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�� .HUPDQ�6FKRRO�RI�0HGLFLQH���� .HUPDQ�6FKRRO�RI�0HGLFLQH���� 'HSDUWPHQW�RI�PHGLFDO�YLURORJ\��.HUPDQ�
$EVWUDFW��$� QRYHO� KXPDQ� '1$� YLUXV�� 77� YLUXV� �779��� ZDV� ILUVW� GLVFRYHUHG� LQ� WKH� VHUD� RI� WKUHH�-DSDQHVH�SDWLHQWV�ZLWK�SRVW�WUDQVIXVLRQ�KHSDWLWLV�LQ�������779�LV�D�QRQ�HQYHORSHG��VLQJOH�VWUDQGHG�YLUXV� UHODWHG� WR� WKH�&LUFRYLULGDH� IDPLO\��77�YLUXV�'1$�ZDV� LQYHVWLJDWHG� LQ�VHUXP�VDPSOHV�RI�����SDWLHQWV�ZLWK� YDULRXV� W\SHV� RI� FKURQLF� KHSDWLWLV�� DQG� ���� KHDOWK\� VXEMHFWV� IURP�.HUPDQ�� ,UDQ� E\�QHVWHG�3&5�XVLQJ� WKH� SULPHUV� WKDW� EHORQJHG� WR�875� �$�� UHJLRQ� RI� WKH� JHQRPH��6HUXP� OHYHOV�RI�DODQLQH�DPLQRWUDQVIHUDVH��$/7��DQG�DVSDUWDWH�DPLQRWUDQVIHUDVH��$67��ZHUH�DOVR�GHWHUPLQHG� 779�'1$�ZDV�GHWHFWHG�LQ�����RI�KHDOWK\�SRSXODWLRQ�������RI�W\SH�%�KHSDWLWLV�SDWLHQWV��DQG������RI�W\SH�&�KHSDWLWLV�SDWLHQWV�ZLWK�OLYHU�GLVHDVH��779�LQIHFWLRQV�DUH�PRUH�IUHTXHQWO\�IRXQG�LQ�SDWLHQWV�LQIHFWHG�ZLWK� KHSDWLWLV� %� YLUXV� �+%9�� RU� KHSDWLWLV� &� YLUXV� �+&9�� WKDQ� JHQHUDO� SRSXODWLRQ�� +RZHYHU�� QR�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�779�LQIHFWLRQ�DQG�OLYHU�LQMXU\�KDV�EHHQ�UHSRUWHG�.H\ZRUGV� x 7UDQVIXVLRQ�7UDQVPLWWHG�YLUXV��779� x 3&5�x W\SH�%�KHSDWLWLV�x W\SH�&�KHSDWLWLV

,QWURGXFWLRQ
7� YLUXV� �779�� LV� D� QHZO\� GHVFULEHG�'1$�YLUXV� WKDW ZDV� ILUVW�GHWHFWHG� LQ�WKH�EORRG� RI� WKUHH� SDWLHQWV� ZLWK� HOHYDWHGVHUXP� DPLQRWUDQVIHUDVHV� IROORZLQJ� WUDQVIXVLRQ��KRZHYHU� WKH� SDWLHQWV� WHVWHG� QHJDWLYHO\ IRU� NQRZQ�KHSDWLWLV� YLUXVHV�� 7KH� YLUXV� KDV� EHHQ� IRXQG�ZRUOGZLGH ZLWK� D� KLJK� SUHYDOHQFH� LQ� JHQHUDO�SRSXODWLRQ�� +RZHYHU�� DFFXPXODWLQJ HYLGHQFH�VXJJHVWV�WKDW�WKH�YLUXV�LV�QRW�D�VLJQLILFDQW FDXVH RI�DFXWH� RU� FKURQLF� OLYHU� GLVHDVH�� 7R� GDWH� QR� RWKHU�GLVHDVH�DVVRFLDWLRQV ZLWK�779�LQIHFWLRQ�KDYH�EHHQ�GHVFULEHG����� $IWHU�WKH�GLVFRYHU\�RI�WKH�KHSDWLWLV�$�DQG�%� YLUXVHV� LQ� WKH ����V� DQG� ����V�� LW� EHFDPH�DSSDUHQW�WKDW�DQ�XQLGHQWLILHG�DJHQW ZDV�UHVSRQVLEOH�IRU� KHSDWLWLV� LQ� D� QXPEHU� RI� SDWLHQWV� VXVSHFWHG RI�KDYLQJ� DFXWH� RU� FKURQLF� YLUDO� KHSDWLWLV�� 7KH�XQNQRZQ�SDWKRJHQ ZDV�UHIHUUHG�WR�DV�QRQ�$�QRQ�%�KHSDWLWLV� XQWLO� WKH� KHSDWLWLV &� YLUXV� �+&9�� ZDV�LGHQWLILHG� LQ� ����� DQG� ZDV� IRXQG� WR� DFFRXQW� IRU�KHSDWLWLV LQ�WKH�PDMRULW\�RI�WKHVH�SDWLHQWV� +RZHYHU��LQ�DSSUR[LPDWHO\����RI�SDWLHQWV�ZLWK�OLYHU�GLVHDVH�QR�FDXVDWLYH�DJHQW�FDQ�EH�LGHQWLILHG������,W�KDV�ORQJ�

EHHQ�VXVSHFWHG�WKDW DGGLWLRQDO�KHSDWRWURSLF�YLUXVHV�ZLOO� EH� GLVFRYHUHG� WR� DFFRXQW IRU� VRPH� RI� WKHVH�FDVHV��HVSHFLDOO\�VLQFH�DSSUR[LPDWHO\�KDOI RI�WKHVH�SDWLHQWV�KDYH�D�KLVWRU\�RI�EORRG�WUDQVIXVLRQ���������+HSDWLWLV�*�YLUXV��LGHQWLILHG�LQ�������KDV�SURYHQ�WR�EH�DQ�XQOLNHO\ FDQGLGDWH�VLQFH�DQ�DVVRFLDWLRQ�ZLWK�KHSDWLWLV� RU� DQ\� RWKHU� GLVHDVH KDV� QRW� EHHQ�FRQVLVWHQWO\� GHPRQVWUDWHG� ���� $� QRYHO� YLUXV�DVVRFLDWHG� ZLWK� SRVW� WUDQVIXVLRQ� KHSDWLWLV� ZDVLGHQWLILHG�LQ������LQ�WKUHH�SDWLHQWV�IURP�-DSDQ�ZKR�GHYHORSHG HOHYDWHG� VHUXP� DPLQRWUDQVIHUDVH� OHYHOV�IROORZLQJ� WUDQVIXVLRQ DQG� WHVWHG�QHJDWLYHO\� IRU�DOO�NQRZQ�KHSDWLWLV�YLUXVHV������7KH YLUXV��UHIHUUHG�WR�DV�77�YLUXV�IRU�WKH�LQLWLDOV�RI�WKH�SDWLHQW LQ�ZKRP�LW�ZDV� LVRODWHG� RU� �WUDQVIXVLRQ� WUDQVPLWWHG� YLUXV��>779@� H[KLELWHG� KHSDWRWURSLVP�� DQG� LWV� WLWHUV�FRUUHODWHG� ZLWK� HOHYDWLRQ LQ� VHUXP�DPLQRWUDQVIHUDVH� OHYHOV� VXJJHVWLQJ� WKDW� LW ZDV� D�WUXH� KHSDWLWLV� YLUXV� +RZHYHU�� WKH� UROH� RI� 779� LQ�SDWKRJHQLFLW\�RI�OLYHU�UHPDLQV�XQFHUWDLQ�0$7(5,$/6�$1'�0(7+2'6
3DWLHQWV$� WRWDO� RI� ���� FRQVHFXWLYH� SDWLHQWV� ZLWK� ELRSV\�SURYHQ� FKURQLF KHSDWLWLV�� ZKR� YLVLWHG� WKH� 2XW�3DWLHQW� &OLQLF� RI� $I]DOLSRRU� +RVSLWDO�� .HUPDQ��
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0ROHFXODU�GHWHFWLRQ�RI�779�'1$�LQ�FKURQLF�KHSDWLWLV�SDWLHQWV�IURP�D�KRVSLWDO�LQ�.HUPDQ��,UDQ
EHWZHHQ�$SULO������DQG�0D\�������ZHUH�LQFOXGHG� LQ� WKH� VWXG\�� 7KH� SDWLHQWV� ZHUH� GLDJQRVHG� DV� KDYLQJ� KHSDWLWLV� GXH� WR� +%9�� RU� +&9� EDVHG� RQ� SRO\PHUDVH� FKDLQ� UHDFWLRQ� �3&5�� WHFKQLTXH� �7KH� FKURQLF� VWDWH� RI� WKH� GLVHDVH� ZDV� GHWHUPLQHG� E\� FRQYHQWLRQDO�FOLQLFDO��ELRFKHPLFDO�DQG�KLVWRORJLFDO� PHWKRGV��7KH�PHDQ�GXUDWLRQ�RI�WKH�GLVHDVH�ZDV���� ����PRQWKV��$QWL�+&9�RU�+%V$J�SRVLWLYH�SDWLHQWV� ZLWK� SHUVLVWHQWO\� HOHYDWHG� DODQLQH� DPLQR� WUDQVIHUDVH� �$/7�� OHYHOV� �!��� ,8�O��� GHWHFWDEOH� +&9� 51$� RU� +%9� '1$� LQ� VHUXP�� DQG� D� OLYHU� ELRSV\� WKDW� LQGLFDWHV� HLWKHU� SRUWDO� RU� EULGJLQJ� ILEURVLV� RU� DW� OHDVW� PRGHUDWH� GHJUHH� RI� LQIODPPDWLRQ� DQG� QHFURVLV� ZHUH� LQFOXGHG� XQGHU� +&9�RU�+%9�UHODWHG�FKURQLF�KHSDWLWLV�FDWHJRULHV�� 3DWLHQWV� ZLWK� DXWRLPPXQH� OLYHU� GLVHDVH�� GUXJ� LQGXFHG�KHSDWLWLV�DQG�DOFRKRO�UHODWHG�LQMXULHV�ZHUH� H[FOXGHG��$�JURXS�RI�����SDWLHQWV��FKURQLF�QRQ�%�� QRQ�&� KHSDWLWLV�� ZHUH� VHURQHJDWLYH� IRU� ERWK� +%9� DQG�+&9�PDUNHUV�DV�UHYHDOHG�E\�(/,6$�DQG�3&5� VWXGLHV�� +LVWRU\� RI� EORRG� WUDQVIXVLRQ� �+%7�� ZDV� UHFRUGHG�LQ���SDWLHQWV�LQ�WKLV�JURXS��$QRWKHU�JURXS� RI� ��� SDWLHQWV� �FKURQLF� KHSDWLWLV� %�� ZDV� VHURSRVLWLYH� IRU� +%V$J� DQG� +%9� '1$� DQG� VHURQHJDWLYH�IRU�DQWL�+&9�DQG�+&9�51$��7ZHOYH� SDWLHQWV� KDG� +%7� LQ� WKLV� JURXS�� $� WRWDO� RI ��� SDWLHQWV��FKURQLF�KHSDWLWLV�&��ZHUH�VHURSRVLWLYH�IRU� DQWL�+&9� DQG� +&9� 51$� DQG� VHURQHJDWLYH� IRU� +%V$J� DQG� +%9� '1$�� )RXUWHHQ� SDWLHQWV� LQ� WKLV� JURXS� KDG� +%7�� 7KH� KHDOWK\� FRQWUROV� �Q ����� ZHUH� GUDZQ� IURP� KHDOWK\� PHQ� DQG� ZRPHQ� YROXQWDU\�EORRG�GRQRUV�ZLWK�QRUPDO�OLYHU�IXQFWLRQ� WHVW� �/)7�� SURILOHV� DQG� QHJDWLYH� VHURORJ\� WHVW� UHVXOWV�� IRU� +%9� DQG� +&9�� 7ZHQW\� ILYH� LQGLYLGXDOV�KDG�+%7�LQ�WKLV�JURXS��
6HURORJ\6HUXP� VDPSOHV� FROOHFWHG� IURP� DOO� ���� FKURQLF� KHSDWLWLV�SDWLHQWV�DQG�����KHDOWK\�FRQWURO�VXEMHFWV� ZHUH� LQFOXGHG� IRU�VHURORJLFDO� WHVWV� IRU�KHSDWLWLV�%� DQG� &� YLUXVHV�� (Q]\PH� /LQNHG� ,PPXQRVRUEHQW� $VVD\� �(/,6$�� IRU� GHWHFWLRQ� RI� +%V� $J� ZDV� FDUULHG� RXW� E\� XVLQJ� FRPPHUFLDO� (/,6$� NLW� �5$',0��,WDO\���7KLUG�JHQHUDWLRQ�(/,6$�NLWV�ZHUH� XVHG� IRU� GHWHFWLRQ� RI� DQWLERG\� WR� +&9� �5$',0�� ,WDO\���7KH�DQDO\VLV�ZDV�EDVHG�RQ�WKH�����SDWLHQWV� XVLQJ�6366������IRU�:LQGRZV�VRIWZDUH��6366�,QF� &KLFDJR�� ,OOLQRLV�� 86$��� 3UHYDOHQFH� DQG� ���� FRQILGHQFH�LQWHUYDOV������&,��ZHUH�FDOFXODWHG�
0ROHFXODU�7HVW)LYH�PO�RI�EORRG�VDPSOH�ZDV�FROOHFWHG�IURP�HDFK� SDWLHQW�LQ�D�VWHULOH�FRQWDLQHU�ZLWK������O�('7$�����
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0�DQG�PL[HG��3ODVPD�ZDV�VHSDUDWHG�DQG�VWRUHG�DW�±���&�IRU�IXUWKHU�WHVWLQJ��3ODVPD�VDPSOHV�RI�+&9�RU� +%9� SDWLHQWV� ZHUH� REWDLQHG� IURP� $I]DOLSRRU�KRVSLWDO� LQ� .HUPDQ�� ,UDQ�� 7KH� ���� VDPSOHV� ZHUH�FRQILUPHG� WR� EH� +&9� RU� +%9� SRVLWLYH� E\� 3&5�DQG�57�3&5�0HWKRG��7KLV�WHVW�LV�D�URXWLQH�ZRUN�LQ�RXU� ODERUDWRU\� IRU� GHWHFWLRQ� RI� +&9� DQG� +%9��)LIW\�VDPSOHV�ZHUH�+&9�3RVLWLYH�DQG����VDPSOHV�ZHUH�+%9�SRVLWLYH��KRZHYHU���VDPSOHV�ZHUH�ERWK�+&9�DQG�+%9�3RVLWLYH��9LUDO�'1$�ZDV�H[WUDFWHG�IURP�����O�SODVPD�E\�XVLQJ�4,$PS�EORRG�PLQL�NLW��4,$*(1�� *HUPDQ\�� DQG� UHVXVSHQGHG� LQ� ���O�HOXWLRQ�EXIIHU��'1$�ZDV�VWRUHG�DW�±���&�IRU�IXUWKHU�WHVWLQJ��$OO�VDPSOHV�ZHUH�WHVWHG�IRU�WKH�SUHVHQFH�RI�779�'1$�%\� VHPL�QHVWHG� 3&5�� 7KH� PHWKRG� RI� 3&5� ZDV�SHUIRUPHG� XVLQJ� VSHFLILF� SULPHUV� IRU� WKH� �¶�875�JHQRPH� UHJLRQV� LQ� DOO� VDPSOHV�� DQG� WKLV� UHJLRQ� LV�KLJKO\�FRQVHUYHG�LQ�WKH�779�����
3&5�3URWRFRO)LYH��O RI�H[WUDFWHG�'1$�VDPSOH�ZDV�DGGHG�WR�����O RI� UHDFWLRQ� PL[WXUH� FRQWDLQLQJ� �� XQLWV� 7DT�SRO\PHUDVH��������JHODWLQ�������0�RI�HDFK�SULPHU�������0�RI�HDFK�GHR[\QXFOHRWLG�WULSKRVSKDWH�����ORI�UHDFWLRQ�EXIIHU ����P0�.&������P0�WULV�+&,��S+�  � ����� DQG� ���� P0�0J&O�� 779� '1$� ZDV�GHWHUPLQHG� E\� VHPL�QHVWHG� 3&5� XVLQJ� SULPHUV�JHQHUDWHG� IURP� WKH� FRQVHUYHG� UHJLRQ� RI� WKH� 779�JHQRPH��7KH�ILUVW�URXQG�3&5�ZDV�FDUULHG�RXW�ZLWK�� �O RI�WKH�H[WUDFWHG�'1$�XVLQJ����SPRO�SULPHU�$��VHQVH����$&$�*$&�$*$�**$�*$$�**&�$$&�$7*���� DQG� ��� SPRO� SULPHU� %� �DQWLVHQVH�� ��&7**&$777�7$&�&$777&&$$$*7�7���� IRU����F\FOHV�DW�����&�IRU����VHF������&�IRU����VHF������&� IRU� ��� VHF� ZLWK� DGGLWLRQDO� �� PLQ� IRU� D� ILQDO�H[WHQVLRQ� VWHS� DW� ��� �&�� 7KH� VHFRQG�URXQG� 3&5�ZDV�SHUIRUPHG�ZLWK�� �O RI�WKH�SURGXFW�RI�WKH�ILUVW�URXQG�3&5�XVLQJ�DQRWKHU�VHQVH�SULPHU�&����**&�$$&� $7*� 77$� 7**� $7$� *$&� 7**���� DQG�SULPHU�%�IRU����F\FOHV�XQGHU�WKH�VDPH�FRQGLWLRQV��$PSOLILFDWLRQ� SURGXFW� RI� WKH� VHFRQG�URXQG� 3&5������ EDVH� SDLUV�� ZDV� HOHFWURSKRUHVHG� LQ� ���DJDURVH� JHO ZLWK� SURSHU� PDUNHUV� ����ES� 5RFKH��*HUPDQ\�� � VWDLQHG� ZLWK� HWKLGLXP� EURPLGH�� DQG�YLVXDOL]HG� XQGHU� 89� OLJKW�� 6WDQGDUG� SUHFDXWLRQV�ZHUH� WDNHQ� WR� DYRLG� VDPSOH�WR�VDPSOH�FRQWDPLQDWLRQ� DQG� 3&5� SURGXFW� FDUU\RYHU��ILJXUH���
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5HVXOWV
,Q� WKLV� VWXG\� �� ����SDWLHQWV�ZLWK�+%V�$J�SRVLWLYH�DQG� $QWL�+&9� SRVLWLYH� $QG� ���� VXEMHFWV� IURP�JHQHUDO� SRSXODWLRQ�ZHUH� WHVWHG� IRU�779�'1$�E\�3&5�� 7KLUW\� VHYHQ� RXW� RI� ���� �������� ZHUH�SRVLWLYH�IRU�779�'1$��7KH�UHVXOW�ZDV�FRQILUPHG�WZLFH� E\� 3&5�� 7KH� SUHYDOHQFH� RI� 779� '1$�REVHUYHG�ZDV� ������ LQ� RXU� VWXG\��7ZHOYH�RXW� RI���� VDPSOHV� WKDW�ZHUH�+%V�$J�SRVLWLYH��ZHUH�DOVR�SRVLWLYH�IRU�779�'1$������� ��7ZHQW\�RXW�RI����VDPSOHV� WKDW�ZHUH�$QWL�±+&9�SRVLWLYH��ZHUH�DOVR�SRVLWLYH�IRU�779������� ��$OVR�IRXU�VDPSOHV�ZHUH�SRVLWLYH�IRU�+%V�$J��$QWL�±+&9�DQG�779�'1$��7KH� VWXG\� JURXS� FRQVLVWHG� RI� ���� 6XEMHFWV� �����PDOHV�DQG����IHPDOHV��PHDQ�DJH�����\HDUV��UDQJH����� DQG� ��� \HDUV�� ZLWK� FKURQLF� +%9� RU� +&9�LQIHFWLRQV��7KH�GLDJQRVLV�RI�FKURQLF�KHSDWLWLV�ZDV�PDGH� RQ� WKH� EDVLV� RI� FOLQLFDO� DQG� KLVWRORJLFDO�UHVXOWV��

)LJXUH�� 779�3&5�$JDURVH�*HO�HOHFWURSKRUHVLV/DGGHU��0:�PDUNHU�����ES���3����W\SH�%�KHSDWLWLV�WKDW�779�3&5�ZDV�SRVLWLYH�3���W\SH�&�KHSDWLWLV�WKDW�779�3&5�ZDV�SRVLWLYH�3����VXEMHFW�WKDW�779�3&5�ZDV�1HJDWLYH�1�&��1HJDWLYH�FRQWURO
7KH� DJH� GLVWULEXWLRQ� EHWZHHQ� 779�SRVLWLYH� DQG�779�QHJDWLYH�SDWLHQWV�GLG�QRW�GLIIHU�VLJQLILFDQWO\��7KH�SURSRUWLRQ� RI�SDWLHQWV�ZLWK�EORRG� WUDQVIXVLRQ�KLVWRULHV� ZDV� KLJKHU� LQ� WKH� 779�SRVLWLYH� JURXS�WKDQ� LQ�779�QHJDWLYH�JURXS��7KH�VH[�GLVWULEXWLRQ�ZDV� QRW� VLJQLILFDQWO\� GLIIHUHQW� EHWZHHQ� 779�SRVLWLYH�DQG�779�QHJDWLYH�JURXSV��7R�HYDOXDWH�WKH�FRUUHODWLRQ� EHWZHHQ� 779� LQIHFWLRQ� DQG� KHSDWLF�

GDPDJH�� WKH� VHUXP� OHYHOV� RI�$/7� DQG�$67�ZHUH�PHDVXUHG� LQ� DOO� VXEMHFWV� �GDWD� QRW� VKRZQ��� 1R�VLJQLILFDQW� LQFUHDVH� LQ� VHUXP�$/7� DQG� $67�ZDV�REVHUYHG�LQ�779�SRVLWLYH�6XEMHFWV��FRPSDUHG�ZLWK�779� QHJDWLYH� VXEMHFWV�� ,Q� DGGLWLRQ�� 779� FR�LQIHFWLRQ� GLG� QRW� HOLFLW� DQ\� IXUWKHU� VLJQLILFDQW�LQFUHDVH� LQ�$/7� DQG�$67� OHYHOV� LQ� SDWLHQWV�ZLWK�FKURQLF� OLYHU�GLVHDVH��)XUWKHUPRUH��QR� LQFUHDVH� LQ�$/7� DQG� $67� ZDV� REVHUYHG� LQ� +%9� RU� +&9�SRVLWLYH� SDWLHQWV�� 7KHVH� REVHUYDWLRQV� VXJJHVWHG�WKDW� WKHUH� LV� QR� VLJQLILFDQW� DVVRFLDWLRQ� EHWZHHQ�779� LQIHFWLRQ� DQG� KHSDWLF� LQMXU\� LQ� RXU� VWXG\�VXEMHFWV�779�'1$�ZDV�GHWHFWHG�LQ����RI����SDWLHQWV�������ZLWK�W\SH�%�KHSDWLWLV�����RI����SDWLHQWV�������ZLWK�W\SH�&� KHSDWLWLV� SDWLHQWV�� DQG� �� RI� ���� KHDOWK\�VXEMHFWV� ����� ZLWK� QRUPDO� OLYHU� IXQFWLRQ� SURILOH�WHVWV�� 7KH� SUHYDOHQFH� RI� 779� ZDV� VLJQLILFDQWO\�KLJKHU� LQ� W\SH�%� KHSDWLWLV� SDWLHQWV� DQG� W\SH�&�KHSDWLWLV�SDWLHQWV�DV�FRPSDUHG�ZLWK�QRUPDO�VXEMHFWV��7DEOH� ���� $PRQJ� ���� VDPSOHV� ZKLFK� ZHUH�SRVLWLYH� IRU� +%9� DQG� +&9� IRXU� RI� WKH� VDPSOHV�ZHUH� SRVLWLYH� IRU� DOO� WKUHH� YLUDO� PDUNHUV� �+%9��+&9��DQG�779�'1$����
7DEOH��� 7KH�SUHYDOHQFH�RI�779�LQIHFWLRQ6XEMHFW Q 779����*HQHUDO�SRSXODWLRQ ��� �����7\SH�%�KHSDWLWLV�SDWLHQWV �� �������7\SH�&�KHSDWLWLV�SDWLHQWV �� �������

7RWDO ��� ���������
*HQHUDO�SRSXODWLRQ��1RQ�%�1RQ�&�KHSDWLWLV'LVFXVVLRQ
,Q� WKH� SUHVHQW� VWXG\�� WKH� SUHYDOHQFH� RI� 779� LQ�SDWLHQWV� ZLWK� FKURQLF� OLYHU� GLVHDVHV� ������ ZDV�IRXQG� WR� EH� KLJKHU� WKDQ� WR� WKDW� LQ� KHDOWK\� EORRG�GRQRUV� ������ $UDQNDOOH� HW� DO� UHSRUWHG� 779�SRVLWLYLW\� RQO\� LQ� +%9� '1$� SRVLWLYH VXEMHFW� RI�FKURQLF� KHSDWLWLV� SDWLHQWV�� +RZHYHU�� GHWDLOHG�FOLQLFDO�GDWD�RI�WKH�SDWLHQWV�OLNH�DJH��VH[��KLVWRU\�RI�EORRG� WUDQVIXVLRQV� ZHUH� QRW� VWXGLHG�� 6HYHUDO�VWXGLHV�KDYH�UHYHDOHG�KLJK������WR������779�'1$�SUHYDOHQFH�LQ�KHDOWK\�FRQWURO�JURXSV������779�PD\�EH�DFTXLUHG�HDUO\�LQ�OLIH��SDUWLFXODUO\�LQ�FRXQWULHV ZLWK�D�KLJK�SUHYDOHQFH�RI�YLUDO�LQIHFWLRQ�LQ� WKH� JHQHUDO� SRSXODWLRQ� $� VHULHV� IURP� -DSDQ�IRXQG�WKDW����RI�����FKLOGUHQ�UHIHUUHG�WR�D JHQHUDO�
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SHGLDWULF�FHQWHU�KDG�779�'1$�GHWHFWDEOH�LQ�WKHLU� VHUXP� ����� ,Q� DQRWKHU� UHSRUW� IURP� WKH�'HPRFUDWLF� 5HSXEOLF� RI� &RQJR�� 779 ZDV� IRXQG� LQ� ��� RXW� RI� ����ZRPHQ�������DWWHQGLQJ�DQ�DQWHQDWDO�FOLQLF DQG� ���RI����������RI�WKHLU�LQIDQWV������7KH�YLUXV�FDQ� EH� GHWHFWHG LQ� WKH� VWRRO� DQG� ELOH� RI� LQIHFWHG� SDWLHQWV�� VXJJHVWLQJ� WKDW LW� PD\� EH� WUDQVPLWWHG� E\� HQWHULF�URXW��������� $�KLJK�SUHYDOHQFH�RI�LQIHFWLRQ� KDV�EHHQ�IRXQG�LQ SDWLHQWV�ZLWK SDUHQWHUDO�H[SRVXUH� WR� EORRG�� 779� '1$� ZDV� GHWHFWHG� LQ� ���� RI SDWLHQWV� ZLWK� KHPRSKLOLD� LQ� WKH� 8QLWHG� .LQJGRP� ������ DQG� XS WR� ���� LQ� -DSDQ� ����� ����� $� UHSRUW� IURP� &KLQD� IRXQG� D� SUHYDOHQFH RI� ���� DPRQJ� WKRVH�ZLWK� D�KLVWRU\�RI� LQWUDYHQRXV�GUXJ�XVH������� 779 ZDV� SUHVHQW� LQ� ���� RI� ,WDOLDQ� SDWLHQWV� ZLWK� WUDQVIXVLRQ�GHSHQGHQW EHWD�WKDODVVHPLD������(OHYDWHG�VHUXP�$/7�OHYHOV�KDYH�EHHQ�IRXQG�LQ��� ���RI�SDWLHQWV�ZLWK�DQ�$QWL�±+&9�SRVLWLYH�VWDWXV�� EXW� FKURQLF� +&9� LQIHFWLRQ� KDV� D� IOXFWXDWLQJ� FRXUVH��WKHUHE\�FDXVLQJ�IOXFWXDWLRQV�LQ�$/7�OHYHOV�� 7KHUHIRUH�SDWLHQW�ZLWK�QRUPDO�$/7�OHYHOV�PD\��LQ� IDFW�� KDYH� VHYHUH� KLVWRORJLFDO� OHVLRQV� LQ� OLYHU�� ,Q� WKLV� VWXG\�� VWDWLVWLFDOO\� QR� VLJQLILFDQW� FRUUHODWLRQ� ZDV�IRXQG�EHWZHHQ�779�LQIHFWLRQ�DQG��DJH��VH[�RU� HOHYDWHG�$/7�DPRQJ�SRVLWLYH�VDPSOHV��&KRRVLQJ� WKH�PRVW� HIILFLHQW�VHW�RI�SULPHUV� IRU� WKH� DPSOLILFDWLRQ� RI� D� YLUDO� QXFOHLF� DFLG� LV� LPSRUWDQW� ZKHQ� WHVWLQJ� VHUXP� VDPSOHV�� ,Q� WKLV� VWXG\� DPSOLILFDWLRQ� RI� 779� '1$� ZDV� FDUULHG� RXW� ZLWK� WKUHH� GLIIHUHQW� VHWV� RI� SULPHUV�� $� GLIIHUHQW� 3&5� VHQVLWLYLW\�GHSHQGLQJ�RQ�WKH�5HJLRQ�DPSOLILHG�ZDV� REVHUYHG�ZKHQ� WHVWLQJ�SODVPD��7KH�VHW�RI�SULPHUV� ZHUH� GHULYHG� IURP� WKH� �
�875� UHJLRQ� WKDW� ZDV� KLJKO\�FRQVHUYHG�3UHOLPLQDU\� UHSRUWV� LQ� SDWLHQWV� ZKR� KDYH� EHHQ� IROORZHG� ORQJLWXGLQDOO\ KDYH�VXJJHVWHG�D� ORZ�UDWH� RI� YLUDO� FOHDUDQFH�� $V� DQ� H[DPSOH� 779� '1$� UHPDLQHG� SHUVLVWHQWO\� GHWHFWDEOH� IRU� �� \HDU LQ� D� FRKRUW RI����SDWLHQWV� ������ ,Q�DQRWKHU� UHSRUW������ RI� ��� SDWLHQWV� ZKR ZHUH� IROORZHG� IRU� �� \HDUV� UHPDLQHG�LQIHFWHG�������$�WKLUG�VHULHV VXJJHVWHG�DQ� DQQXDO� FOHDUDQFH� UDWH� RI� DSSUR[LPDWHO\� ��� ����� +RZHYHU��PDQ\�RI�WKH�SDWLHQWV� LQ�WKHVH�VHULHV�KDG� H[SRVXUH� WR EORRG� SURGXFWV�� 7KXV�� WKH� H[WHQW� WR� ZKLFK� WKH� SHUVLVWHQFH� RI 779� '1$� UHSUHVHQWV� FKURQLF� LQIHFWLRQ� E\� D� VLQJOH� JHQRW\SH� RU WKH� DFTXLVLWLRQ� RI� QHZ� JHQRW\SHV� UHPDLQV� XQFHUWDLQ� 2XU�ILQGLQJV�LQGLFDWHG�WKDW�779�'1$�LV�SUHVHQW�LQ� SDWLHQWV�ZLWK�DFXWH�KHSDWLWLV�RI RWKHUZLVH�XQNQRZQ� HWLRORJ\��EXW�D�FRUUHODWLRQ RI�779�WLWHUV�DQG�VHUXP� DPLQRWUDQVIHUDVH� FRQFHQWUDWLRQV� KDV� EHHQ LQFRQVLVWHQW��7KHUHIRUH�LW�UHPDLQV�XQFOHDU�ZKHWKHU�
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