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����� 30���VL]H�IUDFWLRQV�DQG�FRPSRVLWLRQ ��
����� 7UDIILF�HPLVVLRQV ��

��� 30���DV�D�FRPSOH[�DQG�KHWHURJHQHRXV�PL[WXUH ��
��� ,PSRUWDQW�TXHVWLRQV�UHODWHG�WR�SODXVLEOH�PHFKDQLVPV�DQG�FULWLFDO�FDXVDWLYH�FRPSRQHQWV ��

�� 3RWHQWLDO�30�SURSHUWLHV�DQG�PHFKDQLVPV�XQGHUO\LQJ�30���DVVRFLDWHG�KHDOWK�HIIHFWV ��
��� 7R[LFRORJLFDO�GDWD�RQ�YDULRXV�30���IUDFWLRQV��FRPSRQHQWV�DQG�VSHFLILF�VRXUFHV ��
��� 30���VL]H�IUDFWLRQV�DQG�FRPSRVLWLRQ ��

����� $FLG��FRDWHG��SDUWLFOHV ��
����� 3DUWLFOHV�FRDWHG�ZLWK�VROXEOH��UHDFWLYH��RUJDQLF�RU�PHWDOOLF�FRPSRQHQWV ��
����� 8OWUDILQH�LQVROXEOH�SDUWLFOHV ��
����� %LRORJLFDO�FRPSRQHQWV�RI�30 ��
����� &RPELQDWLRQ�RI�SDUWLFOHV�DQG�JDVHV ��

��� 7UDIILF�HPLVVLRQV ��
��� 5HDO�ZRUOG�DPELHQW�30 ��
��� +RVW�UHVSRQVLYHQHVV ��
��� 'HSRVLWLRQ�DQG�FOHDUDQFH�RI�30�LQ�DLUZD\V�DQG�OXQJ ��
��� 3RVVLEOH�ELRORJLFDO�PHFKDQLVPV�RI�DFWLRQ�RI�30 ��

�� 7R[LFLW\�GDWD�DQG�KHDOWK�UHOHYDQFH�RI�30���SURSHUWLHV ��
��� ,PSRUWDQFH�RI�WKH�WRWDO�DLU�SROOXWLRQ�PL[WXUH ��

7R[LFRORJLFDO�HYLGHQFH�IRU�WKH�UHOHYDQFH�RI�DPELHQW�30�IUDFWLRQV ��
����� 30���VL]H�IUDFWLRQV�DQG�FRPSRVLWLRQ ��
����� 7UDIILF�HPLVVLRQV ��

�� 6XPPDU\�DQG�FRQFOXVLRQV ��

5HIHUHQFHV ��
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DLU� SROOXWLRQ� KDV� UHYHDOHG� D� ODUJH� QXPEHU� RI� GDWD� RQ� UHJLRQDO� GLIIHUHQFHV� LQ� DLU� SROOXWLRQ� DQGKHDOWK�RXWFRPHV�LQ�DGXOWV�DQG�HOGHUO\��7RWDO�VXVSHQGHG�SDUWLFXODWHV��763���EODFN�VPRNH��%6���DQGR]RQH� �2�� OHYHOV� ZHUH� SRVLWLYHO\� EXW� PRGHUDWHO\� DVVRFLDWHG� ZLWK� DGPLVVLRQV� IRU� FKURQLFREVWUXFWLYH�SXOPRQDU\�GLVHDVH� �&23'�� LQ� VHYHUDO�ZHVWHUQ�(XURSHDQ�FLWLHV�ZLWK�ZLGHO\�YDU\LQJFOLPDWHV�DQG�DLU�TXDOLW\�FRQGLWLRQV��$QGHUVRQ�HW�DO�������� 6SL[�HW�DO����������2� OHYHOV�ZHUH�PRVWVWURQJO\ DQG� FRQVLVWHQWO\� DVVRFLDWHG�ZLWK� GDLO\� DGPLVVLRQV� IRU� UHVSLUDWRU\� FDXVHV�� HVSHFLDOO\� LQHOGHUO\� DQG� GXULQJ� WKH� VXPPHU� VHDVRQ�� 6WXGLHV� RQ� WRWDO� DQG� FDXVH�VSHFLILF� PRUWDOLW\� LQ� ERWK:HVWHUQ�DQG�&HQWUDO�(XURSHDQ�FLWLHV��.DWVRX\DQQL�HW�DO�� ������7RXORXPL�HW�DO���������=PLURX�HW
DO�� ������UHYHDOHG�SRVLWLYH��EXW�PRGHUDWH�DVVRFLDWLRQV�EHWZHHQ�LQFUHDVHG�OHYHOV�RI�30��%6��DQG2� DQG H[FHVV� GDLO\� QXPEHU� RI� GHDWKV� IURP� FDUGLRYDVFXODU� RU� UHVSLUDWRU\� FDXVHV� LQ� :HVWHUQ(XURSHDQ�FLWLHV���,Q�&HQWUDO�(XURSHDQ�FLWLHV�VLPLODU�DVVRFLDWLRQV�ZHUH�QRW�REVHUYHG��&ROOHFWLYHO\�WKHVH�GDWD�SRLQW� WR�UHJLRQDO�GLIIHUHQFHV� LQ� �SDUWLFXODWH��DLU�SROOXWLRQ�DVVRFLDWHG�KHDOWK�HIIHFWV� LQ(XURSH� DQG� WKH� GDWD� VHHP� FRKHUHQW� ZLWK� WKRVH� IURP� RWKHU� VWXGLHV�� DOWKRXJK� WKH� UHJUHVVLRQFRHIILFLHQWV�IRU�30�DUH�VXEVWDQWLDOO\�VPDOOHU� LQ�WKHVH�(XURSHDQ�VWXGLHV�FRPSDUHG�WR�WKRVH�IURPVWXGLHV�FRQGXFWHG�LQ�H�J��WKH�86$�
7KH� (8� DLU� TXDOLW\� REMHFWLYHV� IRU� 30��� DUH� VWULFWHU� WKDQ� LQ� WKH� 86$� DLU� TXDOLW\� VWDQGDUGV�UHVXOWLQJ� LQ� WKH� QHHG� LQ� WKH� (8� IRU� UHGXFWLRQV� LQ� HPLVVLRQV� IURP� YDULRXV� VRXUFHV� WR� D� PXFKJUHDWHU�H[WHQW� WKDQ�IRUPHUO\�DQWLFLSDWHG��)RU�SDUWLFXODWH�PDWWHU� LW� LV�HVWLPDWHG� WKDW�HPLVVLRQV� LQFLWLHV�ZLOO�QHHG�WR�EH�UHGXFHG�WR�a�����RI�WKH�SUHVHQW�YDOXHV��7KH�QHZ�30�VWDQGDUGV�ZLOO�UHYLVHGLQ ������86$��DQG�������(8��IROORZLQJ�D�FULWLFDO�UHYLHZ�RI�GDWD�IURP�QHZ�VWXGLHV�RQ�H[SRVXUH�DLU�TXDOLW\��HPLVVLRQ�DQG�VRXUFH�DSSRUWLRQPHQW�30�WR[LFLW\�DQG�KHDOWK�HIIHFWV�� ,Q�SDUWLFXODU�� LQ���� WKH� (8� ZLOO� DOVR� FRQVLGHU� ZKHWKHU� WKH� 30� 'DXJKWHU� 'LUHFWLYH� VKRXOG� EH� DGMXVWHG� RUH[WHQGHG�WR�FRQWURO�IRU�H�J��WKH�ILQH�IUDFWLRQ�RI�30����L�H��30���� RU�D�VRXUFH�UHODWHG�30�IUDFWLRQOLNH��GLHVHO�PRWRU�YHKLFOH�H[KDXVW�
7R[LFRORJLFDO�VWXGLHV�RQ�WKH�LGHQWLILFDWLRQ�RI�UHVSRQVLEOH�SDUWLFOH�VL]H�IUDFWLRQV�DQG�FRPSRQHQWVDQG RQ� SODXVLEOH� YLHZV� RQ� ELRORJLFDO� PHFKDQLVPV� KDYH� WR� RIIHU� D� UDWLRQDOH� IRU� WKHHSLGHPLRORJLFDO� ILQGLQJV� DQG� IRU� HIIHFWLYH� FRQWURO� PHDVXUHV� WDUJHWHG� RQ� VRXUFHV� RI� WKH� PRVWLPSRUWDQW�30�FRPSRQHQWV��7KLV�SOHD�IRU� WR[LFRORJLFDO�VWXGLHV�KDV�DOVR�UHFHQWO\�EHHQ�SXEOLVKHGE\ WKH�1DWLRQDO�5HVHDUFK�&RPPLWWHH�RI�WKH�86�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�LQ�RUGHU�WR�JXLGHWKH 86�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�WRZDUGV�D�PRUH� WDUJHWHG�DQG� LQWHQVLILHG�30�UHVHDUFK�1$6���������6LPLODU�QHHGV�ZLOO�DOVR�EH�SXW�IRUZDUG�LQ�WKH�(QYLURQPHQW�DQG�+HDOWK�6HFWLRQ�RIWKH �WK� (8� )UDPHZRUN� 3URJUDPPH� DQG� KDV� UHFHQWO\� EHHQ� LGHQWLILHG� LQ� WKH� (XURSHDQ� 6FLHQFH)RXQGDWLRQ��(6)��SRVLWLRQ�SDSHU�³(QYLURQPHQW�DQG�+HDOWK�5HVHDUFK�IRU�(XURSH´��(6)��������

���� (SLGHPLRORJLFDO�GDWD�RQ�KHDOWK�HIIHFWV
(SLGHPLRORJLFDO� GDWD� VXJJHVW� WKDW� FXUUHQW� OHYHOV� RI� SDUWLFXODWH� DLU� SROOXWLRQ� DUH� VWDWLVWLFDOO\VLJQLILFDQWO\�DQG�SRVLWLYHO\�DVVRFLDWHG�ZLWK�DGYHUVH�KHDOWK�HIIHFWV��/XQJ�IXQFWLRQ�GHFOLQH��LQFUHDVHGUHVSLUDWRU\� V\PSWRPV�� ZRUVHQLQJ� RI� FKURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVHV� �&23'��� LQFUHDVHGKRVSLWDO�DGPLVVLRQV��DV�ZHOO�DV�H[FHVV�FDUGLRYDVFXODU�DQG�UHVSLUDWRU\�PRUELGLW\�DQG�DGXOW�PRUWDOLW\DSSHDU� WR� EH� DVVRFLDWHG� ZLWK� DFXWH� H[SRVXUH� WR� UHODWLYHO\� ORZ� PDVV� FRQFHQWUDWLRQV� �EHORZ� WKHFXUUHQW�DQG�SURSRVHG�VWDQGDUGV��RI�DPELHQW�SDUWLFOHV� �7]RQRX�HW�DO���������'RFNHU\�HW�DO��������1LWWD�HW�DO���������5RHPHU�HW�DO���������+RHN�DQG�%UXQHNUHHI�������������'RFNHU\�DQG�3RSH������9DQ�GHU�=HH�HW�DO��������'XVVHOGRUS�HW�DO��������3RSH�HW�DO��������5,90�������0RROJDYNDU�HW�DO��



5,90�5HSRUW�QXPEHU����������� 3DJH����RI���
������9HUKRHII�HW�DO�� ������=PLURX�HW�DO�� ������'DE�HW�DO�� ������%XUQHWW�HW�DO�� ������*LHOHQ�HW�DO�������� %RUMD�DEXUWR� HW� DO�� ������� � 7KHVH� VWXGLHV� LQGLFDWH� WKDW� DVVRFLDWLRQV� DUH� IRXQG� DW� YDULRXVJHRJUDSKLFDO�XUEDQ�DQG� UXUDO�DUHDV�ZLWK�D� UDWKHU� ODUJH� FRQWUDVW� LQ� DLU� TXDOLW\� FRQGLWLRQV�� OLNH� H�J�ZRRG� VPRNH�� ZLQG� EORZQ� GXVW�� LQGXVWULDO� HPLVVLRQV�� HQHUJ\� JHQHUDWLRQ�� �GLHVHO�� PRWRU� YHKLFOHHPLVVLRQV��DV�ZHOO�DV�DFLG�DHURVROV��0DQ\�VWXGLHV�VKRZ�DVVRFLDWLRQV�ZLWK�D�QXPEHU�RI�LQGLFDWRUV�RIDPELHQW�DLU�DQG�SDUWLFOH�TXDOLW\��OLNH�30��� EODFN�VPRNH��62�

��� DQG�+�� EXW�DOVR�ZLWK�JDVHRXV�DLUSROOXWDQWV�OLNH�12�� 2�� &2��DQG�62�� ,Q�D�QXPEHU�RI�VWXGLHV�VSHFLILF��DJHG��VXESRSXODWLRQV�ZLWKUHVSLUDWRU\�DQG�FDUGLRYDVFXODU�GLVHDVHV� VHHP� WR�EH� DW� LQFUHDVHG� ULVN� WR� WKH� DGYHUVH�KHDOWK� HIIHFWVDVVRFLDWHG� ZLWK� 30��� SRVVLEO\� YLD� ZRUVHQLQJ� RI� WKHLU� DOUHDG\� FRPSURPLVHG� SK\VLRORJLFDOFRQGLWLRQV��'HOILQR�HW�DO�� ������9HGDO�HW�DO�� �������$Q�(XURSHDQ�PXOWL�FHQWUH�VWXG\�RQ�VKRUW�WHUPDLU�3ROOXWLRQ�UHODWHG�KHDOWK�(IIHFWV�RQ�$VWKPDWLF�&KLOGUHQ��3($&(��+RHN�HW�DO�� ������GLG�QRW�VKRZFOHDU� DVVRFLDWLRQV� EHWZHHQ� 30��� %ODFN� 6PRNH�� 62� RU� 12� OHYHOV� DQG� SHDN� H[SLUDWRU\� IORZ�UHVSLUDWRU\�V\PSWRPV��DQG�EURQFKRGLODWRU�XVH��5RHPHU�HW�DO�� �������$�UHFHQW�VWXG\�RQ�VKRUW�WHUPKHDOWK� HIIHFWV� RI� ZLQWHUWLPH� DLU� SROOXWLRQ� LQ� DVWKPDWLF� FKLOGUHQ� LQ� 3DULV� VKRZHG� SRVLWLYHDVVRFLDWLRQV�EHWZHHQ�ORZ�OHYHOV�RI�DLU�SROOXWLRQ�LQ�JHQHUDO�DQG�62� LQ�SDUWLFXODU��ZLWK�LQFUHDVHVRI DVWKPD�DQG�UHODWHG��DLUZD\�IXQFWLRQ��SDUDPHWHUV��6HJDOD�HW�DO�� ������
$VVRFLDWLRQV� EHWZHHQ� 30��� DQG� FKDQJHV� LQ� FDUGLDF� UK\WKP� DUH� FRQVLGHUHG� WR� EH� FRQVLVWHQW�ZLWKUHFHQW�DQLPDO�WR[LFLW\�GDWD�RQ�FDUGLRYDVFXODU�HIIHFWV�RQ�FRQFHQWUDWHG�30����DQG�FROOHFWHG�30��3RSH
HW�DO�� �������$�UHFHQW�VWXG\�DOVR�SUHVHQWV�GDWD�RQ�WKH�DVVRFLDWLRQ�EHWZHHQ�DPELHQW�30���H[SRVXUHDQG�LQFUHDVHG�ULVN�RI�SRVWQHRQDWDO�PRUWDOLW\�LQ�QRUPDO�ELUWK�ZHLJKW�EDELHV��:RRGUXII�HW�DO�� ������(SLGHPLRORJLFDO� VWXGLHV� DOVR� VKRZHG� WKDW� 30���� OHYHOV� DUH� SRVLWLYHO\� DVVRFLDWHG� ZLWK� VHQVLWLYHLQGLFDWRUV� RI� LPPXQRORJLFDO� DOWHUDWLRQV� LQ� FKLOGUHQ� DQG� DGXOWV�� VXJJHVWLYH� IRU� D� VHULRXV� DGYHUVHHIIHFW�RI�SDUWLFXODWH�DLU�SROOXWLRQ�RQ�KRVW�GHIHQFH�UHJXODWLRQV��+DGQDJ\��HW�DO�� ������
$ QXPEHU�RI�HSLGHPLRORJLFDO�VWXGLHV�SHUIRUPHG�LQ�WKH�86$�DQG�(XURSH�ZLWK�DGXOWV�DQG�FKLOGUHQDOVR�LQGLFDWH�VWDWLVWLFDO�VLJQLILFDQW�DVVRFLDWLRQV�EHWZHHQ�ORQJ�WHUP�H[SRVXUH�WR�30���RU�30����OHYHOVDQG� LQFUHDVHG�PRUWDOLW\�� OXQJ� IXQFWLRQ� GHFOLQH�� DQG� UHVSLUDWRU\� V\PSWRPV�� LQ� SDUWLFXODU� DW� XUEDQDUHDV�ZLWK� UHODWLYHO\�KLJK� WUDIILF�GHQVLW\� �7]RQRX�HW�DO���������'RFNHU\�HW�DO���������1LWWD�HW�DO��������:MVW�HW�DO���������(GZDUGV�HW�DO���������3RSH�HW�DO���������$FNHUPDQQ�/LHEULFK�HW�DO�� �����%UDXQ�)DKUOlQGHU�HW�DO���������$EEH\�HW�DO�� �������$QDO\VHV�RI�FDXVHV�RI�GHDWK�UHYHDOHG�WKDW�OXQJFDQFHU�LV�DOVR�SRVLWLYHO\�DVVRFLDWHG�ZLWK�30����%HHVRQ�HW�DO�� ������$EEH\�HW�DO�� �������$�UHFHQWUHYLHZ��.DWVRX\DQQL�DQG�3HUVKDJHQ��������LQGLFDWH�WKDW�XUEDQ�DLU�SROOXWLRQ�PD\�EH�D�ULVN�IDFWRU�IRUOXQJ� FDQFHU� ZLWK� HVWLPDWHG� UHODWLYH� ULVNV� XS� WR� DERXW� ����� 0RUSKRPHWULF� HYDOXDWLRQ� RI� PDLQEURQFKXV� QHFURSV\� VDPSOHV� RI� LQGLYLGXDOV� ZKR� GLHG� GXH� WR� YLROHQW� FDXVHV� VKRZHG� WKDW� OXQJVFROOHFWHG� IURP� D� KLJK� 30� SROOXWLRQ� DUHD� GHPRQVWUDWHG� PRUH� KLVWRSDWKRORJLFDO� GDPDJH� LQFRPSDULVRQ�ZLWK�WKRVH�IURP�WKH�FOHDQ�DUHD��6RX]D�HW�DO�� ������VXJJHVWLQJ�WKDW�30�PD\�FRQWULEXWHWR�WKH�SDWKRJHQHVLV�RI�DLUZD\�GLVHDVHV�
7KH� FRQVLVWHQF\� RI� WKH� HSLGHPLRORJLFDO� GDWD� EDVH� DPRQJ� GLIIHUHQW� SRSXODWLRQV�� DLU� SROOXWLRQVLWXDWLRQV�� DQG�ZHDWKHU� SDWWHUQV� LV� HYHQ�PRUH� UHPDUNDEOH� EHFDXVH� RI� WKH� ODFN� RI� NQRZOHGJH� RQELRORJLFDO�PHFKDQLVPV�IRU�HIIHFWV�VHHQ�DW�WKH�UHODWLYHO\�ORZ�SDUWLFOH�OHYHOV��7KH�SDUWLFOHV�UHVSRQVLEOHIRU� WKH� REVHUYHG� DGYHUVH� KHDOWK� HIIHFWV� DUH� XQNQRZQ� EXW� SUHVXPDEO\� SUHVHQW� ERWK� LQGRRUV� DQGRXWGRRUV�DQG�PD\�FRQVLVW�RI�SULPDU\�SDUWLFOHV�RULJLQDWLQJ�IURP�VWDWLRQDU\�DQG�PRELOH�FRPEXVWLRQVRXUFHV�DV�ZHOO�DV�VHFRQGDU\�SDUWLFOHV�IURP�RWKHU�VRXUFHV��6FKZDUW]��������
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������ 30���VL]H�IUDFWLRQV�DQG�FRPSRVLWLRQ
0RVW� RI� WKH� HSLGHPLRORJLFDO� LQYHVWLJDWLRQV� RQ� DFXWH� DQG� FKURQLF� KHDOWK� HIIHFWV� KDYH� XVHG� WKHDPELHQW�30���PDVV�FRQFHQWUDWLRQ�DV�DQ�H[SRVXUH�LQGH[��$�OLPLWHG�QXPEHU�RI�VWXGLHV�KDYH�XVHG30���� PDVV� OHYHOV� DV� DQ� LQGH[�� KRZHYHU�� WKH� UHVXOWV� VKRZ� WKDW� RQ� D� PLFURJUDP� PDVV� EDVLV�FRPSDUHG� WR� 30��� WKH� DVVRFLDWLRQV� ZLWK� 30���� DUH� QRW� VWURQJHU� WKDQ� FDQ� EH� H[SHFWHG� RQ� WKH30���� PDVV� FRQWHQW� LQ� 30��� $� YHU\� OLPLWHG� QXPEHU� RI� VWXGLHV� KDV� XVHG� XOWUDILQH� SDUWLFOHV�a30���� DV� DQ� H[SRVXUH� LQGH[� �3HHWHUV� HW� DO�������E� 3HNNDQHQ� HW� DO�������� 3HQWWLQHQ� HW� DO�������� EXW� WKH� UHVXOWV� GR� QRW� XQHTXLYRFDOO\� VXJJHVW� WKDW� WKH� QXPEHU� FRQFHQWUDWLRQ� RI� XOWUDILQHSDUWLFOHV�LV�DVVRFLDWHG�ZLWK�KHDOWK�HIIHFWV�LQ��DVWKPDWLF��FKLOGUHQ�RU�DGXOWV�DQG�RU�WKDW�WKH�SRVLWLYHDVVRFLDWLRQV�DUH�VWURQJHU�FRPSDUHG�WR�WKRVH�ZLWK�SDUWLFOH�PDVV�LQGLFHV�OLNH�30��� 30���� 763�HWF�

������ 7UDIILF�HPLVVLRQV
7KHUH� LV� DOVR� HYLGHQFH� IURP� HSLGHPLRORJLFDO� VWXGLHV� VXJJHVWLQJ� WKDW� ORQJ�WHUP� H[SRVXUH� WR� DLUSROOXWLRQ� DW� XUEDQ� DUHDV� ZLWK� UHODWLYHO\� KLJK� WUDIILF� LQWHQVLW\� LV� DVVRFLDWHG� ZLWK� GHFUHDVHG� OXQJIXQFWLRQ�� LQFUHDVHG� SUHYDOHQFH� RI� FKURQLF� UHVSLUDWRU\� V\PSWRPV� OLNH� EURQFKLWLV� DQG� DVWKPD�� DQGOXQJ�FDQFHU��7]RQRX�HW�DO���������'RFNHU\�HW�DO���������1LWWD�HW�DO���������:MVW�HW�DO���������3RSH�HWDO���������$FNHUPDQQ�/LHEULFK�HW�DO���������%UDXQ�)DKUOlQGHU�HW�DO���������$EEH\�HW�DO��������������%HHVRQ�HW�DO����������7KHVH�UHODWLRQVKLSV�LQFOXGH�DVVRFLDWLRQV�ZLWK�ORQJ�WHUP�OHYHOV�RI�SDUWLFXODWHSROOXWLRQ� �763�� 30��� VRPHWLPHV� DOVR� LQFOXGLQJ� DFLG� DHURVROV�� DQG� SROOXWDQWV�� ZKLFK� VHHPSDUWLFXODUO\��FRUUHODWHG�ZLWK�WUDIILF�HPLVVLRQV�OLNH�H�J��12��$ OLPLWHG�QXPEHU�RI�UHFHQWO\�SHUIRUPHG�VWXGLHV�LQ�WKH�1HWKHUODQGV�VKRZHG�WKDW�DFXWH�H[SRVXUH�WRPRWRU�YHKLFOH�DQG��KHDY\��WUXFN�WUDIILF�HPLVVLRQV�LV�SRVLWLYHO\�DVVRFLDWHG�ZLWK�GDLO\�YDULDWLRQ�LQFKURQLF UHVSLUDWRU\�V\PSWRPV�LQ�FKLOGUHQ�OLYLQJ�QHDU�IUHHZD\V��9DQ�9OLHW�HW�DO���������%UXQHNUHHIHW DO����������7KH�GDWD�VXJJHVW�WKDW��KHDY\��PRWRU�YHKLFOH�HPLVVLRQV�PLJKW�EH�LPSRUWDQW�LQ�30�DVVRFLDWHG�KHDOWK�HIIHFWV�DQG�WKDW��XOWUD��ILQH�SDUWLFOHV�FRXOG�SOD\�D�VLJQLILFDQW�UROH�
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���� 30���DV�D�FRPSOH[�DQG�KHWHURJHQHRXV�PL[WXUH
$PELHQW�SDUWLFXODWH�DLU�SROOXWLRQ�LV�D�PL[WXUH�RI�VROLG�SDUWLFOHV�DQG�OLTXLG�GURSOHWV�WKDW�PD\�YDU\�LQPDVV��VL]H��DQG�FKHPLFDO�FRPSRVLWLRQ��GHSHQGLQJ�RQ�WKH�VRXUFHV��DQG�WKH�PHWHRURORJLFDO�FRQGLWLRQV�30� OHYHOV� UHOHYDQW� WR� KXPDQ� KHDOWK� HIIHFWV� DUH� FRPPRQO\� H[SUHVVHG� RQ� WKH� EDVLV� RI� WKH� PDVVFRQFHQWUDWLRQ� RI� LQKDODEOH� SDUWLFOHV�� GHILQHG� WR� FRQWDLQ� SDUWLFOHV� ZLWK� DQ� DHURG\QDPLF� GLDPHWHUHTXDO�WR�RU�OHVV�WKDQ�����P��7KLV�LV�EHFDXVH�RQO\�WKHVH�DQG�VPDOOHU�SDUWLFOHV�FDQ�SHQHWUDWH�LQWR�WKHDLUZD\V� DQG� OXQJV��$LU�TXDOLW\�GDWD�KDYH� UHYHDOHG� WKDW� DPELHQW� DHURVROV� KDYH� W\SLFDO� ELPRGDO� RUWULPRGDO�PDVV� RU� QXPEHU� GLVWULEXWLRQV� VKRZLQJ� SHDNV� RFFXUULQJ� DW� FRDUVH�PRGH�� ILQH�PRGH�� DQGXOWUDILQH�PRGH�SDUWLFOHV��:KLWE\�HW�DO���������$QQHPD�HW�DO���������D�� 7KH� FRDUVH� IUDFWLRQ� RI� UHODWLYHO\� ODUJH� LQKDODEOH� SDUWLFOHV�� UDQJLQJ� IURP� �������� WR� ��� �P�JHQHUDOO\� FRQVLVWV� RI� SDUWLFOHV� ZKLFK� DUH� PDLQO\� GHULYHG� IURP� VRLO� �GXVW�� DQG� RWKHU� FUXVWDOPDWHULDO�DQG�IURP�PHFKDQLFDO�ZHDU�SURFHVVHV��7KH�JHQHUDOO\�FKRVHQ�ORZHU�FXW�RII�RI������P�LVDUELWUDU\�E�� )LQH�SDUWLFXODWH�IUDFWLRQV�DUH�GHILQHG�WR�LQFOXGH�SDUWLFOHV�ZLWK�DQ�DHURG\QDPLF�GLDPHWHU�RI�DERXW�������� �P�� 7KLV� ILQH�PRGH� IUDFWLRQ� FRQWDLQV� D� PL[WXUH� RI� SDUWLFOHV� LQFOXGLQJ� FDUERQDFHRXVPDWHULDO� OLNH� VRRW� �ZLWK� SRVVLEO\� DGVRUEHG� UHDFWLYH� PHWDOV� DQG� RUJDQLF� FRPSRXQGV��� DQGVHFRQGDU\� DHURVROV� OLNH� DFLG� FRQGHQVDWHV�� DQG� VXOSKDWH� DQG� QLWUDWH� SDUWLFOHV�� DQG� LV� GHULYHGGLUHFW� RU� LQGLUHFW� SULPDULO\� IURP� FRPEXVWLRQ� RI� IRVVLO� IXHOV� XVHG� LQ� SRZHU� JHQHUDWLRQ�� DQGLQGXVWU\��DQG�DXWRPRELOH�HQJLQHV��7KLV�IUDFWLRQ�KDV�WKH�ODUJHVW�VXUIDFH�DUHD�DQG�FRQWULEXWHV�DOVRWR�WKH�WRWDO�SDUWLFOH�PDVV�FRQFHQWUDWLRQ�F�� 7KH�XOWUDILQH�RI�WKH�SDUWLFXODWHV��ZLWK�DQ�DYHUDJH�GLDPHWHU�RI�DERXW�����������P��LV�FRQVLGHUHGWR�EH�SULPDULO\�GHULYHG�IURP�H[KDXVW�RI�DXWRPRELOH�HQJLQHV��GLHVHO�DQG�RWWR�W\SHV���KRZHYHU��LWVRFFXUUHQFH�LQ�DPELHQW��XUEDQ��DLU�DQG�LWV�PDVV�FRQWULEXWLRQ�WR�WKH�30����IUDFWLRQ�LV�\HW�ODUJHO\XQNQRZQ��7KLV�IUDFWLRQ�FRQWDLQV�DOVR�WKH�KLJKHVW�QXPEHU�RI�SDUWLFOHV�SHU�YROXPH�
7KH�UHODWLYH�RFFXUUHQFH�RI�WKH�WKUHH�SDUWLFOH�PRGHV�LQ�DPELHQW�DLU�DW�YDULRXV�ORFDWLRQV�DQG�GXULQJYDULRXV�DLU�SROOXWLRQ�FLUFXPVWDQFHV�LV�ODUJHO\�XQNQRZQ��:KHUHDV�RQO\�VOLJKW�LQFUHDVHV�LQ�WKH�OHYHOVRI�30��� DUH�PHDVXUHG�� WKHUH�DUH� LQGLFDWLRQV� WKDW��GXULQJ�ZRUVHQLQJ�RI� DLU� SROOXWLRQ� HSLVRGHV�� WKHPDVV�DQG�QXPEHU�FRQFHQWUDWLRQV�RI�XOWUDILQH�SDUWLFOHV�PD\�LQFUHDVH�FRQVLGHUDEO\��+RHNVWUD������2EHUG|UVWHU�������%ORHPHQ�HW�DO���������+DUULVRQ�HW�DO���������9DQ�GHU�:DO�DQG�-DQVVHQ��������)XUWKHUPRUH��LW�KDV�EHHQ�HVWLPDWHG�WKDW�HPLVVLRQV�IURP�GLHVHO��DQG�JDVROLQH�SRZHUHG�YHKLFOHV�PD\FRQWULEXWH��������RI� WKH�XOWUDILQH�DHURVRO�RUJDQLF�FDUERQ�HPLVVLRQV� DQG� WKLV� FRQWULEXWLRQ� LV� VWLOOLQFUHDVLQJ� �+LOGHPDQQ�HW�DO���������&XUUDQ�HW�DO��� �������7KLV�ZRXOG� VXJJHVW� WKDW� �ORFDO�� YHKLFOHH[KDXVW�UHODWHG�HPLVVLRQV�DUH�D�PDMRU�VRXUFH�RI�XOWUDILQH�IUDFWLRQV��DQG�PD\�EH�DOVR�WR�30�LQGXFHGKHDOWK�HIIHFWV��7KH�SUHFLVH�FRQWULEXWLRQ�LV�REYLRXVO\�DOVR�GHSHQGHQW�RI�WKH�VWUHQJWK�RI�WKLV�W\SH�RIHPLVVLRQ�VRXUFH�DQG�RQ�PHWHRURORJLFDO�FRQGLWLRQV�
(SLGHPLRORJ\�VWXGLHV�RQ�DPELHQW�30���KDYH�VKRZQ�FRQVLVWHQW�KHDOWK�HIIHFWV�GDWD� IURP� ORFDWLRQVZLWK� D� ODUJH� FRQWUDVW� LQ� HPLVVLRQ� VRXUFHV�� DLU� TXDOLW\� FRQGLWLRQV�� DQG� DLU� TXDOLW\� LQGLFHV��$FURVV(XURSH� ODUJH� UHJLRQDO� GLIIHUHQFHV� LQ� WKH� OHYHOV� RI� SDUWLFXODWH� DLU� SROOXWLRQ� PD\� H[LVW�� ZKHUHE\:HVWHUQ� 30� OHYHOV� DUH� KLJKO\� FRUUHODWHG�ZLWK� &HQWUDO� (XURSHDQ� OHYHOV� DQG� WKHVH� OHYHOV� DUH� QRWFRUUHODWHG� ZLWK� 6RXWKHUQ� (XURSHDQ� DQG� 6FDQGLQDYLDQ� VLWHV� �+RHN� HW� DO��� ������� 30���%6� UDWLRVEHWZHHQ�DOO�WKHVH�VLWHV�VKRZ�ODUJH�YDULDWLRQV��ZLWK�D� WHQGHQF\�RI� ORZHU�UDWLRV�LQ�XUEDQ�DUHDV�ZLWKKLJK��GLHVHO��PRWRU�YHKLFOH�HPLVVLRQV��VXJJHVWLQJ�WKDW�%6�PLJKW�EH�FRQVLGHUHG�DV�D�EHWWHU�LQGLFDWRUIRU� WKH� FDUERQDFHRXV� HPLVVLRQV� IURP� WUDIILF�� 7KH� KHDOWK� LPSDFW� RI� WKHVH� UHJLRQDO� GLIIHUHQFHV� LQ
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SDUWLFXODWH� SROOXWLRQ� DQG� WKH� VSHFLILF� UROH� RI� PRWRU� YHKLFOH� H[KDXVW� �XOWUD�ILQH� SDUWLFOHV� UHPDLQVXQFOHDU�DQG�LV�QRW�HQGRUVHG�E\�HSLGHPLRORJLFDO�UHVHDUFK��+RHN�HW�DO�� ������
,QWUD�VLWH�DQDO\VHV� LQ�XUEDQ�DUHDV� VKRZ� WKDW�30���� LV�KLJKO\�FRUUHODWHG�ZLWK�30��� EXW�QRW�ZLWK30��������DQG�VLWH�WR�VLWH�FRUUHODWLRQV�DUH�KLJK�IRU�30����EXW�QRW�IRU�30��������:LOVRQ�DQG�6XK�HWDO��� ������7KHVH� REVHUYDWLRQV� DUH� LQ� JRRG� DJUHHPHQW� ZLWK� WKH� GLIIHUHQW� HPLVVLRQV� IURP� WKHVRXUFH�W\SHV� IURP� ZKLFK� WKH\� RULJLQDWH�� 7KHVH� DXWKRUV� FRQFOXGH� WKDW� HSLGHPLRORJLFDO� VWXGLHVXVLQJ 30���PD\�SURYLGH�XVHIXO�LQIRUPDWLRQ�RQ�KHDOWK�HIIHFWV�RI�ILQH�UDWKHU�WKDQ�FRDUVH�SDUWLFOHV�
,W� PXVW� EH� VWDWHG� FOHDUO\� WKDW� 30��� DQG� 30���� DUH� QRW� VLQJOH� FRPSRQHQWV�� EXW� FRPSOH[� DQGKHWHURJHQHRXV�PL[WXUHV��YDU\LQJ�LQ�SDUWLFOH�VL]H�DQG�FRPSRVLWLRQ��GHSHQGHQW�RQ�ORFDWLRQ��ZHDWKHUFRQGLWLRQV��VHDVRQ��DQG�VRXUFHV�DQG�HPLVVLRQV��0DQ\�FRPSRQHQWV�PD\�EH�DGVRUEHG�WR�WKH�FDUERQFRUH�OLNH�H�J��DFLGV��SDUWO\�QHXWUDOLVHG�VDOWV��DOLSKDWLF�DQG��SRO\F\FOLF��DURPDWLF�RUJDQLF�FRPSRXQGV�VRPHWLPHV� LQ� R[LGLVHG� IRUPV�� PHWDOV� �KHDY\� PHWDOV�� WUDQVLWLRQ� PHWDOV��� DQG� ELRPDWHULDO� OLNHDOOHUJHQV��SROOHQ�IUDJPHQWV��DQG�HQGRWR[LQV��7KH� UHODWLYH� LPSRUWDQFH�RI�DOO� WKHVH�FRPSRQHQWV� IRUKHDOWK�HIIHFWV�LV�ODUJHO\�XQNQRZQ��$�VLPSOLILHG�LPSUHVVLRQ�RI�WKH�FRPSOH[�FKHPLFDO�DQG�VWUXFWXUDORUJDQLVDWLRQ� RI� 30� LV� VKRZQ� LQ� )LJ�� ��� 7R[LFLW\� WHVWLQJ� RI� WKH� FRPSOH[� DPELHQW� 30� PL[WXUHUHTXLUHV�SUXGHQW�UHVHDUFK��WKDW�FDQ�DSSO\�VRSKLVWLFDWHG�VWDWLVWLFDO�GHVLJQV�DQG�HYDOXDWLRQ�RI�UHVXOWV�&DVVHH�HW�DO���������

)LJXUH��� $ VLPSOLILHG�DUWLVWLF�LOOXVWUDWLRQ�RI�WKH�SRVVLEO\�FRPSOH[�FKHPLFDO�KHWHURJHQHLW\�RI�DPELHQW�DLU�30
DQG�LWV�VXJJHVWHG��ELR��RUJDQLF�DQG�LQRUJDQLF�FRPSRQHQWV��5LFKDUGV��������

���� ,PSRUWDQW�TXHVWLRQV�UHODWHG�WR�SODXVLEOH�PHFKDQLVPV�DQG
FULWLFDO�FDXVDWLYH�FRPSRQHQWV

6HYHUDO� TXHVWLRQV�� ZKLFK� KDYH� EHHQ� FRQVLGHUHG� DV� KLJKO\� LPSRUWDQW� �1$6� ������ (6)�� ������KDYH�WR�EH�DQVZHUHG�LQ�WKH�\HDUV�WR�FRPH�E\�WDUJHWHG�WR[LFRORJ\�VWXGLHV�RQ�30���DQG�IUDFWLRQV�RI30��� ,Q�DGGLWLRQ�WR�VWXGLHV�IRFXVHG�RQ�DFXWH�HIIHFWV��DOVR�PHFKDQLVPV�XQGHUO\LQJ�FKURQLF�HIIHFWVVKRXOG�EH�LQYHVWLJDWHG��7KH�PRVW�LPSRUWDQW�TXHVWLRQV�FDQ�EH�IRUPXODWHG�DV�EHORZ�
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RQOLW\

��� &DQ�WKH�HSLGHPLRORJLFDO�GDWD�RQ�DFXWH�KHDOWK��FDUGLRUHVSLUDWRU\��HIIHFWV�RI30��� 30���� DQG�XOWUDILQH�SDUWLFOHV�EH�FRQILUPHG�LQ�WR[LFRORJLFDO�VWXGLHV"�� 'R�WR[LF�HIIHFWV�GHSHQG�RQ�VSHFLILF�DPELHQW�DLU�SROOXWLRQ�VLWXDWLRQV�DQG�RQGRPLQDQW�VRXUFH�FDWHJRULHV�DV�H�J��WUDIILF�HPLVVLRQV"�,Q�RWKHU�ZRUGV��ZKLFKFKHPLFDO�ELRORJLFDO�SURSHUWLHV�DQG�FRPSRVLWLRQV�RI�30�GR�SOD\�D�UROH"�� 7R�ZKDW�H[WHQW�GR�SULPDU\�FDUERQDFHRXV��VHFRQGDU\�LQRUJDQLF�DQG�QRQ�DQWURSRJHQLF�DHURVROV�FRQWULEXWH�WR�KXPDQ�KHDOWK�HIIHFWV"�� :KDW�LV�WKH�VSHFLILF�UROH�RI�JDVROLQH�RU�GLHVHO�PRWRU�H[KDXVW�SDUWLFOHV"�� ,V�WKH�DLU�SROOXWLRQ�PL[WXUH�RI�SDUWLFOHV�DQG�JDVHV�UHOHYDQW�WR�WKH�KHDOWKHIIHFWV"�� :KDW�DUH�WKH�ELRORJLFDO�PHFKDQLVPV�XQGHUO\LQJ�DGYHUVH�KHDOWK�HIIHFWV�IURPDPELHQW�30"�� $UH�WKH�UHVXOWV�RI�WR[LFRORJLFDO�VWXGLHV�VXIILFLHQWO\�UHSUHVHQWDWLYH�DQG�GR�WKH\SURYLGH�VXIILFLHQW�SODXVLELOLW\�IRU�KXPDQ�KHDOWK�HIIHFWV�DW�DPELHQW�OHYHOV�ZLWKUHVSHFW�WRD�� H[SRVXUH�GHSRVLWLRQ�GRVH�HIIHFW�UHODWLRQVKLSV�E�� SRVVLEO\�WKUHVKROG�OHYHOV�F� ELRORJLFDO�PHFKDQLVPV�DQG�KXPDQ�VXESRSXODWLRQV�DW�LQFUHDVHG�ULVN"�� &DQ�WR[LFRORJ\�VWXGLHV�LPSURYH�RXU�XQGHUVWDQGLQJ�RI�WKH�KHDOWK�HIIHFWVDVVRFLDWHG�ZLWK�ORQJ�WHUP�H[SRVXUH�WR�DPELHQW�SDUWLFXODWH�PDWWHU�DQG�GRDFXWH�WKHVH�VWXGLHV�SURYLGH�HDUO\�PDUNHUV�IRU�WKHVH�HIIHFWV"�� 7R�ZKDW�H[WHQW�GR�LQGRRU�30�SOD\�D�UROH"
7KLV�UHSRUW�HYDOXDWHV�DQG�UHYLHZV�WKH�WR[LFRORJLFDO�OLWHUDWXUH�RQ�SDUWLFXODWH�DLU�SROOXWLRQ��WKHFXUUHQW K\SRWKHVHV�LQ�DPELHQW�30�WR[LFLW\��WKH�YDULRXV�SURSRVDOV�IRU�SRVVLEO\�LPSRUWDQW�30IUDFWLRQV��WKH�FXUUHQW�FRQFHSWV�RI�SURSRVHG�ELRORJLFDO�PHFKDQLVPV�RI�DFWLRQ��DQG�WKH�GHSRVLWLHVWLPDWLRQV�RQ�SDUWLFOH�RI�YDULRXV�VL]HV���$Q�HIIRUW�LV�PDGH�WR�SUHVHQW�D�FXUUHQW�YLHZ�RQ�FDXVDDQG SODXVLELOLW\�H[SODLQLQJ�WKH�KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�30�H[SRVXUH�
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��� 3RWHQWLDO�30�SURSHUWLHV�DQG�PHFKDQLVPV�XQGHUO\LQJ30���DVVRFLDWHG�KHDOWK�HIIHFWV
���� 7R[LFRORJLFDO�GDWD�RQ�YDULRXV�30���IUDFWLRQV��FRPSRQHQWV

DQG�VSHFLILF�VRXUFHV
0RVW�RI�ZKDW�LV�NQRZQ�RQ�WKH�WR[LFLW\�RI��XOWUD�ILQH�30�LV�GHULYHG�IRUP�FKURQLF�H[SRVXUH�VWXGLHVDQG�WKH�XVH�RI�KLJK��RYHUORDG��FRQFHQWUDWLRQV�RI�H�J��7L2�� $O�2�� FDUERQ�EODFN�DQG�VLOLFDWHV��1ROWHHW�DO�� ���������2EHUG|UVWHU�HW�DO�� ������0DXGHUO\�HW�DO�� ������1LNXOD�HW�DO�� ������'ULVFROO�HW�DO����������6WXGLHV�ZLWK�+�62� DQG�SRO\IOXRUWHWUDIOXRURHWK\OHQH��S\URO\VDWH�KDYH�LQGLFDWHG�SXOPRQDU\WR[LFLW\�RI��XOWUD�ILQH�SDUWLFOHV��&KHQ�HW�DO���������2EHUG|UVWHU�HW�DO�����������6RPH�RI�WKHVH�VWXGLHVDOVR�VXJJHVW�WKDW�WKH�QXPEHU�FRQFHQWUDWLRQ�DQG�ODUJH�VXUIDFH�DUHD�RI�WKH��XOWUD��ILQH�SDUWLFOHV��UDWKHUWKHQ� WKH� PDVV�� FRUUHODWH� ZLWK� SXOPRQDU\� WR[LFLW\� OLNH� LUULWDQW� SRWHQF\�� LQIODPPDWLRQ�� HGHPD�ILEURVLV�� DQG� FDUFLQRJHQHVLV� �)HULQ� HW� DO��� ������ 2EHUG|UVWHU� HW� DO��� ������ 2EHUG|UVWHU� �����2EHUG|UVWHU� HW� DO��� ������� � 7KH� UHODWLYHO\� KLJK� VXUIDFH� UHDFWLYLW\� RI� WKHVH� �XOWUD�� ILQH� SDUWLFOHV� LVVXJJHVWHG� WR� EH� OLQNHG� ZLWK� LWV� DFLGLF� QDWXUH� RU� R[LGDWLYH� DELOLW\�� WKH� ODWWHU� SRVVLEO\� WKURXJKDGVRUEHG�UHDFWLYH�RUJDQLF�FRPSRXQGV�DQG�PHWDO� LRQV� �2EHUG|UVWHU�������8WHOO� DQG�6DPHW�������$PRQJ�WKH�SURSRVHG�PHFKDQLVPV�XQGHUO\LQJ�WKHVH�UHVSRQVHV��D�VLJQLILFDQW� UROH� IRU� LQIODPPDWLRQDQG�FHOO�SUROLIHUDWLRQ�KDV�EHHQ�SRVWXODWHG� LQYROYLQJ� IUHH� �R[\JHQ�� UDGLFDO� IRUPXODWLRQ�� �$WWHQWLRQKDV� DOVR� EHHQ� JLYHQ� WR� WKH� VWURQJ� R[LGDWLYH� SRWHQWLDO� RI� �XOWUD�� ILQH� GLHVHO� H[KDXVW� SDUWLFOHV�� DQLPSRUWDQW�SDUW�RI�WKH�FDUERQDFHRXV�XOWUDILQH�IUDFWLRQ�RI�SDUWLFXODWH�PDWWHU���7KHVH�SDUWLFOHV�VKRZ�WREH� WXPRULJHQLF� LQ� WKH� UHVSLUDWRU\� WUDFW� RI� DQLPDOV� DQG� DUH� FRQVLGHUHG� WR� EH� FDXVDOO\� OLQNHG�ZLWKGHYHORSPHQW� RI� DVWKPD� DQG� FKURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVH�� DV� ZHOO� DV� ZLWK� HGHPDIRUPDWLRQ� �6DJDL� HW� DO��� ������+HLQULFK� HW� DO��� ������ ,FKLQRVH� HW� DO��� ������� �0RVW� RI� WKH� DERYHPHQWLRQHG�H[SHULPHQWDO�DQLPDO�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�ZLWK�KHDOWK\�
5HFHQW�H[SHULPHQWDO�DQLPDO�VWXGLHV�XVLQJ�LQWUDWUDFKHDO�LQVWLOODWLRQ��������PJ�UDW��DV�ZHOO�DV�LQ�YLWURLQFXEDWLRQ�RI� ILQH�RU� FRDUVH�30� IUDFWLRQV� IURP�YDULRXV� VLWHV� �a� ��������P��PLQHUDO� GXVWV�� 30��FROOHFWHG�RQ�ILOWHUV�IURP�DPELHQW�DLU��IO\�DVK�VDPSOHV��FDXVH�SXOPRQDU\�F\WRWR[LFLW\��LQIODPPDWLRQ�DQG�SURGXFWLRQ�RI�UHDFWLYH�R[\JHQ�VSHFLHV��+DWFK�HW�DO���������*KLR�HW�DO���������*KLR�DQG�+DWFK�����*LOPRXU�HW�DO�� ����E��3ULWFKDUG�HW�DO���������/L�HW�DO���������������'RQDOGVRQ�HW�DO���������$ OLPLWHG�QXPEHU�RI�WKHVH�VWXGLHV�JLYH�LQGLFDWLRQV�WKDW�WR[LFLW\�RI�DPELHQW�30�PD\�FRUUHODWH�ZLWKSDUWLFOH� VL]H�� SDUWLFOH� �R[\�� UHDFWLYLW\� DQG� WUDQVLWLRQ� PHWDO� FRPSRVLWLRQ� �3ULWFKDUG� HW� DO��� �����'UHKHU�HW�DO���������1DGHDX�HW�DO���������'RQDOGVRQ�HW�DO���������9LQFHQW�HW�DO���������*RHJDQ�HW
DO�����������,Q�JHQHUDO��KRZHYHU��WKHUH�LV�DW�SUHVHQW�QR�HYDOXDWHG�LQKDODWLRQ�WR[LFLW\�GDWD�EDVH�WKDWFRXOG�D�� H[SODLQ� WKH� H[SRVXUH�UHVSRQVH� UHODWLRQVKLSV� DW� UHODWLYHO\� ORZ� 30� OHYHOV� DV� REVHUYHG� LQHSLGHPLRORJLFDO�VWXGLHV� ��E�� JLYH� D� EDVLV� RQ� WKH� FDXVDO� 30� IUDFWLRQV� DQG� FRPSRQHQWV� �SDUWLFOH�PDVV�� QXPEHUV�� VL]HV� DQGFKHPLFDO�ELRORJLFDO�FRPSRVLWLRQ�UHODWHG�WR�VRXUFHV��DQGF�� SURYLGH�SODXVLEOH�ELRORJLFDO�PHFKDQLVPV�XQGHUVWDQGLQJ�RI�DGYHUVH�KHDOWK�HIIHFWV�LQ�KXPDQ�ULVNSRSXODWLRQV�
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���� 30���VL]H�IUDFWLRQV�DQG�FRPSRVLWLRQ
$ QXPEHU�RI�30�FRPSRQHQWV�KDYH�EHHQ�FRQVLGHUHG�DV�SRVVLEO\�UHVSRQVLEOH�IRU�WKH�DGYHUVH�KHDOWKHIIHFWV�RI�30��EXW�QRQH�RI�WKHP�VHHPV�FRPSOHWH�FDXVDOLW\�DQG�SODXVLELOLW\�

7KH� HYLGHQFH� IRU� WKHVH�PRVW� OLNHO\� SDUWLFOH� K\SRWKHVHV� DUH� GHVFULEHG� EHORZ�� 7KHVH� GDWD� PDLQO\RULJLQDWH�IURP�FRQWUROOHG�DQLPDO�DQG�KXPDQ�LQKDODWLRQ�VWXGLHV�ZLWK�VSHFLILF�30�FRPSRQHQWV�RU��WRD OLPLWHG�H[WHQW��30�VDPSOHG�E\�ILOWHUV�IURP�DPELHQW�DLU�

������ $FLG��FRDWHG��SDUWLFOHV
(SLGHPLRORJLFDO�ILQGLQJV�KDYH�GHPRQVWUDWHG�DVVRFLDWLRQV�RI�KHDOWK�HIIHFWV�DQG�VKRUW�WHUP�H[SRVXUHWR� DPELHQW� DLU� SROOXWLRQ� LQGLFDWHG� E\� OHYHOV� RI� VXOSKDWH� DQG� K\GURJHQ� LRQV�� 7KLV� REVHUYDWLRQVXSSRUWV�D�K\SRWKHVLV�WKDW�VXOSKXULF�DFLGV�DQG�WKHLU��SDUWO\��QHXWUDOLVHG�VDOWV��PRVWO\�SUHVHQW�LQ�WKHUDQJH�RI�ILQH�SDUWLFOHV��PLJKW�EH�FDXVDOO\�UHODWHG�WR�WKH�KHDOWK�HIIHFWV��'DWD�RQ�FRQWUROOHG�KXPDQ�FOLQLFDO�DQG�ODERUDWRU\�DQLPDO�H[SRVXUHV�DUH�RIWHQ�DGYRFDWHG�DV�VXSSRUWLYH�IRU�WKLV�K\SRWKHVLV��8WHOODQG�6DPHW�������6FKOHVLQJHU��DQG�&KHQ��������6FKOHVLQJHU�������
+XPDQ�FOLQLFDO�VWXGLHV�UHPDLQ�DOPRVW�FRPSOHWHO\�OLPLWHG�WR�WKH�VWXG\�RI�DFLG�DHURVROV��SULPDULO\�RI+�62�� ZLWK�WKH�PDMRULW\�RI� WKHVH�IRFXVVLQJ�RQ�UHVSLUDWRU\�V\PSWRPV�DQG�SXOPRQDU\�IXQFWLRQ��$QXPEHU� RI� VWXGLHV� KDYH� FRQILUPHG� SUHYLRXV� ILQGLQJV� WKDW� KHDOWK\� VXEMHFWV� GR� QRW� H[SHULHQFHGHFUHPHQWV�LQ�OXQJ�IXQFWLRQ�IROORZLQJ�VLQJOH�H[SRVXUHV�WR�+�62� RI�YDULRXV�SDUWLFOH�VL]HV�DW�OHYHOVXS�WR�������mJ�P� IRU���K��HYHQ�ZLWK�H[HUFLVH�DQG�SUHYHQWLRQ�RI�QHXWUDOL]DWLRQ�E\�DPPRQLD�LQ�WKHPRXWK��0LOG� ORZHU� UHVSLUDWRU\� V\PSWRPV� RFFXU� DW� H[SRVXUH� FRQFHQWUDWLRQV� LQ� WKH�PJ�P� UDQJH�SDUWLFXODUO\� ZLWK� ODUJHU� SDUWLFOH� VL]HV�� $FLG� �+�62�� DHURVRO� H[SRVXUH� FDQ� GHFUHDVH� EURQFKLDOPXFRFLOLDU\�FOHDUDQFH�DQG�SXOPRQDU\�LPPXQH�GHIHQFH�LQ�KHDOWK\�VXEMHFWV�DW�OHYHOV�DV�ORZ�DV����mJ�P���/HLNDXI�HW�DO�� ������=HOLNRII�HW�DO���������������$VWKPDWLF� VXEMHFWV� DSSHDU� WR� EH� PRUH� VHQVLWLYH� WKDQ� KHDOWK\� LQGLYLGXDOV� WR� WKH� HIIHFWV� RI� DFLGDHURVROV�RQ�OXQJ�IXQFWLRQ��$GROHVFHQW�DVWKPDWLFV�KDYH�VPDOO�GHFUHPHQWV��������LQ�OXQJ�IXQFWLRQ�LQ
UHVSRQVH�WR�+�62� DW�H[SRVXUH�OHYHOV�DERYH�SHDN�DPELHQW�OHYHOV���������mJ�P� IRU�������PLQ�SOXV���PLQ�H[FHUFLVH��00$'� �������.RHQLJ�HW�DO�����������������(YHQ�LQ�VWXGLHV�UHSRUWLQJ�DQ�RYHUDOODEVHQFH� RI� HIIHFWV� RQ� OXQJ� IXQFWLRQ� IROORZLQJ� DFLG� H[SRVXUH�� RFFDVLRQDOO\� DVWKPDWLFV� DSSHDU� WRVKRZ�FOLQLFDOO\�LPSRUWDQW�HIIHFWV�

3RVVLEO\�LPSRUWDQW�30�� VL]H�IUDFWLRQV�DQG�FRPSRQHQWV
� )LQH�VHFRQGDU\�DFLG�SDUWLFOHV�RU�DFLG�FRDWHG�SDUWLFOHV��³DFLGV´�� )LQH�FDUERQDFHRXV�SDUWLFOHV�ZLWK�VROXEOH��R[\��UHDFWLYH�FRPSRQHQWV�³PHWDOV´��³RUJDQLFV´�� ,QVROXEOH�XOWUDILQH�SDUWLFOHV��³XOWUDILQHV´�� 3DUWLFOHV�FRQWDPLQDWHG�ZLWK�ELRORJLFDO�FRPSRQHQWV��³ELR�RUJDQLFV´�� 3DUWLFOHV�DQG�JDVHV�FRPELQDWLRQV��³PL[WXUHV´�
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$OWKRXJK�DLUZD\�LQIODPPDWLRQ�LQ�DVWKPDWLF�VXEMHFWV�LV�FRQVLGHUHG�WR�SOD\�D�UROH�LQ�WKH�H[DFHUEDWLRQRI�DVWKPD��QR�VWXGLHV�KDYH�H[DPLQHG� WKH�HIIHFWV�RI�DFLG�DHURVRO�H[SRVXUH�RQ� WKLV� W\SH�RI�HIIHFWV�7KHUH�LV�OLWWOH��LI�DQ\��HIIHFW�RI�ORZ�FRQFHQWUDWLRQ�DFLG�DHURVRO�H[SRVXUH��UHJDUGOHVV�RI�SDUWLFOH�VL]H�RQ�DLUZD\�UHVSRQVLYHQHVV�LQ�KHDOWK\�RU�DVWKPDWLF�VXEMHFWV���,Q�WKH�IHZ�VWXGLHV�GRFXPHQWHG��HOGHUO\SHRSOH� DQG� LQGLYLGXDOV�ZLWK�&23'� �FKURQLF�REVWUXFWLYH� SXOPRQDU\� GLVHDVH�� GR� QRW� DSSHDU� WR� EHSDUWLFXODUO\�VXVFHSWLEOH�WR�WKH�HIIHFWV�RI�VXEPLFURQ�DFLG�DHURVROV�RQ�OXQJ�IXQFWLRQ�
9HU\� KLJK� FRQFHQWUDWLRQV� �!� ����� mJ�P�� RI� DFLG� VXOSKDWHV� DUH� UHTXLUHG� WR� FDXVH� PRUWDOLW\� LQRWKHUZLVH�KHDOWK\�DQLPDOV��GHSHQGLQJ�RQ�DFLG�SDUWLFOH�PDVV�DQG�VL]H�DQG�WKH�DQLPDO�VSHFLHV�WHVWHG�
,Q� JHQHUDO�� H[SRVXUH� WR� +�62� DW� OHYHOV� ������ mJ�P� �00$'� !���� mP�� GRHV� QRW� SURGXFHSK\VLRORJLFDOO\� VLJQLILFDQW� FKDQJHV� LQ� VWDQGDUG� WHVWV� RI� SXOPRQDU\� PHFKDQLFV�� +RZHYHU�
FRQFHQWUDWLRQV�DV�ORZ�DV�����mJ�P� RI�+�62� �00$'� ������������mP��DOWHUHG�WKH�UHVSLUDWRU\�WUDFWFOHDUDQFH�DIWHU���K��&KHQ�HW�DO���������=HOLNRII�HW�DO�� ������LQ�JXLQHD�SLJV��6RPH�VPDOO�HIIHFWV�RQPRUSKRORJ\�ZHUH�REVHUYHG�DIWHU�H[SRVLQJ�UDEELWV�����KU�GD\�IRU���\HDU��6FKOHVLQJHU�HW�DO���������7KH� UHODWLYH� SRWHQF\� RI� �SDUWO\�� QHXWUDOLVHG� DFLG� WR� LQGXFH� VLPLODU� HIIHFWV� LV� DOZD\V� VPDOOHU� WKDQ+�62�� (PSK\VHPD�ZDV�REVHUYHG�DIWHU�H[SRVLQJ�UDWV�GXULQJ���K�GD\�IRU����ZHHNV� WR� �1+���62��*RGOHVNL� HW� DO��� ������� 7KHUH� DUH� QR� GDWD� DYDLODEOH� RI� ODERUDWRU\� DQLPDOV� ZLWK� FRPSURPLVHGDLUZD\V�H[SRVHG�WR�DFLGV�5HFHQW� DQLPDO� VWXGLHV� VKRZ� WKDW�� EHVLGHV�PDVV� FRQFHQWUDWLRQ�� DOVR� WKH� QXPEHU� FRQFHQWUDWLRQ� RIVXOSKXULF� DFLG� SDUWLFOHV� LV� LPSRUWDQW� IRU� HIIHFWV� �&KHQ� HW� DO��� ������ ����D��� &KHQ� HW� DO��� ����������E�� DOVR� GHPRQVWUDWHG� WKDW� VKRUW�WHUP� LQKDODWLRQ� RI� +�62��FRDWHG� �XOWUD�ILQH� SDUWLFOHV� OLNHFDUERQ� RU� =Q2� HQKDQFHV� WKH� WR[LF� SRWHQF\� RI� WKH� DFLG� ZLWK� UHVSHFW� WR� GHFUHDVHG� DOYHRODUPDFURSKDJH�IXQFWLRQ��FRPSDUHG�ZLWK�WKH�VDPH�FRQFHQWUDWLRQ�RI�+�62� GHOLYHUHG�IRU�LQKDODWLRQ�DVVLQJOH�SDUWLFOH�RU�GURSOHW��7KHVH�DFLG�FRDWHG�SDUWLFOHV�FDXVHG�HIIHFWV�DW�FRQFHQWUDWLRQV�RI�������mJ+�62��P�� ,Q� DGGLWLRQ�� WKHVH� GDWD� VKRZHG� DJDLQ� WKDW� DFLG� DHURVROV� FDXVH� RQO\�PLQRU� SXOPRQDU\LQIODPPDWRU\� UHVSRQVHV� DQG� FKDQJHV� LQ� OXQJ� WLVVXH� PRUSKRORJ\�� 6WXGLHV� ZHUH� FRQGXFWHG� WRLQYHVWLJDWH� SRVVLEOH� GLIIHUHQFHV� EHWZHHQ� DPPRQLXP� VXOSKDWH� DQG� DPPRQLXP� QLWUDWH� DHURVROV�7KHVH�GDWD�VKRZHG�WKDW�VHYHUDO�ZHHNV�LQKDODWLRQ�H[SRVXUH�UHVXOWHG�LQ�OXQJ�IXQFWLRQ�GHFUHPHQWV�DQGFHOOXODU�DQG�LPPXQRORJLF�FKDQJHV�ZLWK�WKH�JHQHUDO�UHVSRQVH�RUGHU�RI�VXOSKDWH�!�QLWUDWH��H[FHSW�IRUOXQJ� SHUPHDELOLW\� DQG� RHGHPD� IRUPDWLRQ��ZKLFK� UHVSRQGHG�PRVW� WR� WKH� QLWUDWH� �/RVFXWRII� HW� DO��������.OHLQPDQ�HW�DO�����������/RQJ�WHUP�H[SRVXUH�VWXGLHV�LQ�KHDOWK\�GRJV�ZLWK�SDUWLFOH�DVVRFLDWHGQHXWUDO� VXOIXU� �,9�� DQG� DFLGLF� VXOIDWH� DQG� K\GURJHQ� LRQV� FDXVHG� RQO\� PDUJLQDO� UHVSLUDWRU\� DQGSXOPRQDU\�HIIHFWV�EXW�QR�SDWKRORJLFDO�FKDQJHV�RI�VHYHUH�QDWXUH��VXSSRUWLQJ�D�UHODWLYHO\�OHVV�SRWHQWDQG�PD\EH�HYHQ�DQWDJRQLVWLF�UROH�RI�WKHVH�FRPSRQHQWV�LQ�LQGXFLQJ�FKURQLF�HIIHFWV�IROORZLQJ�ORQJ�WHUP�H[SRVXUH��+H\GHU�HW�DO���������DQG�UHIHUHQFHV�FLWHG�WKHUHLQ��

������ 3DUWLFOHV�FRDWHG�ZLWK�VROXEOH��UHDFWLYH��RUJDQLF�RU�PHWDOOLF
FRPSRQHQWV

5HFHQW� H[SHULPHQWDO� DQLPDO� VWXGLHV� VKRZ� WKDW� LQ� KHDOWK\� DQLPDOV� DQG� DQLPDOV� ZLWKFDUGLRSXOPRQDU\� GLVHDVHV� XVLQJ� LQWUDWUDFKHDO� LQVWLOODWLRQ� �KLJK� GRVDJH� RI� ����PJ�UDW� RI� ILQH� DQG
FRDUVH�SDUWLFOHV��a��������mP��PLQHUDO�GXVWV��30�FROOHFWHG�IURP�DPELHQW�DLU�RU�IURP�DQWKURSRJHQLF�FRPEXVWLRQ�VRXUFHV��IO\�DVK���FDXVH�F\WRWR[LFLW\��LQIODPPDWLRQ��DQG�SURGXFWLRQ�RI�R[\JHQ�UDGLFDOVLQ� OXQJV� DV� ZHOO� DV� P\RFDUGLDO� WR[LFLW\� DQG� DUUWK\WKPLF� FKDQJHV� �+DWFK� HW� DO��� ������ *KLR� HW
DO��������*KLR�DQG�+DWFK�������/L�HW�DO��������������:DWNLQVRQ�HW�DO�� ������.LOOLQJZRUWK�HW�DO�������� .RGDYDQWL� HW� DO�� ������ 0XUSK\� � HW� DO�� ������� 7KH� R[LGDWLYH� SRWHQF\� RI� WKHVH� W\SHV� RISDUWLFOHV�WR�LQGXFH�OXQJ�WR[LFLW\�LQ�YLYR�VXFK�DV�LURQ�LRQV�DGVRUEHG�WR�WLWDQLXPR[LGH��DPELHQW�30
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IURP�YDULRXV�ORFDWLRQV��RU�UHVLGXDO�RLO�IO\�DVK��VHHPV�WR�EH�SURSRUWLRQDO�ZLWK�WKH�FRQWHQW�RI�VRPH�RIWKH� µILUVW�URZ¶� WUDQVLWLRQ� PHWDOV� DVVRFLDWHG� ZLWK� WKH� SDUWLFOHV� �.HHOLQJ� HW� DO��� ������ %HFNHU� HW
DO������� *LOPRXU� HW� DO�������� /L� HW� DO�������� 3ULWFKDUG� HW� DO�������� &RVWD� DQG� 'UHKHU�� �����.RGDYDQWL�HW�DO�� ������'UHKHU�HW�DO�� ������$GDPVRQ�HW�DO����������7KHVH�ILQGLQJV�VXSSRUW�WKH�YLHZWKDW�DPELHQW�30���KDV�IUHH� �R[\JHQ�� UDGLFDO�DFWLYLW\�FDXVLQJ� OXQJ� LQIODPPDWLRQ�DQG� WLVVXH� LQMXU\�$OVR� KXPLF�OLNH� �RUJDQLF�� VXEVWDQFHV� RI� D� �VHPL�TXLQRQH�W\SH� PROHFXODU� VWUXFWXUH� KDYH� EHHQVXJJHVWHG�WR�EH�WKH�VLPLODU�FDXVDO�IDFWRU�IRU�GLHVHO�DQG�RWKHU�FDUERQDFHRXV�SDUWLFOHV��DV�ZHOO�DV�IRUDPELHQW�30��6DJDL�HW�DO�������� ,FKLQRVH�HW�DO��������.XPDJDL�HW�DO��������*KLR�HW�DO���������$OOWKHVH�RUJDQLF�DQG�PHWDOOLF�FRPSRQHQWV�DUH�DEOH�WR�SDUWLFLSDWH�LQ�HOHFWURQ�WUDQVIHU�DQG�UHGR[�F\FOLQJUHDFWLRQV�UHVXOWLQJ�LQ�IUHH�UDGLFDO�JHQHUDWLRQ��2�

��� 2+�� OLSLG�SHUR[LGHV���$PELHQW�SDUWLFOH�FKHPLVWU\YLD� VROXELOLW\� RU� LRQL]DELOLW\� RI� WKHVH� FRPSRQHQWV� VHHPV� WR� EH� D� SUHUHTXLVLWH� IRU� �R[LGDWLYH�UHDFWLYLW\�� DV� GHPRQVWUDWHG�ZLWK� H[WUDFWHG� RU� FKHODWHG� 30� VDPSOHV� ZKLFK� ORRVH� WKHLU� ELRORJLFDODFWLYLW\�DV�ZHOO�DV�ZLWK�SRVLWLYH�FRUUHODWLRQV�RI�WKH�HIIHFWV�ZLWK�WKH�FRQWHQW�RI�VROXEOH�FRPSRQHQWV�,W� KDV� EHHQ� GHPRQVWUDWHG� IURP� LQ� YLWUR� H[SHULPHQWV� UHSRUWHG� E\� *KLR� HW� DO�� ������� WKDW� WKHVHFRQGDU\�30�DHURVRO�FRPSRQHQW�VXOIDWH�PD\�EH�SOD\�D�FHUWDLQ�FRQQHFWLQJ�UROH�LQ�WKH�JHQHUDWLRQ�RIR[\JHQ�EDVHG�IUHH�UDGLFDOV�E\�30�E\�IXQFWLRQLQJ�DV�D�OLJDQG�IRU�WKH�SDUWLFOH�DVVRFLDWHG�LURQ���7KLVPLJKW�VXJJHVW�D�SRVVLEOH�UROH�RI�VHFRQGDU\�DHURVRO�FRPSRQHQWV�OLNH�VXOIDWH�LQ�30�KHDOWK�HIIHFWV��QRWE\�DFWLQJ�DV�D�GLUHFW�WR[LFDQW�EXW�E\�IDFLOLWDWLQJ�WR[LFLW\�RI�UHDFWLYH�PHWDO�FRQVWLWXHQWV���7KLV�RSWLRQZDUUDQWV�IXUWKHU�VWXGLHV�
$ QXPEHU�RI�LQ�YLWUR�VWXGLHV�XVLQJ�30���IUDFWLRQV�VDPSOHG�IURP�DPELHQW�DLU�DQG�LQFXEDWLRQV�ZLWKFXOWXUHV�RI�KXPDQ�DLUZD\�DQG�OXQJ�FHOOV�KDV�DOVR�EHHQ�SHUIRUPHG���7KHVH�GDWD�VKRZ�WKDW�UHVLGXDORLO IO\�DVK��52)$���763��30���DQG�30�����KDYH�VROXEOH�WUDQVLWLRQ�PHWDO��RU�HQGRWR[LQ�PHGLDWHGIUHH UDGLFDO� DFWLYLW\�� FDXVLQJ� R[LGDWLYH� VWUHVV�� LQIODPPDWLRQ�� DQG� LPPXQRWR[LF� UHVSRQVHV�'RQDOGVRQ�HW�DO�� ������%HFNHU�HW�DO���������*LOPRXU�HW�DO�� ������'RQDOGVRQ�HW�DO���������6DPHW
HW�DO���������9LQFHQW�HW�DO���������%HFNHU�DQG�6RXNXS��������%RQQHU�HW�DO���������)UDPSWRQ�HW�DO�
������ 0HWDO� VROXELOLW\�PD\� SOD\� D� GRPLQDQW� UROH� DQG� 30� IUDFWLRQV� �� ����mP VKRZ� D� ODUJHU
VROXELOLW\�DQG�PHWDO�UHOHDVH�WKDQ�30�IUDFWLRQV�!�����mP �6PLWK�HW�DO�����������5HFHQWO\�KRZHYHU�%HFNHU�DQG�0RKQ� �������SUHVHQWHG� LQ�YLWUR�GDWD� VXJJHVWLYH�RI�FRDUVH�DPELHQW�30�EHLQJ�PRUHSRWHQW� WKDQ� ILQH� 30� WR� SURYRNH� LQIODPPDWRU\� UHVSRQVHV�� LQ� ZKLFK� HQGRWR[LQ� PD\� SOD\� DQLPSRUWDQW� UROH�� �$OVR� LQ�YLWUR�GDWD� IURP�+RUQEHUJ�HW�DO��� �����D�E��RQ�JHQRWR[LFLW\�RI� DPELHQWILQH DQG�FRDUVH�30�FROOHFWHG�IURP�DQ�XUEDQ�DUHD�FKDUDFWHUL]HG�E\�D�KLJK�WUDIILF�GHQVLW\��VXJJHVWVWKDW FRDUVH�30�PD\�KDYH�FRPSDUDEOH�RU�HYHQ�KLJKHU�DFWLYLW\�WKDQ�ILQH�30��7KH�GDWD�LQGLFDWH�WKDWELRORJLFDO�HIIHFWV�RI�FRDUVH�IUDFWLRQ�30�FDQQRW�EH�H[FOXGHG�\HW�

������ 8OWUDILQH�LQVROXEOH�SDUWLFOHV
7KLV� K\SRWKHVLV� FRQVLGHUV� WKH� SRVVLELOLW\� WKDW� XOWUDILQH� ��� ���� mP�� LQVROXEOH� SDUWLFOHV�� IUHVKO\JHQHUDWHG� LQ� DPELHQW� DLU� E\� FRPEXVWLRQ� SURFHVVHV� RU� E\� JDV�SDUWLFOH� FRQYHUVLRQ� UHDFWLRQV�� DUHUHVSRQVLEOH� IRU� DGYHUVH� KHDOWK� HIIHFWV�� � (YLGHQFH� VXSSRUWLQJ� WKLV� K\SRWKHVLV� LV� RULJLQDWLQJ� IURPDQLPDO�LQKDODWLRQ�VWXGLHV�ZLWK�KLJKO\�WR[LF�VLQJOHW�SDUWLFOHV�LQ�DQ�DHURVRO�PL[WXUH�IURP�S\URO\VLV�RI
SRO\IOXRUWHWUDIOXRURHWK\OHQH��a�������QP��a���mJ�P�� �2EHUG|UVWHU�HW�DO����������(DUOLHU�VWXGLHV�ZLWKXOWUDILQH�7L2� DOVR�VKRZHG�PDUNHG�SXOPRQDU\�LQIODPPDWLRQ��SRVVLEO\�UHODWHG�WR�WKHLU�ODUJH�VXUIDFHDUHD�DQG�LQFUHDVHG�LQWHUVWLWLDO�DFFHVV��2EHUG|UVWHU�HW�DO�����������2[LGDWLYH�FDUGLRSXOPRQDU\�GDPDJHDQG�FKDQJHV� LQ�EORRG�FRDJXODELOLW\�DUH�SURSRVHG�DV� WKH�SDWKRJHQLF�PHFKDQLVP�IRU� WKHVH� W\SHV�RIKLJKO\�WR[LF�SDUWLFOHV��2EHUG|UVWHU�HW�DO���������6HDWRQ�HW�DO��������$GDPVRQ�DQG�3ULHGLWLV��������
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$ UHFHQW� LQKDODWLRQ� VWXG\� ZLWK� VKRUW�WHUP� H[SRVXUHV� WR� QHDU� DPELHQW� PDVV� DQG� QXPEHUFRQFHQWUDWLRQV� RI� XOWUDILQH� PHWDO� R[LGH� DQG� FDUERQ� SDUWLFOHV� IDLOHG� WR� VKRZ� DQ\� SXOPRQDU\ELRORJLFDO� UHVSRQVH� LQ� KHDOWK\� UDWV�� 7KLV� VXJJHVWV� WKDW� WKH� JHQHULF�� SK\VLFDO� QDWXUH� RI� XOWUDILQHSDUWLFOHV�DUH�QRW�LPSRUWDQW�IRU�SXOPRQDU\�HIIHFWV��5RWK�HW�DO�� ������=LHVHQLV�HW�DO�� ��������:KHWKHUVLPLODU� HIIHFWV� ZLOO� DOVR� EH� VHHQ� LQ� DQLPDO�PRGHOV� IRU� FDUGLRSXOPRQDU\� GLVHDVHV�� UHPDLQV� WR� EHGHWHUPLQHG��5RWK�HW�DO�������=LHVHQLV�HW�DO���������
,W� LV�XQFOHDU�ZKHWKHU�HDUOLHU� VWXGLHV�ZLWK�QRQ�HQYLURQPHQWDOO\� UHOHYDQW�XOWUDILQH�SDUWLFOHV� VXFK� DVWLWDQLXPR[LGH�� DOXPLQLXPWULR[LGH�� TXDUW]�� DQG� FDUERQ� EODFN� FDQ� FRQWULEXWH� WR� WKLV� µXOWUDILQHK\SRWKHVLV¶�� EHFDXVH� PRVW� RI� WKHVH� VWXGLHV� IRFXVHG� RQ� WXPRU� IRUPDWLRQ� DQG� OXQJ� ILEURVLV�� ,QDGGLWLRQ�� WKHVH� FKURQLF� H[SRVXUHV� UHVXOWHG� LQ� VR�FDOOHG� �RYHUORDG�� FRQGLWLRQV� WULJJHULQJ� DQLQIODPPDWRU\�DQG�RU�JHQRWR[LF�UHVSRQVH�
7KHUH� LV� QR� HYLGHQFH� VR� IDU� IRU� D� UROH� RI� HQYLURQPHQWDOO\� UHOHYDQW� OHYHOV� DQG� W\SHV� RI� XOWUDILQHSDUWLFOHV� LQ� DFXWH� PRUELGLW\� DQG� PRUWDOLW\� DVVRFLDWHG� ZLWK� H[SRVXUH� WR� DPELHQW� 30�� H[FHSW� IRUGLHVHO�H[KDXVW�SDUWLFOHV�DQG�DOVR�FDUERQ�EODFN��/L�HW�DO�����������,W�VKRXOG�EH�QRWHG�WKDW�DOVR�LQ�WKRVH�LQVWLOODWLRQ��VWXGLHV�H[WUHPHO\�KLJK�GRVHV�ZHUH�XVHG���6FHSWLFV�DUJXH�DJDLQVW�VXFK�D�UROH�EHFDXVH�RIWKH�YHU\�WLQ\�PDVVHV�RI�WKHVH�SDUWLFOHV�LQ�DPELHQW�DLU�� �+RZHYHU��LI�QXPEHUV�RI�SDUWLFOHV�DUH�PRUHLPSRUWDQW�WKDQ�PDVV�RU�VXUIDFH�DUHD��ZKLFK�LV�VWLOO�XQNQRZQ��DPELHQW�XOWUDILQH�SDUWLFOHV�PLJKW�KDYHD UROH�LQ�LQGXFLQJ�DGYHUVH�KHDOWK�HIIHFWV���3UHOLPLQDU\�GDWD�IURP�HSLGHPLRORJLFDO�VWXGLHV�FDUULHG�RXWLQ�*HUPDQ\� �3HHWHUV�HW�DO��������� VXJJHVW� WKDW�KHDOWK�HIIHFWV� VKRZ�VWURQJHU� DVVRFLDWLRQV�ZLWK� WKHQXPEHU�FRQFHQWUDWLRQV�RI�DPELHQW�30�WKDQ�ZLWK�PDVV�FRQFHQWUDWLRQ�RI�30��� +RZHYHU��D�VLPLODUVWXG\�SHUIRUPHG� LQ�)LQODQG� �3HNNDQHQ�HW�DO�� ������ IDLOHG� WR� VKRZ�D� UHODWLRQVKLS�EHWZHHQ�KHDOWKHIIHFWV�DQG�30�QXPEHU�FRQFHQWUDWLRQV���2Q�WKH�RWKHU�KDQG��WKH�VDPH�JURXS��3HQWWLQHQ�HW�DO�� �����IRXQG�D�VWDWLVWLFDO�DVVRFLDWLRQ�EHWZHHQ�QXPEHUV�RI�SDUWLFOHV�LQ�DPELHQW�DLU�DQG�DVWKPD�UHVSRQVHV�

������ %LRORJLFDO�FRPSRQHQWV�RI�30
$QRWKHU�DVSHFW�RI�DGYHUVH�KHDOWK�HIIHFWV�E\�30��ZKLFK�KDV�QRW�UHFHLYHG�PXFK�DWWHQWLRQ�\HW��LV�WKDWRI�PRWRU�YHKLFOH�H[KDXVW�UHODWHG�30�FRXOG�KDYH�WKH�SRWHQWLDO�WR�DFW�OLNH�DQ�DGMXYDQV�LQ�WKH�LPPXQHUHVSRQVH� DQG� ZRXOG� HQKDQFH� DOOHUJLF� VHQVLWLVDWLRQ�� � 7KHUH� DUH� D� OLPLWHG� QXPEHU� RI� GDWD� IURPPHFKDQLVWLF�DQLPDO�WR[LFLW\�VWXGLHV�ZLWK�GLHVHO�H[KDXVW�SDUWLFOHV��ZKLFK�VKRZ�WKDW�WKLV�FRXOG�SOD\�DUROH� LQ� H�J�� H[DFHUEDWLRQ� RI� DVWKPD�W\SH� UHVSRQVH�� HLWKHU� E\� LQIOXHQFLQJ� WKH� F\WRNLQH� SURGXFWLRQ�'LD]�6DQFKH]�HW�DO��������'LD]�6DQFKH]�HW�DO��������'LD]�6DQFKH]���������E\�HQKDQFLQJ�WKH�,J(UHVSRQVH��'LD]�6DQFKH]��������RU�E\�DFWLQJ� �DV�YHFWRUV�IRU�VXEPLFURQ�IUDJPHQWV�RI�SROOHQ�JUDLQVZKLFK�ZRXOG�RWKHUZLVH�WRR�VPDOO�WR�GHSRVLW�LQ�KXPDQ�DLUZD\V��.QR[�HW�DO���������%HKUHQGW�HW�DO��������%HKUHQGW�HW�DO���������

������ &RPELQDWLRQ�RI�SDUWLFOHV�DQG�JDVHV
$ QXPEHU�RI�H[SHULPHQWDO�VWXGLHV�KDV�VXJJHVWHG�WKDW�FRPELQHG�H[SRVXUH�WR�ILQH��DFLGLF��SDUWLFOHVDQG��LQ�RUJDQLF�JDVHV�RU�YDSRUV��OLNH�H�J��2�� 12�� 62���+12�� DOGHK\GHV��FDXVHG�DFXWH�HIIHFWV�LQORZHU�DLUZD\V��/DVW�HW�DO�� ������:DUUHQ�HW�DO�� ������/DVW�DQG�:DUUHQ��������-DNDE��������-DNDE�HW
DO��� ������ -DNDE� DQG� +HPLQJZD\�� ������ &UHXW]HQEHUJ� HW� DO�� ������ +HPLQJZD\� � HW� DO��� �����9LQFHQW�HW�DO�� ������%RODULQ�HW�DO����������7KH�UHVXOWV�RI�WKHVH�VWXGLHV�VXJJHVW�WKDW����SDUWLFOHV�FDQDFW�DV�D�FDUULHU�GHOLYHULQJ�WR[LF�DPRXQWV�WR�WKH�WDUJHW�VLWHV�L�H��GHHS�OXQJ��RU����WKDW�WKH�OLIH�RI�IUHH



5,90�5HSRUW�QXPEHU����������� 3DJH����RI���
UDGLFDOV� DULVLQJ� IURP� WKH� LQWHUDFWLRQ� RI� R[LGDQWV� �2�� 12�� ZLWK� ELRPROHFXOHV� LQ� WKH� OXQJ� LVLQFUHDVHG�GXULQJ�DFLGLF�FRQGLWLRQV�$OO�WKHVH�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�DW�UHODWLYHO\�KLJK�SDUWLFOH�PDVV�FRQFHQWUDWLRQV��7KHUHLV�DW�SUHVHQW�QR�FOHDU�YLHZ�RQ�ZKHWKHU�WKLV�W\SH�RI�JDV�SDUWLFOH�LQWHUDFWLRQV�DOVR�RFFXU�DW
HQYLURQPHQWDOO\�UHOHYDQW�FRQFHQWUDWLRQV��5HFHQWO\��D���ZHHN�LQKDODWLRQ�VWXG\�RI�����mP SDUWLFOHV
FRPELQHG�ZLWK�H[SRVXUHV�WR�FDUERQ�EODFN���������mJ�P����DPPRQLXP�ELVXOSKDWH�����mJ�P����DQG
R]RQH������mJ�P�� ZDV�FRQGXFWHG���7KH�UHVXOWV�VKRZ�PRUH�GHOHWHULRXV�HIIHFWV�WKDQ�H[SRVXUH�WR�WKHFRPSRQHQWV�DORQH��.OHLQPDQ�HW�DO���������%RODULQ�HW�DO��������� 7KHVH�HIIHFWV�LQFOXGHG�GHFUHDVHGDOYHRODU�PDFURSKDJH�IXQFWLRQ��LQFUHDVHG�OXQJ�FROODJHQ�FRQFHQWUDWLRQ�DQG�OXQJ�FHOO�WXUQRYHU�UDWHV�DOWKRXJK�ZLWKRXW�LQGLFDWLRQV�IRU�LQFUHDVHG�OXQJ�SHUPHDELOLW\�DQG�LQIODPPDWLRQ��$Q�LQ�YLWUR�VWXG\IRFXVHG�RQ�SUH�H[SRVXUH�WR�R]RQH�DQG�VXEVHTXHQW�H[SRVXUH�WR�PLQHUDO�SDUWLFOHV��KDV�UHYHDOHG�WKDWR]RQH�LV�GLUHFWO\�VWLPXODWLQJ�WKH�XSWDNH�RI�SDUWLFOHV�LQ�DLUZD\�FHOOV��7KLV�PLJKW�SOD\�D�UROH�LQLPSDLUHG�SDUWLFOH�FOHDUDQFH�IURP�WKH�OXQJV�DQG�PLJKW�IXUWKHU�FRQWULEXWH�WR�LQFUHDVHG�PRUELGLW\IROORZLQJ�H[SRVXUH�WR�ERWK�2� DQG�DPELHQW�SDUWLFOHV��&KXUJ�HW�DO���������&ROOHFWLYHO\��DOWKRXJK�WKH�HYLGHQFH�LV�UDWKHU�OLPLWHG��WKHVH�GDWD�VXJJHVW�WKDW�WKH�PL[WXUH�RIDLU�SROOXWLRQ��30�SOXV�R[LGDQW�JDVHV��PLJKW�EH�PRUH�LPSRUWDQW�WKDQ�30�DORQH��0RUHRYHU��LW�PLJKWEH�VXJJHVWHG�WKDW�30�PRGXODWHV�WKH�DGYHUVH�KHDOWK�HIIHFWV�LQGXFHG�E\��R[LGDQW��JDVHV�

���� 7UDIILF�HPLVVLRQV
2I�SDUWLFXODU�UHOHYDQFH�IRU�WKH�LVVXH�RI�KHDOWK�HIIHFWV�RI�DPELHQW�30�LV�WKH�H[SRVXUH�WR�SDUWLFXODWHHPLVVLRQV�IURP�PRWRU�YHKLFOH�VRXUFHV��H�J��GLHVHO�H[KDXVW���0RVW�RI�ZKDW�LV�NQRZQ�DERXW�ORQJ�WHUPFDUFLQRJHQLF�HIIHFWV�RI�H[SRVXUH�WR�GLHVHO�H[KDXVW�FRPHV�IURP�HSLGHPLRORJLFDO�RFFXSDWLRQDO�VWXGLHV�IRU� D� UHYLHZ� VHH� +(,� ������ +HLQULFK� HW� DO��� ������� ,W� KDV� EHHQ� UHFHQWO\� UHFRJQLVHG� IURPH[SHULPHQWDO�DQLPDO�VWXGLHV�WKDW�H�J��WXPRULJHQLF�HIIHFWV�RI�UHODWLYHO\�KLJK�H[SRVXUH�FRQFHQWUDWLRQVRI�GLHVHO�H[KDXVW�DUH�QRW� UHODWHG� WR� WKH�H[SRVXUH�RI� WKH�3$+V�DGVRUEHG�RQWR� WKH�SDUWLFOH��EXW� WKHHIIHFWV�DUH�PRUH�OLNHO\�WKH�UHVXOW�RI� WKH�VXUIDFH�UHDFWLYLW\�RI� WKH�SDUWLFOHV��1LNXOD�HW�DO�� �������,QDGGLWLRQ��ORQJHU�WHUP�H[SRVXUH�RI�ODERUDWRU\�DQLPDOV�WR�GLHVHO�HQJLQH�H[KDXVW�FDQ�DOVR�UHVXOW�LQ�QRQ�FDUFLQRJHQLF�� VWUXFWXUDO� DLUZD\� WLVVXH� GDPDJH� DQG� DOOHUJLF� DLUZD\� LQIODPPDWLRQ� DQGK\SHUUHVSRQVLYHQHVV��IRU�ZKLFK�WKH�SDUWLFOH�IUDFWLRQ�VHHPV�LPSRUWDQW��1DJDL�HW�DO�� ������6DJDL�HW
DO�� ������/LP�HW�DO�� ������6KRUW�WHUP�HIIHFWV�RI�H[SRVXUH�WR�GLHVHO�H[KDXVW�SDUWLFOHV�KDYH�DOVR�GUDZQ�DWWHQWLRQ���([SHULPHQWDODQLPDO�GDWD�VKRZ�OXQJ�IXQFWLRQ� LPSDLUPHQW�� LQFUHDVHG�DLUZD\� UHVSRQVLYHQHVV��SXOPRQDU\�HGHPD�LPSDLUPHQW� RI� DOYHRODU� PDFURSKDJH� IXQFWLRQ�� DQG� HQKDQFHPHQW� RI� ,J(� DQWLERG\� SURGXFWLRQIROORZLQJ� LQVWLOODWLRQ� ����� ±� ���� PJ�PRXVH�� RU� LQKDODWLRQ� ����� ±� ���� PJ�P�� RI� GLHVHO� H[KDXVWSDUWLFOHV� �6DJDL�HW�DO��������� ,FKLQRVH�HW� DO�� ������)XMLPDNL�HW� DO���������2KWD�HW� DO��� ������� ,QDGGLWLRQ��WKHUH�LV�DOVR�UHFHQW�KXPDQ�HYLGHQFH�WKDW�FRQWUROOHG�VKRUW�WHUP�LQKDODWLRQ�RI�GLHVHO�H[KDXVW�EHORZ�RFFXSDWLRQDO�H[SRVXUH�OLPLWV��FDXVHV�LQIODPPDWRU\�UHVSRQVHV�LQ�WKH�UHVSLUDWRU\�WUDFW�DQG�OXQJIXQFWLRQ�GHFUHPHQWV��5XGHOO�HW�DO���������������%ORPEHUJ�HW�DO�� ������6DOYL�HW�DO�� ������$ QXPEHU�RI�LQ�YLWUR�VWXGLHV�ZLWK�LQFXEDWLRQ�RI�DLUZD\�FHOOV�DQG�GLHVHO�H[KDXVW�SDUWLFOHV�VKRZV�WKDWWKHVH�SDUWLFOHV�DUH�FDSDEOH�RI�LQGXFLQJ�LQIODPPDWRU\�OLNH�UHVSRQVHV�DQG�PD\�DOVR�DFW�DV�DQ�DGMXYDQVHQKDQFLQJ�WKH�DOOHUJLF�UHVSRQVHV��7NDPR�HW�DO�� ������6WHHUHQEHUJ�HW�DO�� ������%D\UDP�HW�DO�� �����)XMLHGD�HW�DO�� ������7KHVH� GDWD� RQ� GLHVHO� H[KDXVW� 30� GHPRQVWUDWH� UHVSLUDWRU\� WR[LFLW\� DW� UHODWLYHO\� ORZ�PDVV� OHYHOV�SURSRVLQJ�D�SRVVLEOH�UROH�LQ�DPELHQW�30�LQGXFHG�DGYHUVH�KHDOWK�HIIHFWV�
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���� 5HDO�ZRUOG�DPELHQW�30
'DWD�IURP�ILHOG�VWXGLHV�ZLWK�FRQWUDVW� LQ� WUDIILF�GHQVLW\�DQG�30�OHYHOV� LQ�6DR�3DXOR�DQG�)ORUHQFH�H[SHULPHQWDO� DQLPDOV�� DQG� 0H[LFR� &LW\� �KXPDQV�� KDYH� VKRZQ� WKDW� VHULRXV� KLVWRSDWKRORJLFDOFKDQJHV� LQ�XSSHU�DQG� ORZHU�DLUZD\V�FDQ�RFFXU�� �7KHVH�HIIHFWV�PD\�EH� OLQNHG�ZLWK�HIIHFWV�RQ� WKHLPPXQH� V\VWHP� DQG� UHVSLUDWRU\� PRUELGLW\� DQG� PRUWDOLW\� DV� IRXQG� DW� WKRVH� ORFDWLRQV� LQHSLGHPLRORJLFDO�VWXGLHV��%|KP�HW�DO���������&DOGHURQ�*DUFLGXHxDV�HW�DO���������������/HPRV�HW�DO��������6DOGLYD�HW�DO���������������*XOLVDQR�HW�DO�� ��������7KH�UHODWLYH�FRQWULEXWLRQ�RI�WUDIILF�UHODWHG30�H[SRVXUH�FRPSDUHG�WR�JDVHRXV�SROOXWDQWV�LV�QRW�FOHDU�EXW�LV�H[SHFWHG�WR�EH�VXEVWDQWLDO�
7KH�UHFHQW�GHYHORSPHQW�RI�DPELHQW�30�FRQFHQWUDWRUV�VHHPV�WR�SURYLGH�SURPLVLQJ�RSSRUWXQLWLHV�IRUWR[LFLW\� VWXGLHV� ZLWK� µUHDO�ZRUOG¶� DPELHQW� SDUWLFXODWHV� XQGHU� UHODWLYHO\� FRQWUROOHG� FRQGLWLRQV�6LRXWDV�HW�DO����������������7KLV�FRQFHQWUDWRU�LV�DEOH�WR�LQFUHDVH�WKH�FRQFHQWUDWLRQ�RI�DPELHQW�30
LQ�WKH�SDUWLFOH�VL]H�UDQJH�RI����������mP WR�OHYHOV�DERXW����WLPHV�WKHLU�DPELHQW�YDOXHV�DQG�WR�VXSSO\LW�WR�DQ�H[SRVXUH�FKDPEHU�IRU�FRQWUROOHG�DQLPDO�DQG�KXPDQ�VWXGLHV��'DWD�IRU�1HZ�<RUN�DQG�%RVWRQKDYH� EHHQ� UHSRUWHG� LQ� SURFHHGLQJV� RI� V\PSRVLD� � DQG� VRPH� UHFHQW� SHHU�UHYLHZHG� MRXUQDO� SDSHUV�*RGOHVNL� HW� DO��������� ������*RUGRQ� HW� DO��� ����D�E�� =HOLNRII� HW� DO�� ������ &ODUNH� HW� DO��� �����*ROGVPLWK�HW�DO����������8VLQJ�UDW�PRGHOV�RI�SXOPRQDU\�K\SHUWHQVLRQ�RU�FKURQLF�EURQFKLWLV��VKRUW�WHUP�H[SRVXUH�WR�FRQFHQWUDWHG�30�������������KU�GD\����GD\V��PDVV�OHYHOV�UDQJLQJ�EHWZHHQ�a������mJ�P�� UHYHDOV� VRPHWLPHV� SRVLWLYH� VRPHWLPHV� QHJDWLYH� UHVXOWV� RQ� �H[WUD��SXOPRQDU\� HIIHFWV� IRUZKLFK� QR� H[SODQDWLRQ� KDV� EHHQ� IRXQG� \HW�� � 0DQ\� FXUUHQW� DPELHQW� DLU� 30� WR[LFLW\� VWXGLHV� DUHWKHUHIRUH� IRFXVVHG� WR� ILQG� D� EHWWHU� HIIHFW�UHOHYDQW� H[SRVXUH� LQGLFDWRU�� ZKLFK� PLJKW� EH� SDUWLFOHFKHPLVWU\�DQG�FRPSRVLWLRQ���,Q�JHQHUDO��WKH�H[SHULPHQWDO�DPELHQW�30�H[SRVXUH�VWXGLHV�IUHTXHQWO\VKRZ� DGGLWLRQDO� GHFUHPHQWV� LQ� OXQJ� IXQFWLRQ�� DLUZD\� K\SHUUHVSRQVLYHQHVV�� LQFUHDVHV� LQ� DLUZD\LQIODPPDWLRQ� DQG�PXFXV� VHFUHWLRQ�� HGHPD�� VSHFLILF� HOHFWURFDUGLRJUDP� FKDQJHV� UHODWHG� WR� FDUGLDFG\VIXQFWLRQ��DV�ZHOO�DV�PRUWDOLW\��DOO�FRPSDUHG�WR�VLPLODU�H[SRVXUHV�RI�KHDOWK\�DQLPDOV��� �6LPLODUHIIHFWV� ZHUH� VHHQ� ZLWK� FRQFHQWUDWHG� 30� H[SRVXUHV� RI� KHDOWK\� GRJV� �SHUVRQDO� FRPPXQLFDWLRQV6LRXWDV� DQG�*RGOHVNL��� ,I� WKHVH� W\SHV� RI� HIIHFWV�ZRXOG� KDYH� RFFXUUHG� LQ� KXPDQV�� LW� ZRXOG� KDYHIRUPHG� D� SODXVLEOH� LQGLFDWLRQ� IRU� WKH� LQFUHDVHG� PRUELGLW\� DQG� PRUWDOLW\� DV� REVHUYHG� LQHSLGHPLRORJLFDO� VWXGLHV� DQG� D� ILUVW� VLJQ� RI� D� FDXVDO� OLQN� RI� DPELHQW� 30���� H[SRVXUH� DQG� DGYHUVHKXPDQ�FDUGLDF�UHVSLUDWRU\�HIIHFWV�

���� +RVW�UHVSRQVLYHQHVV
7KH� GDWD� EDVH� RQ� KHDOWK� HIIHFWV� RI� DPELHQW� SDUWLFXODWH� PDWWHU� SRLQWV� WR� VSHFLILF� KRVWUHVSRQVLYHQHVV��,QFUHDVHG�PRUWDOLW\��PRUELGLW\��DQG�UHVSLUDWRU\�V\PSWRPV�DQG�FRPSODLQWV��FRXJK�LUULWDWLRQ�� DUH� SDUWLFXODUO\� IRXQG� LQ� VSHFLILF� VXEJURXSV� RI� WKH� JHQHUDO� SRSXODWLRQ�� 7KHVH� ULVNJURXSV�PD\� LQFOXGH����HOGHUO\�SHRSOH��SUHVXPDEO\�ZLWK�D�ZHDN�SK\VLFDO�FRQGLWLRQ�����FKLOGUHQ�DQG ��� SHRSOH� ZLWK� SUH�H[LVWLQJ� FDUGLR�UHVSLUDWRU\� GLVHDVHV� OLNH� FRQJHVWLYH� KHDUW� GLVHDVH�SXOPRQDU\�K\SHUWHQVLRQ�� DVWKPD�� FKURQLF� EURQFKLWLV�� HPSK\VHPD�� DV�ZHOO� DV� DLUZD\� LQIHFWLRQV�([SRVXUH�WR�30�LV�VXJJHVWHG�WR�UHVXOW�LQ�DQ�H[DFHUEDWLRQ�RI�WKHVH�GLVHDVHV��SRVVLEO\�UHVXOWLQJ�LQH[FHVV PRUELGLW\�DQG�PRUWDOLW\��7KH�PHFKDQLVP�XQGHUO\LQJ�WKH�ILQGLQJ�WKDW�SUH�H[LVWLQJ�FDUGLR�UHVSLUDWRU\�GLVHDVH�LV�D�PDMRU�ULVN�IDFWRU�IRU�KHDOWK�HIIHFWV�RI�DPELHQW�30�PD\�EH�SDUWO\�EDVHG�RQGRVLPHWU\� DQG� ELRORJLFDO� VHQVLWLYLW\�� ,QFUHDVHG� 30� GHSRVLWLRQ� LQ� FRPSURPLVHG� DLUZD\V�� ODUJHULPSDLUPHQW�RI�OXQJ�SDUWLFOH�FOHDUDQFH��DV�ZHOO�DV�D�KLJKHU�ELRORJLFDO�VHQVLWLYLW\�RI�FRPSURPLVHGOXQJV�FRPSDUHG�WR�KHDOWK\�OXQJV��KDYH�EHHQ�VXJJHVWHG�DV�FRQWULEXWLQJ�PHFKDQLVPV��%RKQLQJ�HW
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DO��������0LOOHU�HW�DO������� )UHLMHU�HW�DO�� ������.LP��HW�DO�� �������,W�LV�OLNHO\�WKDW�WKH�UHVSRQVHVRI�WKH�GLVHDVHG�RU�FRPSURPLVHG�FDUGLR�UHVSLUDWRU\�V\VWHP�WR�LQKDOHG�30�DUH�JUHDWHU�WKDQ�WKRVH�LQKHDOWK\�OXQJV��7KLV�PD\�OHDG�WR�D�FRQVLGHUDEOH�VKLIW�LQ�WKH�GRVH�UHVSRQVH�FXUYH�WRZDUGV�ORZHU�30GRVHV��UHVXOWLQJ�LQ�DQ�LQFUHDVHG�ULVN�RI�PRUELGLW\�DQG�GHDWK�LQ�WKH�PRVW�VXVFHSWLEOH�JURXSV�

���� 'HSRVLWLRQ�DQG�FOHDUDQFH�RI�30�LQ�DLUZD\V�DQG�OXQJ
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2Q�LQWHUSUHWLQJ�GDWD�RI�DQLPDO�LQKDODWLRQ�WR[LFLW\�VWXGLHV�DQG�FRPSDUH�LW�ZLWK�GDWD�IURP�KXPDQVWXGLHV��LW�LV�PRUH�LPSRUWDQW�WR�FRQVLGHU�WKH�LQKDOHG�GRVH�UDWKHU�WKDQ�WKH�H[SRVXUH�FRQFHQWUDWLRQ�3XOPRQDU\� GHSRVLWLRQ� IUDFWLRQV� H�J�� DUH� URXJKO\� WZLFH� DV� KLJK� LQ� KXPDQV� FRPSDUHG� WR� UDWV�)XUWKHUPRUH��LW�FDQ�EH�HVWLPDWHG�WKDW�UDW�LQKDODWLRQ�WR[LFLW\�VWXGLHV�ZLWK�H[SRVXUHV�XS�WR�VHYHUDO�PJSHU� FXELF� PHWHU� RI� �UHVXVSHQGHG�� 763�� 30��� RU� 30���� ZLOO� UHVXOW� LQ� FRPSDUDEOH� LQKDOHG� GRVHHVWLPDWHV�LQ�DLUZD\V�DV�FDQ�EH�H[SHFWHG�IURP�D�SODXVLEOH�KXPDQ�H[SRVXUH�VFHQDULR��$QMLYHO�DQG$VKJDULDQ�������9LQFHQW�HW�DO���������
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 DW�OLJKW�H[HUFLVH��XQOHVV�VWDWHG�RWKHUZLVH

2QFH�GHSRVLWHG��LQ�SDUWLFXODU�LQVROXEOH�SDUWLFOHV�KDYH�WR�EH�FOHDUHG�DQG�FOHDUDQFH�UDWHV�ZLOO�DIIHFWWKH� UHWHQWLRQ� WLPH� DQG� FRQVHTXHQWO\� WKH� SXOPRQDU\� WR[LFLW\�� ,Q� JHQHUDO�� GHSRVLWHG� SDUWLFOHV� DUHFOHDUHG�DW�YDU\LQJ�UDWHV�GHSHQGLQJ�RQ�WKH�DLUZD\�FRPSDUWPHQW��IDYRXULQJ�D�ORZHU�FOHDUDQFH�LQ�ORZHUDLUZD\� UHJLRQV�� 3K\VLFDO� H[HUFLVH� ZLOO� HQKDQFH� GHSRVLWLRQ� LQ� WKH� UHVSLUDWRU\� WUDFW�� 5HPDUNDEO\�
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7KH�VSHFLILF�UROH�RI�DLUZD\�HSLWKHOLDO�FHOOV�DQG�DOYHRODU�PDFURSKDJHV�LQ�WKHVH�SURFHVVHV�LV�JHWWLQJSDUWLFXODU� DWWHQWLRQ� EHFDXVH� WKH� DFWLYDWLRQ� RI� WKHVH� FHOOV� XSRQ� FRQWDFW�ZLWK� DPELHQW� DLU� SDUWLFOHVPLJKW� UHVXOW� LQ� D� VXEVHTXHQW� UHOHDVH� RI� SUR�LQIODPPDWRU\� DQG� SUR�FRDJXODQW� PHGLDWRUV� DQG� RIUHDFWLYH�R[LGDQW�VSHFLHV�ZKLFK�PD\�LQWHUDFW�ZLWK�RWKHU�FHOOV��DQG�GDPDJH�WKH�HSLWKHOLXP��UHVXOWLQJLQ�V\VWHPLF�HIIHFWV��0RRG\��������2EHUG|UVWHU��������'ULVFROO�HW�DO����������$OYHRODU�PDFURSKDJHVDUH�FRQVLGHUHG�WR�SOD\�D�FUXFLDO�UROH�LQ�WKH�SDWKRJHQHVLV�RI�VWUXFWXUDO�FKDQJHV� LQ�DLUZD\V�� ,QKDOHGSDUWLFOHV�DUH�SKDJRF\WRVHG�DQG�WUDQVSRUWHG�E\�DOYHRODU�PDFURSKDJHV�IRU�HIIHFWLYH�UHPRYDO�DQG�E\SKDJRF\WRVLQJ�PDFURSKDJHV� EHFRPH� DFWLYDWHG� DQG� LQGXFH� D� FDVFDGH� RI� EHQHILFLDO� RU� SDWKRJHQLFHYHQWV��0DFURSKDJHV��DW� WKHLU�SURWHFWLYH�UROH�DJDLQVW�IRUHLJQ�ERGLHV��DOVR�YLD� WKH� LPPXQH�V\VWHP�WKHUHE\�IXQFWLRQ�QRUPDOO\�SURGXFLQJ�YDULRXV��R[\JHQ��UDGLFDOV��SURWHLQV�DQG�O\VRVRPDO�HQ]\PHV��DOORUFKHVWUDWLQJ�HIIHFWLYHO\�WKH�LQIODPPDWRU\�DQG�LPPXQH�UHVSRQVHV�DQG�WLVVXH�UHSDLU�SURFHVVHV��,W�KDVUHFHQWO\�EHHQ�VXJJHVWHG�WKDW�SHUKDSV�WKH�YHU\�ILUVW�DLUZD\�HIIHFWV�RI�R[LGDQWV�DQG�SDUWLFOHV�PLJKW�EHFDXVHG� E\� WKH� DLUZD\� HSLWKHOLXP�� 3XOPRQDU\� HSLWKHOLXP� KDV� EHHQ� VKRZQ� WR� EH� DEOH� WR� UHOHDVHFKHPRWDFWLF� DQG� RWKHU� LQIODPPDWRU\� PHGLDWRUV� XSRQ� D� WR[LF� LQVXOW�� ZKLFK� FDQ� WULJJHU� D� IXUWKHUUHVSRQVH� UHVXOWLQJ� LQ� DQ� LQYROYHPHQW� RI� LQIODPPDWRU\� FHOOV� DQG� D� FDVFDGH� RI� SDWKRJHQLF� HYHQWVOHDGLQJ� WR� WLVVXH� LQMXU\��$W� QRUPDO� IXQFWLRQLQJ�� LW� LV� SURSRVHG� WKDW�PDFURSKDJHV� DQG� HSLWKHOLXPXVXDOO\�GHDFWLYDWH�WKHPVHOYHV�E\�UHOHDVH�RI�RWKHU��GRZQ�UHJXODWLQJ�PHGLDWRUV��,W�LV�K\SRWKHVLVHG�WKDW

3RVVLEOH�ELRORJLFDO�PHFKDQLVPV�RI�KHDOWK�HIIHFWV�RI�30��

� 2[LGDWLYH�VWUHVV� $LUZD\�LQIODPPDWLRQ� 2HGHPD�IRUPDWLRQ� ,PSDLUHG�JDV�GLIIXVLRQ�UHVXOWLQJ�LQ�K\SR[LF�VWUHVV� &DUGLDF��ULJKW�YHQWULFOH��G\VIXQFWLRQ�DQG�LPSDLUHG�SXOPRQDU\�FLUFXODWLRQ� ,QFUHDVHG�SODVPD�YLVFRVLW\�DQG�EORRG�FRDJXODWLRQ� ,PPXQRWR[LFLW\� 1HXURORJLFDO�G\VIXQFWLRQ
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QXFOHDU� IDFWRU�NDSSD�%��1)k%���RQH�NH\� UHJXODWRU�RI� LQWUDFHOOXODU� VLJQDO� WUDQVGXFWLRQ�DQG�JHQHDFWLYDWLRQ��'ULVFROO�HW�DO���������
5HFHQWO\��.DGLLVND�HW�DO�������� VKRZHG�LQ�YLYR�HYLGHQFH�RI�IUHH�UDGLFDO�IRUPDWLRQ�LQ�UDW�OXQJVIROORZLQJ�LQWUDWUDFKHDO�LQVWLOODWLRQ�RI�RLO�IO\�DVK��7KLV�IUHH�UDGLFDO�SURGXFWLRQ�DSSHDUV�WR�EHDVVRFLDWHG�ZLWK�VROXEOH�PHWDOV�LQ�WKH�IO\�DVK�

7LVVXHIDFWRU

)DFWRU�9,,
,;�DQG�;,;D�DQG�;D

%ORRG

&\WRNLQHV�,/����,/���HWF�

/,9(5
&\WRNLQHV�DQG�R[LGDWLYHVWUHVV�FDXVH�GHFUHDVHG�301GHIRUPDELOLW\�OHDGLQJ�WRLQIODPPDWLRQ�DQGKDHPRVWDVLV

352�352�&2$*8/$17&2$*8/$17
67$7(67$7(

8QSKDJRF\WRVHGSDUWLFOHV
� 2[LGDWLYHO\�VWUHVVHG�PDFURSKDJHV���DQG�����HSLWKHOLDO�FHOOV

2[LGDQWV3DUWLFOHVFDXVHR[LGDWLYHVWUHVV

/2&$//2&$/
,1)/$00$7,21,1)/$00$7,21



3DJH����RI��� 5,90�5HSRUW�QXPEHU�����������
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DO�������� DQG�LQ�YLYR�LQKDODWLRQ�RU�LQVWLOODWLRQ�VWXGLHV�RQ�H[SHULPHQWDO�DQLPDOV��*RGOHVNL�HW�DO������� ������*RUGRQ�HW�DO�� ������:DWNLQVRQ�HW�DO�� ��������7KH�GDWD�LQ�WKHVH�H[SHULPHQWDO�VWXGLHVVKRZ WKDW�HIIHFWV�DUH�VRPHWLPHV�ODUJHU�LQ�DQLPDO�PRGHOV�IRU�FDUGLRSXOPRQDU\�GLVHDVHV�FRPSDUHGWR KHDOWK\�DQLPDOV���.LOOLQJVZRUWK�HW�DO���������VWXGLHG�WKH�HIIHFWV�IROORZLQJ�LQKDODWLRQ�RI�IO\�DVKLQ UDWV�DQG�IRXQG�WKDW�FKHPRNLQHV��0,3����LQ�KHDUW�WLVVXH�ZHUH�VWLPXODWHG�DQG�WKDW�PDFURSKDJHVLQ WKH�KHDUW�FRQWDLQ�LQ�IDFW�WUXH�IO\�DVK�SDUWLFOHV�
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)LJXUH����$�VFKHPDWLF�LPSUHVVLRQ�RI�SRVVLEOH�FDUGLRWR[LF�PHFKDQLVPV�XQGHUO\LQJ�30�LQGXFHG�HIIHFWV
UHODWHG�WR�PRUELGLW\�DQG�PRUWDOLW\��VOLJKWO\�PRGLILHG�DIWHU�*RGOHVNL�HW�DO���������

3RVVLEOH�0HFKDQLVPV�RI
&DUGLRWR[LFLW\�IROORZLQJ�,QKDODWLRQ�RI�$LUERUQH�30�������LQ�WKH�SUHVHQFH�RI�SUH�H[LVWLQJ�SXOPRQDU\�LQIODPPDWLRQ�

� �� Î 6WLPXODWLRQ�RI�5HFHSWRUV���������������������� 5HDFWLYH�2[\JHQ�6SHFLHV�ÎLQ�WKH�5HVSLUDWRU\�7UDFW� �� Î &16�5HVSRQVHV� ,QIODPPDWRU\�0HGLDWRUV�Î� �� Î $SQHD���������� ��� 3XOPRQDU\�,QIODPPDWLRQ�Î%URQFKRFRQVWULFWLRQ

6\VWHPLF�(IIHFWV� &LUFXODWLQJ�&\WRNLQHV�DQG�7R[LQV��+\SR[LD�$XWRQRPLF�5HVSRQVHV� � � �'LUHFW�(IIHFWV�RQ�+HDUW�&HOOV
�&KDQJHV�LQ�&DUGLDF�(OHFWULFDO�6\VWHPV�ZLWK�'HWHFWDEOH�3UHFXUVRUV�$UUK\WKPLD'HSUHVVHG�+HDUW�5DWH�9DULDELOLW\)DWDO�9HQWULFXODU�)LEULOODWLRQ

� �'HDWK
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��� 7R[LFLW\�GDWD�DQG�KHDOWK�UHOHYDQFH�RI�30���SURSHUWLHV
���� ,PSRUWDQFH�RI�WKH�WRWDO�DLU�SROOXWLRQ�PL[WXUH
1XPHURXV� HSLGHPLRORJLFDO� VWXGLHV� LQGLFDWH� WKDW� FXUUHQW� 30� OHYHOV� DUH� DVVRFLDWHG� ZLWK� H[FHVVFDUGLRSXOPRQDU\� �SUHPDWXUH�� PRUWDOLW\�� PRUELGLW\�� LQFOXGLQJ� KRVSLWDO� DGPLVVLRQV�� DVWKPDH[DFHUEDWLRQ�DQG�PHGLFDWLRQ�XVH��DV�ZHOO�DV� UHVSLUDWRU\�V\PSWRPV�DQG� OXQJ�IXQFWLRQ�GHFUHPHQWV�%HFDXVH�RI� WKH� FRQVLVWHQF\� RI� WKHVH� GDWD� LW� LV� DGYRFDWHG� WKDW� WKH�PDVV� FRQFHQWUDWLRQ� RI�30��� RU30����DUH�FDXVDO�ULVN�IDFWRUV�DQG�LQGHHG�QR�OLNHO\�DOWHUQDWLYH�FDXVDO�IDFWRU�KDV�EHHQ�LGHQWLILHG�\HW�DOWKRXJK�WKH�FR�FRUUHODWLRQ�RI�30�ZLWK�RWKHU�DLU�SROOXWDQWV�SUHYHQWV�VXFK�D�FRQFOXVLYH�DQDO\VLV�5HPDUNDEO\��DVVRFLDWLRQV�EHWZHHQ�KHDOWK�HIIHFWV�DQG�DPELHQW�30�DUH�IRXQG�DW�YDULRXV�JHRJUDSKLFDOXUEDQ�DQG�UXUDO�DUHDV�LQ�PDQ\�FRXQWULHV��7KH�GDWD�VKRZ�D�UDQJH�RI�UHODWLYH�ORZ�ULVNV�GHSHQGLQJ�RQWKH� HIIHFW� SDUDPHWHUV� DQG� VSHFLILF� VWXG\� DQG� ORFDWLRQV�� ,W� LV� XQNQRZQ�ZKHWKHU� WKHVH� GLIIHUHQFHVUHIOHFW�WKH�H[SRVXUH�WR�WKH�UDWKHU�ODUJH�FRQWUDVW�LQ�DLU�TXDOLW\�FRQGLWLRQV��OLNH�H�J��ZRRG�VPRNH��ZLQGEORZQ� GXVW�� LQGXVWULDO� HPLVVLRQV�� HQHUJ\� JHQHUDWLRQ�� PRWRU� YHKLFOH� HPLVVLRQV�� DV� ZHOO� DV� DFLGDHURVROV�� &RQWUDVW� DQDO\VHV� WR� VKHG� VRPH� OLJKW� RQ� WKLV� KDYH� QRW� \HW� EHHQ� SHUIRUPHG�� ,W� PD\� EHDVVXPHG�WKDW� WKH�DPELHQW�30�PL[WXUHV�ZLOO�YDU\�EHWZHHQ�WKRVH�ORFDWLRQV�ZLWK�UHVSHFW� WR�SDUWLFOHVL]H� GLVWULEXWLRQ� DQG� FKHPLFDO� FRPSRVLWLRQ� DQG� VRXUFH� FRQWULEXWLRQV�� ,Q� DGGLWLRQ�� PDQ\� VWXGLHVVKRZ�LQGLVWLQJXLVKDEOH�DXWR�FRUUHODWLRQ�RI�30�DQG�763��30��� 30����� %6��62�

��� DQG�+�� DQG�DOVRZLWK�SROOXWDQWV�OLNH�2�� 12�� 12��&2��DQG�62�� &ROOHFWLYHO\��WKHVH�GDWD�LQGLFDWH�WKDW�FDXVDOLW\�DQGSODXVLELOLW\�RI�30�LQGXFHG�DGYHUVH�KHDOWK�HIIHFWV�LV�IDU�IURP�FOHDU�

������ 7R[LFRORJLFDO�HYLGHQFH�IRU�WKH�UHOHYDQFH�RI�DPELHQW�30�IUDFWLRQV
)RU�WKH�DQDO\VLV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�30�VRXUFH�DQG�KXPDQ�ULVN�5,90�XVHV�D�VLPSOLILHGVWUDWHJ\�FDOOHG�µWKH�3HQWDJRQ�PRGHO¶��7KLV�GLVFULPLQDWHV�EHWZHHQ�PDMRU�SDUWLFOH�VL]H�IUDFWLRQ�DQGFKHPLFDO FRPSRVLWLRQV��FRDUVH������±�����P���ILQH������±������P���XOWUDILQH���������P���SULPDU\�FDUERQDFHRXV��DQG�VHFRQGDU\��DFLG�FRQGHQVDWHV��DQG�VXOSKDWH�DQG�QLWUDWH�SDUWLFOHV��

)LJXUH����3HQWDJRQ�0RGHO�IRU�FULWLFDO�30�IUDFWLRQV�DVVRFLDWHG�ZLWK�KHDOWK�HIIHFWV

3030����

3030��������������

3030�������� 3030FDUERQDFHRXVFDUERQDFHRXV

3030VHFRQGDU\VHFRQGDU\
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������ 30���VL]H�IUDFWLRQV�DQG�FRPSRVLWLRQ
7R[LFRORJ\� GDWD� RQ� DPELHQW� 30� FRPSRQHQWV� LQ� JHQHUDO� DUH� GLIILFXOW� WR� H[WUDSRODWH� WRHQYLURQPHQWDOO\� UHOHYDQW� FRQFHQWUDWLRQV� EHFDXVH� PRVW� RI� WKH� VWXGLHV� ZHUH� LQLWLDWHG� ZLWK� DPHFKDQLVWLF� SHUVSHFWLYH� XVLQJ� UHODWLYHO\� KLJK� OHYHOV� RI� FKHPLFDOO\� DQG� ELRORJLFDOO\� XQLIRUPSDUWLFOHV��5HODWLYHO\�KLJK�OHYHOV�RI�DFLG�DHURVROV�GR�HOLFLW�OXQJ�IXQFWLRQ�HIIHFWV�LQ�KHDOWK\�SHRSOH�DQGDVWKPDWLFV� IROORZLQJ� VKRUW�WHUP� H[SRVXUHV�� DOWKRXJK�� IRU� REYLRXV� HWKLFDO� UHDVRQV�� RQO\� PLOGDVWKPDWLFV� KDYH� EHHQ� LQYHVWLJDWHG�� ,Q� DGGLWLRQ�� QR� DLUZD\� LQIODPPDWRU\� UHVSRQVHV� KDYH� EHHQREVHUYHG� LQ� WKHVH� VWXGLHV�� %URQFKLDO� PXFRFLOLDU\� FOHDUDQFH� VHHPV� WR� EH� GHFUHDVHG� IROORZLQJH[SRVXUH� WR�DFLG�DHURVROV��5HFHQW� ODERUDWRU\�DQLPDO�GDWD�� KRZHYHU�� VKRZ� WKDW� VXOSKXULF� DFLG� FDQHYRNH�VRPH�WR[LFLW\�LI�ERXQG�DW�ORZ�OHYHOV�WR�XOWUDILQH�VROLG�SDUWLFOH�FRUHV�$ OLPLWHG�QXPEHU�RI�ILHOG�H[SRVXUH�VWXGLHV�DQG�VWXGLHV�XVLQJ�LQKDOHG�FRQFHQWUDWHG�ILQH�SDUWLFOHVLQ�H[SHULPHQWDO�DQLPDO�PRGHOV�KDYH�VKRZQ� WKDW�XUEDQ�DLU� DQG�SDUWLFXODWH�PDWWHU� IUDFWLRQV�RI� LWFDQ FDXVH� VHULRXV� HIIHFWV� ZKLFK� PLJKW� SRVVLEO\� EH� UHODWHG� WR� WKH� HIIHFWV� RQ� PRUELGLW\� DQGPRUWDOLW\�DV�REVHUYHG�LQ�HSLGHPLRORJLFDO�VWXGLHV��6DOGLYD�HW�DO�������� /HPRV�HW�DO��������6DOGLYD
HW�DO��������*RGOHVNL�HW�DO������� ������*XOLVDQR�HW�DO�� �����*RUGRQ�HW�DO������� =HOLNRII�HW�DO��������&ODUNH�HW�DO��������$ QXPEHU�RI�H[SHULPHQWDO�DQLPDO�LQ�YLYR�H[SRVXUH VWXGLHV�KDYH�UHSRUWHG�RQ�WR[LFLW\�RI�30���RU763�� VDPSOHG� IURP� DPELHQW� DLU� RU� GLHVHO� H[KDXVW� E\� ILOWHUV� DQG� DGPLQLVWHUHG� WR� DQLPDOV� E\LQKDODWLRQ�DQG�LQVWLOODWLRQ��JLYLQJ�WKH�ILUVW�HYLGHQFH�WKDW�WKHVH�30�IUDFWLRQV�FDQ�H[HUW�DLUZD\�DQGOXQJ �FHOO�� LQMXU\� �6DJDL� HW� DO��� ������ *LOPRXU� HW� DO��� ����� 3ULWFKDUG� HW� DO��� ����� 1DGHDX� HW
DO������� &RVWD� DQG�'UHKHU�� ������'RQDOGVRQ�HW�DO������� /L�HW� DO�� ������9LQFHQW�HW� DO�������*RHJDQ�HW� DO��������$GDPVRQ�HW� DO��� ������)UDPSWRQ�HW� DO��� ������� �7KH� WR[LFLW\�PHDVXUHG� E\LQIODPPDWLRQ��R[\JHQ�UDGLFDO�SURGXFWLRQ��DQG�OXQJ�WLVVXH�GDPDJH��DSSHDUV� WR�FRUUHODWH�ZLWK�WKHFRQWHQW� RI� VROXEOH� UHDFWLYH� �ILUVW� URZ� WUDQVLWLRQ��PHWDOV� DQG� RUJDQLFV� DQG� UHDFWLYLW\� LV� UHGXFHGXSRQ FKHODWLRQ�RU�H[WUDFWLRQ��$�30�LQVWLOODWLRQ�VWXG\�GRQH�E\�'UHKHU�HW�DO�� �������JDYH�D� ILUVWLQGLFDWLRQ�WKDW�³ILQH´�PRGH�SDUWLFOHV�PLJKW�EH�PRUH�WR[LF�LQ�YLYR�WKDQ�D�³FRDUVH´�PRGH�IUDFWLRQ�FRUUHODWLQJ�YHU\�ZHOO�ZLWK� WKH� VROXELOLW\�DQG� UHDFWLYLW\�PHFKDQLVP�DQG� WKHLU�FRPEXVWLRQ�QDWXUHDQG RULJLQ��7KLV�PHFKDQLVP�LV�DVVXPHG�WR�EH�PXFK�OHVV�YDOLG�LQ�FRDUVH�SDUWLFOHV�GXH�WR�WKHLU�QRQ�FRPEXVWLRQ� QDWXUH� DQG� RULJLQ� OHDGLQJ� WR� UHODWLYHO\� QRQ�VROXEOH� PHWDOV� LQ� LWV� IUDFWLRQ�� 2Q� WKHRWKHU� KDQG�� LQ� YLWUR� VWXGLHV�ZLWK� KXPDQ�PRQRF\WHV� �%HFNHU� DQG�0RKQ� ������+RUQEH\� HW� DO������� VKRZ� WKDW� FHOOXODU�WR[LFLW\� DQG� LQIODPPDWLRQ� PD\� DOVR� EH� DVVRFLDWHG� ZLWK� WKH� FRDUVH
IUDFWLRQ���������mP� DQG�LWV�ELRORJLFDO�FRPSRQHQWV�7R[LFRORJLFDO�HYLGHQFH�IRU�D�SRVVLEOH�UROH�RI�XOWUDILQH�30�LQ�DPELHQW�FRQGLWLRQV�LV�QRW�DYDLODEOH�DQG H[LVWLQJ� GDWD� UHODWH� RQO\� WR� HQYLURQPHQWDOO\� XQUHDOLVWLF�� QRQ�VROXEOH� SDUWLFOHV� OLNH3RO\IOXRUWHWUDIOXRURHWK\OHQH�S\URO\VDWH��FDUERQ�EODFN��DQG�FHUWDLQ�PHWDO�R[LGHV��<HW��UHFHQW�GDWD�5RWK� HW� DO�� ������ =LHVDQLV� HW� DO�� ������ ZLWK� H[SRVXUHV� WR� PHWDO� R[LGHV� DQG� FDUERQ� EODFNSDUWLFOHV�VXJJHVW�WKDW�WKH�JHQHULF�QDWXUH�RI�VXFK�XOWUDILQH�SDUWLFOHV��DV�MXVW�SK\VLFDO�HQWLWLHV�ZLWK�DFOHDQ�VXUIDFH�DQG�D�QDUURZ�VL]H�GLVWULEXWLRQ��GRHV�QRW�VHHP�WR�SOD\�D�UROH�LQ�VKRUW�WHUP�WR[LFLW\��,WPD\� YHU\�ZHOO� EH� WKDW�ZKHQ� VXFK� XOWUDILQH� SDUWLFOHV� KDYH� D� KLJK� VXUIDFH� UHDFWLYLW\� EHFDXVH� RIDGVRUEHG�UHDFWLYH�FRPSRQHQWV��WKH\�PD\�EHFRPH�WR[LF��7KHUH�LV�RQO\�YHU\�OLPLWHG�HYLGHQFH�WKDW

� 'XH�WR�WKH�KLJK�GRVDJHV�LQ�D�UDQJH�RI�����PJ�UDW��ZKLFK�FDQ�EH�RUGHUV�RI�PDJQLWXGH�EH\RQG�D�GRVH�H[SHFWHG�WR�EH
LQKDOHG�XQGHU�DPELHQW�UHOHYDQW�FRQGLWLRQV�LW�LV�GLIILFXOW�WR�H[WUDSRODWH�WR�SRVVLEOH�DFXWH�WR[LFLW\�LQ�KXPDQV�DW�DPELHQW
OHYHOV��+HQGHUVRQ�HW�DO�� �������+RZHYHU��WKHVH�W\SHV�RI�VWXGLHV�DUH�XVHIXO�WR�HYDOXDWH�WKH�UHODWLYH�WR[LFLW\�RI�30
VDPSOHV�DQG�WKH�SRVVLEOH�XQGHUO\LQJ�PHFKDQLVPV�RI�DGYHUVH�KHDOWK�HIIHFWV�
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VXFK�D�PHFKDQLVP�PLJKW�SOD\�D�UROH�IRU�FRDWLQJ�RI�DFLGV�RQ�XOWUDILQH�LQHUW�SDUWLFOHV�DQG�IRU�3$+�W\SH�RI�RUJDQLFV�LQ�GLHVHO�H[KDXVW��&KHQ�HW�DO�������� ������6DJDL�HW�DO���������$ SRVVLEOH� UROH� RI� WKH� SULPDU\�� FDUERQDFHRXV� �FRPEXVWLRQ�GHULYHG�� IUDFWLRQ� RI� 30��� GHVHUYHVVSHFLILF�DWWHQWLRQ�� ,QIODPPDWLRQ� LV�FRQVLGHUHG�DQ� LPSRUWDQW�SURFHVV� LQ�PDQ\�GLVHDVHV� UHODWHG� WR30�DVVRFLDWHG�PRUELGLW\�DQG�PRUWDOLW\��6HFRQGDU\�DHURVROV�LQ�H[SRVXUHV�DW��QHDU�DPELHQW�OHYHOV�KDYH QRW� RU� KDUGO\� EHHQ� VKRZQ� WR� EH� DEOH� WR� LQGXFH� HIIHFWV� LQ� JHQHUDO� DQG� LQIODPPDWLRQ� LQSDUWLFXODU��7KH�FDUERQDFHRXV�IUDFWLRQ�RI�30�PD\�SOD\�D�VLJQLILFDQW�UROH�EHFDXVH�DQLPDO�WR[LFLW\GDWD�VXJJHVW�WKDW�OHYHOV�RI�VROXEOH�FRPSRQHQWV��DOO�DGVRUEHG�RQ�WR�WKH�FDUERQDFHRXV�FRUH�RI�30�FRUUHODWH� ZLWK� LQIODPPDWRU\� UHDFWLRQV� DQG� WKHVH� UHVSRQVHV� FDQ� EH� EORFNHG� E\� FKHODWLRQ�H[WUDFWLRQ�� DQG� UDGLFDO� VFDYHQJHUV�� 6XFK� GDWD� QHHG� FRQILUPDWLRQ� LQ� UHDOLVWLF� DQLPDO� LQKDODWLRQVWXGLHV� XVLQJ� H[SRVXUHV� UHVXOWLQJ� LQ� FRPSDUDEOH� LQWHUQDO� GRVHV� DV� FDQ� EH� H[SHFWHG� IURP� DSODXVLEOH� KXPDQ� H[SRVXUH� VFHQDULR�� 'HSRVLWLRQ� PRGHOV� HVWLPDWH� WKDW� WKH� LQKDOHG� GRVH� RIH[SHULPHQWDO�DQLPDOV� IRU�VHYHUDO�KRXUV� WR�SDUWLFOH�PDVV�FRQFHQWUDWLRQV�RI�����PJ�P� PHHW� WKDWFULWHULRQ��9LQFHQW�HW�DO�������� $QMLYHO�DQG�$VKJDULDQ�������7KH�ILQGLQJ�WKDW�SUH�H[LVWLQJ�FDUGLRSXOPRQDU\�GLVHDVH�DQG�ZRUVHQLQJ�RI�WKH�SDWKRORJLFDO�FRQGLWLRQLV� D� PDMRU� ULVN� IDFWRU� IRU� KHDOWK� HIIHFWV� RI� 30��� VHHPV� WR� EH� VXSSRUWHG� E\� GDWD� IURP� SDUWLFOHGHSRVLWLRQ�PRGHOLQJ��0LOOHU�HW�DO�������)UHLMHU�HW�DO���������.LP�DQG�.DQJ��������VHH�DOVR�7DEOH����VKRZLQJ�WKDW�SDUWLFOH�GHSRVLWLRQ�PD\�EH�PDUNHGO\�LQFUHDVHG�LQ�SHRSOH�ZLWK�&23'�RU�DVWKPD�ZKHQFRPSDUHG� WR� GHSRVLWLRQ� LQ� KHDOWK\� OXQJV�� � 30� GHSRVLWLRQ� PRGHOV� DOVR� HVWLPDWH� WKDW� WKH� WRWDOGHSRVLWLRQ�IUDFWLRQ�RI� WKH�FRDUVH�PRGH�SDUWLFOHV� ����� ������P��DQG�XOWUDILQH�PRGH�SDUWLFOHV� ������P�� DUH� VLJQLILFDQWO\� KLJKHU� FRPSDUHG� WR� WKH� ILQH�PRGH� ����� �� ���� �P�� IRU� ERWK� KXPDQ� DQG� UDW�$QMLYHO�DQG�$VKJDULDQ��������,Q�JHQHUDO��SXOPRQDU\�GHSRVLWLRQ�LQFUHDVHV�ZLWK�GHFUHDVLQJ�SDUWLFOHVL]H��9HQNDWDUDPDQ�DQG�.DR��������

������ 7UDIILF�HPLVVLRQV
7R[LFLW\� VWXGLHV�RQ� UHSHDWHG�H[SRVXUHV�RI� H[SHULPHQWDO� DQLPDOV� DQG�KXPDQV� WR�GLUHFW� UHDO�ZRUOGDPELHQW�DLU�LQ�XUEDQ�DUHDV�RI�6mR�3DXOR��0H[LFR�&LW\�DQG�)ORUHQFH�VXJJHVW�WKDW�PRUH�DGYHUVH�KHDOWKHIIHFWV� RFFXU� DW� ORFDWLRQV� ZLWK� KLJKHU� WUDIILF� GHQVLW\�� SRVVLEO\� GXH� WR� WKH� KLJKHU� OHYHO� RI� �ILQH�SDUWLFXODWH�DLU�SROOXWLRQ��%|KP�HW�DO���������&DOGHURQ�*DUFLGXHxDV�HW�DO���������6DOGLYD�HW�DO��������&DOGHURQ�*DUFLGXHxDV�DQG�5R\�2FRWOD�������3HUHLUD�HW�DO���������/HPRV�HW�DO���������*XOLVDQR�HW
DO�� �������7KHVH�VWXGLHV�GHPRQVWUDWH�VHULRXV�DGYHUVH�KHDOWK�HIIHFWV�LQ�DLUZD\V��LQFOXGLQJ�OHVLRQV�LQXSSHU�DQG�ORZHU�DLUZD\�WLVVXH��LQFUHDVHG�DLUZD\�UHDFWLYLW\��DQG�LPPXQRWR[LF�HIIHFWV�
0DQ\�VWXGLHV�RQ�GLHVHO�H[KDXVW�LQ�WKH�SDVW�KDYH�IRFXVVHG�RQ�FKURQLF�H[SRVXUH�DQG�WXPRUHJHQLFDQG QRQ�WXPRUHJHQLF�VWUXFWXUDO�DLUZD\�HIIHFWV��+HLQULFK�HW�DO�� ������1DJDL�HW�DO�������� .LP�HW
DO�� �������� 5HFHQWO\� SHUIRUPHG� FRQWUROOHG� KXPDQ� VWXGLHV� RQ� DFXWH� GLHVHO� H[KDXVW� H[SRVXUHVVKRZHG�VXEVWDQWLDO�UHVSLUDWRU\�iQG�V\VWHPLF�HIIHFWV�RQ�LQIODPPDWLRQ�DQG�OXQJ�IXQFWLRQ��6DOYL�HW
DO�� ������5XGHOO�HW�DO�� ������������%ORPEHUJ�HW�DO�� �������,W�LV�DOVR�DVVXPHG�IURP�WKHVH�VWXGLHVXVLQJ� FHUDPLF� SDUWLFOH� WUDSV� WKDW� WKHVH� HIIHFWV� DUH� QRW� H[FOXVLYHO\� HYRNHG� E\� WKH� SDUWLFOHV�%ORPEHUJ� HW� DO�� ������� ([SHULPHQWDO� DQLPDO� LQKDODWLRQ� VWXGLHV� ZLWK� VKRUW�WHUP� H[SRVXUHVUHYHDOHG WKDW�GLHVHO�H[KDXVW�SDUWLFOHV��6DJDL�HW�DO���������
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��� 6XPPDU\�DQG�FRQFOXVLRQV
(SLGHPLRORJLFDO� VWXGLHV� KDYH� REVHUYHG� VWDWLVWLFDO� DVVRFLDWLRQV� EHWZHHQ� VKRUW�WHUP�� DQG� WR� DOLPLWHG�H[WHQW�DOVR�ORQJ�WHUP��H[SRVXUH�WR�LQFUHDVHG�DPELHQW�SDUWLFXODWH�DLU�SROOXWLRQ��SDUWLFXODWH
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*RUGRQ�7���*HUEHU�+���)DQJ�&�3���&KHQ�/�&����������$�FHQWULIXJDO�SDUWLFOH�FRQFHQWUDWRU�IRU�XVH�LQLQKDODWLRQ�WR[LFRORJ\���������,QKDODWLRQ�7R[LFRORJ\������������
*RUGRQ�7���1DG]LHMNR�&��6FKOHVLQJHU�DQG�&KHQ�/�&���VXEPLWWHG�IRU�SXEOLFDWLRQ���3XOPRQDU\�DQGFDUGLRYDVFXODU�HIIHFWV�RI�DFXWH�H[SRVXUH�WR�FRQFHQWUDWHG�DPELHQW�SDUWLFXODWH�PDWWHU�LQ�UDWV�
*XOLVDQR��0���0DUFHGGX��6���%DUEDUR��$���3DFLQL��$���%XLDWWL��(���0DUWLQL��$��DQG�3DFLQL��3��������'DPDJH�WR�WKH�QDVRSKDU\QJHDO�PXFRVD�LQGXFHG�E\�FXUUHQW�OHYHOV�RI�XUEDQ�DLU�SROOXWLRQ��D�ILHOGVWXG\ LQ�ODPEV��(XU��5HVSLU�-��������������
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+DGQDJ\��:���6WLOOHU�:LQNOHU��5���.DLQND��5���5DQIW��8��DQG�,GHO��+���������,QIOXHQFH�RI�XUEDQ�DLUSROOXWLRQ��30����30�����RQ�WKH�LPPXQH�V\VWHP�RI�FKLOGUHQ��-��$HURVRO��6FL�����������������
+DUULVRQ��5�0���%ULPEOHFRPEH��3���'HUZHQW��5�*���'ROODUG��*�-���(JJOHVWRQH��6���+DPLOWRQ��5�6��+LFNPDQ��$�-���+ROPDQ��&���/D[HQ��'�3�+���DQG�0RRUFRIW��6����������$LUERUQH�SDUWLFXODWH�PDWWHULQ�WKH�8QLWHG�.LQJGRP���$WPRV��(QYLURQ���������������
+DWFK��*�(��� %R\NLQ�� (��� *UDKDP�� -�$��� /HZWDV�� -��� 3RWW�� )��� /RXG�� .���0XPIRUG�� -�/�� �������,QKDODEOH�SDUWLFOHV�DQG�SXOPRQDU\�KRVW�GHIHQFH�� LQ�YLYR�DQG� LQ�YLWUR�HIIHFWV�RI�DPELHQW�DLU� DQGFRPEXVWLRQ SDUWLFOHV��(QYLURQ��5HV�����������
+HDOWK�(IIHFWV�,QVWLWXWH���������+(,�VWUDWHJLF�UHVHDUFK�SODQ�IRU�YHKLFOH�HPLVVLRQ�DQG�IXHOV��'UDIWUHSRUW��$SULO�����+HDOWK�(IIHFWV�,QVWLWXWH��&DPEULGJH��0$�
+HLQULFK��8���)XKVW��5���5LWWLQJKDXVHQ��6���&UHXW]HQEHUJ��2���%HOOPDQ��%���.RFK��:���DQG�/HYVHQ�.����������&KURQLF�LQKDODWLRQ�H[SRVXUH�RI�ZLVWDU�UDWV�DQG�WZR�GLIIHUHQW�VWUDLQV�RI�PLFH�WR�GLHVHOHQJLQH�H[KDXVW��FDUERQ�EODFNQ�DQG�WLWDQLXP�R[LGH��,QKDO��7R[LFRO������������
+HPHQZD\�� '�5��� &ODUNH�� 5��� )UDQN�� 5��� DQG� -DNDE�� *�-�� �������� )DFWRUV� JRYHUQLQJ� WKH� PDVVORDGLQJ�RI�DHURVROL]HG�FDUERQ�EODFN�SDUWLFOHV�ZLWK�DFLG�VXOIDWHV��LQKDODWLRQ�H[SRVXUH��DQG�DOYHRODUPDFURSKDJH�SKDJRF\WLF�IXQFWLRQ��,QKDO��7R[LFRO������������
+HQGHUVRQ�5�)��� 'ULVFROO�.�(��� +DUNHPD� -�5��� /LQGHQVFKPLGW� 5�&��� &KDQJ� ,�<���0DSOHV� .�5��DQG %DUU�(�%����������$�&RPSDULVRQ�RI�WKH�,QIODPPDWRU\�5HVSRQVH�RI�WKH�/XQJ�WR�,QKDOHG�YHUVXV,QVWLOOHG�3DUWLFOHV�LQ�)����5DWV��)XQGDPHQWDO�DQG�DSSOLHG�7R[LFRORJ\�������������
+H\GHU�� -��� %HFN�6SHLHU�� ,��� %XVFK�� %��� 'LUVFKHUO�� 3��� +HLOPDQQ�� 3��� )HUURQ�� *�$��� -RVWHQ�� 0��.DUJ�� (��� .UH\OLQJ�� :�*��� /HQ]�� $�*��� 0DLHU�� .�/��� 0LDVNRZVNL�� 8��� 3ODW]�� 6��� 5HLWPHLU�� 3��6FKXO]��+���7DNHQDND��6���DQG�=LHVHQLV��$����������+HDOWK�HIIHFWV�RI�VXOIXU�UHODWHG�HQYLURQPHQWDODLU SROOXWLRQ��,��([HFXWLYH�VXPPDU\��,QKDO��7R[���������������DQG�UHIHUHQFHV�LQFOXGHG�IURP�WKHVDPH VWXG\��
+LOGHPDQQ��/�0���0DUNRZVNL��*�5���DQG�&DVV��*�5����������&KHPLFDO�FRPSRVLWLRQ�RI�HPLVVLRQVIURP XUEDQ�VRXUFHV�RI�ILQH�RUJDQLF�DHURVRO��(QYLURQ��6FL��7HFKQRO�������������
+RHN��*�DQG�%UXQHNUHHI��%����������$FXWH�HIIHFWV�RI�D�ZLQWHU�DLU�SROOXWLRQ�HSLVRGH�RQ�SXOPRQDU\IXQFWLRQ�DQG�UHVSLUDWRU\�V\PSWRPV�RI�FKLOGUHQ��$UFK��(QYLURQ��+HDOWK������������
+RHN�� *�� DQG� %UXQHNUHHI�� %�� �������� (IIHFWV� RI� ORZ� OHYHO� ZLQWHU� DLU� SROOXWLRQ� RQ� UHVSLUDWRU\KHDOWK�RI�'XWFK�FKLOGUHQ��(QYLURQ��5HV�������������
+RHN��*���)RUVEHUJ��%���%RURZVND��0���+ODZLF]ND��6���9DVNRYL��(���:HOLQGHU��+���%UDQLV��0��%HQHV��,���.RWHVRYHF��)���+DJHQ��/�2���&\U\V��-���-DQWXQHQ��0���5RHPHU��:��DQG�%UXQHNUHHI��%���������:LQWHUWLPH�30���DQG�EODFN�VPRNH�FRQFHQWUDWLRQV�DFURVV�(XURSH��UHVXOWV�IURP�WKH�SHDFHVWXG\��$WPRV��(QYLURQ����������������
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+RHNVWUD�� %�:�� �������� 3UHOLPLQDU\� DVVHVVPHQW� RI� WKH� UHODWLRQVKLS� EHWZHHQ� ILQH� SDUWLFXODWHPDWWHU�� VRRW�� DQG� 3$+� LQ� DPELHQW� DLU�� 5,90� UHSRUW� ���������� �LQ� 'XWFK� ZLWK� (QJOLVKVXPPDU\�� 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW��%LOWKRYHQ�WKH�1HWKHUODQGV�
+RUQEHUJ�&���0DFLXOHYLFLXWH�/���6HHPD\HU�1�+���.DLQND�(����������,QGXFWLRQ�RI�VLVWHU�FKURPDWLGH[FKDQJHV� �6&(�� LQ� KXPDQ� WUDFKHDO� HSLWKHOLDO� FHOOV� E\� WKH� IUDFWLRQV� 30���� DQG� 30����� RIDLUERUQH�SDUWLFXODWHV��7R[LFRORJ\�OHWWHUV����������������
+RUQEHUJ� &��� 6HHPD\HU� 1�+��� DQG� .DLQND� (�� �������� 6WURQJ� JHQWR[RFLW\� RQ� KXPDQWUDFKHREURQFKLDO�HSLWKHOLDO�FHOOV��EHDV��%��LQ�YLWUR�E\�WKH�FRDUVH��30�����DQG�ILQH�IUDFWLRQ��30������RI�DLUERUQH�SDUWLFXODWHV�DV�DQ�LQGLFDWRU�RI�SRWHQWLDO�DGYHUVH�KHDOWK�HIIHFWV��-�$HURVRO�6FL��9RO����6XSSO�����6����6����
,FKLQRVH��7���)XUX\DPD��$���DQG�6DJDL��0����������%LRORJLFDO�HIIHFWV�RI�GLHVHO�H[KDXVW�SDUWLFOHV�'(3���,,��$FXWH�WR[LFLW\�RI�'(3�LQWURGXFHG�LQWR�WKH�OXQJ�E\�LQWUDWUDFKHDO�LQVWLOODWLRQ��7R[LFRORJ\�����������
,WR�7���2K\DPD��.�,���.XVDQR��7���8VXGD�<���1R]DZD��$���+D\DVKL��+���2KML��+���.LWDPXUD��+��DQG.DQLVDZD��0���������3XOPRQDU\�HQGRFULQH�FHOO�K\SHUSODVLD�DQG�SDSLOORPD�LQ�UDWV�LQGXFHG�E\LQWUDWUDFKHDO�LQMHFWLRQV�RI�H[WUDFW�IURP�SDUWLFXODWH�DLU�SROOXWDQWV��([S�7R[LFRO�3DWKRO����������������
-DNDE�� *�-�� �������� 5HODWLRQVKLS� EHWZHHQ� FDUERQ� EODFN� SDUWLFXODWH�ERXQG� IRUPDOGHK\GH�SXOPRQDU\� DQWLEDFWHULDO� GHIHVHV� DQG� DOYHRODU�PDFURSKDJH� SKDJRF\WRVLV�� ,QKDO�� 7R[LFRO�� ����������
-DNDE��*�-��� DQG�+HPHQZD\��'�5�� �������� ,QKDODWLRQ� FRH[SRVXUH� WR� FDUERQ� EODFN� DQG� DFUROHLQVXSSUHVVHV� DOYHRODU� PDFURSKDJH� SKDJRF\WRVLV� DQG� 71)�D� UHOHDVH� DQG� PRGXODWHV� SHULWRQHDOPDFURSKDJH�SKDJRF\WRVLV��,QKDO��7R[LFRO������������
-DNDE��*�-��DQG�+HPHQZD\��'�5���������&RQFRPLWDQW�H[SRVXUH�WR�FDUERQ�EODFN�SDUWLFXODWHVHQKDQFHV R]RQH�LQGXFHG�OXQJ�LQIODPPDWLRQ�DQG�VXSSUHVVLRQ�RI�DOYHRODU�PDFURSKDJHSKDJRF\WRVLV��-��7R[LFRO��(QYLURQ��+HDOWK�����������������
-DUDEHN�� $�0��� 0HQDFKH�� 0�*��� 2YHUWRQ�� -�+��� 'RXUVRQ�� 0�/��� DQG� 0LOOHU�� )�-��� �������,QKDODWLRQ� UHIHUHQFH� GRVH� �5I'L��� $Q� DSSOLFDWLRQ� RI� LQWHUVSHFLHV� GRVLPHWU\� PRGHOLQJ� IRU� ULVNDVVHVVPHQW�RI�LQVROXEDOH�SDUWLFOHV��+HDOWK�3K\VLFV������������
.DGLLVND�0�%���0DVRQ�5�3���'UHKHU�.�/���&RVWD�'�/���&KLR�$�-����������,Q�YLYR�HYLGHQFH�RI�IUHHUDGLFDO� IRUPDWLRQ� LQ� WKH� UDW� OXQJ� DIWHU� H[SRVXUH� WR� DQ� HPLVVLRQ� VRXUFH� DLUH� SROOXWLRQ� SDUWLFOH�&KHP��5HV��7R[LFRO�������������
.DWVRX\DQQL��.���6FKZDUW]��-���6SL[��&���7RXORXPL��*���=PLURX��'���=DQREHWWL��$���:RMW\QLDN��%��9RQN��-�0���7RELDV��$���3RQND��$���0HGLQD��6���%DFKDURYD��/��DQG�$QGHUVRQ��+�5����������6KRUWWHUP�HIIHFWV�RI�DLU�SROOXWLRQ�RQ�KHDOWK��D�(XURSHDQ�DSSURDFK�XVLQJ�HSLGHPLRORJLF�WLPH�VHULHV�GDWD�WKH $3+($�SURWRFRO��-��(SLGHPLRO��&RPPXQLW\��+HDOWK�����������
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.DWVRX\DQQL��.��DQG�3HUVKDJHQ��*���������$PELHQW�DLU�SROOXWLRQ�H[SRVXUH�DQG�FDQFHU��&DQFHU&DXVHV�$QG�&RQWURO������������

.DWVRX\DQQL��.��DQG�7RXORXPL��*���������&DXVHV�RI�UHJLRQDO�GLIIHUHQFHV�LQ�DLU�SROOXWLRQ�HIIHFWVDUH EHLQJ�VWXGLHG�IXUWKHU��%ULWLVK�0HGLFDO�-RXUQDO�����������

.LP�� &�6��� /HZDUV�� *�$��� DQG� 6DFNQHU�� 0�$�� �������� 0HDVXUHPHQW� RI� WRWDO� OXQJ� DHURVROGHSRVLWLRQ�DV�DQ�LQGH[�RI�OXQJ�DEQRUPDOLW\���-��$SSO��3K\VLRO���������������

.LP�&�6��� .DQJ� 7�&�� �������� &RPSDUDWLYH�0HDVXUHPHQW� RI� /XQJ�'HSRVLWLRQ� RI� ,QKDOHG� )LQH3DULFOHV� LQ�1RUPDO�6XEMHFWV�DQG�3DWLHQWV�ZLWK�2EVWUXFWLYH�$LUZD\�'LVHDVH��$P��-�5HVSLU��&ULW�&DUH�0HG��9RO��������������

.HHOLQJ�� %��� /L�� .�<��� DQG� &KXUJ�� $�� �������� ,URQ� HQKDQFHV� XSWDNH� RI� PLQHUDO� SDUWLFOHV� DQGLQFUHDVHV� OLSLG�SHUR[LGDWLRQ� LQ� WUDFKHDO� HSLWKHOLDO� FHOOV��$P�� -��5HVSLU��&HOO�0RO��%LRO�� �����������

.LOOLQJVZRUWK�� &�5��� $OHVVDQGULQL�� )��� 0XUWK\�� *�*�.��� &DWDODQR�� 3�-�� 3DXODXVNLV�� -�'�� DQG*RGOHVNL��-�-�� �������� ,QIODPPDWLRQ��FKHPRNLQH�H[SUHVVLRQ��DQG�GHDWK� LQ�PRQRFURWDOLQH�WUHDWHGUDWV IROORZLQJ�IXHO�RLO�IO\�DVK�LQKDODWLRQ��,QKDODWLRQ�7R[LFRO������������

.OHLQPDQ��0�<���0DXW]��:�-���3KDOHQ��5�)���DQG�%KDOOD��'�.����������7R[LFLW\�RI�FRQVWLWXHQWV�RI30��� LQKDOHG�E\� DJHG� UDWV��$EVWUDFWV�RI� WKH� �QG�&ROORTXLXP�RQ�3DUWLFXODWH�$LU� 3ROOXWLRQ� DQG+HDOWK��3DUN�&LW\��3DUN�&LW\��0D\�������$�����

.OHLQPDQ��0�7���/LQQ��:�6���%DLOH\��5�0���-RQHV��0�3��DQG�+DFNQH\��-�'����������(IIHFW�RIDPPRQLXP�QLWUDWH�DHURVRO�RQ�KXPDQ�UHVSLUDWRU\�IXQFWLRQ�DQG�V\PSWRPV��(QYLURQ��5HV��������������

.OHLQPDQ��0�7���%DLOH\��5�0���:K\QRW��-�'���$QGHUVRQ��.�5���/LQQ��:�6��DQG�+DFNQH\��-�'���������&RQWUROOHG�H[SRVXUH�WR�D�PL[WXUH�RI�62���12���DQG�SDUWLFXODWH�DLU�SROOXWDQWV��HIIHFWV�RQKXPDQ�SXOPRQDU\�IXQFWLRQ�DQG�UHVSLUDWRU\�V\PSWRPV��$UFK��(QYLURQ��+HDOWK�������������

.OHLQPDQ�0�5���%KDOOD�'�.���0DXW]�:�-���3KDOH�5�)����������&HOOXODU�DQG�LPPXQRORJLF�LQMXU\ZLWK�30����LQKDODWLRQ��,QKDODWLRQ�7R[LFRORJ\�������������

.QR[�� 5�%��� 6XSKLRJOX�� &��� 7D\ORU�� 3��� 'HVDL�� 5���:DWVRQ�� +�&��� 3HQJ�� -�/�� DQG� %XUVLOO�� /�$��������0DMRU� JUDVV� SROOHQ� DOOHUJHQ� /RO� S� �� ELQGV� WR� GLHVHO� H[KDXVW� SDUWLFOHV�� LPSOLFDWLRQV� IRUDVWKPD�DQG�DLU�SROOXWLRQ��&OLQ��([S��$OOHUJ\���������

.RHQLJ�� -�4��� 3LHUVRQ�� :�(��� DQG� +RULNH�� 0�� �������� 7KH� HIIHFWV� RI� LQKDOHG� VXOIXULF� DFLG� RQSXOPRQDU\�IXQFWLRQ�LQ�DGROHVFHQW�DVWKPDWLFV��$P��5HY��5HVSLU��'LV���������������
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.RHQLJ��-�4���&RYHUW��'�6���DQG�3LHUVRQ��:�(���������(IIHFWV�RI�LQKDODWLRQ�RI�DFLGLF�FRPSRXQGVRQ�SXOPRQDU\� IXQFWLRQ� LQ� DOOHUJLF� DGROHVFHQW� VXEMHFWV�� ,Q�� 6\PSRVLXP�RQ� WKH� KHDOWK� HIIHFWV� RIDFLG DHURVROV�� 2FWREHU������� 5HVHDUFK� 7ULDQJOH� 3DUN�� 1&�� (QYLURQ�� +HDOWK� 3HUVSHFW�� �����������
.RGDYDQWL��8���+DXVHU��5���&KULVWLDQL��'���&RVWD��'���-DVNRW��5���5LFKDUGV��-���0F*HH��-��/HGEHWWHU��$��DQG�'UHKHU��.����������/XQJ�LQMXU\�LQGXFHG�E\�YDULRXV�UHVLGXDO�RLO�IO\�DVKSDUWLFXODWHV�LV�GHSHQGHQW�XSRQ�PHWDO�DQG�VXOIDWH�FRPSRVLWLRQ��)$6(%�-RXUQDO�������������
.DR��$�6���DQG�)ULHGODQGHU��6�.���������7HPSRUDO�YDULDWLRQV�RI�SDUWLFXODWH�DLU�SROOXWLRQ��D�PDUNHUIRU IUHH�UDGLFDO�GRVDJH�DQG�DGYHUVH�HIIHFWV��,QKDODW��7R[LFRO������������
.RGDYDQWL��8�3���-DVNRW��5�+���&RVWD��'�/��DQG�'UHKHU��.�/����������3XOPRQDU\�SURLQIODPPDWRU\JHQH�LQGXFWLRQ�IROORZLQJ�DFXWH�H[SRVXUH�WR�UHVLGXDO�RLO�IO\�DVK��UROHV�RI�SDUWLFOH�DVVRFLDWHGPHWDOV��,QKDODWLRQ��7R[LFRO�������������
.XPDJDL�� <��� 7DLUD�� -��� DQG� 6DJDL�� 0�� �������� $SSDUHQW� LQKLELWLRQ� RI� VXSHUR[LGH� GLVPXWDVHDFWLYLW\�LQ�YLWUR�E\�GLHVHO�H[KDXVW�SDUWLFOHV��)UHH�5DGLF��%LRO��0HG�������������
/DVW� -�$���+\GH�'�0���&KDQJ�'�3�� ��������$�PHFKDQLVP�RI� V\QHUJLVWLF� OXQJ�GDPDJH�E\�R]RQHDQG D�UHVSLUDEOH�DHURVRO��([S�/XQJ�5HV������������������
/DVW��-�$���+\GH��'�0���*XWK��'�-��DQG�:DUUHQ��'�/���������6\QHUJLVWLF�LQWHUDFWLRQ�RI�R]RQH�DQGUHVSLUDEOH�DHURVROV�RQ�UDW�OXQJV��,��,PSRUWDQFH�RI�DHURVRO�DFLGLW\��7R[LFRORJ\�������������
/DVW�-�:���:DUUHQ�'�/����������6\QHUJLVWLF�LQWHUDFWLRQ�EHWZHHQ�QLWURJHQ�GLR[LGH�DQG�UHVSLUDEOHDHURVROV�RI�VXOIXULF�DFLG�RU�VRGLXP�FKORULGH�RQ�UDW�OXQJV��7R[LFRO��$SSO��3KDUPDFRO��������������
/HLNDXI�*�'���6SHNWRU�'�0���$OEHUW�5�(���DQG�/LSSPDQQ�0����������'RVH�GHSHQGHQW�HIIHFWV�RIVXEPLFURPHWHU�VXOIXULF�DFLG�DHURVRO�RQ�SDUWLFOH�FOHDUDQFH�IURP�FLOLDWHG�KXPDQ�OXQJ�DLUZD\V�$P�,QG�+XJ�$VVRF�-�����������������
/HLNDXI��*���<HDWHV��'�%���:DOHV��.�$���6SHNWRU��'���$OEHUW��5�(��DQG�/LSSPDQQ��0���������(IIHFWV�RI�VXOIXULF�DFLG�DHURVRO�RQ�UHVSLUDWRU\�PHFKDQLFV�DQG�PXFRFLOLDU\�SDUWLFOH�FOHDUDQFH�LQKHDOWK\�QRQVPRNLQJ�DGXOWV��$P��,QG��+\J��$VVRF��-��������������
/HPRV�� 0��� /LFKWHQIHOV�� $�-�)�&��� $PDUR�� -U��� (��� 0DFFKLRQH�� 0��� 0DUWLQV�� 0�$��� .LQJ�� 0��%|KP��*�0���DQG�6DOGLYD��3�+�1�� �������� 4XDQWLWDWLYH� SDWKRORJ\� RI� QDVDO� SDVVDJHV� LQ� UDWVH[SRVHG�WR�XUEDQ�OHYHOV�RI�DLU�SROOXWLRQ��(QYLURQ��5HV������������
/L��;�<���*LOPRXU��3�6���'RQDOGVRQ��.���DQG�0DF1HH��:����������)UHH�UDGLFDO�DFWLYLW\�DQG�SUR�LQIODPPDWRU\�HIIHFWV�RI�SDUWLFXODWH�DLU�SROOXWLRQ��30��� LQ�YLYR�DQG�LQ�YLWUR��7KRUD[��������������
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/L��;�<���*LOPRXU��36���'RQDOGVRQ��.���DQG�0DF1HH��:����������,Q�YLYR�DQG�LQ�YLWURSURLQIODPPDWRU\�HIIHFWV�RI�SDUWLFXODWH�DLU�SROOXWLRQ��30�����(QYLURQ��+HDOWK�3HUVSHF����������������
/L��;�<���%URZQ��'���6PLWK��6���0DF1HH��:���DQG�'RQDOGVRQ��.���������6KRUW�WHUP�LQIODPPDWRU\UHVSRQVHV�IROORZLQJ�LQWUDWUDFKHDO�LQVWLOODWLRQ�RI�ILQH�DQG�XOWUDILQH�FDUERQ�EODFN�LQ�UDWV��,QKDO��7R[���� ��������
/LP�+�%���,FKLQRVH�7���0L\DEDUD�<���7DNDQR�+���.XPDJDL�<���6KLPRM\R�1���'HYDOLD�-�/���6DJDL0����������,QYROYHPHQW�RI�VXSHUR[LGH�DQG�QLWULF�R[LGH�RQ�DLUZD\�LQIODPPDWLRQ�DQGK\SHUUHVRQVLYHQHVV�LQGXFHG�E\�GLHVHO�H[KDXVW�SDUWLFOHV�LQ�PLFH��)UHH�5DG��%LRO��0HG����������������
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