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%DFNJURXQG� 0RUELGLW\ DQG PRUWDOLW\ LQ GLDEHWHV DUH FDXVHG PDLQO\ E\ LWV YDVFXODU FRPSOLFDWLRQV�
ERWK LQ WKH PLFURFLUFXODWLRQ DQG LQ WKH ODUJH YHVVHOV ZLWK DFFHOHUDWHG DWKHURVFOHURVLV� 'LDEHWLF
UHWLQRSDWK\ LV WKH FOLQLFDO KDOOPDUN RI PLFURDQJLRSDWK\ ZKLFK PD\ OHDG WR EOLQGQHVV�
0DWHULDOV DQG PHWKRG� 7KLV VWXG\ ZDV GHVLJQHG LQ W\SH � GLDEHWLF SDWLHQWV ZKR ZHUH RQ
UHJXODU FRQWURO DQG WUHDWPHQW LQ WKH GLDEHWHV FOLQLF RI 7XUJXW 2]DO 0HGLFDO &HQWHU EHWZHHQ -XQH
���� DQG )HEUXDU\ ����� 6L[ KXQGUHG DQG IRUW\�VHYHQ W\SH � GLDEHWLF SDWLHQWV ���� PDOHV DQG
��� IHPDOHV�� DJHG ����� � ����� \HDUV ZHUH HYDOXDWHG� 7KH PHDQ GLDEHWHV GXUDWLRQ ZDV ���� �
���� \HDUV� 3DWLHQWV ZHUH FDWHJRUL]HG DFFRUGLQJ WR WKH SUHVHQFH RI UHWLQRSDWK\�
5HVXOWV� 5HWLQRSDWK\ ZDV HQFRXQWHUHG LQ ��� SDWLHQWV �������� ��� PDOHV DQG ��� IHPDOHV��
DJHG ����� � ����� \HDUV� 7KHLU PHDQ GLDEHWHV GXUDWLRQ ZHUH ����� � ���� \HDUV� )RXU KXQGUHG
DQG VL[W\�VL[ SDWLHQWV ���� PDOHV DQG ��� IHPDOHV�� DJHG ����� � ����� \HDUV IRUPHG WKH QRQ�
UHWLQRSDWK\ JURXS� 7KH PHDQ GLDEHWHV GXUDWLRQ ZHUH ���� � ���� \HDUV� +\SHUWHQVLRQ ZDV
SUHVHQW LQ ��� RI SDWLHQWV �������� ZLWKRXW UHWLQRSDWK\ DQG LQ ��� SDWLHQWV �������� ZLWK
UHWLQRSDWK\� ,Q WHUPV RI JUDGLQJ RI UHWLQRSDWK\� EDFNJURXQG UHWLQRSDWK\ ZDV HQFRXQWHUHG LQ ��
������� SDWLHQWV� SUHSUROLIHUDWLYH UHWLQRSDWK\ ZDV HQFRXQWHUHG LQ �� ������� SDWLHQWV� DQG
SUROLIHUDWLYH UHWLQRSDWK\ ZDV HQFRXQWHUHG LQ �� ������� SDWLHQWV� :KHQ UHWLQRSDWK\ ZDV
FRPSDUHG ZLWK GLDEHWHV GXUDWLRQ� EDFNJURXQG UHWLQRSDWK\ ZDV KLJKO\ HQFRXQWHUHG LQ SDWLHQWV ZLWK
D GXUDWLRQ RI ���� \HDUV� SUHSUROLIHUDWLYH UHWLQRSDWK\ ZDV VHHQ WKH PRVW LQ ����� \HDUV� DQG
SUROLIHUDWLYH UHWLQRSDWK\ ZDV IRXQG WR EH KLJKHU LQ !�� \HDUV� :KHQ SUHVHQFH RI K\SHUWHQVLRQ
ZDV LQYHVWLJDWHG LQ WKHVH SDWLHQWV� ZH IRXQG RXW WKDW ����� RI SDWLHQWV LQ JURXS � �SDWLHQWV ZLWK
GLDEHWHV GXUDWLRQ RI ��� \HDUV�� ����� RI SDWLHQWV LQ JURXS � ����� \HDUV�� ��� RI SDWLHQWV LQ
JURXS � ������ \HDUV�� DQG ����� RI SDWLHQWV LQ JURXS � �!�� \HDUV� ZHUH K\SHUWHQVLYH�
&RQFOXVLRQ� 7KH SUHVHQFH RI K\SHUWHQVLRQ VKRXOG EH LQYHVWLJDWHG LQ SDWLHQWV ZLWK GLDEHWLF
UHWLQRSDWK\ DQG LI SUHVHQW� VKRXOG EH WUHDWHG DJJUHVVLYHO\� :H QHHG IXUWKHU VWXGLHV LQ GLDEHWLF
SDWLHQWV WR FRQVLGHU WKH IUHTXHQF\ DQG VWDJH RI UHWLQRSDWK\ LQ QRUPRWHQVLYH� K\SHUWHQVLYH� DQG
DJJUHVLYHO\ WUHDWHG K\SHUWHQVLYH JURXSV�

.H\ :RUGV� 7\SH � GLDEHWHV� GXUDWLRQ� UHWLQRSDWK\� K\SHUWHQVLRQ

7LS � GL\DEHWOL KDVWDODUGD UHWLQRSDWL� KLSHUWDQVL\RQ YH KDVWDOÕN V�UHVL DUDVÕQGDNL LOLúNL�

� \ÕOOÕN GHQH\LP

$PDo� $UWPÕú DWHURVNOHUR] LOH ELUOLNWH KHP PLNURVLUN�ODV\RQGD� KHP GH E�\�N GDPDUODUGDNL
YDVN�OHU NRPSOLNDV\RQODU GL\DEHW PRUELGLWH YH PRUWDOLWHVLQH QHGHQ ROPDNWDGÕU� .|UO�÷H QHGHQ
RODELOHQ GL\DEHWLN UHWLQRSDWL� PLNURDQML\RSDWLQLQ GH NOLQLN ELU J|VWHUJHVLGLU�
0DWHU\DO YH 0HWRG� dDOÕúPDPÕ]GD� 7XUJXW g]DO 7ÕS 0HUNH]L 'L\DEHW .OLQL÷LQGH� +D]LUDQ ���� LOH
ùXEDW ���� WDULKOHUL DUDVÕQGD WDNLS HGLOHQ� RUWDODPD \DúODUÕ ����� � ����� \ÕO RODQ ��� GL\DEHWLN
KDVWD ���� HUNHN YH ��� ED\DQ� GH÷HUOHQGLULOGL� 2UWDODPD KDVWDOÕN V�UHOHUL ���� � ���� \ÕO LGL�
+DVWDODU� UHWLQRSDWL YDUOÕ÷ÕQD J|UH JUXSODQGÕUÕOGÕ�
%XOJXODU� 5HWLQRSDWL VDSWDQDQ ��� KDVWDQÕQ �������� ��� HUNHN YH ��� ED\DQ� RUWDODPD \DúODUÕ
����� � ����� \ÕO YH RUWDODPD GL\DEHW V�UHOHUL ����� � ���� \ÕO LGL� 5HWLQRSDWL VDSWDQPD\DQ ���
KDVWDQÕQ ���� HUNHN YH ��� ED\DQ� RUWDODPD \DúODUÕ ����� � ����� \ÕO YH RUWDODPD KDVWDOÕN V�UHOHUL
���� � ���� \ÕO LGL� +LSHUWDQVL\RQ� UHWLQRSDWL VDSWDQPD\DQ KDVWDODUÕQ ���¶XQGD �������� YH
UHWLQRSDWL VDSWDQDQ KDVWDODUÕQ ���¶XQGD �������� WHVELW HGLOGL� 5HWLQRSDWL VÕQÕIODPDVÕ \DSÕOGÕ÷ÕQGD�
KDVWDODUÕQ ��¶�QGH ������� EDFNJURXQG UHWLQRSDWL� ��¶VÕQGD SUHSUROLIHUDWLI UHWLQRSDWL ������� YH
��¶VLQGH ������� SUROLIHUDWLI UHWLQRSDWL VDSWDQGÕ� 5HWLQRSDWL� GL\DEHW V�UHVL LOH NDUúÕODúWÕUÕOGÕ÷ÕQGD�
EDFNJURXQG UHWLQRSDWL |]HOOLNOH KDVWDOÕN V�UHVL ���� \ÕO DUDVÕ RODQ KDVWDODUGD HQ ID]OD J|U�O�UNHQ�
SUHSUROLIHUDWLI UHWLQRSDWL ����� \ÕO YH SUROLIHUDWLI UHWLQRSDWL !�� \ÕOGDQ ID]OD KDVWDOÕN V�UHVL RODQ
JUXSODUGD HQ ID]OD J|U�OG�� $\QÕ KDVWD JUXSODUÕQGD KLSHUWDQVL\RQ DUDúWÕUÕOGÕ÷ÕQGD� JUXS �¶GH
�GL\DEHW V�UHVL ��� \ÕO RODQ KDVWDODU� ������ JUXS �¶GH ����� \ÕO� ������ JUXS �¶GH ������ \ÕO� ���
YH JUXS �¶GH �!�� \ÕO� ����� RODUDN EXOXQGX�
6RQXo� 'L\DEHWLN UHWLQRSDWLOL KDVWDODUGD� KLSHUWDQVL\RQ YDUOÕ÷Õ DUDúWÕUÕOPDOÕ YH VDSWDQGÕ÷ÕQGD \R÷XQ
ELU úHNLOGH WHGDYL HGLOPHOLGLU� 1RUPRWDQVLI� KLSHUWDQVLI YH \R÷XQ WHGDYL HGLOHQ KLSHUWDQVLI JUXSODUGD�
GL\DEHWLN UHWLQRSDWL VÕNOÕ÷Õ YH HYUHOHQGLULOPHVL oDOÕúPDODUÕ \DSÕOPDOÕGÕU�

$QDKWDU .HOLPHOHU� 7LS � GL\DEHW� V�UH� UHWLQRSDWL� KLSHUWDQVL\RQ�
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0RUELGLW\ DQG PRUWDOLW\ LQ GLDEHWHV DUH FDXVHG
PDLQO\ E\ LWV YDVFXODU FRPSOLFDWLRQV� ERWK LQ
WKH PLFURFLUFXODWLRQ DQG LQ WKH ODUJH YHVVHOV
ZLWK DFFHOHUDWHG DWKHURVFOHURVLV�� 'LDEHWHV
PHOOLWXV LV WKH OHDGLQJ FDXVH RI QHZ FDVHV RI
EOLQGQHVV IRU SHRSOH EHWZHHQ WKH DJHV RI ��
DQG �� \HDUV�� 'LDEHWLF UHWLQRSDWK\ LV D KLJKO\
VSHFLILF YDVFXODU FRPSOLFDWLRQ RI ERWK W\SH �
DQG W\SH � GLDEHWHV PHOOLWXV� 7KH GLDEHWHV
GXUDWLRQ LV D VLJQLILFDQW ULVN IDFWRU IRU WKH
GHYHORSPHQW RI UHWLQRSDWK\�� $IWHU �� \HDUV RI
GLDEHWHV� QHDUO\ DOO SDWLHQWV ZLWK W\SH �� DQG
PRUH WKDQ �� SHUFHQW RI SDWLHQWV ZLWK W\SH �
GLDEHWHV� KDYH VRPH GHJUHH RI UHWLQRSDWK\��

7KH UHWLQRSDWK\ LV XVXDOO\ FDWHJRUL]HG DV
EDFNJURXQG� SUHSUROLIHUDWLYH� RU SUROLIHUDWLYH
ZKLFK SUHVXPDEO\ UHSUHVHQW GLIIHUHQW VWDJHV RI
WKH VDPH SDWKRSK\VLRORJLFDO SURFHVV�� 9LVXDO
ORVV FDQ QRZ EH ODUJHO\ SUHYHQWHG E\ ODVHU
SKRWRFRDJXODWLRQ DQG YLWUHRUHWLQDO VXUJHU\��

7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR HYDOXDWH
WKH DVVRFLDWLRQ EHWZHHQ UHWLQRSDWK\�
K\SHUWHQVLRQ� GLDEHWHV GXUDWLRQ� DQG JUDGLQJ
RI GLDEHWLF UHWLQRSDWK\ LQ D JURXS RI ZHOO�
FKDUDFWHUL]HG SDWLHQWV�

68%-(&76 $1' 0(7+2'6

6WXG\ 3DUWLFLSDQWV�

7KLV VWXG\ ZDV GHVLJQHG LQ W\SH � GLDEHWLF
SDWLHQWV ZKR ZHUH RQ UHJXODU FRQWURO DQG
WUHDWPHQW LQ WKH GLDEHWHV FOLQLF RI 7XUJXW 2]DO
0HGLFDO &HQWHU EHWZHHQ -XQH ���� DQG
)HEUXDU\ ����� 6L[ KXQGUHG DQG IRUW\�VHYHQ
W\SH � GLDEHWLF SDWLHQWV ZHUH HYDOXDWHG LQ WKH
FURVV�VHFWLRQDO GHVFULSWLYH VWXG\� :H
LQYHVWLJDWHG WKH HIIHFWV RI GLDEHWHV GXUDWLRQ
DQG K\SHUWHQVLRQ LQ SDWLHQWV ZLWK DQG ZLWKRXW
UHWLQRSDWK\ ZKLFK KDYH FOHDU HIIHFWV RQ
SURJQRVLV RI ERWK PLFUR� DQG PDFURYDVFXODU
FRPSOLFDWLRQV� 3DWLHQWV ZLWK RWKHU FKURQLF
GLVHDVHV ZHUH H[FOXGHG IURP WKH VWXG\� 5HWLQDO
H[DPLQDWLRQ ZDV SHUIRUPHG ZLWKLQ WKH ODVW �
PRQWKV E\ WKH VDPH H[SHULHQFHG
RSKWKDOPRORJLVW� 'LDEHWLF SDWLHQWV ZHUH
WUHDWHG E\ GLHW� RUDO DQWLGLDEHWLF GUXJV� RU
LQVXOLQ� 1RQH RI WKH K\SHUWHQVLYH SDWLHQWV

UHFHLYHG DQ\ RWKHU PHGLFDO WUHDWPHQW DSDUW
IURP DQWLK\SHUWHQVLYH GUXJV�

+\SHUWHQVLRQ�

+\SHUWHQVLRQ ZDV GLDJQRVHG DFFRUGLQJ WR WKH
ILIWK UHSRUW RI WKH -RLQW 1DWLRQDO &RPPLWWHH RQ
'HWHFWLRQ� (YDOXDWLRQ� DQG 7UHDWPHQW RI +LJK
%ORRG 3UHVVXUH �-1&�9� �������� PP+J��

*UDGLQJ RI 5HWLQRSDWK\�

2Q WKH EDVLV RI WKH FOLQLFDO JUDGLQJ RI DOO
OHVLRQV� RYHUDOO UHWLQRSDWK\ ZDV JUDGHG RQ D
VFDOH DIWHU LQGXFWLRQ RI F\FORSOHJLD DQG
P\GULDVLV E\ SKHQ\OHSKULQ ��� DQG WURSLFDPLG
�� H\H GURSV� &RQVHTXHQWO\� WKH DVVLJQPHQW
RI UHWLQRSDWK\ JUDGH ZDV PDGH DFFRUGLQJ WR
WKH IROORZLQJ JXLGHOLQHV�
$� %DFNJURXQG GLDEHWLF FKDQJHV ZHUH YLVXDOL�

]HG RSKWKDOPRVFRSLFDOO\ DV PLFURDQHX�
U\VPV� KHPRUUKDJH� IRFDO KDUG H[XGDWHV�
DQG GLIIXVH LQWUDUHWLQDO HGHPD�

%� 3UHSUROLIHUDWLYH GLDEHWLF UHWLQRSDWK\ ZDV
GHILQHG DV D VLJQLILFDQW UHWLQDO PLFUR�
YDVFXODU LVFKHPLD LQ WKH DEVHQFH RI RYHUW
SUHUHWLQDO QHRYDVFXODUL]DWLRQ� 0XOWLSOH
FRWWRQ�ZRRO VSRWV� GDUN EORW KDHPRUUKDJHV�
DQG LQWUDUHWLQDO PLFURYDVFXODU DEQRUPDOLWLHV
DUH DOVR DGGHG WR WKLV FDWHJRU\�

&� 7KH KDOOPDUN RI SUROLIHUDWLYH GLDEHWLF
UHWLQRSDWK\ ZDV QHRYDVFXODUL]DWLRQ RI WKH
UHWLQD RU RSWLF GLVF�

6WDWLVWLFDO $QDO\VLV�

$OO GDWD ZHUH DQDO\]HG XVLQJ 6366 FRPSX�
WDWLRQDO VRIWZDUH� ,QWHUJURXS FRPSDULVRQV
ZHUH HYDOXDWHG VWDWLVWLFDOO\ E\ FKL�VTXDUH WHVW�
WKH GLIIHUHQFH EHWZHHQ WZR SRSXODWLRQ PHDQV
WHVW� DQG RQH�ZD\ $129$ WHVW� 5HVXOWV ZHUH
H[SUHVVHG DV PHDQ�VWDQGDUG GHYLDWLRQ�
S����� ZDV FRQVLGHUHG WR EH VWDWLVWLFDOO\
VLJQLILFDQW�

5(68/76

6L[ KXQGUHG DQG IRUW\�VHYHQ ���� PDOHV DQG
��� IHPDOHV� W\SH � GLDEHWLF SDWLHQWV DJHG
����� � ����� \HDUV ZHUH HYDOXDWHG �7DEOH ���
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7KH PHDQ GLDEHWHV GXUDWLRQ ZDV ���� � ����
\HDUV� 3DWLHQWV ZHUH FDWHJRUL]HG DFFRUGLQJ WR
WKH SUHVHQFH RI UHWLQRSDWK\� 5HWLQRSDWK\ ZDV
HQFRXQWHUHG LQ ��� SDWLHQWV �������� ���
PDOHV DQG ��� IHPDOHV�� DJHG ����� � �����
\HDUV� 7KHLU PHDQ GLDEHWHV GXUDWLRQ ZHUH
����� � ���� \HDUV� 7KHVH SDWLHQWV ZHUH
VXEJURXSHG DFFRUGLQJ WR WKH SUHVHQFH RI
K\SHUWHQVLRQ� +\SHUWHQVLRQ ZDV HQFRXQWHUHG
LQ ��� SDWLHQWV ��������� 7KH PHDQ DJH RI
K\SHUWHQVLYH SDWLHQWV ZLWK UHWLQRSDWK\ ZHUH
����� � ����� \HDUV DQG WKDW RI QRUPRWHQVLYH
SDWLHQWV ZLWK UHWLQRSDWK\ ZHUH ����� � ����
\HDUV� 7KH PHDQ GLDEHWHV GXUDWLRQ LQ WKH VDPH
JURXSV ZHUH ����� � ���� \HDUV LQ WKH
K\SHUWHQVLYH SDWLHQWV DQG ����� � ���� \HDUV
LQ WKH QRUPRWHQVLYH SDWLHQWV�

)RXU KXQGUHG DQG VL[W\�VL[ SDWLHQWV ���� PDOHV
DQG ��� IHPDOHV�� DJHG ����� � ����� \HDUV
IRUPHG WKH QRQ�UHWLQRSDWK\ JURXS� 7KH PHDQ
GLDEHWHV GXUDWLRQ ZHUH ���� � ���� \HDUV�
7KHUH ZDV QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH
EHWZHHQ PDOH DQG IHPDOH SDWLHQWV LQ WHUPV RI
DJH DQG GLDEHWHV GXUDWLRQ �S! ����� ������ �
����� YV ����� � ����� DQG ���� � ���� YV
���� � ���� \HDUV� UHVSHFWLYHO\�� +\SHUWHQVLRQ
ZDV SUHVHQW LQ ��� �������� RXW RI ���
SDWLHQWV ZLWKRXW UHWLQRSDWK\� 7KH PHDQ DJH RI
K\SHUWHQVLYH SDWLHQWV ZLWKRXW UHWLQRSDWK\ ZHUH
����� � ����� \HDUV DQG QRUPRWHQVLYH
SDWLHQWV ZLWKRXW UHWLQRSDWK\ ZHUH ����� �
����� \HDUV� 7KH PHDQ GLDEHWHV GXUDWLRQ LQ

WKH VDPH JURXSV ZHUH ���� � ���� \HDUV LQ
WKH K\SHUWHQVLYH SDWLHQWV DQG ���� � ����
\HDUV LQ WKH QRUPRWHQVLYH SDWLHQWV� 7KHUH ZDV
RQO\ D VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH LQ WKH
GLDEHWHV GXUDWLRQ RI K\SHUWHQVLYH SDWLHQWV ZLWK
DQG ZLWKRXW UHWLQRSDWK\ �S� ������

+\SHUWHQVLRQ ZDV HQFRXQWHUHG LQ ���
�������� RXW RI ��� SDWLHQWV LQ WKH WRWDO
GLDEHWLF SRSXODWLRQ� :KHQ SDWLHQWV ZHUH
FDWHJRUL]HG DFFRUGLQJ WR WKH SUHVHQFH RI
UHWLQRSDWK\� ��� SDWLHQWV �������� ZHUH LQ
WKH UHWLQRSDWK\ JURXS DQG ��� SDWLHQWV
�������� ZHUH LQ WKH QRQ�UHWLQRSDWK\ JURXS�
,Q WHUPV RI W\SHV RI UHWLQRSDWK\� EDFNJURXQG
UHWLQRSDWK\ ZDV HQFRXQWHUHG LQ �� �������
SDWLHQWV� SUHSUROLIHUDWLYH UHWLQRSDWK\ ZDV
HQFRXQWHUHG LQ �� ������� SDWLHQWV� DQG
SUROLIHUDWLYH UHWLQRSDWK\ ZDV HQFRXQWHUHG LQ
�� ������� SDWLHQWV� 7KHUH ZDV QR VWDWLVWLFDOO\
VLJQLILFDQW GLIIHUHQFH EHWZHHQ PDOH DQG IHPDOH
SDWLHQWV LQ WHUPV RI DJH DQG GLDEHWHV GXUDWLRQ
�S! ����� ������ � ����� YV ����� � ���� DQG
����� � ���� YV ����� � ���� \HDUV�
UHVSHFWLYHO\�� 7KH GXUDWLRQ RI GLDEHWHV PHOOLWXV
LQ SDWLHQWV ZLWK EDFNJURXQG UHWLQRSDWK\ ZDV
IRXQG WR EH ���� � ���� \HDUV LQ PDOHV DQG
���� � ���� \HDUV LQ IHPDOHV� LQ SDWLHQWV ZLWK
SUHSUROLIHUDWLYH UHWLQRSDWK\ LW ZDV ����� �
���� \HDUV LQ PDOHV DQG ����� � ���� \HDUV LQ
IHPDOHV� DQG LQ SDWLHQWV ZLWK SUROLIHUDWLYH
UHWLQRSDWK\ LW ZDV ����� � ���� \HDUV LQ PDOHV
DQG ����� � ���� \HDUV LQ IHPDOHV �7DEOH ���

Table 1 . Study design and evaluation of patients with type 2 diabetes according to the presence of retinopathy and 
hypertension.

3DWLHQWV ZLWK W\SH � GLDEHWHV
Q ���

'LDEHWLFV ZLWK UHWLQRSDWK\
Q ���

'LDEHWLFV ZLWKRXW UHWLQRSDWK\
Q ���

+\SHUWHQVLYH GLDEHWLFV
ZLWK UHWLQRSDWK\

Q ���

1RUPRWHQVLYH GLDEHWLFV ZLWK
UHWLQRSDWK\
Q ��

+\SHUWHQVLYH GLDEHWLFV ZLWKRXW
UHWLQRSDWK\
Q ���

1RUPRWHQVLYH GLDEHWLFV
ZLWKRXW UHWLQRSDWK\

Q ���
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<HDUV

+\SHUWHQVLRQ � +\SHUWHQVLRQ �

,Q RUGHU WR GHWHUPLQH WKH UHODWLRQVKLS EHWZHHQ
UHWLQRSDWK\ DQG GXUDWLRQ RI GLDEHWHV� SDWLHQWV
ZHUH FDWHJRUL]HG LQWR � JURXSV� *URXS �
LQFOXGHG SDWLHQWV ZLWK D GLDEHWHV GXUDWLRQ RI ��
� \HDUV� JURXS � LQFOXGHG ���� \HDUV� JURXS �
LQFOXGHG ����� \HDUV� DQG JURXS � LQFOXGHG
��� \HDUV� ,Q JURXS �� EDFNJURXQG UHWLQRSDWK\
ZDV HQFRXQWHUHG LQ ������ SUHSUROLIHUDWLYH
UHWLQRSDWK\ ZDV LQ ����� DQG SUROLIHUDWLYH
UHWLQRSDWK\ ZDV LQ ����� ,Q JURXS ��
EDFNJURXQG UHWLQRSDWK\ ZDV HQFRXQWHUHG LQ
������ SUHSUROLIHUDWLYH UHWLQRSDWK\ ZDV LQ
������ DQG SUROLIHUDWLYH UHWLQRSDWK\ ZDV LQ
������ ,Q JURXS �� EDFNJURXQG UHWLQRSDWK\
ZDV HQFRXQWHUHG LQ ���� SUHSUROLIHUDWLYH
UHWLQRSDWK\ ZDV LQ ���� DQG SUROLIHUDWLYH
UHWLQRSDWK\ ZDV LQ ���� ,Q JURXS ��
EDFNJURXQG UHWLQRSDWK\ ZDV HQFRXQWHUHG LQ
������� SUHSUROLIHUDWLYH UHWLQRSDWK\ ZDV LQ
������� DQG SUROLIHUDWLYH UHWLQRSDWK\ ZDV LQ
������� 7KHUH ZDV VWDWLVWLFDOO\ VLJQLILFDQW
GLIIHUHQFH LQ JURXSV � DQG � �S� �����
�)LJXUH ���

S����� 
)LJXUH �� 1XPEHU RI SDWLHQWV ZLWK EDFNJURXQG� SUHSUROLIHUDWLYH�
DQG SUROLIHUDWLYH UHWLQRSDWK\ LQ FRPSDULVRQ ZLWK WKH GXUDWLRQ RI
GLDEHWHV�

:KHQ SUHVHQFH RI K\SHUWHQVLRQ ZDV
LQYHVWLJDWHG LQ WKHVH JURXSV� ZH IRXQG RXW
WKDW ����� RI SDWLHQWV LQ JURXS �� ����� RI
SDWLHQWV LQ JURXS �� ��� RI SDWLHQWV LQ JURXS
�� DQG ����� RI SDWLHQWV LQ JURXS � ZHUH
K\SHUWHQVLYH� 7KH RQO\ VWDWLVWLFDOO\ VLJQLILFDQW
GLIIHUHQFH ZDV REVHUYHG LQ JURXS � �S� �����
�)LJXUH ���

 
 
 
 
 
 

S�����
)LJXUH �� 1XPEHU RI K\SHUWHQVLYH DQG QRQ�K\SHUWHQVLYH SDWLHQWV
DPRQJ SDWLHQWV ZLWK GLDEHWLF UHWLQRSDWK\�

',6&866,21

2SKWKDOPLF FRPSOLFDWLRQV RI GLDEHWHV LQFOXGH
FRUQHDO DEQRUPDOLWLHV� JODXFRPD� QHRYDVFXOD�
UL]DWLRQ RI WKH LULV� FDWDUDFWV� DQG RSWLF QHUYH
DEQRUPDOLWLHV� EXW E\ IDU WKH PRVW IUHTXHQW
DQG SRWHQWLDO FDXVH RI EOLQGQHVV LV WKH GLDEHWLF
UHWLQRSDWK\� $SSUR[LPDWHO\ ��� RI DOO
GLDEHWLFV KDYH VRPH IRUP RI UHWLQRSDWK\� ,Q
RXU VWXG\ SRSXODWLRQ� WKH UDWH LV ���� 7KH
LQFLGHQFH DQG VHYHULW\ LQFUHDVH FRQVLVWHQWO\
RYHU WLPH VR WKDW PRUH WKDQ ��� RI GLDEHWLFV
GHYHORSHG UHWLQRSDWK\ DW VRPH WLPH GXULQJ
WKHLU OLYHV�� ,W LV NQRZQ IURP WKH VWXGLHV WKDW
HDUO\ GLDJQRVLV DQG WUHDWPHQW RI GLDEHWLF

�
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<HDUV

%DFNJURXQG
3UHSUROLIHUDWLYH
3UROLIHUDWLYH

7DEOH �� 7KH GLVWULEXWLRQ RI SDWLHQWV ZLWK DQG ZLWKRXW UHWLQRSDWK\ DQG GLDEHWHV GXUDWLRQ LQ PDOH DQG IHPDOH SDWLHQWV�

5HWLQRSDWK\ YV 1RQ�UHWLQRSDWK\ 1
0DOH �<HDUV�

; � 6'
)HPDOH �<HDUV�

; � 6'
%DFNJURXQG 5HWLQRSDWK\ �� ���� � ���� ���� � ����
3UHSUROLIHUDWLYH 5HWLQRSDWK\ �� ����� � ���� ����� � ����
3UROLIHUDWLYH 5HWLQRSDWK\ �� ����� � ���� ����� � ����
7RWDO 5HWLQRSDWK\ ��� ����� � ���� ����� � ����
:LWKRXW 5HWLQRSDWK\ ��� ���� � ���� ���� � ����
; � PHDQ
6' � VWDQGDUG GHYLDWLRQ



ùDYOÕ HW DO 

7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ��������� ���

UHWLQRSDWK\ FDQ VORZ LWV SURJUHVVLRQ DQG KHOS
WR SUHYHQW EOLQGQHVV��

7KHUH LV FRQVLGHUDEOH HSLGHPLRORJLFDO HYLGHQFH
VXJJHVWLQJ WKDW K\SHUWHQVLRQ SOD\V D VLJQL�
ILFDQW UROH LQ WKH GHYHORSPHQW DQG SURJUHVVLRQ
RI GLDEHWLF QHSKURSDWK\�� UHWLQRSDWK\����

FDUGLRYDVFXODU GLVHDVH����� DQG QHXURSDWK\�� LQ
SDWLHQWV ZLWK W\SH � GLDEHWHV PHOOLWXV�
+\SHUWHQVLRQ LV D IUHTXHQW FRPSOLFDWLRQ RI
GLDEHWHV DQG LV RIWHQ IRXQG LQ FRQMXQFWLRQ ZLWK
UHWLQRSDWK\� )XUWKHUPRUH� VHYHUDO VWXGLHV KDYH
GHPRQVWUDWHG D VLJQLILFDQW LQFUHDVH LQ PRUWD�
OLW\ LQ GLDEHWLF SDWLHQWV ZLWK K\SHUWHQVLRQ������

'XUDWLRQ RI GLDEHWHV DQG SRRU EORRG JOXFRVH
FRQWURO DUH HVWDEOLVKHG ULVN IDFWRUV IRU WKH
GHYHORSPHQW RI UHWLQRSDWK\������ EXW WKH
SDWKRJHQHWLF PHFKDQLVPV XQGHUO\LQJ WKH
LQLWLDWLRQ DQG SURJUHVVLRQ RI WKLV FRPSOLFDWLRQ
DUH VWLOO SRRUO\ XQGHUVWRRG���

7KH SUHYDOHQFH RI EDFNJURXQG UHWLQRSDWK\
LQFUHDVHV ZLWK DJH� DQG DIWHU �� WR �� \HDUV RI
GLVHDVH DW OHDVW ��� RI SDWLHQWV KDYH UHWLQDO
OHVLRQV��� ,Q W\SH � GLDEHWLF SDWLHQWV� ����� RI
SDWLHQWV KDYH VRPH W\SH RI UHWLQRSDWK\ DIWHU
�� \HDUV RI GLVHDVH� DQG ��� KDYH
SUROLIHUDWLYH UHWLQRSDWK\ DIWHU �� \HDUV���

,Q RXU VWXG\� ZH GHWHFWHG D VWURQJ FRUUHODWLRQ
EHWZHHQ UHWLQRSDWK\ JUDGLQJ DQG GLDEHWHV
GXUDWLRQ� %DFNJURXQG UHWLQRSDWK\ ZDV KLJKO\
HQFRXQWHUHG LQ JURXS �� SUHSUROLIHUDWLYH
UHWLQRSDWK\ ZDV VHHQ WKH PRVW LQ JURXS �� DQG
SUROLIHUDWLYH UHWLQRSDWK\ ZDV IRXQG WR EH
KLJKHU LQ JURXS �� $IWHU � \HDUV� SDWLHQWV ZHUH
DW LQFUHDVHG ULVN RI GHYHORSLQJ UHWLQRSDWK\
�%DFNJURXQG UHWLQRSDWK\ ������ SUHSUROL�
IHUDWLYH UHWLQRSDWK\ ������ DQG SUROLIHUDWLYH
UHWLQRSDWK\ ������� ,Q D QDWLRQDO VWXG\
SHUIRUPHG LQ .ÕUÕNNDOH DQG øVNHQGHUXQ� WKH
SUHYDOHQFH RI UHWLQRSDWK\ LQ SDWLHQWV ZLWK
QHZO\ GLDJQRVHG GLDEHWHV PHOOLWXV ZDV
VHDUFKHG� 2I WKRVH �� SDWLHQWV� �� SDWLHQWV
�������� ZHUH GLDJQRVHG WR KDYH UHWLQRSDWK\
DW WKH LQLWLDO GLDJQRVLV RI W\SH � GLDEHWHV�
7ZHQW\�RQH SDWLHQWV �������� ZHUH GLDJQRVHG
WR KDYH K\SHUWHQVLRQ� :KHQ GLDEHWLF SDWLHQWV
ZLWK UHWLQRSDWK\ ZHUH VHDUFKHG IRU WKH
SUHVHQFH RI K\SHUWHQVLRQ� � SDWLHQWV �����
ZHUH IRXQG WR EH K\SHUWHQVLYH DW WKH LQLWLDO
GLDJQRVLV RI UHWLQRSDWK\��� ,Q RXU VWXG\� �����
RI GLDEHWLF UHWLQRSDWK\ SDWLHQWV ZLWK D GLVHDVH

GXUDWLRQ RI ��� \HDUV ZHUH IRXQG WR EH
K\SHUWHQVLYH�

7KH IRXU UHWLQRSDWK\ JURXSV ZHUH DOVR
FRPSDUHG IRU WKH SUHVHQFH RI K\SHUWHQVLRQ�
,QWHUHVWLQJO\� LQ DOO JURXSV� WKH IUHTXHQF\ RI
K\SHUWHQVLRQ ZDV IRXQG WR EH KLJKHU �������
������ ������ DQG ������ UHVSHFWLYHO\�� ,Q
JURXS �� RQO\ ����� RI SDWLHQWV ZHUH QRW
K\SHUWHQVLYH�

'LDEHWLFV DUH RIWHQ DIIHFWHG E\ ERWK GLDEHWHV
DQG K\SHUWHQVLRQ ZKLFK DUH DOVR LQGHSHQGHQW
ULVN IDFWRUV IRU PRUELGLW\ �PLFUR� DQG
PDFURYDVFXODU� DQG PRUWDOLW\� 3HRSOH ZLWK W\SH
� GLDEHWHV PDNH XS WKH JUHDWHVW SURSRUWLRQ RI
WKRVH ZLWK K\SHUWHQVLRQ��� ,W LV RIWHQ IRXQG LQ
FRQMXQFWLRQ ZLWK UHWLQRSDWK\� 1HYHUWKHOHVV�
UHWLQRSDWK\ DOVR RFFXUV LQ WKH DEVHQFH RI
K\SHUWHQVLRQ�� +\SHUWHQVLRQ DSSHDUV WR EH D
VLJQLILFDQW FRQWULEXWRU WR WKH GHYHORSPHQW DQG
SURJUHVVLRQ RI GLDEHWLF FRPSOLFDWLRQV��� 7KH
UROH RI EORRG SUHVVXUH HOHYDWLRQ LQ WKH
LQFLGHQFH DQG SURJUHVVLRQ RI GLDEHWLF
UHWLQRSDWK\ LV QRW FOHDUO\ HVWDEOLVKHG DQG WKH
UHVXOWV KDYH EHHQ FRQIOLFWLQJ������

+\SHUWHQVLRQ PD\ DOVR SOD\ D UROH LQ WKH
HYROXWLRQ RI GLDEHWLF UHWLQRSDWK\ E\ LQFUHDVLQJ
UHWLQDO EORRG IORZ������ .RKQHU HW DO �� UHSRUWHG
WKDW WKH VHYHULW\ RI UHWLQRSDWK\ ZDV IRXQG WR
EH DVVRFLDWHG ZLWK LQFUHDVHG V\VWROLF DQG
GLDVWROLF EORRG SUHVVXUHV� 3DWLHQWV ZLWK
PLFURYDVFXODU UHWLQDO SDWKRORJ\ PD\ DOVR KDYH
UHQDO LQYROYHPHQW DQG VHFRQGDU\ KLJKHU
V\VWROLF EORRG SUHVVXUHV� +RZHYHU� WKH\ DOVR
IRXQG WKDW LQFUHDVHG XULQH DOEXPLQ
FRQFHQWUDWLRQV VKRZHG RQO\ D ZHDN DVVRFLDWLRQ
ZLWK UHWLQRSDWK\ LQ ZRPHQ DQG QR DVVRFLDWLRQ
LQ PHQ� 7KH DXWKRUV FRQFOXGHG WKDW KLJKHU
V\VWROLF EORRG SUHVVXUH SHU VH ZDV SUREDEO\ DQ
LPSRUWDQW GHWHUPLQDQW RI UHWLQRSDWK\� 2Q WKH
RWKHU KDQG� 1RUJDDUG HW DO �� DWWHPSWHG WR
VHSDUDWH WKH SRVVLEOH HIIHFWV RI K\SHUWHQVLRQ
DQG RI LQFUHDVHG XULQDU\ DOEXPLQ ORVV RQ
GLDEHWLF UHWLQRSDWK\ E\ FRPSDULQJ K\SHUWHQ�
VLYH� QRUPRDOEXPLQXULF ,''0 SDWLHQWV ZLWK
QRUPRWHQVLYH� QRUPRDOEXPLQXULF SDWLHQWV DQG
IRXQG QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH LQ
SUHYDOHQFH RI GLDEHWLF UHWLQRSDWK\� WKXV
FODLPLQJ WKDW K\SHUWHQVLRQ LV QRW DVVRFLDWHG
ZLWK LQFUHDVHG UHWLQDO FKDQJHV�



7KH DVVRFLDWLRQ EHWZHHQ UHWLQRSDWK\� K\SHUWHQVLRQ� DQG GLDEHWHV GXUDWLRQ LQ W\SH � GLDEHWLFV� ��\HDUV RI H[SHULHQFH 

7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ��������� ���

$OWKRXJK EORRG SUHVVXUH DQG XULQDU\ DOEXPLQ
H[FUHWLRQ DUH FORVHO\ UHODWHG� WKH DVVRFLDWLRQ
EHWZHHQ EORRG SUHVVXUH DQG GLDEHWLF
UHWLQRSDWK\ LV SUHVHQW DOVR ZKHQ FRH[LVWLQJ
UHQDO GLVHDVH LV H[FOXGHG DQG WKH UHODWLRQVKLS
EHWZHHQ UHWLQRSDWK\ DQG K\SHUWHQVLRQ PD\
QRW EH FRQILQHG WR SDWLHQWV ZLWK HOHYDWHG
XULQDU\ DOEXPLQ H[FUHWLRQ��� +RZHYHU� HYDOX�
DWLRQ RI D SRVVLEOH LQGHSHQGHQW UHODWLRQVKLS
EHWZHHQ UHWLQRSDWK\ DQG EORRG SUHVVXUH
HOHYDWLRQ LV UHQGHUHG LPSRVVLEOH ZLWKRXW
SUHFLVH LQIRUPDWLRQ DOEXPLQ H[FUHWLRQ� VLQFH
FRQIRXQGLQJ E\ FRH[LVWLQJ LQFLSLHQW UHQDO
GLVHDVH FDQ QRW EH UXOHG RXW���

7KH SUHVHQFH RI K\SHUWHQVLRQ VKRXOG EH
LQYHVWLJDWHG LQ SDWLHQWV ZLWK GLDEHWLF UHWLQR�
SDWK\ DQG LI SUHVHQW� VKRXOG EH WUHDWHG
DJJUHVVLYHO\� :H QHHG IXUWKHU VWXGLHV LQ
GLDEHWLF SDWLHQWV WR FRQVLGHU WKH IUHTXHQF\ DQG
VWDJH RI UHWLQRSDWK\ LQ QRUPRWHQVLYH� K\SHU�
WHQVLYH� DQG DJJUHVLYHO\ WUHDWHG K\SHUWHQVLYH
JURXSV� 3URVSHFWLYH VWXGLHV DUH DOVR QHHGHG LQ
RUGHU WR IXUWKHU HYDOXDWH WKH DVVRFLDWLRQ
EHWZHHQ EORRG SUHVVXUH HOHYDWLRQ DQG GLDEHWLF
UHWLQRSDWK\ DQG FRQWURO VWXGLHV GHVLJQHG WR
HYDOXDWH ZKHWKHU DQWLK\SHUWHQVLYH WKHUDS\
PD\ LPSHGH RU SUHYHQW GHYHORSPHQW DQG
SURJUHVVLRQ RI GLDEHWLF UHWLQRSDWK\ ZRXOG EH RI
LQWHUHVW�

5()(5(1&(6

�� 3DUYLQJ +�+� �VWHUE\ 5� $QGHUVRQ 3:� +VXHK :$� 'LDEHWLF
QHSKURSDWK\� ,Q� %UHQQHU %0� HG� 7KH .LGQH\� :% 6DXQGHUV
&R� 3KLODGHOSKLD� 6DXQGHUV� ����� S� ����������

�� $PHULFDQ $FDGHP\ RI 2SKWKDOPRORJ\� %DVLF DQG &OLQLFDO
6FLHQFH &RXUVH� 6HFWLRQ �� 5HWLQD DQG 9LWUHRXV� 6DQ
)UDQFLVFR� &DOLIRUQLD� ����� ������

�� )HGHUPDQ -/� *RXUDV 3� 6FKXEHUW +� 6OXVKHU 00� 9UDEHF 75�
5HWLQD DQG 9LWUHRXV� ,Q� 3RGRV 60� <DQRII 0 �HGV�� 7H[WERRN
RI 2SKWKDOPRORJ\� YROXPH �� ����� ��� �����

�� :LOVRQ -'� )RVWHU ':� .URQHQEHUJ +0� /DUVHQ 35� ,Q� 8QJHU
5+� )RVWHU ':� 'LDEHWHV 0HOOLWXV� :LOOLDPV 7H[WERRN RI
(QGRFULQRORJ\� :% 6DXQGHUV &RPSDQ\� ����� S �������

�� :LOOLDPV *� 3LFNXS -&� +DQGERRN RI 'LDEHWHV� %ODFNZHOO
6FLHQFH� 2[IRUG ����� S �������

�� :DONHU :*� +HUPDQQ -� 0XUSK\ 5� HW DO� (OHYDWHG EORRG
SUHVVXUH DQG DQJLRWHQVLQ ,, DUH DVVRFLDWHG ZLWK DFFHOHUDWHG
ORVV RI UHQDO IXQFWLRQ LQ GLDEHWLF QHSKURSDWK\� 7UDQV $P &OLQ
&OLPDWRO $VVRF ����� ��� �������

�� .QRZOHU :&� %HQQHW 3+� %DOOLQWLQH (-� ,QFUHDVHG LQFLGHQFH RI
UHWLQRSDWK\ LQ GLDEHWLFV ZLWK HOHYDWHG EORRG SUHVVXUH� 1 (QJO
- 0HG ����� ���� �������

�� ,VKLKDUD 0� <XNLPXUD <� $L]DZD 7� HW DO� +LJK EORRG SUHVVXUH
DV D ULVN IDFWRU LQ GLDEHWLF UHWLQRSDWK\ GHYHORSPHQW LQ 1,''0
SDWLHQWV� 'LDEHWHV &DUH ����� ��� �����

�� -DQND +� 'LUVFKHGO 3� 6\VWROLF EORRG SUHVVXUH DV D SUHGLFWRU
IRU FDUGLRYDVFXODU GLVHDVH LQ GLDEHWHV� D ILYH \HDU ORQJLWXGLQDO
VWXG\� +\SHUWHQVLRQ ����� � >6XSSO �@� ,,���,,���

��� )DFWRU 60� 0LQDVH 7� 6RQQHQEOLFN (+� &OLQLFDO DQG
PRUSKRORJLFDO IHDWXUHV RI KXPDQ K\SHUWHQVLYH�GLDEHWLF
FDUGLRP\RSDWK\� $P +HDUW - ����� ��� �������

��� .XOOHU /+� 'RUPDQ -6� :ROI 3$� &HUHEURYDVFXODU GLVHDVH DQG
GLDEHWHV� ,Q� GLDEHWHV LQ $PHULFD� :DVKLQJWRQ '&� 86
'HSDUWPHQW RI +HDOWK DQG +XPDQ 6HUYLFHV ����� 3XEOLFDWLRQ
�������� SS ����

��� 7XFN 0/� 'LDEHWHV DQG K\SHUWHQVLRQ� 3RVWJUDG 0HG - �����
�� >6XSSO �@� ������

��� 0DVHU 5� 6WHHQNLVVWH $� 'RUPDQ -� HW DO� (SLGHPLRORJLFDO
FRUUHODWHV RI GLDEHWLF QHXURSDWK\� 'LDEHWHV ����� ��� �����
���

��� 'XSUHH ($� 0H\HU 0%� 5ROH RI ULVN IDFWRUV LQ FRPSOLFDWLRQV RI
GLDEHWHV PHOOLWXV� $P - (SLGHPLRO ����� ���� �������

��� 1HOVRQ 5*� 1HZPDQ -0� .QRZOHU :&� HW DO� ,QFLGHQFH RI
HQG�VWDJH UHQDO GLVHDVH LQ W\SH ,, GLDEHWHV PHOOLWXV LQ 3LPD
,QGLDQV� 'LDEHWRORJLD ����� ��� �������

��� .OHLQ 5� .OHLQ %(� 0RVV 6(� &UXLFNVKDQNV .-� 5HODWLRQVKLS RI
K\SHUJO\FHPLD WR WKH ORQJ�WHUP LQFLGHQFH DQG SURJUHVVLRQ RI
GLDEHWLF UHWLQRSDWK\� $UFK ,QWHUQ 0HG ����� ���� ��������

��� 7KH 'LDEHWHV &RQWURO DQG &RPSOLFDWLRQ 7ULDO 5HVHDUFK *URXS�
7KH HIIHFW RI LQWHQVLYH WUHDWPHQW RI GLDEHWHV RQ WKH
GHYHORSPHQW DQG SURJUHVVLRQ RI ORQJ�WHUP FRPSOLFDWLRQV LQ
LQVXOLQ�GHSHQGHQW GLDEHWHV PHOOLWXV� 1 (QJO - 0HG ����� ����
�������

��� &KDVH +3� *DUJ 6.� -DFNVRQ :(� HW DO� %ORRG SUHVVXUH DQG
UHWLQRSDWK\ LQ W\SH , GLDEHWHV� 2SKWKDOPRORJ\ ����� ��� ����
��

��� .QXLPDQQ 0:� :HOERUQ 7$� 0F&DQQ 9-� 6WDQWRQ .*�
&RQVWDEOH ,-� 3UHYDODQFH RI GLDEHWLF FRPSOLFDWLRQV LQ UHODWLRQ
WR ULVN IDFWRUV� 'LDEHWHV ����� ��� �������

��� %XUGLWW $)� &DLUG ),� 'UDSHQ *-� 7KH QDWXUDO KLVWRU\ RI
GLDEHWLF UHWLQRSDWK\� 4 - 0HG ����� ��� �������

��� .OHLQ 5� .OHLQ %(.� 0RVV 6(� HW DO� 7KH :LVFRQVLQ
(SLGHPLRORJLF 6WXG\ RI 'LDEHWLF 5HWLQRSDWK\ ,,� SUHYDODQFH
DQG ULVN IDFWRUV RI GLDEHWLF UHWLQRSDWK\ ZKHQ DJH DW GLDJQRVLV
LV OHVV WKDQ �� \HDUV� $UFK 2SKWKDOPRO ����� ���� ������

��� *�OLWHU 6� (UJLQ $� (PLU 0� %D\UDNWDU =� 3UHYDOHQFH RI
UHWLQRSDWK\ LQ SDWLHQWV ZLWK QHZO\ GLDJQRVHG GLDEHWHV
PHOOLWXV� 5HW�YLW ����� �� ������

��� 0DUNV -%� 5DVNLQ 3� 3UHYHQWLRQ DQG WUHDWPHQW RI GLDEHWHV DQG
LWV FRPSOLFDWLRQV� QHSKURSDWK\ DQG K\SHUWHQVLRQ LQ GLDEHWHV�
0HG &OLQ 1RUWK $P ����� ������ ��������

��� 6FKULHU 5:� (VWDFLR 52� -HIIHUV %� $SSURSULDWH EORRG SUHVVXUH
FRQWURO LQ 1,''0 �$%&'� 7ULDO� 'LDEHWRORJLD ����� ��� �����
���

��� 6FKULHU 5:� 6DYDJH 6� $SSURSULDWH EORRG SUHVVXUH FRQWURO LQ
GLDEHWHV �$%&'� 7ULDO� ,PSOLFDWLRQV IRU FRPSOLFDWLRQV� $P -
.LGQH\ 'LV ����� �� ������

��� +LOERUQH /+� /LQ 3&� +LJJLQV 6$� 5RGJHUVRQ '2� (YDOXDWLRQ RI
WKH %HKULQJ QHSKHORPHWHU IRU GHWHFWLRQ RI ORZ OHYHO XULQDU\
DOEXPLQ� $P - &OLQ 3DWKRO ����� ��� �������

��� 0RJHQVHQ &(� 0LFURDOEXPLQXULD LQ GLDEHWLF UHQDO GLVHDVH� ,Q�
0RJHQVHQ &(� 6WDQGO ( �HGV�� 3UHYHQWLRQ DQG WUHDWPHQW RI
GLDEHWLF ODWH FRPSOLFDWLRQV� *UX\WHU� 1HZ <RUN�

��� 3RXOVHQ 3/� %HN 7� (EEHK¡M (� +DQVHQ .:� 0RJHQVHQ &(� ���
K DPEXODWRU\ EORRG SUHVVXUH DQG UHWLQRSDWK\ LQ
QRUPRDOEXPLQXULF ,''0 SDWLHQWV� 'LDEHWRORJLD ����� ���
��������

��� 3DWHO 9� 5DVVDP 6� 1HZVRP 5� :LHN -� .RKQHU (0� 5HWLQDO
EORRG IORZ LQ GLDEHWLF UHWLQRSDWK\� %0- ����� ���� �������

��� 5DVVDP 60%� 3DWHO 9� .RKQHU (0� 7KH HIIHFW RI H[SHULPHQWDO
K\SHUWHQVLRQ RQ UHWLQDO DXWRUHJXODWLRQ LQ KXPDQV� D
PHFKDQLVP IRU WKH SURJUHVVLRQ RI GLDEHWLF UHWLQRSDWK\� ([S
3K\VLRO ����� ��� ������

��� .RKQHU (0� $OGLQJWRQ 6-� 6WUDWWRQ ,0� 0DQOH\ 6(� +ROPDQ
55� 0DWWKHZV '5� 7XUQHU 5&� 8QLWHG .LQJGRP 3URVSHFWLYH
'LDEHWHV 6WXG\� ��� 'LDEHWLF UHWLQRSDWK\ DW GLDJQRVLV RI QRQ�
LQVXOLQ GHSHQGHQW GLDEHWHV PHOOLWXV DQG DVVRFLDWHG ULVN
IDFWRUV� $UFK 2SKWKDOPRO ����� ���� ��������

��� 1RUJDDUG .� )HOGW 5DVPXVVHQ %� 'HFNHUW 7� ,V K\SHUWHQVLRQ D
PDMRU LQGHSHQGHQW ULVN IDFWRU IRU UHWLQRSDWK\ LQ W\SH �
GLDEHWHV" 'LDEHW 0HG ����� �� ��������


