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5HIHUDQFHV
��$GHV� /�� &KHYUHW� 6�� 'H� %RWWRQ� 6� HW� DO�� 2XWFRPH� RI� DFXWH�
SURP\HORF\WLF� OHXNHPLD� WUHDWHG� ZLWK� DOO� WUDQVUHWLQRLF� DFLG� DQG�
FKHPRWKHUDS\� LQ� HOGHUO\� SDWLHQWV�� WKH� (XURSHDQ� JURXS� H[SHULHQFH��
/HXNHPLD������������±���
��$GYDQL�5��6DED�+,��7DOOPDQ�06��HW�DO� 7UHDWPHQW�RI�UHIUDFWRU\�DQG�
UHODSVHG�DFXWH�P\HORJHQRXV� OHXNHPLD�ZLWK�FRPELQDWLRQ�FKHPRWKHUDS\�
SOXV� WKH� PXOWLGUXJ� UHVLVWDQFH� PRGXODWRU� 36&� ���� �9DOVSRGDU��� %ORRG�
������������������
��$O\HD� (3�� .LP� +7�� +R� 9� HW� DO� &RPSDUDWLYH� RXWFRPH�
RIQRQP\HORDEODWLYH� DQG� P\HORDEODWLYH� DOORJHQLF� KHPDWRSRLHWLF� FHOO�
WUDQVSODQWDWLRQ�IRU�SDWLHQWV�ROGHU�WKDQ����\HDUV�RI�DJH��%ORRG�������
��$PDGRUL� 6�� 6XFLX� 6�� 6WDVL� 5�� HW� DO� *HPWX]XPDE� R]RJDPLFLQ�
�0\ORWDUJ�� DV� VLQJOH�DJHQW� WUHDWPHQW� IRU� IUDLO� SDWLHQWV� ��� \HDUV� RI� DJH�
DQG� ROGHU� ZLWK� DFXWH� P\HORLG� OHXNHPLD�� ILQDO� UHVXOWV� RI� $0/���%�� D�
SKDVH���VWXG\�RI�WKH�(XURSHDQ�2UJDQLVDWLRQ�IRU�5HVHDUFK�DQG�7UHDWPHQW�
RI� &DQFHU� DQG� *UXSSR� ,WDOLDQR� 0DODWWLH� (PDWRORJLFKH� GHOO¶$GXOWR�
/HXNHPLD�*URXSV��/HXNHPLD� ������������±�������
��$SSHOEDXP� )5�� *XQGDFNHU� +�� +HDG� '5� HW� DO� $JH� DQG� DFXWH�
P\HORLG�OHXNHPLD��%ORRG������������������±���
��%DLQ�� &RUWHV� -�� 7KRPDV� '�� HW� DO�� *HPWX]XPDE� R]RJDPLFLQ��
IOXGDUDELQH�� F\WDUDELQH� DQG� F\FORVSRULQH� FRPELQDWLRQ� UHJLPHQ� LQ�
SDWLHQWV� ZLWK� &'���� SULPDU\� UHVLVWDQW� RU� UHODSVHG� DFXWH� P\HORLG�
OHXNHPLD��/HXNHPLD�5HVHDUFK����������������±���



���

��%HQQHW� �6WRQH�/HSROG�� HW� DO�� 5LVN� RI� DFXWH� P\HORJHQRXV� OHXNHPLD�
DQG� P\HORG\VSODVLD� IROORZLQJ� FDQFHU� WUHDWPHQW�� %DLOOLHUH¶V� &OLQLFDO�
+DHPDWRORJ\������� ������±����
��%HUQHPDQ�=1��'ULHVVFKH�$9��GH�9HOGH�$9�� HW� DO� 9DFFLQDWLRQ�RI�
$FXWH�0\HORLG�/HXNHPLD�3DWLHQWV�ZLWK�'HQGULWLF�&HOOV�(OHFWURSRUDWHG�
ZLWK� P51$� (QFRGLQJ� WKH� :LOPV¶7XPRU� 3URWHLQ� :7��� $� 3KDVH� ,�,,�
7ULDO�%ORRG�������
��%HUW]� +�� 3RWWKRII� .�� )LQNH� -� HW� DO� $OORJHQLF� VWHP�FHOO�
WUDQVSODQWDWLRQ�IURP�UHODWHG�DQG�XQUHODWHG�GRQRUV�LQ�ROGHU�SDWLHQWV�ZLWK�
P\HORLG�OHXNHPLD��-RXUQDO�RI�&OLQLFDO�2QFRORJ\����������������±���
���%RHNKRUVW�3$��GH�/HHXZ�.��6FKRHVWHU�0��HW�DO� 3UHGRPLQDQFH�RI�
IXQFWLRQDO� PXOWLGUXJ� UHVLVWDQFH� �0'5���� SKHQRW\SH� LQ� &'���� DFXWH�
P\HORLG�OHXNHPLD�FHOOV��%ORRG���������������������
���%RUQKDXVHU� 0�� ,OOPHU� 7�� 6FKDLFK� 0�� HW� DO�� ,PSURYHG� RXWFRPH�
DIWHU� VWHP�FHOO� WUDQVSODQWDWLRQ� LQ� )/7��,7'�SRVLWLYH� $0/�� %ORRG��
�������������±������

� ���%RXGDUG��7VLPEHULGRX�$��.DQWDUMLDQ�+��&RUWHV�-��
*DUFLD0DQHUR�*��)DGHUO�6� HW�DO� 3LORW�VWXG\�RI�0\ORWDUJ��LGDUXELFLQ�
DQG�F\WDUDELQH�FRPELQDWLRQ�UHJLPHQ�LQ�SDWLHQWV�ZLWK�SULPDU\�UHVLVWDQW�RU�
UHODSVHG�DFXWH�P\HORLG�OHXNHPLD��&DQFHU�&KHPRWKHU�3KDUPDFRO�������
���%UXQH� � 0/�� 5RZH� -0�� 6]HU� -�� HW� DO� 3RVW�&RQVROLGDWLRQ�
,PPXQRWKHUDS\� ZLWK� +LVWDPLQH� 'LK\GURFKORULGH� DQG� ,QWHUOHXNLQ��� LQ�
$0/��/RQJ�7HUP�)ROORZ�8S� RI� /HXNHPLD�)UHH� 6XUYLYDO� DQG�2YHUDOO�
6XUYLYDO��%ORRG��������



���

���%XUQHWW�� .HOO� :-�� *ROGVWRQH� $+�� HW� DO� 7KH� DGGLWLRQ� RI�
JHPWX]XPDE�R]RJDPLFLQ�WR�LQGXFWLRQ�FKHPRWKHUDS\�IRU�$0/�LPSURYHV�
GLVHDVH�IUHH�VXUYLYDO�ZLWKRXW�H[WUD�WR[LFLW\��SUHOLPLQDU\�DQDO\VLV�RI������
SDWLHQWV�LQ�WKH�05&�$0/���WULDO��%ORRG������
���%\UG� -&��0UR]HN�.��'RGJH�5.�� HW� DO� 3UHWUHDWPHQW� F\WRJHQHWLF�
DEQRUPDOLWLHV�DUH�SUHGLFWLYH�RI�LQGXFWLRQ�VXFFHVV��FXPXODWLYH�LQFLGHQFH�
RI� UHODSVH�� DQG� RYHUDOO� VXUYLYDO� LQ� DGXOW� SDWLHQWV� ZLWK� GH� QRYR� DFXWH�
P\HORLG� OHXNHPLD�� 5HVXOWV� IURP� &DQFHU� DQG� /HXNHPLD� *URXS� %�
�&$/*%��������%ORRG����������������������
���&RQQHO\� 6/�� 5XQGKDXJHQ�/��5LOH\�0��5DGHPDNHU� /�� -DWRL�0��
7DOOPDQ� 06�� HW� DO� 3KDVH� ,,� SLORW� WULDO� RI� JHPWX]XPDE� R]RJDPLFLQ�
�*2��DV�ILUVW�OLQH�WKHUDS\�LQ�DFXWH�P\HORLG�OHXNHPLD�SDWLHQWV�DJH����RU�
ROGHU��/HXNHPLD�5HV�������
���&KDXQFH\�75��5DQNLQ�&��$QGHUVRQ�-(��HW�DO� $�SKDVH�,�VWXG\�RI�
LQGXFWLRQ�FKHPRWKHUDS\� IRU�ROGHU�SDWLHQWV�ZLWK�QHZO\�GLDJQRVHG�DFXWH�
P\HORLG�OHXNHPLD��$0/��XVLQJ�PLWR[DQWURQH��HWRSRVLGH��DQG�WKH�0'5�
PRGXODWRU� 36&� �����$�6RXWKZHVW�2QFRORJ\�*URXS� VWXG\� ������ /HXN�
5HV�������������������
���&KHQJ� <�� 3D]� .�� 7DQGXWLQLE�� HW� DO�DQ� RUDO�� VPDOO�PROHFXOH�
LQKLELWRU� RI� )/7�� IRU� WKH� WUHDWPHQW� RI� $0/� DQG� RWKHU� FDQFHU�
LQGLFDWLRQV�� ,'UXJV�� 7KH� ,QYHVWLJDWLRQDO� 'UXJV� -RXUQDO� ������
��������±����
���&KHVRQ� %'�� %HQQHWW� -0�� .RSHFN\� .-�HW� DO� 5HYLVHG�
UHFRPPHQGDWLRQV� RI� WKH� ,QWHUQDWLRQDO� :RUNLQJ� *URXS� IRU� 'LDJQRVLV�
6WDQGDUGL]DWLRQ� RI� 5HVSRQVH� &ULWHULD�� 7UHDWPHQW� 2XWFRPHV�� DQG�



���

5HSRUWLQJ�6WDQGDUGV�IRU�7KHUDSHXWLF�7ULDOV�LQ�$FXWH�0\HORLG�/HXNHPLD��
-RXUQDO�RI�&OLQLFDO�2QFRORJ\�����������������±���
���&KRX�:&��7DQJ�-/��:X�6-��HW�DO��&OLQLFDO�LPSOLFDWLRQV�RI�PLQLPDO�
UHVLGXDO�GLVHDVH�PRQLWRULQJ�E\�TXDQWLWDWLYH�SRO\PHUDVH�FKDLQ�UHDFWLRQ�LQ�
DFXWH� P\HORLG� OHXNHPLD� SDWLHQWV� EHDULQJ� QXFOHRSKRVPLQ� �130���
PXWDWLRQV��/HXNHPLD�������������±������
���&LPPLQR� $�� &DOLQ� *$�� )DEEUL� 0� �HW� DO� PL5���� DQG� PL5����
LQGXFH� DSRSWRVLV� E\� WDUJHWLQJ� %&/��� 3URFHHGLQJV� RI� WKH� 1DWLRQDO�
$FDGHP\� RI� 6FLHQFHV� RI� WKH� 8QLWHG� 6WDWHV� RI� $PHULFD� ����� �����
�����±�������
����&ODYLR�0��9LJQROR�/��$OEDUHOOR�$��9DUDOGR�5��3LHUUL�,��&DWDQLD�
*��$0��6HVVDUHJR�0��9DQ�/LQW�07��%DFLJDOXSR�$��*REEL�0� HW�DO�
$GGLQJ� ORZ�GRVH� JHPWX]XPDE� R]RJDPLFLQ� WR� IOXGDUDELQH�� $UD�&� DQG�
LGDUXELFLQ��0<)/$,��PD\�LPSURYH�GLVHDVH�IUHH�DQG�RYHUDOO�VXUYLYDO�LQ�
HOGHUO\� SDWLHQWV� ZLWK� QRQ�0�� DFXWH� P\HORLG� OHXNHPLD�� UHVXOWV� RI� D�
SURVSHFWLYH�� SLORW�� PXOWL�FHQWUH� WULDO� DQG� FRPSDULVRQ� ZLWK� D� KLVWRULFDO�
FRKRUW�RI�SDWLHQWV�%U�-�+DHPDWRO�������
���&RUWHV� -(�� (VWH\� (�� 2
%ULHQ� 6� �HW� DO� +LJK�GRVH� OLSRVRPDO�
GDXQRUXELFLQ� DQG� KLJK�GRVH� F\WDUDELQH� FRPELQDWLRQ� LQ� SDWLHQWV� ZLWK�
UHIUDFWRU\�RU�UHODSVHG�DFXWH�P\HORJHQRXV�OHXNHPLD��&DQFHU������ �������
���'DYLV� 5%�� 7LULEHOOL� 0�� 5DVSDGRUL>�@� &ODYLR� 0�� *DWWR� 6�� 5��
%DFLJDOXSR�$��*REEL�0��HW�DO��)OXGDUDELQH��$5$�&��LGDUXELFLQ�DQG�*�
&6)� �)/$*�,GD��� KLJK� GRVH� $UD�&� DQG� HDUO\� VWHP� FHOO� WUDQVSODQW�� $�
IHDVLEOH�DQG�HIIHFWLYH�WKHUDSHXWLF�VWUDWHJ\�IRU�GH�QRYR�$0/�SDWLHQWV��-�
([S�&OLQ�&DQFHU�5HV���������������±���



���

���'RKQHU�.��6FKOHQN�5)��+DEGDQN�0��HW�DO� 0XWDQW�QXFOHRSKRVPLQ�
�130��� SUHGLFWV� IDYRUDEOH� SURJQRVLV� LQ� \RXQJHU� DGXOWV� ZLWK� DFXWH�
P\HORLG�OHXNHPLD�DQG�QRUPDO�F\WRJHQHWLFV��LQWHUDFWLRQ�ZLWK�RWKHU�JHQH�
PXWDWLRQV��%ORRG���������������±�������
���(VWH\�(�� GH�/LPD�0��7LEHV�5� 3URVSHFWLYH� IHDVLELOLW\� DQDO\VLV� RI�
UHGXFHG�LQWHQVLW\� FRQGLWLRQLQJ� �5,&�� UHJLPHQV� IRU� KHPDWRSRLHWLF� VWHP�
FHOO� WUDQVSODQWDWLRQ� �+6&7�� LQ� HOGHUO\� SDWLHQWV� ZLWK� DFXWH� P\HORLG�
OHXNHPLD� �$0/�� DQG� KLJK�ULVN� P\HORG\VSODVWLF� V\QGURPH� �0'6���
%ORRG��������
���(VWH\�(��7KDOO�3��&RUWHV�-(�HW�DO��&RPSDULVRQ�RI�LGDUXELFLQ���DUD�
&��� IOXGDUDELQH� �� DUD�&��� DQG� WRSRWHFDQ� �� DUD�&�EDVHG� UHJLPHQV� LQ�
WUHDWPHQW�RI�QHZO\�GLDJQRVHG�$0/��5$(%�W��RU�5$(%��%ORRG�������
���(VWH\�(+��7KDOO�3)��3LHUFH�6��&RUWHV�-��%HUDQ�0��.DQWDUMLDQ�+��
.HDWLQJ� 0-�� $QGUHHII� 0�� )UHLUHLFK� (�HW� DO� 5DQGRPL]HG� SKDVH� ,,�
VWXG\� RI� IOXGDUDELQH� �� F\WRVLQH� DUDELQRVLGH� �� LGDUXELFLQ� ��íDOO�WUDQV�
UHWLQRLF�DFLG���íJUDQXORF\WH�FRORQ\�VWLPXODWLQJ�IDFWRU�LQ�SRRU�SURJQRVLV�
QHZO\� GLDJQRVHG� DFXWH� P\HORLG� OHXNHPLD� DQG� P\HORG\VSODVWLF�
V\QGURPH��%ORRG����������������±����
���)DGHUO�6��*DQGKL�9��2¶%ULHQ�6��HW�DO� 5HVXOWV�RI�D�SKDVH�����VWXG\�
RI� FORIDUDELQH� LQ� FRPELQDWLRQ�ZLWK� F\WDUDELQH� �DUD�&�� LQ� UHODSVHG� DQG�
UHIUDFWRU\�DFXWH�OHXNHPLDV��%ORRG������ ������
���)DGHUO�6��9HUVWRYVHN�6��&RUWHV�-��HW�DO��&ORIDUDELQH�DQG�F\WDUDELQH�
FRPELQDWLRQ�DV�LQGXFWLRQ�WKHUDS\�IRU�DFXWH�P\HORLG�OHXNHPLD��$0/��LQ�
SDWLHQWV����\HDUV�RI�DJH�RU�ROGHU��%ORRG���������������±����



���

���)HOGPDQ�(-��%UDQGZHLQ� -�� 6WRQH�5�� HW� DO� 3KDVH� ,,,� UDQGRPL]HG�
PXOWLFHQWHU� VWXG\� RI� D� KXPDQL]HG� DQWL�&'��� PRQRFORQDO� DQWLERG\��
OLQWX]XPDE�� LQ� FRPELQDWLRQ� ZLWK� FKHPRWKHUDS\�� YHUVXV� FKHPRWKHUDS\�
DORQH� LQ� SDWLHQWV� ZLWK� UHIUDFWRU\� RU� ILUVW�UHODSVHG� DFXWH� P\HORLG�
OHXNHPLD��-RXUQDO�RI�&OLQLFDO�2QFRORJ\������
���)HUUDUD� )�� 9LROD� $�� &RSLD� &�� HW� DO� $JH� KDV� QR� LQIOXHQFH� RQ�
PRELOL]DWLRQ�RI�SHULSKHUDO�EORRG�VWHP�FHOOV� LQ�DFXWH�P\HORLG�OHXNHPLD��
+HPDWRORJLFDO�2QFRORJ\��������
���)UDQNHO�$(��:HLU�0$��+DOO� 3'��+RJJH�'(��5L]]LHUL� '$�HW� DO�
'LSWKHULD� WR[LQ�LQWHUOHXNLQ� �� IXVLRQ� SURWHLQ� WKHUDS\� RI� SDWLHQWV� ZLWK�
HOGHUO\� RU� UHODSVHG�UHIUDFWRU\� DFXWH� P\HORLG� OHXNHPLD� �$0/��� -� &OLQ�
2QFRO����������������
�
���*DOH� 5(�� +LOOV� 5�� .RWWDULGLV� 3'�� HW� DO� 1R� HYLGHQFH� WKDW� )/7��
VWDWXV�VKRXOG�EH�FRQVLGHUHG�DV�DQ� LQGLFDWRU� IRU� WUDQVSODQWDWLRQ�LQ�DFXWH�
P\HORLG�OHXNHPLD��$0/���DQ�DQDO\VLV�RI������SDWLHQWV��H[FOXGLQJ�DFXWH�
SURP\HORF\WLF� OHXNHPLD�� IURP� WKH� 8.� 05&� $0/��� DQG� ��� WULDOV��
%ORRG���������������±������
���� *HUEHU� +3�� 0DOLN� $.�� 6RODU� *3�� HW� DO� 9(*)� UHJXODWHV�
KDHPDWRSRLHWLF� VWHP� FHOO� VXUYLYDO� E\� DQ� LQWHUQDO� DXWRFULQH� ORRS�
PHFKDQLVP��1DWXUH�������������±���
���*LOHV� )�� 5L]]LHUL� '�� .DUS� -� �HW� DO� &ORUHWD]LQH� �913�����0��D�
QRYHO� VXOIRQ\OK\GUD]LQH� DON\ODWLQJ� DJHQW�� LQ� SDWLHQWV� DJH� ��� \HDUV� RU�
ROGHU� ZLWK� SUHYLRXVO\� XQWUHDWHG� DFXWH� P\HORLG� � OHXNHPLD�� -RXUQDO� RI�
&OLQLFDO�2QFRORJ\�������������±���



���

���*LOHV� )�� 9HUVWRYVHN� 6�� )DGHUO� 6�� HW� DO� $� SKDVH� ,,� VWXG\� RI�
ORUHWD]LQH��913�����0���D�QRYHO�VXOIRQ\OK\GUD]LQH�DON\ODWLQJ�JHQW��LQ�
SDWLHQWV�ZLWK�YHU\�KLJK�ULVN�UHODSVHG�DFXWH�P\HORLG�OHXNHPLD��/HXNHPLD�
5HVHDUFK�����������������±���
���*ROGVWRQH� $+�� %XUQHWW� $.�� :KHDWOH\� .� �HW� DO� $WWHPSWV� WR�
LPSURYH�WUHDWPHQW�RXWFRPHV�LQ�DFXWH�P\HORLG�OHXNHPLD��$0/��LQ�ROGHU�
SDWLHQWV��WKH�UHVXOWV�RI�WKH�8QLWHG�.LQJGRPH�0HGLFDO�5HVHDUFK�&RXQFLO�
$0/��WULDO��%ORRG�������������±����
����*RUHOOR�3��&D]]DQLJD�*��$OEHUWL�)��HW�DO��4XDQWLWDWLYH�DVVHVVPHQW�
RI� PLQLPDO� UHVLGXDO� GLVHDVH� LQ� DFXWH� P\HORLG� OHXNHPLD� FDUU\LQJ�
QXFOHRSKRVPLQ� �130��� JHQH� PXWDWLRQV�� /HXNHPLD�� ������������±
�������
���*ULJJ�$3��5H\QROGV�-��0F4XLOODQ�$��HW�DO��3URJQRVWLF�IHDWXUHV�IRU�
UHVSRQVH� DQG� VXUYLYDO� LQ� HOGHUO\� SDWLHQWV� ZLWK� GH� QRYR� DFXWH�P\HORLG�
OHXNHPLD� WUHDWHG�ZLWK�PLWR[DQWURQH� DQG� LQWHUPHGLDWH� GRVH� F\WDUDELQH��
/HXNHPLD�DQG�/\PSKRPD���������������±����
���*ULPZDGH�'��:DONHU�+��+DUULVRQ�*��HW�DO��7KH�SUHGLFWLYH�YDOXH�
RI� KLHUDUFKLFDO� F\WRJHQHWLF� FODVVLILFDWLRQ� LQ� ROGHU� DGXOWV� ZLWK� DFXWH�
P\HORLG� OHXNHPLD� �$0/��� DQDO\VLV� RI� ����� SDWLHQWV� HQWHUHG� LQWR� WKH�
8QLWHG� .LQJGRP� 0HGLFDO� 5HVHDUFK� &RXQFLO� $0/� ��� WULDO�� %ORRG�
���������������±����
���*URYGDO�0��.KDQ�5��$JJHUKROP�$��HW�DO��0DLQWHQDQFH�7UHDWPHQW�
ZLWK� $]DF\WLGLQH� IRU� 3DWLHQWV� ZLWK� +LJK� 5LVN� 0\HORG\VSODVWLF�



���

6\QGURPHV�RU�$FXWH�0\HORLG�/HXNDHPLD� LQ�&RPSOHWH�5HPLVVLRQ�DIWHU�
,QWHQVLYH�&KHPRWKHUDS\��%ORRG�����������
���+DQQ�,0��/DQFHW�-(��5HLIIHUV�-��HW�DO� $�SKDVH���VWXG\�RI�WKH�RUDO�
IDUQHV\OWUDQVIHUDVH� LQKLELWRU� WLSLIDUQLE� LQ� SDWLHQWV� ZLWK� UHIUDFWRU\� RU�
UHODSVHG�DFXWH�P\HORLG�OHXNHPLD��%ORRG������ ���������±������
���+RVPHU� ':�� /HPHVKRZ� 6�HW� DO�� $SSOLHG� /RJLVWLF� 5HJUHVVLRQ��
1HZ�<RUN��-RKQ�:LOH\�	�6RQV� ������
���,NHGD��6HRZ�+$��HW�DO� 0RGH�RI�DFWLRQ�RI�WKH�FKORURHWK\ODWLQJ�DQG�
FDUEDPR\ODWLQJ�PRLHWLHV� RI� WKH� SURGUXJ� FORUHWD]LQH��0ROHFXODU�&DQFHU�
7KHUDSHXWLFV������ ������±�����
���-HKD� 6�� (VWH\� (�� .DQWDUMLDQ� +0�� HW� DO� $GXOW� $FXWH� P\HORLG��
/HXNHPLD��0D\R�&OLQLF�3URFHHGLQJV�������������
���-DFNVRQ�*��7D\ORU�3��6PLWK�*0��0DUFXV�5��6PLWK�$��&KX�3��6��
%URRNHV� -�� 7ROOHUILHOG� 60�� :LOVRQ� 03�HW� DO�� $� PXOWLFHQWUH�� RSHQ��
QRQFRPSDUDWLYH� SKDVH� ,,� VWXG\� RI� D� FRPELQDWLRQ� RI� IOXGDUDELQH�
SKRVSKDWH�� F\WDUDELQH� DQG� JUDQXORF\WH� FRORQ\�VWLPXODWLQJ� IDFWRU� LQ�
UHODSVHG�DQG�UHIUDFWRU\�DFXWH��P\HORLG�OHXNHPLD�DQG�GH�QRYR�UHIUDFWRU\�
DQDHPLD�ZLWK�H[FHVV�RI�EODVWV�LQ�WUDQVIRUPDWLRQ��%U�-�+DHPDWRO�������
���-RKQVRQ�35��5\GHU�:'��<LQ�-$��HW�DO� 9DOLGDWLRQ�RI�D�PRGHO� WR�
SUHGLFW� VXUYLYDO� LQ� HOGHUO\� SDWLHQWV� ZLWK� DFXWH� P\HORLG� OHXNDHPLD��
%ULWLVK�-RXUQDO�RI�+DHPDWRORJ\������������±���
���-RUGDQ�&7��+RJOXQG�0��.DUOVVRQ�.�� HW� DO� ,QFUHDVHG� UHPLVVLRQV�
IURP� RQH� FRXUVH� IRU� LQWHUPHGLDWH�GRVH� F\WRVLQH� DUDELQRVLGH� DQG�
LGDUXELFLQ� LQ� HOGHUO\� DFXWH� P\HORLG� OHXNDHPLD� ZKHQ� FRPELQHG� ZLWK�
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FODGULELQH�� $� UDQGRPL]HG� SRSXODWLRQ�EDVHG� SKDVH� ,,� VWXG\�� %ULWLVK�
-RXUQDO�RI��+DHPDWRORJ\������
���-XUFLF� -*�� 'H%ODVLR� 7�� 'XPRQW� /�� HW� DO� 0ROHFXODU� UHPLVVLRQ�
LQGXFWLRQ� ZLWK� UHWLQRLF� DFLG� DQG� DQWL�&'��� PRQRFORQDO� DQWLERG\�
+X0���� LQ� DFXWH� SURP\HORF\WLF� OHXNHPLD��&OLQ� &DQFHU� 5HV� ����� ���
����������
���.DVVHP� 0�� *DQGKL� 9�� &RUWHV� -�� HW� DO� 3KDVH� �� FOLQLFDO� DQG�
KDUPDFRORJLF�VWXG\�RI�FORIDUDELQH�LQ�SDWLHQWV�ZLWK�UHIUDFWRU\�RU�UHODSVHG�
DFXWH�OHXNHPLD��%ORRG��������������±����
���.DQWDUMLDQ� +�� 2¶EULHQ� 6�� &RUWHV� -�� HW� DO� 5HVXOWV� RI� LQWHQVLYH�
FKHPRWKHUDS\�LQ�����SDWLHQWV�DJH����\HDUV�RU�ROGHU�ZLWK�DFXWH�P\HORLG�
OHXNHPLD�RU�KLJK�ULVN�P\HORG\VSODVWLF�V\QGURPH��SUHGLFWLYH�SURJQRVWLF�
PRGHOV�IRU�RXWFRPH��&DQFHU�����������������±���
���.DQWDUMLDQ� +0�� -HKD� 6�� *DQGKL� 9�� HW� DO�� &ORIDUDELQH��
SDVW�SUHVHQW�� DQG� IXWXUH�� /HXNHPLD� 	� /\PSKRPD� ������������� ����
%XUQHWW�$.��5XVVHOO�1��.HOO� -:��HW�DO��$�SKDVH���HYDOXDWLRQ�RI�VLQJOH�
DJHQW� FORIDUDELQH� DV� ILUVW� � OLQH� WUHDWPHQW� IRU� ROGHU� SDWLHQWV�ZLWK�$0/�
ZKR�DUH�QRW�FRQVLGHUHG�ILW�IRU�LQWHQVLYH�FKHPRWKHUDS\�>DEVWUDFW@��%ORRG�
���������������
���.DUS� -(�� *RMR� ,�� 3LOL� 5� �HW� DO� 7DUJHWLQJ� YDVFXODU� HQGRWKHOLDO�
JURZWK� IDFWRU� IRU� UHODSVHG� DQG� UHIUDFWRU\� DGXOW� DFXWH� P\HORJHQRXV�
/HXNHPLDV�WKHUDS\� ZLWK� VHTXHQWLDO� ��EHWD� DUDELQRIXUDQRV\O�
F\WRVLQH�PLWR[DQWURQH�� DQG� EHYDFL]XPDE�&OLQLFDO� &DQFHU�
5HVHDUFK������
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���.DUS�-(��/DQFHW� -(��.DXIPDQQ�6+� �HW� DO� &OLQLFDO� DQG� ELRORJLF�
DFWLYLW\� RI� WKH� IUDQHV\OWUDQVIHUDVH� LQKLELWRU� 5������� LQ� DGXOWV� ZLWK�
UHIUDFWRU\� DQG� UHODSVHG� DFXWH� OHXNHPLDV�� D� SKDVH� �� FOLQLFDO�ODERUDWRU\�
FRUUHODWLYH�WULDO�%ORRG��������������±���
���NKDWWDE	0ZDIL� VSRWOLJKWV�RQ�KHPDWRORJ\�������
���.ROE� +-�� 6FKPLG� &�� %DUUHWW� $-�� HW� DO�� *UDIW�YHUVXV�OHXNHPLD�
UHDFWLRQV� LQ� DOORJHQHLF� FKLPHUDV�� %ORRG� ������������±���ZLWK�
OHXNHPLD���
���.ROLW]�-(��*HRUJH�6/��'RGJH�5.��HW�DO� &RQVROLGDWLRQ�WKHUDS\�E\�
F\WRJHQHWLF� ULVN� LQ� DGXOWV� ZLWK� DFXWH�P\HORLG� OHXNHPLD� �� ��� \HDUV� LQ�
ILUVW� FRPSOHWH� UHPLVVLRQ�� 5HVXOWV� RI� &$/*%� ������ %ORRG� ������D��
������DEVWU��������
���/DQFHW�-(��*RMR�,��*RWOLE�-��HW�DO� $�SKDVH���VWXG\�RI�WKH�IDUQHV\O�
WUDQVIHUDVH� LQKLELWRU� � WLSLIDUQLE� LQ� SRRU�ULVN� DQG� HOGHUO\� SDWLHQWV� ZLWK�
SUHYLRXVO\� XQWUHDWHG� DFXWH� P\HORJHQRXV� OHXNHPLD�� %ORRG�
����������������±����
���/HLWK�&3��.RSHFN\�.-��*RGZLQ�-��HW�DO��$FXWH�P\HORLG�OHXNHPLD�
LQ� WKH� HOGHUO\�� $VVHVVPHQW� RI� PXOWLGUXJ� UHVLVWDQFH� �0'5��� DQG�
F\WRJHQHWLFV�GLVWLQJXLVKHV�ELRORJLF�VXEJURXSV�ZLWK� UHPDUNDEO\�GLVWLQFW�
UHVSRQVHV� WR� VWDQGDUG� FKHPRWKHUDS\�$� 6RXWKZHVW� 2QFRORJ\� *URXS�
VWXG\��%ORRG���������������������
���/HRSROG� /+�� %HUJHU� 06�� &KHQJ� 6�� (VWH\� (�HW� DO� &RPSDUDWLYH�
HIILFDF\� DQG� VDIHW\� RI� JHPWX]XPDE� R[RJDPLFLQ� PRQRWKHUDS\� LQ� WKH�
WUHDWPHQW�RI�SDWLHQWV�ZLWK�DFXWH�P\HORLG�OHXNHPLD�LQ�ILUVW�UHODSVH�������
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���/DQJH�%-�� %URZQ� 3�� 6PLWK� %'�� HW� DO� 3ODVPD� LQKLELWRU\� DFWLYLW\�
�3,$��� D� SKDUPDFRG\QDPLF� DVVD\� UHYHDOV� LQVLJKWV� LQWR� WKH� EDVLV� IRU�
F\WRWR[LF�UHVSRQVH�WR�)/7��LQKLELWRUV��%ORRG���������������±������
���/RZHQEHUJ� %�� 'RZQLQJ� -5�� %XUQHWW� $� HW� DO� $FXWH� 0\HORLG�
/HXNHPLD�1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH������ ������������±����
���0DUFXFFL�*��6WRFN�:��'DL�*�� HW� DO� 3KDVH� ,� VWXG\�RI� REOLPHUVHQ�
VRGLXP�� DQ� DQWLVHQVH� WR� %FO���� LQ� XQWUHDWHG� ROGHU� SDWLHQWV� ZLWK� DFXWH�
P\HORLG� OHXNHPLD�� SKDUPDFRNLQHWLFV�SKDUPDFRG\QDPLFV�� DQG� FOLQLFDO�
DFWLYLW\��-RXUQDO�RI��&OLQLFDO�2QFRORJ\�����������������±����
���0D\HU�5-��'DYLV�5%��6FKLIIHU�&$��HW�DO�� ,QWHQVLYH�SRVWUHPLVVLRQ�
FKHPRWKHUDS\� LQ� DGXOWV� ZLWK� DFXWH� P\HORLG� OHXNHPLD�� &DQFHU� DQG�
/HXNHPLD�*URXS�%��1�(QJO�-�0HG��������������������
���0HQ]LQ� -�� /DQJ�.�� (DUOH� &&� �HW� DO�� 7KH� RXWFRPHV� DQG� FRVWV� RI�
DFXWH� P\HORLG� OHXNHPLD� DPRQJ� WKH� HOGHUO\�� $UFKLYHV� RI� ,QWHUQDO�
0HGLFLQH���������������±�����
���0RRUH� -�� 6HLWHU� .�� .ROLW]� -�� HW� DO�� $� 3KDVH� ,,� VWXG\� RI� %FO���
DQWLVHQVH��REOLPHUVHQ�VRGLXP��FRPELQHG�ZLWK�JHPWX]XPDE�R]RJDPLFLQ�
LQ�ROGHU�SDWLHQWV�ZLWK�DFXWH�P\HORLG�OHXNHPLD�LQ�ILUVW�UHODSVH��/HXNHPLD�
5HVHDUFK���������������±����
���0RRUH� -2�� 3RZHOO� %�� 9HOH]�*DUFLD� (�� HW� DO� $� FRPSDULVRQ� RI�
VHTXHQWLDO�QRQ�FURVV�UHVLVWDQW�WKHUDS\�RU�$UD�&�FRQVROLGDWLRQ�IROORZLQJ�
FRPSOHWH� UHPLVVLRQ� LQ� DGXOW� SDWLHQWV� �� ��� \HDUV� ZLWK� DFXWH� P\HORLG�
OHXNHPLD��&$/*%�������3URF�$P�6RF�&OLQ�2QFRO��������������
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���1DWLRQDO� &RPSUHKHQVLYH� &DQFHU� 1HWZRUN� &OLQLFDO� 3UDFWLFH�
*XLGHOLQHV�LQ�2QFRORJ\�HW�DO� $FXWH�0\HORLG�/HXNHPLD��-RXUQDO�RI�WKH�
1DWLRQDO�&RPSUHKHQVLYH�&DQFHU�1HWZRUN������
���2FKL�7��)XMLZDUD�+��6XHPRUL�.��HW�DO��$XURUD�$�.LQDVH��$�1RYHO�
7DUJHW� IRU� WKH� ,PPXQRWKHUDS\� $JDLQVW� � +XPDQ� /HXNHPLDV�� %ORRG�
��������������
���3DUNHU�-(��3DJOLXFD�$��0LMRYLF�$��&XOOLV�-2�HW�DO� &]HSXONRZVNL�
%�� 5DVVDP� 60�� 6DPDUDWXQJD� ,5�� *UDFH� 5�� *RYHU� 3$�� 0XIWL� *-��
)OXGDUDELQH��� F\WDUDELQH�� *�&6)� DQG� LGDUXELFLQ� �)/$*�,'$�� IRU� WKH�
WUHDWPHQW� RI� SRRU�ULVN� P\HORG\VSODVWLF� V\QGURPHV� DQG� DFXWH� P\HORLG�
OHXNHPLD��%U�-�+DHPDWRO���������������±���
���3DUPDU� 6�� 5XQGKDXJHQ� /0�� %RHKONH� /�� HW� DO� 3KDVH� ,,� WULDO� RI�
DUVHQLF� WULR[LGH� LQ� UHODSVHG� DQG� UHIUDFWRU\� DFXWH� P\HORLG� OHXNHPLD��
VHFRQGDU\� OHXNHPLD� DQG�RU� QHZO\�GLDJQRVHG� SDWLHQWV� DW� OHDVW� ��� \HDUV�
ROG��/HXNHPLD�5HVHDUFK���������������±����
���3DVFKND� 3��0DUFXFFL�*�� 5XSSHUW� $6�� HW� DO� $GYHUVH� SURJQRVWLF�
VLJQLILFDQFH� RI� .,7� PXWDWLRQV� LQ� DGXOW� DFXWH� P\HORLG� OHXNHPLD� ZLWK�
LQY����� DQG� W�������� D� &DQFHU� DQG� /HXNHPLD� *URXS� %� 6WXG\�� -� &OLQ�
2QFRO����������������
���5XH�0��7KRPDV�;��0HUDEHW�)��HW�DO� 5DQGRPL]HG�&RPSDULVRQ�RI�
6WDQGDUG�,QGXFWLRQ�ZLWK�'DXQRUXELFLQ��'15��IRU���'D\V�YV�,GDUXELFLQ�
�,'$��IRU���RU���'D\V�LQ�$0/�SWV�$JHG����WR����DQG�RI�0DLQWHQDQFH�
ZLWK� ,QWHUOHXNLQ� ��� )LQDO� $QDO\VLV� RI� WKH� $/)$� ����� 6WXG\� �%ORRG�
�����������
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���5DSRQL� 0�� +RURXVVHDX� -/�� /DQFHW� -(�� HW� DO� ,GHQWLILFDWLRQ� RI�
PROHFXODU� SUHGLFWRUV� RI� UHVSRQVH� LQ� D� VWXG\� RI� WLSLIDUQLE� WUHDWPHQW� LQ�
UHODSVHG� DQG� UHIUDFWRU\� DFXWH� P\HORJHQRXV� OHXNHPLD�� &OLQLFDO� &DQFHU�
5HVHDUFK������ ����������±����
���5D]D� $�� -XUFLF� -*�� 5RER]� *-�� HW� DO� &RPSOHWH� 5HPLVVLRQV�
2EVHUYHG� LQ�$FXWH�0\HORLG�/HXNHPLD�)ROORZLQJ�3URORQJHG�([SRVXUH�
WR�6*1�����OLQWX]XPDE���D�+XPDQL]HG�0RQRFORQDO�$QWLERG\�7DUJHWLQJ�
&'���>DEVWUDFW@��%ORRG���������������$EVWUDFW������
���5HFKHU�&��%H\QH�5DX]\�2��'HPXU�&��HW�DO��$QWLOHXNHPLF�DFWLYLW\�
RI���UDSDP\FLQ�LQ�DFXWH�P\HORLG�OHXNHPLD��%ORRG���������������±������
�
���5H]YDQL� .�<RQJ� 60$�� 0LHONH� 6�� HW� DO� /HXNHPLD�$VVRFLDWHG�
$QWLJHQ�6SHFLILF�7�&HOO�5HVSRQVHV�)ROORZLQJ�&RPELQHG�35��DQG�:7��
3HSWLGH� 9DFFLQDWLRQ� LQ� 3DWLHQWV� ZLWK� 0\HORLG� 0DOLJQDQFLHV� �%ORRG�
���������������
���5LHV� /*��0HOEHUW� '��.UDSFKR�0�� HW� DO� 6((5�&DQFHU� 6WDWLVWLFV�
5HYLHZ�� ����������� 1DWLRQDO� &DQFHU� ,QVWLWXWH�� %HWKHVGD�0'��
1RYHPEHU������6((5�GDWD� VXEPLVVLRQ��SRVWHG� WR� WKH�6((5�ZHE�VLWH��
������
���5RER]�*-��*LOHV�)-��/LVW�$)��HW�DO��3KDVH���VWXG\�RI�37.����=.�
�������� D� VPDOO� PROHFXOH� W\URVLQH� NLQDVH� UHFHSWRU� LQKLELWRU�� IRU� WKH�
WUHDWPHQW� RI� DFXWH�P\HORLG� OHXNHPLD� DQG�P\HORG\VSODVWLF� � V\QGURPH��
/HXNHPLD������
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���5RVV� ''�� :RRWHQ� 3-�� 6ULGKDUD� 5�� HW� DO� (QKDQFHPHQW� RI�
GDXQRUXELFLQ�DFFXPXODWLRQ��UHWHQWLRQ��DQG�F\WRWR[LFLW\�E\�YHUDSDPLO�RU�
F\FORVSRULQ� $� LQ� EODVW� FHOOV� IURP� SDWLHQWV� ZLWK� SUHYLRXVO\� XQWUHDWHG�
DFXWH�P\HORLG�OHXNHPLD��%ORRG���������������������
���6FKDUW]�� %HUFKWROG� :�� )RSS� 0� �HW� DO� $FXWH� P\HORJHQRXV�
OHXNDHPLD�� PDLQWHQDQFH� FKHPRWKHUDS\� DIWHU� HDUO\� FRQVROLGDWLRQ�
UHDWPHQW�GRHV�QRW�SURORQJ�VXUYLYDO��/DQFHW�����������±����
���6KDURQ�0DQVRQ��*ROG��6FKLIIHU�&$��HW�DO� ,QWHQVLYH�SRVWUHPLVVLRQ�
FKHPRWKHUDS\� LQ� DGXOWV� ZLWK� DFXWH� P\HORLG� OHXNHPLD�� &DQFHU� DQG�
/HXNHPLD� *URXS� %�� 1HZ� (QJODQG� -RXUQDO� RI� 0HGLFLQH�
����������������±�����
���6FKLIIHU�&$��'RGJH�5��/DUVRQ�5$�HW�DO� /RQJ�WHUP� IROORZ�XS�RI�
&DQFHU� DQG� /HXNHPLD� *URXS� %� VWXGLHV� LQ� DFXWH� P\HORLG� OHXNHPLD��
&DQFHU�������������±���
���6FRWW� %/�� 6DQGPDLHU� %0�� 6WRUHU� %� HW� DO�� 0\HORDEODWLYH� � YV�
QRQP\HORDEODWLYH� $OORJHQLF� WUDQVSODQWDWLRQ� IRU� SDWLHQWV� ZLWK�
P\HORG\VSODVWLF� V\QGURPH� RU� DFXWH� P\HORJHQRXV� OHXNHPLD� ZLWK�
PXOWLOLQHDJH�G\VSODVLD��D�UHWURVSHFWLYH�DQDO\VLV��/HXNHPLD�������
���6LHYHUV�(/��/DUVRQ�5$��6WDGWPDXHU�($��HW�DO��(IILFDF\�DQG�VDIHW\�
RI� JHPWX]XPDE� R]RJDPLFLQ� LQ� SDWLHQWV� ZLWK� &'���SRVLWLYH� DFXWH�
P\HORLG�OHXNHPLD�LQ�ILUVW�UHODSVH��- &OLQ�2QFRO������ ����������������
���6WRQH�5��)LVFKHU�&��3DTXHWWH�5��HW�DO� 3KDVH��%�VWXG\�RI�3.&�����
DQ� RUDO� )/7�� NLQDVH� LQKLELWRU�� LQ� VHTXHQWLDO� DQG� VLPXOWDQHRXV�
FRPELQDWLRQV� ZLWK� GDXQRUXELFLQ� DQG� F\WDUDELQH� �'$�� LQGXFWLRQ� �LQ�
QHZO\�GLDJQRVHG�SDWLHQWV�ZLWK�$0/�%ORRG� ������������D���
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���6WRQH� 50�� 'HDQJHOR� '-�� .OLPHN� 9�� HW� DO�� 3DWLHQWV� ZLWK� DFXWH�
P\HORLG� OHXNHPLD� DQG� DQ� DFWLYDWLQJ� PXWDWLRQ� LQ� )/7�� UHVSRQG� WR� D�
VPDOO�PROHFXOH� )/7�� W\URVLQH� NLQDVH� LQKLELWRU�� 3.&����� %ORRG��
�����������±�����
���6WRQH� 50�� 1RYHO� WKHUDSHXWLF� DJHQWV� LQ� DFXWH� P\HORLG� OHXNHPLD��
([SHULPHQWDO�+HPDWRORJ\������������±���
���6WUHNHU� HW� DO�� 0DULH� -3�� &DGLRX� 0�� HW� DO� $FXWH� P\HORJHQRXV�
OHXNDHPLD� LQ� WKH� HOGHUO\�� UHWURVSHFWLYH� VWXG\� RI� ���� FRQVHFXWLYH�
SDWLHQWV��%ULWLVK�-RXUQDO�RI�+DHPDWRORJ\��������������±����
���7DNVLQ�$/��/HJUDQG�2��5DIIRX[�(��HW�DO� +LJK�HIILFDF\�DQG�VDIHW\�
SURILOH� RI� IUDFWLRQDWHG� GRVHV� RI� 0\ORWDUJ� DV� LQGXFWLRQ� WKHUDS\� LQ�
SDWLHQWV�ZLWK�UHODSVHG�DFXWH�P\HOREODVWLF�OHXNHPLD��D�SURVSHFWLYH�VWXG\�
RI�WKH�DOID�JURXS��/HXNHPLD��������������±����
���7DXVVLJ� '&�� 3HDUFH� '-�� 6LPSVRQ� &�� HW� DO�� +HPDWRSRLHWLF� VWHP�
FHOOV�H[SUHVV�PXOWLSOH�P\HORLG�PDUNHUV��LPSOLFDWLRQV�IRU�WKH�RULJLQ�DQG�
WDUJHWHG� WKHUDS\� RI� DFXWH� P\HORLG� OHXNHPLD�� %ORRG�� �������������±
������
���7KLHGH� &�� .RFK� 6�� &UHXW]LJ� (�� HW� DO� 3UHYDOHQFH� DQG� SURJQRVWLF�
LPSDFW� RI�130��PXWDWLRQV� LQ� ����� DGXOW� SDWLHQWV�ZLWK� DFXWH�P\HORLG�
OHXNHPLD��$0/���%ORRG���������������±�������
���9DON�3-��/RZHQEHUJ�%��%XUQHWW�$.��HW�DO� 7KH�YDOXH�RI�WKH�0'5��
UHYHUVDO� DJHQW� 36&����� LQ� DGGLWLRQ� WR� GDXQRUXELFLQ� DQG� F\WDUDELQH� LQ�
WKH� WUHDWPHQW� RI� HOGHUO\� SDWLHQWV� ZLWK� SUHYLRXVO\� XQWUHDWHG� DFXWH�
P\HORLG� OHXNHPLD� �$0/��� LQ� UHODWLRQ� WR� 0'5�� VWDWXV� DW� GLDJQRVLV��
%ORRG�����������������±����
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���:DOOHQ� +�� *RROH\� 7$�� 'HHJ� +-� �HW� DO� $EODWLYH� DOORJHQLF�
KHPDWRSRLHWLF� FHOO� WUDQVSODQWDWLRQ� LQ� DGXOWV� ���\HDUV� RI� DJH� DQG�ROGHU��
-RXUQDO�RI�&OLQLFDO�2QFRORJ\�����������������±����
���:DQJ� '+�� .H� ;<�� :DQJ� -�� HW� DO�� &RUUHODWLRQ� EHWZHHQ� 0'5��
JHQHWLF� SRO\PRUSKLVP� DQG� SURJQRVLV� LQ� DFXWH� P\HORLG� OHXNHPLD�
>DEVWUDFW�� DUWLFOH� LQ� &KLQHVH@�� =KRQJKXD� <L� ;XH� =D� =KL� �������������
�����������
���:DONHU� LW�� 'DL� *�� /LX� =� �HW� DO�� 0HWDEROLVP� RI� *7,������� D�
SKRVSKRURWKLRDWH� ROLJRQXFOHRWLGH� DQWLVHQVH�� XVLQJ� LRQ�SDLU� UHYHUVHG�
SKDVH� KLJK� SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� �+3/&�� FRXSOHG�ZLWK�
HOHFWURVSUD\�LRQ�WUDS�PDVV�VSHFWURPHWU\��7KH�$$36�-RXUQDO�������
���:LQWUREH�GLDJQRVWLF� F\WRJHQHWLFV� RQ� RXWFRPH� LQ� $0/�HW� DO�
DQDO\VLV�RI�������SDWLHQWV�HQWHUHG�LQWR�WKH�05&�$0/����WULDO� ������
���=KRQJ� � =�� /LX� =&�� /L� -:�HW� DO�� 7KH� &OLQLFDO� 2EVHUYDWLRQ� RQ�
$UVHQLF� 7ULR[LGH� ZLWK� $75$� LQ� 7UHDWLQJ� $FXWH� 3URP\HORF\WLF�
/HXNHPLD�IRU�6L[�<HDUV�>DEVWUDFW@��%ORRG���������������
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