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8pLQDN KLEULGQRJ VXVWDYD |IDWYRUHQH SHWOMH QD NRQW
AHOUHUQRP EROHVWL WLSD

'LSORPVNL UDG

=DJUHE



A2YDM GLSORPVNLQEDBY RIGE QPBER MHLQRORJIJLMX .OLQLNH ]D XC
.OLQLPNRJ EROQLPNRSRGI@PWQWRDVWNRP GRF GU SBHOMMH .|
MH QD RFMHQX X DNDGHPVNRM JRGLQL
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$&( DQJLRWHQ]LQ NRQYHUWLUDMXuUL HQ]LP

$'$+$PHULPND DVRFLMDFLMD$PMH GILMDE HVDHEW WHHYIHVV RFLD WL
$* SURVBHDPXNR]¥HQ]RUD

&*0 +XUHYDM ]D NRQWLQXLUDQR RRARHDUHLGINKHR XD X B R FHR VHHQU®Q L
'&&7 HQJKH 'LDEHWHV &RRRBORE MWIGRQV 7ULDO

''$ +tGLMDEHWLpPND NHWRDFLGR]D

('$ tLVWUDA&AHQ@MSPRUDWRU\ 'DWD $QDO\VLV

)'$ t$PHULPND DJHQFLMD ]D KUB®X )IRRGMHNR YIDX JHEGPL QL VW L
*$'$ DXWRDQ@IEBEWNMHERNVLOD]X JOXWDPLQVNH NLVHOLQH
*0, LQGHNV XSUDYOMDP@QND XPRWHRIJRPQDIJHPHQW ,QGH]

*8. +JOXNR]D X NUYL

+&/ KLEULGQL VXVWDY |DWYRUHQH SHWOMH

,$$ DXWRDQSHRYH]MBRODV LQ]XOLQRPRP

,$$ DXWRD Q@M W Q-

,') £, QWHUQDFLRQDOQD IHGHUDFLWIBU]®DGWNRIIDHON'H Y EHQHY ) I
, 45+ LQWHUNYDUWLOQL UDVSRQ

-')5 =DNODGD ]D LVWUD&LY D Q MH EGEHHMIHIHG'ILND B E MM N VEIH V H D
JRXQGOQWLR

/12(66 HQJ®FDOO\ HVWIDPDWHBSORW VPRRWKLQJ
0%$; tPDNVLPDOQD YULMHGQRVW
0,1+PLQLPDOQD YULMHGQRVW

03&+*+PRGBOHGLNWLYQHQUBREBDWRUFWLYH &RQWURO



13++QHXWUDOQL SURWDPLQVNL +DJHGRUQ

3," SURSRU F LLROYDHIQE MLLYYIRVHL YXQO D W R U

6* SRVWRWDN YUHPHQD NRULWWMK QRO RGRLDMHW *XDU G
4% aAHUHUQD EROHVW

4%7+3HUHUQD EROHVW WLSD

4%7+4HUHUQD EROHVW WLSD

7$5 SRVWRWDN YUHPHQD L]QDXG WHEMWHRJI UDVSRQD

7%5SRVWRWDN YUHPHQD LVSIRGNHPOMMRI UDVSRQD

7,5 SRVWRWDN YUHPHQD XQXMDRNHRIOWHQRJ UDVSRQD

=Q7 $DXWRDQ@MWDMWSGRUWHU FLQND
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8pLQDN KLEULGQRJ VXVWDYD |[DWYRUHQH SHWOMH QD NRQW
AHUHUQRP EROHVWL WLSD

$QWRQLD 3UHFDOL

AHUHUQD EROHVW WLSD MH NURQLpPQD DXWRLPXDQERDH VW
JXZWHUDpPH &WR UH]XOWLUD VLPSWRPLPD KLSHUJOLNHPLMH
LQ]XOLQVNRPSWMUHPSLOXDLQVNQKXSOHQRNDKLBXWPSMHGQMH
YULMHPH VXVWDYL ]JDWYRUHQH SHWOMH VX LQWHQ]JLYQR LVV
QHNROLNR KLEULGQLK VXVWDYD ]JDWYRUHQH SHWOMH 2YL V>
UHJXODFLMH JOLNHPLMH &WR PR&H GRY HWDFIL NER H/HPDHIMMH Q M |
EROHVWL WLSD &LOM RYRJ LVWUD&LYDQMD MH ELR SURXpL
VXVWDYD ]DWYRUHQH SHWOMH QD SDAVDPIHAL Y B ROKHKEGHEDAS LOMDH
LVSLWDQRXNINUDFDHGLMDREL JRGLQH X] ,45 VJIRGLQD

GLMDJQR]RP &HUiHUQHNERMHVWINRUSWWLOL KLEULGQL VXVWD"
VYRP OL MHLDNHIQWIRIM V HFRIDOL]RP GRELYHQLK SRGDWDND XWYUY
UHIJXODFLMHNRMHN RPBLWRYDOR SRYHiDQMHPRSYRANOHRORN DX ¥ KWE
FLOMQRJ UDWSRQmID7,5 VPDQMH QHNVITSLLDGY O® B IQRR P

*0, \D QD WH VPDQMHQMHP SURVMHpQHWHQRHWGQR VW
$* V PPRA@D PPRO 1D WHPHOMX UH]XX®OWWDMWIL KD BAYIRGMLO H
SHWOMH SRIJLWLYQR XWMHpX QD UBJXODFULYRPIEROHRALMH NR

.OMXPpQHKUEMHERL VXVWDY FHHINR QBDQER S KW W M M IQ\VDH
OLQLGMG * VXVWDY
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7KH (ITHFW Rl +\EULRR& BGRYWHBP RQ *O\FHPLF &RQWURO LQ 3L
7\SH 'LDEHWHYV

$QWRQLD 3UHFDOL

7\SH GLDEHWHV LV D FKURQLF DXWRLPPXQH GLVHDVH UHVX
SDQFUHBW@BY OHDGLQJ WR V\PSWRPV RI K\SHUJO\FHPLD 7U
UHSODFHPHQYW. WKBVROLQ SHQV RYUHEGWDXOL\Q FRXPEWGW H P V
KDYH EHHQ H[WHQVLYHO\ UHVHDUFKHGRR® & \VMYHPWDDUK\E U L (
FRPPHUFLDOO\ DYDLODEOH 7KHVH VI\VWHPV GHPRQVWUDWH
JO\FHPLF UHJXODWLRQ ZKLFK PD\ OHDG WRIWASKFHG FKURQ
GLDEHWHV 7KH DLP RI WKLV VWXG\ ZDV WR H[DPLQH DQDO\]
K\EULG FORR/$SIG\WWHP RQ JOXFRVH P DQDKH RMQVE\SDND PHWH U
FRQGXFWHG RQ SDPHQLFZEWEWNVPHGLDQ DJH RI \HDUV D
LQWHUTXDUWLOH UDQJH ,45 RI \HDUV DOO GLDJQRVHG :
K\EULG FORR/$I®\VWHP LQ WKHLU WUHDWPHQW IRU PRQWKYV
UHYHDOHG DQ LPSURYHFPFRQW UROJMHFHPHQFHG E\ DQ LQFUHD"
SHUFHQWDJH RI WLPH VSHQW ZLWKLQ WKH WDUJHW UDQJH 7
GHFUHDVH LQ WKH JOXFRVH PDQDJHPHQW LQGLFDWRU *0, Il
UHGXFWLRQ LQ WKH DYHUDJH JOXBRVHJRPOXHAPR® WWR VHQ
PPRO / %DVHG RQ WKH UH\ORRBVV\WVEHPE SRRVWGYHO\ LPSDF
FRQWURO LQ LQGLYLGXDOV ZLWK W\SH GLDEHWHYV

.H\ ZRUBVEULG FORVHG ORRS WW -HHOREQIMHHGW HXA V W H P

LL
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aHUHUQD EROHHME DW.RSIHQH]D L HSLGHPLRORJLMD

AHUHUQD EROBRYW MH DX W R L P X)Q N FENRROM \G/R O D ] Ix \GVR DXQQIEZDWX Q M
/IDQJHUKDQVRY L LNDURNWHRIERDIO PSR L] YOR G QWD L Q@] X ®IHQ
JODYQL KRUPRQ XH@®MERRR PBIOWKBOMIDN JO XN EHVWO NR/ D Q
RGU&ADYDMXiL UD]LQXDORNRIH P BPUMIIMBERDIPX PDVWL L SUR
ODQMDN LQ]XO0%RDDRNIRIBD X+KUSH U J ®LINDHPIAVE L @M H & M
AHUHUQH BBROHYWLRORANL JOHGDQR &% X @M BWR ¥VIBQNIDR
JHQHWVNLK L RNRO LAWK pLIP ERQIRNSID W R JH QSIRDV SIR@RXYLMH N
SR]QD8PDWUD VH BIAWRW SWRPDWAMNREH SRGLMHOLWL X WUL ID]
JHQHWUNGLVSRRMRBIPLKX W BIRY W JHQRWICSRYPVL RGUHYHQL
ULJLN ]D UD]SRRM RMWERNVVERM HO XMH VS H Fp LIPEHQ RN BNTRMIQ IS R W
VW'Y D UDDDXGWRHD Q XWLRWLHASHO®P D LQ]XOSQXRBSPDWDQRM
GHNUDERNYLSODQIR REJ Y L VMIDUELNWIHNE EIVW D Q L p Q H

DXWR L P XSRMRAVQL 3 WH/OWDHQERBD]LQH JAXNWRYMWDMX X JUDQLFD
QRUPBABWHQFLMDOQL RNRGRVQLMMIPUBN@NRAREBRCE R Y R U D
XNOMXPpAREHQRVW YLUXV®QRPVDFWHLNKLVMBRIWHURYLUXVL
FLWRPHJDORYLUXWLL UXM RXPBYEDH QK IOXHQ&ERI% BIUBKW DES 5 6
WE UXYMW UHYRS S WL KRROIRANDHVS GUXJRP VMDBURK EROHVWL WL
VYH YHUXVEMURQLFD MH\ERMEEORSRYHUIDQMH JOXNR]H X NUYL SF
QDNRQ RSWHUHUHQWHD VEB B WLARFER\Y WEHA QP S W R P LMPHDUARbH
YHULQDVDQLFD X@DAWBQD



Proposed

nomenclature Stage 1 Stage 2 Stage 3
B-Cell p-Cel p-Cell
Phenotypic Autoimmunity Autaimmunity Autoimmunity
characteristics Normoglycemia Dysglycemia Dysglycemia
Presymptomatic Presymptomatic symptomatic

Phase in
natural history

100

Variable
genetic and
environmental
risk for

Functional B-cell mass (%)

Type 1 Presymptomatic
9 diabetes Type 1 diabetes Symptomatic Type 1 diabetes
> > o >
Time

60OLNBKHPDWVNL SULND] UD]JYRMD a4%7 39RIGDMHRUWQRB X WU
&RFNUDP & 6 )O\WYEMHUJ $ *ROGVWHLQ % - TH[W
%ODFNZHOO XTVARE XaWHQME D FINIZHH\O O

3UHPIURFMHQHUQDFLR QD O QGiL MiBGE-HYDHY. M HX] B Y L MEIMOR M H
RNR PLOLRXRED 8HIHUQRP EROMNVWWRV\W®WR JRGLQD
XNOMXpXMXUL a%7 4% WIBNRMH%ZY HWH RVRIEMDJIJQRVWLFLUD
GLMDEHWHDRR SRVWRML YB#&H YWLGRYEUBBPRA%7 8
JRGIXQIXSDQ EURM RVREIRWIBRAWPLOLRBEQIHID MH RNR
ELOR PODyH RG JRGLQD GRN VH RVWDWDN FRIRFRNLERMI D HR V
VH BQDMYHiUL EURM VOXpDMHYD a% D DYUYGID RPXL QFLREFHLQ FL MR
VNDQGLQDYVNLP)JBREMDEPHGVND XRVWGIEMDQWMRM SRNUDML

+

aAaHUHUQD EROHNVAOML @MULS\D VOLND

,DNR VH QB ¥ p ROPILNVKXGMHp MBRQGEHRNBDLG VH FRBRVERMDYLWL QD)
NDVQLMH SD pDN L X RBEBRDVOBMFEREMPDEAH QLFLMDOQR



SUH]H@®WMDEHWLPpNRP NHWRBEYGRIWRPL a%7 VX SRMDpDQ R
L JODGL XpHVWDGER LRRINU B0 MMM R G HRAQVR MOR. BANLIHFEEDW R P D
VSRPH®XW BADMRXWRINR SRPHWQL VLPSWRPL RVWDQX QHSU!
WLMHN EROHVWL PR&H GRYHVWL GR UD]JYRMD NHWRDFLGR]H
GHKLGUDFLMRP ERORYLPD X WLHENKR G MWOHEWLPQE R\EDIGNS MR P
SROLIDHMNR LIRVWDMH X G M HVF B YWBIRIN QVGHDQMUWDH MoH VONRRI Q R
PRNUHQMADNRYHU NRG GMHFH PODyH RG JRGLQD NRQVWLS
VLPSWRPD NRML XND]XMX QD SULV EVEQRWWUDHIH UQH EROHVW
SUHSR]QDWMIPGWHR PDXaRmGUDVOLK MH pHVWR RWB&DBBRRIMHER
497 &AWR GRRRWGHAQRJ GLM DU QRAMMHIDHEMDIINDLY HGHQL VLPSWRP
4%7 QDVWDMX NDR SRVOMHGLFD KLSHUJOLNHPLMH WH EL Q!
SRWDNQXWL VXPQMX QD PRJXiUX SULVXWQRVW aHUHUQH EROF

AaHUHUQD EROHGMWMDWQ KD

'LMDJQR]D 4%7 SRVWDYOMD VH QD WHPHOMX NOLQLpNH VOL!
SDUDPHWDUD 3ULVXWQRVW SRYL&HQ H X¥WRMGWILOXINVRA O X IN Q
UDJLQPH&EWLGD VX GLMDJQRVWLpPND RELOMH&AMD a%7 2NR
VWa%7 LPD SULVXWQR MHGQX LOL YLAH YUWWD QXMHRDQW LWL
JXAWHUDpPH XNOMXpXMXiL DXWRDQWLWLMHOD QD LQ]XOLQ
*$'$ SRYH]DQD V LQ]XQ$®RPRWDQVSRUWHU FLQND =Q7 $
RELPQR VH SUYL SRMDYOMXMX X FLUNXODFLML YHU X GREL R
JHQHWVNLP ULGHNURANRQYHU]JLMD WM SRMDYD GYD LOL YL&H
R]QDpDYD SRYHUDQL UL]JLN RG UD]YRMD BUBRDGHREHLURBNRNR C
DVRFLMDFLML ]D GLMD RRWHRRBOX NRPDMVAHY .VHLAL RG

PPRO / QDWMLEAWHRGOL PPRO / GYD VD®NRQDNBQLREKWRNDVLPS!
KLSHUJOLNHPLMH GRYROWEE&JIJVMRIGQDOBPRD N O)RNWHWHR R J
1LVNH UDBHBWREDPIQRSRGe PPROX] QDOD] SRYLABQRJ *8.
DXWRDQWLWLBIHIO®DRIRNRU H 7D N Ry HSUH SR HSDHQWNHO & QLPNRM D]
UD]JYRMD VLPSWRPDWRRRJXOKNMH SWRFMHQX ULJLND L EUJLQX
VWDQLFD



AHUHUQD EROHD/NWKKWQSESDL NURQLPpQH NRPSOLNDFLMH

4%7SRYH]DQDNXWWLP L NURQLp QL B NXRRARPISNODLRIDWD MDY V X
GLMDEHWLpPND NHWRDFIRBR])DERBLMHDNURQLPQH PRIX SRGLMH
PLNURYDVNXODUQH L PDNURYDM X ®DN QR YNDR/ANSXGOENUINFHE NNHR P S ¢
VSDGOMMDEHWLPND UHWLQRSDWLMD VRIHPDRSRWDMBXLOQHRHR
NRPSOLNDFLMH RGQRVH QD NFOUWREQLRLY QX NDRMMHWWH VELRFDH IV W L

'LMDEHWLPpND NHWRDFLGR]D

''$ MH KLWQR VWDQMH NRMH QDVWDMH JERJ VPDQMHQH NROL
V LVWRGREQLP SRYLAHQMHP NRQWUDUHJIJXODFLMVNLK KRUPR
NDWHNRGDPIFQBLWLUDMXiL X]JURFL QDVWDQND '.$ X RVRED V|
XULQDUQRJ WUDNWD L SQHXPRQLMH WH VODER NWHG UBDND QD
WULKDSHUJO IN\HHPR @IBPIHWOD EROLPpXH ORNGRIPOLWQL GLVEDOD
+LSHUJOLNHPLMD SURIPXNRQH RRRNHIBIRY WRHNMBIQH XSRWUHE
JOXNR]BHULIHUQLMWR QY NEDWWLHVH/ADY HQ R @IHPVR D KIXQFE\RW L
XSRWUHEH JOXNR]H X SHWH]KOQWDRVWNMLXERWUHEH PDIVWL NDR
NDGD VX SULVXWQL X YHOLNRM NROLpR®LPXWRNXMORRWDER
KLSHUJOLNHPLMD WDNR L YLVRNH UDJLQH NHWRQD X]JURNXM X
GRYRGL GR KLSRYROHPLMH L VPDQMH Q MDL 8 U pINPHVILRPHUX O |
UD]¥LBW]R WLMHNRP UD]GREGRIOLRGLMBRSRODGWSXLMD L JXE
SRYUDUDQMM VERDXRKYX L JKYBODBEEFMUWDR SSUVEUWNRP
SRVWDWID BDRQDIMRPHGEMH 'SURYRGL QDGRNQDGRP FLUNXOLUL
NRUHNFLMRP KLSHUJOLNHPLMH GDYDQMHP HJ]JRJHQRJ LQ]XOL
GLVED QDRHAMDEROLpPNH DFLGR]H WH OLMHpPHQMHP SUHFLSLWL

+LSRJOLNHPLMD

+LSRJOLNHPLMD MH QDMpHAauUD NRPSOLNDFLMD a%7 D PRaH
WHaGNLK KLSRJOLNHPLMBLSR DO HNQH RLWVRRRFRO piBY 05 XW R

MHVW *8. QLAL RG D QMPR\ODMHHMERILNH NROLPRNEBPDYROLQD L
LVNRULAWHQMH JOXNR]H SXUE AMHIWHWFHL B RWNDLPYOLPD ILJLPND DNW
6LPSWRPL KLSRROKNHPEREB DMWRINRP@\DVLR]QRVW SDOSLWDF
WUHPRRVUHGRYDQL NDWHKRODPLQRP JCGRBR®UHGRWBDQMH SDU



DFHWLONRBXQRBOLNRSHQLPQH YUWRJODYLFD WUQFL ]DPD.
UD]JPLAOMDQMX /QMM M MVQ/R RO WH AL Q L %ISR € RR MWD VX
RVREH VD a%7 SOQLMHPIHMWNVBIUHP D3 ARWMHY VEEXYDVWRML RG SU
JUDPD EUJRGMHOXMX iR & XX\ OVRINWR K HG DDRWDR SDNRIQRJ X Y
WRJD SURYMHUDYDDVRDWRIQQDPIBQXWD L DNR MH L GDOMH Q
GRGDWQLK JUDPD EUJRGMHOXMXiULK XJOMLNRKHGWDWQD 2Y
*8. D QH SRYLVL L]QDG PPRO / .RG WHaNLK KLSRJOLNHPLN
VYLMHVWL RUDOQD SULPMHQD MH NRQWUDLQGLFLUDQD ]JERJ
VOXPDMHYLPD SRWUHEQR MH SULPLMHQLWL LRWREDBRWNNXOD L
VYLMHVWL X]JHWL PDQML REURN V NRPSOHNVQLP XJOMLNRKLC

'LMDEHWLpPpND UHWLQRSDWLMD

'LMDEHWLpPND MBWME RBDDNNMBQUIRYJIDV NREBOQE®DFLMD a%7 L
SUHPD QHNLP LVWUBBRYDQRVRED VD 4%7 UH UD]YLWL RYX NF
ODNRQ JRGL®IMDIRRPMHGLFD UHWLQRSDWLMNRMHJIXELWD N
QDVWDMH ]JERJ SURPMHQD QD INWOYMRPVELX BHD REWLEE QHSU
UHWLQRSDWLMD NRMD M HP IRNEU ® MG XRROPIVRDY Q WINOMHW L QD O Q|
NUYDUHQMGPPRP WH SUROLIHUOWRM@AD GRWDQR &RWLAVDD UD Q
NUYQLK &LOD SKWHRMH VW@INK D\DWRIPMW hME @K L VSUMHpPDYDQMF
EROHVWL NOMXpQD MH ]D G&RHROMIHY B R GBI IO DD RIML KIDS HU W
L GLVOLSLGHPLMH

'LMDEHWLpPpND QHIURSDWLMD

'LMDEHWLpPND QHIURSDWLMD MH NURQLpQD EREREDHQWDEROHYV
4% 'HILQLUDQD MH SULVXWQRAUX SR WLIHNQMEHLFOPH YSURID HY Q|
6PDWUD WHl GD RVRED VD WRB¥ LWL PLNURDDEXE UQRGILDDO
RG GLMDJQR]MUERM OEXPLQXULMD WRS REMMRKYQLDWH QD VXENOLQ
SRUDVW DOEXPIDQRE&IRVYDRQK XULQBEIQWIMDIHONKP L QD RGQ
+ PJ GDQ LODOEXMHQ NB&EDWL®+Q NRG PXANDUBFD L
NRG &HMQWRIL]PHXDINLDP QDNWWRDRQNQPH EXEUHAQH EROHVWL
VOLpPDQ RQRPH X GLMDE QW VUMIRWHUERL GREPWHIPD X NDSLOD!
JORPHUMXODDDOQLP DAUMDHALMIORBRQLPQH EXEWHRBDH ERRD WDW L



SURFLMHQM H QXXJ DFOPN-ULXADRID* ) 5V W D GILMRID LRGH EXEUHAQH ER
VQRUPIDPE Q)5+t VWD GAMIXEUHAQRJ |BWWMGIQM BpPHQMH VH SURYR(
NRQWURGRRIJOLNHPLMH GK\SHLLBW B BPILRVHN R QWURBPLMH

LIX]JHWQR YDO®RLEOWRUL DQJLRWHQ]LQ NRQODHKUWHRBMXiHJ H
VSUMHpDYDMX GDOMQMX SURJUHVLMX GLMDEHWLpPNH QHIURS

'LMDEHWLPpND QHXURSDWLMD

'LMDEHWLpPND QHXWURSDENRIOHVWH NRMSL FRIQWDBR® R 4 DIWSH UL I H
ALYPDQL URY¥MW DMWY SRMDYLWL NDR PRQRQHXURSDWLMD R&WHI
RNR RVRED VD 4% UD]YLMH VL QGURPRNDRIGDONFIRISH JVD O D
]JQODWQR HIDABIMDOMH SROLPRAVHRSRGILGHOWE O @O VLPHWULpPQ X
QHXURSIMWQIMRUQX DWBINVDMXS UR SIULRNWISFDROEAX PRWRUQX
QHXURSDWLMX GLMDEHWLpN DQHPURR\SIDRAW K B QI H/ DRXNWWRWDLFD D
QHXURSDWLMD MH MHGDQ RG QDMYD&QLMLK pLPEHQLND NRM!
VWRSDOD ORA&H VH SRMDYLWL VD VLPSWRPLPD LOL EH] RGQF
BUHYDOHQFLMD UDVWH V GREL L GXOMLIQR FS WRMWHQIMD 3 ii H
PDOLP &LYpDQLP YODNQLPD VWRSDOD &WR XJURNXMH VPDQM
3URJUHVLMRP GROD]L GR JXELWND RVMHWD GRGLWVBIXKRIBULD F
LV S XFDNRMNVVWRSDOD NDUDNWHULVWLPQL VX JQDNRYL GLVW]
PLPEHQLFL NRML SULGRQRVH UD]YRMX GLMDEHWLpPNRJ VWRSI
WUDXPD SUHWMHUDQD WRSOLQD NHPLMVND WUDXPD L ORNE
PHGLFLQVNL L NLUXU&ANL WUHWPDQ NRQWUROX LQIHNFLMD L
$XWRQRPQD QHXURSDWLMD R]QDpDYD RAWHIHQMH VLPSDWLD
VXVWDYD D RpLWXMH VH HUHNWLOQR/RVGRYQXQMFWMRP OGRVI )
XULQDUQRJ WUDNWRLSWH SQRWRPUDOQRP

.DUGLRYDVNXODUQH EROHVWL

2VLP &4WR &HUHUQD EROHVW LJUDYQR XWMHpH QD PDOH NUYQ
SURFHV DWHURVNOHUR]H QD YHULP NUYQLP 4LODPD &WR GR!
NDUGLRYDVNXODUQLK EROHVWL SUYHQVWYHQR VUpPDQLK SUI
NRPSOLNDRIWR VNINNRURQDUQD EROHVW VSHBWRINODWIQAKHP L M
NRURQDUQL VLQGURP ]DWDMHQMH VUFD L L]JQHQDGQD VUpPDC



V GLMDEHWHVRP L WR X PODYyRM ALYRWQRM GREL X XVSRUHC
SRYLAHQD UD]JLQD JOXNR]JH X NUYL LPD ]QDpDMDQ XWMHFDM (
NRPSOLNDFLMD GRN VH X VOXpDMX PDNURYDVNXODUQLK NRF
VWXGLMH VXJHULUDMX GD VH RYH SURPMHQH PRJX GRJRGLWI
JOXNR]JHYL NXND]XMXuL QD PXOWLIDNWRULMDOQL XJURN RYLK
NDUGLRYDVNXODUQLK EROHVWL NRG RVRED V GLMDEHWHVRP
SUHYHQFLMH L UDQRJ RWNULYDQMD 7UHWLUDQMH KLSHUJOL
MH NENRH VSULMHpPLR UD]JYRM NDUGLRYDVNXODUQLK EROHVYV

aHUHUQD E R OHO/W MWALFE@M H

6 RE]LURPAaGR UNRKD E[RDDIHVW O EMHIDHREBUMRNMHYLL ]DKWMHYD
PXOWLGLVFLSOLQ DH@DAERNWLNQYROR HMNHLU DMEHHNED FRWIHAVOMLL Y U O |
SUDYBOEXKUDOQXGRYLWX |L]URLNX EDNNVHRPQFRHAAMII RO LQVNRP

W H U D SSRINRPA D YRDSVRXDIMMAL] L R ®\RHIN UXHLL M O,I0Q O QI @ BY QR P
SULPXMIXMNXWD@RMHpPHQMX VH NR ULV WB QLD XSRMWWRIM LDQ D DR
UD]O LLpQ M DK QWALBDQ | XO PR AMH GDYDWL SRPRiUX LQ]XOLQVNLK ¢
LQ]XOLQVNLK $HSRPIR iL® 1a SWILHSD

9UVWH LQ]JXOLQVNLK DQDORJD

'DQDV VH X OLMHpH Q M@ DaNHiHNEBIGHY FREDLEQAVNLLD CRICLORAILP R J X
SRGLMHOLWL QD QHNROLNR YUVWD RYLVQR 7R SIRIHRVWX YUK
NODVLILF LQDPXQ®OMDRD EU]RIMH O RW BJARNQH G Q NMREL GHRJ
GMHORSOWMDEU]L LQ]X0OEQ]L ND/FS BVUWAR WEDIREGLPDISRPL QM X
GMHORYDWL L GR PLQXWD SULMH X RGQRVX QD EUJRGMHO X
SUDQGLMDOQH EROXVH L N&UHRG MM 0 MR J ONDNRH B WNRHV X O L
DVSDUW L JXOL]LQ SRpPpLQMX GMHORYDWL QDNRQ GR PLQ>
VDWD WH SUHVWDMX GMHORYDWL QDNRQ GR VDWL .RULV
UDJLQH JOXNR]H X NUYL W LHKIP DRI XQVSE U D Q/INNRHEAE RIGIX W X i L
UHJXODUQRJ KXPDERL QOURYGMMIDXQXWDU VDW YUHPHQD RG D
GRVHAX YUKXQDF L]JPHyX L VDWD WH GMHOXMX GR VDWL
LQIX]LMDPD WLMHNRP OLMHpHQMD '.$ 1DGDOMH LQ]JXOLQL V



LQ]XOQRWPWUDOQL SURWDPERVWD MEJIBIIGWUYQL QDNRQ GR V
YUKXQDF L]JPHYyX L VDWL WH RVWDMX X RUJDQL]PX GR V
GR]DPD [DMHGQR V LQ]XOLQLPD EU]JRJ GMHORYDQMD NRG SDF
WHUDSLMH .RQDPQR LODPROMDIDLNGRIRW KONDNIRGHWHPLU L
GHJOXGHF LPDMX SURGXOMHQR GMHORYDQMH SRVWDMX DN
PRJX GMHORYDWL X RUJDEWR KLU GERR HONOMEDNQ D UFIR Q

VDWL JODUJLQ VEMMRERIBOXGHF NRML VH QDMGX&H ]DGUA
RUJDQLS®X NR/ DWD=

,Q]XOLQVNL UHALPL

,Q]XOLQVNL UHALRR @E XK PORBEDIQO W H Q ] L WIHUWEDNS X L
.RQYHQFLRQDOQD WHUDSLMD XNOMXpXMH GDYDQMH LQ]XOLQ
SUHGPLMHADQH LQ]XOLQH NRMDOGNDHBANEMXNIRB ELQDAGMMH G XJ
LQ]XOLQD 1HGRVWDFL RYRJ SULVWXSD VX VWURJD UXWLQD
RJUDQLpPHQD VORERGD RVRELWR X YH]L V WMHOHVQRP DNWL
LOQWHQ]LYLUDQD WHUDSLMD SUXADREDIPD I QB N4 E2YOIMR \BW LIV W
RPRJXUXMH SRVWL]DQMH UHALPD OLMHPHQMD NRML MH VOLpC
VW VDVWRML FER EXYROQRXW B B LIMHOHNADMMDR QW LQXLUDQH LQIX
LQ]XOLQD SXWHP LQ]XOLQER®GIXYXQMS W HWDELMPRNRULVWL GYLI
GXJRGMHOXMXiUL LQ]XOLQ NRML VH SULPMHQMXMH MHGQRP L
LQ]XOLQ NRML VH SULPMHQMXMHHSIFLMB XY\DOORRDMEU RINDH U N
,Q]XOLQVND SXPSD NRULVWL VDPR EUJRGMHOXMXiL LQ]XOLQ
LQ]XOLQD NRMH SRNULYDMX ED]DOQH SRWALWBH) RUBDQL]PD :
LQWHQ]LYLUDQD WHUDSLMD LPD SUHGQRVW MHU GRYRGL GR
NURQLpPQLK NRPSOLNDFLMD

6DPRNRQYW OR® HAHHIGIMRO®H EROHVWL WLSD

6DPRNRQWUROD X RIGVQHRMAGPMHHE®WQMX UD]LLGR QRXMGIRLMH

RGOXKED@®MQMRM S U LEFOIMPHRYIW D@]AR IPMHUHQMH JOLNHPLMH VH
JOXNRPHOIVRVBEQX XBAW XHHKDMXLDDNRQAMHUHMH JOXNR]H
'DQDV SRVWRMH EURMH YDULM D QSMHp DOIXIN RH WNIRWLL (RIP RAIX i lX
UDPpXQDQMH SRWUHEQALKYRWIP LER@DLQROD 4%7 SRPRUX JOXNI



ELWL QHSRWSXQD MHU sSuUXab VDPR SRYUHPHQH UH]XOWDWH
SURSX&WDQMD HSL]RGD KLSRJOLNHPLMH LOL KLSHUJOLNHPLN
R OLMHpHQMX

IDVXSURW JOXNRPWHKREBL QRGSRPHOL VXU MWKHDIME|§INM QWILUD QR
PMHUHQMH 2QLNHP VMNWRMH RG VHQ]RUD NRML PMHUH UD]LQ
WHNXULQL L WUDQVPLWHUD NRML 4DOMX SRGDWNH QD SULMF
UD]JOLPLWLK PRGH @D &*0ALAWX NRML SUXADMX WRpPQH SRGDW
JHQHWMDI@DQGDUGL]JLUDQLK L]YMH&UD NDR &4WR MH DPEXOL
$PEXODQWQL SURILO JOXNRYR GREROMD iDRBXYRYQHPHQD X Q XV
QRUPDOQRJ UDVSRQD JOLNHPLMH 7,5 YUHPHQD LVSRG QRU
YUHPHQD L]QDG QRUPDOQH JUDQLFH JOLNHPLMH 7$5

6PMHUQLFH ]D SUDUHQMAWIZVKRGD OLMHpPpHQMD

SUHPD WUHQXWQLP VPMHUQLFDPD |JDGRYROMDYDMXuL LVKRC
UDJLQH JOLNLUDQRJ KHPRJORELQD +E$ F LVSRG L RVLIXU
YUHPHQD SURYHGHQR XQXWDU QRUPDOQRJ UDVSRQD JOLNHP
UDVSRQD MEBLINDHRYREH VD a% VX PPRO / NDR GRQMD JUDQL
JRUQMD JUDQLFD 7DNRYyHU MH SUHSRUXpPHQR GD YULMHPH S
JOLNHPLMH 7%5 QH SUHOD]L GRN YULMHPH SURYHGHQR L
7$5 QH SUHOD]L

+LEULGQL VXVWDYL IDWYRUHQH SHWOMH

1IDNRQ REMDYH UHDXHOQWENWD 'LOEHWHY &RQWURO DQG &RPSOL
NRML VX SRWYUGLOL GD LQWHQ]JLYQD NRQWUROD JOLNHPLMH
NRQWLQXXSMOMOIXHLMH LQ]XOLQD ]QDpPpDMQR VPDQMXMH UL]L
NRPSOLNDFLMDSRAUMDVOD MH SRWUHED ]D UD]YRMHP PRGHUQL
RGUADYDWL HXYOIONHPXNXWLP QDV)W DRH @ HOS WRMHNW HQLOH
'LDEHWHYVY 5HVHDUFKSRRX Q6 PLYIRB@XGE W BDWRSMULHGVWDYOMD
SURJUHVLYQL NRUDN N UD]YRMX SRW B EIJRRPDVWYRRPDHDH DFHWM @
2YL VWXSQMHYL UD]JYRMD REXKYDiUDMX RG MHGQRVWDYQLI
LQ]XOLQD X VOXpDMX DODUPD |]D QL]DN &HUHU NRG RVRED VD
VXVWDYD NRML GMHOXMX JRWRYR NDR ]JDWYRUHQD SHWOMD



SRWSXQR DXWRPDWL]JLUDQLK VXVWDYD NRML NRVQYMWM YLAaH

s R
1. Low-glucose suspend 2. Predictive low-glucose
suspend
Cessation of insulin Cessation of insulin
delivery once sensor ::> delivery once sensor
glucose crosses low glucose predicted to ‘
threshhold cross low threshhold ::> 3. Hybrid closed-loop
\ J ¢ J Algorithm-driven

glucose-responsive

insulin delivery with
5. Fully automated 4. Fully automated mealtime, user-initiated
multi-hormone closed-loop <: bolusing

closed-loop L )
Algorithm-driven
Algorithm-driven <: glucose-responsive
glucose-responsive insulin delivery without
insulin delivery without user-initiated mealtime
user-initiated mealtime bolus
_ bolus J § )

\ J

60OLNDOMXpPpQL UD]JYRMQL NRUDFL SUHPD VWYDUDQMX SRWSXC
+RYRUND 'LDEHWRORJLD "2, N<TKH $XWKRUV
'LVWULEXLUDQR SRG XYMHWLPD && %< $WWULE X\
KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\

2G JRGNRBD MH RERMELFEHQGQL VXVWDY ]JDWYRUHQH SHWO
$PHULPNH DIJHQFLMH ]D)K$ D QXN R WDLLAWH-NGRNY 1 WADYNHY Kl 4XV W D Y [
SRV WDWIHQ BID OGMHp H QKW @ B Y L ] D SR G MALLVKV HLIZ IS RIRXNLX
LQ]XOLQD SULRHJIRRPYOMY ULMHGRRWWY QIO BNRHORYL RYLK \
&*0 LQ]XOLQVND SXPD L NRADANBOQL DOJRULWDP



60OLNBKHPDWVNL SULND] NRQILIJXUDFLMH VXVWDYD ]D DXWI

%WRXIJKWRQ L +RYRUND 'LDEHWRORJLD '2Z <7KH V
$XWKRUV 'LVWULEXLUDQR SRG XYMHWLPD && %< f

KWWS FUHDWLYHFRPPRQNM RUJ OLFHQVHV E\

.OMXYHMH NRQWUROQL DOJRULWDP NRML X VWYDUQRP YUHPF
RG &*D L L]JUDPpXQDYD SRWUHEQH O LVS(WM DYDY RO H@B SHWOI
+&/RpPHNXMX RG NRULVQLND GD XQHVX SUDEDYMEBEBQMHEROXYV
ILJILDNRP DNWGR KR RBEHIXRVWDWDN BRSRSUONRH DLQY RBIDWL RLDJ D Q
WU&LEAWX SRVWRML QHNROLNRVAED Y X \B\RDNSX QRRIDWYRUHQH S
X UD]YRWHUFLMDOQR GRVWXSQL +&/ VEUORYLWIRP S DWWBLPDQ
LQ]XOLQVNLK SRPBL RIMDQLPHQMD RYLK SAXWRLDYRVAHAH X
WHKQRORJLMH NRMH VH RUWUHDQ@X WHERRWR D LY MAHR YERRIV WL DOJRU
VWURDKMWMHYD )'$$DNR ]QDpDMQR SREROMADYDMX UHJXODFLI
QRUX WPHDWQMXMX EURM HSL]RB®D MR SRDROMPRYPHD X UHIXODF|
JOLNHPLMH VX RJQMHBUHEWBREERAXQMD NRULVQRNB DSRSIXWD R\
LREURND7DNRJWFHORNDDQLBHEMDWOROWRSIQRVW +&/ VXVWDYD
SRMHGH@IOMDPD L QMLEKRRDGRLKRIEIDGIRK UDJOLND X VNUEL RVI
AHUHUQRP EROHA&lX



OLQLGHG * VXVWDY

OLQLGMHG * VXVWDY GMIURDA FRYKQESYRGWDY [DWYRUHQH SHWC
6DVWRMLQ/]HK GQRIG V N K BKKPBMID ]D NRQWLQXLUDQR PMHUHQMH J
DOJRULWEDLNX 6P UWWMAKXDRIBR JLMH

OLQLGMHG * IQ]XOLQVND SXPSD

,Q]XOLQFEDX DXQLOHG* VXVWDLYQWHJULUDQD MH V DOJRULWPR|
SULMHPQLN ]D SERGOX\SOOWDDQM KX UHYDMD ]D NRQWIBQXLUDQR PN
WLMHORP MH R §RMHDRWDVIRM R/GWIDQMLUDQX LVSRUXNX LQ]XOL
VSUHPQLN ]D LQRWDWLQ UHJHUY

S8UHYDM ]D NRQWLQXLUDQR PMHUHQMH JOXNR]H

OLQLOMG * VXVWRVSDWLELODQ MH RYQENFROQOMNRXME VH SUHPTL
GROD]R®YRWHQLP WUDQV PR KW UNDRYIEDLE Q HUW & X MXQ R
QDMNRULAWHQEIMLVN®]RBUWILGY D Y BN QJFRWID RGW WCHQ @ LW H U D
]JDKWMHYD NBDQEUD PIMINU LL ) O Q MWHARLMAWLHF WA IDLNQLKK ~— RMLHD X W D
LQIRUPDFLMH 4DOMH IDQPRIXQMNPMMIXOBNVLWL GR GDQD

6PDUW*¥WMHKQRORJLMD

$OJRUINRDR XWHQ L'0H G VXV WD D)XG DAV L& @R G381 OS/WHRG LLNW L Y Q
UHIJXOPDRMHUYDNRJID GDQDJISSHDRMMHORWYIHEDPD ]D LQ]XOLQRP
7HPHOML VHSQR S3R'U F ILROIHI Q® ML LYYQIRAULHYJQXFORY WBRRY XU D W Q R P
LQIRUPDFLMRP RIWIGDIREOMH WLP RIJUDQLPBIGVNED LQ]XOLQI
NRUHNFLMOPDVOMH REMR®PMOA @D NRML DOJRYE VDWW B KIQWEF L R
DOJRUNRGPWURO L U U SSROLEXPXQXLIQIR PRNMVLPDOQR RIJUDQLPpHQMH
SULODJRYDYD PDWHPDWLPNL PRGHO ]D SUHFL]QH NRUHNWLYC
SULODJRYDYD ]D VYDNRJ NRULVQLND &WR VFHGRODQIRMYDNLF
WHPHOMX SDUEDPHVDBIEMBYDMD NRMH SBNUPNB DWEWMB LN
EROXVEULODJRYDXDQUXOMQPWDNVWRML VH R G EW]LYQ®R JP R NRID
%D]DOQL L NRUHNWLYQLXPEBKID|IDOH XX RBMMD XY MHGDQ QD GU.



6OLNBULND] QDpLQD IXQNFLRQLUDQMD DOJRULWPD *URVPDQ
%HQHGHWWL $ &RUGHUR 7/ L VXU $ 3HHN 8QGHU WKH +R
* $OJRULWKP ZLWK OHDO 'HWHFWLRQ 7HFKQRORJ\ 'LDEHWH
YHOMDpH >FLWLUDQR VYLEQMD @ 'RVWXS

KWWSV ZZZ OLHEHUWSXE FRP GRL GLD

2JUDQLPHQMD ED]D®RRIUPRGXO QFARVIE LIO/SRWWMNH LERXOLQD
DGDSWRGMQXWDU NRQWUROHUD RPRJIJXUXMH UHDJLUDQMH QU
LQ]XOLQRPYDM DOJRULWDP XNOMXpXMH L SRVWDYNH NRMH M|
XJOMLNRRPEBDNWQYQR YULMHPH MQIXOO@ENRYB NRMD VH PRA&H
PPRO / PPRO / RPROP/PRO RSPIRRQDOQL FLOM WLMHNRP
DNWLYQR¥NWLLYQR YULMHRM INQMEPQE XORIX X SRVWDYOMDC
WHUDSLMH SRA/RADIYVWL QD] FHDMHG QBRAIMVWHHP X YHUH YULMHGQ
DNWLYQRJ YUHPHQD LQ]XOLQD PRJX VPDQMLWL YHOLpPLQX DX
RGJRGLWL SRpHWDN DXWRPDWVNLK7NR R {#lHMHIMBDR G D VWD
XJOMLNRKLGUDWQRJ RPMHUD XWMHpH VHRYDVNRROR pLIQW Q X W



SRVWDYOMHQRJ RPMHVBR DXOPNIRMDLIWD® Rifil D W RPRMWWNLK NRU

BWXGRLMHIXUQRVWINR ULVSRELAND* X OMMHK QR X ROLMHPpHQMX a% 7
VXIJHUIGUDMSRWUHED QDSUHG QULIKI OEXPPOOMRYYLIWD X SRVWL]DQ
]JIDGRYROMDYDMXuUuH UHJXODFLMH JOLNHPLMH NDNR X SHGLMD
SUHPD VWYDUQLP VYMHWVNLPDSRODMFER E O WHHG RVGJ R Q/LXFG
GR VWXGHQRJ SURVMHpPQL SRVWRWDN YUHPHQD XQX
SRVWRWDN YUHPHQD L]QDG FLOMQRJ UDVSRQD D SF
FLOMQRJ UDVI®BRWYYOH NRULVQLNH OHYyXWLP NRULVQLFL NRML
RSWLPDOQH SRVWDYNH SRVWLJOL VX EROMH UH]XOWDWH
LIQDG FLOMQRJ UDVSRQD L LVSRG FLOMQRJ UDVSRQD 3U

RSWLPDOQH SERMWIXMMHAMMQX YULMHGQRVW JOXNR]H RG
LQ]XOLQD RG VDWD



+,327(=$

8 VYUKX SURYHGEH RYRJD LVWUDALKDERIME QU NWSWRDWD YDWM W
SHWSRMEHROM&A&DYDMX UHJXODFLMX JOLNHPLMH X RVRED VD aHia



&,/-(9, 5%$'$
&LOMRMRUD LVWUDALYDQMD VX

SURXpPLWL XpLQDN KLEULGQRJ VEDWDR BWDWADRFUIMQH St
JOLNHPLMH

DQDOL]JLUDWL L HYDOXLUDWL SRND]DWHOMH UHJXODFL
NYDQWLILFLUDWL XpLQDN KLEULGQLK VXVWDYD |DWYRL
XVSMHEQRVVHWOLMHpPHQMD

SRNXABWOQWLILFLUDWL SRWHQHLUDRW&RLREHQLNH NR
XVSMHEQRVW KLEULGQLK V>XQDNDNAIXYDOVNORUNHHE H MSHH W O M



,63,7%$1,&, , 0(72'(

8 VYUKX RYRJ GLSORPVNRJ UDGD SURYHGHQR MH UHWURVSHI
HQGRNULQRORJLMX .OLQLNH |]D LQWHUQX PHGLKLRRMBEQLPpN
MH VXGMHQRSDWRBQLND VWDULMLK RG JRGLQD V GLMDJQR\
WLSD 6YL LVSLWDQLFI° NRULXWLDY MRROMHUOBSLMX ]D OLMH
EROHVWL WLSD RGQRVQR QDSUHGQL KLEULGQL VXVWDY ]D\
SRGDFL R SDFLMHQWLPD SULNXAS@®MNHOQD YX LG BDYWMIYGNQH GM
WHPHOML VH Q) ISREWYHIILLEMXRGDWDND V LQ]XOLQVNLK SXP
NRQWLQXLUDQR SUDGHQMH JOXNR]JH L V PMHUDpPD JOXNR]H X
LQIRUPDFLMH R JOLNHPLMVNPNRNRQWNLR 6R ERFLHR DX KD (i D M »
LVSLWDQLND GRN VX NOLQLpPNL SRGDFL XNOMXpLYDOL SRVW
UDVSRQD 7,5 SRVWRWDN YUHPHQD L]QDG FLOMQRJ UDVSRQ
FLOMQRJ UDVSRQD 7%5 X S&/RVIMHPIONVIDSMNRYOMD @WMD JOXNR
SRVWRWDN YUHPHQD NRUL@W K Q RO REIRBILNRBESREGDRYVL QD
UD]GREOBRpPSHWNIH NRULAEWHQMDXOMVOBEBGRG + QDG DR)G
SRPHWND NRULAWHQMD SBQLRAHULAEB QODQ L SHULRG QD
- GDQ

6WDWLVWLPpNH PHWRGH

$QDOL]D SRYDBWDNWDH BADNULSWLY QRP SANRDMREMMDLONRPY W L
GLVWULE XF L MBHK D RULIGNY WIBIRMM.  LSASH. W/ SNRRBW D DO QH GLVWULE X
SRGDWXYNOD QMD VH QD VWDWLVWLPNX QXO KLSRWH]X GD VX S
GLVWULEXLUD QHNBR BXODWFHEEBRVW WHVWD PDQMD RG RGDEUI
]JODpDMQRVWL REKDSRIVWVH R G ED FXWGHNGOD SRGDFL QLVX
QRUPDOQR GL& W WIDEXILWWY (HIRIG MVIRENIIDIGM H. Q X:\DNDOBDWV HY/RV
UDQJRYQRSDUDPHWULMVNL WHVW NRML VH NRULVWL ]D XVSR!
JUXSHRVODQMD VH QD VWDWLVWLPNX QXO KLSRWSNR GIH VX Pl
SYULMHGBRWW PDQMD RG RGDEUDQRJ SUDJIR FEDMMOR VWL |
KLSROULHDNONBOp SRVWRML VWDWLVWLPNL ]QDpBMXBWWD]OLND
NDGD SRGDFL WBYDERYRMHWSRVWDYNH SDUDPHWULMVNLK Wt
GLVWULEXFLMH LOL3REBBID N XKR D BAIRY P AWHKE N



VWDWLVWLPNR UDpX@DJ@MHNRIUBWHIMHP VXpHOMD 5 6 WXGLF
5D]JLQD VWDWLVWLISNE RYRp DW\WQBRNSLYDQMH SRVWDYOMHQD M



5(=8/7$7,
,VSLWDQLFL

8 LVWUDALYDQMX DQDOLIVSD /YDRMNDPR ®GDMHRHQMX 4%7 NRUL

OLQLOMG * VXVWDE WRJ EURMDLVSLWDQLND MH ELOR PXaNRJI
LVSLWDQLND &HQVNRJIHZS BEIE V SAONNQ RWIHR

JBIHY X] LOWHUNYDUWLOQIREGDIWIRQ ,45

6OLNBUDILpNL SULND] GLVWULEXFLMH LVSLWDQLND

8pLQFL KLEULGQRJ VXVWDYD |IDWYRUHQH SHWOMH QL

5HJXODUMMPLMH SULMH SREHWNDG NRXYSWDNQMDH ELOD

QH]DGRYROMBGD MK DM MEQRNVR]H L] VHQ]JRURMIS* | 36RVL
PPRO / YULKMHGIQRVWS5 7,® 45 7$5D

45 WH 7®5 45 3R G DRAULH J X QUDDALINWHEPU MM H SRPHWND

NRULAWHQMD QDSUHGQRJ REIHVX VWDIE PRFSNIGRRIP| D@L P D O Q H

PDNVLPDOQH YULMHGQRVWL PHGLMDQ L ,45 WH SURVMHpQH



7DEOLBMRGDRLHR X QIIAINNHPLMH SULMH SRpHWAND NRULAWHQN

VXVWDYD
PLQ PHGLMD ,45 SURVMH PD]J
$* PPRO |
x0,
7,5
7$5

7%5

PL@PLQLPDOQD YULMHGWRYMY QUWLO:PDNDVBRQQPDULMHGQRYV,

3DUDPHOWUS* L 7,5 SR SHULRGQV NN B WhNDWMI LpNL SULND]
SULPLM MIMAHQ®@R GDGQRVQR LVWUDALYDpND DQDOL]D SRGDWD
'DWEQDO\WLYH]XOWDWL X R BUILND [BRDS ® RMO R & HQILE OWDLLYNRD M H
GD SRGDFL QH SUDWH QR UPH X @ MSHILRRV WLRENK I LHNAWHHHPL MNKR M
GLVWULEXFLMX SRRGDWDND VOLNH

6OLNBDUDILANINSQUDPHWWBIR SHULRGLPD



6OLNBDUDILPNINSQUDPHWS®® SHULRGLPD

6GOLNBUDILPNINSJUDPRAVBUIR SHULRGLPD

8VSRUHYVIH@UDRHOWU* L XBWPLSHULRODNDMHUP®GIL 3UHPD
UH]XOWDWLPD X REMW®OMDLWIV X RN H QEID VLY M QD U R PRLVKIDH
UH]XOWRIWMMX QD ]QDPDMQR SREROM 3 DVDMEKD WHI XODFLMH JOL



7TDEOLBNY SRUHSIHDOBIPW, $* L 7, HXLRGLPDWH X VYLP SHULRG

3HULRIG 6YL SHULRGL
+LINYDGUD Gl S +LNYDGUD Gl S
*0 .
$*
7,5 H H

OHGLMDDMHGQRWW VOINRIBD SRPNRVIXEWHQM®D 0LQLOHG
VXVWDYD SH|QRRM®&E PPRO / X] ,45 1DMQY@DMHG @RVW $*
]JDELOMHAHQD MH QDNRQ PMHVHF GDQD NRULAWHQMD SHULR
PPRO (45 8 RVWDOLP SHULRGLPDRWWDMHG@®RRWAN B*NRQV WL
WDEOLSBFWDEOLFL VX SULND]DQH PLQLPDOQH L PBRBWHPDOQH °
SURVMHPQH YULMHGQRVWL X] VWDQGDUGQX GHYLMDFLMX ]D

7DEOLBNLNBLUQHKXOWDVWSR |[PHSLRGLPD

$* PPRO /

SHULRG PLQ PHGLMD ,45 SURVMH PD]J

PL@PLQLPDOQD YULMHGWRYMWY DUWLO:PDNDVBRQQPD[ULMHGQRYV,

ULMHGQRWMYDPDMQR VH VQLADYDMX NWRULAXMQ@MMBP OLQLOHG
7DNRYKWBHULRGX SRSULPD QDMQ48X YUWMDHEG@RWWEOLFL VX
SULND]DQH PLQLPDOQH L PDNVLP D,@8\WH YSULRMAVGHDROVHWY. U PM GG f
VWDQGDUGQX GHYLMDFLMX ]D *0,



7DEOLBNLNBLUQHKXOWDWSR|BHULRGLPD

*0,

BHULRG PLQ PHGLMD , 45 SURVMH PD[

PL@PLQLPDOQD YULMHGWRYMY QUWLO:PDNDBVBRQQPDULMHGQRY,

QULMHGQRVWEB7L57®SR SHULBGLRD]DQH WX & WWDEMLFL VX
SULND]DQD PL@DADA®BOQH YULMHGRRNVIURPHMBRLOID QYULMHGC
VWDQGDUGQX GHYLMDFLMXRD SHWINRGSHDIDPWWPH SRYHiIDQM
7,5D VPDQMHQMH YUDMNGQREWAMWS$HIH SURPMHQH YULMHGQR
7$5 VH ELOMHAH G FRUEE RGP D QDM QL &X SHIMRGYRNIV

7DEOLPBRNLNBLUQHKXOWDWD ]D 7,5 7$5 L 7%5

7,5 7%$5 7%5

SHUIPLPHGL SURVI,45PD/PLUPHGL ,45 SURVI|PD/PLPHGL,49SUR\PD

PL@PLQLPDOQD YULMHGWRYMY DUWLOPDNBVBRQQPDX[ULMHGQRYV




6OLNBURPMHQH 7,5 T7TB3SREHURRO

SDUDPHWDU NRML SURFMHQM XMMHNRURLGERVIH Q1M H F® Q R WO R DNURGL
DOJRULWPD MH SRVWRWDN YUHPHQD SURYBGHQRUINRRPNEWH
SULND] QDSRNFIXMH GD MH SRVWRWDN NRUL&AWHQMD QLAL X
MH SRWUHEQR RGUHYHQR YULMHPH GD EL DOJRULWDP ]DSRpF
OHYyXWLP X RVWDOLP SHULRGLPD SRVWWRMWKONRDRUY L W HOOWDV 6
SRVWDMH NROQVG/DEIWBDPQMBUDILPpNRJI SULND]D NRULAWHQD MH
HQJRFDOO\ HYWLPDWHG VFDGHIFH D BISMAWPHWREBW KDQIODYHQMF
QL]D SRGDWDND



6OLND*UDILPpNL SULND] SURPMHQH NRWHKQ/RQRUIL M R DNUUR X DHIL
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8 RYRP LVWUDWMHFPWXKLEULGQRJ VXVWDYD |[DWYRUHQH SHW
SDFLMHQDWDEWWHVRP WLSD LVWUD&HQ MH NUR] SUDUHQMH
XNOMXpXMXUL *0, SURNMH®QDRUDIWKNBRVWRWNH YUHPHQD SUF
XQXWDU FLOMQRJ UDVSRQD 7,5 L]QDG FLOMQRJ UDVSRQD
,] DQDOL]H UH]XOWDWD PIEFHL N\NHRQIVELDY M R MLHWPL QOB UHG QLK KLE
VXVWDYD ]JDWYRUHQH SHWOMH SRVWLNRQ\W G ROREREYDMX i H
SURVMHPQH YUIDMHIBIQHRRWL M5HBQMH RG7%B PDQMH RG
7DNRYHU SURWUWH/HG QIBXWLY S®,G 8VSRUHGERP SDUDPHWDU
SHULRGH XRpNdM DQ BN YGHDUIED SWYRLAKM$HD WEDYFDH W BPWBI@ R SRpHWND
NRULAWHQMD QDSUHGQRJ KLEULG QR WIKYDVD Y B FDW DR BIMQH
VWDWLVWLPNL ]Q8pDMQW RH)XCHVPRAH ] MNDEM KIELONL +G& V XV W D
QDMYHUL XpLQMND RADWRBHBKWRU L a4 W 8 R W\ DA IS M DBAKDI X O D F L M X
JOLNHPLM S UWHBRW BALHOQLEL K YW IL M H IGRMR YADBMRKYED L] UH]XOWD\
XRpOMLYR GD VH QDMEROML XWMHFDM QD JOLNHPLMX RVWYD
NRULAWHQMD +&WWRXMWIXYDH]XOWDWLPD YLGOMLYR NDR QDMZC
SDUDPHWDUD *0, $* 79BMYLAP5YWHMHGQRVW SDUDPHWUD 7,5

BWXGLMH SRNBRUMEVWHQMH QDSUHG/QRBI U@R LXT W QWWH SRYH]
YHURP XpHVWDORA(UX GLMDEHWLPpNH NHWRD FZBRREY HUWH &N LK
SUHRDVXGLMLNIRMD MH QDSUDYOWMMHQIDUQDK NRULYQLND OLQLO
VXVWBRDLAWHQMHP QDSUHGQRJ P&/HWHADD YD LMDHERIR VWL 7,
NUHRNXR 7$5DRNR W HD7 ®E R A4WR MHSRODIFQRD L]
RYRJD LVWUD&LYDQMD ]D LVWL SHULRGONRDLEWKMORB VWX B LV
QDNREHVHF PWHEWHQMD QDSUHGQ®RR \WED DV BRW DY DN R Q
PMHVHF RG SRPHWENID NRMH. AVIMD B GDFL SR NYOWDLSDHGQRN WLP L
*0, MD QDNRQ PMHVHF GDQD LL]RWHRVBFLVMWRWDBEAWBQMD JGMH
YULMHGQRMDWQD'NMRQ PMHVHF GDQD LPQEUNBR PMHVHFL

“ IDGDQMNROLNR VWX GEQ MDD SIQIRN B RENRMOMADQMH UHJXO
JOLNHPLMH SUHODVNRP QD QDGWHGDLY t@DMXUWDWHYDSLMH L
SHQRYBPWLP VWXGLMD ROH | POLCDWHAR! &P ROWHHGMHY ULMHG QR V
+E$ ® NDR L ]QDpDMDI) SRUDVW 7,5



8VSRUHYXMXULRWHGC®¥REGQWRNH L] VWYDUQRJID VYLMHWD ]D 5HS
SHULRGR®RIGFHW RVMHPQD Y UL MHGRVROWR MB 7$PDRNR

L 745 RNR awR MH VOLpQR GRELYHQLP YULMMGQRVWLPD
SRGDFL XND]XMX QD WR GD NRULAWHQMH RYRBD WaD/MDDYD QL
UHIJXODFLMX JOLNHPLMH XQXWDU SGMRRCRBIDOWXRFERW QU KXW
QHNROLNR VWXGLMD

2JUDQLpPpHRINDDLRWUDALYDQMD O H &%5H X MW NROR. NP OR REWARWD X | R
RJUDQLPLWL RSiX SULPNM® yHRIFONL YD MO WBROQD UD]JQROLN
V PDQMLP EURMHP PXA4NLK LVSLWDRR N 5 RWRIGQTFRIMIHDORAHQV N
XWMHBIWHIU SUHWDFLMX UH) %0 WE@MI N-RUVVBW BMDHVD W H & H
RVWYDUDMX FLOMQH YER M B [BHR X R/ PRIQL\NNHPL MW MG B O M B
UH]XOWDW:IL®KDEHRMNRDDXMX GD LVSLWDQL SDUDPHWUL *0, $*
QRUPDOQX GLVWULEX¥RMWRSREDWDNSRGORAQR XWMHFDMX HN
=DSD&HQR MH GD X RY SR HGWQID AIRMDYMXFL QDSUHGQRJ +&/
HNVWUHPL NRML QH RVWYDUXMX SRERDRI@ DUQWRK RIS B ONORAVL IVPH
VH PRJOR RERNDNYD WINVW U HP@H DGXMNYDWIXRINRULAWHQMH QD
WHKQRORJLM K) HSWIHPAM HQR FGD YD QM H E®ID & R B R G MRERFER NVHX
QDpPLQX NRRYENMRIVBIBYRPH LVWHUNDEWYBIOMY X NRQVWDQWQR
SHULRGH LPDOL QDM QD aH QMM MIHGIQ RYDWLHEGVEDR VIt 7$5
7DNRYSHRNVWRML QHNROLNRR B INWXYENDX FIES QRNRRWRULAWHQMD
6PDUW*®MHXQRORBHH REIR] &WR PRA&H XND]JLYDWL QD SRWHC
W HK QR O RSIW MARWPHLUQR&H QM & *0



=$./-8y&,

8 IDNOMXpPNX QDSUHGQL KLEULGSHRNNXW R YR MROWRIUH @ W NS H !
UHJXODFLM®X JEROHWPQMMD VD aHUHUQRP EROH&UX WLSD WH |
XQXWDU SUHBRUMPHWHBRRN WLSULORJ JRYRUH VWDWLVWLpNL
RYRJD LVWUD®LYD@MD SAWMRYGILGHD N R Wi LSURHHX O YWOMXH
BULPLMHUHQR MH GD QDSUHGQL KLEULGQL VXVWDY |[DWYRUH
JOLNHPQX\WDWBHYHE GDQD QDNRQ SRpHWND NRULAWHQMD &
GDOMQMLP LVWUDALYDQMLPD NDNR EL VH SRWYUGLOL WL UH
RYDNYLK VXVWDYD ELWQD MH SUHFL]QLMD WHKQRORJLMD X
NRQWLQXLUDXQMQIXSRQXN LQ]XOLQVNH SXPSH XQDSULMHVHQ
HGXNDFLMX NR ULY@INDUMGIDK QROROIMAHG X X VWYDUDQMH VXV
SRWSXQR |JDWYRUHQH SHWOMH NRML iH VDPRVWDOQR UHJXO
XWMHFDM X



=$+9%/(

2YLP SXWHP @HOLP L]JUD]JLWL VYRMX LVNUHQX ]JDKYDOQRVW V
SRPDJDOL WLMHNRP SLVDQMD RYRJ GLSORPVNRJ UDGD

SULMH VYHJD &HOLP ]DKYDBRAWE W VRMRNMQRRQWEMHNIREGL OD
NUR] FLMHOL SURFHV LJUDGH RYRJ UDGD +YDOD 9DP QD VWU
NRQWLQXLUDQRM SRGUaFL 9D&D SRPRUO ELOD MH QHSURFMHC
]JDYUALP RYDM UDG

7DNRYHU @HOLP ]DKYDOLWAVWXSWQMXX HKREDR@IND QD VWYDUQT
LVWUDALODRBOW XUDGQMD RPRJIJXULOD PL MH SULVWXS QHRSKR
XYHOLNH GRSULQLMHOR NYDOLWHWL RYRJ UDGD

ORMRM RELWHOML KYDOD YDP QD QHL]PMHUQRM OMXEDYL S

1D NUDMX &HOLP ]DKYDOLWL VYRMLP SULMDWHOMLPD NRML
WLMHNRP FLMHORJ VWXGLMD 9DabD SRPRIEH]SY DLW W KG MYDINOQN
EL ELOR SXQR WHaH



/,7(5$785$%

IXFLHU - :HLQVWRFN 56 7\SH 'LDEHWHY ,Q 6WDW3HDUOV
6WDW3HDUOV 3XEOLVKLQJ >FLWHG OD\ @ $YDLODE
KWWSV Z7ZZ QFEL QOP QLK JRY ERRNV 1%.

+RPH 5HVRXUFHV GLDEHWHYV / ZLWK $FNQRZOHGJHPHQW )
'LDEHWH\WY SWOHDUUVQHW®@ >FLWHG OD\ @ $YDLODEOH IUR
KWWSV GLDEHWHVDWODV RUJ

5LFKDUG , * +ROW &OLYH 6 &RFNUDP $OODTH)WERRWHRDU
GLDEHWHWQDGNEKHOO

BRO (SVWHLQ +HOHQ ( 7XUQHU -RKQ $ + :DVV %' 2[IRUG $
(QGRFULQRORJ\ DQG 'LDEHWHV VW HG 2[IRUG 8QLYHUVLW

2JOH *' :DQJ ) *UHJRU\ *$ ODQLDP - 7\SH GLDEHWHV QXP]
DGXOWV $XWKRUYV

$3 $% +6 0. 'HFUHDVHG ,QFLGHQFH RI 7\SH 'LDEHWHYV
&KLOGUHQ 'LDEHWHYV &DUH > QWHUQHW @ '"HF >FLWHG
IURP KWWSV SXEPHG QFEL QOP QLK JRY

%HUKDQ < :DHUQEDXP , /LQG 7 0O|OOVWHQ $ 'DKOTXLVW *

7TKLUW\ <HDUV RI 3BURVSHFWLYH 1DWLRQZLGH ,QFLGHQFH RI

$FFHOHUDWLQJ ,QFUHDVH E\ 7LPH 7THQGV WR /HYHO 211 LQ 6.
=+

$* (D* &F 3 ,QFLGHQFHR@VHWWLIOCBRRRG®HQW GLDEHWHV PH
WKH (852',$% $&( 6WXG\ /DQFHW /RQG (QJO >, QWHUQHW®

@ $YDLODEOH IURP
KWWSV SXEPHG QFEL QOP QLK JRY "GRSW $EVWUDFW

&F 3 (* -5 2& $1 (6 HW DO 7UHQGV LQ FKLOGKRRG W\
(XURSH GXULQJ HYLGHQFHXRLIRRI®LW\ RYHU WLPH LQ UDWH
'LDEHWRORJLD >,QWHUQHW@ $XJ >FLWHG 0D\ @
KWWSWKEPHG QFEL QOP QLK JRY

$. 6* $5 "' (% %M$ HW DO 7\SH GLDEHWHV PHOOL
> QWHUQHW @ ODU >FLWHG OD\ @ $YDLODEOH Il
KWWSV SXEPHG QFEL QOP QLK JRY

$SS & 6 & (Y / -W & 'LDEHWLPRGWRDR\ERYVQWW GV 0
SFLWHG oD\ @ $YDLODEOH IURP KWWSV SXEPHG

*XPSHQ\ 5DPDFKDQGUD 6ULGKDU $VKRN .XPDU 'DV 9LVZEL
(GLWRU SDWXUL 9LVKQXSUL\D 5DR +%& 566', THIWERRN RI
-D\SHH %YURWKHUV OHGLFDO 3XE



(15 $0 '* + + &OLQLFDO SUHVHQWDWLRQ RI W\SH GLI
> QWHUQHW@ -XQ >FLWHG 0D\ @ $YDLODEOH IL
KWWSV SXEPHG QFEL QOP QLK JRY

7KRPDV 1- -RQHV 6( :HHGRQ 01 6KLHOGV %0 2UDP 5% +
JUHTXHQF\ DQG SKHQRW\SH Rl W\SH GLDEHWHVY LQ WKH ILL
VHEWLRQDO JHQHWLFDOO\ VWUDWLILHG VXUYLYDO DQDO\V
(QGRFULQR®E +

$@XOOD ) $OKRPDL)OGDKD GEXDVDRD# ULO, 1L]DP 5 HW DO
(DUO\ DXWRDQWLERG\ VFUHHQLQJ IRU W\SH GLDEHWHV D
DGYDQWDJHV RI PXOWLSOH[LQJ FKHPLOXPLQHVFHQW DVVD\

'LDEHWHYV 'LDJQRVLV 7HVWYV _ $'$ > QWHUQHW@ >FLWHC
KWWSV GLDEHWHVBEHHIWNHIVEBXKMWIQRVLYV

ODGGDORQL ( %ROOL *% )ULHU %0 /LWWOBHSWHWDLH 5
GHWHUPLQDWLRQ LQ WKH GLDJQRVLV RI W\SH RI GLDEHWHYV
SHUVSHFWLYH 'LDEHWHV 2EHV OHWDE 2FW

$FXWH DQG &KURQLF $GYHUVH 2XWFRPHV RI 7\SH ‘'LDEH
1RUWK $P ODbU +

'LDEHWHY &RPSOLFDWLRQV &RPRUELGLWLHYV DQG 5HODW
OD\ @ $YDLODEOH IURP KWWSV OLQN VSULQJHU FRP

HQQHWK 0 6KDZ 0+& 'LDEHWHV &KURQLF &RPSOLFDWLR
%ODFNZHOO

$&( LQKLELWRUV DQG GLDEHWLF QHSKURSDWK\ FOLQLED
-RXUQDO RI OROHFXODU OHGLFLQH >, QWHUQHW®@ >FLWHG
KWWSV OLQN VSULQJHU FRP DUWLFOH %)

'LDEHWLF QHSKURSDWK\ )RFXVLQJ RQ SDWKRORJLFDO V1
GLHWDU\ UHIJXODWLRQ %LRPHG 3KDUPDFRWKHU ODU

JHUEHU & ODR &6 <HH -. 7\SH 'LDEHWHV %RVHRXWK DQG
$GYDQFHYV LQ ODQDJHPHQW $GY 3H&GLDWU $XJ

*LRUJLQR ) %DWWHOLQR 7 %HUJHQVWDO 50 )RUVW 7 *U
5ROH R|S3IDOMEWLQJ) ,QVXOLQ $QDORJV LQ 'LDEHWHV $Q ([St
'LDEHWHV 6FL 7THFKQRO >,QWHUQHW@ 1RY >FLWHG
KWWSVQIMRK VDIJHSXE FRP GRL



IDX ,7 /HH .) 6R :< 7DQ . <HXQJ 97) ,QVXOLQ JODUJLQH
LQVXOLQ WKHUDS\ LQ W\SH DQG W\SH GLDEHWHY PHOOLYV
7DUJHWYV 7KHU

7\SH GLDEHWHV #HBHY BRBRUBVXOLQ WKHUDS\ ,Q ,QIRUF
> QWHUQHW@ >, QWHUQHW®@ ,QVWLWXWH IRU 4XDOLW\ DQG
>SFLWHG OD\ @ $YDLODEOH IURP KWWSV ZZZ QFEL QO

. 7 % (YROXWLRQ RI 'LDEHWHYV 7THFKQRORJ\ (QGRFULQF
> QWHUQHW®@ ODU >FLWHG 0D\ @ $YDLODEOH |
KWWSV SXEPHG QFEL QOP QLK JRY

/& *' 3) 3-& -* 7. HW DO $PEXODWRU\ *OXFRVH 33U
'‘DLO\ &DUH RI 3IDWLHQWYV ZLWK 'LDEHWHYVY 3UDFWLFDO 7LSV
7KHU 5HV 7UHDW (GXF 'LDEHWHY 5HODW 'LVRUG >, QWHUQHMW

@ $YDLODEOH IURP KWWSV SXEPHG QFEL QOP QLK JR

'LDEHWHY &RQWURO DQG &RPSOLFDWLRQV 7ULDO '&&7
'&&7 5HVHDUFK *URXS 'LDEHWHV &DUH > QWHUQHW@ )H
@ $YDLODEOH IURP KWWSV SXEPHG QFEL QOP QLK J

.RZDOVNL $- KWWSV KRPH OLHEHUWSXE FRP GLD ODU\
+XJIJXHQRW 6WUHHW UG )ORRU 1HZ 5RFKHOOH 1< 86%
&DQ :H 5HDOO\ &ORVH WKH /RRS DQG +RZ 6RRQ" $FFHOHUDW
$UWLILFLDY $DREWGEHFDS WR %HWWHU 'LDEHWHYV 2XWFRPHV
KWWSV Z7ZZ OLHEHUWSXE FRP GRL GLD

.RZDOVNL $ 3DWKZD\ WR $UWLILFLDO 3DQFUHDV 6\VWHP\
'RZQVWUHDP 'LDEHWHYV &DUH =+ -XQ

OHGWURQLF 1HZV > QWHUQHW@ >FLWHG OD\ @ OLQ!
/IRRS 6\VWHP $YDLODEOH IURP KWWSV SHZV+PHGBMVEURQLF
&ORVREBSE\VWHP

03 51 5P% . %. 7' 5+ HW DO &RQVHQVXV 5HFRPPHC
8VH RI $XWRPDWHG ,QVXOLQ '"HOLYHU\ 7THFKQRORJLHV LQ &C
> QWHUQHW@ ODU >FLWHG ob\ @ $YDLODEOH
KWWSV SXEPHG QFEL QOP QLK JRY

J)XFKV - +RYRUND 5 %HQHILWYV DQG &KDRRBHQJHV RI &XU!
THFKQRORJLHV LQ &KLOGUHQ DQG <RXQJ 3HRSOH :LWK 7\SH
> QWHUQHW@ >FLWHG ob\ @ $YDLODEOH IURP
KWWSV Z7ZZ QFEL QOP QLK JRY SPF DUWLFOHYV 30&

':LOVRQ /0 -DFREV 3* 5LGGHOO 0& =DKDULHYD '3 &DVWC
FKDOOHQJHVORRBORVWGE PV LQ W\SH GLDEHWHV /DQFHW 'L

_DQ



OHGWURQLF 'LDEHWHYV &URDWLD > QWHUQHW®@ >FLWHG
VXVWDY $YDLODEOH IURP KWWENWH\ESE RE)EVIRD L F
WKHUDS\ PLQLWVWG/HP

OLQLGMG * 6\WWHP 6XSSRUW _ OHGWURQLF >, QWHUQHW®@
@ $YDLODEOH IURP KWWSV ZZZ PHGWXRHR FG LDOIEHVPHIG F
J VIVWHRSSRUW

*URVPDQ % 5R\$ /LQWHUHXU / 7XUNVR\ . %YHQHGHWWL
8QGHU WKH +RRG ([SODIQLOIBUWKKRUOMXKXIFOAGWK OHDO "HWHF
THFKQRORJ\ 'LDEHWHY 7THFKQRO 7KHU > QWHUQHW @ )HI
$YDLODEOH IURP KWWSV Z7ZZZ OLHEHUWSXE FRP GRL

*3 -& 03 (' .+ $. HW DO 6LPSOLILHG OHDO $QQRXQ
SUHFLVH &DUERK\GUDWH &RXQWLQJ LQ $GROHVFHQWYV :LWK
OLQLOHG * $GYDQFHG +\EULG &0ORVHG /RRS 6\VWHP $ 5DQ
&RPSDULQJ *OXFAVH BROWHWR &DUH >, QWHUQHW @ oD U

@ $YDLODEOH IURP KWWSV SXEPHG QFEL QOP QLK J

&RUGHUR 7/ 'DL = $UULHWD $ 1LX ) 9HOOD 0O 6KLQ - HV
'XULQJ (DUO\ 8VH RIWKHS$@EYLQFABG +\EULRBRSOKRVWGE P ZLWK
*XDUGLDO®HQVRU 'LDEHWHV 7THFKQRO 7KHU >,QWHUQHW@

@ $YDLODEOH IURP KWWSV ZZZ OLHEHUWSXE FRP GRL

5 &RUH 7HDP 5 $ /DQJXDJH DQG (QYLURQPHQW IRU 6WDW
> QWHUQHW@ 9LHQQD $XVWULD 5 )RXQGDWLRQ IRU 6WDW
IURP KWWS\SURKMHBW RUJ

56 WXGLR ,QF 56WXGLR > QWHUQHW@ %RVWRQ ODVVDF!
IURP KWWSV ZZZ UVWXGLR FRP

ODWHMNR % -X]DO® %W HEUDQND . .U]J\*RZVND 6 &KHQ ; F
7TUDQVLWLRQLQJ RI 3BHRSOH :LWK 7\SH 'LDEHWHYV )URP 0XO
ORQLWRULQJ RI %ORRG *OXFRVH 'LUHFWO\ WR OL/@QRIROH G *

6\VWHP $&HERWHU 5DQGRPL]JHG &RQWUROOHG 6WXG\ 'LDEF
+

&DUOVRQ $/ 6KHUU -/ 6KXOPD®QXYVXtD3JJ¥%RGHRB: HW DO
6DIHW\ DQG *O\FHPLF 2XWFRPH Y $CUDIQIFW & H+ DL QURERB® RV H G
6\WWHP 3LYRWDO 7ULDO LQ $GROHVFHQWY DQG $GXOWV ZLV
7HFKQRO 7KHU >,QWHUQHW@ ODU >FLWHG 0D\ @
KWWSV Z7ZZZ OLHEHUWSXE FRP GRL GLD

%HUJHQVWDO 50 *DUJ 6 :HLQ]JLPHU 6% %XFNLQJKDP %$
9 HW DO 6DIHW\ RI D/RREUILGVEORYHBOLYHU\ 6\VWHP LQ 3D
7\SH 'LDEHWHV -%$0% 2FW



$UULHWD $ %DWWHOLQR 7 6FDUDPX]]D $( 6LOYD -' &DV)
&RPSDULVRQ RI OLQLOHG *VIVWHP SHUIRUPDQFH LQ XVHU
WKDQ \HDUV (YLGHQFHZIRBR®G XVHWNWDOLDEHWHYV 2EHV 0OHYV
-XO

I+

&KRXGKDU\ 3 .RODVVD 5 .HXWKDJH : .URHJHU - 7KLYRO
$GYDQFHG K\EULG FORVHG ORRS WKHUDS\ YHUVXV FRQYHQ\
W\SH GLDEHWHV $'$37 D UDQGRPLVHG FRQWUROOHG VW)
(QGRFULQRO 2 F Wi

(GG 61 &DVWDxHGD - &KRXGKDU\ 3 .RODVVD 5 .HXWKDJ
7ZHORRIQWK UHVXOWY RI WKH $'$37 UDQGRPL]J]HG FRQWUROO
VXVWDLQDELOLW\ RI DG YDRRFH W KMNBEWDISG RRIWFRBHYV YHUVXV

WKHUDBGXQWY ZLWK W\SH GLDEHWHY 'LDEHWHY 2EHV OHW
-+

% 0 $- % .: . & 6. 2 & HHODORBYRESGYDQFHG +\EULG
&ORVIREB®S 6\VWHP LQ $GXOWV ZLWK 7\SH 'LDEHWHV 3UHYLR
THFKQRORJ\ 7KH (IITHFW Rl 6ZLWBKIHQEH®QK DU & DLADIHEHNDAW. RIQF
7TKHU > G@VHUQ®#XJ >FLWHG oD\ @ $YDLODEOH IURP
KWWSV SXEPHG QFEL QOP QLK JRY

%»DUDWD '6 $GDQ /) 1HWWR (0 5DPDOKR $& 7KH (IIHFW F
RQ *OXFRVH &RQWURO LQ :RPHQ :LWK 7\SH 'LDEHWHYV (YDO
*OXFRVH ORQLWRULQJ 6\VWHP 'LDEHWHV &DUH 0D\

%URZQ 6% -LDQJ “WDOFKFRYEAH:DNHPDQ & %UHWRQ 0' )OXF
+\SHUJO\FHPLD DQG ,QVXOLQ 6HQVLWLYLW\ $UH /LQNHG WR
'RPHQ :LWK 7' - 'LDEHWHYV 6FL 7THFKQRO > QWHUQHW @

@ $YDLODEWNWVBWRPMRXUQDOV VDJHSXE FRP GRL

1HZ FOROVRIRSS LQVXOLQ VI\VWHPV _ 'LDEHWRORJLD >, QWHU
$YDLODEOH IURP KWWSV OLQN VSULQJHU FRPFDWWDKNOH



a,92723,6

$QWRQLD 3UHFDOL URYHQD MH WUDYQMD JRGLQH X =D
ANROX 90DGLPLUD 1D]JRUD L 6UHGQMX ANROX =YDQH YyUQMH X
OHGLFLQVNL IDNXOWHW X =DJUHEX 7LMHNRP VWXGLMD SRVW
VHALMH ]D SURPRFLMX SUDYLOQH SUHKUDQH L |GUDYOMD D F
REQDAD GX4QRVW SUH GKGHIGOIRMD OBNFHMHEURMQLP SURMHN
6LPSR]LM 3UHKUDQ®DPBERBUM ROMKWGURPX SR GILFERAWHWQLIR MDA
9LWDPLQL K6WXIGE RAUNDNILIGDQA®BLOD MH YRGLWHOMLED EURM
7DNRYyHU MH pODQLFD YRGVWYD 6WXGHQWVNH VHNFLMH ]D JL
VXGMHOXMH X RUJDQL]DF& N DG MRWNRW W R G/AHNF L M H RVY
GYLMH 5HNWRURYH QDJUDGH ]D GUXdaWYHQR NRULVWDQ UDG
SURMBNRSR]LM 3UHKUDI® IV X.G|G&BANSDIOD UD AEXWRULFED MH
EURMQLK VD&HWDND QD NRQJUHVLPD 6DAHWDN SRG QDVORY
+\SRJO\FHPLD LQ DQ (OGHUO\ )HPDOH 3DWLHQW ZLWK 7\SH
WKH 'LDJQRVLY DQG ODQDJHPHQW RI ,QVXOLQRPD?* RVYRMLR
 QWHUQDWLRQDO OHGLFDX % RKHQWXILFDARGROLWD 7DNRYHU
bODQND SRG QDVORYRPQGGRNDE BRQYRPOAWN $GUHQDO ,QVXIILFLEF
5HDO® REMDYOMHQRJ X pDVRSLVX2¥Q © D/XHE\WM B OHRYGRAMD. XR O R
IDNXOWHWVNLP DNWLYQRVWLPD $QWRQLD MH DNWLYQD YRO
GUXaWYR WH SL3H EURMQH WHNVWRYH |]D EORJ GUXAWYD 7D
SUL ,QWH U QD FHRQDDRLAM L+|DX WBRIMD EHIMWHHY \EXURNHQ M H X
DNWLYQRYMOLWHEHKUGHEWNNN $QWRQLD WHPQR JRYRULL HQJOHYV
WDOLMDQVNL MH]LN



