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$EVWUDFW�

%HKFHW
V�GLVHDVH��%'��LV�D�V\VWHPLF�LPPXQRLQIODPPDWRU\�GLVRUGHU�WKH�
HWLRSDWKRJHQHVLV�RI�ZKLFK�KDV�QRW�EHHQ�FOHDUO\�GHWHUPLQHG��$V�YDULRXV�IXQFWLRQV�
RI�QHXWURSKLOV�LQ�SHULSKHUDO�EORRG�VXFK�DV�FKHPRWD[LV��SKDJRF\WRVLV�DQG�
JHQHUDWLRQ�RI�UHDFWLYH�R[\JHQ�VSHFLHV��526��LQFUHDVH�LQ�%'��526�PHGLDWHG�
R[LGDWLYH�VWUHVV�UHODWHG�WR�QHXWURSKLO�DFWLYDWLRQ�PD\�KDYH�DQ�LPSRUWDQW�UROH�LQ�
WKH�SDWKRJHQHVLV�RI�%'��

7KH�REMHFWLYHV��WR�GHWHUPLQH�WKH�OHYHOV�RI�VHUXP�QLWULF�R[LGH��12����
PDORQGLDOGHK\GH��0'$���HU\WKURF\WH�VXSHUR[LGH�GLVPXWDVH��62'��DQG�LQ�
SDWLHQWV�ZLWK�%'�DQG�WR�FRUUHODWH�WKHP�ZLWK�GLVHDVH�DFWLYLW\��

6XEMHFWV�DQG�0HWKRGV��6L[WHHQ�SDWLHQWV�IXOILOOLQJ�WKH�FULWHULD�RI�WKH�
LQWHUQDWLRQDO�VWXG\�JURXS�IRU�%HKFHW
V�GLVHDVH��%'��DQG�WHQ�DSSDUHQWO\�KHDOWK\�
LQGLYLGXDOV�PDWFKHG�IRU�DJH�DQG�VH[�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��

5HVXOWV�7KH�VHUXP�OHYHOV�RI�12��0'$�DQG�62'�LQ�DOO�SDWLHQWV��������
r�������PRO������r������PRO�DQG������r�������8�J�+E�UHVSHFWLYHO\��ZHUH�
VLJQLILFDQWO\�KLJKHU�WKDQ�FRQWURO�JURXS�����r������PRO������r�����PRO�DQG����r�
�����8�J�+E�UHVSHFWLYHO\����3�������7KH�VHUXP�OHYHOV�RI�QLWULF�R[LGH��0'$�DQG�
62'�LQ�DFWLYH������������� PRO�������r������PRO�DQG����r�������8�J�+E�
UHVSHFWLYHO\���DQG�LQDFWLYH�JURXS������������PRO������������PRO�DQG�����r�
������8�J�+E���W�����������DQG������3��������������DQG�������UHVSHFWLYHO\��
LQGLFDWLQJ�VLJQLILFDQW�GLIIHUHQFH��0RUH�HYHU�WKHUH�ZDV�VWDWLVWLFDO�GLIIHUHQFH�
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EHWZHHQ�VHUXP�OHYHOV�RI�QLWULF�R[LGH��0'$�DQG�62'�LQ�DFWLYH�
������������ PRO�����r������PRO�DQG�����r��������J�+E�UHVSHFWLYHO\��DQG�
FRQWURO�JURXS�����r������PRO������r�����PRO�DQG����r��������J�+E�
UHVSHFWLYHO\���W������������DQG�������3��������������DQG��������UHVSHFWLYHO\��
:KLOH�FRPSDULQJ�VHUXP�OHYHOV�12��0'$�DQG�62'�LQ�LQDFWLYH�JURXS�
�������������PRO������������PRO�DQG������r������8�J�+E�UHVSHFWLYHO\��DQG�
FRQWURO�JURXS������r������PRO�����r������PRO�DQG����r������8�J�+E�
UHVSHFWLYHO\��UHYHDOHG�LQVLJQLILFDQW�GLIIHUHQFH��W�����������DQG��������3�!�����IRU�
HDFK���/HYHOV�RI�12�ZDV�PDUNHGO\�HOHYDWHG�LQ�V\QRYLDO�IOXLG�������������PRO��
YHUVXV��������������PRO��LQ�VHUXP��WKLV�HOHYDWLRQ�LQ�V\QRYLDO�IOXLG�LV�FRUUHODWHG�
ZLWK�VHUXP�OHYHOV��U� ������3����������7KHUH�ZDV�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�
VHUXP�OHYHOV�RI�12���0'$�DQG�62'��U����������������UHVSHFWLYHO\��3��������
:KLOH�WKHUH�ZDV�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�12�DQG�0'$��U�������3��������
%RWK�RI�WKHP�KDG�FRUUHODWLRQ�ZLWK�GLVHDVH�DFWLYLW\�SDUDPHWHUV��

&RQFOXVLRQ��7KHVH�GDWD�VKRZ�WKDW�HOHYDWLRQ�RI�0'$	12�PD\�EH�
UHVSRQVLEOH�IRU�WKH�HQGRWKHOLDO�GDPDJH�LQ�%'�DQG�FRQWULEXWH�ZLWK�ORZHUHG�OHYHOV�
RI�62'�LQ�WKH�GHYHORSPHQW�RI�GLVHDVH�DFWLYLW\�LQ�WKHVH�SDWLHQWV��0RUHRYHU��WKLV�
VWXG\�VXJJHVWV�WKDW�V\VWHPLF�HOHYDWLRQ�RI�12�PD\�EH�D�UHIOHFWLRQ�RI�V\QRYLDO�
HOHYDWLRQ��7KHUHIRUH��WKH�DVVHVVPHQW�RI�WKHVH�SDUDPHWHUV�PD\�EH�D�XVHIXO�PDUNHU�
IRU�PRQLWRULQJ�WKH�SURJUHVV�DQG�WKH�VHYHULW\�RI�WKH�GLVHDVH�DFWLYLW\�DQG�
PDQDJHPHQW�RI�SDWLHQWV�ZLWK�%'��
,QWURGXFWLRQ�

%HKFHW
V�GLVHDVH��%'��LV�D�FKURQLF�PXOWLV\VWHPLF�GLVRUGHU��ZKLFK�LV�
FKDUDFWHUL]HG�E\�D�UHODSVLQJ�V\VWHPLF�LQIODPPDWRU\�SURFHVV��,Q�FHUWDLQ�
LQIODPPDWRU\�FRQGLWLRQV�RYHU�SURGXFWLRQ�RI�QLWULF�R[LGH��12��FRXOG�GDPDJH�
KRVW�FHOOV�DQG�WLVVXHV��HLWKHU�GLUHFWO\�DQG�RU�IROORZLQJ�UHDFWLRQ�ZLWK�RWKHU�IUHH�
UDGLFDOV��VXFK�DV�VXSHUR[LGH�DQLRQ�WR�IRUP�VSHFLHV�LQFOXGLQJ�SHUR[\QLWULWH�RU�
K\GUR[\O�UDGLFDOV��([FHVVLYH�VXSHUR[LGH�UDGLFDO�SURGXFWLRQ�DQG�LPSDLUHG�
DQWLR[LGDQW�PHFKDQLVP�LQ�ERWK�WKH�QHXWURSKLOV�DQG�SODVPD�RI�SDWLHQWV�ZLWK�%'�
KDYH�EHHQ�UHSRUWHG�>�@�

5HDFWLYH�R[\JHQ�VSHFLHV��526��KDYH�EHHQ�SURSRVHG�DV�D�SRVVLEOH�PHGLDWRU�
IRU�WLVVXH�GDPDJH�DVVRFLDWHG�ZLWK�%'�>�@��$FWLYDWHG�OHXFRF\WHV�IRUP�D�ODUJH�
QXPEHU�RI�IUHH�R[\JHQ�UDGLFDOV�WKDW�RYHUZKHOPV�WKH�SURWHFWLYH�V\VWHPV�DQG�
UHVXOWV�LQ�FHOO�GDPDJH�DQG�OLSLG�SHUR[LGDWLRQ�LQ�SDWLHQWV�ZLWK�%'�>�@�>�@�7KHUH�LV�
LQFUHDVH�LQ�VHUXP�DQG�V\QRYLDO���QLWURW\URVLQH���D�VSHFLILF�PDUNHU�RI�GDPDJH�
LQGXFHG�E\�QLWULF�R[LGH��12��DQG�LWV�E\�SURGXFWV�LQ�UKHXPDWRLG�DUWKULWLV�DQG�
RVWHRDUWKULWLV�SDWLHQWV�>�@�

2FXODU�LQIODPPDWRU\�GLVHDVH�LV�JHQHUDOO\�ELODWHUDO�DQG�RFFXUV�LQ�
DSSUR[LPDWHO\�����RI�FDVHV��$OWKRXJK�SDWLHQWV�ZLWK�SUHGRPLQDQWO\�DQWHULRU�
XYHLWLV�KDYH�D�UHODWLYHO\�JRRG�SURJQRVLV��UHFXUUHQW�REOLWHUDWLYH�UHWLQDO�YDVFXOLWLV�
DQG�WKURPERVLV�RFFXU�LQ��������RI�SDWLHQWV�DQG�LV�WKH�PDMRU�FDXVH�RI�EOLQGQHVV�
GHVSLWH�YLJRURXV�WUHDWPHQW>�@��

�
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6\VWHPLF�YHQRXV�RFFOXVLRQ�DOVR�RFFXUV�LQ�����RI�FDVHV�2QH�RI�WKH�PDMRU�
IDFWRUV�UHVSRQVLEOH�IRU�WKH�LQFUHDVHG�IUHTXHQF\�RI�WKURPERJHQHVLV�LV�WKRXJKW�WR�
EH�HQGRWKHOLDO�G\VIXQFWLRQV��ZKLFK�LV�WKH�FKDUDFWHULVWLF�IHDWXUH�RI�%'�>�@�

7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�PHDVXUH�WKH�OHYHOV�RI�QLWULF�R[LGH�DQG�
OLSLG�SHUR[LGDWLRQ�UHSUHVHQWHG�E\�PDORQGLDOGHK\GH��0'$��DQG�WKH�HIILFLHQW�
DQWLR[LGDQW�DFWLYLW\�UHSUHVHQWHG�E\�VXSHUR[LGH�GLVPXWDVH��62'��LQ�FDVHV�RI�
%HKFHW
V�GLVHDVH�DQG�LWV�UHODWLRQ�WR�WKH�SDWKRJHQHVLV�DQG�DFWLYLW\�RI�WKH�GLVHDVH��
6XEMHFWV�$QG�0HWKRGV�

6XEMHFWV��
7KH�SUHVHQW�VWXG\�ZDV�SHUIRUPHG�RQ����SDWLHQWV�����PDOHV����IHPDOHV���ZLWK�

%'�ZKR�SUHVHQWHG�WR�WKH�RXWSDWLHQW�FOLQLFV�RI�'HUPDWRORJ\�	�9HQHUHRORJ\��
2SKWKDOPRORJ\��,QWHUQDO�PHGLFLQH�DQG�5KHXPDWRORJ\�'HSDUWPHQWV�=DJD]LJ�
8QLYHUVLW\�+RVSLWDOV��$OO�SDWLHQWV�IXOILOOHG�WKH�FULWHULD�RI�WKH�LQWHUQDWLRQDO�VWXG\�
JURXS�IRU�%HKFHW
V�GLVHDVH�>�@�DQG�WKH�GLDJQRVLV�RI�XYHLWLV�ZDV�PDGH�DFFRUGLQJ�
WR�WKH�,QWHUQDWLRQDO�8YHLWLV�6WXG\�*URXS�>�@��7KHLU�DJHV�UDQJHG�IURP����WR����
\HDUV�ZLWK�D�PHDQ���6'�����������\HDUV��DQG�GXUDWLRQ�RI�GLVHDVH�UDQJHG�
EHWZHHQ���DQG����\HDUV�ZLWK�D�PHDQ���6'�����������\HDUV���,Q�DGGLWLRQ�����
KHDOWK\�FRQWURO�VXEMHFWV�RI�PDWFKHG�DJH�DQG�VH[�IURP�D�VLPLODU�HWKQLF�
EDFNJURXQG�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��

1RQH�RI�WKH�SDWLHQWV�RU�FRQWURO�VXEMHFWV�KDG�UHFHLYHG�DQ\�V\VWHPLF�
PHGLFDWLRQ�IRU�DW�OHDVW�WZR�ZHHNV�EHIRUH�WHVWLQJ��

'HWHUPLQDWLRQ�RI�GLVHDVH�DFWLYLW\��
6LQFH�WKHUH�ZDV�QR�FOLQLFDOO\�DFFHSWDEOH�VFRULQJ�V\VWHP�RU�ODERUDWRU\�

VFUHHQLQJ�SURILOH�WR�GHILQH�WKH�VHYHULW\�RI�%'��ERWK�FOLQLFDO�DQG�ODERUDWRU\�
ILQGLQJV�ZHUH�XVHG�WR�FODVVLI\�WKH�SDWLHQWV�DV�KDYLQJ�DFWLYH�RU�LQDFWLYH�GLVHDVH��
(U\WKURF\WH�6HGLPHQWDWLRQ�5DWH��(65���QHXWURSKLO�FRXQW�DQG�DFXWH�SKDVH�
UHDFWDQWV��D��DQWLWU\SVLQ�DQG�D��PDFURJOREXOLQ��ZHUH�GHWHUPLQHG�DQG�
FRPSULVHG�WKH�ODERUDWRU\�ILQGLQJV�>��@��,Q�FOLQLFDO�HYDOXDWLRQ��SDWLHQWV�KDYLQJ�
UHFXUUHQW�RUDO�XOFHUDWLRQV�DQG�WZR�RI�WKH�IROORZLQJ�FULWHULD�ZHUH�DVVXPHG�WR�EH�LQ�
DQ�DFWLYH�VWDJH��JHQLWDO�XOFHUDWLRQ��H\H�LQIODPPDWLRQ��VNLQ�OHVLRQ�DQG�DFWLYH�
DUWKULWLV�>��@�

0HWKRGV��
&RPSOHWH�EORRG�FRXQW�XVLQJ�&HOO�'\QH��0RGHO��������/LYHU�DQG�NLGQH\�

IXQFWLRQV�DQG�OLSLG�SURILOHV�ZHUH�PHDVXUHG�XVLQJ�DXWRPDWHG�FOLQLFDO�FKHPLVWU\�
DQDO\]HU��$'9,$��������(65�ZDV�GHWHUPLQHG�E\�WKH�FODVVLF�:HVWHUJUHQ�
PHWKRGV��D��DQWLWU\SVLQ�DQG�D��PDFURJOREXOLQ�FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�LQ�
WKH�VHUXP�E\�D�%1�3UR6SHF��'$'(�%(+5,1*�*HUPDQ\��>��@�

7RWDO�12�PHDVXUHPHQW�ZDV�SHUIRUPHG�XVLQJ�DQ�HQ]\PH�OLQNHG�
LPPXQRVRUEHQW�DVVD\�DXWRDQDO\VHU��%LRV\VWHP��,WDO\��DQG�WRWDO�12�NLW���$VVD\�
'HVLJQV��,QF���$QQ�$UERU��0,��86$���7KH�UHVXOWV�DUH�SUHVHQWHG�LQ��PRO��/��>��@��
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6HUXP�0'$�OHYHOV�ZHUH�PHDVXUHG�DFFRUGLQJ�WR�D�PHWKRG�GHVFULEHG�
HOVHZKHUH�>��@�7KH�SULQFLSOH�RI�WKH�PHWKRG�EDVHG�RQ�WKH�VSHFWURSKRWRPHWHU�
PHDVXUHPHQW�RI�WKH�FRORU�RFFXUULQJ�GXULQJ�WKH�UHDFWLRQ�RI�WKLREDUELWXULF�DFLG�
ZLWK�0'$��&RQFHQWUDWLRQ�RI�WKLREDUELWXULF�DFLG�UHDFWLYH�VXEVWDQFHV�ZDV�
FDOFXODWHG�E\�WKH�DEVRUEDQFH�FRHIILFLHQW�RI�WKH�PDORQGLDOGHK\GH�WKLREDUELWXULF�
DFLG�FRPSOH[�DQG�H[SUHVVHG�DV��PRO��

0HDVXUHPHQW�RI�62'�DFWLYLW\�ZDV�SHUIRUPHG�IROORZLQJ�WKH�PHWKRG�RI�
$\GLQ�HW�DO�>��@�7KH�UHVXOWV�DUH�SUHVHQWHG�LQ�8�J�+E��

6WDWLVWLFDO�DQDO\VLV���
5HVXOWV�ZHUH�H[SUHVVHG�DV�PHDQ��VWDQGDUG�GHYLDWLRQ��6'��DQG�ZHUH�

DQDO\]HG�VWDWLVWLFDOO\�E\�XVLQJ�WKH�LQGHSHQGHQW�VDPSOHV�W�WHVW��6WXGHQW
V�W�WHVW���
&RUUHODWLRQ�DQDO\VLV�SHUIRUPHG�ZLWK�3HDUVRQ�FRUUHODWLRQ�WHVW��3�YDOXHV�EHORZ�
�����FRQVLGHUHG�VLJQLILFDQW��6WDWLVWLFDO�DQDO\VLV�SHUIRUPHG�XVLQJ�6366���)25�
:,1'2:6�FRPSXWHU�SDFNDJH�>��@��
5HVXOWV�

,Q�WKLV�VWXG\�����SDWLHQWV�RI����ZHUH�LQ�DFWLYH�VWDJH�ZKHUHDV�WKH�UHPDLQLQJ�
ILYH�ZHUH�LQ�LQDFWLYH�SHULRG��&OLQLFDO�ILQGLQJV�IRU�DOO�SDWLHQWV�UHFRUGHG�DV�VKRZQ�
LQ��7DEOH������
��

,WHP� 1R�RI�SDWLHQWV�
�����

3HUFHQW�RI�FDVHV�

5HFXUUHQW�RUDO�XOFHU�� ��� �������
5HFXUUHQW�JHQLWDO�XOFHU�� ��� �������
(\H�ILQGLQJV�� ��
5HWLQDO�YDVFXOLWLV� ��
8YHLWLV� ��

����

$UWKULWLV�� ���
2OLJRDUWKULWLV� ��
0RQRDUWKULWLV� ��

�������

9DVFXODU�ILQGLQJV�� ��
9HQRXV��6XS�7KURPERVLV��'97� ��
$UWHULDO��DQHXU\VP��WKURPERVLV� ��

����

6NLQ��LQYROYHPHQW� ��
3DSXORSXVWXODU��SVHXGRIROOLFXOLWLV� ��
(U\WKHPD�QRGRVXP�� ��
SDOSDEOH�SXUSXUD� ��

�������

�6NLQ�3DWKHUJ\�WHVW� �� ����
7DEOH��������&OLQLFDO�ILQGLQJV�RI�SDWLHQWV�ZLWK�%HKFHW
V�GLVHDVH�
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7KH�OHYHOV�RI�DFXWH�SKDVH�UHDFWDQWV���D��DQWLWU\SVLQ�DQG�D��PDFURJOREXOLQ���
(65�DQG�QHXWURSKLO�FRXQWV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�SDWLHQWV�ZLWK�DFWLYH�
GLVHDVH�WKDQ�LQ�WKRVH�ZLWK�LQDFWLYH�GLVHDVH��IRU�HDFK�3�������RU�LQ�FRQWURO�
VXEMHFWV��IRU�HDFK�3���������7DEOH�����
��

$FWLYH�%'� ,QDFWLYH�%'� FRQWURO���
Q ��� �Q �� �Q ���

1HXWURSKLO���� � �PO�� ����r����� ��� � ����r���� � � ����r�����
(65��PP�K�� �����r��������� � �����r���� � � �����r������
D � �DQWLWU\SVLQ�PJ�GO�� ����r���� ��� � ����r����� � � ����r������

D � �PDFURJOREXOLQ�PJ�GO�� ����r���� ��� � ����r��� � � ����r����

�VLJQLILFDQW�GLIIHUHQW�IURP�WKH�LQDFWLYH�SDWLHQWV��3��������
��������Á�VLJQLILFDQW�GLIIHUHQW�IURP�WKH�FRQWURO�JURXS��3���������
��

7DEOH������1HXWURSKLO�FRXQW��HU\WKURF\WH�VHGLPHQWDWLRQ�UDWH��(65��DQG�
DFXWH�SKDVH�UHDFWDQWV��D � �DQWLWU\SVLQ��D � �PDFURJOREXOLQ��LQ�SDWLHQWV�ZLWK�
DFWLYH��LQDFWLYH�%HKFHW
V�GLVHDVH��%'��DQG�FRQWURO�JURXS���

7KH�VHUXP�OHYHOV�RI�12��0'$�DQG�62'�LQ�DOO�SDWLHQWV���������������PRO��
���r������PRO�DQG������r������8�J�+E�UHVSHFWLYHO\��ZHUH�VLJQLILFDQWO\�KLJKHU�
WKDQ�FRQWURO�JURXS�����r�����PRO�����r�����PRO�DQG����r�����8�J�+E�
UHVSHFWLYHO\����3��������7DEOH�����
��

$OO�%'� &RQWURO���
Q ��� Q ���

12���PRO�/�� ����������� � � ����������
0'$���PRO�/�� ���������� � � ���������
62'��8�J�+E�� ������������ � � �����������


VLJQLILFDQW�GLIIHUHQW�IURP�WKH�FRQWURO��3��������
7DEOH�������6WDWLVWLFDO�DQDO\VLV�RI�12��0'$�DQG�62'�OHYHOV�EHWZHHQ�DOO�

%HKFHW
V�GLVHDVH�SDWLHQWV�DQG�FRQWURO��
7KH�VHUXP�OHYHOV�RI�QLWULF�R[LGH��0'$�DQG�62'�LQ�DFWLYH��

����������� PRO������r������PRO�DQG����r������8�J�+E�UHVSHFWLYHO\���DQG�
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LQDFWLYH�JURXS������������PRO������������PRO�DQG�����r������8�J�+E���W�������
����DQG������3��������������DQG�������UHVSHFWLYHO\��LQGLFDWLQJ�VLJQLILFDQW�
GLIIHUHQFH��0RUH�HYHU�WKHUH�ZDV�VWDWLVWLFDO�GLIIHUHQFH�EHWZHHQ�VHUXP�OHYHOV�RI�
QLWULF�R[LGH��0'$�DQG�62'�LQ�DFWLYH������������� PRO����r������PRO�DQG�
������������J�+E�UHVSHFWLYHO\��DQG�FRQWURO�JURXS�����������PRO�����������PRO�
DQG�������������J�+E�UHVSHFWLYHO\���W������������DQG�������3��������������DQG�
�������UHVSHFWLYHO\���7DEOH�����
��

�� $FWLYH�%'��
Q ���

,QDFWLYH�%'��
������Q ��

&RQWURO��
Q ���

12�

� PRO�/��
����r����� 	�
 �� ����r����� �����r������
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3������LQ�FRPSDULVRQ�ZLWK�FRQWUROA�DQG�
�LQ�FRPSDULVRQ�ZLWK�LQDFWLYH��

7DEOH������6WDWLVWLFDO�DQDO\VLV�RI�0'$��62'�DQG�12�OHYHOV�EHWZHHQ�
SDWLHQWV�ZLWK���DFWLYH�DQG�LQDFWLYH�VWDJH�RI�WKH�GLVHDVH��

:KLOH�FRPSDULQJ�VHUXP�OHYHOV�12��0'$�DQG�62'�LQ�LQDFWLYH�JURXS�
������������PRO������������PRO�DQG�����r������8�J�+E�UHVSHFWLYHO\��DQG�
FRQWURO�JURXS������r�����PRO�����r�����PRO�DQG����r�����8�J�+E�
UHVSHFWLYHO\��UHYHDOHG�LQVLJQLILFDQW�GLIIHUHQFH��
�W�����������DQG��������3�!�����IRU�HDFK���7DEOH������

/HYHOV�RI�12�ZDV�PDUNHGO\�HOHYDWHG�LQ�V\QRYLDO�IOXLG�������������PRO��
YHUVXV��������������PRO��LQ�VHUXP��WKLV�HOHYDWLRQ�LQ�V\QRYLDO�IOXLG�LV�FRUUHODWHG�
ZLWK�VHUXP�OHYHOV��U� ������3����������7KHUH�ZDV�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�
VHUXP�OHYHOV�RI�12���0'$�DQG�62'��U����������������UHVSHFWLYHO\��3��������
:KLOH�WKHUH�ZDV�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�12�DQG�0'$��U�������3��������
%RWK�RI�WKHP�KDG�FRUUHODWLRQ�ZLWK�GLVHDVH�DFWLYLW\�SDUDPHWHUV���7DEOH�����)LJ����
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0'$�	�12�� ������ ������
�12�	�62'� ������� ��������
0'$�DQG�62'� ������� �������

7DEOH������&RUUHODWLRQ�EHWZHHQ�0'$���62'�DQG�12�LQ�WKH�DFWLYH�JURXS�
��

�

�
)LJXUH����VKRZHG�WKH�QHJDWLYH�FRUUHODWLRQ�RI�62'�DQG�0'$�LQ�DOO�
SDWLHQWV�� �

'LVFXVVLRQ�
9DVFXOLWLV�RI�VPDOO�EORRG�YHVVHOV�LV�WKH�PDLQ�KLVWRSDWKRORJ\�LQ�%'�EXW�WKH�

IDFWRUV�WKDW�DIIHFW�LQIODPPDWLRQ�DUH�VWLOO�EHLQJ�LQYHVWLJDWHG�>��@��526�ZLWKLQ�WKH�
KXPDQ�ERG\�DUH�UHJDUGHG�DV�D�PDMRU�FDXVH�RI�LQIODPPDWLRQ�DQG�PXFK�RI�WKH�
PLFURHQYLURQPHQWDO�WLVVXH�GDPDJH�KDV�EHHQ�OLQNHG�WR�WKH�UHOHDVH�RI�526��ZKLFK�
KDYH�WKH�DELOLW\�WR�UHDFW�ZLWK�D�UDQJH�RI�ELRORJLFDO�PROHFXOHV�SULPDULO\�SURGXFHG�
E\�DFWLYDWHG�QHXWURSKLOV�DW�VLWHV�RI�LQIODPPDWLRQ�>��@��

3DWLHQWV�ZLWK�%'�KDYH�EHHQ�VKRZQ�WR�KDYH�LQFUHDVHG�526�SURGXFWLRQ�E\�
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DFWLYDWHG�QHXWURSKLOV�>��@��GHFUHDVHG�VXSHUR[LGH�VFDYHQJLQJ�DFWLYLW\�DQG�DQ�
LPSDLUHG�R[LGDQW���DQWLR[LGDQW�EDODQFH�LQ�SODVPD�>��@��526�PROHFXOHV�DUH�
KLJKO\�UHDFWLYH�DQG�FDSDEOH�RI�DWWDFNLQJ�DOPRVW�HYHU\�FHOO�FRPSRQHQW��ZKLFK�LQ�
WXUQ�FDXVHV�IXUWKHU�GDPDJH�WR�VXUURXQGLQJ�WLVVXHV�>��@��

526�FDQ�DWWDFN�GRXEOH�ERQGV�LQ�SRO\XQVDWXUDWHG�IDWW\�DFLGV�DQG�WKXV�LQGXFH�
OLSLG�SHUR[LGDWLRQ��ZKLFK�LQ�WXUQ�UHVXOWV�LQ�IXUWKHU�R[LGDWLYH�GDPDJH��526�
PHGLDWHG�R[LGDWLRQ�RI�FHOO�PHPEUDQH�OLSLGV�OHDGV�WR�WKH�IRUPDWLRQ�RI�OLSLG�
SHUR[LGDWLRQ�SURGXFWV�VXFK�DV�0'$�>��@�

,Q�WKLV�VWXG\�QHXWURSKLO�FRXQW��(65��D��DQWLWU\SVLQ��D��PDFURJOREXOLQ�
OHYHOV��ZKLFK�DUH�UHSRUWHG�DV�PDUNHUV�RI�DFWLYLW\�LQ�%'��ZHUH�VLJQLILFDQWO\�
HOHYDWHG�LQ�WKH�DFWLYH�JURXS�DV�FRPSDUHG�WR�WKH�LQDFWLYH�JURXS��7KLV�ILQGLQJ�ZDV�
DOVR�REVHUYHG�E\�&HNPHQ�HW�DO�>��@��

,Q�RXU�VWXG\�ZH�UHSRUWHG�LQFUHDVHG�VHUXP�12�LQ�DFWLYH�%HKFHW
V�SDWLHQWV�LQ�
FRPSDULVRQ�ZLWK�LQDFWLYH�SDWLHQWV�DQG�FRQWURO��3��������7KLV�PD\�EH�LQ�
DJUHHPHQW�ZLWK�6DQFDN�HW�DO��>��@�DQG�H[SODLQ�WKLV�LQFUHDVH�DV�D�SDUW�RI�
LQIODPPDWRU\�SURFHVV�WKDW�ZHUH�H[DFHUEDWHG�LQ�DFWLYH�SDWLHQWV��

+RZHYHU��2UHP�HW�DO�>��@DQG�%XOGDQOLRJOX�HW�DO�>��@�IRXQG�GHFUHDVHG�12�
SURGXFWLRQ�LQ�WKH�DFWLYH�SHULRG�RI�WKH�GLVHDVH�DV�RSSRVHG�WR�WKH�LQDFWLYH�SHULRG�
DQG�WKH�FRQWURO�JURXS��7KH\�WKRXJKW�WKDW�GHFUHDVHG�12�SURGXFWLRQ�LQ�WKH�
SDWLHQWV�PLJKW�EH�DWWULEXWHG�WR�HQGRWKHOLDO�G\VIXQFWLRQ�LQ�%'��

:H�DOVR�IRXQG�LQFUHDVHG�V\QRYLDO�12�OHYHOV�LQ�DFWLYH�%'�DQG�WKLV�LQFUHDVH�
LV�FRUUHODWHG�ZLWK�LQFUHDVH�RI�VHUXP�12�LQ�WKH�VDPH�SDWLHQWV��LQGLFDWLQJ�WKH�PRVW�
SUREDEO\�VRXUFH�RI�LQFUHDVHG�OHYHO�RI�VHUXP�12�IURP�LQIODPHG�V\QRYLXP�WKLV�
PD\�EH�LQ�DJUHHPHQW�ZLWK�'X\JXOX�HW�DO���>��@�ZKR�IRXQG�VLPLODU�ILQGLQJV��

12�KDV�QRW�RQO\�DQ�LPSRUWDQW�UROH�LQ�LQLWLDWLRQ�DQG�SHUSHWXDWLRQ�RI�
LQIODPPDWLRQ�DQG�WLVVXH�LQMXU\�EXW�DOVR�KDG�D�UROH�RI�DSRSWRVLV�RI�FKRQGURF\WHV�
WKDW�PDNH�6DOLKD�HW�DO�>��@�WHVW�FKRQGURSURWHFWLYH�HIIHFW�RI�K\DORURQDQ�LQMHFWLRQ�
E\�LWV�DELOLW\�WR�UHGXFH�V\QRYLDO�12�OHYHOV�LQ�RVWHRDUWKULWLV�SDWLHQWV�

7KH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\�VKRZHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�
LQ�VHUXP�0'$�OHYHOV�EHWZHHQ�%'�SDWLHQWV�DQG�FRQWURO�JURXS��7KHVH�ILQGLQJV�
DUH�FRQVLVWHQW�ZLWK�WKRVH�RI�2UHP�HW�DO�>��@�ZKR�UHSRUWHG�WKDW�WKH�LQFUHDVH�LQ�
0'$�OHYHOV�LQGLFDWH�LQFUHDVHG�OLSLG�SHUR[LGDWLRQ��FRQILUP�WKH�LQFUHDVHG�
R[LGDWLYH�VWUHVV�DQG�H[SODLQ�WKH�GHFOLQH�LQ�62'�DFWLYLW\�LQ�SDWLHQWV�ZLWK�DFWLYH�
%'��%XOGDQOLRJOX�HW�DO�>��@�DQG�6DQGLNFL�HW�DO�>��@�KDYH�DOVR�VKRZQ�WKDW�0'$�
OHYHOV�DUH�HOHYDWHG�DV�D�UHVXOW�RI�OLSLG�SHUR[LGDWLRQ�FDXVHG�E\�WKH�VXSHUR[LGH�
UDGLFDO�ZKLFK�DUH�SURGXFHG�LQ�DQ�H[FHVVLYH�DPRXQW�LQ�DFWLYH�SRO\PRUSKRQXFOHDU�
OHXFRF\WHV�DQG�SODVPD�GXULQJ�WKH�DFWLYH�VWDJH�RI�%'��7KLV�PD\�EH�LQ�DJUHHPHQW�
ZLWK�RXU�ILQGLQJ�RI�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�12�DQG�0'$��U���������
3��������

,Q�RXU�VWXG\��ZH�GHWHUPLQHG�WKH�62'�DFWLYLWLHV�LQ�HU\WKURF\WHV��ZKLFK�DUH�
WKH�FHOOV�ULFKHVW�LQ�DQWLR[LGDQW�HQ]\PHV�DQG�WKRXJKW�WR�UHIOHFW�WLVVXH�DFWLYLW\�>��@�
:H�IRXQG�GHFUHDVHG�VHUXP�62'�DFWLYLW\�LQ�%'�SDWLHQWV�LQ�FRPSDULVRQ�ZLWK�
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KHDOWK\�FRQWUROV�>��@��7KLV�ILQGLQJ�ZDV�DOVR�UHSRUWHG�E\�7X]XQ�HW�DO�>��@�DQG�
FRXOG�EH�DWWULEXWHG�WR�WKH�REVHUYDWLRQ�WKDW�6HUXP�62'�DFWLYLW\�LV�JHQHUDOO\�
FRQVLGHUHG�WR�YDU\�LQ�UHVSRQVH�WR�FRQVXPSWLRQ�IRU�SUHYHQWLRQ�RI�R[LGDWLRQ��6R��
VNLQ�DQG�PXFRVDO�OHVLRQV�KDYH�EHHQ�IRXQG�WR�EH�DPHOLRUDWHG�ZLWK�WKH�WUHDWPHQW�
RI�62'�SUHSDUDWLRQV�>��@��

2Q�WKH�RWKHU�KDQG�%XOGDQOLRJOX�HW�D�O>��@�GLG�QRW�ILQG�DQ\�GLIIHUHQFH�
EHWZHHQ�WKH�SDWLHQW�DQG�FRQWURO�JURXSV�DQG�EHWZHHQ�DFWLYH�DQG�LQDFWLYH�SHULRGV�
RI�WKH�VDPH�SDWLHQWV��

3KDUPDFRORJLFDO�DJHQW�XVHG�LQ�WUHDWPHQW�RI�%'�LQFOXGH�ERWK�
LPPXQRVXSSUHVVLYH�DQG�DQWL�LQIODPPDWRU\�GUXJV�PRVW�QRWDEO\�WKH�
FRUWLFRVWHURLGV��:KLOH�WKHVH�GUXJV�DUH�RIWHQ�HIIHFWLYH�LQ�UHWDUGLQJ�WKH�
GHYHORSPHQW�RI�WKH�GLVHDVH�DQG�SURORQJDWLRQ�RI�WKH�OLIHVSDQ�RI�%'�SDWLHQWV��WKHLU�
ORQJ�WHUP�XVH�LV�DVVRFLDWHG�ZLWK�FRQVLGHUDEOH�QXPEHU�RI�VLGH�HIIHFWV�>��@�

8VH�RI�DQWLR[LGDQWV�LQ�FRQFHUWV�ZLWK�WKLV�FRQYHQWLRQDO�GUXJ�WKHUDS\�PLJKW�
RIIHU�DQ�DGYDQWDJH�RYHU�WKH�GUXJ�WKHUDS\�DORQH��VLQFH�GUXJ�GRVDJH�FRXOG�EH�
SUREDEO\�UHGXFHG��WKXV�PLQLPL]LQJ�WKH�VLGH�HIIHFWV�DVVRFLDWHG�ZLWK�WKHLU�XVH�
>��@��

&KDPEHUV�HW�DO�>��@�IRXQG�WKDW�YLWDPLQ�&�LQWDNH�LV�DVVRFLDWHG�ZLWK�
GHFUHDVHG�YDVFXODU�GDPDJH�LQ�%'�SDWLHQWV�DQG�LV�LQYHUVHO\�DVVRFLDWHG�ZLWK�WKH�
DFWLYLW\�RI�WKH�GLVHDVH��

$QWLR[LGDQW�YLWDPLQV�XVH�DV�"�FDURWHQH��"�WRFRSKHURO��YLWDPLQ�(�DQG�
VHOHQLXP�DV�DGMXQFWLYH�WUHDWPHQW�ZLWK�FODVVLFDO�WUHDWPHQW�RI�%'�FRXOG�EH�DQ�
LPSRUWDQW�UHVHDUFK�ILHOG�IRU�DPHOLRUDWLRQ�RU�HYHQ�SUHYHQWLRQ�RI�%'�>��@��

,Q�FRQFOXVLRQ��HQGRWKHOLDO�GDPDJH�DQG�LQFUHDVHG�301�OHXNRF\WH�DFWLYLW\�LQ�
WKH�DFWLYH�VWDJH�RI�WKH�GLVHDVH�LQ�%'�PD\�UHVXOW�LQ�D�SUR�R[LGDWLRQ�HQYLURQPHQW��
ZKLFK�LQ�WXUQ�UHVXOWV�LQ�GHFUHDVHG�DQWLR[LGDQW�62'�DFWLYLW\�DQG�LQFUHDVHG�OLSLG�
SHUR[LGDWLRQ�DV�HYLGHQFHG�E\�LQFUHDVHG�0'$�OHYHOV�

0RUHRYHU��WKLV�VWXG\�VXJJHVWV�WKDW�V\VWHPLF�HOHYDWLRQ�RI�12�PD\�EH�D�
UHIOHFWLRQ�RI�V\QRYLDO�HOHYDWLRQ�
5HIHUHQFHV�
�
���6X]XNL�.0�DQG�6X]XNL�1�HW�DO��%HKFHW
V�GLVHDVH��&OLQ�H[S�0HG��������������
����
�
���1LZD�<��0L\DNH�6��6DNDQH�7�HW�DO��$XWR�R[LGDWLYH�GDPDJH�LQ�%HKFHW
V�
GLVHDVH�HQGRWKHOLDO�FHOO�GDPDJH�IROORZLQJ�WKH�HOHYDWHG�R[\JHQ�UDGLFDOV�
JHQHUDWHG�E\�VWLPXODWHG�QHXWURSKLOV��&OLQ�([S�,PPXQRO�������������������
�
���3URQDL�/��,FKLNDZD�<��1DND]DZD�+�HW�DO����(QKDQFHG�VXSHUR[LGH�JHQHUDWLRQ�
DQG�WKH�GHFUHDVHG�VXSHUR[LGH�VFDYHQJLQJ�DFWLYLW\�RI�SHULSKHUDO�EORRG�OHXNRF\WHV�
LQ�%HKFHW
V�GLVHDVH�HIIHFWV�RI�FROFKLFLQH��&OLQ�([S�5KHXPDWRO�����������������
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�
���$GDP�%�DQG�&DOLNRJOX�(��6HUXP�LQWHUOHXNLQ����SURFDOFLWRQLQ�DQG�F�UHDFWLYH�
SURWHLQ�OHYHOV�LQ�VXEMHFWV�ZLWK�DFWLYH�%HKFHW
V�GLVHDVH�������������������
�
���.KDQ�)��6LGGLTXL�$��3UHYDOHQFH�RI�DQWL����QLWURW\URVLQH�DQWLERGLHV�LQ�WKH�MRLQW�
V\QRYLDO�RI�SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV��RVWHRDUWKULWLV�DQG�V\VWHPLF�OXSXV�
HU\WKHPDWRVXV��&OLQ�&KLP�$FWD�������0DU����������
�
���<LOPD]�*��6L]PD]�6��<LOPD]�('��'XPDQ�6��$\GLQ�3���$TXHRXV�KXPRU�QLWULF�
R[LGH�OHYHOV�LQ�SDWLHQWV�ZLWK�%HKFHW
VÜ�HW�GLVHDVH��5HWLQD��������������������
�
���/LH�-7��9DVFXODU�LQYROYHPHQW�LQ�%HKFHW
V�GLVHDVH��DUWHULDO�DQG�YHQRXV�YHVVHOV�
RI�DOO�VL]HV��-�5KHXPDWRO����������������������
�
���,QWHUQDWLRQDO�6WXG\�*URXS�IRU�%HKFHW
V�'LVHDVH����&ULWHULD�IRU�GLDJQRVLV�RI�
%HKFHW
V�GLVHDVH��/DQFHW�������������������
�
���%ORFK�0LFKHO�(�DQG�1XVVHQEODWW�5%��,QWHUQDWLRQDO�8YHLWLV�6WXG\�*URXS�
UHFRPPHQGDWLRQV�IRU�WKH�HYDOXDWLRQ�RI�LQWUDRFXODU�LQIODPPDWRU\�GLVHDVH��$P�-�
2SKWKDOPRO��������������������
�
����(YHUHNOLRJOX�&��(U�+��7XUNR]�\�HW�DO��6HUXP�OHYHOV�RI��71)�D��V,/��5�,/�
��DQG�,/���DUH�LQFUHDVHG�DQG�DVVRFLDWHG�ZLWK�HOHYDWHG�OLSLG�SHUR[LGDWLRQ�LQ�
SDWLHQWV�ZLWK�%HKFHW
V�GLVHDVH��0HG�,QIODPP����������������
�
����%HNSLQDU�66��.LOLF�1��8QOXFHUFL�<�HW�DO��(YDOXDWLRQ�RI�QLWURVDWLYH�DQG�
R[LGDWLYH�VWUHVV�LQ�%HKFHW
V�GLVHDVH��-($'9�����������������
�
����6DNDQH�7��6X]XNL�1�DQG�1DJDIXFKL�+��(WLRSDWKRORJ\�RI�%HKFHW
V�GLVHDVH��
,PPXQRORJLFDO�DVSHFWV��<RQVHL�0HGLFDO�-����������������������
�
����7RUUH�G��6HUUDULR�*��6SHUDQ]H�)�HW�DO��&RQFHQWUDWLRQ�RI�QLWULWH�LQ�VHUXP�RI�
SDWLHQW�ZLWK�+,9���LQIHFWLRQ��-RXUQDO�&KHP�3DWKRO�������������������
�
����-DLQ�6.����(YLGHQFH�IRU�PHPEUDQH�OLSLG�SHUR[LGDWLRQ�GXULQJ�WKH�LQ�YLYR�
DJLQJ�RI�KXPDQ�HU\WKURF\WHV��%LRFKHP�%LRSK\V�$FWD������������������
�
����$\GLQ�$��2UKDQ�+��6D\DO�$�HW�DO��R[LGDWLYH�VWUHVV�DQG�QLWULF�R[LGH�UHODWHG�
SDUDPHWHUV�LQ�W\SH�,,�GLDEHWHV�PHOOLWXV��HIIHFW�RI�JO\FHPLF�FRQWURO��&OLQ�%LRFKHP�
�����������������
�
����.QDSS��5*�DQG�0LOOHU��$)��&OLQLFDO�HSLGHPLRORJ\�DQG�%LRVWDWLVWLFV��+RZDOO�
3XEOLVKLQJ�&2���3HQQV\OYDQLD�������
�
����2]WDV�0�R��2QGHU�0��*XUHU�$�HW�DO��6HUXP�LQWHUOHXNLQ����DQG�WXPRU�QHFURVLV�
IDFWRUD�OHYHOV�DUH�LQFUHDVHG�LQ�%HKFHW
V�GLVHDVH��&OLQLFDO�	�H[SHULPHQWDO�
'HUPDWRO�����������������
�
����<D]LFL�&��.RVH�.��&DOLV�0�HW�DO���,QFUHDVHG�DGYDQFHG�R[LGDWLRQ�SURWHLQ�
SURGXFWV�LQ�%HKFHW
V�GLVHDVH��D�QHZ�DFWLYLW\�PDUNHU��%U�-�'HUP�����������������
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�����
�
����7D\VL�6��.RFHU�,��0HPLRJXOODUL�5��HW�DO����6HUXP�R[LGDQW�DQWLR[LGDQW�VWDWXV�LQ�
SDWLHQWV�ZLWK�%HKFHW
V�GLVHDVH��$QQ�&OLQ�/DE�6FL�������������������
�
����*XQGX]N��2]WXUN�*�DQG�6R]PHQ�(�<��(U\WKURF\WH�VXSHUR[LGH�GLVPXWDVH��
&DWDODVH�DFWLYLWLHV�DQG�SODVPD�QLWULWH�DQG�QLWUDWH�OHYHOV�LQ�SDWLHQWV�ZLWK�%HKFHW
V�
GLVHDVH�DQG�UHFXUUHQW�DSKWKRXV�VWRPDWLWLV�&OLQ�	H[SHULPHQWDO�'HUPDWRO�
�������������������
�
����.RVH�N�<D]LFL�&�&DPED\�1�(W�DO���/LSLG�3HUR[LGDWLRQ�DQG�HU\WKURF\WH�
DQWLR[LGDQW�HQ]\PHV�LQ�SDWLHQWV�ZLWK�%HKFHW
V�GLVHDVH�-�([S�0HG��������������
����
�
����.DUDNXFXN�6��%DVNRO�*���2QHU�$2�HW�DO����6HUXP�3DUDR[RQDVH�DFWLYLW\�LV�
GHFUHDVHG�LQ�WKH�DFWLYH�VWDJH�RI�%HKFHW
V�GLVHDVH��%U��-��2SKWKDOPRO���������
��������������
�
����&HNPHQ�P��(YHUHNOLRJOX�&��(U�+�HW�DO����9DVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU�
OHYHOV�DUH�LQFUHDVHG�DQG�DVVRFLDWHG�ZLWK�GLVHDVH�DFWLYLW\�LQ�SDWLHQWV�ZLWK�%HKFHW
V�
V\QGURP��,QW��-��'HUPDWRO���������������������
�
����6DQFDN�%��2QGHU�0��2]WDV�0�2�HW�DO��1LWULF�R[LGH�OHYHOV�LQ�%HKFHW
V�
GLVHDVH�-($'9��������������
�
����2UHP�$��(IH�+��'HJHU�2��HW�DO����5HODWLRQVKLS�EHWZHHQ�OLSLG�SHUR[LGDWLRQ�
DQG�GLVHDVH�DFWLYLW\�LQ�SDWLHQWV�ZLWK�%HKFHW
V�GLVHDVH��-�'HUPDWRO�6FL�
�����������������
�
����%XOGDQOLRJOX�6��7XUNPHQ�6��$\DEDNDQ�+%�HW�DO����1LWULF�R[LGH��OLSLG�
SHUR[LGDWLRQ�DQG�DQWLR[LGDQW�GHIHQFH�V\VWHP�LQ�SDWLHQWV�ZLWK�DFWLYH�RU�LQDFWLYH�
%HKFHW
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