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$VVRFLDWL(B® RQL%)& +DSORW\I\SHV ZL
JHXNRF\WH 7HORPHUH /HQJWK DQG 5L
'LVHDVH

&pFLOLD * ODXEOHBWD ' 6D®HSHD (
&RUDOHD 6WHSBEKDRRX:XWWD 3D®@GRUV +DPYQGIDH Z 1-Hil DU H\
$OGRQV - /BWHW (ULNWBKRQLSSD - 7@/DHPKIG (
*URXS WKH ($56,, FRQVRUWLXP

&DUGLRYDVFXODU *HQHWLFV %+) /DERUDWRULHV 8QLYHUVLW\ &R 63(HJ8IQ/IRGHGIRQ W& R URBHERQ

%RUGHDX[ )UDQWHWXWH RI OROHFXODU %LRORJ\ *HQHWLFV

Rl +XPDQ *HQHWLFV 8QLYHUVLW\ RI &DOLIRUQLD /RV $QJHOHV

OROHFXODU OHGLFLQH 'HSDUWPHQW RI OHGLFLQH
.DUROLQVND ,QVWLWXWHW 'IBYALRERIQRDX¥E GBIZ-H EHRQOWK 3ULPDU\ +HDOWK &DUH

*URXS 6FKRRO RI OHGLFLQH 6ZDQVHD 8QLYHUVLW\ 6ZDQVHD 8QLWHG .LQJGRP

WK C
VN I

5SRPDQRVNH J)RONHDVNQH $ &RRSHU
BWHSKHQV
+XPSWKHHOMPRQ %URRPH 5HVHD

6 B QL OHIG |, .

%LRPHGLFDO 6FLHQFHYV "S+5\DHDAFEHQH Q W H
/RV $ONKIOWIRY FOOHOULR R UD LTH VDLW K G8 @ WD
.DUROWEWN R V, DVNLLRWLW HEW V 6I\D B F K KRRV 6 ZHS®HIQV P H Q \
8QLYHUNEWWRY BHRUGUEKR!

$EVWUDFW

2EMHFWLRNHUHSOLFDWH WKH DVVRFLDWLRQV RI OHXNRF\WH WHORPHUH
LQYHVWLIJDWH WKHLU DVVRFLDWLRQV ZLWK FRURQDU\ KHDUW GLVHDVH
SRVVLEOH FDXVDO HIIHFWV RI WHORPHUH PDLQWHQDQFH PDFKLQHU\ RQ

OHWKRGRXU 613V DW WK&'HKWVWORFL & T uv 7* DQ&)& UV

& * UV & ZHUH JHQRW\SHG LQ IRXU VWXGLHYV FRPSULVHG RI VX
7' 7TKUHH 613V UV * UV& *17 DQG UV & DWMWKHORFXV ZHUH JH
LQ WKHVH IRXU VWXGLHVY LQ DGGLWLRQ WR DQ RIIVSULQJ VWXG\ RI

PHDVXUHG XVLQJ D UHDO WLPH 3&5 EDVHG PHWKRG
5HVXO®WYO\ RQH 613 zZDV DVVRFLDWHG ZLWK D VLJQLILFDQW HIIZH%)& R

uv 613 EHLQJ DVVRFLDWHG ZLWK3ORQJHIWR /§13V ZHUH VLJQLILFDQW
&+' RU 7' PRAHN& WKH KDSORW\SH FDUU\LQJ ERWK UDUH DOOHOHV UV
IUHTXHQF\ ZDV DVVRFLDWHG ZLWK ORZHU &+' SUHYDOHQFH 255&

*

KDSORW\SH *7& UV uv 7 DQG UV & KDSORW\ISH IUHTXH
ORZHU ULVN IRU ERWK &+' 25 & 3 DQG 7 ' 25

ZLWK QR HIIHFW RQ /7/ 2QO\ WKH ODVW'DVVRFLDWLRQ UHPDLQHG DIWHU

&RQFOXV2ZRQHSRUWHG DVVRFLDWLRQV2RXROVUWKDW BHIVDHHQ/WKHAHDV FR
DOWKRXJK RXU VWXG\ KDV D OLPLWHG SRZHU 2¥R &GHVS IDRW \BRIGHNVW DHM VH
KLIKHU ULVN RI &+' DG& KDSGRW\SH ZDV DVVRFLDWHG ZLWK ERWK KLJK
ZRUN LV UHTXLUHG WR FRQILUP WKHVH UHVXOWY DQG H[SORUH WKH PHF

&LWDWIDRXEDUHW &* 6DOSHD ." 5RPDQRVNL &( )RONHUVHQ / &RRS&DQZ®L )W MDIDO RW\S BV WZR LI ¥
/HXNRF\WH 7HORPHUH /HQJWK DQG 5LVN IRU &RURQDU\ +HDUW 'LVHDVH 3/R6 21( H GR

(GLWRDQMD =HOOHU OHGLFDO 8QLYHUVLW\ +DPEXUJ 8QLYHUVLW\ +HDUW &HQWHU *HUPDQ\
S5SHFHLY-HGQH $FFHSWH®REHU 3XEOLVKHGPEHU

&RS\ULJKW ODXEDUHW HW DO 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH
XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RU|

)XQGL@D ZDV VXSSRUWHG E\ WKH %LQNV 7UXVW 6(+ -& DQG .'6 DUH IXQGHG E\ WKH %ULWLVK
VWXG\ ZDV VXSSRUWHG E\ WKH (XURSHDQ &RPPLVVLRQ %0+ &7 WKH 6ZHGLVK OHGLFDO 5
,16(50 DQG 8QLYHUVLWp GH OD 0pGLWHUUDQpH ,16(50 8 JRXQGDWLRQ SRXU OD 5HFKHUFKH
&OLQLTXH 3+5& 8'$&6 ZDV VXSSRUWHG E\ 'LDEHWHYV 8. DQG ('6& E\ WKH &RURQDU\ 7KURPE
WKH 6ZHGLVK 5HVHDUFK &RXQFLO > @ WKH 6ZHGLVK +HDUW /XQJ )RXQGDWLRQ > @ DQ
VWXG\ GHVLJQ GDWD FROOHFWLRQ DQG DQDO\VLV GHFLVLRQ WR SXEOLVK RU SUHSDUDWLRQ

&RPSHWLQJ LQMWKHUBMXWKRUV KDYH GHFODUHG WKDW QR FRPSHWLQJ LQWHUHVWYV H[LVW
( PDLO FHFLOLD PDXEDUHW#LVSHG X ERUGHDX[ IU

OHQJWK
&+' DQ
GLVHDVH

EMHFWYV
QRW\SHG
KHDOW

Q /71 zZlL
O\ DVVR
* DC
&,
QF\
&,
DGMXVW

QILUPHG
RAFW V' W $ G
HU ULVN
KDQLVPV

VHBQ RI

L MR X

HUPV RI W
LJLQDO DX

FHDUW )R X
HVHDUFK &
DpGLFDOH

RVLV 7UXV\V
5 D GRQDW
RI WKH PDQC

3/26 21( _ 2ZZ SORVRQH RUJ '"HFHPEHU _ 9ROXPH

_ ,VVXH

_ F


http://creativecommons.org/licenses/by/4.0/

7(5&2%)& 7HORPHUH /HQJWK DQG &

,QWURGXFWLRQ HITHFW RI KHDOWK VWDWXV RQ WKH DVVRFLDW
LQYHVWLIJDWHG WKH GLUHFW HIIHFW RI WKH 6
7HORPHUHV DUH PDGH XS RI 77%$*** VHDXQMQFHV VHGHDWHAYV LV D zZD\ WR LQWHUUR
DFURVV IRXU WR NLOREDVHV DW WKH HIXV RO HD\FRIFWHRRRWRMHOHQIWK PDLQWHQDC(
7KHVH VSHFLDOLVHG ULERQXFOHRSURWHSQWKROREWXUHYV ZKLFK SUHYHQW
FKURPRVRPH GHJUDGDWLRQ DQG DEQRUPDO '1$ UHSDLU DUH
HVVHQWLDO IRU SUHVHUYLQJ WKH LQWHMNVYWOWNJIJHQHWLF LQIRUPDWLRQ
> @ 'l1$ UHSOLFDWLRQ LV LQFRPSOHWH DW WKH fHQG Rl WKH OLQHDU
FKURPRVRPH RZLQJ WR WKH VR FDOOHG *HQG WDHIO\NBWLRBAUISUREOVWBLFWHG WR LQG
7KHUHIRUH LQ PRVW DGXOW GLIIHUHQW LIDQ\FHIE VW H 00 V7 K\W HROHRIPG! WYHD\O X IR LRV H/QKH JHQH U
SURJUHVVLYHO\ ZLWK HDFK FHOO GLYLVMRKH XMW M FMKH L Q HIDARK ¥ WX GW DRMHOSUHVHQW |
OHQJWK WKH +D\IOLFN OLPLW ZKHUH WKPQEFHOO ZDNO R EMH U YMWEH UIUX SR\OHGBHU FRPSDU
DQG WKH FHOOV HQWHY VHR BVURORKH W KRKEMBEWHXWRY ZHOO DV LQ FDVHV FRPSDUH
FDSDFLW\ KLJKO\ GLYLGLQJ FHOOV VXFKSDWYARXN FHOMYR PWHGWDLQ K®JIK
DFWLYLW\ RI WKH WHORPHUDVH FRPSOH[ FRPSRVHG RI WKH UHYHUVH
WUDQVF U [BMIQMG WKH 51$ WMEHRSOWWSHR QVIBAEGM JHQRW\SH GLVWULEXWLRQ DQG OLQNDJ
IRU WKH UHSOHQLVKPHQW RI VKRUWHQHG WpHPRKHUWNKNRZY GVKH VHYHQ 613V VHOHFWHG
,Q FURVV VHFWLRQDO VWXGLHV VKRUWBHORRHD QL WHXSRFHWWHR YWHHQ REHIRUWHG HIIHFW
OHQJWK /7/ ZDV UHSRUWHG@LDQBNKWRFRURGHPWORW LEVHMG ,Q WKH +DS0DS GDWDEDVH
LQIDUFWLRQ 0, G@DPRMSDMHG WR KHDOWKYHYXEMHEWMKP DV DVMHWVHG EHWZHHQ
6LPLODUO\ FRPSDUHG WR FRQWUROV DVWKRUWBQGPUIMDQ7(BL ZDVEHWZHHQ UV
UHSRUWHG LQ W\SH ,, GLDEHWL@ 77/ DREBWUNQWVW/ (5& DQG EHWZHHQ UV DQ
VKRUWHQLQJ ZDV SURSRVHG WR UHIOHFWVWKH FXRY@®DWRUYH VEKN GE@ R$SRSXODWLRQ
LQIODPPDWLRQ DQG R[LGDWLYH VWUHVV WHKQIRXIKHRWK WHW K HR B WIBIVEID® IRIUDQ RI WKH VDP
LQGLYLGXDO UHQGHULQJ /7/ D VXLW@WDEOH IRDUNWU IRUWRJLQJIRU UV ,Q RXU F
3HULSKHUDO EORRG /7/ KDV EHHQ VKRZQVWRS®R YU MXHWVH @RWKSBRGMWIWULEXWLRQ IRU
FHOOV WHORPHUH OHQJWK 7/ DQG WKXWLPQHEHY J7H TRRLOOA.E UHHK X VH!IG
DV D VXUURJDWH PDUNHU Rl WKH DRUWLF FHOOV PHDQ WHORPHUH OHQJWK
> @ +RZHYHU WKH FDXVDO HIIHFW RI \6KRBVW HOHRORBHHU B QRQDKWRFWDWLRQ ZLWK /7/
GLVHDVH GHYHORSPHQW UHPDLQV FRQWURYHWIPIHOH IUHTXHQF\ LV HDFK VWXG\ LV SL
7ZLQ VWXGLHV DQG LQWUD IDPLOLDO FRYYHOHPWLRAK P OLORFUDO WKREHE WKH DGMXVW
WKDW 7/ LV KLJKO\ KHULWDEOH ZLWK X WMRW\SHRIQ HDERWWXEROQV SYHVH GWBQG Q 7
EHLQJ JHQHWLFDOO\ GRWHKIPLQWEW> 613y R FEHWD DQDO\WLY LV SUHVHQWHG LQ 7DE

DVVRFLDWHG ZLWK /7/ UV ZDV ORFPRWIHF WR AN KU 16 UINW ZLQMWUR@®RGHVW HIIHFW LQ
RI WKH' JHQH@ ,Q ORIFXQ WKH FKURPRYXRPBLIIHUHQFHYVY EHWZHHQ PHDQ /7/ E\ JHQEF
UHJLRQ T ZDV DVVRFLDWHG ZLWK VKRDWLYWLRD QOURBIHRQILFDQW LQ WKH LQGLY!

SRSXODW@RPXYWKHU DQDO\VLV LQ D FRPIRXUHGWXPISHOH 81 VL[ PHWD DQDO\VLV D VLJIQ
FRKRUWY LGHQWLILHG DVVRFLDWLRQ EHWHWHRQHY WRE ODURESEPOHW M KHRI LRHD QG
FKURPRVRPH UHJLRQ T  ZKIZRE&UGRGIX®HRQIWKH /7/ 3 ZDV REVHUYHG )LJXUH
DOWKRXAKEWRIE WKH T DVVRFLDWLRQ QQWKW/UIDWEBY WKH HA%)EWK RS ORKNH S HE RIQ /7
QRW UHSOLFDWHG LQ WK@®V DKHI JBWY RFBMKR@IK LW GLG QRW UHDFK FRQYHQWLRQ!
EHWZHHQ /77(P&®®13V ZDV FRQILUPHG LYLGQLIMBBIQMH WKH DVVRFLDWLRQ EHWZHHQ V
VWXGLHW®> 7KH SURGXFW RHQMKIHY D FULWIRF@QIHMHY/ ZDV FRQVLVWHQW LQ IRXU RXW RI |
FRPSRQHQW RI WKH WHORPHUDVH FRPSOGIUWDRVGL R QP B OB XWK 8 RWD H @ U@ SIKHY LA GO\ Ut
VWXGLHV VKRZHG DVVRFLDWLRQ EHWZHHE56&KD\E GRW VBKIL M | IR MK NLDEIBH Voi QUIRHELUQLILFE
/7/ >+ @ S5HFHQWO\ /HY\LBWQMOLIEHG DQ DDMWRRFLIIDMURRRQ ZLWK /7/ ZDV GHWHFWHG
EHWZHHQ 613V LQ WKB%)BILR@HRILWKH/7/ DQG
FRQILUPHG WKH DVVRFLDWLRQ EHWZHHQ &1 3VQEH QIRBW \ISG W KI5 L+ LIQILWN
RI WKH& JHQH +RZHYHU DOO VWXGLHV WBE®@PWH \WKRRAZH®KH DIJH JHQGHU FHQWUH
PRGHVW 613 HIIHFW VL]H RQS&OLAWSHEFBEDEMON (&+ DGMXVWHG RGGV UDWLR 25 IRU &+' |
PHDQLQJ WKDW UHSOLFDWLRQ VWXGLHYV DY YIHIXb & VBV WEBLREZW DY Qv KR EX YO¥& + VWX G\
UHVXOWV DOOHOH 7 RI U¥(5& VKRZHG VLJQLILFDQWO\ OR
,Q WKH SUHVHQW VWXG\ ZH DWWHPSWHG WRRWHEOLFRWSDWHKE SWRHQRRX¥OUULHUV 25
UHSRUWHG DVVRFLDWLRQV EHWZHH®'/7/ DQG 613V LQ MWKHWUHQG IRU D ORZHU 25 IRU
DQ@%)& JHQHV DW WKH T ORFXV5OQZMHPHQWKWWHQW LQ &$%* FRPSDUHG WR +,)0(
JHQH $GGLWLRQDOO\ XVLQJ &+' DQG 7 'LBDWE FRQWQROLGHYEIRY ZKLFK LV DQ RIIV
ZH LQYHVWLIDWHG ZKHWKHU WKHVH DVVRPLBDWIRRQYHVR/XO G/ EH VHWVHV@RAIDWLRQ ZDV G
&+' DQG 7 ' SDWLHQWV LQ RUGHU WR WHWW WKH 6RWHQWMDULRORGLIZLYK B%)& 7KH
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7(5&2%)& 7HORPHUH /HQJWK DQG &

TDEOHKKDUDFWHULVWLFV RI WKH VWXGLHV VXEMHFWYV

+,)0(&+ &$%* 6% )+ 8'$&6 ($56,,
FRQWUROVY, FDVHV &+' FDVHV &+’ &+ &+' &+ FRQWURO¥0,” FDVHV
1XPEHU
ZRPHQ
$JH \HDUV
%0, NJ P
&53 PJ O

&KROHVWHURO PPRO O
*OXFRVH PPRO O
,QVXOLQ P8 O
8QDGMXVWHG /7/ NE

JRU DJH DQG FKROHVWHURO UHVXOWYV DUH PHDQ VWDQGDUG GHYLDWLRQ )RU %0, &53 *OXFRVH LQVXOLQ DQG /7
30,” FDVHV DUH DFWXDOO\ VRQV RI 0, SDWLHQWYV

%0, ERG\ PDVV LQGH[ /7/ OHXNRF\WH WHORPHUH OHQJWK

3 YDOXHV DUH IURP WZR VDPSOH W WHVW /7/ ZHUH DGMXVWHG IRU DJH JHQGHU FHQWHU DV DSSURSULDWH XVLQJ
&DXFDVLDQ SRSXODWLRQ

LQGLFDWHY WKDW WKH GLIIHUHQFH EHWZHHQ FDVHV DQG FRQWUROV ZDV VLJQLILFDQW ZLWK S

GRL MRXUQDO SRQH w

7TDEOHLVW RI WKH 613V JHQRW\SHG LQ WKLV VWXG\ ZLWK SUHYLRXVO\ UHSRUWHG

613 IRFXV FRHIILFLHQWS 6( ORGHO $OOHOH DVVRFLDWHG ZLW K5 M KHRUMH\DHFB V7 /

uv %, &' [ ‘RPLQDQW

uv T [ $GGLWLYH

uv 7(5& [ $GGLWL Y&

uv 7(5& [ $GGLWLYH

uv 7(5& $GGLWLYH RXU XQSXEOLVKHG *:$6 $(7/
uv 2%)& [ $GGLWL Y&

uv 20)& [ $GGLWLYS

6( VWDQGDUG HUURU % FRHIILFLHQW ZDV GLUHFWO\ FRSLHG IURP WKH SXEOLFDWLRQ DQG GLUHFWLRQ RI WKH DVV
7KH DWWHQWLRQ RI WKH UHDGHU LV DWWUDFWHG WR WKH IDFW WKDW DOO GDWD ZHUH REWDLQHG XVLQJ OHXFRF
*:$6 $(7/ ZKLFK ZDV SHUIRUPHG RQ DRUWLF HQGRWKHOLDO WHORPHUH OHQJWK

GRL MRXUQDO SRQH w

7TDEOH/HVW IRU DVVRFLDWLRQ RI WKH 613V ZLWK /7/ OHXNRF\WH WHORPHUH OHQJW

613 OLQRU DOOHOH OLQRU DOOHOH IUHTXHQF\ 3

uv %, &' &

uv T 7

uv 7(5& &

uv 7(5& *

uv 7(5& 7

uv 2%)& *

uv 2%)& &

7KH FRHIILFLHQW LV JLYHQ IRU HDFK FRS\ RI WKH PLQRU DOOHOH

GRL MRXUQDO SRQH w

KDSORW\SH *& KDSORW\SH IUHTXHQF\ KDSQRPW\DH VIRIFLIDW QG \ ZDV IRXQG WR |

ZLWK D ORZHU SUHYDOHQFH IRU &+DVASRFLDWHGgZLWK D ORZHU &+' SUHYDOHQFH
3 )L $ 8MBRXKDSORW\SH PHWD 3 LQ ILYH VWXGLHV Q |

DQDO\VLV )LIXUH 6 L (PlROKD 8 ORWAISH *7&
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JLIXUH/I7/ E2%)& KDSORW\SH %

GRL

7(5&2%)& 7HORPHUH /HQJWK DQG &

Haplotype/Study ~ Haplotype frequency B (95% Cl)
CA (reference) 0.859
0.000
GC 0.089
HIFMECH controls _— 0.030 (-0.050, 0.110)
HIFMECH cases —_— 0.016 (-0.053, 0.085)
UDACS -T= 0.026 (-0.013, 0.065)
CABG -0.049 (-0.157, 0.059)
FH S Ca— 0.051 (-0.051, 0.153)
Overall <> 0.021 (-0.007, 0.050)
p=0.15
cc 0.047
HIFMECH controls 0.000 (-0.122, 0.122)
HIFMECH cases -_—r -0.027 (-0.107, 0.053)
UDACS —_— -0.026 (-0.065, 0.013)
CABG -0.016 (-0.220, 0.188)
FH 0.030 (-0.101, 0.161)
Overall <> -0.021 (-0.053, 0.012)
p=0.21
Order of SNPS: rs10786775, rs11591710.
Haplotypes with frequency<0.01 were not estimated
T T
-.22 0 22
Haplotype/Study Haplotype frequency B (95% ClI)
CCG (reference)  0.649 0.00

oTe 0210

HIFMECH controls

-0.014 (-0.057, 0.029)

HIFMECH cases —_— 0.008 (-0.035, 0.051)
UDACS —_— -0.003 (-0.034, 0.028)
CABG 0.017 (-0.050, 0.084)
FH —_o-'_: -0.010 (-0.077, 0.057)
EARSII ——— 0.005 (-0.081, 0.091)
Overall <> -0.002 (-0.021, 0.018)
=0.88
665 0.072 P
HIFMECH controls _— -0.009 (-0.091, 0.073)
HIFMECH cases —_— 0.031 (-0.047, 0.109)
UDACS B p— 0.015 (-0.040, 0.070)
CABG 0.040 (-0.113, 0.193)
FH —_ 0.070 (-0.020, 0.160)
EARSII 0.021 (-0.114, 0.156)
Overall L 0.023 (-0.011, 0.057)
TG 0.059 g
HIFMECH controls — -0.019 (-0.109, 0.071)
HIFMECH cases —_—— 0.028 (-0.058, 0.114)
UDACS ———e 0.010 (-0.045, 0.065)
CABG - 0.032 (-0.111, 0.175)
FH -0.063 (-0.175, 0.049)
EARSII g 0.019 (-0.155, 0.193)
Overall T 0.003 (-0.034, 0.039)
p=0.89
Order of SNPs: rs12696304, rs10936601, rs16847897.
Haplotypes with frequency<0.01 were not estimated.
T T

MRXUQDO SRQH J
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7(5&2%)& 7HORPHUH /HQJWK DQG &

7TDEOH HVW IRU DVVRFLDWLRQ RI WKH 613V ZLWK &+’

613 8'$&6 +,)0(&+ &$%* 6% )+ ($56 $00 &+' VWXGLHV
uv 1$
%, &' 3 3 3 3 3
uv 1$

T 3 3 3 3 3
uv 3
7(5& 3 3 3 3 3
uv
7(5& 3 3 3 3 3 3
uv
7(5& 3 3 3 3 3 3
uv 1$
2%) & 3 3 3 3 3
uv 1$
2%)& 3 3 3 3 3

1RQ DGMXVWHG IRU /7/
2GGV UDWLR DQG FRQILGHQFH LQWHUYDO DUH SUHVHQWHG 1% QRW DYDLODEOH

GRL MRXUQDO SRQH W

DQG &+' FDVHV 7KH DVVRFLDWLRQ GLG @ RWKHKBIQRHHD IRKXHUU UHVXOWV @ RDQK®ERUD

DGMXVWPHQW IRU /7/ )LIXUH % VXJIHVW WKRW Q& MW KH T ORFL GR QRW KD
LQIOXHQFHV RQ /7/ :H GLG QRW ILQG VLJQL

613V JHQRW\SH DQG 7 ' ULVN EHWZHHQ /7/(TRQ8A3V LQ WKH SUHVHQW VWXG\

7DEOH SUHVHQWV WKH WHVW IRU DVWRFTH RFVRIQFr R RHBFKLEQ4 1L HDQW DVVRFLDWLRC
VLQJOH 613 DQDO\VLV ZLWK 7 ' FRPsDuULBY BQWE YpYHWHA kWK FDXWLRQ DQG FRXOG
+,)0(&+ FRQWUROV $QDO\VHV ZHUH DGMXQW%%HMBWJP@GJQBéNLWXG\ SRZHU

FHQWUH DQG H[HUFLVH 1RQH Rl WKH _ BGREMTGEHPRIeWIH PRYYH QXPEHU RI'SXEOLF
DVVRFLDWHG ZLWK 7 '765&KDSGIRGLEH DYBESUN G 17/ '-Q &+' DQG 7 ' SDWLHQWYV FRPSDU
VKRZHG D VLJQLILFDQWO\ ORZHU 25 IRU b%BﬁW\@MVE@?‘?W@?@QﬂﬁH—fDSORW\SHV DQG &+

WR WKH UHIHUHQFH KDSORW\SH &$& 25 bQ (LQYHVWLIDWHG $ORQJVLGH ZRL
3 ZDEOH LO WKH 8'$&6 7 ' % RXU vwxc;\ LV RQH RI WKH ILUVW WR HI[I
FRPSDUHG WR WKH +,)0(&+ FRQWUROV QR' WHQR FE’\NHW(BQ{;QWUQ_PQFH JHQHV YDULDQWYV
DQG VLQJOH 613 DQDO\VHYV UHSRUWHG % %5 L \’EEZYF%%[W'O *7& ZDV VLJQLIL
R2%)& JHQRW\SHV RQ WKH ULVN IRU 7 ' B'R'?/\}Nv WK™D ORZHU 25 IRU &+' 25

2XU RQFOXVLRQV DUH LQ DFFRUGI
SXEOLVKHG E\ =HH@ HWKLF&®& WHSRUW D VLJQ

*
HQH H[SUHVVLRQ DVVRFLDWLRQ EHWZHHQ WHORPHUH DVVRFLD\
7R H[SORUH WKH SRVVLEOH PHFKDQLVP /R4 D GYWKR Qp FH AWk ORI L RN WLRQ ULVN LQ

LQ &+’ SDWKRORJ\ WKH DVVRFLDWLRQg {FHMMEK EQRYYEHFWLYH @WX 0P LOHEG HRXDO6 18V |
JHQRW\SH ®W)@GP51$ OHYHOV ZDV H[DPLQRG p¢Qs DFHNUNVF GLIIHUHQW IURP WKH RQHV H
WLVVXH $V VKRZQ LQ )LJXUH FDUULHUM Wk ¥ YYHGLQI B8O VLIQLILFDQWO\ DVVRFLLE
* DOOHOH KDZ% XL HKKBUHVVLRQ LQ DGYHW"DWVPQ@BH\NBLl% DQDO\VLV RQH RI WKRVH 6
WLVVXH FRPSDUHG WR KRPRJ\JRWH FDUURY FRI (WKHQ! WV EUW DA QHOBQEAW K H +SO0D S

3 7KHUH ZHUH QRS SHFLIDFDLODEOHWRHEDVH XVLQJ WKH &(8 SRSXODWLRQ ZDV D
WKH $INPHWUL[ ([RQ 67 DQG QR LPEXWREDPHK D bIM VRWLR RI > &,
H[SUHVVLRQ DQDO\VLV DQG QR VWURGERPBHUDELPWWROWKHWEHHQ IRXQG IRU WKH UV
uv DQ®& $530H[SUHVVLRQ &, +RZHYHU LW LV GLIILFXOV
25 DQG +5 ,Q DGGLWLRQ 0@WNWKEDHD WKD D/OW |
'LVFXVVLRQ 7(57 YDULDQW UV ZDV VLJQLILFDQWO\ D!

FRURQDU\ DUWHU\ GLVHDVH LQ D -DSDQHVH FD
+HUH ZH FRQILUP WKH DVVRFLDWLRQ RO MMKIH UDR®JIDWREIOPDOD RYWWKKH /7/ ZDV SUHGI
2%)& 613 UV ZLWK ORQJHU /7/ 2KLPBKFW DIQG@G HKWRK>VWUHQJIJWKHQ WKH IDF\
DFFRUGDQFH ZLWK /®Y\%X VRXWUDVW RXRGCKODWHMWLURQPD\ KDYH D GLUHFW HIIHFW RC
VWXG\ GLG QRW FRQILUP WKH SXEOLVKHG;PHMREEDWLRHY WHINDAWHRQWKRU WKH IXQFWL
%,&' 613 RU WKH FKURPRVRPH T ORRRG RODIHDMVV7RQ JHQHUDO KHDOWK KDYH EHH
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JLIXUH RUHVW SORW RI 2K KDSPWWISH RQ &+' ULVN DIWHU DGMXVWPHQW IRU /7/
RI7(5& KDSORW\SH RQ &+' ULVN DIWHU DGMXVWPHQW IRU /7/
MRXUQDO SRQH J

GRL

Haplotype/Study

Frequency controls/cases
CA (reference)0.852/0.865

GC 0.101/0.077

HIFMECH <=
UDACS —T
CABG —_—
FH —
Overall <>

CcC 0.044/0.050

HIFMECH = =
UDACS

CABG

FH —
Overall <>

Order of SNPs is rs10786775, rs11591710

Haplotypes with frequency<0.01 were not estimated.

7(5&2%)& 7HORPHUH /HQJWK DQG &

OR (95% Cl)

1.00

0.78 (0.57, 1.08)
0.65 (0.39, 1.09)
0.76 (0.37, 1.59)
0.96 (0.50, 1.85)
0.77 (0.61, 0.97)

p=0.03

1.16
1.46

0.79, 1.70)
0.78, 2.76)
2.85(0.78, 10.46)
0.68 (0.23, 1.99)
1.23(0.91, 1.67)

p=0.18

—_~ e~~~

6 1 10.5
Haplotype/Study Frequency Controls/Cases OR (95% ClI)
CCG (reference)
0.650/0.648 1.00
GTC 0.219/0.201
HIFMECH — 0.85 (0.68, 1.04)
UDACS —T 0.85(0.59, 1.24)
CABG —_— 0.94 (0.53, 1.68)
FH —_— 0.83 (0.51, 1.36)
EARSII T 0.87 (0.66, 1.14)
Overall <> 0.86 (0.75, 0.99)
p=0.04
ccc 0.065/0.080
HIFMECH —a— 1.48 (1.03,2.12)
UDACS —_— 0.86 (0.49, 1.53)
CABG 0.70 (0.29, 1.69)
FH —_—r 1.47 (0.77,2.79)
EARSII s 0.98 (0.65, 1.49)
Overall < 1.15 (0.92, 1.44)
p=0.21
GTG 0.059/0.059
HIFMECH —_— 0.97 (0.66, 1.42)
UDACS — 1.28 (0.76, 2.16)
CABG - 0.71(0.22,2.27)
FH 1.39 (0.61, 3.18)
EARSII S 1.24 (0.76, 2.02)
Overall < 1.11 (0.87, 1.42)
p=0.38
Order of SNPs: rs12696304, rs10936601, rs16847897
Haplotypes with frequency<0.01 were not estimated.
T
22 1 4.55
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7(5&2%)& 7HORPHUH /HQJWK DQG &

7TDEOH/ HVW IRU DVVRFLDWLRQ RI WKH 613V ZLWK 7 ' 8'$&6 FRPSDUHG WR +,)0(&+ FR

613 8'$&6

uv %, &' 3
uv T 3
uv 7(5& 3
uv 7(5& 3
uv 7(5& 3
uv 2%) & 3
uv 2%) & 3
GRL MRXUQDO SRQH w

7DEOH/\SH ,, GLDEFHSBHKRDBEORW\SH 8'$&6 FRPSDUHG WR +,)0(&+ FRQWUROV

+DSORW\SH JUHT LQ FRQWUROQWHT LQ 7 ' 25 &, 25 &, DGMXVWHG IRU /7/
&&*
*T& 3 3
*7* 3 3
&&& 3 3
*OREDO S YDOXH 3 3
2UGHU RI 613V LV UV uv DQG UV
GRL MRXUQDO SRQH w
]
—
|
— 1
© _
_ )
{ ede—
— 1
N JR— .
. —
O 0O
| I

no G G

JLIXUHUV JHQRW\SH DVVRRMDWHNSUHWR/LRQ LQ DGYHQW L ?™Wh PLOH PRUHNWLVA RVQ \OWHXYHH O |
uv JHQRW\SH 6DPSOH GLVWULEXWLRQ ZDV QR * * *& **
GRL MRXUQDO SRQH J

NQRFN RXW PLFH PRGHOV 7HUF PLFH GLV S/OHOREG HIHG XKRGWBQEEBD FHOO F\FOH H[LW
LQFLGHQFH DV ZHOO DV SUPPBWXKHUGIIBQKBGDIE RFPQRF\WH @S RBYWHRMLO/O> IXQFWLRQDO
7HUF PLFH * 7HUF PLFH VKRZHG VIDYDHPBO\PRPGHOVH® ®HIDWH SXWDWLYH FDXVDC
YHQWULFXODU IXQFWLRQ LQFUHDVHG PWHOWRHVIDWHDQBI LEHAQRDWHG FDUGLDF KHDOV
DQJLRJHQLF SRWHQWLIBOWPI@ H$BMR EL W HIGQW L QU KB KDPMULD QWY FRXOG FRQIHU VXVFHSW!
DWURSK\ SDUWLFXODUO\ LQ KLJXQ@KBUROVLMKD@ LR KURWWIGV LV RQH Rl WKH ILUVW VWX
LQFUHD'HHB[SUHVVLRQ LQ D FDUGLDF VRRBL)I&E N DWUDQWM RQF&+' ULVN :H IRXQG D VLJ
PRXVH PRGHO UHYHUVHG WKH DJLQJ SKHQRWRIH RDSOKWKSHD UW ¥YKERK FDUULHV ERWK
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7(5&2%)& 7HORPHUH /HQJWK DQG &

LQWHUHVW LQ WKH )UDPLQJKDP +HEUWZBWRGLQWMMMHGHWIWKDU>FRUUHFWLRQ IRU PXC
VKRZHG WEBY& WWRHXY DVVRFLDWHG ZLWK BUDRRLD® LIROVAHER P@XCGLRJIKDSORWISHY ZLWHK
EDVDO EORRG IORZ ZKLFK LV D PHDVXUKR R ZBVHAXQ@PW HRBRWKHHDOWXR DGMXVWPHQW I
IXQFWLRQ :H VKRZHG WKDW WKH6)&DUKLYOROWOHG RVPWRBP VDPSOH VL]H LV D PDMRU Z
uv 613 ZDV DOVR DVVRFLDWHG ZLWRGOBRUBHKU/YDBHGHY ZRXOG EH QHHGHG WR U
KLIJKHU H[SUHM¥XSRQQRDGYHQWLWLDO DRDGWMXVWPWOXH IRU PXOWLSOH WHVWLQJ 2YH
QRWH LQ WKH (QVHPEO GDWDEDVH UV EHWZAWHQREDBWHBY V@ FH[RWHG ZLWK /7/ DQG &+
Rl WKH JHQH DQG LQGXFHV D IXQFWLRQDUHFKRO@QURO BEDW HRGVE\L PHU\ @ HKRZWQS X\E K DR
WKH & WHUPLQDO SDUW RI WKH 2%)& SURWAWHKRXJK LQGLYLGXDOO\ WKH OHDG 613V DW
7KH 2% )ROG FRQWDLQLQJ 3URWHLQ QB6Qd W KD L\ OR'RLADWHHG LQRFL ZHUH QRW VLJIQLI
WHORPHUH HORQJYWQRWKRXJK WKH HITHFUL VN WKHKXFBUREDEO\ DW OHDVW LQ SDUW |
2%)& RQ WHORPHUHV KDV QRW EHHQ LQYRQGWYIOGWRG HVKHFWYRR® L /LWQG ORZ SRZHL
NQRZQ WR SURWHFW@ WHR@RPHUHWHORP WDRHPW\BIQMc DOOHOHY DVVRFLDWHG ZLWK VKRU\
DFWLYDWHG WHORPHUDVH ZRXOG VORZ BRWH P\NEWHIVAHEHWEHEKEIKHU ULVN RI &$'°
DQG SURPRWH KHDUW WLVVXH UHJHQHUDWWKG LDAIWRPQ G @MDY LY Z@gWK SURVSHFWLYH C
2XU GDWD VXSSRUWV WKI& BRDERRMW\WHRAY WRKIYPWDEOLVK ZLWK /HE W QB Y& JHGHVKHU
GHFUHDVHG 25 IRU 7' ,Q OLQH ZLWK RX® WHDQMWW \KD¥HUMPQ PILFHFW RQ &+' DQG 7'
SUHVHQWHG D GLVWLQFW GHFUHDVH RILOYRODNHPHOQW. QL SDGIFBRDOAMWHQDQFH )XUWKH
LVOHWV LPSDLUHG JOXFRVH WROHUDQFWHD¥LYHGOWHRY L QP BN AHREDIRH \VESH @K M UK D Y H
VHFUHWLRQ > @ D GLUHFW HIIHFW RQ FDUGLDF KHDOWK DQG J(
6RPH OLPLWDWLRQV WR RXU VWXG\ GHW RQ G AR H HWHRD WIREHIWHPALQJ PHFKDQLVP
5HJDUGLQJ WKH DVVRFLDWLRQ EHWZHHRXWIBNVIOQWY /PP WKHHVW D QRYHO DOWHUQ
VWDQGDUG HUURU IRU /7/ PHDVXUHG E\ KKDOW GLYWPYH B@% MYSkIXUGLDEHWHYV > @
VWXG\ ZDV ODUJHU WKDQ WKH VWDQGDUG HUURU IRU /7/ PHDVXUHG E\
75) LQ ODQJIJLQR @@W®@® X¥HG IRU WKH SR3DWEMIFWYDWOREQOHWKRGYV
WR HVWLPDWH WKH 613 HIIHFW VL]H RQ /7/ 7KLV LV LQ DFFRUGDQFH
ZLWK SXEOLFDWLRQV FRPSDULQJ ERWK WHFXQLTOPS DHNG RXU VWDQGDUG

HUURU ZDV QRW ODUJHU WKDQ WKDW SXQ WK LEH v RO B HROWERWIMIQHG DQG FDU!
PHDVXULQJ /7/ E\ 3@®5 KRZHYHU LW LV OkNHO\HYYEDPYNILDHYHFODUDWLRQ DQG UHFHLYHG
OHDVW IRU VRPH RI WKH 613V WKH WKURWERRG R RREH Y RZPM \RWWH DSSURYDO $00
UHDFKHG 7R LQFUHDVH WKH VWXG\ SRZHY R UPHG CERIGWH@W VWWBLHBY RI WKH VWXG
ZHUH PHWD DQDO\VHG +RZHYHU  WKHEKYRBDFQHUEZPWLFYRMOYH EHHQ SUHYLRXVO\ SX
KRPRJHQRXV WKH 6% )+ VWXG\ LQFOXGHGSHUFRRDYKDOWVOLWWKDQG ,PSDLUHG )LEULC
KLIJKHU &+' ULVN DQG WKH ($56,, VWXG\ LOQRAY¥GH GP\RXQJ )6XEMHFWYVH FRQWUR® VWXG
DW ULVN RI &+' GXH WR SDWHUQDO KLVWR YJ(&>Q G WHRQAWRRIOD RHEYHUYPBSOH VXUYLYRUV
VLPLODU UHVXOWV LQ GLIIHUHQW SRSXOMWHRQ DQDHDMHG MHSIUPDWHOSERXAGWY ZLWK
UHLQIRUFH WKH DVVRFLDWLRQ5 7.0 RFRX\V ZRMHRYHEH WMMEH GLDEHWHY PHOOLWXV  WR
H[FOXGHG IURP RXU LQLWLDO VHOHFWLRQGRYI6GR¥OWWRIDWKHWIPMH BIH DQG IURP WKH
FRQWUDGLFWRU\ GDWD UHSRUWLQJ I@VsD\@WRFLDWLRQ ZLWK /7/ >

+RZHYHU LW ZRXOG KDYH EHHQ LQWHUHWRURD MR D WHWIYU LW Voo GSBNAFW *uDIwW &$%
HIITHFW RQ &+' ULVN 7KH DQDO\VHV ZHUWDPKEUYHKWP&IEWR @ DFPFSROMMV FRQVLVWHG RI SDW
VHFWLRQDO GDWD DQG FDXVDOLW\ VKRYQGHQRMWVEVHH[WYVWSWOPMNEHRUR®@DU\ DUWHU\ E
SDUWLFXODU DVVRFLDWLRQ EHWZHHQ 613 @D HVMHIQ+RVEYWOEHQYWR@GERQ 8. EHWZHHQ
RU 7' FDVHV PD\ EH FRQIRXQGHG E\cWKWHEH®P® NQRBREMHFWYV ZLWK FRPSOLFDWL
DVVRFLDWLRQ EHWZHHQ VKRUW /7/ DQ&XEBWHO R+SUIRFHGXUHY SUH H[LVWLQJ LQIO
GLVHDVHV XQVWDEOH FRURQDU\ DUWHU\ GLVHDVH FRQIR
7KH HITHRW&MIQZ% )& KDSORW\SHV RQ &+' RSHAPDDWLYH FRPSOLFDWLRQV RU FLUFXODWRU\
XQFKDQJHG DIWHU DGMXVWPHQW IRU VXSSRYW ZARMWH[PONEBAG> @

H[SODQDWLRQ ZRXOG EH WKDW WKH 613 gLIPREW 'RURRPHZIYPRRWOO +\SHUFKROHVWHU
UREXVW HQRXJK LQ RXU VWXG\ GXH WR GDBUYH ¥WIPRQ®DRDG6 KWHUFKRBONRWHUROHPLD FIL
PHDVXULQJ /7/ DW D JLYHQ WLPH SRLQWG&RD\FRRMW FRH WX R BKWOOMPWOR DO K\SHUFKROH V)

HVWLPDWH WKH OLIHWLPH HIIHFW RI WKHDBS®HRQ)¥?/ PRGVUWIHBWRG GHILQLWH )+
PHDVXUHV DQG RU PHDVXUH RI WKH YDULDWIZR®H@® AWHFUXQWHHEH IURP WKH 6LPRQ ¢
QHHGHG )DPLOLDO +\SHUOLSLGDHPLD 5HJLVWHU IRU )-
'"HVSLWH WKH 613 PRGHVW HIIHFW RQGMILQBG BWVIMFRWEZOWKROHVWHURO FRQFHQWU
GHWHFWHB& IRQEY% )&IJHQHV RQ &+' DQG 7 ' RGRIOHVWHURO FRQFHQWUDWLRQ! PPRO O S
WKH FDVH FRQWURO VWXGLHV SUHVHQWHICQKWHH SIDMWK.R@W VRUX ®\ MURVSOHR W@ VISRRQG G
VLIH RQDWWKMHSORW\SH DVVRFLDWLRQ ZLWHEUXLWPHQW RI PHQ DQG RI ZI
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7(5&2%)& 7HORPHUH /HQJWK DQG &

GRFXPHQWHG &+' ZLWK D PHDQ DJH RI R/QI\DHHWW HGDIFRBWHFKQLFDO GLIILFXOWLHYV ZHU}
\HDUV UHVSHFWLYHO\ > @ ZLWK UV JHQRW\SLQJ 7KXV WKH 613 zZDV
8QLYHUVLW\ &ROOHJH /RQGRQ 'LDEHWHVWQG &DUBA RWDVFXOBU3YV ERWK 613V LQ KLJK
'LVHDVH 6WXG\ 8'$&6 'LDEHWLFV FDVHVUXLWK QHY WHG &P'SODS GDWDEDVH U UV
FDVH FRQWUROKHVBE'G®6 VWXG\ LV D FURADNVHFWLER®D DO UV uv ZDV FRQVL
VDPSOH Rl GLDEHWLF SDWLHQWYV VHOHFWKIG &% 8 FFRREXICDWWRQWKH :RUOG
+HDOWK 2UJDQL]DWLRQ FVUMWKHUBDHVHQW $PRBIOMN.RQDMO\ ZH XVHG RXU RZQ XQSXEOL
KRPRJHQHRXV VDPSOH RI &DXFDVLDQ DNVRFLWWHRWVGZWY *:$ $(7/ JHQRPH ZLGH DV
VHOHFWHG 7KH SDWLHQWY ZHUH UHF U XLMKGDIRQY WRFGHRQ@G R/WKIHDD DO\ FHO &K WHORPHUH
+,)0(&+ 8. FRQWUROV 7KH SUHVHQFH RI &P'QGLG WWRARUKGE OLVW 7KH *:$ $(7/ GDWD L
WKH SDWLHQW KDG SRVLWLYH FRURQDUWFUHHQRQUDSHKUY IRQPHRS OV W\ KXPDQ DRUWLF
FRURQDU\ DUWHU\ E\SDVV FDUGLDF WKPE@LXXOMPQHVP\BWDDGQGLBODUO\ SDVVDJH REW
LQIDUFWLRQ RU V\PSWRPDWLF WUHDWHGGBQRLUQ/D XERQ L QKH SCIXPOWALV KHQRPH ZLGH +
QHJDWLYH LQYHVWLJDWLRQ RU UHFRUGHGD\DWD\DV\BSWRADWLE(7ZDYPHG WR LGHQWLI\
FDWHJRUL]JHG DV QR &+’ JHQHV LQYROYHG LQ 7/ UHJXODWLRQ ,Q WKH
(XURSHDQ $WKHURVFOHURVLY 5HVHDUFRUBMUDFE®\H,, ZH$BGHG WKH *:$ $(7/ GDWD WR GHW!|
RIIVSULQJ FDVH FRQWUKRD ($B6XG\WDPSOH @PWQGLGDWH UHJLRQVLQ RUGHU WR UHLQIRU
UHFUXLWHG LQ DQG FRQVLVWHG Rl LOFBUYMMUVPIDOHVWWHKEHQQYNOXGLQJ FDUGLDF F
DJHG W R \HDUV ZKRVH IDWKHUV KDG DQPWRYHWY B| BHIR UHSWEBWD D OLVW FDOOHG
DJH RI FRPSDUHG WR DJH PDW R H G5 IP\DSOOHD ARQIWOIUR OVV-RFLDWLRQ ZLWK DRUWLF 7/
7KH VWXGHQWY ZHUH UHFUXLWHG IURP 7L PHVYWLWQRAY XEKIGR X JKRXIWY FDWHJRUL]HG E
(XURSHDQ FRXQWULHV DV ZHOO DV WKH JHQH V WR ZKLFK WKH 613 ZD
JROORZLQJ VHDUFK E\ pUVY QXPEHU QRQH RI
/IHXNRF\WH 7HORPHUH OHQJWK PHDVXUHWPHQ@QHW ZHUH SUHVHQW LQ WKH $(7/ OLVW $ V

/HXNRF\WH '1$ ZDV H[WUDFWHG XVLQJ WA/ VDOAWLEP R oW BHERRRERD JHQH QDPHV LV
/7/ ZDV PHDVXUHG ZLWK D TXDQWLWDWLYHORREEREEON VARWKIRXRG LQ WKH $(7/ OLVW
UHDFWLRQ 3&5 EDVHG PHWKRG GHFULZPYG HEWRBRERWYR<11 /55& I55DQG
'"HWDLOV RI WKH PHWKRG ZHUH &UH¥URNASE HNRHM @H KH UV 613 /6R& WKH
WKH UHODWLYH WHORPHUH OHQJWK zDW@WBYRRLDWIFE DN GWK ¥ HRPHWR RY RFLDWLRQ ZLV
WHORPHUH UHSHDWV WR VLQJOH FRS\ JHQH 6&* FRSLHV 7 6 UDWLR
JRU HDFK VDPSOH WKH TXDQWLW\ RI WHORRBWASLRLRD WK ¥E YWRHVHOHFWHG 613V 2
TXDQWLW\ RI 6&* FRSLHV ZHUH GHWHUPU®HEDPRo VERPKBRPRRY RFSHLHG %LRVIVWHPYV
UHIHUHQFH VDPSOH LQ D WHORPHUH DQd& BV ekh i PiNHG BR LY B%5 3ULVP +7 $SSOl
UHVSHFWLYHO\ 7KH UHIHUHQFH VDPSOH ZNMKL&ROXIBRTH L HWHEWSRSRwW GWWHPV VRI
DOORZLQJ SODWH VWDQGDUGL]DWLRQ CLYHTRLEOLHBULKWR BHMANHQuRYKH 613V ZDV RE
UHSURGXFLELOLW\ RI WKH PHWKRG UDRPIR P 0% PKREHH VBE SRV RSXODWLRQ DQG L
ZHUH UXQ LQ GXSOLFDWHV RQ WZR FRQVHFXWLYH GD\V 7KHUH ZDV D
VLIJQLILFDQW FRUUHODWLRQ EHWZHHQ WKHQAFHHIXWHYWORVY REWDLQHG RQ
WKH WZR GLIIHUHQW GD\V LQ OLQHDU UHJKHYV DVR@ LOMARQVRBE(B& DQG UV
s 7KH FRUUHODWLRQ RI WKH OHQJWR%)& DDINLQ JIBYHP HDYUHWELRQ OHYHO ZDV H]
RQ WKH WZR GLIIHUHQW GD\V ZDV WQWLAFPAGLDOSERGPD@YHQWLWLDO DRUWD D
FRHIILFLHQW s 7KH FRHIILFLHQ\WORIHYDHORD WEBR QDMIL BMION WKH JHQH H[SUHV
7 6 UDWLRY LQ WKH UHSHDWHG PHDVXUHPHDWW REG VZK W K/ $PINPWIVEQD H([R Q 67 DUUD\\
ZDV 8VLQJ WKH OLQHDU UHJUHVVLR Q5@ QS UEHSWRAHY PHDMXIIHMKIRORDWLRQ  XVLQ
REWDLQHG E\ ERWK WKH 3&5 EDVHG PHW KR HIQ@AHBVK HR IF RPOIWWI) WBLLRREIHO VHWY  7KH JHQ
WHUPLQDO UHVWULFWLRQ IUDJPHQW 75)SHQIRMNHG IRWLQXHOWODFH WBIW RI 4XDG FKLSV

VDPSOHV WKH FRUUHVSRQGLQJ WHOR PRW SUHHYHQKY LRQEWKH BDUDY VR LPSXWDWLR
ES ZDV FDOFXODWHG IURP WKH 7 6 UDWKHROPHABVXUBGJR QUREPKKHU ZLWK WKH J
VXEMHFW OHDVXUHPHQWYV LQ WKH GLITHUHQW Y86XGRESK ZBWHRSHWRUPHEFH 7KH UV
VHULDOO\ ZLWKRXW DQ\ FKDQJHV HLWKHWYQ WK H ZHLRW REROW H Q FIDW GLRFHEWB EOH TXDC
UHIHUHQFH VDPSOH RU LQ WKH DQDO\WLWHYSHRWWYHQHJIDUGLQJ
FRPSDULVRQ RI /7/ EHWZHHQ &+' FDVHV YV FRQWUROV DQG 7 °
FDVHV YV FRQWUROV ZHUH SUHYLRXVO\ $XEDWVKWGEFDO D@DO\VLV

3RZHU FDOFXODWLRQV ZHUH SHUIRUPHG EDVFH

*HQRWASLQJ E\ ODQJLQR H& PWLRY WR WKH SUHVHQW VWXG!

$ 3XEPHG VHDUFK IRU pJHQRPH ZLGH VWXIGH HMTHZW LR K R@GH QWOH GG RI WKH UV 61:
613V DQG JHQHV DVVRFLDWHG ZLWHKEDHZDW SHUIRB[PHG :LWK RXU VDPSOH VL]H RI

JRU WKH UHS$EEL.DRWXWG WZR SXEOLVKHG 612Z¥ ZRX®G KDYH ! SRZHU WR GHWHFW I
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7(5&2%)& 7HORPHUH /HQJWK DQG &

GLIIHUHQFH RI ES SHU PLQRU DOOHOH DWJWKHOD XUWUQIR LOFCOUYMH GLHRYHD *LRYDQQL GL 0
EDVHG RQ D PLQRU DOOHOH IUHTXHQF\(®RHQD 7UHPR®ILQLPXP
GLIIHUHQFH RXU VWXG\ LV SRZHUHG WR (&56NH RBW RMKONG /EBGHWEDVH
SDLUV ZKLFK ZRXOG EH GHWHFWDEOH ZLWKW -SRZHHL GS®O 8DQDO\VHYV
ZHUH OLPLWHG WR &DXFDVLDQ VXEMHFWY¥56 Q,G3 GRMHF \& HUDH MIFHPHIOMO FUR X S
GLVWULEXWHG IRU VRPH DIWHU DSSUR9UKDPWELWQDQMIRBEEDWLRQ ORJ RU
VTXDUH URRW ,Q SDUWLFXODU /7/ DQG*JH®Q M MESHHYVYHXI 20/ ORJ
WUDQVIRUPHG 5HVXOWY DUH SUHVHQWHGSWWV- PHDIOL RO\ JHRPHWULF
PHDQ SOXV VWDQGDUG3GHYIDHWLZA UK’ REWIR\OMHRHX %HOJLXP
IURP D WZR VDPSOH W WHVW )RU HDFKk BKHSKHUG\ 8HLQEHUJ
HTXLOLEULXP ZDV DVVHVVHG XVLQJ D /FRLUHWDUHRRFAIHVW )RU
KDSORW\SH DQDO\VLYV 613V ZHUH UDQNHGKBFRRYG L.QJ *"WRXBK RO RDBERWDWLQI &HQWUF
LQ WKHWHPEO JHQRPHGBWRED®H >DSORWSYNRFLDWHG ,QYHVWLIJDWRUV
ZHUH GHVLJQDWHG XVLQJ WKH FRQYHQWS$RWVNRLE ~ |RU WKH FRPPRQ
DQG 3 ° IRU WKH UDUH DOOHOH +DSORWWSHYV ZOHUHHDQ I HOMWEWXMW B J I RYKHOHGLFDO %LR(
7KHVLDURJIUDP ZZZ JHQHFDQYDV RUJ /7/82bVHIYMYWNVRHG IRU
DJH JHQGHU FHQWUH DQG H[HUFLVH R®Q@&VEFUXEN)Q&E RIOMUI\
DSSURSULDWH XVLQJ PXOW L SRH | WLHRILLHHAR HERP®: X Fr K H
VWDQGDUG HUURU 6( ZHUH REWDLQHG IORPHUBMBPENYVLRQ FREHOP XA WKSDUWPHQW RI
WKH DVVXPSWLRQ RI DQ DGGLWLYH BDIQIGI BRLYKNVRWAURDoOO HITHFW
&, IRU WKH FRPELQHG VWXGLHV zDV REW®WVo W& U XL WP @W HHR WUH
PHWD DQDO\VLV XVLQJ WKH LQYHUVH YD DOEHXBHWKRG 7KH DQDO\VLV
ZDV SHUIRUPHG XVLQJ WKH PHWDQ FRPPXQGSRY WD ERERWEMRIS-XP YRRU /LSRSUI
7H[DV ,Q WKH SUHVHQW ZRUN WKH FRPNMRIRME HQG SRLQW RI
SUHYDOHQW WRWDO &+' QRQ IDWDO 0, WrREBRBDBDLH SRV HYYSW BWRRW ODERUDWR
HYHQWV ZDV FRQVLGHUHG 'DWD IURP WKRMORAVYULQJI vWXG\ ($56,,
ZDV LQFOXGHG LQ WKH PHWD DQDO\VLV 2GRARBYWEP WX H & DEAYRRY WwOWRKFDO "HSDUWP

VWXG\ GHVLJQ ZDV GLIIHUHQW ($56,, FDYAWYWWYRE¥MG RITVSULQJ RI

ZKRP WKH IDWKHUV VXIIHUHG DQ DFXWHS®VEEMR HHRHH WEHOY FHQWUH
\HD UV (VWRQLD

7KH RGGV UDWLR 25 DQG FRQILGHQEHSPEBWR Uy DP®VEHH HJRDUWPHQW RI 1IXWULWLI
FDOFXODWHG IRU DOO VWXGLHV XVvLQJ (YWRYMAF UHIUHVVLR RU WKH

+,)0(&+ VWXG\ FRQGLWLRQDO ORJLVWLF @YWHWFWRE! ZRM KYRGRWR 7DOOLQRQ UHFUXL)
DFFRXQW IRU LQGLYLGXDO FDVH WR FROMWURHED KRR  So (R P8R - 3HUIVDC
HITHEW 25 &, ZDV REWDLQHG XVLQIXEPLE HPAHEWX pRWWLWXWH

DQDO\VLV 3 YDOXHV ZHUH FRQVLGHUH&KL;'?)llL(?JQ'W'EQQ/Wb%"#?lWZK"LWWK 6HUYLFH +
D ORZHVW WKUHVKROG IRU VLIQLILFDQFH BRWUH ZLWK EHHQ

WKH QXPEHU RI 613V WHVWHG zDV GHILOH@WPRBFFRXQW IRU PXOWLSOH
WHVWLQJ <'$ .HVIQLHPL "0 - 6DYRODLOHQ 3 3DORPDD

5HJDUGLQJ WKH JHQH H[SUHVVLRQ GDWB\'NDQWFQ"M%QA%OR%"%WMVFZQ%Q %LRFHQWHU 2
|

FDUULHG RXW XVLQJ OLQHDU DGGLWLY KEI'E\SlI'l

JHQRW\SH DQG JHQH I-5[SUHWR/IWRZJDDQCBDF?IU%:I)J\QAEEVLW\ RI2XO0X U

/ 7LUHW 9 1LFDXG 2 3RLULHU ,16(50 8
GDWD FHQWUH ODERUDWRU\

JUDQFH

JLOH 6XSSRUWLQJ ,QIRUPDWLRQ 6 9LVYLNLV &HQWUH GH OpGHFLQH 3UpYHQWLY
7DEOH 6 OLQRU DOOHOH IUHTXHQF\ DQGUDQFRILGHQFH LQWHUYDO

ZLWKLQ HDFK VWXG\ 7DEOH 6 7HVW IRU DgvVRAUDMDILRR R 'WEBREISNYLOOH B6HUYLFH G
ZLWK OHXNRF\WH WHORPHUH OHQJWK LQ HBRK YRWXEQ MM Xt © $VRIFUVAW FOpURVH  6(5/,
SORW RI WKH HIIHFW Rl 7(5& KDSORW\SH, @QW& W XUAL 8D V WRXGM XMONOHG ODERUDWR U\

HFUXLWPHQW FHQWUH

6XSSRUWLQJ ,QIRUPDWLRQ

IRU /7/ *HUPDQ\
"2&; 8 %HLVLHJHO & 'LQJOHU OHGL]JLQLVFKH .C
.UDQNHQKDXV (SSHQGRUI +DPEXUJ UHFUXLW
$FNQRZOHGJIJHPHQWYV ODERUDWRU\
*UHHFH
+,)0(&+ FR LQYHVWLJDWRUYV * 7VLWRXULV 1 3DSDJHRUJDNLV * .RORYRX

$QGHUV +DPVWHQ 6WHYH ( +XPSKULHV A&mQGLRHAXKDAQ
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7(5&2%)& 7HORPHUH /HQJWK DQG &

(YDQJHOLVPRV +RVSLWDO $WKHQV UHFUXLWMHQW FIWQWVH 1RUWKHUQ +HDOWK DQG
,WDO\ %RDUG

( )DULQDUR 'HSW RI OHGLFDO 3UHYHQWLMBDERAULAREGWVR I8 QILYGHMILRORJI\ DQG 3XEOLF +
JUHGHULFR ,, RI 1DSOHV UHFUXLWPHQWSPHO®MWWHLW\ Rl %HOIDVW %HOIDVW UHFUXLWP

7KH 1HWKHUODQGYV 8'$&6

/ 0 +DYHNHV ,992 712 +HDOWK 5HVHDUFKHI1DKE L:X V6 WOH/S\KKIHMQYW HLDEHWHY 5HVHDUFK *U
/HLGHQ ODERUDWRU\ OHGLFLQH 6ZDQVHD 8QLYHUVLW\ 6LQJOHWRQ :
3RUWXJDO 6WHYH - +XUHO 'HSDUWPHQW RI 'LDEHWHV (¢
0 - +DOSHUQ - &DQHQD ,QVWLWXWR 6RYBUWROD\GHRRGRIFDVY GB 8.

6DXGH /LVERQ UHFUXLWPHQW FHQWUH 6LPRQ %URRPH

6SDLQ 0 6HHG ,PSHULDO &ROOHJH +HDOWK 6HUYLF
/ 0ODVDQD - 5S5LEDOWD $ -DPPRXO $ /DOROSIHNBQ LIRS @ FBH U F D

/ILSLGV "~ %HWWHULGJH 'HSDUWPHQW RI OHGLFLQH
8QLYHUVLW\ 5RYLUD L 9LUJLOL B5HXV SQHFHXNWW®WM®RRO®GHQWIRQ @ARGOHGLFDO 6FKRRC
ODERUDWRU\ - &RRSHU 6 ( +XPSKULHV &HQWUH IRU &DUGLF
6ZLW]HUODQG %ULWLVK +HDUW )RXQGDWLRQ /DERUDWRULHYV
) *XW]ZLOOHU % ODUWLQ ,QVWLWXWH6MRIHQRFLBQLYEGVEWNRROWHYH /RQGRQ /RQGR
OHGLFLQH 31 'XUULQJWRQ &DUGLRYDVFXODU 5HVHDUFK
8QLYHUVLW)\ Rl =XULFK UHFUXLWPHQW F MW QHFDQGDQBEMERWRWVWRU\ 6FLHQFHY 8QLYHU
8QLWHG .LQJGRP *5 7KRPSVRQ ,PSHULDO &ROOHJH B6FKRRO

BW - 2 5HLOO\ 0 OXUSK\ ,QVWLWXW H+ RP PHLURFKLPK VR U S L 9\O O
,QILUPDU\ *ODVJRZ UHFUXLWPHQW FHQW$H DIICOODERUBPRKRRO RI 3ULPDU\ &DUH 5HVH
8QLWHG .LQJGRP 3XEOLF +HDOWK DQG 3ULPDU\ +HDOWK &DUH 8¢
6 ( +XPSKULHV 3 - 7DOPXG 9 *XGQDVRQ 50 )LVKHU
8QLYHUVLW\ &ROOHJIJH /RQGRQ 6FKRRO SRIWKRUY F&BRWAMRIQEXRWLRQV

ODERUDWRU\
8OLWHG .LQJGRP &RQFHLYHG DQG GHVLJQHG WKH H[SHULPHQW

' 6WDQVELH $ 3 'D\ 0 (GJDU 'HSDUWPH%%%J'F&%’K*I-GPM#%H[SHULPHQWV &6 .:/ -3 $QDO

3DWKRORJ\ 5R\DO ,QILUPDU\ %ULVWRO H B U 2RRPHGR X MiGw HH D Blih@WV PDWHULDOV

8QLWHG .LQJGRP

S5HIHUHQFHYV

%ODFNEXUQ (+ 6WUXFWXUH DQG IXQFWLRQ R6DMOBOHMPHURADORR® BJH&RRSHU -$ ODXEDUHW &* 6WH
GRL D 3XEOHG $VVRFLDWLRQ RI WHORPHUH OHQJWK ZLWK W\SH
/IHH +: %ODVFR 0% *RWWOLHE *- +RUQHU -: QG VWHHSWUDQGH®W&B®OJIJHQH YDULDWLRQ $WKHURVFOHU
(VVHQWLDO UROH RI PRXVH WHORPHUDVH LQ KM BO\KIBURDEOHWRW LYV H 3XEOHG
RUJDQV 1DWXUH GRL 3XEOHG $YLY $ /[HXNRF\WH WHORPHUH OHQJWK K\S't
+HUELJ 8 6HGLY\ -0 5HIXODWLRQ RI JURZWK DWKHWWRMFOMHMV¥HQBFHH WKHUH SRWHQWLDO PHF
WHORPHUH GDPDJH LV QRW WKH HQG RI WKH VWRUSHOMRMHQ¥ILRIQQJ 'HY HER(57(16,21%$+$%
GRL M PDG 3XEOHG 3XEOHG
3RUWXJDO 5' /DQG 0* 6YDLWHU %) $ FRPSXWIDWRRQBO PHREEFHUW U OLVWUN < 6WHYHQV 6( 3DWH
WHORPHUH GHSHQGHQW FHOO UHSOLFDWLYH DJL@DRRGROYMKWRPWH WHORPHUH '1$ FRQWHQW SUHGLFW
GRL M ELRV\VWHPV 3XEOHG FRQWHQW LQ KXPDQV ZLWK DQG ZLWKRXW YDVFXODU
&DODGR 57 7THORPHUHVY DQG PDUURZ IDLOXUH +HPDWRQRJ\ $PHERIKHDUWM HKQ 3XEOHG
+HPDWRO (GXF 3URJUDP $QGUHZ 7 $YLY $ )DOFKL 0 6XUGXOHVFX */ *DUGQH
JORUHV , %ODVFR 0$ 7KH UROH RI WHORPHUOBPS% SQG WHIDHRWHRUMDWFL @QWKDW GHWHUPLQH OHXNRF\
VWHP FHOO DJLQJ )(%6 /HWW M IHEVGRW ODUJH VDPSOH RI XQVHOHFWHG IHPDOH VLEOLQJ SDL
3XEOHG GRL 3XEOHG
6DPDQL 1- %RXOWE\ 5 %XWOHU 5 7KRPSVRQ -5-HRREO®ROWO ($6FKRUN 1- .\YLN .2 .LPXUD O 6NXUQLFN
7THORPHUH VKRUWHQLQJ LQ DWKHURVFOHURVLV 7/BDQRPMUH OHQJWK GRYHUVHO\ FRUUHODWHY ZLWK SX
6 3XEOHG IDPLOLDO +\SHUWHQVLRQ +<3 GRL
%URXLOHWWH 6 6LQJK 5. 7KRPSVRQ -5 *RRGDOO3KEOBBPDQL 1-
:KLWH FHOO WHORPHUH OHQJWK DQG ULVN RI SUHMPIWKXQR ©\RFIDRIGLOWHWIWHDE FWLBRQG 3 7LUPL]JL 1 9L

$UWHULRVFOHU 7KURPE 9DVF %LRO $79 GRL $ UHJXODWRU\ 613 RI WKH %,&" JHQH FRQWULE.
3XEOHG OHQJWK YDULDWLRQ LQ KXPDQV +XP ORO *HQHW
ODXEDUHW &* 6DOSHD .' -DLQ $ &RRSHU -$ +DPVWHQ BPIHW6Q 3XEOHG

7HORPHUHV DUH VKRUWHU LQ P\RFDUGLDO LQIDUFWLRQRSDWEHRKDW GRP-SD UBRG DMAR 1 =KDL * $YLY $

KHDOWK\ VXEMHFWY FRUUHODWLRQ ZLWK HQYLURQMRIRPMDIL GHVN VIVRWRDWLRQRYWMG! LGHQWLILHV L

%HUO GRV 3XEOHG FKURPRVRPH T LQIOXHQFLQJ ZKLWH FHOO WHOR
*HQHW GRL MPJ 3XEOHG

JLW]SDWULFN $/ .URQPDO 5% *DUGQHU -3 3VDW\&®GG-HQQDQASLAW DOYDQ GHU +DUVW 3 %UDXQG 36

/HXNRF\WH WHORPHUH OHQJWK DQG FDUGLRYDVF2BPBER®LWDDMHD QWVYWRHDU 7(5& DUH DVVRFLDW
FDUGLRYDVFXODU KHDOWK VWXG\ $P - (SLGHPLRWHORPHUH O3XEDWMK 1DW *HQHW QJ 3 X E@GRA

3/26 21( _ 2ZZ SORVRQH RUJ '"HFHPEHU _ 9ROXPH _ ,VVXH _F


http://dx.doi.org/10.1038/350569a0
http://www.ncbi.nlm.nih.gov/pubmed/1708110
http://dx.doi.org/10.1038/33345
http://www.ncbi.nlm.nih.gov/pubmed/9560153
http://dx.doi.org/10.1016/j.mad.2005.09.002
http://www.ncbi.nlm.nih.gov/pubmed/16229875
http://dx.doi.org/10.1016/j.biosystems.2007.10.003
http://www.ncbi.nlm.nih.gov/pubmed/18063293
http://dx.doi.org/10.1016/j.febslet.2010.07.042
http://dx.doi.org/10.1016/j.febslet.2010.07.042
http://www.ncbi.nlm.nih.gov/pubmed/20674573
http://dx.doi.org/10.1016/S0140-6736(01)05633-1
http://www.ncbi.nlm.nih.gov/pubmed/11513915
http://dx.doi.org/10.1161/01.ATV.0000067426.96344.32
http://dx.doi.org/10.1161/01.ATV.0000067426.96344.32
http://www.ncbi.nlm.nih.gov/pubmed/12649083
http://dx.doi.org/10.1007/s00109-010-0624-3
http://www.ncbi.nlm.nih.gov/pubmed/20383691
http://www.ncbi.nlm.nih.gov/pubmed/17043079
http://dx.doi.org/10.1016/j.atherosclerosis.2009.09.070
http://www.ncbi.nlm.nih.gov/pubmed/19889414
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.128926
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.128926
http://www.ncbi.nlm.nih.gov/pubmed/19255359
http://dx.doi.org/10.1093/eurheartj/ehn386
http://www.ncbi.nlm.nih.gov/pubmed/18762552
http://dx.doi.org/10.1086/500052
http://www.ncbi.nlm.nih.gov/pubmed/16400618
http://dx.doi.org/10.1161/01.HYP.36.2.195
http://www.ncbi.nlm.nih.gov/pubmed/10948077
http://dx.doi.org/10.1093/hmg/ddn152
http://www.ncbi.nlm.nih.gov/pubmed/18487243
http://dx.doi.org/10.1136/jmg.2008.064956
http://www.ncbi.nlm.nih.gov/pubmed/19359265
http://dx.doi.org/10.1038/ng.532
http://www.ncbi.nlm.nih.gov/pubmed/20139977

7(5&2%)& 7HORPHUH /HQJWK DQG &

-RQHV $0 %HJJV $' &DUYDMDO &DUPRQD / )DUULQVWRRS®LFBYHED BSOQOHWHORPHUH OHQJWK UHJXODWL

DO 7(5& SRO\PRUSKLVPV DUH DVVRFLDWHG ERWK ZLWG®&REXVFHSWEELDLW\ 3XEOHG
WR FRORUHFWDO FDQFHU DQG ZLWK ORQJHU WHORPBYKV3ID'EMW 0- 7HL[HARID 07 *pOL 9 *LOVRQ (
JXWMQO F 3XEOHG VKHOWHULQ WR NHHS WHORPHUHV LQ FKHFN ORO
6KHQ 4 =KDQJ = <X / &DR / =KRX ' HW DO &RPPRQ MRULEROWV 3IXEOHG
QHDU 7(5& DUH DVVRFLDWHG ZLWK OHXNRF\WH WH®REH YH 50 H@JWKC @ (8 KH 9%X\]JHUH 0/ 9DQ &ULHNL
&KLQHVH +DQ SRSXODWLRQ (XU - +XP *HQHW 6 GAHHORPHUH OHQJWK DQG FDUGLRYDVFXODU DJL
HMKJ 3XEOHG HQGV" $JHL%J 5HV 5HY M BRU
ODWVXEDUD < 0OXUDWD 0 <RVKLGD 7 :DWDQDEH 4
7HORPHUH OHQJWK RI QRUPDO OHXNRF\WHV LV BUHREHGNE /D X QAWERRRY VKRUWHOLQJ DOG DIHL
SROWPRUSKLVP RI_K7(S7T %LREKHP JLRSKIV 5H‘(/\\}g‘\BﬁBXQ3K\VLRo 3KDUPDFRO  6XSSO 3XEOH
0, *
1RUGIMIOO . 2VWHUPDQ 3 OHODQGHU 2 1LOVVRQ, RYD 7 %Ffvg A’Uﬁl)\(NLOYHHVéVV\(,"L'JL6FX7OKDLL'Y'VP|§VVR%
7 & SRO\VPRUSKLVP LV QRW DVVRFLDWHG ZLW @y&gg Xé’é’i@w% (SLGHPLRO DMH oR
DWWULWLRQ LQ SHULSKHUDO EORRG %LRFKHP E
GRL M EEUF 3XEOHG
3RROH\ .$ 7\UHU - 6KDK 0 'ULYHU .( /H\ODQG ﬁ?é?'?gzg )ORU'-RDQ 6 YRQ )LJXUD * :HLPHU 6 6FKXO]
DVVRFLDWLRQ EHWZHHQ 7(57 &/370 / VLQJOH QXF5 W HDé’rﬁ"O\ HU-S': [A\JF'\ LPSDLUV JOXFRVH PHWDE
uv DQG PHDQ WHORPHUH OHQJWK RU FDQFH U YN WeliR&er d'—gz ERQ\ 1< SXEOHG
%LRPDUNHUV 3UHY GRL (3. (BENUVE R MU 00 " % XxUD 0 &xPPLQJV 65 1DO:
3XEOHG &RPSDULVRQ %HWZHHQ 6RXWKHUQ %ORWV DQG

/HY\ ' 1HXKDXVHQ 6/ +XQW 6& .LPXUD 0 +zDQJ 6HXNRMWH 7HORPHUH /HQIJWK LQ WKH +HDOWK $%8& 6V
*HQRPH ZLGH DVVRFLDWLRQ LGHQWLILHV 2%)& DVFLDOM&REXY LW ROVHAHAIIR @ 3XEOHG

KXPDQ OHXNRF\WH WHORPHUH ELRORJ\ 3URF 1DWOLYFHG+*ERWg6& $/LQ - &DR ; .LPXUD 0 HW DO
GRL SQDV 3XEOHG FRPSDUDWLYH DQDO\VLV Rl PHDVXUHPHQW RI OF
6DOSHD .' 1LFDXG 9 7LUHW / 7DOPXG 3- +XPSKOHPIWK '1$ FRRHIVHQW E\ 6RXWKHUQ EORWYV DQG T3&!

DVVRFLDWLRQ RI WHORPHUH OHQJWK ZLWK SDWHUQQDO GRILVWRU\ QPIU SHKHP D WHIEH HG
P\RFDUGLDO LQIDUFWLRQ LQ WKH (XURSHDQ $WKHWPRRIVEOBADRRQV3ISHVHDBBRWWHXAMY IRU UHMXYHQDWLRCQ

,, - ORO OHG %HUO V GRL [ WHORPHUDVH UHDFWLYDWLRQ OS5HMXYHQDWLRQ 5HV
3XEOHG
=HH 5< 5LGNHU 30 &KDVPDQ ‘', *HQHWLF Y D-XKD@QWM ILXH HOHRH@QJH 3( $XEHUW + +HQU\ 0 $LO

WHORPHUH DVVRFLDWHG JHQHV DQG WKH ULVN RI3ZOQO¥VROHQWURFPBIGQL BRFWLYDWDEOH ILEULQRO\V
FHUHEURYDVFXODU GLVHDVH 7KH RPHQ V *HQRARHR GHPOWKD MWW KG\D@BLIHQRW\SH LQ UHODWLRQ WR F

&KLP $FWD GRWL FFD 3XEOHG QRUWK DQG VRXWK RI (XURSH $UWHULRVFOHU 7KURP
) B3XEOHG

=HH 5< B5LGNHU 30 &KDVPDQ ', *HQHWLF %QJU(MWVORQWJRPHU\+( 6DQGHUV - 'KDPUDLW 6 /XI

WHORPHUH SDWKZD\ JHQH ORFL DQG WKH ULVN RigWQRILSHQW oW \SH oG LD ERWEYG JIE SURPRWHU SR

PHOOLWXV WKH :RPHQ V *HQRPH +HDOWK GWXG\/\Aﬁy\H@JUBMﬁ%'ﬂH\W)& M/ RI SODVPD LQWHUOHXNLQ OH
GRL M DWKHURVFOHURVLV 3XEOHG E\SDVV VXUJHU\ S$UWHULRVFOHU 7KURPE 9DVF %LRC

3XEOHG

ODWVXEDUD < OXUDWD 0 :DWDQDEH . 6DLWR , q 9 OH\ 5 ODWWKHZV '5 +XPSKU

&RURQDU\ DUWHU\ GLVHDVH DQG D IXQFWLRQDO %@d@\%ﬂ?@g éBbL'ﬁﬁé VLV RI IDPLOLDO K\SHUFKRG

0, 0,

/"LRFKHpsx/"E'-ORHSGK\V SHV &RPPXQ M EEBRL SUDFWLFH SURVSHFWLYH UHJLVWU\ VWEBM %0-

KHDUW GLVHDVH DQG HDUO\ GHDWK SUWHULRVEQHU JLQJ FRURQDU\ ULVN IDF

"HLVEKHU 0 %RMHVHQ 6( &DZWKRQ 50 )UHLEHUJ g ,
$ HW DO 6KRUW WHORPHUH OHQJWK P\RFDUEFE ’\gﬁ '; D‘%Q?é QBH%WHULGJH - &RRSHU 03
R

GRL $70% S+ 3XEOHG HWHU JRXV IDPLOLD K\SHUFKROHVWHURODHPLD
ODUWtQH] 3 %ODVFR 0$ 7HORPHULF DQG H[WUD wﬁHWPHULF LUREH
WHORPHUDVH DQG WKH WHORPHUH ELQGLQJ SURWHLWLHYWO 6P &Y FH@RRSHU -$ ,UHODQG + 6WH
GRL QUF IXEOHG &RPPRQ YDULDQ V LQ WKH 7&)/ JHQH DQG SU
‘RQJ /6 2HVHEXUJ + GH %RHU 5% YDQ *LOVW :+ WDBHoHoBHOEHMBY'-LQ 8. (XURSHDQ :KLWHV ,QGLDQ
HW DO 7HORPHUH ELRORJ\ LQ FDUGLRYDVFX®DWYLEEHWRBVRHQ IR G (FR/PHQ - ORO O0HG %HUO
PRXVH DV D PRGHO IRU KHDUW IDLOXUH DQG DJHLQJ %DUGLRYDVF ®PHROHG
3XEOHG BWHSKHQV -: +XUHO 6- &RRSHU -$ $FKDU\D - OLOOHL

-DVNHOLRII 0 OXOOHU )/ 3DLN -+ 7KRPDV ( -LO®RPRRAWXQ@AWLRQDO YDULDQW LQ WKH LQWHUOHXNL
7HORPHUDVH UHDFWLYDWLRQ UHYHUVHV WLVVXHFEHDVOISUDRGRODYY LQGHE LQ VXEMHFWY ZLWK W\
WHORPHUDVH GHILFLHQW PLFH 1DWXUH BREOMBQHW OHWDE MGRIPH

2K + 7DIIHW *( <RXNHU .$ (QWPDQ 0/ 2YHUEHHN3BEOM DO

7HORPHUDVH UHYHUVH WUDQVFULSWDVH SURPRWHYV 7RBUIURS HDXY BOKHBROOOHURVLY 5HVHDUFK 6W)

SUROLIHUDWLRQ K\SHUWURSK\ DQG VXUYLYDO 3MNRE REMOFHADGIBFLQ8W6- {SLGHPLROQMH GRL
GRL SQDV 3XEOHG 3XEOHG
&RGG 9 1HOVRQ &3 $OEUHFKW ( ODQJLQR 0 'HHMYQUKREW5®O 7HORPHUH PHDVXUHPHQW E\ TXDC

,GHQWLILFDWLRQ RI VHYHQ ORFL DIIHFWLQJ PHDQxW(j-ImLR:PHBuHﬂGQ/H(QMWK DQG MHHIU H3XEOHG
DVVRFLDWLRQ ZLWK GLVHDVH 1DW *HQHW

9DVDQ 56 /DUVRQ 0* $UDJDP - :DQJ 7- OLWFKHOQRiS)DUWVNQ &é /HH 6 .LP 0- ,QJUDP 'UDNH / 30DLV
*HQRPH ZLGH DVVRFLDWLRQ RI HFKRFDUGLRJUDSKLF GLPWQ¥YLRANO HRHDBRK b%@ova RI JHQOH E\ HQYLUF

DUWHU\ HQGRWKHOLDO IXQFWLRQ DQG WUHDGPLO%D HAB Lyﬁo@,@vsﬁﬁva\& Q Ky M DMKJIGRL
JUDPLQJKDP +HDUW B6WXG\ %0& OHG *HQHW

3XEOHG

NHUVH / YDQ W +RRIW ) &KHUQRJIXERYD ( $JDUC
HQVHPEOH $YXKMOWEOH ZZ HQVHPEO RUJ +RPRBVb 9_ % ? '
GH[ $FFHVVHG 1RYHPEHU whi $VVRFLDWLRQ RI JHQHWLF ULVN YDULD

560 4Lo - 6ROIDGI = X 2% IROG FRQ gwg g-GHOWLILHY QRYHO VXVEHSWLELOLY
2%)& D KXPDQ KRPRORJ RI \HDVW 6WQ DVVRFL& o D %XEOHG

/L < LOOHU &- 'LQJ - 6FKHHW 3 $EHFDVLV *5
VHTXHQFH DQG JHQRW\SH GDWD WR HVWLPDWH KDSO
JHQRW\SHV *HQHW (SLGHPLRO JHSL GRL
3XEOHG
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