF
OLYHU�GLVHDVH��$/'��DQG�LQVXOLQ�UHVLVWDQFH�PDQLIHVWHG�DV�QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH
�1$)/'���7KHVH�WZR�GLVHDVH�HQWLWLHV�KDYH�FOHDUO\�GLVWLQFW�HWLRORJLHV��KRZHYHU��WKH\�VKDUH�PDQ\
SDWKRJHQHWLF�IDFWRUV�VXFK�DV�DFWLYDWLRQ�RI�OLSRJHQHVLV�WUDQVFULSWLRQ�IDFWRUV�DQG�VXSSUHVVLRQ�RI
OLSRO\VLV��DQG�DVVHPEO\�RI�YHU\�ORZ�GHQVLW\�OLSRSURWHLQV��7KHUH�DUH�DOVR�VWULNLQJO\�VLPLODU
KLVWRORJLF�IHDWXUHV�LQ�GLIIHUHQW�VWDJHV�RI�WKH�WZR�GLVHDVHV��LQFOXGLQJ�VWHDWRVLV��VWHDWRKHSDWLWLV�
DQG�ILEURVLV�7KH�UHDVRQV�EHKLQG�WKHVH�VLPLODULWLHV�DUH�\HW�WR�EH�IXOO\�XQGHUVWRRG��+RZHYHU��WKHUH
DUH�GDWD�SRLQWLQJ�WR�D�KLJKHU�HWKDQRO�OHYHU�LQ�SODVPD�RI�1$)/'�SDWLHQWV�FRPSDUHG�WR�KHDOWK\
FRQWUROV��ZLWKRXW�SUHFHGLQJ�DOFRKRO�FRQVXPSWLRQ��2QH�SRVVLEOH�H[SODQDWLRQ�LV�WKH�LQFUHDVHG
HQGRJHQRXV�HWKDQRO�SURGXFWLRQ�E\�JXW�PLFURELRWD�RI�SDWLHQWV�ZLWK�QRQ�DOFRKROLF�VWHDWRKHSDWLWLV
�1$6+���2WKHU�VWXGLHV�VXJJHVW�D�GLIIHUHQW�PHFKDQLVP��VXFK�DV�PRGXODWLRQ�RI�DOFRKRO
GHK\GURJHQDVH�HQ]\PH�LQ�WKH�OLYHU�E\�LQVXOLQ�UHVLVWDQFH��6HYHUDO�GLIIHUHQFHV�DUH�REVHUYHG�LQ
WKH�QDWXUDO�KLVWRU\��FRQFHUQLQJ�WKH�UDWH�RI�SURJUHVVLRQ�RI�VLPSOH�VWHDWRVLV�WR�KHSDWLF�ILEURVLV�DQG
FLUUKRVLV��,Q�SDWLHQWV�ZLWK�$/'��WKH�HVWLPDWHG���\HDU�ULVN�RI�FLUUKRVLV�ZDV������LQ�FDVH�RI
VWHDWRVLV�DQG�������LQ�VWHDWRKHSDWLWLV��/LYHU�FLUUKRVLV�GHYHORSHG�LQ�������RI�1$)/'�SDWLHQWV
ZLWKRXW�KHSDWLF�ILEURVLV�RYHU�D�PHDQ�IROORZ�XS�SHULRG�RI����������\HDUV��$�ORQJ�WHUP��DERXW���
\HDUV��IROORZ�XS�VWXG\�UHSRUWHG�WKDW�DPRQJ�SDWLHQWV�ZLWK�VLPSOH�KHSDWLF�VWHDWRVLV������LQ�WKH
$/'�JURXS�DQG������LQ�WKH�1$)/'�JURXS�GHYHORSHG�OLYHU�FLUUKRVLV��$XWRSV\�EDVHG�UHVXOWV
LQGLFDWHG�WKH�UDWLRV�RI�VLPSOH�KHSDWLF�VWHDWRVLV�WR�VWHDWRKHSDWLWLV�RU�OLYHU�FLUUKRVLV�WR�EH��������LQ
$/'�SDWLHQWV�DQG��������LQ�1$)/'�SDWLHQWV�
,Q�FRQFOXVLRQ��VWXG\LQJ�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�SDWKRJHQHVLV��QDWXUDO�FRXUVH�DQG
FOLQLFDO�PDQLIHVWDWLRQV�RI�$/'�DQG�1$)/'�PD\�\LHOG�LPSRUWDQW�FOXHV�WR�WKH�XQGHUVWDQGLQJ�RI�WKH
XQGHUO\LQJ�PHFKDQLVPV�DQG�GHYHORSLQJ�HIIHFWLYH�WUHDWPHQW�VWUDWHJLHV�IRU�ERWK�GLVRUGHUV�

.H\ZRUGV� DOFRKROLF�OLYHU�GLVHDVH��QRQ�DOFRKROLF�OLYHU GLVHDVH��LQVXOLQ�UHVLVWDQFH��VWHDWRVLV�
VWHDWRKHSDWLWLV��OLYHU�ILEURVLV��FLUUKRVLV



(OHQD�0�$JKDMDQRYD��0'��3K'
+HDG�RI�WKH�'HSDUWPHQW�RI�(QGRFULQRORJ\

DW�WKH�<HUHYDQ�6WDWH�0HGLFDO
8QLYHUVLW\�DIWHU�0��+HUDWVL��+HDG�RI�WKH�&OLQLF�RI

(QGRFULQRORJ\�DW�WKH�³0XUDWVDQ´
8QLYHUVLW\�+RVSLWDO�&RPSOH[��<HUHYDQ��$UPHQLD

$EVWUDFW

1RQDOFRKROLF�IDWW\�OLYHU�GLVHDVH�DQG�'LDEHWHV�0HOOLWXV

7KH JOREDO SUHYDOHQFH RI WKH QRW�DOFRKRO IDWW\ OLYHU GLVHDVH LV FRQVLGHUDEO\ KLJKHU WKDQ
SUHYLRXVO\ HVWLPDWHG DQG LV FRQWLQXLQJ WR LQFUHDVH DW DQ DODUPLQJ UDWH� 1HDUO\ RQH�WKLUG RI
WKH DGXOW SRSXODWLRQ KDV WKH QRQDOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'�� ZLWK PHQ PXFK PRUH
OLNHO\ WR KDYH WKH GLVHDVH WKDQ ZRPHQ� $OWKRXJK WKH SDWKRJHQHVLV RI WKH GLVRUGHU LV QRW IXOO\
FODULILHG� LQVXOLQ UHVLVWDQFH �,5� LV ZLGHO\ FRQVLGHUHG D FHQWUDO IHDWXUH RI 1$)/'� ZKLFK LV
VWURQJO\ DQG LQGHSHQGHQWO\ DVVRFLDWHG ZLWK DQ LQFUHDVHG ULVN RI W\SH � GLDEHWHV PHOOLWXV
�7�'0� DQG FDUGLRYDVFXODU GLVHDVH� 7KH PRVW LPSRUWDQW OLQN EHWZHHQ 1$)/' DQG 7�'0 LV
LQVXOLQ UHVLVWDQFH� 7KH PRVW UHFHQW UHFRPPHQGDWLRQ LV WR VFUHHQ SDWLHQWV ZLWK 1$)/' IRU
7�'0� 7�'0 LQFUHDVHV WKH ULVN RI 1$)/' SURJUHVVLRQ� 3DWLHQWV ZKR SUHVHQWHG ZLWK 1$)/'
DQG 7�'0 KDYH VKRZQ D JUHDWHU ULVN RI FKURQLF OLYHU GLVHDVH� ILEURVLV� DQG FLUUKRVLV
FRPSDUHG WR QRQ�'0 SDWLHQWV�� 0RUHRYHU� 1$)/' LQ '0 SDWLHQWV LQFUHDVHV WKH ULVN RI
FDUGLRYDVFXODU GLVHDVH DQG RWKHU GLDEHWLF FRPSOLFDWLRQV� 1$)/' DOVR LQFUHDVHV WKH ULVN RI
'0 FRPSOLFDWLRQV� 7KHUH DUH FRPPRQ PDQDJHPHQW RSWLRQV IRU WKH WZR GLVHDVHV� /LIHVW\OH
FKDQJHV FDQ EH LPSRUWDQW LQ WKH LQLWLDO PDQDJHPHQW RI ERWK GLVHDVHV� 0HGLFDWLRQV WKDW DUH
XVHG WR WUHDW 7�'0 DUH DOVR XVHG LQ WKH PDQDJHPHQW RI 1$)/'� VXFK DV PHWIRUPLQ�
WKLD]ROLGLQHGLRQHV �7='�� JOXFDJRQ�OLNH SHSWLGH�� �*/3��� DQDORJV� DQG GLSHSWLG\O
SHSWLGDVH�� �'33�� LQKLELWRUV� %DULDWULF VXUJHU\ LV RIWHQ XVHG DV D ODVW UHVRUW DQG KDV VKRZQ
SURPLVLQJ UHVXOWV� &21&/86,216 $1' 5(6($5&+ 1(('6� ,W LV LPSRUWDQW WR UDLVH
DZDUHQHVV DPRQJ FOLQLFLDQV DERXW WKH UHODWLRQVKLS EHWZHHQ 7�'0 DQG 1$)/' DQG KRZ WKH
SUHVHQFH RI RQH GLVHDVH LV VXVSLFLRXV RI WKH H[LVWHQFH RI WKH RWKHU� ,W ZRXOG EH LQWHUHVWLQJ
DQG RI JUHDW QHFHVVLW\ WR NQRZ WKH SUHYDOHQFH RI 1$)/' LQ 7�'0 SDWLHQWV LQ WKH 5HSXEOLF RI
$UPHQLD�

.H\ZRUGV� 1RQDOFRKROLF IDWW\ OLYHU GLVHDVH� GLDEHWHV PHOOLWXV� LQVXOLQ UHVLVWDQFH�
K\SRJO\FHPLF�PHGLFLQHV��REHVLW\�

��



1DULQD�6DUJV\QDWV�0'��3+'
1DWLRQDO�&HQWUH�)RU�,QIHFWLRXV

'LVHDVHV��1&,'���
1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(OLW�0HG�0HGLFDO�&HQWUH�

$EVWUDFW

0(7$%2/,&�6<1'520(�$1'�+<3(5)(55,71(0,$�,1�3$7,(176�:,7+�1$)/'

2EMHFWLYHV� 1$)/' LV WKH FRPPRQHVW OLYHU GLVHDVH LQ :HVWHUQ FRXQWULHV� DIIHFWLQJ ��±���
RI DGXOWV� ,W FRUUHODWHG ZLWK WKH SUHYDOHQFH RI PHWDEROLF V\QGURPH� ZKLFK LQFUHDVHV WKH ULVN
RI PRUH DGYDQFHG OLYHU GLVHDVH� ERWK LQ DGXOWV DQG LQ FKLOGUHQ� 0HWDEROLF ULVN
IDFWRUV�FRPSRQHQWV�RI�0HWDEROLF�6\QGURPH�DUH�IROORZLQJ�
���:DLVW�FLUFXPIHUHQFH�े���े��௓FP�IRU�(XURSLG�PHQ�ZRPHQ�
���$UWHULDO�SUHVVXUH�े������௓PP+J�RU�WUHDWHG�IRU�K\SHUWHQVLRQ�
���)DVWLQJ�JOXFRVH�े���௓PJ�GO�����௓PPRO�/��RU�WUHDWHG�IRU�7�'0�
���6HUXP�WULDF\OJO\FHUROV�!���௓PJ�GO��!���௓PPRO�/��
���+'/�FKROHVWHURO�������௓PJ�GO�IRU�PHQ�ZRPHQ�����������௓PPRO�/��
7KH DLP RI WKH VWXG\ LV HYDOXDWLRQ RI FRUUHODWLRQ %0,� OLYHU IXQFWLRQ WHVWV� DQG OLSLG SURILOH ZLWK
1$)/'�LQ�VPDOO�$UPHQLDQ�FRKRUW�
0HWKRGV� �� SDWLHQWV ZLWK XOWUDVRXQG�GLDJQRVHG 1$)/' �KHSDWLF VWHDWRVLV� ZHUH LQYROYHG
LQ WKH VWXG\ ������ PDOH�� IURP �� WR �� \HDUV ROG ������������ %0, �������� NJ�P�� :H
HYDOXDWHG IROORZLQJ ELRFKHPLFDO DQG OLSLGV SURILOH SDUDPHWHUV� $67� $/7� **7� IDVWLQJ
JOXFRVH� WULJO\FHULGHV �7*�� FKROHVWHURO �&+2/�� KLJK GHQVLW\ OLSRSURWHLQ �+'/�� ORZ GHQVLW\
OLSRSURWHLQ �/'/�� :H DOVR FKHFNHG IHUULWLQ �)(55� DQG 9LWDPLQ '���2+ OHYHO�
$WKHURVFOHURVLV�ULVN��PHWDEROLF�V\QGURPH�DQG�KLJK�EORRG�SUHVVXUH�DOVR�ZHUH�SDUW�RI�UHSRUW�
6WDWLVWLFDO�DQDO\VLV�ZDV�GRQH�E\�6366������
5HVXOWV� ��� KDG PHWDEROLF V\QGURPH� ��� KDG GLDEHWHV� ��� KDG +LJK EORRG SUHVVXUH�
)� KDG ����� RI SDWLHQWV� 5DQJH DQG PHDQ�6' RU 6( RI HYDOXDWHG SDUDPHWHUV� )(55
������������� QJ�P/ ���������������� 7* ��������� ������������ &+2/ ���������
������������ +'/ ��������� ������������ /'/���������� PPRO�/ ������������ **7 ������
8�/ ������������� $/7 ������ ���������� $67 ������ ������������� $WKHURVFOHURVLV ULVN
IURP������WR�����������������
&RQFOXVLRQ� ,Q XOWUDVRXQG�GLDJQRVHG 1$)/' DYHUDJH OHYHO RI HQ]\PHV DQG IHUULWLQ LV KLJK�
3UHVHQFH RI PHWDEROLF V\QGURPH DQG KLJK ULVN RI DWKHURVFOHURVLV LV UHYHOHG LQ PRUH WKDQ
WKLUG�RI�SWLHQWV�ZLWK�1$)/'�

��

https://www.sciencedirect.com/topics/medicine-and-dentistry/metabolic-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/liver-function-test


9LROHWD�6DUJV\DQ
'LUHFWRU�RI�9LROHWD�0HGLFDO�&HQWHU

³$VWJKLN´�0'�+HSDWRORJLVW�
,QIHFWLRXV�GLVHDVHV�VSHFLDOLVW�

1$)/'�FRQVLGHUDWLRQV�DV�D�SDUW�RI�WKH�JOREDO�KHSDWLWLV�&�HOLPLQDWLRQ�HIIRUW

���<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\�DIWHU�0NKLWDU�+HUDWVL
9LROHWD�6DUJV\DQ���+DVPLN�*KD]LQ\DQ���6RQD�6DUJV\DQ���$UPLQH�3HSDQ\DQ���+ULSVLPH
0DJGHVLHYD�
���9LROHWD�0HGLFDO�&HQWHU
���1,.20('�0HGLFDO�&HQWHU

$EVWUDFW

7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��LV�SODQQLQJ�WR�HUDGLFDWH�+&9��VHWWLQJ�XS�VSHFLILF�JRDOV�WR�UHGXFH
QHZ�FDVHV�RI�WKH�LQIHFWLRQ�E\�����DQG�ORZHU�WKH�QXPEHU�RI�UHODWHG�GHDWKV�WR�����E\�������+RZHYHU�
RWKHU�OLYHU�GLVHDVHV�FDQ�OHDG�WR�LQFUHDVHG�VHYHULW\�RI�OLYHU�GDPDJH�XS�WR�WKH�GHYHORSPHQW�RI
KHSDWRFHOOXODU�FDUFLQRPD��+&&���UHJDUGOHVV�RI�VXVWDLQHG�YLURORJLF�UHVSRQVH��695��DFTXLUHG�DIWHU�WKH
DQWLYLUDO�WUHDWPHQW��$ORQJ�ZLWK�WKH�GHFUHDVH�RI�+&9�SUHYDOHQFH��WKHUH�KDV�EHHQ�D�VLJQLILFDQW�XSWLFN�LQ
QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH��1$)/'��FDVHV��1$)/'�LV�GLDJQRVHG�LQ��������RI�+&9�SDWLHQWV�
:H�KDYH�UHYLHZHG�WKH�SRWHQWLDO�LQWHUDFWLRQ�RI�+&9�DQG�1$)/'�
5HYLHZLQJ�WKH�GDWD�DERXW�+&9�DQG�1$)/'�LQWHUDFWLRQ�LQ�UHODWHG�OLWHUDWXUH�
+&9�WKHUDS\�KDV�D�VLJQLILFDQW�LPSDFW�RQ�ILEURVLV�GHYHORSPHQW��+RZHYHU��WKH�LPSDFW�RI�GLUHFW�DFWLQJ
DQWLYLUDOV��'$$��RQ�VWHDWRVLV�KDVQ
W�EHHQ�WKRURXJKO\�UHVHDUFKHG��1$)/'�LV�D�ULVN�IDFWRU�IRU�+&&
GHYHORSPHQW�LQ�SDWLHQWV�ZLWK�+&9��7KH�ODWHVW�GDWD�VXJJHVWV��WKDW�VWHDWRVLV�LV�DQ�LQGHSHQGHQW�ULVN�IDFWRU
IRU�+&&�GHYHORSPHQW�HYHQ�DIWHU�WKH�HUDGLFDWLRQ�RI�WKH�YLUXV��)DWW\�OLYHU�FDXVHV�OLSRWR[LFLW\�DQG�R[LGDWLYH
VWUHVV��ZKLFK�DUH�NQRZQ�IDFWRUV�IRU�KHSDWRFDUFLQRJHQHVLV�DQG�LV�FRQVLGHUHG�D�SUHGLFWRU�LQ�DOO�FDXVHV�RI
PRUWDOLW\�LQ�SRVW�'$$V�WUHDW�
PHQW�695�DFTXLUHG�+&9�SDWLHQWV��UHJDUGOHVV�RI�WKH�ILEURVLV�OHYHO2�7KHUHIRUH��313/$��FDQ�EH�D�XVHIXO
VXUUR�
JDWH�PDUNHU�IRU�WKH�VWHDWRVLV�G\QDPLF�FKDQJHV�DV�ZHOO�DV�D�SURJQRVWLF�ELRPDUNHU�IRU�+&&�DIWHU�695�
,QWHUQDWLRQDO�H[SHUWV�XQGHUOLQH�WKH�LPSRUWDQFH�RI�FRPSOHWH�DQG�PXOWLGLVFLSOLQH�DSSURDFK�WRZDUG�WKH
JURZLQJ�QXPEHU�RI�SRVW�WUHDWPHQW�+&9�SDWLHQWV2

&RQFOXVLRQV�

���1$)/'�PDQDJHPHQW�DQG�WUHDWPHQW�LV�YLWDO�IRU�WKH�HYDOXDWLRQ�RI�GLVHDVH�RXWFRPH��WKH�GHFUHDVH�RI
PRUELGL�
W\�DQG�PRUWDOLW\�LQ�+&9�SDWLHQWV�

���7KLV�ZLOO�VWUHQJWKHQ�DQG�LPSURYH�WKH�FDUH�FDVFDGH�IRU�SDWLHQWV��GHFUHDVH�WKH�FRVW�DVVRFLDWHG�ZLWK�WKH
GLVHDVH�
LPSURYH�WKH�TXDOLW\�RI�OLIH�IRU�SDWLHQWV�IROORZLQJ�VXFFHVVIXO�'$$V�WKHUDS\�

��



1RQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH�LQ�SDWLHQWV�ZLWK�DFXWH�KHSDWLWLV�%�YLUXV

9LROHWD�6DUJV\DQ����6RQD�6DUJV\DQ����+DVPLN�*KD]LQ\DQ����+ULSVLPH�0DJGHVLHYD����1DLUD�*\XOD]\DQ��

��9LROHWD�0HGLFDO�&HQWHU

��1LFRPHG�0HGLFDO�&HQWHU

��<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\�DIWHU�0��+HUDFL

$%675$&7

1RQ DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV D GLVHDVH WKDW DIIHFWV PXOWLSOH RUJDQV ZLWK D ������ SUHYDOHQFH�
,W LV RQH RI WKH JOREDO SUREOHPV IRU ZRUOGZLGH KHDOWKFDUH� ɌKHUH
V D �� \HDUO\ LQFUHDVH LQ 1$)/'�DVVRFLDWHG
+&&�

7KH SXUSRVH RI WKH VWXG\ LV WR UHVHDUFK WKH FKDQJHV LQ WKH SKRVSKROLSLG �3/� VSHFWUXP RI HU\WKURF\WH
PHPEUDQHV��(0��LQ�SDWLHQWV�ZLWK�DFXWH�KHSDWLWLV�%��$+%��DQG�1$)/'�FRPELQHG�$+%��1$)/'�$+%��

0DWHULDOV DQG PHWKRGV� ,Q JURXSV RI 1$)/'�$+% �Q  ��� DQG $+% �Q  ��� SDWLHQWV ZH VWXGLHG WKH UHODWLYH
FRQWHQW�RI�3/�LQ�(0�XVLQJ�WKLQ�OD\HU�FKURPDWRJUDSK\�

5HVXOWV DQG 'LVFXVVLRQ� 7KH FKDQJHV LQ )/ IUDFWLRQV PDQLIHVWHG LQ PRQRLQRVLWLGH SKRVSDWLGHV �0,3��
O\VRSKRVSKDWLG\OFKROLQH �/3&�� SKRVSKDWLG\OVHULQH DQG FDUGLROLSLQV LQFUHDVH� RQ DFFRXQW RI
SKRVSKDWLG\OHWKDQRODPLQH �3(�� SKRVSKDWLG\OFKROLQH �3&� DQG VSKLQJRP\HOLQ GHFUHDVH� ZKLFK ZDV PRUH
DSSDUHQW LQ 1$)/'�$+% SDWLHQWV GXULQJ WKH VWXG\� $OWKRXJK 3/ OHYHOV WHQG WR GHFUHDVH� LW KDV \HW WR UHDFK
QRUPDO OHYHOV LQ HDUO\ VWDJHV RI FRQYDOHVFHQFH� )RU H[DPSOH� LQ 1$)/'�$+% SDWLHQWV 0,3 ZDV VLJQLILFDQWO\
KLJKHU ������������ WKDQ LQ $+% SDWLHQWV ����������� 3������� ,Q ERWK JURXSV 0,3 OHYHOV JUDGXDOO\ GHFUHDVHG�
KRZHYHU VWD\LQJ VLJQLILFDQWO\ RYHU WKH QRUP �1 ���������� HYHQ DIWHU EHLQJ GLVFKDUJHG IURP KRVSLWDO�
1$)/'�$+% SDWLHQWV KDG D GRXEOH LQFUHDVH RI /3&� PDNLQJ XS ����������� ZKHUHDV LQ $+% SDWLHQWV WKH
LQGH[ ZDV ���������� �3�������� $QG YLFH YHUVD WKH 3& DQG 3( OHYHOV ZHUH GHFUHDVHG LQ ERWK JURXSV� EXW LQ
WKH 1$)/'�$+% JURXS LW ZDV VLJQLILFDQWO\ ORZHU� 3& � ��������� ������ޒ3� 3( � �������� �����ޒ3� DQG LQ WKH
$+%�JURXS��3&��������������3(������������

&RQFOXVLRQ

1$)/' FRPSOLFDWHV WKH FRXUVH RI WKH GLVHDVH LQ $+% SDWLHQWV DQG VORZV WKH UDWH RI FOLQLFDO DQG ELRFKHPLFDO
UHFRYHU\�

)O VSHFWHU LPEDODQFH OHDGV WR LQFUHDVH LQ PHPEUDQH SHQHWUDELOLW\ DQG QHFURWLF LQIODPPDWLRQ EHFDXVH RI OLYHU
FHOO�GDPDJH��ZKLFK�WKUHDWHQV�WR�DFWLYDWH�ILEURJHQHVLV�DQG�RQFRJHQHVLV�LQ�1$)/'�DQG�$+%�SDWLHQWV�

.H\�ZRUGV� 1RQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH��DFXWH KHSDWLWLV�%��SKRVSKROLSLGV��HU\WKURF\WH�PHPEUDQHV�

��



$QL�.RFKDU\DQ�0'��3K'�
+HDG�RI�WKH�GHSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�LQ�(UHERXQL

0HGLFDO�&HQWUH��OHFWXUHU�LQ�WKH�GHSDUWPHQW�RI�0LOLWDU\�)LOWK�7KHUDS\�
6RI\D�=RU\DQ�0'��JDVWURHQWHURORJLVW�KHSDWRORJLVW��OHFWXUHU�LQ�WKH

GHSDUWPHQW�RI�0LOLWDU\�)LHOG�7KHUDS\�LQ�<608

+HDOWK�%HQHILWV�RI�WKH�0HGLWHUUDQHDQ�'LHW�

� 7KH�GHSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\� (UHERXQL�0HGLFDO�&HQWHU
�<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<608�

ɄH\�ZRUGV�

1$)/'�1$6+�&LUUKRVLV�+&9��+%9�DVFLWHV�SRUWDO�K\SHUWHQVLRQ

$EVWUDFW

&RQVXPLQJ D 0HGLWHUUDQHDQ GLHW ULFK LQ PLQLPDOO\ SURFHVVHG SODQW IRRGV KDV EHHQ DVVRFLDWHG ZLWK D
UHGXFHG ULVN RI GHYHORSLQJ PXOWLSOH FKURQLF GLVHDVHV DQG LQFUHDVHG OLIH H[SHFWDQF\� 'DWD IURP
VHYHUDO UDQGRPL]HG FOLQLF WULDOV KDYH GHPRQVWUDWHG D EHQHILFLDO HIIHFW LQ WKH SULPDU\ DQG VHFRQGDU\
SUHYHQWLRQ RI FDUGLRYDVFXODU GLVHDVH� W\SH � GLDEHWHV� DWULDO ILEULOODWLRQ� DQG EUHDVW FDQFHU� 7KH H[DFW
PHFKDQLVP E\ ZKLFK DQ LQFUHDVHG DGKHUHQFH WR WKH WUDGLWLRQDO 0HGLWHUUDQHDQ GLHW H[HUWV LWV
IDYRUDEOH HIIHFWV LV QRW NQRZQ� +RZHYHU� DFFXPXODWLQJ HYLGHQFH LQGLFDWHV WKDW WKH ILYH PRVW
LPSRUWDQW DGDSWDWLRQV LQGXFHG E\ WKH 0HGLWHUUDQHDQ GLHWDU\ SDWWHUQ DUH� �D� OLSLG�ORZHULQJ HIIHFW� �E�
SURWHFWLRQ DJDLQVW R[LGDWLYH VWUHVV� LQIODPPDWLRQ DQG SODWHOHW DJJUHJDWLRQ� �F� PRGLILFDWLRQ RI
KRUPRQHV DQG JURZWK IDFWRUV LQYROYHG LQ WKH SDWKRJHQHVLV RI FDQFHU� �G� LQKLELWLRQ RI QXWULHQW
VHQVLQJ SDWKZD\V E\ VSHFLILF DPLQR DFLG UHVWULFWLRQ� DQG �H� JXW PLFURELRWD�PHGLDWHG SURGXFWLRQ RI
PHWDEROLWHV LQIOXHQFLQJ PHWDEROLF KHDOWK� 0RUH VWXGLHV DUH QHHGHG WR XQGHUVWDQG KRZ VLQJOH
PRGLILFDWLRQV RI QXWULHQWV W\SLFDO RI WKH 0HGLWHUUDQHDQ GLHW LQWHUDFW ZLWK HQHUJ\ LQWDNH� HQHUJ\
H[SHQGLWXUH� DQG WKH PLFURELRPH LQ PRGXODWLQJ WKH NH\ PHFKDQLVPV WKDW SURPRWH FHOOXODU� WLVVXH�
DQG�RUJDQ�KHDOWK�GXULQJ�DJLQJ�

.H\ZRUGV��0HGLWHUUDQHDQ�GLHW��&DUGLRYDVFXODU�GLVHDVH��&DQFHU

5HIHUHQFHV

0HWDEROLF DQG 0ROHFXODU 0HFKDQLVPV 9DOHULD 7RVWL� 0'�� %HDWULFH %HUWR]]L� 3K'�� DQG /XLJL )RQWDQD� 0'�
3K'��� � 'HSDUWPHQW RI 0HGLFLQH� 'LYLVLRQ RI *HULDWULFV DQG 1XWULWLRQDO 6FLHQFH� :DVKLQJWRQ 8QLYHUVLW\� 6W�
/RXLV� 0LVVRXUL� � 'HSDUWPHQW RI &OLQLFDO DQG ([SHULPHQWDO 6FLHQFHV� %UHVFLD 8QLYHUVLW\ 0HGLFDO 6FKRRO� ,WDO\�
$GGUHVV FRUUHVSRQGHQFH WR /XLJL )RQWDQD� 0'� 3K'� :DVKLQJWRQ 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH� ���� 6FRWW
$YHQXH²&DPSXV %R[ ����� 6W� /RXLV� 02 ������ (�PDLO� OIRQWDQD#ZXVWO�HGX 5HFHLYHG� 1RYHPEHU �� �����
(GLWRULDO�'HFLVLRQ�'DWH��1RYHPEHU����������'HFLVLRQ�(GLWRU��5DIDHO�GH�&DER��3K'

$%675$&7

��



7KH�LQFLGHQFH�RI�OLYHU�GLVHDVHV�LQ�$UPHQLD

�7KH�GHSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�(UHERXQL�0HGLFDO�&HQWHU

�<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<608�

$QL�.RFKDU\DQ�0'��3K'��+HDG�RI�WKH�GHSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�LQ�(UHERXQL�0HGLFDO�&HQWHU�
OHFWXUHU�LQ�WKH�GHSDUWPHQW�RI�0LOLWDU\�)LOWK�7KHUDS\�

6RI\D�=RU\DQ�0'��JDVWURHQWHURORJLVW�KHSDWRORJLVW��OHFWXUHU�LQ�WKH�GHSDUWPHQW�RI�0LOLWDU\�)LHOG�7KHUDS\�LQ�<608

ɄH\�ZRUGV� 1$)/'�1$6+�&LUUKRVLV�+&9��+%9�DVFLWHV�SRUWDO K\SHUWHQVLRQ

%DFNJURXQG� 7KHUH�DUH�YDULRXV�OLYHU�GLVHDVHV�WKDW PD\�OHDG�WR�WKH�GDPDJH�RI�OLYHU�FHOOV��/LYHU�GLVHDVH�LV
D�SURJUHVVLYH�GHWHULRUDWLRQ�RI�OLYHU�IXQFWLRQV��/LYHU�IXQFWLRQV�LQFOXGH�WKH�SURGXFWLRQ�RI�FORWWLQJ�IDFWRUV�DQG
RWKHU�SURWHLQV��GHWR[LILFDWLRQ�RI�KDUPIXO�SURGXFWV�RI�PHWDEROLVP��DQG�H[FUHWLRQ�RI�ELOH��7KH�GDPDJH�LV�D
FRQWLQXRXV�SURFHVV�RI�LQIODPPDWLRQ��GHVWUXFWLRQ��DQG�UHJHQHUDWLRQ�RI�OLYHU�SDUHQFK\PD�OHDGLQJ�WR�ILEURVLV
DQG�FLUUKRVLV���/LYHU�FLUUKRVLV�LV�WKH�ILQDO�VWDJH�RI�ILEURVLV�RI�OLYHU�FHOOV��WKDW�UHVXOWV�LQ�GLVUXSWLRQ�RI�OLYHU
DUFKLWHFWXUH��WKH�IRUPDWLRQ�RI�ZLGHVSUHDG�QRGXOHV��YDVFXODU�UHRUJDQL]DWLRQ��QHR�DQJLRJHQHVLV��DQG
GHSRVLWLRQ�RI�DQ�H[WUDFHOOXODU�PDWUL[��7KH�FDXVH�PD\�YDU\�IURP�FKURQLF�+%9�KHSDWLWLV��FKURQLF�+&9
KHSDWLWLV��DXWRLPPXQH�KHSDWLWLV��QRQ�DOFRKROLF�VWHDWRKHSDWLWLV��1$6+��WR�QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH
�1$)/'��

$LPV� 7KH�DLP�RI�WKLV�VWXG\�LV�WR�HVWDEOLVK�WKH�LQFLGHQFH RI�OLYHU�FLUUKRVLV�LQ�$UPHQLD��0RUHRYHU��ZH�ZLOO
GLVFXVV�WKH�FUXFLDO�UHDVRQV�RI�FLUUKRVLV�DPRQJ�WKHVH�SDWLHQWV��WKH�LQFLGHQFH�RI�KRVSLWDOL]DWLRQ�LQ�LQWHQVLYH
FDUH�XQLW�DQG�GHDWKV��1RQHWKHOHVV��ZH�ZLOO�UHYLHZ�WKH�UHODWLRQ�EHWZHHQ�WKH�LQFLGHQFH�RI�OLYHU�FLUUKRVLV�DQG
JHQGHU�

0HWKRGV�:H�VWXGLHG�WKH�HWLRORJ\�DQG�FRPSOLFDWLRQV RI�OLYHU�GLVHDVHV�LQ�SDWLHQWV�DGPLWWHG�WR�(UHERXQL
0HGLFDO�&HQWHU��(0'��IURP������WR�������7KH�RXWFRPHV�ZHUH�EDVHG�RQ�FOLQLFDO��ELRFKHPLFDO�
VHURORJLFDO��YLURORJLFDO�DQG�GLDJQRVWLF�LPDJLQJ��&7��XOWUDVRXQG��

5HVXOWV� 7KH�VWXG\�VKRZHG�WKDW�����SDWLHQWV�ZHUH�KRVSLWDOL]HG �Q �����ZLWK�OLYHU�GLVHDVHV��7KH�PHDQ
DJH�RI�SDWLHQWV�ZDV�������7KH�LQFLGHQFH�RI�OLYHU�FLUUKRVLV�ZDV������Q ������7KH�PDLQ�FDXVH�RI�FLUUKRVLV
ZDV�+&9�LQIHFWLRQ��������Q �����+%9�LQIHFWLRQ�ZDV�GHWHFWHG�LQ������RI�SDWLHQWV��Q ����1$6+�DQG
1$)/'�ZHUH�GHWHFWHG�LQ����SDWLHQWV����������&KLOG�3XJK�$�FODVV�ZDV�LQ�������FODVV�%�LQ�������DQG
FODVV�&�LQ�������/LYHU�IDLOXUH�ZDV�REWDLQHG�LQ�������RI�SDWLHQWV �Q �����$OVR�������RI�SDWLHQWV�ZHUH
PRYHG�WR�LQWHQVLYH�FDUH�XQLW��,&8����������Q ���RI�SDWLHQWV�KDG�GLHG�IURP�FRPSOLFDWLRQV�RI
FLUUKRVLV�

&RQFOXVLRQ� 7KH�UHVXOWV�VKRZHG�WKDW�+&9�ZDV�WKH�PDMRU UHDVRQ�IRU�OLYHU�FLUUKRVLV�DPRQJ�$UPHQLDQ
SDWLHQWV��1RWHZRUWK\��WKH�VHFRQG�UHDVRQ�WKDW�OHG�WR�OLYHU�FLUUKRVLV�DPRQJ�HYDOXDWHG�SDWLHQWV�ZDV
1$6+�1$)/'��0RUHRYHU��OLYHU�GLVHDVHV�ZHUH�PRUH�FRPPRQ�LQ�PDOHV�WKDQ�IHPDOHV�

��



5X]DQQD�6DIDU\DQ

+HSDWRORJLVW��*DVWURHQWHURORJLVW
0LNDHO\DQ�8QLYHUVLW\�+RVSLWDO�

'HSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�

&KDLU�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\��/HFWXUHU

1$)/'��DQG��0DOLJQDQF\
5X]DQQD�6DIDU\DQ���$VKNKHQ�.HU\DQ���$UHQ�1HUVLV\DQ

1LNRPHG�0HGLFDO�&HQWHU

$EVWUDFW�

1RQDOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� KDV EHFRPH RQH RI WKH PRVW SUHYDOHQW FKURQLF OLYHU
GLVHDVHV JOREDOO\� &XUUHQWO\� LW KDV DQ HVWLPDWHG RYHUDOO SUHYDOHQFH RI ����� ZRUOGZLGH� DQG
������ LQ $VLDQV� +HSDWRFHOOXODU FDUFLQRPD�+&&� UHSUHVHQWV WKH PRVW FRPPRQ SULPDU\ OLYHU
FDQFHU DQG LV NQRZQ WR EH FDXVHG E\ D YDULHW\ RI ULVN IDFWRUV� ,Q OLJKW RI D JOREDO ULVH LQ REHVLW\ DQG
W\SH � GLDEHWHV� QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH DQG QRQ�DOFRKROLF VWHDWRKHSDWLWLV �1$6+�
UHSUHVHQW DQ LQFUHDVLQJO\ LPSRUWDQW XQGHUO\LQJ DHWLRORJ\ RI KHSDWRFHOOXODU FDUFLQRPD �+&&�� 2QH RI
WKHVH LV 1$)/' PRVW +&& FDVHV GHYHORS LQ WKH SUHVHQFH RI DGYDQFHG FKURQLF OLYHU GLVHDVH UHODWHG
WR FKURQLF KHSDWLWLV & YLUXV �+&9� LQIHFWLRQ� FKURQLF KHSDWLWLV % �+%9� LQIHFWLRQ� DQG DOFRKRO DEXVH�
$SSUR[LPDWHO\ ��� RI +&& FDVHV DUH FODVVLILHG DV LGLRSDWKLF� VXJJHVWLQJ WKDW RWKHU ULVN IDFWRUV DUH
UHVSRQVLEOH IRU LWV ULVLQJ LQFLGHQFH� $IWHU GHYHORSPHQW RI KHSDWLF VWHDWRVLV� RWKHU IDFWRUV VXFK DV
REHVLW\� LQVXOLQ UHVLVWDQFH �,5� DQG JHQHWLF PXWDWLRQV DFW DV D 
VHFRQG KLW¶ DW PROHFXODU OHYHO� OHDGLQJ
WR KHSDWRFDUFLQRJHQHVLV 䈆&OLQLFDO SUHVHQWDWLRQ RI 1$)/'�1$6+ +&& DUH VLPLODU WR +&& RI RWKHU
DHWLRORJLHV� 1RQ�LQYDVLYH GLDJQRVLV RI +&& ODLG GRZQ DOSKD�IHWRSURWHLQ �$)3� PRUH WKDQ ��� QJ�PO
RU DUWHULDOL]DWLRQ RI WKH OLYHU PDVV VHHQ RQ PXOWLSKDVLF FRPSXWHG WRPRJUDSK\ �&7� RU PDJQHWLF
UHVRQDQFH LPDJLQJ �05,�� ,Q WKH DEVHQFH RI UDLVHG $)3� DUWHULDO HQKDQFHPHQW RQ WZR LPDJLQJ
PRGDOLWLHV FRXOG DOVR VDWLVI\ WKH GLDJQRVLV� 3UHYHQWLRQ RI VHGHQWDU\ OLIH VW\OH LV PDQGDWRU\ IRU
SUHYHQWLQJ SURJUHVVLRQ RI 1$)/' WR 1$6+ DQG IXUWKHU WR +&&� $OO SDWLHQWV ZLWK ULVN IDFWRUV IRU
GHYHORSLQJ +&& QHHG VXUYHLOODQFH� KRZHYHU� WKHUH DUH QR HVWDEOLVKHG VXUYHLOODQFH SURWRFROV IRU
1$)/'�1$6+�SDWLHQWV�

&21&/86,21

1$)/'�1$6+�DVVRFLDWHG +&& LV D KXJH SUREOHP LQ WKH SUHVHQW HUD DQG KDV D VWURQJ DVVRFLDWLRQ
ZLWK PHWDEROLF V\QGURPH �06�� )RFXVLQJ RQ OLIHVW\OH PRGLILFDWLRQV LV PDQGDWRU\ IRU
SUHYHQWDWLRQ�7KHUH LV VSHFLILF FULWHULD IRU GLDJQRVLV +&&� 7KHUH DUH QR VXUYHLOODQFH SURWRFROV IRU
1$)/'�1$6+�SDWLHQWV�

.(<:25'6� 1RQ�DOFRKROLF )DWW\ /LYHU 'LVHDVH� 1RQ�DOFRKROLF 6WHDWRKHSDWLWLV� +HSDWRFHOOXODU
&DUFLQRPD��0HWDEROLF�6\QGURPH�

��



�QOEJA��=RKU=J���

�=PEKJ=H��AJPNA�BKN��JBA?PEKQO��EOA=OAO

7KH�UROH�RI�LQQDWH�LPPXQH�UHVSRQVH�LQ�QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH

$EVWUDFW�
1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV D ULVLQJ ZRUOGZLGH SXEOLF KHDOWK SUREOHP ZKLFK LQFOXGHV
D ZLGH VSHFWUXP RI FOLQLFRSDWKRORJLFDO FRQGLWLRQV ZLWK LQFUHDVLQJ SUHYDOHQFH LQ WKH GHYHORSHG ZRUOG�
(DUO\ VWDJHV RI 1$)/' UHSUHVHQW VLPSOH VWHDWRVLV DQG DSSHDUV WR KDYH EHQLJQ FRXUVH� DOWKRXJK LQ
VRPH SDWLHQWV WKLV FRQGLWLRQ SURJUHVVHV WR QRQDOFRKROLF VWHDWRKHSDWLWLV �1$6+�� DQG PD\ SURFHHG WR
GHYHORSPHQW�RI�FLUUKRVLV�ZKLFK�LQ�WXUQV�VKDSHV�WKH�EDVLV�IRU�KHSDWRFHOOXODU�FDUFLQRPD�RFFXUUHQFH�

7KH SUHYDOHQFH RI 1$6+ DPRQJ LQGLYLGXDOV GLDJQRVHG ZLWK 1$)/' LV DERXW ���� 7KHVH SDWLHQWV
KDYH D KLJK OLNHOLKRRG RI GHYHORSLQJ DGYDQFHG ILEURVLV DQG FLUUKRVLV� 7KH PHWDEROLF V\QGURPH ZDV
IRXQG WR EH D VWURQJ SUHGLFWRU RI 1$)/' GHYHORSPHQW� KRZHYHU WKH PHFKDQLVPV OHDGLQJ WR
SURJUHVVLRQ WR 1$6+ DUH VWLOO REVFXUH� ,QIODPPDWLRQ LV FRQVLGHUHG DV PDLQ FRQWULEXWRU WR KHSDWLF
WLVVXH GDPDJH GXULQJ 1$)/' SURJUHVVLRQ� EXW WKH SURFHVV RI LQIODPPDWRU\ PHFKDQLVPV LQLWLDWLRQ LV
VWLOO QRW ZHOO XQGHUVWRRG� $YDLODEOH GDWD LQGLFDWH WKDW WKH FRPSOH[ LQWHUDFWLRQV EHWZHHQ WKH FHOOXODU
FRPSRQHQWV RI WKH LQQDWH LPPXQH V\VWHP DQG WKH UHVLGHQW FHOO W\SHV RI WKH OLYHU SOD\ DQ HVVHQWLDO
UROH�LQ�PDLQWDLQLQJ�DQG�PRGXODWLQJ�WKH�LQIODPPDWRU\�UHVSRQVH�LQ�WKH�OLYHU�

7KH LQQDWH LPPXQH FHOOV LQ WKH OLYHU UHFRJQL]H FHOO GDPDJH RU SDWKRJHQ LQYDVLRQ YLD LQWUDFHOOXODU RU
VXUIDFH�H[SUHVVHG SDWWHUQ UHFRJQLWLRQ UHFHSWRUV �355V�� 7KHVH UHFHSWRUV GHWHFW HLWKHU
GDPDJH�DVVRFLDWHG PROHFXODU SDWWHUQV �'$03V� UHOHDVHG IURP LQMXUHG FHOO� RU SDWKRJHQ DVVRFLDWHG
PROHFXODU SDWWHUQV �3$03V� ZKLFK RULJLQDWH IURP JXW�GHULYHG PLFURELDO SURGXFWV� 7KHVH '$03V DQG
3$03V FDQ DFWLYDWH WKH LQQDWH LPPXQH V\VWHP WKURXJK 355V� WKHUHE\ VXEVHTXHQWO\ LQLWLDWLQJ
VLJQDOLQJ FDVFDGHV WKDW WULJJHU WKH UHOHDVH RI IDFWRUV SURPRWLQJ WKH LQIODPPDWRU\ UHVSRQVH GXULQJ
1$)/'�SURJUHVVLRQ�

&RQFOXVLRQ�

7KH LQQDWH LPPXQH UHVSRQVH LQ WKH OLYHU SOD\V D FUXFLDO UROH GXULQJ 1$)/' SURJUHVVLRQ�
)XUWKHUPRUH� FKDQJHV LQ WKH LQWHVWLQDO PLFURELDO EDODQFH DQG EDFWHULDO WUDQVORFDWLRQ FDQ DIIHFW
GLVHDVH SURJUHVVLRQ� 7KHUHIRUH� WKH XQGHUVWDQGLQJ RI WKH LQIODPPDWRU\ UHVSRQVH WKDW FRQWURO WKH
WUDQVLWLRQ EHWZHHQ WKH GLVHDVH VWDJHV GXULQJ 1$)/' LV LPSRUWDQW IRU WKH GHVLJQ RI
GLVHDVH�PRGLI\LQJ�WKHUDSLHV�

.H\ZRUGV� QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH� QRQDOFRKROLF VWHDWRKHSDWLWLV� LQQDWH LPPXQH UHVSRQVH�
LQWHVWLQDO�PLFURELRWD

��



$QQD�0��0NKR\DQ��0'��03+��3+'
$VVLVWDQW�3URIHVVRU�LQ�WKH�'HSDUWPHQW

2I�,QIHFUWLRXV�'LVHDVHV
,Q�<608

0��+(5$76,��<(5(9$1��$50(1,$

121,19$6,9(�%,20$5.(56�,1�1$)/'�$1'�1$6+

$%675$&7

,QWURGXFWLRQ� 1RQDOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV WKH PRVW FRPPRQ FKURQLF OLYHU FRQGLWLRQ
ZRUOGZLGH DQG DIIHFWV ��� RI WKH JOREDO DGXOW SRSXODWLRQ� 7KH DFWLYH IRUP RI 1$)/' LV QRQDOFRKROLF
VWHDWRKHSDWLWLV �1$6+�� ZLWK KLVWRORJLFDO OREXODU LQIODPPDWLRQ DQG ZLWK DVVRFLDWLRQ RI IDVWHU ILEURVLV
SURJUHVVLRQ� ,Q WKH 86$� 1$6+ KDV DOUHDG\ LQ WKH WKLUG OHDGLQJ FDXVH RI KHSDWRFHOOXODU FDUFLQRPD �+&&�
DQG HQG�VWDJH OLYHU GLVHDVH� ZKLFK PDNHV LW HFRQRPLF DQG SXEOLF KHDOWK EXUGHQ� 2Q WKH RWKHU KDQG� WKH
SUHYDOHQFH RI 1$)/' LV XQIRUWXQDWHO\ LQFUHDVLQJ ZLWK D ��� ULVH LQ D ODVW ILYH\HDU SHULRG� $V WKH QXPEHU
RI SDWLHQWV ZLWK 1$6+�UHODWHG HQG�VWDJH OLYHU GLVHDVH LV LQFUHDVLQJ JOREDOO\ DQG SKDUPDFRORJLFDO
WUHDWPHQWV KDYH SDUDPRXQW LPSRUWDQFH� WKHUH LV D FUXFLDO QHHG WR GHILQH 1$)/' DQG 1$6+ ELRPDUNHUV
IRU SURJQRVLV� SDWLHQWV¶ VHOHFWLRQ IRU GUXJ WKHUDS\ DQG PRQLWRULQJ� 7KLV PDNHV GHILQHG ELRPDUNHUV PRUH
UHTXLUHG DV WKH XWLOLW\ RI OLYHU ELRSV\ LV OLPLWHG GXH WR LWV LQYDVLYH QDWXUH DQG ODFN RI SDWLHQW DFFHSWDELOLW\�
1HYHUWKHOHVV� ELRSV\ LV WDNHQ RQ D VPDOO VDPSOH RI OLYHU WKDW PD\ QRW EH ZHOO SUHVHQWHU RI WKH SDWKRORJ\
RI�WKH�RWKHU�SDUW�RI�WKH�RUJDQ�WLVVXH�

%ORRG WUDQVDPLQDVHV DUH WKH PRVW SUDFWLFDOO\ XVHG OLYHU IXQFWLRQ WHVWV� KRZHYHU KDYH QRW EHHQ VHOHFWHG
WR EH GHSHQGDEOH DQG VDWLVIDFWRU\ LQ SUHGLFWLQJ RI 1$)/' SURJUHVVLRQ� &XUUHQWO\ OLWHUDWXUH VXJJHVWV
IROORZLQJ QRQ�LQYDVLYH EORRG WHVWV IRU 1$6+�1$)/' GLDJQRVLV� +HSDWLF 6WHDWRVLV ,QGH[� )DWW\ /LYHU
,QGH[ � WKH 6WHDWRWHVW DQG WKH /LYHU )DW 6FRUH� 1RQ�LQYDVLYH VFRULQJ V\VWHPV VXFK DV )LEURVLV��� 1$)/'
)LEURVLV VFRUH� +HSDPHW )LEURVLV 6FRUH� DQG 3ODWHOHW 5DWLR ,QGH[ FRPPRQO\ DUH XVHG WR PRQLWRU
SURJUHVVLRQ ULVN RI 1$)/'� KRZHYHU KDYH ODFN RI VHQVLWLYLW\ WR LGHQWLI\ HDUO\ VWDJHV RI 1$6+ DQG ILEURVLV�
5HJDUGLQJ ELRFKHPLFDO EORRG PDUNHUV RI 1$6+� WKH PRVW H[WHQVLYHO\ HYDOXDWHG WHVW IRU GLDJQRVLV RI
1$6+�LV�&.����EXW�RYHUDOO�DFFXUDF\�LV�ORZ�WR�PRGHUDWH�

1RZDGD\V� WKHUH LV QR GHILQHG 1$6+�1$)/' ELRPDUNHU IRU FOLQLFDO XVH� 1HYHUWKHOHVV� IXUWKHU UHVHDUFKHV
LQ WKH ILHOG ZLOO DGG YDOXH LQ WKH SUDFWLFH� %LRPDUNHUV UHODWHG WR PHWDEROLF FKDQJHV� LQIODPPDWLRQ�
ILEURJHQHVLV�RU�DSRSWRVLV��KDYH�KLJKHVW�DVVRFLDWLRQV�

.H\ZRUGV

1RQDOFRKROLF�IDWW\�OLYHU�GLVHDVH��1$6+��%LRPDUNHUV��1RQ�LQYDVLYH�PDUNHUV

��



'U��0DUL�*ULJRU\DQ
3K\VLFLDQ�DW�0LND\HO\DQ�8QLYHUVLW\

+RVSLWDO�'HSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\

/LSLG�PHWDEROLVP��LQVXOLQ�UHVLVWDQFH�DQG�1$)/'

*ULJRU\DQ�0DULï�ð��1DYR\DQ�,VNXKL�ï�ð��*DEULHO\DQ $V\Dï�ð

ï�0LND\HO\DQ�8QLYHUVLW\�+RVSLWDO��<HUHYDQ��$UPHQLD

ð�<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<HUHYDQ��$UPHQLD

$%675$&7

7KH GHYHORSPHQW RI QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV UHODWHG WR PDMRU DEQRUPDOLWLHV
RI KHSDWLF OLSLG PHWDEROLVP� /LSLG DEQRUPDOLWLHV GLUHFWO\ RU LQGLUHFWO\ FRQWULEXWH WR 1$)/'�
HVSHFLDOO\ IDWW\ DFLG DFFXPXODWLRQ� DUDFKLGRQLF DFLG PHWDEROLF GLVWXUEDQFH� DQG FHUDPLGH
RYHUORDG� 7KH PHFKDQLVP�V� XQGHUO\LQJ WKH DFFXPXODWLRQ RI IDW LQ WKH OLYHU PD\ LQFOXGH H[FHVV
GLHWDU\ IDW� LQFUHDVHG GHOLYHU\ RI IUHH IDWW\ DFLGV WR WKH OLYHU� LQDGHTXDWH IDWW\ DFLG R[LGDWLRQ� DQG
LQFUHDVHG GH QRYR OLSRJHQHVLV� ,QVXOLQ UHVLVWDQFH PD\ FRQWULEXWH WKHVH PHWDEROLF FKDQJHV�
1$)/' LV FRQVLGHUHG WKH KHSDWLF FRPSRQHQW RI WKH PHWDEROLF V\QGURPH DQG LQVXOLQ UHVLVWDQFH
UHSUHVHQWV LWV SDWKRSK\VLRORJLFDO KDOOPDUN� ,QVXOLQ UHVLVWDQFH LQ 1$)/' LV FKDUDFWHUL]HG E\
UHGXFHG ZKROH�ERG\� KHSDWLF� DQG DGLSRVH WLVVXH LQVXOLQ VHQVLWLYLW\� ,QVXOLQ UHVLVWDQFH LV RIWHQ
DVVRFLDWHG ZLWK FKURQLF ORZ�JUDGH LQIODPPDWLRQ� DQG QXPHURXV PHGLDWRUV UHOHDVHG IURP
LPPXQH FHOOV DQG DGLSRF\WHV PD\ FRQWULEXWH OLYHU GDPDJH DQG OLYHU GLVHDVH SURJUHVVLRQ�
8QGHUVWDQGLQJ WKH PROHFXODU PHGLDWRUV RI OLYHU LQMXU\ ZRXOG SURPRWH WKH GHYHORSPHQW RI
PHFKDQLVP�EDVHG�WKHUDSHXWLF�LQWHUYHQWLRQV�

$EQRUPDO OLSLG PHWDEROLVP LV DOVR DVVRFLDWHG ZLWK 1$)/' SURJUHVVLRQ IURP VWHDWRVLV WR 1$6+�
DQG WKHUHIRUH� DOWHUDWLRQV LQ OLYHU DQG VHUXP OLSLGRPLF VLJQDWXUHV DUH JRRG LQGLFDWRUV RI WKH
GLVHDVH¶V GHYHORSPHQW DQG SURJUHVVLRQ� 1$6+ LV GLVWLQJXLVKHG IURP VWHDWRVLV E\ WKH SUHVHQFH
RI LQIODPPDWLRQ DQG KHSDWRF\WH LQMXU\� 0RVW SDWLHQWV ZLWK 1$6+ KDYH LQVXOLQ UHVLVWDQFH �,5��
DQG WKHUH LV D QHDU�XQLYHUVDO DVVRFLDWLRQ EHWZHHQ 1$6+ DQG ,5� 7KH FRQWULEXWLRQ RI ,5 WR WKH
SDWKRJHQHVLV RI OLYHU LQMXU\ DQG LQIODPPDWLRQ �³KHSDWLWLV´� DV ZHOO DV WR ILEURVLV LQ SDWLHQWV ZLWK
1$6+ QHHGV WR EH IXUWKHU LQYHVWLJDWHG� DQG WKH LQGLFDWLRQV IRU SUHYHQWLRQ DV ZHOO DV WUHDWPHQW
PHULW�IXUWKHU�FRQVLGHUDWLRQ�

��



6RQD�6DUJV\DQ
*DVWURHQWHURORJLVW�	

+HSDWROJLVW�DW�9LROHWD�0HGLFDO�'HQWHU

121�$/&2+2/,&�)$77<�/,9(5�',6($6(�$1'�(;75$+(3$7,&�0$/,*1$1&<

6RQD�6DUJV\DQ�0'���+DVPLN�*KD]LQ\DQ�0'�3K'�

�9LROHWD�0HGLFDO�&HQWHU
� 1LNRPHG�0HGLFDO�&HQWHU

$EVWUDFW�
1RQ DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV FORVHO\ WLHG ZLWK YDULRXV LOOQHVVHV� LQFOXGLQJ GLDEHWHV
PHOOLWXV� FDUGLRYDVFXODU GLVHDVH� NLGQH\ GLVHDVH DQG FDQFHU� 7KH GDWD IURP SUHYLRXVO\ FRQGXFWHG
VWXGLHV SRLQWV WR D FRQQHFWLRQ EHWZHHQ 1$)/' DQG H[WUDKHSDWLF FDQFHU� 2EHVLW\� LQVXOLQ UHVLVWDQFH�
PHWDEROLF V\QGURPH FDQ LQFUHDVH WKH ULVN RI FDQFHU GHYHORSPHQW� ,Q WKH ODVW GHFDGHV WKHUH KDYH
EHHQ VWXGLHV DERXW WKH FRQQHFWLRQ EHWZHHQ 1$)/' DQG FRORUHFWDO �&5&�� HVRSKDJHDO� JDVWULF� ELOH
GXFW� SDQFUHDWLF DQG EUHDVW FDQFHUV� 7KH 25 YDOXHV RI &5& DQG DGHQRPD ULVNV ZHUH� UHVSHFWLYHO\
���� ���� &O� ���������� DQG ���� ���� &O������������ &5& FDVHV LQ 1$)/' SDWLHQWV PDNH XS
������ ZKLOH LQ QRQ�1$)/' SDWLHQWV LW LV ���� �3 ������� 7KH ULVN RI &5& LQFUHDVHV ZLWK 1$)/'
FRQQHFWHG ZLWK OLYHU ILEURVLV� 2EHVLW\ LV DVVRFLDWHG ZLWK %DUUHWW
V HVRSKDJXV DQG HVRSKDJHDO
DGHQRFDUFLQRPD� 1$)/' DORQJ ZLWK REHVLW\ DUH ULVN IDFWRUV IRU JDVWULF FDQFHU� ,Q 1$)/' SDWLHQWV
ZLWK OLYHU WXPRUV WKH ULVN RI PDOLJQL]DWLRQ LV WKH KLJKHVW� IROORZHG E\ XWHULQH DQG JDVWULF WXPRUV�
1$)/' KDV � WLPHV PRUH FRUUHODWLRQ ZLWK WKH GHYHORSPHQW RI LQWUDKHSDWLF FKRODQJLRFDUFLQRPD �25
����� ��� &O� ���������� 3�������� DQG H[WUDKHSDWLF FKRODQJLRFDUFLQRPD �25 ����� ��� &O�
���������� 3��������� 7KH FRQQHFWLRQ EHWZHHQ PHWDEROLF V\QGURPH DQG SDQFUHDWLF FDQFHU LV PRVW
HYLGHQW LQ ZRPHQ DQG \RXQJHU LQGLYLGXDOV� 7KH RYHUDOO ULVN RI EUHDVW FDQFHU LQ 1$)/' SDWLHQWV ZDV
���� ���� &O� ����������� %UHDVW FDQFHU LQ ZRPHQ KDV D ����� SUHYDOHQFH� UHODSVH LV PRVW
FRPPRQ LQ SRVWPHQRSDXVH� 7KH SUHYDOHQFH RI SURVWDWH FDQFHU LQ 1$)/' SDWLHQWV LV ������ 1$)/'
LV�DOVR�FORVHO\�WLHG�WR�PHODQRPD��NLGQH\�DQG�EODGGHU�FDQFHU�ULVNV�

&RQFOXVLRQ
1$)/' LV D FRPSOH[ PXOWLIDFWRULDO GLVHDVH FORVHO\ LQWHUUHODWHG ZLWK REHVLW\ DQG W\SH � GLDEHWHV� DQG
VKDUHV ZLWK WKHP D VLJQLILFDQW LQFUHDVHG ULVN RI VHYHUDO W\SHV RI FDQFHU� %H\RQG WKH ULVN RI +&&�
FOHDUO\ PHGLDWHG E\ 1$6+� VXEVWDQWLDO HYLGHQFH LV DFFXPXODWLQJ IRU D UROH RI 1$)/' DV
LQGHSHQGHQW�ULVN�IDFWRU�IRU�FDQFHUV��SDUWLFXODUO\�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW
$OO GDWD FRQYH\ WKDW 1$)/' SDWLHQWV UHTXLUH D PXOWLGLVFLSOLQDU\ HYDOXDWLRQ ZLWK D SDUWLFXODU DWWHQWLRQ
WR�WKH�GHYHORSPHQW�RI�H[WUD�KHSDWLF�FRPSOLFDWLRQ���

��



'U��6RI\D�*ULJRU\DQ
$VVLVWDQW�3URIHVVRU�DW�WKH�'HSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG

+HSDWRORJ\�DW�<HUHYDQ�6WDWH�0HGLFDO
8QLYHUVLW\��3K\VLFLDQ�DW�0LND\HO\DQ�8QLYHUVLW\

+RVSLWDO��'HSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�

7KH�UROH�RI�JXW�PLFURELRWD�LQ�WKH�SDWKRJHQHVLV�RI�1$)/'�DQG�1$6+
*ULJRU\DQ�6RI\Dï�ð��1DYR\DQ�,VNXKLï�ð��*ULJRU\DQ�0DULï�ð

ï0LND\HO\DQ�8QLYHUVLW\�+RVSLWDO��<HUHYDQ��$UPHQLD

ð<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<HUHYDQ��$UPHQLD

$%675$&7

7KH KXPDQ JXW PLFURELRWD FRPSULVHV WKH WULOOLRQV RI PLFURRUJDQLVPV IURP GLIIHUHQW VSHFLHV WKDW
UHVLGH LQ JDVWURLQWHVWLQDO WUDFW� RI ZKLFK EDFWHULD FRQVWLWXWH WKH YDVW PDMRULW\� 7KLV ODUJH
FRPPXQLW\ RI PLFUREHV HVWDEOLVKHV D V\PELRWLF UHODWLRQVKLS ZLWK WKH KRVW DQG LV DEOH WR SHUIRUP
YDULRXV IXQFWLRQV WKDW VLJQLILFDQWO\ LQIOXHQFH LWV SK\VLRORJ\ DQG SDWKRORJ\� 6HYHUDO GLIIHUHQW
VWXGLHV KDYH GHVFULEHG D EHQHILFLDO UROH RI WKH FRPPHQVDO PLFURELRWD LQ PDLQWDLQLQJ OLYHU
KRPHRVWDVLV DQG SUHYHQWLQJ OLYHU ILEURVLV� $V VXFK� D GLVWXUEHG LPEDODQFH RI WKH HQGRJHQRXV
PLFURELRWD� KDV EHHQ DVVRFLDWHG ZLWK D UDQJH RI FKURQLF OLYHU FRQGLWLRQV VXFK DV 1$)/'� 1$6+�
DOFRKROLF�OLYHU�GLVHDVH�DV�ZHOO�DV�FLUUKRVLV�DQG�LWV�FRPSOLFDWLRQV��KHSDWLF�HQFHSKDORSDWK\��+&&��

1$)/' LV QRZDGD\V WKH ILUVW FDXVH RI OLYHU GLVHDVH ZRUOGZLGH� DQG LQ WKH QHDU IXWXUH LW ZLOO
HPHUJH DV WKH OHDGLQJ FDXVH RI HQG�VWDJH OLYHU GLVHDVH� ,QGHHG� 1$)/' VKRXOG EH FRQVLGHUHG
DV D VSHFWUXP RI FKURQLF OLYHU GLVHDVHV WKDW UDQJHV IURP VLPSOH VWHDWRVLV WR 1$6+ DQG FLUUKRVLV�
6HYHUDO GLIIHUHQW PHFKDQLVPV KDYH EHHQ SURSRVHG WR H[SODLQ WKH UROH RI WKH JXW PLFURELRWD LQ
WKH SDWKRJHQHVLV RI 1$)/'� LQFOXGLQJ D G\VELRVLV�LQGXFHG LQFUHDVHG LQWHVWLQDO SHUPHDELOLW\� DQ
LQFUHDVHG GLHWDU\ HQHUJ\ KDUYHVW� WKH UHJXODWLRQ RI FKROLQH PHWDEROLVP� WKH SURGXFWLRQ RI VKRUW
FKDLQ�IDWW\�DFLGV�DQG�WKH�ELOH�DFLGV�PHWDEROLVP�

2QFH WKLV FORVH UHODWLRQVKLS LV HVWDEOLVKHG� WKH PLFURELRPH KDV SURSRVHG DV D XVHIXO WRRO WR
GHWHUPLQH OLYHU GLVHDVH VHYHULW\ LQ 1$)/'� DQG WKH ULVN RI GLVHDVH SURJUHVVLRQ IURP 1$)/'
WRZDUG 1$6+ DQG PRUH VHYHUH ILEURVLV� ,Q RWKHU ZRUGV� JXW PLFURELRWD LV HPHUJLQJ DV D
SRWHQWLDO�QRQ�LQYDVLYH�PDUNHU�RI�GLVHDVH�VHYHULW\�LQ�1$)/'�

��



$VKNKHQ�.HU\DQ��0'
1LNRPHG�0HGLFDO�&HQWHU

*DVWURHQWHURORJLVW�+HSDWRORJLVW

1$)/'�LQ�/HDQ�,QGLYLGXDOV
$VKNKHQ�.HU\DQ���$UHQ�1HUVLV\DQ����5X]DQQD�6DIDU\DQ�

�1LNRPHG�0�&

$EVWUDFW�

1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV D PDMRU FDXVH RI FKURQLF OLYHU GLVHDVH ZRUOGZLGH� ZLWK
DQ HVWLPDWHG JOREDO SUHYDOHQFH RI DSSUR[LPDWHO\ ��� � HQFRPSDVVLQJ D VSHFWUXP RI
FOLQLFDO�KLVWRORJLFDO SKHQRW\SHV IURP QRQ�DOFRKROLF IDWW\ OLYHU �1$)/� WR QRQ�DOFRKROLF VWHDWRKHSDWLWLV
�1$6+� ZKLFK FDQ SURJUHVV WR ILEURVLV� FLUUKRVLV� $OWKRXJK QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'�
LV XVXDOO\ DVVRFLDWHG ZLWK REHVLW\� SDWLHQWV ZKR DUH QRW REHVH FDQ DOVR SUHVHQW ZLWK 1$)/'� 7KH
SUHYDOHQFH RI OHDQ 1$)/' YDULHV IURP ����� RI WKH :HVWHUQ SRSXODWLRQ DQG ����� RI WKH $VLDQ
SRSXODWLRQ � /HDQ 1$)/' LV GHILQHG DV 1$)/' WKDW GHYHORSV LQ SDWLHQWV ZLWK D ERG\ PDVV LQGH[
�%0,� ���ௗNJ�P� LQ $VLDQV DQG �%0,� ��� NJ�P� LQ (XURSHDQV� 7KLV VXEVHW RI LQGLYLGXDOV� NQRZQ WR
KDYH 
OHDQ 1$)/'
 RU 
QRQ�REHVH 1$)/'
� LV JURZLQJ LQFUHDVLQJO\ SUHYDOHQW� 5LVN IDFWRUV IRU 1$)/'
LQ OHDQ SDWLHQWV LQFOXGH JHQHWLF SUHGLVSRVLWLRQ� PHWDEROLF G\VUHJXODWLRQ� WKH JXW PLFURELRWD� DQG WKH
JXW OLYHU D[LV FKDQJHV� GUXJV� ERG\ ZHLJKW JDLQ HYHQ ZLWKLQ QRUPDO ZHLJKW OLPLWV� 7KH SDWKRJHQHVLV
RI WKH 1$)/' LV PXOWLIDFWRULDO DQG WKH XQGHUO\LQJ PHFKDQLVPV \HW WR EH IXOO\ XQGHUVWRRG� 0RVW
PHFKDQLVPV IRU GHYHORSLQJ 1$)/' DUH OLQNHG ZLWK FKDQJHV LQ OLSLG PHWDEROLVP DQG GHYHORSPHQW RI
LQVXOLQ UHVLVWDQFH� 7KH UROH RI IDFWRUV OLNH GLHW� HWKQLFLW\ DQG JXW PLFURELRWD FDPH LQWR OLJKW� $OWKRXJK
1$)/' LQ OHDQ LQGLYLGXDOV LV JHQHUDOO\ FRQVLGHUHG D OHVV VHYHUH IRUP RI OLYHU GLVHDVH WKDQ 1$)/' LQ
REHVH SDWLHQWV� WKLV FRQFHSWLRQ KDV UHFHQWO\ EHHQ FKDOOHQJHG�/LIHVW\OH PRGLILFDWLRQ� LQFOXGLQJ GLHW
DQG SK\VLFDO DFWLYLW\ UHPDLQV WKH PDLQVWD\ LQ WKH PDQDJHPHQW RI SDWLHQWV ZLWK QRQ�REHVH 1$)/'�
7UHDWPHQW RSWLRQV IRU 1$)/' LQFOXGH SLRJOLWD]RQH DQG YLWDPLQ ( EXW WKH\ KDYH D OLPLWHG UROH IRU WKH
PDQDJHPHQW�RI�OHDQ�1$)/'�

&21&/86,216�$1'�5(6($5&+�1(('6�

1RQ�DOFRKROLF )DWW\ /LYHU 'LVHDVH �1$)/'� LV DQ HPHUJLQJ SXEOLF KHDOWK SUREOHP� ,W LV QHFHVVDU\ WR
UHFRJQL]H�WKH�ULVN�IDFWRUV�DQG�WR�GHYHORS�DSSURSULDWH�PDQDJHPHQW�DSSURDFKHV�

.H\ZRUGV

1RQ�DOFRKROLF )DWW\ /LYHU 'LVHDVH� 1RQ�DOFRKROLF 6WHDWRKHSDWLWLV� %RG\ 0DVV ,QGH[� QRQ�REHVH
1$)/'��OHDQ�1$)/'

��



$UHQ�1HUVLV\DQ
*DVWURHQWHURORJLVW�DQG�+HSDWRORJLVW

³&LWR´�0HGLFDO�&HQWHU

7KH�UROH�RI�LURQ�LQ�0$)/'��7KH�P\VWHULRXV�UHODWLRQVKLS

$UHQ�1HUVLV\DQ��5X]DQQD�6DIDU\DQ��$VKNKHQ�.HU\DQ
1LNRPHG�0HGLFDO�&HQWUH

$EVWUDFW

0HWDEROLF DVVRFLDWHG IDWW\ OLYHU GLVHDVH �0$)/'� LV WKH PRVW SUHYDOHQW OLYHU GLVHDVH ZRUOGZLGH� ZLWK
DQ DVVRFLDWLRQ WR REHVLW\� LQVXOLQ UHVLVWDQFH DQG WKH PHWDEROLF V\QGURPH� $SSUR[LPDWHO\ RQH�WKLUG RI
SDWLHQWV ZLWK 0$)/' GHYHORS HOHYDWHG VHUXP IHUULWLQ DQG KHSDWLF LURQ RYHUORDG� D FRQGLWLRQ NQRZQ
DV WKH G\VPHWDEROLF LURQ RYHUORDG V\QGURPH �',26�� ',26 GHILQHV D FRQGLWLRQ FKDUDFWHUL]HG E\
LQFUHDVHG ERG\ LURQ XQUHODWHG WR KHUHGLWDU\ KDHPRFKURPDWRVLV �++�� EXW DVVRFLDWHG ZLWK SUHVHQFH
RI IDWW\ OLYHU DQG�RU PHWDEROLF IHDWXUHV W\SLFDO RI LQVXOLQ UHVLVWDQFH� ,QGHHG� GHUHJXODWHG LURQ
PHWDEROLVP SUHVHQWLQJ ZLWK K\SHUIHUULWLQDHPLD ZLWK QRUPDO WUDQVIHULQ VDWXUDWLRQ LV FRPPRQO\
REVHUYHG LQ 0$)/' DQG WKH PHWDEROLF V\QGURPH� ,QFUHDVHG LURQ VWRUHV FRXOG EH RI SDWKRJHQLF
LPSRUWDQFH LQ 0$)/'� VLQFH LW PD\ LQFUHDVH WKH ULVN RI KHSDWRF\WH EDOORQLQJ� LQIODPPDWLRQ DQG
ILEURVLV� ZKLFK DUH IHDWXUHV RI OLYHU GDPDJH VHHQ LQ PHWDEROLF DVVRFLDWHG VWHDWRKHSDWLWLV �0$6+�
ZKLFK LV WKH PRUH VHYHUH IRUP RI 0$)/'� 7KH UROH RI KHSDWLF LURQ LQ 0$)/' SDWKRJHQHVLV KDV
ODUJHO\ IRFXVVHG RQ WKH JHQHUDWLRQ RI R[LGDWLYH VWUHVV E\ LURQ� 5HJXODWHG FHOO GHDWK LV LQWULQVLFDOO\
DVVRFLDWHG ZLWK LQIODPPDWRU\ OLYHU GLVHDVH DQG LV SLYRWDO LQ JRYHUQLQJ RXWFRPHV RI PHWDEROLF OLYHU
GLVHDVH� 'LIIHUHQW W\SHV RI FHOO GHDWK PD\ FRH[LVW DV PHWDEROLF OLYHU GLVHDVH SURJUHVVHV WR
LQIODPPDWLRQ� ILEURVLV� DQG XOWLPDWHO\ FLUUKRVLV� ,Q DGGLWLRQ WR DSRSWRVLV� O\WLF IRUPV RI KHSDWRFHOOXODU
GHDWK� VXFK DV QHFURSWRVLV� S\URSWRVLV DQG IHUURSWRVLV HOLFLW VWURQJ LQIODPPDWRU\ UHVSRQVHV GXH WR
FHOO PHPEUDQH SHUPHDELOLVDWLRQ DQG UHOHDVH RI FHOOXODU FRPSRQHQWV� FRQWULEXLWLQJ WR WKH UHFUXLWPHQW
RI LPPXQH FHOOV DQG DFWLYDWLRQ RI KHSDWLF VWHOODWH FHOOV� $OWKRXJK DVVRFLDWLRQV RI PRGHVW LURQ
RYHUORDG ZLWK 0$)/' DQG GLDEHWHV DSSHDU UHDVRQDEO\ ZHOO HVWDEOLVKHG� FDXVDOLW\ LV GLIILFXOW WR
GHWHUPLQH� 7KH DYDLODEOH GDWD VXJJHVW WKDW YHQHVHFWLRQ LV XQVXLWDEOH DV D JHQHUDO WUHDWPHQW IRU DOO
SDWLHQWV ZLWK 0$)/'� )XUWKHU VWXGLHV DUH QHHGHG WR DVVHVV WKH UROH RI WKHUDSHXWLF LURQ GHSOHWLRQ
DQG�FHOO�GHDWK�UHJXODWLRQ�IRU�0$)/'�WUHDWPHQW�

&RQFOXVLRQ
,Q SDWLHQWV ZLWK FKURQLF OLYHU GLVHDVH� LURQ PHWDEROLVP FKDQJHV UHVXOW LQ LURQ RYHUORDG� 0DQLSXODWLQJ
LURQ�VWRUHV�LV�DQ�DWWUDFWLYH�WUHDWPHQW�RSWLRQ��KRZHYHU�PRUH�ULJRURXV�GDWD�LV�QHHGHG�

.H\ZRUGV
,URQ��G\VPHWDEROLF�LURQ�RYHUORDG�V\QGURPH��IHUURSWRVLV��LQVXOLQ�UHVLVWDQFH�

��



$YDJ\DQ�/XVLQH
*DVWURHQWHURORJLVW�DQG�KHSDWRORJLVW�DW�WKH�GHSDUWPHQW�RI

*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�RI�WKH
0LNDHO\DQ�8QLYHUVLW\�+RVSLWDO�

$VVLVWDQW�SURIHVVRU�DW�WKH�GHSDUWPHQW�RI�*DVWURHQWHURORJ\
DQG�KHSDWRORJ\�RI�WKH�<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\

/LYHU�&LUUKRVLV�DQG�1$)/'��&OLQLFDO�,PSOLFDWLRQV

ïޖð�$YDJ\DQ�/��ïޖð�.KDUDEDJKWV\DQ�$�

ï�0LND\HO\DQ�8QLYHUVLW\�+RVSLWDO��<HUHYDQ�$UPHQLD

ð�<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<HUHYDQ�$UPHQLD

1$)/' LV WKH ZRUOG
V PRVW FRPPRQ FKURQLF OLYHU GLVHDVH� DQG LWV LQFUHDVLQJ SUHYDOHQFH
SDUDOOHOV WKH JOREDO ULVH LQ GLDEHWHV DQG REHVLW\� 7KH SUHYDOHQFH RI 1$)/' LV XS WR ��� LQ
GHYHORSHG FRXQWULHV DQG QHDUO\ ��� LQ GHYHORSLQJ QDWLRQV� ,W LV FKDUDFWHULVHG E\ IDW
DFFXPXODWLRQ LQ WKH OLYHU HYROYLQJ WR QRQ�DOFRKROLF VWHDWRKHSDWLWLV �1$6+�� DQ LQIODPPDWRU\
VXEW\SH WKDW FDQ OHDG WR OLYHU ILEURVLV DQG FLUUKRVLV� &LUUKRVLV LV D WHUPLQDO VWDJH RI FKURQLF OLYHU
GLVHDVH� 2QO\ RQH LQ WKUHH SHRSOH ZLWK FLUUKRVLV NQRZV WKH\ KDYH LW� 0RVW SDWLHQWV ZLWK FLUUKRVLV
UHPDLQ DV\PSWRPDWLF XQWLO WKH RQVHW RI GHFRPSHQVDWLRQ� :KHQ FOLQLFDO VLJQV� V\PSWRPV� RU
DEQRUPDO OLYHU IXQFWLRQ WHVWV DUH GLVFRYHUHG� IXUWKHU HYDOXDWLRQ VKRXOG EH SXUVXHG SURPSWO\�
'XULQJ SURJUHVVLRQ IURP WKH FRPSHQVDWLRQ SHULRG WR WKH GHFRPSHQVDWLRQ SHULRG� YDULRXV
FRPSOLFDWLRQV RFFXU DQG WKH OLIH SURJQRVLV LV VLJQLILFDQWO\ UHGXFHG� &LUUKRVLV FDQ OHDG WR PDQ\
FRPSOLFDWLRQV� LQFOXGLQJ DVFLWHV� YDULFHV� KHSDWLF HQFHSKDORSDWK\� KHSDWRFHOOXODU FDUFLQRPD�
KHSDWRSXOPRQDU\ V\QGURPH� DQG FRDJXODWLRQ GLVRUGHUV� 7KH PRVW FRPPRQ FDXVHV RI FLUUKRVLV
DUH YLUDO KHSDWLWLV� DOFRKROLF OLYHU GLVHDVH� DQG QRQDOFRKROLF VWHDWRKHSDWLWLV� ,QVXOLQ UHVLVWDQFH�
RFFXUULQJ LQ WKH FRQWH[W RI PHWDEROLF V\QGURPH� LV D ZHOO�HVWDEOLVKHG LQGHSHQGHQW
SDWKRSK\VLRORJLFDO GULYHU IRU WKH GHYHORSPHQW RI QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� ,W LV
DOVR ZHOO HVWDEOLVKHG WKDW DQ XQKHDOWK\ GLHW ULFK LQ FDORULHV� VXJDUV� DQG VDWXUDWHG IDWV DQG ORZ LQ
SRO\XQVDWXUDWHG IDWW\ DFLGV� ILEUH� DQG PLFURQXWULHQWV SOD\V D FULWLFDO UROH LQ WKH GHYHORSPHQW DQG
SURJUHVVLRQ�RI�QRQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH�

&LUUKRVLV DQG LWV FRPSOLFDWLRQV QRW RQO\ LPSDLU TXDOLW\ RI OLIH EXW DOVR GHFUHDVH VXUYLYDO�
0DQDJLQJ SDWLHQWV ZLWK FLUUKRVLV FDQ EH D FKDOOHQJH DQG UHTXLUHV DQ RUJDQL]HG DQG V\VWHPDWLF
DSSURDFK�

.H\ZRUGV� (QG VWDJH OLYHU GLVHDVH� 'LDEHWHV PHOOLWXV� /LYHU FLUUKRVLV� ,QVXOLQ UHVLVWDQFH�
1RQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH

��



'U��$V\D�*DEULHO\DQ
$VVLVWDQW�3URIHVVRU�LQ�WKH�'HSDUWPHQW�RI�*DVWURHQWHURORJ\

DQG�+HSDWRORJ\�DW�<608�DQG�SK\VLFLDQ�DW
0LND\HO\DQ�8QLYHUVLW\�+RVSLWDO��'HSDUWPHQW�RI

*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�

+\SRWK\URLGLVP�DQG�1RQDOFRKROLF�)DWW\�/LYHU�'LVHDVH

$%675$&7

1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV DQ HPHUJLQJ ZRUOGZLGH SUREOHP� 1$)/' LV D
FRPSOH[ FOLQLFDO HQWLW\ ZKLFK FDQ EH VHFRQGDU\ WR PDQ\ RWKHU GLVHDVHV LQFOXGLQJ
K\SRWK\URLGLVP� FKDUDFWHUL]HG E\ ORZHULQJ RI WK\URLG KRUPRQHV DQG LQFUHDVHG WK\URLG
VWLPXODWLQJ KRUPRQH �76+�� 3UHYDOHQFH RI SULPDU\ K\SRWK\URLGLVP LV EHWZHHQ ���� DQG ���� LQ
WKH JHQHUDO SRSXODWLRQ RI WKH 86$ DQG ��� DQG ���� RI WKH (XURSHDQ JHQHUDO SRSXODWLRQ� ,W LV
GHILQHG E\ ELRFKHPLFDO LQFUHDVH RI WK\URLG�VWLPXODWLQJ KRUPRQH �76+� DQG ORZHULQJ RI WKH
WK\URLG KRUPRQHV WK\UR[LQH DQG WULLRGRWK\URQLQH� DV FOLQLFDO RU RYHUW K\SRWK\URLGLVP� DQG DV
VXEFOLQLFDO K\SRWK\URLGLVP LI RQO\ 76+ LV LQFUHDVHG DQG WK\URLG KRUPRQHV DUH LQ UHIHUHQFH
LQWHUYDO� 7K\URLG KRUPRQHV KDYH D VLJQLILFDQW UROH LQ KHSDWLF OLSLG PHWDEROLVP� DFWLQJ WKURXJK WKH
WK\URLG KRUPRQH ȕ UHFHSWRUV� WKH\ FDQ OHDG WR KHSDWLF IDW DFFXPXODWLRQ DQG VWLPXODWH KHSDWLF
OLSRJHQHVLV� $OVR� WK\URLG KRUPRQHV PRGLI\ OLSLG DFFXPXODWLRQ LQ WKH OLYHU� DIIHFWLQJ OHSWLQ DQG
DGLSRQHFWLQ� F\WRNLQHV WKDW DOVR KDYH VLJQLILFDQFH LQ WKH SDWKRJHQHVLV RI KHSDWLF VWHDWRVLV�
2EHVLW\� G\VOLSLGHPLD DQG LQVXOLQ UHVLVWDQFH� WKH PDLQ IHDWXUHV RI PHWDEROLF V\QGURPH ZKLFK DUH
DOVR FRPPRQ LQ SDWLHQWV ZLWK RYHUW DQG VXEFOLQLFDO K\SRWK\URLGLVP DUH VWURQJO\ DVVRFLDWHG ZLWK
1$)/'� 5HSODFHPHQW WKHUDS\ ZLWK OHYRWK\UR[LQH FDQ VLJQLILFDQWO\ GHFUHDVH VHUXP OLSLGV DQG
GHFUHDVH ERG\ PDVV� WKXV LPSURYLQJ FOLQLFDO IHDWXUHV RI PHWDEROLF V\QGURPH� ,W KDV EHHQ
UHSRUWHG WKDW LPSOHPHQWDWLRQ RI OHYRWK\UR[LQH UHSODFHPHQW WKHUDS\ LQ SDWLHQWV ZLWK VXEFOLQLFDO
K\SRWK\URLGLVP�DQG�G\VOLSLGHPLD�FDQ�GHFUHDVH�SUHYDOHQFH�RI�1$)/'�

.H\ZRUGV� 1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH� +\SRWK\URLGLVP� 0HWDEROLF V\QGURPH�
7K\URPLPHWLFV

*DEULHO\DQ��$ �����*ULJRU\DQ�0 �����1DYR\DQ�, ���

��0LND\HO\DQ�8QLYHUVLW\�+RVSLWDO��<HUHYDQ��$UPHQLD

���<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<HUHYDQ��$UPHQLD

��



'U��,VNXKL�1DYR\DQ
$VVLVWDQW�3URIHVVRU�DW�'HSDUWPHQW�RI

*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�DW�<608
3K\VLFLDQ�DW�0LND\HO\DQ�8QLYHUVLW\�+RVSLWDO�'HSDUWPHQW

RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�

$FXWH�IDWW\�OLYHU�GLVHDVH�RI�SUHJQDQF\

1DYR\DQ�,VNXKLï�ð��+D]R\DQ�$QQDï�ð��*ULJRU\DQ�6RI\Dï�ð
ï0LND\HO\DQ�8QLYHUVLW\�+RVSLWDO��<HUHYDQ��$UPHQLD
ð<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<HUHYDQ�$UPHQLD

$%675$&7

$FXWH IDWW\ OLYHU RI SUHJQDQF\ �$)/3� LV D UDUH GLVRUGHU WKDW LV DQ REVWHWULF HPHUJHQF\� ZKLFK
FDQ OHDG WR OLYHU IDLOXUH GXH WR PLFUR�YHVLFXODU IDWW\ LQILOWUDWLRQ RI KHSDWRF\WHV� ,W XVXDOO\ RFFXUV LQ
WKH WKLUG WULPHVWHU� 7KHUH LV D VLJQLILFDQW LQFUHDVH LQ PDWHUQDO DQG IHWDO PRUWDOLW\� 2QH RI WKH
EUHDNWKURXJKV LQ XQGHUVWDQGLQJ DFXWH IDWW\ OLYHU RI SUHJQDQF\ SDWKRSK\VLRORJ\ ZDV WKH
GLVFRYHU\�WKDW�IHWDO�IDWW\�DFLG�R[LGDWLRQ�GLVRUGHUV�DUH�OLQNHG�WR�DFXWH�IDWW\�OLYHU�LQ�WKH�PRWKHU�

/RQJ�FKDLQ ��K\GUR[\DF\O�FRHQ]\PH $ GHK\GURJHQDVH LV D SDUW RI D FRPSOH[ PLWRFKRQGULDO
HQ]\PH LQYROYHG LQ WKH ȕ�R[LGDWLRQ RI IDWW\ DFLGV LQ PLWRFKRQGULD� 'HILFLHQFLHV LQ WKLV HQ]\PH
UHVXOW LQ DQ DFFXPXODWLRQ RI KHSDWRWR[LF ORQJ�FKDLQ IDWW\ DFLG PHWDEROLWHV LQ WKH IHWXV WKDW FDQ
FURVV LQWR WKH PDWHUQDO FLUFXODWLRQ� OHDGLQJ WR PDWHUQDO KHSDWRWR[LFLW\ DQG PLWRFKRQGULDO
G\VIXQFWLRQ� +LJK OHYHOV RI IUHH IDWW\ DFLGV LQFUHDVH UHDFWLYH R[\JHQ VSHFLHV SURGXFWLRQ DQG
FDVSDVH�DFWLYLW\�DQG�LQGXFH�DSRSWRVLV�

)DWW\ DFLG R[LGDWLRQ GLVRUGHUV KDYH DXWRVRPDO UHFHVVLYH LQKHULWDQFH� VR ZKHQ SUHVHQW LQ WKH
IHWXV� WKH PRWKHU LV XVXDOO\ D FDUULHU IRU WKH GLVRUGHU� 6\PSWRPV LQFOXGH PDODLVH� QDXVHD�
YRPLWLQJ� SRO\XULD� SRO\GLSVLD� DEGRPLQDO SDLQ� MDXQGLFH DQG HQFHSKDORSDWK\� +\SRJO\FDHPLD LV
D SRRU SURJQRVWLF VLJQ� &RPPRQ ELRFKHPLFDO FKDQJHV LQFOXGH OHXNRF\WRVLV UHQDO G\VIXQFWLRQ�
UDLVHG DPLQRWUDQVIHUDVHV� SURWKURPELQ WLPH� VHUXP XULF DFLG DQG ELOLUXELQ� 5DLVHG VHUXP
DPPRQLD FRQFHQWUDWLRQ DQG ODFWLF DFLGRVLV DUH LQGLFDWLRQV RI VHYHUH GLVHDVH� 7KH 6ZDQVHD
GLDJQRVWLF�FULWHULD�DUH�XVHG�WR�DLG�GLDJQRVLV�RI�$)/3�

0DQDJHPHQW LV VXSSRUWLYH DQG H[SHGLWHG GHOLYHU\� LI GLDJQRVHG DQWHQDWDOO\� /LYHU WUDQVSODQWDWLRQ
LV�ZDUUDQWHG�LQ�FDVHV�RI�IDLOXUH�RI�UHFRYHU\�RI�OLYHU�IXQFWLRQ�DQG�VHYHUH�KHSDWLF�HQFHSKDORSDWK\�

��



(GPRQG�%DJKGDVDU\DQ
*DVWURHQWHURORJLVW�DQG�KHSDWRORJLVW�DW�GHSDUWPHQW�RI

*DVWURHQWHURORJ\�DQG�KHSDWRORJ\�RI�WKH�0LND\HO\DQ�8QLYHUVLW\
+RVSLWDO�$VVLVWDQW�SURIHVVRU�DW�WKH�GHSDUWPHQW�RI

*DVWURHQWHURORJ\�DQG�KHSDWRORJ\�RI�WKH�0LND\HO\DQ�8QLYHUVLW\�KRVSLWDO
�<608�

©0HGLWHUUDQHDQ�IDWW\�OLYHUª"�$Q�XQH[SHFWHG�FDXVH�RI�FU\SWRJHQLF�FLUUKRVLV

%DJKGDVDU\DQ�(���������+DUXW\XQ\DQ�/�����
��0LND\HO\DQ�8QLYHUVLW\�+RVSLWDO��<HUHYDQ��$UPHQLD
��<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<HUHYDQ��$UPHQLD

$%675$&7

)DPLOLDO 0HGLWHUUDQHDQ IHYHU �)0)� LV WKH PRVW FRPPRQ PRQRJHQLF DXWRLQIODPPDWRU\ GLVHDVH
�$,'� DIIHFWLQJ PDLQO\ WKH HWKQLF JURXSV RULJLQDWLQJ IURP 0HGLWHUUDQHDQ EDVLQ� )0) LV FDXVHG E\
PXWDWLRQV LQ WKH 0()9 JHQH FRGLQJ IRU S\ULQ� ZKLFK LV D FRPSRQHQW RI LQIODPPDVRPH
IXQFWLRQLQJ LQ LQIODPPDWRU\ UHVSRQVH DQG SURGXFWLRQ RI LQWHUOHXNLQ��ȕ �,/��ȕ�� $OWKRXJK OLYHU
LQYROYHPHQW LQ )0) KDV ORQJ EHHQ NQRZQ� LWV SDWKRJHQHVLV UHPDLQV LQFRPSOHWHO\ XQGHUVWRRG�
2XU�SXUSRVH�LV�WR�ILJXUH�RXW�WKH�LQWHUDFWLRQ�EHWZHHQ�)0)�DQG�IDWW\�OLYHU�GLVHDVH�

,W LV ZHOO NQRZQ� WKDW ,/��ȕ KDV DQ LPSRUWDQW UROH LQ SDWKRJHQHVLV RI DOO VWDJHV RI IDWW\ OLYHU
GLVHDVH� LQFOXGLQJ VWHDWRVLV� VWHDWRKHSDWLWLV DQG ILEURVLV� ,/��ȕ FRQWULEXWHV WR DFFXPXODWLRQ RI
IDWW\ DFLGV� WULJO\FHULGHV DQG FKROHVWHURO� 0RUHRYHU� ,/�� VLJQDOLQJ VWLPXODWHV KHSDWLF OLSRJHQHVLV
E\ XSUHJXODWLQJ IDWW\ DFLG V\QWKDVH� %HVLGHV DFWLQJ RQ OLSRJHQHVLV� WKH LQFUHDVH LQ FLUFXODWLQJ
,/��ȕ OHYHOV DOVR UHVXOWV LQ LQIODPPDWLRQ E\ RYHUH[SUHVVLQJ ,&$0� RQ VLQXVRLGDO HQGRWKHOLDO
FHOOV��ZKLFK�DWWUDFWV�QHXWURSKLOV�

&KURQLF LQIODPPDWRU\ VWDWHV OHDG WR ILEURVLV� 3DWLHQWV ZLWK )0) WKDW FDUU\ 0���9�0���9
PXWDWLRQ� SDWLHQWV WKDW KDYH UHFHLYHG &ROFKLFLQH DW KLJKHVW DFFHSWDEOH GRVH EXW VWLOO KDYH
VXEFOLQLFDO LQIODPPDWLRQ DQG WKRVH ZKR UHFHLYHG VXERSWLPDO GRVH RI &ROFKLFLQH EHFDXVH RI VLGH
HIIHFWV� DUH DW LQFUHDVHG ULVN IRU GHYHORSLQJ IDWW\ OLYHU GLVHDVH GXH WR KLJK OHYHOV RI FLUFXODWLQJ
,/��ȕ� ,Q WKHVH SDWLHQWV LW ZRXOG EH DSSURSULDWH WR XVH ,/��ȕ DQWDJRQLVWV� EXW XQIRUWXQDWHO\ WKRVH
DUH QRW DYDLODEOH LQ $UPHQLD� 7KHUH LV D QHHG IRU IXUWKHU LQYHVWLJDWLRQ WR XQGHUVWDQG WKH
SRVVLELOLW\ RI GHYHORSLQJ IDWW\ OLYHU GLVHDVH LQ SDWLHQWV ZLWK )0) DQG ZLWKRXW PHWDEROLF ULVN
IDFWRUV�

��



+D]R\DQ�$QQD
$VVLVWDQW�3URIHVVRU�DW�WKH�'HSDUWPHQW�RI

*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�DW�<608

1$)/'��0$)/'��DQG�FDUGLRYDVFXODU�GLVHDVHV���ULVN�IDFWRU�RU�SURWHFWLYH�HIIHFW"
+D]R\DQ�$������*LJRU\DQ�0�����*DEULHO\DQ�$���

��0LNDHO\DQ�8QLYHUVLW\�+RVSLWDO��<HUHYDQ��$UPHQLD

��<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<HUHYDQ��$UPHQLD

1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'� LV WKH PRVW FRPPRQ FKURQLF OLYHU GLVHDVH LQ
:HVWHUQ FRXQWULHV DQG DIIHFWV DSSUR[LPDWHO\ ��� RI WKH DGXOW SRSXODWLRQ� 1$)/' LV
PRUH SUHYDOHQW LQ SDWLHQWV ZLWK PDMRU FDUGLRYDVFXODU ULVN IDFWRUV �H�J�� W\SH � GLDEHWHV
PHOOLWXV� REHVLW\ DQG K\SHUWHQVLRQ�� WKH DVVRFLDWLRQ EHWZHHQ 1$)/' DQG FDUGLRYDVFXODU
GLVHDVH�DSSHDUV�WR�EH�LQGHSHQGHQW�RI�WKHVH�ULVN�IDFWRUV�

+RZHYHU� 1$)/' DOVR DSSHDUV WR LQFUHDVH WKH ULVN IRU LVFKHPLF VWURNH� D OHDGLQJ FDXVH
RI PRUWDOLW\ DQG ORQJ�WHUP GLVDELOLW\ ZRUOGZLGH� 0RUHRYHU� HPHUJLQJ GDWD VXJJHVW WKDW
SDWLHQWV ZLWK 1$)/' H[SHULHQFH PRUH VHYHUH LVFKHPLF VWURNH DQG KDYH PRUH
XQIDYRUDEOH SURJQRVLV DIWHU DQ DFXWH LVFKHPLF VWURNH LQ WHUPV RI IXQFWLRQDO GHSHQGHQF\
DQG VKRUW� DQG ORQJ�WHUP PRUWDOLW\� 2QH VWXG\ VXJJHVWV WKDW WKH SRWHQWLDO FDXVDO HIIHFW RI
1$)/' RQ LVFKHPLF VWURNH PD\ EH FRQILQHG WR WKH ODUJH DUWHU\ DWKHURVFOHURVLV DQG VPDOO
YHVVHO�RFFOXVLRQ�VXEW\SHV��+RZHYHU��WKHUH�DUH�VRPH�XQFODULILHG�TXHVWLRQV�

7KHUH LV OLPLWHG LQIRUPDWLRQ RQ WKH UHODWLRQVKLS EHWZHHQ QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH
�1$)/'� DQG WKH VHYHULW\ RU IXQFWLRQDO RXWFRPHV RI LVFKHPLF VWURNH RU WUDQVLHQW
LVFKHPLF VWURNH �7,$�� 7KH RWKHU VWXG\ VKRZV WKDW D KLJKHU EXUGHQ RI OLYHU VWHDWRVLV
VHHPV WR EH DVVRFLDWHG ZLWK OHVV VHYHUH VWURNH DQG EHWWHU IXQFWLRQDO RXWFRPH DIWHU
LVFKHPLF VWURNH RU 7,$䈆 7KHVH GLIIHUHQFHV VXJJHVW WKDW IXUWKHU UHVHDUFK ZLOO KHOS PDQ\
GLVFRYHUHUV�

.H\ZRUGV� 1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVH� VWURNH� VWURNH IXQFWLRQDO RXWFRPH�
FDUGLRYDVFXODU�GLVHDVH�

��



$QXVK�.DUDEDNKWV\DQ
$VVLVWDQW�SURIHVVRU�DW�WKH�GHSDUWPHQW�RI

*DVWURHQWHURORJ\�DQG�KHSDWRORJ\�DW�<HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\�
D�JDVWURHQWHURORJLVW�DQG�D�KHSDWRORJLVW�DW�WKH�GHSDUWPHQW�RI

*DVWURHQWHURORJ\�DQG�KHSDWRORJ\�RI�0LND\HO\DQ�8QLYHUVLW\�+RVSLWDO�

'UXJ�DVVRFLDWHG�IDWW\�OLYHU�GLVHDVH

.DUDEDNKWV\DQ�$ �����*ULJRU\DQ�0 �����1DYR\DQ�, ���

�0LNDHO\DQ�8QLYHUVLW\�+RVSLWDO��<HUHYDQ��$UPHQLD

� <HUHYDQ�6WDWH�0HGLFDO�8QLYHUVLW\��<HUHYDQ��$UPHQLD

$%675$&7

'UXJ LQGXFHG OLYHU LQMXU\ LV DQ XQGHUHVWLPDWHG FDXVH RI OLYHU GLVHDVH� 'LDJQRVLV RI GUXJ LQGXFHG OLYHU
LQMXU\ LV RQH RI WKH PRVW FKDOOHQJLQJ SUREOHPV IDFHG E\ KHSDWRORJLVWV EHFDXVH RI LWV UHODWLYHO\ ORZ
LQFLGHQFH� WKH YDULHW\ LQ LWV FOLQLFDO SKHQRW\SH DQG WKH DEVHQFH RI VSHFLILF ELRPDUNHUV� 'UXJ LQGXFHG
OLYHU LQMXU\ LV RQH RI WKH PRVW FRPPRQ UHDVRQV IRU ZLWKGUDZDO RI DQ DSSURYHG GUXJ� 3KDUPDFRORJLFDO
WKHUDS\ KDV EHHQ DVVRFLDWHG ZLWK ZLGH YDULHW\ RI DOWHUDWLRQV LQ WKH VWUXFWXUH DQG IXQFWLRQV RI WKH OLYHU
DQG ELOLDU\ V\VWHP� 'UXJV KDYH EHHQ DVVRFLDWHG ZLWK DFXWH DQG FKURQLF KHSDWLWLV� FKURQLF
FKROHVWDVLV��VWHDWRKHSDWLWLV��KHSDWLF�ILEURVLV��FLUUKRVLV��DQG�EHQLJQ�DQG�PDOLJQDQW�OLYHU�WXPRUV�௘

6WHDWRVLV DQG VWHDWRKHSDWLWLV DUH UDUH EXW ZHOO GRFXPHQWHG W\SHV RI GUXJ LQGXFHG OLYHU LQMXU\�
'UXJ�DVVRFLDWHG IDWW\ OLYHU GLVHDVH LV D VHFRQGDU\ FDXVH RI KHSDWLF VWHDWRVLV� 7KH FRPSOH[
PHFKDQLVP OHDGLQJ WR KHSDWLF VWHDWRVLV DUH FDXVHG E\ FRPPRQO\ XVHG GUXJV VXFK DV WDPR[LIHQ�
DPLRGDURQH� PHWKRWUH[DWH� JOXFRFRUWLFRLGV� FKHPRWKHUDS\� ,W UHODWHV QRW RQO\ WR LQGXFWLRQ RI WKH
PHWDEROLF FKDQJHV FDXVHG E\ VRPH GUXJV EXW DOVR WR WKHLU LPSDFW RQ LPSRUWDQW PROHFXODU SDWKZD\V
LQFOXGLQJ LQFUHDVHG KHSDWRF\WHV OLSRJHQHVLV� GHFUHDVHG VHFUHWLRQ RI IDWW\ DFLGV� LQWHUUXSWLRQ RI
PLWRFKRQGULDO ᶔ�R[LGDWLRQ DQG DOWHUHG H[SUHVVLRQ RI JHQHV UHVSRQVLEOH IRU GUXJ PHWDEROLVP� :H DOVR
FDQ�KDYH�FDVHV�RI�DFXWH�IDWW\�OLYHU�

2Q WKH RWKHU KDQG� WKH XQGHUO\LQJ PHWDEROLF FRQGLWLRQ FDXVLQJ D IDWW\ OLYHU PD\ FKDQJH WKH GUXJ
PHWDEROLVP DQG H[DFHUEDWH WKH ULVN RI GUXJ LQGXFHG OLYHU LQMXU\� $ GHWDLOHG XQGHUVWDQGLQJ RI WKH
PROHFXODU PHFKDQLVPV RI GUXJ�DVVRFLDWHG IDWW\ OLYHU GLVHDVH LV XVHIXO WR PLQLPL]H DGYHUVH HIIHFWV LQ
VXVFHSWLEOH SDWLHQWV DQG WR UHFRPPHQG DOWHUQDWLYH WUHDWPHQW VROXWLRQV WKDW UHGXFH KHSDWRWR[LFLW\
ZLWKRXW�LQWHUUXSWLQJ�WKH�WKHUDS\�

��



+DPD\DN�6��6LVDNLDQ��$QL�6�.RFKDU\DQ

0HDQ SODWHOHW YROXPH DVFDUGLRYDVFXODU 5LVN )DFWRULQ SDWLHQWV ZLWK DFXWH 0\RFDUGLDO
LQIDUFWLRQFRPRUELG�ZLWK�QRQ�DOFRKROLF�IDWW\�OLYHU

&OLQLF RI *HQHUDO DQG ,QYDVLYH FDUGLRORJ\ � 8QLYHUVLW\ +RVSLWDO 1�� <HUHYDQ 6WDWH 0HGLFDO
8QLYHUVLW\

.H\ZRUGV� DFXWH P\RFDUGLDO LQIDUFWLRQ� QRQ DOFRKROLF IDWW\ OLYHU GLVHDVH� PHDQ SODWHOHW YROXPH�
FDUGLRYDVFXODU�ULVN��PRUWDOLW\

$EVWUDFW

%DFNJURXQG� 1RQDOFRKROLF OLYHU GLVHDVH UHSUHVHQWV PRVW FRPPRQ FDXVH RI FKURQLF OLYHU
GLVHDVH LQ ZHVWHUQ FRXQWULHV DQG DVVRFLDWHG ZLWK GLDEHWHV� DWKHURVFOHURVLV� PHWDEROLF
V\QGURPH DQG LQFUHDVHG FDUGLRYDVFXODU ULVNV GXH WR V\VWHPLF LQIODPPDWLRQ� LQFUHDVHG R[LGDWLYH
VWUHVV 0HDQ SODWHOHW YROXPH �039 � LV D PDUNHU RI SODWHOHW DFWLYDWLRQ DQG D YDOLGDWHG SUHGLFWRU RI
FDUGLRYDVFXODU ULVN� 7KH SXUSRVH RI VWXG\ WR DVVHVV 039 LQ SDWLHQWV ZLWK DFXWH P\RFDUGLDO
LQIDUFWLRQ DQG 1$)/' DQG GHWHUPLQH UHODWLRQ EHWZHHQ 039 DQG FDUGLRYDVFXODU HYHQWV DIWHU
DFXWH�P\RFDUGLDO�LQIDUFWLRQ�LQ�VXFK�SDWLHQWV�
0HWKRGV� :H LQFOXGHG DOO DGPLWWHG WR 8QLYHUVLW\ +RVSLWDO �IURP 2FWREHU �� ���� WR 2FWREHU��
����� QRQ IDWDO DFXWH P\RFDUGLDO LQIDUFWLRQ SDWLHQWV �WRWDOO\ ���� �1$)/' ZDV GLDJQRVHG E\
XOWUDVRXQG�H[DPLQDWLRQ�
5HVXOWV��3DWLHQWV�ZLWK�16)/'�KDG�KLJKHU�039�YDOXHV��
1RQ�DOFRKROLF IDWW\ OLYHU GLVHDVHV FKDUDFWHUL]HG E\ OLSLG DFFXPXODWLRQ LQ KHSDWRF\WHV DQG KDV
EHHQ UHJDUGHG DV WKH KHSDWLF SKHQRW\SH RI PHWDEROLF V\QGURPH ������7KH DVVRFLDWLRQ RI
1$)/' ZLWK G\VOLSLGHPLD� GLDEHWHV DQG DWKHURVFOHURVLV SURYLGH HYLGHQFH WKDW WKLV SDWKRORJ\ KDV
SUHYDOHQFH�DQG�LQFLGHQFH�RI�FDUGLRYDVFXODU�GLVHDVH��������
0HDQ SODWHOHW YROXPH �039� LV D PDUNHU RI SODWHOHW DFWLYDWLRQ DQG HVWDEOLVKHG ULVN RI
FDUGLRYDVFXODU�HYHQWV��������DQG�UHSUHVHQWV�VLPSOH�LQH[SHQVLYH�WHVW�LQ�HYHU\GD\�SUDFWLFH�
039�KDV�EHHQ�DVVRFLDWHG�ZLWK�G\VOLSLGHPLD��GLDEHWHV��K\SHUWHQVLRQ��������
/DUJHU SODWHOHWV DUH HQ]\PDWLFDOO\ PRUH DFWLYH WKDQ VPDOO SODWHOHWV� SURGXFH WKURPER[DQH $�
DQG KDYH PRUH SURWKURPERWLF SRWHQWLDO ���� ��� ���� %RWK 1$)/' DQG DFXWH P\RFDUGLDO
LQIDUFWLRQ�DUH�DVVRFLDWHG�ZLWK�KLJKHU�YDOXHV�RI�039������������
7KXV� WKH DLP RI VWXG\ ZDV WZR�IROG� ILUVW WR DVVHVV 039 YDOXHV LQ SDWLHQWV ZLWK DFXWH
P\RFDUGLDO LQIDUFWLRQ DQG 1$)/' FRPSDUHG WR WKRVH ZLWKRXW 1$)/' DQG VHFRQG WR GHWHUPLQH
UHODWLRQ�EHWZHHQ�039�DQG�FDUGLRYDVFXODU�HYHQWV�LQ�VXFK�SDWLHQWV�
)URP 2FWREHU �� ���� WR 2FWREHU �� ���� ��� SDWLHQWV ZLWK DFXWH P\RFDUGLDO LQIDUFWLRQ DGPLWWHG
WR WKH *HQHUDO DQG ,QYDVLYH &DUGLRORJ\ &OLQLF DW 8QLYHUVLW\ +RVSLWDO � SDVVHG SULPDU\ 3&, RU
PHGLFDO WUHDWPHQW� $OO SDWLHQWV SDVVHG DEGRPLQDO XOWUDVRXQG ZLWKLQ WKH ILUVW �� KRXUV RI

��



DGPLVVLRQ IRU GLDJQRVLQJ IDWW\ OLYHU� 3DWLHQWV ZKR GLHG ZLWKLQ WKH ILUVW �� KRXUV DIWHU DGPLVVLRQ�
KDG VHYHUH OLYHU IDLOXUH� GRFXPHQWHG KHSDWLWLV % DQG & YLUXVHV LQ EORRG� KLVWRU\ RI DOFRKRO LQWDNH
PRUH WKDQ��PJ�GD\ LQ PHQ DQG �� PJ�GD\ LQ ZRPHQ KDYH QRW EHHQ LQFOXGHG LQ WKH VWXG\�
WRWDOO\����SDWLHQWV����
7KH GLDJQRVLV RI 1$)/' ZDV PDGH LI W\SLFDO XOWUDVRXQG SDWWHUQ ZLWK LQFUHDVHG HFKRJHQLFLW\ RI
OLYHU� YDVFXODU EOXUULQJ� LQFUHDVHG HFKRJHQLFLW\ FRPSDUHG ZLWK NLGQH\ DQG DWWHQXDWLRQ RI
HFKRJHQLFLW\ DW GHHS SDUWV LPDJHV ����� 2QO\ JUDGH � DQG JUDGH � OHYHO RI 1$)/' ZHUH WDNHQ
DV�FOHDU�GLDJQRVLV�WR�HVFDSH�PLVGLDJQRVLV�
&RQWLQXRXV YDULDEOHV ZHUH H[SUHVVHG DV PHDQ � VWDQGDUG HUURU RI PHDQ DQG FRPSDUHG XVLQJ
RQH ZD\ DQDO\VLV� &DWHJRULFDO YDULDEOHV ZHUH H[SUHVVHG DV QXPEHU DQG SHUFHQWDJHV� 3HDUVRQ
FKL�VTXDUH�WHVW�ZDV�XVHG�WR�HYDOXDWH�FRUUHODWLRQ�DQDO\VLV�
7KH FRPSDUDWLYH DQDO\VLV RI SDWLHQWV ZLWK DQG ZLWKRXW QRQ�DOFRKROLF IDWW\ OLYHU VKRZHG WKDW039
ZDV��������������LQ�SDWLHQWV�ZLWK�1$)/'�DQG������������ZLWKRXW��1$)/'��S�������UHVSHFWLYHO\�
&RQFOXVLRQV
2XU VWXG\ VXJJHVWV WKDW 039 LV VLJQLILFDQWO\ KLJKHU LQ SDWLHQWV ZLWK DFXWH P\RFDUGLDO LQIDUFWLRQ
ZKR�KDV�1$)/'��ZKLFK�LQGLFDWHV�LQFUHDVHG�SODWHOHW��DFWLYLW\�LQ�WKHVH�SDWLHQWV�
+LJK 039 YDOXHV DUH DVVRFLDWHG LQ WKHVH SDWLHQWV ZLWK LQFUHDVHG SUHGLFWLYH FDUGLRYDVFXODU ULVN
DIWHU �� PRQWKV IURP DFXWH P\RFDUGLDO LQIDUFWLRQ� :H VWURQJO\ EHOLHYH WKDW LW LV LPSRUWDQW WR
FRQVLGHU 039 DV ZHOO DV 1$)/' DV ULVN IDFWRUV IRU ULVN VWUDWLILFDWLRQ LQ SDWLHQWV ZLWK DFXWH
P\RFDUGLDO�LQIDUFWLRQ�

%LEOLRJUDSK\
%DWK 30� %XWWHUZRUWK 5-� 3ODWHOHW VL]H� PHDVXUHPHQW� SK\VLRORJ\ DQG YDVFXODU GLVHDVH� %ORRG
&RDJXO�)LEULQRO\VLV������������±����
&DVHUWD &$� 0HOH $� 6XUDFH 3� )HUULJQR /� $VVRFLDWLRQ RI QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH DQG
FDUGLRPHWDEROLF ULVN IDFWRUV ZLWK HDUO\ DWKHURVFOHURVLV LQ DQ DGXOW SRSXODWLRQ LQ 6RXWKHUQ ,WDO\� ��
$QQ�,VW�6XSHU�6DQLWD�������-DQ�0DU�������������
&KX 6*�� %HFNHU 5&�� %HUJHU 3%�� %KDWW '/�� (LNHOERRP -:�� .RQNOH %� 0RKOHU (5�� 5HLOO\
03�� DQG %HUJHU -6� 0HDQ SODWHOHW YROXPH DV D SUHGLFWRU RI FDUGLRYDVFXODU ULVN� D V\VWHPDWLF
UHYLHZ�DQG�PHWD�DQDO\VLV���-�7KURPE+DHPRVW�������-DQ�����������±����
*DVWDOGHOOL $� .R]DNRYD 0� +¡MOXQG .� )O\YEMHUJ $� )DYX]]L $� 0LWUDNRX $� %DONDX %� 5,6&
,QYHVWLJDWRUV� )DWW\ OLYHU LV DVVRFLDWHG ZLWK LQVXOLQ UHVLVWDQFH� ULVN RI FRURQDU\ KHDUW GLVHDVH� DQG
HDUO\�DWKHURVFOHURVLV�LQ�D�ODUJH�(XURSHDQ�SRSXODWLRQ�����+HSDWRORJ\�������0D\���������������
*DZD] 0� /DQJHU +� 0D\ $(� 3ODWHOHWV LQ LQIODPPDWLRQ DQG DWKHURJHQHVLV� �� - &OLQ ,QYHVW�����
'HF�����������������
+HUQDH] 5� /D]R 0� %RQHNDPS 6� .DPHO ,� %UDQFDWL )/� *XDOODU (� &ODUN -0� 'LDJQRVWLF
DFFXUDF\ DQG UHOLDELOLW\ RI XOWUDVRQRJUDSK\ IRU WKH GHWHFWLRQ RI IDWW\ OLYHU� D PHWD�DQDO\VLV��
+HSDWRORJ\�������6HS�������������������
.DPDWK 6� %ODQQ $'� /LS *<� 3ODWHOHW DFWLYDWLRQ� DVVHVVPHQW DQG TXDQWLILFDWLRQ� (XU +HDUW -�
������������±�����

��



.KDQGHNDU 00� .KXUDQD $6� 'HVKPXNK 6'� .DNUDQL $/� .DWGDUH $'� ,QDPGDU $.�3ODWHOHW
YROXPH LQGLFHV LQ SDWLHQWV ZLWK FRURQDU\ DUWHU\ GLVHDVH DQG DFXWH P\RFDUGLDO LQIDUFWLRQ� DQ
,QGLDQ�VFHQDULR��-�&OLQ3DWKRO�������)HE�������������
.RWURQHQ $� <NL�-lUYLQHQ +� )DWW\ OLYHU� D QRYHO FRPSRQHQW RI WKH PHWDEROLF V\QGURPH� ��
$UWHULRVFOHU7KURPE9DVF�%LRO�������-DQ�������������
/LQGHPDQQ 6� 7ROOH\ 1'� 'L[RQ '$� 0F,QW\UH 70� 3UHVFRWW 60� =LPPHUPDQ *$� :H\ULFK
$6�$FWLYDWHG SODWHOHWV PHGLDWH LQIODPPDWRU\ VLJQDOLQJ E\ UHJXODWHG LQWHUOHXNLQ �EHWD V\QWKHVLV -
&HOO�%LRO�������$XJ�����������������
0DGDQ 6$� -RKQ )� 3LWFKXPRQL &6� 1RQDOFRKROLF )DWW\ /LYHU 'LVHDVH DQG 0HDQ 3ODWHOHW
9ROXPH��$�6\VWHPLF�5HYLHZ�DQG�0HWD�DQDO\VLV��-�&OLQ*DVWURHQWHURO�������-DQ�������������
1DGDU 6� %ODQQ $'� /LS *<� 3ODWHOHW PRUSKRORJ\ DQG SODVPD LQGLFHV RI SODWHOHW DFWLYDWLRQ LQ
HVVHQWLDO K\SHUWHQVLRQ� HIIHFWV RI DPORGLSLQH�EDVHG DQWLK\SHUWHQVLYH WKHUDS\� �� $QQ 0HG� �����
������������
3DSDQDV 1� 6\PHRQLGLV *� 0DOWH]RV (� 0DYULGLV *� .DUDYDJHOL (�9RVQDNLGLV 7�/DNDVDV *�
0HDQ SODWHOHW YROXPH LQ SDWLHQWV ZLWK W\SH � GLDEHWHV PHOOLWXV��� 3ODWHOHWV� ����
'HF�������������
3HUHUD 1� ,QGUDNXPDU -� $EH\VLQJKH :9� )HUQDQGR 9� 6DPDUDZHHUD :0� /DZUHQFH -6�1RQ
DOFRKROLF IDWW\ OLYHU GLVHDVH LQFUHDVHV WKH PRUWDOLW\ IURP DFXWH FRURQDU\ V\QGURPH� DQ
REVHUYDWLRQDO�VWXG\�IURP�6UL�/DQND��%0&�&DUGLRYDVF'LVRUG�������)HE����
6XQJ .&� 5\DQ 0&� :LOVRQ $0� 7KH VHYHULW\ RI QRQDOFRKROLF IDWW\ OLYHU GLVHDVH LV DVVRFLDWHG
ZLWK LQFUHDVHG FDUGLRYDVFXODU ULVN LQ D ODUJH FRKRUW RI QRQ�REHVH $VLDQ VXEMHFWV� ��
$WKHURVFOHURVLV�������$SU��������������
7DUJKHU *� %\UQH &'�&OLQLFDO 5HYLHZ� 1RQDOFRKROLF IDWW\ OLYHU GLVHDVH� D QRYHO FDUGLRPHWDEROLF
ULVN IDFWRU IRU W\SH � GLDEHWHV DQG LWV FRPSOLFDWLRQV� - &OLQ(QGRFULQRO0HWDE� ����
)HE��������������
9DQ GHU /RR %� 0DUWLQ -)�$ UROH IRU FKDQJHV LQ SODWHOHW SURGXFWLRQ LQ WKH FDXVH RI DFXWH FRURQDU\
V\QGURPHV��$UWHULRVFOHU7KURPE9DVF�%LRO�������0DU�������������
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5ROH RI P\HORLG�GHULYHG VXSSUHVVRU DQG RWKHU P\HORLG FHOOV LQ GLPLQLVKHG LPPXQH
UHVSRQVH�WR�YDFFLQDWLRQV�LQ�REHVH�LQGLYLGXDOV

6KHLNK�0RKDPPDG�)D]OH�$NEDU���0DPXQ�$O�0DKWDE�

�'HSDUWPHQW RI *DVWURHQWHURORJ\ DQG 0HWDERORJ\� (KLPH 8QLYHUVLW\ *UDGXDWH 6FKRRO RI
0HGLFLQH��(KLPH��-DSDQ
�'HSDUWPHQW�RI�+HSDWRORJ\��%DQJDEDQGKX�6KHLNK�0XMLE�0HGLFDO�8QLYHUVLW\��'KDND��%DQJODGHVK

2EHVLW\ LV D FKURQLF LQIODPPDWRU\ FRQGLWLRQ DVVRFLDWHG ZLWK DQ LQFUHDVHG SURGXFWLRQ RI
F\WRNLQHV DQG H[DFHUEDWHG LPPXQH UHVSRQVH� +RZHYHU� REHVH VXEMHFWV DUH VXVFHSWLEOH WR
LQIHFWLRQV DQG UHVSRQG SRRUO\ WR YDFFLQHV� 7KLV VWXG\ HYDOXDWHG WKH LPPXQH UHVSRQVHV RI REHVH
PLFH DQG WKH XQGHUO\LQJ PHFKDQLVPV E\ H[SORU�LQJ WKH UROHV RI P\HORLG FHOOV� 'LHW�LQGXFHG
REHVH �',2� PLFH ZHUH SUHSDUHG IURP &��%/��- PLFH IHG D KLJK�FDORULH DQG KLJK�IDW GLHW IRU ��
ZHHNV� +XPRUDO DQG FHO�OXODU LPPXQH UHVSRQVHV RI ',2 PLFH WR D KHSDWLWLV % YDFFLQH FRQWDLQLQJ
WKH KHSDWLWLV % VXUIDFH DQWLJHQ �+%V$J� ZHUH DVVHVVHG LQ VHUD DQG YLD D O\PSKRSUROLIHUDWLYH
DVVD\� UHVSHFWLYHO\� 7KH HIIHFWV RI &'��E�*5�� P\HORLG�GHULYHG VXSSUHVVRU FHOOV �0'6&� DQG
&'��E�*5�í QRQ�0'6& RQ 7 FHOO SUROLIHUDWLRQ DQG F\WRNLQH SURGXFWLRQ ZHUH FRP�SDUHG YLD D
FHOO FXOWXUH V\VWHP� 7KH SURGXFWLRQ RI F\WRNLQHV� H[SUHVVLRQ RI DFWLYDWLRQ DQG H[KDXVWLRQ
PDUNHUV� DQG SURSRUWLRQV RI DSRSWRWLF 7 FHOOV ZHUH HVWLPDWHG ZLWK IORZ F\WRPHWU\� ,QFUHDVHG 7
DQG % O\PSKRF\WH SUROLIHUDWLRQ DQG KLJKHU LQWHUIHURQ�DQG WXPRU QHFURVLV IDFWRU� B OHYHOV ZHUH
GHWHFWHG LQ VSOHHQ FHOOV DQG OLYHU QRQ�SDUHQFK\PDO FHOO FXOWXUHV RI ',2 PLFH FRPSDUHG WR
FRQWUROV �S � ������ +RZHYHU� DQWLERG\ WR +%V$J �DQWL�+%V� OHYHOV DQG +%V$J�VSHFLILF 7 FHOO
SUROLIHUDWLRQ ZHUH VLJQLIL�FDQWO\ ORZHU LQ ',2 PLFH FRPSDUHG WR FRQWUROV �S � ������ 7KH DGGLWLRQ
RI 0'6&� EXW QRWQRQ�0'6&� LQGXFHG D GHFUHDVH LQ +%V$J�VSHFLILF 7 FHOO SUROLIHUDWLRQ� ORZHU
F\WRNLQHSURGXFWLRQ� GHFUHDVH LQ 7 FHOO DFWLYDWLRQ� DQG LQFUHDVH LQ 7 FHOO H[KDXVWLRQ DQG
DSR�SWRVLV �S � ������ 0'6& SOD\ DQ LPSRUWDQW UROH LQ PHGLDWLQJ LPSDLUHG
DQWLJHQ�VSHFLILFLPPXQLW\�
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/DSDURVFRSLF�VOHHYH�JDVWUHFWRP\�LQ�D�SDWLHQW�ZLWK�1$)/'�DQG�JUDGH���REHVLW\�

/HYRQ�*ULJRU\DQ
6ODY0HG���0HGLFDO�&HQWUH
+DVPLN�*KD]LQ\DQ�0'��3+'
1LNRPHG�0HGLFDO�&HQWUH

&DVH�3UHVHQWDWLRQ

,QWURGXFWLRQ�

2EHVLW\ LV DVVRFLDWHG ZLWK QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'�� RQH RI WKH PRVW FRPPRQ FDXVHV RI
FKURQLF OLYHU GLVHDVH� 1$)/' LV D FRQGLWLRQ LQ ZKLFK H[FHVV IDW LV VWRUHG LQ WKH OLYHU� 7KLV EXLOG�XS RI IDW LV QRW
FDXVHG E\ KHDY\ DOFRKRO XVH� 7KH FRQGLWLRQ XVXDOO\ GRHVQ¶W FDXVH V\PSWRPV DQG LV PRVW RIWHQ IRXQG ZKHQ
EORRG WHVWV LQGLFDWH HOHYDWHG OLYHU HQ]\PHV� 1$)/' LV PRUH FRPPRQ LQ SHRSOH ZKR KDYH FHUWDLQ FRQGLWLRQV�
LQFOXGLQJ REHVLW\ DQG FRQGLWLRQV WKDW PD\ EH UHODWHG WR REHVLW\� VXFK DV W\SH � GLDEHWHV� 5HVHDUFKHUV KDYH
IRXQG 1$)/' LQ ��� WR ��� RI SHRSOH ZKR KDYH W\SH � GLDEHWHV DQG LQ ��� WR ��� RI SHRSOH ZKR DUH
REHVH�

&DVH�3UHVHQWDWLRQ�

7KH SDWLHQW LV D ���\HDU�ROG \RXQJ ZRPDQ ZLWK �QG GHJUHH REHVLW\� QRQ�DOFRKROLF IDWW\ OLYHU G\VWURSK\ �
)/,���� %$5'� �������� G\VOLSLGDHPLD� K\SHUXULFHPLD� 7KH SDWLHQW ZDV GLDJQRVHG ZLWK 1$)/' DW WKH DJH RI
��� ZKLFK ZDV DV\PSWRPDWLF� EXW ODERUDWRU\ DQG LQVWUXPHQWDO GDWD UHYHDOHG HOHYDWHG OLYHU HQ]\PHV DQG
KHSDWRPHJDO\ DQG VRQRJUDSKLF GDWD RI IDWW\ OLYHU G\VWURSK\� 2YHU WKH \HDUV� GHVSLWH DWWHPSWV WR FKDQJH WKH
QDWXUH RI OLIHVW\OH� DWWHPSWV WR UHJXODWH ERG\ PDVV� GUXJ WUHDWPHQWV� QHJDWLYH G\QDPLFV ZHUH REVHUYHG LQ WKH
SDWLHQW ODERUDWRU\�LQVWUXPHQWDOO\ DV ZHOO DV FOLQLFDOO\� ,W ZDV PDQLIHVWHG E\ D SURJUHVVLYH LQFUHDVH LQ ERG\
PDVV IURP �� NJ LQ ���� WR �� NJ LQ ����� HOHYDWLRQV RU QRQ�QRUPDOL]DWLRQ RI OLYHU HQ]\PHV DQG DJLQJ RI WKH
OLYHU DQG ZRUVHQLQJ RI XOWUDVRXQG LQGLFDWRUV RI IDWW\ OLYHU G\VWURSK\� &RQVLGHULQJ WKH LQHIIHFWLYHQHVV RI WKH
PHDVXUHV LPSOHPHQWHG GXULQJ WKH ODVW � \HDUV� WKH G\QDPLF LQFUHDVH LQ ERG\ PDVV� WKH QHJDWLYH G\QDPLFV RI
ODERUDWRU\ DQG LQVWUXPHQWDO GDWD DQG WKH PDJQLWXGH RI )/,� LW ZDV GHFLGHG WR SHUIRUP D EDULDWULF LQWHUYHQWLRQ �
VOHHYH�JDVWUHFWRP\�

7KH SDWLHQW XQGHUZHQW ODSDURVFRSLF VOHHYH JDVWUHFWRP\ DQG OLYHU ELRSV\� 7KH SRVWRSHUDWLYH SHULRG� D
VLJQLILFDQW GHFUHDVH LQ OLYHU HQ]\PHV� D GHFUHDVH LQ WKH VL]H RI WKH OLYHU DQG D VLJQLILFDQW GHFUHDVH LQ WKH
DPRXQW�RI�IDWW\�WLVVXH��DQG�WKH�HOLPLQDWLRQ�RI�WKH�SDLQ�V\PSWRP�ZHUH�REVHUYHG�

&RQFOXVLRQ�

7KHVH UHVXOWV VXJJHVW WKDW EDULDWULF VXUJHU\ DQG SDUWLFXODUO\ ODSDURVFRSLF VOHHYH JDVWUHFWRP\ PD\ UHSUHVHQW
DQ�HIIHFWLYH�WKHUDSHXWLF�DSSURDFK�WR�1$)/'�

6OHHYH�JDVWUHFWRP\�LV�DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�LPSURYHPHQW�LQ�OLYHU�VWHDWRVLV�DQG�ILEURVLV�

%DULDWULF VXUJHU\ KDV D EHQHILFLDO HIIHFW RQ QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH LQ SDWLHQWV ZLWK REHVLW\ DQG
1$)/' DQG LW VKRXOG EH DSSOLHG WR WKH WUHDWPHQW RI 1$)/' DV VRRQ DV SRVVLEOH DIWHU WKH FRQVHQVXV RI D
PXOWLGLVFLSOLQDU\ GLVFXVVLRQ� WR SUHYHQW WKH SURJUHVVLRQ RI ILEURVLV DQG QHFURVLV DQG WR REWDLQ WKH EHVW
IXQFWLRQDO�RXWFRPH�

.H\ZRUGV��%DULDWULF�VXUJHU\��)DWW\�OLYHU��REHVLW\��1RQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH��1$)/'��
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/HYRQ�*ULJRU\DQ

6ODY0HG���0HGLFDO�&HQWUH

+DVPLN�*KD]LQ\DQ�0'��3+'

1LNRPHG�0HGLFDO�&HQWUH

&DVH�3UHVHQWDWLRQ
,QWURGXFWLRQ�

2EHVLW\ LV DVVRFLDWHG ZLWK QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH �1$)/'�� RQH RI WKH PRVW FRPPRQ FDXVHV RI
FKURQLF OLYHU GLVHDVH� 1$)/' LV D FRQGLWLRQ LQ ZKLFK H[FHVV IDW LV VWRUHG LQ WKH OLYHU� 7KLV EXLOG�XS RI IDW LV QRW
FDXVHG E\ KHDY\ DOFRKRO XVH� 7KH FRQGLWLRQ XVXDOO\ GRHVQ¶W FDXVH V\PSWRPV DQG LV PRVW RIWHQ IRXQG ZKHQ
EORRG WHVWV LQGLFDWH HOHYDWHG OLYHU HQ]\PHV� 1$)/' LV PRUH FRPPRQ LQ SHRSOH ZKR KDYH FHUWDLQ FRQGLWLRQV�
LQFOXGLQJ REHVLW\ DQG FRQGLWLRQV WKDW PD\ EH UHODWHG WR REHVLW\� VXFK DV W\SH � GLDEHWHV� 5HVHDUFKHUV KDYH
IRXQG 1$)/' LQ ��� WR ��� RI SHRSOH ZKR KDYH W\SH � GLDEHWHV DQG LQ ��� WR ��� RI SHRSOH ZKR DUH
REHVH�

&DVH�3UHVHQWDWLRQ�

7KH SDWLHQW LV D ���\HDU�ROG \RXQJ ZRPDQ ZLWK �QG GHJUHH REHVLW\� QRQ�DOFRKROLF IDWW\ OLYHU G\VWURSK\ �
)/,���� %$5'� �������� G\VOLSLGDHPLD� K\SHUXULFHPLD� 7KH SDWLHQW ZDV GLDJQRVHG ZLWK 1$)/' DW WKH DJH RI
��� ZKLFK ZDV DV\PSWRPDWLF� EXW ODERUDWRU\ DQG LQVWUXPHQWDO GDWD UHYHDOHG HOHYDWHG OLYHU HQ]\PHV DQG
KHSDWRPHJDO\ DQG VRQRJUDSKLF GDWD RI IDWW\ OLYHU G\VWURSK\� 2YHU WKH \HDUV� GHVSLWH DWWHPSWV WR FKDQJH WKH
QDWXUH RI OLIHVW\OH� DWWHPSWV WR UHJXODWH ERG\ PDVV� GUXJ WUHDWPHQWV� QHJDWLYH G\QDPLFV ZHUH REVHUYHG LQ WKH
SDWLHQW ODERUDWRU\�LQVWUXPHQWDOO\ DV ZHOO DV FOLQLFDOO\� ,W ZDV PDQLIHVWHG E\ D SURJUHVVLYH LQFUHDVH LQ ERG\
PDVV IURP �� NJ LQ ���� WR �� NJ LQ ����� HOHYDWLRQV RU QRQ�QRUPDOL]DWLRQ RI OLYHU HQ]\PHV DQG DJLQJ RI WKH
OLYHU DQG ZRUVHQLQJ RI XOWUDVRXQG LQGLFDWRUV RI IDWW\ OLYHU G\VWURSK\� &RQVLGHULQJ WKH LQHIIHFWLYHQHVV RI WKH
PHDVXUHV LPSOHPHQWHG GXULQJ WKH ODVW � \HDUV� WKH G\QDPLF LQFUHDVH LQ ERG\ PDVV� WKH QHJDWLYH G\QDPLFV RI
ODERUDWRU\ DQG LQVWUXPHQWDO GDWD DQG WKH PDJQLWXGH RI )/,� LW ZDV GHFLGHG WR SHUIRUP D EDULDWULF LQWHUYHQWLRQ �
VOHHYH�JDVWUHFWRP\�

7KH SDWLHQW XQGHUZHQW ODSDURVFRSLF VOHHYH JDVWUHFWRP\ DQG OLYHU ELRSV\� 7KH SRVWRSHUDWLYH SHULRG� D
VLJQLILFDQW GHFUHDVH LQ OLYHU HQ]\PHV� D GHFUHDVH LQ WKH VL]H RI WKH OLYHU DQG D VLJQLILFDQW GHFUHDVH LQ WKH
DPRXQW�RI�IDWW\�WLVVXH��DQG�WKH�HOLPLQDWLRQ�RI�WKH�SDLQ�V\PSWRP�ZHUH�REVHUYHG�

&RQFOXVLRQ�

7KHVH UHVXOWV VXJJHVW WKDW EDULDWULF VXUJHU\ DQG SDUWLFXODUO\ ODSDURVFRSLF VOHHYH JDVWUHFWRP\ PD\ UHSUHVHQW
DQ�HIIHFWLYH�WKHUDSHXWLF�DSSURDFK�WR�1$)/'�

6OHHYH�JDVWUHFWRP\�LV�DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�LPSURYHPHQW�LQ�OLYHU�VWHDWRVLV�DQG�ILEURVLV�

%DULDWULF VXUJHU\ KDV D EHQHILFLDO HIIHFW RQ QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH LQ SDWLHQWV ZLWK REHVLW\ DQG
1$)/' DQG LW VKRXOG EH DSSOLHG WR WKH WUHDWPHQW RI 1$)/' DV VRRQ DV SRVVLEOH DIWHU WKH FRQVHQVXV RI D
PXOWLGLVFLSOLQDU\ GLVFXVVLRQ� WR SUHYHQW WKH SURJUHVVLRQ RI ILEURVLV DQG QHFURVLV DQG WR REWDLQ WKH EHVW
IXQFWLRQDO�RXWFRPH�

.H\ZRUGV� %DULDWULF�VXUJHU\��)DWW\�OLYHU��REHVLW\� 1RQ�DOFRKROLF�IDWW\�OLYHU�GLVHDVH��1$)/'�
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$VWJKLN�0&��<HUHYDQ
5X]DQ�.KRQGNDU\DQ��+DVPLN�*KD]LQ\DQ��9LROHWD��6DUJV\DQ

7KH�UROH�RI�PXOWLSDUDPHWULF�H[DPLQDWLRQ�RI�WKH�OLYHU�RI�SDWLHQWV�ZLWK�1$)/'�LQ�WKH
GLIIHUHQWLDWLRQ�RI�ILEURWLF�FKDQJHV�DQG�VWHDWRVLV�

$FFRUGLQJ�WR�VWDWLVWLFV��RYHU�WKH�SDVW����\HDUV��WKH�QXPEHU�RI�SDWLHQWV�ZLWK�QRQ�DOFRKROLF�IDWW\��OLYHU��KDV
GRXEOHG��1DWXUDOO\��LQWHUHVW�LQ�KLP�JUHZ��DPRQJ�KHSDWRORJLVW�DQG�UDGLRORJLVW���7KH�LVVXHV�RI�GLDJQRVLQJ
1$)/'�RU�1$6+�DQG�LWV�FRQGLWLRQV�LQ�WKH�IRUP�RI�ILEURVLV��FLUUKRVLV�DQG�KHSDWRFHOOXODU�FDQFHU�KDYH
EHFRPH�DFWXDO�
%�PRGH�XOWUDVRXQG�LPDJLQJ�FDQ�GHWHFW�WKH�OLYHU�IDWW\�LQILOWUDWLRQ��EXW���ZH��NQRZ��WKDW�86���JLYHV��OHVV
LQIRUPDWLRQ�DERXW��PLOG�VWHDWRVLV�
2Q�WKH�RWKHU�KDQG��UDGLRORJLVWV�DUH�ZHOO�DZDUH�WKDW�ZLWK�XOWUDVRXQG�LW�LV�RIWHQ�LPSRVVLEOH�WR�GLIIHUHQWLDWH
ILEURWLF�FKDQJHV�LQ�WKH�OLYHU�WKDW�GHYHORS�DJDLQVW�WKH�EDFNJURXQG�RI�VWHDWRKHSDWLWLV��LI�OLYHU�FLUUKRVLV�KDV
QRW�\HW�GHYHORSHG��,W�LV�DOVR�TXLWH�GLIILFXOW�WR�GLDJQRVH�FRPELQHG�FKDQJHV�LQ�WKH�OLYHU��ILEURVLV�DQG�IDWW\
LQILOWUDWLRQ�
7KH�PHWKRG�RI�HODVWRJUDSK\��4XDQWLWDWLYH�86� IRU GHWHUPLQLQJ�WKH�GHJUHH�RI�OLYHU�ILEURVLV�KDV�PDGH�D
JUHDW�EUHDNWKURXJK�LQ�KHSDWRORJ\��$QG�WKH�UHFHQWO\�DSSHDUHG�PHWKRG�RI�TXDQWLWDWLYH�DVVHVVPHQW�RI�WKH
GHJUHH�RI�VWHDWRVLV��$WWHQXDWLRQ��DOVR�VROYHG�WKH�LVVXH�RI�FRPELQHG�OLYHU�GDPDJH�
,Q������������ZH�H[DPLQHG�����SDWLHQWV�����ZRPHQ������PHQ��ZLWK�HOHYDWHG�OLYHU�HQ]\PHV�ZLWK�D
PXOWLSDUDPHWULF�PHWKRG������RI�SDWLHQWV�GLG�QRW�KDYH�YLUDO�KHSDWLWLV������KDG�+HSDWLWLV�%������KDG
+HSDWLWLV�&�
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&RQFOXVLRQ�
��0XOWLSDUDPHWULF�VWXG\�RI�WKH�OLYHU�UHYHDOV�

Ɣ ILEURWLF�FKDQJHV�YHLOHG�XQGHU�VWHDWRVLV
Ɣ OLYHU�IDWW\�LQILOWUDWLRQ�YHLOHG�XQGHU�ILEURVLV

���6WHDWRVLV�RI�WKH�WKLUG�GHJUHH�LV�PRUH�RIWHQ�REVHUYHG�LQ�SDWLHQWV�ZLWK�WKH�VHFRQG�GHJUHH�RI�REHVLW\�WKDQ
ZLWK�WKH�WKLUG��ZKLFK�PD\�LQGLFDWH�D�FRPSOH[�HWLRORJ\�RI�WKH�RFFXUUHQFH�RI�VWHDWRVLV�
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Molecular characterization of hepatocellular carcinoma in Armenia, 2019-2020:  
initial observations 
Ghazinyan H1, Marchio A2, Davidyants M1,  Navoyan L1, Pineau P2 
1. Nork Infectious Clinical Hospital, Yerevan, Armenia 
2. Institut Pasteur, Unité «Organisation nucléaire et oncogenèse », INSERM U9993, 
Paris, France 
According to the most recent data of the IARC, Armenia is, within a large region 
encompassing Caucasus, Middle East, and Central Asia, the country where the 
incidence of liver cancer is the highest for both sexes. Risk factors responsible for 
this situation as well as molecular changes occurring in liver tumors are poorly known 
for Armenian patients. To shed light on these issues, we conducted a case-control 
study on plasma samples of 110 cases of hepatocellular carcinoma (HCC) and 167 
cases of non-tumor chronic liver disease (CLD). These series were dominated by 
hepatitis C with 67.2% and 41.8% of positive cases in HCC and CLD while hepatitis 
B (HBsAg) was far less prevalent (13.6% and 5.1%). We explored using a 3rd 
generation PCR technique, free circulating DNA in the plasma of patients for the 
presence of a mutated TERT gene promoter, the most frequent mutation in HCC 
worldwide. It was found in 20.0% of HCC cases and 1.7% only of CLD patients 
(OR=13.5, P=2.5 E-07). In contrast, TP53 R249S mutant, the hallmark of exposure to 
aflatoxin B1 in the intertropical regions was rare (1.8% vs 3.6%, ns). Albeit minimal, 
this presence of TP53 mutation suggests for some patients a previous contact with 
the carcinogenic toxin. Concerning hepatitis B virus (HBV), 6 HCC patients were 
infected with subtype D1 (66.6%), one with D3 (11.1%), and two with A2/D1 
recombinant viruses (22.2%). In CLD, we observed two D1 and a single A2 subtypes. 
Subtype 3A of hepatitis C virus (HCV) was representing 64.0% (n=16/25) of isolates 
characterized in HCC patients. It was followed by subtype 1b (32%, n=8/25), and a 
single subtype 2a strain (4.0%). No HCV intergenotypic recombinant frequent in 
neighboring countries was found. Further studies are now warranted to extend our 
results and to identify the molecular determinants of chronic hepatitis aggressiveness 
in Armenia. 
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3RO\DPLQHV��VXFK�DV�6SHUPLQH��6SHUPLGLQH��DQG�3XWUHVFLQH��DUH�2UJDQLF�3RO\FDWLRQLF�$ON\ODPLQHV�
ZKLFK�DUH�V\QWKHVL]HG�IURP�/�RUQLWKLQH�RU�E\�WKH�GHFDUER[\ODWLRQ�RI�DPLQR�DFLGV��7KH\�DUH�IRXQG�LQ�DOO
OLYLQJ�FHOOV�>6KDUPD�6�HW�DO���������+DQGD�$�.�HW�DO���������)LUSR�0�HW�DO�������@��0DPPDOLDQ�FHOOV�FRQWDLQ
D�PLOOLPRODU�FRQFHQWUDWLRQ�RI�3RO\DPLQHV�>3HJJ�$������@��,Q�������6SHUPLQH�ZDV�ILUVW�LGHQWLILHG�E\�9DQ
/HHXZHQKRHN�DV�FU\VWDOV�LQ�GULHG�VHPHQ�EXW�QRW�LQ�IUHVK�RQHV��,Q�������9DXTXHOLQ�LGHQWLILHG�WKHVH
FU\VWDOV�DV�DQ�XQNQRZQ�SKRVSKDWH�GHULYHG�FRPSRXQG�>9DXTXHOLQ�/�1������@��,Q�������/DGHQEXUJ�DQG
$EHO�SURSRVHG�LWV�QDPH�³6SHUPLQH´�>6FKUHLQHU�3��������/DGHQEXUJ�$��$EHO�-�������@��)XUWKHU��LQ�����
6FKUHLQHU�UHSRUWHG�6SHUPLQH�DV�D�EDVLF�FRPSRXQG��$IWHU�RQH�GHFDGH��LQ��������3RHKO�VXJJHVWHG�WKH
XVH�RI�6SHUPLQH�IRU�WKH�WUHDWPHQW�RI�VHYHUDO�GLVHDVHV�>3RHKO�$�9������@�DQG�ILQDOO\��LQ�������6SHUPLQH�
6SHUPLGLQH��DQG�3XWUHVFLQH�ZHUH�V\QWKHVL]HG�E\�5RVHQKHLP��ZKLFK�OHG�WR�WKH�IRXQGDWLRQ�RI�WKH�PRGHUQ
VFLHQFH�RI�3RO\DPLQHV�>5RVHQKHLP�2������@��0RUHRYHU��3XWUHVFLQH�ZDV�GLVFRYHUHG�LQ�WKH
PLFURRUJDQLVPV�LQ�a����V��DQG�6SHUPLGLQH�ZDV�LGHQWLILHG�LQ�WKH����WK�FHQWXU\��3RO\DPLQHV�KDYH�EHHQ
IRXQG�WR�EH�LQYROYHG�LQ�YDULRXV�LPSRUWDQW�ELRFKHPLFDO�UROHV�DQG�DUH�DQ�LQWHJUDWHG�SDUW�RI�WKH�FHOOXODU�DQG
JHQHWLF�PHWDEROLVP�VXFK�DV�V\QWKHVLV��IXQFWLRQLQJ��PDLQWHQDQFH��DQG�VWDELOLW\�RI�QXFOHLF�DFLGV��'1$�DQG
51$���DQG�SURWHLQV�>3DUN�0������@��7KH\�DOVR�SOD\�D�SLYRWDO�UROH�LQ�FHOO�GLIIHUHQWLDWLRQ��FHOO�SUROLIHUDWLRQ
�5DSLGO\�GLYLGLQJ�FHOOV�FRQWDLQ�D�KLJKHU�OHYHO�RI�3RO\DPLQHV���JHQH�H[SUHVVLRQ�DQG�UHJXODWLRQ��3RO\DPLQH
FRQWURO�H[SUHVVLRQ�DQG�VWDELOLW\�RI�S����D�QXFOHDU�SKRVSKDWH�SURWHLQ�ZKLFK�UHJXODWHV�GLIIHUHQW�JHQHV
DVVRFLDWHG�ZLWK�JURZWK�DQG�GHDWK�RI�WKH�FHOO���FHOO�VLJQDOOLQJ��DSRSWRVLV��'1$�ELQGLQJ��WUDQVFULSWLRQ��51$
VSOLFLQJ��DQG�IXQFWLRQLQJ�RI�F\WRVNHOHWRQV��DQG�DOVR�VWLPXODWH�SRVW��WUDQVODWLRQDO�PRGLILFDWLRQ�ZLWK�WKH�KHOS
RI�µHXNDU\RWLF�LQLWLDWLRQ�IDFWRU��$¶��H,)�$���>+HVWHUEHUJ�5�HW�DO���������)O\QQ�$��+RJDUW\�0��������0DWKHZV
0��+HUVKH\�-���������7KRPDV�7��������3lOOPDQQ�1��HW�DO�������@��,W�LV�FXUUHQWO\�DQ�XQGHQLDEOH�IDFW�WKDW
SRO\DPLQHV�SOD\�D�UROH�LQ�WKH�GHYHORSPHQW�DQG�KHDOLQJ�RI�YDULRXV�ZRXQGV�>/LP�+�HW�DO���������1LVKLPXUD
.�HW�DO���������0DHQR�<�HW�DO�������@��,W�KDV�EHHQ�VKRZQ�WKDW�IURP�WKH�YHU\�ILUVW�PRPHQW�RI�ZRXQG
IRUPDWLRQ��WKH�DFWLYLW\�RI�RUQLWKLQH�GHFDUER[\ODVH��WKH�HQ]\PH�WKDW�UHJXODWHV�WKH�V\QWKHVLV�RI�SRO\DPLQHV
�3XWUHVFLQH��LQFUHDVHV�LQ�WKH�ZRXQG�DUHD�>+DUGERZHU�'�HW�DO���������&DVHUR�5�HW�DO���������2¶%ULHQ�7�HW
DO�������@��7KH�UROH�RI�VSHUPLGLQH�LV�XQLTXH�LQ�ZRXQG�KHDOLQJ�>&DVHUR�5�HW�DO���������3HJJ�$������@��'XH
WR�WKH�GLVUXSWLRQ�RI�SRO\DPLQH�V\QWKHVLV�UHJXODWLRQ�LQ�ZRXQGV��WKH�ULVN�IDFWRUV�LQFUHDVH�WKH�DSSHDUDQFH�RI
QHRSODVPV�LQ�WKH�ZRXQG�IRFL�>&DVHUR�5�HW�DO���������6KL�&�HW�DO���������:HL�*�HW�DO�������@��2I�SDUWLFXODU
QRWH�LQ�WKLV�UHJDUG�DUH�WKH�VWXGLHV�WKDW�H[DPLQHG�WKH�TXDQWLWDWLYH�VKLIWV�RI�SRO\DPLQHV�LQ�����V�DQG�WKHLU
GLDJQRVWLF�VLJQLILFDQFH�LQ�WKH�FRQWH[W�RI�RUJDQ�WUDQVSODQWDWLRQ�>6HLOHU�1��.QRGJHQ�%��������&DUULHU�0�HW
DO���������7KDL�3�HW�DO���������7HUDNXUD��0�HW�DO�������@��6HYHUDO�VWXGLHV�RQ�FDUGLDF�DOORJUDIW�UHMHFWLRQ
OLQNHG�ZLWK�LQFUHDVHG�XULQDU\�SRO\DPLQHV�ZHUH�FRQGXFWHG�EHWZHHQ�WKH�SHULRG�RI������XS�WR�����
LQFOXGLQJ�K\SRWKHVLV�WHVWLQJ�RQ�KXPDQV�DQG�GRJV��$OVR��VRPH�RWKHU�LQYHVWLJDWLRQV�KDYH�EHHQ�FRQGXFWHG
RQ�UROH�RI�3RO\DPLQHV�GXULQJ�SRVW�RUJDQ�WUDQVSODQWDWLRQV��+HUH��LQ�WKLV�UHYLHZ��EDVHG�RQ�WKH
LQYHVWLJDWLRQV�FRQGXFWHG�ERWK�RQ�+XPDQV�DQG�$QLPDOV��6SHFLILFDOO\��'RJV�DQG�5DWV���RXU�DLP�LV�WR�SURYH
WKDW�SRO\DPLQHV�OHYHOV�DUH�LQFUHDVHG�DQG�DUH�OLQNHG�ZLWK�DOORJUDIW�UHMHFWLRQ��$FFRUGLQJ�WR�WKH�&DUGLDF
$OORJUDIW�5HMHFWLRQ�6WXG\�ZDV�VWDWHG�WKDW��³+LVWRORJLFDO�(YDOXDWLRQ�GRQH�E\�(QGRP\RFDUGLDO�%LRSV\
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VSHFLPHQ�IRU�PRQLWRULQJ�RUJDQ�UHMHFWLRQ�DIWHU�WUDQVSODQWDWLRQ�JDYH�D�GLVFRQWLQXRXV�HYDOXDWLRQ�RI
UHFLSLHQW	����V�LPPXQRORJLFDO�VWDWXV��LW�LV�DQ�H[SHQVLYH�DQG�LQYDVLYH�PHWKRG��WKLV�SURFHGXUH�FDQQRW�EH
GRQH�RQ�D�GDLO\�EDVLV�DV�D�PRQLWRU�RI�RUJDQ�UHMHFWLRQ´�>&DUULHU�0�HW�DO�������@��,W�ZDV�WKXV�GLVFXVVHG�WKDW�
³%HFDXVH�RI�WKHVH�GLIILFXOWLHV��D�SUHGLFWLYH�QRQ�LQYDVLYH�DSSURDFK�LV�QHHGHG��7R�EH�FOLQLFDOO\�XVHIXO�WKH
ODWWHU�VKRXOG�EH�DFFXUDWH��VHQVLWLYH��VLPSOH��DQG�HDV\�WR�SHUIRUP��DYDLODEOH�GDLO\��DQG�ILQDOO\�DFFHSWDEOH�WR
WKH�SDWLHQWV��,GHDOO\��LW�VKRXOG�DOVR�SUHGLFW�WKH�UHMHFWLRQ�SURFHVV�VR�WKDW�DQ�LPPHGLDWH�WUHDWPHQW�FDQ
SUHYHQW�FHOO�QHFURVLV�DQG�GDPDJH�WR�WKH�WUDQVSODQWHG�KHDUW�DQG�ZRXOG�SHUPLW�D�PRUH�FRQWLQXRXV
PRQLWRULQJ�WKDQ�WKH�ELRSV\�WHFKQLTXH´�>&DUULHU�0�HW�DO�������������D������E@��6R��8ULQDU\�3RO\DPLQHV�DV
D�QRQ�LQYDVLYH�PDUNHU�ZDV�FRQVLGHUHG�IRU�K\SRWKHVLV�WHVWLQJ�DV�LWV�H[FUHWLRQ�UHIOHFWV�FHOOXODU�SUROLIHUDWLRQ
RU�GHJHQHUDWLRQ�DQG��DV�D�PDUNHU�RI�FHOOXODU�PHWDEROLF�DFWLYLW\��PD\�DOVR�UHIOHFW�O\PSKRF\WH�SUROLIHUDWLRQ
DQG�RUJDQ�UHMHFWLRQ��$LP�*LYHQ�WKH�QHZ�GHYHORSPHQWV�LQ�WKH�GLDJQRVWLF�PHWKRGV�LQ�PHGLFLQH��LW�LV
QHFHVVDU\�WR�VWXG\�WKH�TXDQWLWDWLYH�VKLIWV�RI�SRO\DPLQHV�QRW�RQO\�LQ�WKH�XULQH�EXW�DOVR�LQ�YDULRXV
FRPSRQHQWV�RI�WKH�EORRG��SDUWLFXODUO\�LQ�5%&V��$W�WKH�VDPH�WLPH��LQ�RUGHU�WR�PDNH�D�WDUJHWHG�GLDJQRVLV��LW
LV�QHFHVVDU\�WR�FRPELQH�WKH�TXDQWLWDWLYH�UHVHDUFK�RI�SRO\DPLQHV�ZLWK�WKH�VWXG\�RI�RWKHU�FRPSRXQGV�RI
ELRORJLFDO�LPSRUWDQFH��7KH�5ROH�RI�3RO\DPLQHV�LQ�+HDUW�7UDQVSODQWDWLRQ�,QYHVWLJDWLRQ�RQ�UROH�RI�8ULQDU\
3RO\DPLQHV�LQ�UHMHFWLRQ�RI�&DUGLDF�$OORJUDIW�LQ�+XPDQ�DV�FRQGXFWHG�IURP�-XO\������WR�'HFHPEHU������
���3DWLHQWV�KDYLQJ�KHDUW�WUDQVSODQWDWLRQ�DQG�RQH�SDWLHQW�KDYLQJ�KHDUW��OXQJ�WUDQVSODQWDWLRQ��WZR�ZRPHQ�
���PHQ��ZHUH�VWXGLHG��7KHLU�8ULQDU\�SRO\DPLQH�OHYHOV�ZHUH�PHDVXUHG�GXULQJ�WKH�SHULRG�RI�KRVSLWDOL]DWLRQ
IRU�WUDQVSODQWDWLRQ��8ULQH�VSHFLPHQV�IRU�SRO\DPLQH�PHDVXUHPHQW�ZHUH�FROOHFWHG�HYHU\�PRUQLQJ�DQG
VWRUHG�DW�±�����&�XQWLO�DVVD\HG��8ULQDU\�SRO\DPLQHV�ZHUH�PHDVXUHG�E\�KLJK�SUHVVXUH�OLTXLG
FKURPDWRJUDSK\�>6HLOHU�1��.QRGJHQ�%������@��5ROH�RI�8ULQDU\�3RO\DPLQHV�LQ�UHMHFWLRQ�RI�&DUGLDF�$OORJUDIW
LQ�$QLPDOV�������������DQG��������%DFN�LQ�WKH���V�GXULQJ�WKH�GRJ¶V�FHUYLFDO�KHWHURWRSLF�KHDUW
WUDQVSODQWDWLRQ��FRPSDUDWLYH�VWXGLHV�ZHUH�FRQGXFWHG�EHWZHHQ�GDLO\�SHUFXWDQHRXV�WUDQVPXUDO�ELRSV\�RI
WKH�WUDQVSODQWHG�KHDUW�DQG�XULQH�VDPSOHV��$QLPDOV�ZKLFK�GLG�QRW�UHFHLYH�LPPXQRVXSSUHVVLRQ�WKHUDS\
ZHUH�VWXGLHG�>&DUULHU��0��HW�DO�������@��DV�ZHOO�DV�$QLPDOV�WUHDWHG�ZLWK�F\FORVSRULQH�RU�F\FORVSRULQH�DQG
VWHURLGV�ZHUH�VWXGLHG��7KH�XULQDU\�H[FUHWLRQ�RI�1�$FHW\OSXWUHVFLQH�DQG�1�$FHW\OVSHUPLGLQH�ZDV�DOVR
VWXGLHG�LQ����GRJV��7ZR�JURXSV�XQGHUZHQW�KHWHURWRSLF�KHDUW�WUDQVSODQWDWLRQ��7KUHH�RWKHU�JURXSV�ZHUH
JLYHQ�GLIIHUHQW�LPPXQRVXSSUHVVLRQ�WUHDWPHQWV�ZLWKRXW�KDYLQJ�DQ\�VXUJHU\�DQG�RQH�JURXS�KDG�D�VKDP
FHUYLFDO�RSHUDWLRQ�>&DUULHU��0��HW�DO�������@��>7KDL��3��HW�DO�������@��'XULQJ�WKH�UHVHDUFK�LW�ZDV�UHYHDOHG�WKDW
DOORJUDIW�UHMHFWLRQ�E\�WKH�QRQ�LQYDVLYH�PHWKRG�ZDV�GHILQHG�DV�DQ�LQFUHDVH�RI�1�$FHW\OSXWUHVFLQH�DQG�WRWDO
SRO\DPLQH�H[FUHWLRQ�DVVRFLDWHG�ZLWK�D�GDLO\�YDULDELOLW\�RI�����RU�PRUH��7KLV�LQGLFDWHV�LQFUHDVHG
PHWDEROLF�FHOOXODU�DFWLYLW\�DQG�SUHGLFWV�UHMHFWLRQ�LQ�WKH�QH[W���GD\V��RFFXUULQJ���WR���GD\V��EHIRUH�D
SRVLWLYH�KLVWRORJLF�ILQGLQJ��%DVHG�RQ�WKHVH�GHILQLWLRQV��WKH�VHQVLWLYLW\�RI�SRO\DPLQH�DQDO\VLV�WR�SUHGLFW
KLVWRORJLF�UHMHFWLRQ�ZDV��������������WKH�VSHFLILFLW\��������������WKH�SRVLWLYH�SUHGLFWLYH�YDOXH����
���������DQG�WKH�QHJDWLYH�SUHGLFWLYH�YDOXH��������������7KXV�DXWKRUV�KDYH�SURYHG�WKDW�VHULDO
PHDVXUHPHQWV�RI�XULQDU\�SRO\DPLQHV�PD\�SURYLGH�GDLO\�LQIRUPDWLRQ�RQ�WKH�UHFLSLHQW	����V�LPPXQRORJLF
VWDWXV�DIWHU�FDUGLDF�WUDQVSODQWDWLRQ�>&DUULHU�0�HW�DO�������@��7KH�VWXG\�E\�WKH�DXWKRUV�VKRZHG�WKDW
EHWZHHQ���WR���GD\V�DIWHU�WUDQVSODQWDWLRQ��DOO�DOORJUDIWV�E\�KLVWRORJLF�SLFWXUH�KDG�D�PLOG�WR�PRGHUDWH
UHMHFWLRQ��7KH�XULQDU\�H[FUHWLRQ�RI�WRWDO�SRO\DPLQHV�DQG�SXWUHVFLQH�IUDFWLRQ�LQFUHDVHG�GXULQJ�WKH�UHMHFWLRQ
SURFHVV�DIWHU�WUDQVSODQWDWLRQ��DWWDLQLQJ�D�PD[LPXP�IURP�WKH�ILUVW�WR�WKH�WKLUG�GD\�DIWHU�RSHUDWLRQ��7KLV
HDUO\�HOHYDWLRQ�VXJJHVWV�WKDW�XULQDU\�SRO\DPLQHV�DUH�PDUNHUV�RI�LPPXQH�DFWLYDWLRQ�DQG�XQPRGLILHG�KHDUW
DOORJUDIW�UHMHFWLRQ�>&DUULHU�0�HW�DO�������@��$QRWKHU�VWXG\�E\�WKH�DXWKRUV�VKRZHG�WKDW�EHWZHHQ���WR���GD\V
DIWHU�WUDQVSODQWDWLRQ��WKH�WUDQVSODQWHG�KHDUWV�RI�DOO�DQLPDOV�ZLWKRXW�LPPXQRVXSSUHVVLRQ�KDG�KLVWRORJLFDO
UHMHFWLRQ��$Q�HDUO\�LQFUHDVH�LQ�SXWUHVFLQH�OHYHOV�DQG�WRWDO�XULQDU\�SRO\DPLQH�OHYHOV�ZDV�REVHUYHG�LQ�WKLV
JURXS��,Q�WKH�WUHDWHG�JURXSV��KLVWRORJLFDO�UHMHFWLRQ�DSSHDUHG�IURP�WKH�VHFRQG�WR�WKH�HLJKWK�GD\�DIWHU
WUDQVSODQWDWLRQ�>&DUULHU�0�HW�DO�������@��7KH�VWXGLHV�VKRZHG�WKDW�LPPXQRVXSSUHVVLRQ�RI�WKH�WUDQVSODQWHG
GRJV�ZLWK�&\FORVSRULQH��,PXUDQ�DQG�3UHGQLVRQH�GXULQJ�WKH�SRVWRSHUDWLYH�SHULRG�FDXVHG�D�VLJQLILFDQW
LQFUHDVH�LQ�WKH�H[FUHWLRQ�RI�1��$FHW\OVSHUPLGLQH�DYHUDJLQJ�������������QPRO�PJ�RI�FUHDWLQLQH
UHVSHFWLYHO\�FRPSDUHG�WR������������QPRO�PJ�RI�FUHDWLQLQH�LQ�6KDP��IDNH�RSHUDWLRQ�FRQGXFWHG�OLNH
SODFHER��JURXS��7KH�H[FUHWHG�OHYHOV�RI�1��$FHW\OSXWUHVFLQH�IRU�WKH�VDPH�JURXS�ZHUH�������������
QPRO�PJ�RI�FUHDWLQLQH�FRPSDUHG�WR�����������QPRO�PJ�RI�FUHDWLQLQH�LQ�6KDP�JURXS�>7KDL�3�HW�DO�������@�
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7KXV��WKH�DXWKRUV�KDYH�SURYHG�D�VLJQLILFDQW�H[FUHWLRQ�RI�1�$FHW\OVSHUPLGLQH�DQG�1�$FHW\OSXWUHVFLQH�LQ
WUDQVSODQWHG�GRJV�DIWHU�LPPXQRVXSSUHVVLRQ��2WKHU�5HFHQW�6FLHQWLILF�,QYHVWLJDWLRQV�7KH�5ROH�RI
3RO\DPLQHV�LQ�2WKHU�7UDQVSODQWDWLRQV�$FFRUGLQJ�WR�WKH�VWXG\�FRQGXFWHG�LQ�WKH�\HDU�������µ5HG�EORRG�FHOO
SRO\DPLQH�OHYHO�FKDQJHV�IROORZLQJ�KHDUW�WUDQVSODQWDWLRQ�LQ�0DQ¶�ZKLFK�LV�EDVHG�RQ�VWXG\�RI�µ8ULQDU\
3RO\DPLQHV�DV�D�QRQ�LQYDVLYH�PDUNHU�IRU�FDUGLDF�DOORJUDIW�UHMHFWLRQ¶�E\�&DUULHU��0�HW�DO���������7KH�UHVXOWV
VWDWHG�WKDW��³)ROORZ�XS�RI�RUWKRWRSLF�KHDUW�WUDQVSODQWHG�SDWLHQWV�KDV�UHYHDOHG�WKH�H[LVWHQFH�RI�DEQRUPDOO\
KLJK�5%&��5HG�%ORRG�&HOOV��6SHUPLGLQH�OHYHOV�GXULQJ�WKH�ILUVW�WZR�PRQWKV�DIWHU�VXUJLFDO�SURFHGXUH
�$�SHULRG���)URP�WKH�WKLUG�PRQWK�DIWHU�KHDUW�WUDQVSODQWDWLRQ��%�SHULRG���5%&�6SHUPLGLQH�FRQFHQWUDWLRQV
ZHQW�EDFN�WR�QRUPDO�YDOXHV�LQ�DQ�(DUO\�&DUGLDF�5HMHFWLRQ��(&5��SDWLHQW��'XULQJ�$�DQG�%�SHULRGV�
VLJQLILFDQWO\�KLJKHU�6SHUPLGLQH�OHYHOV�DQG�6SHUPLGLQH�6SHUPLQH�UDWLRV�ZHUH�REVHUYHG�LQ�/DWH�&DUGLDF
5HMHFWLRQ��/&5��SDWLHQWV�WKDQ�(&5�RQHV�´�7KXV��LW�ZDV�FRQFOXGHG�WKDW��³7KH�ODFN�RI�D�GLUHFW�UHODWLRQVKLS
EHWZHHQ�WKH�KLVWRORJLFDO�JUDGH�RI�UHMHFWLRQ�DQG�5%&�6SHUPLGLQH�OHYHOV�OHDGV�XV�WR�FRQVLGHU�WKHVH
3RO\DPLQH�EORRG�OHYHOV�DV�D�QHZ�ELRORJLFDO�LQVWUXPHQW�LQ�WKH�GLDJQRVLV�RI�KHDUW�UHMHFWLRQ´�>0RXOLQRX[�
-�3K�HW�DO�������@��,Q�FRUUHVSRQGHQFH�WR�WKH�UHVHDUFK�FRQGXFWHG�LQ�-XO\������ZKLFK�DLPHG�DW�VWXG\LQJ
³&OLQLFDO�LPSRUWDQFH�RI�HU\WKURF\WH�SRO\DPLQH��6SHUPLQH�DQG�6SHUPLGLQH��OHYHO�GHWHUPLQDWLRQ�GXULQJ
ERQH�PDUURZ�WUDQVSODQWDWLRQ�LQ�FKLOGUHQ´��$Q�LQWHUHVW�ZDV�GHYHORSHG�LQ�ILQGLQJ�DQ�HDUO\�EORRG�FULWHULD�RI
%RQH�0DUURZ�UHJHQHUDWLRQ�EDVHG�RQ�WKH�FKHPRWKHUDS\�LQGXFHG�SRVW�WUDQVSODQW�DSODVLD�SHULRG��7KH
UHVXOWV�VWDWHG�WKDW��³$IWHU�%RQH�0DUURZ�WUDQVSODQWDWLRQ��WZR�PDLQ�SHULRGV�ZHUH�REVHUYHG��ILUVW��$�SHULRG�
ZKLFK�FRUUHVSRQGHG�WR�DEQRUPDOO\�ORZ�6SHUPLGLQH�OHYHOV�LQ�WKH�EHJLQQLQJ��ODWHU�HQGHG�ZLWK�LQFUHDVHG
DPRXQW�RI�6SHUPLGLQH�UHDFKLQJ�QRUPDO�YDOXHV�ZLWK�LQYHUVLRQ�LQ�6SHUPLGLQH�6SHUPLQH�UDWLR�ZKLFK
EHFDPH�JUHDWHU�WKDQ����DQG�6HFRQG��%�SHULRG��ZKLFK�ZDV�XVXDOO\�OLQNHG�WR�DQ�DEQRUPDOO\�KLJK�5%&
6SHUPLGLQH�FRQFHQWUDWLRQV�DQG�D�6SHUPLGLQH�6SHUPLQH�UDWLR�JUHDWHU�WKDQ���LQ�WKH�EHJLQQLQJ��WKLV�ODWHU
ZDV�FKDUDFWHULVHG�E\�DQ�LQFUHDVH�LQ�JUDQXORF\WH�FRXQW��UHDFKLQJ�����[�������FHOOV�O�´��7KXV��LW�ZDV
FRQFOXGHG�WKDW��³6LQFH�WKH�$�DQG�%�SHULRGV�DUH�FRQVLGHUHG�DV�D�SRVW�WUDQVSODQW�DSODVLD�SHULRG��RQO\
DFFRUGLQJ�WR�OHXNRF\WH�FRXQW��DQG�VLQFH�QRUPDO�5%&�6SHUPLGLQH�OHYHOV�RFFXUUHG����GD\V�DIWHU�%RQH
0DUURZ�WUDQVSODQWDWLRQ�DQG����GD\V�EHIRUH�JUDQXORF\WH�ULVH��WKHVH�GDWD�OHG�XV�WR�FRQVLGHU�HU\WKURF\WH
SRO\DPLQH�OHYHOV�WR�EH�DQ�HDUOLHU�ELRORJLFDO�FULWHULD�RI�ERQH�PDUURZ�HQJUDIWPHQW�WKDQ�WKH�QXPEHU�RI
FLUFXODWLQJ�JUDQXORF\WHV´�>%HUJHURQ��&�HW�DO�������@��,Q�DFFRUGDQFH�ZLWK�WKH�VWXG\�FRQGXFWHG�LQ������RQ
³3RO\DPLQH�PHWDEROLVP�LQ�WKH�UDW�OLYHU�DIWHU�RUWKRWRSLF�OLYHU�WUDQVSODQWDWLRQ´��7KH�UHVXOWV�VWDWHG�WKDW��³7KH
DFWLYLWLHV�RI�$VSDUWDWH�DPLQRWUDQVIHUDVH��$67���$ODQLQH�DPLQRWUDQVIHUDVH��$/7��DQG�/DFWDWH
GHK\GURJHQDVH��/'+��HOHYDWHG�DQG�SHDNHG���KUV�DIWHU�OLYHU�WUDQVSODQWDWLRQ��+HSDWLF�2UQLWKLQH
GHFDUER[\ODVH�DQG�6SHUPLGLQH�6SHUPLQH�1���DFHW\OWUDQVIHUDVH�DFWLYLWLHV�ZHUH�DOVR�HOHYDWHG�DQG�SHDNHG
��KUV�DIWHU�WKH�RSHUDWLRQ��,Q�DJUHHPHQW�ZLWK�WKH�LQFUHDVHV�LQ�2UQLWKLQH�GHFDUER[\ODVH�DQG
6SHUPLGLQH�6SHUPLQH�1��DFHW\OWUDQVIHUDVH�DFWLYLWLHV��WKH�3XWUHVFLQH�FRQWHQW�LQFUHDVHG�DQG�6SHUPLGLQH
FRQWHQW�GHFUHDVHG�LQ�WKH�WUDQVSODQWHG�OLYHU��3XWUHVFLQH�DGPLQLVWUDWHG�LQWUDSHULWRQHDOO\�LPSURYHG�WKH
VXUYLYDO�UDWH��GHFUHDVHG�VHUXP�WUDQVDPLQDVH�OHYHO��DQG�LQFUHDVHG�WKH��+�WK\PLGLQH�LQFRUSRUDWLRQ�LQWR
WKH�OLYHU�'1$´��7KXV��LW�ZDV�FRQFOXGHG�WKDW��³7KHVH�ILQGLQJV�VXJJHVW�WKDW�ERWK�ELRV\QWKHWLF�DQG
ELRGHJUDGDWLYH�SDWKZD\V�DUH�VWLPXODWHG�LQ�OLYHU�WUDQVSODQWDWLRQ��UHVXOWLQJ�LQ�WKH�LQFUHDVH�LQ�WKH�IRUPDWLRQ
RI�SXWUHVFLQH�IURP�2UQLWKLQH�DQG�IURP�6SHUPLGLQH��DQG�WKDW�SXWUHVFLQH�DGPLQLVWUDWLRQ�LPSURYH�WKH
VXUYLYDO�UDWH�E\�SURWHFWLQJ�WKH�GDPDJHG�JUDIW�DIWHU�FROG�LVFKHPLD�DQG�UHSHUIXVLRQ�DQG�E\�VWLPXODWLQJ�OLYHU
UHJHQHUDWLRQ´�>7HUDNXUD��0�HW�DO�������@��%DVHG�RQ�WKH�VWXG\�FRQGXFWHG�LQ�WKH�\HDU������RQ����FKLOGUHQ
VXIIHULQJ�IURP�DFXWH�O\PSKREODVWLF�OHXNHPLD��,W�ZDV�GLVFXVVHG�WR�HVWDEOLVK�(U\WKURF\WH�6SHUPLQH�OHYHOV
DV�D�SURJQRVWLF�SDUDPHWHU�LQ�FKLOGKRRG�FRPPRQ�DFXWH�O\PSKREODVWLF�OHXNHPLD��,W�ZDV�VWDWHG�WKDW�
³3RO\DPLQHV�KDYH�EHHQ�LPSOLFDWHG�WR�SOD\�D�UROH�LQ�FHOO�SUROLIHUDWLRQ�DQG�LQ�FDQFHU�GHYHORSPHQW�DQG
1LQHW\�SHUFHQW�������RI�WKH�FLUFXODWLQJ�6SHUPLGLQH�DQG�6SHUPLQH�DUH�WUDQVSRUWHG�E\�5%&V��5HG�%ORRG
&HOOV���$OVR��WKDW�6SHUPLGLQH�DQG�6SHUPLQH�OHYHOV�ZHUH�QRW�FRUUHODWHG�ZLWK�:%&�FRXQW�DQG�HQKDQFHPHQW
RI�VSHFLILFDOO\�6SHUPLQH�FRQFHQWUDWLRQV�LQ�5%&�FRXOG�EH�WKH�VLJQ�RI�DQ�LPSRUWDQW�TXDQWLW\�RI�OHXNHPLD�FHOO
GHDWK�EHIRUH�DQ\�WUHDWPHQW�´�%DVHG�RQ�WKH�UHVXOWV��LW�ZDV�FRQFOXGHG�WKDW��³$Q�5%&�6SHUPLQH�OHYHO�FRXOG
EH�XVHG�DV�D�SDUDPHWHU�RI�SURJQRVLV�DW�WKH�WLPH�RI�GLDJQRVLV��SDUWLFXODUO\�IRU�SDWLHQWV�ZLWK�LQWHUPHGLDU\
:%&�FRXQW´�>%HUJHURQ��&�HW�DO�������@��:LWK�UHIHUHQFH�WR�WKH�UHVHDUFK�FRQGXFWHG�LQ�WKH�\HDU������DLPLQJ
DW�VWXG\LQJ�³3RO\DPLQHV�DV�ELRFKHPLFDO�LQGLFDWRUV�RI�UDGLDWLRQ�LQMXU\´��,W�ZDV�VWDWHG�WKDW��³,Q�UDWV
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VXEPLWWHG�WR�7RWDO�%RG\�,UUDGLDWLRQ��7%,��ZLWK���*\�RI�*DPPD�UDGLDWLRQ��WLVVXH�SRO\DPLQHV�VLJQLILFDQWO\
GHFUHDVH�GXULQJ�WKH�HDUO\�SKDVHV�RI�WKH�LQMXU\�LQ�WLVVXHV�ZLWK�KLJK�SUROLIHUDWLYH�DFWLYLW\��VPDOO�LQWHVWLQH
DQG�VSOHHQ��DQG�VKRZHG�QR�PRGLILFDWLRQV�LQ�NLGQH\��$OVR��LQ�SDWLHQWV�VXEPLWWHG�WR�UDGLDWLRQ�WKHUDS\�
SRO\DPLQHV�KDYH�EHHQ�GHWHUPLQHG�LQ�XULQH�DQG�LQ�5%&�RI�SDWLHQWV�ZLWK�FDUFLQRPD�RI�XWHULQH�FHUYL[��KHDG
DQG�QHFN�DQG�SURVWDWH��WUHDWHG�E\�H[WHUQDO�UDGLRWKHUDS\��DQG�ZLWK�WK\URLG�FDQFHU�WUHDWHG�ZLWK�LRGLQH����
WKHUDS\��,W�VKRXOG�EH�QRWHG�WKDW�SRO\DPLQH�OHYHOV�EHIRUH�WUHDWPHQW�DSSHDUHG�VLJQLILFDQWO\�KLJKHU�WKDQ�LQ
KHDOWK\�FRQWUROV��$IWHU�7%,�WKH�5%&�SRO\DPLQHV�VKRZ�D�GUDPDWLF�IDOO�WR�H[WUHPHO\�ORZ�OHYHOV�GXULQJ�WKH
SKDVH�RI�PDUURZ�DSODVLD��7KH�YDOXHV�VKRZ�DQ�LQFUHDVH�FRUUHVSRQGLQJ�WR�WKH�HQJUDIWPHQW�RI�WUDQVSODQWHG
FHOOV�DQG�WR�WKH�IROORZLQJ�PDUURZ�UHSRSXODWLRQ��7KHVH�HYLGHQFHV�PDNH�WKH�5%&�SRO\DPLQHV�YHU\
LQWHUHVWLQJ�SDUDPHWHUV�WR�PRQLWRU�WKH�UDGLDWLRQ�HIIHFWV�RQ�KXPDQV�´�7KXV��LW�ZDV�FRQFOXGHG�WKDW�
³3RO\DPLQHV�GHPRQVWUDWHV�WKH�DELOLW\�WR�PRQLWRU�ERWK�FHOO�GHDWK�GXULQJ�DFXWH�UDGLDWLRQ�GDPDJH��DQG�WKH
IROORZLQJ�UHSRSXODWLRQ�RI�KLJKO\�SUROLIHUDWLYH�WLVVXHV´�>3RUFLDQL��6�HW�DO�������@��,Q�WKH�OLJKW�RI�WKH�VWXG\
FRQGXFWHG�LQ�WKH�\HDU�������(IIHFW�RQ�2UQLWKLQH�GHFDUER[\ODVH��WKH�PDLQ�HQ]\PH�LQ�3RO\DPLQH
ELRV\QWKHVLV��DQG�7RWDO�SURWHLQ�V\QWKHVLV����KUV�IROORZLQJ�SDUWLDO�KHSDWHFWRP\�ZDV�DQDO\VHG�LQ�OLYHUV�RI
UDWV�WUHDWHG�ZLWK�D�SKDUPDFRORJLFDO�GRVH�RI�UHFRPELQDQW�,)1�DOSKD��E��,QWHUIHURQ�DOSKD��E���5HVXOWV�RI
WKH�VWXG\�VWDWHG�WKDW��³'H�QRYR�2UQLWKLQH�GHFDUER[\ODVH��2'&��V\QWKHVLV�E\�LVRODWHG�KHSDWRF\WHV�ZDV
UHGXFHG�VLJQLILFDQWO\�LQ�WKH�,QWHUIHURQ�DOSKD��E�WUHDWHG�KHSDWHFWRPL]HG�JURXS����KU�DIWHU�VXUJHU\��WKH
PHDQ�SHUFHQWDJH�RI�WKLV�GLPLQXWLRQ�EHLQJ������7ZHQW\�IRXU�KRXUV�DIWHU�WKH�RSHUDWLRQ��2UQLWKLQH
GHFDUER[\ODVH��2'&��V\QWKHVLV�ZDV�XQGHWHFWDEOH�DQG�WKHUH�DUH�PDUNHG�UHGXFWLRQ�REVHUYHG�LQ
3RO\DPLQH�OHYHOV�´�$OVR��LW�ZDV�GLVFXVVHG�WKDW��³'1$�DQG�3URWHLQ�V\QWKHVLV�SHDN�DURXQG����KUV�DIWHU
SDUWLDO�KHSDWHFWRP\��EXW�DIWHU�WKHUDSHXWLF�GRVHV�RI�,)1�DOSKD��E��'1$�V\QWKHVLV�ZDV�QRW�PRGLILHG�EXW
VXUSULVLQJO\�WKHUH�ZDV�GHFUHDVH�LQ�7RWDO�SURWHLQ�V\QWKHVLV����KUV�SRVW�KHSDWHFWRP\��,Q�DGGLWLRQ��WKHUH
ZDV�UHGXFWLRQ�RI�3XWUHVFLQH�DQG�6SHUPLGLQH�FRQFHQWUDWLRQV�LQ�UHJHQHUDWLQJ�OLYHU�E\��������	TXRW��
7KXV��LW�ZDV�FRQFOXGHG�WKDW��³7KH�SURWHLQ�V\QWKHVLV�UDWH�LQ�UHJHQHUDWLQJ�OLYHU�ZDV�LPSDLUHG�E\�WKHUDSHXWLF
GRVHV�RI�,)1D��E��,Q�DGGLWLRQ��WKH�UHVXOWV�SUHVHQWHG�LQ�WKLV�VWXG\�VXJJHVW�WKDW�,)1D��E�QHJDWLYHO\
UHJXODWHV�2UQLWKLQH�GHFDUER[\ODVH�V\QWKHVLV��FDXVLQJ�D�UHGXFWLRQ�LQ�SRO\DPLQH�OHYHOV�GXULQJ�OLYHU
UHJHQHUDWLRQ´�>&ULVWLiQ��)�HW�DO�������@��$�VWXG\�ZDV�FRQGXFWHG�LQ������LQYHVWLJDWLQJ�WKH�LPSDFW�RI
SRO\DPLQHV��6SHUPLGLQH�DQG�6SHUPLQH��RQ�LVFKHPLD�UHSHUIXVLRQ�LQMXU\��,5,��DQG�OLYHU�UHJHQHUDWLRQ��,Q
WKLV�VWXG\���JURXSV�RI�0DOH�/HZLV�5DWV�ZHUH�FUHDWHG��$�3RO\DPLQH�JURXS�JLYHQ�SRO\DPLQHV�EHIRUH�DQG
DIWHU�RSHUDWLRQ�DV�WUHDWPHQW�DQG�$�9HKLFOH�JURXS�JLYHQ�GLVWLOOHG�ZDWHU�DV�µSODFHER¶��7KH�OHYHOV�RI�VHUXP
DVSDUWDWH�DPLQRWUDQVIHUDVH��$67��DQG�DODQLQH�DPLQRWUDQVIHUDVH��$/7��DW��������DQG����KRXUV�DIWHU
UHSHUIXVLRQ�ZHUH�VLJQLILFDQWO\�ORZHU�LQ�WKH�SRO\DPLQH�JURXS�FRPSDUHG�ZLWK�WKRVH�LQ�WKH�YHKLFOH�JURXS�
3RO\DPLQH�WUHDWPHQW�UHGXFHG�WKH�H[SUHVVLRQ�RI�VHYHUDO�SURLQIODPPDWRU\�F\WRNLQHV�DQG�FKHPRNLQHV�DW��
KRXUV�DIWHU�UHSHUIXVLRQ��+LVWRORJLFDO�DQDO\VLV�VKRZHG�VLJQLILFDQWO\�OHVV�QHFURVLV�DQG�DSRSWRVLV�LQ�WKH
SRO\DPLQH�JURXS�DW���KRXUV�DIWHU�UHSHUIXVLRQ��,Q�DGGLWLRQ��WKH�UHJHQHUDWLRQ�RI�WKH�UHPQDQW�OLYHU�DW�������
DQG�����KRXUV�DIWHU�UHSHUIXVLRQ�ZDV�VLJQLILFDQWO\�DFFHOHUDWHG��DQG�WKH�.L����ODEHOOLQJ�LQGH[�DQG�WKH
H[SUHVVLRQV�RI�SUROLIHUDWLQJ�FHOO�QXFOHDU�DQWLJHQ�DQG�SKRVSKRU\ODWHG�UHWLQREODVWRPD�SURWHLQ�DW����KRXUV
DIWHU�UHSHUIXVLRQ�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�WKH�SRO\DPLQH�JURXS�FRPSDUHG�ZLWK�WKRVH�LQ�WKH�YHKLFOH
JURXS´�7KXV��LW�ZDV�FRQFOXGHG�WKDW��³3HULRSHUDWLYH�RUDO�SRO\DPLQH�DGPLQLVWUDWLRQ�DWWHQXDWHV�/LYHU
,VFKHPLD�5HSHUIXVLRQ�,QMXU\��,5,��DQG�SURPRWHV�OLYHU�UHJHQHUDWLRQ��,W�PLJKW�EH�D�QHZ�WKHUDSHXWLF�RSWLRQ
WR�LPSURYH�WKH�RXWFRPHV�RI�SDUWLDO�/LYHU�7UDQVSODQWDWLRQ´�>2NXPXUD��6�HW�DO�������@��&RQFOXVLRQ�%DVHG�RQ
WKH�,QYHVWLJDWLRQV�FRQGXFWHG�RQ�+XPDQV�DQG�$QLPDOV��'RJV��IURP�WKH�HQWLUH�SHULRG�RI������WLOO������
LQFUHDVHG�OHYHO�RI�XULQDU\�SRO\DPLQHV�ZDV�GHWHFWHG��3RO\DPLQHV�ZHUH�IRXQG�WR�EH�LQFUHDVHG�LQ�WKHLU
OHYHOV�LQ�WKH�HDUO\�SRVW�WUDQVSODQWDWLRQ�SHULRG��EHWZHHQ���WR���GD\V�DIWHU�WUDQVSODQWDWLRQ��DQG�EHIRUH
DFXWH�UHMHFWLRQ�SKDVH�RI�WKH�WUDQVSODQWHG�RUJDQ��6SHFLILFDOO\��1�$FHW\OSXWUHVFLQH�DQG�1�
$FHW\OVSHUPLGLQH�HOHYDWLRQV�ZHUH�UHVSRQVLEOH�IRU�WKH�LQFUHDVH�RI�WRWDO�SRO\DPLQH�FRQWHQW�LQ�WKH�XULQH
DIWHU�RSHUDWLRQ��EHIRUH�DFXWH�DOORJUDIW�UHMHFWLRQ��DQG�GXULQJ�0HWK\OSUHGQLVRORQH�WKHUDS\��,W�LV�WKXV
FRQFOXGHG�WKDW��LQFUHDVHG�XULQDU\�SRO\DPLQH�PHDVXUHPHQWV�SURYLGH�D�GDLO\�HYDOXDWLRQ�RI�UHFLSLHQW¶V
LPPXQRORJLF�VWDWXV�ZKLFK�PLJKW�EH�YDOXDEOH�WR�WKH�GLDJQRVLV�RI�RUJDQ�UHMHFWLRQ�GXULQJ�WKH�HDUO\
SRVW�WUDQVSODQWDWLRQ�SHULRG��$OVR��SURYLQJ�WKDW�3RO\DPLQHV�DUH�XVHIXO�DV�D�QRQ�LQYDVLYH�PDUNHU�IRU
O\PSKRF\WH�DFWLYLW\�DQG�FDUGLDF�DOORJUDIW�UHMHFWLRQ�FRPSDUHG�WR�LQYDVLYH�HQGRP\RFDUGLDO�ELRSV\
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VSHFLPHQ�PHWKRG��7KXV��EDVHG�RQ�DOO�WKH�LQYHVWLJDWLRQV�FRQGXFWHG��LW�LV�FOHDU�WKDW�3RO\DPLQH�OHYHOV
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V\QWKHVLV�DQG�2UQLWKLQH�GHFDUER[\ODVH�DFWLYLW\�WKHUHE\�LQFUHDVLQJ�3XWUHVFLQH�DQG�6SHUPLGLQH�OHYHOV
ZLWKLQ����KUV�LQ�SDUWLDOO\�KHSDWHFWRPLVHG�UDWV��7KHUHE\��SURYLQJ�RXU�DLP�WKDW��3RO\DPLQH�OHYHOV�DUH
LQFUHDVHG�LQ�HDUO\�SRVW��WUDQVSODQWDWLRQ�SHULRG��&ULWLFDO�SRLQW�WR�QRWH�LV�WKDW�WKHUH�DUH�QR�H[WHQVLYH�VWXGLHV
XQWLO�QRZ�FRQGXFWHG�RQ�UROH�RI�3RO\DPLQHV�LQ�/LYHU��.LGQH\��RU�RWKHU�WUDQVSODQWV��2QO\�VWXG\�RQ�FDUGLDF
DOORJUDIW�UHMHFWLRQ�OLQNHG�ZLWK�LQFUHDVHG�XULQDU\�SRO\DPLQH�OHYHOV�KDV�EHHQ�FRQGXFWHG�IURP�SHULRG�RI�����
XS�WR������RQ�+XPDQV�DQG�VSHFLILFDOO\��'RJV��3RO\DPLQHV�LPSRUWDQFH�VSHFLILFDOO\�LQ�RUJDQ�UHMHFWLRQ�KDV
QRW�EHHQ�UHVHDUFKHG�H[WHQVLYHO\��6R��ZH�QHHG�WR�FRQGXFW�PRUH�QHZ�VFLHQWLILF�LQYHVWLJDWLRQV��H[SHULPHQWV
DQG�WHVW�WKH�K\SRWKHVLVHV�RQ�RUJDQ�UHMHFWLRQ�DQG�LQFUHDVHG�3RO\DPLQHV�OHYHOV�DIWHU�/LYHU��.LGQH\
WUDQVSODQWDWLRQ�WRR��)XUWKHU�VWXGLHV�DQG�DFWLYH�UHVHDUFK�DUH�QHFHVVDU\�WR�EH�FRQGXFWHG�WR�GHILQH�D
SRWHQWLDO�FOLQLFDO�DSSOLFDWLRQ�RI�8ULQDU\�3RO\DPLQHV�DV�PDUNHUV�RI�FHOOXODU�PHWDEROLF�DFWLYLW\�RI�WKH�LPPXQH
V\VWHP�DQG�DOORJUDIW�UHMHFWLRQ��3RO\DPLQHV�KDYH�SRWHQWLDO�WR�EH�D�SRZHUIXO�PDUNHU�WR�SUHYHQW�WKH�DOORJUDIW
UHMHFWLRQV�EHIRUHKDQG�GXULQJ�WKH�HDUO\
SRVW�WUDQVSODQWDWLRQ�SHULRG�
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-XGLWK�(��5LOH\��0DUN�0��/HYLQVRQ��-DFN�*��&RSHODQG���������&DUGLDF�WUDQVSODQWDWLRQ�LQ�SDWLHQWV�RYHU���
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WXPRUV��0RO�&DUFLQRJ�������������H��
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Liver diseases make up a significant percentage among causes of disability and death worldwide. 

Furthermore, rates of sickness are noticeably on the rise, especially in working age people with 

chronic liver problems. Intense research of the latter is caused by its social impact. Chronic 

Hepatitis C (HC) has a special place among liver diseases. Chronic hepatitis C virus (HCV) is 

unique because it can stay hidden and thus undiagnosed for a long time. Simultaneously, it 

progresses gradually, leading to development of liver cirrhosis (LC) and/or hepatocellular 

carcinoma (HCC) [1, 2, 3]. 

Presently, the antiviral drugs used for treating chronic HC have a 95% effectiveness in treating 

the disease, which leads to the decrease of mortality from LC and HCC, but alas the level of 

accessibility of chronic HC diagnosis and treatment remains low. According to WHO data the 

number of HCV-infected individuals rises every year, reaching to, for example, 1.5 million, with 

290000 lethal cases, mainly from LC and/or HCC, in 2019 [4]. 

The statistics in Armenia are being recorded since 2015. Armenia is considered a country with 

medium HC prevalence. The burden of disease makes up 4.5% (about 100.000 people), amongst 

those only 10% have knowledge of being infected. The problem is the low number of informed 

and diagnosed patients and an even lower number of patients who have started treatment or have 

been cured. For example, in 2017 in Armenia there have been 711 recorded cases of HC, in 2018 

- 1351 new cases. 

A number of factors have a negative impact on the natural course and the effectiveness of 

antiviral treatment of HCV. Among such factors are advancing age, male gender, obesity, liver 

steatosis, insulin resistance, severe fibrosis and LC, accompanying diseases, early menopause, 

patient's commitment towards the treatment [5, 6, 7, 8, 9, 10]. 

HCV is the second most common etiological factor for HCC worldwide and the first in Western 

Europe, the USA and Japan. In the case of HCV infection, HCC develops in the majority of 

cases, preceded by LC, with 1-4% yearly frequency, and 13% in patients with Child-Pugh class 

A cirrhosis after 5 years of observation, which point to the development of primary liver cancer 

[11]. 

The risk factors for the development of HCC in HCV infected patients are male gender, patient's 

age - over 50, high histologic grade, severe fibrosis, HCV 1b genotype. The nodules are separate, 

small, have a capsule, as opposed to tumors developed in chronic hepatitis B patients, which 

have multiple nodules and frequently have infiltrative growth [12]. 

For patients with said risk factors it is recommended to determine serum alpha-fetoprotein (AFP) 

levels and conduct abdominal ultrasound imaging every six months for the purpose of early HCC 

detection. However, in 40-50% of patients the levels of AFP don't rise even after the tumor has 

shown significant growth, only in 1/5 of patients it reaches high, diagnosable levels (400 ng/ml) 

and is considered a negative predictive value. Only in 1/5 of patients the AFP level correlates 

with the stage of the disease [13, 14, 15]. Currently, three types of AFP have been discovered, of 

which ACE L3 is mainly present in HCC patients' serums [16]. In the case of HCC detection, 



ACE L3 sensitivity fluctuates between 45% with 2cm or smaller tumors and 90% with tumors 

bigger than 5cm [17, 18]. The diagnostic value of computer tomography (CT) and magnetic 

resonance imaging (MRI) is also dependent on the size of the tumor. MRI precision surpasses 

90% if the tumor is 2cm in diameter or bigger, however this value decreases to 33% if the tumor 

is smaller than 2cm. 

Still the majority of researchers agree that the diagnostic value of ultrasound is lower than that of 

CT and MRI [19, 20], despite the fact, that the latter are not used for HCC screening because of 

their high cost and cumulative negative risk: x-ray radiation (CT) and the risk of kidney function 

loss in patients with hepatorenal syndrome caused by iodine containing contrast use (MRI) [21]. 

Des-gamma-carboxyprothrombin, also known as PIVKA-II (Protein induced by vitamin K 

absence or antagonist II) is a relatively new HCC marker. Its level increase is observed in 67% 

of HCC patients, but only in 8% in cases, where the size of the tumor is small (<2cm). Unlike 

AFP, PIVKA-II levels do not increase in patients with benign tumors in the liver, including 

hepatitis and cirrhosis [22,23]. T. Nakagawa and co-authors have shown that in HCC diagnostics 

PIVKA-II sensitivity is 48-62%, and its specificity is 81-98% [24]. PIVKA-II diagnostic value is 

comparable to AFP. It has been shown that PIVKA-II and AFP are independent of each other 

and the use of both (PIVKA-II and AFP) markers leads to a significant increase in sensitivity 

(74.3%) and specificity (87.2%). 

In recent times research has shown that 5% of HC patients have a risk of developing HCC within 

two years of finishing treatment with direct-acting antivirals (DAA) [26, 27]. 

Based on this information, the goal of our work was to examine serum markers for HCC 

(PIVKA-II and AFP) in patients with chronic HC before and after treatment. 

Patients and methods 

The study included 35 untreated patients (30 males and 5 females, mean age 56,23±1,45) 

diagnosed with HCV-related chronic hepatitis. Patients participating in the study were selected 

from applicants to infection and/or gastroenterology-hepatology centers based on their hepatitis 

C diagnosis. Patients were divided into two groups. The first group (HCV+HCC) included 15 

patients diagnosed with HCC along with HCV, all males, mean age 57,06±2,42. The second 

group (HCVnon-HCC) included the remaining 20 patients (15 males and 5 females, mean age 

55,20±1,80) 

Diagnosis in patients was based on clinical (medical history, clinical examination), instrumental 

(ultrasonography, liver elastography, CT scan, liver biopsy) and laboratory (serum HCV 

antibodies, HCV-RNA and liver function tests, AFP, PIVKA-II test) data. Patients with 

autoimmune diseases, alcohol abuse, and hepatotropic drug-induced liver injury were excluded 

from the study. According to the recommended screening strategy, patients with other chronic or 

acute infectious processes (altered white blood cells count, temperature, urinary tract infection, 

airway infections, etc.) were also excluded. Patients' plasma des-gamma-carboxyprothrombin 

levels were determined by sensitive enzyme immunoassay (ARCHITECT PIVKA-II, Japan, cut-

off 50.9mAU1/ml) according to the manufacturer's instructions. Informed consent was obtained 

from all patients. While fasting in the morning, a blood sample was withdrawn from all subjects, 

and the testing was conducted by Prom-Test laboratories. 

There has been no need to determine HCV genotype in this study, since the treatment was 

conducted with pangenotypic DAAs. However medical history has shown that the majority of 

patients had undergone testing before and in most cases HCV 1b genotype was present, which is 

the most prevalent in Armenia. 

Liver ultrasound elastography was conducted in all patients with the CANON Medical Systems 

APLIO I900 device. Fibrosis level was expressed in kPa: F2 - mild fibrosis (6.3 - 10.7 kPa), F3 - 

severe fibrosis (8.1 – 13.5 kPa), F4 - cirrhosis (18.5 - 30.7 kPa). In the first group, the results 



showed F3 in 6.7%, F3-F4 in 13.3%, F4 in 80.0% of patients, while in the second group F2 in 

10.0%, F3 in 10.0%, F3-F4 in 15.0%,and  F4 in 65.0%. For the purpose of precisely determining 

the fibrosis stage, some patients underwent liver biopsy. 

Subjects were studied 3 times: before antiviral therapy, after 12 weeks (end of treatment) and 

after 24 weeks. After the end of treatment patients were tested for HCV RNA with negative 

results. The overwhelming majority of patients had undergone treatment with DAAs under a 

government program according to international guidelines (WHO 2018, EASL 2018) - 

Sofosbuvir/Velpatasvir, Sofosbuvir/Daclatasvir - 1 per day and/or 1 of each for 12 weeks. All 

patients with 1b genotype in the stage of cirrhosis had undergone treatment with 

Sofosbuvir/Ledipasvir for 12 weeks (EASL 2018). 

HCC diagnosis was based on serum PIVKA-II and AFP levels, liver ultrasonography and CT 

scan data. Liver biopsy was performed for some patients. 

Statistical analysis of the data was performed using the STATIST.5 program. The results of 

biochemical studies were processed with the statistical dispersion method using the Student 

Fisher test. The relationship between continuous variables was studied using Spearman's 

correlation test. Statistical significance was estimated P<0.05. 

Results 

In the first group (HCV+HCC) before starting antivirals, high serum PIVKA-II, AST, GGT 

levels were recorded: ALT in 86.7% of patients, AFP in 73.3% of patients. The overwhelming 

majority had low PLT (93.3%) and PT% (86.7%) count. After the treatment PIVKA-II levels 

remained high in all subjects, while AFP levels were increased in 60.0% of patients. The ALT 

and GGT levels decrease was the most significant - 53.3% and 40.0% accordingly. PLT count 

was unchanged, PT% continued to remain low in 66.7% of patients. After the third examination 

(24 months) we recorded high levels of PIVKA-II in 86.7%, AFP in 40.0%, AST in 80.0% of 

patients. In this timeframe a significant normalization of GGT in 73.3% and ALT in 66.7% of 

patients was recorded, as well as PT% normalization in 40.0% of the cases. PLT count remained 

low in 73.3% of patients. 

The second group (HCVnon-HCC) before starting antivirals also showed high serum PIVKA-II 

and AST levels, however GGT levels were high only in 75% of the patients. The rest of the 

comparable indexes were as follows: high ALT in 85.0% and AFP in 50.0% of cases, low PLT 

(85.0%) and PT% (55.0%) count. After the treatment PIVKA-II levels remained high in 80.0% 

of the patients, while AFP levels were above normal only in 25.0% of cases. ALT decrease was 

the most significant, it was above normal only in half of the patients (50.0%), while AST and 

GGT levels remained high in 80.0% and 60.0% of the cases accordingly. PLT count was low in 

60.0% and PT% in 35.0% of patients. After the third examination it was recorded that PIVKA-II 

levels remained high in 40.0%, AFP only in 15.0% of the cases, however AST was high in 

55.0%. In this timeframe PT% countin 90.0%, ALT in 85.0%, GGT in 70.0% and PLT in half of 

the patients reached normal levels. 

Following this, we calculated average values of studied indexes in this timeframe, which are 

presented in the following table. 

The table shows that PIVKA-II values were high in both groups before the treatment and during 

the study we recorded their decrease, however, only the second group had statistically significant 

decrease in values after the treatment (P<0.05) and after 24 weeks (P<0.01) 

Table. The changes of serum values in different groups (HCV+HCC and HCVnon-HCC) in 

different timeframes of the study 

 



Serum 

Values 

(normal 

distribution

) 

Statis- 

tical 

values 

Research timeframe 

First group 

(n=15) (HCV+HCC) 

Second group(n=20)  

(HCVnonHCC) 

Before 

treatment 
After 12 

months 

After 24 

months 

Before 

treatment 
After 12 

months 

After 24 

months 

PIVKA II 

(˂ 50.9) 

X  11237.87 3087.65 816.77 355.67 151.55 56.99 

m 8363.67 1753.78 519.90 85.05 33.26* oo
9.15** 

AFP 

(≤8.78) 

X  426.84 728.10 34.28 522.60 71.04 20.73 

m 333.39 672.23 20.68 464.22 54.95 12.87 

Bil. Total 

(3.4 – 20.5) 

X  65.25 38.87 27.88 48.20 27.07 15.01 

m 13.69 7.20 7.17* 11.70 5.79 o
1.07** 

Bil. Direct 

(0 – 8.6) 

 

X  38.70 21.52 14.47 27.112 11.46 7.085 

m 10.35 5.56 5.31* 7.76 2.37 *0.94* 

ALP 

(40-150) 

X  162.72 123.93 92.10 141.46 108.13 85.69 

m 16.24 12.51 o
7.91*** 14.34 9.21 6.85** 

ALB 

(35-50) 

X  30.32 33.90 38.85 34.60 37.27 40.32 

m 1.44 1.42 o
1.15*** 0.94 *0.93* o

0.98*** 

AST 

(5-34) 

X  152.57 157.07 64.82 149.18 75.1 38.75 

m 17.76 68.65 7.38*** 20.61 13.24*** o
**5.51*** 

ALT 

(<55) 

X  128.32 73.95 52.39 133.21 69.85 39.23 

m 18.18 12.90* 7.12*** 16.53 8.85** oo
6.65*** 

GGT 

(12-64) 

X  214.54 103.02 52.73 197.93 94.05 64.65 

m 39.50 17.83* o
8.90*** 39.10 17.53* 14.40** 

PLT 

(150-400) 

X  79.19 97.92 116.81 109.32 128.14 142.85 

m 9.41 8.86 9.46* 13.51 *12.61 15.62 



PT % 

(70-120) 
X  60.18 70.33 77.05 68.77 77.15 85.69 

m 4.01 3.58 4.44** 3.60 2.96 3.12*** 

INR 

(0.8-1.2) 

X  1.78 1.39 1.23 1.48 1.316 1.137 

m 0.11 0.08** 0.05** 0.08 0.06 o
0.05*** 

 

* - statistical significance P<0.05 compared to values recorded before treatment in the same 

group 

** - statistical significance P<0.01 compared to values recorded before treatment in the same 

group 

*** - statistical significance P<0.001 compared to values recorded before treatment in the same 

group 

* - significance on the left side < 0.05 comparing two groups HCV+HCC and HCVnon-HCC in 

the same timeframe 

** - significance on the left side < 0.01 comparing two groups HCV+HCC and HCVnon-HCC in 

the same timeframe 

o - statistical significance P<0.05 compared to week 12 in the same group 

oo - statistical significance P<0.01 compared to week 12 in the same group 

 

AFP levels were also high in both groups before the antiviral treatment and had a decrease 

during the study, but not significant. 

In both groups a significant decrease of some liver function tests (Bilirubin Total, Bilirubin 

Direct, ALP) only 3 months (24 weeks) after finishing the treatment was recorded and in 

HCVnon-HCC group Bilirubin Direct was significantly (P<0.05) lower compared to HCV+HCC 

group. Only in week 24 a decrease of AST levels (P<0.001) was recorded in the first group, 

while in the second this happened after finishing the treatment (P<0.001). The last values of AST 

in HCVnon-HCC group were significantly lower compared to HCV+HCC group. ALT and GGT 

levels had the same dynamic in both groups, significantly decreasing (P<0.05) immediately after 

the end of the treatment, which was reaffirmed during the third phase of testing (P<0.05 - 

P<0.001). ALB level decrease was most apparent in HCV+HCC group, average levels were 

significantly increasing in both groups (P<0.001) 24 weeks after starting the treatment and in 

HCVnon-HCC patients already after the end of the treatment (P<0.05). 

As mentioned earlier, PLT count in the overwhelming majority of patients was low before 

starting the treatment, more so in HCV+HCC group (79.19± 9.41) than in HCVnon-HCC group 

(109.32± 13.51) as shown in the table. Despite the rising count of PLT in HCV+HCC patients 

(P<0.05) still in week 24 it was considerably below (116.81± 9.46) the norm. Already after 

finishing the treatment the PLT count was higher (P<0.05) in HCVnon-HCC group than in 

HCV+HCC group. 

Among coagulation test values PT% and INR were studied. Before starting the treatment 

prothrombin index was low in majority of patients (86.7%) from the first group, however, after 

24 months an increase of PT%(P<0.01) was recorded. In the second group PT% index was low 

in half of the patients and by the end of the study it was significantly increased (P<0.001). In 



regards to INR, both groups showed high scores, considerably higher in HCV+HCC patients, 

still in both groups it reached the norm after 24 weeks (P<0.01 - P<0.001). 

We have also studied the correlational between studied values in different timeframes. 

In the first group (HCV+HCC) after the treatment we recorded positive medium and high 

correlation between PIVKA-II and Bilirubin Total (r=0.61; P<0.05), Bilirubin Direct (r=0.73; 

P<0.05), ALP (r=0.66; P<0.05), ALT (r=0.84; P<0.05), inverse correlation with ALB (r= - 0.62; 

P<0.05), no correlation between PIVKA-II and AFP (r=0.32; P<0.05). At the end of the study 

(week 24), positive high correlation was recorded between AFP and Bilirubin Total (r=0.89; 

P<0.05), Bilirubin Direct (r=0.73; P<0.05) and, again, no correlation was recordedbetween 

PIVKA-II and AFP (r=0.15; P<0.05). 

In the second group (HCVnon-HCC) positive medium correlation between PIVKA-II and AFP 

was detected at the end of the treatment (r=0.58; P<0.05) as well as after 24 weeks (r=0.56; 

P<0.05). 

We decided to compare PIVKA-II and AFP values only in F4 stage patients. Interestingly, in the 

first group (HCV+HCC) (n=12) a high interconnectedness between PIVKA-II and AFP (r=0.79; 

P<0.05) was recorded after the treatment and in the last phase of tests the correlation was even 

more apparent (r=0.94; P<0.05). In the second group (HCVnon-HCC) (n=13) the analysis of 

values showed a positive medium correlation between PIVKA-II and AFP levels after the 

treatment (r=0.60; P<0.05), however it became weaker in the last phase (r=0.54; P<0.05). 

Discussion 

The revolution in treating chronic HCV patients continues to this day and relies on active 

development of DAAs, many of which are either in clinical trials or are already successfully 

used in practical medicine, even being used in cases with decompensated LC [28]. LC remains 

the main risk factor for HCC development [29], and in patients with cirrhosis and active HCV 

infection the yearly risk of HCC development constitutes 3% [30], the latter being considered the 

fifth most common and the second deadliest cancer worldwide [31]. 

However, as noted earlier, there is information about malignization risk even after a successful 

DAA therapy [26, 27]. Even in the case of sustained virologic response 5.8% of the patients will 

be diagnosed with liver tumors [32]. 

The results of our research showthat all the participating patients had a virologic response after 

the antiviral treatment. Along with that the ALT levels, which are considered the traditional 

measure of a successful treatment, were decreased and the normalization of liver cell cytolysis 

values was recorded in half of the patients from both groups. Despite ALT levels remaining 

above the norm, a statistically significant decrease was recorded in both groups. 

3 months after the antiviral treatment HCV RNA was again not detected in any of the patients, 

however a full biochemical and virologic response was recorded only in 2/3 of HCC and chronic 

HCV patients and in 85% of patients with chronic HCV only. 

As mentioned, PIVKA-II levels were high in all patients before the treatment. At the end of the 

treatment in the group with HCV without HCC normal values were detected only in 1/5 of the 

cases and in 60.0% after 3 months. While in the group with HCC and chronic HCV patients 

PIVKA-II levels were normal only in 13.3% of subjects after 3 months. We also recorded an 

increase in AFP, but the rate of its decrease was considerably quicker than that of PIVKA-II. 

In patients with chronic HCV and HCC, significant statistical differences between serological 

markers for the latter (PIVKA-II and AFP) were not recorded before the treatment as well as 

after its end. They are independent diagnostic biomarkers and this matches the information in 

some international publications [25, 33]. However, a high correlation was recorded between 

PIVKA-II and AFP in HCV+HCC group when comparing data from F4 stage patients after the 



treatment as well as after 3 months. So PIVKA-II and AFP levels showed high correlation only 

in patients with cirrhosis in HCV+HCC group, and medium correlation in HCVnon-HCC group. 

So, the successful treatment of chronic HCV infection with DAAs reduces but doesnot eliminate 

the risk of HCC, since even 3 months after the treatment with sustained virologic response our 

data show that in 40% of the patients PIVKA-II levels remain above the norm. Therefore, even 

in the case of acquiring a sustained virologic response, continuous monitoring is required not 

only for patients with cirrhosis (F4) but also in cases of severe fibrosis (F3) [34, 35]. It is 

important to correctly assess HCC development risk factors after DAA therapy, although the 

strongest factor is, of course, the absence of sustained virologic response. 

It has been reported that the age over 50, male gender, diabetes mellitus, esophageal varices [38, 

39] and metabolic syndrome [34, 40, 41] can also be risk factors for the development of HCC. It 

has also been shown that albumin levels <3.5 mg/dl and thrombocyte count <120000/ml, as well 

as the absence of sustained virologic response, are independently tied to a higher risk of HCC 

development [42]. 

Thus, since chronic inflammation can stimulate hepatocyte neoplasm and malignant clone 

propagation [43], we find appropriate the continued monitoring of HCV patients with cirrhosis 

(F4) and severe fibrosis (F3) but without HCC, whose PIVKA-II and AFP levels and/or ALT 

activity remains high despite acquiring sustained virologic response 3 months after treatment 

with DAAs and who also have hypoalbuminemia, thrombocytopenia, hyperbilirubinemia, and 

coagulopathy. It should also be noted that the data have been obtainedfrom a small number of 

subjects, and a larger study and continuous supervision are neede to confirm the results.  
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