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7UDQVFULSWLRQDO� SURILOLQJ� RI� EUHDVW� FDQFHU� PHWDVWDVHV� LGHQWLILHV� OLYHU�

PHWDVWDVLV�VHOHFWLYH� JHQHV� DVVRFLDWHG� ZLWK� DGYHUVH� RXWFRPH� LQ� OXPLQDO� $�

SULPDU\�EUHDVW�FDQFHU�

6LNHU�.LPEXQJ����� ,GD� -RKDQVVRQ����� $QQD�'DQLHOVVRQ��� 6ULQLYDV�9HHUOD����� 6X]DQQH� (J\KD]L�

%UDJH���0DULDQQH�)URVWYLN�6WROW���/DPEHUW�6NRRJ���/HQD�&DUOVVRQ���=DNDULD�(LQEHLJL���(OLVDEHW�

/LGEULQN��� %DUEUR� /LQGHUKROP��� 1LNODV� /RPDQ��� 3HU�2ORI�0DOPVWU|P��� 0DUWLQ� 6|GHUEHUJ���

7KRPDV� 0�� :DO]��� 0nUWHQ� )HUQ|��� 7KRPDV� +DWVFKHN�� DQG� ,QJULG� +HGHQIDON���� LQ�

FROODERUDWLRQ�ZLWK�WKH�7(;�VWXG\�JURXS��

�'LYLVLRQ� RI� 2QFRORJ\� DQG� 3DWKRORJ\�� 'HSDUWPHQW� RI� &OLQLFDO� 6FLHQFHV�� /XQG�� /XQG�

8QLYHUVLW\��6ZHGHQ��

�&5($7(�+HDOWK�6WUDWHJLF�&HQWHU�IRU�7UDQVODWLRQDO�&DQFHU�5HVHDUFK��/XQG�8QLYHUVLW\��/XQG��

6ZHGHQ��

�'HSDUWPHQW�RI�2QFRORJ\��,QVWLWXWH�RI�&OLQLFDO�6FLHQFHV��6DKOJUHQVND�$FDGHP\��8QLYHUVLW\�RI�

*RWKHQEXUJ��*RWKHQEXUJ��6ZHGHQ��

�'HSDUWPHQW� RI� 2QFRORJ\� DQG� 3DWKRORJ\�� .DUROLQVND� ,QVWLWXWHW� DQG� .DUROLQVND� 8QLYHUVLW\�

+RVSLWDO��6ZHGHQ��

�'HSDUWPHQW�RI�2QFRORJ\��6XQGVYDOO�+RVSLWDO��6XQGVYDOO��6ZHGHQ�

��'HSDUWPHQW�RI�2QFRORJ\��6NnQH�8QLYHUVLW\�+RVSLWDO��/XQG�0DOP|��6ZHGHQ��

�'LYLVLRQ�RI�2QFRORJ\��'HSDUWPHQW�RI�&OLQLFDO�DQG�([SHULPHQWDO�0HGLFLQH��)DFXOW\�RI�+HDOWK�

6FLHQFHV��/LQN|SLQJ�8QLYHUVLW\��/LQN|SLQJ��6ZHGHQ��
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&RUUHVSRQGLQJ� DXWKRU�� $VVRFLDWH� 3URIHVVRU� ,QJULG� +HGHQIDON�� 'LYLVLRQ� RI� 2QFRORJ\� DQG�

3DWKRORJ\��'HSDUWPHQW� RI�&OLQLFDO� 6FLHQFHV��/XQG��/XQG�8QLYHUVLW\��0HGLFRQ�9LOODJH�� 6(�

������ /XQG�� 6ZHGHQ�� 3KRQH�� ���������������� )D[�� ��������������� (�PDLO��

,QJULG�+HGHQIDON#PHG�OX�VH�

5XQQLQJ�WLWOH��/LYHU�PHWDVWDVLV�JHQHV�FDQ�SUHGLFW�EUHDVW�FDQFHU�VXUYLYDO��

�

�

7UDQVODWLRQDO�UHOHYDQFH��

$OWKRXJK�PHWDVWDVLV�LV�WKH�SULQFLSDO�FDXVH�RI�FDQFHU�UHODWHG�GHDWKV��WKH�VFDUFLW\�RI�FOLQLFDO�

EUHDVW�FDQFHU�PHWDVWDVHV�KDV�LPSHGHG�WKHLU�FKDUDFWHUL]DWLRQ�LQ�ODUJH�JHQRPLF�DQG�

WUDQVFULSWRPLF�VWXGLHV��:KLOH�PHWDVWDVHV�PD\�EH�JHQHWLFDOO\�VLPLODU�WR�WKHLU�VHHGLQJ�SULPDU\�

WXPRUV��GLVWLQFW�GLIIHUHQFHV�ZKLFK�FRXOG�EH�H[SORLWHG�WR�LPSURYH�GLVHDVH�FRQWURO�PD\�

QRQHWKHOHVV�H[LVW��:H�SHUIRUPHG�JOREDO�WUDQVFULSWLRQDO�SURILOLQJ�RI����FOLQLFDO�EUHDVW�FDQFHU�

PHWDVWDVHV��DLPLQJ�WR�LGHQWLI\�JHQHV�DVVRFLDWHG�ZLWK�OLYHU�PHWDVWDVHV��JLYHQ�WKH�LQIHULRU�

RXWFRPH�DVVRFLDWHG�ZLWK�OLYHU�UHFXUUHQFH��:H�LGHQWLILHG�D�VHW�RI����OLYHU�PHWDVWDVLV�VHOHFWLYH�

JHQHV�RI�SURJQRVWLF�UHOHYDQFH�LQ�HDUO\�EUHDVW�FDQFHU��,PSRUWDQWO\��WKLV�VLJQDWXUH�VKRZHG�DQ�

LQGHSHQGHQW�DELOLW\�RI�LGHQWLI\LQJ�SDWLHQWV�DW�KLJKHU�ULVN�RI�UHFXUUHQFH�DQG�GHDWK�ZLWKLQ�WKH�

OXPLQDO�$�PROHFXODU�VXEW\SH��7KHVH�SDWLHQWV�PD\�EHQHILW�IURP�FORVHU�GLVHDVH�PRQLWRULQJ�DQG�

PD\�LQ�DGGLWLRQ�EH�DPHQDEOH�WR�HQUROOPHQW�LQWR�FOLQLFDO�WULDOV�LQYHVWLJDWLQJ�QRYHO�DQWL�

QHRSODVWLF�WKHUDSHXWLFV�WDUJHWLQJ�IHDWXUHV�RWKHU�WKDQ�LQFUHDVHG�SUROLIHUDWLRQ��

�

�

�
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$EVWUDFW�

3XUSRVH��7KH�FRPSOHWH�PROHFXODU�EDVLV�RI�WKH�RUJDQ�VSHFLILFLW\�RI�PHWDVWDVLV�LV�HOXVLYH��7KLV�

VWXG\� DLPHG� WR� SURYLGH� DQ� LQGHSHQGHQW� FKDUDFWHUL]DWLRQ� RI� WKH� WUDQVFULSWLRQDO� ODQGVFDSH� RI�

EUHDVW�FDQFHU�PHWDVWDVHV�ZLWK�WKH�VSHFLILF�REMHFWLYH�WR�LGHQWLI\�OLYHU�PHWDVWDVLV�VHOHFWLYH�JHQHV�

RI�SURJQRVWLF�LPSRUWDQFH�IROORZLQJ�SULPDU\�WXPRU�GLDJQRVLV���

([SHULPHQWDO� GHVLJQ�� $� FRKRUW� RI� ���� ZRPHQ� ZLWK� DGYDQFHG� EUHDVW� FDQFHU� ZDV� VWXGLHG��

$VVRFLDWLRQV� EHWZHHQ� WKH� VLWH� RI� UHFXUUHQFH� DQG� FOLQLFR�SDWKRORJLFDO� IHDWXUHV� ZHUH�

LQYHVWLJDWHG�� )LQH�QHHGOH� DVSLUDWHV� RI� PHWDVWDVHV� �Q ���� ZHUH� VXEMHFWHG� WR� ZKROH� JHQRPH�

WUDQVFULSWLRQDO� SURILOLQJ�� /LYHU� PHWDVWDVLV�VHOHFWLYH� JHQHV� ZHUH� LGHQWLILHG� E\� VLJQLILFDQFH�

DQDO\VLV� RI� PLFURDUUD\� �6$0�� DQDO\VHV� DQG� LQGHSHQGHQWO\� YDOLGDWHG� LQ� H[WHUQDO� GDWDVHWV��

)LQDOO\�� WKH� SURJQRVWLF� UHOHYDQFH� RI� WKH� OLYHU� PHWDVWDVLV�VHOHFWLYH� JHQHV� LQ� SULPDU\� EUHDVW�

FDQFHU�ZDV�WHVWHG��

5HVXOWV�� /LYHU� UHODSVH� ZDV� DVVRFLDWHG� ZLWK� HVWURJHQ� UHFHSWRU� �(5�� H[SUHVVLRQ� �P ��������

OXPLQDO� %� VXEW\SH� �P ������� DQG� ZDV� SURJQRVWLF� IRU� DQ� LQIHULRU� SRVW�UHODSVH� VXUYLYDO�

�P ������� 7KH� PDMRU� YDULDWLRQ� LQ� WKH� WUDQVFULSWLRQDO� ODQGVFDSH� RI� PHWDVWDVHV� ZDV� DOVR�

DVVRFLDWHG�ZLWK�(5�H[SUHVVLRQ�DQG�PROHFXODU� VXEW\SH��+RZHYHU�� OLYHU�PHWDVWDVHV�GLVSOD\HG�

XQLTXH� WUDQVFULSWLRQDO� ILQJHUSULQWV�� FKDUDFWHUL]HG�E\�GRZQ�UHJXODWLRQ� RI� H[WUDFHOOXODU�PDWUL[�

�i.e.�VWURPDO��JHQHV��,PSRUWDQWO\��ZH�LGHQWLILHG�D����JHQH�OLYHU�PHWDVWDVLV�VHOHFWLYH�VLJQDWXUH��

ZKLFK�ZDV�VLJQLILFDQWO\�DQG�LQGHSHQGHQWO\�SURJQRVWLF�IRU�VKRUWHU�UHODSVH�IUHH��P��������DQG�

RYHUDOO� �P ������� VXUYLYDO� LQ� (5� SRVLWLYH� WXPRUV�� 5HPDUNDEO\�� WKLV� VLJQDWXUH� UHPDLQHG�

LQGHSHQGHQWO\� SURJQRVWLF� IRU� VKRUWHU� UHODSVH�IUHH� VXUYLYDO� �P ������� DPRQJ� OXPLQDO� $�

WXPRUV���
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&RQFOXVLRQV��([WUDFHOOXODU�PDWUL[� �VWURPDO��JHQHV�FDQ�EH�XVHG� WR�SDUWLWLRQ�EUHDVW� FDQFHU�E\�

VLWH�RI�UHODSVH�DQG�PD\�EH�XVHG�WR�IXUWKHU�UHILQH�SURJQRVWLFDWLRQ�LQ�(5�SRVLWLYH�SULPDU\�EUHDVW�

FDQFHU��

.H\ZRUGV��EUHDVW�FDQFHU�PHWDVWDVLV��WUDQVFULSWLRQDO�SURILOLQJ��OLYHU�PHWDVWDVLV�VHOHFWLYH�JHQHV��

VWURPD��OXPLQDO�$��SURJQRVLV

,QWURGXFWLRQ�

0HWDVWDVLV�LV�D�VLJQLILFDQW�FOLQLFDO�DQG�VRFLR�HFRQRPLF�SUREOHP��DFFRXQWLQJ�IRU�RYHU�����RI�

FDQFHU�UHODWHG� GHDWKV� ����� $IWHU� GLDJQRVLQJ� PHWDVWDWLF� EUHDVW� FDQFHU� �0%&��� WKH� VLWH� RI�

UHFXUUHQFH� LV�DQ� LPSRUWDQW� IHDWXUH� IRU�HVWLPDWLQJ� WKH�SDWLHQW¶V�SURJQRVLV��/LYHU�PHWDVWDVLV� LV�

DVVRFLDWHG�ZLWK�WKH�SRRUHVW�VXUYLYDO�UHODWLYH�WR�ORFR�UHJLRQDO��ERQH�DQG�OXQJ�FRORQL]DWLRQ����

����1RWHZRUWK\��WKH�GLDJQRVLV�RI�OLYHU�PHWDVWDVHV�LV�RQ�WKH�ULVH���������VXJJHVWLQJ�WKDW�DYDLODEOH�

DGMXYDQW� WKHUDSLHV� PD\� KDYH� OLPLWHG� HIILFDF\� LQ� SUHYHQWLQJ� OLYHU� FRORQL]DWLRQ� FRPSDUHG� WR�

PHWDVWDVHV� DW� RWKHU� VLWHV��&RQVHTXHQWO\�� WKH� LQFUHDVLQJ� QXPEHUV� RI� SDWLHQWV� SUHVHQWLQJ�ZLWK�

WKHVH� DGYHUVH� HYHQWV� ZDUUDQWV� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� PROHFXODU� DWWULEXWHV� RI� VLWH�

VSHFLILF�PHWDVWDVHV�WR�HQDEOH�WKH�LGHQWLILFDWLRQ�RI�QRYHO�ELRPDUNHUV�WR�JXLGH�VXUYHLOODQFH�DQG�

LPSURYH�SHUVRQDOL]DWLRQ�RI�WKHUDS\��

7KH� VHOHFWLRQ� RI� PHWDVWDWLF� VLWHV� LV� QRW� D� UDQGRP� SURFHVV�� 2QFH� GLVVHPLQDWHG�� FLUFXODWLQJ�

WXPRU� FHOOV� H[KLELW� WLVVXH� VSHFLILF� WURSLVPV� EH\RQG� ZKDW� FDQ� EH� H[SODLQHG� E\� QRUPDO�

FLUFXODWRU\� SDWWHUQV�� 7LVVXH� VHOHFWLYLW\� IRU� EUHDVW� FDQFHU� PHWDVWDWLF� FRORQL]DWLRQ� KDV� EHHQ�

DVVRFLDWHG� ZLWK� SULPDU\� WXPRU� SDWKRORJLFDO� FKDUDFWHULVWLFV� VXFK� DV� HVWURJHQ� UHFHSWRU� �(5��

H[SUHVVLRQ� DQG� WXPRU� PROHFXODU� VXEW\SHV� ����� ����� +RZHYHU�� D� PDUNHG� UHGXQGDQF\� RI�
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PHWDVWDWLF�VLWH�VHOHFWLYLW\�SUHYDLOV�EHWZHHQ�WKHVH�PROHFXODUO\�KHWHURJHQHRXV�JURXSV��OLPLWLQJ�

WKHLU�DFFXUDF\�DV�VLWH�VSHFLILF�SUHGLFWLYH�PDUNHUV���

&RQYHQWLRQDOO\�� DW� WLPH� RI� SULPDU\� EUHDVW� FDQFHU� GLDJQRVLV�� WKH� SURJQRVLV� IRU� D� IDYRUDEOH�

RXWFRPH� DQG� GHFLVLRQ� IRU� WKH� H[HPSWLRQ� IURP� FKHPRWKHUDS\� LV� EDVHG� RQ� D� FRPELQDWLRQ� RI�

IDFWRUV� LQFOXGLQJ�(5�SRVLWLYLW\��QHJDWLYH�QRGDO�VWDWXV��VPDOO� WXPRU�VL]H�DQG�ORZ�KLVWRORJLFDO�

JUDGH� ����� 7XPRUV� GLVSOD\LQJ� WKHVH� IDYRUDEOH� SURJQRVWLF� IDFWRUV� DUH� VLJQLILFDQWO\� HQULFKHG�

ZLWKLQ�WKH�OXPLQDO�$�LQWULQVLF�VXEW\SH��+RZHYHU��LQWULQVLF�RU�DFTXLUHG�UHVLVWDQFH�WR�KRUPRQDO�

WKHUDS\�DQG�GLVHDVH�UHFXUUHQFH�WR�GLVWDQW�VLWHV��LQFOXGLQJ�WKH�OLYHU��PD\�HYHQWXDOO\�RFFXU�LQ�D�

FOLQLFDOO\� UHOHYDQW�QXPEHU�RI�SDWLHQWV�ZLWK� OXPLQDO�$� WXPRUV��XQGHUOLQLQJ� WKH�KHWHURJHQHLW\�

HYHQ�ZLWKLQ�WKLV�IDYRUDEOH�VXEW\SH��0HWDVWDVHV�UHPDLQ�WKH�PDLQ�FDXVH�RI�EUHDVW�FDQFHU�UHODWHG�

PRUWDOLW\�� ,W� LV� WKHUHIRUH� QHFHVVDU\� WR� LGHQWLI\� EHWWHU� SURJQRVWLF� ELRPDUNHUV�� DQG� LI� SRVVLEOH�

VXEW\SH�VSHFLILF�SURJQRVWLF�ELRPDUNHUV�WR�LPSURYH�LQGLYLGXDOL]DWLRQ�RI�WKHUDS\���

$�IHZ�VWXGLHV�KDYH� VKRZQ� WKDW�SULPDU\� WXPRUV�DQG� WKHLU�PHWDVWDVHV�JHQHUDOO\� VKDUH� VLPLODU�

FRS\�QXPEHU�DEHUUDWLRQV����������DQG�JHQH�H[SUHVVLRQ�SURILOHV�����������EXW�WKHVH�VWXGLHV�ZHUH�

XQGHU�SRZHUHG�E\�WKH�VFDUFLW\�RI�PHWDVWDWLF�ELRSVLHV��OLPLWLQJ�WKH�LGHQWLILFDWLRQ�RI�GLIIHUHQFHV�

EHWZHHQ� WKHVH�PDWFKHG� WXPRU�SDLUV��%\�XWLOL]LQJ� H[SHULPHQWDO�PRXVH�PRGHOV� DQG� D� OLPLWHG�

VHULHV� RI� FOLQLFDO�PHWDVWDWLF� ELRSVLHV�� JHQHV� DVVRFLDWHG�ZLWK� WKH� SURSHQVLW\� RI� EUHDVW� FDQFHU�

UHODSVH�WR�WKH�ERQH�������OXQJ�����������DQG�EUDLQ������KDYH�EHHQ�SXEOLVKHG��)XUWKHUPRUH�ZH�

���� DQG� RWKHUV� ����� ���� KDYH� VKRZQ� DQ� DVVRFLDWLRQ� EHWZHHQ� FODXGLQ��� H[SUHVVLRQ� DQG� OLYHU�

UHFXUUHQFH��+RZHYHU��EHFDXVH�H[SHULPHQWDO�PRXVH�PRGHOV�LQFRPSOHWHO\�FDSWXUH�WKH�UHOHYDQW�

JHQHWLF�FRPSOH[LW\�RI�WXPRU�SURJUHVVLRQ�ZLWKLQ�WKH�KXPDQ�KRVW��VWXGLHV�XVLQJ�SDWLHQW�GHULYHG�

ELRSVLHV� IURP�PHWDVWDVHV�PD\� UHYHDO� DGGLWLRQDO� FOLQLFDOO\� UHOHYDQW� VLWH�VSHFLILF� DWWULEXWHV� WR�

FRPSOHPHQW�DQG�RU�YDOLGDWH�WKHVH�SUHOLPLQDU\�UHSRUWV���
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7KH� DLP�RI� WKLV� VWXG\�ZDV� WR� SURYLGH� DQ� LQGHSHQGHQW� FKDUDFWHUL]DWLRQ�RI� WKH� WUDQVFULSWLRQDO�

ODQGVFDSH�RI�EUHDVW� FDQFHU�PHWDVWDVHV�ZLWK� WKH� VSHFLILF�REMHFWLYH� WR� LGHQWLI\�JHQHV�VHOHFWLYH�

IRU� EUHDVW� FDQFHU� OLYHU� PHWDVWDVHV� ZLWK� SURJQRVWLF� SRWHQWLDO� DW� WLPH� RI� SULPDU\� WXPRU�

GLDJQRVLV���

0DWHULDOV�DQG�0HWKRGV�

3DWLHQWV�DQG�WXPRUV�

7KH� VWXG\� FRKRUW� FRQVLVWHG�RI� ����ZRPHQ�GLDJQRVHG�ZLWK� ORFDOO\� DGYDQFHG� �LQRSHUDEOH�� RU�

0%&��HQUROOHG� LQ�D� UDQGRPL]HG�SKDVH� ,,,� WULDO� �7(;��FRQGXFWHG�EHWZHHQ������DQG������ LQ�

6ZHGHQ�� $V� ILUVW� OLQH� WUHDWPHQW� IRU� PHWDVWDWLF� GLVHDVH�� SDWLHQWV� UHFHLYHG� D� FRPELQDWLRQ� RI�

HSLUXELFLQ� DQG� SDFOLWD[HO� DORQH� �(7�� RU� ZLWK� WKH� DGGLWLRQ� RI� FDSHFLWDELQH� �7(;��� 3DWLHQWV�

SUHVHQWLQJ�ZLWK�EUDLQ�PHWDVWDVHV��DSSURYHG�IRU�ILUVW�OLQH�+(5��WDUJHWHG�WKHUDS\��RU�GLDJQRVHG�

ZLWK� RWKHU� PDOLJQDQFLHV� ZLWKLQ� ILYH� \HDUV� RI� WKH� WULDO� FRPPHQFHPHQW� ZHUH� H[HPSWHG��

&RPSOHWH�FOLQLFDO�DQG�SDWKRORJLFDO�GDWD�ZHUH�UHFRUGHG�LQ�D�FHQWUDO�FOLQLFDO�WULDO�GDWDEDVH��7KH�

PHGLDQ� IROORZ�XS� IRU� SRVW�UHFXUUHQFH� VXUYLYDO� ZDV� ��� PRQWKV� �UDQJH� ������ PRQWKV�� IRU�

SDWLHQWV� DOLYH� DW� ODVW� XSGDWH� �-XO\� ������� 'HWDLOHG� LQIRUPDWLRQ� UHJDUGLQJ� WKH� GHVLJQ� DQG�

RXWFRPH� RI� WKH� WULDO� KDV� EHHQ� SXEOLVKHG� ������ )LQH�QHHGOH� DVSLUDWHV� �)1$�� RI� DW� OHDVW� RQH�

PHWDVWDWLF� OHVLRQ�ZHUH� FROOHFWHG� EHIRUH� FRPPHQFHPHQW� RI� WUHDWPHQW�ZKHQHYHU� SRVVLEOH�� ,Q�

DGGLWLRQ��DUFKLYDO�IRUPDOLQ�IL[HG�SDUDIILQ�HPEHGGHG�SULPDU\�WXPRU�EORFNV�ZHUH�FROOHFWHG�IRU�

WLVVXH� PLFURDUUD\� �70$�� FRQVWUXFWLRQ� DQG� FHQWUDO� UH�DVVHVVPHQW� RI� ELRPDUNHUV� E\�

LPPXQRKLVWRFKHPLVWU\� DQG� in situ� K\EULGL]DWLRQ� WHFKQLTXHV� ZKHUH� DSSOLFDEOH�� 7DEOH� �� DQG�

6XSSOHPHQWDU\�7DEOH���VKRZ�WKH�GLVWULEXWLRQ�RI�FOLQLFR�SDWKRORJLFDO�IDFWRUV�LQ�WKH�FRKRUW��

(WKLFV�6WDWHPHQW�
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7KLV�VXE�VWXG\�ZDV�DSSURYHG�E\�DOO�WKH�UHJLRQDO�HWKLFV�FRPPLWWHHV�DW�WKH�SDUWLFLSDWLQJ�

KRVSLWDOV�>.DUROLQVND�,QVWLWXWHW�6WRFNKROP��.,��������	����������6DKOJUHQVND�8QLYHUVLW\�

+RVSLWDO�*RWKHQEXUJ��0�������	�0���������/LQN|SLQJ�8QLYHUVLW\�+RVSLWDO���������	����

������gUHEUR�8QLYHUVLW\�+RVSLWDO���������	����������8PHn�8QLYHUVLW\�+RVSLWDO��8P��������

	�8P��������DQG�/XQG�8QLYHUVLW\�+RVSLWDO��/8��������	�/8��������@��$OO�SDWLHQWV�

SURYLGHG�ZULWWHQ�LQIRUPHG�FRQVHQW�WR�SDUWLFLSDWH�LQ�WKH�FOLQLFDO�WULDO�DQG�WUDQVODWLRQDO�VWXGLHV��

7KLV�VWXG\�DGKHUHV�WR�WKH�5(0$5.�JXLGHOLQHV�IRU�UHSRUWLQJ�SURJQRVWLF�ELRPDUNHU�VWXGLHV 

������

51$�H[WUDFWLRQ�DQG�JHQH�H[SUHVVLRQ�PLFURDUUD\V�

7XPRU� FHOOXODULW\� RI� )1$V�ZDV� DVVHVVHG� E\� D� F\WRORJLVW� �/6�� RQ�*LHPVD� VWDLQHG�� HWKDQRO�

IL[HG�� F\WRVSLQ� SUHSDUDWLRQV� DQG� WRWDO� 51$�ZDV� H[WUDFWHG� IURP� VDPSOHV�ZLWK� KLJK� �!�����

WXPRU� FHOO� FRQWHQW� XVLQJ� 4LDJHQ� 51$� 0LQL� NLW� �4LDJHQ�� 9DOHQFLD�� &$�� IROORZLQJ� WKH�

PDQXIDFWXUHU¶V� UHFRPPHQGDWLRQV�� 51$� TXDQWLW\� DQG� LQWHJULW\� ZHUH� DQDO\]HG� RQ� WKH�

1DQR'URS� VSHFWURSKRWRPHWHU� �1DQR'URS� 7HFKQRORJLHV�� :LOPLQJWRQ�� '(�� DQG� WKH� $JLOHQW�

����� %LRDQDO\]HU� �$JLOHQW�� 6DQWD� &ODUD�� &$�� UHVSHFWLYHO\�� DQG� F'1$� ZDV� JHQHUDWHG� DQG�

ELRWLQ�ODEHOOHG�XVLQJ�WKH�1X*HQ���QJ�DPSOLILFDWLRQ�SURWRFRO��&RYDQFH�*HQRPLFV�/DERUDWRU\��

3ULQFHWRQ��1-���/DEHOOHG�F'1$�ZDV�K\EULGL]HG�RQWR�FXVWRP�PDGH�ZKROH�JHQRPH�$II\PHWUL[�

+X567$��D�������JHQH�FKLSV�IROORZLQJ�WKH�*HQH&KLS�+\EULGL]DWLRQ��:DVK��DQG�6WDLQ�.LW�

SURWRFRO� �$II\PHWUL[�� 6DQWD� &ODUD�� &$��� 'DWD� SUH�SURFHVVLQJ� DQG� QRUPDOL]DWLRQ� ZHUH�

SHUIRUPHG� XVLQJ� WKH� UREXVW� PXOWLFKLS� DYHUDJH� �50$�� DOJRULWKP�� $IWHU� QRUPDOL]DWLRQ�� D�

SUHVHQFH�ILOWHU�ZDV�DSSOLHG�WR�VHOHFW�RQO\�IHDWXUHV�SUHVHQW�LQ������RI�DVVD\V��DQG�IHDWXUHV�ZLWK�

ORZ�LQWHQVLWLHV��EHORZ�WKH�PHGLDQ�LQWHQVLW\�IRU�<�FKURPRVRPH�JHQH�SUREHV��ZHUH�ILOWHUHG�RXW��

7KH� GDWD� ZHUH� ORJ�� WUDQVIRUPHG� DQG� RQO\� WUDQVFULSWV� VKRZLQJ� KLJK� YDULDQFH� DFURVV� DVVD\V�

ZHUH� VHOHFWHG� �YDULDQFH� ILOWHU� VG±���� OHDYLQJ�D� ILQDO�GDWDVHW�ZLWK������� IHDWXUHV� UHSUHVHQWLQJ�

������XQLTXH�JHQH�YDULDQWV�IRU�IXUWKHU�DQDO\VHV��$OO�SURFHVVHV�ZHUH�SHUIRUPHG�XVLQJ�SDFNDJHV�
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LQ�5������DQG�WKH�70��PLFURDUUD\�VRIWZDUH�VXLWH�������7KH�ILQDO�GDWDVHW�LQFOXGHG����VDPSOHV�

IURP� ��� SDWLHQWV� >OLYHU� �Q ����� ERQH� �Q ���� OXQJ� �Q ���� O\PSK� QRGH� �Q ����� ORFDO� >EUHDVW�

�Q ����DQG�VNLQ��Q �����DQG�DVFLWHV��Q ��@��7KH�GLVWULEXWLRQ�RI�EDVHOLQH�FOLQLFR�SDWKRORJLFDO�

IHDWXUHV� LQ� WKH� RULJLQDO� VWXG\� FRKRUW� �Q ����� DQG� WKH� VXESRSXODWLRQ� LQFOXGHG� LQ� WKH�

WUDQVFULSWLRQDO� SURILOLQJ� VWXG\� �Q ���� LV� SUHVHQWHG� LQ� 6XSSOHPHQWDU\� 7DEOH� ��� 5DZ� DQG�

SURFHVVHG�GDWD�KDYH�EHHQ�GHSRVLWHG�LQ�WKH�*HQH�([SUHVVLRQ�2PQLEXV��*6(��������

0XOWL�YDULDEOH�GDWD�DQDO\VHV�

8QVXSHUYLVHG�DQDO\VHV�

3ULQFLSDO�FRPSRQHQW�DQDO\VLV��3&$��ZDV�SHUIRUPHG�XVLQJ�6,0&$�3�YHUVLRQ��������VRIWZDUH�

SDFNDJH��8PHWULFV�$%��8PHn��6ZHGHQ���7KH�GDWDVHW�ZDV�PHDQ�FHQWHUHG�DFURVV�URZV��JHQHV���

XQLW�YDULDQFH�VFDOHG�DQG�PRGHO�FRPSOH[LW\�ZDV�HVWLPDWHG�E\�OHDYH�RQH�RXW�FURVV�YDOLGDWLRQ��

8QVXSHUYLVHG� KLHUDUFKLFDO� FOXVWHULQJ� �+&/�� ZDV� SHUIRUPHG� XVLQJ� WKH� 3HDUVRQ� FRUUHODWLRQ�

GLVWDQFH�PHWULF�DQG�DYHUDJH�OLQNDJH��

6XSHUYLVHG�DQDO\VHV�

7KH�LQWULQVLF�PROHFXODU�VXEW\SHV�RI�WKH�PHWDVWDVHV�ZHUH�GHWHUPLQHG�XVLQJ�WKH�UHVHDUFK�EDVHG�

3$0��� DOJRULWKP� DV� SUHYLRXVO\� GHVFULEHG� ������ $� WZR�FODVV� VLJQLILFDQFH� DQDO\VLV� RI�

PLFURDUUD\� �6$0�� ������ DQDO\VLV� ZDV� SHUIRUPHG� WR� LGHQWLI\� VLJQLILFDQW� GLIIHUHQWLDOO\�

H[SUHVVHG� JHQHV� LQ� OLYHU� PHWDVWDVHV� FRPSDUHG� WR� PHWDVWDVHV� IURP� RWKHU� VLWHV�� 7KH� OLYHU�

VHOHFWLYLW\� RI� WKH� LGHQWLILHG� JHQHV� ZDV� YHULILHG� LQ� DQ� H[WHUQDO� GDWDVHW� RI� ��� EUHDVW� FDQFHU�

PHWDVWDVHV� �*6(������� ������� � 7KH� ELRORJLFDO� SURFHVVHV� DQG� SDWKZD\V� HQULFKHG� DPRQJ� WKH�

OLYHU�PHWDVWDVHV�VHOHFWLYH�JHQHV�ZHUH�XQFRYHUHG�E\�JHQH�RQWRORJ\�DQDO\VLV�XVLQJ�WKH�'$9,'�

����� ���� GDWDEDVH�� )XUWKHUPRUH�� WKH� DFWLYLW\� RI� HLJKW� JHQH� H[SUHVVLRQ�EDVHG� PRGXOHV�

UHSUHVHQWLQJ� UHOHYDQW� EUHDVW� FDQFHU�VSHFLILF� ELRORJLFDO� SURFHVVHV� �VWURPD�� OLSLG�� LPPXQH�
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UHVSRQVH��PLWRWLF�SURJUHVVLRQ��PLWRWLF�FKHFNSRLQW��EDVDO��HDUO\�UHVSRQVH�DQG�VWHURLG�UHVSRQVH��

�����ZDV�DVVHVVHG�LQ�WKH�PHWDVWDVHV���

,Q�D�ILQDO�VWHS��FDQGLGDWH�OLYHU�PHWDVWDVLV�VHOHFWLYH�JHQHV�ZKLFK�PD\�VHUYH�DV�ELRPDUNHUV�IRU�

SUHGLFWLQJ�WKH�OLYHU�PHWDVWDWLF�SRWHQWLDO�RI�D�SULPDU\�WXPRU�ZHUH�LGHQWLILHG�XVLQJ�DQ�H[WHUQDO�

GDWDVHW� RI� ���� SULPDU\� EUHDVW� WXPRUV� �*6(������� ����� DQG� DVVRFLDWLRQV� EHWZHHQ� WKHVH�

FDQGLGDWH� JHQHV� DQG� RXWFRPH� LQ� HDUO\� EUHDVW� FDQFHU�ZHUH� LQGHSHQGHQWO\� WHVWHG� XVLQJ�*HQH�

H[SUHVVLRQ�EDVHG� 2XWFRPH� IRU� %UHDVW� FDQFHU� 2QOLQH� �*2%2�� ������� DQ� RQOLQH� WRRO� IRU�

YDOLGDWLRQ�RI� WKH�SURJQRVWLF�YDOXH�RI� VLQJOH�JHQHV�RU� VHWV� RI�JHQHV� LQ�SULPDU\�EUHDVW� FDQFHU�

�Q ��������

6XUYLYDO�DQDO\VHV�

.DSODQ�0HLHU�SORWV�ZHUH�JHQHUDWHG� DQG� WKH� ORJ�UDQN� WHVW�ZDV�XVHG� WR� FKHFN� IRU� VWDWLVWLFDOO\�

VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WDUJHW�JURXSV��&R[�SURSRUWLRQDO�KD]DUGV�PRGHOV�ZHUH�XVHG�WR�

HYDOXDWH� WKH� LQGHSHQGHQW� SURJQRVWLF� VLJQLILFDQFH� RI� ELRPDUNHUV�� DGMXVWLQJ� IRU� FRQYHQWLRQDO�

SURJQRVWLF� IDFWRUV��P�YDOXHV� FRUUHVSRQG� WR� WZR�VLGHG� VWDWLVWLFDO� WHVWV� DQG�YDOXHV�������ZHUH�

FRQVLGHUHG�VLJQLILFDQW��

5HVXOWV�

$VVRFLDWLRQV�EHWZHHQ�SULPDU\�WXPRU�FOLQLFR�SDWKRORJLFDO�IDFWRUV�DQG�WKH�ILUVW�VLWH�V��RI�

UHFXUUHQFH�

%HFDXVH�PDQ\�SDWLHQWV�ZLWK�PHWDVWDWLF�EUHDVW�FDQFHU�SUHVHQW�ZLWK�UHODSVHV�LQ�PRUH� WKDQ�RQH�

DQDWRPLFDO�VLWH�DW�WLPH�RI�ILUVW�PHWDVWDVLV�GLDJQRVLV��ZH�FODVVLILHG�SDWLHQWV�LQWR�IRXU�PHWDVWDWLF�

FDWHJRULHV� UHIOHFWLQJ� WKH� PRVW� DGYDQFHG� VLWH� DIIHFWHG� DW� ILUVW� FOLQLFDO� SUHVHQWDWLRQ�� 7KHVH�

FDWHJRULHV�ZHUH��ORFR�UHJLRQDO��ORFDOO\�DGYDQFHG�RU�UHJLRQDO�PHWDVWDVHV�LQ�WKH�O\PSK�QRGHV�RU�

VNLQ��� ERQH� �VNHOHWDO� PHWDVWDVHV� ZLWK� RU� ZLWKRXW� ORFR�UHJLRQDO� GLVHDVH��� OXQJ� �OXQJ�

SDUHQFK\PDO�SOXUDO� PHWDVWDVHV� ZLWK� RU� ZLWKRXW� ERQH� DQG� ORFR�UHJLRQDO� GLVHDVH��� DQG� OLYHU�
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�KHSDWLF� PHWDVWDVHV� ZLWK� RU� ZLWKRXW� OXQJ�� ERQH� RU� ORFR�UHJLRQDO� PHWDVWDVHV��� $VVRFLDWLRQV�

EHWZHHQ� SULPDU\� WXPRU� FOLQLFR�SDWKRORJLFDO� IDFWRUV� DQG� WKH� ILUVW� VLWH�V�� RI� UHFXUUHQFH� DUH�

VKRZQ�LQ�7DEOH�����(5�SRVLWLYLW\�ZDV�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�ERQH�DQG�OLYHU�UHFXUUHQFHV��

ZKLOH� QHJDWLYH� (5� VWDWXV� FRUUHODWHG� ZLWK� ORFR�UHJLRQDO� DQG� OXQJ� UHODSVHV� �)LVKHU¶V� H[DFW�

P �������� /LYHU� UHFXUUHQFH� ZDV� DOVR� FRPPRQ� DPRQJ� SDWLHQWV� ZLWK� +(5�� SRVLWLYH� WXPRUV�

�������� EXW� WKLV� DVVRFLDWLRQ� ZDV� QRW� VWDWLVWLFDOO\� VLJQLILFDQW� �SUREDEO\� GXH� WR� WKH� OLPLWHG�

QXPEHU�RI�+(5��SRVLWLYH�WXPRUV�LQ�WKH�VWXG\���/RFR�UHJLRQDO�DQG�ERQH�PHWDVWDVHV�ZHUH�RIWHQ�

GHWHFWHG�DV�ROLJR�PHWDVWDVHV��ZKLOH�OLYHU�DQG�OXQJ�PHWDVWDVHV�ZHUH�RIWHQ�GLDJQRVHG�LQ�SDUDOOHO�

ZLWK�GHSRVLWV�DW�RWKHU�VLWHV��P���������)XUWKHUPRUH�� ORZ�KLVWRORJLFDO�JUDGH��JUDGHV���DQG����

ZDV� DVVRFLDWHG�ZLWK� ERQH� DQG� OLYHU� UHFXUUHQFHV��ZKLOH� KLJK�JUDGH� �JUDGH���� FRUUHODWHG�ZLWK�

ORFR�UHJLRQDO� DQG� OXQJ� UHODSVHV� �P ������� +RZHYHU�� QR� VLJQLILFDQW� DVVRFLDWLRQ� EHWZHHQ�

KLVWRORJLFDO�JUDGH�DQG�PHWDVWDWLF�VLWH�ZDV�REVHUYHG�ZKHQ�(5�SRVLWLYH�WXPRUV�ZHUH�DQDO\]HG�

VHSDUDWHO\��P �������:KHQ�WKH�VXUURJDWH��,+&�EDVHG��PROHFXODU�VXEW\SH�RI�WKH�SULPDU\�WXPRU�

ZDV�FRQVLGHUHG��ERQH�DQG�KHSDWLF�UHFXUUHQFHV�ZHUH�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�OXPLQDO�OLNH�

�$�DQG�%��WXPRUV��ZKLOH�UHODSVHV�WR�WKH�OXQJ�DQG�ORFR�UHJLRQDO�VLWHV�ZHUH�DVVRFLDWHG�ZLWK�WKH�

WULSOH�QHJDWLYH� VXEW\SH� �P ������� 6XE�DQDO\VHV� ZLWKLQ� (5� SRVLWLYH� WXPRUV� UHYHDOHG� D�

ERUGHUOLQH�DVVRFLDWLRQ�RI�ERQH�PHWDVWDVHV�ZLWK� WKH� OXPLQDO�$�OLNH�DQG� OLYHU�PHWDVWDVHV�ZLWK�

WKH� OXPLQDO� %�OLNH� VXEW\SHV�� UHVSHFWLYHO\� �P ������� 2YHUDOO�� WKHVH� UHVXOWV� FRQILUP� WKDW�

FRQYHQWLRQDO� WXPRU� SDWKRORJLFDO� ELRPDUNHUV� SURYLGH� LPSRUWDQW� LQVLJKWV� LQWR� D� SULPDU\�

WXPRU¶V�PHWDVWDWLF�SURSHQVLW\��ZLWK� OLYHU� UHODSVH�FRPPRQO\�DVVRFLDWHG�ZLWK�SRRU�SURJQRVWLF�

SDWKRORJLFDO� IHDWXUHV�� 1HYHUWKHOHVV�� LQ� WKLV� FRKRUW�� D� UHPDUNDEO\� KLJK� SUHYDOHQFH� RI� OLYHU�

PHWDVWDVHV� ZDV� QRWHG� DPRQJ� SDWLHQWV� ZKR� SUHVHQWHG� ZLWK� SULPDU\� WXPRUV� ZLWK� IDYRUDEOH�

SURJQRVWLF� IHDWXUHV�� ���� RI� OXPLQDO� $� DQG� ���� RI� KLVWRORJLFDO� JUDGH� �� DQG� �� WXPRUV�

SURJUHVVHG�WR�WKH�OLYHU��
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/LYHU�RQO\�UHODSVH�LV�DVVRFLDWHG�ZLWK�D�UHODWLYHO\�EHWWHU�RXWFRPH��

:H�UHFHQWO\�UHSRUWHG�WKDW�OLYHU�UHODSVH�ZDV�DVVRFLDWHG�ZLWK�LQIHULRU�VXUYLYDO�DIWHU�UHFXUUHQFH�

LQ� WKH�SUHVHQW� VWXG\�FRKRUW� �����+RZHYHU�� VRPH�VWXGLHV�VXJJHVW� WKDW�SDWLHQWV�ZLWK� OLYHU�RQO\�

PHWDVWDWLF� GLVHDVH� PD\� H[SHULHQFH� ORQJHU� VXUYLYDO� FRPSDUHG� WR� SDWLHQWV� KDUERULQJ� OLYHU�

PHWDVWDVHV�LQ�SDUDOOHO�ZLWK�PHWDVWDVHV�LQ�RWKHU�RUJDQV���������:H�IRXQG�D�VLPLODU�WUHQG�LQ�WKLV�

FRKRUW�>)LJXUH����ORJ�UDQN�P ������0XOWLYDULDEOH�&R[�PRGHO�P�������DGMXVWLQJ�IRU�DJH��!���

\HDUV� RU� ���� \HDUV��� PHWDVWDVLV�IUHH� LQWHUYDO� ���� \HDUV� RU� !�� \HDUV��� QRGDO� VWDWXV�� DGMXYDQW�

HQGRFULQH� WKHUDS\�� DQG� DGMXYDQW� FKHPRWKHUDS\@�� HPSKDVL]LQJ� WKH� VLJQLILFDQFH� RI� WXPRU�

EXUGHQ�LQ�DGGLWLRQ�WR�PHWDVWDWLF�VLWH�IRU�SRVW�UHODSVH�VXUYLYDO��

�

,GHQWLILFDWLRQ�RI�VKDUHG�DQG�GLVWLQFW�WUDQVFULSWLRQDO�SRUWUDLWV�RI�VLWH�VSHFLILF�PHWDVWDVHV��

7KH� WUDQVFULSWLRQDO� ODQGVFDSH� RI� EUHDVW� FDQFHU�PHWDVWDVHV� KDV� JHQHUDOO\� EHHQ� LQIHUUHG� IURP�

SULPDU\� WXPRUV�GXH� WR� VFDUFLW\�RI� FOLQLFDO�ELRSVLHV� IURP�PHWDVWDVHV� WR�SHUIRUP� LQGHSHQGHQW�

VWXGLHV�� 3&$� DQDO\VHV� UHYHDOHG� WKDW� WKH� ILUVW� WKUHH� SULQFLSDO� FRPSRQHQWV� SDUWLWLRQHG� EUHDVW�

FDQFHU� PHWDVWDVHV� LQWR� JURXSV� ZKLFK� ZHUH� VWURQJO\� DVVRFLDWHG� ZLWK� SULPDU\� WXPRU� (5�

H[SUHVVLRQ� �)LJXUH� �$�� DQG� WKH� LQWULQVLF�PROHFXODU� VXEW\SHV� RI� WKH�PHWDVWDVHV� �)LJXUH� �%���

5HPDUNDEO\��OLYHU�PHWDVWDVHV�ZHUH�WKH�RQO\�FODVV�WKDW�ZDV�WLJKWO\�FOXVWHUHG�LQ�WKH�3&$�VFRUH�

SORW��)LJXUH��&���LQGLFDWLQJ�D�WUDQVFULSWLRQDO�GLVWLQFWLRQ�UHODWLYH�WR�RWKHU�PHWDVWDVHV��$�VLPLODU�

WLJKW� FOXVWHULQJ� SDWWHUQ� IRU� OLYHU� PHWDVWDVHV� ZDV� REVHUYHG� E\� XQVXSHUYLVHG� KLHUDUFKLFDO�

FOXVWHULQJ�RI�WKH�VDPSOHV�XVLQJ�WKH�WRS�������PRVW�YDULDEOH�SUREHV��)LJXUH��'���2I�QRWH��DOO�

ELRORJLFDO� UHSOLFDWHV� �LQGHSHQGHQW� PHWDVWDWLF� ELRSVLHV� IURP� WKH� VDPH� SDWLHQW�� FOXVWHUHG�

WRJHWKHU� SDLU�ZLVH� DQG� DGMDFHQW� WR� HDFK� RWKHU� LQ� WKH� VDPSOH� GHQGURJUDP�� FRQILUPLQJ� WKDW�

WUDQVFULSWLRQDO� SURILOHV� RI� LQWUD�LQGLYLGXDO� WXPRUV� DUH� PRUH� VLPLODU� WKDQ� LQWHU�LQGLYLGXDO�

SURILOHV��
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7R�SURYLGH�PRUH�LQVLJKW�LQWR�WKH�ELRORJ\�RI�VLWH�VSHFLILF�PHWDVWDVHV��WKH�DFWLYLW\�RI�HLJKW�JHQH�

PRGXOHV� UHSUHVHQWLQJ� NH\� ELRORJLFDO� DVSHFWV� DVVRFLDWHG� ZLWK� EUHDVW� FDQFHU� ����� ZHUH�

FRPSDUHG�EHWZHHQ�WKH�VSHFLILF�PHWDVWDWLF�VLWHV��)RXU�PRGXOHV�ZHUH�IRXQG�WR�EH�VLJQLILFDQWO\�

GLIIHUHQWLDOO\� H[SUHVVHG� EHWZHHQ� WKH� PHWDVWDWLF� VLWHV� �)LJXUH� �$�'��� /LYHU� PHWDVWDVHV�

GLVSOD\HG� D� VLJQLILFDQWO\� ORZHU� H[SUHVVLRQ� RI� WKH� µVWURPD¶� �UHODWLYH� WR� WKH� VNLQ� DQG� O\PSK�

QRGHV�� DGMXVWHG�P ����� DQG�P ������� UHVSHFWLYHO\��� µEDVDO¶� �UHODWLYH� WR� VNLQ��P ������� DQG�

µHDUO\�UHVSRQVH¶��UHODWLYH�WR�ERQH��P �������PRGXOHV��DQG�D�KLJKHU�H[SUHVVLRQ�RI�WKH�µVWHURLG�

UHVSRQVH¶� PRGXOH� UHODWLYH� WR� PHWDVWDVHV� LQ� WKH� VNLQ� �P �������� &RQVLGHULQJ� WKDW� WKH�

WUDQVFULSWLRQDO�SURILOHV�RI�LQGHSHQGHQW�WXPRUV�IURP�WKH�VDPH�LQGLYLGXDO�DUH�KLJKO\�VLPLODU��WKH�

DFWLYLWLHV� RI� WKH� HLJKW� JHQH� PRGXOHV� ZHUH� QH[W� FRPSDUHG� EHWZHHQ� VDPSOHV� FODVVLILHG�

DFFRUGLQJ� WR� WKH� IRXU� PHWDVWDWLF� FDWHJRULHV� DV� SUHYLRXVO\� GHILQHG� LQ� 7DEOH� �� 6LPLODUO\��

GLIIHUHQWLDO� H[SUHVVLRQ� RI� WKH� VDPH� IRXU� PRGXOHV� ZDV� REVHUYHG� �)LJXUH� �(�+��� /RZ�

H[SUHVVLRQ� RI� WKH� µVWURPD¶� PRGXOH� ZDV� REVHUYHG� LQ� WKH� OLYHU� FDWHJRU\� UHODWLYH� WR� ERQH�

�DGMXVWHG�P ��������,Q�DGGLWLRQ��WKH�µEDVDO¶�PRGXOH�ZDV�HOHYDWHG�LQ�WKH�OXQJ�FDWHJRU\�UHODWLYH�

WR� WKH� OLYHU� �P ��������ZKLOH� µVWHURLG� UHVSRQVH¶�ZDV�KLJKHU� LQ� WKH� OLYHU� DQG�ERQH�FDWHJRULHV�

UHODWLYH� WR� WKH� OXQJ� FDWHJRU\� �P ������ DQG� P ������� UHVSHFWLYHO\��� 7KHVH� UHVXOWV� IXUWKHU�

FRQILUP�WKH�DVVRFLDWLRQ�EHWZHHQ�WKH�PHWDVWDWLF�VLWH�DQG�(5�H[SUHVVLRQ�RU�PROHFXODU�VXEW\SH�

VLQFH� WKH� µEDVDO¶�DQG� µVWHURLG� UHVSRQVH¶�PRGXOHV�ZHUH�VKRZQ� WR�EH�VWURQJO\�DVVRFLDWHG�ZLWK�

WKH�EDVDO�OLNH��(5���DQG�OXPLQDO�VXEW\SHV��(5����UHVSHFWLYHO\������� 

,GHQWLILFDWLRQ�RI�OLYHU�PHWDVWDVLV�VHOHFWLYH�JHQHV�

7R� IXUWKHU� GLVVHFW� WKH� WUDQVFULSWLRQDO� GLVWLQFWLYHQHVV� RI� OLYHU� PHWDVWDVHV�� D� WZR�FODVV� 6$0�

DQDO\VLV�ZDV�SHUIRUPHG�FRPSDULQJ�OLYHU�vs.�RWKHU�PHWDVWDVHV��7KLV�DQDO\VLV�ZDV�UHVWULFWHG�WR�

(5�SRVLWLYH�SULPDU\�WXPRUV��VLQFH�WKH�OLYHU�PHWDVWDVHV�ZHUH�PDLQO\�RI�WKLV�SKHQRW\SH���������

ZLWK���PLVVLQJ�(5�VWDWXV��)LJXUH�����:H�IRXQG�����JHQHV�WR�EH�GLIIHUHQWLDOO\�H[SUHVVHG������

XS�UHJXODWHG�DQG����GRZQ�UHJXODWHG��)'5 �����6XSSOHPHQWDU\�7DEOH�����KHQFHIRUWK�UHIHUUHG�
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WR�DV�µEUHDVW�FDQFHU�OLYHU�PHWDVWDVLV�VHOHFWLYH�JHQHV¶��+&/�RI�DQ�LQGHSHQGHQW�VHW�RI����EUHDVW�

FDQFHU�PHWDVWDVHV��*6(������������XVLQJ�RQO\�WKHVH�����JHQHV�UHYHDOHG�D�VLPLODU�H[SUHVVLRQ�

SDWWHUQ�LQ�OLYHU�PHWDVWDVHV��6XSSOHPHQWDU\�)LJXUH�����WKXV�FRQILUPLQJ�WKHLU�OLYHU�VHOHFWLYLW\���

*HQH� VHW� HQULFKPHQW� DQDO\VLV� ����� ���� VKRZHG� VLJQLILFDQW� XS�UHJXODWLRQ� RI� ELRORJLFDO�

SURFHVVHV� LQFOXGLQJ� HQGRSHSWLGDVH� LQKLELWRU� DFWLYLW\�� FRPSOHPHQW� DFWLYDWLRQ�� EORRG�

FRDJXODWLRQ�� LPPXQH� UHVSRQVH� DQG� VWHURLG� PHWDEROLVP� LQ� OLYHU� PHWDVWDVHV� �6XSSOHPHQWDU\�

7DEOH� ���� &RQYHUVHO\�� SURFHVVHV� DVVRFLDWHG� ZLWK� H[WUDFHOOXODU� PDWUL[�� ELRORJLFDO� DGKHVLRQ��

VNHOHWDO�V\VWHP�GHYHORSPHQW��DQG�EORRG�YHVVHO�GHYHORSPHQW�ZHUH�HQULFKHG�DPRQJ�WKH�GRZQ�

UHJXODWHG�JHQHV� LQ� OLYHU�PHWDVWDVHV� �6XSSOHPHQWDU\�7DEOH�����7R�DVFHUWDLQ� WKDW� WKH�HQULFKHG�

XS�UHJXODWHG�ELRORJLFDO�SURFHVVHV��ZKLFK�DUH�DOVR�FRPPRQ�ELRORJLFDO�SURFHVVHV�RFFXUULQJ� LQ�

QRUPDO�OLYHU��ZDV�QRW�D�UHIOHFWLRQ�RI�QRUPDO�WLVVXH�FRQWDPLQDWLRQ��ZH�SHUIRUPHG�XQVXSHUYLVHG�

+&/�RI�DOO�VDPSOHV�LQ�WKH�WHVW�FRKRUW�XVLQJ�SUHYLRXVO\�UHSRUWHG�QRUPDO�EUHDVW�DQG�OLYHU�WLVVXH�

VSHFLILF�JHQHV�������DV�ZHOO�DV�EUHDVW�FDQFHU�VHOHFWLYH�JHQHV�������UHVSHFWLYHO\��5HDVVXULQJO\��

HYHQ� WKRXJK� WKH� OLYHU�PHWDVWDVHV� IRUPHG� D� GLVWLQFW� FOXVWHU� LQ� WKH� VDPSOH� GHQGURJUDP�ZKHQ�

FOXVWHUHG� XVLQJ� WKH� QRUPDO� OLYHU� JHQHV� �6XSSOHPHQWDU\� )LJXUH� �$��� QR� VHSDUDWLRQ� RI� WKH�

VDPSOHV�EDVHG�RQ�PHWDVWDWLF�VLWH�ZDV�VHHQ�XSRQ�FOXVWHULQJ�ZLWK�QRUPDO�EUHDVW��6XSSOHPHQWDU\�

)LJXUH� �%�� RU� EUHDVW� FDQFHU�VSHFLILF� JHQHV� �6XSSOHPHQWDU\� )LJXUH� �&��� ,QVWHDG�� FOXVWHULQJ�

FRUUHODWHG�ZLWK�RWKHU�ELRORJLFDO�FKDUDFWHULVWLFV��VXFK�DV�(5�H[SUHVVLRQ�DQG�PROHFXODU�VXEW\SH��

7KHVH� UHVXOWV� VXJJHVW� WKDW� EUHDVW� FDQFHU� OLYHU� PHWDVWDVHV� PDLQWDLQ� D� WUDQVFULSWLRQDO� SURILOH�

FRQVLVWHQW� ZLWK� WKH� VLWH� RI� RULJLQ� RI� WKH� WXPRU� FHOOV� �EUHDVW��� DQG� LQ� DGGLWLRQ� DGRSW� RWKHU�

WUDQVFULSWLRQDO�IHDWXUHV�DVVRFLDWHG�ZLWK�WKH�PHWDVWDWLF�PLFURHQYLURQPHQW��OLYHU��ZKLFK�PD\�EH�

LPSRUWDQW�IRU�WKHLU�VXUYLYDO�DW�WKLV�IRUHLJQ�VLWH��
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$VVRFLDWLRQV�EHWZHHQ�EUHDVW�FDQFHU� OLYHU�PHWDVWDVLV�VHOHFWLYH�JHQHV�DQG�SULPDU\�WXPRU�

FOLQLFR�ELRORJLFDO�IDFWRUV�DQG�FOLQLFDO�RXWFRPH�

5REXVW� WLVVXH�VSHFLILF� PHWDVWDVLV� ELRPDUNHUV� PD\� EH� GHWHFWDEOH� LQ� WKH� SULPDU\� WXPRUV� RI�

SDWLHQWV� ZKR� HYHQWXDOO\� GHYHORS� PHWDVWDVHV� LQ� WKH� FRUUHVSRQGLQJ� WDUJHW� RUJDQ�� *HQH�

VLJQDWXUHV�ZLWK� WKH�SRWHQWLDO� WR�SUHGLFW�EUHDVW� FDQFHU�PHWDVWDVLV� WR� WKH� OXQJ��ERQH� DQG�EUDLQ�

����� ���� ���� KDYH� EHHQ� UHSRUWHG��8VLQJ� DQ� H[WHUQDO� SULPDU\� EUHDVW� FDQFHU� GDWDVHW� LQFOXGLQJ�

RQO\�SDWLHQWV�ZLWK�PHWDVWDWLF�GLVHDVH�DQG�IRU�ZKRP�WKH�DQQRWDWLRQ�RI�WKH�VLWH�V��RI�PHWDVWDVLV�

ZDV�UHFRUGHG�����������ZH�SHUIRUPHG�D�UHVWULFWHG�DQDO\VLV�XVLQJ�RQO\�WKH�����OLYHU�PHWDVWDVLV�

VHOHFWLYH� JHQHV��2QO\�(5�SRVLWLYH� WXPRUV� �Q �����ZHUH� LQWHUURJDWHG�� ����RI� WKH� ���� JHQHV�

FRXOG� EH� PDSSHG� DFURVV� GDWDVHWV�� :H� IRXQG� ��� JHQHV� WR� EH� VLJQLILFDQWO\� �)'5�������

GLIIHUHQWLDOO\�RYHU�H[SUHVVHG�LQ�WXPRUV�UHODSVLQJ�LQ�WKH�OLYHU��7KLV�OLVW�ZDV�HQULFKHG�IRU�JHQHV�

LQYROYHG� LQ� FDGKHULQ� DQG� LQWHJULQ� VLJQDOLQJ� SDWKZD\V�� DV� ZHOO� DV� LQ� VNHOHWDO� V\VWHP�

GHYHORSPHQW�� 2I� QRWH�� ����� �CDH11, COL11A1, FBN1, MFAP5, SFRP4, SPON1�� JHQHV�

RYHUODSSHG�ZLWK�WKH�SUHYLRXVO\�GHVFULEHG�µVWURPD¶�PRGXOH��6SHDUPDQ�FRUUHODWLRQ�FRHIILFLHQW�

������ )LJXUH� �� VKRZV� WKH� H[SUHVVLRQ� RI� WKHVH� ��� JHQHV� LQ� ERWK� WKH� WHVW� DQG� WKH� YDOLGDWLRQ�

FRKRUWV�� 6XUSULVLQJO\�� ZKLOH� DOO� ��� JHQHV� ZHUH� XS�UHJXODWHG� LQ� SULPDU\� WXPRUV� ZLWK� OLYHU�

PHWDVWDWLF�SRWHQWLDO��������JHQHV�ZHUH�GRZQ�UHJXODWHG�LQ�OLYHU�PHWDVWDVHV�LQ�ERWK�WKH�WHVW�DQG�

WKH�YDOLGDWLRQ��*6(�������PHWDVWDVLV�GDWDVHWV���

)LQDOO\�� LQ� *2%2� ������ D� GDWDEDVH� FRQWDLQLQJ� ������ DQQRWDWHG� SULPDU\� EUHDVW� WXPRUV�� ZH�

DLPHG� WR� LGHQWLI\� UHOHYDQW� DVVRFLDWLRQV� EHWZHHQ� WKH� ���JHQH� VLJQDWXUH� DQG� RWKHU� SULPDU\�

WXPRU�SDWKRORJLFDO�IHDWXUHV�DQG�SURJQRVLV��7KH�H[SUHVVLRQ�RI�WKH�VLJQDWXUH�ZDV�KHWHURJHQHRXV�

EHWZHHQ� GLIIHUHQW� PROHFXODU� VXEW\SHV� DQG� KLVWRORJLFDO� JUDGHV� �)LJXUHV� �$�'�� $QRYD�

P����������� ZLWK� D� VLJQLILFDQWO\� ORZHU� H[SUHVVLRQ� LQ� OXPLQDO� %� DQG� EDVDO�OLNH� WXPRUV�

FRPSDUHG�WR�WKH�RWKHU�VXEW\SHV��DGMXVWHG�P��������IRU�DOO�SDLUZLVH�FRPSDULVRQV�RI�OXPLQDO�%�

RU�EDVDO� WXPRUV�vs.�RWKHU�VXEW\SHV��� ,Q�DGGLWLRQ�� ORZ�H[SUHVVLRQ�ZDV�VLJQLILFDQWO\�FRUUHODWHG�
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ZLWK� KLJK� KLVWRORJLFDO� JUDGH� �)LJXUH� �&�'�� DGMXVWHG� P�������� IRU� SDLUZLVH� FRPSDULVRQV�

EHWZHHQ� JUDGH� �� WXPRUV� vs.� JUDGH� �� DQG� ���� ([SORUDWRU\� DQDO\VHV� UHYHDOHG� VLJQLILFDQW�

GLIIHUHQWLDO� H[SUHVVLRQ� RI� WKH� ���JHQH� VLJQDWXUH� DFURVV� WKH� UHFHQWO\� GHVFULEHG� ,QW&OXVW�

VXEJURXSV� ����� ���� �6XSSOHPHQWDU\� )LJXUH� �$��� 'HFUHDVHG� H[SUHVVLRQ� ZDV� REVHUYHG� LQ�

,QW&OXVW� VXEJURXSV� ���� ��� DQG� �� UHODWLYH� WR� ,QW&OXVW� �� DQG� �� �DGMXVWHG� P<������� IRU� DOO�

SDLUZLVH� FRPSDULVRQV��� )XUWKHUPRUH�� DPRQJ� (5� SRVLWLYH� WXPRUV�� D� VLJQLILFDQWO\� ORZHU�

H[SUHVVLRQ�ZDV�DOVR�QRWHG�LQ�VXEJURXSV���DQG���UHODWLYH�WR�VXEJURXSV���DQG����P<����������

5HPDUNDEO\�� ORZ� H[SUHVVLRQ� RI� WKH� ���JHQH� VLJQDWXUH� ZDV� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK�

VKRUWHU�UHFXUUHQFH�IUHH�VXUYLYDO��5)6��)LJXUH��(��ORJ�UDQN�3 ��[������6XSSOHPHQWDU\�7DEOH����

PXOWLYDULDEOH�&R[�PRGHO�+5 �����P ������� DQG� RYHUDOO� VXUYLYDO� �26�� )LJXUH� �*�� ORJ�UDQN�

3 ���������6XSSOHPHQWDU\�7DEOH����PXOWLYDULDEOH�&R[�PRGHO�+5 �����P ������� LQ�SDWLHQWV�

ZLWK�(5�SRVLWLYH�WXPRUV��0RUH�LPSRUWDQWO\��WKH����JHQH�VLJQDWXUH�UHPDLQHG�VLJQLILFDQWO\�DQG�

LQGHSHQGHQWO\� SURJQRVWLF� IRU� 5)6� ZKHQ� WKH� VXEVHW� RI� OXPLQDO� $� WXPRUV� ZDV� DQDO\]HG�

VHSDUDWHO\��)LJXUH��)��ORJ�UDQN�P ���������6XSSOHPHQWDU\�7DEOH����PXOWLYDULDEOH�&R[�PRGHO�

+5 �����P �������� $� WUHQG� WRZDUG� SRRU� 26� IRU� SDWLHQWV� ZLWK� OXPLQDO� $� WXPRUV� ZLWK� ORZ�

H[SUHVVLRQ�RI�WKH����JHQH�VLJQDWXUH�ZDV�REVHUYHG�LQ�XQLYDULDEOH�DQDO\VLV��)LJXUH��+��ORJ�UDQN�

P �������6XSSOHPHQWDU\�7DEOH����PXOWLYDULDEOH�&R[�PRGHO�+5 �����P �������,Q�VXE�DQDO\VHV�

UHVWULFWHG� WR� WXPRUV� LQ� ,QW&OXVW� VXEJURXSV� ��� �� DQG� �� �WKRVH� KLJKO\� HQULFKHG� IRU� OXPLQDO�$�

WXPRUV��� ORZ� H[SUHVVLRQ� RI� WKH� ���JHQH� VLJQDWXUH� ZDV� DVVRFLDWHG� ZLWK� DQ� LQIHULRU� 5)6�

�6XSSOHPHQWDU\� )LJXUH� �%�� /RJ�UDQN� P=������� DQG� 26� �/RJ�UDQN� P=������� ([SORUDWRU\�

DQDO\VHV�FRQILUPHG�WKH�DVVRFLDWLRQ�RI�WKH�VLJQDWXUH�ZLWK�SRRU�SURJQRVLV�ZKHQ�DOO�WXPRUV�ZHUH�

LQFOXGHG� LQ� WKH� DQDO\VLV�� LUUHVSHFWLYH� RI� (5� VWDWXV� �6XSSOHPHQWDU\� )LJXUH� �&�'�� 5)6�

P ���������26�P �����������
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'LVFXVVLRQ�

,Q� WKLV� VWXG\�ZH� LGHQWLILHG� D� ���JHQH� VLJQDWXUH� HQULFKHG� IRU� H[WUDFHOOXODU� PDWUL[� RU� VWURPD�

JHQHV�� WKH� PDMRULW\� RI� ZKLFK� ZHUH� VHOHFWLYHO\� GRZQ�UHJXODWHG� LQ� EUHDVW� FDQFHU� OLYHU�

PHWDVWDVHV��)XUWKHUPRUH��GRZQ�UHJXODWLRQ� LQ�SULPDU\� WXPRUV�� LUUHVSHFWLYH�RI� VLWH�RI� UHODSVH��

ZDV� DVVRFLDWHG� ZLWK� DJJUHVVLYH� WXPRU� ELRORJLFDO� IHDWXUHV� DQG� LQIHULRU� SURJQRVLV�� /LYHU�

PHWDVWDVHV� DUH� GHOHWHULRXV�� OHDGLQJ� WR� WKH� HDUO\� GHPLVH� RI� 0%&� SDWLHQWV� ������ ����� :H�

REVHUYHG�VLJQLILFDQW�SRVLWLYH�DVVRFLDWLRQV�EHWZHHQ�OLYHU�UHFXUUHQFH�DQG�SRRU�WXPRU�ELRORJLFDO�

FKDUDFWHULVWLFV��LQFOXGLQJ�OXPLQDO�%�VXEW\SH��KLJK�KLVWRORJLFDO�JUDGH�DQG�ODUJH�WXPRU�EXUGHQ��

+RZHYHU��GHVSLWH�WKH�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQV��WKH�SUHYDOHQFH�RI�OLYHU�UHODSVHV�ZDV�

QRWDEOH� LQ� DOO� VXEJURXSV�� LQGLFDWLQJ� D� ORZ� VSHFLILFLW\� DQG� VHQVLWLYLW\� RI� WKHVH� IDFWRUV� IRU�

DFFXUDWH�PHWDVWDWLF�VLWH�SUHGLFWLRQ��6LQFH�OLYHU�UHODSVH�LV�LQGLFDWLYH�RI�LQIHULRU�SRVW�UHFXUUHQFH�

VXUYLYDO��WKHUH�LV�D�QHHG�IRU�PRUH�VSHFLILF�DQG�LQGHSHQGHQW�ELRPDUNHUV�WR�LGHQWLI\�SDWLHQWV�DW�

ULVN�� 5HFHQWO\�� ZH� GHPRQVWUDWHG� WKDW� &/'1��� ZKLFK� LV� VLJQLILFDQWO\� XS�UHJXODWHG� LQ� OLYHU�

PHWDVWDVHV��LV�DQ�LQGHSHQGHQW�SURJQRVWLF�IDFWRU�IRU�HDUO\�OLYHU�UHFXUUHQFH�LQ�EUHDVW�FDQFHU�������

+HUH�� ZH� VKRZ� WKDW� GRZQ�UHJXODWLRQ� RI� YDULRXV� JHQHV� LQYROYHG� LQ� FHOO� DGKHVLRQ� LV�

FKDUDFWHULVWLF�RI�OLYHU�PHWDVWDVHV���

3DWLHQWV�ZLWK�OLYHU�RQO\�PHWDVWDWLF�GLVHDVH�KDG�D�EHWWHU�SRVW�UHFXUUHQFH�VXUYLYDO�FRPSDUHG�WR�

WKRVH� KDUERULQJ� OLYHU� PHWDVWDVHV� LQ� SDUDOOHO� WR� PHWDVWDVHV� LQ� RWKHU� RUJDQV�� 7KLV� ILQGLQJ�

FRUURERUDWHV� UHVXOWV� IURP� RWKHU� VWXGLHV� ���� ���� 7KHUH� LV� JUHDW� LQWHUHVW� LQ� HYDOXDWLQJ� ORFDO�

WUHDWPHQW� RSWLRQV� VXFK� DV� VXUJHU\� RU� VWHUHRWDFWLF� UDGLRWKHUDS\� LQ� SDWLHQWV� ZLWK� ROLJR�

PHWDVWDVHV� LQ� WKH� OLYHU� EXW� UDQGRPL]HG� VWXGLHV� DUH� QHHGHG� WR� HYDOXDWH� WKH� HIILFDF\� RI� WKHVH�

WUHDWPHQW�RSWLRQV���

7UDQVFULSWLRQDO� SURILOLQJ� KDV� LQFUHDVHG� RXU� XQGHUVWDQGLQJ� RI� WKH� ELRORJ\� RI� RUJDQ�VSHFLILF�

PHWDVWDVHV� DQG� KDV� OHG� WR� WKH� LGHQWLILFDWLRQ� RI� VLWH�VSHFLILF�PHWDVWDVLV� JHQHV� DQG� VLJQDWXUHV�
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������������������3&$�DQG�XQVXSHUYLVHG�+&/�DQDO\VHV�UHSRUWHG�KHUHLQ�UHYHDOHG�WKDW�WKH�PDMRU�

YDULDWLRQ� DFURVV� EUHDVW� FDQFHU� PHWDVWDVHV� ZDV� VWURQJO\� DVVRFLDWHG� ZLWK� (5� VWDWXV� DQG�

PROHFXODU� VXEW\SH�� DQ� REVHUYDWLRQ� FRQVLVWHQW�ZLWK� WKH� FRQYHQWLRQDO� XQGHUVWDQGLQJ� RI� EUHDVW�

FDQFHU�ELRORJ\��7KLV�VLPLODULW\�XQGHUVFRUHV�WKDW�SULPDU\�WXPRU�PROHFXODU�WUDLWV�DUH�FRQVHUYHG�

DFURVV� VWDJHV� RI� WXPRU� SURJUHVVLRQ�� ,QWHUHVWLQJO\�� ZH� REVHUYHG� PLQRU� EXW� VLJQLILFDQW� VLWH�

VSHFLILF�GLIIHUHQFHV�DW�WKH�WUDQVFULSWLRQDO�OHYHO��ZKLFK�UHIOHFWV�DGGLWLRQDO�DOWHUDWLRQV�DFTXLUHG�

E\� EUHDVW� FDQFHU� FHOOV� WR� WKULYH� DQG� HYROYH� LQWR� RYHUW� PHWDVWDVHV� LQ� WKH� IRUHLJQ� PLOLHX��

,QWHUHVWLQJO\�� RXU� GDWD� VXJJHVW� WKDW� PLPLFU\� RI� µQRUPDO� SURFHVVHV¶� RI� WKH� QHZ�

PLFURHQYLURQPHQW� PD\� EH� D� QHFHVVDU\� DGDSWDWLRQ�� $Q� HQULFKPHQW� RI� JHQHV� DQG� ELRORJLFDO�

SURFHVVHV�FRPPRQO\�REVHUYHG�LQ�QRUPDO�OLYHU�ZDV�QRWHG�DPRQJ�XS�UHJXODWHG�JHQHV��0RVW�RI�

WKHVH� JHQHV� FRGH� IRU� VLJQDOLQJ� SHSWLGHV� FRPPRQO\� IRXQG� LQ� WKH� H[WUDFHOOXODU� VSDFH�� IXUWKHU�

KLJKOLJKWLQJ� WKH� LPSRUWDQFH� RI� WKH� PLFURHQYLURQPHQW� LQ� PHWDVWDWLF� FRORQL]DWLRQ�� 7KH�

GHUHJXODWLRQ�RI� JHQHV�ZKLFK�PLPLF� WDUJHW� RUJDQ� IXQFWLRQV� KDV� SUHYLRXVO\� EHHQ�REVHUYHG� LQ�

RWKHU� VWXGLHV� LQYHVWLJDWLQJ� WKH� RUJDQ�VSHFLILFLW\� RI� PHWDVWDVHV�� 'LIIHUHQWLDO� H[SUHVVLRQ� RI�

JHQHV� LPSRUWDQW� IRU� RVVLILFDWLRQ� LQ� ERQH� PHWDVWDVHV� ����� ����� EUDLQ� PHWDEROLVP� LQ� EUDLQ�

PHWDVWDVHV� ������SXOPRQDU\� IXQFWLRQ� LQ� OXQJV����������DQG� OLYHU� IXQFWLRQ� LQ� OLYHU�PHWDVWDVHV�

�����KDYH�EHHQ�UHSRUWHG��7KLV�SKHQRPHQRQ�FDQ�EH�LQWHUSUHWHG�ZLWKLQ�WKH�FRQILQHPHQWV�RI�WKH�

³VHHG�DQG�VRLO� WKHRU\´�RI�WXPRU�LQYDVLRQ�DQG�PHWDVWDWLF�FRORQL]DWLRQ�������2I�QRWH��PLPLFU\�

RI� WDUJHW�RUJDQ� SURSHUWLHV� ZDV� REVHUYHG� HYHQ� ZKHQ� SXUH� WXPRU� FHOO� OLQH� SRSXODWLRQV�

GLVSOD\LQJ�GLVWLQFW�VLWH�VSHFLILF�SUHIHUHQFHV�ZHUH�VWXGLHG�������������������VXJJHVWLQJ�WKDW�SDUW�

RI� WKLV� H[SUHVVLRQ� SURILOH� LV� LQGHHG� LQWULQVLF� WR� WKH� WXPRU� FHOOV�� )XUWKHUPRUH�� ZH� GLG� QRW�

REVHUYH�DQ\�VHJUHJDWLRQ�RI�RXU�VDPSOHV�DFFRUGLQJ�WR�PHWDVWDWLF�VLWH�ZKHQ�VXEMHFWHG�WR�+&/�

RQ�QRUPDO�EUHDVW������RU�EUHDVW�FDQFHU������VHOHFWLYH�JHQHV��FRQILUPLQJ�WKDW�DOO�VDPSOHV�ZHUH�

HQULFKHG�IRU�EUHDVW�FDQFHU�FHOOV�DQG�WKDW�WKH�WUDQVFULSWLRQDO�SURILOHV�REVHUYHG�DUH�PRVW�OLNHO\�

PDLQO\�WXPRU�FHOO�LQWULQVLF��1RQHWKHOHVV��WKH�SRVVLELOLW\�RI�QRUPDO�WLVVXH�FRQWDPLQDWLRQ�FDQQRW�
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EH�FRPSOHWHO\�UXOHG�RXW��2Q�WKH�RWKHU�KDQG��GRZQ�UHJXODWLRQ�RI�H[WUDFHOOXODU�PDWUL[�JHQHV�DQG�

JHQHV�LQYROYHG�LQ�FHOO�DGKHVLRQ�DQG�WKH�GHYHORSPHQW�RI�EORRG�YHVVHOV�DQG�WKH�VNHOHWDO�V\VWHP��

ZKLFK�DUH�DOO�SURFHVVHV� WKDW�KDYH�EHHQ� OLQNHG�ZLWK� LQYDVLRQ�DQG�PHWDVWDVLV� LQ�EUHDVW�FDQFHU�

�����ZDV� VHHQ� LQ� OLYHU�PHWDVWDVHV��2I� QRWH�� WKH� WRS� GRZQ�UHJXODWHG� JHQH�ZDV� WKH� HSLWKHOLDO�

PHVHQFK\PDO� WUDQVLWLRQ� LQGXFHU� PRRX1�� UHFHQWO\� UHSRUWHG� WR� SOD\� DQ� LPSRUWDQW� UROH� LQ�

PHWDVWDWLF� FRORQL]DWLRQ� WKURXJK� UHSUHVVLRQ� RI� LWV� H[SUHVVLRQ� WR� IDYRU� UHYHUVLRQ� RI� WKH�

PHVHQFK\PDO�SKHQRW\SH�ZKLFK�LV�QHFHVVDU\�IRU�WKH�RXWJURZWK�RI�PHWDVWDVHV�������+RZHYHU��

DQDO\VHV�SHUIRUPHG�LQ�WKH�H[WHUQDO�GDWDVHW�ZKLFK�LQFOXGHG�PDQ\�PRUH�OXQJ�PHWDVWDVHV�DQG�LQ�

DGGLWLRQ�LQFOXGHG�EUDLQ�PHWDVWDVHV��VXJJHVWHG�WKDW�GRZQ�UHJXODWLRQ�RI�WKHVH�JHQHV�PD\�DOVR�EH�

D�WUDLW�RI�OXQJ�DQG�EUDLQ��EXW�QRW�ERQH�PHWDVWDVHV��)XUWKHU�VWXGLHV�DUH�QHFHVVDU\�WR�LQYHVWLJDWH�

WKLV�SKHQRPHQRQ���

3UHGLFWLQJ� WKH� IXWXUH� PHWDVWDWLF� VLWH�V�� RI� D� SULPDU\� EUHDVW� FDQFHU� LV� PXOWLIDFHWHG� DQG�

FKDOOHQJLQJ��,Q�WKHLU�UHFHQW�VWXG\�DLPHG�DW�XQUDYHOLQJ�KRZ�ERQH�VSHFLILF�PHWDVWDWLF�WUDLWV�DULVH�

LQ� WKH� SULPDU\� WXPRU�� =KDQJ� DQG� FROOHDJXHV� ����� VKRZHG� WKDW� VWURPDO� VLJQDOV� UHVHPEOLQJ�

WKRVH�RI�WKH�GLVWDQW�WDUJHW�RUJDQ�SOD\�LPSRUWDQW�UROHV�DW�WKH�SULPDU\�WXPRU�VLWH�WR�SULPH�FHOOV�

IRU�FRORQL]LQJ�RI�D�VSHFLILF�PHWDVWDWLF�QLFKH��$OVR��WKUHH�LQGHSHQGHQW�JHQH�PRGXOHV�HQULFKHG�

IRU� H[WUDFHOOXODU� PDWUL[� �i.e.� VWURPD�� JHQHV� ZHUH� DPRQJ� WKH� ��� JHQH� PRGXOHV� UHFHQWO\�

LGHQWLILHG�WR�VKDSH� WKH�WUDQVFULSWLRQDO� ODQGVFDSH�RI�SULPDU\�EUHDVW�FDQFHU�������,QWHUHVWLQJO\��

LQ�WKLV�VWXG\�������RQO\�H[SUHVVLRQ�RI�WKH�(&0�PRGXOHV�VKRZHG�VLJQLILFDQW�DVVRFLDWLRQV�ZLWK�

WKH�VLWH�RI�UHFXUUHQFH��DOWKRXJK�OLYHU�PHWDVWDVHV�ZHUH�QRW�DQQRWDWHG�LQ�WKLV�VWXG\��2XU����JHQH�

VLJQDWXUH�ZDV�HQULFKHG�IRU�VWURPD�UHODWHG�JHQHV�DQG�ZDV�VLJQLILFDQWO\�FRUUHODWHG�WR�WKH�VWURPD�

PRGXOH� GHVFULEHG� E\� )UHGOXQG� et al.� ������&RQVLVWHQW�ZLWK� RXU� UHVXOWV�� WKH\� IRXQG� WKDW� ORZ�

H[SUHVVLRQ�RI�WKH�VWURPD�PRGXOH�ZDV�DVVRFLDWHG�ZLWK�VKRUWHU�GLVWDQW�PHWDVWDVLV�IUHH�VXUYLYDO�

DPRQJ�SDWLHQWV�ZLWK� OXPLQDO�$�SULPDU\� WXPRUV� ������)XUWKHUPRUH�� DQ� LQGHSHQGHQW� VWXG\�E\�

%HUJDPDVFKL�DQG�FROOHDJXHV������LGHQWLILHG�IRXU�H[WUDFHOOXODU�PDWUL[�JHQH�PRGXOHV��(&0��±�
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(&0���ZLWK�SURJQRVWLF�VLJQLILFDQFH�LQ�(5�SRVLWLYH��OXPLQDO��EUHDVW�FDQFHU��EXW�WKHLU�VXUYLYDO�

DQDO\VHV� ZHUH� QRW� VWUDWLILHG� WR� DVVHVV� GLIIHUHQFHV� EHWZHHQ� WKH� OXPLQDO� VXEW\SHV�� 2I� QRWH��

GRZQ�UHJXODWLRQ� RI� VHYHUDO� JHQHV� LQ� RXU� VLJQDWXUH� ZDV� FKDUDFWHULVWLF� RI� WKH� (&0��PRGXOH�

������ZKLFK�ZDV�DVVRFLDWHG�ZLWK�WKH�SRRUHVW�RXWFRPH��7DNHQ�WRJHWKHU��WKHVH�VWXGLHV�KLJKOLJKW�

WKH� SRVVLELOLW\� RI� KDUQHVVLQJ� WKH� KHWHURJHQHLW\� LQ� WKH� H[SUHVVLRQ� RI� H[WUDFHOOXODU� PDWUL[�

�VWURPD��JHQHV�WR�LPSURYH�SURJQRVWLFDWLRQ�LQ�KRUPRQH�UHFHSWRU�SRVLWLYH�GLVHDVH���

&XUUHQWO\��SUHGLFWLRQ�RI�WKH�SURJQRVLV�LQ�(5�SRVLWLYH�EUHDVW�FDQFHU�DW�WKH�WUDQVFULSWLRQDO�OHYHO�

LV�OLPLWHG�WR�WKH�H[SUHVVLRQ�RI�SUROLIHUDWLRQ�UHODWHG�JHQHV��EXW�KLJK�SUROLIHUDWLYH�UDWH�DORQH�LV�

QRW� VXIILFLHQW� WR� DFFRXQW� IRU� DOO� WKH� UHFXUUHQFHV� REVHUYHG� DPRQJ� SDWLHQWV�ZLWK� (5� SRVLWLYH�

EUHDVW�FDQFHU��HVSHFLDOO\�DPRQJ�SDWLHQWV�ZLWK�OXPLQDO�$�WXPRUV�ZKLFK�DUH�JHQHUDOO\�RI�D�ORZ�

SUROLIHUDWLQJ�SKHQRW\SH��'RZQ�UHJXODWLRQ�RI� WKH����JHQH�VLJQDWXUH�ZDV� LQGLUHFWO\�DVVRFLDWHG�

ZLWK�KLJK�SUROLIHUDWLRQ��VLQFH�IHDWXUHV�VXFK�DV�KLJK�KLVWRORJLFDO�JUDGH�DQG�OXPLQDO�%�VXEW\SH�

DUH� FRPPRQ� WR� SUROLIHUDWLYH� WXPRUV�� &RQVHTXHQWO\�� ORZ� H[SUHVVLRQ� ZDV� LQGHSHQGHQWO\�

SURJQRVWLF�RI�VKRUWHU�WLPH�WR�UHFXUUHQFH�DQG�VKRUWHU�RYHUDOO�VXUYLYDO�DPRQJ�SDWLHQWV�ZLWK�(5�

SRVLWLYH� WXPRUV�� 5HPDUNDEO\�� WKH� ���JHQH� VLJQDWXUH� DQG� WXPRU� VL]H� ZHUH� WKH� RQO\�

LQGHSHQGHQWO\�SURJQRVWLF�IDFWRUV�IRU�HDUO\�UHFXUUHQFH�DPRQJ�SDWLHQWV�ZLWK��ORZ�SUROLIHUDWLYH��

OXPLQDO�$�WXPRUV�LQ�PXOWLYDULDEOH�DQDO\VHV��,PSRUWDQWO\��WKH�OXPLQDO�$�WXPRUV�LQ�WKLV�FRKRUW�

ZHUH�PRVWO\�RI�KLVWRORJLFDO�JUDGHV���DQG����7KH�VLJQLILFDQWO\�ORZHU�H[SUHVVLRQ�RI�WKH����JHQH�

VLJQDWXUH�LQ�,QW&OXVW�VXEJURXSV�������DQG����ZKLFK�DUH�SUHGRPLQDQWO\�FRPSULVHG�RI�OXPLQDO�$�

WXPRUV�� FRQILUPV� WKDW� WKH� ,QW&OXVW� VXEW\SHV�PD\� DOVR� EH� XVHG� WR� IXUWKHU� VWUDWLI\� OXPLQDO�$�

WXPRUV�LQWR�JURXSV�ZLWK�GLVWLQFW�RXWFRPH��,Q&OXVW���LV�PDLQO\�FKDUDFWHUL]HG�E\�ORZ�JHQRPLF�

LQVWDELOLW\��ZKLOH�,QW&OXVW���DQG���KDUERU�WKH�FKDUDFWHULVWLF��³OXPLQDO´����S�JDLQ���T�ORVV�DQG�

�T� JDLQ���T� ORVV� DEHUUDWLRQV�� UHVSHFWLYHO\�� ,QWHUHVWLQJO\�� WKH� ���JHQH� VLJQDWXUH� FDSWXUHV� WKH�

GLYHUVLW\�LQ�SURJQRVLV�HYHQ�ZLWKLQ�WKHVH�ZHOO�FKDUDFWHUL]HG�VXEJURXSV��0HWDVWDVHV�UHPDLQ�WKH�

PDLQ�FDXVH�RI�GHDWK� IURP�FDQFHU��7KH�JRDO�RI� LQGLYLGXDOL]LQJ� WKHUDS\� IRU�EUHDVW� FDQFHU�FDQ�
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RQO\�EH�DFKLHYHG�LI�DOO�SDWLHQWV�DW�ULVN�FDQ�EH�DFFXUDWHO\�LGHQWLILHG��7KH�SURJQRVWLF�UHOHYDQFH�

RI� WKH����JHQH�VLJQDWXUH� LQ� OXPLQDO�$�EUHDVW�FDQFHU�KROGV�JUHDW�SURPLVH� LQ� WKLV�FRQWH[W�DQG�

QHHGV�WR�EH�LQGHSHQGHQWO\�YDOLGDWHG��

7KH�IDFW� WKDW�DOO����JHQHV� LQ�RXU�VLJQDWXUH�ZHUH� IRXQG� WR�EH�RYHU�H[SUHVVHG� LQ� WKH�JURXS�RI�

SULPDU\�WXPRUV�IURP�SDWLHQWV�ZKR�VXEVHTXHQWO\�GHYHORSHG�OLYHU�PHWDVWDVHV�LV�VXUSULVLQJ�VLQFH�

WKH�PDMRULW\�RI�WKH�JHQHV�VKRZHG�ORZ�H[SUHVVLRQ�LQ�WKH�OLYHU�PHWDVWDVHV� 7KH�6$0�DQDO\VLV�

FRPSDULQJ�PHWDVWDVHV�IURP�VSHFLILF�RUJDQV��i.e. OLYHU�vs.�RWKHU�VLWHV��GLVUHJDUGV�WKH�IDFW�WKDW�WKH�

VDPH� SDWLHQW� IURP� ZKRP� WKH� OLYHU� PHWDVWDVLV� ZDV� FROOHFWHG� PD\� KDYH� PHWDVWDVHV� LQ� RWKHU�

RUJDQV�� $OVR�� LQ� WKLV� VWXG\� ZH� FRQILUP� WKDW� SDLUHG� WXPRUV� IURP� WKH� VDPH� LQGLYLGXDO� KDYH�

KLJKO\�VLPLODU�JOREDO�WUDQVFULSWLRQDO�SURILOHV��7DNHQ�WRJHWKHU��WKH�KLJK�FRQFRUGDQFH�LQ�JOREDO�

WUDQVFULSWLRQ� DQG� WKH� IDFW� WKDW� 6$0� DQDO\VLV� RQO\� GHWHFWV� GLIIHUHQFHV� LQ� OHYHOV� RI� JHQH�

H[SUHVVLRQ�EHWZHHQ�JURXSV�DQG�QRW�DQ�DEVROXWH�SUHVHQFH�RU�DEVHQFH� WKHUHRI��DUJXHV� WKDW� WKH�

JHQHV�ZH� LGHQWLILHG� DUH�PRUH� OLYHU�VHOHFWLYH� DQG� WKHUHIRUH� OLNHO\� QRW� XQLTXHO\� OLYHU�VSHFLILF�

per se��)XUWKHUPRUH�� VHDUFKLQJ� IRU� WKH�H[SUHVVLRQ�RI� VLWH�VHOHFWLYH�JHQHV� LQ�SULPDU\� WXPRUV��

ZKLFK� UHSUHVHQW� D� KHWHURJHQHRXV� PL[� RI� FORQHV� ZLWK� GLYHUVH� VLWH�VSHFLILF� PHWDVWDWLF�

SURSHQVLWLHV�LV�DOVR�FRPSOH[��,Q�WKH�SULPDU\�WXPRU�FRKRUW�XVHG�WR�LGHQWLI\�WKH�VXEVHW�RI�OLYHU�

VHOHFWLYH�JHQHV�GLIIHUHQWLDOO\�H[SUHVVHG�DW�WKLV�HDUO\�WLPH�SRLQW�GXULQJ�WXPRU�SURJUHVVLRQ��WKH�

VXE�FDWHJRUL]DWLRQ� RI� SDWLHQWV� ZDV� DOVR� FRQIRXQGHG� E\� LQWUD�LQGLYLGXDO� RYHUODS� RI� VHYHUDO�

PHWDVWDWLF�VLWHV��1RQHWKHOHVV��WKH�LQYHUVH�FRUUHODWLRQ�LQ�WKH�GLUHFWLRQ�RI�H[SUHVVLRQ�RI�PDQ\�RI�

WKH�JHQHV�EHWZHHQ�SULPDU\�WXPRUV�DQG�PHWDVWDVHV�LV�LQWULJXLQJ�DQG�UHTXLUHV�IXUWKHU�IXQFWLRQDO�

LQYHVWLJDWLRQ��+RZHYHU��LPSRUWDQWO\��ORZ�H[SUHVVLRQ�DV�REVHUYHG�LQ�WKH�OLYHU�PHWDVWDVHV�ZDV�

SURJQRVWLF� RI� DQ� LQIHULRU� RXWFRPH�� 6LQFH� GHFUHDVHG� H[SUHVVLRQ� RI� PRVW� RI� WKH� JHQHV� �DV�

REVHUYHG�LQ�WKH�OLYHU�PHWDVWDVHV��LV�DVVRFLDWHG�ZLWK�LQIHULRU�RXWFRPH��ZH�K\SRWKHVL]H�WKDW�WKH�

ORZHU� H[SUHVVLRQ�PD\�EH� D� VWURQJHU�PDUNHU�RI� RYHUDOO� LQIHULRU� SURJQRVLV� UDWKHU� WKDQ�RQO\� D�

PDUNHU� IRU� OLYHU�VSHFLILF� UHFXUUHQFH�� 7KLV� LV� LQ� OLQH� ZLWK� WKH� XQGHUVWDQGLQJ� WKDW� OLYHU�
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PHWDVWDVLV�LV�DQ�LQGLFDWRU�RI�SRRU�SURJQRVLV��7KH�VFDUFLW\�RI�GDWDVHWV�ZLWK�DQQRWDWLRQV�IRU�WKH�

PHWDVWDWLF� VLWH�V�� KLQGHUHG� DQ� LQGHSHQGHQW� HYDOXDWLRQ� RI� WKH� DELOLW\� RI� WKLV� VLJQDWXUH� WR�

VSHFLILFDOO\�SUHGLFW�EUHDVW�FDQFHU�OLYHU�UHFXUUHQFH��

'LDJQRVLV�RI� OLYHU�RQO\�PHWDVWDVHV� LQ�EUHDVW� FDQFHU� LV�QRW�FRPPRQ�DQG� OLYHU�PHWDVWDVHV� DUH�

IUHTXHQWO\�GLDJQRVHG� LQ� WDQGHP�ZLWK�RWKHU� VLWHV� DV� FDQ�EH� VHHQ� LQ�RXU�SDWLHQW� FRKRUW�ZKHUH�

RQO\��������������SDWLHQWV�SUHVHQWHG�ZLWK� OLYHU�RQO\�GLVHDVH�DW� ILUVW�GLDJQRVLV�RI�PHWDVWDWLF�

GLVHDVH��7KLV�VXJJHVWV�WKDW�OLYHU�PHWDVWDVHV�DQG�WXPRU�EXUGHQ�DUH�VWURQJO\�DVVRFLDWHG�DQG�RXU�

VLJQDWXUH�PD\�WR�VRPH�H[WHQW�EH�DVVRFLDWHG�ZLWK�WXPRU�EXUGHQ��2I�LPSRUWDQFH�KRZHYHU�� WKH�

OLYHU�PHWDVWDVHV�FOXVWHUHG�WRJHWKHU�DQG�GLVSOD\HG�VLPLODU�WUDQVFULSWLRQDO�SURILOHV�UHJDUGOHVV�RI�

ZKHWKHU� WKH\� ZHUH� GLDJQRVHG� DV� ROLJR�PHWDVWDVHV� RU� LQ� SDUDOOHO� WR� RWKHU� NQRZQ� PHWDVWDWLF�

GHSRVLWV�� VXSSRUWLQJ� WKH� OLYHU� VHOHFWLYLW\� RI� WKH� LGHQWLILHG� JHQH� VLJQDWXUH�� ,GHQWLILFDWLRQ� RI�

LQGHSHQGHQW�VLWH�VSHFLILF�VLJQDWXUHV�ZRXOG�WKHUHIRUH�UHTXLUH�D�ZHOO�DQQRWDWHG�DQG�VXIILFLHQWO\�

ODUJH�FRKRUW�RI�SDWLHQWV�ZLWK�ROLJR�PHWDVWDWLF�GLVHDVH��ZKLFK�LV�FKDOOHQJLQJ�JLYHQ�WKH�VFDUFLW\�

RI�SDWLHQWV�SUHVHQWLQJ�ZLWK�ROLJR�PHWDVWDVHV�DV�ZHOO�DV�WKH�IDFW�WKDW�ELRSVLHV�DUH�VHOGRP�WDNHQ�

IURP� SDWLHQWV� SUHVHQWLQJ� ZLWK� ROLJR�PHWDVWDWLF� GLVHDVH�� %LRSVLHV� RI� PHWDVWDVHV� DUH� QRZ�

URXWLQHO\�FROOHFWHG�ZKHQHYHU�SRVVLEOH�IRU�UHDVVHVVPHQW�RI�ELRPDUNHUV� WR�JXLGH� WUHDWPHQW�IRU�

PHWDVWDWLF�EUHDVW�FDQFHU��8OWLPDWHO\��WKH�JDS�RI�VFDUFLW\�RI�WKHVH�VDPSOHV�ZLOO�EH�EULGJHG�DQG�

ODUJHU� FROOHFWLRQV� RI� PHWDVWDVHV� ZLOO� EHFRPH� DYDLODEOH� IRU� UHVHDUFK� SXUSRVHV�� HQDEOLQJ� e.g.�

YDOLGDWLRQ�RI�WKH�GDWD�SUHVHQWHG�KHUHLQ��1RWZLWKVWDQGLQJ�WKLV�OLPLWDWLRQ��RXU�DQDO\VLV�SLSHOLQH�

HQDEOHG�XV�WR�LGHQWLI\�D�ELRORJLFDOO\�LPSRUWDQW�JHQH�VHW�� WKH�FOLQLFDO�UHOHYDQFH�RI�ZKLFK�ZDV�

LQGHSHQGHQWO\�YDOLGDWHG�LQ�D�ODUJH�FRKRUW�RI�SULPDU\�EUHDVW�FDQFHU��

,Q� FRQFOXVLRQ��ZH�KDYH� LGHQWLILHG�D����JHQH� VLJQDWXUH� HQULFKHG� IRU�JHQHV� VHOHFWLYHO\�XQGHU�

H[SUHVVHG� LQ� EUHDVW� FDQFHU� OLYHU� PHWDVWDVHV�� ZLWK� D� UHPDUNDEOH� DELOLW\� WR� LQGHSHQGHQWO\�

LGHQWLI\�SDWLHQWV�ZLWK�OXPLQDO�$�SULPDU\�EUHDVW�FDQFHUV�ZKR�PD\�EHQHILW�IURP�FORVHU�GLVHDVH�

PRQLWRULQJ�DQG�PD\�LQ�DGGLWLRQ�EH�FDQGLGDWHV�IRU�HQUROOPHQW�LQWR�FOLQLFDO�WULDOV�LQYHVWLJDWLQJ�
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QRYHO� WDUJHWHG� WKHUDSLHV�� )XUWKHU� VWXGLHV� DUH� ZDUUDQWHG� WR� YDOLGDWH� RXU� UHVXOWV� HVSHFLDOO\� LQ�

PRUH� UHFHQWO\� GLDJQRVHG� SDWLHQW� VHULHV� WR� DGMXVW� IRU� PRGHUQ� DGYDQFHV� LQ� DGMXYDQW� EUHDVW�

FDQFHU�PDQDJHPHQW��

)LJXUH�OHJHQGV�

)LJXUH����3RVW�UHFXUUHQFH�VXUYLYDO�DFFRUGLQJ�WR�PHWDVWDWLF�FDWHJRU\��3DWLHQWV�ZHUH�FDWHJRUL]HG�

DFFRUGLQJ� WR� WKH�PRVW� DGYDQFHG�PHWDVWDWLF� VLWH� �ORFR�UHJLRQDO�� ORFDOO\� DGYDQFHG�RU� UHJLRQDO�

PHWDVWDVHV�LQ�WKH�O\PSK�QRGHV�RU�VNLQ��ERQH��VNHOHWDO�PHWDVWDVHV�ZLWK�RU�ZLWKRXW�ORFR�UHJLRQDO�

GLVHDVH��OXQJ��OXQJ�SDUHQFK\PDO�SOHXUDO�PHWDVWDVHV�ZLWK�RU�ZLWKRXW�VNHOHWDO�DQG�ORFR�UHJLRQDO�

PHWDVWDVHV�� OLYHU�� KHSDWLF� PHWDVWDVHV� ZLWK� RU� ZLWKRXW� OXQJ�� VNHOHWDO� RU� ORFR�UHJLRQDO�

PHWDVWDVHV���,Q�DGGLWLRQ��SDWLHQWV�ZLWK�OLYHU�UHFXUUHQFHV�ZHUH�IXUWKHU�VWUDWLILHG�LQWR�WZR�JURXSV�

EDVHG�RQ�WKH�QXPEHU�RI�VLWHV�LQYROYHG��ROLJR��Q ��DQG�PXOWLSOH��Q!����$�VLJQLILFDQWO\�LQIHULRU�

VXUYLYDO� ZDV� REVHUYHG� IRU� SDWLHQWV� ZLWK� OLYHU� PHWDVWDVHV� RFFXUULQJ� SDUDOOHO� ZLWK� PHWDVWDWLF�

GHSRVLWV�LQ�RWKHU�RUJDQV��

)LJXUH����8QVXSHUYLVHG�DQDO\VHV�RI�JOREDO�WUDQVFULSWLRQDO�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�

EUHDVW� FDQFHU� PHWDVWDVHV�� 3&$� DQDO\VHV� VKRZLQJ� DVVRFLDWLRQV� ZLWK� �$�� (5� VWDWXV� RI� WKH�

SULPDU\�WXPRU���%��LQWULQVLF�VXEW\SH�RI� WKH�PHWDVWDVLV�DQG��&��VSHFLILF�VLWH�RI�WKH�PHWDVWDWLF�

ELRSV\�SURILOHG��7KH� FRQWULEXWLRQV� RI� WKH� ILUVW� WKUHH� FRPSRQHQWV� LQ� H[SODLQLQJ� WKH� REVHUYHG�

YDULDWLRQ� LQ� WKH� GDWD� ZHUH�� 3&� W��� ������� 3&� W��� ������� DQG� 3&� W��� �������

�2YHUDOO� 0RGHO� FRHIILFLHQWV�� 5�; YDULDWLRQ� LQ� ; ������ DQG� 4� YDULDWLRQ� IURP� FURVV�

YDOLGDWLRQ ��������'�� 'HQGURJUDP� VKRZLQJ� +&/� RI� PHWDVWDVHV� XVLQJ� WKH� WRS� ������ PRVW�

YDULDEOH�SUREHV��+LJKOLJKWHG� VDPSOHV� LQ� WKH� WUHH� UHSUHVHQW�SDLU�ZLVH� LQGHSHQGHQW�PHWDVWDVHV�

IURP�WKH�VDPH�SDWLHQW��

)LJXUH� ���$VVRFLDWLRQV�EHWZHHQ�NH\�EUHDVW� FDQFHU�VSHFLILF�ELRORJLFDO�JHQH�PRGXOHV�DQG� WKH�

VLWH�RI�PHWDVWDVLV��$�'�UHSUHVHQW�FRPSDULVRQV�EHWZHHQ�VLWH�VSHFLILF�PHWDVWDWLF�ELRSVLHV�DQG�(�
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+� UHSUHVHQW� FRPSDULVRQV� EHWZHHQ� SDWLHQW�PHWDVWDWLF� FDWHJRULHV�� 6WDWLVWLFDO� VLJQLILFDQFH�ZDV�

HYDOXDWHG� ZLWK� .UXVNDO�:DOOLV� WHVWV�� 7KH� RSHQ� FLUFOHV� DQG� DVWHULVNV� UHSUHVHQW� PLOG� DQG�

H[WUHPH�RXWOLHUV�UHVSHFWLYHO\�IRU�HDFK�JURXS�LQ�HDFK�FRPSDULVRQ��$OO�VWDWLVWLFDO�WHVWV�DUH�WZR�

VLGHG��

)LJXUH� ���+HDWPDSV� IURP� WZR� LQGHSHQGHQW�GDWDVHWV�� VKRZLQJ� WKH�H[SUHVVLRQ�RI� WKH���� OLYHU�

PHWDVWDVLV�VHOHFWLYH� JHQHV� IRXQG� WR� EH� GLIIHUHQWLDOO\� H[SUHVVHG� LQ� SULPDU\� WXPRUV� ZLWK� D�

SUHGLOHFWLRQ�WR�PHWDVWDVL]H�WR�WKH�OLYHU�FRPSDUHG�WR�RWKHU�VLWHV��7KH�KHDWPDS�LQ��$��UHSUHVHQWV�

RXU� VWXG\� FRKRUW� DQG� �%�� DQ� H[WHUQDO� GDWDVHW� RI� EUHDVW� FDQFHU�PHWDVWDVHV� �*6(��������5HG�

FRUUHVSRQGV�WR�XS�UHJXODWHG�JHQHV�DQG�JUHHQ�FRUUHVSRQGV�WR�GRZQ�UHJXODWHG�JHQHV��7KH�FRORU�

VFDOH�UHSUHVHQWV�WKH�PHDQ�FHQWHUHG�ORJ��H[SUHVVLRQ���

)LJXUH����$VVRFLDWLRQV�EHWZHHQ�WKH����JHQH�VLJQDWXUH�DQG�SULPDU\�EUHDVW�FDQFHU�SDWKRORJLFDO�

IHDWXUHV�DQG�SURJQRVLV��7KH�ER[SORWV�LQ�$�'�LOOXVWUDWHV�WKH�PHGLDQ�H[SUHVVLRQ�RI�WKH����OLYHU�

PHWDVWDVLV�VHOHFWLYH�JHQHV�LQ�SULPDU\�EUHDVW� WXPRUV��7XPRUV�ZHUH�VWUDWLILHG�DFFRUGLQJ�WR�WKH�

3$0���LQWULQVLF�VXEW\SHV��$��DOO�WXPRUV�DQG�%��(5�SRVLWLYH�WXPRUV��DQG�WXPRU�KLVWRORJLFDO�

JUDGH��&��DOO�WXPRUV�DQG�'��(5�SRVLWLYH�WXPRUV��P�YDOXHV�DUH�IURP�$QRYD�WHVWV��$VVRFLDWLRQV�

ZLWK� VXUYLYDO�DUH� VKRZQ� LQ�(�+��(��5)6�IRU�DOO�(5�SRVLWLYH� WXPRUV��)��5)6� IRU� OXPLQDO�$�

�3$0���� WXPRUV�RQO\��*��26�IRU�DOO�(5�SRVLWLYH� WXPRUV��DQG�+��26�IRU� OXPLQDO�$� WXPRUV�
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Table 1. Associations between the first site(s) of metastasis and patients and tumor pathological features. 

 All tumors ER positive tumors

  Metastatic category Metastatic category  
Primary tumor Charateristic N Loco-

regional 
Bone Lung Liver P value N Loco-

regional 
Bone Lung Liver P value 

   
ER Status   
Negative 68 20 7 19 22 0.002  
Positive 213 29 43 40 101  

             
PR Status   
Negative 81 18 10 18 35 0.21 44 8 5 7 24 0.32 
Positive 110 16 25 21 48 107 16 25 20 46  

   
HER2 Status             
Negative 179 32 32 37 78 0.76 143 23 29 24 67 0.39 
Positive 17 2 2 5 8 8 0 1 3 4  

   
Number of metastatic sites   
Oligo (n=1) 76 25 23 9 19 <0.001 57 17 19 5 16 <0.001 
Multiple (n>1) 226 25 33 54 114  156 12 24 35 85  

   
Histological grade   
Grade 1/2 80 9 17 12 42 0.03 72 9 15 10 38 0.58 
Grade 3 105 24 15 26 40 67 10 13 15 29  

   
Adjuvant Endocrine therapy   
No 147 27 30 37 53 0.05 73 8 19 17 29 0.17 
Yes 154 22 26 26 80 140 21 24 23 72  

   
Adjuvant Chemotherapy   
No 152 24 30 32 66 0.93 112 15 22 21 54 0.99 



 

Yes 148 25 25 31 67 101 14 21 19 47  
    

Age at primary diagnosis   
< 50 years 152 17 28 37 70 0.08 107 12 19 24 52 0.38 
� 50 years 149 32 28 26 63 106 17 24 16 49  

   
Metastasis-free interval   
� 24 months 80 15 15 16 34 0.91 55 7 11 11 26 0.99 
> 24 months 221 34 41 47 99 158 22 32 29 75  

   
Nodal Status   
N0 91 14 17 22 38 0.69 65 7 12 16 30 0.47 
N+ 202 35 37 37 93 145 22 30 23 70  

   
Tumor size   
� 20 mm 119 14 26 21 58 0.21 82 9 20 12 41 0.47 
> 20 mm 178 33 30 40 75  128 18 23 27 60  

   
Molecular subtype *   
Luminal A-like 65 9 19 11 26 0.01 65 9 19 11 26 0.05 
Luminal B-like 81 13 9 16 43 81 13 9 16 43  
HER2 positive 9 2 1 2 4        
Triple negative 24 8 2 9 5  

   
* Molecular subtyping using immunohistochemical staining for ER, PR, HER2 and Ki67 according to the 2013 St Gallen concensus guidelines. Patients 

were categorized according to the most advanced metastatic site affected (loco-regional, locally advanced or regional metastases in the lymph nodes 
or skin; bone, skeletal metastases with or without loco-regional metastases; lung, plural metastases with or without skeletal and loco-regional 
metastases; liver, hepatic metastases with or without plural, skeletal or loco-regional metastases).  P values are from Fisher's exact tests. 
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