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$EVWUDFW

7KH +39 UHODWHG FDQFHUV LQFOXGLQJ FHUYLFDO FDQFHWYV DUH
7KHUH DUH PRUH WKDQ W\SHV LQ WKH ODVW +39 FODVVLILFDWLRQ

3DSLOORPDYLUXVHV UHSOLFDWH H[FOXVLYHO\ LQ NHUDWBGQRF\W
EHFRPHV LQFUHDVLQJO\ GLIIHUHQWLDWHG WKH YLUXV %6 G HU\RIHW R |
WKH HSLWKHOLXP

&HUYLFDO FDUFLQRJHQHVLY HQFRPSDVVHV IRXU VWHS\OD® MQKWM L
VWDWXV IROORZHG E\ SHUVLVWHQFH RU FOHDUDQFH HQRIFRMHOW RL
LQYDVLYH FDUFLQRPDV 7KH ILUVW WKUHH VWDJHY DUH UHYHUVLEOH |

8QFKHFNHG FHOOXODU F\FOLQJ SHUPLWV WKH DFFXPXODWLRQ RI
DQG ( SURWHLQV LQIOXHQFH WKH S DQG S5% DFWLRQV DQG PD\ LQG

7KHUH DUH DOVR DQRWKHU IDFWRUV LPSOLHG VXFK DWH DHRE@RIRIDFV H(
FRPSURPLVHG LPPXQLW\ JHQHWLF VXVFHSWLELOLW\ VSHFLILF YDJLQ

2QFRJHQLF +39 LV QHFHVVDU\ IRU FDUFLQRJHQHVLYV DQG XVXDO
&DUFLQRJHQHVLV LV D YHU\ ORQJ SURFHVVY DQG PRVW RI WKH G\VSOD

5HIXPDW ,QIHF LD FX YLUXVXO KXPDQSDSLOORPD uL FDL

&DQFHUHOH GHWHUPLQDWH GH +39 LQFOX]kQG UL FDQHHUX®@LGH |
PDOLJQH vQ WRDW OXPHD ([LVW PDL PXOW GH WLSXUL GH +39 OD
9LUXVXULOH 3DSLOORPD VH PXOWLSOLF QXPDL vQ NHUDWHQRLW
WRW PDL GLIHUHQ LDWH YLUXVXO XUPHD] R FDVFDG HR® GII$SL WEHHOWX.
&DUFLQRJHQ]D FHUYLFDO WUHFH SULQ SDWUX SDUL vQYWQWHXOF
ODWHQW XUPDW GH SHUVLVWHQ VDX GLVSDUL LH DUIHBFEKQMNLYEDDBL (
LQYD]LY 3ULPHOH WUHL VWDGLL VXQW UHYHUVLELOH GDU XOWLPXO H
&LFOXO FHOXODU QHFRQWURODW SHUPLWH DFXPXODUHDI1IGH PXWI
XOXL 3URWHLQHOH ( UL ( LQIOXHQ HD] IXQF LLOH QRUPDOH DOH S
ODL SRW IL uL DO L IDFWRUL LPSOLFD L vQ DFHVW SURBDHWL ¥ XP
DFWLYDUHD WHORPHUD]HL LPXQLWDWHD FRPSURPLV VXVEHBSMWLELOL
9LUXVXULOH RQFRJHQLFH +39 VXQW QHFHVDUH SHQWUX EDMFHUR
UHJROYDWH FX VXFFHV &DQFHURJHQH]D HVWH XQ SURHNWY D] G/BERQYIMDX

EXYLQWH EKXVXO KXPDQSDSLOORPD FDQFHUXO GH FRO X

,QWURGXFWLRQ

'RUOGZLGH WKH FDQFHU RH®WKHVHIQW L] XRNVHIWPDLOH FDQFHU
WKH VHFRQG PRVW FRPPRQ FDQFHUW RIOWKXBDRORPPIQFBHIQE® DUH FD X
WKHUH DUH PRUH WKDQ DOWR VW VKOG LIRDIJYKWHYE DUH FRQ
HDFK \HDU SDSLOORPDYLUXVHYVY +39 DFWLRQ

,Q OHVV GHYHORSHG FRX®WWKHRVHOHD QIGF BOVW EQHIQUYHOD W t

&25(6321'(1>aWHIDQ % Xi® RDUGBRXQW XUHDQX FRP
(< :25'6KXPDQ SDSLOORPDYLUXV FHUYLFDO FDQFHU REVWR @i gEB¥ RIORUDDY L QR



+XPDQ 3DSLOORPD LQIHFWLRQ DQG FHUYLFDO FDUFLQRJHQHYV

VXFK DV PDQ\ NLQGV Rl ZDUWYV $6SKNOISPBROORPOELUXY %HWD:
UHVSLUDWRU\ GLVHDVHV KHDIP PREDOQHBK RFAODFIHIUXW O0XSDSLOQ
3URJUHVVLRQ WR FDQFHU LV TXXSD-SUDORPDWH® ¥R WHKEO WSS HV RI
UHODWHG FDQFHUV FRQWDLBQDRY VALHUNG FEDY HF® RRHWYKHIDUWHL$ VH
DPRQJ WKH PRVW FRPPRQ PDOLJQDB®PDW ZRWH QZKIHEHRQO\ NQRZQ L

+39 KDV EHHQ LPSOLFDWH®@ A Q7RBPRYMPRUSKIRVLY RI WKH GLI
FHUYLFDO VTXDPRXV FHOO FD#BPLQRRDKOV R HWHKH \8 Y HAERPRRHJ U D W L
RI WKH YLUXV LV UHTXLUHG IRDSWHBVOHYHORSRNQWERQH WKHD W +3
WXPRU SURFHVV ILYH PDMRU EUDQFKHV WKDW UHIOHF

7KHUH DUH WLOO QRZ PRQB WIKDHUVLIWMEGHYVORQJ ZLWK WKH K
WKH ODVW +39 FODVVLILFDWLRMSKOGBRWHYLUXVHY KDYH QHYHU EH

+LVWRU\ 6WUXFWXUH

3DSLOORPDYLUXVHV 39 KDYHWRKHKMOPRRDEBXQBPU OHYHO +39
JHQRPLF RUJDQL]DWLRQ IRU DNEHUGREEMIRQMGU D QRALK® LRIQFLUF X 0D
\HDUV 7KH\ H[SDQG WRJHWKHKDXIHW K WRHLUWRR\QNGLOHPFHWHNU D QI
PDPPDOLDQV DQG ELUGV WKFD BUGWRRPERVEBGHRKRVAWDSVRPHUYV
VSHFLHV 7KH\ ZHUH ILUVW L GAHCHWLLQMHEGF W W MJKIR EHYL Q Q LJQRO
RI WKH WK FHQWXU\ 7KH JHQRPH RI SDSLOORPDYLUXV

%DFN WR PLG QLQHWHHQWKK HFiH QW XIUR QM. UFIK® PHPEHUV RI ST
QRWLFHG WKDW VLWHV RI FKKROQHMQXOWDWPPBIWLREIJROBWRU\ U
IDYRUDEOH IRU RFFXUUHQFH RKRWXPRBNUFXODU +39 JHQRPH HQFR:

Q JUDQFLV 3H\WRQ 5RXW EDD WHKHLHGEWFKURQRORJ\ RI PI
WR GHPRQVWUDWH WKDW D YLUXV PD\ GHWHD®PIGQH DDBRBQGEWH /
LQ PDPPDOV +H ZRQ WKH 1REMHOQBIWL]H LAXH YLUDO FDSVLG KHOSV

*HRUJLRV 3DSDQLFRODRXEDY® ®@ HUBPHURR XUDKHMO RN ZKHUH LW
&RUQHOO 8QLYHUVLW\ SXEOLVHKB6ERGKHL & \| DWPRK V DG FOHH QKN 7
GLDJQRVWLF YDOXH RI YDJLQDHWQWRHDWHN HQVHQWFLLIMR DR RIQGXFH
WKH XWHUXV ~ LQ $PHULFDQ -RXUQDO RI 2EVWHWULFV DQG
*\QHFRORJ\ LQ $XJXVW 1IDWXUDO KLVWRU\

+DUDOG |XU +DXVHQ DQWLFLSDWH LQ WKDW
KXPDQ SDSLOORPD YLUXV PD\ SODVEEA PRORVWBEORRORYHUIDD LQIH|
WKH JHQHVLV RI FHUYLFDO FDUQFHWR GRPW LNBIUW D DFRU LKWH GHW H
DQG KLV FROODERUDWRUV LGSRSILODHRE® FBOU XIVQG 3939 ORUH WKDQ
LQ FHUYLFDO FDQFHU VDPSOHVFWIHY BDR/X WIKGIV1IREDM B ILGIHFWHG
'LQQHU IRU OHGLFLQH LQ SRLQW DQG VRPH RI WKHP PD\ EH U}

)'$ DSSURYHG WKH TXDGULYDOHQW +39
YDFFLQH LQ DQG WKH ELYDOH@WXRQW\LQKH PRPHQW RI DFTXLL

VKRUWO\ DIWHU EHFRPLQJ VH[XDOO\
&ODVVLILFDWLRQ JHQLWDO FRQWDFW LV DQRWKHU ZH
WUDQVPLVVLRQ

$00 39V IRUP 3DISH ODRIPM\Y LU LIDBHLOORPDYLUXVHY KDYH PRGH
7KH IDPROLOORPPRQWDERN  MQHDG\DUHBSOLFDWLRQ RI WKH HSLVI
+XPDQ SDSLOORPDYLUXV W\S HVHIOIWHDEHH 8 URIDL.QIFK HE SMWFR WLRQ L

VSHFLHV ZKLFK JHQHUDWH SURJHQ\ YLUXV

2EMWHQ@HWERDRJLD



N % X@XUHDQX

(SLGHUPDO FHOOV GLIITHUHQWRDRHHDY & LPUX VDSWHR @/ RFW LR Q
WKH VXUIDFH $W WKH NHUDWLWLF OD\HU WKH PDWXUH YLUXV L
SUHVHQW LQ KLJK FRS\ QXPEHUV 7TIKGIGODW WKHGQHY WKHQG / HJ
H[IROLDWLRQ FHOOV 7KH SUR FRHMMRILFIWKE WHS GELLA DAL IR Q WDLCDANH
WKH WH[WXUH RI WKH HSLGHUWRKSH ULRRIGX DIDQH UPX RR WIK3H RN FRV L
FXWDQHRXV ZDUWYV FRUUHODWHG ZLWK D VWULNLQJ V

+39 LQIHFWLRQV XVXDOO\FRBVYW\RIR IZMWKKHR X WUD@\ JHQRPH 7
LOQWHUYHQWLRQ ZLWKLQ D IH¥WBDRWKN H3 WH X DIPRIXM HISW WRK® O L |
DQG DERXW GLVDSSHDU ZLWKIUY HLODWDWY FHKE\ IFHOWD/I R WKH LF
GXUDWLRQ Rl QHZ LQIHFWLRQUOWHIHRW RRQWKYLRQ PD\ UHSUH

$ VPDOO UDWLR RI LQIHFMIYPYYL ZQWK FHUWDLQ W\SHV
RI +39 FDQ SHUVLVW DQG SURJUHVWZVR GOHFAHIUR BVXBORUHQ\ Y
LW PD\ WDNH WR \HDUV WRDGNYIRERS G ERUWIKFD 6 HO® FPHUF O H
LQ ZRPHQ ZLWK D QRUPDO LPRXYSB RLWVNEBMERNWDRQ®ALRQ DV DQ
WR \HDUV LQ ZRPHQ ZLWK ZHDNBQRBDLIWRXQ W NOHWDNP PHFKDQL\

&HUYLFDO FDUFLQRJHQHVLV H
JLUVW VWHS VWHSV LQ WKH LQWHUDFWLRQV RI
FHOOV ODWHQW VWDWXV IROOR
3DSLOORPDYLUXVHV UHSPQKDWMHQHHF O X LHFAWL YHQY LU XV HV
NHUDWLQRF\WHYV B6WHP FHOO\D @& UWMH GRAXWORBEPH QWK HRISUQRDY
REMHFW RI SDSLOORPDYLUXV ILQIWKWARQMH S\OWDHIHAR D WAV FSIW HQ
WKH YLUDO OLIH F\FOH DUH UJRHRKVOLE®HSHQGHQW RQ WKH
SURFHVV RI FHOOV GLIIHUHQWLDWERE GHYHORSPHQW RI FDQFHL
3DSLOORPDYLUXVHV JHW DEFHYNGWER NE& UDDWPP@RFRWH FHOOV
VWHP FHOOV WKURXJK VPDOO RRXRHZMW DRV DWW O HQ F@/X G PQ B UR QR N L
ZLGWK LQ WKH PXFRVDO RU WRL® HAX WRIFFHK D@WHRU B FW HRIQHV W D
EHWZHHQ / DQG D UHFHSWRUPOENRHMANRQIPNIOSKDWH RQ
WKH FHOO VXUIDFH SURPRWH WKHS$IOQL WLDRVHWVKDNYKPHQORORH @/ K
YLUXV $IWHU WKDW WKH Y IMRX\HOX ®H OLHP RORQIH W HRR/LGHWM UR®
WKH FHOO VXUIDFH WUDQ\WPRUMBGLBEY IHERERPDERMREKDJIHV D
PHPEUDQH HQFORVHG YHVLFOHVFRQMHFRBQEG SWRMW BIFWLYDWLR
EUHDN RIl WKH PHPEUDQH RI RHGL BIW BB VIRIPSRVIWO-ORZL Q J
WKH YLUDO JHQRPH WR JHW IUHH DrX®&! JRD ANORIQD XILWKPLFWKDVH
WKH FHOO QXFOHXV E\ XQNQRZQHPHFKIB QUMMD/O FHRUHHOWKM VKHG
YLUXV HVWDEOLVKHV LWVHOI| DWWV R RPR/S\ EDXPE®G U0 PIRPWE@B®QG L V U X
DQG YLUDO JHQRPHV SHU FBGPHVVLELOLW\ Rl WKH GUDLQLQJ

$V WKH KRVW NHUDWLQRFRWHQHEHB IWQLWR @ R KGLQY MAHH DB D SW LY F
EHFRPHV LQFUHDVLQJO\ GLILHUMQWYWHGHG | XWKMK¥MUU XFRQIHU
XQGHUJRHV D FRPSOH[ WUDQVERRSQRKRQDQA FBIM® GHWLDQN WK H
XSSHU OD\HUV Rl WKH HSLWKHOLXPQ WKH EDVDO OD\HUV WKH Y

7KH ( DQG ( SURWHLQV EIBRENSWUPDMWERQSMQR®HU\ WR SU
RI WKH ( DQG ( JHQHV DQG SEUPKW WXBS ULRDEDN.D® I YHUD/ORI WK
JHQRPH UHSOLFDWLRQ 7KH (DPRGL(LHWQW\SUIRGWRWADVW FRS\
DUH LQYROYHG LQ WKH UHJXOPMSME BIURPMHEQM. DRGC IXFNFIHRQY
ZKLOH WKH ( DQG ( SURWHL@WXMREHUKHRK YLK XV \KND ¥BOWR DFFXP)
W\SHV DFW DV YLUDO RQFRSURMIRU®VEHLQJ YLVLEOH DV D NRLO
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+XPDQ 3DSLOORPD LQIHFWLRQ DQG FHUYLFDO FDUFLQRJHQHYV

LQWHJUDWHY LQWR KRVW '1$ VFHRSIUH GV VBIOH VIOV LU B Y RUXY D QG
GR QRW JDWKHU DQG NRLORF\RHVFDQ R PDENVG YWWXQ PRE W FDIVAHLVY H
RI KLJK JUDGH G\VSODVLD DQG DO®ERGWDVLYRH &PIQZHOW DGYDQFH
,Q PDQ\ KLJK JUDGH OHVLR®Y WKHYRIPBNVRREY ZLOO SURJUH\
LQWHJUDWHG LQWR WKH KRRWWKKHURP\WRWR WK HA KZL@KW GOIYHORS L
SUHFDQFHURXV OHVLRQV +39 JRORPHVQSHEWLRQVLIL ®® UHVXOW |
HSLVRPDO OHYHO +39 LQWHJRID®,IRQUBDREXDG REF X0 HYHRQV ZLW K
FRPPRQ IUDJLOH VLWHV VLWXDWHGWIORQHIERDYV RIRIHRPLFOHVLRC
LQVWDELOLW\ ,QWHJUDWLRQ PQYKW LSYOD K DY ILFHRURMDIQFM W RQ HO HY
PDOLJQDQW SURJUHVVLRQ EHFDRVHK WK RDMRUM BXIRIG XS LQYDVL
UHODWHG FDQFHUV FRQWDLQLQQWWIMWDWHG +39 JHQRPHYV
( DQG ( SURWHLQV DUH YHU\ HIIHFWLYH DW LPPRUWDOL]LQJ
D ORW RI W\SHV RI FHOOV 2WKHU IDFWRUV
ORVW SHRSOH LQIHFWHG ZLWK +39V GR QRW
GHYHORS JHQLWDO FDQFHUV 7KH2H[SWDHWVMLIRQ/ WIUHVIVQBSSHDUYV
( SURWHLQV LV PDQGDWRU\ EX®GCDERIWWXDM. PLARYF HUUSD RPRWLQ
PDOLJQDQW HYROXWLRQ &HOBPDNQUREWYK KD PHLDOMQHGKWIHFEMGI G +
E\ WZR FHOOXODU SURWHLQWHS® FWWXKP RY\ MXE DOEYPRWURIHQ V¢
SURWHLQ DQG S5% UHWLQREOQBNRURPPHNYH GURGXEW LYKHUDFHO
S SURWHLQ FRQWUROV FHOOHMIFQW W BIOLGAKL WUIRRPWH *WWHRRU GHY
6 SKDVH DQG DOVR IXQFWLRQV D\&HO @O\ PRY BHFFRFUHVRRRUWDO L
SURWHLQ ,W PD\ DUUH VWK NV W OFRPOI® DAV A OBIQDHQG\PH UHTX L L
VWLPXODWHY DSRSWRVLV LQ \RKWSORPHQUNH RRPI$S GIIPDHAXHQFHYV
8QFKHFNHG FHOOXODU FKORPRVERRHYLWRKHWKISOLFDWLRQ RI
VXPPDWLRQ RI FKURPRVRPDO RYXWRWERQSWZALWKRX W ULFIJHUHG E\ K|
UHSDLU 7KLV DVSHFW PLJKWREHMHWKHUPDILWKFBKVH RFWLYDWLRC
FKURPRVRPDO LQVWDELOLW\ WV KXHROWLDS® RIGHU (YHPPRUWDOL]!
VR WKH QHFHVVDU\ YLUDO RQFRJHIHRP Hf SLHAMVD R QOLW \QRW X V X D ¢
SHUWMHILFLHQW WR LQGXFH ARHUPRIFADPL FF BQURHAH VYW REKWWDLQHG E
IDFWRUV DUH QHHGHG WR FESHMZBIWGO “8BH QQHRS DY WQBE WKH L
SURJUHVVLRQ *HQHWLF LQVWDELOLW\ FRXOG EH D
7KH VIQHUJHWLF DFWLRQ WKH DQ@WEHIUD WURQY HRUQWKH YLUXV LQ\
PLJKW SHUPLW FHOOV ZLWK FRUUXSW LQ$HWW LEROB VIVUW KQRW F\WR
* JURZWK DUUHVW ZKLFK LV §RUPDYOHO\ZILQGORKYG DEK RWKWH DW ORZ

ZLOG W\SH S ,Q WKH SUHVHPROWIKYHQRPLF LQVWDELOLW\
XQUHVWUDLQHG FHOO JURZWK PDBHDMDFED W RVPDQOVYPQDWOIVRQ PD\ |
DGYDQFH PRWKHU WUDQVPLWYV WKH YLUXV WR

ODMRULW\ RI +39 LQIHFWWHRQYDWDODLUWHHFWLRQ &DHVDUHD (
VXEFOLQLFDO DQG WUDQVLWRSU RW B MW B MXFFHV WXQ® \NLQHD R H® L
E\ DQ HIILFLHQW FHOO PHGLDW HBWKMRIXIQMH OXHDFRIQ WHKDW PD\ EF
H[HUWHG E\ WKH KRVW FRQGLWLRQV WKDW FRPSURPLVH LP

+RZHYHU LQ FDVH WKH LQ®OMHFMWLRQV SRRUSQRHULGALRQDO V\
FOHDUHG LQ WKRVH LQGLYLGRBWR UM WK J20 NV W HA LIQF GHHQMWFL HQF L
LPPXQH UHVSRQVH LW SURJUHRARLY VAR AVOGWR VS VRVIRY\ &,BUHHQL

$OVR &,1 OHVLRQV W\SLFDOO\ URPHQVILWIRD Y DOIHRXANHE LUV W
EXW D IHZ OHVLRQV SURJUHVVHOPR WRGH KDWH D QG RDIGHQ HOP W LY F

2EMWHQ@HWERDRJLD



N %BX@XUHDQX
FHUYLFDO WXPRU FRPSDUHG ZL3WRSZRMHQ 6PVR D& HB\QRWL $ OROHF

7KHUH PD\ EH D JHOHWLF vx JEHSREETOT P Yk OEATIT KDY L@ K

FDQFHUV FDXVHG E\ +39 LQIHFWHARQ5 :HL & /LX - 7KH SURJQRVW
6RPH VWXGLHV VXJIHVW WIHWVYWKRR SIBHVHI¥H @WE ZLWK FH

SUHYDOHQFH RI VSHFLILF YD@%}E}O\@:[};EH@#@%}DA_&M%KEQ_FO RI 2EV

LQYROYHG LQ WKH SDWKRJHQHVDY¥ERIX&DL 6D B® FHUYLER® : HW
FDQFHU OLFURELRPH PRGXOIPBLRORPPWKISU KRB KEVW JHQHW

SURELRWLFV WRZDUGYV VWDE%qfd@gg\fg‘Q&%%gég% gévé%b[évﬁbp Y

YDJLQDO SRSXODWLRQ SURPRWHVY2+3%k©@i® $D QEdlo REIG IPDRYV +39
UHSUHVHQW ORZ FRVW IXWXGEPRQWHWY UBBW Wil itWy/IW U DWINBHKENG (

,QFUHDVLQJ PLFURELRPH GLY%'%*FN@}E’VFQ:?Wgﬁ&@@@@@o&%ﬁw

LQFUHDVLQJ &,1 VHYHULW\ %DFNJURXQG 3DWKRSK\WLROR
HPHGLFLQH PHGVFDSH FRP DUWLFOH

&RQFOXVLRQV .DGDMD 0 6LOOD 7 8VWDY ( 8VWDY

'1$ UHSOLFDWLRQ 2 )URP LQLWLDWLRQ

2QFRJHQLF +39 LV QHHMNRYDIY\IROREH ,VVXH 2FWREF

FDUFLQRJHQHVLY DQG XVXDOG\z538\ bRIFFWLERVsBYS L FowLro
VXFFHVVIXOO\ FOHDUHG &DUEXEORIHKEOSMNVRENYDUXHY ORQIW 5HV
SURFHVV DQG PRVW RI WKH SF\e\csﬁ\g)DDVDLPDR\(JDUG;HJFEJPHx\c/g\lqUHVSRer
VSRQWDQHRXVO\ WXPRU LQ FHUYLFDO FDUFLQRJHQHVLV
SBHULRGLF FRQWURO DQG DWIREEIL QB W OH) H3IWKHGRPHQ LPPXQH +
LQVWUXPHQWY DYDLODEOH WL2@®DR§DR;_|Z\3VL\J/DRWUI—|BGD)V(V1f<I—I|?g/VRI§I\-|RIEIXF%%I|-:|SU%
FHUYLFDO FDQFHU WUDFW ,QWHUQDWLRQDO -RXUQDO R
6 6 +6

5HIHUHQFHYV 6WDQOH\ 0$ (SLWKHOLDO &HOO 5HVS
+XPDQ 3DSLOORPDYLUXV &0LQ OLFUREL

&RER ) +XPDQ 3DSLOORPDYLUXV, G @ NN WRY Vs &) LRA PEKIH (& GD &RQF
IDERUDWRU\ WR &0OLQLFDO 3UDFWLI@+ﬂQOﬁBQ6|IjQGWWM{;LFQ| YV ROFR

(GLWLRQ 6%1 LRPDUNHUV IRU FHUYLFDO FDUFLQR
%RODWWL (0 &KRXK\' &DVDO 34/LF|1Q\§|@QL|§@<§[§J\}95WHUL]DWLR

RI QRYHO KXPDQ SDSLOORPDYLUXYRWERH ¢ gRFPQAF5 3HUOXLJIL 0 5R(
IURP KHDOWK\ VNLQ DQG UHFRPEL Q WEL R QJQSEE%WFWM&%\QXO/LYHQ &H
3DSLOORPDYLUXV ,QIHFWLRQ *HQd—IWé_lEM CobY ROFWHAR® 2[LGDWLYH 6

+ %WLR[LGDQWV $FDGHPLF B3UHVV (OVH
ODQJLQRD * &KLDQWRUH 09 OLDQRD 0 HW DO

,QIODPPDWRU\ PLFURHQYLURQPHQW, D G5 KHXRBB . +XPDO 3DS
SDSLOORPDYLUXV LQGXFHG FDUWF4&QRJ Q;hiv\,LL\((ng\ l}I(LSQH:HQH 70DQV
"URZWK )DFWRU S5HYLHZV O XFwWIlRQ R F 0\F DQG 5HOHDVH F

; GRL M FAWRJIU  54SUHVVLRO -RXUQDO 21 9LURORJ\ 6H!
XPDU 3 0XUSK\)$ )UDQFLV 3H\WRQRTRXYp HRH FDO &DQFHU :

"LV $SU t %DFNJURX DWKRSK\VLRORJ\

G 3
&REJHDOX 0' +XPDQ SDSLOORPHY XY RAE PTEPPBIN Frp DUWLFOF
FHOO FDUFLQRPD RI WKH KHDG DQG WKH 7KH OHGLFDO

&KHQ = 6FKL"PDQ 0 +HUUHUR(§HH?V§@I9VL(E6R§I>_< H—B@HDQQRJUHVVLRQ
/D[RQRPLF &ODVVLILFDWLRQ RI 6'EBQD3\H|%—QQBLP@DY<5WE¥URELRPH 'LYH

+39 S5HODWHG 9DULDQW*HQRPHVFIE§|QQW "TdFUHSRUWY 6FLHQWLILF 5HSR
+39 +39 DQG +39 3/R6 20QH

+ROPHV $ /DPHLUDV 6 HDQQRW{JFbSHFKDQLjv'@vwf:p\'f*ﬂ4 DWXUHYV
Rl +39 LOVHUWLRQV LQ FHUYLFDO &DUFLQRPDV *HQRPLF
OHGLFLQH GRL QSMJHQPHG

SXEOLVKHG RQOLQH ODUFK
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2EVWHWUWYLGBFRORJILD /;,9 2ULJLQDO DUWL

%(1(),76 2) 08/7,*(1( 3$1(/ 7(67,1*
1 %5($67 &$1&(5

, *RLGHVFX 1 "7 (QLX *DEULHOD &DUDFF
*K &UXFLDW ) 6WDPDWLDQ 1

'"HSDUWPHQW RI 2EVWHWULFVY DQG *\QHFRORJ\ , 8QLYHL
pH,XOLX +D LHJDQXY &OXM 1DSRFD 5RPDQLD
,02*(1 S5 HVHDUFK &HQWHU ,QVWLWXWH
'"HSDUWPHQW RI 6XUJLFDO 2QFRORJ\ 3, RQ .LULFX ~ &D
OHGLFLQH DQG 3KDUPDF\ p,XOLX +D LHIJDQXYT &OXM 1DSR

$EVWUDFW

,QWURGXFWLRQ %UHDVW FDQFHU LV WKH PRVW FRPPR® E\SH RI
QHRSODVLD EHLQJ NQRZQ WKDW QRZDGD\V LQ ZRPHQ QLOR BHXNAB
RQ D ODUJHU VFDOH VLQFH WKH LOQWURGXFWLRQ 1H[W AHD\H UWFFHR® 6B\
GHYHORSPHQW RI PXOWLJHQH WHVW SDQHOV KDG D SRV MWIHYDHNLPRHSIDVF W
ERWK SDWLHQWY DQG WKHLU UHODWLYHV

ODWHULDO DQG PHWKRG SDWLHQWY GLDJQRVHG ZLWK EUHDVW
PHW WKH 1&&1 FULWHULD IRU JHQHWLF WHVWLQJ ZHHUFWLIHIF ODXGEGH @ |
VDPSOHV ZHUH VHQW DQG DQDO\]HG LQ *UHHFH XVLQJ WZR WEEBW SD(
PXOWLJHQH SDQHO IRU JHQHV UHVSRQVLEOH IRU EUHDVW FDQFHU

SEHVXOWV 2XW RI WKH SDWLHQWYV WHVWHG KDG PXWNILWLRQV
DQG 986 9DULDQW RI 8QFHUWDLQ &OLQLFDO 6LJQLILFDQFH DQGKDG
ZHUH QHJDWLYH XVLQJ PXOWLJHQH SDQHO WHVW DQ G{JDXWLLYGH) X6/A.83
WKH %5&$ WHVW  ZHUH UHWHVWHG E\ PXOWLJHQH SDQHO 336 ZHUH
DQG RQH 986 PXWDWLRQ 67.

&RQFOXVLRQ 7HVWLQJ RQO\ WKH %5&$% DQG JHQH PXWDWLRQ
VIQGURPH FDQ OHDG WR D PLVGLDJQRVH RI RWKHU P XW DSBDMRLQGNQ W\Q B C
WKHLU UHODWLYHV $OWKRXJK PXOWLJHQH WHVW SDQHOW MRKHN\RD UK
SRVVLELOLW\ WR GHWHFW D EURDGHU SDODWH RI PXWDWLRQV DQG W]

5H]IXPDW %HQHILFLLOH XWLOL] ULL SDQHOXULORU PXOW

, OQWURGXFHUH &DQFHUXO PDPDU HVWH FHO PDL IUHFYHDWHWNLS (
SULQ ERDO QHRSOD]LF ILLQG FXQRVFXW IDSWXO F GIRQHMIPHID Y
VQFHSXW V ILH IRORVLW SH VFDU WRW PDL ODUJ RGDW &KX REXQWUF
UHGXFHUHD FRVWXULORU 'H]JYROWDUHD DFFHOHUDW DRJD® HY XOWIXGBRIU
VWDELOLULL XQHL FRQGXLWH LQGLYLGXDOL]DWH GH WWRODUWDPHQW DW

ODWHULDO UL PHWRG $X IRVW LQWURGXVH vQ VWXGLXRDGB SDFI
LDQXDULH LXOLH UL FDUH VQGHSOLQHDX FULWW UKLQDIH 1S&RULL | H L
SUREHOH DX IRVW WULPLVH UL DQDOL]DWH vQ *UHFLDSHQWU X % FRHO XL

UL XQ SDQHO H[WLQV SHQWUX GH JHQH UHVSRQVDELOH GH DSDUL

5H]XOWDWH 'LQ FHOH GH SDFLHQWH WHVWDWH D >0 WRH HHIHN D\

986 9DULDQW RI 8QFHUWDLQ &OLQLFDO 6LJQLILFDQFHL DX | BV M/ H
QHIJDWLYH SULQ SDQHOXO PXOWLJHQLF dL SULQ SD®HO X D XbIReW
UHWHVWDWH SULQ SDQHOXO PXOWLJHQLF ILLQG GHWHFWWW3 98B XW I
67.

&RQFOX]LL 7HVWDUHD QXPDL D %5&% 0L OD SDFLHQWHOB FX VL1
VF SDUHD XQRU PXWD LL FDUH DU SXWHD PRGLILFD FR QUIX L3\DID WEIXIWDISA
PXOWLJHQLFH GHUL DX XQ FRVW XURU FUHVFXW ID GIH SADKD\DWVHHO D\ WOD
GH PXWD LL 0L SRVLELOLWDWHD XQXL WUDWDPHQW RSWLP

EXYLOQWHYKHEMHOHO PXOWLJHQLF FDQFHU PDPDU
&25(6321'(1>4DQ (QHXP DWX G RAUXIPQAXXM UR
(< :25'6 1*6 PXOWLJHQH WHVW SDQHOV EUHDVW FDQFEWWHWHELEBFRORJILD



%HQHILWYV RI OXOWLJHQH 3DQHO WHVWLQJ LQ EUHDVW FDQF

,OQWURGXFWLRQ FRQVLGHUHG WR EH UHVSRQVLEOH
RFFXUUHQFH QRW DOO PXWDWLRQV

%UHDVW FDQFHU LV WKHWKRNWH IRIDMR/QDWHS ISDRWKRORJLFDO  (
FDQFHU LQ ZRPHQ DQG WKH VHFRK) O UAD XWVHHQRIJ @ HXW R LEYQ SRO\PRU
QHRSODVLD EHLQJ NQRZQ WKIDWH 19Q U ZIRPWY RIOOQGIDRIQRBLIQLILI
EUHDVW>F® QFHU &RXQVHOLQJ DQG WUHDWPHQW
Q WKH HVWLPDWHG EQ@PNVW [FORLFHHD P RISDWKRJIHQLF F
EUHDVW FDQFHU LQ (XURSH ZDQG UHTXLUHY @GIRKE FROODERUDW
PRUWDOLW\ ZDV > @HKBIWKWH VX GHQHWI RLYWRRSHUDWLRQ VKRX

SXEOLVKHG LQ HVWLPDWHGWUR QDHU GRIQ BB 6RAXEMCHDLVRAD V- WKLV
FDQFHU LQ 5RPDQLD LQ RIJHQHWLBLRRUWWDLOK®\ WUDLQHG LQ W
UDWH RI GHDWKYV RQGQD P AQWUHD@H SRQHOV

WKH HVWLPDWHG \HDU S@HYDOHQRHHKXBQBRPRUH DUWLFOHV DQG
,Q DERXW RI EUHDVW RDHFFHHUWRD \DHVI 3 H QMK\OLW JHQHWLF WH
IDEFWRUV DUH KHOG UHVSRQVKSGI$ ERXXW DW LKRDQV ER-DHQU S R OMKQ L Q
WKDW RQO\ RI FDVHV DUH ®MXH KR PW WH WQR 8V LDWI/@FHDRVHG Z LW
D PXWDWLRQ RQ D PDMRU JHQW ZLIDYOR ONWGOWQL @ WHKH LPSRVVL
GHYHORSPHQW RI@VKLYVY GLVHDMWRHEHQHILW IURP D FRPSOHWH DQG |
*HQHWLF VFUHHQLQJ IRU WRPHUDPHORWQYFD/QFBQQRW EHQHIL\
LV XVHG RQ D ODUJHU VFDOH JWRWOHZWGRQ HWWBHB WIHID\ DIWHU
WKH LQWURGXFWLRQ RI 1H[W *HQHKWDPRVRWQLEBRXYMWDFVY EHQHILW\
1*6 > @KLV KDV EHFRPH SRV VISDMH GBIV SHFHLDOO\ DIWHU
WKH SURFHVV IURP ZKHQ 0\ULD GV KHQIRWIVAE IOORWW WR XVH WD!
WKH ULJKW WR SDWHQW WKH 9B &3Y FDLGGF H UMVDH\Q W Q BDWHRHI QWY Z
86 6 XSUHPH &RXUW UXOHG WKDW VRP D SO UWQEX FDW@ERWDWLRQV
EH FRQVLGHWH@ D SDWHQW FKHPRSURSK\OD[LV>ZLWK 7DP
7KH XVH Rl 1*6 WHFKQRORJ\@URYLGHV VXSHULRU
UHVXOWY DQG ORZHU FRVWYV SHU E D WH HF REBSRWINGK Q/IRVE DR/ E HRHOL \
6DQJHU VHIX@ARWLQIH Rl 1*6 WHKRKORORILVN UHGXFWLRQ PDVWHFW
DOVR UHVXOWHG LQ D VLJQLILEBGWFWHGRFAMDLARS)L @ J RDROR/SK B B VI EW RV
UHVXOWYV DQG REWDLQ WKH U HYKIDGV W RQD DUV K RIUWMHEIX FW R R @ ARR S K Ht
ZLWK FRQYHQWLRQDO VBTXHQFDQF W WKRGD GHFUHDVH LQ WKH PI
7KH SXUSRVH RI WKLV JHQHWEB UWHWW VQR | LY DWRK R IBHQMFHP X W D V
WKH RSSRUWXQLW\ IRU DQ LQGLYSOBWDHQWNGZDWIG KLJKHU ULV
PXOWLGLVFLSOLQDU\ WUHDWPHBEQMWDNRW R D BK WD \& XHQWR GHSH QG HY H
RQ WKH PXWDWLRQ V@KIHW HV KH QDX DWLRQ ZLOO EHQHILW IURP
WHVWV DUH DOVR XVHIXO IRWFEBNOYHQLQIDWRRJIUHBSBWLYE \E RH D\
WKHVH SDWLHQWY DERXW W KHWUR R XRIJ GWH VHE R S VYD &O\HD MWH U
FDQFHU RU DQRWKHU W\SH FIXED®BMU 3 X K FIO LRDH VE H
VXVFHSWLEDH SRVVLELOLW\ RI JHQHWLF FR;
*HQHWLF IDFWRUV SUHG L $®RWLHIQPWWR DEQUGH BAKW LAD Q F®D W LY HV
FDQ EH GLYLGHG LQWR WKUHH FDWHJRULHYV EDVHG RQ UHODWLYH
ULVN WKDW WKH PXWDWLRQ RU VORODNWH WKHO JBIQ 8 WLHWWIRUG. D Q W
FRQIHUV WR D SHUVRQ WR GHYHORS WKH GLVHDVH FRPSDUHG
ZLWK WKH JHQHUDO SRSXODWLRQ 2XWEVWWMXG\ LQFOXGHG SDWLHQV
$OWKRXJK PRUH JHQHVEDWHVW FDMEBUEHWZHHQ -DQXDU\

2EMWHQ@HWERDRJLD



*RLGHVFEX
7TDEORODVVLILFDWLRQ RI EUHDVW FOQRFHU SUHGLVSRVLQJ J

&ODVLILFDWLRQ SHODWLYI *HQHV

+LJK SHQHWUDQFH F 55 | V%5&$ %5&$ 73 37(1 67.
&'+

ORGHUDWH SHQH\ 55 $70 &+(. 3%

5DUH PXWDWLRQV 55 P)06 0$3 . /63 715&

SHQHWUDWLRQ

PHW WKH 1&&1 FULWHULDDQRUVBHFHWEFLYWYRQDE DQG LQW!
3HULSKHUDO EORRG ZDV FRO OGHRRHGS W Q B WHG] W B PESID HF\D ZWDW LY
VHQW DQG DQDO\]HG LQ *UHHIRU BARWH R HADHWWR 8D Q MW JBWHG C
WHVW SDQHO MXVW IRU WKH %$&HV HD@FBH R QDI PN OMAIQRIBIHE U H
SDQHO IRU JHQHV UHVSRQVLE®HMVRUIDWHDY W \FID@F HWU3$ 0X O W
%5&$% WHVW LQFOXGHV WHVWIOQ Gl BURKREH $PSOLILFDYV
DQG &+(. PXWDWLRQV RQO\ $P SBHOKFDWH@®RPIKLIJKO\ VSHFLILF F
'1$ ZDV H[WUDFWHG IURP WLIQN FADHPSND Hs-X©Q G H U
LQYHVWLIJDWLRQ DQG ZDV VXEMHFWHG WR 3&5 XVLQJ WKH
FRPPHUFLDOO\ DYDLODEOH &( ,9' %3\ LOMOWSV'[ZHUH FRQVLGHUHC
NLW 08/7,3/,&20 19 - ORO 'LDVWXG\ LI WKH\ UHVSHFWHG 1&&1
IRU WKH %5&% DQG %5&$ URID KW HBHVTWHQF@BRBU JXLGHOLQHYV
ZDV SHUIRUPHG XVLQJ WKH 1H[W *HQBDW/WHRQ 6GLTIXHFALIYE ZLWK
SODWIRUP OL6HT ,00XPLQD ZKRKH VW @R HRIRW MK FULWHULD
GHO& PXWDWLRQ LQ WKH &+ (. JHGH QRZIQQF KW\ WIDRPHIGQ Y RO Y H
XVLQJ WKH 0/3% PHWKRG OXOWESGWLELODWLBQHVHQW LQ WKF
GHSHQGHQW 3UREH $PSOLILFDWLRQDWOB&BQVHW EUHDVW FDQFH
%5&% &+(. 3 05& +ROODQG $DUWLFXODU KLVWRORJLFDO
EUHDVW FDUFLQRPD +(5 RYHUHI[S
OXOWLJHQH SDQHO WHVW LQFOXGRVEWKHD B QYD BPMLNLRIRP D V

JHQHXO %$5' %/0 %5&% LEERIYLGXDO
%5,3 &'+ &+GO $ 0(1 O0/+ %UHDVW FDUFLQRPD GLDJQR
05( $ 06+ 06+ 087<+ 1%1 3%$/%% ! FORVH EORRG UHODWLY
306 37(1 5% 5% & 5% ' 67. EUHDVW FDQFHU \HDUV RU
73 '5&8& 1 FORVH EORRG UHODWLY

*HQRPLF '1$ REWDLQHG IURP WRMDWXHEPQ WWOEHU DW DQ\ DJ*t
VDPSOH LV HQULFKHG IRU WDUJHWHIG! UHJAGRROWHRIORRE QHMO D WL
LQYROYHG LQ KHUHGLWDU\ SUHGLESRINVW LORQG \RR SDQFBIMDWLF
BHTXHQFLQJ LV FDUULHG RXW XVLQ3 SDOXPHQW WHKIFEKRRERINURP |

5HDGV ZHUH DOLJQHG WR WESRSXOGDWURQFH
VHTXHQFH *5&K DQG VHTXHQFH %KMW VF DUFLQRPD LQ PDO
LGHQWLILHG DQG LQWHUSUHWHG LQ 3WKIKN F@RW HW PR OAL R 1Y W
FOLQLFDOO\ UHOHYDQW WUDQVNEEHQRWL QDO KOHELED PRUWLROQ W KF
REVHUYDWLRQV DUH FRQILUPHG (EVUORBRWYKRWRRIDEUHDVW FDC
WHFKQRORJLHV 8QOHVV RWKHUZLVH XQ WILFSIOMH S U DROLONW DR JFHDAQH
UHJLRQV ZHUH VHTXHQFHG ZL@Y/®&LWLGXDOHEWKDNKWY SDQFUHDW
DVVD\ WDUJHWYV DOO FRGLQJINDHBRRQV ERUDW R HWIXPRIUR/D WDHHEK N H F
WUDQVFULSW EDVH SDLUV RIQGRPHWQL DQWW R QLFLGH TWHH®@RIFF® D

2EVWHWUYLEGBHBFRORJLD



%HQHILWYV RI OXOWLJHQH 3DQHO WHVWLQJ LQ EUHDVW FDQF

7TDEOBHVXOWY WKH WHVWLQJ E\ WKH WZR SDQHOV

Mutations with high and moderate Rare mufations with mild risk of
penetrance breast cancer
BRCA1 12 BLM 2
BRCA 2 3 FAD 50 2
TP53 1 BARDI 2
PTEN 0 MLHI1 L
CDHI1 0 MSH2 1
STK 0 MSH6 1
CHEK 2 4 PMS2 2
PALB2 4 MEN1 1
ATM 1 MUTYH 1

ODFURFHSKDO\ LQWHVWLQB®6 KD FKHWRPBSWRXRQS\WR\WYXLY FRQG
3HUVRQDO KLVWRU\ Rl WHAD WIHBE SRYQPHWY H IRU WKH 73  PXW
ULVN Rl VHFRQGDU\ PDOLJQDQFLH
5HVXOWYV QHRDGMXYDQW WUHDWPHQW FKHPR
KDV EHHQ VXEMHFWHG WR SULPDU\ \
2XW RI WKH SDWLHQWYV GLD 5@ R\HYGZQW KK EUGD WWKH PXOWLJ
FDUFLQRPD DQG WHVWHG E\ WHH GVDRQRYVQMCGRM WK KD PXWDW LR (
PXWDWLRQV ZLWK KLJK DQG PR&6HUZWHFEHRRXOD PN H EKM® RYHU
UDUH PXWDWLRQV ZLWK PLOG SILW NHIVEW HFRXW GFQIWF HY MR GEHQHIL
ZHUH QHJDWLYH 7DEOH SURSK\ODFWLF WUHDWPHQW DQG DO
JURP WKH KLJK DQG PR GHWMHWH FS FIRXQWUHIDQ B H
PXWDWLRQV ZHUH SDWKRJHQLF TKHS S PWWHOWRWW\ZWHIE SRVLW
9DULDQWYV RI 8QFHUWDLQ FOLPXWDO bRIDQ DIMWIBIQ M L QUJI WKHV P X O W
DQG QHRDGMXYDQW FKHPRWKHUDS\ DQG
2XW RI WKH SDWLHQWV UD ®&DFD 0ODRHVRKHFIWRIPR WQ G FRQWUD
ZLWK PLOG ULVN IRU GHYHORSRRQVVEHFD R P\ FDIQH R \&N) IRIX DRIQW U D O
JURP WKH SDWLHQW V LDK\WR KHWBIHS DMAVHADMG/ LV LQFUHDVHG
QHJDWLYH IRU EUHDVW FDQF HUEPOVINW HRDY O L@HUH WOVWHGSDW I
XVLQJ WKH PXOWLJHQH WHVW BQRHHLD W/EE ULXHMUWRVENMRPG ELOTC
XVLQJ WKH SDQHO IRU %5&% )LDQUESDWLHQWYV ZLWK 3$/% PXWDWL
JURP WKH SDWLHQWYV VWas\&\W HPX V@ BIWD W Q Y H3 R @6 Q2D V
WKH SDQHO IRU %5&$ ZHUH UHWHAWVKHHGDRM L\DW XVBK WiVKH DX W KR
PXOWLJHQH SDQHO DQG ZHUHWEBDWHWW H G UNRZIR) F\DLW KRIJB QWAL H QW V
PXWDWLRQV &+(. 3%$/% DQGSRYHWSESEH IYVBWRPRWDWLRQ LV ZRUVFE

LQ WKH 67. JHQH )LJXUH ZLWK %5&% PXWDWLRQ WKH VXUYLY
ZDV &, FRPSDUHG ZLW
'LVFXVVLRQV LQ %5&%$ FRPUBIOMRVDPRQJ WKH FDUU

38/% PXWDWLRQV ZLWK WXPRUV ! |

7KH WHVW UHVXOWYV KDG NQIDYKH@®FRH G DWKH WKW URDEHXWLF ZKH

FRQGXFW Rl DOO WKH SDWLH@WWRRDWVWK EBHDAKW FDEPHWUVRQWGLYD
SRVLWLYH KLJK SHQHWUDQFHXSXWOWLRBQV ZKR UHFHLYHG

QHRDGMXYDQW V\WVWHPLF WKHUD SHUPQUERIHG5E6 UDQLED®LHQW YV

VXUJHU\ DQG SURSK\ODFWLFFDRBBHHUD QB568$Q GPRWDWLRQ WKH!

2EMWHQ@HWERDRJLD



*RLGHVFX

B Pathogenic mutations with

PALB2
high and moderate

16%

penetrance
B Variants with unknown

significance

BRCA 1
48%

B Negative mutation

Other mutations

TP53
4%

BRCA2

JLIXURKH UHVXOWYV RI JHQHWLF WHVWLQJ3%%
JLIXUHKH LQFLGHQFH RI SDWKRJHQLF

MEN1
8%

MUTYH ELM
BD

PMS2
15%

0

10

_ Negative testin
15% BRCA panel

MSHE
8% BARD1
MSH2

8%

Negative testin
multigenic panel

JLIXUBKH GLVWULEXWLRQ RI UD U HIEKYWKHWLROWWA WERKWILEE I WKKH SDV
RI EUHDVW FDQFHU WHVW XVLQJ WKH WZR JHQHWLF SDQH

Vus
mutation
17%

IURP 550 RU 5562 FXUUHQW JXLGHO
WKLY DWWLWXGH EHFDXVH @I WKF
,QVWHDG FXUUHQW JXLGHOLQHV U
DQG FRPSOHWLRQ RI LPDJLQJ DQG
EUHDVW 05, LQ &+(. PXWDWLRQ F
OHG WR WKH GLDJQRVLV RI D VXV

Pathogenic
mutation
33%

Negative
result after

’e::is:;"g FROQWUDODWHUDO EUHDVW ZKLFK
murtigelnic FRQILUPHG DV PDOLJQDQW DQG WK
g WR ELODWHUDO PDVWHFWRP\

JLIXUBHVXOWY RI WKH WHVWV XVLQPHRBWEHRIHWsORD Pd - Lo IJHQH PX
SDWLHQWYV WHVWHG QHJDWLYH X\NOR2Z o3WRPWOWRH\ DUH UHVSRQVL

GDWD DQG 1&&1 JXLGHOLQWW GRRY@N W FRXFORFPPWOQGH ULV N RI
LW@UJIXLQJ WKDW OLNH LQ WKRKR BDWH.RQWY&BELWXWIOWLREWDWLR
FDUULHUV RQO\ FORVHU PRQMNRRULQJ BYGCGQARWHRER YD DEQBIDQ FH L
XOWUDVRXQG DQG VHUXP &%@7KERWVLQON IRM HQROMW FDQFHU LQ
,Q D UHFHQW VWXG\ IURRHIKHURQIQBVUMRH YDU\ ZLGHO\ D¢
> @WHFRPPHQGHG URXWLQHDWHWW WXH BSDWEHQWY EHLQJ DV
PXWDWLRQV HVSHFLDOO\ LQ IDAD@M O |IRWW YV RIHBWHD b QGF @ Q B
SODFLQJ 'Y RQFWKHWHU %5&% 737 KHHEHQHILW RI WKLV SDWLHQ)\
EHIRUH %5&$ LQWHQVLYH VFUHHQLQJ IRU FRORL
7KH SDWLHQW WHVWHG BRNLXMH HWMRWWEKH PRVW FRPPRQ F
PXWDWLRQ DIWHU XVLQJ WKH EZXWW LWHKEGM 6 PEWE WG IHDA W EVHDQHL E

2EVWHWUWILE@BFRORJLD



%HQHILWYV RI OXOWLJHQH 3DQHO WHVWLQJ LQ EUHDVW FDQF

WR UHFRPPHQG 550 LQ SDWLHQWL\@EZ*EJWKG EWYHDXWAWME 9 FHPQ@ $SVSHUHQ
LPSDFW RI QH[W JHOHUDWLR VHTXHQFLQJ R

DQG SRVLWLYH 67. PXWDWLRQ¥HUuMWQFils W KiFb LWk VINUROH IRU H[{WUH

ELODWHUDO EUHD®W FDQFHU 4OFQQRRHW
KDURDK 3' %ROMWR LRX $& (DVWRQ ') 3RQG

$QRWKHU EHQHILW RI WKJL\%NWLJ’LN;WF FPWb WHWHG suHYHOw

GDXJKWHU RI WKH SDWLHQW 2B% GLDJ?RVHG DOVR ZLWK WKH
ULV *R BRVLWLYH UHVXOW)?

0RU - UGRO 2.
VDPH 67. PXWDWLRQ DQG \émHLﬂ/QIQ)\EﬁI@al\lR\Q?ﬂUMB\B KLJK ULVN IRU E

FRORQRVFRS\ VFUHHQLQJ DQ@PEQU(‘)H\DWW;L(PW\RIEQWK*@(SEV, WRRLY S
&OLIIRU *XJKHV .6 BREHUWV LUl
PLQLPL]H FDQFHU ULVNYV OF/DXJKOLQ 6% $VVHVVLQJ &RXQVHOLQJ DQG

+LJK 5LVN IRU %UHDVW &DQFHU $QQ 6XUJ 2QF
'LQVKLS , BRXWKH\ 0& *HQH SDQHO WHVV

&RQFOXVLRQ EUHDVW FDQFHU OHG - $XVW
7DQIXWRRUL 6 %DOGZLQ 3 6ULGKDU 6 3$5¢

CHQHWLE WHVWLQI Ly JUBERWABISEWERIDSL PWAUWEY o

LQWHJUDO SDUW RI EUHDVW *RDIQWAHY YWWQ RIFD.WP QG FDIQGHP QXN DV VI
FRXQWULHV EHLQJ DOUHDG\ Eg&%"&gg%&”ﬁ%ﬁ?ﬂd@ﬂf& (U R 3HU

5RPDQLD JHQHWLF WHVWLQJ DQGKKHQLS$G L% D UCQEUSH DARWNKD QF HDO\ 0

PDQDIHPHQW DUH vwL0O LQ BisH ERILQUILE, PRESEINIECWRY L LY

"HVWHUQ FRXQWULHV EXW ZLWK FRVW UHGXFWLRQ RI WKH WHVWYV

DQG LQFUHDVLQJ DZDUHQHVV pRRi@¥en\y SO Y S Wik EY R b e B o

ZLOO LPSURYH WKH 8 6 3UHYHQWLYH 6HUYLFHV 7DVN )RUF

1HOVRQ +' )X 5 *RGGDUG . OLWFKHOO -3
5HIHUHQFHV 3DSSDV 0 HW DO 5LVN $VVHVVPHQW *HQHWLF
7HVWLQJ IRU %5&% 5SHODWHG &DQFHU 6\VWHP]I

6 \ZUHYHQWLYH 6HUYLFHV 7DVN )RUFH 5
L

WKH 8
JHUOD\ - 3DUNLQ '0 6WHOLDURYD @Lﬁ‘ﬁﬂi% WAR BV B R FRIUE H (YLGHOF
LQFLGHQFH DQG PRUWDOLWN LQ (XYRAMHEBWLF ({XEBHQ#R SENYHZVY S5RENYLOOH

&
H?X” 1' 'RPFKHN 60 OHWD DQI

SHEEHFN 75

JHUOD\ - 6WHOLDURYD )RXFKHU (U/iﬁ*é’WﬂW"LﬁﬁHﬁQ LY WMV RFLDWHG ZLWK

ERHEHUJK -: &RPEHU + HW DO &DQ R LML E QEVLQS%SP&'%UV&%O%\Q’§$ PXWDWLR
SDWWHUQV LQ (XURSH HVWLPDWHV IRE Q FRKX QYW HV T XU - &DQFHU

QVNL - OROOHU 3 6LQJHU &)
| RRYKRUHFWRP\ RQ FDQFHU |

LQFK $3 /XE
+RIIPDQ %/ :LOOLDPV -: :LOOLDPYV ROQR £ A
‘Pﬁ{§ RU %58&% PXWDWLRQ
H

IXEL

H &R FWHg

OF*UDZ +LOO OHGLFDO SYDLORERH ARFP p K
0'X F

H

i

U

mc

EQ ]T \N F VHDUFK VHULDOVVR L R
"9/ %1=4<.&6-&V & T7& 7 PDUF WDE %2860Rr7 * o & %XUNH : +DUPV 6 /HI
XULDQ $: .LQJKDP .( )RUG -0 1H[W gHQHRU '

BYWLRSY RFLHW)\ JXLGHO
IRU KHUHGLWDU\ EUHDVW DQG J\QHFRQRykFoED@THY G
dvR

PHU 6
WY WRH B ¥ B HD sk

Rd SN FRp
Q

D SURVSHFWL

2SLQ 2EVWHW *\QHFRO

.DQJ +3 ODJXLUH -5 &KX &6 +DTXH ,6 ARL &\ QP
5 HW DO 'HVLJQ DQG YDOLGDWLRQ RIgD QHIWE A3
IRU KHUHGLWDU\ %5&$ DQG %5&$ BEXWPWIREG

H

%HFN 7) OXOOLNLQ -& 3URJUDP 1&62Q0/';§§ HENE
(YDOXDWLRQ Rl 6DQJHU 9DOLGDWLRQ, R ]Kl-g
9DULDQWV &OLQ &KHP

/LQFROQ 6( .RED\DVKL < $QGHUVRQ O0-

0OLOOV 0$ HW DO $ 6\WWHPDWLF &R%%D@%%E@iéﬁjﬂm%\?(glzl'ngg))(Ppci%LHGHo: /RN

FDXVHG E\

0XOWLIHQH 3DQHO 7THVWLQJ IRU +HUHGLWINY (W HRNW BRAGEEBYRD A 3R @ Rt w
*HQHV LQ ORUH 7KDQ SDWLHQWYV - OROp5R{%00R )0 %UHQVLQJIHU -' 7HUVPHWWV
, 3HW 0 %RRNHU 69 HW DO 9HU\ KLJK U
DO 0% 3LODUVNL 5 S[LOEXQG -( O/%T_lh\ti('\wi?]0—H%R(NYJ@G\/@P%Q%%BHG*DVWURHQWHURORJ
+ D

% HW DO *HQHWLF )DPLOLDO +LJK h{\ﬁV%HQ I-'T'LI?\éWOIQSIGR )+ 20VFKZ

5 Y
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2EVWHWUWYLGBFRORJILD /;,9 2ULJLQDO DUWL

&(6$5($1 6(&7,21 $1' 3/$&(17%$ 35(9,$ &$86%$7,2
25 -867 $662&,$7,21

6]XVIDQQD %RGL 2DQD OLUFHD ,ULPLD 7UDLDQ
$OLQD %RJOLU / 3XGFDULX

8QLYHUVLW\ RI OHGLFLQH DQG 3KDUPDF\ 7kUJX O0OXUHU
8QLYHUVLW\ RI OHGLFLQH DQG 3KDUPDF\ &DURO 'DYLOD

$EVWUDFW

%DFNJURXQG 30ODFHQWD SUHYLD LV D VHYHUH REVWHWULFDO F
ZLFK FDQ FRYHU WKH LOWHUQDO FHUYLFDO RV OHDGLQKIMWRFRIGILRX\R
KDV VLIJQLILFDQWO\ KLJKHU LQFLGHQFH LQ ZRPHQ ZLWK D FLFDWULFH

ODWHULDO DQG PHWKRG $ UHWURVSHFWLYH FRKRUW VWXG\ ZDV

DQG %RWK LOQWDFW DQG FLFDWULFHDO XWHUXYV BDSAHVYEZB UAD Y
HYVWLPDWHG E\ ORJLVWLF UHJUHVVLRQ

5HVXOWYV 21 ELUWK FDVHV RI SODFHQWD SUHYLZD¥HUH D

OHGLXP UDWH RI & VHFWLRQ GHOLYHULHYV ZDV EQHUYIDGE H® |
ZRPHQ EHWZHHQ \HDUV KLJK JHVWDWLRQ DQG SDULWRI FDVHM D
ZHUH ILQLVKH&Z HEHNRRH IJHVWDWLRQ UHSUHVHQWHG D PDMRU HP
K\ VWHUHFWRP\ ZDV SHUIRUPHG LQ WKH SRVWSDUWXP SHHDRGL Q VRD RWK
XWHUXVY 5HODWLYH ULVN 55 RI D KHPRVWDWLF HPHUJHQF\ K\VWHUHF

&RQFOXVLRQ 'HWHFWHG LQFLGHQFH RI SODFHQWD SUHYLD LV V
6LIQLILFDQWO\ LQFUHDVHG ULVN IRU KDHPRVWDWLF SRVW®MNWM KH DKO
XWHUXVY DQG SODFHQWD SUHYLD 5LJRURXV VHOHFWLRQ BHBPDHWDIKIHLC
LQFLGHQFH RI D SRVVLEOH FLFDWULFHDO XWHUXV DQGRZOD\ERQ V8 D [5RHH
RQ WKH DOQWHULRU XWHULQH ZDOO LQ SDWLHQWYV ZLWK L FEDMAUWRHLC
DEQRUPDO SODFHQWDO LQVHUWLRQ DUH UHFRPPHQGHG

5HIXPDW 6HF LXQHD FH]DULDQ UL SODFHQWD SUDHYLD

,QWURGXFHUH 30ODFHQWD SUHYLD HVYWH R SDWRORJDH RBYMWHW U
LQIHULRDUH D SODFHQWHL OD R GLVWDQ PDL PLF GHDFRSIBH OB HRW
RULILFLX SDU LDO VDX vQ WRWDOLWPBWHILF QRLEDHUG DS 0B FHQWH LF X UHA
ODWHULDO GL PHWRG $P HIHFWXDW R DQDOL] UHWURMSHHOWML® DD
QDUWHUH GH SODFHQWD SUHYLD vQ GRX VSLWDOH XQLF¥NUW/MDUBWQF
4L FHOH FX XWHU FLFDWULFHDO $P HVWLPDW ULVFX®HUSIDALWQWBO DS
5H]XOWDWH I1Q SHULRDGD DQDOL]DW DX DYXW ORF D RDRWWUL
GH DGLF XQ WRWDO GH GH FD]XUL 5DWD PHGLBFMHDR/SR WD A IHGH
ULGLFDW D SODFHQWHL SUHYLD OD IHPHL VQWUH  Q DI@WH WLDVRHDDGWFHKF
iQ GLQWUH FD]XULOH DQDOL]DWH SDFLHQWHOH IDR DRV YD ®HLPQB DA
VDSWDPDQL GH JHVWD LH GLQWUH FD]XUL DX UHSQMARHQ W DHWH X U
KLVWHUHFWRPLH GH QHFHVLWDWH vQ SHULRDGD SRVWSDKWW)OPDV RRLD
FX XWHU FLFDWULFHDO ,QVHU LD SDWRORJLF D SODFH\WQWH E D] | B\DW A+
LQFUHWD FD] UHVSHFWLY FX SODFHQW SUHYLD SHOOWMHY FSHF@WWX. FHD
XQHL KLVWHUHFWRPLL WRWDOH GH KHPRVWD] D IRVW GH
&RQFOX]LL ,QFLGHQ D SODFHQWHL SUHYLD GHWHFWBHW SH \®RPWE
FUHGWHUHD VHPQLILFDWLY DO ULVFXOXL XQHL KLVWHUWHHNYRBLS HGKWQ
FLFDWULFHDO 6H UHFRPDQG VHOHFWDUHD ULJXURDV @HIH IL @& RFD H.L
GLQWUH SODFHQWD SUHYLD 4L XWHUXO FLFDWULFHDO '$loBYHBWXH R

LQVHUDWH OD SDFLHQWHOH FX XWHU FLFDWULFHDO ULLDSBDVER®G R HL
SODFHQWHL

EXYLQWHHFKHXHH FH]IDULDQ SODFHQW SUDHYLD KLVW

&25(6321'(1>4aXFLDQ 3XHFPDEXVHDMWIXLO FRP
.(< :25'6FHVDHDQ VHFWLRQ SODFHQWD SUDHYLD KLVWMHUWHHFWHBIRBEBFRORJLD



&HVDUHDQ VHFWLRQ DQG SODFHQWD SUDHYLD FDXVDWLRQ RU M
QWURGXFWLRQ SRVLWLYH GLDJQRVLV Rl SODFHQWD
WKH PRPHQW RI GHOLYHU\ EHWZH}

30DFHQWD SUHYLD LV D UDUH EXW VHYHUH REVWHWULFDO
FRPSOLFDWLRQ GHILQHG E\ D ORz SRV ORQWYE &8 WhH oD ZH KO HFW
LQIHULRU PDUJLQ FORVHU wWKOHFWIERQ Rt WOKWULRQWHUIGEWHUV D
FHUYLFDO RULILFH RU E\ FRYWPRQWLRHsBIUSAYWDHR WY WRRN-YYORQ
7KH PRVW IUHTXHQW FRPSOLFBRERWYWLHAHSBbREHYWDWI Ry LBIH/ JHQ
YDJLQDO EOHHGLQJ ZKLFK XV xRoRY HEBEWHRQ v @ WK RilgB RVHULR
VHFRQG WULPHVWHU DQG FD @ KREO¥MHHHM HIHE WP iXRiQ@RQYDJIH D
IRU ERWK PRWKHU DQG IHWXWHOWNRQ QWwRE KWW LG IRIR ZWHFWI
UHVWULFWLRQ SHULQDWDO IpQHYREQWPRED ORRWEPR QLR R IRUF
SUHWHUP GHOLYHU\ OHDGLQJ WRUWIFAHOYEWMHHM RRSHLUQYWHWB St
PRUWDOLW\ DQG PRUELGLW\ > @D WKRORJLFDO SODFHQWDO LQVHUV
7KH HWLRORJ\ Rl SODFHQWWHRWHRPH B\SRWR@LPOLBWHDRSHUDYV
GHILQHG 6HYHUDO FOLQLFDOXOWW HEHGWBRPRORAWD ODERXWLRMZET
UHSRUWHG LQFUHDVH RI LQFLGHRIH DI D IYBEFHRS BSHWHHEMWY ZF
DJH KLJK SDULW\ DQG GHOLYHYURXY PBWHHRWXVZLWIR QPP HQWD
DQG LOOHJDO GUXJ XVHUV > Flgr MY BRHERQ WO U FBQH RIFRQWI
SUHVHQFH RI XWHULQH zDOO PRIV QRVER §BRVY KB £4 VEIGRX)WRXWHUL
VXUJLFDO LQWHUYHQWLRQV OLNH7EKBH¥WOUH K WKW RGO RR UV KH
P\RPHFWRP\ 5LVN Rl SODFHQWWKSUHYEBPGHRFH R SARPHQWD SUHYIL
KLJKHU LQ D SUHVHQFH RI XWHULWSH FERWW LEHR G gKMWSHUHG WX G\
QRQ FLFDWULFHDO XWHUXV > WKRXW XWHULQH FLFDWULFH
7KH RQO\ WUHDWPHQW RI SOPDHHOHWE RIL MWL LWHIJUHVVLRQ
HOHFWLYH FDHVDUHDQ VHFWDPREHPHPOHHURI SOBENRWPHSRHYLD -
PDMRU YDJLQDO EOHHGLQJ WKHWEXRYQODQF\ VKRXOG EH OHDGHG
DV ORQJ DV SRVVLEOH EXW LQ FDVHV RI OLIH WKUHDWHQLQJ
KHPRUUKDJHVY HPHUJHQF\ FDHVDUBBY XMHWWLRQ PXVW EH
SHUIRUPHG 3RVWSDUWXP FRPSOLFDWLRQV DUH DOVR GXH
WR H[FHVVLYH EOHHGLQJ FDXVHG EQ XM{HUAL DR KWSFOGVRQRB SRUEHW Z
DEQRUPDO SODFHQWDO LQYDVLRQ DQWKAHD @ MDG WRPERWVVRRIELU
WKH XWHUXV E\ HPHUJHQF\ KOHGHXRAFWRPM RI & VHFWLRQ GHOLYH
7KH LQFLGHQFH Rl SODFHQWD SUHYL
2EMHFWLYH WRWDO QXPEHU RI FDVHV ,QFUHI
REVHUYHG LQ ZRPHQ EHWZHHQ |
%HFDXVH SODFHQWD SUD HYOL®D RIWRHPHAHIRX MLQLVKHG E\ D
REVWHWULFDO FRPSOLFDWLR®HDILWHKUKL 3R RPRU BKHWH DQG RI S
PRUWDOLW\ RI PRWKHU DQG QBIERUSDDRG EHFRDXX\WH WKH ULVH
Rl FDHVDUHDQ VHFWLRQ UDWH LQ)RRPDEXQLH. JEHNRAN B H® WIRH QW V
DQDO\]H WKH LQFLGHQFH Rl SD@ FH®WB VS PBD W YSLWDH V@ B\ B LUV R Q
ZLWK FLFDWULFHDO XWHUXV S\RR/AMW ADHVEZHHBIQ NMDAWIKRG E\ DOQ
K\WWHUHFWRP\ ,Q SDWLHQWYV ZLWK
ODWHULDO DQG PHWKRQAQ WKHLU SHUVRQDO KLVWRU\ KD
YLIXUH DQG RI WKHP XQC¢
:H SHUIRUPHG D UHWURYVgHFWLY HERRERU Wy MW X P\SsRuwD QW w
LQ WZR XQLYHUVLW\ KRVSLWDRYUX %D DEDW R RIL & DM QW M4 &L WK R

2EMWHQ@HWERDRJLD



6]XV]DQD %RGL

65,00%

HFP mPP

9,77%
6,39% 1

oz gl Bl
I = T ' T T

B PP+UC HPP+UC

<15 15-20 21-25 25-30 31-40 =»41
YEARS YEARS | Il 1 OVER IV

JLIXUHQFLGHQFH RI SODFHQWD §UDHM, . QFE\GRHIMWHURJS@ DEHQWD SUDHY

45,97%

45,00% 46,55%

mpp mee

mPP:UC mPPrUC

<27 27-30 30-32 32-34 34-37 =37
SA SA SA 5A 5A 5A

JLIXUHQFLGHQFH RI SODFHQWD SUPXHUHIF ECHRYWRWISR@FHQWD SUDHY
DJH DW GHOLYHU\

81,60%

mee mPP

HPP+UC EEPsUC

1hour 1-2 hours 2-4hours  more

with metrorrhagia without than 4
metrorrhagia hours
JLIXUBUHVHQFH RI PHWURUUKD W DHPYHIER WEWHUYDO EHWZHHQ SDWLE

DQG VXUJHU\

SUHYLRXV SUHJQDQFLHV ZKLFK ZHUH ILQLRKEGCEADRAHY PHWURU

ZHHNV RI JHVWDWLRQ DV D FRPSOLFDWLRQ EHIRUH WKH F
,Q VHFXQGLSDUD SDWLHQERWK JERXISY PLEKXUKHU

UDWH Rl SODFHQWD SUHYLD ZDV REQHUYHGRI)DIX@HDVHV & VHI

RI WKHP KDG XWHULQH VFDSHDRAPHGQIEHOBENGWIODQ RQH KR

K\WWWHUHFWRP\ ,Q FDVH RI KLPKWMRO WLPSUUEWQFLHRU RRUHYH FD\

GHOLYHULHV DQRWKHU LQFZIND $HURRURHA G)HQFWHZD V

REVHUYHG FDVHYV ZLWK $ORPHQWD SQBONPHG FDVHV I
DQG ZLWK SODFHQW S UHYK B PIRY/GVDWWILRF IKD WW 8 KMAHWRBRH ZDV
FLFDWULFH )LJXUH RI WEKRKFWBDBUWRKDPWUWHUAHIEO XWHWXWHP K
DQG RI WKHP KDG SRVW SDUWQX®E HARHUKHRQEDG LQWDFW XW
K\ VWHUHFWRP\ WKRVH FDVHV ZLWK SODFHQWD SLU

, Q RI bOO FDVHV DLRUHWBIVRVGBEOWRHIRDO LQVHUWLF
ZDV QRWHG J)LIXUH DVVRFLDWHG SODFHQWD DFFUHWI

2EVWHWUWILE@BFRORJLD



&HVDUHDQ VHFWLRQ DQG SODFHQWD SUDHYLD FDXVDWLRQ RU M

FDVH UHVSHFWLYHO\ IURP WIS W HIBQ WIVOZ 0 WW HSIDDFXDW DLW K Q|
SUDHYLD DQG FLFDWULFHDO EWWBZMNMQL® ZRFDWRX SO/E QR U@ D O
LQVHUWLRQ ZDV SUHVHQW SODFPMQWHEGIQUFUWMVEBDHVHQWDWLRQ Z

7KH FDOFXODWHG UHODMQL ERWK VNR%SV RIXD UHVXOWV VKR
KHPRVWDWLF HPHUJHQF\ K\VWRHUHFWRPN IPWV & VHOWDRIQ DV D Ut
VW XG\ EOHHGLQJ

7KH 11+ QXPEHU QHHGHG WR7KBUPRQFL\GHQFH RI K\WWHUHFWR
PHDQLQJ WKDW SDWLHQWYV ZZDWK S ODIRWQWRXURAYWH ZDWRHQWD
FLFDWULFHDO XWHUXV LQ FRPSDWLDRG WR IRDWLBRXS/ ZILWHK SOl
SODFHQWD SUHYLD ZLWK LQWDVFWFXIWAKRG VZ DMK EKYHHUI L QW KFLFDW
ZRPDQ SRVWSDUWXP KDHPRV\RIVWHE KW YGILLHVF W@R MY KMDO LW HUD W X
EH QHFHVVDU\

&RQFOXVLRQV
'LVFXVVLRQ
'HWHFWHG LQFLGHQFH RI SODF

7KH IUHTXHQF\ Rl FDHVD UWHIPQ OLHF WIRRW KG-+H G DWHUIRXQG LQ PH
LV JHWWLQJ KLJKHU DOO RYHU WKHSZRWPQES D %D V8 ONY OHD@WHV WD U H
LQWHUQDWLRQDO UHSRUWYV WSKJiR E/DEN D LRV \ ALD/HIV@RIHIDQ/ WG F 2KUR § W
LQ 5RPDQLD LV ZKLFK VKRZW WR WHPRQVMQFDWBWHKH LQFUHD VI
RI WKLY UDWH LQ WKH ODVW SUHFUN DW@S DUFIHHDWW @ LWL K NP RO W L
SODFHQWD SUHYLD DIWHU D &FYNPWHRPQ® GHFWIHRQWY UHSRUWHG
LQ PHGLFDO OLWHUDWXUH 56 GHWHFWBHG@D VLIJQLILFDQW LC
‘RPHQ ZLWK DGYDQFHG DJH K IKIKHPHRWWDWILFEQ B QW SIDUM WR K\VWHU |
ZKR VPRNH RU DUH XVLQJ LORHFIDOUGRHKIYO XWHWRK\KDQKE SODFHQ)
LQFUHDVHG ULVN IRU D SUHJQD GEYRFRPSD LVFHDOWHHFGV[ERQ RI1 FDHYV
SODFHQWD SUHYLD > @ 6LPQGDEDMWLKRQKNUUHERRPHMGHG WR G
GHPRQVWUDWHG LQ WKH SUHWHQFIHF BWDQ PHDIOU X H ZR® (D @ DDV V|

SRVW VXUJHU\ > @ SUHYLD
OHGLFDO OLWHUDWXUH GDWD WKRANVRPREQYGCLAEOXORSHDIQRVLYV
WKH HVWLPDWHG ULVN LV SGHWFHQWIU ROQWRKALBPIWH@LRU XWHU

ZLWK D UHODWLYH ULVN EHW ZHIHFOWUDRBIGHD OGXWHQENVQD ®G SUHYH
WKH VWXG\ GHVLJQ > @ 2XU BE/OWHIL QB FERGVWR IDVEQPRUPP O SODFF
LQFLGHQFH RI IRU SODFHQWYDH®URIYDDXWHULQH FLFDWULFH
$FFRUGLQJ WR RXU UHVXOWVY LQ WKH DQDO\]HG
JURXS RI SDWLHQWV WKH KLJKHVWHIGIFRLKSGIBHY RI SODFHQWD
SUHYLD DSSHDUHG DW IHPDOH EHWZHHQ \HDUV
ZLWKRXW XWHULQH VFDB I/@Q@U\&&QQ\H@WHU@_ QHQQHWK - /HYP
VFDU UHVSHFWLYHOO\ 6LJQ§H_\°X70§§ (ﬁgﬁfé%q&glj Eﬁ%ﬁwﬂﬁo\g‘\ﬂép‘:{/ %6”
GHPRQVWUDWHG LQ DGYDQFH®G 7PDW&EHIOSBIVG WD JHDYHIXUH FKDSWHU
VLPLODUO\ WR GDWD IURP PHGLFDO OLWHUDWXUH >

5SHODWHG WR WKH QXPEHLﬂd%‘fjf&‘gyﬂ&ﬁ‘é{ﬁﬁ;&%ﬁé@bwéi%HUDHdlQDQ

RXU UHVXOWYV VKRZ VLPLODU3HQEGOSWR®& H HDO KIS FSIREM G HAHDVHG

WKH OLWHUDWXUH > @  SURMHFW  KWWS 2ZZ HXURSHULVW
'Q RXU VWXG\ zH IRXQG DK syl (o rLEHERI HPo23(5. 6787 (3~
SUHWHUP ELUWK FRPSDUHGRZ3YOQWK &BXeDF LMY '$ /XWKHU (5 O

VPRNLQJ DV D ULVN IDFWRU IRU SODFHQ

2EMWHQ@HWERDRJLD



6]XV]DQD %RGL

SUHYLD DQG XWHULQH$SPOHISGGE P LROSHPIQQHQEVUHVVZHOO &DULQH 5RQ
+ DQG 9BHURQLTXH )LOLSSL 3UHYDOHQF
> @ ,SHN *XURO 8UJDQFL HW DOZRWL®KE RIHISQREOH ®PWWD\\BWHF DOV LR UHYL]
VHFRQG ELUWK DIWHU ILUVW EL UWHKRFEH\FDOH DGV HFEW HRDQ B SRS K O QW WR
EDVHG VWXG\ DQ G %0RWDUB QQDAOFL VD @G
&KLOGELUWK > @ =KDQJ - DQG 6DYLW] '$ ODWHU
> @ OROLQD * :HLVHU 7* HW D®U KBHIOD Wi BRBKICSD BH\RDH®WQ VHG & D\
&HVDUHDQ 'HOLYHU\ 5DWH DQ G $PHW HRIYD R OOTD OHRRQEWWBAWULFV  *
ORU W3O W\
> @ *HWDKXQ ' 2\HOHVH < 6DOLKX +® $QDQRGREZD HBKI HBQROOWO L )DUDKQI
FHVDUHDQ GHOLYHU\ DQG ULVNV RK 3@ DBHQSDIU SU B ¥HILE KOLQG ) 86D K H Q W\DR
DEUXSMWNVRGIW *\QHFRO ODWHUQDO ORUELGLW\ $VVRFLDWHG Z
> @ )DL] $6 $QDQWK &9 (WLRORJO DRHAUVH YN {RRWRDWY IRRM 2EVWHW
SODFHQWD SUHYLD DQ RYHUYPFHZHPRGRPHWD DQDO\VLV RI
REVHUYDWLRQD®HWXEHWBO 1HRODWDHHWGD 6 HW DO )UHTXHQF\ RI :
BUHYLRXV & 6HFWERQ
> @ $QDQWK &9 6PXOLDQ -& 9LQW]L@® HRD GG H7RH PYVRMLIOWLRQDZ 'HPL
RI SODFHQWD SUHYLD ZLWK KLVWHRUQ LR QFBQBUHDWMKEBD QY SILQWQGHRYV
DERUWLRQ $ BRWDDEMWHWLY\QHBRRDFHQWD 3UHYLD )HWDO *URZWK 5H
'"HOLYHU\ $ 3RSXODWLREYWHHNWUHGE V6V
*\QHFRORJ\ +

2EVWHWUYLEGBHBFRORJLD
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2EVWHWUWYLGBFRORJILD /;,9 2ULJLQDO DUWL

0$7(51%$/$1' )(7$/ 5$$6 5(1,1 $1*,7(16,1
$/'267(521( 6<67(0 *(1(6 5,B& P56
)25 35((&/$036,%

IXFLD ODULD 3URFRSFLXF *DEULHOD &DUDFRVWHD *
*HRUJLDQD 1HPHWL JORULQ 6WDPDWLDQ

'"HSDUWPHQW RI OHGLFDO %LRFKHPLVWU\ 3 XOLX +D LHJI
BKDUPDF\ &OXM 1DSRFD O5RPDQLD
'"HSDUWPHQW RI 2EVWHWULFV DQG *\QHFRORJ\ , 3,XOLX
DQG 3KDUPDF\ &OXM 1DSRFD 5RPDQLD
'"HSDUWPHQW RI 1HRQDWRORJ\ 3, XOLX +D LHJDQX ™ 8QL"
&OXM 1DSRFD 5RPDQLD
,02*(1 &HQWUH IRU $GYDQFHG 5HVHDUFK

$EVWUDFW

%DFNJURXQG $UWHULDO K\SHUWHQVLRQ GXH WR FKDQJHV LQ W
UHSUHVHQWY RQH RI WKH ULVN IDFWRUV IRU SUHHFODPSVLD

2EMHFWLYHYV 7KH FRPSDUDWLYH DQDO\VLV RI WKH HHFOMHREW RA
SDWLHQWY YHUVXV D JURXS Rl QRUPRWHQVLYH SDWL YWY DQ G \HWRORLYDL
ZLWK WKHVH 7KH FRPSDUDWLYH DQDO\VLV Rl WKH VDPHDBRWLFRUS
PRWKHUV YHUVXV D JURXS RI QHZERUQV ZLWK QRUPRW K& VLLQ'\M HRURDVF NVH_
EHWZHHQ PDWHUQDO DQG IHWDO JHQRW\SHV LQ PRGXODWLQJ WKH UL

ODWHULDO DQG PHWKRGV SUHJQDQW ZRPHQ ZHUH HQURDOHG |
ZLWK SUHHFODPSVLD DQG ZHUH QRUPRWHQVLYH SUHJQD@QWX@RPHQ
LQFOXGHG QHZERUQV IURP SUHHFODPSWLF PRWKHUV DQG*7 QHZERU
'(&$ $ & $*75 & $ $*75 DQG &'7 &<3 % JHQRW\SHV GHWHUPL
385 5)/3 PHWKRGV

5HVXOWV 7KH ULVN WR GHYHORS SUHHFODPSVLD LQ DVVRFLDWI
$*75 & $ $*75 DQG 7 & &<3 % SRO\PRUSKLVPV ZDV S

S DQG S UHVSHFWLYHO\ 2XU VWXG\ FRQHWIPR/ WDKH. BV
IRU ERWK KHWHUR]J\VJRXV DQG KRPR]J\VJRXV JHQRW\SHV LQ WRHP SDBMNS R
WR WKHLU IUHTXHQF\ LQ WKH JURXS RI QHZERUQV ZLWK W R H PIRAM-DQAWH. ¢
JHQRW\SHV OHW 7KU $*7 , ' (&% $ & $*75 & $ $*75 LQ WKH PRW!
ZLWK D S S S DQG UHVSHFWLYWQVN WRS
GHYHORS SUHHFODPSVLD

&RQFOXVVLRQV 2XU VWXG\ FRQILUPV WKH VLJQLILFDQW®OLR®@FUH
ZLWK 5$$6 SRO\PRUSKLVPV 7KH QHZERUQ JHQRW\SH IRU 5$3$16 JHQH"
SUHHFODPSVLD

S5H]XPPMQRWLSXULOH 65%$$%$ VLVWHPXOXL UHQLQ DQJLRYV
QHRQDWDOH FD GL IDFWRUL GH ULVF SHQWU

,QWURGXFHUH +LSHUWHQVLXQHD DUWHULDO FH DUH WBI RXEXW U |
UHQLQ DQJLRWHQVLQ DOGRVWHURQ 65%$$% UHSUHJLQW XQXO GLQWU

2ELHFWLYH DQDOL]D FRPSDUDWLY D IUHFYHQ HL YJIQUR\DWLLLFODRVH
FX SUHHFODPSVLH GL XQ JUXS GH JUDYLGH QRUPRWHQVL®H ¥R NMWHEL €
DFHVWHD DQDOL]D FRPSDUDWLY D DFHVWRU SROLPRWLRAH ARRSDW X\
FX XQ JUXS GH QRX Q VFX L FX PDPH FX VDUFLQL QRUPDLOFH O HL QHAWW-DUTH
PRGXODUHD ULVFXOXL GH DSDUL LH DO SUHHFODPSVLHL

&25(6321'(1>»>DEULHOD &DUDFRVWHD H RXIOFORMUULRIOD FDUDFRVWHD
.(< :25'6 SUHHFODPSVLD 5%$%$6 JHQHWLF YDULDWLRQV PEHWWHIONDI@ BFWORILBQRW



ODWHUQDO DQG IHWDO 5$$6 UHQLQ DQJLWHQVLQ DOGRVWHURQH V\VWHP

ODWHULDO UL PHWRG *UXSXO GH VWXGLX D IRVW IRUPD®WDGLH) JI
FX SUHHFODPSVLH dL JUDYLGH QRUPRWHQVLYH FX FHRX XVIFX R ¥RUF
PDPH SUHHFODPSWLFH dL QRX Q VFX L FX PDPH QRUPRWHQVLYH 'HWH
(&% $ & $*75 & $ $*75 0L &!7 &<3 % V DI FXW SULQ XWLOL]JDUHD

5H]XOWDWH 5LVFXO GH DSDUL LH DO SUHHFODPSVLHL VQ&DVRFLHUF
$*75 & $ $*75 DQG 7 & &<3 % D IRVW GH S S
S GL UHVSHFWLY S 6WXGLXO QRVWUX FR@IEWUFK DIWHFYHQ
JHQHWLFH vQ JUXSXO GH QRX Q VFX L FX PDPH SUHHFODP$WQ@RNK FRPSI
Q VFEX L FX PDPH QRUPRWHQVLYH DWKW vQ FD]XO JH QR WD L\SXROOCAWKDHIN HOUDF
PDP UL QRX Q VFXW D JHQRWLSXULORU PXWDQWH SHQWUX OHWH 7KU $*7
DVRFLD] FX PXOWLSOLFDUHD ULVFXOXL GH S SS S
RUL SHQWUX DSDUL LD SUHHFODPSVLHL

&RQFOX]LL 6WXGLXO FRQILUP ULVFXO VHPQLILFDWLYUHJHQFXW GH
SROLPRUILVPHORU 65%% *HQRWLSXO QRX Q VFXWXOXL SHQPPWOXGHDDLD I
DSDUL LH DO SUHHFODPSVLHL

EXYLQWIKBKHEBDPSVLH YDULD LL JHQHWLFH 65%$% LQWHUL

,QWURGXFWLRQ

BUHHFODPSVLD RQH RI MVKMW KHRY W FIRPWPIRQ PHG LQ DQJLRWHF
REVWHWULFDO FRPSOLFDWLR@WQJLRWKQVDEW H WK H B XE\KD UW\H WLHFD
K\SHUWHQVLRQ ZLWK LQFUHDHG VGHWRIQPE QHYGYBVBZR®ROW B LFW
EORRG SUHVVXUH 6%3 '%3 DOOGRMWHURQMIELOQHOHDVH $OGRV!

PP+J + ZKLFK RFFXUUV LQ &< HUHINODBRFOHKDWHG LQ DOGRVWI|
3UHHFODPSVLD UHSUHVHQWN QHZVRAQHRN WAISIHWU WHHITH/ LR QUH JIX O |
DIWHU ZHHNV RI JHVWDWDRG SRAMFRWSIXPLHG E\
SURWHLQXULD ! PJO ,Q R FEHOBHYODW AHD BQHVIRQ PDLQWD LG
SUHPDWXUH ELUWK HDUOLHU BWIOD® FH ZXN MDD RY BHVDWBRVYWHEH URQH
7KH UHFXUUHQFH RI SUHHE\OWREB\VOLG®UHAQWY REVHUWUHIGFLHQF\ RI
LQ RI FDVHV DQG LW QHB®HWR) WIS DORDWRIYDVRFRQVWUL
FDXVH RI PDWHUQDO PRUELGLWR G QGPPRQ @ X0 WH\UZEW R D/VGIRH. RRY W H
LPSDFW RQ WKH IHWDO ZHOOEWH@RDO GLVHDVHYV

7KH PROHFXODU PHFKDQLVPV RKHWHHWDRGD PRUYIHDSRO\PRUSKLVF
DUH VWLOO XQNQRZQ EXW WXHUHV DRIHWHKHD 5 K$8 RV K MAHHPY OHW
HOGRWKHOLDO G\VIXQFWLRQ LIPWPKOWLRQGG HOQIMOWPRQWRUS&( $
IDFWRUV G\VOLSLGHPLD 20H RY WRH7B8QGHUO\&QD UREN %
IDFWRUV LV DUWHULDO K\SSRWRRWSKRLY PPDKNIHG IEGHRWLILHG Z
PDOIXQFWLRQLJ UHQQLQ DQJLRQ KOSHBRWY HOG R WWAHRPRE® VHVGVWIR QR
5$%$6 DQG DOVR FDUU\LQJ DQ LQFUHDVH

5$$6 SOD\V DQ LPSRUW D QKVSHWWH Q @ LRIDI XD D QKD J
DUWHULDO EORRG SUHVVXUH WKURRIK RIOW KRH LPRW WRY WRKGH & VS R
UHQQLQ DQJLRWHQVLQRIJH@REFDWHG QOLWWH QV/LOHQH LV D SRLC
FRQYHUWLQJ+HQ]\PH $&( D QZILRKYARWRY L,QH BB HBVERWHERQ G HR |

$*75 DQJLRWHQVLQ ,, UHFWEWRIHQHS$*PHWIIGRRQLQH LV VXEVWL)\
DOGRVWHURQH VIQWKDVH &<3R¥LWIIRQQL QRIOM B BHMD WKEW SURWH
DQJLRWHQVLQRJHQ WR D GHFDI$H&WL G\K LIYQS RRWARINAKL YV PZRDNKD VV
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/IXFLD ODULD 3URFRSFLXF
7TDEOB$$6 SRO\PRUSKLVPV

Genes Description Chromosome Polymorfisms
AGT Angiotensinogen 1q42-43 Met235Thr
ACE Angiotensin converting enzyme 17q32 I'D
AGTRI1 Angiotensin IT receptor 1 3q21-q25 Al1166C
AGTR2 Angiotensin IT receptor 2 Xq22-q23 C3123A
CYP11B2 Aldosteron synthase 8q21-q22 344C/T

RI DUWHULDO K\SHUWHQVLRQ@uyMWKHED EE Wi M EHWR R VRHIYK HRU KD ¢
SUHHFODPSVLD VWXG\ ZHUH WKH FRPSDUDWLY
W ZDV VXJIJHVWHG WRDWHDEHX HQF\ RI JHQHWLF YDULDWLRC
LV LPSOLFDWHG LQ WKH XWHUEQWK §LHRPIDPWH UL HVQE HPRGHORY
6RPH VWXGLHV VKRZHG %K iWWWEOLVKVYN WRIKH uULVN WR
SUHHFODPSVLD LV LQFUHDVHBYKQHWRRIP WILRR Wk WKHWKy D w
SUHVHQFHHW WHKHDOOHOH D@¢vRNQAMR XWRLRQ RI WKHVH SRO\PR
DVVRFLDWLRQHM WKKWKHKU ogWHRUQV ZLWK SUHHFODPSWLF P
KDSORW\SH WR WKHLU IUHTXHQF\ LQ D JUXS RI ¢
7KH LQVHUWLRQ GHOHWLERQwK' QRRPBW HGU HRQEY RQ WR
RI WKH JHQH WKDW HQFRGHWWWH&H RQIWRW HQOWHRUDRQNMHROVE QW Z
HQI\PH $&( LV DVVRFLDWHG ZIWJRAKBRVHWQLERRW KO $%(L QI WKH U
DFWLYLW\ +RPRJ\JRWHV ZLWK D '* JHQRW\SH KDYH
UHGXFHG HQJ\PH DFWLYLW\ SURBBRMHUKDIKHOB* BPHWKRG
FRQFHQWUDWLRQV DQG D KLJKHU ULVN WR GHYHORS DUWHULDO
K\SHUWHQVLRQ 7KHUH DUH VWXGLELY JURLEK VXIIHVW
WKH UROM RAKWEH DQG , ' $&(

JHQHWLF YDULDWLRQV LQ SUHHFOPREULPX EXYU R WK e IY OS¢ V
GR QRW FRQILUP WKHVH ILQGLQJIY¥KLFK ZHUH SUHJQDQW SDWLH
7KH DQJLRWHQVLQ ,, UHFHPNWRWODPSVLD DB\G WKLUG WULF
HQFRGHG E\ IHWDO JHQHV DQGz KRk DpWR @H b W Kikl gUHH IX©© M- B Qs
RI WKH IHWRSODFHQWDU FLUFXQRWERRP $WIS5F BE®WSHOWVH URXS
YDVRFRQVWULFWRU VXEVWDQFHYK Utk KD WHXIIHY &/ ¥F WE DIW sHQ w
SUHHFODPSVLD WKH\ DUH SUREBRKOMBRXNUHIWKHM\GFBE SUHHFODPS
7TKH & 7&<3 %SRO\PRUSWLHYAUH GLVHDVH 7KH LQFOXVLR
ORFDWHG LQ WKH SWBRBRWHIWQ HFIORRLROIIWKHHIQDQW SDWLHQWYV
LV DVVRFLDWHG ZLWK KLIKHU BRQRKYOWURWNROM Rd VHWKPEOR
DOGRVWHURQH LV LQYROYHG LQ W Kohp UiH RO PW/ARH DR/RGR VY RLKRG
DFWLYLW\ DQG DOVR KDV D GLYHEW KRIVHFWORX FP ULGLRYDVFXED
VIVWHP DFWLYLW\ SUHVVXUH YDOXHV RI ! PP+J D
7DNLQJ LQWR DFFRXQW WK% MK H b6 QHEWHALRU WR  ZH
LV RQH RI WKH SLOODUV Rl VSUHW@ RKWYHY I UHPREHPOLQJI LQ
SUHJQDQF\ RQ WKH RQH KDQG P D VA M) W Q GH GHYRRDD A § W QWK H
JHQHV ZKLFK HQFRGH WKH 533RPF&EF S REIEW ¥ DB HHQWY SUHVH
SRVVLEO\ LPSOLFDWHG LQ MK p$HDWHKRAHRHRP VRIRWKH 2EVWF
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ODWHUQDO DQG IHWDO 5$$6 UHQLQ DQJLWHQVLQ DOGRVWHURQH V\VWHP

&OLQLF &OXM 1DSRFD 7KH\ RIHUHIG DELRQN IVGIG IKD WRKDH\ & OXM 1D
3HULQDWDO OHGLFLQH 6HFWLBQ UWLFWKDRRRP RWRNXLVBHGVWKHLU LG
&DUH 8QLW DFFRUGLQJ WR BHLIQ JHQWRAWAHR®DO DJH DW
SUHVHQWDWLRQ DQG VHYHULW)\ RITWKKH S BWRRORSK 7K HF\KW XI®\F W H
DOVR LQFOXGHG D QXPEHU RUHHFODDZAESRWULF IDMRZHOO DV QRUPR
SUHHFODPSWLF PRWKHUV DRDBWLHQWXERQG WKRIRU FRUUHVSRQ
QRUPRWHQVLYH SUHJDQFLHV SRVWSDUWXP PRQLWRULQJ SDUDPHYV
%ORRG SUHVVXUH YDOXHWDEBHUM VDOELILFDQWO\

LQFUHDVHG LQ WKH SUHHFODPSWLF SDWLHQWY FDWHJRU\

FRPSDUHG WR WKH FRQWURO JURKXBKRB®3 PP+
“ YV “ S %3 PP+J
“ YV ¢ S SUHHFOBEKRFAWMLF 7KU $*7 |, ' (&% $ &

SDWLHQWY JDYH ELUWK DW VI$JQ5ILRDQW G\ TBRYG & ! THY WD WoL RQ D O
DJHV ZHHNV RI JHVWDWLRQ JHORWYSHV GHMWHUPLQDWLRQ ZDV S
S ZLWK UHVXOWLQJ VLJQL3KBSDE)WSOR DR ERG E LU WX DHILIKWAN VW D
EDELHV JUDPG “ ZDV VIRSOHG LQ ('7$ YLDOV DQG JHC

“ S DV FRPSID/R® WHR [URP ERWK WKH PRWKHU
QRUPRWHQVLYH SUHJQDQW SxW2 B®WHND WKK HQYWPE\ NIDV $PSOLIL
DSSURYHG E\ WKH (WKLFV &R AP DWMHHWR/I RV KH WRIUYHON ZWV SHUIR |

7TDEOHHPRJUDSKLFV RI WKH WZR VWXG\ SRSXODWLRQV SUHHMIMHBMMF S

Preeclampsia PIH Mild PE Severe PE | Normotensive
(N=32) pregnancies
(N=125) (N=36) (N=57) (N =131)
SBP, average+SD 156.65=1599 | 143.05=7.86 | 153.68 =7.59 | 176.88=14.01 | 126.11=4.65
p <0.001 <0.001 <0.001 <0.001
DBP, average+SD 101496 95 =x6.44 100.7£6.16 | 109.84 =11.32 | 75.46=4.74
p <0.001 <0.001 <0.001 <0.001
Age (vears),
average=SD 2007=504 | 29.67=4.67 | 2825+442 | 2988=6.28 | 28.41=467
median, interval 29 (16-42) 31(21-37) 28 (16-39) 30 (17-42) 28 (16-41)
BMIL Kg/m* 23.96=5.51 2411549 | 2447=6.06 | 22.89+4/51 220328
p <0.001 0.002 0.002 0.08 NS
Gestational age at
birth, average+SD
P 3472428 | 3494=433 | 3472455 | 3447384 | 3879=161
<0.001 <0.001 <0.001 <0.001
Parity
Primiparous, nr (%) 91 (72.8%) 25(72.22%) | 44(77.19%) 22(71%) 79 (60.31%)
Multiparous, nr (%) 34 (23.2%) 10(27.78%) | 13(22.81%) | 9(28.13%) 52 (39.69%)
Toxics consumption
Smoking, nr (%)
P 13 (10.4%) 3(8.3%) 7(12.28%) 3(9.38%) 6 (4.58%)
Oral contraceptives, NS NS 0.05
nr (%) 20 (16%) 7(19.4%) 10 (17.54%) 3(9.38%) 12 (9.16%)
P NS NS NS NS

PIH - pregnancy mduced hypertension; PE- preeclampsia; SBP — systolic blood pressure; DBP — diastolic blood
pressure; BMI — body mass mdex; p< 0.05 - statistic significance for p values under 0.05; NS — not significant.
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/IXFLD ODULD 3URFRSFLXF

DFFRUGLQJ WR WKH IROORZLQ$GXRWRFRGEH % QJ, R} JEQEB PN ULF\
'1$ ZHUH DPSOLILHG[WX U H-DRRBIQYDRHDIQ ),

—0 SULPHUV VSHFLILF IRU HDFK$QBQMWWLFRY DWMKHD IVRRABL WK RSV IHJ

—0 G173 PO 0J&O 8 DTREWDLQHG E\ HQ]\PDWLF GLJHVWLF
SROLPHUIHVMHWLILFDWLRQ RIHIOHFRWISSHIR ZBWLY LQ DJDURVE
DFKLHYHG E\ HQJ]\PDWLF GLJHWWKILREQ XL KR B HF RV D QBEWALRIQLU Y L)
HQGRQXFOHDVHV VSHFLILF IRUKHHD B K DFROLNPRY XHIVH/G ZHKIH IURP )|
FKDUDFWHULVWLFV RI WKH D WX®IL BLFICPMIUR/QZ B QRSK HZGUMHD WIIRFP (X |
GLJHVWLRQ SURFHVVHV ZHUH WWBWRWOWRRRQYOQKIRXV QXP
OHW  7KU 33700, & UHVWULFWLRM®EQHPHZHUH WHVWHG IRU WK
TWK ' (&$ Zouporoy &S & XVLQJ WKH .ROPRJRURY 6PLUQRY 7
$*75 Zoubores & UHVWULGHLRY KIQWPANXOW RI WKH DQDO\VLV HLV
& $ $*75 fouvoroy f& UHVWULFMWHMRQ RQIWHKH 0DQQ :KLWQH\ WHYV

7DEO$%WHSDUWXP DQG SRVWSDUWXP SDUDPHWHUV LQ WKH WHAR WIWXG\
SUHJQDQW SDWLH

QWYV
Preeclampsia Normotensive P
(N=125) pregnancies
(N=131)
Marternal complications, nr (%)
Eclampsia 1 (0.90%) -
HELLP syndrome 4 (3.20%) -
Fetal complications, nr (%)
TUGR 38 (30.40%) -
Stillbirth 4 (3.20%) -
Fetal distress 22 (17.60%) -
Route of delivery, nr (%o)
Vaginal 45 (36.00%) 00 (75.5T%)
Caesarean section 80 (64.00%) 32 (24 42%)
Newborn gender, nr (%o)
Male 50 (47.20%) 58 (44.20%)
Female 66 (52.80%) 73 (55.70%)
Greutate la nastere,
medie = DS, nr (%) 2665.155=0987.239 | 320083 = 341 386
= 1500 grams 17 (13.60%) - =0.01
1500- 2500 grams 37 (24 80%) -
= 2500 grams 71 (61.60%) 109 (83.20%)
Apegar score at 5 minutes,
average £ 5D, nr (%) 77625 034=077
<7 35 (28.00%) - <0.01
=7 00 (72.00%) 109 (83.20%)
Monitoring in NICTU, nr (%a) 25 (20.00%) -
Perinatal morbidity, nr (%) 16 (12.8%)
ARDS 11(8.80%) -
Intraventricular hemorrhage 4(3.20%)
Renal falure 1 (0.90%)
Neonatal mortality, nr (%) -
=24h postpartum 1 (0.90%)

IUGE. — mirauterme growth restnction; NICU- neonatal miensive care wut; ARDS- acute respratory distress
syndrome; SD - standard deviation; p= (.03 - statistic significance for p values wmder 0.05.
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ODWHUQDO DQG IHWDO 5$$6 UHQLQ DQJLWHQVLQ DOGRVWHURQH V\VWHP

FRPSDULQJ WKH WZR VWXG\ JURX 9K H' LFIKRWRIPE DWW LERQWRI WKH VV
ZDV WHVWHG E\ PHDQV RI FURNW WDEVY $XVLQJ W&$ &KL & $*75
6TXDUH )LVKHU 7HVW LQ NHHSLQY ¥iNVER QK B! ¥ V&R & G¥B Q GW K H
PHWKRGV RI LPSOHPHQWDWLRWZRQQRIZERU QV RURXSYW QIN ZVERW QV 1L
GHJUHH RI ULVN IRU HDFK PSDWDWHIQRVMV DH/ RISBRNHEBWR QHZERUC
LQWHUSUHWLQJ 25 YDOXHV VBV EK@W V L E VL G WIHFSWUHBN IDQVWRE O H
25 | ULVN IDFWRU 25 | QHXWHKBOSUMRMREH RI WKH PXWDW,|
25! | SURWHFWLYH IDFWRU )BU WIS V\EDW&EVWBFP®RBDQD QY LWKH
ZH XVHG WKH 6366 SURJUPRPWHKH & KLEDIR{UNM D ULVN RI UH
688 $ WUHVKROG YDOXH RI SWKH ZBYHORSPHRW ROSUHHFODPSVLE
WKH WHVWYV VLIQLILFDQFH LQ DOO FDVHV S!
WKH PXWDWHG&H@ERI\ O\ LQ WKH
PRWKHU ZLOO FDUU\ D S IRO
IRU GHYHORSLQJ SUHHFODPSVLD 7
7KH GLVWULEXWLRQ@KRI SWEBWHVHQFH LQ ERWK WKH PRWKHU D

(&% $ & $*75 & @ $ $PTEGOHW TKU $*7(&$$ & $*75

&!7 &<3 HHQRW\SHYV DQG D ROHGBHS$*TBPXMOONBE JHQRW\SHV DVV
WKH ULVN WR GHYHORS SUHHFOD®SVLD ZHUS SUHVHQWIBG LQ DQ
WDEOH UHVSHFWLYHO\ S IROG LQF!

SHVXOWYV

7TDEOCWMHW 7KU $*7 , ' (&% $ & $*75 & $ $*75 DQG &!7 &<3 % SRO\PR
DQG DOOHOH LQ WKH VWXG\ SRSXODWLRQV SUHHFODP $FWRDWIRIDI DUDRNNEG

Genetic Mutant genotypes Preeclampsia Controls OR, 95%C1 P

varianis {IN=1125) {N=131)

Met235Thr- | Met/Met, or (%) 37 (29.6%) 71 (54.2%)

AGT Thr/Thr, nr (%) 27 (21.6%) 15 (11.5%) 213 [1.07-423] | 0.028
Met/Thr, or (%) 61 (48.8%) 45 (34.4%) 1.82 [1.07-3.11] 0.02
Thr/Thr +Met/Thr, nr{%a) 88 (70.4%) 60 (45.8%) 281 [1L68-471] |[=0.001
Alela Met235, or (%) 135 (54%) 187 (71.37%)
Alela Thr235. or (%) 115 (46%) 75 (28.6%)

I'D- ACE LT, ar (%) 21 (16.8%) 40 (37.4%)
DD, or (%) 48 (38 4%) 31(23.66%) | 2.01[133-358] | 0.015
I'D. or (%) 56 (44.8% 51 (38.9%) 1.27 [0.75-2.18] 0.37
DD +L'D, or (%) 104 (83.2%) 82 (62.6%) 296 [1.58-5.56] | =0.001
Alela I or (%) 08 (39.2%) 149 (56.8%)
Alela D, or (%) 152 (60.8%) 113 (43.1%)

1166A/C- A/A or (%) 62 (49.6%) 05 (72.5%)

AGTRI1 C/C, or (%) 17 (3.6%) 8 (6.1%) 242 [094-639] | 0.057
A/C, or (Ya) 46 (36.8%) 28(2137%) | 2.14[119-387] | 0.009
C/C+A/C, or (%) 63 (42.4%) 36(2748%) | 2.68 [L54-467] | =0.001
Alela A1166, or (%) 170 (68%) 218 (83.2%)
Alela C1166. or (%) 80 (32%) 44 (16.8%)

C3123A- CIC, or (%) 65 (52%) 03 (70.9%)

AGTR? A/A nr (%) 17 (13.6%) 0 (6.87%) 2.13 [0.86-543] | 0.097
A/C, or (%) 43 (34 4%) 20 (22 14%) 1.84 [1.02-333] | 0.037
AMAFAIC, or (%) 60 (48%) 38 (20%) 226[1.31-3.91] | 0.002
Alela C3123_ or (%) 173 (69.2%) 215 (82%)
Alela A3123, or (%) 77 (30.8%) 47 (18%)

344C/T- C/C, or (%) 34 (43.2%) 94 (71.73%)

CYP11B2 T/T, or (%a) 25 (20%) 13 (9.02%) 2.7 [1.05-497)] 0.034
C/T, or (%) 46 (36.8%) 34 (25.95%) 1.66 [0.04-294] | 0.079
T/T=CT o1 (%) 71 (26.8%) 47(35387%) | 235[138-401] | 0.001
Alela C344. nr (%) 154 (61.6%) 222(84.73%)
Alela T344, or (%) 06 (38.4%) 60 (22.9%)

OF.- odds ratio; 93% CI- 95% confidence mterval; p=0.03- statishc significance for p values mmder 0.05
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/IXFLD ODULD 3URFRSFLXF

WKH RFEXUHQFH RI SUHHFODPS VL D EAXRIUIP\DRF LDOLRKYQRNY DACK HG H Y |
PXWDQW PDWHUQ DIHWHW DIOU JMEKRWRESKHREODVWLFE LQYDVLRQ SODF
L' (&% $ & $*75 & 0 $ YM7TYHVVHOV WKURPERVLV DUH FRQVLC
&!7 &<3 WV ULVN IDFWRUVIRD WRKH REFXWKHQFH DQG HYROXW|
RQVHW Rl SUHHFODPSVLD LV SEHVHQWIHGAN LD MWEOM KDYH DQ X
EDFNJURXQG ZKLFK PD\ EH LQY
SDWKRJHQHWLF FKDQJHV DFFRPSD
%HLQJ D PXOWLIDFWRULDO GLVHDV
S3UHHFODPSVLD LV D PXOVIOHVWHPQEQGLERWEHRQ WKH PDW
ZKRVH LQWLPDWH PHFKDQLVPVKHIBHOMMWAFG SQHGHY S RY QWLRKY |R
LQ WKH SDWKRORJ\ FRPSOLFDWRDQYXBORJIDBDWYHA\V ,WKFHH UHOROW R
GXULQJ WKH VHFRQG KDOI Rl $H¥YHDQP\ DHTHWRFESORPDMRHNS KLV P
RI SUHJDQDQFLHV ,Q WKHSPRWHKEEH WK KN HFRQUGLW HRYHUQD O
PD\ SURJUHVV WRZDUGV V\VWH®WPD UHDIGRWMKREGLWRH SUHPLYV
G\WWIXQFWLRQ WDUJHWLQJ S U LPWDHHFQ D S M IO SHW LEHQDALYD KODYCH
NLGQH\V $V IDU DV WKH IHWXYHQWH ¥ R QKHIV GHRG Q RWK HD G DVHIBV IR Q «
LV DVVRFLDWHG ZLWK LQWUDXWHUL@GILYURZX\D R WHQDWK WL B W LARID
SUHPDWXULW\ 8S WR WK LSIHU\HOQFW V W& HUHD W IHY QR\ PRV V
HIILFLHQW WHFKQLTXHV WR DFHEXQDAWHQQ SWLH GH.F WQ W K Bl ORID\CHW
RI GLVHDVH WKH RQO\ FXUDWH Y B OXDMIHMW K 9 \W REHA Q I EGKMCLLRYCH B |
RI WKH SODFHQWD RI SUHHFODPSVLD E\ PHDQV RI LW\

'LVFXVVLRQV

7TDEOHMKOMHW 7KU $*7 | ' (&$ $ & $*75 &OQB&BT7/&E<3 SRO\VPRUSKLVPV L
WKH WZR QHZERUQ JURXSV QHZERUQV IURP SUHHFODPSWLF PRWKHU

SUHJQDQFLHYV

RAAS genotypes Newborns Newborns
{preeclamptic mothers) {mothers with normal
(IN=109) pregnancies)
(N=94)
Met235Thr-AGT
Thr/Thr, or (%) 41 (58.6%) 3 (3.2%)
Met/Thr, or (%) 8 (11.4%) 31 (33%)
Met/Thr + Thr/Thr, nr (%) 40 (70%) 34 (36.12%)
I'D- ACE
D/D, nr (%a) 20 (23%) 16 (12.1%)
I'D. or (%) 25 (19.8%) 19 (14.4%)
D/DHLD, or (%) 54 (77.14%) 35(37.23%)
All66C- AGTR1
A/A or (%) 6 (8.6%) 5(5.3%)
A/G, or (%) 27 (38.6%) 15 (16%)
AA+AIG, or (%) 33 (47.1%) 20 (21.3%)
C3123A-AGTR2
C/C, or (%) 4 (3.2%) 2 (1.5%)
A/C, or (%) 24 (19%) 19 (14 4%)
C/C+A/C, or (%) 28 (40%) 21 (22.6%)
-344CT AGTR2
C/C, or (%) 11 (15.7%) 12 (12.8%)
C/T, or (%) 26 (37.1%) 33 (35.1%)
C/C+C/T, or (%) 37 (52.9%) 45 (47 9%)
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ODWHUQDO DQG IHWDO 5$$6 UHQLQ DQJLWHQVLQ DOGRVWHURQH V\VWHP

DQHEIT7H<3 IHQRWISH

7TDEOKHDWHU
LOQWHUDFWL

IHMDW $*7 $
QV DWHUHIFOND P35 RUV IRU

(&S

& $*75

Maternal/ NN genotvpe Mei235Thr D Al166C (31234 3TC
{AGT) (ACE) (AGTRI) (AGTIR2) (CYP11BY)
Preeclamptic mother +/'newborn — 13/69 9/60 14/69 11/69 11/69
Nommotensive mother +/ newborn — 24/94 24/94 13/69 7/94 5/04
OR, 05% CI 066 [020-151] | 043[0.17-1.07] | 1.56[0.63-3.85] | 231[0.77-7.01] 332[099-11.64]
P NS 0.05 NS NS 0.034
Preeclamptic mother -/ newborn + 10/69 2/60 5169 8/69 8/60
Normotensive mother -/ newborn + 18/04 6/04 0/04 12/94 15/04
OR, 95% CI 0.7 [0.28-1.76] 043 [0.06-24.7] | 0.72[0.2-253] | 0.88[0.31-2.49] 0.68 [0.25-18.5]
P NS NS N5 NS NS
Preeclamptic mother +/ newborn + 38/60 50/69 21/60 23/60 28/69
Normotensive mother +/ newborn + 16/94 20/04 11/94 14/04 20/04
OR, 95% CI 579[2.68-12.64] | 5.6[2.7-11.74] | 332[1.35-7.88] | 2.79[1.24-6.39] 1.49 [0.74-4.3]
P =10,001 <1).001 0.005 0.008 NS
Preeclamptic mother -/ newborn — 0/60 11/69 30060 28/60 23/69
Normotensive mother -/ newbormn — 36/04 35/94 61/04 61/04 45/04
OR, 95% CI 0.24 [0.09-0.57] | 031[0.14-0.72] 0.41 [0.2-0.8] 0.36 [0.18-0.72] 0.53 [0.27-1.08]
P <0001 0.003 0.007 0.002 0.057
WKH $*7 (&$ $*75 $*75 DQG WHBLRXV VWX QQURHFRIKRFAPHGHEX DO

FRQVLEMWLBUXFLDO UROH LQFWRH YRREHW I HRY RQHURDIOPXWDQW J
DUWHU\ UHPRGHOOLQJ LQ SUHFIIOF( D FWrRH 186 Ak W W H
SODFHQWD LV WKH PDMRU VLWSHDRY BRI R W HIOW IR, SW R DR PR W W oY LL
., FROYHUVLRQ ORUHRYHU WKH Wk Idddd (R4 W KH A RPSVLD
VRXUFH Rl UHQLQ DQG DQJLRWMREHIVIHYRERQW YD W KRHWIRMUB DWHR WKRVE
XWHUXV DQG DQJLRWHQVLQRJHQ L\ QAP VMG IEQ wKH 3481 bp@- QJ
DUWHULHV GXULQJ WKH ILUVW i 1URQ/HY B U7ROKWIWM b 8 Q@0 X\ Kk
DQ LPSRUWDQW UROH LQ WKHIHRHHPREWMOS DIYHIRGRERR RYK R oW
SUHJQDQF\ 2Q WKH RWKHRZRE QB LQFUHDVHERF\ IRU WKH
OHYHOV RI P51$% ZHUH GHPRQ VEWIWAMHE WKMWKERSOBRHEWIDAP DQG ¢S
Rl SUHHFODPSWLF SDWLHQW\W ¥R p sSDRIQUEGSGRIIDE kK BWWR P O
QRUPRWHQVLYH SUHJQDQW SEWPHREW W UDMHGHE KN HOERIEPYHG 11U
IRU $&( DQG $*75 DUH H[SUHWHREASHKH @ SOHHOWPP PSWLE YHUYV
7KHUH DUH VWXGLHV BOWKHQMYVWLIDWH WKH 7KH
$*75 JHQH LQ SUHHFODPSVLPHUWNKHPIHE R W MU REOH DS PtUH]
H[SUHVVHG LQ IHWDO WLVYVXAKO MW XK I$\RH QREM/ tr B RDMIIPR WK H FF
VXJIJHVW WKH SRWHQWLDO L@AHROAAHPY &K Hk T 3p B¢ 8 T\ UsSKHY\P D Q
ZKLFK HQFRGH IRU 5%$%$6 SURW MKdv R@QVIWWHRS W KR FIPDH B - D
Rl SUHHEODPSVLD ,Q WKH FXUUHQW VWXG\ DOO WKl
ORVW VWXGLHV ZHUH FHQWHUREMYH wWKY SHEHRI &
PXWDQW PDWHUQDO 5%$$6 JHQHVS5SDQ®E WKKBLUSLASDEWS R ZHUH
WKH ULVN Rl SUHHFODPSVLD LG@HQ@WLL G VZdMKVKLY KHUVMWXEXHQF
SHUIRURPH® IERL HW BAQILUPV SPRYLERYWY JURXS DV RSSRVHG WR

Rl WBKH & $*75PXWDWLRQ LQ $BH¥RMWIMESPMUWY 7KH ULVN RI GHYHC
$OVR WK VWXI®WUECRQK HWP Y HRFLDWLBRRWZLWKUWKA 7KU O0OHW

VKRZV WKH DVVRFOBIWLRTKGEWZHHJ &PK * (&% % & $*75

7KU OBWO\PRUSKLVPV LQ WKH $87$JHOH DQBS5(1 7 & &<3 %

SUHHFODPSVLD 7KH VWREVAWLRQRYIRBY KRG E\ S S

6DW\DQDUD\DQD HXEPDO® HW DOS S S

VXJIJHVW D (&BOKERRB WHHQHV L& WKH S S $00

RFFXUUHQFH Rl SUHHFODPSVLRXWDWLRQMYWKHHPROHQWLILHG ZLWK

2EMWHQ@HWERDRJLD



/IXFLD ODULD 3URFRSFLXF

WKH SUHHFODPSWLF SDWLHQRMRWXHRX ® FR PESHEHREU ¥ RJ MSKHH V H ¢
FRQWURO JURXS ERWK ZKHQFWHRIQAHGE H UL JRW KHKH GHYHOR
KHWHURJ\JRXV DQG KRPR]\JRXV IRUPV
7KH LQYROYHPHQW RI WKH S&ORFHQXWMLRQVW K H

SDWKRJHQHVLV RI SUHHFODPSVLD VLJQLILHV LQ IDFW WKH
LQYROYHPHQW RI IHWDO JHQHV LQ2WKH/ WNGHN GRS PHIPW RIKW KL Q
FRQGLWLRQ &RPSOLFDWURYN RFBXYUBD®SIGNUEQHHFODPSV
SUHJQDQF\ DUH GHWHUPLQHG 58'$ & RS\R 0 \W R H S W PV Q DIOH DAHZ E R U
IHWDO JHQRW\SHV 7KXV PDWH$G DI QW LIFHWDOLDHQMY PRXOG L
KDYH DQ LQGHSHQGHQW D FWSIWRHQ FROD PHULDQWHUDFW LQ
PRGXODWLQJ WKH ULVN RI SUHHFODFASY R D HTKHRHERWKHXYGY ZD
RI IHWDO PXWDQW JHQHV LQYROFRPS QMW KMA @EWKPWEBWHGEGDB YD (
D SDWKRJHQHWLF PHFKDQLVP3RI,$UHHBURRMHMLWW QR FRGH
W LV SRVVLEOH WKDW IHWDO 5$$6 JHQHV PD\ LQGXFH DQ
LQFUHDVH LQ WKH DUWHULDO EOIBRI(BH$JU!-II—Q/FVBKVJH LQ RUGHU WR
LPSURYH XWHUR SODFHQWDO EORRG IOR

YDQ 5LMQ %% )U

TKXV LQ WKH SUHVHQW V(WP\(L@oﬁbl QOMBd&%Q/GF?bF HGHuxP ELRP

D FRPSDUDWLYH DQDO\VLV RI R AR Y W/U@MW&QﬁWL  TUORPNV WULF
HFODPSV D VA\VWHPD LF UH\((?LJHZ 2E

SUHHFODPSWLF SUHJQDQFLHVGQLQ{(ﬁ\ QHZERUQV UHVXOWL

IURP QRUPRWHQVLYH SUHJQD HIQUX HPIR ))D USE I 1J6 WG KPYHGD $ 7R
HWWR *0 ,00DQHV 6( 3DWKRJIJHQHVLV

GLVWULBMWLRIKXRI$*7 , ' (&$ ﬁ-IQH&’LF FRPSRQHQW - 3UHJQDQF\
$*75 & $ $*7BQG &!7 &<3 % +MDUWDUGRWWLU 6 /HLIVVRQ %* *HLUV

SRO\PRUSKLVPV 2XU VWXG\ EREVIM RN LSEUVHBN ARG eHVRyen

IUHTXHQF\ RI DOO ILYH JHQHW L FH YHSWUD Q W V1 R B)S RRRVHL LUW FEX SKRE DG H

QHZERUQV IURP SUHHFOD PSWLs HRWSEHEM FRESHVRE MW Rono

QHZERUQV IURP QRUPRWHQV(QGHRWKRIWLUOKD LVYWER WIKGCW RMWKDVH H

W \QWKDVH &<3 %
KRPRJ\JRXV DQG KHWHUR]\JRXQU%ﬁg%%%WHQ&éb%Q}&L% (WKQLFLW\O
WKH VWXG\ DLPHG WR LGHQWLI\ WKH DVVRFLDWLRQ RI PDWHUQDO

XEHO &% :DOOXNDW * :ROI 0O 5DMDNXI
IHWDO IDX\NDQ\NOHIIN\QRVVKSH&,{?IRLLI/WRU\ Rl SUHHFODPSVLD DJRQLVWLF DQJ

(&% $ & $*75 & $ $YL5DXWRDQWLERGLHY LQ SRVWSDUWXP ZRPH
&!7 &<3 BV ULVN IDFWRUV [RYNEPRAPHHBEIAES 556 L0 S KH SD

7KH SUHVHQFH RI WKH BXWBIDWsSVIIHQ RMWUSHYHUWHQV 5HS

/ %URVQLKDQ %. 6\WWHPLF DQG
$ & $*75 & $ $¥1N WKH PD%WL%&/%QVLQ VIVWHP LQ QRUPDO DQG SU

LQGHSHQGHQWO\ RI WKH QHZER K JHH@QR W38 ¥b S LG Vel Q 8\ YD V F X ¢
ULVN IDFWRU IRU WKH GHYHORSPHQW, R, SHHMROPSSKHER EXW,
ZLWKRXW VWDWLVWLFDO VLJQBRKLEIFJDl—QJF)H$Q7|Kd-l/FBJNVHN¢1QII-FMH\RILRWISHO'

0 Y WLQJ HQ]J\PH JHQH DFFRXQWLQJ IRL
PXWDQW JHQ@RW\S4B 19Q WKH PRE\R/\%H oy D eolo Byavw

LQGHSHQGHQWO\ RI WKH QHZERJLU{QOJ(HQB?VMb&boO-bIDCGNKW(ﬂVPV RI
SUHHFODPSVLD 7KH SUHVHQFHSPR®KH PXREWD W FABRUWAEHRR H

OHW 7KU $*7 , ' (&% $ RQOM\&ISQ WiKiHkpQJ -LDQ\X 6KDQJ 6XOL =KDQJ +C
PRWKHU GRHV QRW FDXVH SZM-HH‘#WP%'VW'SH UKQ fItRWHQVL Q4
HFODPSVLD W L SRO\PRUSKLVPV

PXWDQW 5$$6 JHQRW\SHV DUI-(IQId[q$U|_I-b\§‘q§HG RQ@\ $4Q WKH
QHZERUQ WKH\ GR QRW UHSUHWXQW ID-WUH/N §B¥ENV RV )R URWHOH

SUHHFODPSVLD ,Q H[FKDQJH WE&PW Eé%‘ﬁ‘iw%&%’é’w SO UIVIRRE S R o

RI WKH PXWDQWOBMQRWBHV7IRU*DWD $ -HXQHPDLWUH ; +HOLQ & 1HOV
(&% $ & $*75 & $ $Q7!ERWI?<O\N$KI?_BOHFXODU YDULDQW RI DQJLRWHQVI

2EVWHWUYLEGBHBFRORJLD



ODWHUQDO DQG IHWDO 5$$6 UHQLQ DQJLWHQVLQ DOGRVWHURQH V\VWHP

SUHHFODPSVLD 1DW *HQHW + LQ WKH UDW XWHUXV GXULQJ GDUO\ DQG
ORUJDQ 7 &UDYHQ & /DORXHO -0 -R¥GQD®QRLRWWQRORBIHIHIXODWRU\ ,QWHJU

7KU YDULDQW LV DVVRFLDWHG ZLWK \WEGRBPDO SK\VLIRRORSLF FKDQJH

RI WKH XWHULQH VSLUDO DUWHULHV L&D OLGHMV W UIHRIHP\DW € US GG HFRGWB RY® - %HU

2EVWHW *\QHFRO + $& )HUUDULR &0 %URVQLKDQ .% 8ULQDU\
/JHYHVTXH 6 ORXWTXLQ -0 /LQG V D¥D& RFRQMW BIRPFWRH MQJILRWHQVLQV GXULQJ F
) ,PSOLFDWLRQ RI DQ $*7 KDSORW\SBQ® @D PWOWLRQQ H CCO/R/MRFILOAVLR Q +

VWXG\ ZLWK SUHJQDQF\ K\SHUWHQVLRQ/HYXENTWH @VDREWTXLQ -& /LQGVD\ & 5R\ |
) ,PSOLFDWLRQ RI DQ $*7 KDSORW\SH LQ D P

OHGLFD , .DVWULQ $ 3HWHUOLQ %¥WXQHANMKSRONRRDHKALVRVSHYQWHQVLRQ +\S
YDVRDFWLYH JHQHV DQG SUHHFODPSVED D PHWD DQDO\VLV (XU - 2EVWHW
*\QHFRO 5HSURG %LRO 6DOLPL 6 ORNKWDUL 0 <DJKPDHL O -DPVK

'LOVRQ 0/ *RRGZLQ 70 3DQ 9/ ,BIOHAWRSELDRQRBRXRDWQJIJLRWHQVLQ FRQYHUW
HSLGHPLRORJ\ Rl SUHHFODPSVLD LQ¥NUWMRQ \®@HFRWLBF DQG DQJLRWHQVLQ |,
+ JHQH SRO\PRUSKLVPV ZLWK SUHHFODPSVLD L
30XPPHU 6 7RZHU & $ORQVR 3-RRWQDQ Rl %DRMHGBFLQH %LRWHFKQRORJ\
%URXJKWRQ 3LSNLQ ) HW DO +DSORWABHNURD QWK I+DQUDRWBQE¥DERXU 6 9DQ 'H!
UHFHSWRU JHQHV *75 DQG $*75 LQ ZRREBHHLWK/BRXPRBWHQNRWW 0/ 7KH 0 7 YDLU
SUHJQDQF\ DQG ZRPHQ ZLWK SUHHHRIDRWWRYLERPHQXMWDRW LV UHODWHG WR GH
+ K\SHUWHQVLRQ GXULQJ SUHJQDQF\ WKH 3U
(VFKHU * &ULVWLDQR 0 &DXVHYLBWX @D % PDHUV 6l QMULHRQ) -5HVHDUFK +
6XUEHN ' ORKDXSW 0* +LJK DOGRVWHWBR@NDYPR UHQ@QDQ&BDUHPABYEUDQ $ 6XQGD!
RI &<3 % DQG SUHJQDQF\ RXWFRPH DMDSIKEDARJI\ &KDMBUWDVHNDUDQ $ *HQHW
7UDQVSODQWDWLRQ + KDSORW\SHV RI WKH UHJXODWRU\ UHJLRQ
1LFRG - %UXKLQ ' $XHU / 9RJW % GUDH) $RSOKOUDWUR @B 'BXJ OHWDE 3KDUPDFRN
ELDOOHOLF JHQH SRO\PRUSKLVP RI &<3 % SUHGLFWV LQFUHDVHG
DOGRVWHURQH WR UHQQLQ UDWLR LQ $WKXIMHPAPHE K6S &K IV/MQNE K B UDDSDLRH @6V \B P D |
-RXUQDO RI &0LQLFDO (QGRFULQRORBDPR @G .6lINWWDPBE@CLVPKHZDGH '* HW DO +DSC
+ Rl FRPPRQ YDULDQWYV Rl &<3 & &<3 & DQG
"KLWH 3& 5DLQH\ :( (GLWRULDODQ PR ORKRUKS KLEPVQLORSXODWLRQ *HQHW 7
&<3 % JHQHV DQG K\GUR[\ODVH DFWLYLW\ - &0LQ (QGRFULQRO
OHWDE *23(& 'LVHQWDQJOLQJ IHWDO DQG PDWHUC
5DMDQ 6 5DPX 3 8PDPDKHVZDUDQSUS$SIGHWRD® KXV SN VRFLDPOVWILRQLVK PXOWLFHQW
Rl DOGRVWHURQH VI\QWKDVH &<SW%BMBLFDD -RXQ®@DO RI +XPD@ *HQHWLFV
SRO\PRUSKLVP VXVFHSWLELOLW\ WR $NBLHR W4 D.GK KA B NMDWIFQ VARRYZ QQ3® 7D\\HE &

VRXWK ,QGLDQ 7DPLO SRSXODWLRQ ,DIGFIFO@DL GHE 5HV $QIJLRWHQVLQ ,, W\SH D
SRO\PRUSKLVPV LQ SUH HFODPSVLD DQG QRU|
7X < &XL * ;X < %DR ; :DQJ ; :DRLJII'HUH@QPWWIRKSXODWLRQV $FWD 2EVWHWU

SRO\PRUSKLVP RI &<3 % JHQH DQG WWD@EHQ)Y MFKOH +DQ &K+ QHVH
SRSXODWLRQ DQG D PHWDDQDO\VLV 3KPIDFD R XHDUHMN REQBR® LEMF]RUHN - 3URF
OURJLNLHZLF] $ ODMFKU]J\FNL 0 'JLHNDQ . %L
%DVVHWW 0+ =KDQJ < &O\QH & %KL$QID B\& LBIRIQWMKHKH(IJHQH SRO\PRUSKLVP RI |
"LITHUHQWLDO UHJXODWLRQ RI DOGREWWH®WR QOH ¢ \RWWKIDDVH QO & ULKHMWWLF SHSWLG
K\GUR[\ODVH WUDQVFULSWLRQ E\ VWHUHRAGRISNLIDF |DFWRRSHDQ- -RRKO QDO RI 2EV\
(QGRFULQRO DQG 5HSURGXFWLYH %LRORJ\ +
BURFRSFLXF / *DUDFRVWHD * =DKDUDMN ODSWMF®\30 6 FRKUGYRIQ}H ' )DOOR ) 5DE
* 3RSD 0 &ROFHDU ' 20WHDQX , &WIDRDAXVIVQ /) 3ODAWRM QDIHJIOLR ) &<3 % JHQ
QHZERUQ JHQRW\SH FRQWULEXWLRQQR| MR DY RILE + DK SHRMDGRVWHURQLVP
VIVWHP OHW 7KU 7KU OHW , ' $&( $ *
$&($ & $7 5 $*5(1 WR WKH ULVN R5CSRAMHF®GDPO®YDRD 0 5RPHUR *XWLpUUH] * =
D 5RPDQLDQ VWXG\ -RXUQDO RI 5HQIDQ+BQOROXNBAVLE + 3PGRVAXANMRQH5HODWLRQ\
6\WWHP + VIQWKDVH JHQH & 7 DQG PLQHUDORFRUWL
2XGHMDQV &% YDQ '0 2RVWHUN®RG\P R UBKKAHPLIM HEUVEK JHVWDWLRQDO K\SFt
%ODQNHQVWHLQ 0$ *HQHWLFV RI SUNSHOWPEOWLD SDUDGLJP VKLIWV

+XP *HQHW + ‘LOVRQ 0/ *RRGZLQ 70 3DQ 9/ ,QJOHV 6%
6LEDL % 'HNNHU * .XSIHUPLQF 0 HSUMS HPFORPRVLDRIDRBHWFODPSVLD 2EVWH
+ +

/L & $QVDUL 5 <X = 6KDK ' 'HILQLW L&YQHD RWR\OLHFIXBED U6 HYHGBIQ\F®H 3DZLWDQ < /LF]
Rl UHQLQ DQJLRWHQVLQ V\VWHP LQ IXX® DWW HBIQHW GH FREW R O VFBIORRX QW IR U F

+\SHUWHQVLRQ + RI SUHHFODPSVLD D SRSXODWLRQ EDVHG 6Z}
ORUJDQ 7 &UDYHQ & :DUG . +XPDQOMGBLUDMHBUSNVHU\ UHQQ1tQ+

DQJLRWHQVLQ V\VWHP +\SHUWHQVLRQ +
1HYHV / BWRYDOO . -R\QHU - 9DOGHV * *DOODJKHU 3¢

JHUUDULR &0 OHUULOO '& %URVQLKDQ .% $&( DQG $1* =

2EMWHQ@HWERDRJLD



2EVWHWUWYLGBFRORJILD /;,9 2ULJLQDO DUWL

%(1(),76 2) ' 8/75$6281' ,1 7+( ',$*126,6 2)
,175$87(5,1( '(9,&( 0$/326,7,21

5R[DQD &ULVWLQD 'U JXuLQ ODULD )ORUHD & [/ 3 W
1 &HUQMWDHIDQLD 7XGRUDFKH

8QLYHUVLWDWHD GH OHGLFLQ uL )DUPDFLH &UDLRYD &O
6SLWDOXO &OLQLF -XGH HDQ GH 8UJHQ &UDLRYD b5RPKt
$SEVWUDFW
2EMHFWLYH 7KH DLP RI WKLV VWXG\ LV WR SUHVHQW WIKH EHQF

LPDJLQJ IRUD EHWWHU YLVXDOL]DWLRQ RI LQWUDXWHUQQW FCSHAYRFBIW |
SDWLHQWYV ZLWK DEQRUPDO EOHHGLQJ DQG RU FKURQLF SHOYLF SDLC

OHWKRGV 'XULQJ RQH \HDU SHULRG 0D\ 0D\ ZHPDYWDLOFX D W
ZRPHQ XVLQJ WZR GLPHQVLRQDO ' XOWUDVRXQG LPDJLWKH F RUWKRIQXDV
SODQH XVLQJ 9ROXVRQ ( *HQHUDO (OHFWULF +HDOWKFDUH FPDFKL

WUDQVYDJLQDO SUREH

5HvXOwVY ' XOWUDVRXQG ZDV DVVRFLDWHG ZLWK D VWXAHLIBLFDOQ\
WKDQ ' XOWUDVRQRJUDSK\ YHUVXV 7TKH GHWHFWLRIQUBID W I
VLIQLILFDQWO\ ORZHU LQ WKDQ LQ ' DVVHVVPHQMDFFXUDWHO
EHFDXVH WKH DGGLWLRQDO UHFRQVWUXFWHG FRURQDIOWKXOWRH SWRKDW
RI WKH DUPV ZLWKLQ WKH XWHULQH FDYLW\ $ XWHULRRUWGBYYR WLLIRWL |
ZDV QRWHG LQ RI FDVHV ZKHUH ,8'V ZDV LPSURSHU®@WRHQSRKRWMWLR Q
&RQWUDU\ LQ RI XWHULQH GHYLDWLRQV ,8'V ZDV SURSHUO\ VHHQ

&RQFOXVLRQ ‘H IRXQG WKDW WKH XVH RI ' XOWUDVRX@Q®DWREGBOL
DSSURDFK WR ,8"' YLVXDOL]DWLRQ 7KLV WHFKQLTXH VKRBXIOGVEN FREOW H
DQG ZKHQHYHU WHFKQLFDO GLIILFXOWLHY LPSDLU WKH FODVVLF ' DV’

5H]IXPDW %HQHILFLLOH XOWUDVRQRJUDILHL WUL GLPHC
LQWUDXWHULQ LQFRUHFW SODVDW

2ELHFWLYH 6FRSXO DFHVWXL VWXGLX HVWH GH D SUBHQWBDEHQ
HYDOXDUHD 4L GHWHF LD SR]L LHL LQFRUHFWH D GLV YR]IGWSYXIOXLP H®
QRVWUX SHQWUX VKQJHU UL YDJLQDOH DQRUPDOH 0L VDX GXUHUL SHC(
ODWHULDO 4L PHWRG GH SDFLHQWH VLPSWRPDWLFH FX ',8 DX |
SUHFXP 0L UHFRQVWUXF LL ' DOH FDYLW LL XWHULQH vQPBODQ FRUR
$FKL]L LD GH LPDJLQL HFRJUDILFH D IRVW UHDOL]DW IROWYE®QGHX X
VRQGD WUDQVYDJLQDO YROXPHWULF FX R IUHFYHQ GH 0+]
5H]XOWDWH 5DWD GH YL]XDOL]DUH VDWLVI F WRDUHPRVMBRRW X L
VXSHULRDU ID GH IRORVLUHD WHKQLFLL ' vQ HDISEHBPLHOR
GDWRULW SRVLELOLW LL GH UHFRQVWUXF LH D SOPRNOXHLFRURQRY
VHPQLILFDWLY LQIHULRDU vQ HYDOXDUHD FODVLF ' '"HYERPISDDOW
FRUSXOXL XWHULQ GH OD SR]L LD QRUPDO UHWURY HQUAWBIW D /YW H/IDR G
GLQ SDFLHQWHOH FX ',8 QHVDWLVI F WRU YL]XDOL]DWSHODY D'W I Q QV\RKA
vQ GLQ FD]XULOH FX GHYLD LL XWHULQH ',8 D IRVW FRUHFW HYDO
&RQFOX]LL 6WXGLXO QRVWUX D GHPRVWUDW XWLOLWDWHD PRG
SHQWUX PDL EXQ YL]XDOL]DUH D ',8 PDL DOHV vQ VLWRONMUA OMQ-ORQG K
" SUHFXP GHYLD LLOH FRUSXOXL XWHULQ GH OD D[XO @RDP D O/ DR &SRV
UHFRQVWUXF LH FRURQDO D FDYLW LL XWHULQH LPSGIRURFWJIWD'G8v C

&EXYLQWHGCHRKIRHLWLY LOQOWUDXWHULQ HFRJUDILH "

&25(6321'(1>RPLQLF ,OLHVFX H PBMOKRBRFAFIRFPLF LOLHVFX
(< :25'6 LQWUDXWHULQH GHYLFH ' XOWUDVRXQG " XPWWUHDIY BIXBBEEFRORJILD



%HQHILWV RI " XOWUDVRXQG LQ WKH GLDJQRVLYV RI LOQOWUDXWHULQ

,OQWURGXFWLRQ SHUIRUPHG LQ WKH ILUVW VWDJH RI
WR REWDLQ DQG VWRUH WKH ' DVSHF

,QWUDXWHULQH GHYLFHVMQ WKW ORQRYWRELRDO DQG WUDQVY
UHYHUVLEOH DQG ORQJ WHUP WHWMKBRGQ R FRRQWE\D FOIS AOL\R QRIV R W
D FRQYHQLHQW HIILFLHQW UHODONLYBET WIDIHWRAGVOREZ WRMW W H L
PHWKRG > @ )LUVW GHVFULBDHGG VQVRUHGVKH ,8' LV
QRZDGD\V WKH VHFRQG PRVW FRP®RW KAHR QMWRRIFGH YWDV ZH DQDO
PHWKRG ZLWK RYHU D © GOYQRICR(@W VX \UHRPVW KH GDWDEDVH
ZRUOGZLGH IROORZLQJ VXUJLRD @ KW ISDMALHQWVRIHUH WH@HFWHG
BOWUDVRQRJUDSK\ RI WKH SHO W\ Q® GIVSHFRDOWLR @ KHWKLQ \
WUDQVYDJLQDO URXWH SOD\VIRQORALYYWIRLR QB O HUHF RIQ DW X X W
WKH ,8' SRVLWLRQ > @ DQG LWRIY SR WMBMKLDLO ¥RWYSOLFDWLRQV
WKXV LV FRQVLGHUHG WKH JROGOOWEFQGD ZEUIHRBHWKIWPHGX VL
J\QDHFRORJLFDO FRQGLWLRQV*V@ HPQ YH QW U DBOW (RHF R U MFK HHD O W
VIPSWRPDWLF SDWLHQW DQG IBINAQHQRXWILQH 4+RTRBXPHBNVRILF WUD
DV\PSWRPDWLF ZRPHQ ZLWK ,8'V L@KMXGEWIJEZRV YYOUHGDMR FDOF XC
XOWUDVRQRJUDSK\ WR UXOH RXWD 8 LPDDBWWRIUW IYR § XODQUEL FOMWKLHRD R |
FRPSOLFDWLRQV VXFK DV SHXWHIDMHRED YH V8\X ®WVIAR @ KHKQGDWHV R
SUHJQDQF\ > @ 7ZR GLPHQVGRRDT®RV LV XMW U DORXQDVVHVVPHQW
ZDV FRQVLGHUHG XQWLO UHFHQWO\ WKH PHWKRG RI FKRLFH
LQ DVVHVVLQJ WKH LOQWUDXWHULQIFHYRVOWYRQ RI WKH ,8'" EXW
VWLOO LW KDV VKRZQ D OHVV DFFXUDWH HYDOXDWLRQ ZKHQ
FRPSDUHG WR WKH WKUHH GLPHQVXEQQD WKHXOWX®\V BKQGRG S
> @ 8VLQJ ' XOWUDVRXQG WKH OKERGVIVQUWRW HD®Q BRWRQEDO RI W
SODQH FDQ YLVXDOL]H D FRU UPHRFAUM S/ARK/D @/ L R QHHOBU M8 'ROYGL Q WSKDHV L H Q
FHQWHU Rl WKH HQGRPHWULD KEDWRW\ RLVRIQ IERRVUK DR \VGHOUMBG L F
WRZDUGV WKH XWHULQH KRUQSUB QGRWYE\LROHMUR B UNZRUMD R Y DWKHHD
YHUWLFDO ERG\ Rl WKH ,8' MX\RV D BRY IS DWK HHLQ/\WK PZif USHR WP DRAVQL S D |
RI WKH XWHUXV 7KH FRPSRQBOWLMBHPHQWYV BDWKHQ\'V KL
VKRXOG QRW H[WHQG LQ WKH PQREPHWULXBDWLHQWY KDG D OHYRQF

7KH DLP Rl RXU VWXG\ ZD8'WR LQYHVWLJDWH WKH
DGYDQWDJHV RI ' XOWUDVRXQG LQSWRH HY®DOXDWHL\RQ RFOXGHG LQ
ORFDWLRQ DQG WKH GHWHFW IDRFFE RY NK 1D PORISRIYQ WLR DHIGQ H8'Z O HH
LQ WKH V\PSWRPDWLF SDWLSIQOW.FVEDMQ DBMLEBQ GHKCH RX PR G H

GHSDUWPHQW VDWLVI\LQJ YLVXDOL]DWLRQ RI WKH
, 8" LQ IHPDOH SDWLHQWYV CKE
OHWKRGYV ZDV XVHG D VDWLVIDFWRU\ YLVXDOL

XWHULQH FDYLW\ ZDV KLJKHU DV
7KH SUHVHQW VWXG\ LV D SURV3HV¥WOLOH) HD®Q WEW L&' VDWLVIDF
RYHU D SHULRG RI \HDU OD\WHFBRQLTXHLQ RXRI WKH OHYRQRUJEL

GHSDUWPHQ@WO L\MDKH RI 2EVWHWULFDVBIQGDQG RI WKH FRSSH
*\QDHFRORJ\ RI WKH (PHUJHQFD&RIXQW2 YHRVBQWDWKH PDOSRVLWL
&UDLRYD GLDJQRVHG XVLQJ ' LQ RXW RI D \

,Q DOO V\PSWRPDWLF DEQRUPDO ¥FBSIS}HNO,BOABBLQHFRUGHG L
DQG RU FKURQLF SHOYLF SDLGRZRAHERADXVRQIDQ BYVHVVPHQW E
WUDQVYDJLQDO SHOYLF XOWADID\SRYQ @ LHRQMHGX DV L' R Q L JX\H 8\

2EMWHQ@HWERDRJLD



S5R[DQD &ULVWLQD 'U%JX'LQ
ZHUH SUHVHQW LQ WKH JURXS RI7KBOSRWHFUWRROPGUBWH RI PDC
GLDJQRVHG ZLWK ' LQ FDVHWLQJ ' UHFRQVWUXFWLRQV
8VLQJ ' PRGH ZH GLDJQRX\HIZJ ' \RADWR/H
PLVVORFDWHG OHYRQRUJHVWUHO POII®OHDLYUQH ,BDANH Rl WHHRQRL
FDVHV DQG DOO WKH PLVV®BRFDOWH®R FRROHW QS VFDEVH RI FRS
PDOSRVLWLRQ Rl WKH ,8' ZDVHFRWBEG.QQ DFQRHVPDR SRVLWLRQ

OHYRQRUJHVWUHO UHOHDVLQJLBXVH DQG LQ

FRRSHU ,8'V SWHULQH GHY LIMLRIQQZBQ ) RWRHSSW RPDWLF €
LQ FDVHV RI ,8' DOO RI VWHKHWXHK FHQVR YWDG LR EHEOHHGLQJ Z
PDOSRVLWLRQHG VDWLVIDEFWRU\ ' HYDOXDWLRQ -

)LIXU D "LPDJH RI DQ DSSDUHQWO\ FRUUHFW SRVLWLRQHG ,8'" E '
PDOSRVLWLRQ

)LIXUH DE 'DQG ' LPDJHV RI D FRUUHFW SRVLWLRQHBDOHY FRQ RU J
FRUUHFW SRVLWLRQHG FRSSHU ,8'

2EVWHWUYLEGBHBFRORJLD



%HQHILWV RI " XOWUDVRXQG LQ WKH GLDJQRVLYV RI LOQOWUDXWHULQ

SHUIRUPHG WR HVWDEOLVK WKMV ARG IVWWLLIRGW RD GA IO W IVHHM. QH J D |
FDYLW\ DQG WKH SRVLWLRQ RIDERH'QF HD ®RG B [FSIROSKRWVHWALR QW B G LD\
OHYRQRUJHVWUHO UHOHDVLQFR®'SPWVHGLWRQBMBELF FRPSXWHG \
Q RI SDWLHQWYV R»YW RQHWDNHYHZRWRQFH LPDJLQJ
QRW VDWLVIDFWRU\ YLVXDOLYHBRGWNVIUXFWEZRQRXZHW B LQWURG X
XWHULQH GHYLDWLRQ UHWURWGKULWLR® WRWHKIRGHWHFWQRDXRU E
DVVRFLDWLRQV ,Q DOO WKH\DHFFRWVBIF\DUPRDDSENQW IPP@N GI\@HFRO|
ZDV GLDJQRVHG IXUWKHU GXU®@QJ WKH LQYHVWLJDWLRQ
SURWRFRO &RQWUDU\ ZKHQ XVLG@J VWWKHFKQURPH RQOLQGLFDWH
RQH FDVH RXW RI  XWHULQH GSHYUBWPRGM DDK D OB BR HKBOZRPHQ .
HYDOXDWHG UHTXLULQJ DGGLWRRK MB® K\FIWHRIFRN FZKIFK LV WK
7KHUHIRUH XVLQJ ' WHFKQLTXH UBWHBGH BHVSRIRSHHEPDLQ XQGLDJIQ
VHHQ LQ FDVHV RI XWHULQH F3HY¥LOWBRAXQBRPSIRUHG'Y DUH Q
ZLWK ZKHQ ZH XVHG FODV\BIODFH® YBVWKBDXW.ROXY DQG WKHU
‘H SUHVHQW D GLDJUDP ZWIKFKPD\QSWWHWLIRQ WIKBIQ ,8' FDQ UHG
UHVXOWYV RI RXU VWXG\ )LIXWHILFDF\ $OWKRXJK WKHUH LV QR U
URXWLQH WUDQVYDJLQDOO\ XOWUDYV
'LVFXVVLRQV LI ZRPHQ ZLWK ,8' DUH V\PSWRPDWLF
EH RI JUHDW XVH
BOWUDVRXQG DVVHVVPHQW SURGYWEDW RXHMEDHYOCHIBXDWLRQ RI
LQIRUPDWLRQ UHJDUGLQJ WKHKBWONFHIBERDDW\VWRYD WKRYVDLP® JLQJ

29 female patiens with IUD

yd AN

2D mode 3D mode
6 IUDs improperly sesn 23 TUDs properdy seen 1 IUD propely sesn 25 IUDs propezly sesn
3 levonorgetel- 3 coppe 3 leveneorpeital- 15 copper 1 levonoreeie- T levonormeitne- 21 coppe
releasing IUTH Uy selaasing IUD IUDs relasing 1UD releastng TUDH IUDa

| | I

+ + + +
kg
4  malpositionsd 1§ 1 malpositionsd
levonorzeatral- malpoditioned levonorpepival-
slemsing IUDs cooper IUDa releasing D

I e e |

2 utering 5 utering 2 utEnAng & utering 1 utenng b utering B utenng
OEVIATONS ey AN v hons deyiaTans geviaton [ g e gt devatons

JLIXUHKH UHVXOWY GLDJUDP RI WKH VWXG\
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5R[DQD &ULVWLQD 'U%JIX LQ

WKH YLVXDOL]DWLRQ Rl WKH ,8' L@&RQXHOBNQRIQVXGLQDO DQG
WUDQVYHUVH SODQH DQG GRHV QRW DOORZ WKH DVVHVVPHQW
LQ WKH FRURQDO SODQH WKDW XVXBO®W\UBRLRXQ G HYV XLHAVK/ RHKGIV
HQGRPHWULDO FDYLW\ DQG MRAVRKQMHY 0 PR AKUHEHRRQWHNWU X FW LR
HYDOXDWLRQ RI WKH ,8' SRVLWERRU DKH ZKGND DRFBIHURIGWKR W K H
" WHFKQLTXH LV WKH FDSDFLWL\WRA{REWDLRIQ RD YRUXPYG WKH
ZLWK D VXEVHTXHQW UHFRQV VWDXORRMWILE QHKG FRYVR GDO & QX QK
WKDW DOORZV FOHDUHU LQIRUPDWOXDWDE RXIW W KIF BRVHQGR® DQ
WKH VWUXFWXUH RI WKH ,8DOTOKMMHUVLRHQS'LRQDBFRQVWUXF
XOWUDVRXQG HQKDQFHV WKH FRBR B P FXQLGH GR IWER W KPW VS RIR/DRN L F
8" > @ 7KLV IDFW ZDV VKRZ® EOQ RRWL WWRKG\RIDWKHH ,8'V LV VXV
REWDLQHG D EHWWHU YLVXDGLOPDWYRQ@ LRV KW IOHE @R B PDQH XW WILVL
DQG RI WKH ,8' LQ XVLQJ OWFRQMWQIHYQYUHO UHOHDVLQJ ,8'
XVLQJ ' UHFRQVWUXFWLRQ 7KH GHWHFWLRQ UDWH IRU WKH
LQFRUUHFW SRVLWLRQ RI WKH ,8' ZDWIHIUIMQIFHAD QWO\ KLIJKHU

XVLQJ ' UHFRQVWUXFWLRQ ZKHQ FRPSDUHG WR
DVVHVVPHQW JLURR]JHK $KPDGL +DGLHK +DJKLJKL

: *KR G~ 3UH W RQ RI
xowubVRxQe Lv FroVLESIHE VWK D@ CRWEBW RS

WKH SULPDU\ PHWKRG WR LGHQWWI®® Q@EsWE&DARRRWH WHTK F RoSS by

,8'V GXH WR LWV HFKRJHQLFLW\ DWBIKEHW FYDXODEWK GYRP KWW

LQYHVWLIDWLRQ SHUIRUPHE]ZHGE LG BBW LM EWRU o5, oy

YLVXDOLIDWLQJ WKH HFRIJHQLFRERRPHHSWLYH GHYA®RMSY - 8OWUDVF
LQ WKH GLDJQRVWLF RI LWVY LOQFRUUHFW SRVLWLRQ

, W, 1 WWKHZ [+

+RZHYHU XOWUDVRXQG ZD/\bl_yl}(\\éHLLPL%ib 5@%’%@‘}3&9}DLP 8O W U D
UDWHV Rl WKHVH SDUDPHWH@WYDXWHULQH GHYLFHV 8OWUDVRQR
5HIJDUGLQJ WKH DVVHVVPHQW RI W KH

OHYRQRUJHVWUHO UHOHDVLQZ gQDvﬂﬁg ; ﬁ%mg%aﬂ% FQKHZLSH%

SURYHG WR EH FKDOOHQJ|—WKLGI—N—!‘GLWRQWLK?@D(bD\E'UD@l/YDJLQDO
HFKRJHQLFLW\ ,Q RXU VWXE;\AWHW*\QlFQHRQVKH

OHYRQRUJHVWUHO UHOHDVLQJ gH\%HgHEb %Eé(@{/%gﬁ(y%}sﬁ\wﬂ Ll\AEI,ESQ

XVLQJ WKH ' VFDQ ZKLOH RQOALWKLQ WKW XWHUDQMHNMDYLW\ 2EVWH

FRXOG QRW EH VDWLVIDFWRU\ HYDOXDWHG XVLQJ
WHFKQLTXH DQ 9DGLP 9DOVN\ 0' 6DUDK 0 &RKHQ

WKH , QWUDXWHULQH 'HYLFH
2XU SUHVHQW VWXG\ VKR3BG ,8'V PDOSRVLWLRQ

LQ FDVHV ZLWK XWHULQH GHYLWLHEUQ!\VR@LD@\@V\%\/&M&R%EWE/W' (L/QLVC\
DQG " XOWUDVRXQG HYDOX%@IX% égiu%%u(/ YYH\ &RQWUDFHSW
XOWUDVRXQG SHUIRUPHG EHW1V|95ij|_LoQ B3 URDLQS RY LWULRIQD QL 5%
GLDJQRVLV HVSHFLDOO\ LQ WKHUHBVH\P RQWLRRIDCQIPWHP VB WAR OR

YHUV XV LQGLIHUHQRESE Bk IEQIHTLFL A FRUVRVLRC

RI WKH ,8" 7KH ODFN RI XOWUDVYRXQ® oORQ¥RRWLIDWHBQ7ZRENOHU
WKH VROHO\ XVH Rl ' VFDQ PQWUPXWHU-Q FLCHfYFwUﬁFIWFW &RQV

HWLRORJLFDO GLDJQRVLV RI \?\OPV%\J/\PIQ/IJ—?éRICI;_F 8 ?3 VW%\%\H_'QRO

DOVR D SRWHQWLDO IDLOXUH REMKH ;8" +X(AVUDFWORQ GXIHQWR/ 7

WKH XQNQRZQ FHUWDLQ SRVLWILRHR RIRRRIP BOWUHVRQRIUDSK\ YH
XOWUDVRQRJUDSK\ IRU WKH GLDJQRV|

PDOSRVLWLRQ ,QW - *\QDHFRO 2EVWH)

2EVWHWUYLEGBHBFRORJLD
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2EVWHWUWYLGBFRORJILD /;,9 2ULJLQDO DUWL

"((3 (1'20(75,26,6 ,1)7b6%7,1*7+( %2:(/ $
&217,18,1* "(9%$$%287+( % (60$1$*(0(17

$OH[DQGUD Y%DEHNEXUFHWLPEIXD]DQQD $RGED %RJIOLV
/| 3XUFDULX6ROGHD

'"HSDUWPHQW RI 2EVWHWULFV DQG *\QHFRORJ\ 8QLYHUVLW
OXUHUO 'HSDUWPHQW RI *\QHFRORJ\ DQG 2EVWHWULFV 5RXH
'"HSDUWPHQW RI '"HSDUWPHQW RI 2EVWHWULFV DQG *\QHFRC(
BKDUPDF\ &DURO 'DYLOD %XFKDUHVW

'"HSDUWPHQW RI '"HSDUWPHQW RI 2EVWHWULFYVY DQG *\QHFR
SKDUPDF\ RI 7kUJX O0XUHU

'"HSDUWPHQW RI 7KRUDFLF 6XUJHU\ 1DWLRQDO ,QVWLWXWH

$EVWUDFW

'HHS HOGRPHWULRVLYV LQILOWUDWLQJ WKH ERZHO LV D KHDQYLJQ F
JHQHUDWHG DQ LQWHUHVWLQJ GHEDWH RYHU WKH ODVW \HDUV DERXYV

2EMHFWLYH 7KH DLP RI WKLV VWXG\ ZzDV WR DVVHVV W IGHLSMM VH (
SDUWLFXODULW\ UHJDUGLQJ WKH DSSURSULDWH FOLQLFDXRUDNVNBIO VP
WHFKQLTXH

OHWKRG 3DWLHQWYV UHIHUUHG WR WKH '"HSDUWPHQW RI *\QHFRO
JUDQFH PDQDJHG E\ FRORUHFWDO UHVHFWLRQ EHWZHHQ -DQRWH\GDWRB
SHOYLF HQGRPHWULRVLV 6HOI TXHVWLRQQDLUHYV LQFO XGIL QUOPMIE LE
SUHRSHUDWLYHO\

5HVXOWY 7ZHQW\ VL[ SDWLHQWYVY ZHUH LQFOXGHG LQ WHRWWXG\
FRORUHFWDO HQGRPHWULRVLYV LQ WKLY GHSDUWPHQW HKBQXCDOAHYV R
VFRUH ZHUH JHQHUDOO\ LPSDLUHG

&RQFOXVLRQV ,Q SDWLHQWYV ZLWK GHHS HOQGRPHWULRRMQNVFLQIL
GHIHFDWLRQ SDLQ DUH WKH PRVW FRPPRQ GLJHVWLYH FRBREODULRDWO W
WUHDWPHQW VKRXOG WDNH LOWR FRQVLGHUDWLRQ WKH PQOGQDKFIRLDGD
FRPSOLFDWLRQV UHODWHG WR WKH VHYHUH VXUJLFDO PDQDJHPHQW

5H]XPDW (QGRPHWULR]D SURIXQGD FX LQILOWUDUHD LQW
OD FHO PDL EXQ PDQDJHPHQW

(QGRPHWULRI]D SURIXQG FDUH LQILOWUHD] LQWHVWLQ@XOFEIMWH |
D JHQHUDW R GH]JEDWHUH DSULQVY GHVSUH PDQDJHPHQWXO RSWLP DO

2ELHFWLY 6FRSXO DFHVWXL VWXGLX HVWH V LQYHVWLJKH]H SLU
SDUWLFXODULW LOH SULYLQG DERUGDUHD FOLQLF DGHFYDW UHVSH

OHWRGH $X IRVW LQWURGXVH vQ VWXGLX SDFLHQWH LQWHUQD
2EVWHWULF 6SLWDOXO 8QLYHUVLWDU 5RXHQ )UDQ D vQLFHUIHROYGIDQ
OHJDWH GH HQGRPHWULR]D SURIXQG DFHVWHD DX |IRWW RSB\ /R H
SDFLHQWHOH DX FRPSOHWDW FKHVWLRQDUH FDUH YL]HD]D ®XQNBHHG
LOWHQVLWDWH DO GXUHULL

5H]XOWDWH $X IRVW LQFOXVH vQ VWXGLX GH SDFLHOQWH FDU
SHOWUX HQGRPHWULR] FROR UHFWDO vQ DFHVW VHUYLHKLXDSDIRRW. O
PRGLILFDWH

&RQFOX]LH IQ FD]XO SDFLHQWHORU FX HQGRPHWULR] HOHMRIXQG
VXQW FHOH PDL IUHFYHQWH VLPSWRPH GLJHVWLYH FDUB NFKIQWK DPLIDL

&25(6321'(1>30H[DQGUD %DGHVFX H PADDERRBOHRPQGUD VROGHD
(< :25'6GHHS HQGRPHWULRVLY FRORUHFWDO HQGRP KW YWRLHL GFERRFRROKHEY DO L



'HHS HOQGRPHWULRVLY LQILOWUDWLQJ WKH ERZHO D FRQWLQXLQJ GHEI

,QWURGXFWLRQ &OLQLFDO KLVWRU\ RI HDFK
SURVSHFWLYHO\ UHFRUGHG XVLQJ &
2YHU WKH SDVW \HDUV PRUFURXSHFDIOY W HFBRRDWHKRQDQFHG E
SHUIRUPLQJ ZRUOGZLGH FRORYPHMINHLY WHYVHRWERWDBY RRAHRAHQ |
HQGRPHWULRVLY IRFXVLQJ RDWIKHLD Q XUKRRN@G WHFWGIIGT X8\ + R L
DQG UHSRUWLQJ WKH UHVXOWWYHRSHMKIDWRQID\GR IIBVYWDFHKH PX@FWLR
DOWKRXJK WKH FRQVHUYDWLWHNDRXGWH & D\H GL UV WWAHMRQUM BEN®/ L QL
ZLWK VWURQJ DUIJXPHQWYV > @DVWURLQWHVWLQDO 4XDOLW\ RI /LII
7KH VLIH RI WKH OHVLRQWGRHY QRW FRQGNL GHHIUWIKOH\ 6 FRW
WKH LQWHQVLW\ RI VIPSWRPV AXPEF W KRQ PO KV U HEOBW BH @W \WRKH H[
ZRPHQ ZLWK GHHS HQGRPHWUWRKWLY ULW WRE RERWRRQ/EBER > @ DQ
PHGLFDO V\PSWRPV DUH QRW 4PSORWHRBI ELIWKID PH[GLF@O &OLQLFD
WUHDWPHQW > @ RXW E\' D FOLQLFDO UHVHDUFK WHFKQ
6XUJLFDO WUHDWPHQWEYV KRKHD GUWONK DLDXOQWKRRULW\ &&7,5
FRQVLGHUDWLRQ WKH IROORZLRRBPEWMNWMHH WO UQVRULFNYVWRIR Q HBHURRF H"
HQGRPHWULRVLYV LQILOWUDWLIBEHVWBHRERRZHO PXOWLIRFDOLW\ RI
GHHS HQGRPHWULRVLV > @ VLIHKH $DWIHYOWNY XQ GHHNMHRIDW D FO
ZKHQ WKH FRQVHUYDWLYH WHEKQLVH@ LRLQVEK XHW/RHEL 2LQWR HJ SH U L H (
ORZ UHFWDO HQGRPHWULRVLY5> K D BBLYIMWDICRFH DG WR ASXQ/MHG WF
YHUJH D UDGLFDO DSSURDFKYZUHWQXDMKHRORRBRRYERPSN LY BHUIRUP
WKH UHFWDO QRGXOH LV ORZ IRNQERH B WRNFH Q RNHLG/ Z IRMWKK N U YGILLIH V
FRPSOLFDWLRQV EXW D FRQVWR YHDMKH MV MAKHY GTXYN RQEQJIDRP E
FRPELQHG ODSDURVFRSLF DQQQWRLDAMW DMRDW KDH B ORODF K HAUWYIRILS V @
SRVWRSHUDWLYH LPSDLUPHQWYV >80 SDWLHQWV ZHUH PDQDJHG
7KH DLP RI WKLV VWXG\ WDWHWRL RY \DHMVWGY WKKIHURXWH ZDV OD!
SUHVHQFH DQG VSUHDG RI WKHVER Y MW G @®FEMDHMRY ERBILV DQG
LWV SDUWLFXODULW\ UHJDUGLQJ ARKIHRDBBWROU UMHWH FROLRQFDDV
DVVHVVPHQW DQG WKH GHED V8B VW IEHRXWYV WK M R RANWHQ@RBHINKX BWH WR
VXUJLFDO WHFKQLTXH UHFWXP ODUJH QRGXOHV LQILOWUD
PXOWLSOH QRGXOH ZLWK VKRUW G
ODWHULDO DQG OHWKRGMIPHQW DQG SDWLHQWYV ZLWK GHVI
> @ +LVWRORJLFDO DQDO\VLV RI V
'HLQFOXGHG LQ WKH VWXGSERDEHRXWILFUWRSOIFTWEHRW\QGRPHWU
ZLWK GHHS HQGRPHWULRVLY LBEHOAABBQNQGJ & KH ERZHO VLJPRLG
FRORQ DQG RU UHFWXP DQG WKH MDWLFNNWL MACHF BQIDTHKNM DWW HBYV SH
ZDV FRORUHFWDO UHVHFWLRQ ¥FRWVZHMNQH-DEXDWD &RGS S3HUF
'"HFHPEHU LQ WKH '"HSD UWAEHQMM. GRH G\IRHF RXOIRALWDWLYH YDULD
DQG 2EVWHWULFYV 5RXHQ 8QLYMHYM.LVWHDPRVEL OV DO BH IRU FRC
> @ ,QFOXVLRQ FULWHULD ZHUH GHHS HQGRPHWULRVLYV
LQILOWUDWLQJ DW OHDVW WKH PXYAX3DW®D\HU RI WKH VLIJPRLG
DQRG RU UHFWXP SUHVHQFH RI GLIJHVWLYH V\PSWRPYV
GHIHFDWLRQ UHODWHG SDLQ FRQVZHBEWWLIRIQS DUW E MIVDVE DLHMIKG IGRHT
GLDUUKHD DQG SDWLHQW HQQRICOONPHDWL QQ WKHH LBRHEWWXP DQG RU
GDWDEDVH WKH pplRUWK :HVBN FRYWRUH%MID @ QUDHDV HFMOLRIY ODSDU
&RKRUW IRU 3DWLHQWYV ZLDWK LVQOVGIRGP @ WS DLWIRRMPARIJILFDOON ZHUH
1&7 > @

2EMWHQ@HWERDRJILD



$OH[DQGUD %DGHVFEX

TDEGBGOWLHQW FKDUDFWHULVWLFV DQG SULQFLSDO V\PSWRPV LQ Ut

1
OHDQ 6

$JH “
%0, NJ P
6PRNLQJ “
&\WWHFWRP\
5LJKW RYDU\
/HIW RYDU\
$GKHVLRO\VLV
8QL ODWDHBLQJHFWRP\
3V\FKRORJLFDO FDUH
3DWLHQWV ZLWK VXVSLFLRQ RI LQIHUWLOLW\
2EVWHWULFDO DQWHFHGHQWYV
1XOOLJHVWD
1X00OLSDUD
3UHJQDQF\ LQWHQWLRQ EHIRUH WKH VXUJHU\
026 LWHP VKRUW IRUP KHDO®WK VXUYH\ VFRUH PHDQ
3K\VLFDO )XQFWLRQLQJ 3)
5ROH 3K\VLFDO 53
%RGLO\ 3DLQ %3
*HQHUDO +HDOWK *+
9LWDOLW\ 97
BRFLDO )XQFWLRQLQJ 6)
5ROH (PRWLRQDO 5(
OHQWDO +HDOWK 0+
+HDOWK 7UDQVLWLRQ +7
3K\VLFDO &RPSRVLWH 6FRUH 3&6
OHQWDO &RPSRVLWH 6FRUH 0&6
"\VPHQRUUKHD
3ULPDU\ G\VPHQRUUKHD
%LEHURJORX %HKUPDQ G\WVPHQRUUKHD VFRUH “
,QWHQWBAWRHRQRUUKHD 9$6 VFDOH !
&\FOLF VIPSWRPV DVVRFLDWHG ZLWK G\VPHQRUUKHD
'"HIHFDWLRQ SDLQ
5HFWRUUKDJH
&RQVWLSDWLRQ
'LDUUKHD
$SSHWLWH GLVRUGHUV
%ORDWLQJ
8ULQDU\ SDLQ
+DYLQJ KDG VH[XDO LQWHUFRXUVH
'"HHS G\VSDUHXQLD
%LEHURJORX %HKUPDQ GHHS G\VSDUHXQLD VFRUH “
,QWHQVLW\ Rl G\WVSDUHXQLD 9$6!

2EVWHWUYLEGBHBFRORJLD



'HHS HOQGRPHWULRVLY LQILOWUDWLQJ WKH ERZHO D FRQWLQXLQJ GHEI

7TDEOKROLQLFDO DVVHVVPHQW XVLQJ JDVWURLQWHVWLQDO VWDQGLE

(YDOXDWLRQ RI

.QRZ (FFHIL6F 6\PSWRP 4XHVWL

7RWDO .(
(66
JWHP 'RI FRQVV PRQWKYV \ \

S
,WHP /D[DWLYH XVH QRQH IRU VKRU)
GXUDWLRQ LQHIIHFWLYH
WHP )UHTXHQF\ Rl PH GD\V RU O
WKDQ RQFH ZN OHVV WKDQ RQFH ZN
,WHP 8QVXFFHVVIXO HYDFXDWRU\ C
XVXDOO\ DOZD\W PDQXDO HYDFXDWLRQ
WHP )HHOLQJ LQ QHYHU UDUHO\
XVXDOO\ DOZD\V
,WHP $EGRPLQDO SDLQ QHYHU UDUF
WHP  %ORDWLQJ QHYHU SHUFHLYHG
FDXWDWLHW\ RU QDXVHD VHYHUH ZLWK YRPLWLQJ
,WH(QHPDV 'LJLWDWLRQ QRQ HQHI
HQHPDWD VXSSRVLWRULHV UHJXODU PDQXDO HYDFXDWLRQ R
HYDFXDWLRQ DOZD\V
,WHP 7LWR HYDFXDV PLQ PLQ ! |
JWHP  'LIILFXOW\ HYDFXDWLQJ FDX\
UDUHO\ RFFDVLRQDOO\ XVXDOO\ DOZD\V
,WHP  6WRRO FRQVLVW ORRVH QRUP
KDUG DOZD\V KDUG D®INM KDUG XVXDOO\ SHOOHW
*DVWURLQWHVWLQDO 4XDOLW\ RI /LIH ,QGH[ *,4/,
7RWDO *,.
WHP  %RZHO IUHTXHQF\ DOZD\V  QHY
JWHP  %RZHO XUJHQF\ DOZD\V  XVXDC(
,WHP  'LDUUKRHD DOZD\V XVXDOO\ RFFDVLRQDOO\ UDU
,WHP  &RQVWLSDWLIRFFDVLRQDOO\
,WHP  %ORRG LQ VWRRO DOZD\V XV}
WHP  8QFRQWUROOHG VWRROV DO:
QHYHU
:(;1(5 DOQRQFRQWLQHQFH VFRUH
+RZ RIWHQ GRHV WKH JDV HVFDSH ZLWk
WKDQ PRQWK OHVV WKDQ ZN PRUH WKDQ ZN GDLO\
+RZ RI"\RX KDYH DFFLGHQWYV WR OL Wt
PRQWK OHVV WKDQ ZN PRUH WKDQ ZN GDLO\
+RZ RIWHQ GR \RX KDY IRUPHG VWRRO"
PRQWK OHVV WKDQ ZN PRUH WKDQ ZN GDLO\
+RZ RIWHQ GIG GHSHQGV RU FKDQJH XQ
VRPHWLPHV RIWHQ DOZD\V
+RZ PXFK GR WKH DERYH DQVZHUV DOW|
OLWWOH HQRXJK PDMRU
$ELOLW\ WR C OHVV WKDQ PLQ WR
ORQJHU WKDQ PLQ

2EMWHQ@HWERDRJILD



$OH[DQGUD %DGHVFX
TDEOHQWUDRSHUDWLYH ILQGLQJV
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7DEOH , SUHVHQW SDWLHQW PBYBHXAK\OUHDEWHULVWLEV
DQG WKH VIPSWRPDWRORJ\ UHODWHG WR GHHS HQGRPHWULRVLYV
LQILOWUDWLQJ WKH ERZHO 7KH PHD® BW- RQ WK HZdDMKL HxgHANS  +
ZDV DQG SDWLHQWYV H[S UQ@Vive\E VRMMHA) VOKIHBRAHR RIFOLF
IXWXUH SUHJQDQF\ 7KH TXD O G\ ki DW LR 8 QTP (9D B WK Wk B wAERN V
WKH 026 ,WHP 6KRUW )RUPFRARBOWLQR Y X WKIPW DUJH LQFUHDVHG
JHQHUDOO\ LPSDLUHG > @
7DEOH ,, VKRZV WKDW VXJJHWWNGYEDQAPEYWRIHUY LQYROYHYV
HPRWLRQV VRFLDO G\VIXQFWLHRHFMORQ FRlIo MKHDWWXNFWHE& VHJI
HITHFWV RI PHGLFDO WUHDWPRHUWROHPH EW A RzZSWK® EQ® WXDOL
TXDOLW\ RI OLIH E\ XVLQJ WKHXSD\BKWRRBWHRAVEBB®V4kBDY RX HAH
/ILIH ,QGH[ *,4/, 7RWDO VFRUHWHFXSUWDIR i ®RvQARRHAWDO IXQF!
LQ FRQWUDVW WR WKH PDHAWPXK ASAHRY RRHQW\WRDSWPLQ DQG T
UHSUHVHQWY WKH EHVW TXDORRAORFBWLRAMH LYKXORY GXH
(FFHUVOH\ 6FRWW 6\PSWRP 4kRYMWQ ROWBRUMHHD Ee/6 WR DIIHFWLQ.
YDOXHV DQG LW ZDV XVHG WR GCIDORN® FROMWILRRWLRH UH
JURP D PD[LPXP SRVVLEOH RI HSFRRWWULRYpW ILHWQWOPRVW LQY
ZHUH SUHVHQWLQJ ZLWK .(66 WRRVDEGYPRIUW EHWYRZQWDLOV H[W
7DEOH ,,, UHYHDOV LQWUNRSWMUBAQWVYE IYB&ELQDY DRFAHQLQJ
RYHU KDOI RI WKH SDWLHQWVSHAHURUPHGRSHBIIROFREHQWORO UH!
HQGRPHWULRPDV DQG S DWE H 8 WL WRQHOON-H B WSLRQ w L% H F D X
PDUJLQV Rl HQGRPHWULRVLWVREBEWSE B RV MEKW HEH BIHIMMRQ W R X
HQGRPHWULRPDV $00 WKH SDYWLWHHWW LYKBRXB GG B RXQUGHNM YNGR
ZHUH PDQDJHG E\ FRORUHFWDOBLYURYRYWPRG X HWR R QORWHIGR VIR W
FDXVHG E\ GHHS SRVWHULRU RN QFRRIVHIRGRQFHY D&c DQ
Rl WKH SDWLHQWYV SUHVHQWHIN IRW.WPL YBR B BRMWHRS RYDWLY
HQGRPHWULRVLY DQG LQYROYHPHQW RI OHIW XWHURVD®uUDO
OLJDPHQW B5HVHFWLRQ RI EODGGHBWDHHZRYMEHY VD WHFG QW VW)
SDWLHQWYV ZLWK SRVLWLYH PHY¥YIGVWRPREGRPHWUALR WY HiHW P H
DGYDQFHG XUHWHURO\VLV ZzDVHTHWRRADPPHED® ORPIVRQYV GRFEXPFE
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'"HHS HQGRPHWULRVLYV LQILOWUDWLQJ WKH ERZHO D FRQWLQXLQJ GHEI
LPSURYHPHQW LQ ZRPHQ UHF‘H\MWE JRY X BQHWIS LR Q WHOIPLGDWHG LQ

GLIIHUHQFH EHWZHHQ WKH WZR Fpusd UBDE{I@H‘J)%)H?WVQ/@M\MKPDQDJH
WLPH DQG DW RQH \HDU |RooR<ZFF3<(SWL§Ij@ VLY S RREQY S H FWAP *
ZLV 6- +HDWRQ .: 6WRRO IRUP VFDOH DV

VLPLODU LQ WKH WZR VWXG\ JL%R/K@WL@DC@WUDQVLW WLPH 6FDQG - *DVWU

6XUJLFDO WUHDWPHQW \PRRNB GG W‘“DI‘@HX'«LFQW(P )OHVKP;DHQFDO

FRQVLGHUDWLRQ WKH IROORZLGT6 KIS £ W Ny TR Ve S ow
HQGRPHWULRVLY RI WKH E R ZH REWLQWAAHR FIDVOYRW R QRIHBVWHP S *

HQGRPHWULRVLV > @ VL] %]I??ﬁO%%E‘FQﬁéwﬂ&mﬁgﬁﬁb\/&éﬁﬁwéPLFURVF

HQGRPHWULRVLY ZKHQ WKH FRZARAUWELRNLYH QWHIF KENLIRRH I RV LQ ¢
EH XVHG LQ ODUJH ORZ UHFWEP F&GEPHWULRITY B2 g Whoe
GLVWDQFH WR WKH DQDO YHUJFRQRHU D G QB BRHDE.8 URD A &L ZHOWQF LQ \
WKH ORFDOL]DWLRQ RI WKH UBBWOH'GRERIR WY JRZV PO VEN O oW
DVVRFLDWHG ZLWK VHYHUH FRESIOLEDWLRQY DEXWE DXWFRPHY DQ

FRQVHUYDWLYH WHFKQLTXHG)IEQW G RRBELRHGHWILRVEY  ax

ODSDURVFRSLF DQG WUDQVDQD@QFI[S&UR_IBFH(UPIDM‘RP/oGVHXOHPDQ &
SOLEDWLRQV RI &2 ODVHU HQGRVFRSLI
SRVWRSHUDWLYH LPSDLUPHQ\/%S/G Y e s e N
&DPDJQD 2 'KDLQDXW & 'XSXLV 2 6RQFLOQL (
/ &KRVLGRZ ' ODGHOHQDW 3 6XUJLFDO PDQDJ
SHIHUHQFHYV VHSWXP HQGRPHWULRVLV IURP D FRQWLQXRXV
2EVWHW )HUWLO oDU
5RPDQ + +HQQHWLHU & 'DUZLVK % %IRGIBVEX 6Q BOAD/MK\ - 00l$PHV :$ *LDQQRSRXORYV
0 7XHFK -- $ER & %RZHO RFFXOW P RORUR PERG ERHIE ®RPMKB QR VIROPBZLQJ WKH UD(
UHVHFWLRQ PDUJLQV LQ GHHS FRORUHEXRDRHWOHERPHW ULRALY VSHFLPHQV KDV
QR LPSDFW RQ VKRUW WHUP SRVWRSHUDBRUYSFHDRX ¥ FRERRDYM UV L0 %BWHWRQIHU ( "HV

9ROXPH ,VVXH 'DUD ( /DSDURVFRSLF FRORUHFWDO UHVHFW
"RQQH] - 6TXLI&HW - &RPSOLFDWLR®WHSUAHIDEHFY DO WNEXUVRBERO 2EVWHW %
LQ D SURVSHFWLYH VHULHV RI SDWRYQWYV RSHUDWHG RQ E\ WKH VKDYLQJ

WHFKQLTXH IRU GHHS UHFWRYDJLQDO HGERPRAWWULGR WL # BIRRIK OHVHWEKBEMSUURBDUUD
'DUDL ( 6\PSWRPV EHIRUH DQG DIWHU VXUJLFI
$EUDR 06 3HWUDJOLD ) )DOFRQH 7 HIGRRHW BLR\VLMWX WK RBW RY SIUIRYY HVVHG E\ PDJC
& 'HHS HQGRPHWULRVLV LQ&OWUDWLDBYH RKPOUHRBR WERSPREGY RQRWUBPHE \DERN RUAE YV
WR FRQVLGHU EHIRUH PDQDJHPHQW +XP\5HSURG 8SGDWH +
9HUFHOOLQL 3 &KDSURQ & )HGHOH / *DWWHL
5HPRUJLGD 9 5DJQL 1 JHUUHUR 6 $GVHUYBERQFRIUHIOD¥\RROMKHLA GLVWULEXWLF
+RZ FRPSOHWH LV IXO0O WKLFNQHVV GWUDFMY HRWRRO WY ERYHO HQBRPHWURRWLF
OHVLRQV $ SURVSHFWLYH VXUJLFDO DQOUA WRERAIOO QwXEP WKPQIHYIUR EGHWFKH
6 %D]J]RW 0O )HDVLELOLW\ DQG FOLQLFDO RX!
.DYDOODULV $ .RKOHU & .XKQH RRIQRUBFWRR WJHIVEIFWLRQ IRU HQGRPHWULRVL
+LVWRSDWKRORJLFDO H[WHQW RI UH¥WDO LQYDVLRQ E\ UHFWRYDJLQDO
HQGRPHWULRVLV +XP 5HSURG '"XEHUQDUG * 3LNHWW\ 0 5RX]JLHU 5 +RXU\
5RPDQ + $ER & +XHW ( %ULGRX[ 9 ($X4XPOBWRRIQO6 IHHW IWGHU ODSDURVFRSLF F
YXOO WKLFNQHVV GLVF H[FLVLRQ LQ ¢||£D+G§HL|FQ\/@@1PR4WNLR*WEF5thzld;B(@Hv RO DAY K H
UHFWXP D SURVSHFWLYH FRKRUW 'LVIERORQ 5HFWXP
5RPDQ + 7XHFK -- /DSDURVFRSLF DQG/WQJQQ\,GDQ?U‘U:HIPFU_R/QRQORBﬁQUy\HHOOL $ $0C
ORZHU DQG PLG UHFWDO GHHS HQGRM®HWDYRWWR FPFRSKOHRY * WKHPHIRIKHO =DQROO
WHFKQLTXH )HUWLO 6WHULO $XJ/DSDURVFRSLF QHUYH VSDULQJ FRPSOHWH
%DGHVFX $ 5RPDQ + $]L] 0 3XVFDVHRGRBROYYDLRVELYV + xMwW IHDVLEOH" +XP 5HSUF
6DERXULQ -& 6WROQLFX 6 0DSSLQJ RI(BKEHO RPEXOW PLFURVFRSLF
HQGRPHWULRVLV LPSODQWY VXUURXQGAHIIFIaP@ISQH Bc RRRAWOLRWRD/ (QR6HEHVE 'H Ol
LQILOWUDWLQJ WKH ERZHO )HUWLO eWRHIOd / 7KHEHIIHFW RIHVHFRQG OLQH VXUJ
7KH 1RUWK :HVW ,QWHU 5HJLRQDO )RPVORMUERRRUWR I R BIHQy IZHSW VU HIFKUHQW HQ (
(QGRPHWULRVLY &,5(1'2 &OLQLFDBNMEHEOHFMDY 2 EVMGHIW/LERRUBFRO 6FDQG

1&7 /IDVW XSGDWHG -XQH &R B L dDIETHD D(w RW@ISQOL $ %HQDJIOLD / 9L
ZZZ FOLQLFDOWULDOV JRY FW VKR2DIIR@L $ 9HUBHPQUQHE8 3RVWRSHUDWLYH KR
2FWREHU H[FLVLRQ RI GHHS HQGRPHWULRVLV (XU - 2E

60LP. )LUV WYDOLGDWLRQ RI WHMRUHQFESYHUVLRQ6 RI WKH

*DVWURLQWHVWLQDO 4XDOLW\ RI /LIH ,OBRPQ #/ $SERDEWURHOWHURBROCRELE® $XEHU O
%LRO + YXOO WKLFNQHVV GLVF H[FLVLRQ LQ GHHS HQ¢

.QRZOHV &+ 6FRWW 60 /HJJ 3( S$OWHFWEPOD SURYISHFWLYH FRKRUW 'LV &RORQ
/HYHO RI FODVVL&FDWLRQ SHUIRUPDQFH RI .(66 V\PSWRP VFRULQJ
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2EVWHWUWYLGBFRORJILD /;,9 2ULJLQDO DUWL

7+(6,%1,),8$18&( &K 2/2*,8&$7<3,$,17+( 2%5,$1
(1'20(75,20% $35(/,0,1$5 5(32%

0O 6WDQFD 2DQD OLUFHD 7 ,ULPLD & &RUDUF OLKDF

8QLYHUVLW\ RI OHGLFLQH DQG 3KDUPDF\ 7kUJX O0OXUHU
8QLYHUVLW\ RI OHGLFLQH DQG 3KDUPDF\ &DURO 'DYLOD

$EVWUDFW

(QGRPHWULRVLY LV D FRPPRQ DQG LPSRUWDQW SDWKRORJ\ DPR!
LVVXHV RI DITHFWLQJ TXDOLW\ RI OLIH DQG IHUWLOQ WY WD VEWUD ERIRRHPUDG
UHFHQW \HDUV WKLV LVVXH ZDV JUDQWHG DQ LPSRUWD®WHNR/QML GOHW DU
EHLQJ XQGHUVWRRG

'"HVFULSWLRQ RI FHOOXODU DW\SLD SUHVHQW LQ VRPH BIDWWWHRI k
RI SDUWLFXODU FRQFHUQ 7KXV ZH LPDJLQHG D FURVV NG G6WIRQYDE O
DVVRFLDWLRQ RI WKH SUHVHQFH RI KLVWRORJLFDO DWSDLWDL AIQOMKY FZQ A
RYDULDQ HQGRPHWULRVLYV

7TKH VWXG\ LQFOXGHG SDWLHQWYV ZLWK RYDULDQ HQGWRPHMULR\
GHVFULEHG LQ VRPH SDUWV F\VWHFWRP\ VSHFLPHQV 7KHJ®UHNMH@DAMC
DVVRFLDWHG ZLWK SDWLHQWY DJH LQIHUWLOLW\ HQGRPHWULRPD GL

5H]XPDW 6HPQLILFD LD DWLSLLORU FLWRORJLFH vQ HQG

(QGRPHWULR]D UHSUH]LQW R SDWRORJLH LPSRUWDQW WLMUHFYF
IQ DIDUD SUREOHPHORU OHJDWH GH DIHFWDUHD FDOUW SRWLEH.OLWL LU
WUDQVIRUPDUH PDOLJQ [IQ XOWLPLL DQL DFHVWXL DVSRBKWHLWURDVABBR
VWXGLL SURFHVXO HVWH GHSDUWH GH D IL vQ HOHYV

'"HVFULHUHD DWLSLLORU FHOXODUH SUH]HQWH vQ SLHVHOH RSH
UHSUH]LQW XQ DVSHFW SDUWLFXODU 1Q DFHVW VHQV BPVL MYIDGOHTH
LQFLGHQ D 4L HYHQWXDOHOH DVRFLHUL DOH SUH]HQ BOHDWDELHQR/WH G
HQGRPHWULR] RYDULDQ

6WXGLLQG XQ ORW GH GH SDFLHQWH FX HQGRPHWULRQDRMDULD
GHVFULVH SH SLHVHOH RSHUDWRULL GH FKLVWHFWRPIMHPIUHIFQWL D\
YKkUVWD SDFLHQWHORU DVRFLHUHD LQIHUWLOLW LL GLDPHWUXO HQ(

EXYLQWHEOKRIPHHWULR]D DWLSLL FDQFHU RYDULDQ

,1752'8&7,21

2YHU WKH \HDUV H[WHQVEXW URW B A &DFDOHEQWHUDW XU
XQGHUWDNHQ LQ RUGHU WR WRFFHRNERGPEQ HRISOBHS QREXHW LY H
SUHVHQFH RI FAWRORJLF DW\SLD RJQIEQ WK E RW HIRP HNO TR GAN
SOD\V LQ WKH JHQHVLV RI RYHQIORP RWQERBD +RIZHYBOHQKH JRHV
VLIQLILFDQFH RI DW\SLD UHARDGERVORYNNQRD ZLMWHK FHUWDLQV
SUHYDOHQFH Rl HOGRPHW ULRRHVKIVQX & R GRR Z0 DQRS RPKOHMHD FRQG |

&25(6321'(1>6XFLDQ 3X 'FD' LX H#RPDQOSPRHADVL X
(< :25'6HQGRPHWULRVLY DW\SLD RYDULDQ FDQFHU 2EVWHWUHILEBFRORJLD



7KH VLIJQLILFDQFH RI F\WRORJLF DW\SLD LQ WKH RYDULDQ HQGRPHWULRPD

VWXGLHV KDYH EHHQ SRLQWHG \VQVW KOLYGY SKEUBD OWRIQD ® | WIXQIPHG |
KDV HOXFLGDWHG LWV IRUPDWPR®OBURR FH\K\D G7 R IVW KB WMHGI @ G K H
ULVH WR FHUWDLQ TXHVWLRQV VXIFKHD\D QRO \GLRY F MKW KLY WR S D W
LQGLYLGXDOV GHYHORS HQGRPHWKHRYVLYDDVQG @WK T\RWRIEWRWPHW U L
GRQIW RU ZKDW IDFWRUV FDXRBWQUGORIFHWKDRN LV RIRWKUR YSHY¥ VP H
LQWR VRPH VSHFLILF IRUPV RDWY®WUR DRUFORFAHYW PLFURVFRSLF DW
F\WRSODVPLF UDWLR FHOOXODU FUR
0$7(5,%/6 $1' 0(7+2'6 RU WXIWLQJ
7KHVH SDWLHQWYV ZHUH DJHG E
‘H SHUIRUPHG D SURVSHFWLNBIURMU RV VRV MAWHIPRDIDAMK D GLDJQR)
VWXG\ IURP -XO\ WR ODUFKOQG RZDWKRKRBWURHQW RYDULDQ F
VHYHQW\ WKUHH SDWLHQWYV GDRQIQRWKHE ZHW W HROGHR HVEBIGRZD W K
DGPLWWHG WR '"HSDUWPHQW REEBAZWHQ®ULFWR QGEP\QARKRORGKHVLRC
7vUJX OXUHY (PHUJHQF\ &RXGWHVYRQBLW@PO RI WKH SDWLHQWYV
7KH SDWLHQWY ZHUH DGPLWWHGHDIHNE HFRIP SQRLQWB WLV WLFD
Rl SHOYLF SDLQ G\VPHQRUUKHODD WVLR|VEKHIYLDHWZEHHQ WKH R
LQIHUWLOLW\ $IWHU WKH GLDJMRASIHFRILR YDV L@ BIWE R PIWHQRR P
KDG EHHQ HVWDEOLVKHG EDVHGIR QWIDFKWS DMWY XM V 3KLVW RGNV S |
SK\WLFDO H[DPLQDWLRQ RI WK HEMOLILFDWQWQ HBKRNQ@A3 PLFURVFRS
VFDQ ,50 DQG RQ WKH YLVXDOL]DW REY HRU YGIL®D JIOR WW/LLFW LV W L F D
ODSDURVFRS\ WKH SDWLH QEWHW ZHHQ VKR ®RM HDEQ GRWKH LQFUH
ODSDURVFRSLF F\WWHFWRP\ WL F\\QRWFEHRW Z HHIP S/EHVG LD PHW |
ZHUH VHQW WR WKH 'HSDUWMPHODWLB IRFB WKRIO@RAM ZHOAARHQR VLJIQLI
WKH\ ZHUH VWXGLHG RQ KHPDWRQGLBDHWRAHIKQV W R H QFHGHW 6 QGHV R |
WR HYDOXDWH WKH PRUSKROBUH\DHQ 5B URN L XD D UR @ LLHW\ KRIL DW K3H
HQGRPHWULDO F\VWV WKHUH ZDV D VLJQLILFDQW VWDWLVW
6WDWLVWLFDO DQDO\VLV WKW SHIHRHW@FIE KVR@D 8 WMDQWDW\SLD [
6RIWZDUH 6WDWD &RUSRBDWLBDRDPHWHINBHZBDWHU WKDQ  FF
'ULYH 7; 86$ OHGLDQ YDOXHV SHUFHQWLOHV PHDQ
YDOXHV DQG 6' ZHUH FDOFXODWHG&8RE, FIRQWLQXRXV
YDULDEOHY DQG QXPEHUV DQG SHUFHQWDJHV IRU
FDWHJRULFDO YDULDEOHYV (QGRPHWULRVLV LV DFNQRZOHG.
$ PXOWLYDULDWH PRGHOFRM\G XW HRBQWAGRH LIGHHGV EN\ WKH SUHVH
WKH LQGHSHQGHQW SUHGLFWRODRQRBY \DRIG S/WHIWRRIF R RW DM B LRI W
$ 3 YDOXH LQIHULRU WR PG BKRAQMALIGHH P WER CETHW XU H > @
VWDWLVWLFDOO\ VLIQLILFDQWQGRPHWULRVLYV KDV WKH FDSDFLW\
LQYDGH DQG GDPDJH DIIHFWHG WLV\
5(68/76 QXPHURXV VWXGLHV LQGLFDWH W
HQGRPHWULRVLYV KDYH DQ LQFUHDV}
7KH PHGLDQ DJH RI RXU JUBKW RH GIDD/OL RYWY LD FDQFHU > @
\HDUV ROG DPRQJ WKHP VEHKIGLHYQKBYW LM HD@\ELYHO\ HYDOX
KDYLQJ UHFXUUHQW RYDULEMWREROHMUERPBWXIURQUY DQG RY
WKH ODSDURVFRSLF H[DPLQDXQ®IQU OB HQ JRRIHPHKCD QIKUPRBRIKG IDFWR
LQVHUWLRQ RI D PP LQW U D PELOIQDON VSWRAED B VDB QVKIUM®BIG RPH
PP WURFDUV LQ WKH ORZHXOQGBRBFW® Q@&DZADOHUHBHD®RAEBYHU LW
W KD W RI WKH SDWLHQWYV K V& RW HHQIGRPGH WQE R W HW WKICRW DF P X O \
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0 6WDQFD

LQFOXGLQJ JHQHWLF KRUPRQDO DJGHPRAXQWRERBLHD @ IDFVHREU W K L
> @ S DW\SLFDO HQGRPHWULRVLV " PD\ U

&\WRORJLF DW\SLD ZDV VWDU R GQREFRWE LRI WK DMK HRZH Y HU
FULWHULD UHSRUWHG E\ /D*UMR DG\H SO.QGU BPOY BUERIRIUO} B@QGH U
DQG &]HUQRELOVN\ DQG ORUULV Q@VEKLGKWHUOXGHH WKH LG
IHDWXUHV RI HRVLQRSKLO HRGRRMHRSWLRYRY O@® RYWULDQ FDQ
K\SHUFKURPDWLF RU SDOH QIXRPHL IMRVK P P@WBUDLWH RXR QHRS
PDUNHG SOHRPRUSKLVP DQ IURPUHD WHRE QXFOHD@ WWRXEVHW
F\WRSODVPLF UDWLR FHOOXOB®QGRMRAGU DR \DLYGLVWURIQVLLIGE F D WE R
RU WXIWLQJ $V ZH UHSRUWMGR WURRQWIRH BDLWWMRQWYDULDQ F
IXOILOOHG DOO RI WKHVH DW\SQD FRHWHURWYLY LV UHSRUWHG Wi

$W\SLFDO HQGRPHWULRYV LS/RIW HIQHS RD @ HOMWMWRI § RXWHMVG/ WR S
SUHFDQFHURXV SRWHQWLDO PKDW D ERAH BH @/ E \ SFU WRRIDRLLE D Q W
FKDQJHV FKDUDFWHUL]JHG E\ SUR®IORULLFW DR Q W ¥RIZIH YOHIUG DW\SL
DUFKLWHFWXUH SUROLIHUDW IFRR® V& BHIUHRE DYV N \ UH®GE VO RYUH IF\K D
> @ UHSRUW WKH LQFLGHQFH RI D@ \WILKLDO WHIIRPE W U DR FIDW H V
ZLWKRXW QHRSODVP WR EH HQGRPHWNXRDLND HW LV QHFHVV
DO > @ UHSRUW LW WR EH SRVVLELOHWGHRD RYDUI@Q FDQFHU C

UHSRUWYV LW WR EH FDQEWoDAUBPRJIOX DQG

'X]JFDQ > @ UHSRUW LW WR EH ,Q FRQWUDVW

WKH LQFLGHQFH RI DW\SLFDO HQGRPHW/BBRYLY ZLWK QHRSODVP
ZDV UHSRUWHG DV IROORZV E\ 2JDZD

HW DO > @ E\ )XNXQDIBKHHWVD/RFEDWLRQ EHWZHHQ H
DQG E\ 2UDO HW DO RY@®ULDQ FDQFHU LV HVWDEOLYV

OROO HW DO > @ UHSRWWHGHPLRRRBRIGFOMRY WO HY 2XU F
DVVRFLDWLRQ EHWZHHQ RYDUWRE MHRXORHW B LRIVWK MK R RIOPIF X O L
DW\V\SLFDO IRFL DQG VXEVHTXHDWR D DWHBWF OQVD WU FN ®OZKLFK
FDUFLQRPD DULVLQJ LQ WKH X¥0QG6H URNIDQ/®LGWEDHIPVZ O K MUK H HIIR
7KHLU FDVH ZDV WKH ILUVW &R FRW KW WG \GHDWFRKIESWWL RDH RH Q G H
DW\SLFDO HQGRPHWULRVLV WRBRALEQWHQZHQKH \FIR PSSDOMRAZID \V  Z
PDOLJQDQW WUDQVIRUPDWLR@WHWKLWQR FHBW¥DIDQ®&FLHQFH
VXEVHTXHQWO\ JDYH ULVH WIRFWRWMBRAILFH KE® WIRS DAMIORO R JLF D
FDUFLQRPD HQGRPHWULDO F\WWV UHYHDOHG O

7ZR SDWLHQWYV UHSRUWHEBNEGRZQPDQ > @

GHYHORSHG H[WUDJRQDGDO HQGRPHWWIMRKIEOFMVFMWXRPDRVVXH R
DQG \HDUV UHVSHFWLYHO\IFOWRD X$ OO WAHRPH® ZKRSKQERH U Z |
RRSKRUHFWRP\ IRU IRFDOO\ DMQSRPMHW HQRRIPHW Q GRN\RW ZKRP WK
,Q D IROORZ XS VWXG\ E\ DVXVSQ B DD H\V@ GRP HW @LRV LYV UHPDLC
RI SDWLHQWV ZLWK DW\SLPD® HQRGRRHBMWQRQHW GLIEI QR GL QJ
GHYHORS PDOLJQDQW HSLWKH®RIQ). WRBRQY RI OMKHRKH KZ RIKIHQ R X M ¥
SDWLHQW GHYHORSHG HQGRRKRUPRRIDED FDKHLDR\PD QIGQ OW WHi D O
DEGRPLQDO ZDOO PRQWKV D IFRHUWIHD W HRRS KR H M F R/ PW KZIH WKR O H
DQ DYHUDJH RYHUDOO VXU Y LYDQWSHWH R RIR\U DINGEO ES. W MHOUAD\O R
\HDUV UDQJH %HFDXRB ®RR RXQJ VACRUWH URRMOWR XY H SULPDU
XS SHULRG ZH DUH QRW DEOH WR SURYLGH LQIRUPDWLRQ DERXW
WKRVH RXWFRPH LQ WKLV SUHOLPLQDU\ UHSRUW

2EVWHWUYLEGBHBFRORJLD



7KH VLIJQLILFDQFH RI F\WRORJLF DW\SLD LQ WKH RYDULDQ HQGRPHWULRPD

5()(5(1&(6 OX]LL / %HOODWL ) %LDQFKL $ 3DODL ,
DO /DSDURVFRSLF VWULSSLQJ RI HQGRF

LIHG WULDO RQ GLIIHUHQW VXUJLFDO W
90DKRV 1) .DODPSRNDV 7 )RWRBRXY| BpHIGHRE K RVLV,DQG

RYDULDQ FDQFHU $ UHYLHZ )XNXQDJD 0 1RPXUD . ,VKLNDZD ( 8VK
\QHFRO (QGRFULQRO ULDQ DW\SLFDO HQGRPHWULRVLV LWV F
SHUFHOOLQL 3 3DUDJILQL ) %ROLV o TSROV R BR@P L

0 9HQGROD 1 /XFKLQL / &URVLIQHRPH o (QCRPANVORVAVILY L pPSRUWDOQFH
DQG RYDULBR FDREWWHW *\QHFB@®\SLD LO HQGRFIHWFRICRYD W KRW -

* %D\UDPRJOX + 'X FD(%:( $WI\SLFDO HSLYV

/D*UHQDGH $ B6LOYHUEHUJ 6* 2XOYhBYWXPRUY DYMRFLPMAGY VLR L
ZLWK DW\SLFD HWRRRFHMKR®RVLYE |16 GRPHWMWRROV2QFERO 5H V

_ 2UDOé .YDQ 6 7XVWDV ( .RUEH\OL %
&HUQRELOVN\ % ORUULV :- $)Kig\WBQRILRYWXS RIsRYRDOHOFH RI H

ULDQ HQGRPHWULRVLV ZLWK HPSKEVIYpRW K\SIHA SIPHVYE RukbYevw x@ RKR
DW\SLFDO2EN @M V*\QHF R Ox EHSURG %LRO =+

'XQVHOPDQ *$- 9HUPHXOHQ 1 %HFN#YE g 6DQOKRS pRUEH &KkpODV ( 0DQQ
I+RRJIKH 7 HW DO (6+5( IXLGHOLQph PPQPRFBHOWM &L 3RPHE DaeswWHMO HO-
+

ZLWK HQGRPMNW BHBWRG GRL *\QH\FRO

KXPUHS GHW . o IDQDVH < )XUXNDZD 1 REDLDVK\ +
SDROR 9OHUFHOOLQL /LQGD & *LofdFiopRHPRYBYVIRUBHWYRQ IURP HQC
DQG ODXULFLR 6 $EUDR 5HGXFLRYcERRH R XY LVOYHGLR ¢'R00\ WR HQGR
GRPHWULRVLV EHWZHHQ OLPLWHL WKt 6HEQhWbBHG $RERYROYHG LV

VXHV D SWRBRMWBURG OROO 80 &KXPDV -& &KDODV ( 0DQQ
GRL KXPUHS GHY FDUFLQRPD DULVLQJ LQ DIESWHID HQ
(VNHQDIL % :DUQHU 0/ (SLGHPLRERYVRERd HQGRPHWULRVLV

2ZEVWHW "\QHFRO &OLQ 1RUWK $P  1\ppg 03 ([WUDRYDULDQ HQGRPHWULR
&DQLV 0 O0DJH * :DWWLH] $ 3RXO\ys fAUXKE W 08 1 0By X

UH DQG UHSRUW
RYDULDQ HQGRPHWULRPD ZK\ LYyt B wSRRH 9D WORP IHG
/IDSDURVFRSLF WUHDWPHQW RI ODUJH RYDULDQ HQGRPHWULRPD ZK\

VXFK D ORQJ OHBP @GHQURBU ¥“H"

2EMWHQ@HWERDRJILD



2EVWHWWLEBFRORJILD /;,9 &DVH 5H

1$3$526&23,& 5(6(&7,25 29/$'' (5
(1'20(75,20% &$6( 5(325

/ 3LUWHD &ULVWLQD 6HFRGUDQ , 6DV ' *ULJRUDU
5 ,0LQD 2 0D]LOX

'"HSDUWPHQW RI 2EVWHWULFV DQG *\QHFRORJ\ 8QLYHUVL\

%DEHUO" 7LPLURDUD 5RPDQLD

'"HSDUWPHQW RI 2EVWHWULFYVY DQG *\QHFRORJ\ &RXQW\ +
'"HSDUWPHQW RI *HQHUDO 6XUJHU\ 8QLYHUVLW\ RI OHGLI

7LPLURDUD 5RPDQLD

$EVWUDFW

(QGRPHWULRVLYVY LV D FRPSOH[ GLVHDVH ZKLFK LQYROYHM QWKH Sl
FDYLW\ 7KH FDUGLQDO V\PSWRP LV G\WPHQRUUKHD EXHWW WIPW R W SH FG_H]
LQILOWUDWLQJ HQGRPHWULRVLY UHSUHVHQWY D ELJ FKDVK®MHRUHQIRW\
WUDFW LV D UDUH RFFXUUHQFH ,Q FDVH RI XULQDU\ HRGRPKHNVH ERINHLFA
RI WKLV DUWLFOH LV WR UHSRUW D FDVH RI D \HDU RWXG FHXWO/O X 6 DU
UHVHFWHG E\ ODSDURVFRS\

S5H]XPBW]HF LD ODSDURVFRSLF D XQXL QRGXO HQGRPHW

(QGRPHWULR]D HVWH R DIHF LXQH FRPSOH[ FDUH LPSOLE SUH]}L
XWHULQH 6LPSWRP FDUGLQDO HVWH GLVPHQRUHHD GWDWRW DWIHHA|
HQGRPHWULR]JHL SURIXQGH UHSUH]LQW R PDUH SURYRFDUHXSHQWWU X
HVWH UDUHRUL vQWkOQLW 9H]LFD XULQDU HVWH ORFWDIOQDDUERBLHHDIVE
DFHVWXL DUWLFRO HVWH GH D UDSRUWD UH]JHF LD ODSBDRYVERISLFD @LX

EXYLQWHHRGRAHWULR] YH]JLFDO UH]JHF LH ODSDURVFR

,QWURGXFWLRQ

(QGRPHWULRVLV LV D FRPSGHR [GPODMDA/ON ZKLFKRI ZRPHQ RI
LQYROYHV WKH SUHVHQFH RI BIODHG RPHEGRIAIDW WL RWMX/H CRKWL\RLGB\H L
WKH XWHULQH FDYLW\ > @ $0FRALWXDDWRLIRIP Q7 R HWEKOR RGP D BF X P
ERG\ FDQ UHSUHVHQW D SRVVMVEGW OLYH IRUCGWKH LIHMH U RISPIOQWF
RI HQGRPHWULRVLV LPSODQWK¥W DFRAMWDWRRPRRIF\WRNLQHV 3
HQGRPHWULRVLY OHVLRQV DDEKERERGWH G QVWQH 8 B O ©LWF DEXWIL V V
GLJHVWLYH WUDFW UHWURSHMUR RO K RW KGIUD KKHIIFHP FWX ¥ LDQ G
HYHQ WKRUDFLF OHVLRQV KD Y HMHHQF WHBRWRMG DUH@ OVR GHVF

(QGRPHWULRVLY UHODWHRGHQFRSWRPXHQE\HDQG SDLQIXO
G\WWPHQRUUKHD WKH FDUGLQ DXUY PBWRPU DFFKM RQGRBHWYILR VLV

SDLQ G\VWSDUHXQLD DQG LDUWKWIDJLYD ® @®R ®OXOHRAWRU X W H

&25(6321'(1>&ULVLWQD 6HFR'DQ HRDPOLFUERWLQD VHFRVDQ
(< :25'6 EODGGHU HQGRPHWULRVLYVY UHVHFWLRQ ODSIEWRMFRBLGEFRORJILD




/IDSDURVFRSLF UHVHFWLRQ RI D EODGGHU HQGRPHWULRPD FD\
LQYROYHPHQW GLDUUKHD -r.JJ|'=;:'«'-,. 5-05-19-1 LMP=02.04.2015  8.0cm/13/27Hz Tis 0.4 drPirte 19.05.2015 ZLWK
ERZHO HQGRPHWULRVLV > @ §

7KH WUHDWPHQW RI G

HQGRPHWULRVLYV UHSUHVHQV\ KH
J\QHFRORJLVW /DSDURVFRSLH

GLVHDVH DQG WKH ILEURWLF g WLRQ RI
QRUPDO DQDWRP\ UHSUHVHQV WKH

VXUJLFDO PDQDJHPHQW RI HQJE
(QGRPHWULRVLV H[SDQG )&
XULQDU\ WUDFW LV D UDUH ] N
DSSUR[LPDWHO\ =+ RlI SDWLHONWN &WYIPNRXEG I§RIRU WR VXUJIHU
HOQGRPHWULRVLYV > @ ,Q FDvH?S@S?(@Q&BBBPHEAQHIBﬁR/ﬁHQWH\%GLQJ
WKH EODGGHU LV WKH PRVW IUHTXHQW ORFDWLRQ > @
7KH QH[W VWHS ZDV WR LVRODW
&DVH UHSRUW QRGXOH IURP WKH VXUURXQGLQJ KHI
GLVVHFWLRQ RI WKH PHGLDO DVSHF
'H SUHVHQW WKH FDVH RI RVDHMXD R GE QROCHSDEIDODWHUDOC
SUHVHQWLQJ D \HDUV KLVWRU\ RT7TKHWHOQWHHF & VRHEBR WHKHIDFHU YL
DQG XULQDU\ IUHTXHQF\ VWDADWLHHURRU WHKE ILUXWH GED\LRIRUGHL
PHQVWUXDWLRQ DQG ODVWLQIPRGWLOH GREX ®HWHB PWW KHHD QWRH U |
KHU SHULRG VRPHWLPHYV DVVRBEXDWLOI KHPDWXULD 1R
KLVWRU\ RI VXUJLFDO LQWHUYHQW R} ZDWKDWSRUWHGY HF WKRRQ S
SDWLHQW EODGGHU DQG WKH SDULHWDO SHUL
,Q RUGHU WR HYDOXDWH QRN GHLY MRL WR PRSIOWWHO\ PRELOL
VIPSWRPDWRORJ\ WKH SDWLHGWRQAI\G HWNEGNVWRWLD OFRRSWOBWH P
XULQDU\ GLDU\ GXULQJ WKH PEQD®WG KD VFIURI® WHM W KUHH E H B\ HVGH W V
LQWHQVH XULQDU\ IUHTXHQF\ DQGPRVW XBERUWDRQOWOSHUDOORZV V
GD\ 7KH SDWLHQW FRQVLGHS®9® AMWMRHY WRRQG EWDRG HWRZPBAO GHI
HIWUHPHO\ GLVDEOLQJ ZLWK ®SPWIVWKDW SRISOWWVRE KNMUHQW HRI WKI
TXDOLW\ ZDV UHHYDOXDWHG DQG ZH IRXQG L
7KH XOWUDVRXQG H[DPLQDQWRBLEBWHBOBEREBEO\ GXH WR W
WXPRU SURWUXGLQJ LQ WKH SRNW HHMVHFWORG GHUWACDOQRGXDHUHD
$ F\WWRVFRS\ ZDV SHUIRUPMWEKB QRROQRSROWY PROUXB/WU\ 6PDOO
WKH OHYHO RI EODGGHU ZDOOEURZ @ HW/IFTULIEHGWYKHFPOD GRAHW QGF
PXFRVD ZDV LQYROYHG EXW HQFERXOMHWHEGGZDAKH W ODEEHU FDYL
GLVWDQFH IURP WKH RULILFHWKHWKHR XWHWMWILRQ7RR WRNE®LV HD \
M FDWKHWHUYV ZHUH SODFHG SUDRUHWROXRM HERUJIJLFOWOHSIGRFHGXUH
IDSDURVFRSLF UHPRYDO RI WKH H CGIREGHH (ZFPA/XBRPSOHWHO\
ZDV SHUIRUPHG UHPRYHG XVLQJ DQ HQGREDJ 7KH HC
ZDV HYDOXDWHG WR H[FOXGH RWKEF
7HFKQLTXH GHVFULSWLR@KH ORFDWLRQ RI WKH WZR SUHYLR
$ FRPSOHWH LQVSHFWLRQ RRXWEKOHD-EBGRWKOWH BW YADNW HYD O XDV
ZDV SHUIRUPHG LQ RUGHU WR M| KB X®HHW KRH UV K iy & R HHSWQUDLRA/R.WQ W
LPSODQWY 1R RWKHU VLJQV RWRQER PMWI VARV HVGZ N WHD QFEXQIG) RP W
7KH EODGGHU HQGRPHWULRVEDO®RLDN MXXDAW HBXIQIG WR\HUV ZLV
LQILOWUDWH WKH EODGGHU D @® DWWEKNW VEIFMRHIEHW K HFDXOWVXSBIFAD V

2EMWHQ@HWERDRJILD



/ 3LUWHD

JLIXUBXUJLFDO SDERAHGXKFWH RQ RI WKH PHGLDO [EVSHNVWHFEWLRKE KD WIXKYH
YHVLFD® WBERHH QG RBHWWIHRPW RI EODGGHU PXFRVD SHQHWUDWHG E\ F

ZDV ILOOHG ZLWK PO RI PHWLOHXKEGOHVGEHQ MW AFOM BYNHKRE WR
HYDOXDWH DQ\ SRVVLEOH OHBGNDIH GXULQJ PHQVWUXDWLRQ IR

7KH GRXEOH - VWHQWYV PRHUHKY HARRIY XIWGL DU\ GLDU\ ZDV DI
F\WVWRVFRS\ RQ WKH WKLUG GIDWUWRW WDXWVRUU DIBUWKIHE WK
LOQVSHFWLRQ RI WKH VXWXUH ®&\WVPH QRRMHHDVLGH WKH EODGGHU
ZDV SHUIRUPHG ILJXUH 7KH SDWKHQXWOXOM @ RXEXD HJBIB SHUIR
ZLWK WKH EODGGHU FDWKHWHSUDLW HUODRXHIHAKNHU BYBGGH® D QF
FDWKHWHU ZDV UHPRYHG DDWQG WHHNGL\DO 3SHD UDIOHFH RI WKH
SURFHGXUH

'LVFXVVLRQ

(QGRPHWULRVLV LV D FRPSOH]
ZRPHQ DW FKLOGEHDULQJ DJH > @
IRU GLDJQRVLY DQG VXUJLFDO WU]I
> @

7KH DGPLQLVWUDWLRQ RI *Q5
UHFRPPHQGHG E\ VRPH DXWKRUYV :
VXUJHU\ 7KH DLP LV WR UHGXFH \
GLVHDVH 2WKHU DXWKRUV FODLP
DGPLQLVWUDWLRQ SULRU WR VXUJt

WKDW JHOHUDWHYV GLIILEFXOWLHV
JLIXURR\I\WVWRVFRS\ WKH LQVSHFWLR XUH OLSH
VXUJHU\ > @

RI
IURP LQVLGH WKHE DD B BWHIU RQX HV

2EVWHWUWILE@BFRORJLD



/IDSDURVFRSLF UHVHFWLRQ RI D EODGGHU HQGRPHWULRPD FD\

,PDJLVWLF LV YHU\ LPSRUWDY®WRHUL BU:IXQHH VY ¢KUGHPLRORJ\ R

W\SH RI VXUJHU\ FDQ JHQHUDﬁﬁWHW*%Rgﬁ‘Q@%%@%@i 3D

FRPSOLFDWLRQV VR WKH SDWJLUEbQWDIP\)&‘@WGLEWSSDITE&@OULIWSHQS‘FKZHSS
LQIRUPHG DERXW WKH H[WHQWRRWE&HVHD\REP H\QueUW KW WU 4 BMHEH § WU |

SODQ 7KH 05, LV D YHU\ XVHI)?BR(\?/'_R/ Xe LA RUGHY Wilo RUYHY VR 1
WKH H[WHQW RI WKH HQGRPHW&Q@IRI@MW\OLQHM\LRQW 86 R6E HR¥WKQ\RO

XOWUDVRQRJUDSK\ JDLQV PRUI—BQ)\Q"GRHF@@NDLLPLSRQU*WD BPRAR] %DFKYV

WKH DVVHVVPHQW RI GrHs LRTEGRIOWLSSRE G @Wﬁ%%?u%i

5HFHQW GDWD VXJJHVW WKDW®MKH DFFXUDF\ RI XOWUDVRXQG
DQG 05, DUH FRPSDUDEOH > @R QIR PE RRMURT,G VW $ &KDSURQ &

H[SHULHQFH LQ RUGHU WR Hvﬁégé ,&@%’xWBWﬁbR@%ng,DQG WUl

WKH UDGLRORJLVW PXVW EH WUYRERW® LQDNV¥KH WXFEWRAQLWLRIP HR 0
HQGRPHWULRVLY OHVLRQV 2V\/R>ﬁDlZBVF|R|8LLV UFF$N9R/\QZFLIO|®Q©RWHE\/HJL

DFFXUDWH DQG XVHIXO IRU WE%D %FRQS(V@@?(%&E‘JS l(J(ID_ggPLHV\l/JJVLLROVE

&RFKUDQH SHYLHZV &RFKUDQH 'DWDED

&RQFOXVLRQV 0D U &' GRL
&' SXE
6FDUVHOOL * 5L]]JHOOR ) &DPPLOOL ) *
(QGRPHWULRVLV H[SDQGLQJ: LDIQ@RNQV[D@lGQ\N/U\/MBWPHQW Rl HQGR

XULQDU\ WUDFW LV D UDUHWLRREXURBFERO IRXJE

Q %BRVVX\W 3
DSSUR[LPDWHO\ + RI SDWLd-}élng \5%@\%6’%@% |%WLRQ RI WKH O
HQGRPHWULRVLV ,Q FDVH RI MRWL@RH\cH Q@ SRAPHW LRI RVAYRPMMHI LRV L
EODGGHU LV WKH PRVW IUHTXHOW 58K F D W-IXRQ &'

7KH JROG VWDQGDUG IRV G BaURVIGH NN I XPJERB AW LRV LV

WUHDWPHQW RI HQGRPHWULRVLV LV+ODSDURVFRS\
7KH DGPLQLVWUDWLRQ RI *O9P pIRIBKQAN& SYERWYQDUG * ,QGLFL

WR ODSDURVFRSLF VXUJHU\ u?@WE%W&W@%MP Py JRQLW

,PDIJLVWLF LV YHU\ LPSRUW?D/QWLQMLI;R-U WXV XU@PRWR 0 6DGDPF
IRU HQGRPHWULRVLYV ZLWK DDERPSOHIPDE O ZPAHDEPDRYVKL 7 7KH

HRSHUDWLYH KRUPRQDO WKHUDS\ E
EHWZHHQ 05, DQG XOWUDVRX&\ WHFWRP\ RI RYDULDQ HQGRPHWULRPI

5HV $XJ GRL M

5HIHUHQFHYV [
<DS & )XUQHVV6 J)DUTXKDU & 3UH DC

PHGLFDO WKHUDS\ IRU HQGRPHWULRVL

%XUQH\ 52 *LXGLFH /& 3DVBI§VI%)JEI-|5Q/HV6IHY % e 2
SDWKRSK\VLRORJ\ RI HQGRPHWULRBYHV )H LDQ2 WHYBYXDQD 3 HW DO
6HS GRL M ITHUWQVWHHYWSHUDWLYHYRQDGRWURSLQ UHOHD
-X0 WPHQW ODSDURVFRSLF H[F
+DPHO && GH .UXLI -+ 'DQVH%S%R%PIH/W_@%W/ q’#\v%ﬁvv YHUWLO 6WHULO

7TKRUDFLF HQGRPHWULRVLV ZLWK DyRiRH GG B0 Qduk YWPWLRR W &L 73 (

/LMGVFKU *HQHHVNG $ UDGLRORJLF SPWKRQRJLF FRUUHODWLR
5\FKOLN ') %LHEHU (- 7TKRUDFLF HQGRPHWULRVLV VIQGUR

UHVHPEOLQJ SXOPRQDU\ HPEROLV;ULH%PP%\QVRFgﬁqgﬁ@f@QJ 5/ OHQGHOV
/IDSDURVF $XxJ HWULRVLVY GHWHFWLRQ E\ 86 ZL
6DQFKH] &LIXHQWHYV $ &DQGHé%@@,@@[yM)R O ERE TR

0DUtQ %Oi]TXH] $  QWHVWLQDO gRGRHP YW PLRAMLY 2RMUDQL 5 HW DO
HISHULHQFH 5HY (VS (QIHUP 'LJ HQGIQPHWULRVCWL% LPDJLQJ IRU GLDJQ

UHHG HIWH VLRQ RI GLYHDVH 5DGLRORJ\
S5RXVVHW 3 *UHJRU\ - 5RXVVH(g\/RL QBN o +XJIRQ

5RGLQ - 5HJQDUG -) &KDSURQ & &RYW H FROIBRBY RSB Y BB OOHVIXLHU 8
03 05 GLDJQRVLV RI GLDSKUDJPQJ‘W\/H?(‘Q‘@@BIJ?*EW&}LWJ—?—‘K@)&%FWHULVWLF\
5DGLRO JHE +XP 5HSURG

2EMWHQ@HWERDRJILD



2EVWHWWILGBFRORJILD /;,9 &DVH 5HSRU

%5($678& 7%/ &$5&,120$1 6,78 '85,1* 35(*1$1&<
$ &$6( 5(325

*K &UXFLDW * 'LQGHOHJDAQ /IDULVD &LXOH §
3 &RWX LX &ULVWLQD &UXFLDW

VW &OLQLF Rl 2EVWHWULFV DQG *\QDHFRORJ\ &OLQLFDO
8QLYHUVLW\ Rl OHGLFLQH DQG 3KDUPDF\ u,XOLX +D LHJDC
VW &OLQLF RI 6XUJHU\ &OLQLFDO (PHUJHQF\ &RXQW\ +RV
OHGLFDO 2QFROJ\ &OLQLFDO (PHUJHQF\ &RXQW\ +RVSLW!I

$EVWUDFW

ODOLIJQDQW WXPRXUV GXULQJ SUHJQDQF\ DUH UHODWLYH®\ UDUH
DITHFWLQJ DSSUR[LPDWHO\ LQ SUHJQDQW ZRPHQ 7KNHDWWYRRLDW
SUREOHPYV VRPH RI ZKLFK DUH VWLOO FRQWURYHUVLDWR7KRY W LWUHMH
WHUPLQDWH WKH SUHJQDQF\ DV ZHOO DV WR WKH VXEWHRXB Q W\ MIXUH U
ROG SUHJQDQW ZRPDQ ZLWK XQL O DWHHHNORQ ISVUFHA Y EQHH LRSS GXUH QP C
FDUFLQRPD LQ VLWX 7KH PDWHUQDO RXWFRPH ZHUH JRRG W XRIQWERH BV KH
WKH RQFRORJLVW WKH VXUJHRQ DQG WKH REVWHWULFLDQ LQYROYHCGC

S5HIXPBWUFLQRPXO GXFWDO LQ VLWX PDPDU GLDJQRVWLI

7TXPRULOH PDOLJQH GLDIJQRVWLFDWH vQ WLPSXO VDUFEGUIX®XQV
PDPDU HVWH FHD PDL IUHFYHQW GLDJQRVWLFDW DIHFWRQR®D QBEHRBRK@DOL
GH VkQ FX VDUFLQD ULGLF PDL PXOWH SUREOHPH XQHHOWVEIDOQWHI H HH €
OD GLDJQRVWLF WUDWDPHQW GHFL]LD GH D FRQWLQXMB UDSHXUH X ¢
XOWHULRDU 9 SUH]JHQW P FD]XO XQHL IHPHL JUDYLGH V\® ¥WHUD O®HL
WLPSXO V SW PkQLL D D GH VDUFLQ %LRSVLD D UHOMM PDW EKQQFD UR|
EXQ GDWRULW XQHL FRODERU UL LQWHUGLVFLSOLQDWBWHDHIWEBHPO LGH H
DFHVW FD]

&XYLQWH&BKHIHYJ PDPDU VDUFLQ DYRUW WHUDSHXWLF

,QWURGXFWLRQ

ODOLJQDQW WXPRXUV GXUPSQLBYHDQDIFHPWHYH FROODER
UHODWLYHO\ UDUH ,Q ZRPHQ REGWHW UWKLID PR WKHF RPERQRJILVW
FDQFHUV DUH OHXNDHPLD DQG KHPGHKRIPDLARQ RI WKH SDWLHQW RL
SUHJQDQF\ EUHDVW FDQFHU WR FRQMWULDGE\ GHMUPEWB® D WKH ¢
DGYDQFHG VWDJHV Rl WKH GLYISRVK DIW L WR/OG HMH FKLR QV KM U
UHQGHUHG GLIILFXOW E\ WKH PRWIKRRGEOR RIFW 0O HDOIMEPIXQWW MRQD @ S
FKDQJHV VSHFLILF WR SUHJQDQ®B WIKHF®UWUMH QD QHD W\PHIQFRL Q D W

&25(6321'(1>8KHRUJKH &PYOREMDXW LIDKRR F R P )
(< :25'6 EUHDVW FDQFHU SUHJQDQF\ WKHUDSHXWLF PERYUN RHRBFRORJILD



%UHDVW 'XFWDO &DUFLQRPD LQ VLWX 'XULQJ 3UHJQDQF\

FRQWURYHUVLDO 7KH SHFXO LZIHHNV\ Bl ROKHWDRIDADH) OLHHFWLL@R QV BB V
GHWHFWLRQ RI D UDUH GLVHDVHDEXWHA X\ HXYD RO G ZWIKHH UXQS W X L

VLW X OHGLFDPHQWRXV DEODFWDWLRQ SRV
$IWHU \HDU WKH UHVXOWV RI

&DVH UHSRUW H[DPLQDWLRQ DUH ZLWKLQ QRUPDO
PDLQWHQDQFH WKHUDS\ 7KH SDWLH

7KH SDWLHQW ) , PDEMWHDQW SSRERYPHWPWFWLRQ SURF

ZLWK WKH J\QDHFRORJLVW |RU QDPHRRRORIKHFD D GRLEUHIRMW LHZ P
FRPSODLQWY WKH DSSHDUDQHWWHXRH® EIORKRGQ 6&SOM\SH PRGLI
GLVFKDUJH LQ WKH OHIW EUHBWWR CORJG RWD VAPRO@\W KS/D O $\W B O HE L U
QRGXOH LQ WKH OHIW QLSSO H FDAUSHDV FRISHN B WH K Q WWORHA QIRRVQ R
KDYH D IDPLO\ KLVWRU\ Rl JHQL@ID® FPMWRU \ $VKIRWDSNUVRQD O
KLVWRU\ WKH SDWLHQW JDYH ELUWK WKUHH \HDUV EHIRUH E\
&DHVDUHDQ VHFWLRQ GXULQJ ODERNWF XDAW DRUHW XOW RI IRHWDO
G\WWWRFLD KDV QR KLVWRU\ RI PHQVWUXDO GLVRUGHUV GRHYV
QRW VPRNH GRHV QRW GULQN DO%BKRY\UQBEDE®FHW QRW Y\KH PR
GUXJV 6KH XVHG &2& SLOOV IRLO L JPD) F\RWQFFNIMMFU HG LQ SUHJC
%DVHG RQ WKH FOLQLFDO\HDPLDNLRDWIHRQ D OBVRMD WKRIQDO EUHI
ODERUDWRU\ WHVWV WKH | R CERIZHIQDIW GADYIRHRN WKW WLV GLDJQ
HVWDEOLVKHG RU LQ WKH ILUVW \HDU SRVWSDUWXF
SDWLHQW RI QRUPDO ZHEUKWVWZHABQVHW BXWDLQW SUHJQDQF\
ZLWK DQ RQJRLQJ SUHJQDQF\ 7KH IUHTXHQF\ UDWH RI WKLV FR(
OHIW EUHDVW OXPS VHFUHWBSQHPQOPEW ZRPHQ DQG DFFRXQ
7KH RQFRORJLF H[DPLQDWORBUFDYWLHABQR KWV 7KH LQIO
FRQILUPV WKH SUHVHQFH RI DRDX B/KHHQ WQ IP HGVHHILF 1 ROGX® I$ IDRAGJ H V V L
WKH XOWUDVRXQG VFDQ UDLV W\HWKHQWX DS ERLRW LRR POV IQDQEV V X
)LQH QHHGOH DVSLUDWLRQ ELHRBWD E 0 LYHKBIR U P HAGK ZW WWKK M/ K B F U HD
IROORZLQJ SDWKRORJ\ WHVW WHI\QDMW\ QHD G WRXWWPRXU JURZWI
FDUFLQRPD LQ VLWX KXPDQ WXHGBUPBDVHI RIVWKKH UDFWRGLHV UHS
UHFHSWRU +(5 SRVLWLYH DQG SURJQRVLV RI EUHDVW FDQFHU
7KH LQWHUGLVFLSOLQDU\SUBPQODRW\L PQ\G SHUARWDRHIRQ ZKHQ F
RXWOLQH WKH IROORZLQJ WKHEDBHEWQW \WRBBQYHJILHV $ERUWLRC
IROORZHG E\ VWDJH VSHFLILF WUHDWWFHQWJ EUHD WA\R ARIDAF HU G X
PDVWHFWRP\ ZLWK O\PSKDGHQHF\ERP\LFYAOG WREDMAMXDMW IRRQWKH PR
RI WKH SUHJQDQF\ GHSHQGLQ IXRF WIKRIQWOLY VW RO DQWHKR ORRIEXDOLQJ |
ILQGLQJV HIITHFWLYH FROODERUDWLRQ EHWZHF
7KH GHFLVLRQ RI WKH IDPRQFRDR JRWWVIKGIGS DWW HHOXW JLFDO RQ
WR XQGHUJR VXUJHU\ DQG WRK K DG/LHD JDRW IWK FBRD S HEW LFWD JLQJ
VWUDWHJI\ UHDVVHVVHG EDVHGLR® DWKH HRDHY 8D WWKGIREPHW KRGV
UHVXOWV 6XUJHU\ ZDV FDUUIRSGVRRWPDW UHRWSWHHJWDWEPH DQG
XQGHU ,27 DQDHVWKHVLD D QHFRIQQDWAHR® WKPHLRQUWLIMMWLOO FRC
GLDJQRVLV QDPHO\ ( 3 GXFWHRUMD WKRWPBUWHDWMNX¥DQFHU G
KXPDQ HSLGHUPDO JURZWK |DFR\PRBR QCHFGISOMRBRVHG(BW DGYDQFHG
SRVLWLYH QHJIJDWLYH ORFRUHSURQ@IDQE \PBKHPR®HFDQFHU LV UDUF
)DYRXUDEOH VXEVHTXHQW IBXRIOW R/ MWRIQH \ESRWFK. IQ R FCRUS\K RO R JL F
DQG RI WKH SUHJQDQF\ 8SRQ VKW KRIQVSEMURRGDBEBRXAHOW DV WR OL
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*K &UXFLDW
DQG DOVR WR EUHDVW H[DPLQDW LR Q®ENHD KW IIHB 06 HER QR FR/QW U D

ZKLFK LV RIWHQ QHJOHFWHG ZKR XIQGK WIHRI FW EPWR R KWHKHD S\ DQG
GLDJQRVLV RI WKH GLVHDVH BWHKEHD XMH RDIQH %K NXEWWDRKISY FDQ

* fp * UHSRUWY D VHQVLWLYPWO NI 0H GLF WKHH RIRKY MIEOD FWDW
PDPPRJUDSK\ DQG RI LQ W KW KAHDMH FROWHOMW UDVRX QG
VFDQQLQJ

, 1 D EUHDVW WXPRXU LV GHWRHFOXE LRXQUL QJ
SUHJQDQF\ ERWK WKH GLDJQRVLY DQG WKH PHDQV DUH WKH
VDPH DV LQ WKH FDVH RI QRQ SUHHWHFW LRBQVRH@®WYV PDPPDU

7KH PHDQV RI GLDJQRBXW MWXIDSW ADQDEH XRHU@®DFWDWLRQ

GXULQJ SUHJQDQF\ DUH DV IRRORRYHGKH\VGEWL D IJRVILMWKSURFHG)
UDGLDWLRQ SURWHFWLRQ RI VEKWNHEH®GRFHR VQ G KB , LA MDKR PWW K F
FRQWUDVW &7 VFDQV DQG 05 HHG\KH FCRWBW U D WW R UL RRWM
UHFRPPHQGHG HVSHFLDOO\ GXULQJ 7WHKHSIURYWWR WL BSH\SW QG V F

7KH RSWLPDO WUHDWPHQW WD EK HDIQIGVRED RRAWHD YV OAWMLRI® GLLC
GLOHPPD 7KH PHWKRG Rl WUHDWPH(¢

'KHQ EUHDVW FDQFHU LVH/WDERVWIGHEHER DHPXOWLGLVFLSO
ZHHNV Rl SUHJQDQF\ WKH VWEYGHWU UHIFAR® PBQ GRIQW RPR@JLVW LT
LV WKDW RI DERUWLRQ &RQWLZ¥HDWURQWPIBQWIYEREKOGQFE R OYFHRWH
D KLJK ULVN IRU GLVHDVH SURNKH\WILWROH@W FKHHP RW K® LFIRSAF H U C
FDQQRW EH SHUIRUPHG GHFLGLQJ RQ ZKHWKHU WKH SUHJQI

, I WKH SDWLHQW FKRRVWR PFRRWRWHLRX ZFKWMKWHKHU LW VKF
SUHJQDQF\ PRGLILHG UDGLEGFHFQOVPRY WIHFOVR®YRLWDNH LQWR D
UHFRPPHQGHG DOVD Y WAHTF WR PWKH SDWLHQW TV WKH!
FRPSOLFDWLRQV GXULQJ SUHJQDQFTKG&R VRN GDUEUUHFRPPHQGTL
WKRVH LQ QRQSUHJQDQW SDWXUHOVWYO W U,H DQWHFHYWD BD GLDWL
UDGLRWKHUDS\ ZLOO EH SRVWYRQIBE X QWNO IWK HK BN F DRGY RWYV H
WKLUG SUHJQDQF\ TXDUWHUV&KHPRWKHUBWBRIQRSRWMIMEOH RQFH
DIIHFWHG E\ WKH VDPH IDFW RUWH DY DIQF \WIKH FFDRSORWEBRBQ DQG Z
SUHJQDQW SDWLHQWV E DQ\DHPGH R\Q F\OKLHD IVADIP®! \BW DQIRLSOHYV
710 VA\VWHP DJH JUDGLQJ SQXPEHDW\RI| ZRPWHIQNV LY H
O\PSK QRGHV WKH H[SUHVVLRQ RI WKH ( DQG 3 UHFHSWRUV
DQG RI +(5 KXPDQ HSLGHUPDO JURZWK IDFWRU
UHFHLYHU &KHPRWKHUDS\ GXULQBIBUHUEREHVFDQ OHDG
WR PLVFDUULDJH DQG D KLJKHU ULVN RI ELUWK GHIHFWV

,Q DV IDU DV WKH GHMRGRNAUBSWRR & [WRGQHU . =HLVO

FRQFHUQHG LW LV HTXDOO\%LLYJQ&?MEGE%WJZQﬁéLWd?LD@Sb $QwWL
GHOLYHU\ DQG FDHVDUHDQ V HEWILORQ % U H DX/WWH 3 QFDXGF \x o * %U |
WHUPLQDWLRQ PXVW RFFXWBUHPWPQF\ 3YURMPMEWRYH UHJLVWHU
SUHIQDQFI ,Q SowLHowy ZKR° ROJINIAEYpRRILERIREY, LO0 LMY,
GHOLYHU\ FDQ EH FRPSOLFPNMWeHG E\ EOHHGLQJ RU
LQIHFWLRQ $IWHU FKLOGELUWRGQ@EKHPRAWKHYY DBRCGRHE - =HLVO
UDGLRWKHUDS\ ZLOO EH sHu?p&BrB%V%%§.§6b‘ib§“é*dQ\BRﬁ\ sQwlL

FOLQLFDO VWDJH 5LQJ $( 6PLWK ,( -RQHV $ 6KDQQRQ
| WKH ( DQG 3 UHFHSWRY $KHBRWHK HIDP/JVNRIYGEUHDVW FDQFHL
KRUPRQH WKHUDS\ ZLOO EH ggug%géi—lgsu%khq\f\ﬂéB%Pw'k\ﬁH /RQGRQ
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%UHDVW 'XFWDO &DUFLQRPD LQ VLWX 'XULQJ 3UHJQDQF\

'RQJ $6 /LP (+ 5REOHVYV 3% HW DEBQY $&UHIPDQ@WS5&PGMHVYVY 33 HW DO $ ¢
ZLWK DJUHVVLYH EUHDVW FDQF HUWWHQ RIVADW/ 0HEG BURBDVBREMQFHU $QQ

%DUEHU +5 ODOLJQDQW GLVHDVHSHQRGRI\JIQDGB\6LBHD 6D HYDOHQF]
OHG HU\WLSHODV LQ SRVW PDVWHFWRP\ SDWL
-DVVHP - %UHDVW FDQFHU DQG $SUFKIJQHD® BEFL,Q -DVVHP - HG
%UHDVW &DQFHU 6SULQJHU 3:1 :DUBKIZDO -RKQVRQ 3+ *RUGRQ 1 HW DC
'RQJ $6 /LP (+ 5REOHVV 3% HWSDEJQBYWIKUIHDWWBFGQFHU SDWLHQWYV
ZLWK DJUHVVLYH EUHDVW FDQFHJSRY OGS AMIRGFEHB FWRBHDOBUHQ XWHUR ¢

%RGQHU $GOHU % %RGQHU . =BQVDKH + HHOGIORMT FB QFHHWWWHYV -3 0C
GLDJQRVHG GXULQJ SUHJQDQF\ EBLHDMVAD GBREHMHBGXULQJ SUHJQDQF\ DQC
YHWDO 'LDJQ 7KHU
*HUPDQ %UHDVW *URXS *%* 3D@GHWVWVRNDQFHUDXHU /7 ORQWJRPH
LQSUHJQDQF\ 3UVSHFWLYH UHJLVWHY] FOWER\ IRU' WK H &3 DIQIVQA DV QG IH
DQG WUHDWPHQW RI EUHDVW FD@&¥WU RAMWSHYVHILUERPQ FR7F VXOIXU FROORLG
KWWS ZZZ JHUPDQEUHDVWJURX® GG SHOWQROP QRGH ORFDOL]DWLRQ L
%DUEHU +5 0DOLJQDQW GLVHDYKFMOHEHIQDQF\ - 3HULQDW
OHG 3XFNULGJH 3- 6DXQGHUV &0 ,YHV §$'
5LQJ $( 6PLWK ,( -RQHV $ 6KDRQROQWVW*BODFEHU M@GVSUHJQDQF\ D
33 &KHPRWKHUDS\ IRU EUHDVW FDQBBKPERWLGLUOHPHRIQ BQF\ 6XUJ
DQ \HDU H[SHULHQFH IURP ILYH /R®GR @ 6W HIDFF K+ QI REROVBULWESO VHW DO $ ¢
- &0LQ 2QFRO ZLWK DJUHVVLYH EUHDVW FDQFHU $QQ
*Z\Q . 7TKHUODXW 5 6DOYLQ $ 7UHDWPHQW RI EUHDVW
FDQFHU GXULQJ SUHJQDQF\ XVLQJ*R\Q W D DIGHDWEBLX\W G5 SHRWRFRSG 7UHDV
8SGDWH RI WKH 0 ' $QGHUVRQ HFPHUFIHHIQENUBQRFS M RDDLQF\ XVLQJ D VW
2QFRO % 8SGDWH RI WKH 0 ' $QGHUVRQ H[SHULHZ¢
'RQJ $6 /LP (+ S5REOHVV 3% HWQPOR® SUHJQD®W ODG\
ZLWK DJUHVVLYH EUHDVW FDQFHU3%PNQU$EDE BGHGEPXQIDHERWEO ,YHV $'
%UHDVW FDQFHU DQG SUHJQDQF\ D
.URPDQ 1 :RKOIDKUW - $QGHUWPIHQ D:J HRKQWGIHIHPPD $1= - 6XUJ
‘"HVWHUJDDUG 7 OHOE\H 0 7LPH VIHQFMKFKLGGEZWKWKLDX®W 5/ *Z\Q .
SURJQRVLV LQ SULPDU\ EUHDVW ¥®DWIEGILVFE RO XQDWALRIQ BDNPMIEQW RI EU
VWXG\ %0- ZLWK SUHJQDQF\ - $P &ROO 6XUJ
(SVWHLQ 5 $GMXYDQW EUHDVW(SODWHRHY FK$HGRWKMHQYPWSEUHDVW FDQ
GXULQJ ODWH WULPHVWHU SUHJ@DWLFQY J QOROW F XW WIHP Bl WVWWHDLQ S DH EQRIQ F \
FDUH %0& &DQFHU 5LQJ $O B LWES & DROHYV $
6KDQQRQ & *DODQL ( (OOLV 3$ &KHIFORMZIOHUDBAYIRUTEKXIHHBV®URYHQFKHU
FDQFHU GXULQJ SUHJQDQF\ DQ 5RVRORZLFK 9 6KDSLUR +0 %UHDVW 'LVH
\HDU H[SHULHQFH IURP ILYH /RQERE XWHDYFHK LQRPRWSWWBBVD QG &RXQF
&0OLQ 2QFRO 2EVWHWULFLDQV DQG *\QDHFRORJLVW\
$QQDQH . %HOORFT -3 %UHWWHDQF HWD WKHOIQD ® F\Q DLOQW EDWDYM IHHG L
EUHDVW FDQFHU GXULQJ SUHJQD&DR) DQG FRQVHUYDWLYH VXUJHU\
YHWDO 'LDJQ 7KHU ‘RQJ $6 /LP (+ S5REOHVV 38 HW DO $ S
3XFNULGJH 3- 6DXQGHUV &0 ZAHWK$DJIGHPPHQOW BUHDVW FDQFHU $Q0Q
%UHDVW FDQFHU DQG SUHJQDQF\ D GLDJQRVWLF DQG
PDQDJHPHQW GLOHPPD $1= - 6XUJ
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,RDQD 'HOLD &O% Q)6RRFL& /LVHQFX

'HSDUWPHQW RI 6XUJLFDO 2QFRORJ\ 3 ,RQ .LULFX °~ &DQFF
DQG 3KDUPDF\ pu,XOLX +D LHIJDQXY &OXM 1DSRFD 5RPDQLD
“'RPLQLF 6WDQFD  &OLQLF Rl 2EVWHWULFV DQG *\QHFROF
+RVSLWDO &GRWIOQISIRFD
'HSDUWPHQW RBQR¥ROWRUW\ RI OHGLFLQH DQG 3KDUPDF\
&O0XM 1DSRFD 5RPDQLD

$EVWUDFW

&K\ORXV ILVWXOD LV D UDUH FRPSOLFDWLRQ DIWHU O\PSWDGHQF
SUHVHQFH FRQWULEXWHYV VXEVWDQWLDOO\ WR LQFUHD WHGXRRULBN IGR @
DQG LPPXQRORJLF FRQVHTXHQFHY GXH WR WKH FRQVWD @GW 8DRXYVHHLWY
RU VXUJLFDO LQWHUYHQWLRQ ‘H UHSRUW D \HDU RGE& DRRHQGALWVKI FIV
IRUFHUYLFDO FDQFHU ZLWK QHRDGMXYDQW UDGLRWKRMNULLFN PDKHD JSTPAH(
ZLWKRXW FRPSOLFDWLRQV RU RWKHU FOLQLFDO LQWHUYHEWQRQNV 2.
HITHFWLYH LQ WUHDWPHQW RI FK\ORXV ILVWXOD +RZHHUKW UWHADMNDPWE,
VKRXOG EH FKRVHQ IRU HDFK SDWLHQW

5HIXPDW ODQDJHPHQWXO DVFLWHL FKLORDVH GXS KLVW
SHOYLQ R UDSRUWDUH GH FD] FOLQLF UDU

J)LVWXOD FKLORDV HVWH R FRPSOLFD LH UDU D OLPIDGHQHFW
JLQHFRORJLFH $SDUL LD DFHVWHLD FRQWULEXLH VXEVWWWHL D¥® RGFD OA
FX LPSRUWDQWH FRQVHFLQ H QXWU LLRQDOH 0L LPXQROWRQ DMH YG-DONHF
WHUDSHXWLFH LQFOXG P VXUL FRQVHUYDWRDUH VDX LQWHUWGHQDIQD FI
FX ILVWXO GXS HIHFWXDUHD OLPIDGHQHFWRPLHL SHODIQWH 8B RMHUMXW
D IRVW WUDWDW FX VXFFHV XWLOL]kQG GRDU P VXUL WHKUDSGSHRWLFH
QHFHVDUH DOWH LQWHUYHQ LL FOLQLFH WHUDSHXWLFHFRRQNHUQRWW L
HVWH HILFLHQW vQ WUDWDUHD ILVWXOHL FKLORDVH Q&L YWREDWID L0 B MA
DGDSWDWH vQ IXQF LH GH ILHFDUH SDFLHQW

EXYLQWHBFKIHWMLHFKLORDY 1HRSOD]JLH JLQHFRORJLF [/LP|

,QWURGXFWLRQ

&K\ORXV DVFLWHV LV D SIF’'RRREORBDWDREXRX QBIWIURGHULWRC
Rl O\PSKDWLF IOXLG LQ WKHVEHUILMDROQWD O XPIDYW\WR\ O VASKDWLF
SHULWRQHDO IOXLG LV PLON\ RU FEK\IRX\VZ DW R LDV WV LLIQFK OKIGIHG HW )
FRQFHQWUDWLRQ RI ! PJ G/ODBSKIRNROYXMHGRRWKHUDS\ DQG C
P/ GD\ > @ 3RVWRSHUDWLYH FRHORXYWDVEYWH® LV D UDUH

£25(6321'(1>RDQD 'HOL B RDGM PO #F\DKRR X WP )
(< :25'6 &K\ORXV DVFLWHV *\QHFRORJLF QHRSODVP APY¥WHWELRRIBORPWA RO



7KH PDQDJHPHQW RI FK\ORXV DVFLWHV DIWHU UDGLFDO WNVRAOHVUHBWE&RUWL W K

(YHU\ O\PSKDGHQHFWRP\ EDDBKWXIOMUDS\VPPOM®QG FRQFRPLW
DPRXQWV Rl FK\OH OHDNV E X WKWKRW RHUIDSD ZHYKFOLEFDWDQ P.
HYLGHQW DV D UHVXOW Rl VSRQWKH HRXINVOFORWXBRBORIKHDO ILQC
LQFLGHQFH RI WKLV FRPSOLFDWit RQIRY FREKVDAHIO® FIDVUK VXRBDFP,02
WUHDWPHQW RI J\QHFRORJLFIDR GBD ZHHW H VS DRWEROKR M RDOO\ IUHH
WR UDGLRWKHUDS\ EHLQJ WKH 2RRVAV G.IPIS\W UZ\DDQ WWILLWVWHG R Q
IDFWRU > @ RSHUDWLYHGD\ DQG GXULQJ WKH IR

&K\ORXV DVFLWHV LV DVVRFLDW B G PIRUMI HJ WTOUHIHGOL QW R PLO
ZLWK UDGLRWKHUDS\ DIWHU DSDARF LIDRAUHGLEL O B DRFEUHHDVLQJ Y
GLVVHFWLRQ 7KLV FRPSOLFDWIRFRQ GHYHDORSY PDWKHU KRXHD\
ZLWKRXW UDGLRWKHUDS\ > @ &OL/QERU®WRSHHMDAPLQRQM QIRI WK
FK\OH OHDN DUH LQIHFWLRQ@ORRRSHMRPLVAG Q/PRMXQHO\FHULGHYV
VIVWHP PDOQXWULWLRQ DQG SIORWWURWD RVH D EIQR/UPID/OK RX W WX KR

7UHDWPHQW RSWLRQV LOFOXBISURROVYEYYVZBWHYH J G/ DQG O
PHDVXUHV RU VXUJLFDO H[SORUDMLW®®HZY WXH S WUKLSWRRQHRS HU D W L
YHQRXV VKXQW ,QLWLDO WKEDDSRIDYRUWDARHEYMRIRMH RH GUDL
PHDVXUHV VXFK DV OLPLWHGGDDW CLQ® DQNRH GILHAW RHGAXPQLFDO
FKDLQ WULJO\FHULGH LQWD N iR Q\RMUD/® \8 DYUHH @W & D DHOP I W UADWL R §
VHULDO SDUDFHQWHVLY DQG RAWKHRWGEN P BKOX.QJLVFD OIS WH B Q€
DUH UHFRPPHQGHG LI FRQVHUWMOEFXWWD HRIX\DS\ VBPOWREXWDWLQ F
WKLV NLQG RI UHLQWHUYHQWURRIVSD UH QDAVHRE Q DINWCHEGK ZLLQV & DD $ 1\
VLIQLILFDQWO\ KLJKHU PRUELWKW\GU® L:@HGH BRRUME RHFHD P BIVAHH U R X V
RI FK\ORXV DVFLWHV IROORZNRJ UDP G LROEW KHWWHGQ WFRVRPP/ RQ W
ZLWK SHOYLF O\PSK QRGH GLVEHFWLRQUIRRU FHUYLFDO FDQFHU
ZLWK QHRDGMXYDQW FKHPRWKHURBWDBARWMLBGGELRWKHDBSDQG SDL
7KH FDVH ZDV VXFFHVVIXOZHWUHW XQBGH®RUZLWE\V 6KHYZDV GLV
FRQVHUYDWLYH WUHDWPHQW SRVWRSHUDWLYH GD\ DQG WKH GUDL

P/ GUDLQDJH YROXPH LQ KRXUV

&DVH UHSRUW O\PSK QRGHV ZHUH QHJDWLYH QR DG

QHFHVVDU\ 6KH FRQWLQXHG D ORZ II

$ \HDU ROG ZRPHQ ZLWRRXW GLIHM URWFD @WHNV
SDWKRORJLHV ZDV UHIHUUHG WR6RKWDLD\FR P YXNNRQ\ DIMVKS WR P
PHWURUUKDJLD YDJLQDO EOHHEDGEFRPPWADWHRD ®ILQMWHUBRKUWH V
DQG DEQRUPDO FHUYLFDO F\WRRIRIRZ+%S/ &,1 ,,, $IWHU
ELRSV\ HYDOXDWLRQ WKH SDWLHQW ZDV GLDJQRVHG ZLWK
PRGHUDWHO\ GLITHUHQWLDWHG VTROFPRXWLRBOO FHUYLFDO
FDQFHU

$EGRPLQDO DQG SHOYLF FRPS X WH G QFR BRIJQUAHS Rl FK\ORXV DVFI
VKRZHG XWHULQH FHUYL[ LOQFDWEMHG LLGH §W|H LHIGNVK $DODPL HW
KHWHURJHQHRXV VWUXFWXUH SRV WKHR Q QLD [DQ @ §&DHAYX G H QAR
RI HIWUD XWHULQH GLVHDVH DMPLWHWL @D \DHF O HG RRUDADV VINDWIRIFR D W
,% VTXDPRXV FHOO FDUFLQRPBDRIFWKM XV@HOKBHSABYYE[O\PSK QR
$ UDGLFDO K\WWHUHFWRP\ ZEWXKVSH®ORVW RB\RSBEWLREGHFK\ORXV D\
GLVVHFWLRQ ZDV SHUIRUPHG U$l SRIDW 8 GW X ED \VADW FOIHFW\QRXV DVF
WKH SHOYLV %HIRUH VXUJHSDWLKH 8D W KIRQX\Q G HEEHHGWGSHOYLF
HIWHUQDO EHDP UDGLRWKHUD®SK GRGH GGWMHMFWLRQ IRU J\QHFR
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,RDQD 'HOLD &OLQFLX

JLIXUHDLO\ YROXPH RI DVFLWLF GUDLQHG IOXLG

LQFLGHQFH LV YHU\ ORZ ,Q JHWKRORVKD RAKBOREHFLILF H[F
FK\ORXV DVFLWHV LV XVXDOQuUYHHREHIRGHWR RSHUDWLYH
WUDXPD RU UDGLDWLRQ WKHUDS\ PBWR 4OWYLFKEHE R WWRMG (P S F
LQFLGHQFH RI IRU FKAORXV PN FLEWMHY HRs R AN 2V WIR PD W R\
SDWLHQWYV ZKR UHFHLY KK HUDRYH7RRAGCHRAMIRQ RI VRPDWHF
UDGLDWLRQ > @ WKURXJKW VSHFLILF UHFHSWRUV
SDWLHQWYV ZLWK FK\VORXW A \RIbW HM SLLRRMH QWQFOXGLQJ
DEGRPLQDO GLVWHQWLRQ LQGpNW Wk REWR D W B oY WiRIDVEMR B & GOY
7KH FKDUDFWHULVWLFV RI D Vy{yikM LR V@& V gibbH v i OUPW L RIODID G
FRORU RGRUOHVV VWHULOH PR\ DOWFK Bt (U bIOAF NS lotRYY
DERYH PJ G/ KLJK SURWHL@FRAMWNQY EHY ZHWUHRWLGH LV |
DQG J G/ JOXFRVH EHORZ pRxWIdXWRQ®\EEKOWLF GUDLQDJH D
O\PSKRF\WHV OHYHO > @ XVLQJ WKH RFWUHRWLGH WKHUDS\ !
%HFEDXVH RI LWV UDULWYpPWIKRXRDRQRAHEVN\YDRVHY DQG Lw
FK\ORXV DVFLWHV UHPDLQV FR@WERVYHVYVLPOWD QEHY SO\ HWH
RI VXFFHVVIXO VWUDWHILHV KRYYHENMHQY UNHSHRIDNKEG HYOP Rg-
DW DO > @ SXEOLVKHG D ODUJH U3 HEZWRIpo EDFHVYHEORUWHG
ZKLFK WKH\ UHSRUWHG D FRAMRSHY DR YIHP i oARWKD V F LW H
FRQVHUYDWLYH WUHDWPHQW phQ® MiEHPBHBBL QL @k VHBLDO SD!
SDWLHQWYV UHTXLUHG VXUJLFPRQSHREXRXVHYRZ SUHVVXUH GUI
&RQVHUYDWLYH PDQDJHPIB@WoRY 0K OB X O PMWWHY SUHVV X Ut
LV EDVHG RQ ORZ IDW GLHVRKIOWKYRVROWPLEKHDSOLHU FORV)
WULJO\FHULGHV 7KH REMHFW IpYdicl \W MRS G thUHH & \UHb WK J1HQ W KW L
O\PSKDWLF IORZ DQG WULJO\FRBERHY WG PONSRUY > @ 7KH GLHW
VKRXOG EH SHUIRUPHG IRU ZHHNVQ TG/ RHEILXPAL BKXKDHROR|I FRQVHL
WULJO\FHULGHV DUH DEVRUEWR HOH KBWR \EHHWRGWKHU S R H & DAy
YHQRXV VAVWHP LQ FRQWUBVVH ZLWHKIPRAX LIFFHE QVFOHURW
WULJO\FHULGHV ZKLFK DUH DEMBYEKRGFS W PORNRA RiPlk! QRRB O L]
O\PSKDWLFV LQWR WKH FLVWHERFK SR RESIWHORLWRHYKHow
WKRUDFLF GXFW E\ ODWVXPRWR HW DO SDWLH
/KH XVH RI WRWDO SDUHQVWREWBB QKR WD-IKARRQ 7RY WKHP Wk
ZLWKRXW RUDO LQWDNH VKRXQE\P QLR s € KDOW HY BEHSHOLRA R J |
/[HQW] HW DO FRQFOXGHG WKDW 73l oMy RR VS HU IPRRIRYR YHQR X
WKHUDSHXWLF IDFWRU EHFDXVVDWKHRIEHWRUILWWYRHUBSEHXMVLF RL
GHULYHG IURP WKH FDORULF pRHQ® jHPRIYWL R WHS OB EWRQWK\OF
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7KH PDQDJHPHQW RI FK\ORXV DVFLWHV DIWHU UDGLFDO WNVRAOHVUHBWE&RUWL W K

ORVW DXWKRUV UHFRPPHQBWWRDW Q& UARDR@HR) LWV UHVRO)
YHQRXV VKXQWVVKRXOG EH UBWNRSW B PIIRW LW KCRW H RRIDO/RHA/ XWEK D W
KDYH IDLOHG FRQVHUYDWLYH WKHU® $R QRO >S\DLVRIOH GFW VO\R K B VD \DFULHV
QRW JRRG VXUJLFDO FDQGLGP®RYWRQW ¢ RPS\OH ¥ DAKIHRHD IWHU S|
O\PSKDQJLRJUDSK\ FDQQRW GKWWBFWR W®E&HB QFHD K LW K@ SAKHYLR XV V
SHULWRQHR YHQRXV VKXQW BEHPREH WVDRH® WH® VZ LS\RYV\WRSHUD \
KLJKHU UDWH Rl FRPSOLFDWIPRRQ\H WFRIBVRY DGWAHH SHOYWH®\PSKL
LQWUDYDVFXODU FRDJXODWLRGMXYBIQWH VY DOGHIRN KRRFIDX\V LR Q RI
WKH VKXQW EHFDXVH RI KLJK YLVFRVLW\ K\SRNDOHPLD DLU
HPEROLVP DQG SXOPRQDU\ HGHPD > @

%DVHG RQ OLWHUDWXUH UHY$AKYQRZID IS® RSHRYW VD
WUHDWPHQW DOJRULWKP VKRZQ LQRIQIKUH 2XU FDVH ZDV
VXFFHVVIXOO\ WUHDWHG ZLWK FRQVHUYDWLYH PHDVXUHV :H
DVVRFLDWHG ORZ IDW GLHW ZLWKF®RWBGXXIP FKDLQ
WULJO\FHULGHV RFWUHRWLGH 1RDEDC NKEFMWEG QHRXV O\

DQG SDUHQWHUDO DOEXPLQ P/ GD\ IRU GD\V

3DUHQWHUDO DOEXPLQ ZDV DGPLRHYMMHHMEBAEHEHFDXVH WKH
VHUXP SURWHLQ FRQFHQWUDWLRQ ZDV ORZ ZKLFKPD\ EH
DVVRFLDWHG ZLWK PDOQXWULD/\QLJR 3@ G&FDRFBSWFRPtVZ%GDQJG =KD
LPPXQH VIVWHP :LWK WKHVH /DS %ﬁ»&bfw WREQ FRA@EWPLWLRO VXS
ILVWXOD ZDV UHVROYHG LQ OHRNNUWEIBDXWLFEG D\YG &0 XYXAD@O\LVN 0DQ
OHDYH D GUDLQ GD\V DIWHU SH©ONR E O S K BR G HERXVH FSHKLRRX YV $V

IDFLOLWDWLQJ WKH GLDJQRV/IQSFPIU§KE/WI!€§I-{\lJPg\IxILlYRI?W:I'(L\\éVRFBF\WLRQ

JLIXUBOJRULWKP IRU WKH PDQDJHPHQW RI FK\ORXVY DVFLWHV LQ J\Q

2EMWHQ@HWERDRJILD



,RDQD 'HOLD &OLQFLX

ODOLJQDQFLHV -RXUQDO RI OLQLPH® @\X,DYIDVAE YHKDQHBRORIFK QHV 0 :
$VFLWHV (YDOXDWLRQ DQG ODQDJHPH
)DYHUR * /DQRZVND 0 6FKQHLGHU $ ODUQLW] 6 .|[KOHU
& /DSDURVFRSLF $SSURDFK IRU &FOURHAWLRIY R| SEHOBRXINODP 6 )RZO
JLVWXOD DIWHU 3HOYLF DQG 3 D) RIXDRRIAZLRRA /P SIMEPHIDHFWRB\*\QHFRO
-RXUQDO RI OLQLPDOO\ ,QYDVLYH *\QHFRORJILF 2QFRORJ\
.LP ( 3DUN + -HRQJ 6 /HH & /HH - 3C
9DU 7 *«QJRU 7 7RQJIXF ( g]GHQMXKRUIRDORBDKRNWRQIDXIHPHQW RI UHI
/ 7KH FRQVHUYDWLYH WUHDWPHRQWHJ SRWDRSEU REHY B WKRQRIRY HQC
DVFLWHV LQ J\QHFRORJLF FDQFHREVWHHW *FOVHFBBSRUMWYV $UFK
*\QHFRO 2EVWHW .RQJ 7 &KDQJ 6 .LP - 3DHN - .LP 6 :f
*UXEHU 5RXK 7 1DJXLE 1 /HKQAWWU7D@®DOWK\ IRU PDVVLYH O\P¢
7KDOKDPPHU $ %HHUHV 0 HW DOO'REBEW\ORRSKBQUHRMURSKULWRQDO
DV WUHDWPHQW RSWLRQ RI O\P$WKDHFIRR RHDN B D) F HUGL PINVGL RQM D W P
RXWFRPHV DQG UROH LQ SDWLHQW®K POQDIRVHFHXW Z (MWKRSBEBD HPERO

-RXUQDO RI 5DGLRORJ\ *\QHFRORJLF 2QFRORJ\
$DODPL 2 $OOHQ ' 2UJDQ & &K\ORPWBXFRWRV/ <PRDOMHFWLYIBDWR 7 +L
UHYLHZ 6XUJHU\ 5 oObDVvVXQDPL 7 HW DO 7KH HIIHF

+DQ ' :X: /L - .H* 3RVWRSHUDOWRS K D&XNORMWDS\KR LDWHY WUHDWPHQW |
LQ 3DWLHQWYV :LWK *\QHFRORJLF @B O NDUMYFLHK H QWH UW D WK RQPXU Q D
-RXUQDO RI *\QHFRORJLFDO &DQFHU

6KLEX\D < $VDQR . +D\DVDND $ BPRLRBFKLSNDDIORSSD & $UDXMR 5 )X
2]DZD 1 HW DO $ QRYHO WKHUD$HERWQH]WW USD WWJ D R U&KKOGRRXN DV FL W
DVFLWHV DIWHU J\QHFRORJLFD OPADIQRIPWD @ KIUHW U F DY HFR QWM ISRXRX D Q G
ORZ SUHVVXUH GUDLQDJH V\VWHKR)HERBK2 EVQHARO 2EVWHW

2EVWHWUYLEGBHBFRORJLD
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2EVWHWWIL@BFRORJLD /;,9

6<0326,8081' &21)(5(1&(6

JUHQFK 6RFLHW\ RI *\QHFRORJLF DQG 3HOYLF 6XUJHU\
3DULV )UDQFH 6HSWHPEHU
"HEKWWS VFJS DVVR IU FRQJUHYV VLQVFULUH DX FRQJUH

$PHULFDQ 6RFLHW\ IRU 5SHSURGXFWLYH OHGLFLQH $QQXDO 0
6DOW /DNH &LW\ 8QLWHG 6WDWHYV 2FWREHU
"HEKWWS ZZZ DVUPFRQJUHVYV RUJ

,QWHUQDWLRQDO 6RFLHW\ )RU 7KH 6WXG\ 21 +\SHUWHQVLRQ
6DR 3DXOR %UD]LO 2FWREHU
'"HEKWWS ZZZ LVVKS RUJ PHHWLQJ LVVKS [[ ZRUOG FRQJUHV\

UG ,QWHUQDWLRQDO 'H[HXV )RUXP 8SGDWH LQ 2EVWHWUL
OHGLFLQH
%DUFHORQD 6SDLQ 2FWRPEHU
‘HEKWWS ZZZ FRPWHFPHG FRP GH[HXV '"HIDXOW DVS]

$ D &RQIHULQ 1D LRQDO D 6RFLHW LL GH 2EVWHWULF u
% XFKDUHVW 5RPDQLD 2FWRPEHU
"HEKWWS VRJU PHGLFDO FRQJUHVVHV UR

WK (XURSHDQ 8URJ\QDHFRORJLFDO $VVRFLDWLRQ &RQJUHV
$PVWHUGDP 1HWKHUODQGYV 1RYHPEHU
"HEKWWS ZZZ HXJDFRQJUHVV RUJ

*\QDHFRORJLFDO 2QFRORJ\ 2$Q 8SGDWH RQ 7RSLFDO ,VVXH)\
BRXWK .HQVLQJWRQ /RQGRQ 8QLWHG .LQJGRP 1RY
‘"HEKWWS ZZZ UR\DOPDUVGHQ QKV XN J\QDHVWXG\

2EVWHWUYLEGBHBFRORJLD



&RQIHUHQFHYV

WK :RUOG &RQJUHVV RQ &RQWURYHUVLHV LQ 2ZEVWHWULFV °
1RYHPEHU 1RYHPEHU

$PVWHUGDP 1HWKHUODQGYV

"HEKWWS FRQJUHVVPHG FRP FRJL

(6*2 &RQJUHVV LQ 9LHQQD 2 WK %LHQQLDO ,QWHUQDWLRC
BRFLHW\ Rl *\QDHFRORJLFDO 2QFRORJ\

9LHQQD $XVWULD 1RYHPEHU

‘HEKWWS ZZZ HVJR HVJR RUJ

UG (XURSHDQ &RQJUHVYVY RQ (QGRPHWULRVLYV
%XGDSHVW +XQJDU\ 1RYHPEHU
"HEKWWS Z7ZZ HQGRPHWULRVLYV FRP

7KH WK ,QWHUQDWLRQDO &RQJUHV RI 8(136
9DOHQFLD 6SDLQ 1RYHPEHU
‘HE KWWS ZZZ XHQSV RUJ

QG :RUOG &RQJUHVV RQ 5HFXUUHQW 3UHJQDQF\ /RVV ' &5
JUDQFH -DQXDU\
'HEKWWS ZFUSO FRP

6RFLHW\ )RU ODWHUQDO )HWDO OHGLFLQHYV WK $QQXDO 3UH
/DV 9HJDV -DQXDU\
‘HEKWWSV ZZZ VPIP RUJ PHHWLQJV WK DQQXDO SUHJQDQF\

VW $QQXDO :LQWHU &RQIHUHQFH RQ &0LQLFDO ,VVXHV LQ 29
.DXDL +DZDLL 8QLWHG 6WDWHYV YHEUXD U\
‘HEKWWS ZZZ V\PSRVLDPHGLFXV RUJ $VVHWV &RQIHUHQFH

(XURSHDQ 6RFLHW\ )RU 6H[XDO OHGLFLQH WK &RQJUHVV
1LFH )UDQFH JHEUXDU\
"HEKWWS Z7Z7ZZ HVVP FRQJUHVYV RUJ

V“RUOG &RQJUHVV RQ ODWHUQDO )HWDO 1HRQDWDO OHGLFLQ
IRQGRQ UG WK $SULO
‘HEKWWS ZZZ PFDVFLHQWLILFHYHQWY HX ZRUOGPIQP

2EMWHQ@HWERDRJILD



&RQIHUHQFHYV

WK (XURSHDQ &RQJUHVV RQ OHQRSDXVH DQG $QGURSDXVH
$PVWHUGDP 0D\
‘HE KWWS ZZZ HPDV RQOLQH RUJ HPDV

UG (XURSHDQ &RQJUHVV RQ ,QWUDSDUWXP &DUH
BWRFNKROP 1HWKHWODQGYV

‘HEKWWS ZZZ PFDVFLHQWLILFHYHQWYV HX HFLF "XWPBVR X
(PDLO XWPBFDPSDLJQ $QQRXQFHPHQW

VW (8523($1 &21*5(66 2) ,$1 '21$/' 6&+22/6
&DJOLDUL 6DUGLQLD ,WDO\ + ,XQLH
‘HEH KWWS ZZZ LDQGRQDOGVFKRRO RUJ

6ZLVV 6RFLHW\ 21 2EVWHWULFV $QG *\QDHFRORJ\ $QQXDO &F
IDXVDQQH 6ZLW]HUODQG -XQH
'HEKWWS VJJJ NRQJUHVV FK

(5$7

&D XUPDUH D XQHD Bl SRIWUP WHIKQRBPWHULDOXOXL vQ IRUPI
F DUWLBRRBRDUNHUL vQ GHSLVWDUHD SKXHOGOEQWFvVQ@ YSRIGH
QXP UXO D DYXW FD DXWRUL SH 'U &DUPHQ 5 GXOHVEX
FDGUXO XQXL JUDQW LQWHUQ GH FHUFHWDUH QU

2EVWHWUYLEGBHBFRORJLD



