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AF>GJEW;AaL FQCBLN9 9R =F=J?=LAC9A AFL=J9C;AaCJaD R=CF=C 9 KCWDWCF9C Z
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/@=L9 @MDDWEGC #EDQ J=D9PW;AaN9D E=<ALW;AaN9D ]K 9 CbFFQ... 9DNWKA >WRAKK9D LWIKMD
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$ R]JR=DE=C=L @GJARGFLWDAKIF AK GKRLWDQGRRWC 9 >=DK, JJKR=F JH_L, JJR=DE=C LODWD@9LaC 9R 9DKz
JJR=DE=C

+ +]D<WMD 9 <=HJ=KKRAa =DD=FWDD 9 =D=F?=<]KF=C 9R =?]KRK]?d?QA KRGJGF?WK 9 E=<AL9L_N WDD9HGLF
bJbEF=C ]K 9 bFIGE:GDWK 9 E=?=D]?=<=LLK]?F=C

UKKR=>GFa<WKGC

$ R]JR=DE=C CdDbF:bR, @=DQ=C=F bKKR=>GFa<@9LFIC +]D<WMD 9 FQM?9DGE =DD=FL]L= 9 CJFQKR=J=K G:KR=
9R ]D=K C]J<]JK=CF=C ]K _?Q LGNW::

¥ R=C 9R bKKR=>GFa<WKGC CMD;K>GFLGKKW?c AF>GJEW;AaL FQcBLIFIC 9 E=<ALW;Aa@GR ]K 9R bFE=?]JL]JK@=F
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WDD9HGL:9F N9F 9CCGJ <bFL@=LKR ¢c?Q @G?Q E=?=J,K_L=<9RL
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g CdDK,]F9RL B=D=FLA 9EAL EWKGCF9C E=?EMLILMFC ]K 9RL 9 E9?9L9JLWKL 9EAL 9 LWJIK9<IDGE:9F LOFcK_LMFC
g EWKAC JF 9RL B=D=FLA 9@G?Q9F J=9C;AaCIL EMLILMFC EAF<=FJ= 9EAL 9 CdDK, NADW? =D]FC LWJ

EWKGCCOD N9Da AFL=J9C:AaC :=>GDQWKGDBWC =RL 9 C]L <AE=FRAaL JJR=DEA :K=J]C K LWJK9<IDEA NAKKR9B=D
KRGEGJCKW? <d@ ]K >]D=D=E GDQOYF JJR=DE=C 9E=DQ=C >GJEWDBWC LIHIKRLIDILIAFCIL ]K ;K=D=C=<=L=AFC=L :
9 K9BWL ]K EWKGC JKRD=DJK]L R=CF=C 9 <AF9EACWC BG: E=?]JL]JK= BON_L@9LB9 9R ]JJR=DEA AFL=DDA?=F;AW
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2ADALWKWDLGRWKGCJ9 ?QGJIKIF K @IL]CGFQIF N9Da 9DCIDEIRCG<WK CJH=KK]?=
2]KRK]?d?QA KRGJGHEDRGLL 9?7?G<9DGE 9 K9BWL =?]KRK]?= N9?Q EWKGC =?]KRK]?= EAILL
=F=NGD=F;AEWKGCCID KR=E:=FA C=<N=KK]? ]K =?QdLL]JR]K LOILWK9
R_N>WB<9DBEKRL=K]? N9?Q :K9Da<WK EAILLA E]DQ KRGEGJcKW? ]K JJR=DEA >WB<9DGE
YQM?9DGE :ICIK ]K :=DK, FQM?9DGE WDD9HGL9
&9JARE9 EWKGC NGFRWKWFIC =D:...NbD]K]F=C ]K :=>GDQWKGDWKWFIC C]H=KK]?=
&GF;=FLIW;Aa>A?Q=D=E >=FFL9JLWKWF9C C]H=KK]?= =2Q CGFCJ]L >=D9<9LJ9 N9?Q ;]DJ9
UF:ARIDGEK9BWL C]H=KK]?=AFC:= N9?Q EWKGC]:9 N=L=LL :AR9DGE
IA?Q=D=E:= N]L&BF<GKCG<WK ]K LAKRL=D=LL=DB=K @ GRRWWDDWK 9 EWKGC JJR]K=A@=R ]K KRACK]?D=L=A@=R
&AL9JLWK]D=D=E >WB<9DGE N=KR]DQ N9?Q :ARGFQLIDIFKW? KR=E:=F]R]K]F=C C]H=KK]?=
bFL]JK NWD9KRLWKGC E=?@GRILIDWFIC C]H=KK]?= @ILWIGRGLLKW??9D K =DKRWFLKW??9D
=HJ=KKRAGKKRIF L9JLa KRGEGJCcKW? C]LK]?:==K]K ]K 9R ]D=L ]3<=CD,<]K]F=C =DN=KRL]K=
C9<WDQGRLILYDGC =D}J]K]J= N9Da =DKRWFLKW? 9R 9C9<WDQGC =DD=F]J=
M>aJABFL=FR_N bJbE JK AR?9DGE JJR]K=
D,CJHR]K CA>=B=R]K NADW?GK |K @9L]CGFQ Ea<B9
TJR=DEA AFKL9:ARBIREKL ]K =D, J= F=E DWL@9La ]JR=DEA NWDLGRWKGC
EHWLA9 EWKGC JJR]JK=AF=C E=?]JL]K]F=C ]K E=?GKRLWKWF9C C]H=KK]?=
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EGLGJGC &=R<BgsFC 9R gjJR=DE=CC=D

R=F 9R GD<9DGF @qf >Sv qjJRqjKL gjJLgjC=D@=L KRGEGJqoKqgp? :ARLGFKqp? KR=J=D=E
A?9RKqp? :gjC= Bo~DgjL gjK E=?=Dgj?=<=LLKqj? &gjH=K D=KR FQGEGF CqKgjJFA

9RGC >=BDSv<gjKgjL KGJGC E=?FQGEqpKgpN9D NARM9IDARpD@9LBY 9 :AGE9JC=JL
NAJgp?>GJEqp:9F E=?EMLILNY :=DKSv <AF9EACQpAL gjK 9R =R=C jJRgjK=C CghRghLLA
C9H;KGDIOLGCIL $LL AKEgjL 9 ?J9>ACGF 9R =DLgjJSv A<SV@GJARGFLGC KR=JAFLA
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(=7=Dgj?=<=LLKgj? Ngp?Q9C KRg+CKgj?=C N9?Q ;qiDGC L=DB=KqLqjK= EA9LL CA9DICMDL E=?=Dqj?=<=LLKqj? giK
giDN=R=L gjJRgjK= R 9 L=DB=KqLEqjFQ gjK KAC=J gjJRqjKgjL @GRR9

U>HFM

+FD7EE ;@67J. *
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::=F 9 KR9CIKR:9F >=D>=<=RRdC 9 !|G;MK C]H=JFQ,L 9E=DQ ?9R<9? AF>GJEW;AaC9L FQcBL 9R
=D,J=@9D9<GLL =D=CLJGC9J<AG?J9E =D=ER]K]@=R KRACK]?=K=F R 9R AF>GJEW;Aa WDL9DW:9F
9C9<]EA9A K CMLILWKA CbJFQ=R=L=C:=F @9KRFWDILGK ]K CdDbF:bR, LM<GEWFQGK E9JC=J=C=L
L9JLODESR

.LI=KKR $F<=P RL 9R AF<=P=L =NKCA GJGKR CML9La >=BD=KRL=LL= CA L=KL KLIJ=KKRKRAFLB]L
KH=;A>ACMK H9J9E]L=J=C K=?_LK]?]N=D EJJA

<9HLW;AaK .RAFL ?Q EWKAC AF<=P 9E=DQ=L *JGKRGJKRW?:9F >=BD=KRL=LL=C CA =R
JJL]C=DA 9 L=KL C]H=KK]?]L 9 CdDbF:bR, AF?=J=D]K=C ]K CbJdDE]JFQ=C 9DCODEW@GR N9Da
9DCI9DE9RCG<WKJI9

IGLWDAK /=DB=K_LEJFQ 1WDLGRWKA /]FQ=R, ]K .R_NJALEMK 1WDLGR]CGFQKW? R=C 9
E9JC=J=C BaD AKE=JL=C 9 C9J<AGDa?A9 L=JdD=L]JF ]K CdDbF:bR, KR N3RMEEGCMKI=[K=F=LF
KLI=KKRNWD9KR 9KH=CLMKGC EJ]K]J= @9KRFWDBWC

+KRA;@G EG;AGFWDAK .LJ=KKR R 9R AF<ACWLGJ JJL]C=DA 9 KR_N ]JK JJR=DEA J=F<KR=JJ=
?Q9CGJIGDL @9ILWKGCIL

IG;MK CJH=JFQ,F E=?9<GLL 9<9LGC CMJIRGJGC >GJEWBW:9F AK E=?B=D=F_L@=L,C 9 ?QGJK NARM9DARW;/
DL=JFIL_NOC]JFL B=?QR=L=C:=F NAJW?GC:9F K EAF K]?:=F AK :=EMLIL@9LaC D=@=L,N] L]N=9 JJKRD=L=K=:: =D=ER]KL

IG;MK CJH=JFQ, LGNW:W L9JL9DE9RR9 9 >A?Q=D=E KRWF<]C ]JK @GJARGFL KR9:WDQGRWKWF9C EAF,K]?]J
AF>GJEW;AaC9L R=C 9R AF<ACWLGJIGC LGNW::A AF>GJEW;AaC9L FQCcBLIF9C 9 >=D@9KRFWDa E=FLWDAK ]K [JR=DEA

FF=C 9 C]H=JFQ,F=C ]J<=C=K NGFWK9 9 >=D]H_L]JK C9L9:GDAREMK ]K E=?K=EEAK_L]K 9F9:GDAREMK CbRbLLA C
C9L9:GDAREMK 9R =F=J?A9 >=D@9IKRFWDWKWL B=D=FLA E_? 9R 9F9:GDAREMK 9R =F=J?A9 E=?L9C9J_LWKL LdCJIbRA
JK NWDLGR@9L 9 Jb?R_LJK KGIJWF LdCJbRN= 9 ]D, J=F<KR=J=C WDL9DWFGK D]?R]K]L &JBAC L9ILKMC KR=E =D,
J=F<KR=JKRAFL... DJFQ N9?QMFC ]K 9 E=?K=EEAK_LJK 9 K...J_L]JK CA;,N_L]JK E=?K=EEAK_L]K cBJ9]JH_L]K KRJLNWDOKRI
CGEHD=PA>ACWDWK =?QKR=J...K_L]K WDLIDWFGK EGR?WKWFIC JJKR="?Q =?]KRK]?=K CGEHD=P KR=JN=R=L >GDQ
=R=C 9R WDD9HGLGC CbRbLL

IGFLGK E=?>A?Q=DFA =R=C=L 9 <AF9EACMK NWDLGRWKGCIL EAN=D =R=C B=DRAC 9R |H_L]K K E=?K=EEAK_L]K 9J
FF=C 9R =NGDc;AaK L]JFQ=R,F=C 9 @GRRW9<WK9 BG:: E=?]JL]KL FQcBL 9 :AGDa?A9A J=F<KR=J=C D]?R]K]J,D

1]2dD 9 !G;MK C]H=JFQ, C]JL NAJW?GL AK :=EMLOL 9E=DQ=C 9R 9F9:GDAREMKL ]K CIL9:GDAREMKL CJHNAK=DAC
AF>GJEW;AaL FQCBLK9FIC =R=CJ,D 9 >5GDQIEILGCJaD R=C=L 9R 9<9LGCIL KRICIKRGFC]FL N9?Q 9R =?]KR >=DN]L=D :
D=@=L L=DB=K WLL=CAFL]KL FQCcBLN9 9 >=D@9KRFWDa >ARAGDa?A9A ]K HKRA; @GDa?A9A WDDIHGLWJaD

38A8

17@7; >7?LOE OE !93LPFNE

=F 9 KR9COKR:9F 9 LM<9L >G?9DEWFIC EWKG<AC JIKR]L NARK?WDBMC 9E=DQ E9?W:9F
>G?D9DB9 9R =DE]L 9 KR=DD=E=L ]JK 9 LM<9L9DILLAL !,C]JFL 9R =DE]J= bKKRHGFLGK_LMFC CdDbFbK
>A?Q=DE=L >GJ<_LN9 9 R=F=]K 9R bKKR@9F? =D=E=AJ=

5=F= 9 >=DN]L=D=C:=F

EACGJ =D=E=RRdC 9R =DE]L C=R<BdC 9RR9D @G?Q 9RGFGK_LBMC 9 >=DN]L=D:=F B=D=F D]N, R=F=A
=D=E=C=L ;D 9R @G7?Q J=D=NWFK R=F=A E=?>=D=D]K=C=L L9DWDBMFC &]L D=@=L,K]? WDD
J=F<=DC=R]KJ= NARMI9DARWDBMC 9R bKKR=K R=F=A =D=E=L N9?Q NAKKR9BWLKRMC ,C=L @G?Q
E=?>A?Q=DBdC >=BD,<]KdC=L 9R A<, ECDWKWN9D

1]CGFQ KWNGC 9 JbNA< LWNc =D=E=C=L C|JHNAK=DAC E_? 9 KR]D=K=:: KWNGC 9ADREERI=F:WNd F
=D=E=C=L B=DRAC ?Q EWKAC ]J<=C=K E]J,KRWE 9 >=DN]L=D WDLI9DWFGK R=F=A @9JEaFAWBWF9C
KRAFLB= &bJdD:=DdD KRWR dL=E MLWF =DC=R<@=LBdC 9RGFGK_L9FA 9 CGFCJIL JbNA< CbR]H
@GKKRc K F9?QGF @GKKRc LWNc R=F=A 9CCGJ<GCIL

R=C 9R 9CCGJ<GC N9?7Q @9F?GL L9JLIDESR@ILFIC ]K CdDbF:bR, KCWDWCJ9 L=JB=<@=LF=C CA WJ =R 9F
F=E EAF<A? CbRN=LD=FdD @9KRFGK <bFL, >GFLGKKW?cNW NWDAC 9EACGJ AJWFQ_LGLL E=<ALW;AaL J=CGFKLJN
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KRWEMFCJ9 @G?Q E=?]JLKdC 9 JJKRLN=N,C B=D=FD=?A WDD9HGLWL 9R9R 9 >=DN]L=DdC:=F L9DWD@9La R=F]L K E=?@9
KR=J=LF]FC =DBMLLILFA ,C=L R=F=AD=?

5=F=A bKKR@9F? ]K :=WDD_LWK

R=F=A bKKR@9F? E9?W:9F >G?D9DB9 9 KCWDWC ]K 9CCGJI<L_HMKGC :=WDD_LWKWL 9 E=<ALW;Aa ;]DB9AF9C E=?>=D=D,
9 B=D=FD=?A 9CCGJ<GC EGDD 9CCGJ<GC ]K KR=J=LFJFC WLL]JJFA 9 <cJ 9CCGJ<GCJ9 =RL 9R WLE=F=L=L >GCGRILGI
N]?J=@9BLIFA 9 E=<ALW;Aa KGJWF #9KGFDaC]HH=F @9 =?Q :ARGFQGK >J=CN=F;AWL ;]JDGRMFC E=? 9E=DQ FAF;K B=D=F
JH_LdFC 9E=DQ >GCGR9LGK9F >=BD,<AC 9 ;]D>J=CN=F;A9 >=D]

;JD 9R @G?Q 9 JIKRLN=N,C=L 9 B=D=FD=?A R=F=A WDD9HGLMC:aD =?Q E]DQ=:: E=<ALW;AaK WDD9HGL:9 AJWFQ_LKMC
DIN,, <9DD9EGC K=?_LK]?][N=D R 9 E=?CbR=D_L]K E=?CbFFQ_LA 9 E=<ALW;Aa:9 N9Da :=D]H]KL 9RWDLI9D @G?Q CbRN=LD=F
JIKRLN=N,C R=F=A FQ=DN]F

-bNA<=F 9 R=F=A =D=ERJK ]JK 9R bKKR@9F? D=@=L,N] L=KRA 9R AJWFQ_LGLL E=<ALW:Aa KR=E]DQJ= KRO:WKWL _?Q 9 LIH9
=2Q]F KRWEWJ9 @GRRW>]J@=L,::] ]K @9L]CGFQ9::W NWDAC

FMB8@R?L<FR:GTCHFB>

"G@9 E FPBGE3; ?NE @OH7@ % ,! H39K %K7DE D;99E F7><7E7@ S< FOD=0OB7@

R JF KR=E]DQAK]?=E ]JL]C=D]K= %MF? L_ HMK9A KR=JAFL

»=F 9 KR=C:Aa:9F 9 .R=DD=E >dD >=D>=<=R]K]N=D WDLODWFGK WLL=CAFL]JKL FQCcBLMFC 9
KR=E]DQAK]? %MF? L_HMK9A KR=JAFLA ]JL]C=D]K]J,D KR=E]DQAK]?=L F]?Q >, L=F?=DQ K=?_LK]?]N=D
=D=ERAC

.R=E]DQAK]?A L=F?=DQ=C

9%MF? L_HMK9AL F]?Q L=F?=DQ K=?_LK]?JN=D KRWE_LBWC CA 9E=DQ=C=L =D,KRbJ DG2ACIA 2J9>ACGFGF
@=DO=RLAFC =D R RIARLRACE

). TIJR]C=D]K $FLM_;AaR 9 L=F?=DQ E=?@9LWJIGRR9 @G?Q9F <GD?GRR9 >=D 9R

AF>GJEW;AaC9L 9R =E:=J

I/ "GF<GD9L TJR=D=E R 9 L=F?=DQ ]JL]JC=DA 9R AF>GJEW;AaC >=D<GD?GRWKWF9C Ea<BWL 9 ?GF<GDCG<WKJ9 N9?Q
>aCMKRWDN9

$ $FLIGN=JRAa PLJGN=JRAa =F?=DQ E]JA 9R =F=J?AWL B=D=RN= @G?Q =?Q KR=E]DQ CA>=D] F|R, =PLJGN=JRAa N9?7Q
L9JLaRCG<a

%+ zL]D=L +=J;=H;A®R 9 L=F?=DQ A<,:=DA L]JJ=D >G?D9DCGRAC ]K B=D=R@=LA @G?Q =?Q KR=E]DQ JbNA<LWNCc !
KHGFLO9F=ALWK

R =?Q=K L=F?=DQ=C KR=?E=FK=CJ= N9FF9C >=DGKRLN9 D=@=L,N] L]N= 9 JJKRD=L=K JJL]C=D]KL +]D<WMD 9R $ L=F?=DQ=F
CA:N_L=LL N9?Q AFLIGN=JLWDL Ea<GF ]JL]C=D@-=L,

%MF? L_HMKGC ]K ]JL]JC=D]K

%MF? L_HMK9A EAFL HIDWMD )/+ )% % .J+KL: =R=CF=C 9 F]?Q L=F?=DQF=C 9 @=DQR=L= KR=JAFL @9LWJGRa<F9C E-=
+]D<WMD =?Q JJL]C=D]K >=D>=<@=LA 9 <GEAFWDa ./% L_HMKL

.R=E]DQAK]?L_HMKGC <AF9EACWB9

DD=FL]L:=F 9 KLOLACMK C}J<,_N=K JJL]C=D]KK=D =R 9 Ea<kR=J D=@=L,N] L=KRA @G?Q E=?>A?Q=DBdC 9R =E:=J LM<9LLIDYF
NWDIKRWL @G?Q FINA?WDMFC 9 L=F?=DQ=C CbRbLL DWL@9LBMC @G?Q 9R ]JL]C=D]K=C EGR?WK:9F NIFFIC B=

KR=E]DQAK]?L_HMKGC <AF9EACMKIC R B=D=FLA @G?Q 9R =?Q]F CdDbF:bR, KRGEKR]<GK L_HMKGC CbRbLL AK GKR;ADDV
>d??,=F
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R 9 F=E KLOLACMK E=?CbR=D_L]K %MF? L_HMK9A@GR ]J<=C=K H=JKH=CL_NWCIL FQAL 9 NAK=DC=<]K=C ]K KR=E
KR=EHGFLBW:aD

-M8@R7?L<FR:GTCHFB> ERFM?8G8F8A

%MF? KR=E]DQAK]?L_HMK9A F]?Q >, HKRA;@GDa?A9A >MFC;AaF 9D9HMDFIC ?GF<GDIL ]JR=D=E JJR]C=D]K ]K AFLM
=PLIJGN=JRAa JK AFLJGN=JRAa 9LLAL...<B=AN=D R FQGD; KR=E]DQAK]?L_HMKL =J=<E]JFQ=R

PLIGN=JLWDL ?GF<GDGARMK G:B=CL_N L]JFQGJA=FLWDL

$FLIGN=JLWDL ?GF<GBCG=0GIK N 9FODALACMK >d??=LD=F

PLIGN=JLWDL JJR#BEIKIKW?C=<N=D, E=D=? KRG;AWDAK JJL]C=CJ= GJA=FLWDL
$FLIGN=JLWDL JJRERERI>G?GLL E]DQ K9BWL JJL]C=AN=D AJWFQ_LGLL
PLIGN=JLWDL JJRZRSEGJDILA J=WDAK CGFCJ]L9F GJA=FLWDL

$FLIGN=JLWDL JJR=DNKRA JJR]C=FQ KRM:B=CL_N L9HIKRLIDILGCJI9 GJA=FLWDL
PLIGN=JLWDL AFL$FEBAI9L_N D=@=L,K]?=CJ= GJA=FLWDL BbN,GJA=FLWDL
$FLIGN=JLWDL AFMILGEAVKGK AFLJGKH=CL_N :=DK, DWLWKJ9 GJA=FLWDL

R=C 9 L_HMKGC K=?_L=F=C E=?]JL=FA 9R =?Q]F=C CdDbF:bR, Ea<BIAL 9@G?QIF H=J;=AN= 9 NADW?GL ]JK @GRF9C <bF
zE= =2Q JbNA<D=_JWK 9 (Q=JK JA??K /| HMK AF<ACWLGJ (/$ KR=E]DQAK]?L_HMKJaD

$./% 1=Dd?Q=D, (=?:_R@9La KR=JN=R=LL J=WDAK ]K ?Q9CGJIDILA
$.% 1]<=DE=R, DCbL=D=R=LL ?GF<GKCG<a @...K]?=K ]K JJKRD=L=K

$)!% /9FW;K9<a $<=WDAK9F =EHILACMK H=J;=HL_N JK AFKHAJWDa

$)/% TH_L]JKR .LJ9L]?A9A >d??=LD=F 9F9DALACMK ]K =DLbC]DL

$./+ (...NJKR "Q9CGJIDILA E=?>A?Q=D, 9DCIDEIRCG<a ]K DG?ACMK

$.)+ (...NJKR TJIR]C=FQ NAKKR9>G?GLL KHGFLWF JK @9JEGFACMK

$)l+ $<=WDAKLZJI=9L_N KR=FN=<]DQ=K 9DLIMAKLO JK AFLIGKH=CL_N

$)/+ 'G?ACMK $FFGNIL_N C_NWF;KA G:B=CL_N ]K >d??=LD=F

J+ 1WDD9DCGRaF=J?=LACMK CbRN=LD=F HJ9?E9LACMK ]K LWIK9KW?C=<N=D,

M+ TIL=DE=R, '=DC=K KHGFLWF E=D=? ]K KRaJOCGRLILa

)+ $FKHAJWDa &HR=D=L?9R<9? LWJIKIKW?C=<N=D, =F=J?=LACMK JK DWLGEWKGK
)+ |LLbJ,  5K=FAWDAK =F=J?=LACMK L9DHJ9=K=LL ]K AFL=DD=CLMWDAK

/% 1=Dd?Q=D, .R=JN=R, ?QICGJIDILA J=WDAK JK <bFLIK@GRa

1% &GFRMDLWFKOIJWLKW?GK LM<9LGK =?QdLLE...Cb<, JK LWJK9KW?C=<N=D,

)% /9FWJ  &9JARE9ILACMK 9DLIMAKLY =EHILACMK ]K EGLANWDa

)% +9J9F;KFGC 'WLGEWKGK @9ILWJIGRGLL KLJ9L]?A9A K @9L]CGFQ

R=C 9 JbNA< D=_JWKGC WDL9DWFGK WLL=CAFL]KL FQcBL9F9C EAF<=F ( /$ KR=E]DQAK]?L_HMKJaD

M F85

>:39KNE 7>GF3EPFNE ?793>NLNE NDG>NE ;93LEN9F3>3@EN9
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R =E:=JA LM<9L9DILLA F9?Q EJJL]C:=F 9 HKRA;@]K K=:=C @9LWK9 9DI9LL WDD R=C CbRbLL bL >,

K=: N9F =DML9K_LWK =D@9?QWK E=?;KIDWK E=?9DWRWK K A?9RKW?LIDIFKW? R=C 9R bL K=: =?Q
C=R<=LA EG<=DD:,D KRWJE9RAC FQGD; K=: CO9H;KWF R=C @9KRFWDILMC:9F @9KGFDa Ea<GF
@I9LFIC =?QEWKJI9 EAFL 9 @9?QGEWFQGK C_F9A GINGKDWK bL =D=E= D]LJ=@GRN9 =?Q CGEHD=P
CbRbFK]? @WDaR9LWL

FFWD ]JL]C=K=:: AFKA?@LGC9L COH@I9LMFC @9 E=?LM<BMC E=DQ K=:=C 9CL_N9C B=D=FD=?
=FFdFC=L R =DML9K_LWK E=?;K9DWK N9?Q A?9RKW?LIDIFKW? =?QEWKJ9 ?Q9CGIGDL @ILWKWF9C
E=?>A?Q=D]JKIN=D <AF9EACMK9:: :=DWLWKGCIOL FQ=J@=LdFC HKRA;@]K WDD9HGLMFCC9D
C9H;KGDIL:9F R 9 E=?]JL]K CMD;KGL B=D=FL@=L 9 F9?QG:: bFAKE=J=L@=R ]K bF>=BD=KRL]JK@=R

M F85 8E878GS8 AG.G@=J=F:=F=LF

%G@F +A=JJ9CGK HKRA;@GL=J9H=ML9 ]JK 9 AG=F=J?=LAC9A D=ER]K $FL]R=L]F=C LWJK9D9H_LaB9

:9F WLN=LL= 2AD@=DE -=A;@ EMFCWAL 9 D]L>=FFL9JLa K=:=CC=D N9?Q F9J;AKRLACMK K=:=CC=D C9H;KGDIL:9F ]K F

@I9LWIGRGLL E=? =D@97QWK =DMLI9K_LWK E=?9DWRWK E=?;K9DWK A?9RKW?LIDIFKW? :=LGDICG<WK L=@=L=LD=FK]?

'‘AK= GMJ:=9M CI]K,:: 9DCIDEIRLY K =?QKR=J...K_L=LL= 9 =DE]D=L=L bL JJR=DEA K=:= 9E=DQ=C E=?9C9<WDQGRF9IC :=FF
9::19F @G?Q bFE9?MFC D=?QdFC .R=JAFL==R=C 9 K=:=C KGC JJR=DEA HJG:D]E9 ]JK >MFC;AaR9N9JL NAK=DC=<]K ?QbC=J]:=F W
?Q=JE=CCGJ:9F C=D=LC=RF=C ?Q9CJ9F 9 KRdD=L]K ]K 9 @]L ]N=K CGJ CbRbLL <=>GDQLILBWC :=>GDQWKGDFA >=DF,LL |D=I

2Qa?Q_LBWC E=?,C=L

R =DMLO9K_LWK K=: R 9 K=: WDLI9DW:9F F9?QGF CGJWF 9D9CMD CA F]@9 E]? 9 KRdD=L]K =D,LL AK K ?Q9CJ9F C9H;K

PRIK@=R @G?Q F=E N9?QMFC C_NWFILGKIC RGC 9R =E:=J=C 9CACF=C =R 9 K=:dC NOF JJL]CL=D=FF=C JJRAC E9?M(
KR=J=L=L@=R ]K C=JdDAC 9RGCIL 9 @=DQR=L=C=L 9@GD =DMLIK_L@9ILBWC ,C=L )=@]RK]?=AC NIFFIC 9RRID @G?2Q ]
WLN=?Q]C 9 @=DQdC=L

R =D@9?QWK K=: R 9CCGJ B=D=FAC E=? 9EACGJ 9 ?Q=J=C =D@9?7Q9LGLLFI9C N9?7Q LWEG?9LWK F|DCdDAF=C ]JRA E
CbR=D]:=F 9CAC CbR=D WDDF9C @GRRW RGC 9R =E:=J=C 9CACF=C =R 9 K=:dC N9F AFL=FR_N >]D=DE=L [J=RF=C 9 E9?\
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R E=?9DWRWK K=: R 9CCGJ 9D9CMD CA 9EACGJ 9 ?Q=J=C CA;KAFQ=DLF=C N9?Q CJALARWDLIC JJRA 9 KRdD=A N9?Q
9 NAK=DC=<]K= N9?Q :K=D=C=<=L=A EA9LL RGC 9R =?Q]F=C 9CACF=C =R 9 K=:dC N9F KR]?Q=FL ]J=RF=C K @AWFQRAC
E]DLaKW? '=@=L @G?Q ,C AK E=?9DWRRWC E9?MCIL @G?Q E=?9CI<WDQGRRWC EWKGCOIL 9::9F @G?Q =RL L=?Q]C

E=?;K9DWK K=: R 9CCGJ LbJL]JFAC 9EACGJ 9 ?Q=J=C E=?;K9DN9 JJRA E9?WL N9D9CA WDLID 9CA:=F E=?:_RGLL ?Q9CJ¢
KRdD, 9CA F=E L9JLB9 := 9 _?]J=L=AL RGC 9R =E:=J=C 9CACF=C =R 9 K=:dC N9F F=@]RK]?=CC=D CdR<=F=C EWKGC:9 N:
:AR9DEMCCID ]K EAF<=FL CGFLJGDDWDFA 9C9JF9C '=@=L @G?Q >]DL]C=FQ=C N9?Q :AJLGCDa9C D=KRF=C
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K AFLGD=JWFKKW NWD@9LF9C "Q9CJ9F F=@]RK]?=AC NIFFIC 9R ]JJR=DE=AC CA>=B=R]K]N=D
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=D=F?=<@=L=LD=F >=DAKE=JFA =R=C=L 9 K=:=C=L E=?]JL=FA =J=<=LdC-=L ]JK <GD?GRFA J9BL9 @G~?Q LcDD]HBdFC J9BL9


https://biocoherence.net/n82.113

6%./( *7,'(

BFMG

L 3 ?A6G> 3L O>U 4;A8776435= F7TELF7>0OED7 OE 3 ?79>0HU 87>HOF7>7=4U> ELND?3LQ F7ELF>;EFN= ODFO=7>0EOD7

/=KRL EG<MD D=@=L,N] L=KRA KRWEG<J9 :WJEADQ=F ]D, L=KRL N]?J=@9BLWKWL 9E=DQF=C =J=<E]FQ= :ARGFQ
9RGFF9DA NWDLGRWK9 KR=JAFL ]JL]C=D]KJ= C=JdD N9D9EAFL :WJEADQ=F L=KRLDAKLWL =D,R=L=K=F [JL]C=DFA ¢
‘ARGFQGK :AGE9JC=J=C ]JL]C=A 9D9HBWF

'AKL9 =D,R=L=K JJL]C=D]K=

|B DAKLWCIL @GR@9LKR D]LJ= N9?Q @IKRFWD@9LG< 9 EWK >=D@9KRFWDaC WDL9D D]LJI=@GRGLL D]L=R, DAKLWC!
EAF<=F =D=E]JL HJIAGJALWK:9 @=DQ=RAC 9 B=D=FD=? E=?FQALGLL B=D=FL]JK@=R C]JH=KL RMLWF :=B=DbD@=L=< E-
|D,:=F KR=J=LF]D L=KRL=DFA

TD, L=KRL=D]K

#9 9R =D=E=C=L CANWD9KRLGLLWC 9R ]D, L=KRL=D]K D=@=L,N] L=KRA @G?Q E=?B=D=F_LK< 9RGCIL 9R d?Q>]D KRW
J=F<KR=JJF=C :AG>==<:9;C NWD9KRWL 9 .R=FRGJ K=?_LK]?]N=D R =J=<EJFQL D=@=LK]?=K NWD9KRJ9 CIL=?GIJARWL
J=F<KR=JL E=??Q=F? LA 9 J=F<KR=JL N9?Q K=ED=?=K

R AK N9F =?Q N]?L=D=F FQALGLL L=KRL GH;Aa 9E=DQ D=@=L,N] L=KRA KRWEG<J9 :WJEADQ=F L=JWHAWK E=?CbR=D_L
9R d?Q>]D=F N9?Q bFE9?9<GF ]K 9R =J=<E]FQ ]D, EJJ]K= :AG>==<:9;C K=?_LK]?]N=D

.8FMG ?<FGQ>

, TELF7>0E >;EFN==3>3 ;A A:7D7@57 47@

'AKL9 C=R=D]K= ]JK KR=JC=KRL]K=9R 9DC9DE9RWAK:9F

EACGJ DAKLWCC9OD <GD?GRAC 9 CMD;KKRa C=J=K]KA >MFC;Aa 9 C=R= d?Q]:=F N9F WJ 9 DAKLWC
KRWE9 B=D=FD=? CGJDWLGRGLL 9 J=F<KR=J c?Q N9F E=?L=JN=RN= @G?Q Lb:: KRWR K,L =R=J DAKL9
C=R=D]K]J= AK CJH=K D=?Q=F R D=@=L,N] L=KRA @G?Q KR=JC=KRL@=KK= ]K C=R=D@=KK= K9BWL
L=KRLB=AL

/=KRL KR=JC=KRL]KA Ea<

#GRRW>]JIK 9 KR=JC=KRL]KA E4<@IEPOF L=KRL=F N9F 9E=DQ UF@bR L9JLGRA
CAK ;=JMR9 B=D=FAC E=? 9 L=KRL E=DD=LL &9LLAFLKGF JW @G?Q :=D]JHB=F 9 KR JC=KRL]KA
Ea<:9

D=E=C KR=JC=KRLEAFL :=DJH=LL 9 KR=JC=KRL]KA Ea<:9 COILLAFLKGF 9R =?Q=K =D=E=CJ= 9 KRbN=? ]JK 9 C9H;
E...N=D=L=C Ea<GK_LWKW@GR +]D<WMD <=>AFAWD@9L E...N=D=L=C=L GDQ9F C9L=?aJAWCJ9 EAFL 9R QMJIN=<9
(...N=D=L=C <=>AFAWEIWKBLKGF GDQ9F CI9L=?aJAWCJ9 EAFL 9 1+& @G?Q E=?@9LWIGRR9 9 @I9LWKGCIL H]D<V
=D=E=C HD 9EAFGKIN9C @c?Q@aDQ9? N]J 9?Q KR=E=C FbN=D]K]L N9?Q ;KbCC=FL]K]L

MLGE9LACMK JJL]C=D]K
R 9MLGE9LACMK ]JL]C=D]K 9 >=D@9KRFWDaC =D=E KRAFLB=A K 9 L=KRL=C:=F <=>AFAWDL E...N=D=L=C CbRbLLA =?Q-=
D=@=L,N] L=KRA @G?Q 9 DAKLWF KR=J=HD,, =D=E=C=L 9 NWJL =J=<E]FQ=C KR=JAFL J9F?KGJGDB9
<<ALAGF9D LGGDK
|B =KRCbRbC @GRRW9<WK9 K AEHB HIRDWREC=L 9<@9L @GRRW N9?Q AEHGJLWD@9L =?Q DAKLWL 9R =D=E=C

KGJGFCJFL
'AKL9 LbJD]KSF D=@=L,K]? =?Q DAKL9 L=DB=K LbJD]K]J=


https://biocoherence.net/n82.112

6%./( *7,'(

DG?AC9A LJJCIHOE9IGKIF D=@=L,K]?= D=KR 9R =D=E=C =D@=DQ=R]K]J= =?Q C]L<AE=FRAaK C]H=F E=?CbFFQ_LN= =
L=KRL=C NARM9DARWDWKWL ]JK KR=JN=R]K]L

"=F=JWDAK DAKL9 LMD9B<GFKW?GC

R AFL=J>]KR L=L=B]F Ea<GK_L@9LB9 9R WDLIDWFGK LMDIB<GFKW?GC9L
g 'AKL9 C9L=?aJA9

g DWL@9LaKW? FQADNWFGK N9?Q HIJANWL

g #GRRW>]JIK AF?Q=F=K N9?Q >AR=L,K

+]FR=K DAKLWC FQADNWFGKIC D=@=LF=C _?Q EWK >=D@9KRFWDaC AK @GRRW>)J@=LF=C <_B =DD=F]:=F 9CWJ =?Q
=D,>AR=L]K >GJEWBW:9F R D=@=L,N] L=KRA @G?Q E=?GKKR9 LM<WKWL ]K H]JFRL C=J=KK=F ]JL=

)=E LMD9B<GFGDL DAKLWC C=R=D]K=

#9 GDQYF DAKLWF <GD?GRAC 9E=DQ F=E 9R UF] E=?<MHDWR@9LB9 9RL EWKGDIL D]LJI=@GRWK9 D=@=L,N] L=KRA @G?Q
H]D<WFQL CJKR_LK=F 9@GD E=?NWDLGRLIL@9LB9 9 ; E=L D= _JWKL JK E...N=D=L=C=L

'AKL9 @GRRW>]J]K=

R WDL9DWFGK E=Fd:,D 9E=DQ 9 C]H=JFQ, BG:: GD<9DWF @=L, =D FONA?WD@9L 9 .9BWL DAKLWAE E=FdHGFLJ9 @G?Q
E=?D]N, DAKLWAL N9?Q cB9CIL @GRRGF D]LJ= R 9 >MFC;Aa :WJE=DQ C]H=JFQ,J,D =D]J@=L,, :=D=]JLN=9 > ,C]H=JFQ,L AK

#9 =R=C=L 9R ML9K_LWKGCIL CbN=LA @9L]CGFQIF C=R=D@=LA DAKLWAL ]K L=KRLB=AL EACbR:=F CA@9KRFWDB9 9R 9D
CdDbF:bR, KR=JC=KRL]KA ]JK KR=IJN=R]KA D=@=L,K]?=C=L
=N=R=L]K 9 DAKL9 9D9Hc L=KRL=D]K:=

DAKL9 9D9Hc L=KRL=D]K 9 AG G@=J=F;=:=F L=DB=K=F FQALGLL J=F<KR=J 9E=DQ D=@=L,N] L=KRA 9 >=D@9KRFWDaC |
E=?D]N,, DAKLWCIL NWD9KKR9F9C cB DAKLWCIL @GRR9F9C D]LJ= N9?Q E=?D]N, DAKLWCIL EWK >=D@9KRFWDaCC9D E=?G

(A 9R 9 DAKL9

L=KRLDAKL9 =?Q :=B=?QR]K=C ?Q...BL=E]JFQ= H]D<WMD 9JGEWK ?Qa?QFbN]FQ=C N9?Q ADDaGD9IBGC EACGJ =?Q DAKL9
B=D=FL]K:=F 9E=DQ@=R =D}J@=L, >=DB=?QR]K L9JILGRAC EAF<=F :=B=?QR]K ]JL]C=D]KJ= ]K HJAGJARWDWKJ9 C=JdD KRWF
:=B=?QR]K=C CGEHILA:ADALWKWL 9 >=DB=?QR]JKK=D ]K  CbRbLL

KR_FCa<GC
g 5bD<)9?QGF J=D=NWFK E9?9K CGEH9LA:ADALWK HD

g ?Q]: KR_F=C CGEHI9LA:ADALWK CdDbF:bR, >GCGR9L9A HD =7?Q CbRL=K KGJGRIL =K=L]F
g 'AD9 D9;KGFQ CGEHI9LA:ADALWK

g .RdJC=.=ED=7?=K N9?Q CbR=D FMDD9 CGEHILA:ADALWK CbJdD:=DdD
g +AJGKFCGEHI9LA:ADALWK N9?Q F=?9L_N NWD9KR

TD,, L=KRL
R =D,R=L=K JJL]C=D]K MLWF 9 EWKG<AC JJKR =?Q ]D, L=KRL:,D WDD $LL N9FF9C 9 CbN=L=F<, DJH]K=C
D=E=AF=C CANWD9KRUDMARI CA 9 L=KRL=D=F<, =D=E=C=L =?Q=K]N=D
K9LDICGRWK 9R JJR]C=IK@BRCGRLIKKI 9R JJR]C=D,L 9 CODA:JWDWK@GR
/=KRL=C >MLLOLWA®RL=C =?Q=FC]FL >MLF9C NARMWDAK 9M<AG N9?Q =?Q]: AF>GJEW:Aa CdD<]K]N=D 9 L=KRL=DL KR=E]C

(=?>A?Q=D]KKR=E]DQF=C DWLFA9 N9?Q @9DD9FA9 C=DD 9 L=KRL=D]K 9D9LL D]N, AF>GJEW;AalL 9 HGFLGK JJL]C=DIK@=R
TJIL]C=D]KJ=F<KR=J 9R AF>GJEW;AaC :=EMLILWK9 KR=JAFL GKRLWDQGRR9 9 L=KL NWD9KR9AL

R =J=<E]FQ=C E=?B=D=F L]K=
L=KRL N]?]F 9R =J=<E]FQ=C cBJ9 E=?B=D=FF=C ]K 9R 9DW::A9C KR=JAFL GKRLWDQGRa<F9C

g .AC=J=K L=KRa L=KLNWD9KR



6%./( *7,'(

g yLD9?GK L=HRPQ=K NWD9IKR
g &J<]K=K L=KB£?9L_N N9?Q CbN=LC=R=LD=F NWD9KR

R AF>GJEW;Aa :=EMLOLWKWF9C >GFLGKKW?9

D=F?=<@=L=LD=F @G?Q 9 D=@=L, D=?Lb:: AF>GJEW;AaL :=EMLI9KKMC 9 L=KRL=DL =D=E=CJ,D HD >]FQC]H=C 9 J=F
9E=DQ=C=F 9R ADDaGD9BGC @I9LFIC @G?Q AFLMAL_N JK EJ@=L, NWD9KRGCIL COHBMFC 9 L=KLL,D 9 :AG>==<:9;C J=
R =J=<E]FQ=C AFL=?JWDWK?9 9 B=D=FL]K:=

g &GEHI9LA:ADALWKA KRRYREDIW/K 9R =DK, :=GDNI9KWK 9D9HBWF
g /M<9LLI9DIF L=KLNWRAKRGIEW;Aa :=EMLILWK9ICGJ E]JL

I=DB=KRL]KA D=@=L,K]?=C

|B L=KRL>MFC;AaC EAFL H]D<WMD 9 >J=CN=F;A9 L=KRL=DJK ]K :WJEADQ=F AF>GJEW;Aa ]D, L=KRL=D]K= @9E9JGKIF =L

/=KRL KR=JC=KRL]KA Ea<

EACGJ GDQYF L=KRL=F N9F 9E=DQ UF@bR L9IJLGRAC =?Q CAK ;=JMR9 B=D=FAC E=? R=F ;=JMR9 E=?FQGEWKWN
KR=JC=KRL]KA Ea<:9 RMLWF CILLAFL@9L 9R =?Q=K =D=E=CJ= @G?Q Ea<GK_LK9 9 C9H;KGDa<a KRbN=?=C=L K E...I
=WDD_L@9L E...N=D=L=C=L GDQ9F =D=E=CJ= EAFL 9R QMJIN=<9 ]K 9 KR=JN=C ]K @9E9JGKIF EWK L_HMKCc E...N=l
D=KRF=C

(...N=D=L=C KR=JC=KRL]K=

#9 Ea<GK_L9FA KR=J=LF= =?Q E...N=D=L=L CO9LLAFLKGF 9 NGFILCGRa =D=EJ= HD 1+& ]K @9LWJIGRR9 E=? 9 @9L
‘ARGFQGK 9KH=CLMKGC HD 19L9 ]JK 1AL9 FbN=D]K]L N9?Q ;KbCC=FL]K]L KR=IJN=C @9LWKOAL AK E=?@9LWJC
9EAFGKINIC @c?Q@aDQ9? ]K N]J FbN=D]K]L N9?7Q 9R 9?Q ]JK 9 KR=E=C ;KbCC=FL]K]L R=C 9 Ea<GK_LWKGC E=?@9LWJ
:=E=F=LF=C 9 KH=;A>ACMK @9LWKWL 9EA =D=F?=<@=L=LD=F 9R 9MLGE9LACMK ]JL]C=DIK@=R

MLGE9LACMK JJL]C=D]K

R 9MLGE9LACMK ]JL]C=D]K 9 >=D@9KRFWDaA KRAFL=C NAJW? >GJEWBW:9F ]K 9 <=>AFAWDL E...N=D=L=C bKKR=@ 9k
9R bKKR=@9KGFD_LWK D=@=L,N] L=KRA 9R =D=E=C J9F?KGJGDWKWL 9 DAKLW:9F 9R =D]JL =J=<E]FQ=C KR=JAFL

D]J@=L, =KRCbRbC

1WDLGRILGK =KRCbRbC ]J@=L,C =D 9 C]H=JFQ, 9DBWF |B =KRCbRbC=L 9<@9L @GRRW AEHGJLWD@9L =?Q DAKLWI
KGJGFCJFL N9?Q LbJbD@=L =?Q DAKLWL #9E9JGKIF 9R =D=E=C=L =?Q C]L<AE=FRAaK C]H=F AK =D@=DQ=R@=LA
N9?Q =?Q C]H AEHGJLWDWKWN9D @G?Q DG?AC9A L]JIC]HIJ= @=DQ=R@=KK=,C=L R D=@=L,N] L=KRA @G?Q 9 L=KRI
CANWD9KRLGLL =D=E=C KR=JAFL

"=F=JWDAK DAKL9 LMD9B<GFKW?GC

R WDLI9DWFGK DAKL9 LMD9B<GFKW?9A 9 C]H=JFQ, L=L=B]F LODWD@9LaC (a<GK_L@9LB9 ,C=L @9 JWCILLAFL
CIL=?aJAWL DWL@9LaKW?GL FQADNWFGK N9?Q HJANWL ]K 9R WJICJHR]KA Ea<GL AF?Q=F=K N9?Q >AR=L,K ?Q >A
L=@=L, 9EAFL =DC]KRdDL D=@=L,N] L]N=9 >=D@9KRFWDaC KRWEWJ9 @G?Q EAF<=F 9DCIODGEE9D N9?Q @9NA <_B
@9KRFWDILW]JL

(=?GKRLWK ]K <_B9RWK

R 9 J=F<KR=J D=@=L,N] L=KRA @G?Q E=?GKKR9 LM<WKWL N9?Q ]JL]C=D]JKA L_HMKO9AL K =RJJL <_BIRWK:9F JJKR=KdDE
<GD?GRAC 9E=DQ F=E 9R UF] E=?<MHDWR@9LB9 9RL &bRN=LD=FdD F=E LM<B9 KR=JC=KRL=FA <= @9 E=?<MHDWR
=?Q EWKGD9LGL 9E=DQ=L L=DB=K EJJL]C:=F Ea<GK_L@9L :=D=]JLN=9; E=L JK 9 D=_JWKL AK



6%./( *7,'(

#GRRW>]J]K 9 DAKLWC@GR

R WDL9DWFGK E=Fd:,D 9E=DQ 9 C]H=JFQ, BG:: GD<9DWF L9DWD@9La @GRRW>]J@=L 9 .9BWL DAKLWAE E=FdHGFL@
C|H=JFQ,J,D H]D<WMD 9 >,C|H=JFQ,J,D NWD9KRL@9LB9 9 E=?D]N, DAKLWC KR=JC=KRL]K]L R=F 9R AFL=J>]KR=F CbFFQ=F D]



6%./( *7,'(

# 4 <B B;BE8B8AG8 58A

AG G@=J=F;=9 D=?cB9:: ;Kc;KL=;@FGDa?AWK (=KL=JK]?=K $FL=DDA?=F;A9 ($ L=;@FGDa?AWCIL @9KRFWD 9R ]JL=DE=|
=D=ER]K E=?CbFFQ_L]K]J= RbCC=F,E=FL=K ]K L=DB=K=F AFL=?JWDL Ea<GF

g ($.=?_L,C CJH=K=C E9?Q9JWRFA =D=E=RFA L=KRL=DFA ]JK ;K=D=C=<FA 9 HJAGJALWKGC 9D9HBWF /b:: EAFL KR9C
COH@9IL :AGE9JC=J JIL]C=C=L ]K FQAL@9L =?Q =?QKR=J... :=KR]D?=L]KL 9 >=D@9KRFWDaN9D N9?Q 9 +JG N9D

g +JG>=KKRAGFWDAKGC KBAKEWBINSKA =D=E=C D]b3E@GEIWKD 9 E=<ALW;AaK JJKRD=L=C _JWKW:9F FQCBLGLL K=?_
9 ;K=D=CN]K=C 9IMLGE9LACMK 9RGFGK_LWKWFIC L=JE]C bKKR=L=N,A C=J=K]K]JF=C CbKRbF@=L,=F

g AGG@=J=F;= Lb:: =R=J =PCDMR_N 9D?GJALEMKL AFL=?JWD 9E=DQ=C 9 AG!==<:9;C ]K :AGE9JC=J=C@=R COF
FI@WFQOIL E=DQ=C E]DQ LOFMDWK ]K E=KL=JK]?=K AFL=DDA?=F;A9 K=?_LK]?]N=D FQ=JL=C =D

#-8:TGc>

AG G@=J=F;= D=?AR?9DE9K9: >=BD=KRL]K=A CbR]
LOJILGRAC 9R $ .=? L,C :=N=R=L]JK= R=C 9R $
N=R]J=DL 9KKRAKRL=FK=C O9RJJL C]KRdDL=C @G?Q
K=? LK=F=C 9 >=D@9KRFWDaCF9C FONA?WDFA 9
HJG?J9E:9F LODWD@9La @9LIDEIK
AF>GJEW;Aa@9DE9R:9F E=?CbFFQ_LN==RR=D 9R 9<9LGC
E=?JJLIKIL ]K CA@9KRFWDWKWL 9 :AG>==<:9;C
NARK?WDILGC =J=<E]JFQ=A:,D

AG G@=J=F;= $ .=? LA 9RJJL D=LL=C L=JN=RN=
@G?Q BIN_LKWC 9 >=D@9KRFWDaA ]DEJFQL 9 KR=E]DQJ=
KRO:GLL cLEMLOLWK E9?Q9JWRILGC ]K HIG?J9EGC
CIKR_L]K= WDLID 9 >=D@9KRFWDaA 9<9LGC 9D9HBWF R=C 9R
$ EG<MDGC :KbCC=FLAC 9R cB >=D@9KRFWDaC LIFMDWKA
2bJ]BIL K D=@=LK]?=L  :ARLGK_L9F9C 9
KR9C=E:=J=CF=C 9 CDA=FK=CC=D N9Da AFL=J9C;AaC
=?QKR=J..K_LIKJ= R $ .=?_L,C C]L CdDbF:bR,
Ea<:9F E...Ch<@=LF=C 9 @9KRFWDILMC CbJFQ=R=L]L,D
>d??,=F

I=DN]JL=D F]DCdD >=D@9KRFWDaC :=KR]D?=L@=LF=C

9R $N=D =?Q 9D9HN=L, HIG?J9E D]LI=@GRWKW@GR

KRACK]?D=L=AC  9D9HBWF 1,GD<9DJaD

>=D@9KRFWDaC AFL=J9C:Aa:9 DJH@=LF=C 9R $N9ID

WDLIDWFGK AJWFQ=DN=CJJL 9F]DCdD @G?Q KH=;A>ACMK

:AGE9JC=J=C@=R CbL,<F]F=C

)JQALGLL >=DN]L=DD=D R $ .=?_L,C =D=ERAC 9 >=D@9KRFWDa :AGE9JC=JB=AL ]K AF>GJEW;AaC9L N9?Q 9BWFD\
Jb?R_L=LL 9<9LGC 9DIHBWF

IGFLGK IMFC;AaC

R $ .=? L,C NAJLMWDAK CDAFACOCJFL E...Ch<F=C KH=;A9DARWDL 9KKRAKRL=FK=C >=D9<9L9 H=<A? 9R WHGDaC Ik
KR=J=H]F=C :=LbDL]K= EAF< WDL9DWFGK >=D@9KRFWDaC EAF< KRICE9A ?Q9CGIDaC KRWEWJI9 R=C 9R $ 9IKKRAKRL
C]H=KL C]HR=LL=C

g *DN9KKWC K JJL=DE=RAC 9 :AGE9JC=JB=A<=L 9 NARK?WD9IL9A<:aD ]K 9 CDA=FK=A< NARK?WD9L9A:aD
g (=?EMLOLBWC 9 KH=;A>ACMK :AGE9JC=JB=A<=L ]K JJL=DE=RAC 9RGC JJL]C=AL

g #9JEGFACMK LWEG?9LWKL BWLKROFIC D= 9R =F=J?AW< CA=?Q=FKcDQGRWKW@GR

g (a<GK_LBWC 9 HIAGJALWK9A<IL 9R =?]KRK]?A 9<9L9A< |K 9 :=KR]D?=L]K 9IDIHBWF

g D=E=C=L 9<F9C 9 @9JEGFACMK LWEG?9LWK DAKLW<@GR 9 KR=E]DQJ= KR9:GLL ?Qa?Q_LWK@GR

g |B L=KRL=C=L CJJF=C ]K =D=E=RF=C N9DaK A<, :=F

g (9?Q9IWRILGCIL K LOFW;KGCIL 9<FIC CdDbF:bR, :AGE9IC=JB=A<J= |K L=KRLYxk=J=<E]FQ=A<J=

g -=<AJ=CLWDBWC 9 CDA=FK=C=L KRICE9A CGFRMDLW;AaCJ9 KRACK]? =K=L]F

R B=D=FLA @G?Q 9 >=D@9KRFWDaC AFL=J9C;Aa:9 D]JH@=LF=C 9R $N=D @G?Q E]DQ=:: AFKA?@LGCIL FQ=JB=F=(
Cl<]K=C=L L=@=LF=C >=D 9R =J=<EJFQ=ACC=D C9H;KGDIL:9F ]K E]? 9BWFDWKGCIL AK CIH@ILFIC 9 ;K=D=C
AFKA?@LGCCID E=<ALW;AaN9D ?Qa?QL=WCCOD IK E]? Lb::=D



6%./( *7,'(

g KR=E]DQJ= KR9:GLL K=?_LK]? (AF<=F $ .=?_L, KH=;A>ACMK L=JdD=L=F KH=;A9DARWDa<AC EAFL H]D<WMD 9 L=JE]KR=L"
9 @9?QGEWFQGK C_F9A GINGKDWK /( ADDaGD9BGC N9?7Q E=<ALW;Aa %=D=FD=? Lb: EAFL $ .=?_L, J@=L, =D
CANWD9KRLGLL :AGE9JC=J @9DE9RL C9HFIC 9E=DQ=C C9H;KGDa<F9C KRICJIL=DEdC@bR KH=;AWDAK9F C]KR_L=LL
KH=;AWDAK LM<WKL ]K CJHR]KL KH=;AWDAK DAKLWCIL ]K DAKL9=D=E=C=L N9D9EAFL KH=;AWDAK LGNW:A AF>GJE
C]H=KK]?=C=L C9HKR

g D9HN=L, HIG?J9E CIKR_L]JK= >=D@9KRFWDaC KR=E]DQJ= KR9:GLL HJG?J9EGCIL @GR@9LFIC D]LJ= 9R $N9D >C
:=KR]D?=L]K=AC K=?_LK]?I[N=D R=C 9 HJG?J9EGC =DE=FL]KJ= C=JdDF=C 9 9KA; +JG?J9EK KR9CI9KR:9F K 9RGFF¢
=DAF<_L@9LaC

g '9F?M9?= .MHHGJL $.=?_L,CLWEG?9LBWC 9 Lb::FQ=DN... @9KRFWDILGL =R]JL 9 >=D@9KRFWDaC 9R 9FQI9FQ=DNdCbF AF
DJH@=LF=C J=F<KR=J L=JN=R]K= Lb::FQ=DN... D=C]J<=R]K=C @9L]CGFQ C=R=D]K]J= LbJL]FL

g MKLGEAR9:D= ;=KK KR9C=E:=J=C =DD=F,JARFA LM<BWC @G?Q E=DQAC $ =7 L, J@=L, =D CDA=FK=AC KRWEWJ9 ]K
9<9LGC@GR >J@=LF=C @GRRW R :ARLGK_LB9 @G?Q 9R $9 KR9C=E:=J WDL9ID E=?@9LWJIGRGLL @ILWJIGCGF :=DdD E..

R $ L=JN=R]K= 9 CGJDWLIAFIC =DAKE=J]K]J= AIWFQMD :ARLGK_LN9 @G?Q 9 >=D@9KRFWDaC :WLGJ_LN9 D=?Q=F=C 9 KR
C=J=K]K]J= 9EACGJ KRACK]?=K

$.=? L,C.R9C=E:=J=CF=C
KR9C=E:=J=C KRWEWJ9 9R $.=?_L,C AFL=DDA?=FK 9KKRAKRL=FK=C]FL E...Cb<F=C 9E=DQ=C 9R 9DW::A9C9L LM<BWC

g .=?_L=F=C E=?E9?Q9JWRFA 9 :GFQGDMDL :AGE9JC=JB=A<=L 9 CDA=FK=CF=C

g .RACK]?=K LGNW::A L=KRL=C=L BON9KGDFIC 9 CDA=FK=C 9<9L9A 9DIHBWF

g BWFDBWC 9 E=<ALW;AaK L=;@FACWCIL N9?Q ?Qa?QL=WC9IL

g (=?CbFFQ_LAC 9 E9?Q9JWRILA >GDQIEILGL 9RWDLID @G?Q 9 CDA=FK=CF=C CANWDOKRLGLL $ .=? L,C=L :ARLGK_|
C]H=KK]?=CC=D J=F<=DC=RF=C 9 E9?Q9JWRILJ9 <= F=E 9 KRIC=E:=J <bFL]K=AF=C Ea<GK_LWKWJ9

EACGJ 9 KR9C=E:=J =?Q CDA=FK=C FQADNWFL9JLWKWF <GD?GRAC 9R $ .=?_L, E=?C9HB9 9 CDA=FK=C 9<9L9AL ]K 9 K
9KKRAKRL=FK]N] NWDAC

$.=?_L,C #GRRW>]JJK=
$.=? L,C=DJJ@=L,C 9 CbN=LC=R,CbF

g .GD<9D yDL9DWFGK cLEMLILWK N9?Q 9D9HN=L, HIG?J9E C]KR_L]K=;]DBW:aD
g )QALGLL >=DN]L=D KH=;A>ACMK :AGE9JC=JB=A< =D=ER]K]J=]K E9?Q9JWRILWJ9 9 JJKRD=L=K AFKA?@LGC FQcBLWKWJ9

$.=? L, #9KRFWDI9LA K=L=C
D9HN=L, HIG?J9E C]JKR_L]K=

g )9NA?WDB 9R $.=?_L,C KRICOKRW:9 9 >,GD<9DJaD

g 1WD9KKR CA=2Q $.=? L,L HD DNWKA /9FW;K9<a (=<ALW;AaK |LEMLOLa

g THB COH;KGDIL:9 =2Q :=KR]D?=L]K:=F 9R A?]FQ=A< D=_JWKW@GR HD .LJ=KKR=K N9?QGC ]JK K=?_LK]?J= N9F KRdC
CAC9H;KGDa<WK@GR

g R $?=F=JWDFA >G? =?Q KR=E]DQJ= KR9:GLL 9D9HN=L, HIG?J9EGL K =DE=FLA 9 9KA; +JG?J9EK KRICOKR:OF

AGE9JC=JB=A< E9?Q9JWRIL9

g )QAKK E=? =?Q >=DN]L=DL ]K FONA?WDB 9R $ .=? L,C KROCOKRW:9 9 &N=LC=RL=L]K=C 9D9LL

g 1WD9KKR CA=?Q $.=?_L,L 9E=DQAC C9H:KGDa<AC 9 :AGE9JC=JB=A<@=R HD /("Q9CGJDa E=JA<AWFGC C9H;KGDIL:9F

g R $ JKRD=L=K E9?Q9JWRILGCIL K 9BWFDWKGCIL >G? FQCBLOFA 9 :AGE9JC=JB=A<J= NGFILCGRa9F 9E=DQ=C=L 9 >
KRWE_LGLL9C

+]D<9 .R=E]DQJ= KR9:GLL /=9 N9?Q $DDaGD9B &=N=J]C=C #9KRFWDB #=J:WDGK N9?Q $DDaGD9B .ROCJJL, $.=? L,L R $=D=

>G?B9 9 C9H;KGDa<a :AGE9JC=JB=A<=L K 9BWFDIFA >G? =?Q KR=E]DQJ= KR9:GLL L=9 C=N=J]C=L N9?Q ADDaGD9B J=;=HL=L

$.=? L, &GIDWL9A

g R $.=?_L,C F=E LM<BWC Ea<GK_L9FA 9 >=DN]L=D=C=L N9?Q =D=ER]KA =J=<E]FQ=C=L



6%./( *7,'(

LBAFW?L

DUSADDNEA= OE BD;AD;FNEA= <7>7@FOE ?76;FN5;Q 97@7DN>NE3 OE 8D7=H7@5;N=

R=C 9 C]H=JFQ,C bFI9RGFGK_LWKL ]JK 9R =J,>GJIWKGC ]K HIAGIJALWKGC Ea<GK_LWKWL L=KRAC D=@=L,N] +! B=I
N9D9EAFL ¢cBJ9=?Q=FKcDQGRa =KRCbRbC D]LJI=@GRWKWL H]D<WMD AJWFQ_LGLL E=<ALW;AaC KH=;A>ACMK >J=CN=|

*E<BE<GQFB>

3FNDALL3 ?79 3L 7>7?LOE GFN@ =7L7>7@6U =G>5E7>7?7=7F

CA=?Q=FKcDQGRa KR9C9KR 9RGCCID 9 ;K=D=CN]K=CC=D >G?DIDCGRAC 9E=DQ=C=L =D C=DD N]?=RFA
EAMLWF 9R =D=ER]K :=>=B=R,<bLL ]K 9 ;]JDGC NADW?GKKW NWDL9C N9?Q 9EACGJ 9 C]KRdD]C
E=?:_R@9La9F E=?@9LWJIGRR9 9R A?]FQ=C=L 9MLGE9LACMKIF

IGFLGKKW?A KGJJ=F<=C

=>AF_;Aa JK |D >GFLGKKW?A KGJJ=F<=C 9RGC 9R =D=E=C 9E=DQ=C=L 9R 9DCIDEIRWK
>A?Q=D=E:= C=DD N=FFA N9?Q :=9N9LCGRWKJ9 N9F KRACK]? R=C 9RGC 9 L=JdD=L=C 9@GD 9

>=D@9KRFWDa =?]KRK]?= CGEHJGEALLWDa<@9L JK LWEG?9LWKJ9 NOF KRACK]? 9R 9RGFGK_LGLL
>GJIWKGC WDLID DWK< 9 CbN=LC=R, >=B=R=L=L 9 >GJJWKGCJaD AG-G@=J=F:= F=L F

&ANWDIKRLWKA IGDQPOEIDCIDEORWK O9MLGEILACMKOF NWDOKRLB9 CA 9 >GFLGKKW?A

KGJJ=F<=C=L =?Q 9D?GJALEMK 9D9HBWF 9E=DQ CdDbF:bR, :AGE9JC=J=C=L ]JL]C=D

>=D@9KRFWDaC LGNW::A D=@=LK]?=K >GFLGKKW?A KGJJ=F<=C=L >=<=R@=LF=C >=D EAF<=F C9L=?aJAWF :=DdD ]K @
KR=JAFL 9CWJ 9 >=D>=<=R]K ?GE:J9 CILLAFLN9 9 ]J<=C=K :AGE9JC=J=C =D,R=L=K CANWD9KRLWKW@GR 9CWJ 9R
‘bF?]KRN=]K ]J<=C=K >GFLGKKW?A KGJJ=F<=C=L NWD9KRLN9

&9L=?aJAWEIKGFDa9F 9 >GJIWKGC@GR 9 >GFLGKKW?A KGJJ=F<=C CdDbF:bR, ;KGHGJLGC:9 KGJGDBWC := :=D=]JL
JJR=DE=C-=L ]JK =F=J?=LAC9A HGFLGCIL >=D@9KRFWDaC >=<=R@=LAC =R=C=L 9 C9L=?aJAWCIL LGNW::A >aCMKRL=J

/=KLI=KR9:WK>=D@9KRFWDaC @GRRW9<@9LBWC N9?Q =DLWNGD_L@9LBWC 9 >GFLGKKW?A KGJJ=F<=C=L 9 DAK
KR=E]DQJ= KR9:GLL E=?CbR=D_L]JKL 9R =?]KRK]?d?QA MLORWKMC@GR BWFDGLL 9 >GFLGKKW?A KGJJ=F<=C KRW
L9JLOFA 9R bKKRHGFLGK_LWK ]JK @9L]CGFQKW? E=?,JR]K=]J<=C]:=F

|IBJOKRWE_LWKGC >MLLILWKS9 9 J=F<KR=J GHLAEODARWDWKW@GR

@MDDWE>GJE9 =D=ER]K CMD;K>GFLGKKW?c D]H]JK 9 DG?AC9A =NGDc;Aa:9F |BJ9KRWEGD@9LB9 9 :AGE9JC=J=C-
>GFLGKKW?A KGJJ=F<=C=L ]JK 9RGFGK_L@9LB9 9 >GJIWKGCIL 9R A?]FQ=A KR=JAFL #9 HJG:D]JEWA N9FF9C 9 L=DB:
EAF<A? cBJOKRWEGD@9LB9 9RL

*E<BE<GQFB> @8:=8?8ATGRF8 RF @U7BFTGQF4

HIJIAGJALWKGC KR9CO9KRW:9F 9 J=F<KR=J EAF<=FL E=?B=D=F_L 9E=DQ J=D=NWFK D=LL (a<GK_L@9LB9 =R=C=L 9 |
LbJID]KIN=D N9?Q cB9C @GRRW9<WKWNID +JAGJALWK @GRRWI9<WKW@GR CILLAFLKGF 9 #GRRW9<WK ?GE:J9 ]K
=D=E=C=L 9 CdDbF:bR, C9L=?aJAWC:aD EAFL H]D<WMD 9 KR=JN=C=L E=JA<AWF HGFLGCIOL N9?Q 9 /( #9?QGEWF
*INGKDWK' J=;=HL=C=L

HIAGJALWKGC DAKLWBWL AK LAKRL_L@9LB9 9RGC LbJD]K]N=D 9E=DQ=CJ= EWJ FAF;K KRACK]? HJAGJALWK KR=JC=
@9KRFWDB9 9R bKKR=K J=F<KR=J GD<9DWF <= ALL bKKR=?Q...BLA 9R bKKR=K HJAGJALWKL 9E=DQ=L E=?@9LWJIGRGI


https://biocoherence.net/n82.107

6%./( *7,'(

1]7dD @GRRW9<@9L E=7?B=?QR]K=C=L 9 HIJAGJALWKGC@GR R=C=L 9 E=?B=?QR]K=C=L AFL=?JWDBWC 9 N]?K, B=D=F|
CGFL=CKLMWDAK AF>GJEW:;AaL :ARLGK_LN9 EAF<=F 9RGFGK_LGLL HJAGJALWKJ9

HJAGJALWK =D=E=C=L :WJE=DQAC GD<9DGF @GRRW9<@9LB9 N9?Q =DLWNGD_L@9LB9 @9 9 J=D=NWFK NAJW? E=DD=LLA
#9 =R 9R ACGF RbD< 9 :AGE9JC=J B=D=F N9F 9 HIAGJALWKGC:9F @9 HAJGK 9CCGJ FAF;K

ECOBEEQFB>

B;>>0D7=7@ 3>3B<N@ EL;>ND63@ :3D?A@;LN>@;

CMLOLWKA >GJIWKGC >=D>=<=R]K= =D,LL @JAKLAF= =?GQ E=? GKRL FJ@WFQ ?GF<GDI9LGL 9
CMLOLWKWJaD EAN=D =R CMD;K>GFLGKKW?c L=JdD=L

#:3>3=PFAFFG@= 79K =G>FSDNF 79K S< 9A@6A>=A6NE?Q6AF 3 BDA4>0?NE D7@6EL7D7==7>
H3>Q =3B5EA>Q6NEDQ> ,PL OH7 HO9L7FF F7DNB;NE ?G@=3 OE =GF3FNE T9K87>7==7> =7L67F47@
87>876F7 ELN?A?D3 3L 79KO@ 47@EU REEL:3@9<NF L 3 F7D?0EL7F7E D7LA@3@5;3
=G>5EBA@FAEEN9S ?;H7> E79PF 87>8767L@; 3 BDA4>0?N= F7><7E EB7=FDG?NF L 3
>79=R@@K744 ?Q6<3 3 20>K 47>EU =3B5EA>3FA= >OFD7:ALNEN@BAL3RPHK 7>UE79PF: 3
87DFULORF97DUEPF; 3L REEL:3@J@BEL7D47@ L 3 ?79=RL7>PFOE 87>:3F3>?3LL3 3L
79KO@7=7F 3DD3 :A9K 47>EU>79 9KQIKG><3@3= OE @RH7=76<7@7= F,ELF7>7F47@ F3DFH3 3 F7EFT=
F7D?0EL7F7E D7T@6<OF LF 3LF ?A@6<G=3 8ADDNEA= SF<N@3= @K;FAFF 3<FQ 3 >7:7FUEO97=:7L
8ADDNEA= 3 >79REEL:3@943@ >0OHU OE >79@39KA44 7D7<V DOEL7; >OFT@=4U> :3EA@>Q3@ 79K
ELGB7D:3F3>A?:AL 3?7>K7F O>7FT@= EADN@ 87<>7ELF7FFT@==; L O>7F:AERAQE@aEARENEA=
8A93>?3 HO9T> 3 O>7F=T>67FOE7;:@= ?A6G><N@3= DOELOHO HN>:= %09 79K 79K76; EL7DH
?7D;6;:N@ 3=GBG@=FSDNE BA@F 5E3=D3 ODL7>7? EF4 E >7:7F 79K 7DUF7><7E 8ADDNE
:ALLN<NDG>HR36A9 87DFULGR7AK ?79:3FNDALL3 3L O>7FT@=7F OE FTEFT@=7F
DEF;@7 79AK

(AMLWF E=?F]RLdAC 9 HJAGJALWKGCIL 9RGCIL 9 CMD;K>GFLGKKW?c =D=E=C=L 9E=DQ=C=L :WJE=DQ KR=E]DQF=C ;_E
'WJEACGJ LGNW:: D]JHJFC 9 >GJIWKGCJ9 >GJIIWKGCIL 9E=DQ=C=L =?Q CA;KA B=?QACGF ;KADD9??9D B=DbD 9 L=KL ;KAD
L=CAFLBdC R=C9RGC 9E=DQ=C =F=J?AWN9D L=DA J=F<C_NdD KL9:AD9C ]K 9E=DQ=CJ= 9 L=KL LWE9KRCG<@9L 9R =F=J?AC
HIJAGJALWKGC KGJIWF 9 ?Qa?QMDWKA >GDQ9EIL KGIJWF

R 9DCO9DE9RWK:9F CA>=BD=KRL=LLdFC =?Q CGEHD=P 9D?GJALEMKL 9 >GJJWKHGFLKRWE KRWE_LWKW@GR EAF<=F :A(
HGFLKRWE 9R =F=J?AWL KL9:ADALWKL ]K C9H;KGDa<WKL 9RGFGK_LB9 CA=E=DN= 9 >=BD=KRL]JK@=R KRdCK]?=K HJAGJ/
LJFQ=R,C=L >A?Q=D=E:= N=KR EAFL H]D<WMD =?Q =D=E KL9:ADALWKWL =F=J?AWBWL ]K C9H;KGDa<WKWL 9E=DQ=C =
>GJIWKGD<9DL DWL@9LB9 B=D=FD=?

>GJIWKGC K HJIAGJALWKGC JIKRD=L=K E=?]JL]K= 9 AG G@=J=F;= 9DCI9DE9RWK:9F NADW?GK LWB]JCGRa<WKL C_FWD !
KRWEWJ9 9 :=FFdC J=BD,, =J,>GJJWKGC CA@9KRFWDWKW@GR ]K 9 KRACK]?=K L=JdD=L=C C=R=D]K]@=R 9 BON_LGLL =
13<=C]:=F

>GJIWKGCIL IMLGEILACMKIF 9RGFGK_LBWC =?Q >=DN]L=D MLWF CbKRbF@=L,=F =?Q 9D?GJALEMKFIC 9E=DQ=L CA>=BD
=D)J@=L, =D=E >A?Q=D=E:=N]L=D]J= RGF:9F D=@=L,K]? N9F =R=CF=C 9 >GJJWKGCF9C 9 C]RA Ea<GK_LWKWJ9 AK @9 KRACK]?
9EACGJ 9R GJ?WFMEGC KRICIKRWL ]JBAC =D @9 9 F=MIGLI9FKREALL=J=C 9 >, >GJIJWKFIC D=LL 9RGFGK_LN9 9CCGJ D=@=
CILLAFLOFA @G?Q E=?F]RRdC 9 EWK =J,K >GJIWKGC NWD9IKRL]CWL

E=?>=D=D, >GJIWKGC =RMLWF >GJ<_LGLL >GFLGKKW?A KGJJ=F<:=F J=F<=R,<F=C 9 D=?F9?QG::LaD 9 D=??Q=F?]::A? #9 EWK
KR=J=LF= <GD?GRFA H]D<WMD 9 FQ=DNN=D 9 F=MJGLJ9FKREALL=J=C @=DQ=LL N9?Q 9 LJ9;@=WN9D N9?Q 9R A<=?K=BL=(
=?QKR=J...=F CILLAFLKGF 9 C_NWFL >GJIJWKJ9 9 CANWDIKRLWKW@GR @@GR @G?Q BG::9F E=?]JLK= EAL B=D=FL EAF<=F
9 NAIW? ACGFJ9 @G?Q E=?F]RR=9 C9H;KGDILGCIL JK LM<9LGK9:: NWDIKRLWKL @GR@9KKGF

R=C=L 9 >GJIJWKGCIL 9RLWF >=D@9KRFWDBWC 9 J=@9JEGFARW;Aa CdDbF:bR, KROCIKRIA:9F

9BEEQFB> EVI<7 58@HG4GQF4

%79=RL7>PFOET@= 79K B3D36;9?3HN>FNEF :AL 3 BDA4>0?NE D7@G6EL7D7= =7L7>0EO47@ #7L67F47@ F7DNB;NE 9K3=AD>3F
7L 3 ?Q6EL7D =;:3@9ES>KALL3 3L 79KO@ 47>EU REEL:3@9<NF L 3 F7D?OEL7F7E D7LA@3@5;3 3 F7DNB;3 OE 3 EL7?0>K7E F
3>3BAF F7D7?F 3 ELO>7E744 BDA4>0?N= =7L7>0EQO:7L ?79=RL7>PFOE 7>UE79PF; 3 47>EU =3B5EA>Q6NEF 37?; 3 4A>6A9 87D


https://biocoherence.net/n82.108

6%./( *7,'(

3?; 8A=ALL3 3 EL7?0>K7E 9KQIKG>NEF OE 87>:3F3>?3LNEF =T>EU BDAFA=A>>A= @O>=T> L 3 ?Q6EL7DF3@ 3?7>K7F
@T7H7LT@= F,ELF7>7F47@ F3DF<3 3 =A?B>7J D7T@6EL7D7=7F OE 7>UE79PF; 3 EL;@7D9;NF

ADDNEA= 3L 79KO@ >79REEL:3@943@ >OHU OE >79BAF7@E744 FO@K7LU;=O@F 3LA@AEPF:3FQ= :3EA@>Q3@ 3
ELGB7D:3F3>?3=:AL EL7?0>K7E GF3LNE ?790DFOEO@7= FAHN44; 4UHPFOE7 OD67=047@ 3 <RHU47>; 8D;EEPFOE7
O>7F=T>67FOE7=7F 3?7>K7= :D;EF;@7 =GF3FNEN@3= =;F7D<7ELFOE7Y

=A@=DOF ELBI#6NG> <7>7T@FUE 8ADDNEEN HN>:3F BAF7@5;N>E3@ 7>F7D<76H7 3L 7@7D9;NF OE REEL:3@9A
3>=3>?3LNE 79K 87<>7FF 3>9AD;F?GEF 3>=3>?3L 3L 79K;= 4;A?3D=7D:7L F3DFALQ SADDNEBA@FELN? ELN?PFNEN:AL 3L
8ADDNEA=3F OE BD;AD;FNEA=3F L 3>9AD;F?GE ODFO=7>; 3L 7@7D9;NF EF34;>FNEF OE =3B5EA>Q6NEF ?NE 7>7?7=:
=3B5EA>3FA= 7D7<OF H39K 9K7@97EO90F 3?7>K7=7D76?0@K7=0@F NF8A9Q 8ADDNEA>63>F =3BG@=

BEEQFB> RF *E<BE<GQFB> 4 <B B;8E8A68 4?7>4?@4MQF54A

yLL=CAFL]K

AG G@=J=F;= 9DCIDEIRWK WL>G?a =D=ER]KL C_FWD 9 >=D@9KRFWDa >ARAGDa?A9A K =F=J?=LAC9A WDDIHGLW.J:
WDL9D C=R<=LA KRC=FF=DIK :=>=B=R]K= MLWF 9 >=D@9KRFWDaC C]L CJALACMK CGEHGF=FKK=D L9DWDCGRF9C
R=C 9 LJFQ=R,C =D=F?=<@=L=LD=F=C 9 KRC=FF=D]KA =J=<E]JFQ=C JJL=DE=R]K]@=R ]JK 9 >=D@9KRFWDa AJWFQ_ LW
=?]KRK]? K BaDD]L >=D]

IGJIWKGC

=>AF_;Aa K |D AG G@=J=F;= 9DCIDEIRWK:9F 9 >GJIWKGC 9 D=?bKKR@9F?:9F D]N, KL9:AD ]K =F=J?AW:9F ?9R<9? -
B=D=FLAC 9 >=D@9KRFWDa L=KL]:=F R=C=L 9R =D=E=C=L 9 >=D@9KRFWDa :=FFdFC=L E=?@9LWJIGRa =J,
KRMH=J@9L9DEY9AC]FL 9RGFGK_LBWC 9E=DQ=C CA@9KRFWD@9LaC 9 ?Qa?QMDWK ]K =?Q=FKcDQ LWEG?9LWKWJ9

.RWE_LWR 9DCIDE9RWK =?Q CGEHD=P 9D?GJALEMKL 9DCIDE9IR 9 >GIIWKHGFLKRWE E=?@9LWJIGRWKWJ9 EAF<=F
9 HGFLKRWE >A?Q=D=E:= N=KRA 9R =F=J?AWL KL9:ADALWKL ]K EWK =D=E=CC=D N9Da C9H;KGDa<WKL D=?E9?9K9::
>GJIWKGCC]FL 9RGFGK_L@9LaC

KGHGILGCGJIWKGC L_R ;KGHGJL:9 KGIJGD@9LaC :=D=]JLN=

g *J?9FACMK KGHGJLGC HD QMJIN=<9 9D9Hc ;KGHGJLGC
g ?70Q=<A.R=JN=C

g LGEGC

g (FJA<AWFGC

g (GE=FLME <AF9EACMK WDD9HGLGC

* =878AGRF

7@7DN>NE ( 7JBADFN>NE @KA?F3FNE OE 7D76?0@K7= ?79AELFNE3

I=B=R=L %=D=FL]K=C ?=F=JWDWK9 ]K C=R=D]K=9 9D9F;=
K=? LK]?]N=D
9D9F;= @9JE9<AC CMD;K>GFLGKKW?c >MFC;AaB9 9 B=D=FL]K?=F=JWDWK R 9 >MFC;Aa D=@=L,N]

L=KRA @G?Q +! >WBDL @GRRGF D]LJ= 9E=DQ L9JL9DE9RR9 9R 9DCIDEIRWK @9IKRFWDIL9 KGIWF
E=?,JRbLL bKKR=K AF>GJEW;AaL

+ ! B=D=FL]K L9JL9DE9
AG:G@=J=F.=F=L F

D]LI=@GRGLL + ! B=D=FL]K L9IL9DE9RR9


https://biocoherence.net/n82.109

6%./( *7,'(

g +JGB=CL KR9C9KRGC ]K A<,L9JL9E

g zJWKGK E=?B=?QR]K=C

g RGFGK_LGLL >GJJWKGC

g (F?@9LWJIGRGLL HIAGJALWKGC

g '=?=F=J?AWK?9:: N9?Q D=?C=N]K:] =F=J?ACMK KR=JN=C
g '=?BG::9F N9?Q D=?C=N]K:] AR?9LGLL KR=JN=C

g &G@=J=F;AW:9F D]N, KR=JN=C

g (FJA<AWFGC

g #9?7QGEWFQGK &_F9A *JINGKDWK / ( J=;=HL=C

g KL:

%=D=FL]K L=KLJ=KR9:WK9

B=D=FL]K:,D KRICO9KRGCIL 9<@9L @GRRW N9?Q LWNGD_L@9L =D @@=R D]HB=F 9 KR9COKRL_HMKGC@GR ]K @9KRFWDB
=KRCbRbC=L 9 B=D=FL]K A?]FQ=A KR=JAFLA L=KLJ=KR9:WKW@GR

%=D=FL]K E=?GKRLWKO ]JK E=FL]K=
+1B=D=FL]K CbRN=LD=FdD E=?GKRL@9La Lb:: ;KILGIFWF

g &bRN=LD=F E=?GKRAKVRFWDB9 9 E=?GKRLa <G:GRL 9 B=D=FL]K 2@9LK HH .(. N9?Q E=KK=F?=J WDL9DA =DCdD<]K]J=

g (FFL]JK &9LLAFLKGF 9 +!>WBD ?GE:J9 9 B=D=FL]K E=FL]K]@=R .RWE_La?]H=F CbRN=LD=FdD 9 E=J=ND=E=R]J= E=FL@-=I
/=D=>GFGF N9?Q LW:D9?]H=F A+9< 9 >WBDB9A:9F D=KR E=FLN=

0 )QGELILWRIOLLAFLKGF 9 )QGELILWK ?GE:J9 9 B=D=FL]K CAFQGELILWKW@GR .RWE_La?]H=F =R E=?FQALB9 9 FQGEL
HWJ:=KR]<H9F=DL /=D=>GFGF 9 FQGEL9LWKA D=@=L,K]? 9CCGJ B=D=FAC E=? @9 =?Q CGEHILA:ADAK FQGEL9La =D)J@=L

+ ! B=D=FL]K E=?,JRA 9R bKKR=K :=_JL AF>GJEW;AaL :=D=]JLN=9 CdDbF:bR, KRICIKRGC:9F @GRRWI9<GLL E=?B=?QR]K=C=L
>MFC;Aa :ARLGK_LB9 @G?Q EAF<=F >GFLGK 9<9L CbRHGFLGK_LGLL D=?Q=F ]JK CbFFQ=F @GRRW>]J@=L,, 9 BbN,:=FA @9KRF\

LBAFW?L '87<GQ6<U> ;4A:B> RF 8FM>VMV>

;DN@KPFAFF ?76;FN5;Q= 8D7=H7@5;397@7DN>NE OE ;6U=D;EFN>K 87>A>6NE3 L7@ 3 EL3=3ELA@ 7L 3 ?A6G> 7>U=0OELP
=RH7F=7LU :Q@3BA=43@ 8A9<N= 87<>7ELF7@;

9D9FKR .R=E]DQJ= .R9:GLL |[LEMLOLGLL (=<ALW;AaCC9D

9D9FKR KRICIKR E}J>bD<C, JIKR= Ea<KR=JdFCF=C 9E=DQ 9R cLEMLILGLL E=<ALW;AaC
N9?Q @9F?>WBDGC D]LI=@GRWKWJ9 AJWFQMD AFL=?JWDN9 9R =?Q]FA KRACK]?D=L=CF=C E=?>=D=D,
>J=CN=F;AWCIOL R =DN HJG?J=KR_N E=?CbR=D_L]K=F 9D9HKRAC 9E=DQ @9KGFD L@9La 9 @9?QE9
@WEGRWKWNID 9 D=?CbR=D=::A HJG:DJEWC C=R=D]K= 9 D=?CbFFQ=: E_? 9 LWNGD9::A9C
E]DQ=: C=R=DJKL A?]JFQ=DF=C R 9 >GDQ9E9L D]H]KJ,D D]H]KJ= LbJLJFAC CbN=LN= =?Q
E=?@9LWJIGRGLL A<=WDAK MLIL 9 CdDbF:bR, HIAGJALWKA =D=E=C KH=;A>ACMK KGJJ=F<:=F LbJL]F,
WLBWJIWKW@GR

AGG@=J=F=F=LF

(=<ALW;AaK H9J9E]L=J=C

(=<ALW;AaK K=:=KKJH?R_L]K KGIJWF ]JKRD=DL H9J9E]L=J=C 9D9HBWF E=?@9LWIGRRMC 9RL 9 K=:=KK]?=L 9E=DDQ=D =?Q |
:=D]H 9 E=<ALW;Aa:9

+=JKRGFWDAK IR M} Q=R, :=>GDQWKGDB9 9 E=<ALW;Aa >=D]H_L]K]L

(MRKAC9 @9F?GCIL K WDLIDWFGK KCWDWL @9LWIGRFIC E=? @G?Q 9 KR=E]DQ KRAFLB]F C=R<@=KK=F=C

-]JKRD=L=C CANWD9KRLWK?9

-JKRD=L=C 9R]JL D=LL=C L=JN=RN= @G?Q 9 D=?F9?QG:: @9LWKc =D=E=C=L ]JB]C =D EAF<=F C9L=?aJAW:9F -=D=NWFK J
FOHGFL9 C]JF=C 9R 9CLMWDAK HJAGJALWKGC C=R=D]K]J=


https://biocoherence.net/n82.110

6%./( *7,'(

+JAGJALWKGC CANWD9KRLWK9

CANWD9KRLGLL HIAGJALWKGC EAF<=F L_HMKW@GR KGJGRIL E=<ALW;AaL L9JLI9DEORFIC R=C 9 KGJGRILGC CdDb¥

E=<ALW;AaC9L L9JL9DE9RFOC 9E=DQ=C=L 9 CdDbF:bR, HIG>ADGC@GR A?9R_L9F9C R 9DCI9DEIRWK =RMLWF
D=?E=?>=D=D,:: cLEMLIOLGLL E=<ALW;AaC9L 9R =D=B]F E9B< =?Q EWKG<AC JIKRL 9R 9D9HBWF @G?Q 9 C=R=DL
>=D@9KRFWD@9La >GJIWKGC 9D9HBWF EADQ=F >J=CN=F;AWCJ9 N9?Q @9F?GCJ9 N9F KRACK]?

I=DN]L=D ]JK FQGEGF CbN=L]K

#9 9 KR=E]DQJ= KR9:GLL cLEMLILWK E=?L=JN=R]KJ= C=JdDL 9R 9 >=D@9KRFWDa >AaCBW:9F E=FL]KJ= C=JdD@-=
CIKR_L=LL]C 9 >=D@9KRFWDaC =RMLWF L=D=H_L@=LAC 9 AG;G@=J=F;= 9DCIDE9RWKL := J@9LBWC = E9AD ;_Edi
KR=E]DQJ= KR9:GLL E=<ALW;AaBMC@GR '=@=L,K]? N9F 9JJ9 AK @G?Q J=F<KR=J=K=F cBJ9]JL]C=DB]C 9 E=<ALW;/
9R 9DCIDEIRWKGF C=J=KRLAD R cBJ9JJL]C=D]K 9JJ9 C]J<=RA UFL @G?Q J=?AKRLIJWDB9 9 KR=FRGJL ]K ;K9LDICC
JLIC=DIK@=R

D, J=@9D9<WK FQGEGF CbN=L]K=

R =D,J=@9D9<WK ?bJ:]C >GJEWBW:9F NOF E=?B=D=F LN= 9E=DQ=C EAF<=F HJAGJALWK@GR L9ILGRFIC D=@=L,N] L]|
NARMWDAK E=?>A?Q=DIK]L ]K 9R E]? C=R=D]KJ= NWJa HGFLGCIL (WK FQGEGF CbN=L]KA Ea<KR=J=C AK J=F<=DC=R]KJ
C=R<=LA K MLaD9?GK C}J<, N=C
/=IN=R=L ]K A<,L9JL9E
#9 9 L=JN =DC]JKRdDL ]K 9 KR=E]DQJ= KR9:GLL E=<ALW;Aa E=?LbJL]JFL 9R =D]J@=L, 9 >=D@9KRFWDa HIG>ADBW

E=?@_N@9LBWC 9R 9DCODEORWK L=D=H_L]K]J= = E9AD:=F @G?Q CbRN=LD=FdD =DAF<_L@9KK9 9R cLEMLOLGLL I
:9D9FKR dD]K L=JN=R=LL A<,L9JL9E9 @WJIGE @]L



6%./( *7,'(

,RFM?8G8F WG@HG4GU "AE@BA<>HF B>BMU RF -M8@R?L8F
aG@HG4GU ;4FMAQ?4G4 4 <B B;8E8A68 58A

#9JEGFACMK !GCGRa ]K .R=E]DQ=K |LEML9La C]L CMD;K>GFLGKKW?c >MFC;Aa 9 AG G@=J=F;= 9DCIDE9RWK:9F 9E=DQ=C D=

L=
>=

KRAC 9 >=D@9KRFWDaCF9C @G?Q C9H;KGDa<B9F9C KR=E]DQJ= KR9:GLL >J=CN=F;A9HJG?J9EBIAC@GR R=C 9R =KRCb
D@9KRFWDaCF9C :AG9CL_N >J=CN=F,AWCIL AFL=?JWDFA 9 FOHA JMLAFBMC:9 LWEG?9LN9 =F=J?=LAC9A ]K >ARAGDa?A9

9 KR9C9KR JIKRD=L=K cLEML9LaL FQcBL 9JJ9 NGFILCGRa9F @G?Q9F @IKRFWD@9LaC =R=C 9 >MFC;AaC @9IL]CGFQ9F :=D=]
?Q9CGJIDILGCIL CdDbF:bR, KR;=FWJAaC@GR

#9JEGFACMK IGCGRa

(A 9R 9 #9JEGFACMK IGCGRa

#9JEGFACMK !GCGRa =?Q >J=CN=F;A99D9Hc =KRCbR 9E=DQ EAF<=F CANWD9KRLGLL HJAGJALWKL =?QKR=JJ= BWLKR.
CGEHD=P @GDAKRLACMK =F=J?=LAC9A @9JEGFARW:;Aa :ARLGK_LWK?9 JbNA< A<,F :=DdD

#G?Q9F @IKRFWDBMC 9 #9JEGFACMK IGCGRaL

g

#9JEGFACMK IGCGRa @GRRW>]JIK=

¥ )QAKK9 E=?9 AG G@=J=F;= 9DCIDEIRWKL

¥ )OSNA?WDBGF 9CL_N >=DN]L=D]@=R =R 9 &=R<,D9H C]JH=JFQ,B= CbRJHHGFLBW:9F N9F N9?7Q NWD9KKRGF =?7Q >
DAKLWBW:9F

¥ &9LLAFLKGF 9 #9JEGFACMK IGCGRaJ9 9 >J=CN=F;AWC D=BWLKRWKWF9C E=?C=R<]K]@=R

#9JEGFACMK |IGCGRa D=BWLKRWK9

¥ #9JEGFACMK !IGCGRa EAF<=F CANWD9KRLGLL HJAGJALWKL =?QKR=JJ= BWLKRAC D= .R...J@=LA 9R =F=J?AWL 1

9 E9?9K HJAGJALWKc HIG?J9EGCIL 9 HIGLGCGDDY9D J=F<=DC=R, HIG?J9EGCIL KL: .R...J@=LA 9 HIG?J9EGCIL

=F=J?=LAC9A >GCGRWKJ9 N9F KRdCK]?= H]D<WMD N9?Q @9 9 E]DQ=:: HJG:DJEWAN9D C_NWF >G?D9DCGRFA 9

J=F<=DC=R, HIG?J9EGC KR...JIK][N=D

'=@=L,K]? N9F @WLL]J:=F BWLKR9FA EACGJ F9HA L=N]C=FQK]?=C=L N]?=R @9F?=J, F9?QGF 9D9;KGFQ D=@=L

BWFDGLL >=B@9DD?9LaC9L N9?7Q CdDK, @9F?KRaJaC9L @I9KRFWDFA 9 BG:: J=RGF9F;A9 ]J<=C]:=F #9KRFWD@9L 9CWJ

AK 9 RK=:]:=F 9E=DQ CAKE}J=L... =D=CLIGEW?F=K=K E=R,L BMLLIL 9 L=KL]@=R 9R AFL=?JWDL :AG9CL_N >J=CN=F;A\

Ea<GF FAF;K KRdCK]? 9 >J=CN=F,AWC @9DD?9LWKWJ9 =F=J?=LAC9A E=R=B]JL L=KL]L ]K =DE]B]JL =D=CLJGEW

J=?AKRLIJWDBWC

#9JEGFACMK IGCGRa =PHGJLWDWK9

¥ >=D@9KRFWDaC =PHGJLWD@9LBWC 9 #9JEGFACMK |GCGRaL (+ >WBD>GJEWLME:9F G>>DAF= @9KRFWD9LJ9

¥ (9;=F A+@GF=GF A+9<=F ]JK F<JGA<GF 9 >WBD E=FL@=L, N9?Q CbRN=LD=FdD E=?GKRL@9La .(.=F AJJGH GF
2@9LK HH GF N9?Q = E9AD=F

¥ 2AF<GOK GF 9 >WBDL C]RR=D C=DD E=FL=FA E9B< E=?GKRL9FA

+H +H

g '=?BG:: ?Q9CGJIDILGC

T )9HA #9KRFWDIL %WLKKR9 D= 9 #9JEGFACMK !IGCGRaL FOHGFL9 =?QKR=J N9?Q C]LKR=J]
¥ +9KKR_N #9DD?9LWK D9;KGFQ @9F?=J,N=D AK D=BWLKR@9La @WLL]J:=F
¥ laCMKRWDL VD]K=C E]DQ=:: @9LWKGC]IL @9DD?9KK?9 ;K=F<=K CbJFQ=R=L:=F EAFAEWDAK R9N9Ja L]FQ=R,CC=D

.R=E]DQ=K |[LEML9La

(A9R 9 .R=E]DQ=K |LEML9La

R=E]DQ=K |LEML9La =?Q cLEMLILGLL E=<ALW:Aa 9E=DQ AFL=?JWDB9 9 KR=E]DQJ= KR9:GLL >J=CN=F;AWCOL @9F?cLEMLIL:
9 >=D@9KRFWDaCF9IC CGF;=FLJWDFA =F=J?=LAC9A ]K >ARAGDa?A9A =?Q=FKcDQMCJ9 KLIMCLMIWDL NARMIDARW;AaK ]t
K=?_LK]?]JN=D R=F cLEMLOLWK ;]DB9 9R 9?Q9?QA ?Qa?Q_La LM<9LGKKW? AFL=?JWDWK9 9 EAF<=FF9HA ]D=L]:=



6%./( *7,'(

"AE@BA<>HF B>BMQF

#9JEGFA; GGKL >MFC;Aa 9 AG G@=J=F;=:=
9R]JL D=LL L=JN=RN= @G?Q BIN_LK9 9 E=<ALW;AaC ]K 9
>J=CN=F;A9 9D9Hc @9JEGFARW;AaC @9L]CGFQKW?WL
9RWDLID @G?Q AFL=?JWDB9 9 >=D@9KRFWDa KRACK]?D=L=AF=C
K CGFCJJHIGLGCGDRIBOAFL CA9DIC_LGLL KH=;A>ACMK
>J=CN=F;,AWCOR 9 >MFC;Aa D=@=L,N] L=KRA 9
>=D@9KRFWDaC  KRWEWJ9 @G?Q  CdDbF:bR,
:AGE9JC=J=C=L KLAEMDWDBIF9C ]K CGJJ=CLWDB9IFIC
=D,J= :=WDD_LGLL ]K =?QJFA >J=CN=F;A9 HJG?J9EGC
CGE:AFW;AaBWN9ID

?8@ -MTA8> RF HA>6<U<>

#9JEGFA; GGKL >=DdD=L CdDbF:bR, KR_F... =D=E=C:,D
WDD E=DQ=C EAF<=?QAC= CdDbF:bR, ;]DL KRGD?WD

g =@J  D=E=L R=C 9 KRAKRL]JEWK

@9JEGFARW;AaCIOL CJHNAK=DAC 9E=DQ=C

C9H;KGDa<F9C =?Q CGFCJ]L :AGE9JC=J@=R R=C

=D,J= KRWE_LGLL >J=CN=F;A9KGJGRILGC 9 KH=;A>ACMK

KR=JN=C@=R 9CMHMFCLCJWK HGFLGC@GR L=J@=DL

WDD9HGLGC@GR =? ?=GHILACMK KLJ=KKR N9?Q EWK

‘AGE9JC=J=C@=R C9H;KGDa<F9C R=C 9

>J=CN=F;AWC >AP=C ]K F=E NWDLGRF9C 9R =?Q]FA

=D=ERJK =J=<E]FQ=A 9D9HBWF

g &C D=E=L R=C 9 CGJJ=C;AaK HJGLGCGDDGCIL

CJHNAK=DAC R=C =?QJFJ= KR9:GLLIC K @=DQ:=F

KRWE_La<F9C 9 >=D@9KRFWDa =KRCbR]JF R=C=L 9

>J=CN=F;AWCIL 9 >=D@9KRFWDa CGFCJJL KRACK]?D=L=A 9D9HBWF NWDIKRLBWC CA ]K 9RJJL L=JN=RAC @

=D=ER]K:=F JKRD=DL <AKR@9JEaFAWCIL

+ KbL]LC]C =D=E=C R=C :AGICL_N =?Q]FA >J=CN=F;AWC N9?Q >J=CN=F:AWC ?Q...BL=E]JFQ= >J=CN=F;A9KH=CLIME
=D=CLJGEGK9F N9?Q 9CMKRLACMKIF D=@=L D=BWLKRIFA

$ 1ADW?GKC]C =D=E=C R=C :AFOMJWDAK dL]JK=C 9E=DQ=C 9R]JL D=LL=C L=JN=RN= @G?Q F9?QGF 9D9;KGF
9CMKRLACMK9F @9DD@9LaNW L=?Q=F=C ]K LJJFAF?=DB]C 9R 9?Q9L CGFCJ]L E=?NWDLGRGLL LM<9LWDD9HGL
@G?Q C]L CAKAL CdDbF:bR, >J=CN=F;AWL BWLKR9FIC D= EAF<=F >dD:=F =RWDL9D D]LJ=@GRN9 =?Q dL,>J=C
9E=DQ 9 C_NWFL L=JWHAWK @9LWKF9C E=?>=D=D,=F @9F?GDa<AC

>6<U@U7 RF HA>6<BA4?<GQF

?cE8 FMQ@TGBGG E8>I18A6<Q>

g :AGE9JC=J @9JEGFARW:;AaK >J=CN=F,AWC O@AL= =D=E=FLK =D, J= KRWE_LGLLIC ]JK @=DQ:=F N9D9EAFL 9 >=D(
:ARLGK_LB9 9 RbCC=F,E=FL=K D=BWLKRWKL 9F]DCdD @G?Q N9DaK A<,:=F KRWE_LWKJ9 D=FF= KRdCK]? E]? 9D9;
=KRCbRbCbF AK

g 0?Q9F=R 9R =D,J= KRWE_LWKA >GDQ9EI9L 9DCIDEIRWKWL C]JJ@=LA C]C =D=E=CJ= 9EAC F9?QGF =?Q]FJ= KR9:Gl
A<,:=F CbRN=LD=FdD 9 >=D@9KRFWDa =KRCbR]F =DAEAFWDN9 9 RON9JL ]K BON_LN9 9 L=DB=K_LE]FQL

04?UF #7¢58A -MQ@TGQF 4M :LRA<*EBGB>B??B>;BM

g EACGJ 9 >=D@9KRFWDa @GRRW9< =?Q HJGLGCGDDL C]C =D=E=C 9 J=F<KR=J @=DQ:=F KRWE_LB9 CA 9 KRACK
D=BWLKRWK =D, LL

g R :ARLGK_LB9 @G?Q 9 >J=CN=F;AWC 9 >=D@9KRFWDa CGFCJ]L KRACK]?D=L=A@=R A?9RG<BIFIC EACbR:=F E='
L=DB=K_LE]JFQL



6%./( *7,'(

-M<@H?GQA E8>18A6<4 &8=QGFMQF

g #9JEGFA; GGKL J=F<KR=J F]?Q >J=CN=F;,AWL BWLKRAC D= =?QKR=JJ=

g #9;K9C >=@]J =D=E=C N9FF9C CANWD9KRLN9 9CCGJ F]?Q >J=CN=F,AWL BWLKR9F9C 9 :AGE9JC=J @9JEGFARW;AaK C]KRL

g #9 EAF<9>=@]J ]JK C]C =D=E=C CA N9FF9C NWD9KRLN9 9 J=F<KR=J <AF9EACMK9F CA=?Q=FKcDQGRR9 9 D=BWLKRWKA >J
:AGE9JC=J @9JEGFARW:;Aa ]JK 9 CGJJ=CL_N >J=CN=F;AWC CbRbLL

>J=CN=F,AWC =?QdLL=K D=BWLKRWK9 D=@=L,N] L=KRA 9 HJGLGCGDDGC ;]DRGLL @9LWKWL 9RWDL9D @G?Q CbRN:
CANWDI9KRLGLL J=F<KR=J@=R 9 J=RGF9F;A9 @ILWKWF C=J=KRLdD ]K @GRRW9<B9 9 HIJGLGCGDD >J=CN=F;AWCIL 9R \
CA>=B=R=LL=F 9 J=F<KR=JJ=;]DRGLL D]R=J @9LWKL

<A4HEQ?<F PGRF #AG8:EQ6<U

g EACGJ:AFOMIWDAK dL]K NADW?GKC]C =D=E C=JdD :=ADD=KRL]KJ= 9R =?QAC :AGE9JC=J >J=CN=F:AWBWNID C=N=J=<A
g +]D<WMD @9 =?Q ?=GHILACMK KLJ=KKR >J=CN=F;A9 #R ]K =?Q :AFOMIJWDAK dL]K #R 9CCGJ 9 J=F<KR=J #R L BWLKF
=?QAC >dD:=F[K  #R L 9 EWKAC:9F =RWDL9D D]LJ=@GRN9 =2Q #R =K dL]KL 9R 9?Q:9F

UM<F RF #7cMTGRF

g >J=CN=F;A9 ;ACDMKGC 9D9H]JL=DE=R=LL @GKKR9 EWKG<H=J; 9EA 9 +D9F;C A<, Lb::KRbJbK=9R 9J9FQ 9IWFQ H@A Kl

g EAF<=F>=@]J N9?Q C]C HIG?J9E Lb:: ;ACDMK:aD WDD 9E=DQ=C LAHACMKO9F ]K EWKG<H=J; CbRbLL L9JL9FIC cBJ9AF<
JACDMKGC EWKG<H=J;;=D

g >=D@9KRFWDaC WDD_L@9LBWC 9 HIG?J9E @GKKRWL 9R WDLI9DMC C_NWFL Ea<GF JbNA<=:] N9?Q @GKKR9::W L=FFA

KR=JAFL
g L=DB=K HJG?J9E =PHGJLWD@9La =?Q @9F?>WBD:9F ]K 9R 9DHIG?J9EGC CbRN=LD=FdD =PHGJLWD@9LaC 9 D=?BG::9
N==F<, =F=J?A9 L=KL =DE= N9?Q 9 D=?F9?QG:: >A?Q=DE=L A?]FQD, =D=E=C ;]DRWKWJ9

8FGESFM45QF RF KCBEGQ?QF

*EBGB>B??B> "BMMQ47QF4

g '=D@9KRFWDaC C]RA Ea<GF 9<@9LFIC @GRRW HIGLGCGDDGCIL 9 #9JEGFA; GGKL dD]K @9L]CGFQKW?WF9C FbN=D]K]J:
g J=F<KR=J 9BWFDGLL HIJGLGCGDDGCIL FQcBL 9 CANWDIKRLGLL :AGE9JC=J 9D9HBWF <= 9 >=D@9KRFWDaC AK C=J
HJGLGCGDDGC MLWF /b:: EAFL  HJGLGCGDD L9JLGRAC @GRRW ]K 9 DAKL9 J=F<KR=J=K=F :,NdD cB LOFMDEWFQGCC9D

* Q=?B> KCBEGQ?QF4

g '=D@9KRFWDaC (+ >WBDGC:9F =PHGJLWD@9LBWC 9 #9JEGFA; GGKL dD]K=C=L G>>DAF= @9KRFWD9LJ9
g R=PHGJLWDL >WBDGC L9JL9DE9RRWC 9 E=L9AF>GJIEW;AaC9L EAFL 9D:ME :GJ_LaC ]JK CMD;KKRIN9C =RWDL9D CbFFQ=F
9 R=F=A CbFQNLWJ9C:9F

*E4>G<>HF 7>4?@4MQFB>

g .R KR=E]DQK]?A |LEML9La %9N_LWK9 >=D@9KRFWDaC 9 #9JEGFA; GGKL >J=CN=F;AWAL @9DDBWC 9 KR=E]DQ=K
E=<ALW;AaC:9F 9 E]DQ=:: HA@=F]K ]K ?Qa?QMDWK ]J<=C]:=F

g /9J?=LWDL "Qa?QMDWK &dDbF:bR, :AGE9JC=J=C K CGJJ=CL_N HIGLGCGDDGC CANWDIKRLWKWNID 9 >=D@9IKRFWDaC }
2Qa?Q_La dD]JK=C=L @GR@9LF9C D]LJ=

g F=J?A9 )bN=D]JK= >=D@9KRFWDaC =F=J?AWL FbN=D, >J=CN=F:A9KGJGRILGCIL @GR@ILFIC D]LJ= |K E=FL@=LF=
@GRRW>]J]K ]J<=C]:=F KRACK]? =K=L]F

#9JEGFA; GGKL >MFC;Aa 9 AG G@=J=F;=:=F =?Q =J,L=DB=K =KRCbRL :ARLGK_L 9 >J=CN=F;A9 9D9Hc @9JEGFARW,;Aa(
:AGE9JC=J >J=CN=F,AWC =D,J= KRWE_LGLL CGE:



(1?6 ;$.4$1 5076(/6 .24 "?5(.

(=DD]CD=L
IL4>E4A <F@RG8?G >RE7RF8>

#G?Q9F C]IB K=?_LK]?=L 9R 9DC9DE9RWK:9F
K=?_LK]? ClJJK]@=R N9?Q BON9KDIL CdD<]K]@=R 9R 9DCIDEIRWK :WJIE=DQ GD<IDWJaD =?QKR=J...=F FQAKK9 E=? 9 BG:: >=DK, E=FdL ]K CILLAFLKGF 9 1A|
D=@=L,K]?J= &ILLAFL@9L 9 C]H=JFQ,C]H E=?B=?QR]K= D=@=L,K]?J= AK @G?Q @GRRWI<BGF =?Q C]H=JFQ,C]H=L 9R 9CLMWDAK GD<9DJaD ]K =RL 9 E=?B=?QR=L
9 ClIK]@=R z?Q KGCCID CbFFQ=:: F=CdFC K=?_L=FA

#G?Q9F >|J@=LF=C @GRRW 9 ;K9DW<L9?B9AE N9?7Q 9R d?Q>=D=AE 9R =?Q=<A E=<ALW;AaC@GR
L=KLJ=KR9:GLL E=<ALW;AaC =DJJK]@=R D= C=DD LbDL=FAdC 9R 9DCIDEORWKL 9 :AG;G@=J=F;= F=L AFKLIDD N9?Q 9R HH .LGJ= N9?Q +D9Q WIM@WR:aD (=
DILI=@GRWKWN9D KRWEMCJ9 CJJBAC 9<B9 E=? 9R =E9AD ;_EdC=L 9 >AaC:9F @G?Q E=?@_NaL COHBIFIC 9 E=?>=D=D, >AaCCID RMLWF E=?GKRL@ILBY N=
@GRRWO<B9 ,C=L COH;KGDILLIJLaCIFL 9R =D=ER]JK@=R EACGJ :=B=D=FLC=RF=C 9R 9DCODEIRWK:9 9RRID 9R =E9AD ;_EE=D 9E=DQ=L 9 D|LJ=@GRGLL >AaC:9F E
9R =D=ERJKL 9R 9DCIDEIRWKMC C=R<,DIHBWF N9?Q 9 -b?R_L=LL =D=ER]K=C 9DOLL

(AMLWF E=?C9HLWC 9R =D=ER]KL E=?@9DD?9L@9LBWC 9 CA=?Q=FKcDQGRa E=<ALW;AaL 9 AG G@=J=F;= 9DCIDEIRWK ?Q=FKcDQ KR=C;AaBW:9F 9@GD
CLEMLOLWKL CGE:AFWD 9 >J=CN=F,AWCC9D 9 D=?BG:: =J=<E]FQ=C ]J<=C].=F

AG G@=J=F;= +9JLF=J +JG?J9E

V<NbRbDBAC 9 AG G@=J=F;= +9JLF=J +JG?J9E:9F UJbEE=D DWLBMC @G?Q ;KILDICGRAC @GRRWFC @G?Q E=?GKKR9 9 D=?cB9:: L=;@FGDa?AWFC =D,FQ:
+JG?J9EMFC D=@=L,N] L=KRA @G?Q BMLID]CGL C=J=KK=F EACbR:=F K=?_L EWKGCF9C >=D>=<=RFA 9R =?]KRK]? ]K BaD]L WLID9C_La E=?CbR=D_L]K]L

%8M7RF
%=D=FLC=RR=F := 9 >AaCBW:9 'WLG?@HMGK=0ME:G@=J=F = F=L K @®SGARIDI9
TJB==D 9 HOJLF=] GD<9DWL )INARMDBGEAG.G@=J=F.= F=LGD<9DJ9 R 9R UF KR=E]DQ=K H9JLF=J CbRHGFLB9

$LL E=?L9DWDB9 9R bKKR=K =KRCbRL JK AF>GJEW;AaL 9EAJ= KRACK]?= N9F :=D=]JLN= @G?Q9F

g JLI=@GR@9LBY ]K C=R=D@=LA 9 E=?@_Na Ca<B9AL
g )QGEGF CbN=L@=LA 9 BMLID]C9AL
N_L@=LA 9 HOJLF=J@WDaR9LWL

9
*4EGASE *EB:E4@EU?

+JG?J9EMFED,>AR=L]K 9D9Hc BMLID]GFBIICbRN=LD=F JJL]C=K_L]K=C@=R ]K CdDbF:bR, NWKWJDWKA L_HMKGC@GR /GNW::A bKRLbFR,C=L AK C=J=K@=L 9EACGJ
9 HIG?J9E@GR

D,>AR=L]K=K %MLID]CGC &bRN=LD=F TJL]C=K_L]K=C@=R

EACGJ E=?GKRLB9 E=?@_Na Ca<B9AL BMLID]CGL C=J=K 9R =D,>AR=L]K=C:,D ]JK EWK NWKWJDWKGC:aD 9E=DQ=C=L 9RGC 9 >=D@9KRFWDaC N]?=RF=C 9CAC
HJG?J9E ;IDB9 @G?Q EAF< UFL EAF< 9R d?Q>=D=AL BMLIDE9RR9 C=<N=RE]FQ=C=L ]K bKRLbFR,C=L C_FWDN9 9R cB >=D@9KRFWDaCF9C 9CAC 9 Ca<BWNID ;K9IL

IGNW::A IWKWJIDWKGC

%MLID]CGL C=J=K@=L 9 AG G@=J=F;= HDIL>GJEGF C=J=KRLdD LbJL]F, NWKWJIDWKGC H]D<WMD B=D=FL]K=C L=KRL=C ]JK @9J<N=J=C MLWF R=C 9 BMLOD
HJG>ALWDBGF EAF<=F LJ9FR9C;Aa:aD 9E=DQ=L 9R UF WDL9D 9BWFDGLL >=D@9KRFWDaC N]?=RF=C

%79<79KLOEL=JdD=LA =PCDMRBMALYKGRa L=JE]C=C =K=L]F 9 BML9D]CGC9L ]K 9R d?Q>]D KRWEDWCIL 9 @=DQA =PCDMR_N >GJ?9DE9Ra C=R=DA R WJ9C 9 >GJ
>d??,=F NWDLGR@9LFIC -]JKRD=L=C]JL DWLGSGIBEGB=-OF=L <AKLJA:MDSIRJI

H9JLF=J C=R=D,GD<9DWJaD Lb:: Ca<GL AK D]LJ=@GR@9L 9E=DQ=C=L CdDbF:bR, ;KILGIFWCGF H]D<WMD CbRbKK]?A E]<AW:9F NA<=aC:9F ]K :DG?GC:9F L=JB=KRI
@G?Q FQGEGF CbN=KK= EAF<=F =?Q=K Ca< L=DB=K_LE]FQ]L ]K GHLAE9DARWDB9 =J,>=KR_L]K=AL

DCO9DE9RWK L=D=H_L]K=]K =DK,, AF<_LWK

g 2AF<GOK (9; N9?Q 'AFMP J=F<KR=J=F /bDLK= D= 9 L=D=HAG.GWBIDF3- F=| AFIADRIDJaD

g A+9< A+@GF=N9?Q F<JGA< J=F<KR=J=F &]JBAC CbN=KK= 9R MAGKGIAVRECSIFSL AFIADEIDGF 9 L=D=H_L]K ;KMHWF =?Q COLLAFLWK 9R HH .LGJ= :aD

G8?8CTGRF HGQA

L=D=H_L]K :=>=B=RL]N=D E]? D=@=LF=C HJG:D]JEWC
)=E LODWDB9 9R 9DCIDEFRVA G@=J=F;= FIN=F >ML (9; =F 9R DCIDEIRWKGC E9HHW:OF LODWD@9La 2AF<GOK K 'AFMP J=F<KR=J=F 9 .L9JL E=Fd:=F A+9<
A+@GF= K F<JGA<=K=L]F 91,C]H=JFQ,J= C=JdDL ]K C=J=K]KK=D AK E=?L9DWD@9LB9
R 9DCIDEIRWK F=E AF<NIBPELD KRWE_La?]H= N9?Q LW:D9?]H= LcD DIKKe N9?Q AFCGEHILA:ADALWKGC DJHL=C >=D
)=E LM< :=B=D=FLC=RfNIF >AaCB9 CJJBdC CILLAFLKGF 9 =D>=D=BL=LL B=DKRa D=@=L,K]?J= 9 :=B=D=FLC=R]KA C|H=JFQ,F &IHFA >G? =?Q DAFC=L 9 B=DKF
#9 FAF;K >AaCB9 9R 9DCIDEIRWKGF :=DdD D]LI=@GR@9L =?Q=L

:FFBE 4;A5A:7D7@57 @7F E >A9;@
:FFBE 4;A5A:7D7@57 @7F @


https://biocoherence.net/s0,login
https://biocoherence.net/s0,login
https://biocoherence.net/n119
https://biocoherence.net/n119
https://biocoherence.net/distributors
https://biocoherence.net/distributors
https://biocoherence.net/install
https://biocoherence.net/install
https://biocoherence.net/install
https://biocoherence.net/install
https://biocoherence.net/s0,login
https://biocoherence.net/s0,login
https://biocoherence.net/n119
https://biocoherence.net/n119

(1206 ;$.4$1 ,5076(/6 .24 "?5(.

AG G@=J=F;= @9KRFWD@9LB9 9 .HGGCQ >J=CN=F;A9HIG?J9EB9AL
$7=F 9 AG G@=J=F;= KRWEGK >J=CN=F;A9HJG?J9EGL AFL=?JWDL CdDbF:bR, >GJIWKGC:aD :=D=]JLN=9 .HGGCQ JK EWK =KRCbRbC WDLID @9IKRFWDL -A>= 9D9HC LW:DWRS
9 AG G@=J=F;= JDB9 @G?Q D=@=L,N] L=?Q= 9 .HGGCQ =KRCbRbC KRWEWJ9 @G?Q =EALL=JCJFL E...Cb<B=F=C D=@=L,N] LIN=9 AG G@=J=F;=:,0 KRWJE9Ra IM<AG =F
]K CbRN=LD=FdD 9 .HGGCQ :9 N9Da :=LWHDWDWKWL /=IN:=F N9F @G?Q EAFID Lb:: =KRCbR@bR FQALGLLIC D=?QdFC ]K CbRN=LD=F COH;KGDIL:9 DJHBAFC N=DdC 9EAC
(AF<=F=K=LJ= 9 >J=CN=F;A9 HJG?J9EGC 9M<AG =PHGJILB9 D=@=L,N] L=KRA @G?Q 9 >J=CN=F;AWCIL KRWEGK CdDbF:bR, =KRCbRbF D=BWLKR@9KKMC

'=@=L @G?Q @=DQ=LL=K_L@=LA =?Q L=;@FGDa?AWL 9EAL B=D=FD=? @9KRFWDGC
AG G@=J=F;= HGL=F;AWDAK9IF @=DQ=LL=K_L@=LA N9?Q CA=?]KR_L@=LA EWK :AG>==<:9;C ]K =?]KRK]?d?QA =D=ER, =KRCbRbC=L 9 CGFCJ]L A?]FQ=A<L,D >d??,=F #=DQ=LL
=KRCbRL CdDbFbK=F 9RGCIL 9E=DQ=C N]D=LD=FKRWE ?=F=JWLGJGCGF 9D9HMDFIC <= F=E :ARLGK @G?Q L=DB=K E]JL|C:=F @=DQ=LL=K_LA 9RGCOL 9R =KRCbRbC=L 9E:
:=NWDL E...Cb<]KA Ea<BIA NOFFIC

#G?Q9F COH@ILGC AF>GJEW;AaL =?Q CDA=FK CbRHGFLA LJEWAJaD 9EACGJ 9R =J=<E]FQ=C NWDLGRF9C 9 CdDt
KRC=FF=J=C CbRbLL

CDA=FK CbRHGFLA LJEWAJaD KR=JR=LL AF>GJEW;AaC E=?KR=JR]K]@=R @9KRFGK D=@=L Lb:: NARK?WD9IL bKKR=@9KGFD_LWK9 &=J=K< 9 CbN=LC=R=L=K EAFLWRY
HJG:DJEWCIL 9 NARK?WDILGC:9F 9 ChRHGFLA LJEWC 9RGFGK_LWKW@GR (=<=JA; =ED_L=LL= @G?Q >GFLGK >A?Q=DFA 9 NARK?WDILGC:9F E=?B=D=F, LJ=F<=CJ= @
CY9HBMFC 9 CDA=FK CbRHGFLA HJG:D]EWAJaD

NARK?WD9LA =J=<E]JFQ=C WDLIDW:9F F9?QGF CbN=LC=R=L=K=C 9 C9H;KGDILGC:9F ]K 9 J=F<KR=J=C J=DIL_N =F=J?AWBW:9F N9?Q AR?9LGLLKW?W:9F DIN, =DL}J]K=CC=D
=?]KRK]?=K=C ]K 9 >=BD,<]KL B=DRAC
19DaBW:9F 9R 9DCIDEIRWK:IF Lb:: NARK?WDILGL bKKR= D=@=L @9KGFD_L9IFA =2QEWK E=DD=LL @G?Q DWKKMC @G?Q9F >=BD,<F=C 9 KH=;A>ACMK :AGE9JC=J=C H]D<\
9DCIDEIRWKI =D, LL ]K MLWF

#G?Q9F >]J@=LF=C @GRRW d?Q>=D=AE 9 B=D=FL]K=AC@=R 9 ?Q9CGJDa AJG<WBWF C_NdD #G?Q9F FIR@=LAC \
B=D=FL]K=AC=L K >|J@=LF=C @GRRW 9 E=<ALW;AaC@GR

R d?Q>=D=C @GRRW>]J@=LF=C 9 B=D=FL]K=AC@=R ]K E=<ALW;AaAC@GR 9R 9DCIDEIRWKGF C=J=KRLdD zE= @G?Q9F =F?=<]DQ=R@=LAC 9 KRIC=E:=J=C 9R d?Q>]D @GF
g <B9 @GRRW 9R d?Q>=D=L cB C9H;KGDILLIJLaC]FL 9R 9IDCIDEIRWK:OF
t &ILLAFLKGF 9 HIG>ADC]H= E=DD=LL LODWD@9La C]L FQ_DJ9 9 &9H;KGDILGC =DJJK]@=R
$ #GRRGF D]LJ= =?Q cB C9H;KGDILL9JLaL d?Q=DN=9JJ9 @G?Q 9R d?Q>]D = E9AD ;_E]L AK E=?9<B9
g 1]?=RR=F =D =2Q NARK?WDILGL 9R d?Q>]D HIG>ADBWF
g *KKR9 E=? 9 B=D=FL]KL
$ )QAKK9 E=? 9:=>=B=R=LL B=D=FL]KL ]K NWD9KKR9 9 (=?GKRLWK D=@=L,K]?=L
$ &dD<BbF =?Q E=?@_Na = E9ADL 9R d?Q>]DF=C :=D=]JLN= =?Q DAFC=L 9R 9DCODEIRWK D=LbDL]K]@=R N9DIEAFL 9 :=B=D=FLC=R]KA 9<9LGCIL
(AMLWF 9R d?Q>]D :=B=D=FLC=R=LL WLL=CAFL@=LA 9 B=D=FLIK]L ]K CbRN=LD=FdD @GRRW>]J@=L 9 E=<ALW;AaC@GR 9R 9DCIDEIRWK:OF fC AK N]?=R@=LF=C LWNGDA |
@=DQA L=KRL=C=L KRWEMCJ9 =?Q .R=FRGJJID ]K 9R =J=<E]FQ=C=L NAKKRICIHBY 9 KRG>LN=J]:=F

#G?Q9F @IKRFWD@9LBWC 9 ;KODW<L9?B9AE N9?Q 9R d?Q>=D=AE 9 KRWEMCJ9 ?=F=JWDL =?Q=<A >J=CN=F; AW(
L=KLJ=KR9:GLL >J=CN=F;AWC E=?GKRLWKW@GR ;K9DW<L9?BIANID N9?Q d?Q>=D=AN=D CbN=KK= 9R 9DW::A D]H]K=C=L
g EACGJ E=?L=CAFLA 9 >J=CN=F;A9B=D=FL]KdC=L 9 AG G@=J=F;= 9DCIDEIRWK:9F =PHGJLWDB9 9 >J=CN=F;A9KR=C;Aa @9F?>WBDBWL
g RMLWF E=?GKRL@9LB9 9 @9F?>WBDL N=DdC dR=F=LCdD<,F = E9AD:=F N9?Q EWK CGEEMFACW;AaK Ea<KR=J=C=F C=J=KRLdD
RL AK BON9KGD@9LB9 d?Q>=D=AF=C N9?Q ;KIDW<L9?BIAFIC @G?Q L=D=H_LK]C 9R 9DCIDEIRWKL ]K GKKRWC E=? N=DdC 9R =D=ERJKL @@=R D]LJI=@GR@9L =?Q d?Q>]C
K=?_LK]?]N=D

#G?QOF =?Q=<A 9 AG G@=J=F:=
AG G@=J=F;= >=BD=LL E9L=E9LAC9A 9D?GJALEMKGCIL CGE:AFWD 9R &" L=;@FGDa?AWN9D @G?Q JJKRD=L=K =?]KRK]?d?QA :=L=CAFL]KL FQcBLKGF &A=E=DC=<AC
Lb::D]H;K,K =D=ER]KL C_FWD 9 L=KL =D=CLJGEGK B=D=AJ,D ]K E9?W:9F >G?D9DB9 9R =F=J?A9 L=KL =DE= E=?CbR=D_L]KL Lb:: ?2J9>ACMK E=?B=D=F_L]KL ]JK C9H;KGD9LGCOII
CbRbLL E=DD=LL :AG>==<:9;C@=R 9DCIDEIRGLL E=<ALW;AaC9IL ]K >J=CN=F;AWCIL AK L9JLI9DEIR

#G?Q9F >JAKK_LKdC 9R 9DCODE9RWKL
(AF<A? @9KRFWDB9 9 D=?>JAKK=:: >JAKK_L]KL EAN=D 9 HIJG:DJEWBWL EWJ E=?GD<GLLWC N9?Q 9R bLD=L= EWJ E=?N9DaK_LWKJ9 C=JdDL
@9KRFWDL HDIL>GJELaD >d??,=F 9 >JAKK_L]K CdDbF:bR, Ea<GF LbJL]FAC
RG4 ISBEM<U
g #99 =19 N=JRAaL 9 /=KLIDA?@L K=?_LK]?]N=D @9KRFWDB9 ]JL=K_L]KL C=DD COHFA9 EAF<=F >JAKK_L]KJ,D $F<_LK9 =D 9 /=KLIDA?@LGL ]K COLLAFLKGF 9 1JAKK_LIK 2
g #99(9; 2AF<GOK N9?Q 'AFMP :=L9 N=JRAaBWL 9 /=KLIDA?@LGF C_NdD L=D=HAGIG@=B=FB=F=0 :=6®<9DJ9 LbDLK= D= 9 D=?>JAKK=:: N=JRAa L=D=H_L,B]L K
>MLLOKKO 9 L=D=H_L,L (AF<=F 9<9LWL E=?,JARRAC
(L<?IQABF IBEM<U
g #9 9 FQADNWFGK N=JRAaL 9 (9; 2AF<GOK N9?Q 'AFMP J=F<KR=J=F 9 /=KLIDA?@LGF C_NdD LAG-G@=14F-F=ABAFKADRID]9 LbDLK= D= 9 D=?>JAKK=:
N=JRAa L=D=H_L,B]L ]K >MLLOKK9 9 L=D=H_L,L (AF<=F 9<9LWL E=?2,JARRAC
g #99 FQADNWFGK N=JRAaL 9R HH .LGJ= :aD N9?Q +D9Q .LGJ= :aD @IKRFWDB9 FQAKK9 E=? 9R HH .LGJ= L N9?Q 9 +D9Q .LGJ= L ]K >JAKK_LK= 9R 9DCIDEIRWKL 9R GD<

DM=LGGL@ C9H;KGDI9LA HIG:D]JEWC E=?GD<WK9 9 AG G@=J=F;= KR=D
#9 HIG:DJEWA NOFFIC 9 DM=LGGL@ COH;KGDILLID 9 AG G@=J=F;= IDCIDEIRWK:OF CbN=KK==R=C=L 9 @A:9=D@WJ_LWKA DJH]K=C=L 9 RbCC=F,E=FL=K :=WDD_LWK ]J<=(

"G4?QABF <EQALS8?I8>
g D,KRbJ AF<_LK9 =D 9 >GDQIE9ILGL
$ &=R<B= 9RRID @G?Q =DAF<_L =?Q >=DN]L=DL N9?Q L=KRL=L 9 AG G@=J=F;= 9DCIDEIRWK:9F .GC C9H;KGDILA HIG:D]E9 9:aD 9<a<AC @G?Q LcD CGIWF H.
;K9LDICGRLILFA 9R JJR]C=D,L
$ RIDCIDEIRWK c?Q NOF L=JN=RN= @G?Q IMLGEILACMKIF C=R=DB= 9 CO9H;KGDIL >GDQIEILWL EAMLWF =DAF<_L =?Q >=DN]L=DL N9?Q L=KRL=L
g &=JADB= 9 J=F<KR=J:=WDD_LWKGCIL
$ )= HJa:WDB9 E=? ;KILDICGRLILFA 9 DM=LGGL@ ]JR]C=D,L 9R =KRCbR J=F<KR=J:=WDD_LWK9ANID #9?2QB9 @G?Q 9R 9DCIDEIRWK C=R=DB= =RL 9 >GDQIEILGI
E=?KR9C_LWKGCIL
g ARLGK_LK9 @G?Q 9 DM=LGGL@ 9CL_N D=?Q=F
$ 2AF<GOK&9H;KGDB9:=9 DM=LGGL@ L 9 =WDD_LWKGC HIF=D=F N9?Q 9 DM=LGGL@ ?QGJK:ADD=FLQ...F 9R 9DKa BG:: K9IGC:9F LIDWD@9La LWD;WF
$ (9; F?=<]DQ=RR= 9 DM=LGGL@ L 9 BG:: >=DK, E=FdKGJ:9F "Q,R,<BbF E=? 9JJaD @G?Q 9 AG G@=J=F;= KRWEWJ9 =F?=<]DQ=RN= N9F 9 DM=LGGL@ @GRRWS>]
-=F<KR=J:=WDD_LWKGC:9F
$ A* F<JGA< &9H;KGDB9 :=9 DM=LGGL@ L 9R =KRCbR :=WDD_LWK9IAFIC E=FdB]:=F 9E=DQ WDLIDW:9F 9 2A !A :=WDD_LWKGC CbR=D]:=F LODWD@9La
g (S?@AFLWRGLL @dN=DQ=C
$ IGFLGK"Q,R,<BbF E=? 9JJaD @G?Q 9 @dN=DQCMBBYA E=?>=D=D,=F F=<N=K=C N_RR=D N9?Q N=R=L, ?]DD=D R BIN_LB9 9 COH;KGDILGL ]K :ARLGK_LB
JIR]C=D,EJJ]K=C=L

:FFBE
:FFBE

4;,A5A:7D7@57 @TF 6;EFD;4GFADE
4;
:FFBE 4;
4
4

A:7D7@57 @7F ;@EF3>>
A:7D7@57 @7F ;@EF3>>
JABA:7D7@57 @T7F 47F3

JASA:7TD7@57 @7F ;@EF3>>

:FFBE
:FFBE


https://biocoherence.net/beta
https://biocoherence.net/beta
https://biocoherence.net/install
https://biocoherence.net/install
https://biocoherence.net/distributors
https://biocoherence.net/distributors
https://biocoherence.net/install
https://biocoherence.net/install
https://biocoherence.net/install
https://biocoherence.net/install
https://biocoherence.net/beta
https://biocoherence.net/beta
https://biocoherence.net/install
https://biocoherence.net/install

(1?6 ;$.4$1 5076(/6 .24 "?5(.

&RCRFEc? ?RCRFES ;<548?;QETGQF
DM=LGGL@ 9CLANWDWK9
t #9=R=F 9 D|H]K=F =D9C9< =DD=F,JARR= @G?Q
t  CJKRdD]C= J=F<=DC=RAC 9CL_N DM=LGGL@ ;@AH H=D
t  DM=LGGL@ := N9F C9H;KGDN9 JK E...Ch<AC
KR=FRGJ :=C9H;KGDWK9
t  KR=FRGJ 9MLGE9LACMKOF :=C9H;KGD 9EACGJ =DLWNGD_LBWC 9 L9JLaBW:aD #=DQ=RR= 9 F=<N=K_L=LL @dN=DQCMBB9AL 9 KR=FRGJJ9 yDLIDV
:KOLDICGRAC #9 F=E
t &ILLAFLKGBG7FAAF: S<D3;@6PEEEY 9R 9DCIDEIRWK:IF
t 1=?Q= D=9 @dN=DQCMBBYAL E9B< HJa:WDB9 E=? cBJ9 9 KR=FRGJJ9 @=DQ=RFA ,C=L
&9H;KGDILA WDDIHGL
t R 9DCIDEIRWK DIH]KJ,D DJH]KJI= LWBJCGRLIL 9 DM=LGGL@ HIF=D=F
t DM=LGGL@ 9CLANWRMEDF E=? JaD9 @G?Q 9 DM=LGGL@ := N9F COH;KGDN9
t  KR=FRGJ :=C9H;KGDWKBDCIDEIRWK CIKR=F WDD 9 KR=FRGJ ;K9LDICGRLILWKWJ9
t .R=FRGJ ;K9LDICGRLHRFRGJ KAC=J=K=F ;KILDICGRGLL JK C]KR=F WDD
t  D,R=L=K 9<9LGC CA:K=JDBBCIDEIRWK E=?CIHLY 9R =DK,<D=?=K 9<9LGCIL H]D<WMD 9R 9CCMEMDWLGJ WDDIHGLWL JK 9 KGIGRILKRWEGL
t  CL_N9<9LG®R &"9<9LGC JJC=RF=C ]K 9 Jb?R_L]K N9?Q 9 L=KRL E=?C=R<,<AC
/b =KRCbR ;K9LDICGRWK C=R=D]K=
t #9 9 KR=FRGJ CGJW::9F Lb:: =KRCbRR=D AK HWJGK_LN9 NGDL LADLK9 D=9 DM=LGGL@ L 9 F=E @9KRFWDL =KRCbRbCbF @G?Q =DC=JdDB= 9R AFL=J>=J:
.BIQ55< '8:=8:LMRF8>
g DK, DCODGEEID /bJL]F, F?=<]DQ=R]K
t EACGJ=D,KRbJ AF<_LB9 =D 9R 9DCIDEIRWKL 9<B9 E=? 9 DM=LGGL@ =F?=<]DQ=C=L 9EACGJ =JJ= >=DKRaD_LBWC #9 N]D=LD=FdD E=?L9?9<B9 =R=C=L
t yDD_LK9 :=,C=L 9 J=F<KR=J:=WDD_LWKGC:9F
t 'DL=JFOL_NOC]JFL LWNGD_LK9 =D ]JK L=D=H_LK= cBJ9 9R 9DCIDEIRWKL 9R =F?=<]DQ=C NAKKROWDD_LWKW@GR
g TJIR|C=D, '=NWDIKRLWK9
$ #9 9R JJR]C=D, D=NWDAC @9KRFWDIL CbR:=F =DD=F,JARR=
t CCMEMDWLGJ KRAFL=C=L
t #G?Q 9R MBBIC E=?>=D=D,=F @=DQ=RC=<F=C =D 9R ]JR]C=D,F

>=FLA DJH]K=C CbN=L]K]N=D ]K 9R MBB9C E=?>=D=D, F=<N=K_L]K|N=D 9 D=?Lb:: DM=LGGL@ C9H;KGDa<WKA HJG:D]JEWL E=?GD<@9LB9 ]K RbCC=F,E=FL=K
AG G@=J=F;=KR=D #9 9 HIG:DJEWC LGNW::J9 AK >=FFWDDF9C ]J<=E=K >=DN=FFA 9 C9H;KGDILGL 9 LWEG?9LWKK9D LGNW::A K=?_LK]?]JL

(AC 9 AG G@=J=F;= WJ9A
AG G@=J=F;= E9PAEWDAK JM?9DEIKKW?GL C_FWD 9R WJIIC:9F $F?Q=F=K=F C=R<@=LKR E9B< NWDIKR< CA 9 KRWEG<J9 D=?E=?>=D=D,:: L=IN=L (AF<=F L=
AKE=JL=LBd@G:G@=J=F:= F=L HIBR<IDGF
#A:L8ABF G8EI
R AF?Q=F=K L=JN D=@=L,N] L=KRA @G?Q CGJDWLD9F >=DN]L=DL CJKR_LK C9H;KGD9L:9 DJHB =?Q HIG>ANID ]K COHB =?Q =?Q=<A E=<ALW;Aal. NARK?WDOI
WDLIDWFGK AF>GJEW;AaK GD<9DL <= 9 D=?Lb:: GD<9D =DEGKa<GLL NWKWJGD@9LKR =?Q B=D=FL]KL 9FF9C >=DGD<WKW@GR !=DN]L=D=C=L CJKR_L@=LKR
JJR]C=D,FCC=D L=KRLCILIDa?MKL AK =D]J@=L=< K NWDIKRL@ILKR @G?Q :WJIE=DQ L=KRL]JL >AR=LKR
R AF?Q=F=K L=JN @9KRFWDILW@GR ;K9C 9FFQAL Q=fIE-H=EE=OREBTIDARMNKE@GRGD =?Q AF?Q=F=K >AaCGL
#9 LGNW:: KR=J=LF]D DJHFA ALL N9FF9C 9 >AR=L, K L=JN=AFC
*RAMSBF G8EI8> FM8@R?L8F ;4FMAQ?4GE4
&]JBdC =DD=F,JAR< 9R WJICIL 9 O=:GD<IDMFCGF R WJIC @INGFL9 FAF;K =DCbL=D=R,<]JK =?Q L=DB=K ]D=LL9JL9E DA;=F;J= NGFILCGRFIC 9R bKKR=K >JAKK_L]K
TN=K L=JN=AFC AK N9FF9C C=<N=RE]JFQ=CC=D
g (=+D9Q D=@=L,N] L=KRA 9 >J=CN=F;AWC ]K E=<ALW;AaC CGJDWLDIF D=BWLKRWKWL
g (= KK=FLA9D D=@=L,N] L=KRA 9 CGIDWLD9F NARK?WDILGCIL ]K =?Q=FKcDQGCIL E=<ALW;AaC ]K >J=CN=F;AWC 9CWJ >AaC KRWEWJ9 ]K @GRRW>]J]KL
C]H=JFQ,A@=R K AF?Q=F=K L=KRL=C@=R /=DB=K B=D=FL]K=C=L K >AR=L,K L=KRL=C=L NWKWJGD@9LKR 9 C]JFQ=DE=<F=C E=?>=D=D,=F
g (= MKLGE D=@=L,N] L=KRA EAF<A? >=DGD<GLL C]H=JFQ, NWDIKRLWKWL
g (= +DMK CGIDWLDYF L=DB=K NARK?WD9LA C]H=JFQ,C=L :ARLGK_L 9CWJ =E:=J KRWEWJ9 KR=JC=KRL@=L, =J,>GJJWKGCCID ]K HIAGJALWKGCCID NIDIEAF

*RAM8F G8EI8> FM4>@4< ;4AFMAQ?4GE4

g +JG KK=FLA9D CGIJDWLDI9F NARK?WDI9LGCIL @=DQ:=F N9?Q LWNGDJaD ]K =?Q=FKcDQGCIL L=KR D=@=L,N] CGIDWLD9F KRWEc CDA=FK KRWEWJ9 K @GRR
CJH=JFQ,A@=R ]K 9D9H L=KRLC]KR_L]KA D=@=L,K]?=C@=R /=DB=K B=D=FL]K=C=L ]K >AR=L,K L=KRL=C=L NWKWJGD@9LKR 9 C][FQ=DE=<F=C E=?>=D=D,=F

g +JG MKLGE D=@=L,N] L=KRA EAF<A? >=DGD<GLL C]H=JFQ, NWD9KRLWKWL

g +JG +DMK CGJDWLD9F L=DB=K NARK?WDILGCIL @=DQ:=F N9?Q LWNGDJaD ]K EAF<=F C]H=JFQ,L :ARLGK_L CGJDWLD9F KRWEc CDA=FK KRWEWJ9 KR
HJAGJALWKGCCID =?Q=<A =?Q=FKcDQGRWKK9D ]K L=DB=K L=KRLC]KR_L]KK=D :=D=]JLN=9 EGF=LARWDWKL AK

g (=< CARWJaD9? GINGKAD9? N9DA<WDL :AGE9JC=J=CJ= bKKRHGFLGK_L =?Q &"F

L=IN=C JJKRD=L=K=:: LWB]CGRLILWKW]JL DAG.CBKIEF=L HI&LB<9IDJI9

(AL ;KAFWD 9 AG G@=J=F;=9 D=?BG::9F
AG G@=J=F;= KRG>LN=J CANWDa9F =D=ERA 9 L=KL =D=CLJGEGK ]K EW?F=K=K 9CLANALWKWL :=L=CAFL]KL FQcBLN9 9 CdDbF:bR, :AGE9JC=J=C:= K 9R WDLIDV
&A=E=DN= 9R =J,>GJIWKGCIL HIAGIALWKGCIL ]JK 9 KR=JN=C CbRbLLA C9H;KGDILGCIL bKKR=L=LL 9<9LGCIOL EMLIL := CdDbF:bR, L=JdD=L=CJ,D =?QKR=J... 2.
L=J9H=MLWC EAF<=FF9HA @9KRFWDILWJ9 9DCIDEIK D=?Q=F &ARWJaD9? >=BD=LL E9L=E9LAC9A E...N=D=L=C=L 9DCIDE9R 9 Lb::KRAFL... =D=ER]K@=R ]JL]C=K 9-
9 L=KL =D=CLJGEGK JJR]C=D,B]:,D =D=CLJGC9J<AG?J9E R 9RGFGK_LGLL =J,>GJIWKGC K HJIAGJALWKGC 9D9HBWF KR=E]DQJ= KR9:GLL AJWFQ_LGLL E=<ALW:/
HJGLGCGDDGCIL BON9KGD@9L

AG G@=J=F;= EAL F=E L=JN=RL=C
AG G@=J=F;= F=E DB9 @G?Q CGFCJ]L GINGKA WDDIHGLGCIL <A9?FGKRLARWDBGF N9?Q @=DQ=LL=K_LK= 9 @9?QGEWFQGK GINGKA LOFW;KGCIL WJ I
9CI<]EAIA GINGKA CMLILWK:aD KRWJEORAC =DK,<D=?=K ;]DB9 @G?Q =KRCbRbC=L :ARLGK_LKGF 9 2QGJK E=?|JLIK@=R K 9 ?QbClJGCGC 9RGFGK_LWKW@GR /M
>=D@9KRFWDaC KRWEWJ9 K KRACK]? =K=L]F bKKR=CbLA ,C=L >=BD=LL L=J9H=MLWCCOD

(A9 D=?BG:: Ea<B9 9FF9C :ARLGK_LWKWJ9 @G?Q 9 KRC=FF=D]KA >GDQ9E9IL :=>=B=R,<BbF >A?Q=D=E:= N]
=D=ER]KF=C D=?9DW:: EWKG<H=J;=L C=DD A?]FQ:= N=FFA=
R =D=ER]KF=C N9Da:9F CbJdD:=DdD EWKG<H=J;=L C=DD L3JLIFA9 9 HGFLGK =J=<EJFQ=C@=R D=?9DW:: JINJFQ=K KR_NN=JJK KRACK]?=K R 9DBWF @9DI<WKA
9E=DQ=C E=?EMLILBWC 9R =?Q=K =D=ERJKL_HMKGC@GR KRACK]?=K A<,L9JLIEGL &JBAC ?Q,R,<BbF E=? 9JJaD @G?Q 9 NARK?WDSL 9 L=DB=K A<,L9JL9E 9DILL
KWNGC RbD<J= NOFFIC LbDLN= JK c?QL...FAC @G?Q :=>=B=R,<bLL R @G?Q 9 NARK?WDIL L=DB=K A<,L9JLIE9 :=>=B=R,<BbF CMD;K>GFLGKKW?c 9R =J=<EJFQ=C'

(ADQ=F EAF,K]?...=C 9 ?=F=JWDL >WBDGC
>aCMKR 9 CANWDa EAF,K]?... @9F??=F=JWDWK >=BD=KRL]K]J= AJWFQMD 9R 9DCIDEORWKGF :=DdD :=D=]JLN= =?Q L=DB=K >MFC;AGFIDALWKc N9DaK A<=B... KI
9R =KRCbRbC EWJ =DJJ@=L,C 9R 9DCIDEIRWK:OF RIBGC >I=CN=F;AWC K Jb?R_L=LL AJWFQ_LGLL E=<ALW;AaC KRWEWJ9 ?=F=JWDL H9J9E]L=J=C >GDQIEILGH
R=F= LWEG?9LB9 9 E=<ALW;AaC @9F?GDWKWL ]K 9 HWIJ@MRIEGK ;KGHGJLGK dD]K=C=L

(ADQ=F =J=<E]FQ=C=L E}JL=C N9?Q B=D=FL=LL=C
(_? E]? :]L9N=JRAa:9F N9F 9 AG G@=J=F;= F9?QGF HGRAL_N NAKKR9B=DR]K=C=L C9HGLL 9R =DK, L=KRL=C:,D 9E=DQ=C JIN]JFQ=K_LAC 9 @IL]CGFQKW?WL &dDbF
?Q...BLdFC @G?Q LGNW:: JIN]JFQ=K_LKdC ]K :,N_LKdC 9 @9KRFWDILWL 1WKWJIDaA N]D=E]FQ=C ]K CGFCJ]L =K=LL9FMDEWFQGC D=KRF=C =D]JJ@=L,C 9@G?Q =?Q.


https://biocoherence.net/price
https://biocoherence.net/price
https://biocoherence.net/install
https://biocoherence.net/install
https://biocoherence.net/price
https://biocoherence.net/price

(1206 ;$.4$1 ,5076(/6 .24 "?5(.

AG G@=J=F;= L9JLIDEIR =?Q Ea<GL 9R 9FGFAE 9<9LGC ?Q...BLJK]J= GHL AF @G?Q LM<GEWFQGKO9F JIN]JFQ=K_LK= 9R bKKR=K :AGE9JC=JL ]K CA=?Q=FKcDQGRa Ea<G
9<9LGC KRGD?WDF9C 9D9HMD LM<GEWFQGK ;ACC=C HM:DACWDWKW@GR ]K C]KJ= @GRRW>]JJKL :ARLGK_L9F9C 9 FQ=JK 9FGFAE 9<9LGC@GR E=?:_R@9La AFL]RE]FQ=

?Q :=D]H, KRAFL... @9KRFWDIL D=@=L 9 :=L=?9<9LGC FQADNWFL9JLWKS9 ]K 9D9HN=L, =D=ER]K=C N]?R]K= E_? =
KRAFL... @9KRFWD9L E9?W:9F >G?DI9D@9LB9 9 CGEHD=P 9<9L=D=ER]KL HJ=<ACL_N EG<=DD=C C]JKR_L]K]L ]K 9
<bFL]KLWEG?9LWK AEHD=E=FLWDWKWL

=D]JH, KRAFL... @9KRFWDIL (= +D9Q 9MLGE9LACMK KRC=FF=D]K N9?Q L=KRL ]K 9MLGE9LACMK L=KLJ=KR9:GLL :AG>==<:9;C C=D >GCGRGLL E=<ALW;AaC #9D9<a @9
?J9>AC9A GD<9D DAFC=C >GJIWKGC ]K HIAGJALWKGC 9RGFGK_LWK9 ]JK Ea<GK_LWK9 N9DIEAFL 9 +JG CbFQNLWJ 9 >=D@9KRFWDa L=J9H=ML9 C9H;KGDILGC@GR
L9JLGRAC 9 CGEH9J9L_N KRC=FF=D]K=C ]K 9 Lb:: >=D@9KRFWDaJ9 NGFILCGRa =?QA<=B... E=<ALW;AaC AK

(A]JJL NADDG? LGNW::J9 AK C]C N9?Q RbD< 9 KR=FRGJGE EAMLWF :=>=B=RL=E 9 NARK?WD9LGL

KR=FRGJL NAKKR9 C=DD @=DQ=RFA 9 KR=FRGJ LGC:9 9EA OMLGE9LACMKIF CAC9H;KGDB9 KR=FRGJL c?Q L=JN=RLAC @G?Q @9KRFWDIL9 F9?QGF =?QKR=J... D=?Q=F _
9 :=C9H;KGDWK ]K CAC9H;KGDWK EA9LLs=RL 9MLGESLACMKIF N]?RA D,>GJ<MD@9L @G?Q 9 KRC=FF=D]K :=>=B=R]K= MLWF FJ@WFQ EWKG<H=J;A? N9?Q 9CWJ H=J;A? Rt
NADDG? <==RMLWF D=WDD ]JK NWJ 9 CbN=LC=R, KRC=FF=D]K E=?C=R<]K]J=

(A]JL F=E ;K9LD9CGRAC F]@9 9 DM=LGGL@ =7?Q C=J=K]K KGIWF

#9 DM=LGGL@ C9H;KGDa<WKA HJG:D]JEWCCID CdR< =?Q KRC=FF=D]K KGJWF D=@=L @G?Q 9RJJL NOF E=JL 9 AG G@=J=F;= KRC=FF=J Lb:: =KRCbR@bR AK HWJGK_LN9
KRC=FF=J E=?HJa:WD@9L ;K9LD9CGRFA =?Q GDQIF =KRCbR@bR 9E=DQ-=L JHH=F F=E @9KRFWDF9C HJG:D]E9 E=?GD<WKW@GR ?Q,R,<BbF E=? 9JJaD @G?Q 9 DM=LGGL(
C9H;KGDN9 EAF<=F EWK =KRCbRbF 9E=DQ CGJW::9F ;KOLDI9CGRGLL 9 AG G@=J=F;= KRC=FF=J@=R RR=D 9 KRC=FF=J RbCC=F,E=FL=K=F ;K9LD9CGRFA >G? 9 E=?>=D=D,
D=@=L,N] LIN= @G?Q 9 KRC=FF=D]K= RIN9JLIDIFMD >GDQLI9La<BGF

HJG:D]JEWC =DC=JdD]K= |J<=C]:=F F9?QGF >GFLGK @G?Q =D,KRbJ 9R 9DCIDEIRWK:9F AF<_LK9 =D 9 :DM=LGGL@ C9H;KGDa<WKA >GDQ9EILGL =?Q cB >=DN]L=D N9?Q L:
JK . & 0ly) N=?Q=9 KR=FRGJL 9 C=R]:= @dN=DQCMBBYANID 9 KR=FRGJJ9 @=DQ=RN= 9R IMLGEILACMKIF :=C9H;KGD ]K ;KILDICGRAC 9R 9IDCIDEIRWK@GR 9E=DQ EW
Ea<:9F N9F =::=F 9 HADD9F9L:9F

(ADQ=F >AaCL_HMKL @9KRFWD@9LGC 9 H9J9RALWC JKRD=D]K]J=

R 9 >MFC;Aa CARWJaD9? KRICE9A >=D@9KRFWDaC KRWEWJ9 N9F >=FFL9JLN9 R AF>GJEW;AalL KRIC=E:=JF=C C=DD ]JL=DE=RFA= ]K ;]JDMFC @G?Q :ARLGK_LKMC @G?~
>=D=D,KK]?L=DB=K=F @9KRFWDBWC R =?Q =F=J?=LAC9A JJL]C=D]K C=J=L=AF :=DdD E9J9< ]K F=E CbRN=LD=F E=?>A?Q=D]K 9 H9J9RAL9 B=D=FD]L]J=

:FFBE 4;A5A:7D7@57 @7F BD;57
:FFBE 4;A5A:7D7@57 @7F ;@EF3>>
:FFBE 4,A5A:7D7@57 @7F BD;57


https://biocoherence.net/price
https://biocoherence.net/price
https://biocoherence.net/install
https://biocoherence.net/install
https://biocoherence.net/price
https://biocoherence.net/price

(/1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

(=DD]CD=L
%64C6FB?U7U G4AH?@QALB> ?<FGQ=4

(AF<=F @ANILCGRWK@GR @GRRWAB@@KRRELF=L KLM<A=KDAKL

>HCHA>GWE4 @8E<7<QAB> "A9F;GLLA !" -MGKD9@LA $FL=?JAF KA?FIDAF? .;A=F;= r JGKKJ=>

# ( 'OF?=NAF 9F< % 49F<GO F9L -=; )=O FIL *$ M= 2=:G> ARSI

JGKKJ=>
"MFF  AL;@:MJF I" &AF? (# -=FOA;C "% :MHMF;LMJ= DG;A HJGHGK9D

9F=K % /KMRICA ( 49E9EGLG % =L 9D (=:@9FGJ=;=HLAGF 9L L@= ;=DDME8] ba@¥AE :DIKKA>A;9LAGF 9;;GJ<AF? LG L@=AJ J=DILAGFK@AH LG CFGOF F=MJ9D KLIM;L|

/@= <=L=LAGF AFL=JHJ=LILAGF 9F< <AN=JKALQ G> J=KHGFK=K LG E=;@9FA;®AKATFIDK AG;@=tEKKI=>+M:(=<

=DD AGD r JGKKI=>M:(=< 2=: G> ;A=F:=i

#G (2 &FA?@L +  /@= 9;MHMF;LMJ= KQKL=E 9F< L@= DAIMA< ;JQKL9DDAF= ;GDD9?=F
GF9KK9J % .LAFF %' +9?MAG " =L 9D :LANOLAGF 9F< AF@AALAGF G> =R EMk@= ;GFF=LAN= LAKKM=K E % @AF (=< JBKKJ=>+M:(=< 2=:

E9LJAP E=LIDDGHJIGL=AFIK=K AF 9JLA;MD9J ;9JLAD9?= >>=;LK GF ;GEHGKALABFAERZAGH@QKA;9D

HIGH=JLA=K J;@ AG/@=E AGH@QK  r JGKKJ=»M:(=< 2=:G> .A=F:=i

#MOF 54 -GK= & :JA=> @AKLGJQ G> ,A JGGCDAF= ( +9J9<A?E +M:DA;9LAGFK

(MIM?9F )% 9JA9. :=Q?MF909J<=F9. -GMD=9M) +9QF=." AGH@QKA;9D ;GFLIGD
G> HDOKLAIALQ 9F< HILL=JFAF? AF J=?=F=JOLAGF 9F< :9F;=] =DD (GD 'A>=SHL@MC /%  /@= O=: L@IL @IK FG O=9N=J OF<=JKLOF<AF? @AF=K= E=<AAF=

<GA K +$ +$ +( ©@A;9?G GFL=EHGJ9JQ +M:DAK@AF? "JGMH $F;

*$

'9A 2( (GO 1 .MF  L=KA9F " *F L@= =D=;LJA; HGL=FLA9DK AFKA<= 9
J9F< - 2@9L <G LAKKM=K 9F< ;=DDK CFGO G> E=;@9FA;K FF (=< r ;@93?7=< KG>L @Q<J9L=<:AGDG?A;9D LAKKM= .LJ=9EAF? HGL=FLA9D N=JKMK <A>>MKAGF H(
JGKKJI=>+M:(=<__ 2=: G> .:A=E:=i AGE=;@ F? r JGKKJI=>+M:(=< _ 2=: G> ;A=F:=i
GKKQ % (GIH@GDG?A;9D <9L9 ;GF;=JFAF? L@= 9;MHMF;LMJ= HGAFLK ¥FZNHGFEtp @MI,@ADD ' AHGDD9 (% 9 (=:@9FA;9D KA?FIDAF? L@IGM?@
F=LOGJC :MHMF.L D=LJGL@=J-=K r +Mi(=<__2=:G> .A=F:=i ;GFF=LAN= LAKKM= E=;@9FAKE >GJ L@= L@=J9H=MLA; =>>=;L G> 9;MHMF;LMJ=!. %

r 2AD=Q *FDAF='AJOIOM:(=< _ 2=: G> JA=F:=i

@=F? 3 @AF=K= 9;MHMF;LMJ= 9F< EGPA:MKLAGF =ABAF? IGJ=A?F '9F?M9?=
+J=KK 'OF?=NAF #( @MJ;@ADD ' IGP %- 9<?=J "% "9JJ9 . &J9? (# :

AGE=;@9FA;9D J=KHGFK= LG 9;MHMF;LMJ= F==<DAF? AF @ME9FK % HHD +@QKAGD  r
@AMI=D ( @=F . $F?:=J =DDMD9J ;GFLIGD DA=K AF L@= :9D9F;= G> >GJ;=#GKKI=>+M:(=< _ 2=: G> ;A=F:=i

MJJ*HAF =DD AGD r JGKKJI=>+M:(=<  2=: G> ;A=F:=i

'OF?=NAF #( @MJ;@ADD ' 2M % 9<7?=J "% 49F<GO % !GP %- &J97? (#

@AIM=L ( -=?MDILAGF G> =PLJ9;=DDMD9J E9LIAP ?=F= =PHJ=KKAGF :QNASTIFRBEEFF=LAN=LAKKM= AFNGDN=E=FL AF 9;MHMFLMJ= 1. %2ADEQ
KLI=KK (9LJAP AGD r +M:(=< 2= G>.A=F:=i FDAF='A:JOJO+Mi(=< _ 2=: G> (A=Fii
AR=C '2 .RGHAFKCA % .CJRQHMD=; 1 $FN=KLA?9LAGFK G> EGIHEMEEARGTPI ( *KOID< - /@= ;GII=KHGF<=F;= :=LO==F KGE= EGLGJ HGAFLK
KLIM;LMJ=K G> 9;MHMF;LMJ= HGAFLK 9F< E=JA<A9FK % /J9< @AF (=< r 9F<9; MHMFLMJ=DG:A E% @AF (=< r JGKKJ=>#Mi(=< _
GEMF=LLA '99?= . .,@A=KKD ) &AKLD=J @9J9;L=JARILAGF G> @MEGLIKMRELG & AJ@ . #9J9 <A9?FGKAK -=>D=;LAGFK G> L@= K=9 JGGCDAF=
:GF<M;L9F;= 9L 9;MHMF;LMJ= HGAFLK PH=JA=FLA9 JBKKJ=>+M;(=< 2=; +9J9<A?E +M:DA/9LAGFK
G> A=F:=i
(;93JGDD " -GOD=Q F AFN=KLA?9LAGF G> L@= =PAKL=F;= G> =D=;LJA;9DDQ DG;9L=<
MF? # FOLGEA;9D >=9LMJ=K ;GFLJA:MLAF? LG L@= >GJEOLAGF G> o;MiMiMiVigMI= HGAFLK $ /J9FK AGE=< F?  r  JGKKJ=>#Mi(=< 2=
HGAFLK E % ;MHMF;L r 2= G> A=F:=i :FFBE A@> @7>UPBLEA? ETDH>7F >, @=ABF@GS> 64,6 6A;
3D =7K ++
:FFBE 6A; AD9 3D :FFBE A@>;@7>UPBLHA? ETDH>7F >,@=AGF@®GS> 64,6 6A; 3D =7K
:FFBE 3;B E5;F3F;A@ AD9 E7DH>7F&:1®=AGF EGB 6A; =7K E5;7@57
3D :FFBE A@>;@7>UPBLHA? E7TDH>7F >,@=AGF@®GS> 64,6 6A; 3D =7K
:FFBE A@>;@7>HPBHA? E7TDH>TF >,@=AGBF@GS> 64,6 6A; 3D =7K :FFBE A@>;@7>HKPBLHA? ETDH>7F >, @=AGF@GS> 64,6 6A,
A 3D =7K
‘FFBE A@>;@7>#BBHA? E7TDH>7F >;@=AGBF@®G8> 64,6 6A; 3D =7K :FFBE A@>,@7>HBDBLIA? E7TDH>7F >, @=ABF@GS> 64,6 6A, 3D =7K
:FFBE A@>;@7>4PBAHA? ETDH>7F >;@=ABF@GS&> 64,6 6A; + !
3D =7K ,, :FFBE A@>;@7>#BBLBA? ETDH>7F >, @=-ABF@GS> 64,6 6A; 3D =7K
FFBE A@>;@7>UPBLIA? E7TDH>TF >,@=AGF@GS> 64,6 6A; 3D =7K :FFBE A@>;@7>UBBLHA? ETDH>7F >,@=AGF@®GS> 64,6 6A; 3D =7K
344; +
‘FFBE A@>;@7>H5BHA? ETDH>TF >;@=ABFE@GS>64;6 6A; 3D =7K FFBE A@>;@7>H#DBBA? E7TDH>7F > @=ABF@GS> 64,6 6A; 3D =7K
FFBE A@>;@7>#5BEA? E7TDH>7F >;@=ABF@GS> 64,6 6A; :FFBE A@>,@7>45BA? ETDH>7F >;@=ABF@GS> 64,6 6A;
3D =7K " 3D =7K
:FFBE 6A; AD9 E :FFBE A@>;@7>UPBLHA? ETDH>7F >, @=AGF@®GS> 64,6 6A; 3D =7K
:FFBE A@>;@7>UPBLHA? E7TDH>7F >;@=AGF@GS> 64,6 6A; 3D =7K
FFBE A@>;@7>UBBLHA? E7TDH>7F >,@=AGF @®GS> 64,6 6A; 3D =7K
FFBE A@>;@7>HUPBHA? E7TDH>TF >,@=AGF@GS> 64,6 6A; 3D =7K :FFBE A@>;@7>HUPBHA? ETDH>7F >, @=AGF@GS> 64,6 6A;
:FFBE A@>;@7>HPBLEA? E7TDH>TF >;@=AGF@GS> 64,6 6A; 3D =7K
3D =7K /1 :FFBE A@>,@7>HBDBLIA? 6A; 8< :KB
(FFBE A@>;@7>HBBHA? E7TDH>TF >;@=AGBF@®G8> 64,6 6A; 3D =7K :FFBE A@>,@7>HUBPBLIA? E7TDH>7F >,@=ABF@GS> 64,6 6A; 3D =7K
:FFBE A@>;@7>4PALHA? E7TDH>7F >;@=ABF@GS&> 64,6 6A; :FFBE A@>;@7>UPBLIA? ETDH>7F >;@=AGF@GS> 64,6 6A;
3D =7K 3D =7K
FFBE A@>; @7> UBBEA? E7DH>7F >;@=AGF@GS> 64,6 6A; 3D =7K :FFBE A@>;@7>UPBLHA? ETDH>7F >,@=AGF@GS> 64,6 6A; 3D =7K
<3BB>
,FFBE A@>;@7>UBBEA? E7TDH>7F >;@=ABF@G8> 64,6 6A; 3D =7K ‘FFBE A@>;@7>HDBKBA? E7TDH>TF > @=AGBF @G> 64,6 6A; 3D =7K
:FFBE A@>;@7>4BDBLIA? E7TDH>7F >,@=AGBF@GS> 64,6 6A; :FFBE A@>,@7>HBPBLIA? ETDH>7F >, @=ABF@GS> 64,6 6A;
3D =7K 3D =7K
:FFBE A@>;@7>#DALHA? E7TDH>7F >, @=-ABF @G> 64,6 6A; 3D =7K :FFBE A@>;@7>UDBLHA? 6A; 8< 8<7
FFBE A@>;@7>#PBLHA? E7TDH>7F >;@=AGF@GS> 64,6 6A; :FFBE A@>;@7>#BPBLBA? ETDH>7F >, @=ABF@GS> 64,6 6A; 3D =7K
3D =7K :FFBE A@>;@7>UPBHA? ETDH>7F >, @=AGF@GS> 64,6 6A;
:FFBE A@>;@7>HUPBHA? E7TDH>TF >,@=AGBF@GS> 64,6 6A; 3D =7K 3D =7K
‘FFBE A@>;@7>HBBEBA? E7TDH>TF >, @=AGF@GS> 64,6 6A; 3D =7K
‘FFBE A@>;@7>#BBHA? E7TDH>TF >,@=AGBF®G8> 64,6 6A; 3D =7K + /
:FFBE A@>;@7>4PBALHA? ETDH>7F >;@=ABF@G&> 64,6 6A; :FFBE A@>;@7>#BPBLHA? ETDH>7F >, @=ABF@GS> 64,6 6A; 3D =7K

3D =7K )- :FFBE A@>;@7>HBBBA? E7TDH>7F > @=AGF@GS> 64,6 6A; 3D =7K


https://doi.org/10.1002/ar.10185
https://doi.org/10.1002/ar.10185
https://aip.scitation.org/servlet/linkout?suffix=c26/c26_1&dbid=16&doi=10.1063/1.4991499&key=10.1002/ar.10185
https://aip.scitation.org/servlet/linkout?suffix=c26/c26_1&dbid=16&doi=10.1063/1.4991499&key=10.1002/ar.10185
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1139/o95-043
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1139/o95-043
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=8703408
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=8703408
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1995TT60300006
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1995TT60300006
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1006/abbi.1996.0402
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1006/abbi.1996.0402
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=8809074
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=8809074
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1996VJ77600006
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1996VJ77600006
https://doi.org/10.1007/s00018-023-05054-6
https://doi.org/10.1007/s00018-023-05054-6
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.3109/07853899708999346
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.3109/07853899708999346
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9375981
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9375981
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1997XZ10400003
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1997XZ10400003
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=6148847
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=6148847
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1984TF83000001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1984TF83000001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1016/S0955-0674(98)80145-2
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1016/S0955-0674(98)80145-2
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9561847
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9561847
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000073043200010
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000073043200010
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=10601729
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=10601729
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000084085600001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000084085600001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1007/BF01928888
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1007/BF01928888
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=7729497
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=7729497
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1995QU26800004
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1995QU26800004
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1995QU26800004
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1984SS05900005
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1984SS05900005
https://doi.org/10.1002/ar.10185
https://doi.org/10.1002/ar.10185
https://aip.scitation.org/servlet/linkout?suffix=c26/c26_1&dbid=16&doi=10.1063/1.4991499&key=10.1002/ar.10185
https://aip.scitation.org/servlet/linkout?suffix=c26/c26_1&dbid=16&doi=10.1063/1.4991499&key=10.1002/ar.10185
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1139/o95-043
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1139/o95-043
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=8703408
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=8703408
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1995TT60300006
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1995TT60300006
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1006/abbi.1996.0402
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1006/abbi.1996.0402
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=8809074
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=8809074
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1996VJ77600006
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1996VJ77600006
https://doi.org/10.1007/s00018-023-05054-6
https://doi.org/10.1007/s00018-023-05054-6
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.3109/07853899708999346
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.3109/07853899708999346
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9375981
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9375981
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1997XZ10400003
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1997XZ10400003
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=6148847
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=6148847
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1984TF83000001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1984TF83000001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1016/S0955-0674(98)80145-2
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1016/S0955-0674(98)80145-2
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9561847
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9561847
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000073043200010
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000073043200010
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=10601729
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=10601729
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000084085600001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000084085600001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1007/BF01928888
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1007/BF01928888
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=7729497
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=7729497
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1995QU26800004
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1995QU26800004
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1126/science.285.5430.1028
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1126/science.285.5430.1028
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=10446041
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=10446041
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000082033100034
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000082033100034
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X76000238
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X76000238
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=937240
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=937240
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X98000294
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X98000294
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9862013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9862013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000077302300001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000077302300001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000077302300001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1115/1.1286316
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1115/1.1286316
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11036556
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11036556
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000167111100006
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000167111100006
https://onlinelibrary.wiley.com/doi/10.1096/fj.01-0015hyp
https://onlinelibrary.wiley.com/doi/10.1096/fj.01-0015hyp
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11641255
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11641255
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000171920400040
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000171920400040
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1152/jappl.2001.91.6.2471
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1152/jappl.2001.91.6.2471
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11717207
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11717207
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000172484200008
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000172484200008
https://onlinelibrary.wiley.com/doi/10.1096/fj.01-0925fje
https://onlinelibrary.wiley.com/doi/10.1096/fj.01-0925fje
https://onlinelibrary.wiley.com/doi/10.1096/fj.01-0925fje
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11967233
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11967233
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000175425900017
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000175425900017
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X75000426
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X75000426
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1202933
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1202933
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1979.326392
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1979.326392
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=521032
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=521032
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1979GN78800013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1984SS05900005
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1984SS05900005
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1126/science.285.5430.1028
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1126/science.285.5430.1028
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=10446041
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=10446041
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000082033100034
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000082033100034
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X76000238
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X76000238
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=937240
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=937240
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X98000294
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X98000294
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9862013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9862013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000077302300001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000077302300001
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1115/1.1286316
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1115/1.1286316
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11036556
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11036556
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000167111100006
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000167111100006
https://onlinelibrary.wiley.com/doi/10.1096/fj.01-0015hyp
https://onlinelibrary.wiley.com/doi/10.1096/fj.01-0015hyp
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11641255
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11641255
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000171920400040
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000171920400040
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1152/jappl.2001.91.6.2471
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1152/jappl.2001.91.6.2471
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11717207
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11717207
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000172484200008
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000172484200008
https://onlinelibrary.wiley.com/doi/10.1096/fj.01-0925fje
https://onlinelibrary.wiley.com/doi/10.1096/fj.01-0925fje
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11967233
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11967233
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000175425900017
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000175425900017
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X75000426
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1142/S0192415X75000426
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1202933
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1202933
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1979.326392
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1979.326392

(1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

G> A=F:=i iMHMF;LMJ= .=JA=K G> 9K=-=HGJLK %GMJF9D G> ;MHMF;LMJ= 9F< (=JA<A9F .LM<A=K
B BO9EK JGKKJ=>
)GGJ<=?2J99> .AD9?= D=;LJG9;MHMF;LMJ= $ [J9FK AGE=< F? r
JGKKJI=>+M:(=< _ 2=: G> ..A=F:=i )O9KAE 9@9<GJIIFA %=1JQ 2 '== '=KDA=- (9JLAF $EHDA;9LAGFK G>/9E9JCGR GF KLJ=KK

=EGLAGF KHAJALMI9DALQ 9F< @=9JL J9L= .;A=FLA>A; -=HGJLK K

)$# GFK=FKMK .L9L=E=FL iMHMF,LMJ= =L@=K<9 ( )$# r JGKKJ=>

* GFFGJ % =FKCQ ;MHMF;LMJ= 9 ;GEHJ=@=FKAN= L=PL .@9F?@9A GOOGBME>A #M9O=F +=F? AFPAM 2=A ,AMPA9 =F? I=F A9F 3AF 'AM %A9F 29F?

/J9<ALAGFID (=<A;AF= .=9LLD= 9KLD9F< +J=KK 3A9G<GF? 5@M >>=L G> 9;MHMF;LMJ= 9F=KL@=KA9 :9K=< GF FOFGE9L=JA9D K=FKGJ GF
;G?FALAN= >MF;LAGF 9>L=J GF= DMF? N=FLADILAGF L@GJ9;GLGEQ (9L=JA9DK PHJ=KK

*K;@E9F %' :AGH@QKA;9D :9KAK >GJ 9;MHMF;LMJ= +JG;==<AF?K G> EP= |AJKL JGKKJ=>

.QEHGKAME G> L@= GEEALL==>GJ ;MHMF;LMJ=-=K=9J;@
%9DAQY &MEQJILADIC= /=?@9F 'M;9K (9;A=B #=FF=:=J? +GKKA:D= J=DILAGFK@AH G> MHH=J

+GE=J9FR iMHMF;LMJ= 9F9D?=KA9 :9KA; J=K=9J;@ $F ".LMP -#9EE=JK;@DAE: 9JL=JA=K E=<A9F 9F< :J9;@A9D LG L@= LO=D>L@ E=JA<A9F G> L@= @ME9F MHH=J DAE:
=<ALGJK DAFA;9D 9;MHMF;LMJ= K;A=FLA>A; :9KAK =JDAF .HJAF?=J 1=JD9? %GMJF9D G> FILGEQ BG9 2AD=Q *FDAF=

‘AJ9JQ
-9:AK;@GF? + )A:GQ=L % # /=JJ9D .=F=D9J - 9K=R - 9K=K =PH=JAE=FL9D=K
<= D9F9D?]KA= 9;MHMF;LMJ9D= )GMN +J=KK= (=< r+Mi(=< 2= G> 4GF? (AF?'A /@J== @9F< QAF E=JA<A9FK AF 9F;A=FL @AF=K= E=<A;AF= 0=J= =KL9:DAK@=<
SA=F;=i AFALA9DDQ :9K=< GF 9JL=JA9D KLIM;LMJ=K %GMJIFOD G> FILGEQ BG9

2AD=Q *FDAF='A:J9JQ

-=AK@E9FAK ( (9JAFG =C=J -* D=;LJA;9D ;GJI=D9L=K G> 9;MHMF;LMJ=
HGAFLK $ /J9FK AGE=< F? r JGKKJI=>+M:(=< _ 2=:G> ;A=F:=i 4A 5@9F? $FL=JHJ=LILAGF G> 9;MHGAFL DG;9LAGF AF LJ9<ALAGF9D @AF=K= E=<A;AF=L=9;@AF?

$EHDA;9LAGFK >GJ 9;MHMF;LMJ= AF J=K=9J;@ 9F< ;DAFA;9D HJ9;LA;= /@= FILGEA;9D -=;GJ<
.=F=D9J - '=K ;9J9;LJJAKLAIM=K EGIJH@GDG?AIM=K <=K HGAFLK ;@AFGAK &F % # 2AD=0Q *FDAF="A:J9JQ

JA:GQ=L =<ALGJ )GMN=9M LJ9AL] < 9;MHMF;LMJ= +9JAK (9AKGFF=MN=

OF?@MF '== +JGKH=,LK >GJ L@= =N=DGHE=FL G> ;MHMF;LMJ= /J=9LE=FL '=< :Q L@=
.@9F?@9A (=<A;9D OFAN=JKALQ #ME9F FILGEQ =H9JLE=FL J=DILABEK@ABDLIIKGMF< $E9?AF? =NA;=K %GMJIFID G> &GJ=9F (=<A;9D .G;A=LQ G> .G>L /AKKM=
:=LO==F HGAFLK G> E=JA<A9FK 9F< H=JAH@=J9D F=JN=K ;MHMF;LMJ= 9F9=KL@&(A; L@=GJQ JGKKJ=>
KLM<Q .@9F?@9A +=GHD= K -=HM:DA; +M:DAK@AF? #GMK=

3A9G 4= 4MD9F -=F 4MF @MA @=F %A @=F 3A9G BA9G /9F? 5GF? EAF? 5@9F?
.09JLR ( /K;@MEH=JDAF % &9EE - J9R=F %( (=:@9FA;9D KLI=KK AKt u KQKL=EA; NA=O GF E=JA<A9F =KK=F,= .M:KL9FLA9D >MF;LAGF9D @JGFGDG?A;9D 9F<

;GEEMFA;9L=< :=LO==F <A>>=J=FL ;=DD LQH=K LG =DA;AL E9LJAP J=EG<=DAFMBIGIJEDDLIBA:ML=K %GMJIFID G> $FL=?J9LAN= (=<A;AF= B BGAE

SA0. r JGKKJI=>+M:(=<  2=:G> .;A=F:=i JGKKJ=>

OD=LL " #9F . #9F %. D=;LIG9;MHMF;LMJ= E=;@9FAKEK 9F< ;DAFA9B9 AF;=J =E=L *F9F?AD "bC@9F *FOF?AD )=>AK= 9@\=;AC DA> 4}D<}J}E Q9R

9HHDA;9LAGFK AGD +KQ;@ HMi(=< 2= G> (A=F=i DA JKD9FGEDM (AJ9\ 1IMJIOD &=KCAFD=J Q,= &9:MC "9ER= URC9F /@= =>>=L G>
9;MHJ=KKMJ= GF KD==H IMIDALQ G> GD<=J H=GHD=  KQKL=E9LA; J=NA=0 9F< E=L9 9F9DQKAK

1=AL@ $ 1@= Q=DDGO =EH=JGJ K ;D9KKA; G> AFL=JF9D E=<A;AF= =JC=D=Q>0RAR<GEARZF&>GFLIGDD=< LJA9DK 3+*- B =PHDGJ=

9DA>GJIFA9 +J=KK JGKKJ=>

49F? % /@= ?GD<=F F==<D= 9F< GL@=J G<=K G> LJ9<ALAGF9D 9;MHMBIMIFF9 <= (=DG .9D=EA 19F=KK9 (9JA9 <9 .ADN9 DN=K "GE=K '9QDD9 (9JBGJQ=
[J9FKDIOL=<:Q - =JLK;@AF?=]) <AF:MJ?@ @MJ;@ADD 'ANAF?KLGF= -=:GM\9K =R=JJ9 /@9FA9 (9AGF <= .GMR9 (=DG "=AK9 "MAE9J[=K <= D=F;9J $J9;=E9
#=JE=K +AJ=K <= (]DG (GFL=F=?2JG D=KK9F<J9 +9MD9 <= (=DG 9D9<G <M9J<G %GK]
,MQ=F (9F@ )?MQ=F /M9F #G9F? )?MQ=F '9E 19F /J9F /AF /@9F@ 9F? F@ )=HGEM;=FG (GFL=F=2JG "AK=D9 -G;@9 <= .AIM=AJ9 >>=,L G> JQ MHHAF? /@=J9HQ
AF@ =NA;=LG =L=,L ;MHMF;LMJ= +GAFLK AF L@=!==L .GD=K >GJ (9KK9?=/J-OEE+BAF L&F< MF,LAGFID AK9:ADALQ AF +=JKAKL=FL )GF .H=A>A; 'GO 9;C +9AF
$FL=JFILAGFID GF>=J)=F;= GF L@= =N=DGHE=FL G> AGE=<A;9D F?AF==JAFPFABHARERIEFLIJGDD=< DAFA;9D /JA9D %GMJIFID G> ;MHMF;LMJ= 9F< (=JA<A9F .LM<A=K
8 JGKKJI=> B B9EK JGKKJ=>

AMF? .@=F? 4=F #9F 4A @=F? #MF?/9 'AF N9DMILAGF G> .LJ=KK GF ;MHMMLKJISIDGK (9LGK %GJ?=+=J=AJ9 (9;@9<G !=JFIF<G %GJ?= (GFL=AJG #=FJQ %G@9FF=K
OAL@ )9FG L;@=< 9F< A9EGF<'AC= 9J:GF ' GILAF? MJ>9;= (G<A>A;9LAGBKL=F OF<=JKLI9F<AF? /J9<ALAGFID @AF=K= (=<A;AF= /@=J9H=MLA;K F *N=JNA=O G>
%GMJIFID G> AGEIL=JA9DK 9F< /AKKM= F?AF==JAF? B:L L@= 9KA;K 9F< DAFA;9D HHDA;9LAGFK #=9DL@;9J= @=9DL@;9J=

JGKKJ=> JGKKJ=>

"J=?GJQ + 9K=Q FILGEA;9D ;@9J9;L=JARILAGF G> 9;MHGAFL D9J?= AFLHAFIO=F K@=29FIJGF? .GF? 4AH=F? %AF #MA@9G 3M &9A !19F =?MA'AF 5@A@MA #9G

FOLGEA;9D -=;,GJ< 9J 2AD=Q *FDAF='A:J9JQ %A9@9G 'AF -=K=9J;@ +JG?J=KK GF L@= (=;@9FAKE G>L@= ;MHMF;LMJ=-=?MD9LAF? )=MJG
F<G;JAF= $EEMF=)=LOGJC .QKL=E 1=L=JAF9JQ .;A=F;=K N=LK;A

BAL +9A 'GJA1 .@M9JL 9NA<! J9C= $FL=?J9LAN= (=<A;AF= AF -=@9:ADALILAGF JGKKJ=>

J9<<GE K +@QKA;9D (=<A;AF= 9F< -=@9:ADALIOLAGF

= JGKKJ=> z'A?G *F?9Q <= I=DAH= /@= OFAN=JK9DALQ G> .;A=F;= 9F< /J9<ALAGF9D @AF=K= (=<A;AF=

SA=F;= <M;9LAGF K JGKKJ=>

/IGF?BM'A IM;= AF? /9F? 2=A G5@9F? (AFQA5@9G ,AF?;@M9F#M F<J=0O @F

$F 1ANG 1AKMIDARILAGF G> L@= +=JA;9J<AME (=JA<A9F OAL@ !DMGJ=K;=FAFRQ=K 'ANAA=MIS 4AF9F "GF? 4M= 5@9F? 2=F !19F &9A>9F? 49G 5@A@9F @=F

9K=< GEHD=E=FL9JQ 9F< DL=JFILAN= (=<A;AF= 9GEAF GM 3A9GO=A'AF G @=F 5=DAF @=F 5@A>9F? 3M 5@GF?PA 'QM /@= FLA
JGKKJ=> $F>D9EEILGIQ ;LAGFK 9F< (=;@9FAKEK G> ;MHMF;LMJ= >JGE ;MHGAFL LG /9J?=L
*J?9FK NA9 )=MJG $EEMF= -=?MDILAGF %GMJF9D G> $F>D9EEILAGF -=K=9J;@
@9G .MF @9F?;@MF %A 4AF? 'A %AMBA= &M9F? %A9F?L9G 2M ;GEH9JAKGEF KLMIGDME= JGKKJ=>

H@GLGL@=JEID =>>=;L :=LO==F EGPA:MKLAGF L@=J9HQ 9F< D9K=J AJJ9<A9LAGF GF :AGDG?A;9D
LAKKM= $FL=JFOLAGF9D %GMJFID G> /@=JE9D .;A=F;=K B ABL@=JEODKLAR JA<?AF? (=<A;AF= 9KL 9F< 2=KLs+MIKMAL GF L@= -=DILAGF :=LO==F AGE=<A;9D

JGKKJ=> GFK=IM=F;= G> .LAEMDILAF? L@= ;MHGAFLK G> L@= 'MF? (=JA<A9F 9F< .GE9LGK=FKGJQ
-=>D=P=K _AEAF? LG /J=9L @JGFA; *KLIM;LAGF +MDEGF9JQ AK=9K=K /J9<ALAGF9D
JACGDIQ AEALIGN )ACGD9 /GEGN AEALJAFC9 LOF9KGN9 .LADAQOF $%ﬁN:K9|§QQR%F: I( JGKKJ=>
IGEGN9 AEAL9J .ANJ=N 5GQ9 "GJOFGN9 1AKAD= (=JA<A9F +@=FGE=F9 9>L= I
% — . — — —— — . — IN—
: oy . . _ (9FGF L= GIKL@GJIKL (A;@9=D N9F 9DC=F %G@F #==K9CC=JK /A:A9D F=JN= KLAEMDILAGF
e A Eo DN e o oy o 7K AF L@= LI=9LE=FL G> GN=J9;LAN= :D9<<=]J KQF<JGE= MJJ=FL *HAFAGF AF 0JGDG?Q
3D =7k & (*0 JGKKJ=>
(FFBE A@>;@7>UPBHA? E7TDH>7F >,@=ABF@®G&> 64,6 6A; 3D =7K
, % — = M- — — — (—<AAFE—= — —
FFBE A@>;@7>45BA? E7TDH>7F >;@=AGF@GS> 64;6 6A; 3D =7K *+=L=) $&MF? 2M 'M:Q @=F $FL_?J?LAN_ (F<AAF= HAF= +9AF 9J=
FFBE A@>.@7>H5BBA? ETDH>TF > @=ATF@GS> 6416  6A; JGKKJ=>
3D =7K
EFFBE A@>E@7>EW? E7DH>7F>E@=PK§F@G§>64EG 6A:l 3D =7K $ "AJODL .9EH=<JG " 9JN9B9D "93;_9 %9F=J9K 19:X ( )AK@AK@AFQQ IMAFG
Ay LT QT HOBEAT ETDHATF Z@=ARE @G> 640 OA: K=N=J= ;9K= G> -9EK9Q #MFL .QF<JGE= LJ=9L=< OAL@ 9;MHMFLMJ= 9F< J=D9L=<
FFBE A@>/@7>HSHKI? ETDHSTF > @=AEF@GS> 646 6A, 3D — L=;@FAIM=K GE(|3—|D=E=FL9JQ /@=J9HA=K AF DAFA;9D +J9;LA;= BL:H
% JGKKJ=>
‘FFBE A@>;@7>WDBLHA? E7TDH>7F >, @=AF @G&> 64,6 6A; 3D =7K :FFBE 6A; AD9 <<3?E
‘FFBE A@>;@7>WBDBLIA? E7TDH>7F >,@=AGF @GS> 64,6 6A; :FFBE 6A; AD9 E
3D =7K - :FFBE 6A;AD9 ?7J
(FFBE A@>;@7>UPBHA? E7TDH>7F >,@=ABF@®G8> 64,6 6A; 3D =7K [FFBE A@>;@7>HBBLHA? 6A; <A3
B@3E :FFBE A@>;@7>#BDALHA? 6A; <A3
:FFBE A@>;@7>;WPBALEA? E7TDH>7F >;@=-AGF @G&> 64,6 6A; 3D =7K :FFBE A@>;@7>#BDALHA? 6A; 3D
‘FFBE A@>;@7>;WBDBLEA? E7TDH>7F >;@=AGF @G&> 64,6 6A; :FFBE 6A; AD9 "#%+,
3D =7K :FFBE 6A; AD9 <<A?
‘FFBE A@>;@7>WPDBLHA? E7TDH>7F >,@=A8F @G&> 64,6 6A; 3D =7K :FFBE 6A; AD9 < 7JB>AD7
(FFBE A@>;@7>#HBBHA? E7TDH>7F >,@=AGBF @G> 64,6 6A; :FFBE 6A; AD9 <<3?E
3D =7K :FFBE 6A; AD9 :73>F:53D7
:FFBE 6A; AD9 2 :FFBE 6A; AD9 H7FES;
:FFBE 6A; AD9 <4F :FFBE 6A; AD9 E
‘FFBE A@>;@7>;HDBLHA? 6A; 3D :FFBE 6A; AD9 AR
:FFBE 6A; AD9 :FFBE 6A; AD9 . %
:FFBE 6A; AD9 :FFBE 6A; AD9 %'-

:FFBE 6A; AD9 < ;<F:7D?3>E5; :FFBE 6A; AD9


https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1979GN78800013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1979GN78800013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1973.324289
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1973.324289
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=4727423
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=4727423
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1973Q497200007
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1973Q497200007
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1178444
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1178444
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1975AP43900003
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1975AP43900003
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1975AP43900003
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1975.324477
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1975.324477
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1184029
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1184029
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1975AU02000013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1975AU02000013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1073/pnas.111133298
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1073/pnas.111133298
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11353845
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11353845
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000168883700045
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000168883700045
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9646895
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9646895
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000074292400008
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000074292400008
https://doi.org/10.1007/978-3-030-75506-5_1
https://doi.org/10.1007/978-3-030-75506-5_1
https://doi.org/10.1166/jbt.2022.2928
https://doi.org/10.1166/jbt.2022.2928
https://onlinelibrary.wiley.com/doi/10.1002/ar.24681
https://onlinelibrary.wiley.com/doi/10.1002/ar.24681
https://doi.org/10.1016/B978-0-323-62539-5.00018-7
https://doi.org/10.1016/B978-0-323-62539-5.00018-7
https://doi.org/10.1155/2021/5581227
https://doi.org/10.1155/2021/5581227
https://doi.org/10.1016/j.ijthermalsci.2021.106924
https://doi.org/10.1016/j.ijthermalsci.2021.106924
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1979.326392
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=521032
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=521032
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1979GN78800013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1979GN78800013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1973.324289
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1973.324289
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=4727423
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=4727423
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1973Q497200007
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1973Q497200007
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1178444
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1178444
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1975AP43900003
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1975AP43900003
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1975.324477
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1109/TBME.1975.324477
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1184029
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=1184029
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1975AU02000013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=A1975AU02000013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1073/pnas.111133298
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1002/ar.10185&key=10.1073/pnas.111133298
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11353845
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=11353845
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000168883700045
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000168883700045
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9646895
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002/ar.10185&key=9646895
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000074292400008
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002/ar.10185&key=000074292400008
https://doi.org/10.1007/978-3-030-75506-5_1
https://doi.org/10.1007/978-3-030-75506-5_1
https://doi.org/10.1166/jbt.2022.2928
https://doi.org/10.1166/jbt.2022.2928
https://onlinelibrary.wiley.com/doi/10.1002/ar.24681
https://onlinelibrary.wiley.com/doi/10.1002/ar.24681
https://doi.org/10.1016/B978-0-323-62539-5.00018-7
https://doi.org/10.1016/B978-0-323-62539-5.00018-7
https://doi.org/10.1155/2021/5581227
https://doi.org/10.1155/2021/5581227
https://doi.org/10.1016/j.ijthermalsci.2021.106924
https://doi.org/10.1016/j.ijthermalsci.2021.106924
https://doi.org/10.51507/j.jams.2021.14.2.50
https://doi.org/10.51507/j.jams.2021.14.2.50
https://doi.org/10.1038/s41598-021-93470-8
https://doi.org/10.1038/s41598-021-93470-8
https://doi.org/10.1166/mex.2021.2027
https://doi.org/10.1166/mex.2021.2027
https://onlinelibrary.wiley.com/doi/10.1111/joa.13401
https://onlinelibrary.wiley.com/doi/10.1111/joa.13401
https://onlinelibrary.wiley.com/doi/10.1111/joa.13401
https://onlinelibrary.wiley.com/doi/10.1111/joa.13400
https://onlinelibrary.wiley.com/doi/10.1111/joa.13400
https://onlinelibrary.wiley.com/doi/10.1002/ar.24618
https://onlinelibrary.wiley.com/doi/10.1002/ar.24618
https://doi.org/10.54461/JKMST.2021.5.1.8
https://doi.org/10.54461/JKMST.2021.5.1.8
https://doi.org/10.1016/j.joim.2021.11.006
https://doi.org/10.1016/j.joim.2021.11.006
https://doi.org/10.1016/j.explore.2021.11.010
https://doi.org/10.1016/j.explore.2021.11.010
https://doi.org/10.51507/j.jams.2021.14.6.219
https://doi.org/10.51507/j.jams.2021.14.6.219
https://doi.org/10.3390/healthcare9030257
https://doi.org/10.3390/healthcare9030257
https://doi.org/10.3390/vetsci8080149
https://doi.org/10.3390/vetsci8080149
https://doi.org/10.1007/s11191-021-00249-4
https://doi.org/10.1007/s11191-021-00249-4
https://doi.org/10.2147/JIR.S341581
https://doi.org/10.2147/JIR.S341581
https://doi.org/10.12677/TCM.2020.92022
https://doi.org/10.12677/TCM.2020.92022
https://doi.org/10.1097/MOU.0000000000000781
https://doi.org/10.1097/MOU.0000000000000781
https://doi.org/10.1007/978-3-030-27447-4
https://doi.org/10.1007/978-3-030-27447-4
https://doi.org/10.1016/j.ctcp.2020.101119
https://doi.org/10.1016/j.ctcp.2020.101119
https://doi.org/10.51507/j.jams.2021.14.2.50
https://doi.org/10.51507/j.jams.2021.14.2.50
https://doi.org/10.1038/s41598-021-93470-8
https://doi.org/10.1038/s41598-021-93470-8
https://doi.org/10.1166/mex.2021.2027
https://doi.org/10.1166/mex.2021.2027
https://onlinelibrary.wiley.com/doi/10.1111/joa.13401
https://onlinelibrary.wiley.com/doi/10.1111/joa.13401
https://onlinelibrary.wiley.com/doi/10.1111/joa.13400
https://onlinelibrary.wiley.com/doi/10.1111/joa.13400
https://onlinelibrary.wiley.com/doi/10.1002/ar.24618
https://onlinelibrary.wiley.com/doi/10.1002/ar.24618
https://doi.org/10.54461/JKMST.2021.5.1.8
https://doi.org/10.54461/JKMST.2021.5.1.8
https://doi.org/10.1016/j.joim.2021.11.006
https://doi.org/10.1016/j.joim.2021.11.006
https://doi.org/10.1016/j.explore.2021.11.010
https://doi.org/10.1016/j.explore.2021.11.010
https://doi.org/10.51507/j.jams.2021.14.6.219
https://doi.org/10.51507/j.jams.2021.14.6.219
https://doi.org/10.3390/healthcare9030257
https://doi.org/10.3390/healthcare9030257
https://doi.org/10.3390/vetsci8080149
https://doi.org/10.3390/vetsci8080149
https://doi.org/10.1007/s11191-021-00249-4
https://doi.org/10.1007/s11191-021-00249-4
https://doi.org/10.2147/JIR.S341581
https://doi.org/10.2147/JIR.S341581
https://doi.org/10.12677/TCM.2020.92022
https://doi.org/10.12677/TCM.2020.92022
https://doi.org/10.1097/MOU.0000000000000781
https://doi.org/10.1097/MOU.0000000000000781
https://doi.org/10.1007/978-3-030-27447-4
https://doi.org/10.1007/978-3-030-27447-4

(/1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

JA; '=KCGOALR 9JLG?J9H@Q G> F=J?Q (=<A;AF= IJGE .M:LD= FILGEQ LG %MF¥A< 29RAJ -9@9L 0DD9@ .@A@GF? 'A (< EAJ #GKK9AF (9D9<@G /9FL9 AIDDG

+@QKAGDG?Q 3+*- B =PHDGJ= JGKKJ=> 19J@9F 0DD9@ &@9F O9AK ODDI@ $@KIF 3A9G@MA 5@GM >>A;9;Q G> 9;MHMF;LMJ= AF
LJ=9LE=FL G>,;@JGFA; HIGKLILALAK ;@JGFA; H=DNA; H9AF KQF<JGE= 9 J=NA=0 G>L@= DAL
#IFLGF? #M 4GF?DA9F? %A9F? 3A9GQM 'A %A9DA 'GM 49BMF 5@9F? 3AIGSHL#IFLMEFID 0JGDG?Q 9F< )=H@JGDG?Q K JGKKJ=>

I9F? 4MOFQM9F 2M 3A9GE=A .@9G %A9FIA9G I9F? /@= EA;JG;AJ;MDILGIQ

J@9J9;L=JAKLAKK - G> L@= @=9JL 9F< DMF? E=JA<A9FK (=<AARE9 .,@09JLR (9<@9NA '9L@9 . @9DIKIFA /@GEIK ( 'A 5@GF?@MA !=F? 2ADDASE

( = JGKKJ=> .@AHE9F /@=J=K9/ 'M 'QEH@9LA; MF;,LAGF AF MLGAEEMF= AK=9K=K IJGFLA=JK AF
$EEMFGDG?Q >AEEM JGKKJ=>

.@=AC@ !'9IMIM= D9@== 9F?D9<=K@ #MABMO9F (9G 'AF? 5@9G 3M=QGF? .@=F

(FJA<A9F KQKL=E 9F< E=;@9FAKE G> 9;MHMF;LMJ= 9;LAGF K;A=FLA>A; =N9DRIA@GPQ +9FGK 9JD9K /J9FK;MLOF=GMK =D=;LJA;9D 9;MHGAFL KLAEMDOLAGF >GJ H=G

( # 2GID< %GMJIFID G> :MHMF;LMJ= (GPA:MKLAGF OAL@ ;@JGFA; EMK;MDGKC=D=L9D H9AF 9F =PHDGJILGJQ J=NA=0 +@QKA;9D /@=J9HQ --

B OBYE JGKKJ=> JGKKI=>

. e N _ . _ &AE .9F@O09 #GF? #GF? .GG &AE /9=@MF &AE %9=@9 @F #QMF .=G
(WJAG "GF\ODN=K 'M_K 9JDGK (9LGK '=GF=D MOJL= %GJ?= (9;@9<G #=FJQ f §ﬁ§- -GG @
"JSL=F "AGNOFFO LIOF:GFA +-¢ (. I .$)$1$ (M4 &%@ M&%F? &AE %M AGMF? *@ /9= 4=GF #O9F? #QIF?KGGC '== .M$D $F #A

ST Roe s e ) S 08, A4S %GGF +9JC +@QKAGDG?A;9D AEHO,L G> FOFGHGIGMK 9;MHMF;LMJ= F==<D=K '9K=] GHF
-1$2 %GMJFID G> G<QOGJC 9F< (GN=E=FL /@=J9HA=K B BEL H=J>MKAGF AE9?AF?J GAE SfSDL@Q NGDMFL==JK +*.*)  BGMJFID HGF=
JGKKJI=> - SORRS=>

) . e _ = AF<e7=0-@9F2R@=F "GF? 2=A'AM GFN=J?=Fi= G> (s<A/AF=K 2=KL (==LK 9KL AF )=0DQ
#OFK 0<G -A;@9JR 00= ;@dLR 2=JF=] &DAF?D=] 9K >OKRA9D= AF<=?=0-2F%
(=<AME ) oA CMHMECLMI /@= >OKAID ;GFF=LAN= LAKKM=s9 E:é!&i\%y: T3 J79FK OF< IMFLAGFK - @AF=K= %GMJIFOD G> SFL=2J9LAN= (=<AAF=
9MHMF,LMJ=  =MLK;@= 5=ALK;@JA>L >dJ CMHMFCLMJ K K JCKKJ=>

SeKig=> %=9FF= <AOAF9L9 +90ALOF 19JAGMK KL=E ;=DDK AF 9;MHMF;LMJ= E=JA<AIFK 9F< HGAF
@A AGF2@GF? 2M -MAR@A 5@9F? 4M= 9A 3M=AF? SEJOF /OJAIM= 'AGF? %@Q@F&J HMLOLAN= JGD=K %GMJFID G> /J9<ALAGFID 9F< GEHD=E=FLOJQ (=<A;AF=

49F? +AF? @=F AMK@=F? /=DG:QL=K AF A>>=J=FL *J?9FK G> 1=JL=:J9L SFLA9D JCKKJI=>
(%:GFéT:gSSEEK@ L@= (FIACASE AR @AFSKS 1I9<ALASTID (FAAR= (AENHI% 2460 :oF EAF<>MDF=KK D=< :J=0L@AF? G> IA°GF? /0A @A OGIC GF IA 9F<L@=
; : 2008 E=JA<AOF F=LOGJC <NOF;=K AF $FL=?JOLAN= (=<A;AF= B 9AE=<
JGKKJ=>

%AF?DIF (M F<J=9 IMJID9F 29A 4=="9E (9J;GK 4 #KM 5@AH=F? )AF? 'APAF?'9G

g (QIGEA; FORER=AZA: Jokrs AR Ci@IOF= SLOOK= G QKLEINFos< 'OMI=F 1I9FC #MAK@=F? 3A= (9J79J=L IGOD=J MHMF,LMJ= >GJ
SRR E9DD FAE9D )=MJGDG?A; AKGJ<=JK 1=L=JAF9JQ DAFAK G> )GIL@ E=JA}9 .E9DD
QAEA9 "J9;= "OFB9=A %=J=EA9@ 2 -9Q JOF<== 20AL= &=NAF % MIF@9EFfG +I9LA=  BINKE JGKKJI=>
I9K;A9D .QKL=E AF (MK;MDGKC=D=LOD IMF;LAGF 9F< (QG>9K/A9D +OAF MIJZEL @OUADD L o) ors _pp 3AF? #GF20=A 49F? 5@=00F 9 A S@OF? 25A
(SSAAR= OF< -=@9:ADALILAGF -=HGILK K JEKKIZZ 96 )9 4AF 4AF? 3A9 "MOF?@GF? AF? JALA;9D JGD=K G> /-+1 ;@9FF=DK @AKL9EAF=
@IAKLAFY " -GKK F=J7Q (=<A/AF= MIJ=FL LOLMK 9F< IMLMI= +=JKH=LANZCORSGIGRFCRAT = J==HLGIK AR LO= AFALASLAGE G> MHBAFL KAZFODK >GJ SiMHMEL
<NOF;=K AF #=9DL@ 9F< (=<AAF= =RA9 A= = Q JCKKIZ>
SeKIg=> -MAFAF? 'A9F? +=AK@MOF? 'A 3M=E=A +=F? 'AF? 3M +=A I9F %A9@MQ +=F? 3M 5@GM
. o (Voa - @MFDAF 3A9G (A9G %AIF? >>A9:Q G> G;MHMF.LMJ= GF H=DNA: H9AF AF HILA=FLK O
+@AD [JOMDKQ *(+' ()/-4 ) )/$;Aé:$$2FD2§: ,JA,Jng =F<GE=LJAGKAK KLM<Q HJGLG;GD >GJ 9 JOF<GEAR=< KAF?D=:DAF< EMDLA ;=FL=] HDS
2AD=Q'FDAP= A.J9) ;GFLIGDD=< LJA9D /JA9DK K JGKKJ=>

GBF> = PAIF 9A9 #GF? QOF 'A 4M DGF? 2=A #MOF? 49F +=F? F9 5@9G I=A

"MOF? BMF 20F? 49F HAF? 29F? OF<=JKLOF<AF? A -MFFAF? AF L@= (=JA<A9FK

9K $FL=JKLALAOD IDMA< IDGOAF? NA9 $FL=JKLALAID .HO;= G> 'GO #Q<JIMDA; -=KAKLOF;= @
2=A:G 5#)" 3A9G BAF? *)" 5= 2)" "M9IF? BMF 2)" .@M QGF? %$ 4M %GMJIFID G> SFL=?J9LAN= (=<AAF= K

QAF? /$) #GF? QOF '$ 'GF?ALM<AFOD AJ=:LAGFOD (GN=E=FL G> D:AoF BRKKAFE>
"=H@QJG;@9J9P (=DIFG;@=AJ IAK@ -=N=0DAF? $FL=JKLALAID IDGO 9F< :=DO}zs- LIMiLMIT _

4GMF:QGMF? @9= 4=GF@== -QM 2GF (G %MF? F FI9DQKAK G> $F<A;9| AGF|
(=JA<A9FK AF GF?0A G"9E OKAF? 9L9 (AFAF? &GJ=9F %GMJIFOD G> ;MH AN
9M JGKKJI=> -

-A;@9J<  #9JJAK =DDMD9J -=GJ?9FARILAGF +D9QK 9 1AL9D -GD= AF

$&') 1 %+ /2 2GID< %GMJIFID G> :MHMF;LMJ= F9D?=KA9 (=<A;9D ;MHMF;LMJ= oM
MHMF;LMJ= (GPA:MKLAGF B OB9E JGKKJI=> IGKKI=>
JAJ@GDOK D=P9F<=] 2AK= LAGF 9L 9 <AKL9F;= D9K=J 9;MHMFLMJ= 9F4 l4@=pdAGFK@AH 9EGF? L@= (=JA<AIFK .AF=0 @9FF=DK 9F< $FL=?J9LAN= IAN= IDMA<
+@GLG:AGEG<MDILAGF AF L@= JOAF AJ;MDILAGF .QKL=E /J9<ALAGFID @AF=K= (=<A;AF= 1(
JGKKJ=> JGKKI=>

'AOF?BMF 3A9 AF?QM (=F? %AF 3A AF #OF %A= @=F? %A= .@=F 4GMARASAAArk|-AF9 F=J7Q +KQ:@GDG?Q >>A0:Q H==< (=;@IFAKEK 3+*
'‘AQMF .@A /@= KQF=J?AKLA; =>>=L G> =D=;LJG9;MHMF;LMJ= 9F< :GF= E=K=F,@QEHK4=E JGKKJI=>

:=DD LI9FKHDOFLOLAGF GF J=HIAJAF? L@AF =F<GE=LJAID AFBMJQ AF JOLK .L=E =DD -=K=9J;@
/@=)9HQ K JGKKI=> #AJGA= (4 ( #AIJG@AKI $.*' $ AGK@ALG (0& $)* -=DIPAF? >>=;L ;@A=N=<

@9#QMF @GA 4GMF:QGMF? @9= (AFAEAKILAGF G> N9JAILAGFK AF -Mé—gMF;)LNé‘;:: LAEMDOLAGF AF A>>=J=FL +GKLMJ=K >GJ OFAN=JKALQ .LM<=FLK 'ANAF"
: ‘ = =RPbAG A28 ==<= ' =<
9;MHMF;LMJ= HGAFL MKAF? 9 D9K=J<=NA;= S$FL=2JOLAN= (=<A;AF= -:K:S()I%‘? JQ "A>=KLQD=.=<=FL9JQ 'AB-RLQDE;<*>C0 A@5

B AEJ JGKKI=> CIHGEF6 &9EHG (=<A;AF= C9EHGE=<
JGKKI=>
GG@9F *@ %GF? @QMF &AE 4GMF .M: &AE .GF? 4A &AE FIDQKAK G> /GFA>AOLAGF 9F<

F
=<9LAGF (-L@G<K AFBUEBF?KG; @AE?M?Q=BEBI=9F %GMJIFID G> ;MHMFLMIEPIF<=) 29ALK 4GM-=F /9F? #9G (AF @=F? @=F%=A /9A 'A4AF Q@A=F
oM KK o MHJ=KKMJ= =>>=L GF KD==H IMODALQ KQKL=ESLA; J=NA=O 9F< E=L9 9FIDQKAK .D=:
’ SRR (S<A/AF=-=NA=OK  BKEJN JGKKJ=>

D=CKOF<9J 5ANODB=NA; AF.@A DAKY(. /9E 19@QA<=@ /GGKKA /J=OLE=FL G> NAK:= 95 2OMS AM GF?EAR? 5@SF? 2-A ‘AM 3ASGOMA 49F AFQA S@IF?

;2?53 5/5%955 %éLg)g/:fS«lgF%:D:Gg;E:%FFfAE;;iKAF? %EE“E"S;“L"_JEZ (; ‘ER5EMER 35)@% 5@AQMF +9F 1=F?;@MF #M .@AIA9F? 2=A $FKA?@L AFLG L@= :AGDG?
JGKKJow " ' ' =>>=LK G> 9;MHMF,LMJ= HGAFLK :Q 3J9Q 9:KGJHLAGF >AF= KLIM;LMJ= F9DQLA;9D 9
— AG9IFIDQLA9D @=EAKLJIQ K R

M;@9F @9F? * .9F? &OGF .= &QMF OF? G #== &AE (AF 2GF 9=C 4=GF@=="CKKI=>
QM %GF? #9F 9= 4M I9F .GG (AF '== #QMF? &QM &AE GF? #QG '== @9=#9, .

49F? #== 4GMF? GAE +=JAH@=J9D =FKGJQ )=IN= /AKKM= :ML )GL GFF=;LM§AL,R OO [HHAFT AFLG [F00Qu 9F 1987950 9 HOI9<AIE [ORoL AF
$K $FNGDN=< AF L@= SLAGF G> MHMFLMJ= LGFLA=JK AF )=MIGKAZELZ" """ @= % IGKKI=> ~ESFLOIQ (F<AiAR=
>FAFK JGKKJI=> ' SJerk=

:FFBE 6A; AD9 <5F5B :FFBE 6A; AD9 8@;@E

:FFBE 6A; AD9 <7JB>AD7 :FFBE 6A; AD9 E

:FFBE 6A; AD9 % :FFBE 6A; AD9 8,2?G

:FFBE 6A; AD9 <1<3? :FFBE 6A; AD9

:FFBE 6A; AD9 < <4?F :FFBE 6A; AD9 <AGD@3> BA@7

:FFBE 6A; AD9 E :FFBE 6A; AD9 E

:FFBE 6A; AD9 + :FFBE 6A; AD9 <<F5?7

:FFBE 6A; AD9 :FFBE 6A; AD9 <3;?76

:FFBE 6A; AD9 E :FFBE 6A; AD9 <5HE?

:FFBE 6A; AD9 :FFBE 6A; AD9 E K

:FFBE A@>;@7>;#BDBLHA? 6A; :FFBE 6A;AD9 E

:FFBE 6A; AD9 35G :FFBE 6A; AD9 E

:FFBE 6A; AD9 <1<3? :FFBE 6A; AD9 35G

:FFBE 6A; AD9 :FFBE 6A; AD9 . %

‘FFBE 6A;AD9 E :FFBE 6A; AD9 <7JB>AD7

:FFBE 6A; AD9 <;?D :FFBE 6A; AD9 =3?BA?76

:FFBE 6A; AD9 35G :FFBE 6A; AD9 <E?DH

:FFBE 6A; AD9 I<F5? I<F5?72 2 :FFBE 6A; AD9 E L


https://doi.org/10.1016/j.explore.2020.09.008
https://doi.org/10.1016/j.explore.2020.09.008
https://doi.org/10.1097/MD.0000000000019594
https://doi.org/10.1097/MD.0000000000019594
https://doi.org/10.1016/j.wjam.2020.05.003
https://doi.org/10.1016/j.wjam.2020.05.003
https://doi.org/10.1016/j.jbmt.2020.06.035
https://doi.org/10.1016/j.jbmt.2020.06.035
https://doi.org/10.1007/s42212-019-00228-5
https://doi.org/10.1007/s42212-019-00228-5
https://doi.org/10.1017/S1431927620001518
https://doi.org/10.1017/S1431927620001518
https://doi.org/10.1002/14651858.CD013814
https://doi.org/10.1002/14651858.CD013814
https://doi.org/10.1007/s40141-020-00302-3
https://doi.org/10.1007/s40141-020-00302-3
https://doi.org/10.1177/2164956119831221
https://doi.org/10.1177/2164956119831221
https://onlinelibrary.wiley.com/doi/10.1002/9781119645214
https://onlinelibrary.wiley.com/doi/10.1002/9781119645214
https://doi.org/10.14406/acu.2019.034
https://doi.org/10.14406/acu.2019.034
https://doi.org/10.1016/j.wjam.2019.05.008
https://doi.org/10.1016/j.wjam.2019.05.008
https://doi.org/10.1016/B978-0-12-815305-5.00036-1
https://doi.org/10.1016/B978-0-12-815305-5.00036-1
https://doi.org/10.1186/s13287-019-1326-6
https://doi.org/10.1186/s13287-019-1326-6
https://doi.org/10.1016/j.imr.2019.11.005
https://doi.org/10.1016/j.imr.2019.11.005
https://doi.org/10.14406/acu.2019.021
https://doi.org/10.14406/acu.2019.021
https://doi.org/10.4103/wjtcm.wjtcm_24_19
https://doi.org/10.4103/wjtcm.wjtcm_24_19
https://doi.org/10.3389/fnins.2019.00110
https://doi.org/10.3389/fnins.2019.00110
https://doi.org/10.1016/j.ctcp.2020.101119
https://doi.org/10.1016/j.ctcp.2020.101119
https://doi.org/10.1016/j.explore.2020.09.008
https://doi.org/10.1016/j.explore.2020.09.008
https://doi.org/10.1097/MD.0000000000019594
https://doi.org/10.1097/MD.0000000000019594
https://doi.org/10.1016/j.wjam.2020.05.003
https://doi.org/10.1016/j.wjam.2020.05.003
https://doi.org/10.1016/j.jbmt.2020.06.035
https://doi.org/10.1016/j.jbmt.2020.06.035
https://doi.org/10.1007/s42212-019-00228-5
https://doi.org/10.1007/s42212-019-00228-5
https://doi.org/10.1017/S1431927620001518
https://doi.org/10.1017/S1431927620001518
https://doi.org/10.1002/14651858.CD013814
https://doi.org/10.1002/14651858.CD013814
https://doi.org/10.1007/s40141-020-00302-3
https://doi.org/10.1007/s40141-020-00302-3
https://doi.org/10.1177/2164956119831221
https://doi.org/10.1177/2164956119831221
https://onlinelibrary.wiley.com/doi/10.1002/9781119645214
https://onlinelibrary.wiley.com/doi/10.1002/9781119645214
https://doi.org/10.14406/acu.2019.034
https://doi.org/10.14406/acu.2019.034
https://doi.org/10.1016/j.wjam.2019.05.008
https://doi.org/10.1016/j.wjam.2019.05.008
https://doi.org/10.1016/B978-0-12-815305-5.00036-1
https://doi.org/10.1016/B978-0-12-815305-5.00036-1
https://doi.org/10.1186/s13287-019-1326-6
https://doi.org/10.1186/s13287-019-1326-6
https://doi.org/10.1016/j.imr.2019.11.005
https://doi.org/10.1016/j.imr.2019.11.005
https://doi.org/10.14406/acu.2019.021
https://doi.org/10.14406/acu.2019.021
https://doi.org/10.4103/wjtcm.wjtcm_24_19
https://doi.org/10.4103/wjtcm.wjtcm_24_19
https://doi.org/10.1007/s11255-019-02267-2
https://doi.org/10.1007/s11255-019-02267-2
https://doi.org/10.3389/fimmu.2019.00519
https://doi.org/10.3389/fimmu.2019.00519
https://doi.org/10.1080/10833196.2019.1648728
https://doi.org/10.1080/10833196.2019.1648728
https://doi.org/10.1371/journal.pone.0226304
https://doi.org/10.1371/journal.pone.0226304
https://doi.org/10.1007/s11655-018-2570-9
https://doi.org/10.1007/s11655-018-2570-9
https://doi.org/10.1016/j.jtcme.2017.08.004
https://doi.org/10.1016/j.jtcme.2017.08.004
https://doi.org/10.1016/j.aimed.2018.07.002
https://doi.org/10.1016/j.aimed.2018.07.002
https://doi.org/10.1016/j.cvsm.2017.08.003
https://doi.org/10.1016/j.cvsm.2017.08.003
https://doi.org/10.1038/s41598-018-24654-y
https://doi.org/10.1038/s41598-018-24654-y
https://doi.org/10.1186/s13063-018-2684-6
https://doi.org/10.1186/s13063-018-2684-6
https://doi.org/10.1007/s11655-017-2791-3
https://doi.org/10.1007/s11655-017-2791-3
https://doi.org/10.1089/acu.2017.1258
https://doi.org/10.1089/acu.2017.1258
https://doi.org/10.12677/TCM.2018.71013
https://doi.org/10.12677/TCM.2018.71013
https://doi.org/10.1016/j.explore.2018.11.003
https://doi.org/10.1016/j.explore.2018.11.003
https://doi.org/10.3937/kampomed.69.225
https://doi.org/10.3937/kampomed.69.225
https://doi.org/10.1016/j.smrv.2016.12.004
https://doi.org/10.1016/j.smrv.2016.12.004
https://doi.org/10.1007/s00216-018-1146-z
https://doi.org/10.1007/s00216-018-1146-z
https://doi.org/10.1089/acm.2018.0073
https://doi.org/10.1089/acm.2018.0073
https://doi.org/10.3389/fnins.2019.00110
https://doi.org/10.3389/fnins.2019.00110
https://doi.org/10.1007/s11255-019-02267-2
https://doi.org/10.1007/s11255-019-02267-2
https://doi.org/10.3389/fimmu.2019.00519
https://doi.org/10.3389/fimmu.2019.00519
https://doi.org/10.1080/10833196.2019.1648728
https://doi.org/10.1080/10833196.2019.1648728
https://doi.org/10.1371/journal.pone.0226304
https://doi.org/10.1371/journal.pone.0226304
https://doi.org/10.1007/s11655-018-2570-9
https://doi.org/10.1007/s11655-018-2570-9
https://doi.org/10.1016/j.jtcme.2017.08.004
https://doi.org/10.1016/j.jtcme.2017.08.004
https://doi.org/10.1016/j.aimed.2018.07.002
https://doi.org/10.1016/j.aimed.2018.07.002
https://doi.org/10.1016/j.cvsm.2017.08.003
https://doi.org/10.1016/j.cvsm.2017.08.003
https://doi.org/10.1038/s41598-018-24654-y
https://doi.org/10.1038/s41598-018-24654-y
https://doi.org/10.1186/s13063-018-2684-6
https://doi.org/10.1186/s13063-018-2684-6
https://doi.org/10.1007/s11655-017-2791-3
https://doi.org/10.1007/s11655-017-2791-3
https://doi.org/10.1089/acu.2017.1258
https://doi.org/10.1089/acu.2017.1258
https://doi.org/10.12677/TCM.2018.71013
https://doi.org/10.12677/TCM.2018.71013
https://doi.org/10.1016/j.explore.2018.11.003
https://doi.org/10.1016/j.explore.2018.11.003
https://doi.org/10.3937/kampomed.69.225
https://doi.org/10.3937/kampomed.69.225
https://doi.org/10.1016/j.smrv.2016.12.004
https://doi.org/10.1016/j.smrv.2016.12.004
https://doi.org/10.1007/s00216-018-1146-z
https://doi.org/10.1007/s00216-018-1146-z

(1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

I9F 29F? "M9F? O=A MA '= &M9A %A9F EAF 3M /AF? LAF? 5@9F? #M9A BAF @=F?
%G@9FF=K ID=;C=FKL=AF -G:=JL .;@D=AH GJF=DA9 .9;@K (9JC JAK;GDD .MKGF?@@EERLGF? "MAJGF? GF? -GD= G> ;MHGAFL J=9 GDD9?=F !A:=JK AF FLA
/@GE9K |AF<D=Q 2=JF=] &DAF?D=J !9KRA=F>GJK;@MF? ,MG N9<AK !9K;A9 JER=>DREEMBGF G> ;MHMF;LMJ= 'A>LAF? 9F< /@JMKLAF? (9FAHMDIOLAGF NA<=F;= 9K=<
N9<AK =MLK;@= 5=ALK;@JA>L >dJ CMHMFCLMJ K GEHD=E=FL9JQ 9F< DL=JFILAN= (=<A;AF=
JGKKJ=> JGKKJ=>

! +@9F .JAD=KL9JA # (A@9J<B9 (# (9J:MF >>=,LK G> 9;MHMF;LMJ= GF MJ2EA; @A9 @=F #KA9F?4AF? @=F 4M .@=F? @=F 4GF? /A9F 'AF $ .=D>=P;AL=<
HIMJIALMK AF HILA=FLK MF<=J?GAF? @=EG<A9DQKAK %GMJIFID G> +@QKBMDLBKSD-FCABAAKIILAGFK HIG:=<:Q GHLA;9D LJ9;CAF? EA;JG EGLAGFK G> LJ9;=JK GF 9JEK

JGKKJ=> %GMJIF9D G> HHDA=< +@QKAK JGKKJ=>
&09F? .MH .G@ .AKL=E9 ;AJ;MDILGJIAG <= GF?@9F ;GEG MF9 =PL=FKAaF <= DEKE@AIASBHA; @ MJAGMK *N=JKA?@L AF ;MHMF,LMJ= -=K=9J,@ %GMJF9D G>
<= 9;MHMFLMJ9 -=NAKL9 $FL=JF9;AGF9D <= ;MHMFLMJ9 B9:M iMHMF;LMJ= 9F< (=JA<A9F .LM<A=K B BO9EK
JGKKJ=> JGKKJ=>

#=D=F= ( '9F?=NAF +=L=J ( 29QF= 2@9L $K L@= +GAFL /@= +JG:D=E MA@ JI9C= FF=( #M<9C 2ADDA9YE -G::AFK $FL=?J9LAN= (=<A;AF= AF /JOMEILA,;
;MHMF;LMJ= -=K=9J;@ /@9L )G *F= 29FLK LG /9DC :GML /@= %GMJIFOD G> DL3I9RBLEMBMIQ +@QKA;9D (=<A;AF= 9F< -=@9:ADALILAGF DAFAK G>)GIL@ E=JA;9
9F< GEHD=E=FL9JQ (=<AAF= 9E B HEJ JGKKJ=>

JGKKJ=>

#=D=F= ( '9F?=NAF -GK9) .;@FQ=J -=;GFF=,LAF? L@= G<Q AF 9KL=JF 9F< 2=KL=JF
@MF 4A°'AF /IR=/9MJ 2=A @=F @=F 29F? 29F @=F @=F 4M (AF 29F? .GF? (=<AAF= /@= %GMJF9D G> DL=JF9LAN= 9F< GEHD=E=FL9JQ (=<AAF=

4=F /K9A ;ML= +@QKAGDG?A;9D 9F< +KQ;@GDG?A;9D >>=,LK G> ,A?GF? P9EAK= AF *D<=J JGKKJI=>
+J9;LALAGF=JK NA<=F;= 9K=< GEHD=E=FL9JQ 9F< DL=JF9LAN= (=<A;AF=
JGKKJ=> .9DN9<GJ ,MAJGR "GFRWD=R .=J?AG /GJJ=K 9KLADDG -GK9 KL=D9 'aH=R "aE=R $KE9=D

%AE]JF=R KLJ9<9 ;MHMF;LMJ= +GAFLK 9F< /@=AJ -=D9LAGFK@AH OAL@ (MDLAJ=;=HLAN=
&9F9= OE=EGLG /GK@AQMCA .9ALG (MF=C9RM )9ALG .@G?G #9QIK@A /GEAEB<HOCBNI)=MIGFK %GMJIFOD G> ;MHMF;LMJ= 9F< (=JA<A9F .LM<A=K

#9FFG .L=AFC= /9C9K@A )9C9FG FILGEA;9D -=DILAGFK@AH :=LO==F DB BBEKL.@= JGKKJ=>
+GKL=JAGJ -9EMK G> L@= ' .HAF9D )=JN= ;MHMF,LMJ= AF (=<AAF=
9;MHE=< JGKKJ=> .@9JGF %AQGGF %MF? #9AE .GF? 4M 4=GF &AE %MF?<9= &AE .MF?;@MD &AE 4GGF

&QM .GF? &O9F? .MH .G@ AKLJA:MLAGF G> (9KL =DDK 9F< 'G;9LAGFK =HL@K 9F<
&JAKLY 'QFF= +9MDKGF 9J:9J9 ' .@9Q .QEHIL@=LA; )=INGMK .QKL=E -=KHBRKKIGEG.@= +MLILAN= ;MHGAFLK 1 9F<&$ NA<=F;= 9K=< GEHD=E=FL9JQ 9F<

;MHMF;LMJ= 9F< )GF +=F=LJ9LAF? .@9E ;MHMF;LMJ= AF PH=JAE=FLOD !GJ=9JBL+=IRBLAN= (=<A;AF= JGKKJ=>
AF?D= DAF< -9F<GEAK=< =K;JAHLAN= .LM<Q ;MHMF;LMJ= AF (=<A;AF=
9;MHE=< JGKKJ=> =FB9EAF 2 @9FL %=9FF= (9<AKGF +9MD GGH "M<JMF A=:=J? GFL9;L /GGDK
AF %9H9F=K= ;MHMF;LMJ= F L@FG?J9H@Q G> ;MHMF;LMJ= +J9;LALAGF=JK AF %9H9F
(9J; E9F< IDGJ=F;= )?MQ=F #MM GKL9FLAFG 9D=KLJ9 ;MHMF;LMJ= >>=%GRIFID G> ;MHMF;LMJ= 9F< (=JA<A9F .LM<A=K B BO9EK
/@=JE9D /GD=J9F;= 9F< D=;LJA;9D +9AF /@J=K@GD< -9F<GEAK=< GFLJGDD=< /JA9D JGKKJ=>
;MHMF;LMJ= AF (=<A;AF= 9AE JGKKJ=>

#M?@ (9,+@=JKGF F<J=0 1A;C=JK (9JLAF D9F< 9NA< /GJ?=JKGF (9JC GJ:=LL
(A;@=D= D=E (9JA9 .9D=L= GKL9"MJ?=D ;MHMF;LMJ=AF L@=-=@9:ADALILAGP<GF2GE;EEIF +=<JG .9J9E9?G =L@ 2GG<K #=D=F 2=9L@=JDQ (9JC .,MDH@=J
9>1=) J=9KL 9F;=J .MJ?=JQ r 9 9K= .=JA=K ;MHMF;LMJ= AF (=<A;AF= F<J=9 (9F;9 .L=09JL -A;@EGF< FF#GHLGF %9F=L D<J=< $9F 29LL ;MHMF;LMJ=

9AE JGKKJ=> >GJ ;@JGFA; H9AF 9F< <=HJ=KKAGF AF HJAE9JQ ;9J= 9 HIG?J9EE= G> J=K=9J;@ +JG?J9EE=
"JO9FLK >GJ HHDA=<-=K=9J,@ H?>9J JGKKJ=>

NAB?9F (9BA< -GM@ ,A :=>GJ= 9F< 9>L=J HIG<M;LAGF :9KA; ;GF;=HL G> DA>= $FL=JFOLAGF9D

%GMJIFID G> GEHD=E=FL9JQ DL=JF9LAN= (=<A;AF= AB;9E =FB9EAF &DA?D=J JQ9)A=DK=F GJAFF=&G@J@=JJ /J9;Q .;@EA< N=29DL=JE9MJI=J

JGKKJ=> DA<9FA9 +=J=R 2GG<KGF (=JJ=DD ;MHMF;LMJ=/@=J9HQ AF 9 "JGMH .=LLAF? >GJ @JGFA;

+9AF +9AF (=<A;AF= HE HFP JGKKJ=>

IA90 &=="AE 49F (9 =<=JA; =J?=] "=J@9J< 'ALK;@=J ;MHMF;LMJ= 9F< )=MJ9D

(=:@9FAKE AF L@= (9F9?=E=FL G> 'GO 9;C +9AFs F OH<9L= (=<A;AF=K D=P9F<=] (9;<GF9D< ;MHMF;LMJ= (9AF @9FF=DK GJ (=JA<A9FK 1AKA:D= .MJ>9;=K

E=<A;AF=K JGKKJ=> $FL=JFILAGFOD %GMJIFOD G> GEHD=E=FL9JQ DL=JFILAN= (=<A;AF=
AB;9E JGKKJ=>

FF9 KH9J@9E FF= #=J:=JL EADQ +A=JR;@9DKCA 9L@=JAF= /J9F %=FFA>=J ADLK
(9<=DAF= GGJA?A= [9EEA= 2AF?=JL (9JC GFF=DDQ %=FFA>=]) A;C=D -6K@IEDT "@G<K )IKIAF .9Q>GMJIA (G@9IEEI< #GKK=AF QILA FILGEA;9D !=9LMJ=K G>
#=9<9;@= DAFA; (G<=D $EHD=E=FLILAGF G> $FL=?J9LAN=/@=J9HA=K AF +J9]L@= $SEADKBHMDIJ J=9 2@=J= 2=L MHHAF? /@=J9HQ $K GF= 9F< $LK +GKKA:D=-=DILAGF

;@AD<J=F JGKKJ=> LG ;MHMF;LMJ= (=JA<A9FK %GMJFID G> ;MHMF;LMJ= 9F< (=JA<A9F .LM<A=K
B BOEK JGKKJ=>
DAR9:=L@ - (9?<=F @9HL=J +GKALAN= -=AF>GJ;=E=FL /J9AFAF? 9F< #=9DL@ 9J=
#9F<:GGC G> +JAEI9L= =@9NAGJI9D (9F9?=E=FL 'OMJ9 ,MAD=K D=;LJ9 +=DM>>G (=JA<AIFGK L=F<AFGEMK;MD9J=K %"F? %"F Q L=BA<G >9K;A9D
JGKKJI=> ;GEH9J9LANY 9F9LaEA;9 Q >MF,AGFID -=NAKL9 $FL=JF9;AGFID <= ;MHMFLMJ9
B9;M JGKKJ=>

19JA9 .9FB9F9 #9FK @9IM<@JQ /@GE9K !AF<D=Q >>=L G> (' E=L@G< GF
L@GJ9;GDME:9J ;GFF=;LAN= LAKKM= /@= >MDD KLM<Q %GMJF9D G> G<QORIE JRSRGIFRBE? .MF #MO9F?9F 2M %A9F +=A %AF? 5@9F? 4A 5@9F? 'M 29F?

/@=J9HA=K BB:EL JGKKJ=> AF 'A 'A@M9 29F? %AQ= .@A %MF #M @MF@9A !9F ;MHMF;LMJ= HIGEGL=K E/*-
AF<=H=F<=FL 9MLGH@9?A; ;D=9J9F,= G> 9??J=?9LAGF HIGF= HJGL=AFK AF EGMK= :J9AF
+=L=)/ GJIK@=J )=MJIG=E:JQGDG?Q G> L@= ;MHMF;LMJ= +JAF;,AHIOD (=JA<AJREHL#OI:, -=HGJILK KJ=H JGKKJI=>
/@= PLIJ=EALA=K (=<A;9D ;MHMF;LMJ= oM
JGKKJ=> JA; '=KCGOALR $FL=?J9LAN= (=<A;AF=>GJ +/. 9F</$ /OG $FFGNILAN= HHJIG9;@=K
(=<A;9D ;MHMF;LMJ= 9;M JGKKJ=>

%GJI<A "9K;GF "9J;A9 9JA<9< 9?MJ 9D9>9L (GFLK=JJ9L "AJ9:=FL 19JJ]K -9EGF
9DAMK 19DA<9LAGF G> L@= J9F?= G> <JQ F==<DAF? OAL@ L@= >9K;A9D ONB@FD+=J@MMM= ARE:=JDQ #=FF=E9F &=NAF (9Q ;MHMF;LMJ= 9F< IMAF=
L@= ;9JH9D LMFF=D MKAF? MDLJ9KGMF< %GMJFID G> G<QOGJIC 9F< (GN=H@BIAPLMAGHK 1=L=JAF9JQ DAFAK G> )GIL@ E=JA;9 IMAF= +J9;LA;=

B B:EL JGKKJ=> B ;N=I JGKKJI=>

F9 +9MD9  1=JJ=AJ9 'M;A9F9  +aNG9 %GK] ! 59FA=] JL@MJ . !=)J=AJ@9JDGLL=# 4 '9M 3AFQAF 2M 1AF,=FL # @MF? 3AF'AM <OAF + #MA #GD?=J

'G;9LAF? L@= .=N=FL@ =JNA;9D .HAFGMK +JG;=KK ;;MJ9;Q G> L@= /@GJ9R9E=ILIGEQ '9IM;@= .9EM=D 4 . 2GF? D=P9F<=J 4 ' 'OM -=?AF9 2 . AL

(FL@G< 9F< L@= >>=LK G> DAFA;9D 9L9 GF $LK +=J>GJEIF;= %GMJIFID G>JRFAHBIDRANGSF ! ' )? %MKLAF 4 2M ;MHMF;LMJ= 9F< -=D9L=< /@=J9HA=K

9F< +@QKAGDG?A;9D /@=J9H=MLA;K B BEHL >GJ .QEHLGE (9F9?=E=FL AF +9DDA9LAN= OF;=] 9J= (=<AAF=

JGKKJ=> ( = JGKKJI=>

JQ9 )A=DK=F ;MHMF;LMJ= >GJ L@= +J=N=FLAGF G> /=FKAGF /QH= #=9<9/@@=F #9A 3A9F? .MF 4GM AF? 3A9 '‘AM 9A .MA %A 5@GM 3M9F #MOF? %AF?

3+*  /@= %GMJIFID G> .;A=F;= 9F< #=9DAF? B =PHDGJ= 2=A 5@GM 4A 9F .@9G /9G .@=F ,AF .MF A4M9F %A9G 'A9F? AF? 49G
JGKKJ=> D=;LIG9;MHMF;LMJ= <=;J=9K=K L@= HJG?J=KKAGF G> GN9JA9F @QH=JKLAEMDILAGF KQF<JGE=

AF 9 J9L EG<=D -=HJG<M;LAN= AG(=<A;AF= *FDAF= B JEG

‘FFBE 6A;AD9  35? JGKKJI=>

‘FFBE 6A;AD9  E {FFBE 6A; AD9

‘FFBE 6A; AD9 ‘FFBE 6A; AD9

FFBE 6A;AD9  <35G FFBE 6A;AD9  <<3?E

:FFBE 6A; AD9 35? :FFBE 6A; AD9 <B?D

:FFBE 6A; AD9 :FFBE 6A; AD9 352

:FFBE 6A; AD9 35GB?76 :FFBE 6A; AD9 <<37E

‘FFBE 6A;AD9 35GB?76 {FFBE 6A; AD9

‘FFBE 6A;AD9 372 FFBE 6A;AD9  <<3?E

‘FFBE 6A;AD9  3;? 'FFBE 6A;AD9  B983D

FFBE 6A;AD9 ;<537 FFBE 6A;AD9  B?B@J

:FFBE 6A; AD9 ?76,5,@7E :FFBE 6A; AD9 ;<53?

:FFBE 6A; AD9 5:;>6D7@ :FFBE 6A; AD9 <<3?E

‘FFBE 6A; AD9 FFBE 6A;AD9  <35G

FFBE 6A;AD9  <<4?F FFBE 6A;AD9  ED7B

‘FFBE 6A;AD9  35G FFBE 6A;AD9  35G

‘FFBE 6A;AD9  <<4?F FFBE 6A;AD9  <5H7C

:FFBE 6A; AD9 <<?BF :FFBE 6A; AD9 %

:FFBE 6A; AD9 <7JB>AD7 :FFBE 6A; AD9 <D4?A


https://doi.org/10.1007/s42212-018-0037-8
https://doi.org/10.1007/s42212-018-0037-8
https://doi.org/10.1088/1742-6596/1073/6/062049
https://doi.org/10.1088/1742-6596/1073/6/062049
https://doi.org/10.1016/j.acu.2018.02.001
https://doi.org/10.1016/j.acu.2018.02.001
https://doi.org/10.1089/acm.2017.0366
https://doi.org/10.1089/acm.2017.0366
https://doi.org/10.1155/2018/4960978
https://doi.org/10.1155/2018/4960978
https://doi.org/10.1136/acupmed-2015-010847
https://doi.org/10.1136/acupmed-2015-010847
https://doi.org/10.1136/acupmed-2012-010223
https://doi.org/10.1136/acupmed-2012-010223
https://doi.org/10.1136/aim.2010.002485
https://doi.org/10.1136/aim.2010.002485
https://doi.org/10.1136/aim.26.2.86
https://doi.org/10.1136/aim.26.2.86
https://doi.org/10.15406/ijcam.2018.11.00363
https://doi.org/10.15406/ijcam.2018.11.00363
https://doi.org/10.3390/medicines5030063
https://doi.org/10.3390/medicines5030063
https://doi.org/10.3390/children5060074
https://doi.org/10.3390/children5060074
https://doi.org/10.1201/9781315120652
https://doi.org/10.1201/9781315120652
https://doi.org/10.1016/j.jbmt.2016.05.010
https://doi.org/10.1016/j.jbmt.2016.05.010
https://doi.org/10.1089/acu.2016.1210
https://doi.org/10.1089/acu.2016.1210
https://doi.org/10.1016/j.jbmt.2017.10.013
https://doi.org/10.1016/j.jbmt.2017.10.013
https://doi.org/10.1016/j.jmpt.2016.10.011
https://doi.org/10.1016/j.jmpt.2016.10.011
https://doi.org/10.1016/j.explore.2017.03.007
https://doi.org/10.1016/j.explore.2017.03.007
https://doi.org/10.1089/acm.2018.0073
https://doi.org/10.1089/acm.2018.0073
https://doi.org/10.1007/s42212-018-0037-8
https://doi.org/10.1007/s42212-018-0037-8
https://doi.org/10.1088/1742-6596/1073/6/062049
https://doi.org/10.1088/1742-6596/1073/6/062049
https://doi.org/10.1016/j.acu.2018.02.001
https://doi.org/10.1016/j.acu.2018.02.001
https://doi.org/10.1089/acm.2017.0366
https://doi.org/10.1089/acm.2017.0366
https://doi.org/10.1155/2018/4960978
https://doi.org/10.1155/2018/4960978
https://doi.org/10.1136/acupmed-2015-010847
https://doi.org/10.1136/acupmed-2015-010847
https://doi.org/10.1136/acupmed-2012-010223
https://doi.org/10.1136/acupmed-2012-010223
https://doi.org/10.1136/aim.2010.002485
https://doi.org/10.1136/aim.2010.002485
https://doi.org/10.1136/aim.26.2.86
https://doi.org/10.1136/aim.26.2.86
https://doi.org/10.15406/ijcam.2018.11.00363
https://doi.org/10.15406/ijcam.2018.11.00363
https://doi.org/10.3390/medicines5030063
https://doi.org/10.3390/medicines5030063
https://doi.org/10.3390/children5060074
https://doi.org/10.3390/children5060074
https://doi.org/10.1201/9781315120652
https://doi.org/10.1201/9781315120652
https://doi.org/10.1016/j.jbmt.2016.05.010
https://doi.org/10.1016/j.jbmt.2016.05.010
https://doi.org/10.1089/acu.2016.1210
https://doi.org/10.1089/acu.2016.1210
https://doi.org/10.1016/j.jbmt.2017.10.013
https://doi.org/10.1016/j.jbmt.2017.10.013
https://doi.org/10.1016/j.jmpt.2016.10.011
https://doi.org/10.1016/j.jmpt.2016.10.011
https://doi.org/10.1016/j.explore.2017.03.007
https://doi.org/10.1016/j.explore.2017.03.007
https://doi.org/10.1155/2017/2813437
https://doi.org/10.1155/2017/2813437
https://doi.org/10.1063/1.4991499
https://doi.org/10.1063/1.4991499
https://doi.org/10.1016/j.jams.2017.10.004
https://doi.org/10.1016/j.jams.2017.10.004
https://doi.org/10.1016/j.pmr.2016.12.011
https://doi.org/10.1016/j.pmr.2016.12.011
https://doi.org/10.1089/acm.2017.0028
https://doi.org/10.1089/acm.2017.0028
https://doi.org/10.1016/j.jams.2017.01.006
https://doi.org/10.1016/j.jams.2017.01.006
https://doi.org/10.1155/2017/2953278
https://doi.org/10.1155/2017/2953278
https://doi.org/10.1016/j.jams.2017.08.006
https://doi.org/10.1016/j.jams.2017.08.006
https://doi.org/10.3310/pgfar05030
https://doi.org/10.3310/pgfar05030
https://doi.org/10.1093/pm/pnx134
https://doi.org/10.1093/pm/pnx134
https://doi.org/10.15406/ijcam.2017.07.00233
https://doi.org/10.15406/ijcam.2017.07.00233
https://doi.org/10.1016/j.jams.2016.06.004
https://doi.org/10.1016/j.jams.2016.06.004
https://doi.org/10.1016/j.acu.2016.01.002
https://doi.org/10.1016/j.acu.2016.01.002
https://doi.org/10.1038/srep19714
https://doi.org/10.1038/srep19714
https://doi.org/10.1089/acu.2016.1168
https://doi.org/10.1089/acu.2016.1168
https://doi.org/10.1016/j.cveq.2015.12.004
https://doi.org/10.1016/j.cveq.2015.12.004
https://doi.org/10.1097/MD.0000000000002901
https://doi.org/10.1097/MD.0000000000002901
https://doi.org/10.1016/j.rbmo.2016.02.006
https://doi.org/10.1016/j.rbmo.2016.02.006
https://doi.org/10.1155/2017/2813437
https://doi.org/10.1155/2017/2813437
https://doi.org/10.1063/1.4991499
https://doi.org/10.1063/1.4991499
https://doi.org/10.1016/j.jams.2017.10.004
https://doi.org/10.1016/j.jams.2017.10.004
https://doi.org/10.1016/j.pmr.2016.12.011
https://doi.org/10.1016/j.pmr.2016.12.011
https://doi.org/10.1089/acm.2017.0028
https://doi.org/10.1089/acm.2017.0028
https://doi.org/10.1016/j.jams.2017.01.006
https://doi.org/10.1016/j.jams.2017.01.006
https://doi.org/10.1155/2017/2953278
https://doi.org/10.1155/2017/2953278
https://doi.org/10.1016/j.jams.2017.08.006
https://doi.org/10.1016/j.jams.2017.08.006
https://doi.org/10.3310/pgfar05030
https://doi.org/10.3310/pgfar05030
https://doi.org/10.1093/pm/pnx134
https://doi.org/10.1093/pm/pnx134
https://doi.org/10.15406/ijcam.2017.07.00233
https://doi.org/10.15406/ijcam.2017.07.00233
https://doi.org/10.1016/j.jams.2016.06.004
https://doi.org/10.1016/j.jams.2016.06.004
https://doi.org/10.1016/j.acu.2016.01.002
https://doi.org/10.1016/j.acu.2016.01.002
https://doi.org/10.1038/srep19714
https://doi.org/10.1038/srep19714
https://doi.org/10.1089/acu.2016.1168
https://doi.org/10.1089/acu.2016.1168
https://doi.org/10.1016/j.cveq.2015.12.004
https://doi.org/10.1016/j.cveq.2015.12.004
https://doi.org/10.1097/MD.0000000000002901
https://doi.org/10.1097/MD.0000000000002901
https://doi.org/10.1016/j.rbmo.2016.02.006
https://doi.org/10.1016/j.rbmo.2016.02.006

(/1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

JGKKJ=>

.MROFF= #9FK=J MR9FF= #9FK=J #GDAKLA; #=9DAF? $FL=?J9LAN= #=9DL@ L@JGM?@
(MKA; /@=J9HQ JGKKJ=> (A;@=D= "9DD9EAFA "AGN9FFA F?=DG "9:JA=D= =DDGFA AGDAL= +9L=FL=< 0DLJ9

‘GO '=N=D '9K=J/@=J9HQ =NA;= >GJ /J=9LAF? (MK;MDGKC=D=L9D +9AF 9F< KKG;A9L=<
'OMJI=FL (AK=JQ ;MHMF;LMJ= +JMJALMK $EH9AJE=FLK  %GMJFOD G> ;MHMF,LMJ= O9F< (=JA<A9F .LM<A=K
JGKKJ=> B BO9EK JGKKJI=>
%AF? &= "MG (AF? (AF? 3M (=A!=F? 5@=F? .@M/9G 'AM %A9F 2M 5@GCGM 'ASAER @A9F? 2@9L AK L@= +GAFL G> ;MHMF,LMJ= (=<A;9D ;MHMF;LMJ=
&= /A9F 9G @=F +AF?!9F -9G /GHA;9D HHDA9LAGF G>// .MH=JGPA<= AKEB|MK= JGKKJ=>
AF ;MHGAFLK '$ GF DD=J?A; -@AFALAK NA<=F;= 9K=< GEHD=E=FL9JQ 9F<
DL=JFILAN= (=<A;AF= JGKKJ=> -A,@9)< ! #G::K ;MHMF;LMJ=s AGH@QKA;K GJ (FL9H@QKAK (=<A;9D ;MHMF;LMJ=

9M JGKKJI=>

%9E=K" *K;@E9F ;MHMF;LMJ= ;MHJ=KKMJ= .@A9LKM 9F<-=DI9L=</@=J9HA=K F=J?Q
(=<AAF= JGKKJ=> DA &@GJIKIF< %AIF? 5@M #IEA<I=R9 9@J9EA /9?@9FICA .9J9 9?@9FA 'A9F?PA9G

(9 .@AE9 -=R9=A $FN=KLA?9LAGF G> L@= =D=;LJA;9D AEH=<9F;= G> 9;MHMF;LMJ= HGAFLK ¢
(GLLA -9LE9FKCQ <A'=NQ NAN (=KKAF?=J DD9 AJ? 'AD9;@ !JGFL $MDQ /JFGHF I@HMF;LMI= HGAFLK :=>GJ= 9F< 9>L=J 9;MHMF;LMJ= MKAF? 9 >GMJ =D=;LJG<= <=NA

>>=;LK G> ;MHMF;LMJ= GF =J=:J9D DGG< !IDGO AF +GKL .LJGC= +9LA=FLK -9f@dRRMI= AF (=<AAF= 9;MHE=<
GFLJGDD=< /JA9D /@= %GMJIFID G> DL=JFILAN= 9F< GEHD=E=FL9JQ (=<A2EGKKJI=>
9E JGKKJ=>

19F?'A /AOF #= ,AOF 3M 'AJ/AF? 'AF #MA'A 49F 'AM "M9F?J3A9 .@A MRIS@A
(9JRAG 19FRAFA (A;@=D= "ODD9EAFA E:DQGHA9 9F '9K=] ;MHMFLMJ=ART 9BOL AK L@= MHGAFL HJ=DAEAF9JQ J=NA=O G> MHGAFLK +OAF (=<A:AF=
*HLAGF %GMJF9D G> ;MHMF;LMJ= OF< (=JA<ASF .LM<A=K B BOEK HE= 2AD=0 *FDAE= 'A:19JQ
JGKKJI=>

.GF? 4A &AE .9F? 2GG &AE #A %GGF +9JC A>>=J=FL -=KHGFK=K LG ;MHMF;LMJ= AF
G ( -GO9Fe % JQO9F APGF GEHD=E=FLIJQ (=<A;AF= +J9;LA;=K >GJ (MK;MRYJIG=F;=H@9IDG?J9E 9;;GI<AF? LG .LJ=KK '=N=D -9F<GEAR=< +D9;=:G GFLJGDD=<

$FBMJA=K G> L@= +GKL=JAGJ '=? (MK;MD9J $FBMJA=K AF L@= +GKL=JAG)K=R=J /JAID &GJ=9F %GMJIFID G> :MHMF:LMJ= oM
JGKKJI=> JGKKJ=>
#QMF.MC %9F? %GG@O9F 4GGF #QMF%A "AD .@9JGF %AQGGF %MF? (AF#M&A%@/M\F MHGAFLK $FALAIL= L@= #=9DAF? +JG;=KK (=<A;9D ;MHMF;LMJ=
&QM '== 4GMF? %9= &AE &O9F? MH .G@ *K=INILAGF G> 9 DGOAF? M;lg-ff L IGKKJI=>
<GE/—\F9D 29DD :Q OKAF? )9FGH9JLA;D=K +*. *) BGMJF9D HGF=
= JGKKJI=> " AF? 5 2M 5@9F? 5 9 & @=F? AGH@QKA;9D 9K=K G> ;MHMF;,LMJ=

GEHJ=@=FKAN= AGE=<A;9D +@QKA;K
-A@9J< @9 =L=LAF? $FLIAFKA; (GN=E=FLK L@JGM?@ )==<D= /AHK +AFF=< 9L 5MKRRDA>
J  +GAFL 9 )=0 (sL@G< >GJ @9J9;L=JARAF? .LIM;LMJ=K >GJ ;MHMF,LMJ=

N=9LE=FLK $FL=JFOLAGFOD %GMJFID G> GEHD=E=FL9JQ DL:JF9LA'\WS§FW'AF 4AF HAF? 29F? #9G Q9F? 'M 3AM ;9A "MG 3A9 'AM @MOF :AF 2M

AB;9E JGKKJ=> 4M= @GF? 3M +D9KE9 H@9JE9;GCAF=LA;K 9F< DMF? <AKLJA:MLAGF G> L=LJ9@Q<JGH9IDEY
9>L=J LGHA;9D 9HHDA;9LAGF G> ;GD< 9KL@E9 J=;AH= =PLJ9;L !=AK@M ' N=JKMK )GF
OH@9=D % #G,@KLJ9KK=J + @JIAKLA9F F<D=J .9:AF= &D=AF +=J=Aéf §5WIHGAFL %GMJIFID G> L@FGH@9JE9;GDG?Q B B=H

/@=J9H=MLA; A 9 )GFE=;@9FA;9D )GFHKQ;@GDG?A;9D 19;LGJ AF MHMFLMJ= /@9L  jGKKJ=>
*JA?AFIL=K >JGE L@= /@=J9HAKL %GMJIFID G> ;MHMF;LMJ= 9F< (=JA<A9F .LM<A=K
B B9EK JGKKJ=> 4AM (AF? 2GF? D=,LJA;9D +JGH=JLQ G> ;MHGAFLK /@= %GMJFOD G> DL=JF9LAN= 9F<
GEHD=E=FL9JQ (=<A;AF= 9E JGKKJ=>
9JD9 .L=;;G 29JJ=F #9EE=) F<JQ 1D==EAF? -9>>9=D= = 9JG I9K;A9= G> L@=
OHH=J 'AE: IMFLAGF9D LDO9K G> L@= #MEOF !9K;A9D .QKL=E )9<A9 DAK9:=L@ #9<<9< *P9F9 +9D=K@ ;MHMF;LMJ= AF L@= /J=9LE=FL G> 9F;=J
JGKKJI=> -=D9L=< +KQ;@GDG?A;9D .QEHLGEK $FL=?J9LAN= 9F;=]J /@=J9HA=K
JGKKJ=>
.@M (AF? 29F? ;MHMF;LMJ= 9K 9 /J=9LE=FL >GJ .M:KL9F;= :MK= AF +=<A9LJA;
+OLA=FLK .M:KLOF;= :MK= JGKKI=> .GG Q=GF? &AE &QMF?4MD @MF? (A .=GF %=GF /9= (AF .@AF 4GF? #=ME '==
G<Q GEHGKALAGF !9;LGJ GEH9JAKGFK G> L@= $FLJ9;=DDMD9J IDMA< $2 PLJ9;=DDMD9J
(FA'AF? 2M  GF? .@=F? 3M 29F5@M 9A %AF? %AF? MA #GF? (AF? .@QM 25f1A< 2 9F< =DD (=E:J9F= 9L ;MHMF;LMJ= +GAFLK 9F< )GF ;MHMF;LMJ= +GAFLK
#= 3A9G 4AM 29F? #GF? .@A 49F? .@M9A .M 'AF? #M AF? 5@M 3A9F? #GF? %ABP<M:AF? (MDLAHD= $GFA; @9F?=K &GJ=9F %GMJIFID G> ;MHMF;,LMJ=

'G;9D ;MLOF=GMK F=JN= L=JEAF9D 9F< E9KL ;=DD J=KHGFK=K LG E9FM9D §MHMF;[MJ= AF JGKKI=>
9MHGAFL '$ 9J=9 G> L@= JILK %GMJIFID G> @=EA;9D )=MJIGOFILGEQ -
B B;@=EF=M JGKKJI=> (9IL@9 'ADAYF9 =DLIWF (GDIFG '9MJ9 A:A9F9 +AFADD9 GFADD9 <M9J<G #ME:=JLG

=DLJWF MKK9F 9JDGK D:=JLG 1WKIM=R 'GF<G'G FILGEG IMF,LAGFOD GJJ=DILAGF
(9JC % (;GF9D< 2ADD L@= +JAEG 19K;MD9J .QKL=E !AFODDQ .GDN= L@= {QW=HuS5x 5GF=K 9F< ;MHMF;LMJ= @9FF=DK 9F< +GAFLK GEH9J9LAN= FODQKAK
MHMF;LMJ= (=<A;9D ;MHMF;LMJ= 9M >JGE L@= +=JKH=LAN= G> )=MJ9D /@=J9HQ NA<=F;= 9K=< GEHD=E=FL9JQ 9F<
JGKKJ=> DL=JFILAN= (=<A;AF= JGKKJ=>

2=A G 5@9F? "MIF? %MF 29F? &B=DD IMP= DOKKA; 9F< (G<=JF (=JA<AF .LMWgiK# &OGF? /@GEIK 2 IAF<D=Q !9K;A9r MJJ=FL CFGOD=<?= 9F< >MLMJ= <AJ=;LAGFK

-=NA=0 G>'GO #Q<JIMDA; -=KAKLIF;= @9FF=DK 9DGF? (=JA<A9FK 9F</@=AJ 'RB‘"H@@RR@.JJQ )9JJ9LAN= J=NA=O %GMJIFID G> -=@9:ADALILAGF -=K=9J;@ 9F< =N=DGHE
I@=J9H=MLA; >>=LK AF /J9<ALAGFID @AF=K= (=<A;AF= NA<=F;= 9K=< GEHD=ExfL9JQ JGKKI=>

9F< DL=JFOLAN= (=<A;AF= JGKKJI=>
&OGCEAF? %9E=K @=F? )=MJG:AGDG?A;9D (=;@9FAKEK G> ;MHMF;LMJ= >GJ .GE=
3AIIAM 2M %AF +=F? "MGIAF 'A 2=A 5@9F? "MOF?PA9 'AM 9GQOF 'AM >X{E%QF $DDF=KK=K DAFA;A9F K +=JKH=,LAN= %GMJIFID G> ;MHMF;LMJ= 9F< (=JA<A9F

=N9IDMILAGF G> KMEE=J 9;MHGAFL 9HHDA;9LAGF LJ=9LE=FL GF 9KL@E9 HOifrFik 9 LOG 859 JGKKJ=>
>GDDGOMH ;DAFA9D KLM<Q %GMJFOD G> /J9<ALAGFID @AF=K= (=<A;AF=
. JGKKI=> %AF? 2=F 49F? ,AQF A9F 'A 19F?'A ,AF?)9F IM 3A9F? #GF? 5=F? MF 5@A'AM
/@= #GDAKLA; >>=;LK G> ;MHMF;LMJ= /J=9LE=FL NA<=F;= 9K=< GEHD=E=FL9JQ 9F<

2GF (G %MF? /9=@QMF? '== $F =GF '== .9F?@QMF &AE #QMF;@MD %9F? .GJr24fo| AN= (=<A;AF= JGKKJI=>

&AE #A %GGF +9JC 4GMF:QGMF? @9= .HILA9D +9LL=JFK G> L@= $F<A;9LAGFK G> ;MHGAFLK -

OKAF? 9L9 (AFAF? AF DI9KKA; (=<A;9D /=PL +GKKA:D= 1AKM9DARILAGF G>.@A=4E@\~2MFZ:A #KAF @=F @AF?'A9F? #KA=@ 4A 2=F 'AF :MF<9FL =PHJ=KKAGF

QKL=E NA<=F;= 9K=< GEHD=E=FL9JQ 9F< DL=JFOLAN= (=<A;AF= 9F< >MF;LAGFID HOJLA;AHILAGE G> /-+1 9L 5MK9FDA 9;MHGAFL ./ AF EA:=
JGKKJI=> E @9FGK=FKALAN= /-+1 9K OF t9;MHMF,LMJ=J=KHGF<AF? ;@9FF=Du (

EHD=E= FL9JQ 9F< DL=JFILAN= (=<A;AF=
&09F? .MH .G@ #QHGL@=KAK GF L@= /J=9LE=FL G> "DAGE9K OAL@ MHME@M@'—

+JAEG )G<= GJJ=KHGF<AF? LG 5MK9FDA ./ (=<A;9D ;MHMF;LMJ=

oM JGKKJI=> (GJJQ AD:=JKL=AF $K 9;MHMF;LMJ= tKLAEMD9LAGFuU 9 EAKFGE=J ;9K=>GJ MKAF? L@= L=JE

DG;C9<=u ( GEHD=E=FL9JQ 9F< DL=JF9LAN= (=<A;AF=
(93;G"=EE9 DAKO9)A;=DDA 'MA?A"AGA9 D=F9 (GARG 'MA?A =J=LL9 (9JA9 GK9 9DNA JGKKJI=>

;MHMF;LMJ= 9;;=D=J9L=K J=;GN=JQ 9>L=J ?=F=J9D 9F=KL@=KA9 9 HIGKH=;LAN= J9F<GEAR=<

;GFLJGDD:< LJA9D %GMJIFID G> $FL=?J9LAN= (=<A;AF= . :FFBE 6A; AD9 +
'FFBE 6A; AD9 :FFBE 6A;AD9  <<3%E
‘FFBE 6A; AD9 :FFBE 6A;AD9  35G
:FFBE 6A; AD9 :FFBE 6A;AD9  35G
:FFBE 6A; AD9 :FFBE 6A;AD9  35GB?76
FFBE 6A;AD9 357 :FFBE A@>;@7>HEBEHA? 6A; B?7
FFBE 6A;AD9  <<3%E :FFBE 6A; AD9 35G
‘FFBE 6A; AD9 'FFBE 6A;AD9  35G
‘FFBE 6A;AD9  <AGD@3>BA@7 :FFBE 6A; AD9

‘FFBE 6A; AD9 ;<5372 :FFBE 6A;AD9  <<7B
‘FFBE 6A;AD9  <<3?E :FFBE 6A;AD9  35?
:FFBE 6A; AD9 :FFBE 6A; AD9

‘FFBE 6A; AD9 :FFBE 6A; AD9 35G
FFBE 6A;AD9  <<5:7?@7G :FFBE 6A; AD9

'FFBE 6A;AD9  35G FFBE 6A;AD9 "
:FFBE 6A; AD9 :FFBE 6A;AD9  <<3?E
FFBE 6A;AD9  + :FFBE 6A; AD9

:FFBE 6A; AD9 :FFBE 6A; AD9

:FFBE 6A; AD9 35G :FFBE 6A; AD9


https://doi.org/10.1057/978-1-137-38477-5
https://doi.org/10.1057/978-1-137-38477-5
https://doi.org/10.1007/978-3-319-33142-3
https://doi.org/10.1007/978-3-319-33142-3
https://doi.org/10.1155/2016/3830273
https://doi.org/10.1155/2016/3830273
https://doi.org/10.1016/B978-0-443-06729-7.00014-4
https://doi.org/10.1016/B978-0-443-06729-7.00014-4
https://doi.org/10.1089/acm.2015.0066
https://doi.org/10.1089/acm.2015.0066
https://doi.org/10.1016/j.jams.2016.01.017
https://doi.org/10.1016/j.jams.2016.01.017
https://doi.org/10.1007/978-1-4899-7651-2
https://doi.org/10.1007/978-1-4899-7651-2
https://doi.org/10.1371/journal.pone.0150423
https://doi.org/10.1371/journal.pone.0150423
https://doi.org/10.15406/ijcam.2016.03.00100
https://doi.org/10.15406/ijcam.2016.03.00100
https://doi.org/10.1016/j.jams.2014.11.009
https://doi.org/10.1016/j.jams.2014.11.009
https://doi.org/10.1016/B978-0-7020-4430-4.00007-5
https://doi.org/10.1016/B978-0-7020-4430-4.00007-5
https://doi.org/10.1007/978-1-4939-1951-2
https://doi.org/10.1007/978-1-4939-1951-2
https://doi.org/10.1016/j.jchemneu.2015.06.002
https://doi.org/10.1016/j.jchemneu.2015.06.002
https://doi.org/10.1089/acu.2014.1075
https://doi.org/10.1089/acu.2014.1075
https://doi.org/10.1155/2015/410979
https://doi.org/10.1155/2015/410979
https://doi.org/10.1016/S0254-6272(15)30004-2
https://doi.org/10.1016/S0254-6272(15)30004-2
https://doi.org/10.1155/2015/457071
https://doi.org/10.1155/2015/457071
https://doi.org/10.1089/acu.2014.1089
https://doi.org/10.1089/acu.2014.1089
https://doi.org/10.1057/978-1-137-38477-5
https://doi.org/10.1057/978-1-137-38477-5
https://doi.org/10.1007/978-3-319-33142-3
https://doi.org/10.1007/978-3-319-33142-3
https://doi.org/10.1155/2016/3830273
https://doi.org/10.1155/2016/3830273
https://doi.org/10.1016/B978-0-443-06729-7.00014-4
https://doi.org/10.1016/B978-0-443-06729-7.00014-4
https://doi.org/10.1089/acm.2015.0066
https://doi.org/10.1089/acm.2015.0066
https://doi.org/10.1016/j.jams.2016.01.017
https://doi.org/10.1016/j.jams.2016.01.017
https://doi.org/10.1007/978-1-4899-7651-2
https://doi.org/10.1007/978-1-4899-7651-2
https://doi.org/10.1371/journal.pone.0150423
https://doi.org/10.1371/journal.pone.0150423
https://doi.org/10.15406/ijcam.2016.03.00100
https://doi.org/10.15406/ijcam.2016.03.00100
https://doi.org/10.1016/j.jams.2014.11.009
https://doi.org/10.1016/j.jams.2014.11.009
https://doi.org/10.1016/B978-0-7020-4430-4.00007-5
https://doi.org/10.1016/B978-0-7020-4430-4.00007-5
https://doi.org/10.1007/978-1-4939-1951-2
https://doi.org/10.1007/978-1-4939-1951-2
https://doi.org/10.1016/j.jchemneu.2015.06.002
https://doi.org/10.1016/j.jchemneu.2015.06.002
https://doi.org/10.1089/acu.2014.1075
https://doi.org/10.1089/acu.2014.1075
https://doi.org/10.1155/2015/410979
https://doi.org/10.1155/2015/410979
https://doi.org/10.1016/S0254-6272(15)30004-2
https://doi.org/10.1016/S0254-6272(15)30004-2
https://doi.org/10.1155/2015/457071
https://doi.org/10.1155/2015/457071
https://doi.org/10.1089/acu.2014.1089
https://doi.org/10.1089/acu.2014.1089
https://doi.org/10.1016/S2095-4964(15)60159-5
https://doi.org/10.1016/S2095-4964(15)60159-5
https://doi.org/10.1016/j.jams.2015.02.001
https://doi.org/10.1016/j.jams.2015.02.001
https://doi.org/10.1089/acu.2015.1093
https://doi.org/10.1089/acu.2015.1093
https://doi.org/10.1089/acu.2015.1097
https://doi.org/10.1089/acu.2015.1097
https://doi.org/10.1136/acupmed-2014-010697
https://doi.org/10.1136/acupmed-2014-010697
https://onlinelibrary.wiley.com/doi/10.1111/pme.12761
https://onlinelibrary.wiley.com/doi/10.1111/pme.12761
https://doi.org/10.14406/acu.2014.022
https://doi.org/10.14406/acu.2014.022
https://doi.org/10.1089/acu.2014.1057
https://doi.org/10.1089/acu.2014.1057
https://doi.org/10.1016/B978-0-444-53632-7.01018-2
https://doi.org/10.1016/B978-0-444-53632-7.01018-2
https://doi.org/10.1016/j.jep.2014.03.009
https://doi.org/10.1016/j.jep.2014.03.009
https://doi.org/10.1089/acm.2013.0169
https://doi.org/10.1089/acm.2013.0169
https://doi.org/10.1177/1534735413520181
https://doi.org/10.1177/1534735413520181
https://doi.org/10.14406/acu.2014.005
https://doi.org/10.14406/acu.2014.005
https://doi.org/10.1155/2014/836392
https://doi.org/10.1155/2014/836392
https://doi.org/10.1682/JRRD.2013.10.0220
https://doi.org/10.1682/JRRD.2013.10.0220
https://doi.org/10.1016/j.jams.2013.07.008
https://doi.org/10.1016/j.jams.2013.07.008
https://doi.org/10.1155/2014/739708
https://doi.org/10.1155/2014/739708
https://doi.org/10.1186/1472-6882-14-96
https://doi.org/10.1186/1472-6882-14-96
https://doi.org/10.1186/1472-6882-13-68
https://doi.org/10.1186/1472-6882-13-68
https://doi.org/10.1016/S2095-4964(15)60159-5
https://doi.org/10.1016/S2095-4964(15)60159-5
https://doi.org/10.1016/j.jams.2015.02.001
https://doi.org/10.1016/j.jams.2015.02.001
https://doi.org/10.1089/acu.2015.1093
https://doi.org/10.1089/acu.2015.1093
https://doi.org/10.1089/acu.2015.1097
https://doi.org/10.1089/acu.2015.1097
https://doi.org/10.1136/acupmed-2014-010697
https://doi.org/10.1136/acupmed-2014-010697
https://onlinelibrary.wiley.com/doi/10.1111/pme.12761
https://onlinelibrary.wiley.com/doi/10.1111/pme.12761
https://doi.org/10.14406/acu.2014.022
https://doi.org/10.14406/acu.2014.022
https://doi.org/10.1089/acu.2014.1057
https://doi.org/10.1089/acu.2014.1057
https://doi.org/10.1016/B978-0-444-53632-7.01018-2
https://doi.org/10.1016/B978-0-444-53632-7.01018-2
https://doi.org/10.1016/j.jep.2014.03.009
https://doi.org/10.1016/j.jep.2014.03.009
https://doi.org/10.1089/acm.2013.0169
https://doi.org/10.1089/acm.2013.0169
https://doi.org/10.1177/1534735413520181
https://doi.org/10.1177/1534735413520181
https://doi.org/10.14406/acu.2014.005
https://doi.org/10.14406/acu.2014.005
https://doi.org/10.1155/2014/836392
https://doi.org/10.1155/2014/836392
https://doi.org/10.1682/JRRD.2013.10.0220
https://doi.org/10.1682/JRRD.2013.10.0220
https://doi.org/10.1016/j.jams.2013.07.008
https://doi.org/10.1016/j.jams.2013.07.008
https://doi.org/10.1155/2014/739708
https://doi.org/10.1155/2014/739708
https://doi.org/10.1186/1472-6882-14-96
https://doi.org/10.1186/1472-6882-14-96
https://doi.org/10.1186/1472-6882-13-68
https://doi.org/10.1186/1472-6882-13-68

(1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

$F .=GF '== .GGF #G '== .GF? 4A &AE #Q=BMF? '== #A %GGF +9JC 4GMF:QGMF?
@9= 1AKMIDARILAGF G> L@= (=JA<A9F .QKL=E 9K=< GF AGE=<A;9D $F>GSEUSCHF D&M .MF? /9= &GG %9= #QG &AE &QMF?=@ F &QMF?KGGF @MF? %AF
MHMF;LMJ= /J=9LE=FL NA<=F;= 9K=< GEHD=E=FL9JQ 9F< DL=JFILAN= (=¢@;ABMF? D=;LIJG9;MHMF;LMJ= 9F9D?=KA9 AF J9L 9FCD= KHJ9AF H9AF EG<=D F=MJ9D

JGKKJ=> E=@9FAKEK )=MJGDG?A;9D -=K=9J,@ 3 KMH
JGKKJ=>
#=D=F= ('9F?=NAF +9JL [JA??=] +GAFL JQ )==<DAF?
JGKKJ=> @9F?.@AC 4AF QMF?&09F .=G #A %GGF +9JC (AJ9F @G 2GG.9F? %MF? -QGOGF
@GM=  @9F?#09F &AE #MF&MC +9JC #Q=BMF? '== #Q=GF?"QMF &G@
QMF? @=GF '== 29DL=J % C=JK 3A9F?@GF? %AF? ( $K9:=D (A?M=D +=J=R M@#@EMI= 9 HIGEAKAF? 9<BMF;LAN= L@=J9HQ >GJ =KK=FLA9D @QH=JL=FKAGF 9 <GM:D=
-QM  +JAEG 19K;MD9J .QKL=E +9KL +J=K=FL 9F< IMLMJ=  NA<=F;;DAR<<JIF<GEAR=< ;GFLJGDD=<LJA9D )=MJGDG?A;9D -=K=9J;,@ 3
GEHD=E=FL9JQ 9F< DL=JFILAN= (=<A;AF= KMH JGKKJI=>

JGKKJ=>
"9JQ =F? 9JJA= 9KKAD=L@ GEHD=E=FL9JQ GJ 9DL=JFILAN= E=<A;AF= AF ;9F;=]
F<J=0 9FF9F ;MHMF,LMJ= AF H@QKAGL@=J9HQ /A<QK +@QKAGL@=JBHESEQL@K 9F< J=9DALA=K )9LMJ= -=NA=OK DAFA;9D *F,GDG?Q
JGKKJ=> FJ,DAFGF, JGKKJ=>

$E ,MI9@ .EAL@ 9JGDAF=.EAL@ %G@F J90>GJ< %9FA;=-MKK=DD '9K=J 9NBEAK LMI@EIF 19K;A9 9K 9 :G<Q OA<=;GEEMFA;9LAGF KQKL=E !9K;A9 /@=/=FKAGF9D
>GJ <=HJ=KKAGF J9F<GEAK=< <GM:D= :DAF< ;GFLJGDD=< LJA9D MKAF? DSOOSRIC-EALQ@-DIMEDF G<Q
AFL=IJN=FLAGF %GMJFOD G> >>=LAN= AKGJ<=JK B B9< JGKKJ=>
JGKKJ=>
9NA< I=AFKL=AF ;MHGAFL .LAEMDIOLAGF AF /J=9LAF? +KQ;@GDG?A;9D AKGJ<=JK NA<=F;=
2ADD @=F @=F %=A/9A @=MC .AF? @GQ @9M 4MF #KM .@G=A'GGF? 'AB>2AFR;9;Q -=NA=0 G> "=F=J9D +KQ;@GDG?Q 9
+ @9F #9F .MF @A9F? @9F? F @=F /AF? &9A '=MF? 29N=$F<M;=< IDGO AFGKKJ=>
(=JA<A9FK =EGFKLJ9L=< 0KAF? +@GLGDMEAF=K;=FL AG;=J9EA; (9L=JA9D GF ;MHMF;LMJ=

+GAFLK  NA<=F;= 9K=< GEHD=E=FL9JQ 9F< DL=JFILAN= (=<A;AF= %MF % (9G (9DAFA ( &@9FF9 $FL=?J9LAF? ;MHMF;LMJ= OAL@ 2=KL=JF (=<A;AF= AF
JGKKJ=> 9F;=J /J=9LE=FL ;MHMF;LMJ= 9F< (GPA:MKLAGF 9K 9F NA<=F;=:9K=< /@=J9HQ >GJ
9F;=J 8 JGKKJ=>

-OH@9=D % #G;@KLI9KK=J + @JIAKLA9F F<D=J .9:AF= &D=AF $FLIG<M;LAGF G> LOG
FGN=D <=NA;=K >GJ AFN=KLA?9LAF? L@= AF>DM=F;= G> FGF E=;@9FA;9D ;GEAGEF@BEKMIACI® %NG@FKGF @9J9;L=JARILAGF G> +9AF>MD 9F< )GF H9AF>MD
L@=J9H=MLA; IA AF 9;MHMF,LMJ= %GMJFOD G> $FL=?J9LAN= (=<A;ARHMF;LMJ= )==<D= .=FK9LAGFK MJAF? A<AJ=LAGF9D -GLILAGF G> 9 .AF?D= )==<D=
BAFL=?JE=< JGKKJ=> $FK=JL=< r EE 9L '9J?=$FL=KLAF= (=<A;9D ;MHMF;LMJ= 9M
JGKKJ=>

2 NO9F -AN=JK !=DAK= 5GDDE9F -=DA9:ADALQ G> .MJ>9;= ;MHMF;LMJ= +GAFL 'G;9LAGF
(=<A;9D ;MHMF;LMJ= oM JGKKJ=> 'A'AF? 'AF 49 #MA 29F? @A 4M '9A @9F'9G @9M "M9F @AF .M @MF 4A

49F? .@M 4AF? 'GM .RM &9A @=F &MIF #9G #KM 4=F'AF? '9A 2=A (AF? 2M
.L=>9FG (9J;=DDA "JGKK FILGEQ 9F< ;MHMF;LMJ= GEH9J9LAN= HHIGIE@OEGGF? #M9F? @A@ #KAF 'A9G #KM=@ !=F %M9F .QKL=EK AGDG?Q G> (=JA<A9FK

-=9HHJ9AK= L@= (=JA<A9F .QKL=E (=<A;9D ;MHMF;LMJ= ;M MHGAFLK 9F< @AF=K= #=J:K AF AK=9K= NA<=F;= 9K=< GEHD=E=FL9JQ 9F<
JGKKJ=> DL=JFILAN= (=<A;AF= JGKKJ=>
%IMF? "=F? 'AF +=A @A @GM #=F? 4A @M F PHDGJILAGF G> L@= )==<DARD JI&=F "M9 K@9 !9K;A9 /@= /=FKAGFID )=LOGJC G> L@= #ME9F G<Q
AF ;MHMF;LMJ= /@= .9>= )==<DAF? =HL@ 9F< L@=)==<DAF? =HL@ G> DAFA;9D >>A:9;Q3 JGKKJ=>
NA<=F;= 9K=< GEHD=E=FL9JQ 9F< DL=JFILAN= (=<A;AF=
JGKKJ=> #M?@ (9;+@=JKGF -A;@9J< #9EE=JK;@D9? ;MHMF;LMJ= 9F< L@= E=J?AF? NA<=F;=
9K= GFLJAN=< GFLIGN=JKQ 9F< -9LAGFID =:9L= %GMJIFOD G> ;MHMF,LMJ= 9F<
-4 O (1% (-4 M0 "UYP)F (FIA<A9F .LM<A=K B B9EK JGKKJI=>

GEHD=E=FL9JQ 9F< 9DL=JFILAN= L@=J9HA=K :=QGF< LJ9<ALAGFID 9HHJGY9;@=K LG
AFL=JN=FLAGF AF F=MJGDG?A;9D <AK=9K=K O9F< EGN=E=FL <AKGJ<=4KBAF=MIGDEMIOBAE %AK=GF )9@ (AF9@ .M@ 4GMF?EA '== (=9KMJ=E=FLK G>

-=@9:ADALILAGF JGKKJ=> 'G;9LAGF =H=F<=FL )ALJA; *PA<= '=N=DK GF .CAF .MJ>9;= AF J=DILAGF LG ;MHMF;LMJ=
+GAFL NA<=F;= 9K=< GEHD=E=FL9JQ 9F< DL=JF9LAN= (=<A;AF=
D=KK9F<J9 <= DE=A<9 19?MF<=K (9JA9F9 ]K9J -A:=AJG -=AK (9_J9 .9DD=K (9JA9 JGKKJ=>
"JO\9K 9KLGK 'A;MJA $EE=<A9L= >>=LK G> ;MHMF;LMJ= >GJ (9F9?AF? (QG>9K;A9D
[JA??=] +GAFL +9AF +ADGL .LM<Q (=<A;9D ;MHMF;LMJ= 9M DAK9:=L@ #KM t!==DAF? DA?@L=Ju 2@Q L@= HILA=FL K LJ=9LE=FL =N9DM9ILAGF E9LL=JK LG L@=
JGKKJ=> @=9DL@ K;A=FLAKL $FL=?J9LAN= (=<A;AF= -=K=9J;@ B AEJ
JGKKJ=>
4A 5@M9F? %AF? BAF? 3AF? %M9F ‘A 9A4MF 5=F? I9F JGF? 'A9F? #AKLGJQ G>
iMHMF;LMJ= -=K=9J;@ )=MJG:AGDG?Q G> iMHMF;LMJ= +=LJ9$ ZMED=J (A;@9=D .AE9F? .Q:ADD=&J9E=J GEAFAC $JFA;@ ;MHMF;LMJ=+GAFL
JGKKJ=> 'G;9DARILAGF 19JA=K EGF? ;MHMF;LMJAKLK !GJK;@=F<= &GEHD=E=FLZJE=<ARAF

-=K=9J,@ AF GEHD=E=FL9JQ (=<AAF=
JQ9 )A=DK=F /=< % &9HL,@MC .@9 KQF<JGE= 9F< "M9 K@9 ;9G ?AG ;GAFAFIGKBIHAF?
"M9.@9 JGKKJ=>

=DAF<9 F<=JKGF JQ9)A=DK=F A9F=(;&== FF=%=>>J=K =F &DA?D=J ;MHMF;LMJ=
JQ9 )A=DK=F /=< % &9HL;@MC +@QKAGDG?Q G> "M9 K@9 "M9 .@%F< #=9JL -9L= 19JA9:ADALQ .QKL=EK '=N=D HHJG9;@ LG 0F<=JKLIF<AF? (=;@9FAKE

JGKKJ=> 3+ /@= %GMIFID G> A=F;= 9F< #=9DAF? B =PHDGJ=
JGKKJ=>
.@AID=Q + )?9A DAi= 4( %GF=K @9F?=K AF .CAF $EH=<9F;= 9F< #=9JL -9L=
19JA9:ADALQ OAL@ HHDALAGF G> M/). LG '  1=AK@M  /@= %GNERSBQEH>29F? #GF? @A #GF?QOF .@9F? 49F?K@MIA .M %MIFBMOF 3AF 2=A #=
DL=JFILAN= 9F< GEHD=E=FLOJQ (=<A;AF= 9E 3A9F?@GF? %AF? AF? 5@M J= +JAEG 1=KK=DK +1K GF L@= .MJ>9;= G> "OKLIGAFL=KLAF=
JGKKJ=> $FNGDN=< AF -=?MDILAGF G> "9KLJA; (GLADALQ $F<M;=< :Q .LAEMDILAF? ;MHGAFLK ./
GJ 1 NA<=F:= 9K=< GEHD=E=FL9JQ 9F< DL=JFOLAN= (=<A:AF=
$K9:=DD= )"?J= (L@G<=K FGF EJ<A9E=FL=MK=K ;GEHJJ@=FKAGF 9;LM=DD= <=K JGKKJ=>
E}9FAKE=K <9;LAGF GMD=MJK NIDMOLAGF  A9?FGKLA; /[J9AL=E=FL
B <GMD=J JGKKJ=> GEAFAC $JFA@ %G@9FF=K ID=;C=FKL=AF ;MHMF;LMJ= 9K 9 >OK;A9 GJA=FL=< L@=J9HQ
I9K:A9  /@= /=FKAGF9D )=LOGJC G> L@= #MESF G<Q
"MOF?@GF? AF? AB5@9F? (=F? #MOF? 'AF9 20F? 2=A 49G IMF,LAGF G> GDD9?=F JGKKJ=>
9F< (9KL =DDK AF ;MHMF;LMJ= +GAFLK MJJ=FL -=K=9J;@ AF ;MHMF;LMJ=
JGKKJ=> QMF? @=GF '== 5@=F<GF? .M 9=;CCQGMF? MF? &A 2GG &AE %AF (QMF? @9
%AF &QM '== QMF? %GGF @9F? &O9F? MH .G@ )=LOGIC G> L@= +JAEG 19K;MD9J
MF2J#G '== "=GF J#G %9@F? $BOIF @G= @AIGF? @GA 9=J#QMF &AE .QKL=E AFL@=-9L #QHG<=JEAK /@=+JAEG 19K;MD9J .QKL=E
#OAJAGGD &AE )=MJ9D +9L@09Q $FL=J>=J=F;= :Q -=L9AF=< ;MHMF;LMJ= IMF;LAGF9D JOKKJ=>
(-$ LM<Q G> 9 G? (G<=D G> +9JCAFKGF K AK=9K= ).)=MJGK;A=

= @=I0H=M A s 4o o= 5@=F<GF? M &09F? MH .G@ #== (AF &OGF #AKLGDG?A:9D

—0 * — A
FK 2AD EDAF="AJOJQ GEH9JAKGF G> +JAEG )G<=K AF :<GEAF9D (=E:J9F= 9F< 'QEH@ )G<=K G> -9L /@=

:FFBE 6A; AD9 +JAEG 19K;MD9J .QKL=E JGKKJI=>

:FFBE 6A; AD9 :FFBE 6A; AD9 /

‘FFBE 6A; AD9 'FFBE 6A; AD9 /

‘FFBE 6A; AD9 FFBE 6A;AD9  @D5>@A@5

‘FFBE 6A;AD9  <<36 :FFBE 6A; AD9

:FFBE 6A; AD9 :FFBE 6A;AD9 3

FFBE 6A;AD9  <;@F79D?76 :FFBE 6A; AD9 2

‘FFBE 6A;AD9  35G :FFBE 6A;AD9  35G

:FFBE 6A;AD9  35G :FFBE 6A; AD9

'FFBE 6A; AD9 'FFBE 6A; AD9 /

'FFBE 6A; AD9 FFBE 6A;AD9  <<3?E

'FFBE 6A;AD9  35G 'FFBE 6A; AD9

‘FFBE 6A; AD9 :FFBE 6A;AD9  <;?D

‘FFBE 6A; AD9 :FFBE 6A; AD9

:FFBE 6A; AD9 'FFBE 6A;AD9  <7JB>AD7

‘FFBE 6A;AD9 3572 :FFBE 6A; AD9

'FFBE 6A;AD9  <6AG>7D :FFBE 6A; AD9

‘FFBE 6A; AD9 'FFBE 6A; AD9

‘FFBE A@>;@7>HDBLHA? 6A; 5@E :FFBE 6A; AD9


https://doi.org/10.1155/2013/872142
https://doi.org/10.1155/2013/872142
https://doi.org/10.1016/B978-0-7020-4601-8.10008-8
https://doi.org/10.1016/B978-0-7020-4601-8.10008-8
https://doi.org/10.1155/2013/240168
https://doi.org/10.1155/2013/240168
https://doi.org/10.1016/B978-0-7020-4344-4.00018-3
https://doi.org/10.1016/B978-0-7020-4344-4.00018-3
https://doi.org/10.1016/j.jad.2012.11.058
https://doi.org/10.1016/j.jad.2012.11.058
https://doi.org/10.1155/2013/739293
https://doi.org/10.1155/2013/739293
https://doi.org/10.3736/jintegrmed2013030
https://doi.org/10.3736/jintegrmed2013030
https://doi.org/10.1089/acu.2012.0929
https://doi.org/10.1089/acu.2012.0929
https://doi.org/10.1089/acu.2012.0875
https://doi.org/10.1089/acu.2012.0875
https://doi.org/10.1155/2013/740508
https://doi.org/10.1155/2013/740508
https://doi.org/10.1016/B978-0-323-07586-2.00048-0
https://doi.org/10.1016/B978-0-323-07586-2.00048-0
https://doi.org/10.1089/acu.2012.0902
https://doi.org/10.1089/acu.2012.0902
https://doi.org/10.1016/B978-0-12-411545-3.00001-8
https://doi.org/10.1016/B978-0-12-411545-3.00001-8
https://doi.org/10.1016/B978-0-7020-3108-3.00005-4
https://doi.org/10.1016/B978-0-7020-3108-3.00005-4
https://doi.org/10.1016/B978-0-7020-3108-3.00003-0
https://doi.org/10.1016/B978-0-7020-3108-3.00003-0
https://doi.org/10.1089/acm.2012.0097
https://doi.org/10.1089/acm.2012.0097
https://doi.org/10.1016/j.douler.2013.01.007
https://doi.org/10.1016/j.douler.2013.01.007
https://doi.org/10.1007/978-1-4614-3357-6
https://doi.org/10.1007/978-1-4614-3357-6
https://onlinelibrary.wiley.com/doi/10.1111/cns.12108
https://onlinelibrary.wiley.com/doi/10.1111/cns.12108
https://doi.org/10.1155/2013/872142
https://doi.org/10.1155/2013/872142
https://doi.org/10.1016/B978-0-7020-4601-8.10008-8
https://doi.org/10.1016/B978-0-7020-4601-8.10008-8
https://doi.org/10.1155/2013/240168
https://doi.org/10.1155/2013/240168
https://doi.org/10.1016/B978-0-7020-4344-4.00018-3
https://doi.org/10.1016/B978-0-7020-4344-4.00018-3
https://doi.org/10.1016/j.jad.2012.11.058
https://doi.org/10.1016/j.jad.2012.11.058
https://doi.org/10.1155/2013/739293
https://doi.org/10.1155/2013/739293
https://doi.org/10.3736/jintegrmed2013030
https://doi.org/10.3736/jintegrmed2013030
https://doi.org/10.1089/acu.2012.0929
https://doi.org/10.1089/acu.2012.0929
https://doi.org/10.1089/acu.2012.0875
https://doi.org/10.1089/acu.2012.0875
https://doi.org/10.1155/2013/740508
https://doi.org/10.1155/2013/740508
https://doi.org/10.1016/B978-0-323-07586-2.00048-0
https://doi.org/10.1016/B978-0-323-07586-2.00048-0
https://doi.org/10.1089/acu.2012.0902
https://doi.org/10.1089/acu.2012.0902
https://doi.org/10.1016/B978-0-12-411545-3.00001-8
https://doi.org/10.1016/B978-0-12-411545-3.00001-8
https://doi.org/10.1016/B978-0-7020-3108-3.00005-4
https://doi.org/10.1016/B978-0-7020-3108-3.00005-4
https://doi.org/10.1016/B978-0-7020-3108-3.00003-0
https://doi.org/10.1016/B978-0-7020-3108-3.00003-0
https://doi.org/10.1089/acm.2012.0097
https://doi.org/10.1089/acm.2012.0097
https://doi.org/10.1016/j.douler.2013.01.007
https://doi.org/10.1016/j.douler.2013.01.007
https://doi.org/10.1007/978-1-4614-3357-6
https://doi.org/10.1007/978-1-4614-3357-6
https://onlinelibrary.wiley.com/doi/10.1111/cns.12108
https://onlinelibrary.wiley.com/doi/10.1111/cns.12108
https://doi.org/10.1179/016164109X12537002793689
https://doi.org/10.1179/016164109X12537002793689
https://doi.org/10.1179/016164107X172220
https://doi.org/10.1179/016164107X172220
https://doi.org/10.1038/nrclinonc.2013.125
https://doi.org/10.1038/nrclinonc.2013.125
https://doi.org/10.1016/B978-0-7020-3425-1.00049-0
https://doi.org/10.1016/B978-0-7020-3425-1.00049-0
https://doi.org/10.1037/a0028602
https://doi.org/10.1037/a0028602
https://doi.org/10.1007/978-94-007-4833-0_14
https://doi.org/10.1007/978-94-007-4833-0_14
https://doi.org/10.1089/acu.2011.0861
https://doi.org/10.1089/acu.2011.0861
https://doi.org/10.1155/2012/372670
https://doi.org/10.1155/2012/372670
https://doi.org/10.1016/B978-0-7020-3425-1.00009-X
https://doi.org/10.1016/B978-0-7020-3425-1.00009-X
https://doi.org/10.1016/j.jams.2012.05.001
https://doi.org/10.1016/j.jams.2012.05.001
https://doi.org/10.1155/2012/781460
https://doi.org/10.1155/2012/781460
https://doi.org/10.1016/j.imr.2012.10.003
https://doi.org/10.1016/j.imr.2012.10.003
https://doi.org/10.1159/000335825
https://doi.org/10.1159/000335825
https://doi.org/10.1016/j.explore.2011.12.002
https://doi.org/10.1016/j.explore.2011.12.002
https://doi.org/10.1155/2012/787683
https://doi.org/10.1155/2012/787683
https://doi.org/10.1016/B978-0-7020-3425-1.00010-6
https://doi.org/10.1016/B978-0-7020-3425-1.00010-6
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1179/016164109X12537002793689
https://doi.org/10.1179/016164109X12537002793689
https://doi.org/10.1179/016164107X172220
https://doi.org/10.1179/016164107X172220
https://doi.org/10.1038/nrclinonc.2013.125
https://doi.org/10.1038/nrclinonc.2013.125
https://doi.org/10.1016/B978-0-7020-3425-1.00049-0
https://doi.org/10.1016/B978-0-7020-3425-1.00049-0
https://doi.org/10.1037/a0028602
https://doi.org/10.1037/a0028602
https://doi.org/10.1007/978-94-007-4833-0_14
https://doi.org/10.1007/978-94-007-4833-0_14
https://doi.org/10.1089/acu.2011.0861
https://doi.org/10.1089/acu.2011.0861
https://doi.org/10.1155/2012/372670
https://doi.org/10.1155/2012/372670
https://doi.org/10.1016/B978-0-7020-3425-1.00009-X
https://doi.org/10.1016/B978-0-7020-3425-1.00009-X
https://doi.org/10.1016/j.jams.2012.05.001
https://doi.org/10.1016/j.jams.2012.05.001
https://doi.org/10.1155/2012/781460
https://doi.org/10.1155/2012/781460
https://doi.org/10.1016/j.imr.2012.10.003
https://doi.org/10.1016/j.imr.2012.10.003
https://doi.org/10.1159/000335825
https://doi.org/10.1159/000335825
https://doi.org/10.1016/j.explore.2011.12.002
https://doi.org/10.1016/j.explore.2011.12.002
https://doi.org/10.1155/2012/787683
https://doi.org/10.1155/2012/787683
https://doi.org/10.1016/B978-0-7020-3425-1.00010-6
https://doi.org/10.1016/B978-0-7020-3425-1.00010-6
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1007/978-1-4614-0601-3

(/1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

9E JGKKJ=>
4M 9A 'AF AM9F AGF? #M9F? @MF D=A 29F? %MF 29F? %AF H=F? 2M %AF? PAF?
9A GF?>=A'A @MF 49F? (=A ;@MF 4M #MA QAF? 49F? #MA/9G *M .@9 9NA<8A=F,;=K 9F< >MIL@=J J=9<AF? F=J?Q (=<AAF= O9KL 9F< 2=KL

29A 4=0 GE L@= FILGEA;9D AK;GN=JQ G> (=JA<A9FK 9F< GDD9IL=J9DK LG !9K;A9GDG?Q JGKKJ=>

/@=GJQ /@= +JAEG 19K;MD9J .QKL=E

JGKKJ=> GF?EAF? 5@9F? 3A9G@MA 49F 3AFQA5@9F? @=F?DAF'AM -MAK@9F 9F? /AIA9G 3A9G
+=AHAF? 5@M .QF;@JGLJGF J9<A9LAGF H@9K=;GFLJ9KL 3J9Q / AE9?AF? G> 9;MHMF;LMJ=

2=A 49G 49:=A 'A "MIF?@GF? AF? $FL=JKLALA9D IDMA< IDGO /@= (+@AFAIODFIDQLA;9D 9F< AG9FIDQLA;9D @=EAKLJIQ K

FNAJGFE=FL G> =DDK 9F< IGMF<9LAGF G> (=JA<A9FK NA<=F,= 9K=< GEHD=E=FL9JQ JGKKJ=>

9F< DL=JFOLAN= (=<A;AF= JGKKJI=>

LH@Q9F= %J+ ?GL=E9AJ= (9INAF 5AKCAF A=D=;LJA; HIGH=JLA=K G> @ME9F KCAF
%MF?<9= &AE 9= $F &9F? &O9F? .MH .G@ .MF?,@MD &AE FIDQKAK GF +GKILEGH =EMHMF;LMJ= HGAFL AF L@%#Rr >J=IM=F;Q JOF?= HADGL KLM<Q

IAKKM=K 9L ;MHMF;LMJ= +GAFLK AF L@= $E9?= 9L9K=LK G> LAKA:D= #MEIA&IPBTBGHDIF=L A.K =E 2AD=0 *EDAF=
%GMJFID G> DL=JFOLAN= 9F< GEHD=E=FL9JQ (=<A;AF= 9;E 'AJ910
JGKKJI=>

@A MF? 9F>GJF 'AE !=DAP 2M .@MF 2GF? 29JJ=F .EAL@ !9;,LGJK AF>DM=F;AF? L@=
(9J;=DG ' .ADN9 %GKA= -/ .ADN9 2ADAYE  +J9<G /@= 9FLAFG;A;=HLAN=: gZ3REHLZBF;= <9L9 AF LAKKM= K=?E=FLK 9DGF? L@= L@J== 9JE E=JA<A9FK 9 HADGL KL
=D=;LIGY;MHMF;LMJ= 9L <A>>=]=FL <=HL@K G> 9;MHGAFLK 9F< MF<=J L@7 f=6/0A67. KMJePF  Lor>
@AF=K= (=<A;AF= JGKKJ=> JGKKJ=>

#GF? ,AF 49F? .@M =F 3A= .GF?#9G 'AM #MA ‘A 5@GM 4A "MG A>>=J=F;{aAK 9J9LLG '9MJ9 9DRX -G:=JLG 9HJ9 (A;@=D= "9DDIEAFA 'M;A9F9 "A9J<AFG

*HLA;9D /J9FKHGJIL +JGH=JLA=K :=LO==F #ME9F (=JA<A9F 9F< )GF E=JA<ASEKK@=JG "AMDA9FA 'M;9 'GJ=FRAFA .ADN9YFG /JON=JKG 0DLJ9 DGO D=N=D D9K=J L@=J
E=JA;9F %GMJFID G> @AF=K= (=<A;AF= .3 '9K=JK AF (=<A;9D .A=F:= K
JGKKJI=> JGKKJI=>

&IMF? /AAMF?  AJ<;9?=(G<=D >GJL@= @AF=K= (=JA<AIF .QKL=E +9JL 1$ (=JAsHMIFK =QORAL (MJIL &=CADDA 19LE9 =Q9RAL .LA;CAF? L@= HA=;=K LG?=L@=] MFA>QA
9K L3@: +JAE9JQ -=?MDILGJQ .QKL=E /@= E=JA;9F %GMJIFID G> @AF=K= (=<ABGRHGL@=KAK >GJ L@= 9;MHMF;LMJ= E=JA<A9F HIL@O9QK 9F< =PLJ9;=DDMD9J KA?FODDAF

JGKKJI=> #QHGL@=K=K BE=@Q JGKKJ=>

=LL=J LG L@= <ALGJ /@= E=JA9F %GMJIFOD G> @AF=K= (=<AAFZM?@ "=EE=DD +=L=J] (ADD=J -=D9LAN= =>>=;LAN=F=KK 9F< 9<N=JK= =>>=;LK G> ;=INA;

.3 JGKKJI=> E9FAHMDILAGF EG:ADAKILAGF 9F< L@= 9;LAN9LGJ AFKLIME=FL AF HILA=FLK OAL@ KM: 9;}
KH=;A>A; F=;C HOAF J=KMDLK >JGE 9 KLGHH=< JOF<GEAK=< LJASD @AJGHJ9;LA; *KL=GHIL

+9J9KC=N9 (=D=E=FA " +=LIJGHGMDGK $ .A9>9C9 I9KKGMD9CA )==<DAF? G> L@= JGKKJI=>

PLJ9 +GAFL =J=9K=K $. 19DM=K 9F< +J=GH=JOLAN= FPA=LQ /@= E=JA;9F %GMJIFID -

G> @AF=K= (=<A/AF= .3 JGKKI=> 4= =3/ GIJK@=J DAFA;9D IMAN9D=F;= G>'9K=J )==<D= LG (=L9D ;MHMF;LMJ= )==<D=
AF [J=9LAF? (MK;MDGKC=D=L9D +9AF +ADGL .LM<Q (=<A;9D ;MHMF;LMJ=

IJ9F;AK;G :9< D=?J_9 9JDGK +GE9JaF :GML L@= )=MJG:AGDG?A;9D IGMF<QGFK G> JGKKI=>

L@= =,As.LAEMDMK -=KHGFK= -=DILAGF /@= E=JA;9F %GMJFID G> @AF=K= (=<A;AF= -

.3 JGKKJI=> (9J;G FLGFAG #=DAG <9 .ADN9 )=MJGK=?E=FL9D +=JKH=;LAN= G> L@= D9KKA;9D 9;C

@M +GAFLK (=<A;9D ;MHMF;LMJ= 9M

%=KK='A'AF? #ME9F +@=FGE= 9K=< GF /J9<ALAGF9D @AF=K= (=<AAF=s .GBNKAGF
LG GF?=FAL9D .QF<JGEGDG?Q /@= E=JA;9F %GMJFID G> @AF=K= (=<A;AF=
3 JGKKJ=> 'OMJI=FL (AK=JQ '9MJ=F;= +GLAF -A;@9J< $L;@ 9F< ;MHMF;,LMJ= +IMJALMK
=>
'AK9 . '9F;9KL=J -G:=JL ( GOC=J ;MHMF;LMJ= +GAFLK G> L@= #GJK=K AKL9D JCKKI=>
I@GJ9A;'AE: )=MIGIFILGEA; HHIGY;@ LG L@=/J9FKHGKALAGF G> J9<ALAGHEP 4 A#VIoF? MA #GF? 5@=F? 4MF 3A9 2M 2=A 29F? $FNGDN=E=FL G>;GFF=PAF
FAE9DK 9FA JGKKJI=> AF L@= 9;MHMF;LMJ= =>>=;L G> AEHJGNAF? J9L :D9KLG;QKL AEHDIFLILAGF !=JLADALG
L=JADALQ B >=JLFKL=JL JGKKJ=>
#GMBM IM 4MOFIA9G #= 4AF? "9G 4AMF (9F 2MCMF 'AM #M9 #9G ;MHMF;LMJ=
GF L@= F<GE=LJAD (GIH@GDG?Q L@= .=IME KLI9<AGD 9F< +JG?=KL=JGE5APNARKGWE 2GF? @A MF? 9F>GJF 'AE 201J=F EAL@ )=O AGAEH=<9F;=
L@= PHJ=KKAGF G> F<GE=LJA9D '=MC9=EA9 AF@A:ALGJ !9;LGJ 9F< *KL:GHGKLQ‘E@F:%: $- >GJ (F9KMJIAF? L@= D=LJA;9D $EH=<9F;= G> ;MHMF;LMJ=

NA<=F;= 9K=< GEHD=E=FL9JQ 9F< DL=JFOLAN= (=<A;AF= (=JA<A9FK /@= %GMJIFID G> DL=JFILAN= 9F< GEHD=E=FL9JQ (=<A;AF=
JGKKJI=> 9E JGKKJI=>
.L=N=F IAF9F<G GFF9 IAF9F<G !9K;A9 9F< L@= E=;@9FAKE G> 9;MHMF;LMJ3, %ENJEPD ( .LGF= +=L=J . %G@FKLGF= (=;@9FAKEK G> ;LAGF >GJ ;MHMF;LMJ=
G> G<QOGJC 9F< (GN=E=FL /@=J9HA=K B B:EL AF L@= *F;,GDG?Q .=LLAF? MJJ=FL /J=9LE=FL *HLAGFK AF *F,GDG?Q
JGKKJ=> K Q JGKKJ=>
#QMF? %GG (GGF 4GF? &MF '== /@= -=DILAGFK@AH =LO==F =FLOD *4RM&ACAF 4MOF &O9F? MH .G@ QMF? @=GF '== 4GF? #M9F? @MF D=A 29F?

/=EHGJIGE9F<A:MD9J %GAFL .L9LMK 9F< "=F=J9D G<Q #=9DL@ +9JL !9K;A9D omiE=1bAGRHAF H=F? 2M %AF? PAF? 9A %9FGK +9D@IDEA *M .@9 9NA< /9A 29A 4=0

G> /(% OAL@ *L@=J +9JLK G> L@= G<Q /@= %GMJIFID G> DL=JFILAN= 9F< GERRAFFLAIDA;9LAGFK >GJ 19K;A9D FILGEQ 9F< !9K;A9GDG?Q AF /J9<ALAGFID @AF=
(=<AAF= 9E JGKKJI=> (=<A;AF=  %GMJF9D G> MHMF;LMJ= 9F< (=JA<A9F .LM<A=K

. JGKKJI=>

4M 9A %MF 29F? %AF H=F? 2M %AF? PAF? 9A *M.@9 9NA</9A 29A 4=0 'AF 4M9F
AMFA 'A9F? -=NA=O G> NA<=F;= .M??=KLAF? /@9L L@= 9K;A9 )=LOGJC GMBf-3 | @5IK@=J /@= '9F?M9?=K G> #=9DAF? 'AFC=< :Q 9 GEEGF /@J=9< /@=

FILGEA;9D 9KAK >GJ ;MHGAFLK 9F< (=JA<AGFK AF L@= #ME9F G<Q NA<ZFEVISD G> DL=JFILAN= OF< GEHD=E=FLOJQ (=<A;AF= o.E
GEHD=E=FL9JQ 9F< DL=JFILAN= (=<AAF= JGKKJI=>
JGKKJ=>

I=A 5@GM =F?C9A #M9F? 4AF?3A9 )=MJGIFILGEA; 9KAK G> ;MHMF;LMJ= +GAFLK
%9E=K ' *K;@E9F 1GJ=0GJ< 9F< .H=,A9D GFLJA:MLAGF /@= 'ANAF? (9LJAP FfR;LMI= /@=J9HQ >GJ )=MIGDG?A;9D AK=9K=K
(=<AJAF= 9KL 9F< 2=KL P PAP JGKKJI=>
JGKKJ=>
-G=D9F< N9F 2ABC %9F N9F <=J "J==> <M9J< N9F 2ABC #ME9F 0DLJ90O=9C +@GLGF
/@=J9HA= EQG>9KRA9D=J .;@E=JRKQF<JGE= (QG>9KRA9ID= .@E=JR=F MF< |ARRAHISELA @= 4AF 49F? GF;=HL G> @AF=K= (=<A;AF= %GMJFID G> ;MHMF;LMJ= 9F<
JGKKJI=> (SJA<A9F .LM<A=K . JGKKJ=>

3A9F?=F? 5@9F? #MA 5@9F? 3A9GDA 'A9F? ,AF 'AM (AIM 29F? "QF=GDG2R=9F< GMLGMQJA= -G:=JL GINAKA=J &AE /@9F *F? D9AJ= IMDK=J 9L@=JAF="9KK9DD=

"QF=;GDG?A;9D )MIKAF? /@=GJA=K 9F< +J9;LA;=K AF /J9<ALAGF9D @AF=K= (:ﬂA’@EB “RERL  JA?ALL= '9DGMP .LJH@9F= 'OMJI=FL ML= 9F< ;:@JGFA; =>>=LK G>

GF L@= F,A=FL 'AL=J9LMJ=K @AF=K= (=<A;AF= E 9;MHMF;LMJ= GF J9<A9D 9JL=JQ J9F<GEAR=< <GM:D= :DAF< KLM<Q AF EA?J9AF= JL=JQ
JGKKJI=> -=K=9J;@ B 9JLJ=K JGKKJ=>

+=A @A @GM #=F?4A @M %9MF?"=F? 'AF .9>=)==<DAF? =HL@ G> ;MHWJNIFb}= (9G -9@MD &9HMJ ;MHMF;LMJ= AF +JAEQJQ 9J= +JAE9JQ 9J= DAFAK AF
+GAFLK /@= %GMJF9D G> DL=JFOLAN= 9F< GEHD=E=FL9JQ (=<A/AFFFBE 6A;AD9 357

:FFBE 6A; AD9 :FFBE 6A; AD9

:FFBE 6A; AD9 :FFBE 6A; AD9 E

:FFBE 6A; AD9 35? FFBE A@>@7>UBBEHA? 6A; 472
:FFBE 6A; AD9 :FFBE 6A; AD9 F3@9

:FFBE 6A;AD9 + / :FFBE 6A; AD9 E

:FFBE 6A;AD9 + / :FFBE 6A; AD9 <?7K

:FFBE 6A;AD9 + / :FFBE 6A; AD9

:FFBE 6A;AD9 + / :FFBE 6A; AD9 35G

:FFBE 6A;AD9 + / :FFBE 6A; AD9 35G

:FFBE 6A;AD9 + / :FFBE 6A; AD9

:FFBE 6A; AD9 3@; :FFBE 6A; AD9 <87DF@EF7DF
:FFBE 6A; AD9 :FFBE 6A; AD9 35?

:FFBE 6A; AD9 <<4?F :FFBE 6A; AD9 E K
:FFBE 6A; AD9 35? :FFBE 6A; AD9 +

:FFBE 6A; AD9 :FFBE 6A; AD9 35?

:FFBE 6A; AD9 :FFBE 6A; AD9

:FFBE 6A; AD9 :FFBE 6A; AD9 +

:FFBE 6A; AD9 5? :FFBE 6A; AD9 < 3DFD7E


https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1155/2012/853516
https://doi.org/10.1155/2012/853516
https://doi.org/10.1089/acm.2010.0850
https://doi.org/10.1089/acm.2010.0850
https://doi.org/10.1186/1749-8546-7-3
https://doi.org/10.1186/1749-8546-7-3
https://doi.org/10.1142/S0192415X07005235
https://doi.org/10.1142/S0192415X07005235
https://doi.org/10.1142/S0192415X05003302
https://doi.org/10.1142/S0192415X05003302
https://doi.org/10.1142/S0192415X05003119
https://doi.org/10.1142/S0192415X05003119
https://doi.org/10.1142/S0192415X04002363
https://doi.org/10.1142/S0192415X04002363
https://doi.org/10.1142/S0192415X04002375
https://doi.org/10.1142/S0192415X04002375
https://doi.org/10.1142/S0192415X03001594
https://doi.org/10.1142/S0192415X03001594
https://doi.org/10.3390/ani2030455
https://doi.org/10.3390/ani2030455
https://doi.org/10.1155/2011/606514
https://doi.org/10.1155/2011/606514
https://doi.org/10.1016/j.jbmt.2010.03.001
https://doi.org/10.1016/j.jbmt.2010.03.001
https://doi.org/10.1089/acm.2010.0740
https://doi.org/10.1089/acm.2010.0740
https://doi.org/10.1155/2011/260510
https://doi.org/10.1155/2011/260510
https://doi.org/10.1016/B978-0-7020-3571-5.00032-9
https://doi.org/10.1016/B978-0-7020-3571-5.00032-9
https://doi.org/10.1016/B978-3-437-23095-0.10004-5
https://doi.org/10.1016/B978-3-437-23095-0.10004-5
https://doi.org/10.4236/cm.2011.23014
https://doi.org/10.4236/cm.2011.23014
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1007/978-1-4614-0601-3
https://doi.org/10.1155/2012/853516
https://doi.org/10.1155/2012/853516
https://doi.org/10.1089/acm.2010.0850
https://doi.org/10.1089/acm.2010.0850
https://doi.org/10.1186/1749-8546-7-3
https://doi.org/10.1186/1749-8546-7-3
https://doi.org/10.1142/S0192415X07005235
https://doi.org/10.1142/S0192415X07005235
https://doi.org/10.1142/S0192415X05003302
https://doi.org/10.1142/S0192415X05003302
https://doi.org/10.1142/S0192415X05003119
https://doi.org/10.1142/S0192415X05003119
https://doi.org/10.1142/S0192415X04002363
https://doi.org/10.1142/S0192415X04002363
https://doi.org/10.1142/S0192415X04002375
https://doi.org/10.1142/S0192415X04002375
https://doi.org/10.1142/S0192415X03001594
https://doi.org/10.1142/S0192415X03001594
https://doi.org/10.3390/ani2030455
https://doi.org/10.3390/ani2030455
https://doi.org/10.1155/2011/606514
https://doi.org/10.1155/2011/606514
https://doi.org/10.1016/j.jbmt.2010.03.001
https://doi.org/10.1016/j.jbmt.2010.03.001
https://doi.org/10.1089/acm.2010.0740
https://doi.org/10.1089/acm.2010.0740
https://doi.org/10.1155/2011/260510
https://doi.org/10.1155/2011/260510
https://doi.org/10.1016/B978-0-7020-3571-5.00032-9
https://doi.org/10.1016/B978-0-7020-3571-5.00032-9
https://doi.org/10.1016/B978-3-437-23095-0.10004-5
https://doi.org/10.1016/B978-3-437-23095-0.10004-5
https://doi.org/10.4236/cm.2011.23014
https://doi.org/10.4236/cm.2011.23014
https://doi.org/10.1089/acm.2010.0192
https://doi.org/10.1089/acm.2010.0192
https://doi.org/10.1016/B978-0-7020-3571-5.00037-8
https://doi.org/10.1016/B978-0-7020-3571-5.00037-8
https://doi.org/10.1007/s00216-011-4913-7
https://doi.org/10.1007/s00216-011-4913-7
https://onlinelibrary.wiley.com/doi/10.1002/bem.20650
https://onlinelibrary.wiley.com/doi/10.1002/bem.20650
https://onlinelibrary.wiley.com/doi/10.1002/bem.20650
https://doi.org/10.5667/tang.2011.0004
https://doi.org/10.5667/tang.2011.0004
https://doi.org/10.1007/s10103-010-0837-2
https://doi.org/10.1007/s10103-010-0837-2
https://doi.org/10.1016/j.mehy.2010.01.022
https://doi.org/10.1016/j.mehy.2010.01.022
https://doi.org/10.1186/1746-1340-18-20
https://doi.org/10.1186/1746-1340-18-20
https://doi.org/10.1089/acu.2009.0724
https://doi.org/10.1089/acu.2009.0724
https://doi.org/10.1089/acu.2010.0762
https://doi.org/10.1089/acu.2010.0762
https://doi.org/10.1007/978-1-84882-322-8
https://doi.org/10.1007/978-1-84882-322-8
https://doi.org/10.1016/j.fertnstert.2009.09.036
https://doi.org/10.1016/j.fertnstert.2009.09.036
https://doi.org/10.1089/acm.2009.0218
https://doi.org/10.1089/acm.2009.0218
https://doi.org/10.1007/s11864-010-0128-y
https://doi.org/10.1007/s11864-010-0128-y
https://doi.org/10.1016/S2005-2901(10)60023-4
https://doi.org/10.1016/S2005-2901(10)60023-4
https://doi.org/10.1089/acm.2009.0527
https://doi.org/10.1089/acm.2009.0527
https://doi.org/10.1007/978-3-642-10857-0
https://doi.org/10.1007/978-3-642-10857-0
https://doi.org/10.1016/S2005-2901(10)60041-6
https://doi.org/10.1016/S2005-2901(10)60041-6
https://doi.org/10.1016/j.artres.2009.12.003
https://doi.org/10.1016/j.artres.2009.12.003
https://doi.org/10.1089/acm.2010.0192
https://doi.org/10.1089/acm.2010.0192
https://doi.org/10.1016/B978-0-7020-3571-5.00037-8
https://doi.org/10.1016/B978-0-7020-3571-5.00037-8
https://doi.org/10.1007/s00216-011-4913-7
https://doi.org/10.1007/s00216-011-4913-7
https://onlinelibrary.wiley.com/doi/10.1002/bem.20650
https://onlinelibrary.wiley.com/doi/10.1002/bem.20650
https://doi.org/10.5667/tang.2011.0004
https://doi.org/10.5667/tang.2011.0004
https://doi.org/10.1007/s10103-010-0837-2
https://doi.org/10.1007/s10103-010-0837-2
https://doi.org/10.1016/j.mehy.2010.01.022
https://doi.org/10.1016/j.mehy.2010.01.022
https://doi.org/10.1186/1746-1340-18-20
https://doi.org/10.1186/1746-1340-18-20
https://doi.org/10.1089/acu.2009.0724
https://doi.org/10.1089/acu.2009.0724
https://doi.org/10.1089/acu.2010.0762
https://doi.org/10.1089/acu.2010.0762
https://doi.org/10.1007/978-1-84882-322-8
https://doi.org/10.1007/978-1-84882-322-8
https://doi.org/10.1016/j.fertnstert.2009.09.036
https://doi.org/10.1016/j.fertnstert.2009.09.036
https://doi.org/10.1089/acm.2009.0218
https://doi.org/10.1089/acm.2009.0218
https://doi.org/10.1007/s11864-010-0128-y
https://doi.org/10.1007/s11864-010-0128-y
https://doi.org/10.1016/S2005-2901(10)60023-4
https://doi.org/10.1016/S2005-2901(10)60023-4
https://doi.org/10.1089/acm.2009.0527
https://doi.org/10.1089/acm.2009.0527
https://doi.org/10.1007/978-3-642-10857-0
https://doi.org/10.1007/978-3-642-10857-0
https://doi.org/10.1016/S2005-2901(10)60041-6
https://doi.org/10.1016/S2005-2901(10)60041-6
https://doi.org/10.1016/j.artres.2009.12.003
https://doi.org/10.1016/j.artres.2009.12.003

(1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

*>>A;= +J9;LA;= B HGH JGKKJ=>
(AC= =FB9EAF /@= >9K;A9 G> L@= DAE:K 9F< :9;C r 9 J=NA=O %GMJFID G> FILGEQ
F<J=0 @F (AF +9JC %=KKA;9 - .@90 D9AJ= (;(9FMK /=< % &9HL;@MC B P 2AD=0Q *FDAF="'A:J9JQ
#=D=F= ( '9F?=NAF D=;LJA;9D $EH=<9F;= G> ;MHMF;LMJ= (=JA<A9FK /@= -=D=N9F;=
G> .M;;ML9F=GMK GDD9?=FGMK 9F<K +G. *) BGMJFOD HGF= %=KK="A'AF? 4AQ9F? 2M GF?=FAL9D .QF<JGE=K $FNGDNAF? L@= 'MF?K +9L@G?=F=LA;
= JGKKJ=> (G<=DK 9K=< GF @AF=K= (=<A;AF= /@=GJA=K /@= %GMJF9D G> DL=JFILAN= 9F<
GEHD=E=FL9JQ (=<AAF= 9E
&9F? @=F? @9F? #M9 5GM $F>GJIEILAGF (G<=DK G> ;MHMF;LMJ= FID?=KMNKIE:
(FJA<A9F @9FF=DK $F>GJE9LAGF AF>G
JGKKJ=> QMF? @=GF '== /9= %=GF? )9E #Q=GF (AF %G@F? MF .MF? +9JC &M 4GMF 9AC

9=,C &QGMF? .MF? &QMF? .GGF .G@ 4=G .MF? 4GGF &09F? .MH .G@ J?QJGH@ADA,
+=L=) /| GIK@=J (QG>9K,A9D (=JA<AI9FK 9K FILGEA;9D NA<=F;= G> ;MHMEJKVG> $FLIINIK;MD9J /@J=9<DAC= .LIM;LMJ=K AF -9L %GMJIFID G> &GJ=9F $FKLALML= G>
@9FF=DK (=<A;9D ;MHMF;LMJ= 9;M #=3:.9D ;MHMF;LMJ= &+$ JGKKJ=>
JGKKJ=>

A 5@9F? "MIF?@GF? AF? 3M=QGF? .@=F 2=A 49G 5@AQAF? 5@9F? 4MIAF? 5@9F?
&09F? . MH .G@ GF?@9F AJ;MDILGJQ .QKL=E 9K 9F PL=FKAGF G> ;MWMIF,LMB=,M9F:9G "M -GD= G> (9KL =DDK AF ;MHMF;LMJ= >>=L +ADGL .LM<Q
(FJA<A9FK  %GMJF9D G> iMHMFLMJ= 9F<  (=JA<A9F  LM<A=K 3+*- B =PHDGJ= JGKKJ=>
. JGKKJI=>

.L=H@=F ( .9?9J ;MHMF;LMJ= 9K 9F NA<=F;= 9K=< *HLAGF >GJ .QEHLGE GFLJGD AF
+=L=J /| GIK@=J (QG>9K;A9D -=>=J)=<+9AF 9L9 +JGNA<= +@QKAGDG?A; IRAIFFHAGFLK MJIJI=FL /J=9LE=FL *HLAGFK AF *F;GDG?Q K
JMHMF;LMJ= (=JA<A9FK /@= %GMJF9D G> +9AF B BHOAF JGKKJ=>

JGKKJ=>

( (A?M=D+]J=R % *JLAR .9?JAKLX +]J=R =DDEMFL - -9EGK $RIMA=J<G
@9JD=K .@9F? +JGKH=;LAN=/=KLK GF AGDG?A;9D (G<=DK G> ;MHMF;LMJ= Ro¥=FI=)B#<=R =K;JAH;AaF 9F9LaEA;9 <= HMFLGK <= 9;MHMFLMJ9 =F D9 =PLJ=EA<9<
GEHD=E=FL9JQ 9F< DL=JFILAN= (=<A;AF= =9E F=E AF>=JAGJ -=NAKL9 $FL=JF9;AGFID <= ;MHMFLMJ9
JGKKJ=> JGKKJI=>

FLGFAG .L=;;G 1=JGFA;9 (9;;@A 9JD9 .L=;;G F<J=9 +GJRAGFILG %MDA= {H;¥@R Z;C=J +9MD "JGKKE9F %=FK .@F=A<=] F<J=9K (A;@9DK=F )A;GD9
1AF;=FL =DE9K -9>>9=D= = 9JG F9LGEA;9D KLM<Q G> EQG>9K;A9D ;GFLARMBIMYMFAL @F<9 /9F GJIAFF9 )A??=E=Q=J &D9MK 'AF<= A=L=J (=D;@9JL "MKLON
9FL=JAGJ J=?AGF G> L@= MHH=J DAE: %GMJFID G> G<QOGJC 9F< (GN=B4FL G@BKIOHAHMF,LMJ= AF (A?J9AF= /@= DAFA;9D %GMJFOD G> +9AF

B B:EL JGKKJI=> %+ = >= JGKKJ=>

9F? #QMF +9JC %MF?<9= &AE /9= #GA &GG (9?F=LG ;MHMF;LMJ= .LAEMDA >*=l&IGF GJK@=J *HLAE9D 'G;9DARILAGF G> ;MHMF;LMJ= +GAFLK $EHDA;9LAGFK >GJ
0DLJ90=9C +@GLGF EAKKAGF >JGE #9F<K G> #=9DL@Q +=JKGFK %GMJFIDMMMHMELMISLA;= <M;9LAGF 9F< -=K=9J;@ (=<A;9D ;MHMF;LMJ=
9F< (=JA<AIF .LM<A=K . JGKKJ=> 9;M JGKKJ=>

%9E=K ' *K;@E9F @9J?= LI9FK>=J AF L@= DANAF? E9LJAP %GMJFID G> QMBOGACEF<+= 1Q9;@=KDON *?9Q &A 2GG &AE 4MOGF '== %AF &QM '== &O9F?

(GN=E=FL /@=J9HA=K B B:EL JGKKJI=> .MH.G@ ;MHMF;LMJ=(MK;D= @9FF=D AF L@= .M:;ML9F=GMK '9Q=J G> -9L .CAF %GMJF9D
G> ;MHMF;LMJ= 9F< (=JA<A9F .LM<A=K

#KA9G )=F? @=F %9MF?"=F? 'AF 'A @A@ 4AF? @=F @9A #M9F? @MIF #KAMF?_JGKKJI=>

'‘AF 1@=/@=J9H=MLA; =HL@ G> :<GEAF9D ;MHMF;LMJ= +GAFLK HHJG9;@=K L@= .9>=

=HL@ AF *N=JO=A?@L 9F< AF *D<=J @AD<J=F /@= %GMJFOD G> DL=IHI@AN= OB=JL %AFCGGC 4MF <JA9F '9JK=F /J9;Q <AF?=] 2ADDA9E ' "J=?GJQ

GEHD=E=FLOJQ (=<AAF= 9E 1J9F I@GF? .CAF $EH=<9F;= (=9KMJ=E=FLK >GJ ;MHMF;LMJ= -=K=9J;@ =N=DGHE=FL

JGKKJ=> G> 9 GFLAFMGMK -=,GJ<AF? .QKL=E NA<=F;= 9K=< GEHD=E=FL9JQ 9F< DL=JFOLAN=
(=<AAF=  =9EF=E JGKKJI=>

9DDA= .LGDLR =FF=J /@= .,A=F;= G> F=J?Q /@=J9HA=K 9F< GFL=EHDILAN= +JO;LA;

#GDAKLA; )MIKAF? +J9;LA;= #He o= > #M?2@ (9;+@=JKGF -A;@9J< )9@AF @9JDGLL= +9L=JKGF D9AJ= ( 9KKA<Q "=GJ?=/

JGKKJ=> '=0AL@ -A;@9J< #9EE=JK;@D9? =N=DGHE=FLK AF ;MHMF;LMJ= -=K=9J;@ A? +A;LMJ=
+=JKH=;LAN=K >JGE L@= '=9<AF? <?= /@= %GMJF9D G> DL=JFILAN= 9F< GEHD=E=FL9JQ

) *KHAF9 _9R $FLIG<M;;AaF 9 D9 9;MHMFLMJ9 IMF<9E=FLGK = AFL=JK HOJY=DAERA:G 9:E .- JGKKJ=>

<= L=FAaF +JAEQJA9 . (-") (=<A/AF9 <= I9EADA9

. JGKKJ=> 1Q9;@=KD9IN *?9Q (AF .M &AE #QG %MF .=GC @=GF %GG @GA &09F? .MH .G@
9L=;@GDIEAF= KLGJAF? =DDK 9L ;MHMF;LMJ= +GAFLK G> -9:ALK %GMJFID G> ;MHMF;LMJ=

MRYFF= (; GFGM?@ %GF”Q +9JC %AF? AMIF +MI=HGF? )AL@AEY OFA=[DF< G=IRKAIF .LM<A=K . JGKKJI=>

'=LL=JK .HAF= = ; JGKKJI=>

% "A=:=D (=;9FGLJ9FK<M;;AaF Q LI9FK<M;;AaF <= K="9D=K 9 LJ9N]K <=D L=BA<G ;GFBMFLANG
@9JD=K .@9F? #9K 9KA; ;MHMF;LMJ= -=K=9J;@ (=L L@= "GD< .L9F<9J< G> ..ANAKL9 $FL=JF9;AGFID <= ;MHMFLMJ9
(=<A;9D ;MHMF;LMJ= 9M JGKKJI=> JGKKJ=>

3A9G@MA 49F 3AFQA 5@9F? @=F?DAF 'AM -MAK@9F 9F? 4MQAF? #MOF@=EMMKAMF? #KA9G 'A%=F /KOA  )=MIGNOK;MD9J /JOFKEAKKAGF (G<=D >GJ
"MOF?@GF? AF? G 9;MHMF,LMJ= HGAFLK =PAKL +@QKAK AF (=<AAF= QIVIHMBDWRM =< )ALJA; *PA<= %GMJIFID G> ;MHMF;LMJ= OF< (=JA<AOF .LM<A=K
) ) ) JGKKJI=> JGKKJI=>

3A9GBA9 4M "MO9F?@GF? AF? #GF? #M9F? %MF 'AF 2=A 49G -MA 5@9F 1BIBDQR)9HI<GO F<J=0 @F %G@F 'GF?@MJIKL 'APAF? '9G DAK9:=L .L=F=J 1A,LGJAF

GDD9?=F !A:=JK AF ;MHMF;LMJ= F9D?=KA9 /@=J9HQ GF -9LK GFF=,LANS@8BKMOJJAK #=D=F= ( '9F?=NAF /@= .L9LMK 9F< IMLMJ= G> ;MHMF,LMJ=

-=K=9J;@ JGKKJ=> (5;@9FAKE -=K=9J;@ /@= %GMJIF9D G> DL=JF9LAN= 9F< GEHD=E=FL9JQ (=<A;AF=
9E .- JGKKJ=>

%9E=K % (9G =:GJ9@ 2 JMF=J 9JJA= .LJA,C=] %G@F / !9JJ9) .@9JGF 3 3A=

(9JBGJA= GOE9F GFF9 +M;A 3A9GQ9F #9F F?=D9 =(A;@=D= !=9KA:ADALGGFDBA 'A %A=!M 49F? (AF @=F 'A9F? 3M 2=F @9G 29F? !9F? 29F? %A9

G> D=;LIGY;MHMF;LMJ= >GJ JGEILIK= $F@A:ALGJIs-=DIL=< JL@JID?A9 AF FPKGFIF;@MIF 4M 29F? 1AKMIDAR=< -=?AGFID #QHG<=JEA; (A?J9LAGF @9FF=DK G>

.MINANGJK $FL=?J9LAN= 9F;=] /@=J9HA=K $FL=JKLALAID IDMA< AF #ME9F =AF?K J= /@=K= F,A=FL (=JA<A9FK /@= %GMJF9D G>
JGKKJ=> DL=JFILAN= 9F< GEHD=E=FL9JQ (=<A;AF= 9E
JGKKJ=>

#GF?,AF 49F? .@M.=F 3A= #MA 'A 4M#M9 29F? *F GHLAK G> @ME9F E=JA<A9FK

SA=F= AR @AF9 =JA=K " +@QKAK (s;@9FAKK 9F< KLIGFGEQ -GK9 ) .,@FQ=J] .L=H@=F AJ,@ #M?@ (9;+@=JKGF ;MHMF;LMJ= HJ9;LA;= 9K L@=

K JGKKJ=> >GMF<9LAGF >GJ DAFA9D =N9DMSILAGF JMHMF,LMJ=  -=K=9J;@
JGKKJ=>

A=LIA;@ #2 "JG=F=E=Q=J '=A 5@9F? .N=F .;@AJH %dJ?=F 9A=J 'G;9DARILAGF G>

MHMF;LMJ= +GAFLK ' 9F< ' OKAF? GEHML=< /GEG?J9H@Q /@= %GMJIF9A;@9J<#9EE=JK;@D9? #]D"F=( '9F?=NAF 'APAF?'9G "=GJ?='=OAL@ +@QKAGDG?A;9D

DL=JFOLAN= 9F< GEHD=E=FL9JQ (=<A;AF= 9E * <QF9EAK G> 9;MHMF;LMJ= ;GJJ=DILAGFK 9F< E=;@9FAKEK ;MHMF;LMJ= -=K=9J;@
JGKKJ=> JGKKJ=>

FFBE 6A;AD9  <BAB

‘FFBE 6A;AD9  <AGD@3>BA@7 +9MD *JJG;C JA; D9C= '=GF @9ALGO -G?= J) OE9F /MJIF=J )9LMIGHIL@A; +@QKA;9D

‘FFBE 6A;AD9  ;@8A FFBE A@>;@7>HEBEEA? 6A; <

'FFBE 6A;AD9  35G 'FFBE 6A;AD9 357

FFBE 6A;AD9  + :FFBE 6A;AD9  #(!

'FFBE 6A;AD9  <<B3,@ :FFBE 6A;AD9 < 7JB>AD7

‘FFBE 6A;AD9  753? @77 :FFBE 6A;AD9 E

FFBE 6A;AD9  <<4?F FFBE 6A;AD9  +

‘FFBE 6A;AD9  + ‘FFBE 6A; AD9 (47 87

‘FFBE 6A;AD9  <<4?F :FFBE 6A;AD9  35G

'FFBE 6A;AD9 35?7 'FFBE 6A;AD9  +

'FFBE 6A; AD9 & 47 48 FFBE 6A;AD9  753? @77

FFBE 6A;AD9  + :FFBE 6A;AD9 357 +*

‘FFBE 6A; AD9 47 65 ‘FFBE 6A;AD9  +

‘FFBE 6A;AD9  35G :FFBE 6A;AD9  +

:FFBE 6A; AD9 & :FFBE 6A;AD9  +

:FFBE 6A; AD9 :FFBE 6A;AD9 35?7 +*

'FFBE 6A; AD9 'FFBE 6A;AD9 357

FFBE 6A;AD9 E 'FFBE 6A; AD9

:FFBE 6A; AD9 35? ' :FFBE 6A; AD9


https://doi.org/10.1016/j.pop.2009.09.010
https://doi.org/10.1016/j.pop.2009.09.010
https://doi.org/10.1371/journal.pone.0011907
https://doi.org/10.1371/journal.pone.0011907
https://doi.org/10.3390/info1020153
https://doi.org/10.3390/info1020153
https://doi.org/10.1089/acu.2009.0631
https://doi.org/10.1089/acu.2009.0631
https://doi.org/10.1016/S2005-2901(09)60041-8
https://doi.org/10.1016/S2005-2901(09)60041-8
https://doi.org/10.1016/j.jpain.2008.12.010
https://doi.org/10.1016/j.jpain.2008.12.010
https://doi.org/10.1093/ecam/nem122
https://doi.org/10.1093/ecam/nem122
https://doi.org/10.1016/j.jbmt.2007.04.009
https://doi.org/10.1016/j.jbmt.2007.04.009
https://doi.org/10.1016/S2005-2901(09)60014-5
https://doi.org/10.1016/S2005-2901(09)60014-5
https://doi.org/10.1016/j.jbmt.2008.06.005
https://doi.org/10.1016/j.jbmt.2008.06.005
https://doi.org/10.1089/acm.2008.0582
https://doi.org/10.1089/acm.2008.0582
https://doi.org/10.1097/HNP.0b013e3181bf3784
https://doi.org/10.1097/HNP.0b013e3181bf3784
https://doi.org/10.1016/S1138-3593(09)72675-9
https://doi.org/10.1016/S1138-3593(09)72675-9
https://doi.org/10.1097/BRS.0b013e31819d071c
https://doi.org/10.1097/BRS.0b013e31819d071c
https://doi.org/10.1089/acu.2009.715
https://doi.org/10.1089/acu.2009.715
https://doi.org/10.1088/0031-9155/54/9/N01
https://doi.org/10.1088/0031-9155/54/9/N01
https://doi.org/10.1080/03008200802471856
https://doi.org/10.1080/03008200802471856
https://doi.org/10.1177/1534735409332903
https://doi.org/10.1177/1534735409332903
https://doi.org/10.1007/s11433-009-0080-7
https://doi.org/10.1007/s11433-009-0080-7
https://doi.org/10.1089/acm.2007.7118-O
https://doi.org/10.1089/acm.2007.7118-O
https://doi.org/10.1016/j.pop.2009.09.010
https://doi.org/10.1016/j.pop.2009.09.010
https://doi.org/10.1371/journal.pone.0011907
https://doi.org/10.1371/journal.pone.0011907
https://doi.org/10.3390/info1020153
https://doi.org/10.3390/info1020153
https://doi.org/10.1089/acu.2009.0631
https://doi.org/10.1089/acu.2009.0631
https://doi.org/10.1016/S2005-2901(09)60041-8
https://doi.org/10.1016/S2005-2901(09)60041-8
https://doi.org/10.1016/j.jpain.2008.12.010
https://doi.org/10.1016/j.jpain.2008.12.010
https://doi.org/10.1093/ecam/nem122
https://doi.org/10.1093/ecam/nem122
https://doi.org/10.1016/j.jbmt.2007.04.009
https://doi.org/10.1016/j.jbmt.2007.04.009
https://doi.org/10.1016/S2005-2901(09)60014-5
https://doi.org/10.1016/S2005-2901(09)60014-5
https://doi.org/10.1016/j.jbmt.2008.06.005
https://doi.org/10.1016/j.jbmt.2008.06.005
https://doi.org/10.1089/acm.2008.0582
https://doi.org/10.1089/acm.2008.0582
https://doi.org/10.1097/HNP.0b013e3181bf3784
https://doi.org/10.1097/HNP.0b013e3181bf3784
https://doi.org/10.1016/S1138-3593(09)72675-9
https://doi.org/10.1016/S1138-3593(09)72675-9
https://doi.org/10.1097/BRS.0b013e31819d071c
https://doi.org/10.1097/BRS.0b013e31819d071c
https://doi.org/10.1089/acu.2009.715
https://doi.org/10.1089/acu.2009.715
https://doi.org/10.1088/0031-9155/54/9/N01
https://doi.org/10.1088/0031-9155/54/9/N01
https://doi.org/10.1080/03008200802471856
https://doi.org/10.1080/03008200802471856
https://doi.org/10.1177/1534735409332903
https://doi.org/10.1177/1534735409332903
https://doi.org/10.1007/s11433-009-0080-7
https://doi.org/10.1007/s11433-009-0080-7
https://doi.org/10.1089/acm.2007.7118-O
https://doi.org/10.1089/acm.2007.7118-O
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-7580.2008.01011.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-7580.2008.01011.x
https://doi.org/10.1089/acm.2008.0115
https://doi.org/10.1089/acm.2008.0115
https://doi.org/10.3831/KPI.2008.11.3.005
https://doi.org/10.3831/KPI.2008.11.3.005
https://doi.org/10.1016/j.explore.2008.02.002
https://doi.org/10.1016/j.explore.2008.02.002
https://doi.org/10.1007/s11864-008-0063-3
https://doi.org/10.1007/s11864-008-0063-3
https://doi.org/10.1016/S1887-8369(08)70031-0
https://doi.org/10.1016/S1887-8369(08)70031-0
https://doi.org/10.1097/AJP.0b013e318159f95e
https://doi.org/10.1097/AJP.0b013e318159f95e
https://doi.org/10.1089/acu.2008.0621
https://doi.org/10.1089/acu.2008.0621
https://doi.org/10.1016/S2005-2901(09)60002-9
https://doi.org/10.1016/S2005-2901(09)60002-9
https://doi.org/10.1093/ecam/nem060
https://doi.org/10.1093/ecam/nem060
https://doi.org/10.1089/acm.2008.SAR-5
https://doi.org/10.1089/acm.2008.SAR-5
https://doi.org/10.1016/S2005-2901(09)60027-3
https://doi.org/10.1016/S2005-2901(09)60027-3
https://doi.org/10.1016/S1887-8369(08)70003-6
https://doi.org/10.1016/S1887-8369(08)70003-6
https://doi.org/10.1016/S2005-2901(09)60006-6
https://doi.org/10.1016/S2005-2901(09)60006-6
https://doi.org/10.1089/acm.2008.SAR-3
https://doi.org/10.1089/acm.2008.SAR-3
https://doi.org/10.1089/acm.2007.0606
https://doi.org/10.1089/acm.2007.0606
https://doi.org/10.1016/B978-044310029-1.50013-9
https://doi.org/10.1016/B978-044310029-1.50013-9
https://doi.org/10.1016/B978-044310029-1.50014-0
https://doi.org/10.1016/B978-044310029-1.50014-0
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-7580.2008.01011.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-7580.2008.01011.x
https://doi.org/10.1089/acm.2008.0115
https://doi.org/10.1089/acm.2008.0115
https://doi.org/10.3831/KPI.2008.11.3.005
https://doi.org/10.3831/KPI.2008.11.3.005
https://doi.org/10.1016/j.explore.2008.02.002
https://doi.org/10.1016/j.explore.2008.02.002
https://doi.org/10.1007/s11864-008-0063-3
https://doi.org/10.1007/s11864-008-0063-3
https://doi.org/10.1016/S1887-8369(08)70031-0
https://doi.org/10.1016/S1887-8369(08)70031-0
https://doi.org/10.1097/AJP.0b013e318159f95e
https://doi.org/10.1097/AJP.0b013e318159f95e
https://doi.org/10.1089/acu.2008.0621
https://doi.org/10.1089/acu.2008.0621
https://doi.org/10.1016/S2005-2901(09)60002-9
https://doi.org/10.1016/S2005-2901(09)60002-9
https://doi.org/10.1093/ecam/nem060
https://doi.org/10.1093/ecam/nem060
https://doi.org/10.1089/acm.2008.SAR-5
https://doi.org/10.1089/acm.2008.SAR-5
https://doi.org/10.1016/S2005-2901(09)60027-3
https://doi.org/10.1016/S2005-2901(09)60027-3
https://doi.org/10.1016/S1887-8369(08)70003-6
https://doi.org/10.1016/S1887-8369(08)70003-6
https://doi.org/10.1016/S2005-2901(09)60006-6
https://doi.org/10.1016/S2005-2901(09)60006-6
https://doi.org/10.1089/acm.2008.SAR-3
https://doi.org/10.1089/acm.2008.SAR-3
https://doi.org/10.1089/acm.2007.0606
https://doi.org/10.1089/acm.2007.0606
https://doi.org/10.1016/B978-044310029-1.50013-9
https://doi.org/10.1016/B978-044310029-1.50013-9
https://doi.org/10.1016/B978-044310029-1.50014-0
https://doi.org/10.1016/B978-044310029-1.50014-0

(/1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

(=<AAF= )ILMIGHIL@A; +@QKA;9D (=<A;AF= )GL $F>DM=F;= F=KL@=LA; -=IMAJ=E=FL F=KL@=KA9 FOD?=KA9
JGKKJ=> ) JGKKJ=>
F<J=0 @F ?9L@9+ GD:=JL =DAF<9 % F<=JKGF mJBOF" (9JLAFK=F -A;@933A=D9 "9J;A9 .@=F?3AF? (9 'ADA !=F? ;MHMF,LMJ= 9F< &A<F=Q AK=9K=
#9EE=JK;@D9? .L=N= AF9 +=L=J( 29QF= #=D=F=( '9F?=NAF D=;LJA;9D HIGH=BIO+K AF @JGFA; &A<F=Q AK=9K= B 9;C<
G> 9;MHMF;LMJ= HGAFLK 9F< E=JA<A9FK KQKL=E9LA; J=NA=O AG=D=;LIGEQREKKAX
=E 2AD=0Q *FDAF='A:J9JQ

F<J=0 @F %MFIM 2M "9JQ % 9<?=] -A;@9J< #9EE=JK;@D9? #=D=F= (
(9379J=L %MDA9K 'GO=DD/ <?9J #=D=F ( M=LLF=J 9NA<$.@J=A:=] F AF NALIE?$KWKFQ D=;LJA;9D AEH=<9F;= 9DGF? ;GFF=,LAN= LAKKM= HDI9F=K 9KKG;A9L=< OAl
G> ;,GDD9?=F >A:=] 9DA?FE=FL :Q 9;MHMF;LMJ= F==<D= JGLOLAGF AG(=<A;9IMHRARAMIAFR=JA<AOFK ( GEHD=E=FL9JQ 9F< DL=JFILAN= (=<AAF=

*FAF= 3 JGKKJI=> JGKKJ=>
&=DD ) %MDDA9J< D9M<A9 ALCGNALR GM?D9K (; 9FA=D /GO9J<K 9 (G<=D >G&GBSFBAGRM # ( '9F?=NAF OKAF? MDLJ9KGMF< LG MF<=JKL9F< 9;MHMF;LMJ= $
DAFA;9D -=K=9J;@ AF *JA=FLID (=<A;AF= 3+*- B =PHDGJ= F?AF==JAF? AF (=<A;AF= 9F< AGDG?Q (9?9RAF= ((

JGKKJ=> JGKKJ=>

JQ9 )A=DK=F )A;GD9 /( &FG:DIM;@ "MKLON % G:GK F<J=9K (A;@9DK=F /=s@®=AH 2 &DAF?D=J] ! '=@E9FF #GJF ;LAN=>9K;A9D ;GFLJ9;LADALQ !9K;A9 E9Q :=
&9HL;@MC /@= >>=;L G>"M9 .@9 /J=9LE=FL GF L@= (A;JG;AJ;MDILAGF G> .MJeM= IAKIBFELII;L AF 9 KEGGL@ EMK;D= DAC= E9FF=J 9F< L@=J=:Q AF>DM=F;= EMK;MDGKC-=L
+ADGL .LM<Q AF #=9DL@Q .M:B=;LK 3+*- B =PHDGJ= <QF9EAK (=<A;9D #QHGL@=K=K BE=@Q
JGKKJ=> JGKKJ=>

-GQ (GF9QG FK?9J -M<AK;@ (9JCMK A=EDAF? @JAKLA9F &J=EK=J $SNMIBBIG #9K@AEGLG /@= H=JAF=MJA9D N=KK=D HGKKA:D= ;9F<A<9L= >GJ L@= KLJIM;l
NAKMIODAKILAGF G> L@= 9FILGEA;9D KLIM;LMJ=K J=D9L=< LG L@= 9;MHMRKM= BSAERC FP=BRAAIFIMEGAFAF @AF=K= E=<A;AF= FILGEA;9D . A=F;=

9F< .@=F E9A :Q (-$ KAF?D=;9K= HADGL KLM<Q ( (=<A;9D $E9?AF? $FL=JFILAGF9ID B 3 p 2AD=Q *EDAF=
JGKKJ=> 'A:J9JO
% "A==D (5;@9FGLIOFK<MCLAGF MF< .A?FODLJOFK<MCLAGF d:=] <9K AFAE8=65(= $FL=J;=DDMD9J ;GEEMFA;9LAGF )* 9F< L@= :AGDG?Q G> @AF=K= E=<A;AF= =DD
(=;@9FAKE=F RMJ JCDZJMF? <=K L@=J9H=MLAK;@=F >>=CLK <=J CMHMFCLYEENLE:@EF 9F< A?FIDAF? 3 JGKKJI=>
5=ALK;@JA>L >dJ CMHMFCLMJ JGKKJ=>

A#MA'A %MF (AF? 5@9F? 4A &MIF 3A= #ME9F 9;MHMF;LMJ= HGAFLK E9HH=< AF JOLK
-GQ (GF;9QG FK?9J-M<AK;@ @JAKLAYF &J=EK=J #=D?9 (GF;9QG  (-$ J=F<=H¥=KKG;A9L=< OAL@ =P;AL9:D= EMK;D= KCAFrF=JN= ;GEHD=P=K OAL@ =FJA;@=< F=JN= =F<
G> L@= 9FILGEA;9D KLIM;LMJ=K J=D9L=< LG 9;MHMF;LMJ= HGAFLK G> L@=)irE9R-dA\B IAIG B :J9AFI=K IGKKI=>
E9A 9F< 49F? IA9G E9A E=JA<AIFK OAL@AF L@= ;GFL=PL G> L@= 2%( ;GF;=HL G> D9L=J9D -
L=FKAGF AEHDA;9LAGFK >GJ EMK;MDGKC=D=L9D <AK=9K= ( (MK;MDGKCgfE9DA AKFEI:=JRJ<:97= (G<=D >GJ L@= @AF=K= (=JA<A9F .QKL=E +9JL $$ /@=

JGKKJ=> (=JA<A9F .QKL=E 9K 9 AJ<;9?= -=KGFILGJ /@= E=JA;9F %GMJIFID G> @AF=K= (=<A;AF=

. 3 JGKKJ=>

#=D=F= ( '9F?=NAF )A.GD= GM>>9J< 9NA< ' @MJ@ADD "9JQ % 9<?=J
GFF=;LAN= /AKKM= 1A:JG:D9KL -=KHGFK= LG ;MHMF;LMJ= GK= =H=F<=FLo@>b;6p=K 4 & 9= ' 2ADKGF . .G &A<F=Q ODLJOKGFA; SE9?AF? 9F<
A<AJ=LAGFOD )==<D= -GLILAGF /@= %GMJFOD G> DL=JFILAN= 9F< G@@WE-M@QAGF G> ;;MHMF;LMJ= +GAFLK AF D9KKA;9D *JA=FLID (=<A;AF= ;GMKLA;9D
(=<A; AF— 9,E JGKKJ=> $EQ?AF? 8 JGKKJ=>

AGF? #MA #9F %GGF (G 49F? (AF.M &AE &O9F? MH .G@ =L=LAGF G>yLk@F= ( 'OF?=NAF DAK9 &GFG>9?GM "9JQ % 9<?=] 9NA<' @MJ;@ADD %9E=K

9;MHMF;LMJ= HGAFLK AF .CAF :Q <A>>=J=FLA9D HIL@ D=F?L@ KH=LIGK,GHQI@®IRGHOEWTKKH@AI JAIF . "9JJ9 /AKKM= <AKHD9:=E=FLK <MJAF? 9:MHMF;LMJ=

GF (=<A;9D +@QKAK 9F< AGE=<A;9D F?AF==JAF? MKAF? MDLJ9KGMF< =D9KLG?J9H@Q L=;@FAIM=K ODLJ9KGMF< AF (=<A;AF= AGDG?Q
JGKKJI=> B MDLJ9KE=<:AG JGKKJ=>

(AF.M &AE 1Q9;@=KDON *?9Q 4GF?#MA #9F #9C.GG .@AF QMF? @=GF('=ZCc=] $& "9J=MK )/( &FG:DIM;@ (A;@9DK=F "% G:GK CMHMFCLMJ AF
&O9F? .MH .G@ D;A9F DM= .L9AFAF? /= @FAIM= >GJ [J9;AF? L@= "GN=JFAE2Ji=6}=0RL @=J9HA= r #QHGL@=K= RM 9<OHLAN=F +JGR=KK=F GEHD=E= FLOJQ (=<A;AF=
"1 (=JA<A9F AF -9L 2GJD< GF?J=KK GF (=<A;9D +@QKA;K 9F< AGE=<A;9D F?AER=#5Fd JGKKJ=>

JGKKJ=> -

*H@=J 9KHA 9JA .L=DD@GJF (=DAF<9 GFFGJ .@9E AF ( NA<=F;= 9K=<

(A?M=D +]3=R (9JA:=D *JLAR .92JAKLX %GOF 9JD=K +J=R =DDEMFL D:=JLgFMPJ6PAN= (=<A;AF=
(aFA;9 MFA '9MJ9 "9J;_9 I=JFWF<=R DAA9 =K;JAH;AaF 9F9LaEA;9 <= HMFLGEKFS=>
9;MHMFLMJ9 =F D9 =PLJ=EA<9< KMH=JAGJ -=NAKL9 $FL=JF9;AGF9ID <= ;MHMFLMJ9

3 JGKKJ=> IM;= MILAK % % #MJILIC GFKAGMKF=KK 9F< ,MOFLME $F>GJEILAGF +JG;=KKAF?

OF;GN=JAF? L@= IGMF<9LAGF >GJ 9 (=<A;AF= G> 'A?@L /@= %GMJFID G> DL=JFILAN= OF
4MIQ + 'AEOFKCQ .=J?= "MDQQJ SNOF 5 9EGKQMC .;A=FLAA; :9KAK G> 9 MMRBMISFLOIQ (=<A:AF=

&GFLOCL CGFL JGKKJ=> JGKKI=>
'=GF @9ALGO 19K;A9  GF?J=KK %GMJFID G> G<QOGJC 9F< (GN=E=FL /@=J9€&FE>97GM "% 9<?=] . "9JJ9 #( 'OF?=NAF $ .QEHGKAME GF

BB:EL JGKKJI=> ODLJ9KGFA;K 0'7.4( JGKKJI=>
#=D=F= ( '9F?=NAF GFF=LAN= LAKKM=  :G<Q OA<= KA?FIDAF? F=LOGJC-GE@IN GO %M<AL@ ='9FQ )=MJIGEMK;MD9J /=;@FAIM=K AF *JL@GH=<AK /=;@FAIM=K
#QHGL@=K=K BE=@Q JGKKJI=> AF *IL@GH9=<A:K IGKKI=>
D:=JL 4 '=MF? %MF +9JC "=JQ .,@MDL=AK %=F?-=F MOFF /GFQ 49CK@\| 435 MJ=29L:@ DL=JF9LAN=  9F< GEHD=E=FL9JQ /@=J9HA=K
D=;LIGH@QKAGDG?Q G> = ,A .=FK9LAGFK /@= %GMJF9D G> DL=JFILAN= 9F< GEHD=E=FL9JQ JGKKJI=>
(=<AAF= 9E JGKKJI=>

. . (A;@9=D (;9JL@Q +9DHILGJIQ DAL=J9;Q @AF=K= L@=J9H=MLA; :G<QOGJC /MA )9 9F<
MHMF;LMJ= *KL=LJAK "QF=,GDG?Q * L@= J=E=<A9LAGF G> @=9< F=;C 9F< K@GMD<=J H9AF %GMJFID G> G<QOGJIC 9F< (GN=E:
JGKKJ=> 1@=J9HA=K . JGKKJ=>

%=9FF="' .@=9 HHDQAF? NA<=F;= 9K=< (=<A/AF= LG /J9<ALAGFID @AF=K=AgtAfF6ALGO 2@9|_ ‘AF<K MK LG?=L@=] %GMJFID G> G<QOGJC 9F< (GN=E=FL
=9L= 9F< LJOL=?Q /@= %GMJIFID G> DL=JFOLAN= 9F< GEHD=E= FLOJQ /¢F=foBiR=K JGKKJ=>

9E JGKKJ=> -

%GK@A )II9@9JA  (:K (K; +9I=R 3AE=F9  JoIM= (.
"JA?GIQ 1 @=JFQIC 9FA=D $ .=KKD=J +=JAGH=JOLAN= MHMFLMJ= 9= JRYMAMFLMI= >>=LK GF L@= AKAFL=?J9LAGF G> =L9 EQDGA< .@==LK $LK

/=,@FAIM=K F=KL@=KAGDG?Q HHDA;OLAGF LG DR@=AE=JwK AK=9K= (=<A;9D ;MHMF;LMJ=
JGKKJI=> 9M -=K=9J:@"9L=

"JA?GJQ @=JFQIC +9HAQY .=F?MHLO -OAF=J) '=F@9J<L <OAF 'A=E FL@GRQ A aps &
GM>9K OFA=D $ .=KKD=J *R9F C 9 /@= JAEAF? G> ;MHMF;LMJ= LAEMDOLAGSt G=aD9  <35=6

:FFBE 6A; AD9 :FFBE 6A; AD9

:FFBE A@>; @7>I4§JE{BA76A 47?2 :FFBE 6A;AD9 % %

:FFBE 6A; AD9 :FFBE 6A; AD9 <?7K

:FFBE 6A; AD9 <7JB>AD7 :FFBE A@>;@7>HDBKBA? 6A < / J
:FFBE 6A; AD9 <7JB>AD7 :FFBE 6A; AD9

:FFBE 6A; AD9 :FFBE 6A; AD9 <4D3; @D?E

:FFBE 6A; AD9 :FFBE 6A;AD9 + /

:FFBE 6A; AD9 :FFBE 6A; AD9 2

:FFBE 6A; AD9 35? :FFBE 6A; AD9 < G>FD3E?764,A

:FFBE 6A; AD9 :FFBE 6A; AD9

:FFBE 6A; AD9 :FFBE 6A; AD9

:FFBE 6A; AD9 + ! :FFBE 6A; AD9

:FFBE 6A; AD9 =A@F :FFBE 6A;AD9 -$ ,+0%

:FFBE 6A; AD9 <<4?F :FFBE 6A; AD9

:FFBE 6A; AD9 <?7K :FFBE 6A; AD9

:FFBE 6A; AD9 35?7 :FFBE 6A; AD9 +

:FFBE 6A; AD9 ' :FFBE 6A; AD9 +

:FFBE 6A; AD9 35? :FFBE Il D7E73D5:93F7 @7F BG4>;53F,A@

:FFBE 6A; AD9 2 >75FDA35GBG@5FGD72835FE2A@2F:72 E;@F79D3F,A@2A82 7F32 ?K>A;62+:77FE2!FE2 BB>;53F,A@2FA2 >L:7,?’


https://doi.org/10.1016/B978-044310390-2.50009-2
https://doi.org/10.1016/B978-044310390-2.50009-2
https://onlinelibrary.wiley.com/doi/10.1002/bem.20403
https://onlinelibrary.wiley.com/doi/10.1002/bem.20403
https://doi.org/10.1186/1475-925X-7-19
https://doi.org/10.1186/1475-925X-7-19
https://doi.org/10.1016/j.explore.2006.12.002
https://doi.org/10.1016/j.explore.2006.12.002
https://doi.org/10.1016/j.explore.2007.06.001
https://doi.org/10.1016/j.explore.2007.06.001
https://doi.org/10.1186/1471-2342-7-4
https://doi.org/10.1186/1471-2342-7-4
https://doi.org/10.1078/0415-6412-00281
https://doi.org/10.1078/0415-6412-00281
https://doi.org/10.1186/1471-2474-8-33
https://doi.org/10.1186/1471-2474-8-33
https://doi.org/10.1089/acm.2007.6351
https://doi.org/10.1089/acm.2007.6351
https://doi.org/10.1007/978-3-540-36841-0
https://doi.org/10.1007/978-3-540-36841-0
https://doi.org/10.1007/978-3-540-36841-0
https://doi.org/10.1007/978-3-540-36841-0
https://doi.org/10.1016/S1887-8369(07)70217-X
https://doi.org/10.1016/S1887-8369(07)70217-X
https://doi.org/10.32725/kont.2007.060
https://doi.org/10.32725/kont.2007.060
https://doi.org/10.1016/j.jbmt.2006.07.004
https://doi.org/10.1016/j.jbmt.2006.07.004
https://doi.org/10.1016/j.mehy.2005.12.032
https://doi.org/10.1016/j.mehy.2005.12.032
https://doi.org/10.1089/acm.2006.12.743
https://doi.org/10.1089/acm.2006.12.743
https://doi.org/10.1097/01.AOG.0000239498.38595.41
https://doi.org/10.1097/01.AOG.0000239498.38595.41
https://doi.org/10.1089/acm.2006.12.255
https://doi.org/10.1089/acm.2006.12.255
https://doi.org/10.1097/00000542-200505000-00024
https://doi.org/10.1097/00000542-200505000-00024
https://doi.org/10.1016/B978-044310390-2.50009-2
https://doi.org/10.1016/B978-044310390-2.50009-2
https://onlinelibrary.wiley.com/doi/10.1002/bem.20403
https://onlinelibrary.wiley.com/doi/10.1002/bem.20403
https://doi.org/10.1186/1475-925X-7-19
https://doi.org/10.1186/1475-925X-7-19
https://doi.org/10.1016/j.explore.2006.12.002
https://doi.org/10.1016/j.explore.2006.12.002
https://doi.org/10.1016/j.explore.2007.06.001
https://doi.org/10.1016/j.explore.2007.06.001
https://doi.org/10.1186/1471-2342-7-4
https://doi.org/10.1186/1471-2342-7-4
https://doi.org/10.1078/0415-6412-00281
https://doi.org/10.1078/0415-6412-00281
https://doi.org/10.1186/1471-2474-8-33
https://doi.org/10.1186/1471-2474-8-33
https://doi.org/10.1089/acm.2007.6351
https://doi.org/10.1089/acm.2007.6351
https://doi.org/10.1007/978-3-540-36841-0
https://doi.org/10.1007/978-3-540-36841-0
https://doi.org/10.1007/978-3-540-36841-0
https://doi.org/10.1007/978-3-540-36841-0
https://doi.org/10.1016/S1887-8369(07)70217-X
https://doi.org/10.1016/S1887-8369(07)70217-X
https://doi.org/10.32725/kont.2007.060
https://doi.org/10.32725/kont.2007.060
https://doi.org/10.1016/j.jbmt.2006.07.004
https://doi.org/10.1016/j.jbmt.2006.07.004
https://doi.org/10.1016/j.mehy.2005.12.032
https://doi.org/10.1016/j.mehy.2005.12.032
https://doi.org/10.1089/acm.2006.12.743
https://doi.org/10.1089/acm.2006.12.743
https://doi.org/10.1097/01.AOG.0000239498.38595.41
https://doi.org/10.1097/01.AOG.0000239498.38595.41
https://doi.org/10.1089/acm.2006.12.255
https://doi.org/10.1089/acm.2006.12.255
https://doi.org/10.1097/00000542-200505000-00024
https://doi.org/10.1097/00000542-200505000-00024
https://doi.org/10.1213/01.ANE.0000142114.72117.E0
https://doi.org/10.1213/01.ANE.0000142114.72117.E0
https://doi.org/10.1016/j.ackd.2005.04.002
https://doi.org/10.1016/j.ackd.2005.04.002
https://doi.org/10.1186/1472-6882-5-10
https://doi.org/10.1186/1472-6882-5-10
https://doi.org/10.1109/MEMB.2005.1411347
https://doi.org/10.1109/MEMB.2005.1411347
https://doi.org/10.1016/j.mehy.2005.03.005
https://doi.org/10.1016/j.mehy.2005.03.005
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-073X.2005.00118.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-073X.2005.00118.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-073X.2005.00118.x
https://doi.org/10.1186/1478-811X-3-8
https://doi.org/10.1186/1478-811X-3-8
https://doi.org/10.1016/j.brainres.2004.04.009
https://doi.org/10.1016/j.brainres.2004.04.009
https://doi.org/10.1142/S0192415X04002582
https://doi.org/10.1142/S0192415X04002582
https://doi.org/10.1007/978-1-4020-2402-3_66
https://doi.org/10.1007/978-1-4020-2402-3_66
https://doi.org/10.1016/j.ultrasmedbio.2004.07.010
https://doi.org/10.1016/j.ultrasmedbio.2004.07.010
https://doi.org/10.1159/000082815
https://doi.org/10.1159/000082815
https://doi.org/10.2165/01197065-200401040-00002
https://doi.org/10.2165/01197065-200401040-00002
https://doi.org/10.1089/107555304322848931
https://doi.org/10.1089/107555304322848931
https://doi.org/10.1109/ULTSYM.2003.1293138
https://doi.org/10.1109/ULTSYM.2003.1293138
https://doi.org/10.1097/00013611-200303000-00013
https://doi.org/10.1097/00013611-200303000-00013
https://doi.org/10.1089/10762800360520811
https://doi.org/10.1089/10762800360520811
https://doi.org/10.1016/S1360-8592(03)00044-5
https://doi.org/10.1016/S1360-8592(03)00044-5
https://doi.org/10.1016/S1360-8592(03)00020-2
https://doi.org/10.1016/S1360-8592(03)00020-2
https://www.researchgate.net/publication/236897521_Electroacupuncture_Effects_on_the_Disintegration_of_Beta_Amyloid_Sheets_Its_Application_to_Alzheimer's_Disease
https://www.researchgate.net/publication/236897521_Electroacupuncture_Effects_on_the_Disintegration_of_Beta_Amyloid_Sheets_Its_Application_to_Alzheimer's_Disease
https://doi.org/10.1213/01.ANE.0000142114.72117.E0
https://doi.org/10.1213/01.ANE.0000142114.72117.E0
https://doi.org/10.1016/j.ackd.2005.04.002
https://doi.org/10.1016/j.ackd.2005.04.002
https://doi.org/10.1186/1472-6882-5-10
https://doi.org/10.1186/1472-6882-5-10
https://doi.org/10.1109/MEMB.2005.1411347
https://doi.org/10.1109/MEMB.2005.1411347
https://doi.org/10.1016/j.mehy.2005.03.005
https://doi.org/10.1016/j.mehy.2005.03.005
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-073X.2005.00118.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-073X.2005.00118.x
https://doi.org/10.1186/1478-811X-3-8
https://doi.org/10.1186/1478-811X-3-8
https://doi.org/10.1016/j.brainres.2004.04.009
https://doi.org/10.1016/j.brainres.2004.04.009
https://doi.org/10.1142/S0192415X04002582
https://doi.org/10.1142/S0192415X04002582
https://doi.org/10.1007/978-1-4020-2402-3_66
https://doi.org/10.1007/978-1-4020-2402-3_66
https://doi.org/10.1016/j.ultrasmedbio.2004.07.010
https://doi.org/10.1016/j.ultrasmedbio.2004.07.010
https://doi.org/10.1159/000082815
https://doi.org/10.1159/000082815
https://doi.org/10.2165/01197065-200401040-00002
https://doi.org/10.2165/01197065-200401040-00002
https://doi.org/10.1089/107555304322848931
https://doi.org/10.1089/107555304322848931
https://doi.org/10.1109/ULTSYM.2003.1293138
https://doi.org/10.1109/ULTSYM.2003.1293138
https://doi.org/10.1097/00013611-200303000-00013
https://doi.org/10.1097/00013611-200303000-00013
https://doi.org/10.1089/10762800360520811
https://doi.org/10.1089/10762800360520811
https://doi.org/10.1016/S1360-8592(03)00044-5
https://doi.org/10.1016/S1360-8592(03)00044-5
https://doi.org/10.1016/S1360-8592(03)00020-2
https://doi.org/10.1016/S1360-8592(03)00020-2
https://www.researchgate.net/publication/236897521_Electroacupuncture_Effects_on_the_Disintegration_of_Beta_Amyloid_Sheets_Its_Application_to_Alzheimer's_Disease
https://www.researchgate.net/publication/236897521_Electroacupuncture_Effects_on_the_Disintegration_of_Beta_Amyloid_Sheets_Its_Application_to_Alzheimer's_Disease

(1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

n HIGNA<= AFN9DM9:D= AFKA?@LK AFLG AFL=?J9LAN= E=<A;AF= QMJN=<9 % #=9DL@
,0 LHEI874 .
-9E (9FG@9J + .GIGCAF * @9;CG % )9EHGGL@AJA 1 F =PHDGJ9ILGJ
:DAFA;9D KLM<Q LG <=L=JEAF= L@= MLADALQ G> @=9JL J9L= N9JA9:ADALQ IFSEFKAK &&E?@Q éK(&l&%@k’FﬁL =AF - ?DG:9D E=9KMJ= G> H=J;=AN=< KLJ=KK % #=9DL@
G> <GK@9 AE:9D9F;= %GMJIFID G> QMJIN=<9 9F< AFL=?J9LAN= E=<AAF=  -@; =@9N Mi(=<
JGKKJI=>
/JONAK !/ 29DD9;=- & G%.9 :J9AF LQH=K 9 F=MJ9D EG<=D G> AF<ANA<MID JAQNAJ(:I:/ RMPDY;= - & GK@9 :J9AF LQH=K 9 F=MJID EG<=D G> AF<ANA<MID <A>>=J=F;=K
QMJIN=<9 $FL=?] (=< r % QMIN=<9 $FL=2J (=< r M EMi(E<
+ +M;!:<
/Q9?A G@=F ( 4G?9 9F< @=9JL J9L= N9JA9:ADALQ 9 ;GEHJ=@=FKAN= J=RR=09D@Q8=+ +JICIALA 9F< ALK 9KKG;AILAGFK OAL@ E=L9:GDAKE ;@JGFA; <AK=9K=K 9F<
DAL=J9LMJ= $FL % 4G?9 r ?2=FGLQH=K HGKKA:ADALA=K G> F=0 :GJF K;J==FAF? 9F< 9 DA>=LAE= G> H=JKGFIDAR=< HJ=N=FLAGF
+ +Mi(=< % QMJIN=<9 $FL=?J (=< r +( +M:(=<
(9K=D  #M:=J + F?D=J/ #=J:=JL 29LRC= ## #=9JL J9L= NOJA9:ADALQ <MMINQ9 ( (==F9 (. J=NA=O GF JGD= G>HJ9CJALA AF 9?AF? QM r
LI=9LE=FL G> :J=9CL@JGM?@ HOAF AF HILA=FLK OAL@ 9<N9F;=< ;9F;=] 9 HADEL KLM
=K = r +@9E / 9M 5 % @=F . #  (9CGOKCA #=9JL -9L= 19JA9:ADALQ
+( +Mi(=< AF +KQ;@GDG?Q -=NA=O G> #-1 $F<A;=K 9F< 9F FIDQKAK+INLEARED 3E7>
+I;FL7D>3@6 JGKKJI=>
&AE # +9JC % # '== .( "O9C (. &AE " . &AE ( # +J=GH=JILAN= 'GE:9J<A | (9DDA9FA +9?9FA ( =JMLLA . #=9JL -9L= 19JA9:ADALQ 9F< $LK
<=HJ=KK=< EGG< 9F< H=JAGH=J9LAN= @=9JL J9L= N9JAQ:ADALQ AF HOLA=FLK-BRHE @ SHARDoHSFMDILAGF ~ 9J<AGN9K; -=K r  <GA
%DAFFKL@ = 2$ AMi(=<
+M:

(;;J9LQ - .@9>>=J ! #=9JL -9L= 19JA9:ADALQ )=0O +=JKH=;LAN=K GF +@QKAGDG?A;9D
&GKR=0OARR ( (A;@9D9C . ADAFKC9 ( M<J=OA;R. 59:GJGOKCA ( DGLOAER@RRAKEK KK=KKE=FL G>.=D> J=?MDI9LGJQ 9H9;ALQ 9F<#=9DL@ -AKC "DG: <N #=9D

+JG>AD= G> IMLGFGEA; <QK>MF;LAGFK AF HILA=FLK OAL@ HJAE9JQ :J9AF(EMEGJ SF<RBKKA:B32@EB *$ # HMi(=<
9MLGAEEMFALQ DAF)=MJGD )=MJGKMJ? = r
+Mi(=< /@9Q=J %! 49E9EGLG .. JGKK;@GL %! /@= J=DILAGFK@AH G> IMLGFGEA; AE:9D9F;=
@=9]L JoL= NOJAO:ADALQ OF< j9J<AGNOKMDOJ <AK=0K= JAKC >9LGJK $FL % 9I<AGD
r <GA B AB;9J< B oM=<
9KLG?A .  AF?@ - # +JAF;AHD= G> #GL OK@F9 9F< GD< .@==L9 9F<
$LK DAFA,9D HHDA:9LAGF AF QMIN=<A; GHB@S?E ;@ 7JB7D;?7@F3> 276;5,@AQ%A - &ME9] - (9DAC . -9B / &ME9YJ + FODQKAK G> #=9JL -9L=
24;A>A9K r 19JA9:ADALQ 9F< $EHDA;ILAGF G> A>>=J=FL 19;LGJK GF #=9JL -9L-CDIA@RDALQ
JGKKJI=> 53D6;A>A9K D7H;7IE = JGKKJ=>
(ADDK + % +=L=JKGF / 2ADKGF & ' +MF? ( +9L=D . 2=AKK ' &K@AJk$¥Q). "GKO9EA + .=F?MHL9 "=GE=LJQ G> L@= +GAF;9J] HDGL ;9F
J9FRA - @GHJ9 =DILAGFK@AHK 9EGF? :DIKKA>AILAGHEWS?9L= L@= LOG 9JEK G> IMLGFGEA; F=INGMK KQKL=E%7@&BGKBNKAKTE

9QMJIN=<A; E=<A;AF= <A9?FGKLA;K >GJ AE:9D9F;=K 9F< O=KL=JF E=9KMJ=K G> HKQ;@GDEGKKr>
KLOL=K F =PHDGJILGJQ KAMB@3> ABGDH763 3@6 ;@F79D3F;H7 ?76;5;@7
r JGKKJI=> "MDD=LL ) 59BCGOKC9 5 29DK@ #9JH=J - (GF<=DDA 1 #=9JL JoL=
+9F<=Q (( -OKLG?A . -909L & $F<A9F LI9<ALAGFID 9QMIN=<A; KQKL=E G>NSMDABALQ #1 9K 9 09Q LG MF<=JKLIF< 9KKG;AILAGFK :=LO==F L@= IMLGFGEA; F=INGMK
9F< FMLJALAGFOD KMHHD=E=FLILAGF NA< 9K=< GEHD=E=FL LK\S(’;Q[L)@ &AgF;E?g;EI;Q'\EJ AKL9L KAaéADL@ASE*D :SNFA7QC§-;7B<%§%D;@H§€3@@BT_SF AG A8
*( +Mi(=< < > :AB:KE;A>88K3> > 7! ; > iL3F;

(EK5:ABIKEASA9K 1 JGKKJI=>

@GHJ9  GAH@G<= 11 QMIN=<A; E=<AAF= GJ= ;GFi=HL L@=J9H=MLA; HJAF;AHD=K

9F< ;MJJ=FL J=D=N9F;= (=< DAF)GJIL@ E r NAA  +M:i(=< 5GM"' .OK9CA % 2=A"3 #MIF?/ 4=MF? . )=LG* @=F &2 #MA.

5@GM 3 (95 5@9F?' 5@GM . 29F? % 29F? #=9JL JOL= N9JA9:ADALQ APE@K G> (AF< G<Q P=J,AK=K /9A @A 4G?9 GF #=9JL -9L= 19JA9: ADALQ +9J9E=L=JK

HJ=<A;LAGF G> KMJINAN9D AF HILA=FLK OAL@ ;9F;=] 9 KQKL=E9LA; J=NA=0O 9FE ELE§ofDBOKAKKK .QKL=E9LA; -=NA=O OAL@ (L9 FIDQKAK G> -9F<GEAR=<

+KOQ:@GKGE =K *L r +Mi(=< GFLJGDD <IJA9DK % DAF (=< <GA BE *$ +(
M

/9>>=' L9F;AD& GF<1 +=EEAFILA. "GJIFLD91- &9<MJ & A>>=J=FLAILAGF G>

GN=JO=A?@L >JGE FGJEID O=A?@L QGMF? 9<MDLK :Q HGKLHJ9F<A9D @:9JL9J@DG1§9AQ:1AD;@§9§@MF 1( 1=JL=D 1 (LQMK@CG & GF<9J=FCG !

KQKLGDA; :DGG< HJ=KKMJ= % DAF A9?FGKLA; -=K M? ro( &Q;@CQIMC / +=L=JK=F % >>=;LK G> L@= =9KL=JF EAF< :G<Q HJ9; LA K GF E=FL9D @=9DL@
+Mi(=< <MJAF? L@= *1$ HIF<=EA; 2@=F =9KL E==LK O=KL 2A9< '=C
<GA 2'=C *$ +M:(=<

"MHL9 % M:= AF?@ 1 "MHLY - .H=;LJ9D 9F9DQKAK G> @=9JL J9L= N9JAO: ADALQ

AF :JGF:@A9D 9KL@E9 HILA=FLK $F<ASF % +@QKAGD +@9JE9;GD )9L=J 0( F ;GDG?A9D (GE=FL9JQ (MKA; $FL=IN=FLAGF >GJ L@=

+M:(=< -_<M LAGF G> ;ML= .LJ=KK AF 9ADQ 'A>= (AP=< (sL@G<K !=9KA:ADALQ .LM<Q NGFL
+KQ;@GD <GA >HKQ? *$ +(

.GJGCAF *1 .M:GLQ9DGN ( (9L=JA9D G> L@= 9DD -MKKA9F K;A=FLA>A; 9M:(E39:LA:0D

:GF>=J=F;= OAL@ AFL=JFOLAGF9D HJ=K=F;= *LG:=J r &=E=JGNG -MKKA9

GEH9J9LAN= E=<A;9D J=K=9J;@ G> 1=<9+MDK= @9J<09J= 9F< KG>L09J= @ARL .#&WgFJ:=J? -G?D=] " #9KD=J " 19?MK )=JN= 9K (G<MDILGJ G> L@=

E9AFLOAFAF? 9;LANALA=K AF =<M;9LAGF9D KQKL=E L@=GJQ 9F< HJ9;LA;= HHIOAFr"ML PAK AF +KQ;@A9LJA; 9F< $F>DI9EEILGIQ AKGJI<=JK WGFL +KQ;@A9LIQ

&=DC9J + &9J9E;@IF<IFA . %AF<9 . +JG;==<AF?K G> ;GF>=J=F;= GF 9<N9FEA >HKQL *$ #( IMi(=<

9HHDA;9LAGFK AF H@QKAGDG?A;9D N9JA9:ADALQ - $<=FLA>QAF? LIA<GK@9 >GJ <AK=9K=

:@9J9;L=JAKILAGF AF EGIH@GDG?Q G> 9F $+" HMDK= O9N=>GJE '9:GJ<=. (GKD=Q /@9Q=J %! #=9JL J9L= N9JA9:ADALQ 9F< ;9J<A9; N9?9D LGF= AF

AF?@ #9IMHBAL /@9H9J OFAN=JKALQ +9LA9D9  -=DILAGFK@AH :=LO==F L@Q@?M@MGDGM 9D J=K=9J;@rJ=;GEE=F<9LAGFK >GJ =PH=JAE=FL HDOFFAF? <9L9 9F9DQKAK
<GK@9K 9F< @=9JL JOL= N9JA9:ADALQ >J=IM=F;Q :9F<K 9 HADGL KLM<Q 9F< <9L9 J=HGJLAF? JGFL +KQ;@GD <GA >HKQ? T

=K@HOF<= # .@ANICMEQJ &INALY ( /JAHIL@Q / @9LMIN=<A #=9DL@(0l= *Mi(=<

9F< <AK=9K= E9F9?=E=FL AF QMJIN=<9 DL=JF /@=J #=9DL@ (=< r

+M:(=< :FFBE BG47?76 @54; @>? @;: 9AH

(FFB 1l @54; @>? @;: 9AH B?5 3DF;5>7E B?5

FL@GFQ% 1 %GIFF= (" OF<=JKLOF<AF? AFL=JG:K=JN=J 97J==E=FL L@= COHBR\BCAKEE, & e toe sor:so7E 875

19E (=< 9Q r +M:(=< :FFBE BG4?76 @54; @>? @;: 9AH
/=DD=K. +9L@9C. &ME9J (AK@J9+ O9DCIAK@F9 QMJIN=<A; <GK@9K 9K HFB<AlL@IK @>? @;: 9AH B?5 3DF;5>7E B?5
G>KD==H IMIDALQ (=< .;A (GFAL r #( +Mi(=< il gf“;;g @54 @7 @:: 9AH
:FFBE 6A; AD9
=DD #=A<=D - .MF=?9 % JAKCG % F;A=FL OAK<GE 9F 9QMJIN=<A; HE8EMIGA276 @54; @>? @;: 9AH
‘FFBE 6A;AD9  <<3;? 'FFBE 6A;AD9  93:7<
FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5 FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
‘FFBE BG4?76 @54; @>? @;: 9AH ‘FFBE BG4?76 @54; @>? @;: 9AH
(FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5 :FFBE 6A; AD9 <;<53D6
:FFBE BG4?76 @54; @>? @;: 9AH :FFBE BG4?76 @54; @>? @;: 9AH
(FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5 :FFBE 6A; AD9 !
‘FFBE BG4?76 @54; @>? @;: 9AH 'FFBE 6A;AD9  <?7:K
'FFBE BG4?76 @54; @>? @;: 9AH FFBE 6A;AD9 < ;<BEK5:A
'FFBE BG4?76 @54; @>? @;: 9AH FFBE 6A;AD9 <57
‘FFBE 6A; AD9 2 FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE 6A; AD9 <<3;? :FFBE BG4?76 @54; @>? @;: 9AH
(FFB 1l @54; @>? @;: 9AH B?5 3DF;5>7E B?5 :FFBE 6A; AD9 1>7=

:FFBE BG4?76 @54; @>? @;: 9AH
:FFBE BG4?76 @54; @>? @;: 9AH
:FFBE BG4?76 @54; @>? @;: 9AH
:FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE BG4?76 @54; @>? @;: 9AH
:FFBE BG4?76 @54; @>? @;: 9AH
:FFBE BG4?76 @54; @>? @;: 9AH
:FFBE BG4?76 @54; @>? @;: 9AH
(FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE BG4?76 @54; @>? @;: 9AH

:FFBE BG4?76 @54; @>? @;: 9AH

:FFBE 6A; AD9 8BEK9

(FFB 1l @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE BG4?76 @54; @>? @;: 9AH

:FFBE 6A; AD9 8BEKF

(FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE BG4?76 @54; @>? @;: 9AH

:FFBE 6A; AD9 8BEK9

(FFB 1l @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE BGA4?76 @54; @>? @;: 9AH


https://doi.org/10.1016/j.jaim.2017.06.008
https://doi.org/10.1016/j.jaim.2017.06.008
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4719489/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4719489/
https://pubmed.ncbi.nlm.nih.gov/26834428/
https://pubmed.ncbi.nlm.nih.gov/26834428/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4959333/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4959333/
https://pubmed.ncbi.nlm.nih.gov/27512317/
https://pubmed.ncbi.nlm.nih.gov/27512317/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5161332/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5161332/
https://pubmed.ncbi.nlm.nih.gov/28003771/
https://pubmed.ncbi.nlm.nih.gov/28003771/
https://pubmed.ncbi.nlm.nih.gov/27871552/
https://pubmed.ncbi.nlm.nih.gov/27871552/
https://pubmed.ncbi.nlm.nih.gov/27788421/
https://pubmed.ncbi.nlm.nih.gov/27788421/
https://doi.org/10.1007/978-3-030-80983-6_4
https://doi.org/10.1007/978-3-030-80983-6_4
https://doi.org/10.1016/j.jaim.2018.02.001
https://doi.org/10.1016/j.jaim.2018.02.001
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3705899/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3705899/
https://pubmed.ncbi.nlm.nih.gov/23864888/
https://pubmed.ncbi.nlm.nih.gov/23864888/
https://pubmed.ncbi.nlm.nih.gov/11795092/
https://pubmed.ncbi.nlm.nih.gov/11795092/
https://pubmed.ncbi.nlm.nih.gov/27663106/
https://pubmed.ncbi.nlm.nih.gov/27663106/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5028518/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5028518/
https://pubmed.ncbi.nlm.nih.gov/27656434/
https://pubmed.ncbi.nlm.nih.gov/27656434/
https://pubmed.ncbi.nlm.nih.gov/23781652/
https://pubmed.ncbi.nlm.nih.gov/23781652/
https://pubmed.ncbi.nlm.nih.gov/11253416/
https://pubmed.ncbi.nlm.nih.gov/11253416/
https://pubmed.ncbi.nlm.nih.gov/15883903/
https://pubmed.ncbi.nlm.nih.gov/15883903/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4448595/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4448595/
https://pubmed.ncbi.nlm.nih.gov/25982247/
https://pubmed.ncbi.nlm.nih.gov/25982247/
https://doi.org/10.1016/j.jaim.2017.06.008
https://doi.org/10.1016/j.jaim.2017.06.008
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4719489/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4719489/
https://pubmed.ncbi.nlm.nih.gov/26834428/
https://pubmed.ncbi.nlm.nih.gov/26834428/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4959333/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4959333/
https://pubmed.ncbi.nlm.nih.gov/27512317/
https://pubmed.ncbi.nlm.nih.gov/27512317/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5161332/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5161332/
https://pubmed.ncbi.nlm.nih.gov/28003771/
https://pubmed.ncbi.nlm.nih.gov/28003771/
https://pubmed.ncbi.nlm.nih.gov/27871552/
https://pubmed.ncbi.nlm.nih.gov/27871552/
https://pubmed.ncbi.nlm.nih.gov/27788421/
https://pubmed.ncbi.nlm.nih.gov/27788421/
https://doi.org/10.1007/978-3-030-80983-6_4
https://doi.org/10.1007/978-3-030-80983-6_4
https://doi.org/10.1016/j.jaim.2018.02.001
https://doi.org/10.1016/j.jaim.2018.02.001
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3705899/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3705899/
https://pubmed.ncbi.nlm.nih.gov/23864888/
https://pubmed.ncbi.nlm.nih.gov/23864888/
https://pubmed.ncbi.nlm.nih.gov/11795092/
https://pubmed.ncbi.nlm.nih.gov/11795092/
https://pubmed.ncbi.nlm.nih.gov/27663106/
https://pubmed.ncbi.nlm.nih.gov/27663106/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5028518/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5028518/
https://pubmed.ncbi.nlm.nih.gov/27656434/
https://pubmed.ncbi.nlm.nih.gov/27656434/
https://pubmed.ncbi.nlm.nih.gov/23781652/
https://pubmed.ncbi.nlm.nih.gov/23781652/
https://pubmed.ncbi.nlm.nih.gov/11253416/
https://pubmed.ncbi.nlm.nih.gov/11253416/
https://pubmed.ncbi.nlm.nih.gov/15883903/
https://pubmed.ncbi.nlm.nih.gov/15883903/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4448595/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4448595/
https://pubmed.ncbi.nlm.nih.gov/25982247/
https://pubmed.ncbi.nlm.nih.gov/25982247/
https://pubmed.ncbi.nlm.nih.gov/6668417/
https://pubmed.ncbi.nlm.nih.gov/6668417/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4719489/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4719489/
https://pubmed.ncbi.nlm.nih.gov/26834428/
https://pubmed.ncbi.nlm.nih.gov/26834428/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4012357/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4012357/
https://pubmed.ncbi.nlm.nih.gov/24812471/
https://pubmed.ncbi.nlm.nih.gov/24812471/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3215411/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3215411/
https://pubmed.ncbi.nlm.nih.gov/22131753/
https://pubmed.ncbi.nlm.nih.gov/22131753/
https://doi.org/10.3390/s21123998
https://doi.org/10.3390/s21123998
https://doi.org/10.1016/0008-6363(96)00116-2
https://doi.org/10.1016/0008-6363(96)00116-2
https://pubmed.ncbi.nlm.nih.gov/8796106/
https://pubmed.ncbi.nlm.nih.gov/8796106/
https://doi.org/10.7453/gahmj.2014.073
https://doi.org/10.7453/gahmj.2014.073
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4311559/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4311559/
https://pubmed.ncbi.nlm.nih.gov/25694852/
https://pubmed.ncbi.nlm.nih.gov/25694852/
https://doi.org/10.1016/j.ijcard.2009.09.543
https://doi.org/10.1016/j.ijcard.2009.09.543
https://pubmed.ncbi.nlm.nih.gov/19910061/
https://pubmed.ncbi.nlm.nih.gov/19910061/
https://doi.org/10.2174/1573403X16999201231203854
https://doi.org/10.2174/1573403X16999201231203854
https://doi.org/10.1016/j.mehy.2020.109574
https://doi.org/10.1016/j.mehy.2020.109574
https://doi.org/10.1016/j.ijpsycho.2023.08.001
https://doi.org/10.1016/j.ijpsycho.2023.08.001
https://doi.org/10.3390/jcm7110404
https://doi.org/10.3390/jcm7110404
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6262541/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6262541/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6262541/
https://pubmed.ncbi.nlm.nih.gov/30384420/
https://pubmed.ncbi.nlm.nih.gov/30384420/
https://doi.org/10.36740/wlek202111130
https://doi.org/10.36740/wlek202111130
https://pubmed.ncbi.nlm.nih.gov/35023505/
https://pubmed.ncbi.nlm.nih.gov/35023505/
https://doi.org/10.3389/fpsyg.2022.927705
https://doi.org/10.3389/fpsyg.2022.927705
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc9558284/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc9558284/
https://pubmed.ncbi.nlm.nih.gov/36248548/
https://pubmed.ncbi.nlm.nih.gov/36248548/
https://doi.org/10.3389/fpsyt.2018.00044
https://doi.org/10.3389/fpsyt.2018.00044
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5859128/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5859128/
https://pubmed.ncbi.nlm.nih.gov/29593576/
https://pubmed.ncbi.nlm.nih.gov/29593576/
https://doi.org/10.3389/fpsyg.2017.00213
https://doi.org/10.3389/fpsyg.2017.00213
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5316555/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5316555/
https://pubmed.ncbi.nlm.nih.gov/28265249/
https://pubmed.ncbi.nlm.nih.gov/28265249/
https://pubmed.ncbi.nlm.nih.gov/6668417/
https://pubmed.ncbi.nlm.nih.gov/6668417/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4719489/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4719489/
https://pubmed.ncbi.nlm.nih.gov/26834428/
https://pubmed.ncbi.nlm.nih.gov/26834428/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4012357/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4012357/
https://pubmed.ncbi.nlm.nih.gov/24812471/
https://pubmed.ncbi.nlm.nih.gov/24812471/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3215411/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3215411/
https://pubmed.ncbi.nlm.nih.gov/22131753/
https://pubmed.ncbi.nlm.nih.gov/22131753/
https://doi.org/10.3390/s21123998
https://doi.org/10.3390/s21123998
https://doi.org/10.1016/0008-6363(96)00116-2
https://doi.org/10.1016/0008-6363(96)00116-2
https://pubmed.ncbi.nlm.nih.gov/8796106/
https://pubmed.ncbi.nlm.nih.gov/8796106/
https://doi.org/10.7453/gahmj.2014.073
https://doi.org/10.7453/gahmj.2014.073
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4311559/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4311559/
https://pubmed.ncbi.nlm.nih.gov/25694852/
https://pubmed.ncbi.nlm.nih.gov/25694852/
https://doi.org/10.1016/j.ijcard.2009.09.543
https://doi.org/10.1016/j.ijcard.2009.09.543
https://pubmed.ncbi.nlm.nih.gov/19910061/
https://pubmed.ncbi.nlm.nih.gov/19910061/
https://doi.org/10.2174/1573403X16999201231203854
https://doi.org/10.2174/1573403X16999201231203854
https://doi.org/10.1016/j.mehy.2020.109574
https://doi.org/10.1016/j.mehy.2020.109574
https://doi.org/10.1016/j.ijpsycho.2023.08.001
https://doi.org/10.1016/j.ijpsycho.2023.08.001
https://doi.org/10.3390/jcm7110404
https://doi.org/10.3390/jcm7110404
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6262541/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6262541/
https://pubmed.ncbi.nlm.nih.gov/30384420/
https://pubmed.ncbi.nlm.nih.gov/30384420/
https://doi.org/10.36740/wlek202111130
https://doi.org/10.36740/wlek202111130
https://pubmed.ncbi.nlm.nih.gov/35023505/
https://pubmed.ncbi.nlm.nih.gov/35023505/
https://doi.org/10.3389/fpsyg.2022.927705
https://doi.org/10.3389/fpsyg.2022.927705
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc9558284/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc9558284/
https://pubmed.ncbi.nlm.nih.gov/36248548/
https://pubmed.ncbi.nlm.nih.gov/36248548/
https://doi.org/10.3389/fpsyt.2018.00044
https://doi.org/10.3389/fpsyt.2018.00044
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5859128/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5859128/
https://pubmed.ncbi.nlm.nih.gov/29593576/
https://pubmed.ncbi.nlm.nih.gov/29593576/
https://doi.org/10.3389/fpsyg.2017.00213
https://doi.org/10.3389/fpsyg.2017.00213
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5316555/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5316555/
https://pubmed.ncbi.nlm.nih.gov/28265249/
https://pubmed.ncbi.nlm.nih.gov/28265249/

(/1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

@=KCQ&. (A;@=D /@=(MKA; 1A:J9LAGF /9:D= (1/ =N=DGHAF? 9 /=;@FGDORROAF . '9JKGF ( % KQKL=E9LA; J=NA=0 G> @=9JL J9L= N9JA9:ADALQ
9F< GF;=HLM9D (G<=D >GJ +9AF -=DA=> (MKA; /@=J +=JKH=;L r <@A :AG>==<:9;C LJ=9LE=FL >GDDGOAF? LIOMEILA; :J9AF AFBDB®@ /;@<GDK
ELH *$ r JGKKJ=>

9EH:=DD MJ?=J D9-MGF9 .AF?D= 9K= (AP=< (=L@G<K .LM<Q PHDGJAR2Q@9IFA 1 (9@<AIFA . +=DLGCIF?9K ( 1=@C9GB9 GEH9JAKGF G>

L@= -GD= G> (MKA; 'AKL=FAF? AF 1A:JG9;GMKLA; /J=9LE=FL 1GA;=K 2GJD< !GIMBJIEA;=JK <=JAN=< >JGE H@GLGHD=L@QKEG?J9H@Q 9F< =D=;LIG;9J<AG?J9H@Q KA?F

1@=3 <GA NGA;=K N A *$ @@G3> |@F7D@3F;A@3> A@87D7@57 A8 F:7 | @9:@77D;@9 ;@ %76;5,@7 3@6 ;A>A9
+A5;7FK @9;@77D;@9 ;@ %76,5@7 3@6 ;A>AK +ATNEIG3> |@F7D@3FA@3>

JOMF %9FR=F / D .@AJ90A ($ -GLRAF?=J. &=FF=<Q.# 9JL=D' +ADGL .LM887D7@57 r JGKKJI=>

$FN=KLA?9LAF? L@= >>=L G> (MKA; 9K=< $FL=IJN=FLAGF GF =HJ=KKAGF 9F< F@=<GFA9

IJGFL +KQ;@GD <GA >HKQ? *$ +( J=FF9F ( +9D9FAKO9EA ( &9E=F + +GAF;9J] HDGL AFL=JHJ=LILAGF MKAF?

+Mi(=< 9 HO@QKAGDG?A;9D EG<=D G> #1 :9K=< GF 9 F=LOGJC G2TEK5BODSAGING3> A8
B:KE;A>A9R3DF 3@6 5,D5G>3FADK B:KE;ASAQK r# JGKKJI=>

&9JCCIAF=F ( (ALKMA % /@= >>=LK G> .GMF< 9K=< 1A:JOLAGF /J=9LE=FL GF L@=

#ME9F (AF< 9F< G<Q L@= +@QKAGY,GMKLA; (=L@G< % $FL .G; 'A>=&$F0E=AOFA(  GF9D<#.AF?=J( |  -GDDAF(;J9LQ(. (AC=

r <GA AKDAK 8 *$ LCAFKGF /O=FLQ IGMJ #GMJ /AE= GE9AF #=9JL -9L= 19JA9:ADALQ 9F< #=9JL -9L=

%AJICALLOQICGIF) 2GF?KIOOL 4 JIAF -=KHGFK=K LG #R AFIMJIID =9L OF=DSLARBRK LG ?= 9F< "=F<=J *N=J)AF= =9<&K  _A=F:=AJ=

GF EGLAGF 9F< (=EGJQ $FL % +KQ;@GH@QKAGD r <GA

B ABHKQ;@G 5 +Mi(=<

IGGCK )A=M@J * KK=KKAF? 1A:JG9;GMKLA; .GMF< (9KK9?= /@JGM?@ /@= AGKA?F9D
G> #ME9F H==,@ NA<=F;= G> $EHJGN=< 2=DD:=AF? +JG;==<AF?K G> LR~
$FL=JFILAGFID GF>=J=F;= GF ;GMKLA;K .H==;@ 9F< .A?F9D +JG;=KKAF? $ +%:@|8 G8FG

=HM:DA;G>&GJ=9 r HJAD HH r GI?@=KA | J=E9K;GDA - @AJAG  AIF,@A ' A (GA9  +JASFG '
+A=<AEGFL=  (OMIG  AHJ=KKG +  (AF< 9F< :G<Q ;GFF=,LAGF AF =PH=JL

"ALD=J  19F9:C=J ' = GM,C ( = '==MO $  "A<JGF 4 E=<ALILGJK 9 ;GEHMLILAGFID KLM<Q :9K=< GF :=FLJOD 9F< H=JAH@=J9D F=INGMK KQK
)="MJGEG<MDILAGF HHDA=< LG AK=OK=K /@= 9K= G> #1 AGASB@E> AB, 5p8>777@F3DK 276:5:@7 3@6 F-7DIBTE  JGKKI=>
5>:@;53> ?76;5;@7 JGKKJI=> ” ! I
JIF<E=Q=J/ =DGJE= 29@:=@ # /@= F=MIGK;A=F;= G> E=<ALOLAGF ;DIKKA>A;9LAGF
5@M % %A ' 'AM #=9JL J9L= NOJA9:ADALQ EGFALGIAF? >GJ =EGIIr8F<FGDG20 'GJJ:D%)L:(% 9F<@ E--@OFAKEK +JG? JOAF =K ;
<AKGJ<=JK G> =EGLRBRA>A9;53> ?73EGD7?7@F JGKKJI=> AMi(=< o : ‘
. _ - - JJONAK! .@=9J % IG;MK=< 9LL=FLAGF GH=F EGFALGJAF? 9F< 9MLGE9LA; K=D> LJ9FK;=F<AF"
JMFOF _ 9F<=JiGiC " - JG<A= IMOFLALOLAN= KQKL=EOLA; J=NA=O .q —>G3a=K | G GJ?9FAR= E=<ALOLAGFK >JGE 1=<A; M<<@AKL @AF=K=/JO<ALAGFK GFK:A
G> FGJE9D N9DM=K >GJ K@GJL L=JE @=9JL J9L= NOJAQ.ADALQ (85; @S- IBE<NMDLK | <op B -GEG? -5 M (o<
5>,@;53> 7>75FDAB:KE;A>A9K ( r JGKKJ=> ' T *
'A=JEOF ) /IGH= 4 /@= HKQ;@GDG?Q G> LIOFK;=F<AF? L@= @=J= 9F< FGO .A=F;=
M 3 2M 4 'AM %  MA #1.H9JC GEHMLAF? #=9JL -9L= )r <A K@A=F'=Q@ Q Y o @ @M'(:<
19JA9:ADALQ (=9KMJ=K OKAF? H9;@=(BIB3C76;@9E ! !@F7D@3F;A@3> A@87D7@57 T -
AQ@ (A@BAD?3FSE3@6 ;A?765:@7  AE JOKKI=>  @orA 20@:=@ # )=RIE>9J # (ADD=J( J<G?EMK *C=F ,MOFLALILAN=;@9F?=
G> " 9F< J=KHAJILAGF KA?FIDK <MJAF? EAF<>MDF=KK E=<ALILAGF % )=MJG=F? -=@9:A
-9@MD ' - .9JC9J - =F?MHL9  @9F<J9 . %OF9 .  )GN=D $:9K=< oA " o Mifee ®) @
#1 9FIDQKAK ) $# AF @=9DL@;9J= IMLGEILAGF 9F< J=D9L=< IHADA@FGKK -
7>TSFDAS3DEA>ASK T JGKKI=> @9FA 20@:=@ # (ADD=) ( )=R9E>9] # J<G?EMK *C=F  @9F?= AF
H@QKAGDG?A;9D KA?FIDK <MJAF? EAF<>MDF=KK E=<ALOLAGF $FL$ (. GF>)=MJ9D F?
/9GME ~ AKA9MP  /ADIMAF ! '= "MADDGM 4  9JJOMDL " 19DA<AL ; Mfee
G> ODLJ9 .@GJL /=JE #1 FIDQKAK OKAF? ++" +J=DAEAF9JQ +NBEADE 3E7> L M
+,FL7D>3@6 JCKKJ=> LOHD=LGF + AKH=FR9 % (ADD . .9:GL +=9;@ ( -9QFGJ '9J?= =>>=;LK G>
:JA=> E=<ALOLAGF AFL=JN=FLAGF GF " KH=LJ9 AF E=<ALOLAGF FGNA:=K $-* -=
*JL=29 JQOF 43 @JAKLAF=) . /@= +MDK= G> .AF?9HGJ= .@GJL T <GA . BAJG oy o Mle<
J=JE#1)GIEK  BB>;76 BEK5:AB:KE:A>AOK 3@6 4;A8776435 JGKKJ=> : :

_ _ o JJONAK | #9979 | #9?7=DAF % /9FF=J ( )A<A;@ . "9QDGJI< &AF? =L 9D >>=LK G>
1GF<J9K=C %  -A=EOFF JGKACA " %  IDOLL 19DA<ALQ JI9FK;=F<=FLID (=<ALILAGF HJ9;LA;= GF :J9AF >MF;LAGFAF? 9F< KLJ=KK J=0;LANALQ AF ;GDL
9F< >>A:9,Q G>L@= DAL= #-1 EQJLH@GF= HHDASLAGF <MJAF? .DGO +9;=<g JTal@AR*sFL o6 +KQ: @GH@OKAGD r <GA  BABHKQ:@G
+7@EADE 3E7> +I:FL7D>3@6 JGKKJ=> S Mo ' '

+@GF?KMH@9H . +GF?KMHOH 4 @9F<OF9EILL@9 + 'MIKAFKOH ~@9F?=K AF @=9JL JoL=
(9DAC ( A??=] %/ OEE 9% &D=A?=) - (9DDAIFA (GKK % .@O9JLRygjng:ADALO <MJAF? ;GF:=FLIOLAGF E=<ALILAGF $FL % 9J<AGD r <GA
+9% #=9JL J9L= NOJA9:ADALQ .LOF<9J<K G> E=0KMJ=E=FL H@QKAGDG?A:9D AfLiclJLOLAGF . Mo
9F< DAFA9D MK= MJ #=9JL % r <GA ' s
GP>GJ<BGMJFIDK =MJ@=9JLB 9$ +Mi(=<

)=KNGD<  197=JDOF< (2 9NOF?=] . DDAF?K=F m .GD:=J? #GD=F =L 9D

$F:J=9K=< @=9JL JOL= NOJAG:ADALQ <MJAF? FGF<AJ=:LAN= E=<ALOLAGF MJ % +J=N 9J<A
@9>>=)1 (jJOLQ- 521) ' @=9DL@Q @=9JL AK FGL 9 E=LIGFGE= F AFL=?J9LANT .G *$ +Mi(=<

J=NA=O G> L@= @=9JL K 9FILGEQ 9F< @=9JL J9L= N9JA9:ADALQ WGFL +KQ:@GD

<GA  >HKQ? *$ ( +Mi(=< IGF9J< DIE=FL . &MG (9FLG ( @9F?=K AF @=9JL JOL= N9JA9:ADALQ <MJAF?
@=9JL>MDF=KK E=<ALILAGF 9 HGO=J KH=,LJ9D 9FIDQKAK AF:DM<AF? L@= J=KA<M9D K

IJGFL 9J<AGNOK; (=< <GA  >NE * +
"JGKA;CA "% MDN=J () ((ADDYF )& JGKK ' (GFLGQ= #& -A=E9FF (e ¢ 2
" IDILL  .=D>J=;GJ<=< @=9JL JOL= N9JA:ADALQ HIG>AD=K 9J= oKkKG;AoL=2 R @-o0L@

9F< DA>=KLQD= ESJC=JK AF QGMF? 9<MDLK DAF MLGF -=K T <GA 4oKIMAFA # /9F9CY "& OKAD= # 1=DOKIM=K 'GROFG ( -A=AJG +
. e
K R 25 oM< D=;LIGH@QKAGDG?A;9D ;GJJ=DIL=K G> DGF? L=JE .GLG 5=F E=<ALILAGF AGE=< -=K $
<GA *$ *( Mi(=<
AHJEKKG + =JAFG . GI?@=KA ! /9JLOJAKG " -ANO " +AG??A9 " =L 9D GFLAFMGMK
)9LOJ9BOF  +OFL=DGHGMDGK EAJ!9JAFOK # )OLOJ9BOF + #=0JL JOL= NOJASADALRbe

OAL@ H@GLGHD=L@QKEG?J9H@Q AF EADDAGF AF<ANA<MIDK ;JGKK KFt#AGEQRISLM%Q '9F;=L

A?AL #=9DL@ = r= <GA . *$ :FFBE 6A;AD9  3<B:73DF
+Mi(=< :FFBE 6A;AD9  +
:FFBE Il E5;7@576;D75F 5A? E5;7@57 3DF;5>7 B;; +
:FFBE 6A;AD9 E
/9D:=JL ' &9=D:=J=J 5 "D=9N= JA??K JA??K . .L=>>=F + - FFBE BG4?76 @54; @>? @;: 9AH
:FFBE 6A;AD9  ?FB :FFBE 6A;AD9  <5A@5A9
:FFBE 6A; AD9 HAS7EH ; :FFBE BG4?776 @54; @>? @;: 9AH
:FFBE 6A;AD9  8BEK9 :FFBE 6A;AD9 E5;7@57
FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5 :FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE BG4?76 @54; @>? @;: 9AH :FFBE BG4?76 @54; @>? @;: 9AH
:FFBE 6A; AD9 E>E 2 :FFBE 6A; AD9
‘FFBE 6A;AD9  <;<BEK5:A :FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE BG4?76 @54; @>? @;: 9AH :FFBE BG4?76 @54; @>? @;: 9AH
:FFBE 6A;AD9 <57 :FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE 6A; AD9 34 :FFBE BG4?776 @54; @>? @;: 9AH
‘FFBE 6A;AD9 < J FFBE 6A;AD9  <;4DAD
‘FFBE 6A;AD9  4;4? :FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
'FFBE 6A;AD9  <<7>75FDA53D6 :FFBE BG47?76 @54; @>? @;: 9AH
:FFBE 6A;AD9  E :FFBE 6A;AD9  <;<BEK5:A
:FFBE 6A;AD9 E :FFBE BG4?76 @54; @>? @;: 9AH
‘FFBE 6A;AD9 E :FFBE 6A;AD9  <;<53D6
:FFBE 6A;AD9  AJBAD6<AGD@3>E 7GD:73DF< 3 :FFBE BG4?776 @54; @>? @;: 9AH
:FFBE BG4?76 @54; @>? @;: 9AH :FFBE 6A; AD9
‘FFBE 6A;AD9  8BEK9 :FFBE BG4?76 @54; @>? @;: 9AH
FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5 :FFBE 6A;AD9  85H?
:FFBE BG4?76 @54; @>? @;: 9AH :FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE 6A;AD9 E L :FFBE BG4?76 @54; @>? @;: 9AH
:FFBE BG4?76 @54; @>? @;: 9AH :FFBE 6A; AD9

:FFBE 6A; AD9 E :FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE BG4?76 @54; @>? @;: 9AH :FFBE BG4?76 @54; @>? @;: 9AH


https://doi.org/10.1093/mtp/9.1.32
https://doi.org/10.1093/mtp/9.1.32
https://doi.org/10.15845/voices.v19i2.2556
https://doi.org/10.15845/voices.v19i2.2556
https://doi.org/10.3389/fpsyg.2019.01038
https://doi.org/10.3389/fpsyg.2019.01038
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6517496/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6517496/
https://pubmed.ncbi.nlm.nih.gov/31133945/
https://pubmed.ncbi.nlm.nih.gov/31133945/
https://doi.org/10.18936/islis.24.1_155
https://doi.org/10.18936/islis.24.1_155
https://doi.org/10.1016/j.ijpsycho.2017.07.010
https://doi.org/10.1016/j.ijpsycho.2017.07.010
https://pubmed.ncbi.nlm.nih.gov/28739482/
https://pubmed.ncbi.nlm.nih.gov/28739482/
https://doi.org/10.3390/jcm11195927
https://doi.org/10.3390/jcm11195927
https://doi.org/10.1088/1361-6579/ab1887
https://doi.org/10.1088/1361-6579/ab1887
https://doi.org/10.1111/j.1540-8159.2010.02841.x
https://doi.org/10.1111/j.1540-8159.2010.02841.x
https://doi.org/10.1109/bibm49941.2020.9313361
https://doi.org/10.1109/bibm49941.2020.9313361
https://doi.org/10.1016/j.jelectrocard.2023.03.013
https://doi.org/10.1016/j.jelectrocard.2023.03.013
https://doi.org/10.3390/s22207995
https://doi.org/10.3390/s22207995
https://doi.org/10.1007/s10484-023-09603-4
https://doi.org/10.1007/s10484-023-09603-4
https://doi.org/10.3390/s23239496
https://doi.org/10.3390/s23239496
https://doi.org/10.1093/oxfordjournals.eurheartj.a014868
https://doi.org/10.1093/oxfordjournals.eurheartj.a014868
https://pubmed.ncbi.nlm.nih.gov/8737210/
https://pubmed.ncbi.nlm.nih.gov/8737210/
https://doi.org/10.3389/fpsyg.2014.01040
https://doi.org/10.3389/fpsyg.2014.01040
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4179748/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4179748/
https://pubmed.ncbi.nlm.nih.gov/25324790/
https://pubmed.ncbi.nlm.nih.gov/25324790/
https://doi.org/10.1007/s10286-022-00884-z
https://doi.org/10.1007/s10286-022-00884-z
https://pubmed.ncbi.nlm.nih.gov/35999422/
https://pubmed.ncbi.nlm.nih.gov/35999422/
https://doi.org/10.1016/s2589-7500(20)30246-6
https://doi.org/10.1016/s2589-7500(20)30246-6
https://pubmed.ncbi.nlm.nih.gov/33328029/
https://pubmed.ncbi.nlm.nih.gov/33328029/
https://doi.org/10.1093/mtp/9.1.32
https://doi.org/10.1093/mtp/9.1.32
https://doi.org/10.15845/voices.v19i2.2556
https://doi.org/10.15845/voices.v19i2.2556
https://doi.org/10.3389/fpsyg.2019.01038
https://doi.org/10.3389/fpsyg.2019.01038
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6517496/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6517496/
https://pubmed.ncbi.nlm.nih.gov/31133945/
https://pubmed.ncbi.nlm.nih.gov/31133945/
https://doi.org/10.18936/islis.24.1_155
https://doi.org/10.18936/islis.24.1_155
https://doi.org/10.1016/j.ijpsycho.2017.07.010
https://doi.org/10.1016/j.ijpsycho.2017.07.010
https://pubmed.ncbi.nlm.nih.gov/28739482/
https://pubmed.ncbi.nlm.nih.gov/28739482/
https://doi.org/10.3390/jcm11195927
https://doi.org/10.3390/jcm11195927
https://doi.org/10.1088/1361-6579/ab1887
https://doi.org/10.1088/1361-6579/ab1887
https://doi.org/10.1111/j.1540-8159.2010.02841.x
https://doi.org/10.1111/j.1540-8159.2010.02841.x
https://doi.org/10.1109/bibm49941.2020.9313361
https://doi.org/10.1109/bibm49941.2020.9313361
https://doi.org/10.1016/j.jelectrocard.2023.03.013
https://doi.org/10.1016/j.jelectrocard.2023.03.013
https://doi.org/10.3390/s22207995
https://doi.org/10.3390/s22207995
https://doi.org/10.1007/s10484-023-09603-4
https://doi.org/10.1007/s10484-023-09603-4
https://doi.org/10.3390/s23239496
https://doi.org/10.3390/s23239496
https://doi.org/10.1093/oxfordjournals.eurheartj.a014868
https://doi.org/10.1093/oxfordjournals.eurheartj.a014868
https://pubmed.ncbi.nlm.nih.gov/8737210/
https://pubmed.ncbi.nlm.nih.gov/8737210/
https://doi.org/10.3389/fpsyg.2014.01040
https://doi.org/10.3389/fpsyg.2014.01040
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4179748/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4179748/
https://pubmed.ncbi.nlm.nih.gov/25324790/
https://pubmed.ncbi.nlm.nih.gov/25324790/
https://doi.org/10.1007/s10286-022-00884-z
https://doi.org/10.1007/s10286-022-00884-z
https://pubmed.ncbi.nlm.nih.gov/35999422/
https://pubmed.ncbi.nlm.nih.gov/35999422/
https://doi.org/10.1016/s2589-7500(20)30246-6
https://doi.org/10.1016/s2589-7500(20)30246-6
https://pubmed.ncbi.nlm.nih.gov/33328029/
https://pubmed.ncbi.nlm.nih.gov/33328029/
https://doi.org/10.1080/02699052.2023.2208880
https://doi.org/10.1080/02699052.2023.2208880
https://doi.org/10.1109/EMBC.2015.7319747
https://doi.org/10.1109/EMBC.2015.7319747
https://doi.org/10.1152/ajpheart.00405.2000
https://doi.org/10.1152/ajpheart.00405.2000
https://doi.org/10.1016/S0735-1097(97)00554-8
https://doi.org/10.1016/S0735-1097(97)00554-8
https://www.sciencedirect.com/science/article/pii/S0735109797005548
https://www.sciencedirect.com/science/article/pii/S0735109797005548
https://doi.org/10.1186/s12906-024-04413-5
https://doi.org/10.1186/s12906-024-04413-5
https://pubmed.ncbi.nlm.nih.gov/30732832/
https://pubmed.ncbi.nlm.nih.gov/30732832/
https://doi.org/10.1016/j.concog.2010.01.007
https://doi.org/10.1016/j.concog.2010.01.007
https://pubmed.ncbi.nlm.nih.gov/20167507/
https://pubmed.ncbi.nlm.nih.gov/20167507/
https://doi.org/10.1126/science.1161958
https://doi.org/10.1126/science.1161958
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2643344/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2643344/
https://pubmed.ncbi.nlm.nih.gov/19023074/
https://pubmed.ncbi.nlm.nih.gov/19023074/
https://doi.org/10.1186/1743-0003-11-87
https://doi.org/10.1186/1743-0003-11-87
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4060143/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4060143/
https://pubmed.ncbi.nlm.nih.gov/24939519/
https://pubmed.ncbi.nlm.nih.gov/24939519/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3988787/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3988787/
https://pubmed.ncbi.nlm.nih.gov/24748422/
https://pubmed.ncbi.nlm.nih.gov/24748422/
https://doi.org/10.1016/j.ibror.2020.10.006
https://doi.org/10.1016/j.ibror.2020.10.006
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7649620/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7649620/
https://pubmed.ncbi.nlm.nih.gov/33204893/
https://pubmed.ncbi.nlm.nih.gov/33204893/
https://doi.org/10.1016/j.ijpsycho.2008.09.007
https://doi.org/10.1016/j.ijpsycho.2008.09.007
https://pubmed.ncbi.nlm.nih.gov/18854202/
https://pubmed.ncbi.nlm.nih.gov/18854202/
https://doi.org/10.1016/j.ijcard.2007.06.103
https://doi.org/10.1016/j.ijcard.2007.06.103
https://pubmed.ncbi.nlm.nih.gov/17764770/
https://pubmed.ncbi.nlm.nih.gov/17764770/
https://doi.org/10.1177/1741826711414625
https://doi.org/10.1177/1741826711414625
https://pubmed.ncbi.nlm.nih.gov/21693507/
https://pubmed.ncbi.nlm.nih.gov/21693507/
https://doi.org/10.3389/fcvm.2019.00062
https://doi.org/10.3389/fcvm.2019.00062
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6527777/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6527777/
https://pubmed.ncbi.nlm.nih.gov/31139634/
https://pubmed.ncbi.nlm.nih.gov/31139634/
https://doi.org/10.1155/2015/598496
https://doi.org/10.1155/2015/598496
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4302970/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4302970/
https://pubmed.ncbi.nlm.nih.gov/25632397/
https://pubmed.ncbi.nlm.nih.gov/25632397/
https://doi.org/10.1080/02699052.2023.2208880
https://doi.org/10.1080/02699052.2023.2208880
https://doi.org/10.1109/EMBC.2015.7319747
https://doi.org/10.1109/EMBC.2015.7319747
https://doi.org/10.1152/ajpheart.00405.2000
https://doi.org/10.1152/ajpheart.00405.2000
https://doi.org/10.1016/S0735-1097(97)00554-8
https://doi.org/10.1016/S0735-1097(97)00554-8
https://www.sciencedirect.com/science/article/pii/S0735109797005548
https://www.sciencedirect.com/science/article/pii/S0735109797005548
https://doi.org/10.1186/s12906-024-04413-5
https://doi.org/10.1186/s12906-024-04413-5
https://pubmed.ncbi.nlm.nih.gov/30732832/
https://pubmed.ncbi.nlm.nih.gov/30732832/
https://doi.org/10.1016/j.concog.2010.01.007
https://doi.org/10.1016/j.concog.2010.01.007
https://pubmed.ncbi.nlm.nih.gov/20167507/
https://pubmed.ncbi.nlm.nih.gov/20167507/
https://doi.org/10.1126/science.1161958
https://doi.org/10.1126/science.1161958
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2643344/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2643344/
https://pubmed.ncbi.nlm.nih.gov/19023074/
https://pubmed.ncbi.nlm.nih.gov/19023074/
https://doi.org/10.1186/1743-0003-11-87
https://doi.org/10.1186/1743-0003-11-87
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4060143/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4060143/
https://pubmed.ncbi.nlm.nih.gov/24939519/
https://pubmed.ncbi.nlm.nih.gov/24939519/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3988787/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3988787/
https://pubmed.ncbi.nlm.nih.gov/24748422/
https://pubmed.ncbi.nlm.nih.gov/24748422/
https://doi.org/10.1016/j.ibror.2020.10.006
https://doi.org/10.1016/j.ibror.2020.10.006
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7649620/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7649620/
https://pubmed.ncbi.nlm.nih.gov/33204893/
https://pubmed.ncbi.nlm.nih.gov/33204893/
https://doi.org/10.1016/j.ijpsycho.2008.09.007
https://doi.org/10.1016/j.ijpsycho.2008.09.007
https://pubmed.ncbi.nlm.nih.gov/18854202/
https://pubmed.ncbi.nlm.nih.gov/18854202/
https://doi.org/10.1016/j.ijcard.2007.06.103
https://doi.org/10.1016/j.ijcard.2007.06.103
https://pubmed.ncbi.nlm.nih.gov/17764770/
https://pubmed.ncbi.nlm.nih.gov/17764770/
https://doi.org/10.1177/1741826711414625
https://doi.org/10.1177/1741826711414625
https://pubmed.ncbi.nlm.nih.gov/21693507/
https://pubmed.ncbi.nlm.nih.gov/21693507/
https://doi.org/10.3389/fcvm.2019.00062
https://doi.org/10.3389/fcvm.2019.00062
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6527777/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6527777/
https://pubmed.ncbi.nlm.nih.gov/31139634/
https://pubmed.ncbi.nlm.nih.gov/31139634/
https://doi.org/10.1155/2015/598496
https://doi.org/10.1155/2015/598496
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4302970/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4302970/
https://pubmed.ncbi.nlm.nih.gov/25632397/
https://pubmed.ncbi.nlm.nih.gov/25632397/

(1?./(6  $3&52/A'A 6$17/0>1;2./,56>-$

E=9KMJ=E=FL G> KLJ=KK D=N=DK AF FOLMJ9DAKLA; K=LLAF?K MKAF? @=9JL J9L= N9JA9:ADALQ 9F

=PH=JA=F;= KO9EHDAF? KLM<Q <JANAF? 9 E9;@AF= D=9JFAF? 9HHJIG9;@ 29F» $( &G % 5@GM / # " (MDLA EGLAGF -=;,G?FALAGF 9K=< GF
<GA 9;L98AE=CG N A *$ #=9JL -9L= 19JA9:ADALQ .A?F9D !=9LMJ=K (ARAERADE 3E7> +;FL7D>3@6
JGKKJ=>

=JFLKGF " /@GE9K A??=)% ;C:=J? ' "JGKKE9F + &IM>E9FF +" (9DAC ( =L
9D #=9JL J9L= N9JA9:ADALQ GJIA?AFK E=L@G<K 9F< AFL=JHJ=LAN= ;9N=9LK 9K Q;@CH@RAKAGEGRAGF -=;G?FALAGF 0KAF? A>>=J=FL .=FKGJK EGLAGF (G<=DK

r <GA B L. P *$ +M:(=< (FL@G<K 9F< 9L9K=LK GEHJ=@=FKAN= -=NA=0 .=FKGJK <GA
K *$ +( +M:(=<
;@9JQ9 0- NGK=H@ &+ &IFFIL@IOD ) 'AE ( .MJIA %. #=9JL J9L= N9JA9:ADALQ 9
J=NA=0O (=< AGD F? GEHML r <GA K 3A=>=F? 29F? 4 9A . 5@9G + 'AM , #=9JL KGMF< KA?F9DK ;9F :=
*$ +M:(=< MK=< >GJ =EGLAGF J=;G?FA|A@F,8;5 D7BADFE JGKKJ=>
1=DD % PE9;@=J) #9MHL . JGE 9DH@9 LG ?9EE9 D=;LIGH@QKAGDG?A;9D ;GJJ=DIL=K
G> E=<ALI9LAGF J=D9L=< KLIL=K G> ;GFK;AGMKF=KK (=< #QHGL@=K=K HIKFNEA ( : RAR ) < RAR M?E=FLAF? " 9L9 OAL@
BE=@Q *$ +M:(=< (MDLAHD= !ADL=JK >GJ 9 =LL=J EGLAGF -=;G?FALABS4,Q8L<EGD@3> 8AD E5;7@57

3@6 7@9,@77Dy@%NIF;= GFDAF= HM:DA;9LABEKKJ=>
-G<JA?M=R'9JAGK % !9:=] + ;@=JE9FF + /=A . D9=JLK & JGE L@GM?@LD=KK

909J=F=KK LG =>>GJL>MD ;G?FALAGF 9DH@9 L@=L9 ;JGKK >J=IM=F;Q <QF9EBKEMD=RH=JARRR<) D=DQY9FA . (G@9F9 ( RAR

E=<AL9LGJIK <MJAF? E=<AL9LAGF J=KL 9F< 9JAL@E=LA; A -=H r BGIAG;9J<AG?J9E 9K=< EGLAGF -=;G?FALAGF .QKL=EK 9F< /@=AJ HHDA;9LAGFK AF
K *$ +( +Mi(=< #=9DL@;9J= -=NA=@®7@EADE 3E7> +|;FL7D>3@6 JGKKJ=>

9@F - =DGJE= +GDA;@ % *;AHALOD ?9EE9 9;LANILAGF <MJAF? 1AN9KKEHHD - 'AF / 'AM , 29F? @=F ( -"1 EGLAGF

E=<AL9LAGF G?F +JG;=KK r <GA K *$ -=;G?FALAGF 9K=< GF "DG:9D " /J9B=;LGIQ<AGD@3> A8 4;A?76;53> 3@6 :73>F:

+( +M:(=< ;@8AD?3F;5E r JGKKJ=>

GJ?@=KA! @AJA,G +=<JGDA AHJA9FA" 9F=KK9) E9FRAG ( =L 9D PHD&GA&R - #ADD + (Q=JK JA?? $F +F3F(73D>HIL+=9JDK +M:DAK@AF?

AGE9JC=JK G> E=FL9D >D=PA:ADALQ AF @=9DL@Q 9?AF? 9 ;GEHMLILAGFID:MKEX@GE=LJA; KLM<Q

=FKGJK 9K=D <GA K *$ +(

+Mi(=< 29DDAC ( ( 9EJ= & ( +=JKGFIDALQ LQH=K AF 9;9<=EA; E=<A;AFz7

"AGD@3> A8 F:7 $AG;E;3@3 +F3F7 %76;53> SAGFFADIBD A8 F:7 $AG;E;3@3 +F3F7

19F? . 5@9F? 2 #=9JL J9AF PAK )9JJ9LAN=-=NA=0 G> L@= $FL=J9;LAGH6;53> +A5;7FK r +M:E=<

:=LO==F =HJ=KKAGF 9F< JJ@QL@%¥AX8;5,@7E JGKKJI=>

"MDD=LL ) 59BCGOKC9 5 29DK@ #9JH=J - (GF<=DDA 1 #=9JL J9L= NOJBRAPALD % 'ANAF?KLGF ( ( -GIAFK % -=DILAGFK@AHK :=LO==

#-1 9K 9 09Q LG MF<=JKL9F< 9KKG;A9LAGFK :=LO==F L@= IMLGFGEA; F={QEMKIKQKL tB)H= AF<A;9LGJ E=9KMJ= G> HKQ;@GDG?A;9D LQH= 9F< F=G E=9KMJ= G> :A?
). 9F< 9>>=LAN= KLOL=K ;JALA;9D J=NA=O G> L@= DAL=J9LMJ= $FL % *>KQ-:QGHEEROBBDQ >9;,LGIK AF +GDAK@ OFAN=JKALQ KLM<=FLK 9 HJ=DAEAF9JQ ;JGKK ;MDLMJ!

r <GA B ABHKQ;@G *$ +Mi(=< ;GEH9JAKGEEKS:A>A9;53> D7TBADFE  r JGKKJ=>
9KK=LL DAL=J9LMJ= J=NA=0 G> @=9JL J9L= N9JA9:ADALQ AF <=HJ=KKH®ES= 9PR4 :M9GBIJ -=HDG?D= 2 ;GEH9J9LAN= NA=O G> L@= (Q=JK JA??K
<AKGJ<=JK MKL )=0 5=9D9F< % +KQ;@A9LIQ r <GA LQH= AF<A;9L&I>K ?76;5;@7 r +*M:E=<
*$ +M:(=<

-9F?9F9L@9F 1& .A=EAGFGO 1 'AM %5 .9@7?9D 1 4M= "# IGE E=FL9D HGO=J]
5@M % %A "' 'AM  #=9JL J9L= N9JA9:ADALQ EGFALGJAF? >GJ =EGLAGF 9RG<ARIBR:BIK BSO=J ?9AFAF? KLJ=F?L@ :Q MKAF? L@= EAF< )=MJGHKQ;@GDG?A9

=EGLAGF +@QKAGD (=9K <GA 9: *$ <GA B F=MJGHKQ;@GDG?A9 +$

+M:(=< +ME=<

@9DE=JK % ,MAFLOF9 . :GLL (% &=EH # FPA=LQ AKGJ<=JK 9J)=

KKG;A9L=< OAL@ -=<M;=< #=9JL -OL= 19JA9:ADALQ (=L9 FODQKAK GFL +KQ;@A9LIQ
<GA >HKQL *$ + +Mi(=<

@9F?# @9F? @=F ' &MG/ 'M- #MOF? .4 (9BGJ <=HJ=KKAGF 786GEB@4A8G<F@

AK OKKGAIL=< OAL@ [9J<A9; OMLGFGEA; <QKJ=?MDOLAGF L9 )=iBHKQ{PASLLG<EoF 9 ) AK 9 >J9:L9D 9FL=FF9 AF =D=:LIGE9?F=LA;
r <GA B P 5 iMi(e< >A=D4<@F7D@3F:A@3> "AGD@3> A8 *36;3F;A@ ;A>AK JGKKJI=> ' '

MIC=%# "GD<:=J?=)% % @D=JL! &IMK=%/ +9JC=J( &9<AK@ # "=F<=J @F7D@3FA @ @ =

<A>>=)=F=K AF @=0JL JOL= :=>GJ= OF< 9>L=) OMLGFGEA; :DG:CO<= NA<=Fg-929AFKL 9 ADDY [:@=7GQ=F +=J=R +' =L 9D MF<D=K G> JOAF (A-JGLM:MD=K

AFLIAFKA; ?=F<=) =>>=L E % (=< r o <GA "eFoJoL= DeLIASD *K. e -
_ 8 aMi(=< F=J9L= D=LJA;9D *K;ADDSLAGFK A -=H JGKKJ=>
"MLAZJJ=R ~ OFLA=DDG #! OFL=JG ( /@= =D=;LJA;9D HIGH=JLA=K G> AKGDIL=<
GALLF9) * =P -=DSL=< A>>=)=F=K AF D=LJG;9J<AG?J9H@Q +@QKAGE Milb=K A -=H @
. <GA  H@QKAGDJ=K % +M:(=< SF= OF< J

(=AB=J AJC +JG;=KK=K G> .;A=F;= 9F< JL (G<=D=< 9K 9 #GDG>DMP G> $F>GJIEILAGF
OKAF? [/GJGA<9D "=GE=LJQ *H=F %GMJF9D G> +@ADGKGH@Q

&GLGN - "9E=R 2 .;@EA<L! 29LKGF 'AFCAF? t:A?uH=JKGF9DALQ LJ9ALK L@gﬁ:LQ

<=HJ=KKAN= OF< KM:KLOF;= MK= <AKGJ<=JK  E=L99OFIDQKAK -+
r <GA 9 23 iMiE< &MEQF (9JA9  *MJ 2=9C )GFDAF=9J D=:LJGE9?F=LA; IA=D< )=E> L@9L -MD=K

N=JOL@AF? AF L@= G<Q AK EGLAGFIDDQ .=FKALAN= %GMJFID G> GEHD=E=FLOJQ (=<A;AF=
"G<AF +% M;@E9F /" OF;GMHDAF? G> :AGDG?A;9D GK;ADDILGJK ;GEH 8;&%@ 9D@L 9J9 oo # Q- ’ Q(
@QHGL@=KAK ;GF;=JFAF? L@= HIL@G?=F=KAK G> EMDLAHD= GJ?9F <QK>MF;LAGF KQF<JGE— %P
fljl (=< r <GA 3 -GFGN9"9JA9=N9  "9JA9=N +=L=] IJA=<E9F (9JC '=GFGNO "9JA9=N9

= . = ! ? . = "=F=| : = =] 9

s oo SreRaToAN COL=JAFO  +JAFAHD=K G> 'AF?MAKLA; 20N= "=F=LAK ) =AH@=) %GMJIFOD
[FFBE 6A'AD9 < FaJ =K=0J.@"9L=
:FFBE BG4?76 @54; @>? @;: 9AH
[FFBE 6A;AD9  E "MOF?%MF 5@9F? 9F< (A;@9=D '=NAF  AG=D=LJAALQ AK 9 MFAN=JK9D EMDLA>9;=<
[FFBE BG4276 @54; @>? @;: 9AH KA?FIDAF? ;M= AF DANAF? GJ?9FBKEK

FFBE 6A;AD9  <?7K
‘FFBE BG4?76 @54; @>? @;: 9AH
:FFBE 6A; AD9 E F?=DG KHGKALG -9>9=D &JA;@=NKCQ 9F< D:=JLG )A;GDAK "JONALILAGFID (9KK
FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5 9JJA=<:Q .GMF< 29N=KIGKKJ=>

‘FFBE BG4276 @54; @>? @;: 9AH E—

FFBE 6A;AD9 E

FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5

{FFBE BG4?76 @54; @>? @:: 9AH

FFBE 6A;AD9 E

FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5

‘FFBE BG4776 @54; @>? @;: 9AH

:FFBE 6A; AD9 4,A?76;5,@7E :FFBE 6A; AD9 E

:FFBE 6A; AD9 < ;<BEK5:A :FFBE 6A; AD9 E

:FFBE BG4?76 @54; @>? @;: 9AH (FFB 1l @54; @>? @;: 9AH B?5 3DF;5>7E B?5
:FFBE 6A; AD9 :FFBE BG4?776 @54; @>? @;: 9AH

(FFBE BG4?76 @54; @>? @;: 9AH :FFBE 6A; AD9 E

:FFBE 6A; AD9 34 :FFBE 6A; AD9 E

:FFBE BGA4?76 @54; @>? @;: 9AH :FFBE 6A; AD9 E

:FFBE 6A; AD9 8BEKF :FFBE 6A; AD9 !

(FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5 :FFBE BG4?76 @54; @>? @;: 9AH

:FFBE BG4?76 @54; @>? @;: 9AH :FFBE BG4?76 @54; @>? @;: 9AH

:FFBE 6A; AD9 < J :FFBE 6A; AD9 BD

:FFBE BG4?76 @54; @>? @;: 9AH :FFBE BG47?76 @54; @>? @;: 9AH

:FFBE 6A; AD9 E :FFBE BG4?76 @54; @>? @;: 9AH

:FFBE BG4?76 @54; @>? @;: 9AH :FFBE 6A; AD9

:FFBE 6A; AD9 B:KE;A>D7E :FFBE 6A; AD9 E

(FFB Il @54; @>? @;: 9AH B?5 3DF;5>7E B?5 :FFBE 6A; AD9 E

:FFBE BG4?76 @54, @>? @;: 9AH :FFBE 1ll D7E73D5:93F7 @7F BG4>,53F,A@
:FFBE 6A; AD9 3 :FFBE Il D7E73D5:93F7 @7F BG4>;53F,A@
:FFBE BG4?76 @54; @>? @;: 9AH :FFBE Il D7E73D5:93F7 @7F BG4>;53F;,A@
:FFBE 6A; AD9 (FFBE Il ?A>4;A>57>> AD9 6A; 8G>> 245

:FFBE BG4?76 @54; @>? @;: 9AH :FFBE 6A;AD9  (:KE*7TH$7FF


https://doi.org/10.21014/acta_imeko.v10i4.1183
https://doi.org/10.21014/acta_imeko.v10i4.1183
https://doi.org/10.1111/j.1469-8986.1997.tb02140.x
https://doi.org/10.1111/j.1469-8986.1997.tb02140.x
https://pubmed.ncbi.nlm.nih.gov/9401419/
https://pubmed.ncbi.nlm.nih.gov/9401419/
https://doi.org/10.1007/s11517-006-0119-0
https://doi.org/10.1007/s11517-006-0119-0
https://pubmed.ncbi.nlm.nih.gov/17111118/
https://pubmed.ncbi.nlm.nih.gov/17111118/
https://doi.org/10.1016/j.mehy.2010.02.025
https://doi.org/10.1016/j.mehy.2010.02.025
https://pubmed.ncbi.nlm.nih.gov/20227193/
https://pubmed.ncbi.nlm.nih.gov/20227193/
https://doi.org/10.1038/s41598-020-62392-2
https://doi.org/10.1038/s41598-020-62392-2
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7096392/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7096392/
https://pubmed.ncbi.nlm.nih.gov/32214173/
https://pubmed.ncbi.nlm.nih.gov/32214173/
https://doi.org/10.1007/s10339-009-0352-1
https://doi.org/10.1007/s10339-009-0352-1
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2812711/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2812711/
https://pubmed.ncbi.nlm.nih.gov/20013298/
https://pubmed.ncbi.nlm.nih.gov/20013298/
https://doi.org/10.3390/s23156983
https://doi.org/10.3390/s23156983
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10422551/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10422551/
https://pubmed.ncbi.nlm.nih.gov/37571766/
https://pubmed.ncbi.nlm.nih.gov/37571766/
https://doi.org/10.3390/biomedicines12081719
https://doi.org/10.3390/biomedicines12081719
https://doi.org/10.1016/j.ijpsycho.2023.08.001
https://doi.org/10.1016/j.ijpsycho.2023.08.001
https://pubmed.ncbi.nlm.nih.gov/37543289/
https://pubmed.ncbi.nlm.nih.gov/37543289/
https://doi.org/10.1177/0004867415622689
https://doi.org/10.1177/0004867415622689
https://pubmed.ncbi.nlm.nih.gov/26698824/
https://pubmed.ncbi.nlm.nih.gov/26698824/
https://doi.org/10.1088/1361-6579/ab1887
https://doi.org/10.1088/1361-6579/ab1887
https://pubmed.ncbi.nlm.nih.gov/30974428/
https://pubmed.ncbi.nlm.nih.gov/30974428/
https://doi.org/10.3389/fpsyt.2014.00080
https://doi.org/10.3389/fpsyt.2014.00080
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4092363/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4092363/
https://pubmed.ncbi.nlm.nih.gov/25071612/
https://pubmed.ncbi.nlm.nih.gov/25071612/
https://doi.org/10.1111/j.1601-5215.2011.00647.x
https://doi.org/10.1111/j.1601-5215.2011.00647.x
https://pubmed.ncbi.nlm.nih.gov/25287173/
https://pubmed.ncbi.nlm.nih.gov/25287173/
https://doi.org/10.1016/s0002-9343(96)00018-6
https://doi.org/10.1016/s0002-9343(96)00018-6
https://pubmed.ncbi.nlm.nih.gov/8644766/
https://pubmed.ncbi.nlm.nih.gov/8644766/
https://doi.org/10.33549/physiolres.934952
https://doi.org/10.33549/physiolres.934952
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10660582/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10660582/
https://pubmed.ncbi.nlm.nih.gov/37565417/
https://pubmed.ncbi.nlm.nih.gov/37565417/
https://doi.org/10.1037/a0020327
https://doi.org/10.1037/a0020327
https://pubmed.ncbi.nlm.nih.gov/20804236/
https://pubmed.ncbi.nlm.nih.gov/20804236/
https://doi.org/10.1097/00003246-199607000-00008
https://doi.org/10.1097/00003246-199607000-00008
https://pubmed.ncbi.nlm.nih.gov/8674321/
https://pubmed.ncbi.nlm.nih.gov/8674321/
https://doi.org/10.21014/acta_imeko.v10i4.1183
https://doi.org/10.21014/acta_imeko.v10i4.1183
https://doi.org/10.1111/j.1469-8986.1997.tb02140.x
https://doi.org/10.1111/j.1469-8986.1997.tb02140.x
https://pubmed.ncbi.nlm.nih.gov/9401419/
https://pubmed.ncbi.nlm.nih.gov/9401419/
https://doi.org/10.1007/s11517-006-0119-0
https://doi.org/10.1007/s11517-006-0119-0
https://pubmed.ncbi.nlm.nih.gov/17111118/
https://pubmed.ncbi.nlm.nih.gov/17111118/
https://doi.org/10.1016/j.mehy.2010.02.025
https://doi.org/10.1016/j.mehy.2010.02.025
https://pubmed.ncbi.nlm.nih.gov/20227193/
https://pubmed.ncbi.nlm.nih.gov/20227193/
https://doi.org/10.1038/s41598-020-62392-2
https://doi.org/10.1038/s41598-020-62392-2
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7096392/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7096392/
https://pubmed.ncbi.nlm.nih.gov/32214173/
https://pubmed.ncbi.nlm.nih.gov/32214173/
https://doi.org/10.1007/s10339-009-0352-1
https://doi.org/10.1007/s10339-009-0352-1
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2812711/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2812711/
https://pubmed.ncbi.nlm.nih.gov/20013298/
https://pubmed.ncbi.nlm.nih.gov/20013298/
https://doi.org/10.3390/s23156983
https://doi.org/10.3390/s23156983
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10422551/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10422551/
https://pubmed.ncbi.nlm.nih.gov/37571766/
https://pubmed.ncbi.nlm.nih.gov/37571766/
https://doi.org/10.3390/biomedicines12081719
https://doi.org/10.3390/biomedicines12081719
https://doi.org/10.1016/j.ijpsycho.2023.08.001
https://doi.org/10.1016/j.ijpsycho.2023.08.001
https://pubmed.ncbi.nlm.nih.gov/37543289/
https://pubmed.ncbi.nlm.nih.gov/37543289/
https://doi.org/10.1177/0004867415622689
https://doi.org/10.1177/0004867415622689
https://pubmed.ncbi.nlm.nih.gov/26698824/
https://pubmed.ncbi.nlm.nih.gov/26698824/
https://doi.org/10.1088/1361-6579/ab1887
https://doi.org/10.1088/1361-6579/ab1887
https://pubmed.ncbi.nlm.nih.gov/30974428/
https://pubmed.ncbi.nlm.nih.gov/30974428/
https://doi.org/10.3389/fpsyt.2014.00080
https://doi.org/10.3389/fpsyt.2014.00080
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4092363/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4092363/
https://pubmed.ncbi.nlm.nih.gov/25071612/
https://pubmed.ncbi.nlm.nih.gov/25071612/
https://doi.org/10.1111/j.1601-5215.2011.00647.x
https://doi.org/10.1111/j.1601-5215.2011.00647.x
https://pubmed.ncbi.nlm.nih.gov/25287173/
https://pubmed.ncbi.nlm.nih.gov/25287173/
https://doi.org/10.1016/s0002-9343(96)00018-6
https://doi.org/10.1016/s0002-9343(96)00018-6
https://pubmed.ncbi.nlm.nih.gov/8644766/
https://pubmed.ncbi.nlm.nih.gov/8644766/
https://doi.org/10.33549/physiolres.934952
https://doi.org/10.33549/physiolres.934952
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10660582/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10660582/
https://pubmed.ncbi.nlm.nih.gov/37565417/
https://pubmed.ncbi.nlm.nih.gov/37565417/
https://doi.org/10.1037/a0020327
https://doi.org/10.1037/a0020327
https://pubmed.ncbi.nlm.nih.gov/20804236/
https://pubmed.ncbi.nlm.nih.gov/20804236/
https://doi.org/10.1097/00003246-199607000-00008
https://doi.org/10.1097/00003246-199607000-00008
https://pubmed.ncbi.nlm.nih.gov/8674321/
https://pubmed.ncbi.nlm.nih.gov/8674321/
https://doi.org/10.3390/s23208636
https://doi.org/10.3390/s23208636
https://doi.org/10.3390/s23052455
https://doi.org/10.3390/s23052455
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10007272/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10007272/
https://pubmed.ncbi.nlm.nih.gov/36904659/
https://pubmed.ncbi.nlm.nih.gov/36904659/
https://doi.org/10.1038/s41598-019-42826-2
https://doi.org/10.1038/s41598-019-42826-2
https://doi.org/10.1007/s13369-022-07585-9
https://doi.org/10.1007/s13369-022-07585-9
https://doi.org/10.3390/s21155015
https://doi.org/10.3390/s21155015
https://doi.org/10.1109/JBHI.2024.3403188
https://doi.org/10.1109/JBHI.2024.3403188
https://pubmed.ncbi.nlm.nih.gov/32119483/
https://pubmed.ncbi.nlm.nih.gov/32119483/
https://pubmed.ncbi.nlm.nih.gov/10474985/
https://pubmed.ncbi.nlm.nih.gov/10474985/
https://doi.org/10.2466/pr0.103.2.588-590
https://doi.org/10.2466/pr0.103.2.588-590
https://pubmed.ncbi.nlm.nih.gov/8458560/
https://pubmed.ncbi.nlm.nih.gov/8458560/
https://pubmed.ncbi.nlm.nih.gov/14998709/
https://pubmed.ncbi.nlm.nih.gov/14998709/
https://doi.org/10.3109/09553002.2011.538130
https://doi.org/10.3109/09553002.2011.538130
https://doi.org/10.1038/s41598-018-30453-2
https://doi.org/10.1038/s41598-018-30453-2
https://doi.org/10.1038/s41598-023-36801-1
https://doi.org/10.1038/s41598-023-36801-1
https://www.researchgate.net/publication/326972894
https://www.researchgate.net/publication/326972894
https://www.researchgate.net/publication/326972894
https://www.researchgate.net/publication/330217977
https://www.researchgate.net/publication/330217977
https://www.researchgate.net/publication/228926241
https://www.researchgate.net/publication/228926241
https://www.molbiolcell.org/doi/full/10.1091/mbc.E23-08-0312
https://www.molbiolcell.org/doi/full/10.1091/mbc.E23-08-0312
https://doi.org/10.1103/PhysRevLett.122.084501
https://doi.org/10.1103/PhysRevLett.122.084501
https://doi.org/10.3390/s23208636
https://doi.org/10.3390/s23208636
https://doi.org/10.3390/s23052455
https://doi.org/10.3390/s23052455
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10007272/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10007272/
https://pubmed.ncbi.nlm.nih.gov/36904659/
https://pubmed.ncbi.nlm.nih.gov/36904659/
https://doi.org/10.1038/s41598-019-42826-2
https://doi.org/10.1038/s41598-019-42826-2
https://doi.org/10.1007/s13369-022-07585-9
https://doi.org/10.1007/s13369-022-07585-9
https://doi.org/10.3390/s21155015
https://doi.org/10.3390/s21155015
https://doi.org/10.1109/JBHI.2024.3403188
https://doi.org/10.1109/JBHI.2024.3403188
https://pubmed.ncbi.nlm.nih.gov/32119483/
https://pubmed.ncbi.nlm.nih.gov/32119483/
https://pubmed.ncbi.nlm.nih.gov/10474985/
https://pubmed.ncbi.nlm.nih.gov/10474985/
https://doi.org/10.2466/pr0.103.2.588-590
https://doi.org/10.2466/pr0.103.2.588-590
https://pubmed.ncbi.nlm.nih.gov/8458560/
https://pubmed.ncbi.nlm.nih.gov/8458560/
https://pubmed.ncbi.nlm.nih.gov/14998709/
https://pubmed.ncbi.nlm.nih.gov/14998709/
https://doi.org/10.3109/09553002.2011.538130
https://doi.org/10.3109/09553002.2011.538130
https://doi.org/10.1038/s41598-018-30453-2
https://doi.org/10.1038/s41598-018-30453-2
https://doi.org/10.1038/s41598-023-36801-1
https://doi.org/10.1038/s41598-023-36801-1
https://www.researchgate.net/publication/326972894
https://www.researchgate.net/publication/326972894
https://www.researchgate.net/publication/330217977
https://www.researchgate.net/publication/330217977
https://www.researchgate.net/publication/228926241
https://www.researchgate.net/publication/228926241
https://www.molbiolcell.org/doi/full/10.1091/mbc.E23-08-0312
https://www.molbiolcell.org/doi/full/10.1091/mbc.E23-08-0312
https://doi.org/10.1103/PhysRevLett.122.084501
https://doi.org/10.1103/PhysRevLett.122.084501

YD*(I2. %/,2*4>),$

>d??=D]C
<5?7<B:EQ9<4

+JGDG?Q N9DaK_LK< E=? ]D=LHJGB=ClL=< CbL=L :=L=?K]? ?Qa?QM4DOMDWK !=KRADLK]?= &]RACbFENIQ /=FFIFL
LIOFKREMLW:Aa 9R =J,>GJIWKGBIARIAF= =2GQ LaD J /=FF9FL =DE9?Q9JWRRY @G?Q9F CMD;K>GFLGKKW?c 9 >=KRdDLK]? 9 L=KL:=F
2Q AFFGNOL_N cLEMLOLa 9E=DQ J=F<KR=JKR=ED]D=L... E=?CbR=D_L]KK=D CBIhFbR>E&BAKRAFL=F 9R =?]KRK]? KR=EHGFLBW:aD yL>G?a C]H=L FQcBL 9JJaD @G
9R =?]KRK]?=L ]K 9 BaD]L=L D=@=L,N] L]N= KRWEG<J9 @G?Q cBJ9)JL=DE=R<ODRHR58=F=7>=D=D, =D=CLIGEGK HGL=F;AWD >=FFLOJLWK9 9 ?Qa?QMDWK@GR JK 9 E
K @GRRW>]JB |D=LHJGB=CL=< E]DQ=:: E=?]JL]K]|@=R R 9 CbFQN E=?9<B9 9 KRACK]?=K

=KRCbRbC=L 9 :=DK, CGEEMFACW:Aa CA9D9C_LWKW@GR 9 N9DaKW?]JR]C=D]K=<

WLIDIC_LWKW@GR IK 9 D]L=< L=DB=K E=?|D]K]@=R

JGDG?Q >=<=R< >=D cBJ9 9R |D=L JJL=DEJL  CbL=L R ]D=LHJGB=CL 9 L=KL;=
E+:? GD<3 ::5 LJ;I:KRECM@UIQK{AF:] :?GQ]LaD ] L'é?léEA -C<E<G H47<GQF

RIFF9?Q /* E (AF<=F =DE]D=L  /@GE9K 9EH:=DD L,D
?2Q WL>G?a LJADa?A9 9E=DQ 9 N9DaKW? 9 LM<9L ]K 9 >ARAC9A ]K E=L9>ARAC9A C9H;K
L=JE]KR=L]L NARK?WDB9 9EH:=DD =?Q >ARACMK ]K LM<9LCML9La bLNbRA 9 LM<GEWI
. 9 KHAJALMODALWKL @G?Q :=EML9KK9 9 D]L=R]K EG<=DDB]L 9E=DQ LWEG?9LB9 9 E=<A
A8 E . <4 R F 8?8>G E B @ B F B EI B Ff)Q F 9 E=?NWDLGRGLL LM<9LWDD9HGLGCIL ]K 9R MFAN=JRME:9F D]N, =F=J?A9 E=?]JL]K]L
/=KL D=CLJGEW?F=K=K (=R=B= R D=CLJGEW?F=K=KK]? ]K 9R TD=L D9HB9A
-G:=JL =,C=J]K "9JQ .=D<=F LM<9L NADW?GK_LWK9 /=DB=K E=<ALW;AaK cLEML9La 9E=DQ AFL=?JWDB9 9 :M<<@
R 9 >GJJ9<9DEA CbFQN >=D>=<=RA 9R =E:=JA L=KL =D=CLIGEW?F=K=K E=R=BLHKIIRPSC ]K 9R 9?QLM<GEWFQL 9 F9?QG:: LM<9LGKKW24E@E]4F =K
E|DQJ=@9La CbN=LC=RE]FQ=AL 9 ?Qa?QMDWKJ9 9R =F=J?A9WJIIEDWKJ9 |K IMBBKIT?]=
=;C=J :AG=D=CLJGEGKKW??9D C9H;KGDILGK CMLILWKIA 9DIHN=L,, :=L =CAFMROFIYBLIIERCILaB9 =?Q 9IDIHGK D]H]KJ,D D]H]KJI= LbIL]F, E9?QIIWRIL 9 E=<ALW;AaK
9 L=KL =F=J?A9 J=F<KR=J=AF=C LM<GEWFQW:9 ?Q9CGJIDILIaD 9E=DQ 9 J]?A :M<<@AKLY LIF_LWKGC:9F JK 9 CGILWJIK A<=?LM<GEWFC
?QbC=J=RAC yL@A<9DBY9 9 @9?QGEWFQGK E=<ALW;AaK L=;@FACWC ]K 9 EG<:
\RACJ9 9 "H=R=L:=F #G?Q9F (9?Q9JWRR9 9R CMHMFCLcJ9 /M<GEWFQ9 8M<GEWFQGK 9?QLM<WK CbRbLLA KR9C9<]CGL
)QM?9LA *INGKDWK -=BL]DQSRA=D &=GOF
J &=GOF EMFCWB9 WL@A<9DB9 9 KRICI<|CGL 9 FQM?9LA GINGKLM<GEWEEPNVORGRGLL B=DD=ENGFWKGC LM<GEWFQ >=D>=<A @G?Q9F NWDLGRLOLB9
9CMHMFCLcJ9 CbRbLL WL>G?a E9?Q9JWRILGL 9<N9 9JJaD @G?Q9F WJIIEDAETRALMEFEIRD=DE]L 9R 9?QIL K 9 BEREEL"GD=E9F K -A;@9J< % 9NA<KGF

L=KL=F :=DdD K @G?Q9F @IKRFWD@9La >=D 9 ?Qa?QMDWK ]I<=C]:=F R 9 CbFQN :=D=E=JdD 9 E=<ALW;AaN9D C9H;KGDILGK LM<GEWFQGK CMLILWKGC
>=D>=<=RN= 9FF9C E]DQJ=@9La @ILWKIAL 9R 9?QJ9 ]K 9 L=KLJ= "GD=E9F ]K 9NA<KC
F=J?A9 *JNGKDWK /M<GEWFQGK D8HE=K' *K;@E9F INLAR=<=C CMLOLWKW:aD E=J_LN= E9?Q9JWRR9 =D @G?Q9F N=R=L 9 E=<ALW;Aa L

R 9 CbFQN 9D9HGK9F >=DLWJB9 9R =F=J?A9GINGKDWK LM<GEWFQWL HKRM@GRa?89A |K ]D=LL9FA NWDLGRWKGC@GR

:ARGFQ_L]JCGCIL 919 @G?Q 9R =D=CLIGEW?F=K=K E=R,C E=JA<AWFGC ]K EWK =F=J?A9

J=F<KR=J=C @G?Q9F :=>GDQWKGDBWC 9R =?]KRK]?=L *K;@E9F 9 >ARACW:aDIR}ASHK?WENIIDLa 9 KHAJALMIDALWK@GR NOBEWSEIBRCID

E=J_L @G?Q 9 L=KL =F=J?A9 J=F<KR=J=AL GDQYF Ea<GF E9?Q9JWRRY =D 9E=9F) ¥NHAKR=LR A<=?LM<aK ]K >ADGRa>MK J9;AGFWDAK E=?CbR=D_L]KL EMLOL :=

9 @9?QGEWFQGK |K 9DL=JF9L_N ?Qa?QWKRILA ?Q9CGIDILGCIL KHAJALMIDALWK ]K 9 E=<ALW;Aa L=J]F 9E=DQ 9 LM<GEWFQJ9 ]K 9 KR=E]DQ:
L9HIKRLIDILGCJI9 JH_L &bFQN= CdDbFbK=F 9JJ9 bKKRHGFLGK_L @G?Q9F N=R=L@
1A:JW;AaK *INGKDWK |AFGE F=J?A9 /=JWHAWC &]RACATQN= "=J:=] E=<ALW;Aa E]DQJ=@9La JKRD=D]KA ]K LM<OLGKKW?A NWDLWKGC@GR 9F]DCdD @G

"=J:=) CDIKKRACMK KRbN=?= 9D9HN=L, >GJIWK 9 >AFGE =F=J?A9 GINGKDERItE3@0=0FEE= KRACK]?
E=?]IL]K]@=R -JKRD=L=K WLL=CAFL]KL FQcBL 9R =F=J?A9 E=R,CJ,D ;K9CJWCJaD ]K 93JaD
@G?QIF E...Ch<F=C 9 NA:JW;AaK L=JWHAWC 9 L=KL ]K 9R =DE= ?Qa?Q_LWKW:9EGKL @9LIDE9 |LEMLILa 9 KHAJALMWDAK E=?NADWCEGBEVBIDER
/GDD= KR]D=K CbJ:=F GDN9KGLL CbFQN= @9F?KcDQGRRY9 9 LM<9LGKKW? ]JK 9 E
&=J=KRLWJ9EGC R D=CLJGEGK .R=FFQ=R]K 1=KR]DQ=A 9R D=CLJGEHARRBEBOL:9F N9Da D]L=R]K >GFLGKKW?WL /9F_LWK9A ?QICGJIDILA :=L=CAFL]K=C=L C
z?=L=-G:=JL* =C=) 9JJ9 @G?QYF ID@=LAFC L=DB=K=::=F ]K LM<9LGK9::9F 9EA bKKR@®F2B<WDD 9
=,C=J >GDQLILWKIEF >7=FDA?N9@7E7E %HE.7<TbFQN]F=C =R 9 CbFQN 9 3 F7EF 7>7=FDAAE CbFQN:=F LWJ?Q9DL =F=J?ACMK ]K E=FLWDAK BaD]L 9KH=CLMK9AN
EG<=JF =D=CLJGEGK L=;@FGDa?A9 =?]KRK]?d?QA CbN=LC=RE]JFQ=AL NARK?WDB9 EACbR:=F
9RL AK >=D>=<=RA @G?Q9F K=?_L@=L 9R =D=CLIGEW?F=K=K L=JWHA9 9 ?QaSCARNENMIA9 fKA :bD;K=KK]? EG<=JF LM<GEWFQ ]JK cLEML9La 9R MFAN=JRME LALCG!
=J=B]@=R-9F -9<AF
#AL=D AGDa?AWB9 /M<9L R FQ9?]K 9 KG<WC J3BE=# 'AHLGF -9<AF 9 H9J9HKRA;@GDa?A9 N=R=L, CML9LaB9 >=D>=<=RA 9 L=D=HWLA9 =D, J=]JR
R 9 CbFQN 9 :AGDa?A9 K 9 @AL E=LKR]JKHGFLBWL LWJB9 >=D :=EMLOLNGRAG@GGHFIRAK  B=D=FK]?=AN=D  CO9H;KGDILGK  LM<GEWFQGK :ARGFQ_L]
:=>GDQWKGDB9 9R =DE= 9 L=KL=L K=BLKRAFL=F 'AHLGF =DE9?Q9JWRR9 @CH5CRMGOB JGFN9 9 LM<9L 9R =F=J?A9 1K 9 N9DaKW? LW?9:: KLIMCLcJWB9 CbRbLL
=F=J?A9 E=R,C |K 9 LM<9L 9 :AGDa?A9A >GDQ9IEILGCJ9 9 CbFQN 9D9HGL FQcBL 9R 9FQ9?A NADW?GF LcDA N9DaKW?GC E=?]IL]K]@=R

(=R, 1ADW?=?Q=L=E /ALCGK J=BOFF= (;/9??9JL LM<9L >ARACWB9 CN9FLME =DE= ]K 9R ]D=L NBEEEIIAK 29DC=J
(;/9?7?79JL 9 FMDD9 HGFLA E=R,N=D C9H;KGDILGK ]DNGF9D:=DA LM<GEWFG®L SCRRfgRN99 CNIFLME>ARACW:9 JK 9FFIC LM<9LLID N9Da COH;KGDILW:9 E=JdD :=D=
9E=DQ =?Q MFAN=JRWDAK =F=J?A9 E=R, 9E=DQ bKKR=CbLA 9R bKKR=K 9FQ92&ICR EBPORFRA 9 E=?>A?Q=D, KR=J=H]L 9 CNIFLMEE=@9FACW:9F ]K =?Q GDQ9
:=L=CAFL]KL FQcBL 9R D=L =F=J?=LAC9A L=JE]JKR=L]:= ]K 9:9 @G?Q9F @9IKRFNAFOERAMLOL := 9E=DQ KR=JAFL 9 LM<9L 9D9HN=L, 9 MFAN=JRME:9F @GRRWBWJI
>=D =RL 9R =F=J?AWL 9 ?Qa?QMDWK ]J<=C]:=F 9R =F=J?A9 ]K 9 D]L=R]K KR]D=K=:: CbJ... E=?JLK]@=R

LALCGK <GCLJ_F% D9NOLKCQ LaD
R 9 L=GRa>A9 9D9H_La KRbN=?= 9 MFAN=JRME 9 LM<9L ]JK 9 KHAJALMWDAK =NGC
L=JE]KR=L]L NARK?WDB9

EAF<=FF9HA >ADGRaBA&EMK #MPD=Q
#MPD=Q 9 KHAJALMIDALWK CbRbK KRWD9AL NARK?WDB9 CdDbF:bR, NODDWKGC:9F @!
9R MFAN=JRWDAK A?9RKW?GC9IL

R =E:=JA KGJK+A=1J="'=;GEL= <M )GdQ

R 9 CbFQN 9 LM<GEWFQ 9 >ADGRa>A9 ]K 9 N9DDWK E=LKR]KHGFLBWL NARK?WDB9
9E=DD=LL @G?Q 9R =E:=JA =NGDc;AaL =?Q AKL=FA ;]D N=R]JJDA =KR]D 9R =E:=JAk
KHAJALMWDAK HGL=F;AWDBWJaD ]K 9 LM<9LGK =E:=JJ=D BWJa EGJWDAK >=D=D,KK]?=(



YD*(/2. %l,2*4>),$

RIKR cLB9 +A=JJ='=;GEL= <M )GdQ BWF<]CGC =DL}J, Ea<GF KR=E]DQAK]?L_HMK E=HBIIKD JA??K (Q=JK K
©=F 9 >ADGRa>A9A EMFCW:9F '=;GEL= <M )GdQ 9 LM<WK K 9 LM<GEWEQEK (Q=JKL,D
2GF<GDCG<WK >GFLGKKW?WL LWJ?Q9DB9 9R MFAN=JRME E=?]JL]K]:=F E=BDSLCHERQADEIRQIIWRRY 9R (/$ KR=E]DQAK]?L_HMKGC J=F<KR=J]L 9E=DQ %MF?
:=KR]D @G?Q9F C=DD AFL=?JWDFA 9 LM<GEWFQGK =D,J=@9D9<WKL 9 EGJ\WRRK;/& KBEALAMBAKIAF 9DIHMD =HADDIFLWKL FQCBL 9:9 @G?Q9F DJHF=C AFL=J9C;Aa:9
>=BD,<]KK=D 9 CdDbF:bR, KR=E]DQAK]?L_HMKGC K @G?Q9F :=>GDQWKGDBWC 9 KR=E]DQ=K ]K KROCE9A
b=L=L

<A?ALWDAK B=D>=D<GD?GRWKE@JIIK=QGFK LaD @9F? ?Qa?Q_La =J=B= |=D]HdD]K ]D=LN=KR]DQ=K :=L=?K]?:,D @9F? @9F?RWK ]K R=F=

R 9 CbFQN NADW?GK JK @GRRW>]J@=L, :=N=R=L]KL FQCBL 9 <A?ALWDAK B=D:+:{])AEBRGRYK;@=DD ' "9QFGJ

+ _?Q 9 :GFQGDMDL >G?9DESC E]? 9 C=R<,C KRWEWJ9 AK JJL@=L,N] NWDFIR 9'DRISGN 9 @9F?L=JWHA9 ?Qa?Q_La @IKRFWDILWL LWJI?QIDBY >aCMKRWDNY 9319 @G?Q9F
LIEWCOL LWJ?Q9D EAFL 9 KR..JJK IGMJA=J9F9D_RAK ]K EAFLON]L=D=RBGKRBEIBOLaC 9 J=R?]K=C |K >J=CN=F;AWC 9 :=L.=?K]?:,D N9Da >=D]HdD]K LWEG?9LWKWJ9
?QICGJIDILA K CbFFQ=F CbN=L@=L, Ea<GF A<=WDAK EAF<9RGC KRWEQPHSJ 9686 GFCGDa?MK bLNbRA 9R GINGKA AKE=J=L=C=L 9 @9F??Qa?QWKRIL
19<=CD,<F=C 9 B=DC=R=D]K 9D9HBIA AJWFL CdDbFbK >A?Q=D=EE=D 9R IM<ABSBEERPUHANID

LM<aKGC [K EJJFbCbC cLEMLOLaB9 9 <A?ALWDAK B=D>=DE@DFERWK@GRR =E:=JA :AGE=R, @9F?GDWK9 "Qa?Q_LWK NA:JW;AaK @9F?0EIVADWWINID
[EAL@ L,D 9Q (;&MKA;C
?Q FJHKR=J... CbFFQ=F GDN9K@9La CbFQN 9E=DQ ?Q9CGJIDILA HIRAMRAF K:AGE=R, 9F9LaEAWBWL NARK?WDB9 E=?NALILN9 @G?Q9F :=>GDQWKGDB9 9
9DCIODEORWKGCGF C=J=KRLdD EMLOLB9 := 9 .+ >G?9DE9AL R =?Q AF?Q=B8FSFBAFEN=F;A9 K J=R?]K 9R =E:=JA =F=J?A9L=J=C=L CbFQN L9JL9DEIR
>GJJWK 9E=DQ D]H]KJ,D D]H]KJ= E9?Q9JWRR9 =D @G?Q9F E...Cb<AC 9 B=RF=BIBNZEROIKIIJaD @G?QIF LWEG?9L@ILBWC 9 ?Qa?QMDWKL 9 @9F?GDa NADDWC ]K EWH
N9DaK H]JD<WCCID _?Q J=F<C_NdD @GRRW>]J@=L, 9 C=R<,C KRWEWJ9 CE=R=I-aRGC
KRWEWJ9 9CAC 9R 9M<AG ]K R=F=A B=D9F9D_RAK AJWFL ]J<=CD,<F=C
"Qa?Q_La @IF?GC @9JEaFA9 =J=B:9 %GFIL@9F "GD<E9F
A?ALWDAK 9M<AG B=D>=D3GD3MR¥E L,D R 9 CbFQN =DE9?Q9JWRR9 9 @9F? K 9 @9JEaFA9 >=D@9KRFWDWKWFIC CGF;=H;AaBWL 9
R 9 CbFQN 9 <A?ALWDAK 9M<AG B=D>=D<GD?GRWK =DN=AL K 9DCODEIRWK{OM IRMIHEBYQa?Q_LWKWJI9 "QICGJIDILA L=;@FACWCIL L9JLIDEIR 9 @9IF??Qa?Q_LWKJI9
CdDbFbK >A?Q=DE=L >GJ<_LN9 9 <A?ALWDAK KR...J,CJ= 9IM<AG=>>=CL=CJ=FAA<HIBMBE ARGCWDAK LaFMKGRWK ]K 9 LcD@9JEaFAWCCID N9Da EMFC9
9F9D_RAKJ= WJ L=;@FAC9A B=DD=?... 9R 9FQ9? GDQIF Ea<GF N9F :=EMLILN9 9E=DQ
E=?CbR=D_L@-=L, 9 .+ 9D9HN=L, AKE=J=L=AN=D J=F<=DC=R, GDN9KaC KRWEW@F??Qa?QWKRIL #G?QIF @IKRFWDBMC 9 @9F? ,KA LM<GEWFQWL 9 L=KL ]K 9R =DE=
?2Qa?Q_LWKWJIB9 &MDJ==L @9IM<@9JQ
=N=R=L]K 9R 9M<AG L9JL9DGE=D=ER]K:= DCODE9RWKGC 9 B=D>=D<GD?GRWK:@bAQI =?Q=K_LA 9R ,KA WBMJIN]<ACMK GINGKDWKL 9 EG<=JF @9F?L=JWHAWK
R=F=A AF>GJEILACVDSPIF<=J'=J;@ L,D ?Q9CGJIDILGCCID @IM<@9JQ =DE9?Q9JWRR9  @G?Q9F @9KRFWD@9LaC 9
R 9 KRbN=? CdDbFbK=F @9KRFGK EAF<9RGC KRWEWJ9 9CAC 9R IM<A@IH>B=ERAF,AWC ]K J=R?]K=C ?Qa?Q_LWKJ9 ]K BaD]LJ= 9 E9FLJWCLaD 9 EG<=JF
B=D>=D<GD?GRWK AJWFL ]J<=CD,<F=C *DQ9F L=;@FACWCIL EMLIL := 9E=DQ@Or¢t=; @HeiNaPAWCA?
9R 9M<AG L9JLIDEWL H]D<WMD 9 R=F=A KLIMCLcJWL JALEMKL K @9JEaFAWL =D=E=R@=LBdC
B=D>=D<GD?GRa 9D?GJALEMKGC K=?_LK]?]N=D CbFQN ?Q9CGJDILA K @GRRW>JJ@=L, <AWCGC
JK KR9C=E:=J=C KRWEWJ9 =?Q9JWFL

_'gE?DGii;féDTS\?AgDAFEg L=JN=R]JK=  FQ=DN=F A?ALWDAK 9M<AG B= [I—Itfzfé'@lﬁFQ A8E<4 RF O4?U FQ

RGC KRWEWJ9 9CAC KR=J=LFJF=C =DEJDQUDFA 9R 9M<AG B=D>=D<GD?GRVY KfARD /oD 9 KRADWI<GF >GDQO<JCGHIK 3MB0.C LaD
GD<9DW:9F =R 9 CDFQN =?Q >=D@9KRFWDa:9JWL :=N=R=L]KL FQCBL 9 9% . CMLOLWKGCOL EMLOL := 9 N_R LMDIB<GFKW?9AJaD K 9RGC :AGDa?AWJI9 JK

9M<AG=>>=CL=C L=JN=RJK]:= FQ=DN=F $<=WDAK C=R<,C KRWEWJ9 9CAC REey=CE] )
E=?]JL=FA @G?Q9F 9DCODEIR@ILa 9 .+ N9DaK A<=B... 9M<AG=>>=CL=C D]LI=G( Ew AFWJ9 2Q9CGIGDL @9LWKIAJD

". JK9R OFAN=JRME DE]B= @JAKLGH@=J 9;@=L,D

9;@= 9 HKRA;@=<=DACMK KR=J=C 9 LM<9LGKKW? ]K 9 N9DaKW? L=JE]JKR=L= CbRbLLA
E=LKR=LHGFLGCI9L NARK?WDB9 KR=E]DQ=K L9HIKRLIDILGC ]K LM<GEWFQGK :=L=CAFL]K=C
JINJF

$HA R F 4 G H 74GG4’)4A IM<9LGKKW? 9R |D=L MLWF @9DWDCbR=DA |DE]FQ=GABMNGEGERSD

ED]JC=C WDEGC J=>D=PAal" %MF? LaD L,D

?Q >]DA? bF]D=LJ9BRA EMFC9 =R 9 CbFQN %MF? ]D=L]L ]K CMD;K>GFLGKK@Y?GBIERH WAL-G?a NARK?WDILGL FQCcBL 9 @9DWDChR=DA |DEJFQ=CJ,D 9RGC LM<9LGKKW?J9
LWJ?Q9DB9 :=D=]JLN= 9 CGDD=CL_N LM<9LLIDOF 9J;@=L_HMKGC ]K 9R WIFQYOCEIEDEEAWKWIaD ]K 9R bF>GDQLGFGKKW?JaD 9 >ARAC9A D]L=R]K=F LcD
CA>=BD=KRL]JK]L .R=E]DQ=K :=L=CAFL]KL FQcBL HKRA;@GDa?A9A =DE]D=L=A:=

>]J>A 9CA F=E @ALL 9 ;KG<WQ8R=J 19F 9MO=D9=JL LaD
R 9J,@=L_HMKGC JK 9 CGDD=CL_N LMSHD"9%8F-? LaD R 9 J=?]FQ 9 LM<9LGKKW? K 9 CNOFLME>ARAC9 LJEWAL KRbNA bKKR= >=D>=<=RN= 9 N9DaKW?
R 9 CbFQN CbRHGFLA KRbN=? 9 BMF?A9A HKRA;@GDa?AW:9F 9@GD %MHAR 9 @MU ARR=L]L =?Q D=:ADAF;K=D, F9JJ9L_NWF C=J=KRLdD
=DE]D=L]L NWRGDB9 >=D CdDbFbK >A?Q=DE=L >GJ<_LN9 9 CGDD=CL_N LM<9LL9D9FJ9 ]K
9J;@=L_HMKGK CJH=AJ= D9HN=L, GDNOKEWFQ %MF? KR=E]DQAK]?J,D K §KRKP=KIRWF<]CGKIF AEHMDRMKGC 9R bF?Q#GQCW/EAIRF=J L,D
9DCGLGLL =DCJHR=D]K=AF=C E=?[JL]K]@=R (=AKKF=J 9 =F=J?A9E=<A;AF9 LM<GEWFQGK 9D9H=DN=AL NARK?WDB9 :=L=CAFL]JKL FQCcBLN9
L=JWHAWK HGL=F;AWDBW:9 |K E=;@9FAREMK9A:9

+KRA;@GDa?A%A L_HMRG®6MF? LaD

©=F 9 EMFCW:9F %MF? :=EMLOLB9 9 HKRA;@GDa?A9%A L_HMKGC =DE|D=LIk9MEEEWA<NY ?DG:WDAK LM<9LGKKW? E=2B2EFERKGF LaD
CIK,:: @ILWKKID NGDL 9 (Q=JK JA??K /_HMK $F<ACWLGJ (/$ CA>=BD=KRDKEF 9 @MEWF LM<ILGKKW? bKKR=C9H;KGDLKW?WL ]K 9FF9C CbN=LC=RE]FQ=AL NARK?WDB¢
(=7:=KR]DA 9R AFLJGN=JRAa ]K =PLJGN=JRAa <A;@GLaEAWBWL NID9IEAFL EVYTGHRAQCRAMIKRLIDILGC K 9 ?DG:WDAK LM<ILGKKW? E=?]JL]K]J=
>MFC;AaC9L 9E=DQ=C >GIJEWDBWC 9 KR=E]|DQAK]?=L

(GI>G?=FACMK N_R ?]KRK]? $F>GJEW;AaC ]K LM<ILGKKBRAHERRIC

R =E:=J JK KRAE:aDME9A9JD " %MF? LaD L,D

RL 9 CbFQN=L 9 BMF?A9A ?GF<GDCG<WK CbFFQ=F L@=L, :=N=R=LIK]F=@=FJQVON ]R B=D=FL,K]?]L LWJ?QIDB9 9 :AGDa?A9A J=F<KR=J=C:=F ]K 9FF9C KR=J=H]L 9R
9 KRAE:aDMEGC @9KRFWDILWL LWJ?Q9DB9 9R WDEGC:9F ]K 9 E...NJKR=EF=F?EHFLNAL=D ]K 9 LM<OLGKKW? CbRN=L_L,B=C]FL
LM<9LLID9F >GDQIEILGC E=?B=D=F_L]K=AL .R]D=K=:: CbRbFK]? KRWEWJ9 C]KRdDL ]K

:=L=CAFL]JKL FQcBL 9R =E:=JA D]D=C:= TD=L 9R ]D=L MIMBEGF< (GG<Q LaD
(GG<Q cLLbJ, EMFCWB9 :=N=R=LA 9 @9DWDCbR=DA ]DEJFQ=C >G?9DEWL ]K KRWEGK
>=D>=<=R=LD=F §JD " %MF? LaD =K=LL9FMDEWFQL EMLIL := 9E=DQ=C CA=E=DAC 9 @9KGFDa =D=E=C=L 9E=DQ=C=L 9RGC

%MF? 9 KR=E|DQ=K >=BD,<]JK@=R N9Da =?Q]JFA KRACK]?D=L K 9 EG<=JF BWIOINGE 9CAC ADQ=F L9H9KRLIDILGCGF E=FL=C C=J=KRLdD

FQGEWK9 CbRbLLA CGF>DACLMKL NARK?WDB9 #9F?KcDQGRR9 9R bFAKE=J=L >GFLGKKW?WL 9

LM<9LL9DYF K 9R WJIFQ]C 9KH=CLMK9IAFIC FONA?WDWKW:9F 1IFQ bD=DJK]:=F =LLQ% 9<A=L,D
R 9 E=EGWJ 9<A= @9DWDChR=DA |DEJFQ]L E=K]DA =D E=?GKRLN9 E=?DWLWK9AL ]K 9RGCIL

K9BWL WJIFQJCG< :AJLGCDWK9 DJD=C KbL]L GD<9DWF9G:EH?|JLIK= 9 E]JDQ KHAJALMWDAK CAB=D=FL]K=C=L 9E=DQ=C=L MLORWK9 KGIWF L9H9KRLIDL

%G@FKGF LaD

?Q ?Q9CGJIDILA cLEMLOLa %MF? WIFQ]C >G?9DEWFIC E=?JILIK]@=R =R ELHROMRGFQ L]C9 ?Q A<=?K=]KR cLB9 9 LcDNABWPIBIF<=J LaD

=DE9?Q9JWRR9 @G?Q9F AKE=JBdC >=D ]K AFL=?JWDBMC 9R WJFQIC JFL 9 bHRIN@EDaTABA=?K=]KR E=?GKRLB9 K9BWL @IDWDCbR=DA |DEJFQ]L ]K =?Q E=??Q,R,

=?Q=FKcDQ JK 9 KR=E]DQ=K >=BD,<]K ]J<=C]:=F :=KRWEGDaL FQcBL 9E=DQ CA@_NWKL B=D=FL 9 LM<GEWFQGK FJR=L=CC=D KR=E:=F 9
LM<9LGKKW?JaD ]K 9 LcDNADW?JaD

%MF? D]D=C L]JJC]H= =N=R%£MB§J9Q .L=AF L,D

R 9 CbFQN :=N=R=L]KL FQcBL %MF? KR=E]DQAK]?=DE]D=L=A:= :=D=]JLN= 9R WG@ODHA 9@G?Q JF D=?Q=C OL9E 9 JWCCID 9 @IDWDCbR=DA ]DEJFFQ=D ]K 9 N9Da<A

LM<9LLID9FJaD JK 9R AF<ANA<MW;AaJaD 9DCGLGLL =DC]HR=D]K=AL %a >GJIQ GRESVKRBIRNGGIBIFA LaD

9CAC cBIC 9 BMF?A9A HKRA; @GDa?AW:9F (GGJIBIFA E=?GKRLB9 9 JWC =DD=FA CdR<=DE= 9D9LL KR=JR=LL WL9D9IC_La @9DWDChR=D
IDEJFQIL ]K 9R bF=D>G?9<WKJaD ]K ?Qa?QMDWKJaD L9FMDL =J,L=DB=K D=;C]C=L



YD*(I2. %/,2*4>),$

OL9RWKGC 9 L=KL:®=JL (GFJG=LaD D9H F=J?=LACO%G@F +A=JJICGK

R 9 CD9KKRACMK CbFQN <GCME=FLWDB9 (GFJG= KR=E]DQ=K LOHOKRLIDIL 9AR BLEKEQNNSIEMLILBY +A=JJ9CGK E=?CbR=D_L]JK]L 9R D9H F=J?=LACW@GR =?Q

MLORWK KGIWF ]K >=D>=<=RA 9R =E:=JA LM<9L D=@=L,K]?=AL 9 >ARAC9A L=KLEPREGFRIDEKIWHAWK Ea<KR=J@=R -JKRD=L=RA @G?Q9F N=R=L@=L 9R =F

CbJ:=F 9R =?2QAC 9D9HN=L, KRbN=?F=C L=CAFLAC 9 LM<9LGKKW? LOFMDEWFQBERVIGBMKWFIC >=DGD<WK9 JJR=DEA ]K HKRA;@GDa?A%A ?Qa?QMDWK@GR I
KHAJALMODALWKL 9 HKRA; @GL=JWHAWN9D

/WNGDA MLORWAGBEIL (GFJG= LaD

R 9 >GDQLILWK 9 OLORWKGC 9 L=KL:,D ;_E... CbFQNF=C E]DQ=::J= WK (GFJG=.9BRAGRADICMDWK |LRY +A=JJ9CGK

K_CGF LcDA MLORWK9A:9 9@GD CdDbF:bR, DIL=R]KA <AE=FRAaCIL >=<=R6S@F]|KAZBI9BGK >=D=K]?= N9 +A=JJ9CGK _JL9 =RL 9 CbFQN=L 9E=DQ =D=F?=<@=L:

LM<9LGKKW?WJaD 9DCGLGLL E=?]JLIK]L 9R D9H F=J?=LAC9 KHAJALMWDAK ]K =F=J?=LAC9A 9D9HBIAFIC E=?]ILIK]@=R /9F_LW
?Q...BL=E]JFQ]L EMLILB9Y := 9 +9L@OGJC |LEML9LaLaD 9E=DQ =J,K=F :=>GDQWKGDL
1]?K, MLORWKG:=JL (GFJG=LaD +A=JJ9CGK K9BWL L=JWHAWK EMFCWBWL

»=F 9 LJADa?A9 MLGDKa CbFQN]:=F (GFJG= :=L=CAFL]K=C=L GKRL E=? 9R 9DL=JWDL
LM<9LWDDOHGLGC:9F KR=JR=LL L9HOKRLODIL9A:aD >aCMKRWDN9 9R MLaDERGE IBD=R]IG? (=FFA (ADLGF # JA,CKGF /9F La (=K]AADLGF #

L=JE]KR=L=]K 9R =E:=JA;]D L]EWAJ9 JA;CKGF KR=JC=KRL=LL=.A<F=Q -GK=F

R 9 CbFQN JA;,CKGF L=JWHAWK LbJL]F=L=AF=C ]K L9F_La E=K]JAF=C ?Q...BL=E]FQ=
&GREACMK LM<9LGKRWPJ< ( M;C=L,D &A=E=DA CbRN=L=LL L=;@FACWAL ]K E=L9>GJWAL 9E=DQ=C =D,K=?_LAC 9 E]DQ HKRA;
M;C= K9BWL CGREACMK LM<9LGKKW? IDEJFQIL _JB9 D= ]K 9FF9C KHAJALMWAAK GRBIXK]IFEI=CAFL]KL FQcBLN9 9::9 9@G?Q9F JA;CKGF >AFGE9F AJWFQ_LGLL9 :=L
?Q9CGJIGDL @ILWK9AL NARK?WDB9 9 ?Qa?QMDWK >=D]
?Q 49IMA LM<WKEa<9JDGK 9KL9F=<9 LaD .RGCIOLD9F /=JWHA9 (ADLGF # JA;CKGF ( +KRA;@AWLJAA PAIQRADAD
R 9 CbFQN 9 KWEWFA ?Q9CGJDILGCIL K 9 N9DaKW? L=JE]KR=L]L LWJ?Q9DBIDERLIMRD=L=K=F :=EMLILB9 JA;CKGF AFFGNIL_N L=;@FACWAL 9 JbNA< L=JWHA\
49IMA KWEWFF9D >GDQLILGLL L9F_LNWFQA NAKRGFQ9 JIN]JF R 9 CbFQN CA=E=DA JA,CKGF F=E @9?QGEWFQGK ]K ?Q9CJ9F E=?D=H, Ea<KR=J=AL

:=D=]JLN= 9RL 9 CJH=KK]?]L @G?Q :=L=?=AL ?QGJK L=JWHAWK WLLbJIK=C@=R N=F
EAF<bKKR= FJ@WFQ dD]K 9D9LL

<B8G<>4 RF )EIBFGH7B@QAL
19WPGF ~EMLSLES 5 GMDKGFLOKKW2e LACoA <or-ct Ik cpak-c-s S BhEMBEGH7B@QAL RF
?Q9CGJIDIL:9F N9DaK =K=L=C =D=ER]K]N=D 9 ?Q9CGIDILA 9DCIDEIRWKGC ]J:giﬁl? F M 8 E BA7 Bf)> B7Q F

yDLODWFGK -=F<KR=JLM<GEWFQ D9HGC !=BD,<]K DCODEIPAPKISGF
=JL9D9F>>Q LaD
J=F<KR=J?GF<GDCG<WK CD9KKRACMK E...N]:=F =JL9D9F>>Q :=EMLILB9 9R yDLODWI
H74G>HG4GQFB> -=F<KR=JLM<GEWFQ 9D9H=DN=AL 9E=DQ 9D9HN=L, HADD]J D=LL 9 LM<GEWFQGC Cl
. AFL=J<AKR;AHDAFWJAK CMLILWK KRWEWJ9 "GF<GDIL9A :=>GDQWKGKIC NGDLIC 9 :A
IM<9L ]JK 9R OFAN=JRME &NYFLME>ARAC9 NGDcAa ?Q JKADH3?=J LWJIK9<9DGELM<GEWFQGCA?
+=FJGK= ]K .LMOJL #9E=JG>> LaD
R 9R =KKR]C ?Q...BL=E]JFQ= 9 LM<9L CNOFLME =J=<=L=AL NARK?WDB9 bLNBRiK=C 9RRRES UCGDa?AWBW@&CRJIQ 9L=KGF LaD
A<=?LM<GEWFQ ]K >ADGRa>A9 E=?DWLWK9AL @G?Q E=?NARK?WDB9 @G?Q9FtIPQ9I\WR@9ILKEGEAGIL CMD;K>A?MIWBOCIFL 9L=KGF =KKR]?Q...BL=E]JFQ= 9
9 CN9FLME >GDQ9EILGC 9R 9?Q:9F 9 LM<9LGK ]DE]JFQL CGEEMFACW;Aa HKRA;@GDa?A9 K bCGDa?A9 L]JEWAL bD=DA >=D (MFCWB9 E=?9D9H(
J=F<KR=J?GF<GDCG<WKL 9R =E:=JA CGEEMFACW;Aa:9F ]K AFL=J9C;AaC:9F
IM<9L (9?7Q9IWRILY 9FA=D =FF=LL L,D
=FF=LL =?Q WL>G?a =DE]D=L=L EMLOL := 9 LM<9LJaD ]IN=DN= 9 @9?QGEWFQRE=RIREMIR=L .RdCK]?=K ?QK]?'J=?GJQ 9L=KGF LaD

=DD=F ]K :=L=CAFL]KL FQCBLN9 9R =DE=E...Cb<]K]:= (WKAC 9D9HN=L, KRbN=? 9L=KGFLaD 9E=DQ 9RL NARK?WDB9 @G?Q9F C9H;KGDa<AC bl
=DE=]K 9 CbJFQ=R=L "GF<GD9L9A 9D9HN=L,=C 9 J=F<KR=JLM<GEWFQ E=?]JL]K]@=R 9F

IIDFA9R T:J=<]KL,D |LEML9La 9 .HAJALMIDALWK@GR 19BEWSJ)]BKdBD =E:=JA AFL=J9C;Aa L9FMDWK ]K bCGDa?A9 KR=EHGFLBW:aD

#9JJAK 9 LM<OLGL E=<ALW;AalL K 9 KHAJALMODALWK L=JE]JKR=L]L LWJ?Q9DB9 9 NADW?A

E=?CbR=D_L]KL FJHKR=J...K_LN= 9R =DE= E=?]JL]K]@=R 19DakKW? /WJK9<9DEA TH_L]K= /9FMDEWFQ 9 /M<WK .RG;AGD&AAYBW:9F

=J?=J |K/@GE9K 'M;CE9FF LaD
R 9 CbFQN 9 J=F<KR=J?GF<GDCG<WK KR=EHGFLBW:aD 9RR9D >G?D9DCGRAC @!
LWJIK9<9DEA J=F<KR=J=C K N9DaKW?GC @G?Q9F JHdDF=C >=D ]K L9JLILFIC >=FF

R TD=L -=F<KR=JKR=ED]D=L= ?Q=K_L, 'WLBNEWBB> 9HJ9 K +A=] 'MA?A 'MAKA

WIQAGH@9<M<>4 RF '8G49<M<>4 o

DA i o oiocn 6508 -GIUra s <o LTS SOCE I SUDICATINS 01 et cc i
JODWDCGRACL@A=M -A;9J< |K /JAF@ 3MIF /@MOF = Q ON 9 J=F<KR= Q =CoH; : '

R 9 CbFQN HWJ@MRIEGCIL NARK?WD 9 CNWFLME>ARACS IK 9 :M<<@AKL9 SAITHETENYNGRIT LM<OLGKKW?29D

E=?NALOLN9 EAF<CL L=JdD=L >=DAKE=JJK=AL IWDLGRWK  +JG:DJE9 GIJEWDWKWFIC K (=2GD<WKWEMD RSIZRDIOA;C

%G@F 2=9CD9F< K -A,@9]< IAK;@ L,D

{RGDLE KGHGIL EWKAC SDSHN-L, EMFCWBS 9E-DQ 9RL NARK?WDBD @G?
NWDLGRWK 9R =E:=JA J=F<KR=J=C:=F CUDbFbK=F 9 KODW<GC:9F |K

N=R=L=C:=F J=F<KR=JKR=ED]D=L:,D

#GDG?J9>ACMK OFAN=JRM&9=D /9D:GL R
/9D:GL 9RL 9 ?GF<GDILGL EMLILBY := @G?Q 9R MFAN=JRME @GDG?J9EC]FL E.
bLNbRN=9 CNWFLME>ARACY >=DAKE=J]K=AL E=L9>ARACIA CbN=LC=RE]FQ=CLT

IM<WK IWB9 R E:=JA (=?]JL]JK AGDa?A9A "QbC=J#ME:=JLG - (9LMJIIF9
1K 1J9F;AK;G % 19J=D9 LaD
" R 9 CbFQN 9 :AGDa?AWL CG?F_;AalL ]K J=F<KR=J?GF<GDCG<WKL ChLA bKKR= 9R 9MLGF
* . . * . bFE9?WL D]LJ=@GRa J=F<KR=J=C >G?9DEWJ9 bKKRHGFLGK_LN9 9E=DQ CbRHGFLA >G
FM<6;B?U:<4 RF *FM<6;BGBEQC<4 fFre7) Pl =eera 2rare
R E:=J &=J=K]K= 9 %=D=FL]K]JLACLGJ !J9FCD
1J9FCD 9 HKRA;@GDa?A%9A MLORWKL NARK?WDB9 9E=DQ 9 ;D E=?LODWDWK®/ZaP-KReD 5}\}’99Q DD=F,JR]K K &GEEMFACW:;Aa 9R yDDIL ]K 9 "JH=R=L CbRbLL
D=?JGKKR9:: CbJADE]FQ=C CbRbLL AK AFL=?JWDN9 9 D]L=R]K>ADGRa>AWL |K\& HKRA@GDa TAY/L
R 9 CQ:=JF=LAC9 9D9HE...N= 9RL NARK?WDB9 @G?Q9F E...Cb<F=C 9 CGEEMFACW;Aak
/=KL (=?,JRA 9 +GFLKRWEGL R ?Q R DE= JK 9 /=KL 9 /J9MEWC =pD=F,JR]KA >GDQIEILGC EAF< 9 ?]H=C:=F EAF< 9R |D,D]JFQ=C:=F
"Qa?Q_LWKW:9FKK=D N9F <=J &GDC
R 9 CbFQN 9 LIOME9 @ILWKWL LWJI?QIDBY 9 L=KLJ= ]K =DE}J= CA=E=DN= 9R AEFGNIMAGEWFQW? /9FMDa .R=JN=R=L (...NJKR=L= |K "Q9EEURB(9
E=?CbR=D_L]K=C=L 9 ?2Qa?QMDWKJ9 =F?=L,D
=F?= EMFCWB9 9 J=F<KR=J?GF<GDCG<WKL 9DCIDEIRR9 9 KR=JN=R=LA >=BD,<]KJ= .R
ChJ:=F =DAKE=JL KRbN=? EAF< 9R dRD=LA |D=L:=F EAF< 9R GCLOLWK:9F 9 CGEHD-=F
KR=JN=R=L=C L9FMDWKJ9 ]K 9DCIDEIRCG<WKJ9 N9Da KLIMCLMIWDWKWJ9 bKKRHGFL



	
	BioCoherence Kézikönyv
	Általános tartalomjegyzék

	A BioCoherence rövid története
	Hídépítés
	Kibernetika
	Alkalmazás a biokoherenciában

	Rendszerelmélet
	Alkalmazás a biokoherenciában

	Emergencia
	Alkalmazás a biokoherenciában

	Energia
	Alkalmazás a biokoherenciában

	Entrópia
	Alkalmazás a biokoherenciában

	Erőforrás-elmélet
	Alkalmazás a biokoherenciában

	Kaszkádelmélet
	Alkalmazás a biokoherenciában

	Embriogenezis
	Alkalmazás a biokoherenciában

	Prológiai elmélet
	Alkalmazás a biokoherenciában

	A rezonancia elve
	Alkalmazás a biokoherenciában

	A koherencia elve
	Binaurális ütemek
	Alkalmazás a biokoherenciában

	Skálahullámok
	Időbeli kristályok
	Alkalmazás a biokoherenciában

	Az elme és a test kapcsolata
	Az anyag-energia-információ-jelentőség kapcsolat; fizikai, energetikai, információs és jelentőség entrópia
	Szinkronicitások
	Alkalmazás a biokoherenciában

	Általános szemantika
	Alkalmazás a biokoherenciában

	Heurisztika
	Alkalmazás a biokoherenciában

	Ergodicitás
	Alkalmazás a biokoherenciában

	Számítási redukálhatatlanság
	Alkalmazás a biokoherenciában

	A tudattalan, a kollektív tudattalan és az archetípusok
	Alkalmazás a biokoherenciában

	Igazi szívkoherencia
	Fraktáltság, tömörítés és fáziskonjugáció
	Elfie mérések

	3.1. Modulok áttekintése
	Contenido
	1. Scan: biomarkerek és műszaki elemzés
	1.1. Időgrafikon modul
	1.2. Biomarker modul

	2. Scan: szervtérképek
	Modul megnyitása
	2.1. Figyelemre méltó okok: energia
	2.2. Kiemelkedő okok: entrópia
	2.3. Figyelemre méltó rendszerek: koherencia
	2.4. Agy
	2.5. Szív- és érrendszer
	2.6. Emésztőrendszer
	2.7. Membránok
	2.8. Csigolyák
	2.9. Idegrendszer
	2.10. Fogak
	2.11. Mozgásszervi rendszer
	2.12. Légzőrendszer
	2.13. Női genitáliák
	2.14. Férfi genitáliák

	3. Scan: TCM meridiánok, pontok és receptek
	3.1. Hólyag meridián linkekkel
	3.2. Meridiánok energia szerint, a gyakori kapcsolódó problémákkal
	3.3. TCM Pontok
	3.4. TCM Receptek, a koherencia által

	4. Scan: Az Energia modulok
	4.1. Ayurvéda: Dosák és al-dosák
	4.2. Energia grafikonok: csakrák, síkok, óra és lendület
	4.3. Energia grafikonok: a mikro világ

	5. Scan: az Elme modul
	5.1. A shadow modul
	5.2. Shadow: meghajtók
	5.3. A Lélek modul

	6. A Balance modulok
	6.1. Források
	6.2. Prioritások
	6.3. PDF Jelentés
	6.4. Egyensúly: a személyre szabott meditáció

	7. A teszt modulok
	7.1. Egy teszt lista egy élő értékelés után
	7.2. A teszt lista
	7.3. Teszt listák
	7.4. teszt: biofeedback élő értékelés
	7.5. tesztek: szerkesztés

	8. A megértés modulok

	3.2.Detailed guide
	Contenido
	9. Bevezetés
	9.1. A szoftver felhasználói felületének áttekintése
	Segítségkérések, fórumok és online kézikönyvek
	Az "Értesítések és javaslatok" funkció használata segítségkérésre
	Visszajelzés nyomon követése

	Vissza a főoldalra
	9.2. Nyisson meg egy jelentést
	Bevezetés
	Kezdőképernyő
	Példajelentés
	Számítógépes alkalmazás
	Navigáció
	Biomarker elemzés
	Következtetés

	9.3. Felvétel érzékelővel
	9.4. Ügyfélkezelés
	Áttekintés
	Ügyfél kiválasztása
	Nyilvántartás kezelése
	Jelentések megosztása
	Meghívók küldése

	Felhasználó és ügyfélkezelés a BioCoherence-ben, részletesen
	Jelenlegi felhasználó megjelenítése
	Felhasználói elemzés
	Felhasználói könyvtár
	Kapcsolatkezelés
	Felhasználói fájlkezelés
	Felhasználók meghívása és megosztása
	Eszközkompatibilitás és frissítések
	További funkciók
	Adatvédelem és adatkezelés
	Jövőbeli fejlesztések

	9.5. Több részes jelentés

	10. Megérteni: Biomarkerek
	10.1. Biomarkerek részletesen
	Bevezetés
	Chakrák hozzáférése
	Energia és Agitáció
	Additional information
	Evolúció és Átlag
	Prioritások
	Link minőség
	Direkt Hozzáférési Gombok
	Segítség és Információ

	Biomarker energia és agitáció információ
	Biomarker szirmok
	10.2. Pulzushullám szerkesztése és ellenőrzése (nyers felvétel)
	10.3. A biomarkerek változásának figyelése az ülések során
	10.4. Frekvencia és Harmonikus Elemzés
	10.5. A kauzális lánc

	A Causal Chain (okozati lánc) elérése
	A Causal Chain (okozati lánc) felület megértése
	1. Központi biomarker
	2. Rezonáló biomarkerek
	3. Kapcsolati erősség
	4. Energia- és entrópia térkép
	5. Szűrés és legjobb segítők
	6. Navigáció és előzmények

	Részletes útmutató: a Causal Chain (okozati lánc) használata az elemzéshez
	1. lépés: Az alapvető ok azonosítása
	2. lépés: A legjobb segítők megtalálása
	3. lépés: Testreszabott prioritási lista létrehozása
	4. lépés: Az eredmények alkalmazása
	Példa használati eset
	Forgatókönyv: Tüdő egyensúlyhiány kezelése

	A Causal Chain (okozati lánc) előnyei
	10.6. Előfordulás
	10.7. Poligráf

	11. Megérteni: Energia
	11.1. Atomok
	11.2. Ayurvédikus Energia Értékelés
	Az 3 Dosha az Ayurvedában
	Az 15 Al-Dosha
	Vata al-doshák
	Pitta al-doshák
	Kapha al-doshák

	11.3. Csakra Vizualizáció
	11.4. Hatások
	11.5. Impulzus
	A mozgásmomentum elve

	12. Értsd: Test
	12.1. TCM meridiánok
	Meridiánok a HKO-ban:
	12 Fő meridiánok :
	8 Rendkívüli meridiánok :
	12.2. Szerve térképek
	12.3. Akupunktúrás pontok
	Pontok és meridiánok felfedezése
	Pontválasztás és információk
	Navigálás és meridiánok nyomon követése
	Meridián-specifikus információk
	Pontok megjelenítése a térképen
	TCM recept logika
	Receptek alkalmazása
	Következtetés


	13. Értsd: Elme
	13.1. Igazítás
	13.2. Agyhullámok
	További információkért
	13.3. Meghajtók
	Az elme és a tudatalatti elme motorjainak megértése
	Ha többet szeretnél tudni
	13.4. Érzelmek
	13.5. Fókusz
	13.6. Zene
	Zene a felvételekben
	Zenei összhang és beállítás

	13.7. A 2016 személyiségtípusok
	Az én személyiségem értékelése Jung típusai szerint
	Személyiségi tengelyek
	Jung típusok és értékelés
	Személyiségtípusok dinamikája

	Személyiségtípusok részletesen
	13.8. Az 5 seb
	Az 5 seb eredete

	14. Teszt
	Lista előzetes értékelése
	Élő tesztelés
	14.1. Teszt listák
	Lista kezelése és szerkesztése az alkalmazásban
	Teszt szerkesztési mód
	Automatikus értékelés
	Additional tools
	Generális lista tulajdonságok
	Nem tulajdonolt listák kezelése
	Lista hozzáférése
	Bevezetés a lista alapú tesztelésbe
	Mi az a lista?
	színkódok
	Élő teszt
	Az eredmények megjelenítése
	Az információ bemutatásának fontossága
	Az eredmények integrálása a jelentésbe
	Feljesztési lehetőségek
	Teszt szerkesztési mód
	Műveletek szerkesztése
	Automatikus értékelés
	Elérhető eszközök
	Generális lista tulajdonságok
	Megosztás és díjazás
	Hozzáférés a listákhoz


	15. AI a BioCoherence-ben
	15.1. AI Segítők
	Fontos Funkciók
	AI Segítők Szakembereknek
	AI Segítők Hozzáférése
	AI Segítő Használati Esetek
	AI Segítő Korlátai


	16. Egyensúly
	16.1. Prioritások
	Fontossági sorrendek
	Újraszámítások futtatása a rendszer optimalizálásához.
	Prioritások megjelenítése és módosítása
	16.2. Erőforrások
	A források rövid bemutatása
	Források és Prioritások a BioCoherence alkalmazásban
	Áttekintés
	Források

	16.3. PDF jelentés
	Fejezet: Jelentések generálása és kezelése a Balance segítségével
	PDF jelentés tartalma
	Jelentés testreszabása
	Jelentés megosztása és mentése

	16.4. Egyensúly: Meditációk, hangok és eszközök
	Balansz Személyre Szabott Útmutatott Meditációkkal
	Meditációs paraméterek
	Részletek kiválasztása
	Prioritások kiválasztása
	Felvétel és nyomon követés
	Előrehaladás nyomon követése
	Tervezet és időtartam


	Részletes útmutató: A Harmonikus Fokozó és Személyes Útmutató használata a BioCoherence-ben
	1. Harmonikus Fokozó
	Mi az a Harmonikus Fokozó?
	Hogyan használjuk a Harmonikus Fokozót

	2. Személyes Útmutató
	Mi az a Személyes Útmutató?

	16.5. Harmonikus Fokozás

	Elem Színek és Funkcióik
	Akciómód és Funkcionalitás
	Előre számított Frekvenciák
	Valós Időben Számítás az Egyéni Protokollokhoz
	Szimultán Frekvencia Lejátszás
	Binaurális Ütés Integráció
	Dózis és Időzítés

	Testreszabás és Exportálás
	Protokollok Hozzáadása
	MP3 Fájlok Exportálása

	Praktikus Alkalmazások

	Melléklet 1. Gyakran ismételt kérdések
	Hogyan kérj segítséget az alkalmazásban
	Hogyan férhetnek hozzá a családtagjaim vagy az ügyfeleim az egyedi meditációkhoz?
	BioCoherence Partner Program
	Kezdés
	A Partner Programról
	Előfizetéses Jutalékok Közvetlen Értékesítésekhez
	További Vásárlások

	Meghívó Kódjainak Kezelése
	Alkalmazás telepítése és első indítás

	A telepítés után
	A BioCoherence használhatja a Spooky frekvenciaprogramjait?
	Lehet, hogy "helyettesítheti" egy technológiát, amit jelenleg használok?
	Hogyan kaphatok információt egy kliens központi témáiról, amikor az eredmények változnak a különböző szkennerek között?
	Hogyan férhetnek hozzá ügyfeleim a jelentéseikhez a gyakorló irodáján kívül? Hogyan nézhetik át a jelentéseiket és férhetnek hozzá a meditációkhoz?
	Hogyan használhatják a családtagjaim vagy az ügyfeleim a számukra generált egyedi frekvenciákat?
	Hogyan egyedi a BioCoherence?
	Hogyan frissítsük az alkalmazást

	Béta verzió 
	Nyilvános verzió 
	A Bluetooth-kapcsolati problémák megoldása a BioCoherence-szel

	Általános irányelvek
	Lépésről lépésre hibaelhárítás
	További Megjegyzések
	Mik a BioCoherence árai?
	Ingyenes terv
	Pénzes tervek, személyes használatra
	Pénzes tervek szakmai használatra
	Mit csinál a BioCoherence a legjobban?
	A BioCoherence mit nem terveztek?
	Mi a legjobb módja annak biztosítására, hogy a szkennelési folyamat befejeződjön, figyelembe véve, hogy az elemzésnek legalább 130 másodpercet kell igénybe vennie?
	Milyen minőségűek a generált fájlok?
	Milyen eredményeket mértek vagy jelentettek?
	Egy belépő szintű használat lehet a betegadatok nyilvántartása és alapvető elemzések végzése, míg egy haladó szintű használat magában foglalhatja a komplex adatelemzést, prediktív modellek készítését és a klinikai döntéstámogatás implementálását.
	Miért villog továbbra is kék vagy zöld a szenzorom, miután befejeztem a vizsgálatot?
	Miért nem csatlakozik néha a Bluetooth egy keresés során?
	Milyen fióktípust használhatok a paraziták észlelésére?



	Melléklet 2. Kapcsolódó tanulmányok listája
	Akupunktúra, meridiánok
	HRV, Ayurveda
	Elme/test
	Electromagnetism

	3. függelékBibliográfia
	Energia és elektromos orvoslás
	Modern Spiritualitás
	Digitális jelfeldolgozás
	Jung és a tudattalan
	Gyógyítás hangokkal
	Tudatosság, Energia és Valóság
	Bioetika és Orvostudomány
	Tudatkutatások
	Kvántumfizika és Metafizika
	Pszichológia és Pszichoterápia
	Rendszertudomány és Rendszergondolkodás


