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ODERU�LQ�D�WHUWLDU\�FDUH�KRVSLWDO 
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8ULQDU\�WUDFW�LQIHFWLRQ��87,���D�VHULRXV�KHDOWK�SUREOHPV�
DIIHFWLQJ�PLOOLRQV� RI� SHRSOH� HDFK� \HDU� DFFRXQWLQJ� IRU�
DERXW� ���� PLOOLRQ� YLVLWV� WR� WKH� KRVSLWDO� HDFK� \HDU�����
7KH� VSHFWUXP� UDQJHV� IURP� DV\PSWRPDWLF� EDFWHULD� WR�
VHYHUH�S\HORQHSKULWLV���,W�LV�WKH�VHFRQG�PRVW�FRPPRQ�
W\SH�RI� LQIHFWLRQV� LQ� WKH�ERG\��7KH�FRPPRQ�FDXVH�RI�
GHWHFWHG�XVXDOO\� LQ�XQFRPSOLFDWHG�87,�DUH�(��FROL� ����
–� ������ VWDSK\ORFRFFXV� VDSURSK\WLFXV� ��� –� ��� ����
(QWHURFRFFXV� DQG� RWKHU� JUDP� QHJDWLYH� URGV� RWKHU�
WKDQ�(��FROL�KDYH�DOVR�EHHQ�LPSOLFDWHG�LQ�VRPH�FDVHV���
6WXGLHV� KDYH� DOVR� IRXQG� LQFUHDVHG� LQIHFWLRQV� ZLWK�
(�FROL�DQG�6WDSK\ORFFXV�LQ�SDWLHQWV�ZLWK�87,��� 
$V\PSWRPDWLF� EDFWHULXULD� PD\� SURFHHG� WR�
V\PSWRPDWLF�87,�DQG�LV�UHVSRQVLEOH�IRU�RYHU���PLOOLRQ�
RXWSDWLHQW�YLVLWV�HDFK�\HDU�ZLWK�D�SUHYDOHQFH�RI��-���
LQ� SUHJQDQF\��� $V� LW� LV� HYLGHQW� IURP� SUHYLRXV� VWXGLHV�
WKDW� DV\PSWRPDWLF� EDFWHULXULD� GHYHORSHG� LQ� WKH�
SUHJQDQF\�FRQVLGHUDEO\�LQFUHDVHV�WKH�FKDQFHV�RI�ORZ�
ELUWK�ZHLJKW� DV�ZHOO� DV� VLJQLILFDQW� QXPEHU� RI� SUHWHUP�
GHOLYHULHV��� 7KH� SUHYDOHQFH� RI� DV\PSWRPDWLF�
EDFWHULXULD� LV� KLJKHU� ��������� LQ� WKLUG� WULPHVWHU� WKDQ�
ILUVW�WULPHVWHU����������� 
7KXV�HDUO\�LGHQWLILFDWLRQ�RI�DV\PSWRPDWLF�EDFWHULXULD�LV�
RI� XWPRVW� LPSRUWDQFH� DV� LW� KDV� SRWHQWLDO� IRU� VDYLQJ�
SUHJQDQW� ZRPHQ�� LQ� ZKRP� EDFWHULXULD� LV� DQ�
HVWDEOLVKHG� ULVN� IDFWRU� IRU� VHULRXV� FRPSOLFDWLRQ�
LQFOXGLQJ� WKH� HQGRPHWULWLV�� FKRULRDPQLRQLWLV�� UHGXFHG�

IHWDO�JURZWK��SUHWHUP�ODERXU�	�ELUWK��UDLVHG�VWLOO-ELUWK�RU�
SHULQDWDO� PRUWDOLW\�� PHQWDO� UHWDUGDWLRQ� DQG� VORZ�
JURZWK����� $� ODUJH� SRSXODWLRQ-EDVHG� VWXG\� LQ� ,VUDHOL�
ZRPHQ� UHYHDOHG� ����� UDWH� RI� DV\PSWRPDWLF�
EDFWHULXULD�DQG������UDWH�RI�V\PSWRPDWLF�EDFWHULXULD��
0D]RU�HW�DO���VWDWHV�WKDW�ILQGLQJV�DUH�LQGLFDWRUV�IRU�WKH�
VWUHQJWK� RI� WKH� SUHQDWDO� FDUH� LQVWHDG� RI� WKH� SUHFLVH�
FDXVDO�HIIHFWV�RI�WKH�87,�� 
6LPLODUO\�� IHZ� VXUYH\V� UHODWHG� WR� WKH� GLIIHUHQW� UDFHV�
HVWDEOLVKHG� WKDW� WKH� YDULDWLRQV� DPRQJ� WKH� IHPDOHV�
EHORQJ� WR� WKH� 1DWLYH� $PHULFD� DQG� REVHUYHG� WKH�
KLJKHVW� SUHYDOHQFH� RI� VXFK� XULQDU\� LQIHFWLRQV� ZDV�
������DPRQJ�1DWLYH�$PHULFDQ�IHPDOHV�WKDQ�IHPDOHV�
LQ�$VLD����������(QJODQG����������6SDLQ����������DQG�
$IULFDQ�FRXQWULHV��������������7KHUHIRUH��WKH�DLP�RI�RXU�
VWXG\� LV� WR� GHWHUPLQH� WKH� IUHTXHQF\� RI� DV\PSWRPDWLF�
EDFWHULXULD� LQ� SDWLHQWV� ZLWK� SUHWHUP� ODERU� LI� UHVXOWV� RI�
VWXG\� VKRZ� KLJK� SUHYDOHQFH� RI� DV\PSWRPDWLF�
EDFWHULXULD� LQ�SUHWHUP�ODERXU�VR�WKDW�HIIRUWV�VKRXOG�EH�
PDGH� IRU� LWV� HDUOLHU� FRQWURO� WR� UHGXFH� SUHQDWDO�
PRUELGLW\�DQG�PRUWDOLW\�� 
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7KLV�FURVV-VHFWLRQDO�VWXG\�ZDV�GRQH�DW�'HSDUWPHQW�RI�
2EVWHWULFV� 	� *\QHFRORJ\� DW� 3HHU� 6\HG� $EGXO� 4DGLU�
6KDK� -HHODQL� ,QVWLWXWH� RI� 0HGLFDO� 6FLHQFHV�� *DPEDW�
IURP�-XO\�WR�'HFHPEHU�������%\�WDNLQJ�WKH�IUHTXHQF\�
RI� DV\PSWRPDWLF� EDFWHULXULD� DPRQJ� ZRPHQ� KDYLQJ�
SUHWHUP� ODERXU� LV� �������FRQILGHQFH� OHYHO� ���� IURP�
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WKH� PDUJLQ� RI� HUURU� ��� DQG� DW� OHDVW� VDPSOH� RI� ����
ZHUH� LQFOXGHG� WKURXJK� 1RQ� SUREDELOLW\� FRQVHFXWLYH�
VDPSOLQJ� WHFKQLTXH�� 3UHJQDQW� IHPDOHV� DJHG� ���–� ���
\HDUV� SUHVHQWHG� LQ� SUHWHUP� ODERU� �ODERU� DQG� GHOLYHU\�
EHWZHHQ� ��-��� ZHHNV� RI� SUHJQDQF\�� ZHUH� LQFOXGHG��
)HPDOHV� ZKR� ZHUH� DOUHDG\� GLDJQRVHG� ZLWK� 87,� DQG�
WDNLQJ� DQWLELRWLFV��PXOWLSOH� JHVWDWLRQ�� SRO\K\GUDPQLRV��
KDG� FHUYLFDO� VXUJHU\� RU� XWHULQH� DQRPDO\� ZHUH�
H[FOXGHG� IURP� WKH� VWXG\�� :ULWWHQ� LQIRUPHG� FRQVHQW�
ZDV� REWDLQHG� IURP� SUHJQDQW� ZRPHQ� ZKR� IXOILOO�
LQFOXVLRQ� FULWHULD�� &OHDQ� YRLGHG� PLG-VWUHDP� XULQH�
VSHFLPHQ� RI� SDWLHQWV� ZDV� FROOHFWHG�� 6XEMHFWV� ZHUH�
DGHTXDWHO\� HGXFDWHG� WR� SUHYHQW� FRQWDPLQDWLRQ� RI�
VSHFLPHQ��7KH�VSHFLPHQ�ZDV�FROOHFWHG� LQWR�VWHULOL]HG�
ZLGH�� QHFNHG�� OHDN� SURRI�� SODVWLF� FRQWDLQHUV�� 7KH�
SDWLHQWV�ZHUH�IROORZHG�IRU�RXWFRPH�RI�SUHWHUP�ODERXU��
$V\PSWRPDWLF�EDFWHULXULD�ZDV� ODEHOOHG� LI� WKHUH�ZDV�D�
VLJQLILFDQW�EDFWHULDO�FRXQW�!�����&)8�PO�SUHVHQW�LQ�WKH�
XULQH�RI�D�SHUVRQ�ZLWKRXW�V\PSWRPV��$IWHU�FROOHFWLRQ�RI�
GDWD�� WKH� DQDO\VLV� ZDV� GRQH� XVLQJ� 6366� VRIWZDUH�
YHUVLRQ� ���� )UHTXHQF\� ZDV� FDOFXODWHG� IRU�
DV\PSWRPDWLF�EDFWHULXULD��6WUDWLILFDWLRQ�ZLWK�UHVSHFW�WR�
DJH� DQG� SDULW\� ZDV� GRQH�� 3RVW� VWUDWLILFDWLRQ�� &KL-
VTXDUH� WHVW� ZDV� DSSOLHG� ZLWK� S-YDOXH� ������ DV�
VLJQLILFDQW� 

5(68/76 

7KH� DYHUDJH� DJH� RI� WKH� SDWLHQWV� ZDV� �����������
\HDUV� VLPLODUO\� PHDQ� JHVWDWLRQDO� DJH� ZDV� ��������
ZHHNV�� 2XW� RI� ���� ZRPHQ�� ����������� ZHUH�
SULPLSDURXV� DQG� ����������� ZHUH� PXOWLSDURXV�� 
7DEOH�,�� 
)UHTXHQF\� RI� WKH� DV\PSWRPDWLF� EDFWHULXULD� DPRQJ�
SDWLHQWV�SUHVHQWLQJ�LQ�SUHWHUP�ODERU�ZDV��������������
)LJXUH�,� 
5DWH� RI� DV\PSWRPDWLF� EDFWHULXULD� DPRQJ� SDWLHQWV�
SUHVHQWLQJ� LQ� SUHWHUP� ODERU� ZDV� LQVLJQLILFDQW� DPRQJ�
GLIIHUHQW� DJH� JURXSV� �S�  � ������ DV� ZHOO� DV� LQ� SDULW\�
VWUDWD��S�!��������7DEOH�,,�� 

7$%/(�,�� 
%$6(/,1(�&+$5$&7(5,67,&6�2)�3$7,(176 
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$V\PSWRPDWLF� EDFWHULXULD� FDQ� EH� SUHVHQW� LQ� �-����
SUHJQDQFLHV���� ,Q� VHYHUDO� REVHUYDWLRQDO� VWXGLHV��
FRQGXFWHG� LQ� GHYHORSLQJ� FRXQWULHV�� WKH� UDWH� RI�
V\PSWRPDWLF�EDFWHULXULD�DPRQJ�SUHJQDQW�ZRPHQ�FDQ�
EH� IURP� ��� WR� ���� ����-���� 7KLV� GLVSDULW\� DPRQJ�
GLIIHUHQW�VWXGLHV�PD\�EH�GXH�WR�QXPHURXV�IDFWRUV�H�J���

JHRJUDSKLFDO� GHYLDWLRQ�� VRFLRHFRQRPLF� VWDWXV��
HWKQLFLW\�� OHYHO� RI� KHDOWKFDUH� FHQWHU� �SULPDU\� FDUH��
FRPPXQLW\� EDVHG� RU� KRVSLWDO��� DQG� VFUHHQLQJ� WHVWV�
GLVWLQFWLRQ� �XULQDU\� GLSVWLFN�� PLFURVFRS\� RU� FXOWXUH���
7KHUH�LV�D�VLJQLILFDQW�GLVSDULW\�LQ�UDWHV�RI�EDFWHULXULD�LQ�
GLIIHUHQW� UDFHV�� EHVLGHV� WKHUH� LV� DOVR� GLIIHUHQFH� LQ�
UDWHV�LQ�VDPH�UDFH�GXH�WR�GLIIHUHQW�JHRJUDSKLFDO�OLYLQJ�
UHJLRQV� RU� VRFLRHFRQRPLF� VWDWXV�� 6\PSWRPDWLF�
EDFWHULXULD� GRHV� QRW� FDXVH� PXFK� SUREOHPV� DV� LW� LV�
HDV\� WR� GLDJQRVH� DQG� WUHDW� EHFDXVH� RI� LWV� REYLRXV�
V\PSWRPV�� +RZHYHU� DV\PSWRPDWLF� EDFWHULXULD� LV�
SUREOHPDWLF� WR� GLDJQRVH� DQG� LW� LV� PRUH� SUHYDOHQW�
GXULQJ�SUHJQDQF\��� 
,W� LV� VSHFLILFDOO\� LPSRUWDQW� GXULQJ� SUHJQDQF\� DV� ��-
����XQWUHDWHG�FDVHV�RI�DV\PSWRPDWLF�EDFWHULXULD�FDQ�
GHYHORS� DFXWH� S\HORQHSKULWLV� LQ� ODWHU� WULPHVWHUV� RI�
SUHJQDQF\��-���� )HWRPDWHUQDO� FRPSOLFDWLRQV� RI�

$V\PSWRPDWLF�%DFWHULXULD�LQ�3DWLHQW 

�� 

Q ��� 
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DV\PSWRPDWLF�EDFWHULXULD�DUH� VXJJHVWLYH� XULQDU\� WUDFW�
LQIHFWLRQV�� S\HORQHSKULWLV�� WR[HPLD� UHODWHG� WR�
SUHHFODPSVLD�� DQHPLD�� ORZ� ELUWKZHLJKW�� LQWUDXWHULQH�
JURZWK� UHWDUGDWLRQ�� SUHPDWXUH� UXSWXUH� RI� PHPEUDQH��
SUHWHUP�ODERXU�RU�HQGRPHWULWLV��-���� 
7KRXJK�� LQ� GHYHORSHG� FRXQWULHV�� WKH� HYDOXDWLRQ� DQG�
PDQDJHPHQW� RI� DV\PSWRPDWLF� EDFWHULXULD� GXULQJ� ILUVW�
WULPHVWHU�RI�SUHJQDQF\� LV�VWDQGDUG-RI-FDUH�DQG�UROH�RI�
SUHFLVH� DQWLEDFWHULDO� WUHDWPHQW� GXULQJ� SUHJQDQF\� LV�
ZHOO� NQRZQ����2XU� VWXG\� UHSRUWHG� WKDW� WKH� RXW� RI� ����
ZRPHQ� ZLWK� SUHWHUP� ODERXU�� IUHTXHQF\� RI�
DV\PSWRPDWLF� EDFWHULXULD� ZDV� �������� 7KH� VWDWHG�
IUHTXHQF\� RI� DV\PSWRPDWLF� EDFWHULXULD� LQ� SUHJQDQF\�
ZDV� ZHUH� ���� LQ� <HPHQ���� ����� LQ� 8QLWHG� $UDE�
(PLUDWHV���� ����� LQ� 4DWDU��� 	� ���� -� ����� LQ� ,UDQ����
1RZ-D-GD\V�� WKH� DVVRFLDWLRQ� RI� DV\PSWRPDWLF�
EDFWHULXULD� ZLWK� REVWHWULFDO-UHODWHG� FRPSOLFDWLRQ�
SDUWLFXODUO\�SUHWHUP�GHOLYHU\�LV�D�UHFRJQL]HG�IDFW������ 
%XW� WKH� SK\VLRORJ\� RI� DVVRFLDWLRQ� EHWZHHQ�
DV\PSWRPDWLF� EDFWHULXULD� DQG� SUHWHUP� ODERXU� LV� QRW�
ZHOO-HVWDEOLVKHG� \HW�� EXW� D� K\SRWKHWLFDO� GLVSXWH� LV�
PDGH� IRU� FRQWULEXWRU\� UROH� IRU� VHFUHWLRQ� RI�
SKRVSKROLSDVH� $�� E\� SDWKRJHQV�� ZKLFK� FDQ� WKHQ�
FDXVH� DQ� HDUO\� LQLWLDWLRQ� RI� ODERU� E\� VWLPXODWLRQ� RI�
SURVWDJODQGLQ����0DQ\� UHVHDUFKHUV�KDYH�GHWHFWHG� WKH�
KLJK� UDWH� RI� S\HORQHSKULWLV� DPRQJ� SUHJQDQW� IHPDOHV�
KDYLQJ�EDFWHULXULD��� 
,W� LV� FRQFOXVLYH� WKDW� WKH� LPSDFW� RI� EDFWHULXULD� RQ�
SUHWHUP� ODERU� PLJKW� EH� LQGLUHFWO\� IDFLOLWDWHG� E\�
SUHJQDQF\� LQGXFHG� K\SHUWHQVLRQ�� ,W� LV� DOVR� SUREDEOH�
WKDW� EDFWHULXULD� FDQ� GLUHFWO\� DIIHFW� SUHWHUP� ODERU�� E\�
DPQLRQLWLV� GHYHORSPHQW�� ,W� ZDV� KHUHWRIRUH� SURSRVHG�
WKDW� EDFWHULDO� LQIHFWLRQ� LQ� DPQLRWLF� IOXLG� FDQ� EH� D� ULVN�
IDFWRU�RI�SUHWHUP�GHOLYHU\������ 

&21&/86,21 

,W�KDV�EHHQ�FRQFOXGHG�WKDW�WKHUH�LV�D�KLJK�SUHYDOHQFH�
RI�DV\PSWRPDWLF�EDFWHULXULD�DPRQJ�SUHJQDQW� IHPDOHV�
SUHVHQWHG� LQ� ODERXU� GXULQJ� SUHWHUP� ZHHNV� RI�
JHVWDWLRQ�� 7KH� DGYHUVH� RXWFRPHV� FDXVHG� E\�
DV\PSWRPDWLF� EDFWHULXULD� GXULQJ� SUHJQDQF\� FDQ� EH�
GHFUHDVHG� E\� XVLQJ� DQWLELRWLF� WKHUDS\� HDUOLHU� LQ� WKH�
SUHJQDQF\�� 7KXV�� HYDOXDWLRQ� DQG� FXUH� RI�
DV\PSWRPDWLF� EDFWHULXULD� LV� UHTXLUHG� WR� EH� LQWHJUDWHG�
LQ� URXWLQH� DQWHQDWDO� FDUH� IRU� FRKHVLYH� DSSURDFK� WR�
VDIH� WKH� PRWKHU� DQG� QHRQDWH� ZLWKRXW� FRPSURPLVLQJ�
WKHLU�KHDOWK�DQG�OLIH� 

(WKLFDO� SHUPLVVLRQ�� 3LU�$EGXO�4DGLU�6KDK�-HHODQL�
,QVWLWXWH�RI�0HGLFDO�6FLHQFHV�*DPEDW��5(&�OHWWHU�1R��
'�3$46-,06�5(&�87,�����������'DWHG���-�-����� 
&RQIOLFW�RI�,QWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�� 
)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\� 

$87+25�&2175,%87,216 

$OHHP�6��'DWD�FROOHFWLRQ 
/DNKDQ�+��'DWD�FROOHFWLRQ 
.DUDPDW�6��'DWD�DQDO\VLV 
-DEEDU�$$��5HVXOW�IRUPXODWLRQ 

)DURRN�6��5HVXOW�IRUPXODWLRQ 
6KDLNK�)��3DSHU�IRUPXODWLRQ 

5()(5(1&(6 

�� $VVDIL� 06�� ,EUDKLP� 10�� +XVVHLQ� 15�� 7DKD� $$��
%DODWD\�$$��8ULQDU\�EDFWHULDO�SURILOH�DQG�DQWLELRWLF�
VXVFHSWLELOLW\� SDWWHUQ� DPRQJ� SDWLHQWV� ZLWK� XULQDU\�
WUDFW�LQIHFWLRQ�LQ�GXKRN�FLW\��NXUGLVWDQ�UHJLRQ��,UDT��
,QW�-�3XUH�$SSO�6FL�7HFKQRO������������������ 

�� .OLQH�.$��/HZLV�$/��*UDP-SRVLWLYH�XURSDWKRJHQV��
SRO\PLFURELDO� XULQDU\� WUDFW� LQIHFWLRQ�� DQG� WKH�
HPHUJLQJ�PLFURELRWD�RI�WKH�XULQDU\�WUDFW��0LFURELRO�
6SHFWU�� ������ ������ ��������PLFURELROVSHF�87,-
����-������ GRL�� ��������PLFURELROVSHF�87,-����-
����� 

�� 6DKD� 6�� 1D\DN� 6�� %KDWWDFKDU\\D� ,�� 6DKD� 6��
0DQGDO� $�� &KDNUDERUW\� 6�� HW� DO�� 8QGHUVWDQGLQJ�
WKH� SDWWHUQV�RI� DQWLELRWLF� VXVFHSWLELOLW\� RI� EDFWHULD�
FDXVLQJ� XULQDU\� WUDFW� LQIHFWLRQ� LQ� :HVW� %HQJDO��
,QGLD��)URQW�0LFURELRO����������������GRL����������
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