7KLV DXWKRUTYfV 3') YHUVLRQ FRUUHVSRQG
DSSHDUHG XSRQ DFFHSWDQFH )XOQ\ IRUPD\
PDGH DYDLODEOH VRRQ

&DURWHQRLG PHWDEROLF %&2 SRO\PRUS?
EHKDYLRUV PRGLI\ WKH ULVN RI FRURQDU\
FDVFRQWURO VWXG\ LQ +DQ &KLQHVH ZLWK C

GRL DSMFQ 33
3XEOLVKH Gl REFCELHH

SXQQLQIWEKWBHUVROQDQ EHKMNLRUVWKHURVFOHURVLYV

'LDR &DL )X]KL /LDQ 3K' <XOLQJ .RQJ /LX #XDQJ 0' /LDQJZHQ ;X 0
0' /HL <DQJ 3K'

6FKRRO RI OHGLFLQH +DQJ]KRX 1RUPDO 8QLYHUVLW\ +DQJ]KRX =K
$XWKRUVYT HPDLO DGGUHVVHV,DQG FRQWULEXWLRQ

'LDR &DL WLQDFDL #TT FRP
)X]KL /LDQ IX]KL OLDQ#K]QH HGX FQ

<XOLQJ .RQJ #TT FRP
JLX +XDQJ #VWX K]QX HGX FQ
JLDQJZHQ ;X OZ[X #. FRP

<LQ\LQ :X #TT FRP

+DL\DQ 0D PDKDL\DQ#K]QX HGX FQ
/JHL <DQJ #KJFIX HGX

'LDR &DL )X]KL /LDQ DQG /HL <DQJ GHVLJQHG WKH VWXGWQDQG GUD
DQG /LX +XDQJ DFTXLUHG WKH GDWD ;LDR &DL DQG )X]KQJ/LDQ SH
/JLDQJZHQ ;X +DL\DQ 0D DQGIGLMNIGQR FXOSURMUGPDWLRQ XVHG LQ V
DXWKRUV UHDG DQG DSSURYHG WKH ILQDO PDQXVFULSW

&RUUHVSRQGL QU)$MWKRBFRRRO Rl OHGLFLQH +DQJ]KRXXIHRAURDO 8Q
5RDG ;LDVKD 'LVWULFW +D Q@ B RS ]K=B HMQ ®HKJ D X&K G @ DF Q



$%675%$&7
%DFNJURXQG DQG ZPVMRMHIRHMHQDVH %&2 LV D NH\ |
LQYROYHG LQ FDURWHQRLG PHWDEROLVP DQG KDV EHHQ «
DWKHURVFOHURVLV 7KLV VWXG\ LQYHVWLIJDWHG WKH DVV
WKH ULVN Rl FRHR@DUV DWKHVRYEDGHPLD SDUWLFLSDQWYV
SHUVRQDO EHKDYLRUV RQ (FRWRR®V \DIMVE K 6-M$ RN \DMAMLE LD/ H
FRQWURO VWXG\ ZDV FRQGXFWHG IURP WR LQ ZKLFK
UHFUXBHWUNGQDO OLIHVW\OH SDUDPHWHUV PDLQO\ SK\VLFD
TXHVWLRQQDLUHYV DQG WKH JHQRW\SHV RI UV uvV
uvV LQ %&2 ZHUH DQDO\]HG E\ OLJDVH GHWHPWMLRQ U
ZHUH GLDJQRVHG ZLWK FRUR QD W DGV KHR@GRAKGIEU R Q W DR
UHFUXLWHG 7KH DVVRFLDWSRQVENWZIHH QL% &2R IS RRURRW U \
ZHUH DQDO\]HG ZLWK D®G LW WH H U HEWEW LRVQGHJDFWLRQ RQ
RI FRURQDU\ DWKHURVFOHURVLV ZHUH GHHWVKOMWHIG ZL)
DGMXVWPHQW IRU SRWHQWLDO FRQIRXQGHUV ORJLVWLF
LQWDNH 25 &, a S GHWOHWOWH 25 &,

a S DQG SK\VLFDO DFWLY&EW\ 2% S
ZHUH ULVN IDFWRUV IRU .FRURQDU\ DWKHURVFOHURVLV 5
VXVEHSWLELOLW\ WR FRUR QDD MO K HV R\QFOLHFDRWH.Y  WBKLDRV/
uvV LQWHUDFWHG ZLWK SK\VLFDQMEHUW LY LWLHGQMRG
LQWDNRS5,QWH®Q2HU DQG GHVVHUN LQW DQMH D W MR
LQIOXHQFH WKH ULVN FRIHERBRRWO XV RWGKWOIRSLGHPLD SD\
uvV DQG UV PD\ LQIOXHQFH WKH GHYHORSPHQW
FRPELQDWLRQ RI %&2 SRO\PRUSKLVPV DQG VHYHUDO EI
GHYHORSPHQW Rl FRURQDU\ DWKHURVFOHURVLYV

.H\ ‘RUGV FDURWHQPFRQRR[\JHQDVH W@ 20 H QXFOHRWI
SRO\PRUSKLVAPRURRBQBU\ DWKHURVFOHURVLVY SHUVRQDO EHK

,1752'8&7,21

&DUGLRYDVFXODU GLVHDVH &9' UHPDLQV D PDMRU FDXVH
DFFRXQWQEJIRRW RI HYHU\ $WKWHHIHR GIHODMUKRW LY D SDWKRORJ
LV D FRPSOH[ FKURQLF SURJUHVVLYH LQLGMHPALDWRKRKQKBDOK



GLHSWMVLFDO LQDFWLYLW\ DQG SHHWW R QD 6 DKHRUNGHEQURILOEOA BV
SURSRVHG WR DFW DV IUHH UDGLFDO TXHQFKHUV DQG SR\
KDYH D SURWHFWLYH IXQFW LRRU B QDLLQ VWV & BUGRNEAEBHILPIR D L B
VWXGLHVY KDYH UHSRUWHG WKH UHODQGRINVKH S RERIMD HRY
ZKLFK VHYHUDO JHQHV DUH SUHGLFWHG WR EH LQYROYHG |

BWXGLHV KDYH V\VWHPDWLFDOO\ HVWDEOLVKHG WKDW
FRQFHQWUDWLRQV RI GLHWDU\ GHULYHGXEDWRW H B FSL0RWU D
GHPRQVWUDWHG WKDW PHWDEROLVP GLIIHUHQFH LV DQ L
JHQHWLF IHDWXUHV R T KWK H DLUOROL M [YBIX DIDYD VH % &2 ZKLI
FDWDO\]HV WKH FHQWUDO FOHDYDJH RI/GLHWDU\ SURYLW
SURYHG WR EH WKH NH\ HQJ\PH LQDBIBURWGDRH GQ R FHOH
SRO\PRUSKLVPV 613 YDUHRGFKBDYRQE®WKD VKRZQ WR LQI
FDURWHQRLG OHYHOV DQG WKH ERG\]V DELOLW\ WR UHVLI
UHYHDOHG WKDWR X%\ 2P LINBIRENMBORSHG D IDWW\ OLYHU DQ
OLSLGV ZLWK HOHYRWE8 G DMWX P KEW VWBGILWLRQDOO\ WKL
VXVFHSWLEORBLNGKIFIKG LPSDLUPHQWYV L Q 3IWDMYW R DF LLGH SR |
IURP &OLIIRDGVR VKRZHG WKDW 613 UV RQ %&2 JHQH
SODVPDF+OHFRQJID&DXFDVLDQ SRSXODWLRQV

,Q D FURRFMWLRQDO VWXG\ LQYROYLQJ LQGLYLGXDOV IL
UHSRUWHG LQ WKDW UV DQG UV RQ %&2 JH
UHJXODWLRQ RI“OLSRS®RVWHULQD\RBMWDHEFSDLPRUH WKDQ
SDUWLFLSDQWY ZKR KDG G\WOLSLGHPLD ZHUH GLDJQRVHG
QHVWHERBMWMHRO VWXG\ ZDV FRQGXFWHG WR LQYHVWLJDV
YDULDWLRQV Rl %&2 JHQH HURGY LAR UR\Q ZH'O O WDKH WRKWHF 8 X E V
LQWHUDFWLERQV EHWZHHQ 613 YDULDQWY DQG SHUVRQDO E

0$7(5,$/6 $1' 0(7+2'6

6WXG\ SRSXODWLRQ

7KH FYR¥WLRQDO VWXG\ ZDV FRQGXFWHG LQ BRXWKHUQ

UHVLGHQWY ZKR VXEVFULEHG WR WKH 1HZ 5XUDO &RRSHI

&RPPXQLW\ +HDOWK &HQWHUV IRU ELHQQLDO URXWLQH KH
7KH LQFOXGHG VXEMHFWYV PHW WXKH \HDOORZKQBFFELW F

&KLQHVH +DQ DQG QHYHU GLDJQRVHG ZLWK VHYHUH OL"



RI VWURNH DQG P\RFDUGLDO LQIDUFWLRQ '\WOLSLGHPLD
*XLGHOLQHV RQ 3UHYHQWLRQ DQG 7 VHKIPWEHQW RRO\VOLSL
DQG RU 7* | PPRO /FDQGPPRQ'/ DQG RU +'PPRO / $ WRW|
RI SDUWLFLSDQWY DPRQJ ZKRP KDG G\WOLSLGHPLE
IROORZHG XS HYHU\ \HDU $W WKH |RUWPHGR F RIGNFRIQXWWZPDHQ R
IURP WKH SDUWLFLSDQWY 3DUWLFLSDQWY ZHUH LQWHUYL
YHQRXV EORRG VDPSOHV ZHUH REWDLQHG IURP WKH DQW
OLSLGY DQG JHQRPLF '1$ H[W DWW URE DMWQUREBDREAD H FW UR Q
KHDOWK UHFRUGV (+5 JDWKHUHG IURP &HQWHUV IRU 'LV
QHZO\ GLDJQRVHG FRURQDU\ DWKHURVFOHURVLV GHYHOR
ZHUH FKRVHQ DV FDVHWRURKDFXURDNGHN WWXIBN YXEMHFWV |
SRSXODWLRQ ZKR ZHUH IUHH Rl FRURQDU\ DWKHURVFOHUR
DQG JHQGHU &RURQDU\ DWKHURVFOHURVLY ZDV GLDJQRVHI
DQG GHILQHG E\ SRHWVHOHFBWRIU GLDPHWHU QDUURZLQJ IRL
FRURQDU\ DUWHULHVY OHIW DOWHULRU GHVFHQGLQJ FRURC
ULJKW FRURQDU\ DUWHU\

$QWKURSRORJLFDO PHDVXUHPHQW DQG VHUXP OLSLGYV

$W WKH WLPH ROWKVEMWQWHWKH DQWKURSRORJLFDO PHDVX!
FLUFXPIHUHQFH DQG EORRG SUHVVXUH ZHUH FDUULHG RX
LQGH[ %0, ZDV- FRPSXWHG DV ZHLJKW NJ GIODR8PD E\
FRQFHQWUDW MRRIWD Q@ Q F K\RK®H VW H U R®H QW UW J O OALFSURLSGHRW H O
FKROHVWHURKQN QW \KQUBERSURWHLQ +'/ FKROHVWHURO ZHI
ELRFKHPLVWU\ DXWRPDW LFHFERQ® \WRILL HVL WDFER UDRM\RQ O
-DSDQUDRBR WR WKH LQVWUXFWLRQV LQ WKH PDQXDO

6HOHFWLRQ DQG DVVHVVPHQW RI 613V

JLYH 613V ZHUH XVHG LQ WKLV VWXG\ RQ WKH EDVLV RI SL
613 UV DQG UV PDS WR WKH H[RQ FRGLQJ UHJLI
PRGWL DPLQR DFLG VHTXHQFH RI WKH SURWHLQ DQG XOW
S5V ORFDWHYV LQ WKH ELQGLQJ VLWHNSIRBLM B DKRHAHURESF
,6; LQ WKH %&2 SURPRWHU ZKLOH ,6; DFWV DV DVWRIQQVFI
LQ KXPD®NV DQG UV ORFDWH XSVWUHDP IURP WKI



RI %&2 D IXQFWLRQDO FOXVWHU UHJLRQ RI PXOWLSOH W
VWXG\ VKRZHG WKDW JHQHULF YDULDQRHPLDPD\ EHWMD\L\DRR
LQIRUPDWLRQ IRU DOO WKH VHOHFWHG 613V ZHUH
KWWS ZZZ 1FEL QOP QLK JRY 613 )RU HDFK EORRG VDP
ZLWK HWK\OHQH GLDPLQH WHWUDDFHWLF DFLG (K7$ ZDV
&RPSDQ\ IRU '1$ H[WUDFWLRQ DQG JHQRW\SLQJ *HQRPLF
SKHERORURIRUP PHWKRG SRO\PHUDVH FKDLQ UHDFWLRQ
$PSOLILHU DQG JHQRW\SLQJ RI WKH 613V ZDV. PHDVXUHG
:/ VHTXHQFHU

$VVHVVPHQW Rl SHUVRQDO EHKDYLRUV*DQG RWKHU SRWHQ
7KH SHUVRQDO EHKDYLRUV PDLQO)\ LQFOXGLQJ SK\VLFDO I
D EULHI TXHVWLRQQDLUH UHJDUGLQJ GLHWDUSK\YWPMNG D
DFWLYLWLHV 'LHWDU\ LQWDNH ZDV DVVHVVHG YLD D EI
TXHVWLRQQDLUH 3DUWLFLSDOWY ZHUH DVNHG WKH DPRXQ
IRRG JURXSV LWHPV GXULQJ WKH SDVW HBPWQWHKWFNHQ
ILVK VHDIRRG PLON VR\D PLON IULHG IRRG GHVVHUW I
HVWLPDWHG EDVHG RQ JUDPV SHU GD\ 3DUWLFLSDQWV ZK
DQG GUDQN DW OHDVW. RQFH SHU ZHNNDRIBUHRXGHHQW GG D!
UHVSHFWLYHOV 6LQFH RQO\ D IHZ SHRSOH ZHUH IRUPHU VF
WKH\ ZHUH FRXVQPRME IDNGAR@WRUY 3K\VLFDO DFWLYLW\ Otf
LQWR IRXU FDWHJRULHV DF KR UF&DYD RAWRH UNVK HI6H GRFEFW B D\
RFFXSDWLRQV JHWWLQJ DOPRVW QR GDLO\ H[HUFLVH VXFK
UHTXLUHG WKH OHDVW DPRXQW RI HIIRUW VXFK DV VDOF
UHIHUUHG -WR RFFXSDG/ HRYWY QGHDANVSHWTRGY RI ZDONLQJ S
VXFK DV FOHDQLQJ VHUYLFHY DQG GULYHUV ZKLOH 3KHDY\
VWUHQXRXV HIIRUW DQG H[WHQVLYH WRIWRDQER{ PRUMR
GDQFHUXFRRAQWARUNHUVY GRFNZRUNHUV DQG VR RQ

3HUVRQDO EHKDYLRU VFRULQJ
7KLV VWXG\ IXUWKHU H[SORUHG SHUVRQDO EHKDYLRUV WK
VWXGLHG SUHYLRXVO\ LQ UHODW L{R BLW B UR RWFRRQHU | ROUW HK B FUKE
EHKDYLRUV DQG FRPSUHKHQVLYH VFRUHV ZDV XVHG WKHYV



GLHW VFRUH )RU GLHW VFRUH SDUWLFLSDQWY UHFHLYH«(
DSSOLFDEOH FRQGLWQWONH RU H 8P RW WHIWQYSB B B OGID \ 'DLO
LOQWDNH RI OB WM WHKD/E 1UXLW "PLAN PHON SWHKW @ D\ "
OHVV WRDR®I VR PLON SHU GD\ (DW OHVV WKDQ HJJV D
WKDQ WLPHV D ZHHN (DWAL FIGHHW DHAHWHW PRUBLWKBFR QV XP S
WKDD RI VDOW RWKHUZLVH WKH\ UHFHLYHG SRLQWV )RU
UHFHLYHG LI WKUHH RU PRUH RI WKH IROORZLQJ FRQGLWL
IRU PRUH WKDmN) AHKIWNPH QG BMHW GD\ DW OHDVW RQH \HDU RU °
DJR 'DLO\ DOFRKRO XVH! PWHDHKVWEPRBEE HLIZKMANRU RE
%0, ! SK\WVLFDO DFWLYLW\ B36HGHQWDU\" DQG 30OLJKW’
RWKIMHZWKH\ UHFHLYHG SRLQWV IRU HDFK IDFWRU

BWDWLVWLF PHWKRGV
'DWD DQDO\WHV ZHUH FDUULHG RXW XVLQJ 6366 +DSOR
VRIWZDUH 2ULJLQ3UR VRIWZDUH ZDV XVHG IRU JUDSKLQ

$QDO\VLV RI JHQHUDO_ FW DY FAVDRW DVES HEV Z H X B QY & WD
VWDQGDUG GHYLDWLRQ ©6' WKH GLIIHUHQFHV EHWZHHQ
6WXGHQW I VWHYID LUXBOWWDWLYH YDULDEOHV ZMUXDKM[IS UH\
DQDO\VLV ZDV XVHQIWRHQFHOXIDWEHHWER H BYH DQG FRQWURC
ZHUH SHUIRUPHG XVLQJ 6366

$QDO\VLV IRU SHUVROPDUHHWBIYMR DV &&KISOLHG WR HY
GLIIHUHQFHV RI EHKDYLRUV EHWZHHQ FRPW Y% D QCQFR QW IR |
ORJLVWLF UHJUHVVLRQ ZDV XVHG WR DVVHVV WKH FRU
DWKHURVFOHURVLY DQG EHKDYLRUV DV ZHOO DV EHKDYL]
SK\WLEDO'DFWLYLW\ OHYHOV VEBUIQWDDV 0L UKW PLROG\HR) DWE
ORZ VHGHQWDU)\ OLJKW DQG KLJK OHYHO PRGHUDWH KHE
ZHUH SHUIRUPHG YLD 6366

$QDO\VLV IRU 613V WHVW IRU OLQNDJH GLVHTXLOLE!
VRIWZDHWWVLRQ ZHUHUFDOFXODWHG DQG D OLNHOLKRRG U
GHWHUPLQH WKH VLJQLILFDQFH RI GHSDUWXUHV IURP OLQU

ZDV DSSOLHG WR HYDOXDWH WKH DVVRFLDW LRI/ EHW Z I
7KH DQDO\WHV LQFQ®REHGJI +OTXGOLEULXP WHVW DOOHOH
JHQRW\SLF DVVRFLDWLRQ WHVW DQG ORJLVWLFV UHJUHVVI



GLIIHUHQW JHQHWLF PRGHOV XA N B UHR RVEHDAVB GHPKWIDR HV@ KH | |
XQFRQGLWLRQDO ORJLVWLF UHJUHV\AIRMHZPM BR U URHOTHGL R
$QDO\VLV IRU LQWHUDFWLRQV 7KH LQWHUDFWLRQ H
EHKDYLRUV ZHUH GHWHFWHG E\ 0XOWRIQFWREU DIQRH GVRR/Q
DQDO\VLV DIWHU FRQWUROOLQJ IRU SRWHQWLDO FRQIRXQ
DQDO\VLV ZDV *0'5 YHUVLRQ &URVVRYHU DQDO\VLV ZD'
)RU ORJLVWLF UHJUHVVLRQ WHR W25 QEBQIEUR V ¥R © HLUG W®IVAV
&, ZHUH FDOFXODWHG WR GHVFUILEH WXH AR QAW HRIF
VWDWLVWLFDOO\ VLIQLILFDQW IRU DOO WKH WHVWYV

5(68/76

*HQHUDO FKDUDFWHULVWLFV RI WKH VXEMHFWYV

$ WRWDO RI FDVHV PD®BWOHYQEQG FROWUROV PDOHV
ZHUH UHFUXLWHG LQ WRRQWWR O FBIMWWEBE G 7TKBIVHHQHUDO FK
SDUWLFLSDQWY ZHUH VXPPDUL]JHG LQ 7DEOH 1R VWL

FLUFXPIHUHQFHOL%O0OE OB RIBV.WRHVV X FHD Q& F7ZHUH/REVHUYH
EHWZHHQ WKH FDVH QG| FRRWRURIOI\ DRXHURVFOHURVLV !
VIVWROLF EORRG SUHVVXUH OHYSHOV DV FRPSDUHG WR WKH

(INTHFW RI SHUVRQDO E§KHRMULROUDW\ IDWWHRURKVFOHURVLYV
$IWHU DGMXVWPHQW IRU EORRG SUHVVXUH ORJLVWLF U
PRGHUDWH RU KHDY\ LQWHQVLW\ RI SK\WLFDO DFWLYLW

DWKHURVFOHURVLV 25 S &, 7DE®H 6 XEMHFWYV ZLV
LOQWDNH RI'IULHG IRRG 25a S &,DQG GHVVHUW 25
&, a S KDG D KLJKHU ULVN RI FRURQDU\ DWKHU

DVVRFLDWLRQ EHWZHHQ PRGRWRH\UHPROKQRYF EHKDWLR U D C
WKH'EHKDYLRUDO IDFWRU VFRUHV 7DEOH

(INTHFW RI 613V RQ FRURQDU\ DWKHURVFOHURVLV

7KH FKDUDFWHULVWLFV Rl ILYH 613V ZHUH OLVWHG LQ 7
uv uv uv QG UW ZHUH FRQFRUGHDQW ZLV
"HLQEHUJ HTXLOLEULXP LQSWKH FDWNHV DQDVFRIFWNXNREG [UF
VXEVHTXHQW DQDO\VHV IRU IDLOLQJ WR SDVV WKH +:( W



GLVHTXLOLEULXP W HMVWH W 00WHYRWFHGUW KDW DDQG UV yd
DQG QRW LQGHSHQGHQW U

7KUHH JHQHWLF PRGHOV DGGLWLYH GRPLQDQW DQG L
LQYHVWLIJDWH WKH UHODWLRQVKLS EHWZHHQ 618V DEDG FR
$IWHU DGMXVWPHQW IRU EORRGZOVHNRGVHGHUB G WR EH W
DOOHOH 25 & S a &RPSDUHG ZLWK WKH $$ FDUU
FDUULHUV ZHUH DVVRFLDWHG ZLWWKHURVPREIVRVULNYNRRI F
&, a S ** RU *& FDUULHUV IRU UV KDG D WH
ULVN RI FRURQDU\ LQFLGHQFH 2& S ,Q DGGLWLRQ
DQDO\WHVY VWHSZLVH DGMXVWRBYRVRUR U FARXGEOHOL S DH) G HRR®R
GRQH WR HYDOXDWH ZKHWKHU WKH DVVRFLDWLRQV RI 613
FRXOG EH PRGLILHG WKURXJK WKHVH FRYDULDQWV $IWH
VPRNLQJ VWDWXV DOFRBPRODFRQWYX WS VDICR DO\ WHKH GLHWLE

DOOHOH IRU UV UHPDLQHG WR EH D& URWHFWLYH DC
S ZKLOH WKH 25 IRU LQGLYLGXDOV ZLWK 77 RU 7% JHQ
I[URP WR &, a S [LNHZLVH ** RU *& JHQRW\S
RI UV VKRZHG D WHQGHQF\ WR UHGXFH WKH ULVN E\
25 &, a S JRU UV uv DQG UV

WKHUH ZDVLRRQWLIDYMRFLDWLRQV REVHUYHG EHWZHHQ 6:
DWKHURVFOHURVLV

,QWHUDFWLYH HIITHFWV RI 613V DQG EHKDYLRUV RQ FRURQEL
0'5 DQDO\VLV

0'5 ZDV SHUIRUPHG WR DQDO\]H WKH LQWHUDFWLRQ EHW:
SHVROQDO EHKDYLRUVDV ZHOO DV EHKDYLRU VFRUHV IRU F
IRU'EORRG SUHVVXUH QR ILWWHG PRGHO ZDV 9¥XFFHVVIXO{(

&URVVRYHU DQDO\VLYV

$ FURVVRYHU DQDO\VLV ZDV FHRW HIQGV DOV LW R HHUBPWR URQ
SY; 77 7% $$ UV x* *& && DQG SHUVRQDO EHKDY
GHVVHUW LQWDNH DQG SK\VLFDO DFWLYLW\ WKDW ZHU]
DWKHURVFOHURVLY LQ WKH LSWHRYQLR YK HD QR@ANUD FWQR Q C



SY; 77 7% $$ UV x*» *& &8& DQG RYHUDOO EHKDY
RYHUDOO GLHW VFRUH ZHUH SHUIRUPHG

7KH GLVWULEXWLRQV RI UV JHRRW\SHIDRG IRR B LIEQW
S HVVHUW SLQWDRHUH GLIIHUHQW IRU WKH FDVHV DC
&RPSDUHG ZLWK WKH UHIHUHQFH JURXS $$ JHDRRWHNRHY IFRP
SK\WLFDO DFWLYLW\ KDG D WLBSH \FXWUKHU W DMNHK RIHIX I
IULHG IRRG KDG D WLPHW KLIKHQHUSY NHQRIRIWUSH FRPE
UHJXODU LQWDNH RI GHVVHUW KDG D WLPHV K&JKHU UL
7KHUH ZDV QR VLJQLILFDQW LQWHUD BWRRIQUIDIOBDFBH/K B M WRZU
VFREH S 7DEOH

JRU WKH 613 UV WKH GLVWULEXWLRQV RI WKH JHQR
IULHG IRRG LQWDGIHVVHUW LQWMHWH GLIIHUHQW IRU SDWLF
JURXSEOHRD &RPSDUHG ZLWK WKH UHIHUHQFH JURXS && J
RU OLQWWQVLW\ SK\WLFDO DEFWLYLW\ KD D&& FWWUBHN UKL ZK
UHJXODU LQWDNH RI IULHG IRRG KDG ® D QW HEJRW KIH KH L
FRPELQHG ZLWK UHJXODU LQWDNH RI GHVVHUW KDG D
DWKHURVFOHURVLAMHWBXBHUH QR HIIHFWV UHVXOWLQJ IUF
RYHUDOO EHKDSYLRUDMQ@FRVYHUDOO SGLHWIZUWWFRUH
7DEOH

' 6&866,21
,Q WKH SUHVH@W®R QYHVR\CH BWHDG\HFRQGXFWHG LQ D &KLQHVH
ZLWK G\WOLSLGHPLD LW ZDV IRXQG WKDW UV DQG U\

DVVRFLDWHG ZLWK WKHRVEONURVERURBOD UDDWKXAWY RQ %
DFWLYLWY. IULHG IRRG LQWDNH DV ZHOO DV GHVVHUW LQ
GHYHORSPHQW RI FRURQDU\ DWKHURVFOHURVLV

%&2 LV D NH\ HQ]\PH LQYROYHG LQ WKH FRRWHQRLBY W
YLWDPLQ $ ,W FDWDO\]HV WKH FHQW ULFDRHGRMDHY@H HIRWP L Q.
DWW DQV UHWLQDO PROHFXOHV ZKLFK DUH VXEVHTXHQWO\
UHWLQRO 9LWMPL@RBF DFLG LV WKHYMWURQFN FRILSWWR®ODQ C
ELQGLQJ WR DQG DFWLYDWLQJ UWWD@RIR REE @ FHF HFH\W RLU
GLIIHUHQWLDWLRQ RI DGLSRF\WH ,Q DGGLWLRQ UHWLQRL
& (%3 DQG GHFUHDVRIVEE$5H[SHWY QROQ HVWDHRU QI I$H & WERHU



HVWHU E\ OHFLWKLQ UHWLQRO DF\OWUDQVIUDVH /5$7 DOQ
9LWDPLQ $ LQ 3WKIH LIFRRGA UHSRUWYV VXJJHVWHG WKDW LQ D¢
DQ HQ]\PHFDRRRWHQH PHWDEROLVP %&2 DOVR SOD\V DQ LP
%&2 PD\ LQIOXHQFH WKH WUDQVFULSWLRQ RI FHUWDLQ J*t
'*$7  WKXV XOWLPDWHO\ DIIHFW WKH HQJ\PDWLF DFWLYLW
®YHOV RI VRPH DMIOHWRY/G CBHURROMPAWY VXFK DV FKROHVW
FKROHVWHURO DQG GLDF\OJO\FHUROV ,Q WKH RWKHU KDGC
WKHVH DF\OWUDQVIHUDVH UHDFWLR QW W WLA WAIQW LIRVQ CH Q 1\
BWXG\ KDV VKRZQ WKDW %&2 GHILFLHQW PLFH ZHUH PRUH
VWHDWRVLYV )RULBIGRHF HZG WRE FBVLIWWL W KH ODFN RI %&2 Z
VLIQLILFDQW LQFUHDVH LQ B UBRNLWDF H® HOVDMWIRE FEIQEGX FD
LQGLFDWHY WKDW HQJ\PH DFWLYLW\ Rl %&2 LV VXEVWDQ\
PHWDEROLVP DQG DWKHURVFOHURVLY LQ PDPPDOV

5V PDSV WR WKH FRGLQJ UHJLRQ RI %&3UJLQH @ OH
WR 7 6HULQH ORZHUV WKH HQJ\PDWLF DFWLYLW\ ZKLFK
FRQYHUVLR @ DI\GWHDQURW HQH 7 FSXQIXKVWEH DYDLODELOLW)\ R
OLPLWHG E\ WKH FRQYHUVLRQ LW PD\ DIIHFW KHDOWK
FRQFHQWUDWLRQ RI SRZHUIXO DQWLR[LGDQW FDURWHQRL
VKRZQVWKDJKHU OHYHO R} DQWLR[LGDQW FDURWHQRLGV FR
SURWHFWLRQ DIJDLQVW WKH GHYHORSPHQW RI LQIODPPDWF
5V DQG UV DUH ORFDWHG DURXQG LR XSVW
VWDUW VLWHV R1"%&2 JHQH ZKLFK LV D IXQFWLRQDO |
WUDQVFULSWLRQ IDFWRUV 613 YDULDQFHV LQ WKQ& UHJL
JHQH H[SUHVVLRQ DQG FRQVHTXHQW GB\UE B R WGI\L QL \@ HYDH/O | R
WKDW “** *& JHQRW\SH RI UV ZDV DVVRFLDWHG ZLW
25 &, a S ,Q WKH SUHVHQW V&V XI8® RWKSIH* *
ZDV IRXQG WR SUHYHQW FRURQDU\ DWKHURVBOHURVLYV 2!
+RZHYHU DQ DVVRFLDWLRQ EHWZHHQ UV DQG FRURQ
DOWKRXJK WKH WZR ORFL DUH JHQHWLFDOO\ OLQNHG ZK
VWDWLVWLFDO SRZHU

5V ORFDWHV NE WEWWIHED ZIKLURK LV D ELQGLQJ V
WUDQVFULSWLRQ IDFWRU ,6; ZKLFK LV D WUDQVFULSWLR
YDULDQFHV LQ WKLV UHJLRQ PD\ DIIHFW KHDOWK E\ LQIOX



DQG WKH OHY HIOQ RW KH EBRBEORXY VWXGLHV LGHQWLILHG WKI
FRXOG UHGXFH WKH FDWDO\WLF DFWLYLW\ Rl %&2 DQG
XORQYHUIPWMHEBWHQH LQVSIDIHWRDLQJ WKDW LW PD\ KDYH D V
R[LGDWLRQ UHVLVWDQFH DQG GHYHORSPHQW RI PDQ\ FKUTF
H[SODQDWLRQ KDV QRW \HW EHHQ SURYHG

5V PDSV WKH QLQWKRIQ[RRQ %RGLQSHVHDWFK IURP /H
UHSRUWHG WKDW WKH DOOHOH FRQYHUVLRQ IURP & $0DQ
DFWLYLWREDRUREBMMIH E\ BREXWHU D SUHYLRXV ZRUN7VKRZH

JHQRW\SH RI UV ZDIWW B VIY REILDIVHKIG U L\BN LRI KQ DK P/D/
25 &, S 'XH WR WKH OLPLWDWLRQ RI Wt
IXQFWLRQDO UHODWLRQVKLS EHWZHHQ UV DQGNKRIUR Q

SUHVHQW DVVRFLDWHG VWXG\
&RURQDWKHURVFOHURVLVLY D FRPSOH[ GHIJHQHUDWLYH \
$PRQJ WKHP SHUVRQDO EHKDYLRUV VXFK DV ODFN RI SK\
IRRG DQG GHVVHUW KDYH ORQJ EHHQ UHODWOGIBURRLYQFUI
+HUH LW ZDV FRQILUPHG WKDW SK\WLFDO DFWLYLW\ IUL
LQGHSHQGHQW ULVN IDFWRUV IRU FRURQDU\ DWKHURVF
GHPRQVWUDWHG WKDW ERPELQHG SKNGLFRRGLR D FGH WLV
KRPR]J\JRXV ULVN DOOHOH FDUULHUV RI UV RU UV
FRURQDU\ DWKHURVFOHURVLY 6LQFH WKH YDULDWLRQV RI
RI FDURWHQHV RU YLWDWIO) ZIKHFW RX BADRADTHFD SDFLW\ T
PHWDEROLVP LQ WKH ERG\ WKHUH LV QR GRXEW WKDW ¢
6)$ 7)$ DQG KDYH D FRPELQHG HIIHFW RQ DWKHURJHQHVLYV
IRXQG VLPLODU S$UKWX\HMO\EK &DBDMRYHG WKDW LQ 0(6$%$ FRK
VDWXUDWHG IDWW\ DFLGV ZDV DVVRFLDWHG ZLWK KLJKHU
KLIJK ULVN RI SUHPLHU DWKHURVFOHWRMWYV | WRID MAK\H FB8H R
VWXG\ UHFWDWKB MKWHUDFWLRQ EHWZHHQY IHQHRW ICDYGH 6K
'+5 DQG %TKRVH HBYHURQPHQW LQWHUDFWLRQ H[SORUDW
KHUHGLWDU\ WUDLWV DV ZHOO DV HQYLURQPHQWDO IDF
SUHBLRQ Rl FRPSOH[ FKURQLF GLVHDVH DQG SUHFLVLRQ KF
1IHLWKHU WKH RYHUDOO EHKDYLRUDO VFRUH QRU WKH R
SRO\PRUSKLVPV RQ WKH ULVN RI FRURQDU\ DWKHURVFOHU/
7KH QWUYH UHVXOWYV PD\ EH GXH WR WKH XQVSHFLILF TXHV



QRW HQRXJK WR ILQG WKH GLIIHUHQFHV LQ FDURWHQRLG
DUH ZLGHO\ IRXQG LQ IRRGV DQG WKH GIRR\GIL FPOW LR QGHHC
7KLV UHVHDUFK XVHG D JHQHUDO IRRG FRQFHSWLRQ IRU I
ZKLFK PD\ FDXVH DGYHUVH LQWHUIHUHQFH WR WKH ILQGL
SDWWHUQV FRXOG EH SULPDULKXVUB WRRUGHVVSEHALIRE DG @
QHHGVY WR EH IXUWKHU LPSOHPHQWH GICHFDVRIG \RQ HMDIV L &
SURGXFH SDWKRORJLFDO HIIHFWV LQ WKLH G/RWXH30RISIPG QM °
OLPLWDWLRQV ZRUWK MWHKGWLIRREQH V)LJBIVRI FDVHV LQ WKLV
VLQFH WK{4B IBRORWLRQ ZDV RQO\ WKUHH \HDUV 'LQGLYLGXI
WLPH FRXOG EHFRPH FDVHV ODWHU RQ ZKLFK ZRXOG LQIC
+RZHYWKH OLPLWDWLRQ ZDV SDUWLDOO\ RYHUFR@W UROFR
GHVLJQ 7KH FRQWUROV ZHUH RYHUVDPSOHG IRU HDFK FD
VHOHFWHG E\ PDWFKLQJ DJH DQG VH[ WKLV P HMFRARG D\Q\GU L
WKH RXWFRPHV IURP DQ\ RI“WKH YDULDEOHV FRXOG EH
BHFRQGO\ WKH GLHW TXHVWLRQQDLUH XVHG LQ WKLV VWX
DV FRRNLQJ PHWKRG DQG VSHFELILF QX VWRIMARRG U Q MAD NZHD \
SRVVLEOH WR NQRZ WKH TXDQWLWDWLYH GDWD RI WKH YD
WKH QXWULHQWY FRQWDLQHG LQ WKHVH IRRGV DQG ZKH)
% &2 JHQH SRO\PRUSKLVPV R@VFRWRQDUKH \EBKHWRFVESBIQW V
QRW SRVVLEOH WR FDOFXODWH WKH WRWDO HQHUJ\ FRQV
GLIILFXOW WR LQYHVWLIJDWH WKH UHODWLRQVKLS EHWZH}
FRPSRQHQWY ZKDF¥K BRROGGHG D EHWWHU XQGHUVWDQ
DVVRFLDWLRQ DQG WKH GLVHDVH SDWKRJHQHVLV

,Q VXPPDU\ WKLV VWXG\ LGHQWLILHG JHQHWLF YDULDQW
JHQHV- WKDW ZHUH SRWHQWLDOO\ DVVRFLWKMH @ KLLQWHK/ H Rl
SRSXODWLRQ ZLWK G\WOLSLGHPLD 7KH VWXG\ VXJIJHVWYV
SHUVRQDO EHKDYLRUV PD\ VXEVWDQWLDOO\ KDYH FRPELQI
DWKHURVFOHURVLY ,QGLYLGXDOVUZEWHWKRWERH\ JDI\WKMWUILRV¥X
DGYLVHG WR HQKDQFH WKHLU SK\VLFDO DFWLYLW\ DQG OR
)XUWKHU H[SORUDWLRQV ZLWK D YDOLGDWHG GXS8VWDW\ TX|
UHTXLUHG WR YDOLWG PWG HVIKH \RENMH W WXGLR Q



$&.12:/(**(0(176
7KLV ILHOG ZRUN DQG HOHFWURQLF KHDOWK UHFRUGV G
'LVHDVH &RQWURO

$87+25 ',6&/2685(
7KLV VWXG\ GRHV QRW KDYH DQ\ FRQIOLFWYV RI LQWHUHVW

5()(5(1&(6
*R $ OR]DIIDULDQ ' 5RJHU 9/ %HQMDPLQ HW BHEUBPHULBRQ Gkt
DVVRFLDWLRQ VWDWLVWLFV FRPPLWWHH DWIGY MWAXRRB UAW R WD VW
DQG VWURNH VWHGDWWLBVUHSRUW |U R WRA. W HR QF RQ UHHCODW
GRL &5 E H /IDE |
5RWK *$ -RKQVRQ & $SOMWDKEL USEHHDGE) $E\X * HW DO *OREDO L
EXUGHQ RI FDUGLRYDVFXODU GLVHDVHV IPWGLRDXVHVGRL WR
M MDFF /
'HQ < /HDNH '6 /RZ GHQVLW\ OLSRSURWHLQ XQGHUJRHV R[LGDW
GRL &,5&5(6$+% /
/HH -6 &KDQJ 3< =KDQJ ¢ .tREDUB %H VMW LJIO\RHGLGOILBRGHP'LLD
DQG ULVNV RI FRURQDU\ KHDUW GLVHDVH DQG LVFKHPLF VWURN
+HDUW 6WXG\ 'LDEHWHV. &RUH GF /
&RVVHOPDQ .$FUMQY MXIPDQ -' (QYLURQPHQWDO IDFWRUV LQ FDU
5HY &DUGLRO GRL QUFDUGLR
JHLVFKLN 5 )RVKDJ 3 6WUDX% O *DUJ 3 'ZRUUDN % /LWW?Z
FDUGLRUHVSLUDWRU\ QWL@BY W KLEE QFHNVWRWLHG HQWDU\ RFFXSDV
DWKHURVFOHURVLY DQG REHVLW\ (XU 5HY OHG 3KDUPDFRO 6FL
3HGHQ - ) #+RSHZHOO - & 6DOHKHHQ ' &KDPEHUV - ZLGHDJHU -
DVVRELDWLRQ VWXGSE L6@R X WKRSWIDDQN LGHQWLILHV ILYH QHZ ORF
1DW *HOHW GRL RJ
&LFFRQH 00 &RUWHVH ) *HVXDOGR 0 &DUERQDUD 6 =LWR $ 5LF
DQG WKHLU DQWILRQGPRIWRQG HIHFWYV LQ FDUGLRYDVFXODU FD
GRL /
*DPPRQH 0$ 5LFFLRQL * ' 2UDJLR 1 &DURWHQRLGY SRWHQWLDC
1XWU 5HV GRL IQU /Y
$QWWLOD 9 6WHIDQVVRQ + .DOOHOD 0 7RGW 8 7BUGHQGW *
DVVRFLDWLRQ VWXG\ Rl PLJUDLQH LPSOLFDWHVY D FRPPRQ VXVFF
GRL QJ



7DNHXFKL ) <RDNRODWRWR . 1DNDVKLPD ( .DWVX\D 7ZL$/HDQR +
DVVRFLDWLRQ VWXG\ RI FRURQDU\ DUWHU\ GLVHDVH LQRWKH -DS
HMKJ
BW\OLDQRX ,0 %DXHU 5& 5HLOO\ 03 KHDUGRMF O-H U RQIHW LIFQ E D VK W \
DQG KXPDQV &LUF 5HV GRL &,5&5(6%+$%
%RUHO 3 *HQHWLF YDULDWLRQV LQYROYHG LQ LQWHURRGLYLGXI
5HV GRL PIQ /
$PHQJIXDO - $GIGIMOMDBER GDIQWHDPIR 6 +HVVHO 6 *ROF]DN 0 3DOF]
FDURWHQRLG R[\JHQDVHV FRQWULEXWH WR PDPPDOLDQ SURYL)\
GRL MEF 0 /
+H@GFNVRQ 6- +D]JUD $ &KHQ & (OLDVVHQ $&DUBWINMQI 5RVQI
PRQRR[\JHQDVH VLQJOH QXFOHRWLGH SRO\WPRUSKLVPV LQ UHC
FRQFHQWUDWLRQV LQ ZRPHQ RI (XURSHDQ GHVFHQG®RL $P -
DMFQ
JHUUXFFL / 3HUU\ -5 ODWWHLQL $ 3HUROD 0 7DQDND 7 6LODQG
FDURWHOQMRQRR[\JHQDVH JHQH DIIHFWV FLUFXODWEZQGHOHYHO)\
DVVRFLDWLRG XRVX-QH®P - GRL M DMKJ
+HVVHO 6 (LFKLQJHU $ ,VNHQ $ $PHQJXDO - +XQ]HOPDQQ 6
DEROLVKHV YLWDPLQ $ FRRWHQYHRIQBIRPWHWY OLSLG PHWDERC
GRL MEF0 - /
&OLIIRUG $- 5LQFRQ * .2ZHQV -( OHGUDQHRW-)D®R¥KOQH DK $Q X ReD
SRO\PRUSKLVPV'LQ &(73 6/& $ 6/& $ &'  %&02 $32% DQG $¢
SUHGLFWRUV-RLGBEBEHDPWK\/DGXOWYV /LSLGBRHDOWK 'LV
/
JLDR =4 HD*XPQJ ;+ :X << *XR +: <DQJ/ 7KH DVVRFLDWLRQ EH
SRO\PRUSKLAMPWRRIHQPRQRR[\JHQDVH DQG G\WOLSLGHPLD ULVN $
GRL M FQNL DFWD QXWU VLQ
=KRQJIKXDXHLXDQ %LQJ =D =KL &KLQHVH JXLGHOLQHV RQ SUHYHQ
LO DGXOWYV GRL M LVVQ /
JRER.*3 $PHQJXDO - /L +1 *ROF]DN 0 %RQHW 0/FBDRWHZNNL
GHFWHAD SHUR[LVRPH SUROLIHUDWRU UHFHSWRU JDPPD DFWLYLV
DGLSRF\WHV LBPDD RRAMMDH ERPMBIIQOTHQW PDQQHU - %LRO &KHP
GRL MEF 0 /
':DOODFH 5 /R - 'HYGQMXW ULDMIRRUHGXFDWLRQ LQ WKH HOGHUO\
EHKDYLRXU FKDQJH - 1XWU +HOGRWK $JLQV /



JHLJO % ORUULV &3 9RLVH\ - .ZDQ $ =HOH $- 7KH UHODWLRQVE
PD¥ODU SLJPHQW RSWLFDO GHQVLW\UH® BWHGRRDFXDOWK b6 GHDLHA
2QH H GRL MRXUQDO SRQH

<XQ -( :RQ 6 .LPP + -HH 6+ (IIHFWV RI D RRPELPRIGWDLOHWW LaH. K
PHQ DQG ZRPHQ D SURVSHFWLYH FRKRUW VWG&BL %0& 3XEOLF -

BRWBRMHWR 0 )URQHR®R% 2UGRYiV -0 /HyQ 0 &DVDVQRYDV -$ 3t

GHYHORSPHQW RI DQ LQVWUXRMMWQ®WH WD PIHDW XBH R$HG B PIOR OR UH

OHGLWHUUDQHDQ /LIHVW\OH 0('/,)( LQGH[ S3XEOLRBREHDOWK
6 /

/[LHW] * [/DQJH - G5LPEDFK * OROHFXODU DQGDGRMMARW UHJXC

PRQRRHQDVH % &02 SUFK %LRFKHP %3RS K\V M DEE

%ODQHU :6 2 %\UQH 60 :RQJVLULURM 1 .0OXZH - ' $PEURVLR 'O

OLSLG GURSOHWYV D VSHFLDOL]BIG - CLULRRXKIGFUREBBW\VRIFWBWLQR
GRL M EEDOLS

'L[RQ -/ .LP <. %ULQNHU $ 4RDOGRWHCHRYNO®IVH LQ GHYHORSLQ.

WLVVXHV DOWHUV HVWHULILFDWLRQ RI UHWLQRO FKROHVWHURH

GRL M EEDOLS
.LP<. =XFFDUR 09 &RVWDELOH %. S5RODG WSHEXDOAFR HIIHPAWNXH
FDURWHOQH R[\JHQDVH %&2 RQ UHWLQRLG DQG OLSLG PH\
$UFK %LRFKHP %LRSK\VGRL M DEE
9RXWLODLQHQ 6 1XUPL 7 OXUVX - 5LVVDQHQ 7+ &DURWHQRLGV
GRL DMFQ

.RK :3 <XDQ -0 :DQJ 5 /HH <3 /HH %/ <X 0& HW DO 30DVPD FI

P\RFODUGILQIDUFWLRQ LQ WKH 6LQJDSRUH &KLQHVH +HDOWK 6W:
GRL M QXPHFG

.DVRZVNL 0. *UXEHUW ) +HIIHOILQJHU & +DULKDUDQ 0 $VDEHU

WUDQVFULSWIQRQ AIRRWRKXPEDQGL 6 FLHQFRHRL VFLHQFH/

IDZ $= ILSVND %. :HLFNHUW &6 +\GH 70 6WUDXE 5( +DVKLPRWR

DUH GLIIHUHQWLDOO\ H[SUHVVHG LQ VFKL]RSKWHQAXRHD GGVHBYXO |

1DWO $FDG 6FL 8 6 $ GRL SQDV /

/RER *3 $PHQJXDO - %DXV ' 6KLYGDVDQL 5% 7D\ORU ' YRQ /LQW

DQG GLHW UHJXODWH YLWDPLQ $ SURGXFWLRQ %LBRONV&KHRRPHRER

GRL MEF 0

JLHW] * 2[OH\ $ /HXQJ : +HVNHWK - 6LQJOH QXFOHRWLGH SR

FDURWH@RQR[\JHQDVH JHQH LQIOXHQFH SURYLWDPLQ BUWRQYHU\

- 1XWU 66 GRL M Q /



/JHXQJ :& +HVVHO 6 0pSODQ & )OLQW - 2EHUKDXVHU 9 7RXUQ

QXFOHRWLGH SRO\PRUSKLVPV LRD UNRKNHH QPRIRPIR [N DHFQRIG\L KD JD B MAM D

FDURWHMMHEROLVP LQ IHPDOH YROXQWHHGRL )$6(% 1M

GH 6RX]D 5- OHQWH $ ODUROHDQX $ &R]JPD $, +D 9 .LVKLEH 7 ¢

XQVDWXUDWHG IDWW\ DFLGV DQG UL\OND R IGR® B DVMX VIMQ 8 RW WSHIO L

VIVWHPDWLF UHYDI®DODWGE RHWREVHUYDWLRQDOK VWXGRHYV %0
EPM K

%HUWRQL $ORXHWWS& &KXQJ + /H .< %DUU 5* ODKHVK 0 HW DO

SK\WVLFDQ DEWLYXBFOLQLFDO D W KKUKROLFFO BW RGN VR | WEKAHK 19 M R WH.O H

(SLGHPLRO GRL DMH NZQ

&DVOMVWHQFK 3 $UQHWW '. 6PLWK &( /DL &4 3DUQHOO /' %RU

PRGXODWHWRRALWOIWDRQ EHWZHHQ DQ REHVLWY JHQHWLF ULVN VFI

SRSXODWLRQV - $FDG 1XWUGRHW M MDQG

0eO0OHU :(* :DQJ 6 :LHQV 0 1HXIXUWK 0 $FNHUPDQQ 0 5HON

SRO\SXRDWH PLFURSDUWLFDBAG OIY& WHROVDAKROORZHG E\ DQ L

LQWUDFHOOXODU $73 SRROHVL]H 3BR6E 2QMRXUQDO SRQH

%XUURZV 7/ +XWFKHVVRQ 0- 5ROOR 0( %RJJIHWW 0D Q &X MMWH W D

LQWDNH DVVHVVHG E\ IRRG IUHTXHQF\ TXHVWLRQQDLUH DQG SOI

IXWULHQWYV  IGRL QX

9RXWLODLQHQ 6 1XUPL 7 OXUVX - 5LVVDQH QD DW K& DIPR WEQIRQ G X V

GRL DMFQ



7TDEOBKDUDFWHULVWLFV RI WKH VXEMHFWYV ZKR SDUWLFLSDWHG LQ RX

&KDUDFWHULVWIZRMO Q &DVH Q &RQWURO Q $

*HQGHU
0DOH
)HPDOH
$IH \ ‘ ‘ ‘
:DLVW FP “ “ “
%ONJ P ‘ ‘ ‘
6%3 PP+J ‘ ‘ ‘
%3 PP+J ‘ ‘ ‘
7& PPRO / “ “ “
7* PPRO / “ “ “
+'/ & PPRO [ ‘ ‘ ‘
/'l & PPRO |/ ‘ ‘ ‘

%0,ERGRDMYGH[ 6NWRORBGHVV XU DWHFRRREIVV X UWMIWRKROHVWHWIRI@\FHULGH +'/
KLJKE HQ WISRS URKWR 8 HY W H& BR@ZG H Q DISR\S UKW B HYSASYUDROX H
"$SDUW IURP JHQGHU DOO PED®&HV ZHUH H[SUHVVHG DV



7TDEOSHVVRFLDWLRQV RI SHWNRRIDWO Z&E MKD WIKRHUDIOVN RI DWKHURVFOHURVI

SHUVEHKIDXY LRUYV &DVH Q &RQWURO Q 25 &, N

&XUUHQW VPRNLQJ

1R

<HV a
&XUUHQW DOFRKRO FRQVXPSWLRQ

1R

<HV a
3K\WLFDO DFWLYLW\

6HGHQWDU\ OLJKW

ORGHUDWH KHDY\ a
9HJHWDEOH J GD\

I a
JUXLW J GD\

! 2
oL

1RQH

5HJXODUO\ a
6R\ PLON

1RQH

5HJXODUO\ a
(JJ  ZHHN

1RQH

! a

OHDW J ZHHN

I a
JLVK 6HDIRRG J ZHHN

I a
3RXOWU\ J ZHHN

I a
JULHG ARRG

1R
<HV a
"HVVHUW
1RQH
5HJXODUO\ a

6DOW J GD\

I a
'LHW VFRUH

6FRUH

6FRUH a
2YHUDOO VFRUH

6FRUH

6FRUH a

3 SUREDELOLW\ WRILGBEWXWWWHWLIRWHEWRRG SUHVVXUH



7TDEOH FRPSDULVRQ RI WKH FEBBDKDNWGHD QWBVWHEIPFE QRWKKREHJG RI FRHOLDI

613 3RVLWLRQ $OOHOH OLQRU DOOHOGS) +:( SYDOXH
UV * $ *
uv * & *
uv 7% 7
uv 7 & 7
uv 7 * 7

613 VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 0%) PLQEW UIOCOKGH §BBERRHIQOAAW Y+ :I(R U+
VWDWLVWLF WHVWLQJ



7TDEOSVVRFLDWLRQV RI 613V ZLWK WKH ULVN RI DWKHURVFOHURVLV 1LQ GLIIHUHQW PRGHOV

613 &DVH &RQWURO ORGHO ORGHO ORGHO ORGHO
FRXQWRRXQWYV 25 &, S 25 &, S 25 &, S 25 &, S

uv

* $ a a a a

** x 8 ¢4 a a a a

** x5 $E a a a a
uv

* & a a a a

*k k@ & a a a a

*k kQ & a a a a
uv

7% a a a a

77 7% $% a a a a

77 7% $3 a a a a
W

7 & a a a a

77 7& && a a a a

77 7& && a a a a

SSUREDELOLW\ IRU VWDWLVWLF WHVWLQJ

"ORGHO ORGHO XQDGMXVWHG

AMRGHO ORGHIRD E@RRWB HJHVVXUH

"TORGHOMWRGHO DGMXVWHG IRU EORRG EDB¥RKBE PRQVXPRWLAH \DVQGBWHKW U FLVH



TDEOHVWULEXWLRQV RI UV YDULDQWY DQG VHOHFWHG EHKDYLRU

%HKDYLRUV B6WDWXV uv &DVH Q &RQ® QR ¢
3K\WLFDO DFWQRGWUDWH +AD$V
$$
6HGHQWDU\ /17 KW
$$
JULHG IRRG LQWRRQMNH 77 $7
$$
5HJXODUO\ 77 $7
$$
"HVVHUW LQWIRIH 77 $7
$$
5HJXODUO\ 77 $7
$$
'LHW VFRUH 6FRUH 77 $7
$$
6FRUH 77 $7
$$
2YHUDOO VFRUKFRUH 77 $7
$$
6FRUH 77 $7
$$

SSUREDELOLW\ IRU VWDWLVWLF WHVWLQJ

7DEOHVWULEXWLRQV RI UV YDULDQWY DQG VHOHFWHG EHKDYLRU
%HKDYLRUV 6WDWXV UAY; &DVH Q &RQWURO Q S
3K\WVLFDO DFWOQRGWWH KHDY \*&
&&
6HGHQWDU\ ®LIBW
&&
JULHG IRRG L QIRDMNH Kk kg
&&
5HIXODUO\ ** *g&
&&
'"HVVHUW LQWORH kx kg
&&
5HIXODUO\ ** *&
&&
'LHW VERUH 6FRUH Kk kg
&&
6FRUH kx kg
&&
2YHUDOO VFRUHFRUH Kk kg
&&
6FRUH kx kg
&&

S SUREDELOLW\ IRU VWDWLVWLF WHVWLQJ



Personal Behaviors:
(physical activity, fried food

intake and dessert intake) @
Coronary
Interaction of Personal Ath 1 .
Behaviors with BCO1 therosclerosis

SNPS on BCO1:
(rs12934922 and rs11646692)

(D Direct effect of personal behaviors on coronary
atherosclerosis

@)Direct effect of SNPS on BCO1 on coronary
atherosclerosis
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JLIXURKH OREDWLRQ DQG OLQNDJRI Gol&2H TOMEDNER\WX B K5 IS\RSOAPRUSKLVPV 613V



JLIXUHQWHUDFWLRQV R H UV DQG EHKDYLRUV SK\VLADRQDFRMLRQWU\ IULF
DWKHURVS&HDS REH. QYW V




JLIXUH QWHUDFWLRQ
DWK H UR V SHSHUHREHY W V

DQG EHKDYLRUV SK\VWLADORQFAWRIYR@DUIULFE




