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^LQ!I<-),O!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QP]!

^LS!I.,!=+/?>38<D-!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QP]!

^LP!;?==+8#!+/0!<=D)<3+-<*/>!*A!-.,!A</0</9>!</!-.,!-.,><>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q^Q!

6.+D-,8!aO!V2,8+))!C<>3?>><*/!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q^S!

aLQ!(,/,8+)!*2,82<,K!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q^S!

aLS!E,#!A</0</9>!*A!-.<>!-.,><>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q^S!

aLP!H2<0,/3,!>#/-.,><>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q^]!

aL_!I.,><>!>-8,/9-.>!+/0!)<=<-+-<*/>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QaS!

aL_LS![<=<-+-<*/>!*A!-.,!I.,><>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Qa]!

aL]!F=D)<3+-<*/>!A*8!D8+3-<3,!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Qaa!

aL^!F=D)<3+-<*/>!A*8!A?-?8,!8,>,+83.!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QaY!

aLa!6*/3)?><*/>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q`S!

G,A,8,/3,>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q`_!

1DD,/0<3,>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SQP!

1DD,/0<J!1O!G,>,+83.!D*8-A*)<*>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SQP!

1QO!$+/?>38<D->!+/0!D?")<3+-<*/!>-+-?>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SQP!

1SO!6*/A,8,/3,!+--,/0,0!+/0!D8,>,/-+-<*/> !LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SQ_!

1DD,/0<J!:O!C,3)+8+-<*/!*A!+?-.*8>.<D!+/0!+?-.*8>b!3*/-8<"?-<*/>!-*!-.,!=+/?>38<D-LLLLLLLLLLLLLLL!SQ]!

:QO!%?")<>.,0!=+/?>38<D-!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SQ]!

:SO!;?"=<--,0!=+/?>38<D->!#,-!-*!",!D?")<>.,0!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SS_!

1DD,/0<J!6O!;?DD),=,/-+8#!=+-,8<+)>!*A!-.,!>-?0<,>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SSa!

6QO!;-?0#!Q!>?DD),=,/-+8#!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SSa!

6SO!;-?0#!S!>?DD),=,/-+8#!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SS !̀



!
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!

6PO!;-?0#!P!>?DD),=,/-+8#!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SSY!

6_O!;-?0#!_!>?DD),=,/-+8#!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!SPT!

1DD,/0<J!CO!V-.,8!8,>,+83.!+3-<2<-<,>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!S]T!

CQO!13-<2<-<,>!8,)+-,0!-*!-.,!V%IF$F;H!;-?0#!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!S]T!

CSO!6*/A,8,/3,!+--,/0+/3,!3,8-<A<3+-,>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!S]T!

CPO!$,0<+!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!S]_!

C_O!I.,!$++>-8<3.-!;-?0#!0+-+>,-!8,B?,>-!+DD)<3+-<*/!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!S]^!

C]O!;#>-,=+-<3!8,2<,K!D8*-*3*)!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Sa]!

C^O!;*=,!>M<))>!+/0!,JD,8<,/3,!+3B?<8,0!0?8</9!=#!3+/0<0+-?8,!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Sa !̂

!



!
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!

7(6'+)4+8(09&"6+

!"#$%&'()(

@<9?8,!QLQO!%.#><3+)!13-<2<-#!'%14!6*/-</??= !LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q!

@<9?8,!QLSO!H>-<=+-,0!'0,2<3,X=,+>?8,04!D8*D*8-<*/>!*A!-<=,!>D,/-!</!-.,!D.#><3+)!+3-<2<-#!>D,3-8?=!</!

+0?)->L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!P!

(

!"#$%&'(*(

@<9?8,!SLQO!13-<2<-#!",.+2<*?8>!0<>-8<"?-<*/>!</!+0?)->!"#!-#D,!S!0<+",-,>!>-+-?>L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q]!

@<9?8,!SLSO!@<9L!Q!</!D?")<>.,0!;-?0#!Q!%C@!�t!%GF;$1!A)*K!0<+98+=!*A!-.,!>-?0<,>!8,3*80!LLLLLLLLLLLLLLLLLLLLLLLL!S]!

@<9?8,!SLPO!@<9L!S!</!D?")<>.,0!;-?0#!Q!%C@!�t!+!A*8,>-!D)*-!*A!/*/X*33?D+-<*/+)!>,0,/-+8#!",.+2<*?8!K<-.!

)*K!"+3M!D+</!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!̂ S!

@<9?8,!SL_O!@<9L!P!</!D?")<>.,0!;-?0#!Q!%C@!�t!+!A*8,>-!D)*-!*A!K*8MD)+3,!><--</9!K<-.!)*K!"+3M!D+</!LLLLLLLLLL!̂ ] !

@<9?8,!SL]O!@<9L!_!</!D?")<>.,0!;-?0#!Q!%C@!�t!+!A*8,>-!D)*-!*A!K*8MD)+3,!><--</9!K<-.!/,3MN>.*?)0,8!D+</!L!̂ ] !

@<9?8,!SL^O!@<9L!]!</!D?")<>.,0!;-?0#!Q!%C@!�t!+!A*8,>-!D)*-!*A!K*8MD)+3,!><--</9!K<-.!,J-8,=<-<,>!D+</!LLLLLL!̂ ^!

@<9?8,!SLaO!@<9L!^!</!D?")<>.,0!;-?0#!Q!%C@!�t!+!A*8,>-!D)*-!*A!2,.<3),!-<=,!K<-.!)*K!"+3M!D+</!LLLLLLLLLLLLLLLLLL!̂ a!

!

!"#$%&'(+(

@<9?8,!PLQO!G,>-8<3-,0!3?"<3!>D)</,>!>.*K</9!+!0<AA,8,/-!/?=",8!*A!M/*->L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!̀ Y!

@<9?8,!PLSO!(8+D.<3+)!8,D8,>,/-+-<*/!*A!3*=D*><-<*/+)!0+-+!</!><=D),J!>D+3,L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!YP!

@<9?8,!PLPO!6*=D*><-<*/+)!3.+/9,>!+/0!D8,0<3-,0!=?>3?)*>M,),-+)!D+</!*?-3*=,L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!YP!

@<9?8,!PL_O!6*=D*><-<*/+)!<>*-,=D*8+)!8,+))*3+-<*/>!+/0!,>-<=+-,0!.,+)-.!*?-3*=,>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Ya!

!

!"#$%&'(,(

@<9?8,!_LQO!@<9L!Q!</!D?")<>.,0!;-?0#!S!%C@!�t!-.,! D8,0<3-<2,!D8*"+"<)<-#!*A!=?>3?)*>M,),-+)!D+</!*?-3*=,>!

K<-.!0+<)#!><--</9!-<=,!"#!9)?3*>,!=,-+"*)<>=!>-+-?>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QTP!

@<9?8,!_LSO!@<9L!S!</!D?")<>.,0!;-?0#!S!%C@!�t!/*/ X)</,+8!8,)+-<*/>.<D>!",-K,,/!0+<)#!><--</9!-<=,!+/0!

=?>3?)*>M,),-+)!D+</!*?-3*=,> !LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QT_!

!

!"#$%&'(-(

@<9?8,!]LQO!@<9L!Q!</!D?")<>.,0!;-?0#!P!%C@!�t!A)*K3.+8-!*A!D+8-<3<D+/->!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QSQ!

@<9?8,!]LSO!@<9L!S!</!D?")<>.,0!;-?0#!P!%C@!�t!"*J!D)*->!*A!"*0<)#!D+</!"#!-#D,!S!0<+",-,>!LLLLLLLLLLLLLLLLLLLLLLL!QS]!

@<9?8,!]LPO!@<9L!P!</!D?")<>.,0!;-?0#!P!%C@!�t!"*J!D)*->!*A!-,),2<><*/X2<,K</9!-<=,!"#!-#D,!S!0<+",-,>!LLLL!QS]!

@<9?8,!]L_O!@<9L!_!</!D?")<>.,0!;-?0#!P!%C@!�t!8,)+-<*/>.<D>!*A!-,),2<><*/X2<,K</9!-<=,!K<-.!"*0<)#!D+</!"#!

-#D,!S!0<+",-,>!>-+-?>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QSa!

!



!
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!

!"#$%&'(.!

@<9?8,!^LQO!G,+))*3+-<*/>!*A!-<=,!+/0!D8,0<3-,0!3.+/9,>!</!=?)-<><-,!=?>3?)*>M,),-+)!D+</!LLLLLLLLLLLLLLLLLLL!Q_Y!

@<9?8,!^LSO!G,+))*3+-<*/!*A!-<=,!A8*=!"*?-!D+--,8/>!+/0!-.,!D8,0<3-,0!3.+/9,>!</!=?)-<><-,!

=?>3?)*>M,),-+)!D+</L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q]Q!

@<9?8,!^LPO!I,8/+8#!D)*->!*A!3*=D*><-<*/+)!3.+/9,>!+/0!D8,0<3-,0!3.+/9,!</!=?)-<><-,!=?>3?)*>M,),-+)!

D+</!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q]P!

!

!"#$%&'(/(

@<9?8,!aLQO!%*>><"),!D+-.K+#>!*A!=?>3?)*>M,),-+)!D+</!3*/0<-<*/>!</!-#D,!S!0<+",-,>L!LLLLLLLLLLLLLLLLLLLLLLLLLLLL!QaT!

@<9?8,!aLSO!;?==+8#!*A!-.,><>!A</0</9>!+/0!A?-?8,!8,>,+83.!A*3?>L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q`S!

! !



!
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!

7(6'+)4+2%3$"6+

!"#$%&'(*(

I+"),!SLQO!C,A</<-<*/>!*A!9)?3*>,!=,-+"*)<>=!>-+-?>!"#!+>>,>>=,/-!=,-.*0>L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QT!

I+"),!SLSO!6*==*/!=,+>?8,>!*A!>,0,/-+8#!",.+2<*?8!'+3-<2<-#!",.+2<*?8>4!?>,0!</!8,>,+83.L!LLLLLLLLLLLLLLLL!Q_!

I+"),!SLPO!I+"),!Q!</!D?")<>.,0!;-?0#!Q!%C@!�t!-.,!9,/,8+)!D*D?)+-<*/!>-?0<,>L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Sa!

I+"),!SL_O!I+"),!S!</!D?")<>.,0!;-?0#!Q!%C@!�t!-.,!*">,82+-<*/+)!*33?D+-<*/+)!3*.*8-!>-?0<,>LLLLLLLLLLLLLLLLLL!P !̂

I+"),!SL]O!I+"),!P!</!D?")<>.,0!;-?0#!Q!%C@!�t!,JD,8<=,/-+)N</-,82,/-<*/!*A!*33?D+-<*/+)!3*.*8-!>-?0<,>_Y!

I+"),!SL^O!I+"),!_!</!D?")<>.,0!;-?0#!Q!%C@!�t!>?==+8#!*A!M,#!+>>*3<+-<*/>!*A!>,0,/-+8#!",.+2<*?8!K<-.!

=?>3?)*>M,),-+)!D+</!3*/0<-<*/>!"#!>-?0<,>!B?+)<-#L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!]` !

I+"),!SLaO!I+"),!]!</!D?")<>.,0!;-?0#!Q!%C@!�t!>?==+8#!*A!A</0</9>!>#/-.,><>,0!"#!=,-+X+/+)#><>!+/0!-.,!

",>- X,2<0,/3,!>#/-.,><>!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!̂ T!

!

!"#$%&'(+!

I+"),!PLQO!;?==+8#!*A!0+-+>,->!?>,0!</!-.,!,=D<8<3+)!>-?0<,>L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!̀ ` !

!

!"#$%&'(,(

I+"),!_LQO!I+"),!Q!</!D?")<>.,0!;-?0#!S!%C@!�t!3.+8+3-,8<>-<3>!*A!-.,!>-?0#!D*D?)+-<*/L!LLLLLLLLLLLLLLLLLLLLLLLLLL!QT]!

I+"),!_LSO!I+"),!S!</!D?")<>.,0!;-?0#!S!%C@!�t!D8,2+),/3,!*A!=?>3?)*>M,),-+)!D+</!*?-3*=,>!+33*80</9!-*!

9)?3*>,!=,-+"*)<>=!>-+-?>!'($;4L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QT !̂

I+"),!_LPO!I+"),!P!</!D?")<>.,0!;-?0#!S!%C@!�t!+>>*3<+-<*/!*A!0+<)#!><--</9!-<=,!'.*?8>N0+#4!K<-.!

=?>3?)*>M,),-+)!D+</!*?-3*=,>!</!-.,!*2,8+))!>+=D),!+/0!>,D+8+-,)#!</!-.*>,!K<-.!/*8=+)!9)?3*>,!

=,-+"*)<>=5!D8,0<+",-,>5!+/0!-#D,!S!0<+",-,>L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QTa!

!

!"#$%&'(-(

I+"),!]LQO!I+"),!Q!</!D?")<>.,0!;-?0#!P!%C@!�t!�‰���Œ�š�]���]�‰���v�š�•�[�����Z���Œ�����š���Œ�]�•�š�]���•�������Œ�}�•�•���š�Z���������š�����š�]�u��XD*</->!QSP!

I+"),!]LSO!I+"),!S!</!D?")<>.,0!;-?0#!P!%C@!�t!=,+/!"*0<)#!D+</!>3*8,!+/0!IW!-<=,!+38*>>!-.,!0+-+!-<=,X

D*</->!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QS_!

I+"),!]LPO!I+"),!P!</!D?")<>.,0!;-?0#!P!%C@!�t!?/3*/0<-<*/+)!+/0!3*/0<-<*/+)!)</,+8!98*K-.!3?82,!=*0,)>!

A*8!"*0<)#!D+</!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!QS!̂

!

!"#$%&'(.(

I+"),!^LQO!:+>,)</,!3.+8+3-,8<>-<3>!*A!-.,!D+8-<3<D+/->!'Q_!-,+=>5!\cSS_4L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q__!

I+"),!^LSO!$,+/!3*=D*><-<*/>!-<=,X?>,!</!=</?-,>!+/0!=,+/!=?)-<><-,!$;%!+-!-.,!-<=,!D*</->L!LLLLLLLLLL!Q_]!

I+"),!^LPO!I.,!+">*)?-,!3.+/9,>!</!=</?-,>!*A!-.,!+3-<2<-#!",.+2<*?8>!0?8</9!K+M</9!.*?8>L!LLLLLLLLLLLLLLLL!Q_ !̂



!

J!
!

I+"),!^L_O!I.,!8,)+-<2,!8,)+-<*/>.<D>!*A!3.+/9,>!</!><--</95!>-+/0</95!+/0!>-,DD</9!3*=D*><-<*/>!+/0!-.,<8!

"*?->!'A*?8XD+8-!3*=D*><-<*/4!K<-.!=?)-<><-,!=?>3?)*>M,),-+)!D+</L!LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!Q_ !̀

!! !
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,33&":(%'()*6+

11;! ! ! 13-<2,!1?>-8+)<+!;?82,#!!

1C1!! ! 1=,8<3+/!C<+",-,>!1>>*3<+-<*/!!

1C[!! 13-<2<-<,>!*A!C+<)#![<2</9!!

1(H>!! ! 102+/3,0!9)#3+-<*/!,/0XD8*0?3->!

1F6! ! 1M+<M,!</A*8=+-<*/!38<-,8<*/!

1$HC!! ! 1))<,0!+/0!6*=D),=,/-+8#!$,0< 3</,!C+-+"+>,!

1?>C<+"!! 1?>-8+)<+/!C<+",-,>5!V",><-#5!+/0![<A,>-#),!;-?0#!

:$F! ! ! :*0#!=+>>!</0,J!!

:%;!! ! :*0<)#!D+</!>3+),!

66C!! ! 6,/>?>!6*)),3-*8!C<>-8<3-!!

6H;C!! 6,/-8,!A*8!HD<0,=<*)*9#!;-?0<,>!;.*8-!C,D8,>><*/!;3+),!!

6F\1&[!! 6?=?)+-<2,!F/0,J!-*!\?8></9!+/0!1))<,0!&,+)-.![<-,8+-?8,!

6EC!! ! 6.8*/<3!M<0/,#!0<>,+>,!!

6$G;! ! ! 6)?>-,8!=,-+"*)<3!8<>M!>3*8,!!

6V\;VGI! ! 6*/>*)<0+-,0!;-+/0+80>!*A!G,D*8-</9!I8<+)>!!

6G%!! ! 6X8,+3-<2,!D8*-,</!!

6WC!! ! 6+80<*2+>3?)+8!0<>,+>,!!

C1[d>!! ! C<>+"<)<-#X10U?>-,0![<A,Xd,+8>!!

C&CX</0,J! C?-3.!&,+)-.#!C<,-!</0,J!!

C&;!! ! C,D+8-=,/-!*A!&?=+/!;,82<3,>!!

C%&16IV!! C+/<>.!%&#><3+)!16I<2<-#!3*.*8-!K<-.!V"U,3-<2,!=,+>?8,=,/->!!

CWC! ! C<9<-+)!W<0,*!C<>3!

H7!! ! H?8*D,+/!7/<*/! !

@IH!! ! @?))X-<=,!,B?<2+),/-!!



!
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(:C! ! ! ()*"+)!:?80,/!*A!C<>,+>,!!

(C%!! ! (8*>>!0*=,>-<3!D8*0?3-!!

($; ! ! ()?3*>,!=,-+"*)<>=!>-+-?>!

($7;6! ! ()*"+)!1))<+/3,!A*8!=?>3?)*>M,),-+)!&,+)-.!

&"1 Q3!! ! ()#3+-,0!.+,=*9)*"</! !

&C[!! ! &<9.X0,/><-#!)<D*D8*-,</!!

&V$1 XFG!! &*=,*>-+-<3!$*0,)!1>>,>>=,/-!*A!F/>?)</!G,><>-+/3,!

&Ge*[!!! &,+)-. X8,)+-,0!B?+)<-#!*A!)<A,!

.>X6G%!! .<9.X>,/><-<2<-#!6X8,+3-<2,!D8*-,</!

<176! ! F/38,=,/-+)!+8,+!?/0,8!-.,!3?82, !

F66! ! F/-8+3)+>>!'3*88,)+-<*/4!3*,AA<3<,/-!

F@(!! ! F=D+<8,0!A+>-</9!9)?3*>,!

F(I!! ! F=D+<8,0!9)?3*>,!-*),8+/3,!!

F[!! ! F/-,8),?M</!!

<)8!! ! <>*=,-8<3!)*9X8+-<*!!

F%1e!! ! F/-,8/+-<*/+)!%.#><3+)!13-<2<-#!e?,>-<*//+<8,!

[1G!! ! [,D-</X+0<D*/,3-</!8+-<*!!

[:%!! ! [*K,8!"+3M!D+</!!

[F%1!! ! [<9.-X</-,/><-#!D.#><3+)!+3-<2<-#!!

[$F6>! ! [*K X!+/0!=<00),X</3*=,!3*?/-8<,>!!

[V6@! ! [+>-X*">,82+-<*/X3+88<,0XA*8K+80!

)8H$!! ! )*9X8+-<*!HJD,3-+-<*/X$+J<=<>+-<*/!

$1G! ! $<>></9!+-!8+/0*=!

$HI>!! ! $,-+"*)<3!,B?<2+),/->!!

$ F%1!! ! $*0,8+-, X</-,/><-#!D.#><3+)!+3-<2<-#!

$%e!! ! $3(<))!%+</!e?,>-<*//+<8,!



!
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$;E ! ! $?>3?)*>M,),-+)!

$;%!! ! $?>3?)*>M,),-+)!D+</!!

$W%1!! ! $*0,8+-, X-* X2<9*8*?>!</-,/><-#!D.#><3+)!+3-<2<-#!!

\N1!! ! \*-!+DD)<3+"),!!

\6C>!! ! \*/ X3*==?/<3+"),!0<>,+>,>!!

\($! ! ! \*8=+)!9)?3*>,!=,-+"*)<>= !

\(I! ! ! \*8=+)!9)?3*>,!-*),8+/3,! !

\&1\H;! ! \+-<*/+)!&,+)-.!+/0!\?-8<-<*/!;?82,#!

\$e! ! ! \*80<3!$?>3?)*>M,),-+)!e?,>-<*//+<8,!!

\G;! ! ! \?=,8<3!G+-</9!;3+),!

V(II! ! ! V8+)!9)?3*>,!-*),8+/3,!-,>-!!

VG!! ! V00>!8+-<*!

%F6V!! ! %*D?)+-<*/5!F/-,82,/-<*/5!6*/-8*)N3*=D+8<>*/!+/0!V?-3*=,!!

%GF;$1!! %8,A,88,0!G,D*8-</9!F-,=>!A*8!;#>-,=+-<3!G,2<,K>!+/0!$,-+X1/+)#>,>!!

%GF;$1X%!! %GF;$1X%8*-*3*)!

%GV;%HGV!! F/-,8/+-<*/+)!D8*>D,3-<2,!8,9<>-,8!*A!>#>-,=+-<3!8,2<,K>!

e?+);#>-!! ;-+/0+80!e?+)<-#!1>>,>>=,/-!68<-,8<+!A*8!H2+)?+-</9!%8<=+8#!G,>,+83.!%+D,8>!A8*=!+!

W+8<,-#!*A!@<,)0>!

G1(H>!! ! 102+/3,0!9)#3+-<*/!,/0XD8*0?3-!'1(H4X8,3,D-*8>!

G6;! ! G,>-8<3-,0!3?"<3!>D)</,!

G6I!! ! G+/0*=<>,0!3*/-8*)'),04!-8<+)!!

G,2$+/]! ! G,2<,K!$+/+9,8!2,8><*/!]L_LQ!

;1; ! ! ;-+-<>-<3+)!1/+)#><>!;#>-,=!

;:! ! ! ;,0,/-+8#!",.+2<*?8! !

;H! ! ;-+/0+80!,88*8!

;@XP !̂ ! P X̂F-,=!;.*8- X@*8=!&,+)-.!;?82,#!B?,>-<*//+<8,!!



!
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;@X$%e!! >.*8-XA*8=!$3(<))!%+</!e?,>-<*//+<8,!

>F61$XQ! >*)?"),!F/-8+3,))?)+8!+0.,><*/!=*),3?),XQ!!

ISC!! ! I#D,!S!0<+",-,>!!

I\@X�r��! ! I?=*?8!/,38*><>!A+3-*8!

IW!! ! I,),2<><*/X2<,K</9!

7:%!! ! 7DD,8!"+3M!D+</!

7E!! ! 7/<-,0!E</90*= !

7;1! ! ! 7/<-,0!;-+-,>!*A!1=,8<3+!!

W1;!! ! W<>?+)!1/+)*9!;3+),!

WF@!! ! W+8<+/3,!F/A)+-<*/!@+3-*8!!

WF%1! ! W<9*8*?>X</-,/><-#!D.#><3+)!+3-<2<-#!

WG;!! ! W,8"+)!G+-</9!;3+),!

Z6! ! ! Z+<>-!3<83?=A,8,/3,!!

Z&V! ! ! Z*8)0!&,+)-.!V89+/<>+-<*/!!

ZV$16! ! Z,>-,8/!V/-+8<*!+/0!$+3$+>-,8!7/<2,8><-<,>!V>-,*+8-.8<-<>!F/0,J!!

d[C!! ! d,+8>!)<2,0!K<-.!0<>+"<)<-#!

! +



!
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!

,36'&%#'+

;,0,/-+8#! ",.+2<*?8!'-**!=?3.!><--</95!+>!0<>-</3-!A8*=!-**!)<--),!D.#><3+)!+3-<2<-#!*8!,J,83<>,4!<>!*A!8<></9!

D?")<3!.,+)-.!3*/3,8/L!F-!.+>!",,/!+>>*3<+-,0!K<-.!</38,+>,0!8<>M>!*A!=?)-<D),!3.8*/<3!0<>,+>,>5!</3)?0</9!

3+80<*2+>3?)+8!3*/0<-<*/>5!=,-+"*)<3!0<>*80,8>!>?3.!+>!-#D,!S!0<+",-,>!'ISC45!+/0!+))X3+?>,!=*8-+)<-#L!

1)>*5!-.,8,!<>!98*K</9!,2<0,/3,! *A!D*-,/-<+)!8<>M!+>>*3<+-<*/>!K<-.!=?>3?)*>M,),-+)!D+</!'$;%4!3*/0<-<*/>L!

F=D*8-+/-)#5!$;%!3*/0<-<*/>!.+2,!,=,89,0!+>! 3*==*/! 3*=*8"<0<-<,>!</!D,*D),!)<2</9!K<-.!

3+80<*=,-+"*)<3!3*/0<-<*/>5!,>D,3<+))#!>*!</!-.*>,! )<2</9!K<-.!ISCL!!

I .,!3* X*33?88,/3,!*A!,J3,>><2,!>,0,/-+8#!",.+2<*?85!ISC!+/0!$;%!3*/0<-<*/>5!K.<3.!<>!=?3.!

=*8,! 3*==*/!</!*)0,8!+0?)-> !<>!3*/3,8/</9L!$;%!3*/0<-<*/>!3+/ !",! +!"+88<,8!-*!8,9?)+8!D.#><3+)!+3-<2<-#!

D+8-<3<D+-<*/!</!+0?)->L!1/!+0,B?+-,!),2,)!*A!=*0,8+-, X-* X2<9*8*?>!</-,/><-#!D.#><3+)!+3-<2<-#!'$W%14!.+>!

",,/!+!3*8/,8>-*/,! </!-.,!=+/+9,=,/-! *A!ISC!+/0!.+>!+)>*!",,/! M/*K/! -*!",!",/,A<3<+)!A*8!D+</!

=+/+9,=,/- L!I., !3*,J<>-,/3,!*A!ISC!+/0!$;%!3*/0<-<*/>!=+#!8,/0,8!=+/#! +0?)->!D.#><3+))#!</+3-<2,!

+/0!2?)/,8+"),!-*! ,/9+9 </9!</!D8*)*/9,0!D,8<*0>!*A!><--</9!0?8</9!K+M</9!.*?8>5!0?,!+-!),+>-!</!D+8-!-*!

A?/3-<*/+)!<=D+<8=,/-!+/0!D+</L!6*/>,B?,/-)#5!",</9!D.#><3+))#!</+3-<2,!+/0!,/9+9</9!</!,J3,>><2,!

>,0,/-+8#!",.+2<*?8!=+#!.+2,!A?8-.,8!0,-8<=,/-+)!<=D+3->!*/!"*-.!ISC!+/0!$;%!3*/0<-<*/>L!6?88,/-)#5!

-.,!3*,J<>-,/3,!*A!$;%!3*/0<-<*/>!+/0!ISC!</!+0?)->!+/0!-.,! D*-,/-<+)!8,)+-<*/>.<D>!K<-.!>,0,/-+8#!

",.+2<*?8!.+2,! ",,/! )+89,)#!?/,JD)*8,0 L!!

I .<>!-.,><>5!-.,8,A*8,5!+<=,0!-*!,JD)*8,!-.,! ,2<0,/3,! */!>,0,/-+8#!",.+2<*?85!$;%!3*/0<-<*/>5!

+/0!ISC!K<-.!-.,!"8*+0!+<=!*A!?/0,8>-+/0</9!-.,!+>>*3<+-<*/>!*A!>,0,/-+8#!",.+2<*?8!K<-.!D+</!8,)+-,0!

-*!=?>3?)*>M,),-+)!>#>-,=>!</!+0?)->!+/0!K.,-.,8!>?3.! D*-,/-<+)!8,)+-<*/>.<D>!0<AA,8!</!-.*>,!)<2</9!K<-.!

+/0!K<-.*?-!ISCL!!

I* !+008,>>!-.<>!+<=5!+/! ,J<>-</9!D8*>D,3-<2,!0+-+>,-!A8*=!+/!,D<0,=<*)*9<3+)!>-?0#5!-.,!

1?>-8+)<+/!C<+",-,>5!V",><-#!+/0![<A,>-#),!;-?0#!'1?>C<+"4!+/0!+!3)?>-,8X8+/0*=<>,0!3*/-8*)!-8<+)5!-.,!

;-+/0 X7D!W<3-* 8<+!; -?0#5!+>!K,))!+>!+!38*>>X>,3-<*/+)!0+-+>,-!A8*=!-.,!$++>-8<3.-!;-?0#!K,8,! +/+)#>,0 L!

@<8>-5!+!>#>-,=+-<3!8,2<,K!' !"#$%&' 45!K+>!3*/0?3-,0!?></9!-., !>-+/0+80!%8,A,88,0!G,D*8-</9!F-,=>!A*8!

;#>-,=+-<3!G,2<,K>!+/0!$,-+X1/+)#>,>!'%GF;$14!9?<0,)</,>!K<-.!-.,! D?8D*>,!*A!<0,/-<A#</9!-.,!,J< >-</9!

,2<0,/3,!*/!+>>*3<+-<*/>!*A!>,0,/-+8#!",.+2<*?8!</!*33?D+-<*/+)!+/0!/*/X*33?D+-<*/+)!>,--</9>!K<-.!$;%!

3*/0<-<*/>5!+/0!-*!<0,/ -<A#!M/*K),09,!9+D>!-*!</A*8=!-.,!-�Z���•�]�•�[��,=D<8<3+)!>-?0<,>L!I. <>!8,2<,K!'!"#$%&' 4!

A*?/0!,2<0,/3,!*A!38*>>X>,3-<*/+)!+>>*3<+-<*/>!*A!"*-.!*33?D+-<*/+)!+/0!/*/X*33?D+-<*/+)!>,0,/-+8#!

",.+2<*?8!K<-.!$;%!3*/0<-<*/>5!K<-.!-.,!+>>*3<+-<*/>!</!-.,!*33?D+-<*/+)!0*=+</!",</9!0,D,/0,/-!*/!

-.,!/+-?8,!+/0!-.,!D.#><3+)!0,=+/0!*A!-.,!*33?D+-<*/L!H2<0,/3,!*/!D8*>D,3-<2,!+>>*3<+-<*/>!K+>!

</3*/3)?><2,f!.*K,2,85!-.,8,!K+>!+!D8*"+"),!</0<3+-<*/!*A!+!D8*-,3-<2,!+>>*3<+-<*/!*A!>,0,/-+8#!

",.+2<*?8!'0,2<3,X=,+>?8,04!K<-.!>*=,!$;%!3*/0<-<*/>!</!-8+0,>D,*D),L!100<-<*/+))#5!8,0?3</9!0,>MX

�����•�������~�}�(�(�]�����•���Á�}�Œ�l���Œ�•�[!><--</9!-<=,!K+>!*">,82,0!-*!",!3*88,)+-,0!K<-.!8,0?3,0!$;%!3*/0<-<*/>!*8!



!
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0<>3*=A*8-L!1)>*5!-.,!8,2<,K!<0,/-<A<,0!+!)+3M!*A!+!>?AA<3<,/-!/?=",8!*A!0,2<3,X=,+>?8,0!>,0,/-+8#!

",.+2<*?8X"+>,0!>-?0<,>!+>!K,))!+>!D8*>D,3-<2,!>-?0<,>!+>!M,#!)<-,8+-?8,!9+D>L!!

;, 3*/0)#5!-. 8,,!,=D<8<3+)!>-?0<,>!</A*8=,0!"#!-.,!M/*K),09,!9+D>!A8*=!-.,!>#>-,=+-<3!8,2<,K!

K,8,!3*/0?3-,0L !!"#$%&(&)*++,"-./0"&!"#$%&$+"+,1"&�t&$+"+&23&(4(5&6+-"./.6+7",&81-1&+7+9%,1$:O!F/!-.<>!

>-?0#5!)*9<>-<3!8,98,>><*/!+/0!8,>-8<3-,0!3?"<3!>D)</,!>-+-<>-<3+)!=,-.*0>!K,8,!?-<)<>,0!-*! ,J+=</ , !-., !

)</,+8!+/0!/*/ X)</,+8!38*>>X>,3-<*/+)!+>>*3<+-<*/>!*A!0,2<3,X=,+>?8,0!0+<)#!><--</9!-<=,!K<-.!$;%!

*?-3*=,>!</!+0?)->!K<-.!/*8=+)!9)?3*>,!=,-+"*)<>=!'\($4 5!D8,0<+",-,>5!+/0!ISCL!H2<0,/3,!*A!+!38*>>X

>,3-<*/+)!+>>*3<+-<*/!K+>!*">,82,0!",-K,,/!0,2<3,X=,+>?8,0!0+<)#!><--</9!-<=,!+/0!M/,,!D+</!'</!+!)</,+8!

A?/3-<*/4L!I.,!+>>*3<+-<*/!K+>!*/)#!><9/<A<3+/-!</!-.*>,!K<-.!ISC!"?-!/*-!</!-.*>,!K<-.!D8,0<+",-,>!*8!

\($L!\*!><9/<A<3+/-!+>>*3<+-<*/>!K,8,!*">,82,0!A*8!/,3M5!>.*?)0,85!*8!)*K!"+3M!D+</f!.*K,2,85!-.,!

8,)+-<*/>.<D>!+DD,+8,0!-*!",!3?82<)</,+8!"?-!>-+-<>-<3+))#!/*/X><9/<A<3+/-L!

! "#$%&;&)<#,=.+>&$+"+,1"&�t&?@AA&6+-"./.6+7",�[�������š�����Á���Œ�������v���o�Ç�•����:O!I.<>!>-?0#!?-<)<>,0!+!

=?)-<),2,)!98*K-.!3?82,!=*0,))</9!-*!,J+=</, !-.,!D8*>D,3-<2,!8,)+-<*/>.<D>!*A!-.,! 3*==*/!),<>?8, X-<=,!

>,0,/-+8#!",.+2<*?85!-,),2<><*/X2<,K</9!'IW4!-<=,!K<-.!"*0<)#!D+</!</!+0?)->!K<-.!+/0!K<-.*?-!ISC!*2,8!

QS!#,+8>L!I., !A</0</9>!>.*K,0!-.+-!"*0<)#!D+</!>,2,8<-#!</38,+>,>!K<-.!+9,5!+/0!+/!</38,+>,0!2*)?=,!*A!

IW!-<=,!+-!+/#!9<2,/!-<=,!D*</-!K+>!><9/<A<3+/-)#!+>>*3<+-,0!K<-.!</38,+>,0!"*0<)#!D+</!>,2,8<-#L!I.,!

*">,82,0!8,)+-<*/>.<D!K+>!=*8,!D8*/*?/3,0!</!-.*>,!K<-.!ISC!-.+/!-.*>,!K<-.*?-L!F/!8,A,8,/3,!-*!-.*>,!

K<-.!\($5!-.,!,AA,3-!*A!ISC!+/0!D8,0<+",-,>!*/!"*0<)#!D+</!>,2,8<-#!</38,+>,0!K<-.!</38,+></9!IW!-<=,5!

><9/<A<3+/-)#!>*!*/)#!</!-.*>,!K<-.!ISC!K.,/!-.,!IW!-<=,!-.8,>.*)0!</38,+>,0!+"*2,!SL]!.*?8>!D,8!0+#L!

! "#$%&?&)!"+7$&B6&C./"2-.+&!"#$%&$+"+,1"&�t&62291$&$+"+&23&((?&6+-"./.6+7",&81-1&+7+9%,1$:O!7></9!

3*=D*><-<*/+)!0+-+!+/+)#><>!A8+=,K*8M5!D8*>D,3-<2,!8,)+-<*/>.<D>!K<-.!3.+/9,>!</!=?)-<><-,!$;%!*A!

3.+/9,>!</!0,>MX"+>,0!K*8M,8>b!><--</95!>-+/0</95!+/0!>-,DD</95!+>!K,))!+>!-., !>.*8-X"*?->!+/0!)*/9 X"*?->!

*A!-.,>,!",.+2<*? 8>!+-!-.8,, X!+/0!QSX=*/-. >!K,8,!,J+=</,0 L!@?8-.,85!3*=D*><-<*/+)!<>*-,=D*8+)!

>?">-<-?-<*/!=*0,))</9!K+>!D,8A*8=,0!-*!,J+=</,!-.,! <=D+3-!*A!8,+))*3+-</9!-<=,!+=*/9!-.,>,!

",.+2<*?8>!*/! $;%!*?-3*=, >L!I., !A</0</9>!0,=*/>-8+-,0!-.+-!</!-.,!>.*8-!-,8=!'+-! -.8,,!=*/-.>4!

</38,+>,0!>-+/0</9!8,)+-<2,!-*!3.+/9,>!</!>-,DD</9!+/0!><--</9!3*=D*><-<*/!K+>!><9/<A<3+/-)#!+>>*3<+-,0!

K<-.!</38,+>,0!=?)-<><-,!$;%!*?-3*=,>5!+/0!</38,+>,0!>-,DD</9!8,)+-<2,!-*!3.+/9,>!</!><--</9!+/0!

>-+/0</9!K+>!><9/<A<3+/-)#!+>>*3<+-,0!K<-.!8,0?3,0!=?)-<><-,!$;%!*?-3*=,>L!G,0?3,0!><--</9!8,)+-<2,!-*!

3.+/9,>!</!>-+/0</9!+/0!>-,DD</9!K+>!/*-!><9/<A<3+/-)#!+>>*3<+-,0!K<-.!=?)-<><-,!$;%!3.+/9,>!+-!-.8,,!

=*/-.>L!@?8-.,85!/*!><9/<A<3+/-!+>>*3<+-<*/>!K,8,!*">,82,0!A*8!3.+/9,>!</!>.*8-X"*?->!8,)+-<2,!-*!)*/9 X

"*?->!*A!-.,>,!",.+2<*?8>!K<-.!-.,!$;%!*?-3*=,>L!F/!-.,!)*/9,8!-,8=!'+-!QS !=*/-.>45!-.,8,!K,8,!/*!

><9/<A<3+/-!+>>*3<+-<*/>!*">,82,0!A*8!-.,!8,)+-<*/>.<D>L!\*-,K*8-.#5!</38,+>,0!>-+/0</9!+DD,+8,0!/*-!-*!

K*8>,/!=?)-<><-,!$;%!*?-3*=,>!</!-.,!)*/9!- ,8=L!100<-<*/+))#5!8,+))*3+-</9!-<=,!A8*=!><--</9!+-!"+>,)</,!

-*!>-+/0</9!*8!>-,DD</9!+-!A*))*KX?D>!K<-.!-.,!*-.,8!",.+2<*?8!.,)0!3*/>-+/-!+-!-.,!=,+/ !3*?)0!



!

J2<<!
!

A+2*?8+")#!<=D+3-!=?)-<><-,!$;%!*?-3*=,> L![<M,K<>,5!A+2*?8+")#!8,+))*3+-</9!-<=,!A8*=!"+>,)</,!-*!

A*))*KX?D>!",-K,,/!-.,!>.*8-!+/0!)*/9!"*?->!*A!+!9<2,/!",.+2<*?8!K.<),!2*)?=,>!*A!-<=,!>D,/-!</!*-.,8!

",.+2<*?8>!+8,!M,D-!3*/>-+/-!=+#!.+2,!",/,A<3<+)!<=D+3->!*/!=?)-<><-,!$;%!*?-3*=,> 5!,>D,3<+))#!</!-.,!

)*/9,8!-,8= !+-!QS!=*/-.>L!!!

F/!>?==+8#5!-.,!A</0</9>!</0<3+-,!-.+-!-.,8,!<>!,2<0,/3,!*A!38*>>X>,3-<*/+)!+>>*3<+-<*/>!*A!

>,0,/-+8#!",.+2<*?8!K<-.!$;%!3*/0<-<*/>L!I.,! 38*>>X>,3-<*/+)!,2<0,/3,! +DD,+8>!>-8*/9,8!A*8!M/,,!D+</5!

K<-.!,2<0,/3,!*">,82,0!A*8!"*-.!>,)AX8,D*8-,0!+/0!0,2<3,X=,+>?8,0!>,0,/-+8#!",.+2<*?85!+/!+>>*3<+-<*/!

K.<3.!>,,=>!-*!", !08<2,/!=+</)#!"#!-.,!D8,>,/3,! *A!ISCL!@?8-.,8=*8,5!-.,!-.,><>!A*?/0!,2<0,/3,! *A!+!

D8*>D,3-<2,!+>>*3<+-<*/!*A!</38,+>,0 !>,0,/-+8#!",.+2<*?8!K<-.!</38,+>,0!"*0<)#!D+</!>,2,8<-#5!+!

8,)+-<*/>.<D!K.<3.!K+>!=*8,!D8*/*?/3,0!</!-.*>,!K<-.!ISC!-.+/!-.*>,!K<-.*?- L!100<-<*/+))#5!8,0?3</9!

0,>MX"+>,0!K*8M,8>�[!><--</9!"#!</38,+></9!>-+/0</9!+/0!>-,DD</95!K*?)0!?/)<M,)#!.+2,!+02,8>,!<=D+3->!*/ !

$;%!*?-3*=,> 5!,>D,3<+))#!</!-.,!)*/9!-,8=L!I .,>,! A</0</9>!D8*2<0,!>*=,!<=D)<3+-<*/>!A*8!D8+3-<3,!+/0!

A?-?8,!8,>,+83.!</!-.<>!3*/-,J-L!I.,# !3*?)0!+)>*!.,)D!-*!</A*8=!A?-?8,!K*8M!0<8,3-,0!+-!0,2,)*D</9!+/!

<=D8*2,0!?/0,8>-+/0</9!*A!-., !D*-,/-<+)!"<*)*9<3+)!=,3.+/<>=>!*A!>,0,/-+8#!",.+2<*?8�[�•!8*),!</!

ISCN$;%!3*/0<-<*/>!8,)+-<*/>.<D>!</!+0?)->L!!

!

C#)D.($2E!+3-<2<-#!",.+2<*?8>5!+0?)->5!"*0<)#!D+</5!3.8*/<3!D+</5!0,>MX"+>,0!K*8M,8>5!9)?3*>,!

=,-+"*)<>=!>-+-?>5!98*K-.!3?82,!=*0,) 5!>,0,/-+8#!-<=,5!><--</9!-<=,5!-<=,X?>,!3*=D*><-<*/!

!



!

Q!
!

5;%<'"&+=>+?*'&)/9#'()*++

=@=+A%#-0&)9*/+

;,0,/-+8#!",.+2<*?8!.+>!,=,89,0!+>! +!D?")<3!.,+)-.!3.+)),/9,!9)*"+))#!gQhL!F-!<>!0,A</,0!+>!",.+2<*?8>!

'><--</95!)#</95!+/0!</3)</,0!D*>-?8,>4!0?8</9!K+M</9!.*?8>!3.+8+3-,8<>,0!"#!+!-*-+)!,/,89#!,JD,/0<-?8,!*A!

),>>!-.+/! �}�Œ�����‹�µ���o���š�}���~�G�•��QL]$HI>N.*?8!gQXPhL!;,0,/-+8#! ",.+2<*?8!<>!*/,!3*=D*/,/- !*A!-.,!D.#><3+)!+3-<2<-#!

3*/-</??=! +/0!)<,>!+-!-.,!)*K,8!,/0!*A!-.,!>D,3-8?=L!F-!<>!0<>-</3-!A8*=!D.#><3+)!</+3-<2<-#!K.<3.!<>!-#D<3+))#!

0,>38<",0!+>!,<-.,8!/*/X,/9+9,=,/-!</!+/#!A*8=!*A!D.#><3+)!+3-<2<-#!*8!A+<)?8,!-*!=,,-!-.,!=</<=?=!

8,3*==,/0,0!9?<0,)</,>!A*8!=*0,8+-, X-* X2<9*8*?>!</-,/><-#!D.#><3+)!+3-<2<-#!'$W%14!gQ5!ShL!1/!*2,82<,K!*A!

-.,!D.#><3+)!+3-<2<-#!>D,3-8?=!<>!<))?>-8+-,0!</!@<9?8,!QLQL!$*8,!-<=,!>D,/-!</!?D>-8,+=!+3-<2<-#!",.+2<*?8>!

*A!-.,!>D,3-8?=!.+>!",,/! >.*K/!-*!",! ",/,A<3<+))#!+>>*3<+-,0!K<-.!=?)-<D),!</0<3+-*8>!*A!",--,8!.,+)-.!

*?-3*=,>!+/0!.+>!",,/!-.,!3,/ -8,D<,3,!*A!3)</<3+)!+/0!D?")<3!.,+)-.!8,3*==,/0+-<*/>!g_5!] hL!F/!8,3,/-!

0,3+0,>5!D?")<3!.,+)-.!8,>,+83.,8>!.+2,!</-,/><A<,0!</-,8,>-!</!?/0,8>-+/0</9!-.,!<=D+3->!*A!,J3,>><2,!

2*)?=,!*A!-<=,!>D,/-!</!0*K/>-8,+=!+3-<2<-#!",.+2<*?8>5!>D,3<A<3+))#!>,0,/-+8#!",.+2<*?8!gQXP5!] hL!

!

=-F/(#!GHGE!%.#><3+)!13-<2<-#!'%14!6*/-</??=!

!

I.,8,! <>!</38,+>,0!+3M/*K),09,=,/-!*A!-.,!/,9+-<2,!.,+)-.!<=D+3- >!*A!>,0,/-+8#!",.+2<*?85!

,>D,3<+))#!-.,!8<>M>!+8,!,J+3,8"+-,0 !+=*/9!-.,! =*>-!2?)/,8+"),!D*D?)+-<*/>!ĝ hL!;D,3<A<3+))#5!<-!.+>!",,/!

<0,/-<A<,0!-.+-!-.,!D8,2+),/3,!*A!>,0,/-+8#!",.+2<*?8!</!2?)/,8+"),! +0?)->5!,>D,3<+))#!*)0,8!+0?)->!+/0!-.*>,!

)<2</9!K<-.!3+80<*=,-+"*)<3!0<>*80,8>!>?3.!+>!3+80<*2+>3?)+8!0<>,+>,>!+/0!-#D,!S!0<+",-,>!'ISC4!<>!

3*/><0,8+")#!.<9.,8!-.+/!</!-.,!),>>!2?)/,8+"),!D*D?)+-<*/>!+/0!K<-.*?-!-.,>,!0<>*80,8>!gahL!()*"+))#5!ISC!

+33*?/->!A*8!*2,8!YT!D,8!3,/-!*A!+))!3+>,>!*A!0<+",-,>!+/0!3*/-8<"?-,>!>?">-+/-<+))#!-*!-.,!9)*"+)!"?80,/!*A!

/*/ X3*==?/<3+"),!0<>,+>,>!'\6C>4!g̀ hL!;,0,/-+8#!",.+2<*?8!/,9+-<2,)#!<=D+3->!=?)-<D),!.,+)-.!*?-3*=,>!

</!D,*D),!)<2</9!K<-.!ISC5!D+8-<3?)+8)#!</!-.*>,!K.*!+8,!+)>*!D.#><3+))#!</+3-<2,!gY5!QThL!!



!

S!
!

$?>3?)*>M,),-+)!D+</!'$;%4!3*/0<-<*/>5!K.<3.!+8,!-.*>,! 0<>*80,8>!-.+-!+AA,3-!=?>3?)*>M,),-+)!

>-8?3-?8,>!>?3.!+>!"*/,>5!3+8-<)+9,5!=?>3),>5!-,/0*/>5!)<9+=,/->5!/,82,>!+/0!>?88*?/0</9!-<>>?,>!gQQ5!QSh!!

.+2,!,=,89, 0!+>!+!3*==*/!3* X=*8"<0<-#!</38,+></9)#!8,D*8-,0!</!+0?)->!K<-.!ISC!gQP5!Q_hL!$;%!3*/0<-<*/>!

+8,!=*>-)#!+>>*3<+-,0!K<-.!"*0<)#!D+</!+/0!A?/3-<*/+)!)<=<-+-<*/>!gQQ5!QShL!1)-.*?9.!=?)-<D),!A+3-*8>!+8,!

)<M,)#!-*!D)+#!+!8*),!</!-.,!8<></9!D8,2+),/3,!*A!$;%!3*/0<-<*/>!</!+0?)->5!D+8-<3?)+8)#!</!-.*>,!K<-. !ISC5!<-!<>!

+)>*!D*>><"),!-.+-!>,0,/-+8#!",.+2<*?8!=+#!",!+/*-.,8!<=D*8-+/-!3*/-8<"?-</9!A+3-*8L!@8*=!+!9,/,8+)!

D*D?)+-<*/!D,8>D,3-<2,5!-<=,!>D,/-!><--</9!<>!>.*K/!-*!",!D*-,/-<+))#!+>>*3<+-,0!K<-.!</38,+>,0!8<>M>!*A!$;%!

3*/0<-<*/>!gQ]XQahf!+)-.*?9.! -.,8,!+8, !>?99,>-<*/>!-.+-!-.,! 8,)+-<*/>.<D!3*?)0!",! "<X0<8,3-<*/+)5!K.,8,"#!

>,0,/-+8#!",.+2<*?8!<>!+)>*!-.,! 3*/>,B?,/3,!*A!-.,!D8,>,/3,!*A!$;%!3*/0<-<*/> !gQ 5̀!QYhL!I.,!0<8,3-<*/!*A!

-.,!8,)+-<*/>.<D!",-K,,/!$;%! 3*/0<-<*/>!+/0!>,0,/-+8#!",.+2<*?8!K+88+/->!A?8-.,8!,JD)*8+-<*/L!

I.,!0,"<)<-+-</9!,AA,3->!*A!$;%!3*/0<-<*/>!</!+0?)->5!D+8-<3?)+8)#!</!-.*>,! K<-.!ISC5!+8,!/*-!*/)# !

8,>-8<3-,0!-*!<=D+3->!*/!B?+)<-#!*A!)<A,!"?-!+)>*!D8,>,/-!+!"+88<,8!-*!,/9+9,=,/-! </!+0,B?+-,!8,3*==,/0,0!

),2,)>!*A!D.#><3+)!+3-<2<-#5!K.<3.!<>!3*/><0,8,0!+!3*8/,8>-*/,!</!-.,!=+/+9,=,/-!*A!ISC!gSThL!

\*- K<-.>-+/0</9!-.,!<=D+3-!*/!D.#><3+)!+3-<2<-#!D+8-<3<D+-<*/5!D,*D),!)<2</9!K<-.!ISC!+/0!3*,J<>-</9!$;%!

3*/0<-<*/>!+8,!)<M,)#!-*!,JD,8<,/3,!K*8>,/</9!9)#3+,=<3!3*/-8*)!K.,/!</+DD8*D8<+-,!D.+8=+3*)*9<3+)!

-8,+-=,/-!>?3.!+>!3*8-<3*>-,8*<0>!+/0!>*=,!/*/X>-,8*<0!+/-<X</A)+==+-*8#!08?9>!'\;1FC>4!+8,!?>,0!A*8!D+</!

=+/+9,=,/- !gSQhL!1)-.*?9.!-.,!=,3.+/<>=>!,JD)+</</9!-.,!D+-.*D.#><*)*9#!*A!$;%!3*/0<-<*/>!</!ISC!gSS5!

SPh!+8,!>-<))!?/3),+85!-.,8,!+8,!>?99,>-<*/>!-.+-!,/2<8*/=,/-+)!+/0!",.+2<*?8+)!8<>M!A+3-*8>!=+#!+)>*!D)+#!

<=D*8-+/-!3*/-8<"?-</9!8*),>L!F/-,8,>-</9)#5!,2<0,/3,!A8*=!D*D?)+-<*/X"+>,0!>-?0<,>!.+>!>.*K/!-.,8,!+8,!

0,-8<=,/-+)!+>>*3<+-<*/>!*A!>,0,/-+8#!)<A,>-#),!'*8!",.+2<*?84!+/0!>*=,!,/2<8*/=,/-+)!+--8<"?-,>!K<-.!

*?-3*=,>! 8,)+-,0!-*!$;%!3*/0<-<*/>!gS_5!S]hL!@?8-.,8=*8,5!,D<0,=<*)*9<3+)!,2<0,/3,!</0<3+-,>!>,0,/-+8#!

",.+2<*?8!<>!+>>*3<+-,0!K<-.!</38,+>,0!+0<D*><-#!gS 5̂!Sahf!" ,</9!*2,8K,<9.-!+/ 0N*8!*",>,!</38,+>,>!-.,!8<>M!

*A!ISC!gS`5!SYh!+/0!.+>!+)>*!",,/!+>>*3<+-,0!K<-.!+/!</38,+>,0!8<>M!*A!$;%!3*/0<-<*/>!gPThL!1!D8*"+"),!

"<*)*9<3+)!=,3.+/<>=!3*?)0!",!-.,!.,<9.-,/,0!>#>-,=<3!</A)+==+-*8#!D8*3,>>,>!</0?3,0!"#!+0<D*><-#!gPQ5!

PShL!;#>-,=<3!</A)+==+-*8#!3.+/9,>!+8,!-.*?9.-!-*!D)+#!+!><9/<A<3+/-!8*),!</!-.,!D+-.*D.#><*)*9#!*A!ISC!+>!

K,))!+>!$;%!+/0!"*0<)#!D+</X8,)+-,0!3*/0<-<*/>!gPP5!P_hL!1)>*5!-.,8,!<>!,=,89</9!,2<0,/3,!-.+-!>,0,/-+8#!

-<=,!<>!+>>*3<+-,0!K<-.!,),2+-,0!>#>-,=<3!</A)+==+-*8#!D8*3,>>,>!gP]hL!(<2,/!-.+-!-.,8,!<>!98*K</9!

,2<0,/3,! K.<3.!</0<3+-,>!-.+-!-<=,!>D,/-!</!>,0,/-+8#!",.+2<*?8!<>!.<9.,8!</!-.*>,!)<2</9!K<-.!ISC!-.+/!

-.*>,!K<-.*?-!ISC !gah5!<-!3*?)0!",!D)+?><"),!-.+-!,J3,>><2,!2*)?=,!*A!>,0,/-+8#!",.+2<*?8!=+#!D+8-)#!

3*/-8<"?-,!-*!-.,!8<></9!D8,2+),/3,!*A!$;%!3*/0<-<*/>!</!ISCL!

H2<0,/3,!*A!+>>*3<+-<*/>!",-K,,/!.<9.!2*)?=,>!*A!>,0,/-+8#!",.+2<*?8!+/0!3.8*/<3!0<>,+>,>5!

</3)?0</9!ISC!</3<0,/3,5!.+>!8,>?)-,0!</!8,2<><*/>!-*!D?")<3!.,+)-.!D.#><3+)!+3-<2<-#!9?<0,)</,>!K.,8,"#!

8,0?3-<*/>!</!>,0,/-+8#!",.+2<*?8!+/0!"8,+M</9!?D!D8*)*/9,0!?/</-,88?D-,0!><--</9!+8,!,/3*?8+9,0!gQT5!P X̂

PYhL!@?8-.,8=*8,5!,JD,8<=,/-+)!>-?0<,>!.+2,!8,D*8-,0!<=D8*2,0!"<*=+8M,8>!8,)+-,0!-*!9)#3+,=<3!3*/-8*)!</!

ISC!K<-.!"8<,A!+3-<2<-#!</-,88?D-<*/>!-*!D8*)*/9,0!><--</9!g_TX_ShL!@*8!</>-+/3,5!</-,88?D-</9!D8*)*/9,0!



!

P!
!

><--</9!K<-.!)<9.-X</-,/><-#!D.#><3+)!+3-<2<-#!'[ F%145!K.<3.!=+#!</3)?0,!</-,8=<--,/-!"*?->!*A!>-+/0</95!)<9.-!

K+)M</9!+/0!><=D),!8,><>-+/3,!,J,83<>,>!>.*K,0 !<=D8*2,0!")**0!9)?3*>,!8,>D*/>,!+/0!</>?)</!>,/><-<2<-#!</!

ISC!g_Q5!_PhL!I.?>5!-.,8,!+8, !D*-,/-<+)!",/,A<->!*A![ F%1!</-,88?D-<*/>!0?8</9!D8*)*/9,0!><--</9!"*?->!</!

D,*D),!K<-.!ISCL!F-!.+>!",,/!>?99,>-,0!-.+-![ F%1!</!2?)/,8+"),!D*D?)+-<*/>!>?3.!+>!*)0,8!+0?)->!+/0!-.*>,!

)<2</9!K<-.!ISC!3*?)0!",!+!>+A,!+/0!=*8,!+33,D-+"),!+DD8*+3.!-*!8,0?3</9!.<9.!2*)?=, >!*A!><--</9!gYh!+/0!

D8*2<0,!+!>-,DD</9>-*/,!-*!=*8,!+3-<2,!)<A,>-#),>L!1)>*5!0,>MX"+>,0!K*8M,8>!>D,/0!.<9.,8!D8*D*8-<*/>!*A!

-.,<8!K+M</9!.*?8>!><--</9!'>,0,/-+8#!",.+2<*?84!</!-.,!*AA<3,!K.<3.!3+/!</38,+>,!-.,<8!*33?D+-<*/+)!.,+)-.!

8<>M>![__]L!I. ,8,A*8,5![ F%1!</-,88?D-<*/>5!</3)?0</9!</-,8=<--,/-!>-+/0</9!-*!"8,+M!?D!D8*)*/9,0!><--</95!

3*?)0!",!",/,A<3<+)!</!8,0?3</9!*2,8+))!><--</9!-<=,!</!0,>MX"+>,0!K*8M,8>L!1/!,>-<=+-,0!D8*D*8-<*/!*A!-<=,!

>D,/-!</!-.,! 0<AA,8,/-!3*=D*/,/-> !*A!-.,! D.#><3+)!+3-<2<-#!>D,3-8?=!</!+0?)->!<>!<))?>-8+-,0!</!@<9?8,!QLS!

'F=+9,!+0+D-,0!A8*=!(8+3,!i!C?/>-+/!g] h45!K<-.![F%1!-<=,!.+2</9!-.,!D*-,/-<+)!-*!0<>D)+3,!+!>?">-+/-<+)!

+=*?/-!*A! >,0,/-+8#!-<=,!g] hL!

D01&+--28&.99#,"-+"1,&"01&62"17".+9&,/261&32-&.7/-1+,.7E&9.E0"F.7"17,."%&60%,./+9&+/".G."%&"0-2#E0&$.,69+/.7E&
62-".27,&23&".H1&,617"&.7&,1$17"+-%&>10+G.2#-I&

!

I .,!D8,2+),/3,!*A! >,0,/-+8#!",.+2<*?8!+=*/9!+0?)->!</38,+>,>!K<-.!+9,!+/0!<>!=?3.! .<9.,8!</!

*)0,8!+0?)->5!D+8-<3?)+8)#!+-!-.,!>-+9, !K.,/!-.,<8!D.#><3+)!+3-<2<-#!D+8-<3<D+-<*/!0,3)</,>!ĝ 5!_] hL!1=*/9!

+0?)->!*A!K*8M</9!+9,5!>,0,/-+8#!-<=,!<>!=*>-)#!+33?=?)+-,0!</!*33?D+-<*/+)!>,--</9>![__]L!I .,8,!<>!

</3*/3)?><2,!,2<0,/3,!*/ !-.,! 8,)+-<*/>.<D>!*A!>,0,/-+8#!",.+2<*?8!</!0<AA,8,/-!*33?D+-<*/+)!>,--</9>!K<-.!

.,+)-.!*?-3*=,> ![_^X_` ]L!\,2,8-.,),>>5!8,3,/-!,2<0,/3,! >?99,>->!-.+-!0,>MX"+>,0!K*8M,8>!3+/!.+2,!.<9.,8!

-,/0,/3<,>!-*! +33?=?)+-, !.<9.,8!2*)?=,>!*A!><--</9!-<=,![__, _Y]5!K.<3.!.+>!",,/!>.*K/!-*!",!+>>*3<+-,0!

=-F/(#!GH: E!H>-<=+-,0!'0,2<3,X=,+>?8,04!D8*D*8-<*/>!*A!-<=,!>D,/-!</!-.,!D.#><3+)!+3-<2<-#!>D,3-8?=!</!+0?)->L!



!

_!
!

K<-.!+02,8>,!.,+)-.!*?-3*=,> ![__, ]T ]L!F/!3*/-8+>-5!D8*D*/,/->!*A!-.,! �^�‰�Z�Ç�•�]�����o�������š�]�À�]�š�Ç���‰���Œ�����}�Æ�_�����}�v�����‰�š��

>?99,>-!>,0,/-+8#!",.+2<*?8!</!*33?D+-<*/+)!98*?D>!-.+-!,/9+9,!</!=*8,! )+"*?8X</-,/><2,!*33?D+-<*/>!=+#!

.+2, !D8*-,3-<2,!+>>*3<+-<*/>!K<-.!.,+)-.!*?-3*=,> ![]QX]P]L!&*K,2,85!D8<*8!)<-,8+-?8,!*/!-.,! 8,)+-<*/>.<D>!

*A!>,0,/-+8#!",.+2<*?8!K<-.!$;%!3*/0<-<*/>!.+>!/*-!",,/!,JD)<3<-!*/!>,0,/-+8#!",.+2<*?8!+33?=?)+-,0!</!

0<AA,8,/-!*33?D+-<*/+)!>,--</9>!+/0!-.,!D*-,/-<+)!8,)+-<*/>.<D>!K<-.!$;%!3*/0<-<*/>!*?-3*=,> ![Qa, ]_ ]L!!

I .,! 98*K</9!,2<0,/3,!*A!+02,8>,!+>>*3<+-<*/>!*A!.<9.,8!2*)?=,>!*A!><--</9!'>,0,/-+8#!",.+2<*?84!</!

0,>MX"+>,0!K*8M,8>!.+>!),0!-*!+/!</38,+>,0!</-,8,>-!</!K*8MD)+3,!</-,82,/-<*/>!-*!8,0?3,!0,>MX"+>,0!

K*8M,8>!><--</9!-<=,![]] X]` ]L!H2<0,/3,!</0<3+-,>!-.+-!K*8MD)+3,!>-8+-,9<,>!-.+-!3*/>3<*?>)#!*8!?/3*/>3<*?>)#!

</38,+>,!K*8MD)+3,!+3-<2,!=*2,=,/->5!>?3.!+>!-.,!?>,!*A!.,<9.-X+0U?>-+"),!K*8M>-+-<*/>!3+/!",!,AA,3-<2,!</!

8,0?3</9!>?">-+/-<+)!+=*?/->!*A!0,>MX�����•�������Á�}�Œ�l���Œ�•�[�������]�o�Ç���������µ�u�µ�o���š�������•�]�š�š�]�v�P���š�]�u����[]^ X]` ]L!F=D*8-+/-)#5!

-., 8,!<>!,=,89</9!,2<0,/3,!*A!D*>><"),!",/,A<3<+)!+>>*3<+-<*/>!*A!3.+/9</9!0,>MX�����•�������Á�}�Œ�l���Œ�•�[���•�]�š�š�]�v�P��

",.+2<*?8!-.8*?9.!"8,+M</9!?D!D8*)*/9,0!><--</9!-<=,!+/0!D+>><2,)#!</38,+></9!D.#><3+))#!+3-<2,!",.+2<*?8>!

K<-.!3+80<*=,-+"*)<3!8<>M!=+8M,8>![]YX̂Q]L!1)>*5!D)+?><"),!",/,A<3<+)!<=D+3->!*/!*?-3*=,>!8,)+-,0!-*!$;%!

3*/0<-<*/>!*A!8,0?3,0 !0,>MX"+>,0!K*8M,8>�[!>,0,/-+8#!",.+2<*?85!,>D,3<+))#!D8*)*/9,0!?/</-,88?D-,0!><--</9!

.+2,!",,/!>?99,>-,0! [_^, _` , ̂ SX̂_]L!I.,8,A*8,5!,JD)*8</9!A?8-.,8!-.<>!,=,89</9!,2<0,/3,! K*?)0!",!

D8*=<></95!9<2,/!-.+-!$;%!3*/0<-<*/>!+8,!+=*/9! -.,!=*>-!3*==* /! <))X.,+)-.! 3*=D)+</->!*A!K*8M,8>!K.<3.!

+33*?/-!A*8!+">,/-,,<>=!+/0!)*>-!D8*0?3-<2<-#![^] X̂` ]L!!

1-!D8,>,/-5!-.,! ,2<0,/3,!</0<3+-,>!-.+-!=*>-!K*8MD)+3,!>,0,/-+8#!",.+2<*?8!8,0?3-<*/!>-8+-,9<,>!

+=*/9!0,>MX"+>,0!K*8M,8>5!,>D,3<+))#!-.*>,! ?-<)<></9!><-X>-+/0!K*8M>-+-<*/>!.+2, !>?">-+/-<+))#!8,0?3,0!

><--</9!-<=,!=+</)#!-.8*?9.! </38,+>,>!</!>-+/0</9!-<=,!K<-.!*/)#!=*0,>-!3.+/9,>!</!+="?)+-*8#!'>-,DD</9!*8!

K+)M</94!-<=,![^Y]L!@,K!>-?0<,>!.+2,!,J+=</,0!-.,!$;%! <=D+3->!*A!3.+/9</9!0,>MX"+>,0!K*8M,8>b!-<=,!

>D,/-!><--</95!>-+/0</95!+/0!>-,DD</9!"8*?9.-!+"*?-!"#!K*8MD)+3,!</-,82,/-<*/>!-*! 8,0?3,!>,0,/-+8#!

",.+2<*?8L!;D,3<A<3+))#5!-.,8,!<>!+!)+3M!*A!,2<0,/3,!*/!D8*>D,3-<2,!+>>*3<+-<*/>!*A!3.+/9</9!0,>MX"+>,0!

K*8M,8>!><--</95!>-+/0</95!+/0!>-,DD</9!",.+2<*?8>!K<-.!$;%!*?-3*=,>L!\*/,-.,),>>5!-.,8,! <>!</3*/3)?><2,!

,2<0,/3,!-.+-! >?99,>->!</38,+>,0!D8*)*/9,0!>-+-<3!>-+/0</9!3*?)0!.+2,!?/0,><8+"),!+>>*3<+-<*/>!K<-.!$;%!

*?-3*=,>! [_^, ̂ S, ̂ P]L!;<=<)+8)#5!A,K!>-?0<,>!.+2, !0*3?=,/-,0!-.+-!8,0?3</9!0,>MX"+>,0!K*8M,8>�[!><--</9!

-<=,!3*?)0!",! ",/ , A<3<+))#!+>>*3<+-,0!K<-.!$;%!*? -3*=,> ![_^, _` , ̂ SX̂_]L!!

I.,!08+K"+3M!*A!-.<>!D8,2<*?>!,2<0,/3,!*/!-.,!8,)+-<*/>.<D>!",-K,,/!3.+/9</9!0,>M X"+>,0!

�Á�}�Œ�l���Œ�•�[���•�]�š�š�]�v�P���}�Œ���•�š���v���]�v�P��",.+2<*?8!K<-.!$;%!*?-3*=,5!.*K,2,85! <>!-.+-!-.*>, !D8,2<*?>!>-?0<,>!=+</)#!

A*3?>>,0!*/!-.,!+">*)?-,!3.+/9,>!</!-.,!",.+2<*?8> !</!<>*)+-<*/![_^, ̂ S, ̂ P]L!I.,>,!K+M</9!.*?8>!+3-<2<-#!

",.+2<*?8>!+8,!-<=,X?>,!",.+2<*?8>!K.<3.!+8,!3*=D*><-,!0+-+![aT]f!-.,8,A*8,5!3.+/9,>!</!-<=,!>D,/-!</!+/#!

3*=D*/,/-!*A! -.,>,! +3-<2<-#!",.+2<*?8>5!><--</95!>-+/0</95!+/0!>-,DD</9!+8,!</-,80,D,/0,/- ![aT]L!I .,8,! <>!+!

D+?3<-#!*A!>-?0<,>!,JD)*8</9!-.,!</-,80,D,/0,/3#!+--8<"?-,!*A!3.+/9</9!0,>MX�����•�������Á�}�Œ�l���Œ�•�[��+3-<2<-#!

",.+2<*?8>!+/0!-.,!D*-,/-<+)!8,)+-<*/>.<D!K<-.!$;%!*?-3*=,> L!F/!-.<>!3*/-,J-5!-.,8,!+8,!>?99,>-<*/>!-.+-!



!

] !
!

-.,!8,)+-<2,!"+)+/3,!*A!-<=,!>D,/-!</!0<AA,8,/-!+3-<2<-#!",.+2<*?8>!</!+!3*=D*><-<*/!<>!+/!<=D*8-+/-!

0,-,8=</+/-!*A! *2,8+))!.,+)-.!*?-3*=, ![aQXaP]L!F/!*-.,8!K*80>5!-<=,!>D,/-!</!+/#!3*=D*/,/-!*A!+3-<2<-#!

",.+2<*?8>5!><--</95!>-+/0</95!*8!>-,DD</9!8,)+-<2,!-*!-.,!*-.,8! +3-<2<-#!",.+2<*?8>!.+>!+!98,+-,8!D8,0<3-<2,!

2+)?,!*A!.,+)-.!*?-3*=,!-.+/!-.,!+">*)?-,!-<=,!>D,/-!</! +/#!</0<2<0?+)!+3-<2<-#!",.+2<*?8![aQXaP]L!

I.,8,A*8,5! ,=D)*#</9!=,-.*0*)*9<3+)!+DD8*+3.,>!-.+-!3+/!,JD)*8,!-.<>!</-,80,D,/0,/3#!3.+8+3-,8<>-<3!*A!

-<=,X?>,!+3-<2<-#!",.+2<*?8>!3*?)0!D8*2<0,!</><9.->!8,),2+/-!-*!?/0,8>-+/0</9!-.,! $;%!<=D+3->!*A!8,0?3</9!

>,0,/-+8#!",.+2<*?8!+=*/ 9!0,>MX"+>,0!K*8M,8>![aT, aP, a_]L!

F/!>?==+8#5!-.,8,!<>!98*K</9!,2<0,/3,!*A!+!8<></9!D8,2+),/3,!*A!$;%!3*/0<-<*/>!</!+0?)->5!K.<3.!<>!

/*K!+)>*!3*==*/)#!8,D*8-,0 !</!-.*>,!)<2</9!K<-.!ISC!+/0!-.,!3*/>,B?,/-! <=D+3->!*/!,AA,3-<2,!9)#3+,=<3!

=+/+9,=,/- !gSQ5!a] hL!&*K,2,85!-.,8,!.+>!",,/!)<--),!8,>,+83.!*/!-.,!D*-,/-<+)!3*/-8<"?-<*/ >!*A!

",.+2<*?8+)!8<>M!A+3-*8>!-*!$;%!3*/0<-<*/>!</!ISCL!\,K!</><9.->!A8*=!,JD,8<=,/-+)!>-?0<,>!</0<3+-,!-.+-!

</-,88?D-</9!D8*)*/9,0!><--</9!K<-.![ F%1!=+#!",!",/,A<3<+)!A*8!9)#3+,=<3!3*/-8*)!</!D,*D),!)<2</9!K<-.!ISC!

g_T5!_Q5!a^hL!@?8-.,85!+!>-?0#!.+>!0,=*/>-8+-,0!-.+-!0<>D)+3</9!>,0,/-+8#!-<=,!K<-.!D.#><3+)!+3-<2<-#!*A!+/#!

</-,/><-#!=+#!<=D8*2,!D+</!+/0!0<>+"<)<-#!</!D,*D),!K<-.!$;%!3*/0<-<*/>!gaahL!I.+-!>+<05!-.,8,!+8,!>-8*/9!

=,8<->!A*8!,JD)*8</9!-.,!8,)+-<*/>.<D!",-K,,/!>,0,/-+8#!",.+2<*?8!+/0!$;%!3*/0<-<*/>5!+/0!K.,-.,8!>?3.!

8,)+-<*/>.<D>!K*?)0!",!0<AA,8,/-!</!D,*D),!)<2</9!K<-.!+/0!K<-.*?-!ISCL!1)>*5!<-!K*?)0!",!</A*8=+-<2,!</!-.<>!

8,9+80!*A!?/0,8>-+/0</9!-.,!8,)+-<2,!"+)+/3,!*A!0<>D)+3</9!D*8-<*/>!*A!0+<)#!+33?=?)+-,0!>,0,/-+8#!

",.+2<*?8!'><--</9!-<=,4!K<-.!D.#><3+))#!+3-<2,!",.+2<*?8>!</3)?0</9!>-+/0</9!+/0!>-,DD</9!-<=,!*/! $;%!

*?-3*=,>L!I*!-.<>!,/05!-.,!=+</!A*3?>!*A!-.<>!-.,><>5!-.,8,A*8,5!K+>!-*!?>,!*" >,82+-<*/+)!0+-+!A8*=!

D*D?)+-<*/X"+>,0!,D<0,=<*)*9<3+)!>-?0<,>!+>!K,))!+>!8+/0*=<>,0!3*/-8*)),0!-8<+)!0+-+!*A!+!>?"98*?D!*A!

D*D?)+-<*/!K.*! K,8, !0,>MX"+>,0!K*8M,8>!-*!",--,8! ?/0,8>-+/0!-.,!D*-,/-<+)! 8,)+-<*/>.<D>!*A!>,0,/-+8#!

",.+2<*?8!K<-.!$;%!3*/0<-<*/>!</! +!D*D?)+-<*/!*A!+0?)->!)<2</9!K<-.!+/0!K<-.*?-!ISCL!!

!

!

=@B+5;%$$"*0"6+)4+196#9$)6-"$"'%$+<%(*+#)*/('()*6+(*+'C<"+B+/(%3"'"6++

1><0,!A8*=!-.,!M/*K/!3*=D)<3+-<*/>!*A!)*/9 X>-+/0</9!ISC!0?,!-*!-.,!,AA,3->!*A!?/3*/-8*)),0!

.#D,89)#3+,=<+5!$;%!3*/0<-<*/>!>?3.!+>!-.*>,!</2*)2</9!U*</->5!+8,!+)>*!+!3*==*/!=?)-<=*8"<0<-#!</!>*=,!

D,*D),!)<2</9!K<-.!0<+",-,>5!D+8-<3?)+8)#!ISC!ga`hL!I.,8,!<>!,2<0,/3,!-.+-! ISC!<>!+>>*3<+-,0!K<-.!+!.<9.,8!8<>M!

*A!0,2,)*D</9!+/0!D8*98,>><*/!*A!>*=,!$;%!3*/0<-<*/>!>?3.!+>!-.*>,! </2*)2</9!U*</->!gSP5!aY5!̀ThL!@*8!

</>-+/3,5!>#>-,=+-<3!8,2<,KX"+>,0!,2<0,/3, !</0<3+-,>!-.+-!ISC!<>!D*><-<2,)#!+>>*3<+-,0!K<-.!M/,,!

*>-,*+8-.8<-<>!g̀Th!+/0!3+8D+)!-?//,)!>#/08*=,!gaYhL!\*-+")#5!-.,!3*,J<>-,/3,!*A!$;%!3*/0<-<*/>!</!*)0,8!

+0?)->!K<-.!ISC!3+/!<=D,0,!8*?-</,!0+<)#!A?/3-<*/+)!+/0!D.#><3+)!+"<)<-<,>!>?3.!+>!+3-<2,!-8+/>D*8-!-*!

0,>-</+-<*/>L!6*=D*?/0</9!-.<>!D8*"),=!<>!-.,!+">,/3,!*A!+!3),+8!?/0,8>-+/0</9!*A!D+-.*D.#><*)*9<3+)!

=,3.+/<>=>!?/0,8D<//</9!$;%!3*/0<-<*/>!</!ISC!gSQXSP5!̀Q5!̀ShL!!



!

^!
!

I.,!3+?>,>!*A!3.8*/<3!D+</!3*/0<-<*/>5!</3)?0</9!D+</!+>>*3<+-,0!K<-.!$;%!3*/0<-<*/>!+8,!9,/,8+))#!

=?)-<A+3,-,0!K<-.!-.,!</-,8D)+#!*A!>*3<*,3*/*=<35!=,-+"*)<35!D.#><3+)5!"<*)*9<3+)!+>!K,))!+>!D>#3.*)*9<3+)!

A+3-*8>!g̀P5!̀_hL!;*=,! D*-,/-<+)!=,3.+/<>=>!*A!$;%!3*/0<-<*/>!</!D,*D),!K<-.!0<+",-,>5!</!9,/,8+)5!.+2,!

",,/!D?-!A*8K+80!gSS5!̀QhL!&*K,2,85!<-!<>!D)+?><"),!-.+-!>?3.!=,3.+/<>=>!=+#!/*-!D8*98,>>!</!<>*)+-<*/5!"?-!

8+-.,8!</-,8-K</,!+/0!D*>><")#!",!=,0<+-,0!"#!*-.,8!A+3-*8>!gSS5!̀QhL!1D+8-!A8*=!>*=,!</0<2<0?+)!</-8</><3!

A+3-*8>5!</3)?0</9!*)0!+9,!+/0!0?8+-<*/!*A!ISC!K.<3.!<>!-.,!=*>-!3*==*/ 5!",.+2<*?8+)!A+3-*8>!>?3.!+>!

>,0,/-+8#!",.+2<*?8!+>!K,))!+>!,/2<8*/=,/-+)!A+3-*8>!K.<3.!3+/!</A)?,/3,5!+/0!>.+D,!�����‰���Œ�•�}�v�[�•!0,3<><*/X

=+M</9!3*?)0!D)+#!>*=,!8*),!</!-.<>!3*=D),JL!I.,8,!<>!98*K</9!,2<0,/3,! *A!-., !D*-,/-<+)!+>>*3<+-<*/>!*A!

>,0,/-+8#!",.+2<*?8!+/0!>*=,! ,/2<8*/=,/-+)!+--8<"?-,>!K<-.!$;%!3*/0<-<*/>!gS_5!S]5!a] 5!̀] hL!1!8,2<,K!

>-?0#5!A*8!</>-+/3,5!.+>!</0<3+-,0!-.,8,! <>!+!D)+?><"),!+>>*3<+-<*/!",-K,,/!>,0,/-+8#!",.+2<*?8!+/0!$;%!

3*/0<-<*/5!>D,3<A<3+))#5!"+3M!D+</!g̀] hL![<M,K<>,5!A</0</9>!A8*=!+!)+89,!D8*>D,3-<2,!>-?0#!>?99,>-!

,/2<8*/=,/- +)!K+)M+"<)<-#!</0,J!+/0!>,0,/-+8#!",.+2<*?8!</A)?,/3,!*?-3*=,>!*A!$;%!3*/0<-<*/>!</!+0?)->!

gS]hL!I.,8,A*8,5!,2<0,/3,!A8*=!>-?0<,>!,JD)*8</9!-.,!8,)+-<*/>.<D>!*A!>,0,/-+8#!",.+2<*?8!K<-.!$;%!

3*/0<-<*/>!</!-.*>,!K<-.!ISC!=+#!D8*2<0,!>*=,!8,),2+/-!</><9.->!</-*!-.,!8*),>!*A!>,0,/-+8#!",.+2<*?8!</!

$;%!3*/0<-<*/>!D+-.K+#>!</!ISCL!!

!

+=@D+E911%&C+)4+" :(/"*#"+ 0%<6++

C,>D<-,!-.,!3*=D,))</9!,D<0,=<*)*9<3+)!,2<0,/3,!*A!0,-8<=,/-+)!+>>*3<+-<*/>!",-K,,/!>,0,/-+8#!",.+2<*?8!

+/0!.,+)-.!*?-3*=,> !g] 5!QT5!̀^ h5!-.,8,!<>!#,-!</3*/3)?><2,!,2<0,/3,!*/!-.,!+>>*3<+-<*/>!*A!>,0,/-+8#!

",.+2<*?8!K<-.!$;%!3*/0<-<*/>L!@?8-.,85!<-!<>!?/M/*K/!K.,-.,8! >?3.!+>>*3<+-<*/>!K*?)0!D*-,/-<+))#!0<AA,8!</!

-.*>,!K<-.!*8!K<-.*?-!ISCL!1)>*5!-.,8,!<>!3*/2</3</9!,2<0,/3,!*A!+>>*3<+-<*/>!",-K,,/! ISC!+/0!$;%!

3*/0<-<*/>5!.*K,2,85!-.,8,!+8,!/*!>D,3<A<3!,JD)+/+-*8#!=,3.+/<>=>!A*8!$;%!3*/0<-<*/>!</!ISC!g̀T5!̀a5!̀` hL!

1)>*5!-.,!D)+?><"),!=*0,8+-</9!8*),!*A!ISC!</!-.,!+>>*3<+-<*/>!*A!>,0,/-+8#!",.+2<*?8!K<-.!$;%!3*/0<-<*/>!

.+>!/*-!",,/!,JD)*8,0L!100<-<*/+))#5!-.,8,!<>!)<=<-,0!,2<0,/3,!*/!-.,!",/,A<->!*A!8,D)+3</9!D*8-<*/>!*A!-<=,!

>D,/-!</!>,0,/-+8#!",.+2<*?8!'><--</94!K<-.!D.#><3+))#!+3-<2,!",.+2<*?8>!'>-+/0</9!*8!>-,DD</94!*/!$;% !

3*/0<-<*/!*?-3*=,> L!!

!

!

=@F+2;"6(6+%(16+

I.,!*2,8+ 83.</9!+<=!*A!-.<>!-.,><>!<>!-*!,JD)*8,!-.,!+>>*3<+-<*/>!*A!>,0,/-+8#!",.+2<*?8!K<-.!$;%!

3*/0<-<*/>!+/0!8,)+-,0!*?-3*=,>! </!+0?)->!)<2</9!K<-.!+/0!K<-.*?-!ISCL!F-!<>!.#D*-.,><>,0!-.+-!-.,!

+33?=?)+-<*/!*A!.<9.!2*)?=,>!*A!>,0,/-+8#!",.+2<*?8!'><--</9!-<=,4!K*?)0!",!+>>*3<+-,0!K<-.!+!98,+-,8!8<>M!

*A!$;%!3*/0<-<*/>!</!+0?)->!)<2</9!K<-.!+/0!K<-.*?-!ISC5!+/0!-.<>!K*?)0!",!=*8,!D8*/*?/3,0!</!-.*>,!K<-.!



!

a!
!

ISCL!@?8-.,85!<-!,J+=</,>!K.,-.,8! 0<>D)+3</9!)+89,!D*8-<*/>!*A!0+<)#!-<=,!>D,/-! ><--</9!K<-.!>-+/0</9!*8!

>-,DD</9!K<))!D*><-<2,)#!<=D+3-!$;%!3*/0<-<*/>L!

I*!+008,>>!-.<>!"8*+0!+<=!*A!-.,!-.,><>5!>-+-<>-<3+)!=*0,))</9!=,-.*0>!K,8,!?>,0!-*!+/+)#>,!,J<>-</9!

,D<0,=<*)*9<3+)!0+-+>,->!'A8*=!-.,! 1?>C<+"!;-?0#!g̀Yh!+/0!-.,! $++>-8<3.-!;-?0#![YT]4!+/0!+!8+/0*=<>,0!

3*/-8*)),0!-8<+)!0+-+>,-!'A8*=!-.,! ;-+/0 !7D!W<3-*8<+!;-?0#!g]] h4L!H2<0,/3,!>#/-.,><>,0!</!-.<>!-.,><>!+<=>!-*!

D8*2<0, !>*=,! /,K!</><9.->!</-*!-.,!8,)+-<*/>.<D>!*A!>,0,/-+8#!",.+2<*?8!K<-.!$;%!3*/0<-<*/>!</!+0?)->!K<-.!

+/0!K<-.*?-!ISCL!

!

!

!"#"!$%&'()($*+,'-.)/'( $
I.,!A*))*K</9!*"U,3-<2,>!9?<0,0!-.,!>-?0<,>!-.+-!K,8,!?/0,8-+M,/!-*!+3.<,2,!-.,!*2,8+83.</9!+<=!*A!-.,!

-.,><>O!

QL I*!,J+=</,!-.,!+>>*3<+-<*/>!*A!>,0,/-+8#!",.+2<*?8!K<-.!$;%!3*/0<-<*/>!+/0!K.,-.,8!-.,!

+>>*3<+-<*/>!0<AA,8!",-K,,/!-.*>,!K<-.!+/0!K<-.*?-!ISCL!

SL I*!,J+=</,!K.,-.,8!.#D*-.,-<3+))#!>?">-<-?-</9!D*8-<*/>!*A!-*-+)!0+<)#!+33?=?)+-,0!><--</9!-<=,!K<-.!

>-+/0</9!*8!>-,DD</9!=+#!",/,A<3<+))#!<=D+3-!$;%!3*/0<-<*/>!</!+0?)->L! !



!

` !
!

5;%<'"&+B>+7('"&%'9&"+G":(".+

B@=+2;"+/ 9%$+39&/"*+)4+'C<"+B+/(%3"'"6+%*/+196#9$)6-"$"'%$+<%(*+#)*/('()*6 +

C,>D<-,!<=D8*2,=,/->!</!)<A,!,JD,3-+/3#!</!8,3,/-!0,3+0,>!gYQ5!YSh5!-.,! 9)*"+)!=*8-+)<-#!"?80,/!

+--8<"?-+"),!-*!/*/ X3*==?/<3+"),!0<>,+>,>!'\6C 4!.+>!8<>,/!>-,+0<)#!gYP5!Y_hL!I.,!STQ^!0+-+!*/!-.,!9)*"+)!

"?80,/!*A!0<>,+>,>!</0<3+-,!-.+-! \6C>!+33*?/-,0!A*8!^QL_j!*A!K*8)0K<0,!C<>+"<)<-#X10U?>-,0![<A,Xd,+8>!

'C1[d>4!gY]hL!@?8-.,8=*8,5!C1[d>!+--8<"?-+"),!-*!ISC!+/0!$;%!3*/0<-<*/>!+8,!.<9.!+/0!.+2,!</38,+>,0!

D8*D*8-<*/+-,)#!</!-.,!)+>-!P!�t!_!0,3+0,>!gY]5!Y ĥL!HD<0,=<*)*9<3+)!0+-+!</0<3+-,!-.+-!-.,8,!<>!+!8<></9!-8,/0!

*A!ISC!+/0!$;%!3*/0<-<*/>5!K.<3.!<>!D*>><")#!0?,!-*!-.,! +9,</9!9)*"+)!D*D?)+-<*/!+/0!<=D8*2,0!)<A,!

,JD,3-+/3#!gYaXYYhL!Z.<)>-!8,3,/-!9)*"+)!0+-+!A8*=!STQT!�t!STQY!</0<3+-,!-.+-!-.,!+">*)?-,!/?=",8!*A!C1[d>!

.+>!8,=+</,0!>-+"),5!-.,8,!.+>!",,/! +/!*2,8!`Tj!</38,+>,!</!-.,!C1[d>!A8*=!ISC!gY`hL!

I SC!<>!+!=,-+"*)<3!0<>*80,8!3.+8+3-,8<>,0!"#!.#D,89)#3+,=<+5!.#D,8</>?)</,=<+5!</>?)</!8,><>-+/3,!

+/0!0#>)<D<0+,=<+!K.<3.!D8,0<>D*>,>!-*!+/!</38,+>,0!8<>M!*A!3+80<*2+>3?)+8!0<>,+>,!gQTT5!QTQhL!I.,!

+,-<*)*9#!*A!ISC!</2*)2,>!+!3*=D),J!</-,8+3-<*/!*A!"<*)*9<3+)5!,D<9,/,-<3!+/0!,/2<8*/=,/-+)!A+3-*8>L!

&*K,2,85!-.,!A?/0+=,/-+)!D+-.*D.#><*)*9#!-.+-!?/0,8D</>!ISC!<>!D8*98,>><2,!</>?)</!8,><>-+/3,!+/0!-*!

>*=,!,J-,/-!8,)+-<2,!0,A,3- !</!</>?)</!>,38,-<*/!gQTThL!I.,8,!+8,!>,2,8+)!8<>M!A+3-*8>!K.<3.!=,0<+-,!ISC!

+,-<*)*9#5!</3)?0</9!/*/X=*0<A<+"),!A+3-*8>!>?3.!+>!*)0!+9,!+/0!A+=<)#!.<>-*8#5!+>!K,))!+>!=*0<A<+"),!8<>M!

A+3-*8>5!A*8!,J+=D),5!*2,8K,<9.-N*",><-#!+/0!)<A,>-#),!",.+2<*?8>!>?3.!+>!>,0,/-+8#!",.+2<*?85!D.#><3+)!

</+3-<2<-#!+/0!?/.,+)-.#!0<,-+8#!",.+2<*?8!gQTT5!QTShL!I.,!8<></9!D8,2+),/3,!*A!ISC5!+!M,#!3*/-8<"?-</9!

A+3-*8!-*!3+80<*2+>3?)+8!0<>,+>,X8,)+-,0!0,+-.>5!>?">-+/-<+)�o�Ç���������}�µ�v�š�•���(�}�Œ���š�Z�����]�v���Œ�����•�����]�v���E�����•�[�������>�z�•��

9)*"+))#!gQTPXQT]hL!@*8!</>-+/3,5!k.*?!+/0!3*)),+9?,>!gQT_h!D**),0!0+-+!A8*=!a]Q!D*D?)+-<*/ X"+>,0!>-?0<,>!

",-K,,/!QY`T!+/0!STQ_!+/0!A*?/0!-.+-!-.,!D8,2+),/3,! *A!ISC!</!+0?)->!>?">-+/-<+))#!8*>,!A8*=!QT`!=<))<*/!

-*!_SS!=<))<*/!K<-.</!-.*>,!P]!#,+8>L!!

Z<-.!-.,!98*K</9!9)*"+)!D*D?)+-<*/5!+>!+!8,>?)-!*A!8<></9!)<A,!,JD,3-+/3#!+/0!+/!+9,</9!D*D?)+-<*/!

K<-.!0,38,+>,0!=*8-+)<-#!gYS5!QT_5!QT]h5!D,*D),!)<2</9!K<-.!ISC!+8,!,JD,3-,0!-*!</38,+>,!,JD*/,/-<+))#!gY`5!

QTX̂QTYhL!I.,!D+3,!*A!-.,!8<>,!</!ISC!D8,2+),/3,!3*?)0!D*>,!>*=,!-.8,+->!-*!9)*"+)!D?")<3!.,+)-.!

,JD,/0<-?8,5!"*-.!</!.<9.X</3*=,!3*?/-8<,>!'&F6>4!+/0!)*KX!+/0!=<00),X</3*=,!3*?/-8<,>!'[$F6>4!+)<M,!

gQT5̂!QQTXQQShL!VA!3*/3,8/!-.*?9.!<>!-.,!8+D<0)#!8<></9!D8,2+),/3,!*A!ISC!</![$F6>!</!8,3,/-!0,3+0,>!gQT_5!

QT5̀!QTY5!QQPhL!@*8!</>-+/3,5!-.,!+9,X>-+/0+80<>,0!D8,2+),/3,!*A!ISC!</!+0?)->!.+>!",,/!8,D*8-,0!-*!",!

=?3.!.<9.,8!</![$F6>!3*=D+8,0!-*!&F6>!gQT_h5!+/0!-.,!8+-,!*A!98*K-.!</!-.,!"?80,/!*A!ISC!<>!=?3.!.<9.,8!

</![$F6>!gQQPhL!1)>*5![$F6>!+8,!D8*U,3-,0!-*!,JD,8<,/3,!-.,!98,+-,>-!</38,+>,!</!ISCX8,)+-,0!"?80,/!</!-.,!

3*=</9!0,3+0,>!gQTYhL!I.<>!K<))!A?8-.,8!3*/>-8+</!-.,!.,+)-.3+8,!"?09,->!*A!-.,>,!8,>*?83,X)<=<-,0!

3*?/-8<,>5!,>D,3<+))#!-.,!.,+)-.!3*>-!*A!=+/+9</9!ISC!+/0!8,)+-,0!3*=D)<3+-<*/>5!+>!K,))!+>!3*=*8"<0<-<,>!

</3)?0</9!$;%!3*/0<-<*/>!gQT_5!QT]hL!!

!



!

Y!
!

$ ;%!3*/0<-<*/>!+8,!?"<B?<-*?>5!K<-.!=*>-!D8,>,/-</9!+>!,<-.,8!+3?-,!*8!D,8><>-,/-!3.8*/<3!D+</5!+>!

K,))!+>!A?/3-<*/+)!0<>+"<)<-#!gQS5!QQ_5!QQ]hL!I.,! <=D+3->!*A!$;%!3*/0<-<*/>!3+/!",!0,2+>-+-</95!)<=<-</9!+!

�‰���Œ�•�}�v�[�•��+3-<2<-#!+/0!0,J-,8<-#!gQQ5̂!QQahL!@?8-.,8=*8,5!$;%!3*/0<-<*/>!/,9+-<2,)#!<=D+3-!.,+)-.!*?-3*=,>!

+/0!K,))X",</95!</3)?0</9!A+-<9?,5!D>#3.*)*9<3+)!D8*"),=>5!+/0!>),,D!0<AA<3?)-<,>!gQS5!Q_5!QQh̀L!6.8*/<3!

0<>,+>,>!>?3.!+>!=,/-+)!0<>*80,8>5!3+80<*2+>3?)+8!3*/0<-<*/>5!3.8*/<3!8,>D<8+-*8#!3*/0<-<*/>5!+/0!=,-+"*)<3!

0<>*80,8>!>?3.!+>!ISC!+8,!3*==*/)#!+>>*3<+-,0!K<-.!$;%!3*/0<-<*/>!gQP5!Q_hL!F/!1?>-8+)<+5!A*8!,J+=D),5!ISC!

<>!<0,/-<A<,0!+>!-.,!=*>-!3*==*/!3.8*/<3!0<>,+>,!-.+-!3*,J<>->!K<-.!$;%!3*/0<-<*/>!</!-.*>,!8,B?<8</9!

.*>D<-+)<>+-<*/!gQQYhL!

Z*8)0K<0,5!-.,!3*/-8<"?-<*/!*A!$;%!3*/0<-<*/>!-*!-.,! 9)*"+)!0<>,+>,!"?80,/!.+>!</38,+>,0!

><9/<A<3+/-)#!gYY5!QSTh5!K<-.!+!8,3,/-!8,D*8-!</0<3+-</9!-.+-!A8*=!QYYT!�t!STQY!-.,8,!.+2,!",,/!</38,+>,>!</!

</3<0,/-!3+>,>!']YL`^j45!0,+-.>!'QQ^LTSj45!+/0!C1[d>!'aaLPYj4!*A!$;%!3*/0<-<*/>!gYYhL!1!D8,2<*?>!8,D*8-!

*/!-.,!9)*"+)!0+-+ !",-K,,/!QYYT!+/0!STQ^!>.*K,0!+!><=<)+8!-8,/0!*A!-.,!$;%!3*/0<-<*/>�[�����µ�Œ�����v!gY]hL!

()*"+)!0<>,+>,!"?80,/!0+-+!</!STQ^!A*8!\6C>!</0<3+-,!$;%!3*/0<-<*/>!+8,!-.,!>,3*/0!.<9.,>-!3*/-8<"?-*8!-*!

� �̂Ç�����Œ�•���o�]�À�������Á�]�š�Z�����]�•�����]�o�]�š�Ç�_��'d[C4!</!-.,!K*8)0!gYahL![*K!"+3M!D+</!+/0!/,3M!D+</!.+2,!",,/!<0,/-<A<,0!+>!-.,!

),+0</9!3+?>,!*A!d[C!K*8)0K<0,!gY]5!QSQhL!@?8-.,8=*8,5!9)*"+)!=*8-+)<-#!+--8<"?-+"),!-*!$;%!3*/0<-<*/>!<>!

3*/><0,8+"),5!0?,!D+8-)#!-*!-.,!+9,</9!D*D?)+-<*/!9)*"+))#!gQ_5!QSShL!133*80</9!-*!Z&V!0+-+5!",-K,,/!QY`^!

+/0!STQQ5!$;%!3*/0<-<*/X8,)+-,0!=*8-+)<-#!</38,+>,0!"#!^aj!K*8)0K<0,!gQSShL!HD<0,=<*)*9<3+)!,2<0,/3,!

</0<3+-,>!$;%!3*/0<-<*/>!</38,+>,!-.,! 8<>M!*A!=*8-+)<-#!K.<3.!<>!D*>><")#!0?,!-*!+/!</38,+>,0!8<>M!*A!=?)-<X

=*8"<0<-<,>!gQSP5!QS_hL!H2<0,/3,!>#/-.,><>,0!A8*=!+!=,-+ X+/+)#><>!*A!D**),0!0+-+!A8*=!*">,82+-<*/+)!

D8*>D,3-<2,!3*.*8-!>-?0<,>5!A*8!,J+=D),5!3*/3)?0,0!-.+-!*>-,*+8-.8<-<>!</38,+>,>!-.,! 8<>M!*A!=*8-+)<-#!0?,!-*!

3+80<*2+>3?)+8!3*/0<-<*/>!gQS_hL!!

1)-.*?9.!$;%!3*/0<-<*/>! ,J<>-!+38*>>!)<A,X3*?8>,5!-.,!D8,2+),/3,!</38,+>,>!K<-.!+9,!gQ_5!QS]5!QSĥL!

I.,! 3*/-</?,0! >.<A-!-*K+80>!+/!+9,</9!D*D?)+-<*/!9)*"+))#!gYah5!3*?D),0!K<-.!-.,!8<></9!D8,2+),/3,!*A!\6C>!

>?3.!+>!3+80<*2+>3?)+8!0<>,+>,>!+/0!ISC5!+>!K,))!+>!-.,<8!+>>*3<+-,0!8<>M!A+3-*8>5!,L9L5!*",><-#!+/0!

>,0,/-+8</,>>!-.,!9)*"+)!$;%!3*/0 <-<*/X8,)+-,0!"?80,/>!+8,!,JD,3-,0!-*!M,,D!8<></9!gYa5!YY5!QSahL!F/!

H?8*D,5!A*8!</>-+/3,5!-.,!;?82,#!*A!&,+)-.5!19,</9!+/0!G,-<8,=,/-!</!H?8*D,!';&1GH4!>-?0#!*">,82,0!-.,!

D8,2+),/3,!*A!$;%!3*/0<-<*/>!+>!8+/9</9!",-K,,/!Q`L^j!+/0!_]L^j!</!+0?)->!gQSh̀L!@?8-.,8=*8,5!-.,!

K*8)0K<0,!D8,2+),/3,!*A!$;%!3*/0<-<*/>!<>!=?3.!.<9.,8!+=*/9!*)0,8!+0?)-!D*D?)+-<*/>!gYa5!QS5̂!QSYhL!

133*80</9!-*!-.,!1?>-8+)<+/!:?8,+?!*A!;-+-<>-<3>!STQ_XQ]!0+-+5!^Qj!*A!1?>-8+)<+/>!+9,0!",-K,,/!S]!+/0!^_!

#,+8>!*)0!8,D*8-,0!)<2</9!K<-.!$;%!3*/0<-<*/>5!K<-.!-.,!D8,2+),/3,!",</9!=?3.!.<9.,8!</!-.*>,!",-K,,/!a]!

+/0!`_!#,+8>5!+-!aSj!gQQYhL!I.,!7/<-,0!;-+-, >!\&F;!>-?0#!.+>!+)>*!0*3?=,/-,0!-.+-!=*8,!-.+/!*/,!</!,2,8#!

-K*!+0?)->!</!1=,8<3+!)<2,>!K<-.!+!$;%!3*/0<-<*/5!K<-.!-.,!8+-,!+)=*>-!-.8,,XA*?8-.!</!-.*>,!+"*2,!^]!#,+8>!

gQPThL!100<-<*/+))#5!-.,!D8,2+),/3,!<>!</38,+></9!+38*>>!+))!K*8)0!8,9<*/>5!,>D,3<+))#5!</![$F6>!gQQ_hL!I.,!

�t�,�K�[�•���^�š�µ���Ç���}�v���P�o�}�����o�����'���]�v�P�����v���������µ�o�š���Z�����o�š�Z���~�^���'���•�������š���U���(�}�Œ�����Æ���u�‰�o���U���Z�]�P�Z�o�]�P�Z�š�•�������Z�]�P�Z���‰�Œ���À���o���v�������}�(��

$;%!3*/0<-<*/>!</!=*>-![$F6>!gQS]hL!



!

QT!
!

1><0,!A8*=!-.,! 0<>+"<)<-#!"?80,/5!$;%!3*/0<-<*/>!D8,>,/-!3*/><0,8+"),!,3*/*=<3!"?80,/ >!</!-,8=>!

*A!.,+)-.!3+8,!3*>->!-*!</0<2<0?+)>!+/0!>*3<,-#5!+>!K,))!+>!K*8M!)*>>!0?,!-*!0<>+"<)<-#!gQST5!QPQ5!QPShL!F/!STQ]5!

-.,!=,+/!D8*D*8-<*/ +)!</38,+>,!</!$;%!3*/0<-<*/>!C1[d>!9)*"+))#!3*88,)+-,0!K<-.!-.,!98*>>!0*=,>-<3!

D8*0?3-!'(C%4!D,8!3+D<-+!A*8!-.,!#,+8 !STQ]!gQPPhL!F/!-.,!7;5!-.,!,3*/*=<3!3*>-!'</3)?0</9!0<8,3-!+/0!</0<8,3-!

3*>->4!*A!$;%!3*/0<-<*/>!+33*?/->!A*8!+"*?-!]Laj!*A!-.,!-*-+)!(C%!*A!1=,8<3+!gQPThL!F/!K*8M!>,--</9>5!$;%!

3*/0<-<*/>!+33*?/-!A*8!>?">-+/-<+)!D8*0?3-<2<-#!+/0!,3*/*=<3!3*>-!gQPQhL!I.,!3*>-!*A!D8*0?3-<2<-#!)*>-!0?,!-*!

$;%!3*/0<-<*/>!</!-.,! H?8*D,+/!7/<*/!'H745!A*8!,J+=D),5!<>!8,)+-<2,)#!.<9.!+/0!,>-<=+-,0!+-!+"*?-!Sj!*A!

-.,! H7!(C%!gQPQhL!

!

0"!"!$1(('((2'3.$435$- 64(()7)-4.)*3$*7$%08$$
I#D,!S!0<+",-,>!<>!+!98+0?+))#!D8*98,>><2,!0<>*80,8!K<-.!+!.<9.!),2,)!*A!?/0<+9/*>,0!3+>,>!</!-.,!D*D?)+-<*/5!

+>!+!8,>?)-5!-.,8,!+8,!2+8<+-<*/>!</!ISC!3+>,>!+-!0<AA,8,/-!D)+3,>!+/0!*2,8!-<=,!gQP_5!QP]hL!;*=,!

,D<0,=<*)*9<3+)!>-?0<,>!*A-,/!8,)#!*/!>,)AX8,D*8-,0!0+-+!A*8!M/*K/!ISC!3+>,>f!.*K,2,85!-.,!0,A</<-<2,!

+>>,>>=,/-!*A!ISC!<>!"#!3)</<3+)!0<+9/*>-<3!=,-.*0>5!</3)?0</95!A+>-</9!")**0!*8!D)+>=+!9)?3*>,!-,>-5!*8+)!

9)?3*>,!-*),8+/3,!-,>-!'V(II45!+/0!9)#3+-,0!.+,=*9)*"</!'&"1 Q34!-,>-!gQTT5!QP_hL!@*8!-.,!V(II5!-.,!

>-+/0+80!8,3*==,/0,0!"#!-.,!Z*8)0!&,+)-.!V89+/<>+-<*/!'Z&V4!+/0!-.,!1=,8<3+/!C<+",-,>!1>>*3<+-<*/!

�~�������•���]�•���š�Z�����^�ó�ñ�P���K�'�d�d���š���•�š�_�X���d�î�����]�•�������(�]�v���������•���(���•�š�]�v�P�����o�}*0!*8!D)+>=+!9)?3*>,!�H!aLT!==*)N[!*8!+!SX.*?8!

D*>-D8+/0<+)!9)?3*>,!�H��QQLQ!==*)N[!*8!+/!&"1Q3!3?-XD*</-!l!^L]j!'_`==*)N=*)4! gQP_hL!%8,0<+",-,>!>-+-,!

0,A</<-<*/!+33*80</9!-*!1C1!38<-,8<+!gQP_5!QPĥ5!+>!K,))!+>!-.,!0,A</<-<*/!*A!/*8=+)!9)?3*>,!=,-+"*)<>=!

'\($4 5!<>!D8*2<0,0!</!I+"),!SLQL!!

!8'<4#!:HGE!;#I-%-&-.%2!.I!F4/3.2#!J#&'<.4-2J!2&'&/2!<)!'22#22J#%&!J#&+.$2H!

!

!

!

$

$

$

0"!"0$9'4(:;'2'3.$*7$ 9<=$-*35).)*3($)3$' >)5'2)*6*?)-46$;'('4;-& $
$,+>?8,=,/->! *A!$;%!3*/0<-<*/>!</!,D<0,=<*)*9<3+)!>-?0<,>!3+/!",!"+>,0!*/!>?"U,3-<2,!+/0N*8!*"U,3-<2,!

=,-.*0> !gQPaXQ_ThL!V"U,3-<2,!=,-.*0>!K.<3.!</2*)2,!D.#><3+)!+/0!0<+9/*>-<3!,J+=</+-<*/!"#!=,0<3+)!

D8*A,>><*/+)>!gQPh̀!+8,!*A-,/!8,9+80,0!+>!+!=*8,!+33?8+-,!+DD8*+3.L!&*K,2,85!</!)+89,!D*D?)+-<*/X"+>,0!

>-?0<,>5!>?"U,3-<2,!=,-.*0>!+8,!-#D<3+))#!?-<)<>,0!",3+?>,!*A!-.,! 3*>-X,AA,3-<2,/,>>5!-<=,X>+2</9!+/0!

3*/2,/<,/3,!*A!+0=</<>-,8</9!-.,!>,)AX8,D*8-!</>-8?=,/->!gQ_QhL!V-.,8!>-?0#!0,><9/>!>?3.!+>!>?82,<))+/3,!

>-?0<,>!>*=,-<=,>!8,)#!*/!3)</<3+)!8,3*80>!+>!+!=,-.*0!-*!3*)),3-!0+-+!*/!$;%!3*/0<-<*/>!gQ_S5!Q_PhL!!

!
74'22-I-3'&-.%2!

;-'F%.2&-3!J#&+.$2!

=*K! : L+./(!MK88 ! N<OG3!

\($ ! m!]L^!==*)N[! F(I!m!aL`!==*)N[! m!]Laj!'mPY!==*)N=*)4!

%8,0<+",-,>! ]L^!�t!̂ LY!==*)N[!'F@(4! aL`!�t!QQLT!==*)N[!'F(I4! ]La!�t!̂ L_j!'PY!�t!_^!==*)N=*)4!

ISC! �H!aLT!==*)N[! �H��QQLQ!==*)N[! l!^L]j!'_`!==*)N=*)4 !
@:(!�t!@+>-</9!")**0!9)?3*>,5!\($!�t!\*8=+)!9)?3*>,!=,-+"*)<>=5!V(II! �t!V8+)!9)?3*>,!-*),8+/3,!-,>-5!&"1Q3!�t!()#3+-,0!
.+,=*9)*"</5!F@(!�t!F=D+<8,0!A+>-</9!9)?3*>,5!F(I!�t!F=D+<8,0!9)?3*>,!-*),8+/3,5!ISC!�t!I#D,!S!0<+",-,>!



!

QQ!
!

6?88,/-)#5!-.,8,!<>!/*!?/<2,8>+))#!+33,D-,0!>-+/0+80<>,0!=,-.*0!A*8!=,+>?8</9!$;%!3*/0<-<*/>L!

I.,8,!.+>!",,/!+/!+--,=D-5!.*K,2,85!-*!0,2,)*D!+!>-+/0+80<>,0!>?82,#!</>-8?=,/-!A*8!$;%!3*/0<-<*/>L!@*8!

</>-+/3,5!-.,!()*"+)!1) )<+/3,!A*8!$?>3?)*>M,),-+)!&,+)-.!'($7;64!.+>!0,2,)*D,0!+/0!D<)*-,0!+!

�^�u�µ�•���µ�o�}�•�l���o���š���o���~�D�^�<�•���•�µ�Œ�À���Ç���u�}���µ�o���_���(�}�Œ�����•�š�]�u���š�]�v�P��-.,! D*D?)+-<*/X"+>,0!D8,2+),/3,!*A!$;%!3*/0<-<*/>!

gQ__hL!I.+-!>+<05!,D<0,=<*)*9<3!>-?0<,>!.+2,!>#>-,=+-<3+))#!,J+=</,0!-.,!+98,,=,/-!",-K,,/!>?"U,3-<2,!

+/0!*"U,3-<2,!=,-.*0> !gQ_P5!Q_]XQ_ahL!1!>-?0#5!A*8!,J+=D),5!,J+=</,0!-.,!+98,,=,/-!",-K,,/!D.#><3+)!

,J+=</+-<*/!+/0!+!>,)AX8,D*8-,0!B?,>-<*//+<8,!-*!+>>,>>!>.*?)0,8!D+</!+/0!A*?/0!-.+-!-.,8,!<>!8,+>*/+"),!

+98,,=,/-!",-K,,/!-.,>,!-K*!=,-.*0>!A*8!=,+>?8</9!>.*?)0,8! D+</!gQ_PhL![,9+?)-!+/0!3*)),+9?,>!gQ_ ĥ5!

)<M,K<>,5!8,D*8-,0!+!9**0!+98,,=,/-!",-K,,/!+!>,)AX8,D*8-,0 !B?,>-<*//+<8,!+/0!-.,! 3)</<3+)!8,3*80>!

=,-.*0!*A!3*)),3-</9!0+-+!*/!$;%!3*/0<-<*/>L!6*==*/)#!?>,0!>,)AX8,D*8-,0 !</>-8?=,/->!.+2,!>.*K/!

+33,D-+"),!2+)<0<-#!+/0!8,)<+"<)<-#!</!D>#3.*=,-8<3!>-?0<,>!gQ_ X̀Q]ThL!@*8!</>-+/3,5!V8,"8*!$?>3?)*>M,),-+)!

%+</!e?,>-<*//+<8,!<>!8,D*8-,0!+>!+!2+)<0!+/0!8,)<+"),!-**)!A*8!+>>,>></9!$;%!3*/0<-<*/>!gQ]Q5!Q]ShL!;<=<)+8)#5!

-.,!8,)<+"<)<-#!*A!\*80<3!$?>3?)*>M,),-+)!e?,>-<*//+<8,!.+>!",,/!,J+=</,0!-.8*?9.!-,>-X8,-,>-!+/0!

2+)<0+-,0!+9+</>-!3)</<3+)!.<>-*8#!+/0!A*?/0!-*!",!+/!+33?8+-,!</>-8?=,/-!A*8!>38,,/</9!+/0!3*)),3-</9!

>?82,<))+/3,!0+-+!*/!$;%!3*/0<-<*/>!gQ]T5!Q]P5!Q]_hL!!!!!

I.,8,!+8,!>*=,!>,)A X8,D*8-!</>-8?=,/->!>D,3<A<3+))#!0,><9/,0!-*!=,+>?8,!+--8<"?-,>!8,)+-,0!-*!$;%!

���}�v���]�š�]�}�v�•�U���(�}�Œ�����Æ���u�‰�o���U���š�Z�����‹�µ���o�]�š�Ç�����v�����•���À���Œ�]�š�Ç���}�(���‰���]�v�U���]�v���]�À�]���µ���o�•�[�����(�(�����š�]�À�����Œ���•�‰�}�v�•���•�U���•���v�•�}�Œ�Ç��

3.+8+3-,8<>-<3>5!+/0!3*D</9!+"<)<-#!*A!D+</5!+>!K,))!+>!+!0<>+"<)<-#!+>>*3<+-,0!K<-.!$;%!3*/0<-<*/>!gQ_T5!Q]] X

Q]`hL!$*>-!*A!-.,>,! </>-8?=,/->!.+2,!",,/!>.*K/!-*!.+2,!+0,B?+-,!+33?8+3#!A*8!+>>,>></9!*?-3*=,>!

8,)+-,0!-*!$;%!3*/0<-<*/>!gQ]Y5!Q^ThL!@*8!</>-+/3,5!-.,!=?)-<D),X0<=,/><*/!>,)AX8,D*8-!B?,>-<*//+<8,>!>?3.!

+>!Z,>-,8/!V/-+8<*!+/0!$+3$+>-,8!7/<2,8><-<,>!V>-,*+8-.8<-<>!F/0,J!'ZV$1645!;@P^!"*0<)#!D+</!>3+),!

':%;45!+/0!$3(<))!%+</!e?,>-<*//+<8,!'$%e45!*8!>.*8-XA*8=!$3(<))!%+</!e?,>-<*//+<8,!';@X$%e45!+>!K,))!+>!

-.,!></9), X<-,=!B?,>-<*//+<8,>!>?3.!+>!W<>?+)!1/+)*9!;3+),!'W1;45!W,8"+)!G+-</9!;3+),!'WG;4!+/0!\?=,8<3!

G+-</9!;3+),!'\G;4!+8,!8,D*8-,0!-*!.+2,!+33,D-+"),!D>#3.*=,-8<3!D8*D,8-<,>!A*8!+>>,>></9!+--8<"?-,>!*A!D+</!

8,)+-,0!-*!$;%!3*/0<-<*/>!gQ]` 5!Q]Y5!Q^Q5!Q^ShL!!

I.*?9.!>,)A X8,D*8-!</>-8?=,/->!+8,!3*==*/)#!?>,0!A*8!+>>,>></9!$;%!3*/0<-<*/>!</!D*D?)+-<*/X

"+>,0!>-?0<,>5!-.,#!.+2,!>*=,!)<=<-+-<*/>5!K.<3.!</3)?0,!8,3+))!+/0!8,D*8-</9!"<+>!K<-.!+!.<9.!-,/0,/3#!*A!

*2,8X,J+99,8+-<*/!*8!?/0,8,>-<=+-<*/!*A!D+</!gQ^P5!Q^_hL!;*=,!A+3-*8>!.+2,!",,/!<0,/-<A<,0!-*!3*/-8<"?-,!

-*!-.,>,!)<=<-+-<*/>5!</3)?0</9!-.,!K*80</9!*A!B?,>-<*/>!K.<3.!3*?)0!</A)?,/3,!-.,!?/0,8>-+/0</9!+/0!

8,>D*/>,!-*!-.,!B?,>-<*/>!gQ^]5!Q^ ĥ5!+>!K,))!+>!2+8<+-<*/>!</!-.,!0,>38<D-<*/!*A!+/+-*=<3+)!><-,>!+/0!-.,!

=*0,!*A!+0=</<>-,8</9!-.,!</>-8?=,/-!gQ^ X̂Q^`hL!@*8!</>-+/3,5!>-?0<,>!.+2,!</0<3+-,0!-.+-!K.<),!>,)AX8,D*8-!

</>-8?=,/->!+8,!8,)<+"),5!B?,>-<*/XK*80</9!+/0!-.,!0,>38<D-<*/!*A!D+</!)*3+-<*/!3*?)0!</A)?,/3,!-.,!

,>-<=+-<*/>!gQ^]5!Q^ahL!;<=<)+8)#5!>*=,!+?-.*8>!.+2,!>?99,>-,0!0<AA,8,/3,>!</!-.,!=*0,!*A!+0=</<>-,8</9!

>,)AX8,D*8-!$;%!3*/0<-<*/!</>-8?=,/->!3*?)0!<=D+3-!-.,!8,>D*/>,!+/0!B?+)<-#!*A!-.,!=,+>?8,0!0+-+!gQ^ 5̂!

Q^`hL!\*-K<-.>-+/0</95!+!D*D?)+-<*/X"+>,0!>-?0#5!.*K,2,85!+/+)#>,0!+/0!3*=D+8,0!0+-+!3*)),3-,0!"#!>,)AX



!

QS!
!

8,D*8-!=+/<M</!'.?=+/!A<9?8,4!+/0!K8<--,/!B?,>-<*/>!*/!D+</!8,)+-,0!-*!$;%!3*/0<-<*/>!+/0!A*?/0!+/!

+98,,=,/-!",-K,,/!-.,>,!=*0, >!*A!+0=</<>-,8</9!>,)AX8,D*8-!B?,>-<*//+<8,>!gQ^YhL!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!

!

B@B+E"/"*'%&C+3";%:()9&+" <(/"1()$)0C++

;,2,8+)!,D<0,=<*)*9<3!>-?0<,>!+/0!>#>-,=+-<3!8,2<,K>!.+2,!0*3?=,/-,0! ,2<0,/3,!*A!>-8*/9!+>>*3<+-<*/>!

",-K,,/!>,0,/-+8#!",.+2<*?8!+/0!8 <>M>!*A!=,-+"*)<3!0<>*80,8>5!</3)?0</9!*",><-#5!=,-+"*)<3!>#/08*=,5!+/0!

ISC5!+>!K,))!+>!3+80<*2+>3?)+8!0<>,+>,>5!>*=,!3+/3,8>5!+/0!+))X3+?>,!=*8-+)<-#!gQT5!̀^ 5!QaT5!QaQhL!I.,!

+02,8>,!<=D+3->!*A!.<9.!2*)?=,>!*A!>,0,/-+8#!",.+2<*?8!'>?3.!+>!D8*)*/9,0!?/</-,88?D-,0!><--</94!</!

+DD+8,/-)#!.,+)-.#!D*D?)+-<*/>!.+2,! +)>*!",,/!8,D*8-,0 !gP5!]_ 5!QaShL!F/!=*>-!3+>,>5!>-?0<,>!-.+-!,J+=</,0!

-.,! .,+)-.!8<>M!+>>*3<+-<*/>!*A!,J3,>><2,!>,0,/-+8#!",.+2<*?8!'><--</94!K<-.!+02,8>,!.,+)-.!*?-3*=,>! .+2,!

*A-,/! *">,82,0!-.+-! >?3.!8<>M!+>>*3<+-<*/>!+8,!</0,D,/0,/-!*A! +33?=?)+-,0!2*)?=,>!*A!$W%1!gP5!QaQ5!QaPhL!

C+-+!A8*=!+!D8*>D,3-<2,!>-?0#5!A*8!,J+=D),5!0,=*/>-8+-,0!-.+-!-.,8,!<>!+!0*>,X8,>D*/>,!+>>*3<+-<*/!*A!

><--</9!-<=,!K<-.!3+80<*2+>3?)+8!0<>,+>,>!+/0!+))X3+?>,!=*8-+)<-#!<88,>D,3-<2,!*A!-.,!),2,)!*A!+33?=?)+-,0!

$W%1!gQaQhL!1)>*5!+!=,-+ X+/+)#><>!.+>!</0<3+-,0!-.+-!>,0,/-+8#!",.+2<*?85!=,+>?8,0!"#!-,),2<><*/X2<,K</9!

-<=,!'IW!-<=,45!<>!+>>*3<+-,0!K<-.!+/!</38,+>,0!8<>M!*A!ISC!8,9+80),>>!*A!-.,!),2,)!*A!$W%1!gQThL!!

@8*=!+!9)*"+)!D?")<3!.,+)-.!D,8>D,3-<2,5!<-!<>!,2<0,/-!A8*=!=*>-!3*?/-8<,>!-.+-!-.,!+2,8+9,!-<=,!

>D,/-!><--</9!*8!</!>,0,/-+8#!",.+2<*?8!0?8</9!K+M</9!.*?8>!<>!.<9.!ĝ hL!I.,!,>-<=+-,0 !-*-+)!2*)?=,!*A!

><--</9!-<=,!0?8</9!K+M</9!.*?8>!D,8!0+#5!A*8!,J+=D),5!<>!,>-<=+-,0!-*!",! +"*?-!aLa!.*?8>!</!-.,!7;!gQa_hf!

YLT!.*?8>!</!1?>-8+)<+!gQa]h!+/0!YL]!.*?8>!</!6+/+0+!gQa ĥL!Z.<)>-!+!>-?0#!*A!-8,/0>!</!><--</9!-<=,!+38*>>!

H?8*D,!A*?/0!-.<>!-*!",!8,)+-<2,)#!>-+"),!",-K,,/!STTSXQa5!-.,8,!<>!,2<0,/3,!-.+-!><--</9!-<=,!<>!</38,+></9!

</!>*=,!>?"98*?D>!*A!D,*D),!gQaa5!Qa h̀L!I.,>,!>.<A->!+8,!=+</)#!08<2,/!"#!*33?D+-<*/+)!-8+/><-<*/>!A8*=!+!

D8,0*=</+/-)#!D.#><3+))#!</-,/><2,!</0?>-8<+)<>,0!,3*/*=#!-*!+!>,82<3,!,3*/*=#!-.+-!>?DD*8->!D8*)*/9,0!

0,>MX"+>,0!><--</9!+-!K*8M!gQaYhL!100<-<*/+))#5!?8"+/!D)+//</9!+/0!"?<)-X,/2<8*/=,/-!0,><9/!.+2,!

</A)?,/3,0!0<>38,-<*/+8#!>,0,/-+8#!",.+2<*?85!K<-.!=*>-!"?<)-X,/2<8*/=,/-!>?DD*8-</9!</38,+>,0!),<>?8,X

-<=,!><--</9!+/0!+!.<9.!2*)?=,!*A!D+>><2,!-8+/>D*8-!gQ`T5!Q`QhL!!

I.,!D8,2+),/3,!*A!>,0,/-+8#!",.+2<*?8!</38,+>,>!K<-.!+9,!+/0!><--</9!-<=,!<>!.<9.,8!</!*)0,8!+0?)->!

ĝ 5!_] hL!H2<0,/3,!A8*=!>#>-,=+-<3!8,2<,K>!</0<3+-,>!-.+-!*)0,8!+0?)->!*2,8!^T!#,+8>!*)0!.+2,!+!=?3.!.<9.,8!

D8,2+),/3,!*A!>,0,/-+8#!",.+2<*?8!g_] 5!Q`ShL!V/,!*A!-.,>,!8,2<,K>!0*3?=,/-,0!-.+-!^aj!*A!*)0,8!+0?)->!

+33?=?)+-,!+/!+2,8+9,!*"U,3-<2,!0,2<3,X=,+>?8,0!><--</9!-<=,!98,+-,8!-.+/! ` L]!.*?8>N0+#!g_] hL!;<=<)+8)#5!

&+82,#!+/0!3*)),+9?,>!gQ`Sh!</!+/*-.,8!8,2<,K!*">,82,0!-.+ -!*)0,8!+0?)->!'�N^T!#,+8>4!>D,/0!+!98,+-,8!

D*8-<*/!*A!K+M</9!.*?8>!'^]!�t!̀ ]j4!><--</95!K<-.!+!=,+/!+33?=?)+-,0! >,0,/-+8#!-<=,!*A!YL_!.*?8>N0+#L!1)>*5!

+!6+/+0<+/!>?82,#!8,D*8-!</0<3+-,>!+0?)->!+"*2,!^T!#,+8>!.+2,!+!.<9.,8!D8,2+),/3,!*A!.<9.!><--</9!-<=,5!K<-.!

+!0*3?=,/-,0!+2,8+9,!><--</9!-<=,!*A!QT!.*?8>N0+#!gQ`PhL!I.,!.<9.!D8,2+),/3,!*A!>,0,/-+8#!",.+2<*?8!</!



!

QP!
!

+0?)->!.+>!",,/!+--8<"?-,0!-*!0<2,8>,!8,+>*/>L!@*8!,J+=D),5!</0<2<0?+)!</-8</><3!A+3-*8>!>?3.!+>!.,+)-.!>-+-?>5!

8,-<8,=,/- 5!*8!*",><-#5!+>!K,))!+>!,/2<8*/=,/-+)!A+3-*8>5!</3)?0</9!)+3M!*A!+!>?DD*8-<2,!,/2<8*/=,/-!A*8!

D.#><3+)!+3-<2<-#!+/0!+3-<2,!-8+/>D*8-!+8,!>*=,!*A!-.,!8,+>*/>!gQ`_hL!&*K,2,85!,2<0,/3,!*/!>,0,/-+8#!

",.+2<*?8!0,-,8=</+/->!</!*)0,8!+0?)->!<>!</3*/3)?><2,!gQ`_hL!

!

0"0"!$9'4(:;'2'3.$*7$ ('5'3.4;@$+'&4/)*:; $
F/!>,0,/-+8#!",.+2<*?8!8,>,+83.5!-.,! +33?8+-,!,>-<=+-<*/!*A!>,0,/-+8#!,JD*>?8,!<>!"#!=,+>?8</9!*2,8+))!

>,0,/-+8#!",.+2<*?85!A*8!,J+=D),5!-*-+)!0+<)#!><--</9!-<=,!*8!-*-+)!><--</9!-<=,!</!+!>D,3<A<3!0*=+</!'+-!.*=,5!

K*8M5!*8!3*==?-</9!</!+!3+84!gQ`]hL!F/!)</,!K<-.!-.<>5!*"U,3-<2,!=,-.*0>!+8,!3*/><0,8,0!-*!.+2,!.<9. ,8!

+33?8+3#L!;,)AX8,D*8-,0 !</>-8?=,/->!.+2,!)<=<-+-<*/>!</!+33?8+-,)#!,>-<=+-</9!*2,8+))!>,0,/-+8#!",.+2<*?8!

+/0!.+2,!3*/><>-,/-)#!",,/! >.*K/!-*!?/0,8,>-<=+-,!-*-+)!><--</9!-<=,!</!.<9.X),2,)!,2<0,/3,!>-?0<,>!g_] 5!

Q`S5!Q`^hL!C,>D<-,!-.,<8!)<=<-+-<*/>5!>,)AX8,D*8-,0 !</>-8?=,/->!8,=+</!D*D?)+8!</!)+89,!D*D?)+-<*/X"+>,0!

>-?0<,>!K.,8,!-.,#!+8,!3*/><0,8,0!-*!",!D8+3-<3+)!-*!+0=</<>-,8!+/0!.+2,!+)>*!",,/!>.*K/!-*!.+2,!

+33,D-+"),!D>#3.*=,-8<3!D8*D,8-<,>!gQ`^5!Q`ahL!!

I.,8,!+8,!>,2,8+)!*"U,3-<2,!=,-.*0>!A*8!+>>,>></9!>,0,/-+8#!",.+2<*?8!</!8,>,+83.5!K.<3.!+8,!

"+>,0!*/!0<8,3-!,>-<=+-<*/!*A!,/,89#!,JD,/0<-?8,!"#!=,+>?8</9!D.#><*)*9<3+)!=+8M,8>!',L9L!.,+8-X8+-,!

=*/<-*8</94!*8!0*?")#X)+",)),0!K+-,8!'C[Z4!+/0!</0<8,3-)#!"#!=,+>?8</9!"*0#!+33,),8+-<*/!0?8</9!

=*2,=,/-5!,L9L5!-.,!+33,),8*=,-,8>! gQ`]5!Q``5!Q`YhL!V-.,8!</>-8?=,/->!0,-,3-!3.+/9,>!</!"*0#!D*>-?8,!-*!

=,+>?8,!><--</9!-<=,!+/0!</0<8,3-)#!,>-<=+-,!,/,89#!,JD,/0<-?8,5!,L9L5!-.,!</3)</*=,-,8>!gQ`]5!Q`YhL!I.,8,!

+8,!+)-,8/+-<2,!*"U,3-<2,!</>-8?=,/->!A*8!,>-<=+-</9!>,0,/-+8#!",.+2<*?8!K.<3.!?>,!D8,>>?8,!>,/>*8>!gQ`]5!

Q`YhL!7/)<M,!>,)AX8,D*8-!</>-8?=,/->5!=*>-!*"U,3-<2,!=,-.*0>!.+2,!.<9.!+33?8+3#!A*8!=,+>?8</9!>,0,/-+8#!

",.+2<*?8!+/0!*2,83*=,!3*==*/!)<=<-+-<*/>!+>>*3<+-,0!K<-.!>?"U,3-<2,!'>,)AX8,D*8-4!=,-.*0>! gQ`]hL!

&*K,2,85!-.,!3*>-!*A!?></9!>*=,!*A!-.,!+2+<)+"),!*"U,3-<2,!</>-8?=,/->!)<=<->!-.,<8!?>,!</!)+89,!D*D?)+-<*/X

"+>,0!>?82,#>!gQ`]5!QYThL!!

I.,8,!+8,5!.*K,2,85!>?">-+/-<+)!0<AA,8,/3,>!",-K,,/!0,2<3,X=,+>?8,0!-*-+)!>D,/-!</!>,0,/-+8#!

",.+2<*?8!+/0!-.*>,!=,+>?8,0!"#!>,)AX8,D*8-!</>-8?=,/->!g_] 5!Q`S5!Q`^hL!I+"),!SLS!>.*K!-.,!3*==*/)#!

?>,0!>,0,/-+8#!",.+2<*?8!</>-8?=,/->!</!8,>,+83.L!!

!

!

!

! !



!

Q_!
!

8'<4#!:H: E!7.JJ.%!J#'2/(#2!.I!2#$#%&'()!<#+',-./(!P'3&-,-&)!<#+',-./(2Q!/2#$!-%!(#2#'(3+H!

R%2&(/J#%&! ;#23(-9&-.%! "&(#%F&+2!'%$!4-J-&'&-.%2!
;,)AX8,D*8-!! $,+>?8,!>,0,/-+8#!",.+2<*?8X8,)+-,0!0*=+</>!>?3.!+>!=*0,5!

3*/-,J-5!0?8+-<*/5!+>!K,))!+>!D+--,8/!*8!"8,+M>!gQ`]h!
!
C+-+!+8,!3+D-?8,0!"#!>,)AX+0=</<>-,8,0!*8!</-,82<,K,8X
+0=</<>-,8,0!B?,>-<*//+<8,>!gQ`]5!QYQhL!
!
;,)AX8,D*8-!B?,>-<*//+<8,!2+8<+/->!gQ`]5!Q`^5!QYQh!

�x ></9),X<-,=!B?,>-<*//+<8,>!',L9L5!-.,!></9),X<-,=!><--</9!
B?,>-<*/!</!()*"+)!%.#><3+)!13-<2<-#!e?,>-<*//+<8,!�t!
(%1e4!!

�x =?)-<D),X<-,=>!B?,>-<*//+<8,>!',L9L5!Q`X<-,=>!;,0,/-+8#!
:,.+2<*?8!e?,>-<*//+<8,!�t!;:e4 !

�x 0*=+</X>D,3<A<3!B?,>-<*//+<8,>!',L9L5!0*=+</X>D,3<A<3!
10?)-!;,0, /-+8#!:,.+2<*?8!e?,>-<*//+<8,!�t!1;:e4 !

�x 0<+8<,>!',L9L5!H3*)*9<3+)!=*=,/-+8#!+>>,>>=,/-!�t!H$14!!
�x D8*J#X8,D*8-!B?,>-<*//+<8,>!</!3*9/<-<2,)#!)<=<-,0!

D*D?)+-<*/>!!
!

;-8,/9-.> !
�x &<9.)#!?-<)<>,0!</!)+89,!D*D?)+-<*/X"+>,0!>-?0<,>!

gQ`]5!QYQh!
�x I.,#!+8,!3*>- X,AA,3-<2,5!),>>!,JD,/><2,5!+/0!!
�x .<9.)#!+33,>><"),L!!
�x G,)+-<2,)#!,+>#!-*!3*=D),-,!K<-.!),>>!"?80,/!+/0!

+8,!+33,D-,0!"#!>-?0#!D+8-<3<D+/->L!!
�x C*,>!/*-!</A)?,/3,!-.,!",.+2<*?8!",</9!=,+>?8,0!

</!</0<2<0?+)>!gQYT5!QYQhL!!
�x 1"),!-*!3+D-?8,!B?+)<-+-<2,!0<=,/><*/>!*A!

>,0,/-+8#!",.+2<*?8!K.<3.!3+//*-!",!3+D-?8,0!"#!
*"U,3-<2,!0,2<3,>!gQ`]5!QYQhL!HL9L5!3+/!3+D-?8,!
3*/-,J- X>D,3<A<3!>,0,/-+8#!",.+2<*?8!+/0!<0,/-<A#!
=*0,>!*A!>,0,/-+8#!",.+2<*?85!-.<>!</A*8=+-<*/!
3+/!</A*8=!</-,82,/-<*/!>-8+-,9<,>!gQ`]5!Q`YhL!

!
[<=<-+-<*/>!

�x %**8!2+)<0<-#5!8,3+))!"<+>5!8,D*8-</9!"<+>5!
2?)/,8+"<)<-#!-*!>*3<+)!0,><8+"<)<-#!"<+>5!+/0!3?)-?8+)!
/*8=>!</A)?,/3,>!gQ`YXQYShL!!

�x [<=<->!0+-+!3*=D+8<>*/!</!0<AA,8,/-!D*D?)+-<*/>!
+/0!+38*>>!>-?0<,>5!0?,!-*!-.,!3.+)),/9,>!*A!
-8+/>)+-</9!</A*8=+-<*/!-*!+3.<,2,!)</9?<>-<3!+/0!
3*/3,D-?+)!,B?<2+),/3,!gQ`]5!QYThL!!

�x 6*=D)<3+-,0!"#!3*/3?88,/-!",.+2<*?8!D.,/*=,/+!
',L9L5!K+-3.</9!-,),2<><*/!+/0!D)+#</9!2<0,*!9+=,>45!
=+M</9!",.+2<*?8X>D,3<A<3!=,+>?8,>!',L9L5!IW!-<=,4!
=*8,!)<=<-,0!-.+/!9)*"+)!=,+>? 8,>5!)<M,!><--</9!
-<=,!gQ`]hL!

C,2<3,X=,+>?8,0!!
!
133,),8*=,-,8> !
!
,L9L5!13-<(8+D.>!

C,-,3-!"*0#!=*2,=,/->!+/0!=,+>?8,!8,+) X-<=,!+33,),8+-<*/!
A8,B?,/3#!+/0!+=D)<-?0,!K.<3.!+8,!</-,98+-,0!</-*!=*2,=,/-!
3*?/->!"#!+/!+)9*8<-.=!gQ`]5!Q``5!Q`YhL!!
!
H>-<=+-,0!,/,89#!,JD,/0<-?8,!<>!"+>,0!*/!-.,!+>>?=D-<*/!-.+-!
=,+>?8,0!+33,),8+-<*/!<>!D8*D*8-<*/+)!-*!-.,!A*83,!9,/,8+-,0!"#!
=?>3),>!-.+-!+8,!,/9+9,0!0?8</9!-.,!=*2,=,/-! gQ`YhL!!
!
H>-<=+-,0!>,0,/-+8#!-<=,!0,D,/0>!*/!-.,!=*2,=,/-!3*?/-!
=,+>?8,0!"#!-.,!+33,),8*=,-,8!+-!+!9<2,/!3?- XD*</-!gQ`]5!Q`YhL!!
!
I.,!=*2,=,/-!3*?/- >!3?-XD*</-!-.8,>.*)0!0,-,8=</,>5!-*!>*=,!
,J-,/-5!-.,!+33?8+3#!*A!-.,!,>-<=+-,0!>,0,/-+8#!",.+2<*?8!gQ`]hL!!
!
\,K!D8*3,>></9!=,-.*0> 5!,L9L5!?></9!8+K!+33,),8*=,-,8!0+-+!+/0!
=+3.</,!),+8/</9!*8!0,,D!),+8/</9!+)9*8<-.=>!=+#!<=D8*2,!
=,+>?8,=,/-!+33?8+3#!</!-.,!A?-?8,!gQYPXQY]hL!

;-8,/9-.> !
�x 1-!+!>D,3<A<,0!3?-XD*</-!-.8,>.*)0!3+/!+33?8+-,)#!

,>-<=+-,!-*-+)!0+<)#!*8!0*=+</X>D,3<A<3!',L9L5!-<=,!
+-!K*8M4!>,0,/-+8#!-<=,L!!

�x 7>,A?)!</!0,-,3-</9!</3<0,/-+)!=*2,=,/->!+/0N*8!
"8,+M>!</!>,0,/-+8#!-<=,!gQ`]hL!

!
[<=<-+-<*/>!

�x [<=<-,0!</!3+D-?8</9!3*/-,J-?+)!0+-+!
�x $+#!</A)?,/3,!D+8-<3<D+/->b!",.+2<*?8!),+0</9!-*!

8,+3-<2<-#!"<+>!gQ`YhL!!
�x ;*=,!3+//*-!0<>-</9?<>.!",-K,,/!><--</95!)#</9!*8!

>-+/0</9!D*>-?8,>5!.,/3,5!>-+/0</9!-<=,!=+#!",!
</3*8D*8+-,0!</-*!-*-+)!>,0,/-+8#!-<=,! gQ`]5!QYĥL!
I.,!-8<+J<+)!+33,),8*=,-,8>!'13-<(8+D.>!(IPn5!
(IPno5!+/0!K!(IPno4!+8,!A<--,0!K<-.!+/!
</3)</*=,-,8!-*!0<>-</9?<>.!D*>-?8,>5!"?-!-.<>!
A?/3-<*/!+>!+!>*),!=,+>?8,!*A!><--</9!-<=,!<>!
8,D*8-,0!/*-!-*!",!2+)<0!gQYĥ!

C,2<3,X=,+>?8,0!!!
!
F/3)</*=,-,8 !
!
,L9L5!+3-<2%1[!

1!0<>38,-,!-.<9.XK*8/!0,2<3,!K.<3.!3+/!0,-,8=</,!3.+/9,>!</!
"*0#!D*>-?8,!gQ`]5!Q`YhL!!
!
I.,!0,2<3,!?>,>!</X���µ�]�o�š���^�/�v�š���o�o�]�P���v�š�������š�]�À�]�š�Ç�����o���•�•�]�(�]�����š�]�}�v�_��
D8*D8<,-+8#!+)9*8<-.=>!-*!3)+>><A#!+33,),8+-<*/!+/0!98+2<-+-<*/+)!
3.+/9,>!</!-.,!-.<9.!+>!,<-.,8!>-,DD</95!>-+/0</95!><--</95!*8!)#</9!
gQ`]hL!
!
I.,!+3-<2%1[!3*)),3->!0+-+!*/!>-,DD</9!>D,,05!>-,D!3*?/-5!>-,DD</9!
-<=,5!>-+/0</9!-<=,5!><--</9!-<=,!+/0!)#</9!-<=,L!!
1)>*5!<-!0,-,8=</,>!>,0,/-+8#!"*?->!'"8,+M>!</!><--</94!+/0!D*>-?8+)!
-8+/><-<*/!A8*=!><-X>-+/0X>-,D!*8!2<3,X2,8>+5!+>!K,))!+>!-.,!,>-<=+-,!
*A!,/,89#!,JD,/0<-?8,!gQ`]5!Q`YhL!

;-8,/9-.> !
�x I.,!9*)0!>-+/0+80!A*8!=,+>?8</9!+3-<2<-#!

",.+2<*?8>!
�x 6+/!",!?-<)<>,0!</!+!0<AA,8,/-!3*/-,J-!gQ`]hL!

!
[<=<-+-<*/!

�x )<=<-,0!</!D8*2<0</9!B?+)<-+-<2,!0<=,/><*/!0+-+5!
,L9L5!>,0,/-+8#!",.+2<*?8!3*/-,J-!gQ`]hL!!

!



!

Q]!
!

B@D+E"/"*'%&C+3";%:()9&+%*/+'C<"+B+/(%3"'"6+

HD<0,=<*)*9<3+)!,2<0,/3,!>.*K>!-.+-!.<9.!2*)?=,>!*A!>,0,/-+8#!",.+2<*?8!><9/<A<3+/-)#!</38,+>,!ISC!8<>M5!

<88,>D,3-<2,!*A!-.,!),2,)!*A! D.#><3+)!+3-<2<-#!*8!-.,!3*/A*?/0< /9!,AA,3-!*A!"*0#!=+>>!</0,J!':$F4!gQT5!QYaX

QYYhL!@*8!</>-+/3,5!Z<)=*-!+/0!3*)),+9?,>!gQTh!>#/-.,><p,0!,2<0,/3,!A8*=!QT!,D<0,=<*)*9<3+)!>-?0<,>!+/0!

A*?/0!-.+-!.<9.,8!2*)?=, >!3*=D+8,0!-*!)*K,8!2*)?=, >!*A!>,0,/-+8#!-<=,!K,8,! +>>*3<+-,0!K<-.!+!QQSj!

</38,+>,0!8,)+-<2,!8<>M!*A!ISCL!1)>*5!+!)+89,!D*D?)+-<*/X"+>,0!>-?0#5!-.,!_]!+/0!7D!;-?0# 5!A*8!</>-+/3,5!

A*?/0!-.+-!+!.<9.,8!2*)?=,!*A!><--</9!-<=,!K+>!</0,D,/0,/-)#!+>>*3<+-,0!K<-.!ISC!+A-,8!+33*?/-</9!A*8!-.,!

�‰���Œ�š�]���]�‰���v�š�•�[���‰�Z�Ç�•�]�����o�������š�]�À�]�š�Ç���š�]�u�������v�������D�/��gQYh̀L!@?8-.,8=*8,5!+>>*3<+-<*/>!K<-.!ISC!.+2,!",,/!>.*K/!-*!

</38,+>,!A?8-.,8!K<-.!+/#!-<=,!</38,+>,!</!>,0,/-+8#!",.+2<*?8!ga5!STThL!@*8!,J+=D),5!*">,82+-<*/+)!

A</0</9>!A8*=!-.,!$++>-8<3.-!>-?0#!</0<3+-,!-.,!*00>!*A!ISC!</38,+>,0!"#!SS!D,83,/-+9,!D*</->!A*8!,+3.!

.*?8)#!</38,=,/- !</!><--</9!-<=,! gahL!!

I.,8,!<>!,2<0,/3,!</0<3+-</9!-.+-!+0?)->!K<-.!ISC!+8,!=*8,!)<M,)#!-*!,/9+9,!</!.<9.,8!2*)?=,>!*A!

>,0,/-+8#!",.+2<*?8!-.+/!-.*>,!K<-.*?-!ISC! gahL!@*8!</>-+/3,5!+!>-?0#!*"U,3-<2,)#!=*/<-*8,0!+3-<2<-#!

",.+2<*?8>!</!=<00),X+9,0!+/0!*)0,8!+0?)->!K<-.!+/!+2,8+9,!+9,!*A!^T!#,+8>!*)05!A*?/0!-.+-!-.*>,!)<2</9!

K<-.!ISC!>D,/-!+"*?-!]j!=*8,!*A!-.,<8!K+M</9!.*?8>!</!>,0,/-+8#!",.+2<*?8!'><--</94!-.+/!-.*>,!

3+-,9*8<>,0!+>!.+2</9!D8,0<+",-,>5!+/0!+"*?-!aj!=*8,!-.+/!-.*>,!K<-.!/*8=+)!9)?3*>,!=,-+"*)<>=!'\($4!

+>!>.*K/!</!@<9?8,!SLQ!'98+D.!-+M,/!A8*=!-.,!$++>-8<3.-!;-?0#!�t!2+/!0,8!:,89!,-!+)L!gah4L!

!

!

!

!

!

!

!

!

!

!

!

!
=-F/(#!:HGE!13-<2<-#!",.+2<*?8>!0<>-8<"?-<*/>!</!+0?)->!"#!-#D,!S!0<+",-,>!>-+-?>L!



!

Q !̂
!

0"A"!$<'5'3.4;@$+'&4/)*:;$435$-4;5)*2'.4+*6)-$+)*24;B';($*7$%08$
HJ3,>><2,!>,0,/-+8#!",.+2<*?8! .+>!",,/!+>>*3<+-,0!K<-.!+"/*8=+)!),2,)>!*A!3+80<*=,-+"*)<3!8<>M!=+8M,8>!</!

ISC5!</3)?0</9!"<*=+8M,8>!*A!</>?)</!A?/3-<*/5!+0<D*><-#5!9)?3*>,!=,-+"*)<>=!+/0!=,-+"*)<3!8<>M!>3*8,!gSTQX

ST_hL!@*8!,J+=D),5!6**D,8!,-!+)L!gSTQh!.+2,!0*3?=,/-,0!A8*=!><JX=*/-.!D8*>D,3-<2,!0+-+!*A!]S`!/,K)#!

0<+9/*>,0!ISC!D+-<,/->!-.+-!+!.<9.,8!2*)?=,!*A!0,2<3,X=,+> ?8,0!><--</9!-<=,!K+>!+>>*3<+-,0!K<-.!.<9.,8!

</>?)</!),2,)>5!</38,+>,0!</>?)</!8,><>-+/3,!'&V$1XFG45!+/0!0,38,+>,0!&C[X3.*),>-,8*)5!+A-,8!+33*?/-</9!A*8!

�š�Z�����‰���š�]���v�š�•�[!-<=,!>D,/-!</!$W%1!gSTQhL!!

;<=<)+8)#5!G*>>,/!+/0!3*)),+9?,>!gSTPh!8,D*8-,0!?></9!3*=D*><-<*/+)!0+-+!+/+)#><>!-.+-!0,2<3,X

=,+>?8,0!>,0,/- +8#!-<=,!8,)+-<2,!-*![F%1!+/0!$W%1!-<=,!K+>!/,9+-<2,)#!+>>*3<+-,0!K<-.!&V$1XFG5!!&C[X

3.*),>-,8*)!+/0!>+9<--+)!+"0*=</+)!0<+=,-,8!</!ISCL!1)>*5!&,+)#!+/0!*-.,8>!gST]h!.+2,! >.*K/!?></9!-.,!

<>*-,=D*8+)!>?">-<-?-<*/!+/+)#-<3!=,-.*0!-.+-!-.,8,!+8,! 38*>>X>,3-<*/+)!+>>*3<+-<*/>!*A!0,2<3,X+>>,>>,0!

><--</9!-<=,!K<-.!K+<>-!3<83?=A,8,/3,!'Z64!+/0!:$F!</!ISCL!@?8-.,8=*8,5!6**D,8!+/0!3*)),+9?,>!gST_h!

8,D*8-,0!-.+-!+/!.*?8!</38,+>,!</!>,0,/-+8#!-<=,!K+>!D*><-<2,)#!+>>*3<+-,0!K<-.!</38,+>,0!3)?>-,8!=,-+"*)<3!

8<>M!>3*8,!'6$G;45!</0,D,/0,/-!*A!-.,!),2,)!*A!-<=,!>D,/-!</!$W%1L!'\*-,O!6$G;!<>!3*=D?-,0!"#!>?==</9!

Z65!-8<+3#)9)#3,8*)5!&"1Q35!>#>-*)<3!")**0!D8,>>?8,!+/0!-.,!</2,8>,!*A!&C[X3.*),>-,8*)4L!

!

0"A"0$C3.';;:>.)3?$('5'3.4;@$.)2'$)3$%08$435$+)*24;B';($$
G,3,/- )#5!=*>-!",.+2<*?8+)!+3-<2<-#!8,>,+83.,8>!A*3?>></9!*/!>,0,/-+8#!",.+2<*?8!.+2,!</38,+>,0!-.,<8!

+--,/-<*/!*/!?/0,8>-+/0</9! -.,! <=D+3->!*A!</-,8=<--,/-! [ F%1!"8,+M>!</!D8*)*/9,0!><--</9!D,8<*0>!+/0!-.,!

+>>*3<+-<*/>!K<-.!</0<3+-*8>!*A!.,+)-.!*?-3*=,> !g_P5!a^5!ST ĥL!1!>-?0#5!A*8!</>-+/3,5!A*?/0!-.+-!A8,B?,/-!

[ F%1!</-,88?D-<*/!*A!D8*)*/9,0!><--</9!-<=,!<=D8*2,0!9)#3+,=<3!3*/-8*)5!K.,8,+>!?/</-,88?D-,0!><--</9!

8,>?)-,0!</!K*8>,/,0! 9)#3+,=<3!3*/-8*)!</!</0<2<0?+)>!)<2</9!K<-.!ISC!gSTahL!!

;,2,8+)!,JD,8<=,/-+)!>-?0<,>!.+2,!>.*K/!-.+-!+3-<2,!"8,+M>!</!D8*)*/9,0!><--</9!+8,!</2,8>,)#!

+>>*3<+-,0!K<-.!=,-+"*)<3!8<>M!"<*=+8M,8>!</!ISC!g_TX_ShL!C,=D>,#!+/0!3*)),+9?,>!g_Th!0,=*/>-8+-,0!</!+/!

,JD,8<=,/-+)!8+/0*=<>,0!38*>>*2,8!-8<+)!</2*)2</9!S_!*2,8K,<9.-N*",>,!+0?)->!K<-.!ISC!-.+-!)<9.-XK+)M</9!

+/0!><=D),!8,><>-+/3,!D.#><3+)!,J,83<>,!"8,+M>!</X",-K,,/!D8*)*/9,0! ><--</9!+--,/?+-,0!+3?-,!8,>D*/>,>!*A!

D*>-D8+/0<+)!9)?3*>,5!</>?)</5!6XD,D-<0,5!+/0!-8<9)#3,8<0,L!1!>,3*/0+8#!+/+)#><>!*A!-.,!>+=,! 0+-+!A*?/0!-.+-!

"8,+M</9!D8*)*/9,0!><--</9!K<-.!)<9.-XK+)M</9!+/0!><=D),!8,><>-+/3,!D.#><3+)!,J,83<>,!K+>!+>>*3<+-,0!K<-.!

",/ ,A<3<+)!3.+/9,>!</!D*>-D8+/0<+)!D)+>=+!)<D<0*=,!</!</0<2<0?+)>!K<-.!ISC!gST h̀L!F/!+!><=<)+8!8+/0*=<>,0!

38*>>*2,8!0,><9/!</2*)2</9!QY!+0?)->!K<-.!ISC!K.*!K,8,! */!/*/ X</>?)</!-8,+-=,/-5!C?2<2<,8!,-!+)L!g_Qh!

3*=D+8,0!-.8,,!,JD,8<=,/-+)!3*/0<-<*/>O!;<--</95!�^�^�]�šX�>���•�•�_���~���Œ�����l�]�v�P���‰�Œ�}�o�}�v�P�������•�]�š�š�]�v�P���Á�]�š�Z���•�š���v���]�v�P�����v����

)<9.-XK+)M</945!���v�����•�š�Œ�µ���š�µ�Œ���������Æ���Œ���]�•���X���d�Z�������µ�š�Z�}�Œ�•���(�}�µ�v�����š�Z���š���š�Z�����^�^�]�šX�>���•�•�_�����}�v���]�š�]�}�v���Á���•�����•�•�}���]���š�������Á�]�š�Z��

><9/<A<3+/-)#!)*K,8!S_X.*?8 X9)?3*>,!</38,=,/-+)!+8,+!?/0,8!-.,!3?82,!' <1764!-.+/!><--</9!+/0!/*/ X

�•�]�P�v�]�(�]�����v�š�o�Ç���o�}�Á���Œ���š�Z���v���•�š�Œ�µ���š�µ�Œ���������Æ���Œ���]�•�����~�]���h�����]�v���u�]�v
0�?
0�u�u�}�o�l�o�W���^�^�]�šX�>���•�•�_���A���í�î�ò�ï
0�F
0�í�ô�õ�V�����Æ���Œ���]�•�����A��



!

Qa!
!

�í�ï�ô�ï
0�F
0�í�õ�ð�V�����v�����^�]�š�š�]�v�P���A���í�õ�ó�ð
0�F
0�ï�î�ð�•�X�����o�•�}�U�����,�K�D���îX�/�Z���Á���•���•�]�P�v�]�(�]�����v�š�o�Ç���Œ�����µ���������]�v���^�^�]�šX�>���•�•�_��3*=D+8,0!-*!

"*-.!>-8?3-?8,0!,J,83<>,!+/0!><--</9!3*/0<-<*/>!g_QhL!

!

0"A"A$<'5'3.4;@$.)2'$435$(@(.'2)-$)3764224.*;@$+)*24;B';($)3$%08$$
;#>-,=<3!</A)+==+-*8#!D8*3,>>,>!.+2,!",,/!<=D)<3+-,0!</!ISC!D8*98,>><*/!+/0!-.,! 0,2,)*D=,/-!*A!

0<+",-,>X8,)+-,0!3*=D)<3+-<*/>5!+>!K,))!+>!-.,!D+-.*D.#><*)*9#!*A!D8,0<+",-,>!gSTY5!SQThL!;#>-,=<3!

</A)+==+-*8#!8,+3-<*/>!8,)+-,0!-*!ISC!+8,!=,0<+-,0!-.8*?9.!+0<D*>,!-<>>?,X0,8<2,0!3#-*M</,>!'+0<D*M</,>45!

</3)?0</9!</-,8),?M</!'F[4X̂!+/0!-?=*?8!/,38*><>!A+3-*8!'I\@X�r�•���Á�Z�]���Z���Œ���P�µ�o���š���•���P�o�µ���}�•�����u���š�����}�o�]�•�u�����v����

</>?)</!8,><>-<2<-#!gSQTXSQShL!F/38,+>,0!+0<D*><-#!</!ISC!<>!+>>*3<+-,0!K<-.!+/!</38,+>,0!),2,)!*A!F[X̂ !K.<3.!

>-<=?)+-,>!-.,! .,D+-<3!>,38,-<*/!*A!6X8,+3-<2,!D8*-,</!'6G%45!+!>#>-,=<3!"<*=+8M,8!A*8!+/!</A)+==+-*8#!

8,>D*/>,!gSQPXSQ]hL!100<-<*/+))#5!+0<D*><-#!<>!+>>*3<+-,0!K<-.!+/!</38,+>,0!),2,)!*A!),D-</5!+!8,9?)+-*8!*A!

</>?)</!>,/><-<2<-#!gSQS5!SQĥ5!+>!K,))!+>!0,38,+>,0!),2,)>!*A!+/-<X</A)+==+-*8#!+/0!+/-<X+-.,8*9,/<3!

3#-*M</,>!>?3.!+>!+0<D*/,3-</!</!ISC!gSQT5!SQPhL!1)>*5!-.,8,!+8,!*-.,8!/*/ X+0<D*>,!-<>>?,X0,8<2,0!

</A)+==+-*8#!"<*=+8M,8>!K.<3.!.+2,!",,/!<0,/-<A<,0!K<-.!=,-+"*)<3!D8*3,>>,>!</!ISCL!@*8!,J+=D),5!

2+>3?)+8!-<>>?,X0,8<2,0!>*)?"),!</-8+3,))?)+8!+0.,><*/!=*),3?),XQ!'>F61$XQ4!.+>!",,/!+>>*3<+-,0!K<-.!+/!

</38,+>,0!8<>M!*A!2+>3?)+8!3*=D)<3+-<*/>!</!ISC!gSQahL!!

H2<0,/3,!>?99,>->!>,0,/-+8#!",.+2<*?8!<>!D*><-<2,)#!+>>*3<+-,0!K<-.!+/!?/A+2*?8+"),!),2,)!*A!

</A)+==+-*8#!"<*=+8M,8>5!</3)?0</9!6G%!+/0!+0<D*M</,>!>?3.!+>!I\@X�r�U���o���‰�š�]�v�U�������]�‰�}�v�����š�]�v�U�����v�����/�>X̂ !gSQX̀

SSThL!;-?0<,>!.+2,!8,D*8-,0!</!+0?)->!)<2</9!K<-.!ISC!,2<0,/3,!*A!+>>*3<+-<*/>!*A!.<9.,8!2*)?=, >!*A!

>,0,/-+8#!-<=,!K<-.!?/A+2*?8+"),!),2,)>!*A!F[X̂ !+/0!6G%!gSSQ5!SSSh5!+>!K,))!+>!),D-</!+/0!),D-</X+0<D*/,3-</!

8+-<*!'[1G4!gSSShL!I., !+>>*3<+-<*/>!K,8,!>.*K/ !-*!",!</0,D,/ 0,/-!*A! -<=,!>D,/-!</!$W%1!+>!K,))!+>!

+0<D*><-#!+/0!9)#3+,=<3!),2,)>!gSSShL!!

!

!

B@F+E"/"*'%&C+3";%:()9&+%*/+196#9$)6-"$"'%$+#)*/('()*6@++

I.,8, !<>!>*=,!, 2<0,/3,!>?99,>-</9!-.+-!>,0,/-+8#!",.+2<*?8!<>!+>>*3<+-,0!K<-.!>*=,!$;%!3*/0<-<*/>!g_^5!

`] 5!SSPhL!1!>#>-,=+-<3!8,2<,K5!A*8!</>-+/3,5!!</0<3+-,0!-.+-!>,0,/-+8#!",.+2<*?8!<>!+>>*3<+-,0!K<-.!)*K!"+3M!

D+</!g̀] hL!1)>*5!)*/9<-?0</+)!>-?0#!A</0</9>!>?99,>-!-.+-!</38,+>,0!>,0,/-+8#!-<=,!<>!+>>*3<+-,0!K<-.!D+</!

8,)+-,0!-*!$;%!3*/0<-<*/>!gQ]hL!;<=<)+8)#5!+!38*>>X>,3-<*/+)!>-?0#!/*-,0! -.+-!D8*)*/9,0!*33?D+-<*/+)!><--</9!

<>!><9/<A<3+/-)#!+>>*3<+-,0!K<-.!"+3M!D+</!g]_ hL!F/!+00<-<*/5![,,!,-!+)L!gQ ĥ!0*3?=,/-,0! </!+!38*>>X>,3-<*/+)!

>-?0#!+!3*88,)+-<*/!",-K,,/!>,0,/-+8#!",.+2<*?8!+/0!3.8*/<3!M/,, XU*</-!D+</L!@?8-.,8=*8,5!</-,82,/-<*/!

>-?0<,>!.+2,!</0<3+-,0!+!D*><-<2,!,AA,3-!*A!>,0,/-+8#!",.+2<*?8!8,0?3-<*/!*/!*?-3*=,>!8,)+-,0!-*! $;%!

3*/0<-<*/>!g_^5!_`5!SSPhL!:8+M,/8<09,!,-!+)L!g_^h5!A*8!,J+=D),5!8,D*8-,0!</!+/!</-,82,/-<*/!>-?0#!-.+-!

8,0?3,0!><--</9!-<=,!+=*/9!K*8M,8>!<>!+>>*3<+-,0!K<-.!8,0?3,0!)*K!"+3M!D+</L!1)>*5!:+8*/, X(<"">!+/0!



!

Q !̀
!

3*)),+9?,>!g_`h!3*/3)?0,0!A8*=!+!><JX=*/-.!><--</9!8,0?3-<*/!</-,82,/-<*/!-8<+)!-.+-!0,38,+>,0 !D8*)*/9,0!

><--</9!8,0?3,0!)*/9 X>-+/0</9!)*K!"+3M!D+</!+=*/9!+!98*?D!*A!K*8M,8>L!!

;<=<)+8)#5!+>>*3<+-<*/>!*A!>,0,/-+8#!",.+2<*?8!K<-.!$;%!3*/0<-<*/X8,)+-,0!+--8<"?-,>!>?3.!+>!D+</!

</-,/><-#5!A?/3-<*/+)!0<>+"<)<-#!+/0!D.#><3+)!A?/3-<*/</9!+8,!,2<0,/-!gS_5!̀] hL!1)p+.8+/<!+/0!3*)),+9?,>!g̀] h!

*">,82,0! </!+!>#>-,=+-<3!8,2<,K!-.,! 0,-8<=,/-+)!+>>*3<+-<*/>!*A!>,0,/-+8#!",.+2<*?8!K<-.!D+</!</-,/><-#!

+/0!0<>+"<)<-#L!@?8-.,8=*8,5!+!)*/9<-?0</+)!>-?0#!0*3?=,/-,0!-.+-!.<9. ,8!-<=,!>D,/-!</!>,0,/-+8#!

",.+2<*?8!' lS!.*?8>N0+#!*A!IW!-<=,4!K+>!+>>*3<+-,0!K<-.!)*K!"+3M!D+</X8,)+-,0!0<>+"<)<-#!</!K*=,/! gS_hL!

1)>*5!+!>,0,/-+8#!",.+2<*?8!8,0?3-<*/!</-,82,/-<*/!-8<+)!A*?/0!-.+-!</38,+>,0!K*8MD)+3,!><--</9!-<=,!K+>!

+>>*3<+-,0!K<-.!</38,+>,0!8<>M>!*A!$;%!>#=D-*=>!gQahL!!!

\,2,8-.,),>>5!$;%!3 */0<-<*/>!3*?)0!+)>*!3*/-8<"?-,!-*!,J3,>><2,!>,0,/-+8#!",.+2<*?8!</!+0?)->5!

D+8-)#!",3+?>,!*A!-.,!D,83,<2,0!D+</X</.<"<-*8#!,AA,3-!*A!><--</9!gQ 5̀!QYhL!@*8!</>-+/3,5!A</0</9>!A8*=!+!38*>>X

>,3-<*/+)!>-?0#!</0<3+-,!-.+- !>,0,/-+8#!",.+2<*?8!<>!+>>*3<+-,0!K<-.!+!.<9.,8!</.<"<-*8#!3+D+3<-#!*A!D+</!</!

D,*D),!)<2</9!K<-.!3.8*/<3!$;%!3*/0<-<*/>5!>?99,>-</9!-.+-!>,0,/-+8#!",.+2<*?8!3*?)0!",!+!D8*-,3-<2,!

=,3.+/<>= !</!D+</!=*0?)+-<*/ !gQ h̀L!1)>*5!+!>-?0#!.+>!/*-,0! -.+-!D+-<,/->!K<-.!M/,,!*>-,*+8-.8<-<>!>D,/0!

=*>-!*A!-.,<8!K+M</9!.*?8>!</!>,0,/-+8#!-<=,!gSS_hL!@?8-.,8=*8,5!+!B?+)<-+-<2,!>-?0#!*/!-.,!D,8>D,3-<2,>!*A!

0+<)#!>,0,/-+8#!",.+2<*?8!+=*/9 !8.,?=+-*<0!+8-.8<-<>!D+-<,/->!<0,/-<A<,0!3*==*/!-.,=,> 5!K.<3.!</0<3+-,!

-.+-!+8-.8<-<>X8,)+-,0!D+</!3*/-8<"?-,>!-*!D+-<,/->!,/9+9</9!</!=*8,! >,0,/-+8#!",.+2<*?8!gQYhL!!

F/!3*/-8+>-5!>*=,! D?")<3+-<*/>!.+2,!/*-,0! /*!,2<0,/3,!*A !+>>*3<+-<*/>!",-K,,/!>,0,/-+8#!

",.+2<*?8!+/0!$;%!3*/0<-<*/>!gSS]5!SS ĥL!@*8!,J+=D),5!6.,/! +/0!3*)),+9?,>!8,2<,K,0!QT!D8*>D,3-<2,!

3*.*8->!+/0!A<2,!3+>,X3*/-8*)!>-?0<,>!+/0!A*?/0!/*! ><9/<A<3+/-!+>>*3<+-<*/>!",-K,,/! >,0,/-+8#!",.+2<*?8!

+/0!)*K!"+3M!D+</!gSS]hL!&*K,2,85!-.,! */)#! .<9.XB?+)<-#!>-?0#!+=*/9!-.,<8!8,2<,K,0!>-?0<,>!8,D*8-,0!

,2<0,/3,!*A!+/!+>>*3<+-<*/!",-K,,/!>,0,/-+8#!",.+2<*?8!+/0!)*K!"+3M!D+</!gSS]hL!1)>*5!+!>#>-,=+-<3!8,2<,K!

.+>!*">,82,0!-.+-!><--</9!</!<->,)A!=+#!/*-! ",! +>>*3<+-,0!K<-.!"+3M!D+</5!"?-!D8*)*/9,0!><--</9!3*?D),0!K<-.!

+KMK+80!D*>-?8,>!+/0!K.*),X"*0#!2<"8+-<*/!=+#!</38,+>,!-.,!8<>M!*A!"+3M!D+</!gSS ĥL!!

@?8-.,8=*8,5!"*0#! )*3+-<*/>!*A!$;%!3*/0<-<*/>!=+#!",!+! 0,-,8=</</9!A+3-*8!*A!>,0,/-+8#!

",.+2<*? 8N$;%!3*/0<-<*/>!+>>*3<+-<*/>!ĝ _5!SSahL!@*8!</>-+/3,5!>*=,!><--</9!8,0?3-<*/!</-,82,/-<*/ >!.+2,!

A*?/0!</-,82,/-<*/! >-8+-,9<,>!-*!",!,AA,3-<2,!</!8,0?3</9!$;%!+-!>,),3-,0!+/+-*=<3+)!><-,>!g_^5!̂_hL!C+/B?+.!

,-!+)L!ĝ _h5!A*8!,J+=D),5!0*3?=,/-,0! �š�Z���š���š�Z�����^�d���l��X+X�^�š���v���J�_���}�(�(�]����X"+>,0!</-,82,/-<*/!,AA,3-<2,)#!8,0?3,0!

/,3MN>.*?)0,8!D+</!"?-!/*-!"+3M!+/0!,J-8,=<-<,>!D+</L![<M,K<>,5!:8+M,/8<09,!+/0!3*)),+9?,>!A*?/0!-.+-!

><--</9!8,0?3-<*/!</-,82,/-<*/! ><9/<A<3+/-)#!8,0?3,0!D+</!</-,/><-#!+-!-., !)*K,8!"+3M!"?-!/*-! +-!-.,!/,3M5!

?DD,8!"+3M!*8!,J-8,=<-<,>!g_^hL!!

!

!



!

QY!
!

B@H+G"$%'()*6;(<6+3"'.""*+ 'C<"+B+/(%3"'"6+%*/+196#9$)6-"$"'%$+<%(*+#)*/('()*6 +

;*=,!$;%!3*/0<-<*/>!+8,!.<9.)#!D8,2+),/-!+/0!,J3)?><2,!</!D,*D),!K<-.!0<+",-,>!gSQ5!SS5!̀Q5!SS h̀5!,>D,3<+))#!

ISC!K.<3.!A*8=>!+!)+89,!D8*D*8-<*/!*A!0<+",-,>!3+>,>!9)*"+))#!g̀ hL![<=<-,0!U*</-!=*"<)<-#!>#/08*=,!*8!

�^���Z���]�Œ�}���Œ�š�Z�Œ�}�‰���š�Z�Ç�_�U���(�}�Œ�����Æ���u�‰),5!<>!",)<,2,0!-*!",!,J3)?><2,)#!D8,2+),/-!</!D,*D),!K<-.!0<+",-,>5!K<-.!-.,!

D8,2+),/3,!8+-,!8,D*8-,0!-*!8+/9,!",-K,,/!`j!+/0!]`j !gSSYXSPShL!V-.,8!$;%!3*/0<-<*/>!>?3.!+>!3+8D+)!

-?//,)!>#/08*=,5!+0.,><2,!3+D>�µ�o�]�š�]�•�U�����µ�‰�µ�Ç�š�Œ���v�[�•�����}�v�š�Œ�����š�µ�Œ���U���•�š�]�(�(���Z���v�����•�Ç�v���Œ�}�u���U���(�o���Æ�}�Œ���š���v�}�•�Ç�v�}�À�]�š�]�•��

,-3L!+8,!A8,B?,/-)#!+>>*3<+-,0!K<-.!0<+",-,>!gSS5!SSYhL!1)>*5!,2<0,/3,!*A!+!8<></9!D8,2+),/3,!*A!0<+",-,>X

+>>*3<+-,0!U*</-X8,)+-,0!$;%!3*/0<-<*/>!<>!K,))!0*3?=,/-,0 !gSQ5!SPThL!6.+83*-!*>-,*+8-.8*D+-.#5!A*8!

,J+=D),5!<>!=*8,!3*==*/)#!+>>*3<+-,0!K<-.!0<+",-,>!gSQhL!!

HD<0,=<*)*9<3+)!>-?0<,>!.+2,!0*3?=,/-,0!,2<0,/3,!*A! 0,-8<=,/-+)!+>>*3<+-<*/>!",-K,,/!ISC!+/0!

$;%!3*/0<-<*/>!>?3.!+>!+8-.8<-<>5!8.,?=+-*<0!+8-.8<-<>5!*>-,*+8-.8<-<>5!+/0!3.8*/<3!"+3M!D+</>!ga] 5!̀` 5!SPSX

SP h̀L!:.+-!,-!+)L!gSP h̀5!A*8!,J+=D),5!>?8D8<></9)#!A*?/0!</!+!3+>,X3*/-8*)!>-?0#5!+!.<9.,8!D8,2+),/3,!*A!?DD,8!

+/0!)*K,8!)<="!$;%!3*/0<-<*/>!</!ISC!3+>,>!-.+/!</!-.,!/*/ XISC!3*/-8*)>!gSP h̀L!$*8,*2,85!>-?0<,>!.+2,!

</-,/><2,)#!</2,>-<9+-,0!+/0!0*3?=,/-,0!,2<0,/3,!* A!+!D*-,/-<+)!8<>M!*A!*>-,*+8-.8<-<>!</!ISC!D+-<,/->!g̀T5!

`a5!̀` 5!SPYhL!F/!+!>#>-,=+-<3!8,2<,K!+/0!=,-+X+/+)#><>5!A*8!</>-+/3,5!Z<))<+=!+/0!3*)),+9?,>!g̀Th!8,D*8-,0!

</38,+>,0!*00>!*A!*>-,*+8-.8<-<>!</3<0,/3,!+/0!D8*98,>><*/!</!ISC!D+-<,/->!'VG!c!QLSQ5!Y]j!6FO!QLTS!�t!QL_Q4L!

1)>*5!H#=+80!,-!+)L!gSPYh!A*?/0!</!+/!</-,82,/-<*/ !-8<+)!-.+-!ISC!</38,+>,>!-.,!8<>M!*A!U*</-!/+88*K</9!</!M/,,!

*>-,*+8-.8<-<>!D+-<,/->L!@?8-.,8=*8,5!+!=,-+X+/+)#><>!*A!D**),0!0+-+!A8*=!S]!>-?0<,>!A*?/0!ISC!-*!",!

+>>*3<+-,0!K<-.!+/!</38,+>,0!8<>M!*A!3+8D+)!-?//,)!>#/08*=,5!.*K,2,85!-.,!8<>M!K+>!/*-!0<AA,8,/-!</!D,*D),!

K<-.!-#D,!Q!0<+",-,>!gaYhL!!

;*=,!+?- .*8>5!.*K,2,85!>?99,>-!$;%!3*/0<-<*/>!8+-.,8!D8,0<>D*>,!-*!-.,!8<>M!*A!0,2,)*D</9!ISC!

gS_ThL!@</0</9>!A8*=!+!D8*>D,3-<2,!>-?0#5!A*8!</>-+/3,5!>?99,>-!-.+-!-.,!D8,>,/3,!*A!*>-,*+8-.8<-<>!3*?)0!

D8,0<>D*>,!-*!+/!</38,+>,0!8<>M!*A!ISC5!+!8<>M!K.<3.!<>!+9,X!+/0!9,/0,8 X0,D,/0,/-5!K<-.!#*?/9,8! D,*D),!+/0!

*)0,8!K*=,/!",</9!+-!</38,+>,0!8<>M!*A!ISC!gS_ThL!V/!-.,!3*/-8+8# 5!*-.,8!D?")<3+-<*/>!.+2,!0*3?=,/-,0!/*!

,2<0,/3, !*A!+>>*3<+-<*/>!",-K,,/!ISC!+/0!-.,!8<>M!*A!$;%!3*/0<-<*/>!g̀` 5!S_QhL!@*8!</>-+/3,5!C+8<*!,-!+)L!

g̀` h!+/+)#>,0!)*/9<-?0</+)!0+-+!+/0!A*?/0!/*!,2<0,/3,!*A !+/!</38,+>,0!8<>M!*A!"+3M!D+</!</!D,*D),!K<-.!ISCL!

;<=<)+8)#5!+!98*?D!*A!+?-.*8>!D,8A*8=,0!+!=+-3.,0!3+>,X3*/-8*)!>-?0#!+/0!3*/3)?0,0!-.+-!ISC!<>!/*-!+/!

</0,D,/0,/-!8<>M!A+3-*8!A*8!-.,!D+-.*9,/,><>!*A!.+/0! *>-,*+8-.8<-<>!gS_QhL!!

I+M,/!-*9,-.,85!-.,8,!+8,!3*/><0,8+"),! =,-.*0*)*9<3+)!0<AA,8,/3,>!</!-., !0,><9/>!*A!-.,!+"*2,!

>-?0<,>5!.,/3,5!<-!<>!0<AA<3?)-!-*!=+M,!+!=,+/</9A?)!3*=D+8<>*/!+38*>>!-.,!A</0</9>L!\,2,8-.,),>>5!-.,!

A</0</9>!A8*=!-., !.<9.X),2,)!,2<0,/3,!>-?0<,>!+DD,+8!-*!>?99,>-!ISC!=+#!",! +>>*3<+-,0!K<-.!>*=,!$;%!

3*/0<-<*/>!+/0!</38,+>,!-.,!8<>M>!*A!-.,<8!0,2,)*D=,/-!+/0!D8*98,>><*/ !g̀T5!SPa5!SPYhL!I.,!3*/-8+>-</9!
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REVIEW

Musculoskeletal pain and!sedentary 
behaviour in!occupational 
and!non-occupational settings: a!systematic 
review with!meta-analysis
Francis Q. S. Dzakpasu1,2,3* , Alison Carver1, Christian J. Brakenridge1,2,3, Flavia Cicuttini4, Donna M. Urquhart4, 
Neville Owen3,5 and David W. Dunstan1,2 

Abstract  

Background: Sedentary behaviour (SB; time spent sitting) is associated with musculoskeletal pain (MSP) conditions; 
however, no prior systematic review has examined these associations according to SB domains. We synthesised evi-
dence on occupational and non-occupational SB and MSP conditions.

Methods: Guided by a PRISMA protocol, eight databases (MEDLINE, CINAHL, PsycINFO, Web of Science, Scopus, 
Cochrane Library, SPORTDiscus, and AMED) and three grey literature sources (Google Scholar, WorldChat, and Trove) 
were searched (January 1, 2000, to March 17, 2021) for original quantitative studies of adults !  18 years. Clinical-condi-
tion studies were excluded. StudiesÕ risk of bias was assessed using the QualSyst checklist. For meta-analyses, random 
e!ect inverse-variance pooled e!ect size was estimated; otherwise, best-evidence synthesis was used for narrative 
review.

Results: Of 178 potentially-eligible studies, 79 were included [24 general population; 55 occupational (incuding15 
experimental/intervention)]; 56 studies were of high quality, with scores > 0.75. Data for 26 were meta-synthesised. 
For cross-sectional studies of non-occupational SB, meta-analysis showed full-day SB to be associated with low back 
pain [LBP Ð OR =  1.19(1.03 Ð 1.38)]. Narrative synthesis found full-day SB associations with knee pain, arthritis, and 
general MSP, but the evidence was insu"cient on associations with neck/shoulder pain, hip pain, and upper extremi-
ties pain. Evidence of prospective associations of full-day SB with MSP conditions was insu"cient. Also, there was 
insu"cient evidence on both cross-sectional and prospective associations between leisure-time SB and MSP condi-
tions. For occupational SB, cross-sectional studies meta-analysed indicated associations of self-reported workplace 
sitting with LBP [OR =  1.47(1.12 Ð 1.92)] and neck/shoulder pain [OR =  1.73(1.46 Ð 2.03)], but not with extremities pain 
[OR =  1.17(0.65 Ð 2.11)]. Best-evidence synthesis identiÞed inconsistent Þndings on cross-sectional association and a 
probable negative prospective association of device-measured workplace sitting with LBP-intensity in tradespeople. 
There was cross-sectional evidence on the association of computer time with neck/shoulder pain, but insu"cient 
evidence for LBP and general MSP. Experimental/intervention evidence indicated reduced LBP, neck/shoulder pain, 
and general MSP with reducing workplace sitting.
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permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
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to the material. If material is not included in the articleÕs Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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Background
!e burden of musculoskeletal pain (MSP) conditions 
has increased in recent decades, contributing to sub-
stantial health care costs [1]. According to 2019 Global 
Burden of Disease (GBD) estimates, age-standardised 
disability-adjusted life years attributable to MSP condi-
tions excluding low back pain (LBP) increased from 1990 
to 2019 by some 30.7 percentage points [2]; whereas the 
2017 GDB report ranked LBP as the second-highest con-
tributor to years lived with disability [3]. !e prevalence 
of MSP conditions has increased in parallel with the ris-
ing burden of chronic disease and is most pronounced in 
those with multi-morbidities [3, 4]. Also, MSP can sub-
stantially limit mobility and engagement in regular physi-
cal activity, thereby predisposing to increased risk of 
other chronic conditions [3].

!e biological mechanisms contributing to MSP con-
ditions are heterogeneous; nonetheless, obesity, static 
working postures, physical inactivity, smoking, and 
aging, as well as cardiometabolic and systemic inßam-
mation, are some factors identiÞed to increase the preva-
lence of MSP [5, 6]. While there is convincing evidence of 
beneÞcial associations of physical activity with outcomes 
related to MSP conditions [7, 8] there is an additional 
element to consider in this nexus Ð sedentary behaviour 
(SB). DeÞned as time spent in sitting and/or reclining 
postures during waking hours, with energy expenditure 
less than 1.5 metabolic equivalents (METs) [9] Ð SB is 
associated with increased risk and unfavourable out-
comes of chronic diseases, including cardiovascular 
disease, metabolic disorders, musculoskeletal diseases, 
and some cancers, as well as all-cause mortality [10, 11]. 
Intervention trials have shown that reducing sitting time 
can result in modest improvements in some biomarkers 
of health risk [12, 13]. From a population health perspec-
tive, excessive time spent sitting is common among older 
adults, especially in those with co-morbidities such as 
cardiovascular and metabolic disorders [14, 15].

Epidemiological evidence indicates higher volumes of 
SB are associated with several MSP conditions, including 
osteoarthritis, back pain, and neck/shoulder pain [16, 
17]. Some of these Þndings are from low-level evidence 

cross-sectional studies and there could be potential 
reverse causality bias [16]; inferring a causal relationship 
between SB and MSP may therefore be problematic as 
pain and chronic disease could predispose to engage-
ment in"excessive SB [18]. !ere is, however, an incon-
sistent body of evidence of associations of SB with MSP 
conditions and related outcomes from high-level evi-
dence-based studies [19, 20]. Some previous systematic 
reviews of studies including higher-level study designs 
have reported no associations of SB with the prevalence 
of some MSP conditions [19Ð24], whereas others have 
reported either positive [20, 25] or negative [26] asso-
ciations with some MSP-related outcomes such as pain 
intensity. Methodological di#erences and limitations 
within the individual studies reviewed in these system-
atic reviews could impact the quality of evidence and 
comparability of these reviews as some of the studies 
were based on self-reported and surrogate estimates of 
SB which increases the risk of bias [19, 21, 22, 24, 27]. 
!e emergence of evidence on device-measured SB, 
especially from studies using the ActiGraph and activ-
PAL devices has improved the quality of SB evidence in 
recent research outputs [25Ð27].

!ere could be other reasons for the equivocal asso-
ciations, including factors related to the inßuence of the 
speciÞc domains of SB (e.g., work, transport, domestic) 
and the relative exposure of the studied population. !is 
perspective suggests potential contributions of di#erent 
domains of SB to the risk of adverse health outcomes, 
which may di#er from the e#ects of total full-day SB [28Ð
30]. Moreover, evidence on di#erences in health e#ects of 
di#erent SB domains has been identiÞed as a key knowl-
edge gap by the 2020 World Health Organisation (WHO) 
physical activity and SB guidelines development group 
[31]. Existing systematic reviews have not identiÞed dif-
ferences according to domains in the associations of SB 
with MSP conditions.

!is distinction is important, partly because, most 
working adults accumulate SB in both occupational and 
non-occupational settings. !at said, SB could predis-
pose to MSP conditions in certain occupational groups 
such as desk-based workers who commonly engage in a 

Conclusions: We found cross-sectional associations of occupational and non-occupational SB with MSP conditions, 
with occupational SB associations being occupation dependent, however, reverse causality bias cannot be ruled out. 
While prospective evidence was inconclusive, reducing workplace sitting was associated with reduced MSP condi-
tions. Future studies should emphasise prospective analyses and examining potential interactions with chronic 
diseases.

Protocol registration: PROSPERO ID #CRD42 02016 6412 (Amended to limit the scope)

Keywords: Sedentary behaviour (SB), Occupational, Non-occupational, Workplace sitting, Self-reported, Device-
measured, Computer time, Vehicle time, Musculoskeletal pain (MSP) conditions
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prolonged sitting [32, 33]. In this context, interventions 
to reduce prolonged workplace sitting time by break-
ing up sitting with standing and/or light walking have 
shown beneÞcial associations with a reduction in MSP 
or musculoskeletal system discomfort among desk-based 
workers [34, 35]. !us, SB associations may also reßect 
plausible biomechanical or biological pathways explain-
ing MSP conditions in those exposed to prolonged static 
sitting postures [36Ð38]. Paradoxically, however, in occu-
pational groups such as tradespeople who engage in 
more labour-intensive manual work, SB may be a protec-
tive behaviour against MSP conditions and other chronic 
diseases [39Ð41].

We conducted a systematic review to examine evidence 
on the associations of SB with MSP conditions in obser-
vational and experimental/intervention studies of adults. 
SpeciÞcally, we examined and synthesised evidence sepa-
rately for associations of SB with MSP conditions in the 
occupational and non-occupational SB domains.

Methods
Review design
We used a standard Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines-based pre-designed protocol (PROSPERO ID: 
CRD42020166412 Ð amended to limit the scope of the 
review) to ensure a transparent review [42, 43]. !e a 
priori research question and search strategy were for-
mulated according to the Population, Intervention, Con-
trol/Comparison, and Outcome (PICO) framework [44] 
to enhance search precision and ensure extensive data 
extraction to be representative and unbiased [45]. !e 
research question was: What are the associations of occu-
pational and non-occupational SB with MSP conditions 
in adults?

Search strategy
Using a comprehensive search strategy, search terms 
were identiÞed and combined using Boolean operators 
to search the following electronic databases: MEDLINE 
Complete, CINAHL Complete, PsycINFO, Web of Sci-
ence, Scopus, Cochrane Library, SPORTDiscus, and 
AMED. Additionally, three online grey literature data-
bases, including Google Scholar, WorldChat, and Trove, 
were searched to also identify non-peer-reviewed stud-
ies to help to minimise publication bias [46]. !e search 
was conducted by one reviewer, for consistency, with 
the guidance of a librarian (Australian Catholic Univer-
sity, Melbourne) initially on January 5, 2020; and, further 
updated on November 1, 2020, and March 17, 2021. !e 
search Þlter was set to limit search results to studies pub-
lished from January 1, 2000, onwards. !is timeframe 

was chosen because the Þeld of SB is relatively new, the 
early deÞnitive papers were published at the beginning 
of this period, and SB research output has grown signiÞ-
cantly over the past two decades [9].

!e search terms format, guided by the PICO frame-
work, included keywords, terms, and phrases related 
to SB (Exposure/Intervention); MSP conditions (Out-
come); and adults (Population). !e search was opti-
mized by adding to the search string, newly identiÞed 
key terms that consistently appear in titles and abstracts 
of retrieved studies during the search [47]. A supplemen-
tary Þle (Supplementary Table"1: Search key terms and 
strings strategy Ð A sample Medline database search syn-
tax) describing the comprehensive search term frame-
work is attached.

Study eligibility and!selection
Inclusion and!exclusion criteria
!e selection of eligible studies was based on pre-deter-
mined inclusion and exclusion criteria. !e reviewed 
studies satisÞed all the criteria below:

a. An original quantitative study involving either an 
observational or intervention/experimental design. 
!is included cross-sectional, caseÐcontrol studies, 
and prospective studies, as well as randomized con-
trolled trials (RCTs) and non-randomized experi-
mental study designs.

b. !e study was conducted in adults aged 18"years or 
older and examined relationships between SB (the 
exposure of interest) and MSP conditions (the out-
come of interest).

c. !e study included a measure of any kind of MSP 
condition, including inßammatory and non-inßam-
matory MSP conditions such as back pain, joint/
osteoarthritis, and pain in extremities (except for 
pain attributable, acutely or recently, to trauma). 
Autoimmune-related MSP conditions, for exam-
ple, rheumatoid arthritis and Þbromyalgia were not 
included in this review because the pathophysiol-
ogy of these conditions is mainly attributable to the 
processes and progression of speciÞc clinical disease 
entities with autoimmune causations. Some studies 
did not measure a speciÞc type of MSP condition but 
produced a composite measure of MSP conditions. 
!ose that measured arthritis but excluded Þbro-
myalgia were considered for inclusion because the 
majority of reported cases of arthritis are likely to be 
osteoarthritis rather than rheumatoid arthritis. !ere 
is no universally accepted measure for MSP condi-
tions; therefore, any acceptable measures described 
in studies provided the basis for considering studies 
to be appropriately inclusive of MSP conditions.
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d. !e study clearly deÞned or stated the measure of SB. 
SpeciÞcally, the study reported a self-report measure 
or device-based measure of occupational or non-
occupational SB. !is included population-based or 
occupational/workgroup cohort studies that meas-
ured SB exposures that aligned with the focus of our 
review.

Studies were excluded if they met any of the criteria 
described below:

a. all qualitative studies and those quantitative studies 
involving children and adolescent populations aged 
below 18"years;

b. studies that did not appropriately deÞne SB; those 
that used proxy estimates, such as Òless activeÓ, Òinac-
tiveÓ or Òdoes not engage in physical activitiesÓ; those 
that did not make a clear distinction between SB and 
physical inactivity and included these as overlapping 
behaviours or used these terms interchangeably;

c. studies that focused on SB as an outcome but did not 
explicitly examine the relationship of SB with MSP 
conditions; studies that focused only on the relation-
ship between physical activity and MSP conditions;

d. studies conducted exclusively in clinical groups with 
existing clinically diagnosed MSP conditions, e.g., 
knee osteoarthritis patients that focused on symptom 
severity as outcome measures;

e. opinion or perspective articles, conference papers, 
editorials, newsletters, and review studies, how-
ever, the reference lists of some literature reviews 
on a similar topic were hand-searched for relevant 
studies;

f. studies published in languages other than English.

Screening and!selection process
A two-stage approach was used to process all identiÞed 
studies before arriving at the Þnal set of studies for inclu-
sion in this review. First, the reviewer (FD), exported all 
the retrieved studies into Endnote reference manager 
software [48], checked and removed duplicate studies. 
!e reÞned list of studies was exported into collabora-
tion-supported Rayyan systematic review software [49] 
for screening. One reviewer (FD) initially screened and 
removed irrelevant studies by title and abstract accord-
ing to our inclusion and exclusion criteria, but where 
there was uncertainty regarding inclusion, such studies 
were considered in stage two screening. !e second stage 
involved retrieval of full-text articles of retained studies, 
and two reviewers (FD and CB), independently read and 
assessed the full-text articles for inclusion. Disparities 
were discussed and resolved among the two reviewers; 

however, when uncertainty remained, they consulted 
with three senior reviewers (AC, NO and DD). Records 
of retained studies as well as reasons for exclusion (at 
stage two) were documented using a PRISMA ßowchart 
(Fig."1).

Data extraction
A pre-designed data extraction form was used to organise 
relevant information from the studies reviewed, to ensure 
data quality, and to minimise errors [50]. Reviewer FD 
extracted data from all the studies, and this was veriÞed 
independently by CB. !e veriÞcation process involved 
the comparison of data extracted by CB from randomly 
selected studies (not less than 20%) with the extracts of 
FD [51]. Disagreements were resolved harmoniously. 
Extracted data included:

¥ Descriptive details Ð study title, author name, year of 
publication, place of study, study aim

¥ Study design Ð cross-sectional, caseÐcontrol, pro-
spective, experiment/RCT/non-RCT 

¥ Study population Ð population-based, occupational/
workgroup cohort

¥ Sample size
¥ Demographic information of study participants Ð 

e.g., gender, mean age or age range, and BMI.
¥ SB and measures Ð occupational SB, non-occupa-

tional SB, self-report and objective measures.
¥ Outcome variables and measures Ð MSP conditions, 

e.g., back pain, neck/shoulder pain, osteoarthritis, 
and extremities pain.

¥ Intervention/experiment detail (when applicable) Ð 
type, duration, assessment point(s), e#ect size, etc.

¥ Other relevant data relating to the MSP condition 
outcomes and their measures Ð e.g., pain intensity 
and disability.

Study quality assessment
Quality assessment for the included studies was under-
taken (independently by two reviewers) using the 
quantitative checklist of QualSyst (Standard Quality 
Assessment Criteria for Evaluating Primary Research 
Papers from a Variety of Fields) [52]. Brießy, the quan-
titative QualSyst checklist is scored on 14 criteria as 
either ÒYES =  2Ó, ÒPARTIAL =  1Ó, ÒNO =  0Ó or ÒNOT 
APPLICABLEÓ (N/A) depending on the extent to which 
each criterion item is satisÞed by the study report. Items 
marked ÔN/AÕ were excluded from the computation of 
the QualSyst summary score. For each paper, a summary 
score was computed by summing scores across items 
and dividing this by the maximum possible score for all 
relevant items [i.e., 28 Ð (number of ÔN/AÕ items "  2)] 
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[52]. Disparities in the assessments were discussed and 
resolved between the assessors, and if required, the three 
senior reviewers arbitrated. Note, however, that the qual-
ity assessment score was not a criterion for study selec-
tion but was to be considered in the determination of the 
robustness of our data synthesis.

Data synthesis
!e extracted data were Þrst categorised broadly as 
either general population or occupational cohort stud-
ies. !ereafter, they were summarised as either obser-
vational or experimental/intervention studies. !e 
observational studies were then further organised 
according to study design (cross-sectional/caseÐcontrol 
and prospective), and experimental/intervention stud-
ies were categorised as RCTs and non-RCTs to simplify 
the evidence synthesis. Within the categories, the SB 
domain measured was organised into occupational and 
non-occupational SB, and the measuring instrument 
into device-measured and self-reported SB. Further, 

grouping was completed according to measured SB 
[full-day, leisure-time, workplace sitting, computer time, 
vehicle time (time spent sitting in a vehicle), and seden-
tary behaviours (SBs) Ð time spent watching television, 
on computer/video gaming, reading or talking on the 
phone], as well as the type of MSP condition outcomes. 
!e MSP conditions included back pain (low back pain 
Ð LBP and upper back pain Ð UBP); neck/shoulder pain; 
knee osteoarthritis (pain); extremities pain (upper and 
lower); and other MSP conditions (included MSP condi-
tions reported no more than three in the reviewed stud-
ies; a general MSP/discomfort or collectively measured 
MSP conditions; and arthritis).

Descriptive tables and narrative text provide a gen-
eral overview of the studies reviewed. MSP condition 
outcomes (e.g., back pain, neck/shoulder pain, and knee 
osteoarthritis) reported in three studies or more with 
permissible variations in the study designs and meas-
ures were quantitatively synthesised. Otherwise, the MSP 
condition is presented in a narrative review.

Fig. 1 PRISMA ßow diagram of the studies record
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Narrative review
In the case whereby meta-analysis was not feasible, 
individual study Þndings were systematically described 
and integrated using the best-evidence synthesis in a 
narrative text [53, 54]. !is commonly used synthesis 
approach takes into account the quality and the consist-
ency of reported Þndings of the studies in three levels 
Ð strong evidence (!  75% of the studies show consistent 
signiÞcant Þndings in the same direction of !  2 high-
quality studies; moderate evidence (consistent signiÞcant 
Þndings in the same direction of a high-quality and at 
least a low-quality studies or !  2 low-quality studies; and 
insu$cient evidence (inconsistent Þndings in !  2 stud-
ies or just a single available study). When there were !  2 
studies of high quality in a category, our conclusion on 
the evidence of associations was based on the within- and 
between-relationships of the high-quality studies.

Quantitative synthesis
Pooled meta-analysis was performed on homogenous 
data for SB and MSP condition outcomes when permis-
sible. !e RevMan5 (Review Manager 5.4.1) inverse-
variance approach was used to estimate the pooled e#ect 
size (in odds ratio) based on random e#ect due to the 
heterogeneity of the data [55]. When there were su$-
cient studies, subgroup analysis was performed based on 
self-reported and device-measured SB. To gain insight on 
how occupation type could mask the association of work-
place sitting with MSP conditions, a subgroup analysis 
by occupation type was performed. Further, subgroup 
analysis was conducted for studies that reported neck, 
shoulder, and neck/shoulder pain, and for a subgroup 
that reported extremities pain. Pooled e#ect relationships 
were illustrated by forest plots, and data heterogene-
ity was estimated by  I2,  Tau2, and CochranÕs Chi-square. 
!e robustness of our estimated pooled e#ect sizes was 
examined in a sensitivity analysis by excluding studies of 
low quality from the estimate; we used a funnel plot to 
illustrate potential publication bias.

In general, evidence synthesised by narrative review 
(the best-evidence synthesis) or quantitative synthesis 
(meta-analysis) from observational studies was regarded 
as either of low quality for cross-sectional/caseÐcon-
trol studies-based evidence or high quality for prospec-
tive studies-based evidence. Evidence synthesised from 
experimental/intervention studies was regarded as of 
moderate/high quality depending on the relative contri-
bution of non-RCT and RCT studies in the evidence.

Results
!e search identiÞed 5060 studies (Fig."1) and 3690 
remained after removing duplicates. !ese studies were 
screened by title and abstract according to the reviewÕs 

inclusion and exclusion criteria. A total of 178 stud-
ies were retained for full-text screening. Of these, we 
excluded 99 studies (Supplementary Table"2: Stud-
ies excluded after full-text screening) after the full-text 
screening, leaving 79 studies published from 2000 to 
2021 for the evidence synthesis, including 26 studies for 
meta-analysis. !e included studies had representation 
from 36 di#erent countries. Several of these countries 
were the settings for Þve or more studies: Australia (10), 
Denmark (8), Brazil (8), South Korea (5), the USA (5), 
and the UK (5).

Characteristics of!the!included studies
!e characteristics of the studies are detailed in Tables"1, 
2, and 3 for the general population cohorts, observational 
occupational cohorts, and experimental/intervention 
occupational cohorts, respectively. Overall, 24 obser-
vational studies were categorised as general population 
cohort studies; 55 studies as occupational cohort studies, 
which included 40 observational studies and 15 experi-
mental/intervention studies. !e occupational category 
comprised studies of o$ce workers (21); professionals 
Ð physicians, specialists, nurses, university sta#, teach-
ers, students, and police duty o$cers (20); tradespeople 
and manual workers Ð construction, factory, manufac-
turing, cleaning, transport, handicraft, sewing machine 
operators, steel plant workers and beauticians (14); and 
bus drivers (3), included a study [56] that recruited o$ce 
workers, professionals, and tradespeople; and another 
study [57] was also of professionals and tradespeo-
ple. Cross-sectional designs and a caseÐcontrol design 
accounted for 75% and prospective designs 25% in the 
general population category, whereas 85% of the obser-
vational studies in the occupational category were cross-
sectional and 15% had prospective designs. Among the 
experimental/intervention studies, however, there were 
six randomised controlled trials (RCTs), two randomised 
cross-over trials, and two non-randomised experiment 
without control; one study each of non-RCT, randomised 
trial (RT) without control, non-RT without control (a 
pilot study), non-randomised cross-over trial, and a 
cross-sectional analysis of a dataset from an RCT.

In the general population category, SB was most fre-
quently measured (79%) in the non-occupational domain. 
In contrast, in the occupational category, SB was most 
frequently measured (85%) in the occupational domain. 
Most (i.e., 54 out of 79) of the studies measured self-
reported SB. In total, 19 studies investigated device-
measured SB, including ActiGraph (general population 
category, four studies; occupational category, eight stud-
ies), activPAL (Þve Ð all in the intervention studies of 
occupational category), and both ActiGraph and activ-
PAL (one intervention study of occupational category). 
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Four studies in the experimental/intervention category, 
however, were based on pre-determined or usual work-
place sitting conditions.

Among the studies that examined full-day SB or sitting, 
more than twice as many were in the general population 
category (15 studies) as were in the occupational cat-
egory (seven studies). More studies in the occupational 
category examined workplace sitting (21 studies) and lei-
sure-time sitting (seven studies) than in the general pop-
ulation category (workplace sitting time, two studies and 
leisure time, zero studies). Time spent watching televi-
sion and/or other SBs were investigated in seven studies 
(six in the general population and one in the occupational 
cohort categories). Also, computer time (Þve studies) 
and vehicle time (Þve studies) were examined only in the 
occupational category. In addition to SB or sitting time, 
Þve studies examined SB/sitting bout duration, four of 
these studies were in the occupational category. Finally, 
11 experimental/intervention studies examined changes 
in self-reported or device-measured sitting time.

Regarding MSP condition outcomes, 38 studies inves-
tigated a single MSP condition, 30 studies investigated 
multiple MSP conditions and 11 studies investigated gen-
eral MSP. In general, LBP (50 studies) and neck/shoulder 
(28 studies) were the most frequently investigated. Except 
for two studies in the general population category that 
examined either medical record data or clinical examina-
tion data, all the studies investigated self-reported MSP 
conditions. In total, 22 studies investigated MSP-related 
pain intensity (19 studies) or MSP-related disability, and 
only three of these studies were in the general population 
category.

Regarding the population, 10 of 24 general population 
studies were of adults !  45"years, including three studies 
of older adults (!  65"years). Also, one study in this cat-
egory which was conducted in 2013 was of a 1946 birth 
cohort. In the occupational category, the studies were of 
adults !  18" years; among these, Þve studies speciÞcally 
recruited young or middle-aged adults, and one study 
was of a cohort of 21-year olds.

Inter-rater reliability and!quality assessment
!ere was 83.9% agreement between the two reviewers 
for including or excluding studies. Decisions on seven 
studies were made after consultation with the three sen-
ior reviewers.

Quality assessment scores for the studies are presented 
in Tables"1, 2, and 3 for the general population, observa-
tional-occupational, and experimental/intervention stud-
ies, respectively. On average, the studies in each of the 
categories were of high quality with mean scores of 0.83, 
0.80, and 0.76 for the general population, observational-
occupational, and experimental/intervention studies, 

respectively. !e lowest scores in these categories were 
0.41 for Aweto et"al. [58], a cross-sectional study in the 
general population category; 0.36 for Omokhodion et"al. 
[94], a cross-sectional study in the observational-occu-
pational category; and 0.42 for Engelen et" al. [122], a 
non-RT without control design pilot study in the experi-
mental/intervention category. !e highest score among 
the general population category was 0.95 scored in six 
studies [16, 64, 66, 67, 75, 76]. In the occupational cat-
egory, the highest score in observational studies was 0.95 
scored by six studies [39, 57, 100, 109, 114, 129], and in 
experimental/intervention studies was 0.96 for one study, 
Brakenridge et"al. [121].

!e low-quality studies mostly scored low for QualSyst 
checklist item-11, ÒSome estimate of variance is reported 
for the main results?Ó. Most of the experimental/interven-
tion studies scored low on item 9, ÒSample size appropri-
ate?Ó. In general, most of the studies scored average on 
item 8, ÒOutcome and (if applicable) exposure measure(s) 
well deÞned and robust to measurement/misclassiÞca-
tion bias? Means of assessment reported?Ó. Overall, based 
on a relatively liberal cut-o# threshold of 0.55 put for-
ward by Kmet & Lee [52], six studies scored $  0.55 (gen-
eral population two, observational-occupational three, 
and experimental/intervention occupational one); when 
based on a relatively conservative 0.75 cut-o# threshold, 
56 studies scored > 0.75 (general population 18, obser-
vational occupational 28 and experimental/intervention 
occupational 10). Studies that scored above 0.75 were 
considered high-quality, and those that scored below 
were considered low-quality studies.

Associations of!non-occupational sedentary behaviour 
with!musculoskeletal pain conditions
Table"4 shows the key associations of non-occupational 
SB with MSP conditions and Table"5 summarises the 
Þndings.

Full-day sedentary behaviour or!sitting time

Low back pain Fourteen studies in total (10 general 
population [59Ð61, 63, 66, 68Ð70, 75, 77] and four occu-
pational [57, 108, 109, 129]) examined the association of 
full-day SB/sitting time with LBP [59Ð61, 63, 66, 68Ð70, 
75, 77] or LBP-intensity [57, 109, 129], including two stud-
ies [69, 129] that also examined full-day SB bout. Among 
these studies, 11 were cross-sectional [57, 59Ð61, 63, 66, 
68Ð70, 108, 109, 129] and three applied a prospective 
[57, 75, 77] design; one study [57] reported both cross-
sectional and prospective analyses. In the cross-sectional 
studies, six reported a positive association [60, 66, 68Ð70, 
109] and four reported no association [59, 61, 63, 108, 
129]. Five of the positive association studies [60, 66, 69, 
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Table 5 Summary of Þndings synthesised by meta-analysis and the best-evidence synthesis
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Table 5 (continued)

The numbers in the box indicate the number of studies considered in the evidence synthesis. The e#ect sizes in the meta-analysis indicate odds ratio with con"dence 
intervals in brackets

LBP: Low back pain, UBP: Upper back pain, MSP: Musculoskeletal pain, OR: Odds ratio, SB: Sedentary behaviour, RCT: Randomised control trial, TV: Television-viewing, 
BMI: Body mass index, N/A: Not Applicable due to variations in included studies
a The key "ndings
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70, 109] and three with no associations [57, 59, 129] were 
of high quality. Further, one of the two high-quality cross-
sectional studies that investigated full-day SB/sitting bout 
reported a positive association in obese individuals [69]; 
whereas the other study [129] reported a positive asso-
ciation in non-overweight individuals (BMI <  25kgm# 2), 
and a negative association in overweight/obese individu-
als (BMI !   25kgm# 2). !is suggests probable evidence of 
cross-sectional association of full-day SB/sitting bout with 
LBP-intensity which is moderated by BMI. Eight of these 
cross-sectional studies were considered in a meta-anal-
ysis, including Þve studies [60, 61, 63, 66, 70] that inves-
tigated self-reported full-day SB and LBP and three stud-
ies [57, 109, 129] that analysed device-measured full-day 
SB/sitting and LBP-intensity (Fig."2). !e overall pooled 
e#ect size indicated full-day SB is positively associated 
with LBP [OR =  1.19(1.03 Ð 1.38), p =  0.02], though a sig-
niÞcantly moderate-high heterogeneity was observed 
 (I2 =  77%, p < 0.00001). A subgroup analysis by self-
reported and device-measured full-day SB showed a cross-
sectional association of self-reported full-day SB with LBP 
[OR =  1.33(1.13 Ð 1.57), p =  0.007;  I2 =  62%, p =  0.03], but 
no association of device-measured full-day SB/sitting with 
LBP-intensity in mostly tradespeople [OR =  1.05(0.86 Ð 
1.29), p =  0.65;  I2 =  75%, p =  0.008]. !e robustness of the 
analysis was tested in a sensitivity analysis (Supplementary 
Figure"1A) by excluding two studies [61, 63] with low-qual-
ity; the overall and the self-reported full-day SB subgroup 
associations remained signiÞcant.

For the prospective studies, the evidence was inconsist-
ent with a positive association of full-day SB with LBP 

reported in one low-quality study [77], and two high-
quality studies reported no association of self-reported 
full-day SB [75] and device-measured [57] full-day sitting 
with LBP [75] and LBP-intensity [57] respectively.

Neck/shoulder pain !ere were two high-quality cross-
sectional studies [64, 110] that investigated the associa-
tion of device-measured full-day SB with neck/shoulder 
pain-intensity [110] and shoulder pain [64]. One study 
[110] of tradespeople reported a positive association of 
high full-day SB with neck/shoulder pain-intensity. !e 
other study [64] of severely obese individuals reported no 
association of low full-day SB with shoulder pain, which 
may imply a high full-day SB could be associated with 
shoulder pain. !us, there is inconclusive evidence of a 
cross-sectional association of full-day total SB with neck/
shoulder pain.

Knee/hip pain/arthritis Four high-quality cross-sectional 
studies, three of adults !  45"years in the general population 
cohorts [16, 59, 60] and one study of adults < 40"years in the 
occupational cohorts [105] reported a positive association 
of full-day SB with knee pain (osteoarthritis), including one 
study that reported the association only in men [59]. !ere 
was one prospective study [76] that reported no associa-
tion of extensive full-day SB with knee pain. According to 
the best-evidence synthesis, we concluded there is strong 
evidence of cross-sectional association of full-day SB with 
knee pain in middle-aged to older adults, however, there 
is insu$cient evidence whether the association is gender-
dependent. Also, there is insu$cient evidence of a pro-
spective association of full-day SB with knee pain. Also, of 

Fig. 2 A forest plot for inverse-variance meta-analysis using a random e!ect of cross-sectional studies that investigated non-occupational 
sedentary behaviour (SB) showing the pooled e!ect size of the association of full-day SB with low back pain (LBP); subgroup analysis by 
self-reported SB and LBP and device-measured SB and LBP-intensity

62



Page 43 of 56Dzakpasu!et!al. Int J Behav Nutr Phys Act          (2021) 18:159  

the two high-quality cross-sectional studies [60, 64], one 
reported a positive association of self-reported full-day SB 
with hip pain [60], and the other a positive association of 
device-measured low full-day SB with hip pain, indicating a 
protective association of high full-day SB with hip pain [64]. 
!erefore, there is insu$cient evidence of a cross-sectional 
association of full-day SB with hip pain. Furthermore, two 
high-quality cross-sectional studies [62, 70] in the general 
population category reported a positive association of full-
day SB with arthritis of adults !  50"years [70] or !  65"years 
[62] old. Another high-quality cross-sectional study [60], 
however, reported no association of full-day SB with osteo-
arthritis of adults !  65"years old. !us, there is evidence of 
a cross-sectional association of full-day SB with arthritis in 
adults !  50"years.

Extremities pain One high-quality cross-sectional 
study in the general population cohort reported an asso-
ciation of wrist/hand pain with a high volume of full-day 
SB, but no association with a low volume of full-day SB 
[64]. However, evidence in one study is insu$cient to 
conclude.

General musculoskeletal pain Four cross-sectional 
studies investigated full-day SB and general MSP. Two 
high-quality studies of the general population category 
reported a positive association [65, 67] and two stud-
ies (one high-quality [106] and one low-quality [107]) 
study of the occupational category reported no associa-
tion. Based on the high-quality studies, there is strong 
evidence of a cross-sectional association of full-day SB 
with general MSP. However, the evidence of a prospec-
tive association is inconclusive with only one low-quality 
study in the general population category reporting a pos-
itive association [17].

Time spent in!sedentary behaviours Ð sitting watching TV, 
video games, reading, listening to!music
Five cross-sectional [58, 61, 72, 73, 86] and two prospec-
tive [78, 114] studies Ð Þve of general population [58, 61, 
72, 73, 78], two of occupational [86, 114] Ð investigated 
time spent in SBs and MSP conditions [58, 61, 72, 73, 86] 
or MSP-related outcomes [78]. !ree were of high-qual -
ity [72, 73, 86] and two low-quality [58, 61]. !ere were 
variations in the MSP condition outcomes, hence meta-
analysis was not performed for these studies. Among the 
cross-sectional studies, only one study [58] (low-quality) 
reported positive associations of SBs > 3"h/day with LBP, 
UBP, knee pain, and ankle pain, and no associations with 
neck/shoulder pain and elbow pain. Another study [86] 
(high-quality) also reported a positive association of 

TV-viewing time (TV time) > 2"h/day with clinically diag-
nosed MSP condition of > 50"year old adults. Most of the 
cross-sectional studies reported no associations of TV 
time (!  2 or 3" h/day) with LBP [61, 72], neck/shoulder 
pain [73], back/neck pain [86], or limb pain [86]. Based 
on the best evidence, there is insu$cient evidence of 
cross-sectional associations of SBs or TV time with MSP 
conditions.

For the two prospective studies, both of high quality, 
one reported no association of TV time > 2" h/day with 
LBP-intensity, but a positive association with LBP-disa-
bility only in women [78]. !e other study [ 114], however, 
reported a positive association of TV time with general 
MSP. Herein also, prospective evidence of associations 
of TV time with MSP conditions and MSP-related out-
comes are insu$cient.

Leisure-time sedentary behaviour
Five cross-sectional studies (four high-quality [104, 
109Ð111] and one low-quality [56]) of occupational cat-
egory examined the associations of self-reported [56, 
104] and device-measured leisure-time SB [109Ð111] or 
SB bout [111] with LBP [56, 104], LBP-intensity [109], 
neck/shoulder pain [56], neck/shoulder pain-intensity 
[110, 111] and lower extremities pain [56]. All these stud-
ies except one [104] were of tradespeople, and two were 
from a single large study Ð ÒDanish PHysical ACTivity 
cohort with Objective measurements (DPHACTO) [110, 
111]. !ree of the studies reported a positive associa-
tion of leisure-time SB with LBP [56], LBP-intensity [56, 
109], and neck/shoulder pain-intensity [110], whereas 
three studies reported no association of SB [56, 104] or 
SB bout [111] with LBP [104], neck/shoulder pain [56], 
neck/shoulder pain-intensity [111] or lower extremities 
pain [56]. Based on the best-evidence synthesis, there is 
insu$cient evidence of cross-sectional associations of 
leisure-time SB or SB bout with LBP, LBP-intensity, neck/
shoulder pain, neck/shoulder pain-intensity, or lower 
extremities pain.

Associations of!occupational sedentary behaviour 
with!musculoskeletal pain conditions
Table"4 (above) shows the key associations of occupa-
tional SB with MSP conditions and Table"5"summarises 
the Þndings.

Device-measured workplace sitting time

Low back pain !ree high-quality cross-sectional 
[33, 109, 129] and two high-quality prospective [39, 57] 
studies investigated device-measured workplace sitting 
[39, 57, 109, 129] or sitting bout [129] and LBP [33] or 
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LBP-intensity [39, 57, 109, 129], including a study with 
both a baseline cross-sectional and a prospective analy-
sis [57]. Two of these studies [39, 129] were from a sin-
gle large study. One study was of o$ce workers [33] 
and four studies were of tradespeople [39, 57, 109, 129], 
which included one study also with healthcare workers 
[57]. No association was reported in any of the cross-
sectional studies, except one that reported a marginally 
signiÞcant positive association with LBP-intensity [109]. 
One cross-sectional study [129], nonetheless, reported a 
negative association of total workplace sitting or a mod-
erate sitting bout with LBP-intensity in overweight/obese 
individuals (BMI !   25kgm# 2), and a positive associa-
tion of brief bout workplace sitting with LBP-intensity in 
non-overweight individuals (BMI <  25kgm# 2). !e base -
line cross-sectional analysis of one prospective study 
[57] reported a negative association with LBP-intensity 
in healthcare workers but no association in construc-
tion workers (tradespeople). Meta-analysis was not fea-
sible, hence, the best-evidence synthesis indicates there 
is insu$cient evidence of cross-sectional associations of 
device-measured workplace sitting with LBP and LBP-
intensity in tradespeople and non-tradespeople. For the 
prospective studies, there were two high-quality studies 
[39, 57]; the association was inconsistent in one study 
with a reported negative association with LBP-intensity 
in healthcare workers but no association in construction 
workers [57]. !e other study of tradespeople, however, 
reported a negative association of both total workplace 
SB and SB bout with LBP-intensity [39]. !ere is, there -
fore, an indication that sitting at the workplace may have 
a protective e#ect which is dependent on occupation 
type.

Neck/shoulder pain Two cross-sectional studies [110, 
111] and one prospective [112] study all from a single 
large study (all high-quality) examined the association of 
device-measured total workplace sitting or sitting bout 
with neck/shoulder pain-intensity of tradespeople. No 
association of high total workplace sitting with neck/
shoulder pain-intensity was reported in the cross-sec-
tional studies [110, 111]. One cross-sectional study [110], 
however, reported a negative association of low total 
workplace sitting with neck/shoulder pain-intensity in 
males but no association in females. Also, the other cross-
sectional study [111] reported equivocal associations of 
workplace sitting bouts with neck/shoulder pain-inten-
sity; a positive association for a moderate bout, and a neg-
ative association for a brief bout. A negative association 
was reported in the prospective study [112]. !e cross-
sectional association is inconsistent [110, 111], however, 
a negative association in a prospective analysis [112] of 
the same DPHACTO study dataset suggests there is a 

probable protective association of workplace sitting expo-
sure with neck/shoulder pain-intensity in tradespeople.

Self-reported workplace sitting time
!ere were 19 cross-sectional [71, 82Ð89, 92Ð94, 96Ð98, 
100Ð103], one caseÐcontrol [74] and three prospective 
[79, 113, 115] studies that investigated self-reported work-
place sitting and MSP conditions Ð LBP [71, 83, 87Ð89, 92, 
94, 96Ð98, 102, 103, 113], neck/shoulder pain [82Ð85, 87, 
88, 92, 93, 100, 103, 115], knee/hip pain [74, 79, 93] and 
extremities pain [83Ð86, 88, 92, 101]. All but three of these 
studies [71, 74, 79] were in the occupational category. !e 
durations of the workplace sitting examined varied across 
the studies, included 20"min continuous [93], > 4.2"h/week 
[92], !  2"h/day [74, 79, 87, 88, 113], !  3"h/day [94], !  4"h/
day [82Ð85, 92, 97, 100, 103], !  6"h/day [98], 51.9(11.8)hrs 
per total weekdays [115], or unspeciÞed durations (pro-
longed sitting) [71, 86, 89, 96, 101, 102].

For the cross-sectional studies, of the 11 studies (two 
of o$ce workers, Þve of professionals, and three of 
tradespeople, as well as one general population study) 
that examined associations with LBP, seven reported 
positive associations [92, 94, 96Ð98, 102, 103] and four 
reported no association [71, 87Ð89]. All these studies 
except two [94, 96] were of high-quality. Eight studies (all 
high-quality) were meta-analysed with a subgroup analy-
sis according to non-tradespeople (o$ce workers [98], 
professionals [89, 92, 97, 103], and general population 
[71]) and tradespeople [87, 102] as indicated in Fig."3. 
Overall, there is a signiÞcant cross-sectional association 
of workplace sitting with LBP (OR =  1.47(1.12 Ð 1.92), 
p =  0.005; however, there is non-signiÞcant moderate 
heterogeneity  (I2 =  44%, p =  0.08). !e subgroup analysis 
indicates the association is signiÞcant in the non-trades-
people [OR =  1.56(1.18 Ð 2.05), p =  0.002] with moder-
ate but non-signiÞcant heterogeneity  (I2 =  31%, p =  0.20), 
and non-signiÞcant association in the tradespeople 
[OR =  1.40(0.61 Ð 3.20), p =  0.43] with substantial non-
signiÞcant heterogeneity  (I2 =  70%, p =  0.07). Sensitivity 
analysis (Supplementary Figure"2A) excluded two studies 
[71, 102] with lower quality score and the overall associa-
tion as well as the association for non-tradespeople were 
still signiÞcant, and zero heterogeneity in the non-trades-
people  (I2 =  0%).

With neck/shoulder pain, a positive association was 
reported in eight studies (one of o$ce workers [82], three 
of professionals [87, 88, 93, 100, 103], and four of trades-
people [84, 85]). Only one study [92] of professionals 
reported no association. Also, one study [83] reported a 
negative association only in females. Seven of these stud-
ies [84, 87, 88, 92, 93, 100, 103] were of high-quality. A 
meta-analysis (Fig."4) of pooled e#ect sizes of nine studies 
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[82, 84, 85, 87, 88, 92, 93, 100, 103] indicates workplace 
sitting is associated with increased odds of neck/shoul-
der pain [Overall OR =  1.73(1.46 Ð 2.03), p < 0.00001]. 
Subgroup analysis also shows there is increased odds of 
neck pain [OR =  1.90(1.35 Ð 2.68), p =  0.0002], shoulder 
pain [OR =  1.71(1.31 Ð 2.22), p < 0.0001] and neck/shoul-
der pain [OR =  1.62(1.34 Ð 1.96), p < 0.00001]. !e overall 

heterogeneity was, however, signiÞcantly substantial 
 (I2 =  51%, p =  0.02), mainly due to heterogeneity in stud-
ies on neck pain  (I2 =  74%), as studies on shoulder and 
neck/shoulder pain were homogeneous  (I2 =  0%). Sensi-
tivity analysis (Supplementary Figure"3A) after excluding 
two studies [82, 85] with low-quality shows the estimate is 
robust and the association remained signiÞcant.

Fig. 3 A forest plot for inverse-variance meta-analysis using a random e!ect of cross-sectional studies that investigated occupational SB 
showing the pooled e!ect sizes for the association of self-reported workplace sitting time with LBP; subgroup analysis by non-tradespeople and 
tradespeople

Fig. 4 A forest plot for inverse-variance meta-analysis using a random e!ect of cross-sectional studies that investigated occupational SB showing 
the pooled e!ect size for the association of self-reported workplace sitting time with neck/shoulder pain; subgroup analysis by studies that 
reported neck pain, shoulder pain, and neck/shoulder pain
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For extremities pain, a positive association with 
hand/wrist pain was reported in two studies [88, 101]; 
three studies [83, 84, 86] reported a negative associa-
tion, including one study [83] with the association only 
in females; and another study [86] with lower limb 
disability; no association was reported in four studies 
[85, 87, 88, 92]. Five of the studies were of high qual-
ity. A pooled analysis (Fig."5) of Þve studies [84, 85, 
88, 92, 101] with considerable heterogeneity  (I2 =  88%, 
p =  0.00001) indicated no association of workplace 
sitting with extremities pain [OR =  1.17(0.65 Ð 2.11), 
p =  0.60]; however, a subgroup analysis of three studies 
[84, 85, 92] with low and non-signiÞcant heterogeneity 
 (I2 =  28%) indicated an inverse association of workplace 
sitting with lower limbs pain [OR =  0.61(0.46 Ð 0.80), 
p =  0.0004]. Sensitivity analysis shows the overall 
e#ect size remained non-signiÞcant (Supplementary 
Figure"4A).

!e only caseÐcontrol study [74] of the general popula-
tion reported a positive association of workplace sitting 
with hip pain, insu$cient evidence of association from a 
single study.

For the prospective studies, one of low-quality reported 
no association of workplace sitting with LBP [113]; 
another one of high-quality reported a positive with 
neck pain [115]; the third study of high-quality reported 
a negative association with knee pain [79]. !erefore, 

prospective evidence of association of workplace sitting 
is insu$cient with LBP, neck pain, and knee pain.

Computer time
Five cross-sectional studies of the occupational category 
(o$ce workers [80, 82] and professionals [86, 97, 103]), 
including three high-quality investigated computer time 
and LBP [97, 103], neck/shoulder pain [82, 103] or gen-
eral MSP [80, 86]. A positive association of computer time 
!  4"h/day was reported with LBP [97], neck/shoulder pain 
[82, 103], and general MSP [80], and a negative associa-
tion reported with LBP in another study [103]. Also, one 
study reported no association of computer time !  2"h/day 
with general MSP [86]. !ere is moderate evidence of a 
cross-sectional association of computer time with neck/
shoulder pain, however, the evidence is restricted to a 
small number of studies. !e evidence with LBP and gen-
eral MSP is insu$cient with limited studies.

Vehicle time
Five occupational category cross-sectional studies of 
bus drivers [90, 95, 99] and professionals (patrol duty 
police officers) [81, 91] reported vehicle time and LBP 
[81, 90, 99] or general MSP [91, 95], including three 
of high-quality [81, 91, 99]. There is an inconsistent 
association with general MSP; of the two studies [91, 
95], one reported no association [91] and the other a 

Fig. 5 A forest plot for inverse-variance meta-analysis using a random e!ect of cross-sectional studies that investigated occupational SB showing 
the pooled e!ect size for the association of self-reported workplace sitting time with extremities pain; subgroup analysis by upper limbs, lower 
limbs, and hand/wrist pains
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positive association [95]. A similar inconsistent asso-
ciation was reported with LBP; two studies [90, 99] 
reported a positive association and one study [81] 
reported no association. In a meta-analysis (Fig."6), 
the pooled effect size of the three studies [81, 90, 99] 
showed considerable heterogeneity  (I2 =  95%) but 
increased odds of LBP with prolonged sitting in a 
vehicle, although this was not statistically significant 
[OR =  2.16(0.79 Ð 5.93), p =  0.13]. After excluding 
the low-quality study [90] in a sensitivity analysis the 
association was still non-significant (Supplementary 
Figure"5A).

Changes in!workplace sitting time
Fourteen experimental/intervention studies investigated 
changes in sitting time" and MSP symptoms, including 
LBP, neck/shoulder pain, extremities pain, and general 
MSP/discomfort of o$ce workers [35, 116Ð124, 126Ð
128] and students [125]. Designs included six RCTs [35, 
116Ð120], two randomised controlled cross-over trial 
[125, 127], two non-randomised experiment without 
control [126, 128], one study each of non-RCT [124], RT 
without control [121], non-randomised cross-over trial 
[123], and non-RT pilot study.

Duration of experiments/interventions ranged 
from 65" min [125] to 12" months [121]. Sample sizes 
ranged from 12 participants [126] to 317 participants 
[35]. Nine of the studies were of high quality [35, 116, 
118Ð121, 123, 125, 127] and four of low quality [117, 
122, 124, 128]. Of the studies, nine measured sit-
ting time" change and reported a reduction in sitting 
time" after the period (device-measured Ð ActiGraph 
[35, 123] and activPAL [118, 120, 121, 123, 127]; self-
report [119, 122Ð124]) while three studies were based 
on Þxed sitting duration (65" min [125] and 4" h [116, 
128]), over 2-h continuous sitting [126] or usual work 
sitting condition [117].

!ere were methodological and analytical variations 
among the studies, therefore, the data were not meta-
synthesised. A positive correlation of sitting reduction 
with a reduction in LBP was reported in six stud-
ies [118, 121Ð124, 127] (including four high-quality 

studies with one RCT [118]); reduction in neck/shoul-
der pain two RCT studies [35, 119] (both high-quality). 
No study reported a correlation or association of sitting 
reduction with a reduction in extremities pain. Two 
high-quality RCT studies [35, 120], however, reported 
no signiÞcant correlation with LBP; three studies [120, 
121, 127] with neck/shoulder pain, all high-quality 
with one RCT [120]. Furthermore, of six studies, two 
high-quality studies [35, 125] reported sitting reduc-
tion correlates with a reduction in general MSP/dis-
comfort; one RCT study [117] of low-quality reported 
reduced workplace sitting time does not increase the 
risk of general MSP/discomfort; and three studies [116, 
126, 128], one of high-quality [116], reported a positive 
association of continuous uninterrupted sitting with 
increased general MSP/discomfort [116, 128] and LBP/
discomfort [126]. Also, one high-quality study [118], 
however, reported a protective association of pro-
longed workplace sitting bout with extremities pain.

Generally, the best evidence suggests workplace sit-
ting reduction is correlated with reduced LBP and gen-
eral MSP symptoms. For neck/shoulder pain reduction, 
the evidence from RCT suggests there is a positive cor-
relation with reduced workplace sitting. Also, there is 
moderate evidence of association of prolonged unin-
terrupted sitting with general MSP/discomfort. There 
is, nevertheless, no evidence of correlation of reduced 
workplace sitting with a reduction in extremities pain.

Risk of!bias
!ree studies had lower quality scores detected by 
the QualSyst checklist, one of which was a pilot study 
and had a potential risk of bias; however, most of the 
studies did not show any major risk of bias. !e fun-
nel plots (Supplementary Figures"1B, 2, 3, 4 and 5B) of 
the meta-synthesised studies were mostly asymmetri-
cal; this could be because of the small number of stud-
ies available and not likely due to publication bias. Also, 
the signiÞcant heterogeneity observed may have risen 
from the studiesÕ methodological heterogeneity in the 
variables measured and study sample.

Fig. 6 A forest plot for inverse-variance meta-analysis using a random e!ect of cross-sectional studies that investigated occupational SB showing 
the pooled e!ect size for the association of vehicle time with LBP
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Discussion
Key #ndings
!is is the Þrst review to examine separately the asso-
ciations of occupational and non-occupational SB with 
MSP conditions in adults. We found in the non-occu-
pational SB domain, strong evidence of cross-sectional 
associations for full-day SB with MSP conditions, 
including LBP, knee pain, arthritis, and general MSP. For 
the occupational SB domain, there is strong evidence of 
cross-sectional associations of self-reported workplace 
sitting with MSP conditions, including LBP and neck/
shoulder pain. Also, we found moderate evidence of a 
cross-sectional association of computer time with neck/
shoulder pain. Furthermore, we identiÞed from experi-
mental/intervention studies that reduced occupational 
sitting time was associated with a reduction in LBP, 
neck/shoulder pain, and general MSP. However, there 
was insu$cient evidence on cross-sectional associations 
of leisure-time SB and TV time with MSP conditions. 
Likewise, the evidence on prospective associations of 
occupational and non-occupational SB with MSP condi-
tions was insu$cient, nonetheless, there is an indication 
that device-measured total workplace sitting could be 
negatively associated with LBP-intensity in tradespeople.

Non-occupational sedentary behaviour 
and!musculoskeletal pain conditions
We observed in our meta-analysis of cross-sectional 
studies that full-day SB or sitting time is positively asso-
ciated with the risk of LBP. However, subgroup analysis 
by self-reported and device-measured SB indicated the 
association exists between self-reported full-day SB and 
LBP, but not for device-measured full-day SB and LBP-
intensity, which included studies of mostly tradespeople. 
!is Þnding is, nonetheless, limited by a small number of 
studies. !e cross-sectional design and self-reported data 
downgrade the quality in this evidence with the associa-
tion only present in the case of self-reported SB, but not 
device-measured SB, with LBP. Our narrative synthesis 
based on the best-evidence synthesis found that there 
are cross-sectional associations for full-day SB with knee 
pain, arthritis, and general MSP, but an inconclusive 
association with neck/shoulder pain. We found incon-
sistent cross-sectional associations of full-day SB with 
hip and extremities pains. Also, limited by the number 
of studies, there was insu$cient evidence of prospective 
associations of full-day SB with MSP conditions. Fur-
thermore, we observed inconsistent evidence of cross-
sectional and prospective associations of SBs, TV time, 
and leisure-time SB with MSP conditions. !ese Þnd-
ings were, however, constrained by the limited number 
of studies available, especially evidence from prospective 
studies.

Our cross-sectional Þndings for LBP are in con-
trast to a previous review of observational prospective 
and caseÐcontrol studies by Chen and colleagues, that 
showed no associations of a sedentary lifestyle with 
the risk of LBP [19]. Unlike our review which included 
only adults, Chen and colleaguesÕ review included both 
children and adults [19]. Another review of prospective 
studies has also reported some inconsistent associations 
of SB with LBP [20]. A meta-analysis by Alzahrani and 
colleagues reported no association of SB with the preva-
lence of LBP but reported positive associations with 
LBP intensity and disability [20]. Notwithstanding the 
methodological limitations that might be present in the 
above-mentioned reviews, a speciÞcally clear distinc-
tion was not made between SB and physical inactivity 
in the inclusion criteria [19], the possibility of reverse 
causation within cross-sectional designs limits the com-
parability of our Þndings with these previous reviews of 
prospective studies. Adults, especially those with multi-
morbidities including MSP conditions may often be less 
active and resort to SB which may have a pain modula-
tion e#ect [130]. A review, for instance, had previously 
found that SB is much common in people with knee 
osteoarthritis [131]. We found that there is a positive 
cross-sectional association of SB with knee pain, but 
of limited strength due to a small number of reviewed 
studies; however, causal relation cannot be inferred 
from a cross-sectional Þnding with a potential reverse 
causation bias.

Occupational sedentary behaviour and!musculoskeletal 
pain conditions
Our meta-analysis of cross-sectional studies found a 
positive association of self-reported total workplace sit-
ting with the risk of LBP and neck/shoulder pain. A sub-
group analysis by non-tradespeople and tradespeople 
for the risk of LBP shows the association is signiÞcant 
only in the non-tradespeople. Although limited in terms 
of the number of studies available, our best-evidence 
synthesis indicates the association of device-measured 
workplace sitting with LBP or LBP-intensity was incon-
sistent in cross-sectional studies of both non-tradespeo-
ple and tradespeople but suggests a potential protective 
association in prospective studies which could be mod-
erated by occupational demand. Also, there is an indica-
tion from three studies (including a prospective study) 
from the same dataset of a negative association of 
workplace sitting with neck/shoulder pain-intensity in 
tradespeople. Furthermore, our meta-analysis showed 
no association of self-reported workplace sitting with 
the risk of pain in extremities. Nevertheless, a subgroup 
analysis indicates self-reported workplace sitting may 
have a protective association for pain in lower limbs. 
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Evidence of prospective associations of self-reported 
workplace sitting with MSP conditions is insu$cient 
due to a limited number of reviewed prospective stud-
ies. Additionally, we observed in a meta-analysis of 
three cross-sectional studies on vehicle time and LBP 
that excessive time spent sitting in a vehicle increases 
the odds of LBP, yet this cross-sectional association is 
non-signiÞcant.

Additionally, though limited by the number of stud-
ies, computer time was found to be cross-sectionally but 
not prospectively associated with neck/shoulder pain in 
the positive direction, and there was inconclusive evi-
dence on the direction with LBP and general MSP. Also, 
from the reviewed experimental/intervention studies, 
we observed evidence of positive associations of reduced 
workplace sitting with a reduction in LBP, neck/shoulder 
pain, and general MSP/discomfort; nevertheless, no evi-
dence on whether reduced workplace sitting is associated 
with a reduction in extremities pain.

A recent review of prospective studies has reported 
that device-measured workplace sitting among trades-
people to be associated with a reduced risk of LBP and 
neck pain [26]. Compared to our review, there are some 
similarities in the Þndings even though we were limited by 
the volume of studies reviewed in this context. For exam-
ple, there was an indication from our reviewed prospec-
tive studies that device-measured workplace sitting could 
have a negative association with LBP-intensity which may 
be dependent on the physical demand of the occupation. 
Similarly, there is a likelihood of a negative cross-sec-
tional association of device-measured workplace" sitting 
bout with LBP-intensity which is potentially moderated 
by overweight/obesity in tradespeople. Additionally, our 
reviewed studies on device-measured workplace sitting 
in tradespeople suggest a probable negative association 
with neck/shoulder pain-intensity. A possible explana-
tion of the observed tendency of protective associations 
of workplace sitting with some MSP conditions in trades-
people could be the physically intensive nature of some of 
these occupations compared to desk-based occupations. 
For instance, we also observed in our meta-analysis that 
self-reported workplace sitting of cross-sectional studies 
be positively associated with LBP in non-tradespeople but 
not in tradespeople, albeit in a limited number of studies. 
Some proponents of the Òphysical activity paradoxÓ assert 
that sitting could be of health beneÞt in individuals who 
regularly engage in high occupational physical activity as 
sitting may allow some form of rest and recovery [40, 41]. 
!ese indications in our review are, however, inconclusive 
and warrant further investigations in diverse occupational 
settings to ascertain these Þndings.

Generally, our meta-analysis of cross-sectional stud-
ies indicated that self-reported workplace sitting 

signiÞcantly increases the odds of LBP by 1.47 times; 
and was marginally higher, by 1.56 times, in a sub-
group of non-tradespeople (Fig."3). In contrast, previ-
ous reviews have reported no evidence of association 
of workplace sitting with LBP [22, 23]. !ese previous 
reviews included both cross-sectional and prospective 
studies; in contrast, our evidence was synthesised from 
only cross-sectional studies, therefore, limiting any 
interpretation of a causal relationship of workplace sit-
ting with LBP. !e possibility of reverse causation along 
with bias in self-reported data in the cross-sectional 
studies reviewed may adversely a#ect the quality of evi-
dence in the observed positive association. Similarly, 
this may have a#ected the interpretation of the associa-
tion between SB and neck/shoulder pain.

Also, our best evidence synthesised indicates there is 
moderate cross-sectional evidence that computer time 
(!  4"h/day) increases the risk of neck/shoulder pain; two 
previous systematic reviews of prospective studies [21, 
24] and RCT studies [21], however, have reported no 
association of computer time with the risk of neck pain. 
Furthermore, there is informative evidence of a prob-
able association between vehicle time and LBP. A pooled 
meta-analysis of three cross-sectional studies indicates 
prolonged hours of sitting in a vehicle increase the odds 
of LBP, but the association is not statistically signiÞcant. 
No published review studies, to our knowledge, have spe-
ciÞcally investigated vehicle time and MSP conditions, 
nonetheless, a recent review has reported that MSP con-
ditions are highly prevalent in vehicle drivers [132]. !e 
cross-sectional evidence of computer and vehicle times 
is, however, of low quality and limited by a small volume 
of reviewed studies precluding the possibility of causal 
relationships.

Evidence on the e#ects of changes in workplace sit-
ting on MSP conditions is scarce. In contrast, workplace 
interventions to reduce MSP conditions have provided 
some insight into the beneÞt of increased workplace 
physical activity on musculoskeletal health for com-
parison [133Ð136]. For instance, increased occupa-
tional physical activity is reported to be associated with 
reduced general MSP symptoms [133, 134, 136]. Also, a 
review of experimental studies has reported that device-
measured continuous uninterrupted sitting is associated 
with the increased immediate report of LBP in adults 
[25]. !e evidence from our review also suggests experi-
ments/interventions that reduce total workplace sitting 
time or sitting bout duration potentially reduce gen-
eral MSP/discomfort, especially in the lower back and 
the neck/shoulder. !is is consistent with a review that 
found that workplace interventions potentially reduce 
LBP and neck/shoulder pain among workers [133, 134]. 
!ese Þndings should be treated with caution due to the 
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limited number and variations in the reviewed experi-
mental/intervention studies.

!is review did not speciÞcally investigate the poten-
tial mechanisms that underpin the association of occu-
pational and non-occupational SB with MSP conditions. 
Nevertheless, some previous studies have speculated 
the potential mechanisms of the association between SB 
and MSP conditions such as LBP [37, 137]. For instance, 
studies that have investigated biomechanical and physi-
ological mechanisms of LBP suggest occupational sitting 
increases spinal load and accumulation of metabolites 
that accelerate degenerative changes in vertebral discs 
[36, 37]. !e available systematic review literature on 
the association between SB and MSP conditions is yet 
to address potential biological mechanisms. Nonethe-
less, there is an observation in this current review that 
indicates the association of occupational SB with, for 
example, LBP may be modulated by overweight/obesity. 
Increasingly, higher volumes of SB are linked with adi-
posity [38]; adipose tissue is metabolically active, releas-
ing pro-inßammatory cytokines and adipokines that may 
potentiate inßammatory changes in the musculoskeletal 
systems leading to pain [138]. !ere is, therefore, a need 
for further studies on the potential biological mecha-
nisms that explain the associations.

Implications for!practice and!research
Despite the methodological challenges within the 
reviewed studies in this current systematic review, the 
overall observation which is supported by the evidence 
from experimental/intervention studies is that SB may 
have a detrimental association with musculoskeletal 
health. !eoretically, replacing a portion of time spent in 
SB with physical activity could beneÞcially impact MSP 
conditions. For instance, one of our reviewed studies [67] 
reported that substituting 30"min of a full dayÕs total sed-
entary time with 30"min of moderate-to-vigorous physi-
cal activity (MVPA) may reduce general MSP by 29%. 
Further, evidence from some of the reviewed experimen-
tal/intervention studies also indicates that reduced work-
place sitting, and increased standing or walking did not 
worsen general MSP symptoms [116, 121, 123]. Current 
WHO physical activity and sedentary behaviour guide-
lines, in part, recommend reducing and interrupting pro-
longed SB or sitting with physical activity of any intensity 
for improved health outcomes [139]. !is practice guide -
line could be encouraged in adults, especially in occupa-
tional settings to minimise the risk of MSP conditions.

Our review has identiÞed some knowledge gaps 
for potential further studies. For instance, inconsist-
ent associations were observed for self-reported and 
device-measured SB. !e evidence of positive cross-
sectional associations of SB with MSP conditions was 

mainly based on self-reported SB. !e evidence syn-
thesised from the few studies that investigated device-
measured SB was inconsistent with MSP conditions. 
!ere is evidence of disparities in device-measured and 
self-reported SB in adults, with increased potential of 
self-reported tools to either underestimate or overes-
timate SB [27]. Furthermore, there were some varia-
tions in the measures of MSP conditions; some studies 
investigated single MSP conditions and some multiple 
MSP conditions, which could impact the studiesÕ qual-
ity and their comparability. Also, the review identiÞed 
insu$cient evidence of prospective associations of SB 
with MSP conditions and could not make deÞnite con-
clusions regarding possible causal relationships due 
to the limited number of prospective studies. Hence, 
future attention on the application of device-measured 
SB will be relevant in this context to minimise bias in 
the probable associations, taking into consideration the 
outcome measure. SpeciÞcally, future research focus 
could explore the use of posture-based activPAL, the 
gold standard instrument for measuring sitting time, 
in prospective study designs. Additionally, some con-
temporary analytical approaches in the Þeld, such as 
compositional data analysis could be applied to inves-
tigate SB associations relative to other 24-h movement 
behaviours such as physical activity and sleep with 
MSP conditions [140]. !is review mainly examined 
the associations of SB with di#erent types of MSP con-
ditions and did not consider the underlying pathophys-
iology of the MSP conditions. Future studies could also 
examine the direction of the associations in subgroups 
of particular MSP conditions. For instance, the direc-
tion of association of SB with LBP secondary to lumbar 
disc degeneration may contrast with the association of 
SB with LBP due to facet joint inßammation.

!is review and previous reviews have not inves-
tigated the probable interaction of chronic diseases 
in the association of SB with MSP conditions. Impor-
tantly, MSP conditions are highly prevalent in the pres-
ence of multi-morbidities [3, 4], and also emerging as 
common comorbidities in some chronic diseases, espe-
cially type 2 diabetes (T2D) [141Ð143]. Evidence from 
an observational study, for example, suggests there is 
a potential interaction of SB with the association of 
T2D with MSP conditions in adults [141]. !erefore, 
it will be of great interest for potential future studies, 
including cross-sectional, prospective, and RCTs study 
designs to also focus on the interaction of some chronic 
diseases such as obesity, T2D, cardiovascular diseases, 
etc. with the association of SB with MSP conditions. 
Research in this direction will also provide insight into 
the understanding of the potential biological mecha-
nisms of SB/MSP conditions associations.
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Strengths and!limitations
A key strength of this review is its distinct consideration of 
occupational and non-occupational SB, as well as a wide 
range of MSP conditions. Also, the evidence synthesis was 
organised into SB domains and measures, likewise the type 
of MSP outcomes. For a better insight into the risk asso-
ciations, studies conducted exclusively in clinical groups 
diagnosed with MSP conditions and those of autoimmune 
disease-related MSP conditions were not reviewed.

However, we acknowledge that there are some limita-
tions, and caution should be applied when interpreting 
the Þndings. First, a single reviewer initially excluded 
irrelevant studies by title and abstract screening in stage 
one of two-phase screening; this might have contributed 
to exclusion of some relevant studies [144]; however, 
where there was uncertainty regarding inclusion, such 
studies were considered for second-stage screening by 
two independent reviewers. Second, most of the studies 
reviewed were cross-sectional in design, hence, causal-
ity cannot be inferred. !ird, there were a limited num-
ber of studies, especially prospective and experimental/
intervention studies, as well as high methodological and 
analytical variations in the reviewed studies. !e lim-
ited number of experimental/intervention studies, espe-
cially RCTs, may be because we used the term ÒsittingÓ 
to search for Òsitting reduction interventionsÓ and Òsit-
ting experimental studiesÓ instead of searching for spe-
ciÞc interventions (e.g., sit-stand workstations, stand-up 
desk, etc.). Also, the limited number of prospective stud-
ies might be a result of publication bias as some prospec-
tive studies on risk factors for MSP conditions may have 
examined sitting as a risk factor or have accounted for 
SB as a confounder but found no association and did not 
report in the Abstract; therefore, these studies would not 
be identiÞed by the search.

Fourth, a small number of studies were included in 
the meta-analyses to estimate the pooled e#ect sizes, 
resulting in moderate-to-high heterogeneity in some of 
the outputs. It is important, however, to note that the 
inverse-variance meta-analysis approach has a limitation 
of estimating a false high heterogeneity [145]. !erefore, 
the observed heterogeneity may be potentially due to var-
iations within the studies but not bias in the results. Fifth, 
we did not consider the covariates adjusted for in the 
individual studies in our evidence synthesis. For instance, 
evidence synthesised from studies that accounted for 
physical activity might be di#erent from those that did 
not control for physical activity in analyses. Similarly, 
studies that accounted for sitting positions assumed (e.g., 
leaning forward or backward) and occupational activities 
may inßuence the evidence synthesised from those that 
did not account for these factors. Also, speciÞc sources 
of potential bias and speciÞc limitations that were 

commented upon by the authors of the reviewed stud-
ies, or which potentially could be identiÞed in the studies 
might impact the Þndings but were not considered in the 
evidence synthesis.

Sixth, strict selection criteria were adapted to enhance 
the e$ciency of the review, however, this might conse-
quently lead to studies with relevant information being 
excluded. Furthermore, we adapted the PICO format in 
constructing our search terms which included search 
terms for the outcome to maximise the search output. 
!ere is the possibility that the outcome may not be well 
described in the title and abstract of potential studies and 
therefore not indexed in databases with controlled vocab-
ulary terms leading to missing potential studies [146]. 
Finally, only articles published in the English language 
were reviewed; this could bias our Þnding as informative 
evidence in studies published in other languages may have 
been missed. To minimise this shortcoming, however, 
we also searched grey literature to identify more relevant 
studies.

Conclusions
Our systematic review identiÞed evidence of cross-sec-
tional associations of SB (occupational and non-occu-
pational) with MSP conditions. !e direction of the 
association of occupational SB with some MSP condi-
tions, nonetheless, may be dependent on the type and 
physical demand of the occupation involved. !e pos-
sibility of reverse causation could not, however, be dis-
counted from the observed cross-sectional associations. 
Further, evidence from intervention studies shows that 
reducing prolonged sitting at work reduces MSP" con-
ditions and" discomforts. !ere was, however, limited 
evidence of prospective associations of SB with MSP 
conditions. Importantly though, the review highlighted 
some knowledge gaps, including a limited number of 
studies using device-measured SB and MSP conditions, 
as well as limited prospective and RCT study designs. 
Considering the inconsistencies of the reviewÕs Þnd-
ings, as well as the highlighted knowledge gaps, further 
research, especially prospective and RCT studies, is 
required to better understand the association of SB in 
occupational and non-occupational settings with MSP 
conditions. Furthermore, as studies of clinical groups 
with existing MSP conditions were not reviewed in 
this current study, future review studies could consider 
exclusively reviewing this study population. Such stud-
ies could also consider examining the contribution of the 
presence of MSP conditions to the engagement in SB. 
Also, there is the need for tailored studies to understand 
the potential interactions of chronic diseases such as 
obesity, T2D, and cardiovascular diseases in the associa-
tion of SB with MSP conditions.
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D8*3,>>,>!+>!K,))!+>!M,#!2+8<+"),>!?>,0!</!-.,!,=D<8<3+)!>-?0<,>!+/0!-.,<8!=,+>?8,=,/- >!+8,!D8*2<0,0L!I.,!

0,>38<D-<*/>!*A!-.,!0+-+>,->!+8,!>?==+8<>,0!</!I+"),!PLQL!@?8-.,85!-.,!>-+-<>-<3+)!+/+)#-<3!D8</3<D),>!?>,0!A*8!

-.,!2+ 8<*?>!>-?0<,>!+8,!+)>*!0,>38<",0L!!

!

D@=+2;"+J%%6'&(#;'+E'9/C+

I.,!A<8>-!,=D<8<3+)!38*>>X>,3-<*/+)!>-?0#!' ;-?0#!S!*A!6.+D-,8!_4!?-<)<>,0!-.,! "+>,)</,!0+-+>,-!*A!-.,!

$++>-8<3.-!;-?0#5!+/!*/9*</9!*">,82+-<*/+)!D8*>D,3-<2,!D*D?)+-<*/X"+>,0!3*.*8-!>-?0#!*A!=<00),X+9,0!+/0!

*)0,8!+0?)->!)<2</9!K<-.!+/0!K<-.*?-!ISCL!

!

A"!"!$8'(-;)>.)*3$
I.,!8+-<*/+),!+/0!=,-.*0*)*9#! *A!-.,!$++>-8<3.-!;-?0#!.+2,!",,/!0,>38<",0!</!+!D8,2<*?>!D?")<3+-<*/![YT]L!

F/!"8<,A5!-.,!>-?0#!A*3?>,>!*/!-.,!+,-<*)*9#5!D+-.*D.#><*)*9#5!3*=D)<3+-<*/>5!+/0!3*=*8"<0<-<,>!*A!ISC!+/0!

<>!3.+8+3-,8<p,0!"#!+/!,J-,/><2,!D.,/*-#D</9!+DD8*+3.L!H)<9<"<)<-#!A*8!D+8-<3<D+-<*/!K+>!*D,/!-*! </0<2<0?+)>!

+9,0!",-K,,/!_T!+/0!a]!#,+8>!+/0!)<2</9!</!-.,!>*?-.,8/!D+8-!*A!-.,!\,-.,8)+/0>5!</3)?0</9!-.,!A*))*K</9!

=?/<3<D+)<-<,>!�t!$++>-8<3.-5!$+898+-,/XH<U>0,/5!$,,8>,/5!W+)M,/",895!$++>-8<3.-!+/0!&,?2,))+/0!</!-.,!

D8*2</3,!*A![<="?89![YT]L!G,38?<-=,/-!*A!D+8-<3<D+/->!K+>!-.8*?9.!=+>>!=,0<+!3+=D+<9/>!+/0!A8*=!-.,!

=?/<3<D+)!8,9<>-8<,>!+/0!-.,!8,9<*/+)!C<+",-,>!%+-<,/-!G,9<>-8#!2<+!=+<)</9>L!I.,!8,38?<-=,/-!K+>!>-8+-<A<,0!

+33*80</9!-*!M/*K/!ISC!>-+-?>5!K<-.!+/!*2,8>+=D)</9!*A!</0<2<0?+)>!)<2</9!K<-.!ISC5!A*8!8,+>*/>!*A!

,AA<3<,/3#!�t!-*!,/.+/3,!-.,!>-+-<>-<3+)!D*K,8!-*!3*/-8+>-!+/#!D*-,/-<+)!0<AA,8,/3,>!</!D*D?)+-<*/!+33*80</9!

-*!ISC!>-+-?>![YT]L!!

I.,!"+>,)</,!0+-+!*A!-.,!</<-<+)!P5_]Q!D+8-<3<D+/->!K.*!3*=D),-,0!-.,!>?82,#!",-K,,/!\*2,=",8!

STQT!+/0!;,D-,=",8!STQP!K,8,!3*/><0,8,0!A*8!-.<>!-.,><>L!F/!9,/,8+)5!-.,!>-?0#!D*D?)+-<*/!.+0!>)<9.-)#!

=*8,! K*=,/!-.+/!=,/!+/0! K+>!=+</)#!6+?3+><+/![YT].!!

!

A"!"0$I.&)-46$-*3()5';4.)*3($
I.,!$++>-8<3.-!;-?0#!.+>!",,/!+DD8*2,0!"#!-.,!</>-<-?-<*/+)!=,0<3+)!,-.<3+)!3*==<--,,!'\[PQPSYLT^`LQT4!

+/0!-.,!$</<>-,8!*A!&,+)-.5!Z,)A+8,!+/0!;D*8->!*A!-.,!\,-.,8)+/0>!'%,8=<-!QPQT``XQT]SP_X%(4L!

F/A*8=+-<*/!*/!-.,!>-?0#!</3)?0</9!+/!</A*8=,0!3*/>,/-!A*8=!K+>!>,/-!-*!,+3.!D+8-<3<D+/-!2<+!,=+<)!",A*8,!



!

aY!
!

-.,<8!3)</<3!2<><-!A*8!+>>,>>=,/->L!1))!D+8-<3<D+/->!K,8,!9<2,/!+/!*8+)!,JD)+/+-<*/!*A!-.,!>-?0#!D8*3,0?8,!

",A*8,!><9/</9!-.,!K8<--,/!</A*8=,0!3*/>,/- !A*8=L!

!

A"!"A$84.4$-*66'-.)*3$>;*.*-*6$$
;-+/0+80!>-?0#!D8*-*3*)>!K,8,!?>,0!-*!3*)),3-!0+-+!A8*=!+))!D+8-<3<D+/->!"#!-8+</,0!>-?0#!D,8>*//,)!0?8</9!

-.,<8!-.8,, X-* XA*?8X.*?8 !2<><->!-*!-.,!$++>-8<3.-!;-?0#!8,>,+83.!3,/-8,L!H+3.!D+8-<3<D+/-!K+>!,J+=</,0!

K<-.</!+!K</0*K!D,8<*0!*A!+DD8*J<=+-,)#!-.8,,!=*/-.> ![YT]L!C+-+!K,8,! ,/-,8,0!</-*!+/!,),3-8*/<3!

0+-+"+>,!</!0?D)<3+-,!A*8!B?+)<-#!+>>?8+/3,L!Z,"X"+>,0!B?,>-<*//+<8,>!K,8,!>,)AX3*=D),-,0!"#!D+8-<3<D+/->!

?/0,8!>?D,82<><*/!+-!-.,!>-?0#!3,/-8,!+/05!<A!A,+><"),5!3*=D),-<*/!K+>!3*/-</?,0!+-!.*=,L!I.,!3*)),3-,0!

0+-+!8,),2+/-!-*!-.<>!-.,><>!+8,!0,-+<),0!",)*KL!

!

D@=@D@=+K"*"&%$+L9"6'()**%(&"+/%'%+
F/A*8=+-<*/!3*)),3-,0!</3)?0,0!-.,!A*))*K</9O!

1/-.8*D*=,-8<3!+/0!0,=*98+D.<3!=,+>?8,>5!=,0<3+)!.<>-*8#5!B?+)<-#!*A!)<A,5!>=*M</9!",.+2<*?85!

>*3<*,3*/*=<3!>-+-?>5!+/0!+)3*.*)!3*/>?=D-<*/5!+>!K,))!+>!+!)<A,>-#),X>D,3<A<3!B?,>-<*//+<8,!�t!A**0!

A8,B?,/3#!B?,>-<*//+<8,!A*8!0<,-+8#!+/0!+)3*.*)!</-+M,>L!!

!

D@=@D@B+M;C6(#%$+%#'(:('C+3";%:()9&+/%'%+
1!-.<9.XK*8/!+3-<2%1[P!D.#><3+)!+3-<2<-#!=*/<-*8</9!0,2<3,!'%1[!I,3./*)*9<,>5!()+>9*K5!7E4!K+>!?>,0!-*!

�}���i�����š�]�À���o�Ç�����•�•���•�•���‰���Œ�š�]���]�‰���v�š�•�[���‰�Z�Ç�•�]�����o�������š�]�À�]�š�Ç�������Z���À�]�}�µ�Œ>L!I.,!+3-<2%1[P!0+-+!3*)),3-<*/5!+/+)#-<3!

D8*3,>>,>5!><--</9!-<=,5!+/0!-<=,!>D,/-!</!*-.,8!D.#><3+)!+3-<2<-#!",.+2<*?8>!3+)3?)+-<*/>!.+2,!",,/!

0,>38<",0!,)>,K.,8,! gS_S5!S_PhL!%+8-<3<D+/->!K*8,!-.,!0,2<3,!3*/-</?*?>)#!A*8!,<9.-!3*/>,3?-<2,!0+#>L!I.,!

�(�]�Œ�•�š�����v�����š�Z�����(�]�v���o�������Ç�•�[�������š�����Á���Œ�������Æ���o�µ���������(�Œ�}�u���š�Z�������•�š�]�u���š�]�}�v���}�(���š�Z���������š�]�À�]�š�Ç�������Z���À�]�}�µ�Œ�•f!" ,3+?>,!

D+8-<3<D+/->!D,8A*8=,0!D.#><3+)!A?/3-<*/!-,>->!K.<),!K,+8</9!-.,!0,2<3,!*/!-.,!A<8>-!0+#5!+/0!-.,!)+>-!0+#!

�����š�����Á���Œ�������}�o�o�����š�������(�}�Œ���o���•�•���š�Z���v���í�ð���Z�}�µ�Œ�•���}�(���Á���l�]�v�P���š�]�u���X���W���Œ�š�]���]�‰���v�š�•�[�������š�����Á���Œ�����]�v���o�µ���������]�v���š�Z�������v���o�Ç�•�]�•���]�(��

-.,#!.+0!+-!),+>-!*/,!2+)<0!0+#!'=*8,!-.+/!Q_!.*?8>!*A!K+M</9!0+-+4!*A!0,2<3,!K,+8!-<=,L!!

I<=,!>D,/-!><--</9!0?8</9!K+M</9!.*?8>!*/!2+)<0!0+#>!0,8<2,0!A8*=!-.,!+3-<2%1[!0,2<3,!K+>!?>,0!-*!

3+)3?)+-,!-.,!�‰���Œ�š�]���]�‰���v�š�•�[��=,+/!0+<)#!><--</9!-<=,!'>,0,/-+8#!-<=,4L!$W%1!-<=,!K+>!0,8<2,0!A8*=!-.,!

+3-<2%1[P!0+-+!+>!=</?-,>!K<-.!>-,D>!A8,B?,/3#!*A!=*8,!-.+/!QTT!>-,D>N=</!0?8</9!K+M</9!.*?8>!+>!

0,>38<",0!,)>,K.,8,! gS_PhL!

!



!

`T!
!

D@=@D@D+J96#9$)6-"$"'%$+<%(*+)9'#)1"+
I.<>!K+>!+>>,>>,0!"#!"*-.!D.#><3+)!,J+=</+-<*/!+/0!B?,>-<*//+<8,L!I.,!B?,>-<*//+<8,!K+>!+0+D-,0!A8*=!

-.,!7/<-,0!;-+-,>!D*D?)+-<*/X"+>,0!2+)<0+-,0!&,+)-.!1>>,>>=,/-!e?,>-<*//+<8,!?>,0!</!-.,!\+-<*/+)!&,+)-.!

+/0!\?-8<-<*/!;?82,#!'\&1\H;4! gS__hL!%+8-<3<D+/->!?/0,8-**M!+!D.#><3+)!,J+=</+-<*/!+/0!)+-,8!+>M,0!

K.,-.,8!-.,#!.+0!+-!),+>-!*/,!</>-+/3,!*A!,JD,8<,/3</9!D+</!</!-.,!/,3M5!>.*?)0,85!,)"*K5!K8<>-5!.+/05!)*K!

"+3M5!.<D5!D,)2<>5!M/,,5!+/M),5!+/0!A**-f!,J3)?0</9!D+</!+>!+!8,>?)-!*A!-8+?=+L!I.*>,!K.*!8,D*8-,0!

,JD,8<,/3</9!D+</!K,8,!A?8-.,8!+>M,0!K.,-.,8!-.,!D+</!.+0!",,/!D8,>,/-!A*8!=*8,!-.+/!-.8,,!=*/-.>5!

K.<3.!<>!9,/,8+))#!+33,D-,0!+>!+/!</0<3+-*8!*A!3.8*/<3!D+</!gS_]hL!I.,#!K,8,!+)>*!+>M,0!-*!</0<3+-,!K.,-.,8!

+!D.#><3<+/!.+0!=+0,!+!0<+9/*><>!*A!-.,!D+</L!!

!

D@=@D@F+K$9#)6"+1"'%3)$(61+6'%'96++
I. �����‰���Œ�š�]���]�‰���v�š�•�[���P�o�µ���}�•�����u���š�����}�o�]�•�u���•�š���š�µ�•!K+>!"+>,0!*/!>,)AX8,D*8-,0!.<>-*8#!*A!ISC5!+>!K,))!+>!3)</<3+)!

+>>,>>=,/-!?></9!+!>-+/0+80!SX.*?8!*8+)!9)?3*>,!-*),8+/3,!-,>-!'V(II4! [YT]L!1><0,!A8*=!-.*>,!K<-.!M/*K/!

ISC!8,3,<2</9!</>?)</!-.,8+D#5!+))!*-.,8!D+8-<3<D+/->b!ISC!>-+-?>!K+>!+>>,>>,0!"#!V(II5!+>!0,>38<",0!

,)>,K.,8,! gYThL!!Z*8)0!&,+)-.!V89+/<>+-<*/!'Z&V4!38<-,8<+!K,8,!?>,0!-*!3+-,9*8<>,!D+8-<3<D+/->!+33*80</9!

-*!9)?3*>,!=,-+"*)<>=!>-+-?>!'($;4 O!/*8=+)!9)?3*>,!=,-+"*)<>=!'\($4 f!D8,0<+",-,>f!+/0!ISC!gS_ ĥL!!

+

+

D@B+2;"+,96'&%$(%*+!(%3"'"6N+O3"6('CN+%*/+7(4"6'C$"+E'9/C+P,96!(%3+E'9/CQ+

I.,! >,3*/0! ,=D<8<3+)!>-?0#!';-?0#!P!*A!6.+D-,8!]4!?-<)<>,0!+!D8*>D,3-<2,!0+-+>,-!A8*=!-.,!1?>-8+)<+/!

C<+",-,>5!V",><-#5!+/0![<A,>-#),!;-?0#!'-.,! 1?>C<+" !;-?0#4L!!

!

A"0"!$8'(-;)>.)*3$
I.,!1?>C<+"!;-?0#!<>!+!/+-<*/K<0,!)*/9<-?0</+)!>-?0#!0,><9/,0!-*!>-?0#!-.,!D8,2+),/3,5!</3<0,/3,5!+/0!8<>M!

A+3-*8>!*A!0<+",-,>!+/0!3+80<*2+>3?)+8!0<>,+>,!+=*/9!3*==?/<-#X0K,))</9!1?>-8+)<+/!+0?)->!+9,0!S]!#,+8>!

+/0!*2,8L!I.,8,!K,8,!-.8,,!0+-+! +>>,>>=,/-!-<=,!D*</->5!"+>,)</,5!A<2,X#,+85!+/0!QSX#,+8!A*))*KX?D>L!I.,!

"+>,)</,!+/0!A*))*KX?D!0+-+!3*)),3-<*/!D8*-*3*)>!.+2,! ",,/!0,>38<",0!,)>,K.,8,! g̀Y5!S_a5!S_`hL!I.,!> -?0#!

3*==,/3,0! K<-.!-.,!"+>,)</,!0+-+!'Z+2,!Q4!3*)),3-,0!</!QYYY!�t!STTT5!K.,8,+>!-.,!A*))*K X?D>!K,8,!

?/0,8-+M,/!+-!A<2,!#,+8>!'Z+2,!S4!</!STT_!�t!STT]!+/0!QS!#,+8>!'Z+2,!P4!</!STQQ!�t!STQSL!I.,!>,3-<*/>!*A!-.,!

1?>C<+"!;-?0#!=,-.*0>! 8,),2+/-! -*!-.<>!-.,><>!+8,!"8<,A)#!D8,>,/-,0!",)*KL!

!

A"0"0$I.&)-46$-*3()5';4.)*3($
I.,!,-.<3+)!3*/><0,8+-<*/>!*A!-.,!1?>C<+"!;-?0#!.+2,!",,/!8,D*8-,0!</!D8,2<*?>!D?")<3+-<*/>!g̀YhL!I.,!

>-?0#!</2*)2,0!-.,!0,)<2,8#!*A!,/2,)*D,0!),--,8>!-*!+))!D8<2+-,!0K,))</9>!</!-.,!>-?0#!3)?>-,8>L!I.<>!3*/-+</,0!



!

`Q!
!

+!"8*3.?8,!0,>38<"</9!>-?0#!*"U,3-<2,>5!D8*3,>>,>!*A!</-,82<,K>!+/0!,J+=</+-<*/>5!+>!K,))!+>!3*/A<0,/-<+)<-#L!

:,A*8,!"<*=,0<3+)!,J+=</+-<*/>5!</2<-,,>!K,8,!D8*2<0,0!K<-.!+!"8*3.?8,!0,-+<)</9!-.,!D8*3,0?8,>!+/0!-.,!

8<>M>!</2*)2,0!-*!</A*8=!-.,<8!0,3<><*/>!*/!D+8-<3<D+-</9!</!-.,!>-?0#L!1))!>-?0#!8,>D*/0,/->!3*/>,/-,0!-*!

</-,82<,K>!+/0!><9/,0!+!K8<--,/!3*/>,/-!A*8=!",A*8,!D+8-<3<D+-<*/L!%+8-<3<D+/->b!</A*8=+-<*/!K+>!>,3?8,)#!

>-*8,0!-*!,/>?8,!3*/A<0,/-<+)<-#!g̀YhL!I.,!1)A8,0!,-.<3>!3*==<--,,!D8*2<0,0!+DD8*2+)!A*8!-.,!>-?0#!

'+DD8*2+)!/*L!PYNQQ4L!!

!

A"0"A$%&'$+4('6)3'$54.4$JK4/'$!L$�t$(.:5@$5'()?3$435$>*>:64.)*3$
I.,!0,>38<D-<*/!*A!-.,!>-?0#!0,><9/5!D*D?)+-<*/5!>+=D)</95!+/0!0+-+!3*)),3-<*/!*A!-.,!1?>C<+"!;-?0#!+-!

"+>,)</,!.+>!D8,2<*?>)#!",,/!D?")<>.,0!g̀YhL!:8<,A)#5!A8*=!QYYY!�t!STTT5!/*/X</>-<-?-<*/+)<>,0!+0?)->!+9,0!S]!

#,+8>!+/0!*2,8!)<2</9!</!,+3.!*A!-.,!><J!1?>-8+)<+/!>-+-,>!+/0!-.,!\*8-.,8/!I,88<-*8#!+/0!8,><0</9!</!D8<2+-,!

0K,))</9>!K<-.!+!D,8=+/,/-!+008,>>!A*8!+-!),+>-!><J!=*/-.>!",A*8,!-.,!3*==,/3,=,/-!*A!-.,!>?82,#!K,8,!

</2<-,0f!,J3)?0,0!K,8,!-.*>,!K<-.!,<-.,8!D.#><3+)!*8!</-,)),3-?+)!0<>+"<)<-<,>L!%+8-<3<D+/-!</3)?><*/!?-<)<>,0!+!

>-8+-<A<,0!3)?>-,8!>+=D)</9!+DD8*+3.5!K<-.!D8*"+"<)<-#!D8*D*8-<*/+)!-*!-.,!><p,!*A!-.,! +0?)-!D*D?)+-<*/!+9,0!

S]!#,+8>!*8!*2,8!</!>+=D),0!3)?>-,8>L!I.,!3)?>-,8</9!><p,!*A!+"*?-!S]T!D+8-<3<D+/->!K+>!>,),3-,0!"+>,0!*/!

-.,! 1?>-8+)<+/!:?8,+?!*A!;-+-<>-<3>!9,*98+D.<3!+8,+!?/<-!*A!-. ,! 6,/>?>!6*)),3-*8!C<>-8<3-!'66C4!g̀YhL!F/!-*-+)5!

-.,!>+=D)</9!K+>!3*/0?3-,0!</!_S!66C>5!3*=D8<></9!><J!66C>!A8*=!,+3.!*A!-.,!><J!1?>-8+)<+/!>-+-,>!+/0!*/,!

-,88<-*8#L!!

I.,!=,+>?8, =,/->!-+M,/ !</3)?0,0!>,)AX8,D*8-,0 !>?82,#!</A*8=+-<*/!+/0!"<*=,0<3+)!0+-+L!I.,!

>?82,#!</>-8?=,/->!3*/><>-,0!*A!</-,82<,K>!+-!D+8-<3<D+/->b!.*?>,>!+/0!>?82,#!><-,>5!+>!K,))!+>!>,)AX

+0=</<>-,8,0!B?,>-<*//+<8,>L!F/-,82<,K>!K,8,!9?<0,0!"#!+!>-8?3-?8,0!</-,82<,K,8X+0=</<>-,8,0!

B?,>-<*//+<8,L!%.#><3+)!,J+=</+-<*/>!+/0!"<*)*9<3+)!-,>-!>+=D)</9!A*8!"<*=,0<3+)!0+-+!-**M!D)+3,!+-!>?82,#!

><-,>!)*3+-,0!</!,+3.!*A!-.,! >+=D),0!66C>L!1))!D8*3,0?8,>!A*8!0+-+!3*)),3-<*/!K,8,!</!+33*80+/3,!K<-.!-.,!

Z&V X8,3*==,/0,0! 9?<0,)</,>L!I,>->!*/!3*)),3-,0!D+-.*)*9#!>+=D),>!'")**0!+/0!?8</,4!K,8,!8?/!+-!

>,),3-,0!D+-.*)*9#!')+"*8+-*8#4!-,>-!3,/-8,> !g̀YhL!!

Z<-.!8,9+80!-*!8,>D*/0,/->5!0+-+!K,8,!D8*2<0,0!"#!QQ5S_a!D+8-<3<D+/->!+-!"+>,)</,!'Z+2,!Q45!K.<3.!

8,D8,>,/-,0 !+!]]LPj!8,>D*/>,!8+-, !g̀YhL!

!

A"0"#$G*66*HM:>$54.4$-*66'-.)*3($$
@*))*KX?D!+>>,>>=,/-!D8*-*3*)>!K,8,! =*0,)),0!-*!8,D)<3+-,!-.,! "+>,)</,!D8*3,0?8,>!?>,0!+-!,+3.!*A!-.,!

66C!>?82,#!><-,>!gS_a5!S_`hL!F/2<-+-<*/>!A*8!-.,!8,>D,3-<2,!A*))*KX?D>!K,8,!2<+!),--,8>!+/0!-,),D.*/,!3+))>!-*!

+))!,)<9<"),!D+8-<3<D+/->!K.*!3*=D),-,0!-.,!"+>,)</,!0+-+!3*)),3-<*/!'Z+2,!Q4!gS_a5!S_`hL!I* !=+J<=<>,!-.,!

8,>D,3-<2,!A*))*KX?D!0+-+!3*)),3-<*/5!-.,!1?>C<+"!;-?0#!3**80</+-*8>!M,D-!?DX-* X0+-,!D+8-<3<D+/->b!3*/-+3-!

</A*8=+-<*/!0+-+"+>,L!!



!

`S!
!

!

D@B@F@=+2;"+4(&6'+4)$$).R9<+PS%:"+BQ+
I.,!A<2,X#,+8!A*))*KX?D!'Z+2,!S4!K+>!3*/0?3-,0!",-K,,/!STT_!+/0!STT]L!V?-!*A!-.,!QQ5S_a!,)<9<"),!

"+>,)</,!D+8-<3<D+/->5!`5aY`!D+8-<3<D+/->!+33,D-,0!-.,!</2<-+-<*/!+/0!D8*2<0,0!0+-+!+-!A<2,!#,+8>L!I.<>!

8,D8,>,/-,0! +/!`QL^j!8,-,/-<*/ !8+-,!gS_ahL!%+8-<3<D+/->!D8*2<0,0!>?82,#!+/0!"<*=,0<3+)!0+-+!+38*>>!_P!

>?82,#!><-,>5!*/, !><-,!=*8,!-.+/ !-.,!"+>,)</,!><-,>L!I.<>!K+>!+!><-,!+00,0!</!-.,!1?>-8+)<+/!6+D<-+)!I,88<-*8#!

K.<3.!K+>!/,3,>><-+-,0!"#!-.,!8,)*3+-<*/!*A!>*=,!*A!-.,! "+>,)</,!D+8-<3<D+/->!gS_ahL!!

!

D@B@F@B+2;"+6"#)*/+4)$$).R9<+PS%:"+DQ++
I.,! A</+)!A*))*KX?D!K+>!+-!QS!#,+8>!",-K,,/!STQQ!+/0!STQS!'Z+2,!P4L!1))!QQ5S_a!D+8-<3<D+/->!8,38?<-,0!+-!

"+>,)</,!K,8,!,)<9<"),5!"?-!-.,!-*-+)! /?=",8! -.+-!8,=+</,0!+/0 !D8*2<0,0!0+-+!+-!-.<>!>-+9,!K+>!̂ 5Q` !̂

' ]YL`j!8,-,/-<*/!8+ -, 4!gS_`hL!!C+-+!K,8,!3*)),3-,0!+-!_^!>?82,#!><-,>5!A*?8!=*8,!-,>-</9!><-,>!-.+/ !-.,!

"+>,)</,!><-,>!-*!+33*?/-!A*8!8,)*3+-,0!D+8-<3<D+/->!gS_`hL!F/!+00<-<*/!-*!-.,!3*8,!"+>,)</,!0+-+5!D.#><3+)!

+3-<2<-#!=*/<-*8</9!0,2<3,!0+-+!'</3)</*=,-,8!0+-+4!K,8,!3*)),3-,0!A8*=!>,),3-,0!D+8-<3<D+/->!gS_`hL!

!

A"0"N$84.4$-*66'-.)*3$>;*.*-*6$
;<=<)+8!0+-+!3*)),3-<*/!D8*-*3*)>!K,8,!?>,0!+-!,+3.!*A!-.,! -.8,,! 0+-+!-<=,!D*</->L!!

!

D@B@H@=+E9&:"C+/%'%+
IK*!A*8=+->!*A!>,)AX8,D*8-,0 !B?,>-<*//+<8,>!K,8,!?>,0!-*!3*)),3-!>?82,#!0+-+!+-!-.,! .*?>,.*)0!+/0!>?82,#!

><-,>L!I. ,>, !K,8, !"+>,0!*/!-.,!=*0,!*A!+0=</<>-,8</9 !-.,!B?,>-<*/ / +<8,>O!!</-,82<,K,8X+0=</<>-,8,0!+/0!

>,)AX+0=</<>-,8,0!B?,>-<*//+<8,>L!

<L F/-,82<,K,8X+0=</<>-,8,0!B?,>-<*//+<8,>O!!!

I.,>,!3 */><>-,0!*A!+!.*?>,.*)0!B?,>-<*//+<8,5!+!9,/,8+)!B?,>-<*//+<8,5!+/0!+/!,J<>-</9!.,+)-.!

3*/0<-<*/>!B?,>-<*//+<8,L!C+-+!-.+-!K,8,! 3*)),3-,0!</3)?0,0O!!

+L 0,=*98+D.<3!3.+8+3-,8<>-<3>!'+9,5!9,/0,85!,-./<3<-#5!)+/9?+9,!>D*M,/5!>*3<*,3*/*=<3!>-+-?>5!

"<8-.D)+3,5!+/0!=+8<-+)!>-+-?>4!!

"L = ,0<3+)!+/0!A+=<)#!.<>-*8#!'0<+",-,>!>-+-?>5!A+=<)#!.<>-*8#5!3.8*/<3!.,+)-.!3*/0<-<*/>!,L9L5!

M<0/,#5!3+80<*2+>3?)+8!,-3L5!=,0<3+-<*/!?>,4!!

3L )<A,>-#),X8,)+-,0!A+3-*8>!'+)3*.*)!</-+M,!+/0!>=*M</9!>-+-?>5!D.#><3+)!+3-<2<-#4!!

0L . ,+)-. X",.+2<*?8X8,)+-,0!A+3-*8>!'. ,+)-.!M/*K),09,5!+--<-?0,>!+/0!D8+3-<3,!0+-+5!. ,+)-.!>,82<3,!

?-<)<>+-<*/!D+--,8/>4!g̀YhL!



!

`P!
!

!

<<L ;,)AX+0=</<>-,8,0!B?,>-<*//+<8,!!

I.<>!</3)?0,0O!

+L ;.*8-!@*8=!P^!<-,=>!';@XP 4̂!&,+)-.!;?82,#!e?,>-<*//+<8,![S_Y]!'+!9,/,8<3!-**)!A*8!9,/,8+)!.,+)-.!

+/0!K,))X",</9 !+>>,>>=,/-4!K.<3.!+>>,>>,0!,<9.-!0*=+</>!*A!B?+)<-#!*A!)<A,5!</3)?0</9O!!

<L %.#><3+)!A?/3-<*/</9!�t!QT!<-,=>!!

<<L %.#><3+)!8*),!)<=<-+-<*/>!�t!_!<-,=>!!

<<<L :*0<)#!D+</!�t!S!<-,=>!

<2L (,/,8+)!.,+)-.!D,83,D-<*/>! �t!]!<-,=>!

2L H/,89#NW<-+)<-#!�t!_!<-,=>!

2<L ;*3<+)!A?/3-<*/</9!�t!S!<-,=>!

2<<L H=*-<*/+)!8*),!)<=<-+-<*/>!�t!P!<-,=>!

2<<<L $,/-+)!.,+)-.! �t!]!<-,=>!

"L 1/-<X6+/3,8!6*?/3<)!*A!W<3-*8<+!C<,-+8#!e?,>-<*//+<8,!'C<,-+8#!>?82,#4!gS]ThL!!

!

D@B@H@B+A()1"/(#%$+/%'%++
:<*=,0<3+)!,J+=</+-<*/>!K,8,!3*/0?3-,0!+-!>?82,#!><-,>!</!,+3.!>+=D),0!66C!",-K,,/!-.,!.*?8>!*A! TaOTT!

+/0!Q_OTT!)*3+)!-<=,L!HJ+=</+-<*/>!</3)?0,0O!

<L %.#><3+)!,J+=</+-<*/!'+/-.8*D*=,-8<3!=,+>?8,=,/->4!�t!.,<9.-!-*!-.,!/,+8,>-!TL]3=f!K,<9.-!-*!

-.,!/,+8,>-!TLQM9f!K+<>-!+/0!.<D!3<83?=A,8,/3,!-*!-.,!/,+8,>-!TL]3=f!" *0#!A+-!3*=D*><-<*/f!

" )**0!D8,>>?8,L!!

<<L :)**0!-,>-! �t!'A+>-</9!>+=D),>O!+33*80</9!-*!Z&V!>-+/0+80>4!A+>-</9!9)?3*>,f!)<D<0>!'-*-+)!

3.*),>-,8*)f!.<9. X0,/><-#!)<D*D8*-,</!3.*),>-,8*)!'&C[X64!+/0!-8<9)#3,8<0,>4f!a]9!V(II!'SX.*?8!

D)+>=+!9)?3*>,4f!&"1Q3L!!

<<<L 78</,!-,>-!�t!+)"?=</N=<38*+)"?=</!+/0!38,+-</</,L!

!

D@B@H@D+, #'(:('C+3";%:()9&+/%'%+
%.#><3+)!+3-<2<-#!+/0!>,0,/-+8#!",.+2<*?8!0+-+!K,8,!"+>,0!*/!>,)AX8,D*8-,0!B?,>-<*//+<8,>!+38*>>!-.,!-.8,,!

K+2,>L!%���Œ�š�]���]�‰���v�š�•�[���‰.#><3+)!+3-<2<-#!),2,)!K+>!=,+>?8,0!"#!?></9!-.,! 13-<2,!1?>-8+)<+!;?82,#!B?,>-<*//+<8,!

K.<3.!+>M,0!B?,>-<*/>!+"*?-!),<>?8,X-<=,!D.#><3+)!+3-<2<-<,>5!+>!K,))!+>!-<=,!>D,/-!K+)M</9!A*8!-8+/>D*8-!</!

-.,!D+>-!K,,M!'a!0+#>4L!%.#><3+)!+3-<2<-#!-<=,!K+>!,>-<=+-,0!"#!>?==</9!-<=,!>D,/-!K+)M</9!A*8!QT!=</?-,>!

*8!=*8,5!-<=,!>D,/-!</!=*0,8+-, X</-,/><-#!D.#><3+)!+3-<2<-#!'$F%14!+/0!-<=,!>D,/-!</!2<9*8*?>X</-,/><-#!

D.#><3+)!+3-<2<-#!'WF%14!gS]QhL!;,0,/-+8#!",.+2<*?8!K+>!,>-<=+-,0!+>!-<=,!>D,/-!D,8!K,,M!K+-3.</9!



!

`_ !
!

-,),2<><*/L!I,),2<><*/X2<,K</9!'IW4!-<=,!K+>!3+)3?)+-,0!+>!-.,!-*-+)!8,D*8-,0!-<=,!>D,/-!*/!K,,M0+#>!+/0!

K,,M,/0>!K+-3.</9! -,),2<><*/!*8!2<0,*NCWC!A*8!-.,!D+>-!K,,M!'a!0+#>4!gS_`hL!!

1)>*5!+-!Z+2,! P5!+!=?)-<X<-,=!B?,>-<*//+<8,!K+>!</3)?0,0!-*!+>>,>>!0*=+</X>D,3<A<3!><--</9!-<=,!

'3*==?-</9!</!+!3+85!K+-3.</9!-,),2<><*/5!8,+0</95!2<><-</9!A8<,/0>5!+/0!K*8M</9!+-!+!0,>MN3*=D?-,84!gS_`hL!

V"U,3-<2,)#!=,+>?8,0!+3-<2<-#!",.+2<*?8!0+-+!?></9!"*0# XK*8/! 0,2<3,>!K,8,!+)>*!3*)),3-,0!A8*=!>,),3-,0!

D+8-<3<D+/->!+-!Z+2,!P!'+33,),8*=,-,8! X!13-<98+D.q!(IPno!+/0!</3)</*=,-,8!X!+3-<2%1[Pq4!gS_`hL!!

!

!

D@D+E'%*/RT<+U(#')&(%+E'9/C+

I.,!-.<80!,=D<8<3+)!>-?0#!';-?0#!_4!D8,>,/-,0!</!6.+D-,8!^!?-<)<>,0!0+-+!A8*=!-.,!;-+/0 X7D!W<3-*8<+!

>,0,/-+8#! " ,.+2<*?8!8,0?3-<*/!QSX=*/-. !3)?>-,8X8+/0*=<>,0!3*/-8*)),0! -8<+)L!!

!

A"A"!$8'(-;)>.)*3 $
�d�Z�����^;-+/0!7D!W<3-*8<+!�^�š�µ���Ç�_���Á���•��+!QSX=*/-.!3)?>-,8 X8+/0*=<>,0!3*/-8*)),0!-8<+)!K.*>,! =+</!D?8D*>,!

K+>!-*!0,-,8=</,!K.,-.,8!+!=?)-< X3*=D*/,/-!-.8,, X=*/-.!</-,82,/-<*/!3*?)0! 8,0?3,!0,>MX"+>,0!*AA<3,!

K*8M,8>b!><--</9!-<=,L!I.,!-8<+)!D8*-*3*)!.+>!",,/!0,-+<),0!,)>,K.,8, !g]] hL!F/!"8<,A5!-.,!D8*-*3*)!</3)?0,0!

-.8,,! 0+-+!+>>,>>=,/-!-<=,!D*</->!�t!+-!"+>,)</,5!-.8,, !=*/-. >!+-!-.,!,/0!*A!-.,! </-,82,/-<*/!D,8<*05!+/0!

QS!=*/-. >!+A-,8!+!/</,X=*/-.! =+</-,/+/3,!D,8<*0L!%+8-<3<D+/->!K,8,!</!K*8M!-,+=>!8,38?<-,0!A8*=!Q_!

0<AA,8,/-!K*8M><-,>!K.<3.!K,8,!9,*98+D.<3+))#!>,D+8+-,0!+-!),+>-!*/,!M<)*=,-8,!+D+8-!",-K,,/!1D8<)!STQS!

+/0!V3-*",8!STQPL!I.,!K*8M><-,>!K,8,!K<-.</!+!></9),!*89+/<>+-<*/5!-.,!1?>-8+)<+/!(*2,8/=,/-!C,D+8-=,/-!

*A!&?=+/!;,82<3,>!'C&;4!</!-.,!1?>-8+)<+/!>-+-,!*A!W<3-*8<+5!+/0!.+0!/*!*/9*</9!>-+AA!D.#><3+)!+3-<2<-#!

</-,82,/-<*/!D8*98+=!g]] hL!I.,! ,=D)*#,,>!*A!-.,! D+8-<3<D+-</9!K*8M><-,>!K,8,!8,38?<-,0!-.8*?9.!-,),D.*/,X

+0=</<>-,8,0!</-,82<,K>L!!

I.,!,)<9<"<)<-#!38<-,8<+!</3)?0,0!+0?)->!+9,0!Q`!�t!̂ ]!#,+8>!K*8M</9!+-!),+>-!TL^!A?))X-<=,!,B?<2+),/->!

K<-.!+!0,><9/+-,0!0,>M!K<-.!+33,>>!-*!+!-,),D.*/,!+/0!</-,8/,-5!+>!K,))!+>!",</9!+"),!-*!>D,+M!H/9)<>.5!+/0!

.+0!/*!</-,/-<*/!-*!8,)*3+-,!A8*=!-.,!K*8M><-,!A*8!+-!),+>-!-.,!A<8>-!-.8,,!=*/-.>!*A!-.,!</-,82,/-<*/!D,8<*0L!

%+8-<3<D+/->!K,8,!,J3)?0,0!<A!-.,#!K,8,!D8,9/+/-f!.+0!D.#><3+)!.,+)-.!)<=<-+-<*/>!-*!>-+/0</9!3*/-</?*?>)#!

A*8!+-!),+>-!QT!=</?-,>f!K,8,!/*/X+="?)+-*8#!g]] hL!Z*8M><-,>!K,8,!-.,!?/<-!*A!8+/0*=<>+-<*/!*A!

D+8-<3<D+/->!</-*!+/!</-,82,/-<*/!98*?D!'>,2,/!K*8M><-,>!K<-.!QP^!K*8M,8>4!+/0!+!3*/-8*)!98*?D!'>,2,/!

K*8M><-,>!K<-.!Y]!K*8M,8>4L!I.,!0,-+<),0!-8<+)!D8*-*3*)!+/0!-.,!D<)*-!A</0</9>!g]] 5!S]Sh5!=,+>?8,>!?>,0!+/0!

</-,82,/-<*/!0,2,)*D=,/-!D8*3,>>! gS]Ph5!+>!K,))!+>!A</0</9>!*/!</-,82,/-<*/!,AA,3->!ĝ Yh!+/0!-.,!<=D+3->!*/!

3+80<*=,-+"*)<3!"<*=+8M,8>!g]Yh5!.+2,! +))!",,/!D?")<>.,0L!I.,!3* =D*/,/-!*A!-.,!-8<+)! 8,),2+/-! -*!-.<>!-.,><>!

<>!"8<,A)#!0,>38<",0L!



!

`] !
!

!

A"A"0$I.&)-46$-*3()5';4.)*3( $
I.,!>-?0#!K+>!8,9<>-,8,0!K<-.!-.,! 1?>-8+)<+/!\,K!k,+)+/0!6)</<3+)!I8<+)>!G,9<>-,8!/?=",8!

16IG\QS^QQTTTa_SYa^5!+/0!H-.<3+)!+DD8*2+)!K+>!98+/-,0!"#!-.,!1)A8,0!&,+)-.!&?=+/!H-.<3>!6*==<--,,5!

$,)"*?8/,5!1?>-8+)<+L!H+3.!D+8-<3<D+/-!D8*2<0,0!K8<--,/!</A*8=,0!3*/>,/-L!I.,!-8<+)!A*))*K,0!-.,!>-+/0+80>!

*A!6*/>*)<0+-,0!;-+/0+80>!*A!G,D*8-</9!I8<+)>!'6V\;VGI4!9?<0,)</,>!A*8!3)?>-,8X8+/0*=<p,0!-8<+)>!gS]_hL!

@?/0</9!A*8!-.,!;-+/0X7D!W<3-*8<+!-8<+)!K+>!D8*2<0,0!"#!-.,!\+-<*/+)!&,+)-.!+/0!$,0<3+)!G,>,+83.!6*?/3<)!

'\&$G64!%8*U,3-!(8+/-!'rQTTSaT^4!+/0!-.,!W<3-*8<+/!&,+)-.!%8*=*-<*/!@*?/0+-<*/!'W<3&,+)-.4L!!

!

A"A"A$O;)'7$*/';/)'H$*7$.&'$)3.';/'3.)*3 $4;2$.;'4.2'3. $
;-+/0 !7D!W<3-*8<+!-8<+)!3*/><>-,0!*A!+!=?)-<X3*=D*/,/-!-.8,, X=*/-.!</-,82,/-<*/!>-8+-,9 #!�t!K<-.!

*89+/<>+-<*/+)5!,/2<8*/=,/-+)5!+/0!</0<2<0?+)X),2,)!3*=D*/,/-> L!I.,!</-,82,/-<*/!+)>*!.+0!-.8,,!M,#!

�]�v�š���Œ�À���v�š�]�}�v���u���•�•���P���•���~�^�^�š���v�����h�‰�U���^�]�š���>���•�•�U���D�}�À�����D�}�Œ���_�•���š�}���•�µ�‰�‰�}�Œ�š���š�Z�����u�µ�o�š�]X3*=D*/,/-!>-8+-,9<,>!g]] 5!

S]PhL!I.,! ",.+2<*?8+)!-+89,-!K+>!-*!>?DD*8-!D+8-<3<D+/->!-*!8,D)+3,!D*8-<*/>!*A!-.,<8!0+<)#!><--</9!-<=,!K<-.!

>-+/0</9!+/0N*8!>-,DD</9!D*>-?8,>!-.8*?9.!>-+/0</9!A*8!+-!),+>-!+/!.*?8!+!0+#!+-!-.,<8!K*8M>-+-<*/5!+/0!

*-.,8!>,)AX>,),3-,0!>-8+-,9<,>!-.+-!-+89,-,0 !>-+/0</95!>-,DD</95!*8!"*-.!D*>-?8,>L!

+L V89+/<>+-<*/+)!3*=D*/,/-!�t!-.<>!</2*)2,0!-.8,,!,),=,/->!*A!>?DD*8-!</3)?0</9!>,/<*8!=+/+9,8<+)!

�•�µ�‰�‰�}�Œ�š���š�Z�Œ�}�µ�P�Z�����}�v�•�µ�o�š���š�]�}�v�•���Á�]�š�Z���Œ���•�����Œ���Z���•�š���(�(�U���Á�}�Œ�l�•�Z�}�‰�•���(�}�Œ���Œ���‰�Œ���•���v�š���š�]�À���•�[�����}�v�•�µ�o�š���š�]�}�v�����Ç��

>,/<*8!8,>,+83.!>-+AA5!+>!K,))!+>!8,>,+83.!>-+AA!0,)<2,8</9!</A*8=+-<*/!+/0!"8+</>-*8=</9!>,>><*/>!-*!

-.,!D+8-<3<D+/->L!1)>*5!-.,8,!K+>!*/9*</9!*89+/<>+-<*/+)!>?DD*8-!-.8*?9.!-,+=!3.+=D<*/>!>,/0</9!

,=+<)>!3*/-+</</9!</-,82,/-<*/X-+<)*8,0!=,>>+9,>!-*!-,+=!=,=",8>L!!

"L H/2<8*/=,/-+)!3*=D*/,/- !�t!-.<>!</3)?0,0!+!>-8?3-?8+)!=*0<A<3+-<*/!*A!-.,!K*8M!,/2<8*/=,/-!"#!-.,!

</>-+))+-<*/!*A!+!.,<9.-X+0U?>-+"),!0?+)X>38,,/!><-X>-+/0!K*8M>-+-<*/!'H89*-8*/!Z*8M@<-X;4!K.<3.!

</3)?0,0!+!K*8M!>?8A+3,!+33,>>*8#!-*!,/+"),!-.,!D+8-<3<D+/-!-*!+)-,8/+-,!",-K,,/!><-- </9!+/0!

>-+/0</9!D*>-?8,>!K.<),!K*8M</9L!I.<>!3*=D*/,/-!)+>-,0!A*8!-.,!-.8,,X=*/-.!</-,82,/-<*/!D,8<*0!

+/0!8,=+</,0!A*8!-.,!/</, X=*/-.!=+</-,/+/3,!D,8<*0! ?/ -<)!-.,!QSX=*/-.!0+-+!3*)),3-<*/!-<=,!

D*</-L!%+8-<3<D+/-X-+<)*8,0!><--</9!+/0!>-+/0</9!.,<9.->!*A!-.,!><-X>-+/0!K*8M>-+-<*/>!K,8,!

3*/A<9?8,0!+/0!=+8M,0!K<-.!+0.,><2,!)+",)>L!@?8-.,85!D+8-<3<D+/->!K,8,!D8*2<0,0!K<-.!K8<--,/!+/0!

2,8"+)!</A*8=+-<*/!*/!-.,!><-X�•�š���v�����u���v�µ�(�����š�µ�Œ���Œ�[�•���]�v�•�š�Œ�µ���š�]�}�v�•���}�v�����‰�‰�Œ�}�‰�Œ�]���š�������Œ�P�}�v�}�u�]�����•�]�š�š�]�v�P��

+/0!>-+/0</9!D*>-?8,>L!!

3L F/0<2<0?+)X),2,)!3*=D*/,/-! �t!-.<>!K+>!+!-.8,,X=*/-.!>-8+-,9#!-*!>?DD*8-!-.,!",.+2<*?8!3.+/9,!+/0!

K+>!0,)<2,8,0!"#!-8+</,0!.,+)-.!�Z3*+3.,>�[L!F-!</3)?0,0!A+3,X-* XA+3,!.,+)-.!3*+3.</9!>,>><*/>!+/0!

>?DD*8-</9!-.8,,!3*/>,3?-<2,!-,),D.*/,!3+))>!+-!SX5!_X5!+/0! X̀K,,M>!A*))*K</9!-.,! D+8-<3<D+/->b!

3*+3.</9!>,>><*/L!I.,!3*+3.</9!,/A*83,0!-.,!M,#!</-,82,/-<*/!=,>>+9,!�t!�^�^�š���v�����h�‰�U���^�]�š���>���•�•�U���D�}�À����

�D�}�Œ���_�X��I.,!3*+3.</9!+)>*!</2*)2,0!>D,3<A<3!,89*/*=<3!</>-8?3-<*/>!*/!K*8M>-+-<*/!?>+9,!A*8!



!

`^ !
!

�‰���Œ�š�]���]�‰���v�š�•���š�}���Z�o�]�•�š���v���š�}���š�Z���]�Œ�����}���Ç�[�����v��!8,9?)+8)#!3.+/9,!-.,<8!D*>-?8,!-*!,/>?8,!/*-!><--</9!*8!

>-+/0</9!A*8!-**!)*/9L!

6*/-8*) O!

I.,!3*/-8*)!98*?D!D+8-<3<D+/->!K,8,!+02<>,0!*A!-.,!+<=!*A!-.,!-8<+)5!+/0!-.,#!A*))*K,0!-.,!?>?+)!K*8M!

D8+3-<3,!K<-.*?-!8,3,<2</9!+/#!*A!-.,!</-,82,/-<*/!3*=D*/,/->L!&*K,2,85!-.,#!?/0,8K,/-!-.,!>+=,!0+-+!

3*)),3-<*/!+>>,>>=,/-!+>!-.,!</-,82,/-<*/!98*?D!+-!-.,! -.8,,!0+-+!3*)),3-<*/!-<=,!D*</->L!!

!

S.&#O!@*8!-.,!D?8D*>,!*A!-.<>!-.,><>5!</-,82,/-<*/!+/0!3*/-8*)! +8=!�‰���Œ�š�]���]�‰���v�š�•�[��0+-+!K,8,!D**),0!-*9,-.,8!

-* !</38,+>,!-.,!>-+-<>-<3+)!D*K,8!*A!-.,!+/+)#><>L!

!

A"A"#$84.4$-*66'-.)*3$
%+8-<3<D+/->!K,8,!+>>,>>,0!+-!-.8,,X-<=,!D*</->!�t!+-!"+>,)</,5!-.8,, !=*/-. >!+A-,8!-.,!3*=D),-<*/!*A!

*89+/<>+-<*/+)!+/0!</0<2<0?+)X),2,)!</-,82,/-<*/!3*=D*/,/->5!+/0!+A-,8!-.,!/</, X=*/-.!=+</-,/+/3,!D,8<*0!

+-!QS!=*/-. >L!I.,!0+-+!3*)),3-<*/!D8*-*3*)!.+>!",,/!D8,2<*?>)#!D?")<>.,0!g]] 5!S]Phf!+!"8<,A!0,>38<D-<*/!*A!

-.,! 0+-+!8,),2+/-! -*!-.<>!-.,><>!<>!D8,>,/-,0!",)*KL !

!

D@D@F@=+M&(1%&C+)9'#)1">+%#'(:('C+3";%:()9&6+P6(''(*0N+6'%*/(*0N+6'"<<(*0Q+
13-<2<-#!",.+2<*?8!*?-3*= , >!K,8,!*"U,3-<2,)#!=,+>?8,0!?></9!+3-<2%1[PI$ !D.#><3+)!+3-<2<-#!=*/<-*8</9!

0,2<3,!'%1[!I,3./*)*9<,>![<=<-,05!()+>9*K5!7Ef!W,8><*/!^LPLT4L!1!0,-+<),0!0,>38<D-<*/!*A!-.<>!D8*3,>>!.+>!

",,/!8,D*8-,0!,)>,K.,8,! ĝ YhL!F/!"8<,A5!D+8-<3<D+/->!K*8,!+!K+-,8D8**A,0!+3-<2%1[PI$ !0, 2<3,!"#!+--+3.</9!<-!

-*!-.,!+/-,8<*8!8<9.-!-.<9.!?></9!.#D*+)),89,/<3!+0.,><2,!=+-,8<+)!'&#D+A<Jq5!:;\!=,0<3+)4!3*/-</?*?>)#!A*8!

>,2,/!0+#>!+-!,+3.!*A!-.,! 0+-+!3*)),3-<*/!-<=,!D*</->L!@*8!-.,! 2+)<0+-<*/!*A!-.,!+3-<2%1[!0,2<3,5!-.,!

D+8-<3<D+/->!3*/3?88,/-)#!K*8,! +/!+33,),8*=,-,85!+/0!-.,!-8<X+J<+)!(IPno!13-<98+D.!+3-<2<-#!=*/<-*8!

'13-<(8+D.5!%,/>+3*)+5!@)*8<0+45!*2,8!-.,!8<9.-!.<D5!?></9!+/! ,)+>-<3!",)-L!; ,)AX3*=D),-,0!0+<)#!)*9>!*A!

�‰���Œ�š�]���]�‰���v�š�•�[���Á�}�Œ�l���Z�}�µ�Œ�•�U���š�Z�����•�]�š����+-!K.<3.!-.,#!K*8M,05!K+M</9!+/0!>),,D!-<=,>5!+/05!<A!+/#5!-<=,>!K.,/!

-.,!0,2<3,>!K,8,!/*-!K*8/L! !

I.,!0+-+! K,8,! D8*3,>>,0!"#!?></9!+!3?>-*=<>,0!>-+-<>-<3+)!>*A-K+8,!D8*98+=!�t!;1;!2,8><*/!YL_!';1;!

F/>-<-?-,!F/3L5!6+8#5!\65!7;14!�t!K.<3.!3*="</,0!-.,!+3-<2%1[!+/0!0<+8#!0+-+L!I.,!><--</95!>-+/0</95!+/0!

>-,DD</9!+3-<2<-#!",.+2<*?8>!K,8,!3+)3?)+-,0!+>!-.,!+2,8+9,!2+)<0!K*8M0+#>!'0,2<3,!K*8/!0?8</9!+-!),+>-!

`Tj!*A!K*8M!.*?8>4!*8!2+)<0!0+#>!'0,2<3,!K*8/!0?8</9!+-!),+>-!`Tj!*A!K+M</9!.*?8>4L!I.,!13-<98+D.!(IPno!

0+-+!K+>!?>,0!-*!,>-<=+-,!-<=,!>D,/-!</![ F%1!+/0!$W%1L!!

!



!

`a !
!

D@D@F@B+E"#)*/%&C+)9'#)1"6+
V-.,8!0+-+!3*)),3-,0!K,8, O!

+L 6)</<3+))#!+>>,>>,0!0+-+!�t!+/-.8*D*=,-8<3!=,+>?8,>!</3)?0,0!.,<9.-5!K,<9.-5!+/0!"*0#!3*=D*><-<*/!

K,8,!3*)),3-,0!?></9!>-+/0+80!</>-8?=,/->L!6+80<*=,-+"*)<3!=+8M,8>5!</3)?0</9!D+8-<3<D+/->b!

9)?3*>,5!)<D<0!D8*A<),!'-*-+)!3.*),>-,8*)5![C[5!&C[5!+/0!-8<9)#3,8<0,>45!+/0!</>?)</!K,8,!+>>,>>,0!A8*=!

A+>-</9!")**0!>+=D),>L!:)**0!D8,>>?8,!K+>!=,+>?8,0L!!

"L ;?82,#!0+-+!�t!>*3<*X0,=*98+D.<3!</A*8=+-<*/!'+9,5!9,/0,85!,-./<3<-#5!=+8<-+)!>-+-?>5!+/0!,0?3+-<*/!

),2,)4!K+>!3*)),3-,0!+-!"+>,)</,!*/)# L!%.#><3+)!.,+)-.!0+-+5!</3)?0</9!=?>3?)*>M,),-+)!.,+)-.5!K,8, !

+)>*!3*)),3-,0L!1/!*/)</,!=*0<A<,0!\*80<3!$?>3?)*>M,),-+)!e?,>-<*//+<8,!'\$e4!-.8*?9.!+![<=,X

;,82<3,!-**)!K+>!>,)AX3*=D),-,0!-*!+>>,>>!-.,!D8,>,/3,!*A!$;%!</! 2+8<*?>!"*0#!8,9<*/>!0?8</9!-.,!

D+>-!>,2,/!0+#>!+/0!-.,!D+>-!-.8,, !=*/-.>! g]] 5!S]] 5!S]^hL!%+8-<3<D+/->!+)>*!3*=D),-,0!+!>,)AX8,D*8-!

B?,>-<*//+<8,!-*!,>-<=+-,!-<=,!>D,/-!</!D.#><3+)!+3-<2<-#5!>-+/0</95!+/0!><--</9!0?8</9!K,,M0+#>!+/0!

K,,M,/0>L!V-.,8!=, +>?8,>!</3)?0,!K*8M!*?-3*=,>!'D8*0?3-<2<-#!X!&,+)-.!+/0!Z*8M!e?,>-<*//+<8,!

'&Ze4f!D8,>,/-,,<>=!+/0!+">,/-,,<>=! X!Z*8M![<=<-+-<*/>!e?,>-<*//+<8,!'Z[e45!0<,-+8#!</-+M,!�t!

@+-!i!@<"8,!:,.+2<*?8!F/0,J5!B?+)<-#!*A!)<A,!X!1?>-8+)<+/!e?+)<-#!*A![<A,!;?82,#!'1e*[X̀C4!g]] hL!

!

!

!

!

!

!

!

!

!

! !



!

`` !
!

8'<4#!BHGE!"/JJ'()!.I! $'&'2#&2!/2#$!-%!&+#!#J9-(-3'4!2&/$-#2H!

"&/$) ! ;#23(-9&-.%! 1#'2/(#$!,'(-'<4#2 !
I.,!$++>-8<3.-!;-?0#!!
!
\,-.,8)+/0>! !
!

%*D?)+-<*/X"+>,0!,D<0,=<*)*9<3+)!>-?0#!38*>>X
>,3-<*/+)!0+-+>,-!*A!+0?)->!+9,0!_T!�t!a]!#,+8>L!
G,38?<-=,/-!K+>!>-8+-<A<,0!"#!M/*K/!ISC!>-+-?>5!
K<-.!+/!*2,8>+=D)</9!*A!</0<2<0?+)>!K<-.!ISCL!
!
!

13-<2<-#!",.+2<*?8!0+-+O!+3-<2%1[X0,8<2,0!>,0,/-+8#!
",.+2<*?8!'0+<)#!><--</9!-<=,4!+/0!$W%1!
!
$;%!*?-3*=,> !�t!;,)AX8,D*8-,0!$;%!</!-.,!/,3M5!
>.*?)0,85!,)"*K5!K8<>-5!.+/05!)*K!"+3M5!.<D5!D,)2<>5!
M/,,5!+/M),5!+/0!A**-!'e?,>-<*//+<8,!+0+D-,0!A8*=!-.,!
7/<-,0!;-+-,>!D*D?)+-<*/X"+>,0!2+)<0+-,0!&,+)-.!
1>>,>>=,/-!e?,>-<*//+<8,!gS__h4!
!
()?3*>,!=,-+"*)<>=!>-+-?>!�t!;,)AX8,D*8-,0!ISC!+/0!
3)</<3+))#!+>>,>>,0!"#!SX.*?8!V(IIL!6+-,9*8<>,0!</-*!�t!
\($5!D8,0<+",-,>5!+/0!ISCL!
!
6*2+8<+-,>!�t!1/-.8*D* =,-8<3!+/0!0,=*98+D.<3!
=,+>?8,>!'"*0#!K,<9.-! �t!:$F45!=,0<3+)!.<>-*8#5!B?+)<-#!
*A!)<A,5!>=*M</9!",.+2<*?85!>*3<*,3*/*=<3!>-+-?>5!
0<,-+8#!+/0!+)3*.*)!</-+M,L!
!

1?>C<+"!;-?0#!
!
!
1?>-8+)<+!

%*D?)+-<*/X"+>,0!,D<0,=<*)*9<3+)!!
D8*>D,3-<2,!>-?0#!0,><9/L!!
!
10?)->!+9,0!S]!#,+8>!+/0!*2,8!K,8,! 8,38?<-,0!
/+-<*/K<0,!A8*=!><J!>-+-,>!+/0!*/,!-,88<-*8#!+38*>>!
1?>-8+)<+L!
!
I.8,,!0+-+!3*)),3-<*/!-<=,!D*</->!*2,8!QS!#,+8>O!!
!!!!!:+>,)</,! �t!QYYY!-*!STTT!'QQ5!S_a4!
!!!!!
!!!!!@*))*KX?D>O!
!!!!!!!!+-!]!#,+8>!�t!STT_!-*!STT]!'`5aY`4!
!!!!!!!!
!!!!!!!!+-!QS!#,+8>!�t!STQQ!-*!STQS!'^5Q`^4!
!

13-<2<-#!",.+2<*?8!0+-+!'+>>,>>,0!+-!+))!-<=,!D*</->4!�t!!
;,0,/-+8#!",.+2<*?8!K+>!,>-<=+-,0!+>!>,)AX8,D*8-,0!
-*-+)!IW!-<=,!*/!K,,M0+#>!+/0!K,,M,/0>!A*8!-.,!D+>-!
a!0+#>L!13-<2,!1?>-8+)<+!;?82,#!B?,>-<*//+<8,!?>,0!A*8!
),<>?8,X-<=,!D.#><3+)!+3-<2<-#!'$W%14!gS]QhL!
!
%+</!*?-3*=,!'+>>,>>,0!+-!+))!-<=,!D*</->4!�t!:+>,0!*/!
-.,! ;@P^!"*0<)#!D+</!0*=+</!>3+),!'3*/><>->!*A!-K*!
<-,=>!K.<3.!+>>,>>!D+</!</-,/><-#!+/0!D+</!</-,8A,8,/3,!
*/!/*8=+)! +3-<2<-<,>![S_Y]4L!;3*8,0!*/!+!T!-*!QTT!>3+),!
�Á�]�š�Z���o�}�Á���Œ���•���}�Œ���•���~�š�}�Á���Œ���•���Z�ì�[�•���Œ���(���Œ�Œ�]�v�P���š�}���u�}8,!
�•���À���Œ�����‰���]�v���~�•���}�Œ�����Z�í�ì�ì�[���t!/*!D+</4L!
!
ISC!>-+-?>!'+>>,>>,0!+-!+))!-<=,!D*</->4!�t!6)</<3+))#!
+>>,>>,0!?></9!A+>-</9!")**0ND)+>=+!9)?3*>,!-,>-!+/0!
SX.*?8!V(IIL !
!
6*2+8<+-,>!�t!I<=, X</2+8<+/-!0+-+!'>,J!+/0!,0?3+-<*/!
),2,)4!3+D-?8,0!*/)#!+-!"+>,)</,L!I<=, X2+8<+/-!0+-+!
�~���•�•���•�•���������š�����o�o���š�]�u�����‰�}�]�v�š�•�•���‰���Œ�š�]���]�‰���v�š�•�[�����P���U�����v����
K+<>-!3<83?=A,8,/3,!'"*0#!K,<9.-45!>,)AX8,D*8-,0!
.*?>,.*)0!</3*=,5!)<A,>-#),!",.+2<*?8>!',/,89#!</-+M,!
+/0!>=*M</94!=,0<3+)!.<>-*8#5!+/0!=,/-+)!.,+)-.L!
!

;-+/0 X7D!W<3-*8<+!;-?0#!
!
!
1?>-8+)<+!

Z*8MD)+3,X"+>,0!3)?>-,8X8+/0*=<>,0!3*/-8*)!-8<+)!
'D8*>D,3-<2,4!0,><9/L!
!
G,38?<-,0!A8*=!+0?)->!+9,0!Q`!�t!^]!#,+8>!K.*!K,8,!
0,>MX"+>,0!K*8M,8>!</!+!></9),!*89+/<>+-<*/L!!
!
I*-+)!D+8-<3<D+/->!�t!SPQ!'F/-,82,/-<*/!c!QP^f!6*/-8*)!
c!Y]4!
!
I.8,,!+>>,>>=,/-!-<=, !D*</->!�t!+-!"+>,)</,5!-.8,,X
=*/-.!+A-,8!-.,!</-,82,/-<*/5!+/0!QS !=*/-. >!+A-,8!
-.,!/</, X=*/-.!=+</-,/+/3,!D,8<*0L !
!

13-<2<-#!",.+2<*?8!0+-+!'><--</95!>-+/0</95!+/0!
>-,DD</94!�t!+3-<2%1[PX+>>,>>,0!+3-<2<-#!",.+2<*?8>!+-!
,+3.!-<=,!D*</-L!
!
$;%!*?-3*=,>! �t!\$e X+>>,>>,0!+3.,5!D+</5!
0<>3*=A*8-5!*8!/?="/,>>!</!-.,!/,3M5!>.*?)0,8>5!
,)"*K>5!K8<>->5!)*K!"+3M5!.<D>5!M/,,>5!+/0!+/M),>!</!-.,!
)+>-!>,2,/!0+#>!'+3?-,4!+/0!-.,!)+>-!-.8,,!=*/-.>!
'3.8*/<34!gS]^hL!
!
6*2+8<+-,>!�t!;,)AX8,D*8-,0!+/-.8*D*=,-8<3!+/0!
0,=*98+D.<3!'"*0#!K,<9.-! �t!:$F45!+>!K,))!+>!
>*3<*,3*/*=<3!0+-+L!!

ISC!�t!-#D,!S!0<+",-,>5!$W%1!�t!=*0,8+-, X-* X2<9*8*?>!</-,/><-#!D.#><3+)!+3-<2<-#5!\($!�t!/*8=+)!9)?3*>,!=,-+"*)<>=5!;@P^!�t!>.*8-!A*8=!P^!
<-,=>5!V(II! �t!*8+)!9)?3*>,!-*),8+/3,!-,>-5!\$e!�t!\*80<3!=?>3?)*>M,),-+)!D+</!B?,>-<*//+<8,!

!



!

`Y!
!

D@F+E'%'(6'(#%$+%*%$C'(#+%<<&)%#;"6+

1/ !*2,82<,K!*A!-.,!>-+-<>-<3+)!=*0,))</9!=,-.*0>!-.+-!K,8, !?>,0!</!-.,!2+8<*?>!,=D<8<3+)!>-?0<,>!<>!

D8,>,/-,0!",)*KL !

!

A"#"!$P*?)(.)-$;'?;'(()*3$$
I.,!A<8>-!,=D<8<3+)!>-?0#!';-?0#!S4!?>,0!+!><=D),!)*9<>-<3!8,98,>><*/!=*0,))</9!=,-.*0!-*!,J+=</,!-.,!

+>>*3<+-<*/>!",-K,,/!2*)?=,>!*A!0+<)#!><--</9!-<=,!+/0!-.,!*00>!*A!$;%!*?-3*=,>!</!0<AA,8,/-!"*0#!

8,9<*/>L!I.<>!=*0,))</9!+DD8*+3.!+>>?=,>!+!)</,+8!8,)+-<*/>.<D!",-K,,/!-.,!,JD*>?8,!'0+<)#!><--</9!-<=,4!

+/0!-.,!*?-3*=,!' $;%4!2+8<+"),>L!

!

D@F@=@=+G"6'&(#'"/+#93(#+6<$(*"6+
1!>?"X+/+)#><>!K+>!D,8A*8=,0!</!;-?0#!S!-*!,J+=</,!-.,!D*-,/-<+)!/*/ X)</,+8!8,)+-<*/>.<D>!*A!0+<)#!><--</9!

-<=,!K<-.!-.,! $;%!*?-3*=,>!?></9!+!8,>-8<3-,0!3?"<3!>D)</,!'G6;4L!I.,!G6;!<>!+!8*"?>-!+/+)#-<3+)!=,-.*0!A*8!

=*0,))</9!A),J<"),!/*/ X)</,+8!8,)+-<*/>.<D>!K<-.!M/*->!D)+3,0!+-!>D,3<A<3!)*3+-<*/>!*A!-.,!3?82,!gS]ahL!I.,!

/?=",8!*A!M/*->!+/0!-.,<8!)*3+-<*/>!)+89,)#!0,D,/0!*/!-.,!><p,!*A!-.,!0+-+!gS]a5!S]` hL!1/!,J+=D),!*A!G6;!

A*8!,>-<=+-</9!-.,!/*/ X)</,+8!8,)+-<*/>.<D>!K<-.!0<AA,8,/-!M/*->!<>!>.*K/!</!@<9?8,!PLQ!",)*K !�t!-.,!

<))?>-8+-<*/!K+>!-+M,/!A8*=!V>M+8>>*/!+/0!3*)),+9?,>!gS]` hL!!

!

!

!

!

!

!

!

!

!

!

A"#"0$Q;*H.&$-:;/'$2*5'66)3?$
I.<>!+/+)#-<3!=,-.*0!K+>!?>,0!</!-.,!>,3*/0! ,=D<8<3+)!>-?0#!';-?0#!P4!-*!,J+=</,!"*0<)#!D+</!-8+U,3-*8<,>!

+/0!-., <8!8,)+-<*/>.<D>!K<-.!3.+/9,>!</!>,0,/-+8#!",.+2 <*?8!'IW!-<=,4L!I.,!9 8*K-.!3?82,!=*0,) 5!K.<3.!<>!

+)>*!8,A,88,0!-*!+>!98*K-.!-8+U,3-*8#5!<>!+/!+/+)#-<3+)!=,-.*0!?>,0!-*!,>-<=+-,!3.+/9,>!</!*?-3*=,>!*A!

=-F/(#!BHGE!G,>-8<3-,0!3?"<3!>D)</,>!>.*K</9!+!0<AA,8,/-!/?=",8!*A!M/*->L!



!

YT!
!

8,D,+-,0!=,+>?8,>!*2,8!>,2,8+)!*">,82+-<*/+)!D,8<*0>L!I.,!=,-.*0!?>,>!+!=<J,0 X,AA,3->!*8!=?)-<),2,)!

=*0,))</9!+DD8*+3.5!+/0!<-!<>!-.,!<0,+)!=,-.*0!8,3*==,/0,0!A*8!)*/9<-?0</+))#!>-8?3-?8,0!0+-+!K<-.!

8,D,+-,0!=,+>?8,>!+-!>,2,8+)!*">,82+-<*/+)!-<=,!D*</->!gS]Y5!S^ThL!I.<>!+DD8*+3.!.+>!-.,!+02+/-+9,!*A!

+33*?/-</9!A*8!0<AA,8,/3,>!</!0+-+!0<>-8<"?-<*/!+/0!2+8<+-<*/>!</!2+8<+"),>!</!)*/9<-?0</+)!0+-+L!(8*K-.!3?82,!

=*0,))</9!3+/!+33*?/-!A*8!=<>></9!0+-+!"#!-8,+-</9!-.,=!+>!=<>></9!+-!8+/0*=!'$1G45!+>!K,))!+>!<88,9?)+8!

-<=,!D*</->!*A!0+-+!3*)),3-<*/!*A-,/!+>>*3<+-,0!K<-.!)*/9<-?0</+)!0+-+!gS]Y5!S^ThL!100<-<*/+))#5!<-!<>!,AA,3-<2,!

</!3*/3?88,/-)#!.+/0)</9!-<=,X2+8<+/-!+/0!-<=,X</2+8<+/-!3*2+8<+-,>L!@?8-.,85!<-!3+/!D8*2<0,!+/!,>-<=+-,!A*8!

D+8-<3<D+/-X>D,3<A<3!,JD*>?8,!,AA,3-5!-.,8,A*8,5!2+8<+"<)<-<,>!</!)*/9<-?0</+)!*?-3*=,>!+=*/9!D+8-<3<D+/->!

3+/!",!,JD)+</,0L!I .<>!+DD8*+3.!D8*2<0,>!>*=,!A*?/0+-<*/!A*8!=+M</9!A?-?8,!D8,0<3-<*/>!*A!*?-3*=,>!</!

>-?0#!D*D?)+-<*/>!8,)+-<2,!-*!-.,!,JD*>?8,>!*A!</-,8,>-!gS]YhL!!!

[ */9<-?0</+))#!>-8?3-?8,0!0+-+!+8,!3*/><0,8,0!+!-#D,!*A!=?)-<X),2,)!0+-+!K<-.!8,D,+-,0!=,+>?8,>!+-!

�Z),2,)XQ�[!/,>-,0!K<-.</!</0<2<0?+)!D+8-<3<D+/->!+-!�Z),2,)XS�[L!I.,!=,+>?8,=,/-!-<=,!D*</->!*A!,+3.!D+8-<3<D+/-!

'<L,L5!0+-+!3*)),3-<*/!-<=,!D*</->4!+8,!-.,!-<=,! =,-8<3!K.<3.!<>!*A-,/! -8,+-,0!+>!+!�Z),2,)XQ�[!,JD)+/+-*8#!

2+8<+"),L!I.,! 98*K-.!3?82,!=*0,))</9!?>,>!,<-.,8!8+/0*=!</-,83,D-!*8!8+/0*=!>)*D,!=*0,) >5!K<-.!-.,! )+--,8!

",</9!=*8,!8*"?>-!</!+33*?/-</9!A*8!2+8<+-<*/>!</!</0<2<0?+)!-8+U,3-*8<,>!gS]YhL!!

!

D@F@B@=+T*#)*/('()*%$+0&).';+#9&:"+1)/"$+
I.,!?/3*/0<-<*/+)!=*0,)!,>-<=+-,>!-.,!*?-3*=,!+>!+!A?/3-<*/!*A! -.,!0+-+! -<=,!=,-8<3!',9L5!=*/-.5 !#,+85!

+9,5!,-3L4!"#!A<--</9!-<=,!+>!-.,!*/)#!,JD)+/+-*8#!2+8<+"),!</!-.,!=*0,) L!I.<>!+>>,>>,>!.*K!</0<2<0?+)!

2+8<+-<*/>!</!-.,!98*K-.!3?82,>!+8,!+--8<"?-+"),!-*!-.,!)</,+8!3.+/9,>!</!-.,! -<=,!=,-8<3L!!

1!><=D),!-.8,,X),2,)!)</,+8!=?)-<),2,)!98*K-.!3?82,!?></9!+!8+/0*=!>)*D,!=*0,)!A*8!�Zd�['*?-3*=,4 !

</0<2<0?+)>!g<!'<!c!Q5!S5!�Y�U!\4h!'),2,)XS4!/,>-,0!K<-.</!3)?>-,8>!gU!'U!c!Q5!�î�U���Y�U���l�•�•���~�o���À���oXP4!+-!*">,82+-<*/+)!-<=,!

D*</-�•���€�š���~�š���A���í�U���î�U���Y�U!/4h!'),2,)XQ4!K<-.!2+8#</9!</-,83,D-!+/0!>)*D!A*8!</0<2<0?+)>!+-!�Z),2,)XQ�[!<>!,JD8,>>,0!+>!

gS]YhO!

L1G19&'K&M161+"1$&*1+,#-1H17"&8."0.7&+7&.7$.G.$#+9&

�;�:�È�è�ç�Ö�â�à�Ø�;�Ü�Ý�ç
L���è�4�Ü�Ý
E���è�5�Ü�Ý�6�E�I�A�Ü�ç
E���Ý�Ü�Ý�ç&&&&&&&&&&&&&&&&N&�Ý�Ü�Ý�ç���1���0�:�r�á�ê���6�;&O&

L1G19&(K&P7$.G.$#+9&71,"1$&8."0.7&/9#,"1-,&)QQ=:&

&&&&�è�4�Ü�Ý
L���Ú�4�Ý
E���ä�4�Ü�Ý&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&N&�ä�4�Ü�Ý�1���0�:�r�á�ê�� �,
�6 �;&O&

&&&&&&�è�5�Ü�Ý
L���Ú�5�Ý
E���ä�5�Ü�Ý&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&N&�ä�5�Ü�Ý�1���0�:�r�á�ê�� �-
�6 �;&O&

L1G19&;K&Q9#,"1-&

&&&�Ú�4�Ý
L���Û�4 
E���å�4�Ý&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&N&�å�4�Ý�1���0�:�r�á�ê�� �,
�6 �;&O&
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R-&.7&+&/2H62,."1&,.7E91&1S#+".27&+,K&

�;�:�È�è�ç�Ö�â�à�Ø�;�Ü�Ý�ç
L �Û�4 
E�Ú�5�Ý�6�E�I�A�Ü�ç
E�>���å�4�Ý��
E�ä�4�Ü�Ý
E�ä�5�Ü�Ý�6�E�I�A�Ü�ç�?��
E���Ý�Ü�Ý�ç&

T01-1U&

&&&&&&&&&&&&&& &&&&�Ý�Ü�Ý�ç���1���0�:�r�á�ê���6�;&

&&&�@
�ä�4�Ü�Ý
�ä�5�Ü�Ý

�A���1���0
k�r�á�×�� 
o�á�S�D�A�N�A���×�� 
L���F
�ê�� �,

�6

�ê�� �, �� �-
�ê�� �-

�6 �G��&&+7$&

&&&&&&&&�å�4�Ý���1���0
k�r�á�ê�� �,
�6 ��
o��&&&

T01-1&�è�4�Ü�Ý&V&�è�5�Ü�Ý�6�E�I�A�Ü�ç&.,&H1+7&R#"/2H1&32-&.7$.G.$#+9&.&.7&/9#,"1-&W&+"&D.H1&"&+7$&�Ý�Ü�Ý�ç&.,&"01&

$.331-17/1&>1"8117&"01&2>,1-G1$&R#"/2H1&32-&"0.,&.7$.G.$#+9&.&+7$&"01&H1+7I&�Ú�4�Ý��.,&"01&H1+7&

R#"/2H1&+"&D.H1X@&+/-2,,&+99&.7$.G.$#+9,&.7&/9#,"1-&WU&80.91&�ä�4�Ü�Ý&H1+,#-1,&028&H#/0&"01&H1+7&

R#"/2H1&+"&D.H1X@&32-&.7$.G.$#+9&.&$.331-,&3-2H&"01.-&/9#,"1-F91G19&+G1-+E1I&!.H.9+-9%U&�Ú�5�Ý��.,&"01&

H1+7&/0+7E1&.7&R#"/2H1&61-&#7."&D.H1&32-&+99&.7$.G.$#+9,&.7&/9#,"1-&WU&80.91&�ä�5�Ü�Ý&H1+,#-1,&028&

H#/0&.7$.G.$#+9&.&$.331-,&3-2H&"01.-&/9#,"1-F91G19&+G1-+E1&.7&"1-H,&23&"0.,&6+-+H1"1-I&Y#-"01-U&�Û�4&

.,&"01&H1+7&R#"/2H1&+"&D.H1X@&+G1-+E1$&+/-2,,&+99&/9#,"1-,&+7$&&�å�4�Ý&H1+,#-1,&028&/9#,"1-&W&

$.331-,&3-2H&"0.,&+G1-+E1I&D01&G+-.+7/1&.7&"01&R#"/2H1&+""-.>#"1$&"2&"01&/9#,"1-.7E&23&"01&

.7$.G.$#+9&.,&G+-
k�å�4�Ý
o
L �ê�� �,
�6U&801-1+,&"01&>1"8117F.7$.G.$#+9&G+-.+7/1&.7&"01&R#"/2H1&.,&

G+-
k�ä�4�Ü�Ý
o
L���ê�� �,
�6 U&>1"8117&.7$.G.$#+9&G+-.+7/1&.7&"01&,9261&.,&G+-
k�ä�5�Ü�Ý
o
L���ê�� �-

�6 U&+7$&"01&

�]�v���]�À�]���µ���o�•�[���]�v�š���Œ�����‰�šF,9261&/2G+-.+7/1&.,&�ê�� �, �� �-
I&D01&.7"1-6-1"+".27&23&"01&/2G+-.+7/1&
k�ê�� �, �� �-


o&

329928,&"0+"&.3&+&62,.".G1&H1+7&,9261&.,&1,".H+"1$&
k�Ú�5�Ý
P�r
oU&+&62,.".G1&/2G+-.+7/1&>1"8117&"01&

.7"1-/16"&+7$&,9261&.H69.1,&"0+"&"02,1&.7$.G.$#+9,&8."0&.7.".+9&2#"/2H1,&+>2G1&"01&H1+7&)+>2G1F

+G1-+E1&.7"1-/16",K&&�å�4�Ý��
E�ä�4�Ü�Ý
P�r:&8.99&0+G1&,"1161-&,9261,&&
k�ä�5�Ü�Ý
P�r
oU&80.91&"02,1&8."0&

.7.".+9&2#"/2H1,&>1928&"01&H1+7&)>1928F+G1-+E1&.7"1-/16"K&�å�4�Ý��
E�ä�4�Ü�Ý
O�r&:&8.99&0+G1&39+""1-&

,9261,I&&

&

D@F@B@B+5)*/('()*%$+0&).';+#9&:"+
I.,!3*/0<-<*/+)!98*K-.!3?82,!,>-<=+-,>!-.,! </A)?,/3,!*A!,JD*>?8,!2+8<+"),>5!K.<3.!3*?)0!",!,<-.,8!-<=,X

2+8<+/-!*8!-<=,X</2+8<+/-!2+8<+"),>!*/!-.,!98*K-.!-8+U,3-*8<,>L!@*8!</>-+/3,5!</!;-?0#!P5!-.,!</A)?,/3,!*A!IW!

-<=,!' -.,!, JD*>?8,!*A!</-,8,>-4!*/!"*0<)#!D+</!-8+U,3-*8<,>!K+>!</2,>-<9+-,0!"#!+00</9!IW!-<=,!+>!+!-<=,X

2+8<+/-!2+8<+"),!-*!-.,!A<--,0!?/3*/0<-<*/+)!98*K-.!3?82,!=*0,)!+/0!A?8-.,8!+0U?>-,0!A*8!8,),2+/-!

3*/A*?/0</9!2+8<+"),>!'6*2+8<+-,>4L!I.<>!3+/!",! ,JD8,>>,0!</!+/! ,B?+-<*/!+>!>.*K/!",)*K O!

�;�:�È�è�ç�Ö�â�à�Ø�;�Ü�Ý�ç
L���è�4�Ü�Ý
E���è�5�Ü�Ý�6�E�I�A�Ü�ç
E���è�6�Ü�'�T�L�K�O�Q�N�A�Ü
E���è�7�Ü�%�K�R�=�N�E�=�P�A�O�Ü
E�Ý�Ü�Ý�ç!
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A"#"A$E*2>*().)*346$54.4$4346@()($)3$6)3'4;$;'?;'(()*3 $
;-?0#!_!?>,0!+!3*=D*><-<*/+)!0+-+!+/+)#><>!'6*C14!=,-.*0!-*!,J+=</,!-.,!8,)+-<2,!8,)+-<*/>.<D>!*A!

D8*>D,3-<2,!3.+/9,>!</!+3-<2<-#!",.+2<*?8>!'><--</95!>-+/0</95!>-,DD</95!+/0!-.,!"*?->!*A!-.,>,!",.+2<*?8>4!

K<-.!$;%!*?-3*=,>L!I. ,!6*C1 !=*0,))</9!+DD8*+3.!<>!+!/*2,)!+/+)#-<3+)!A8+=,K*8M!</!-.,! A<,)0!*A!

",.+2<*?8+)!,D<0,=<*)*9#!-.+-!3+/!+33*?/-!A*8!-.,! </-,80,D,/0 ,/3#! *A!-<=,X?>,!3*=D*><-,!",.+2<*?8>!

gS^QXS^PhL!I.,! )<-,8+-?8,!*/!6*C1!<>!,J-,/><2,!+/0!",#*/0!-.,!>3*D,!*A!-.<>!-.,><>L!1!"8<,A!*2,82<,K!*A!

6*C1!8,),2+/-! -*!-.,!?/0,8>-+/0</9!*A!-.<>!-.,><>!<>!.,8,"#!D8,>,/-,0 L!!

I.,!3*/3,D-?+)<>+-<*/!*A!-.,!6*C1 !A8+=,K*8M!3*/><0,8>!3*=D*/,/->!*A!-<=,X?>,!</!0<AA,8,/-!

",.+2<*?8+)!+3-<2<-<,>!-*!",!8,)+-<2,5!K.<3.!<>!3*/>-8+</,0!-*!>?=!?D!-*!+!S_X.*?8!A?))!0+#!'*8!Q^X.*?8!K+M</9!

.*?8>5!*8!,2,/!` X.*?8!K*8M</9!.*?8>4!+/0!*A-,/!8,X>3+),0!-*!Q!' *8!QTTj!</!-,8=>!*A!D,83,/-+9,4!gS^QhL!@*8!

</>-+/3,5!3*/><0,8</9!-<=,!?>,0!</!-.,!A*))*K</9!S_X.*?8!3*=D*><-<*/!�t!>),,D5!>,0,/-+8#!",.+2<*?8!';:45!

)<9.-X</-,/><-#!D.#><3+)!+3-<2<-#!'LPZ<45!=*0,8+-,X</-,/><-#!D.#><3+)!+3-<2<-#!'$F%14!+/0!2<9*8*?>X</-,/><-#!

D.#><3+)!+3-<2<-#!'WF%14!�t!-.,# !+8,!</-,8X0,D,/0,/- 5!-.,8,A*8, 5!,+3.!3*=D*/,/-!<>!8,)+-<2,!-*!-.,!*-.,8!

3*=D*/,/-> L!I.<>!3+/!",!,JD8,>>,0!</!+/!,B?+-<*/!+>!>.*K/!",)*KL !

�5�H�A�A�L�ç�Ü�à�Ø
E���5�$�ç�Ü�à�Ø
E���.�+�2�#�ç�Ü�à�Ø
E���/�+�2�#�ç�Ü�à�Ø
E���8�+�2�#�ç�Ü�à�Ø
L���t�v�Á�â�è�å�æ!

!!!!!!!!!!!!!!!!!*8!!!!!!!

�¨ �5�H�A�A�L�ç�Ü�à�Ø
E���¨ �5�$�ç�Ü�à�Ø
E���¨ �.�+�2�#�ç�Ü�à�Ø
E���¨ �/�+�2�#�ç�Ü�à�Ø
E���¨ �8�+�2�#�ç�Ü�à�Ø
L ���s�r�r�¨!

!

1!"8<,A!*2,82<,K!*A!6*C1!A8+=,K*8M!</!)</,+8!8,98,>><*/!=*0,)>!A*8!+3-<2<-#!",.+2<*?8>!

3*=D*><-<*/!+/0!.,+)-.!*?-3*=, >!<>!0,>38<",0!.,8, !gS^QhL!6*=D*><-<*/+)!0+-+!0*!/*-!*33?D#!8,+)!>D+3,!A*8!

-.,=!-*!",!0<8,3-)#!?>,0!</!+!3*/2,/-<*/+)!)</,+8!8,98,>><*/L!G+-.,85!-.,#!+8,!3*/><0,8,0!9,*=,-8<3+))#!-*!

*33?D#!+!3*/>-8+</,0!>D+3,!K.<3.!<>!0,A</,0!+>!><=D),J5!.,/3,5!+!3.+/9,!</!*/,!3*=D*><-<*/+)!",.+2<*?8!

+AA,3->!-.,!*-.,8! 3*=D*/,/-! ",.+2<*?8>!gS^QhL!6*=D*><-<*/+)!0+-+5!-.,8,A*8,5!/,,0!-*!",!)*9 X8+-<*!

-8+/>A*8=,0!',L9L5!</-*!<>*=,-8<3!)*9X8+-<*!�t!<)84!-*!=+D!-.,=!A8*=!8,+)!>D+3,!</!8,98,>><*/!=*0,)>5!<A!/*-5!

=<>),+0</9!</A,8,/3,>!=+#!",!08+K/! A8*=!*?-D?->!gS^Q5!S^_hL!6*/><0,8!-.,!A*))*K</9!K+M</9!.*?8>b!+3-<2<-#!

",.+2<*?8>!'n4O!>,0,/-+8#!",.+2<* ?8!' ,L9L5!;<--</945![ F%1!' ,L9L5!;-+/0</94!+/0!$W%1!' ,L9L5!;-,DD</94!+>!-.8,,X

D+8-!3*=D*><-<*/+)!0+-+L!I.,>,!-<=,X?>,!3*=D*><-<*/>!3+/!",!98+D.<3+))#!<))?>-8+-,0!</!+!-,8/+8#!D)*-5!

><=<)+8!-*!+!>3+--,8!D)*-!A*8!-8+0<-<*/+)!'?/3*/>-8+</,04!0+-+L!1!-,8/+8#!D)*-!<>!+/!,B?<)+-,8+)!-8<+/9),!K.<3.!

9,*=,-8<3+))#!0,A</,>!+!3*/>-8+</,0!>D+3,!'+!><=D),J4f!-.?>5!+!3.+/9,!</!*/,!",.+2<*?8!3*=D*/,/-!+AA,3- >!

-.,!*-.,8!3*=D*/,/->L! @<9?8,!PLS!+/0!@<9?8,!PLP!+8,!,J+=D),>!*A!-,8/+8#!D)*->L!
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D0.,&"1-7+-%&$.+E-+H&.99#,"-+"1,&"01&+,,2/.+".27,&23&+/".G."%&>10+G.2#-,&8."0&+99F/+#,1&H2-"+9."%&#,.7E&Q2=<I&
D01&692"&$16./",&"01&-19+".G1&6-262-".27,&23&,1$17"+-%&>10+G.2#-&)![:U&LPZ<U&+7$&*CZ<&+//2-$.7E&"2&727F
$1+"0&)<:&+7$&+99F/+#,1&H2-"+9."%&)[:I&\+/0&$2"&)"01&/+,1:&-16-1,17",&"01&-19+".G1&6-262-".27&23&".H1&,617"&.7&
![U&LPZ<U&+7$&*CZ<&#,.7E&>+-%/17"-./&/22-$.7+"1,&801-1&"01&61-617$./#9+-&$.,"+7/1&3-2H&+7%&$2"&"2&+7%&23&
"01&>+,1,&23&"01&"-.+7E91&$1,/-.>1,&"01&6-262-".27&23&".H1&,617"&.7&1+/0&+/".G."%&>10+G.2#-I&]2"1K&"01&LPZ<&
+7$&*CZ<&+^1,&+-1&9.H."1$&"2&4@_&32-&,.H69./."%I&D01&E-+60&8+,&"+J17&3-2H&G27&M2,17&1"I&+9I&NS^]O&
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D0.,&"1-7+-%&$.+E-+H&.99#,"-+"1,&/2H62,.".27+9&/0+7E1,&+7$&6-1$./"1$&H#9".,."1&*!Z&2#"/2H1,I!D01&
�]�v���]�À�]���µ���o�•�[��/2H62,.".27+9&/0+7E1,&+-1&/9#,"1-1$&+>2#"&"01&/17"-1&23&"01&"-.+7E91&.7$./+".7E&"01-1&81-1&72"&
H+7%&G+-.+".27,&.7&"01.-&+/".G.".1,&+"&"01&329928F#6,&3-2H&"01&>+,19.71I&M1$#/.7E&,."".7E&+7$&.7/-1+,.7E&
,"166.7E&,0281$&3+G2#-+>91&/0+7E1,&.7&H#9".,."1&*!Z&)E-117&$2",:&�t&$+"+&3-2H&"01,.,&!"#$%&?I!

=-F/(#!BH: E!(8+D.<3+)!8,D8,>,/-+-<*/!*A!3*=D*><-<*/+)!0+-+!</!><=D),J!>D+3,L!

=-F/(#!BHBE!6*=D*><-<*/+)!3.+/9,>!+/0!D8,0<3-,0!=?>3?)*>M,),-+)!D+</!*?-3*=,L!
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@*8!)</,+8!8,98,>><*/!=*0,))</9!*A!+!.,+)-.!*?-3*=,!*/!-<=, X?>,!0+-+!'3*=D*><-<*/+)!0+-+4!+>!+/!

,JD*>?8,!2+8<+"),5!-.8,,XD+8-!3*=D*><-<*/!'!."".7EU&!"+7$.7EU&+7$&!"166.7E4!=*0,)>!K<-.!3*2+8<+-,>!A*8!

>?"U,3->!).:!+8,!0,>38<",0!",)*KL!!!
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�;�:�Á�Ø�Ô�ß�ç�Û���â�è�ç�Ö�â�à�Ø�;�Ü���@���Ú�4
E���Ú�5�5�E�P�P�E�J�C�Ü
E���Ú�6�5�P�=�J�@�E�J�C�Ü
E���Ú�7�5�P�A�L�L�E�J�C�Ü
E���%�K�R�=�N�E�=�P�A�O�Ü�å �å �ä�ä�å �:�%�s�;!!!!!!!!!!!!!!!!

1DD)#</9!<)8!-8+/>A*8=+-<*/!*A!+!-<=,X?>,!3*=D*><-<*/5!-.,!0XD+8-!><=D),J!*A!-.,!3*=D*><-<*/+)!0+-+!

3**80</+-,>!<>!3*.,8,/-)#!>-8?3-?8,0!</-*!'0XQ4X0<=,/><*/+)!8,+)!>D+3,5!K<-.!PXD+8->!3*=D*><-<*/!",</9!

3*/2,8-,0!-*!S X<)8!-8+/>A*8=,0!,JD)+/+-*8#!',JD*>?8,4!2+8<+"),!2,3-*8>!'*8!3**80</+-,>4L!I. ,8,A*8,5!-.,!

8,98,>><*/!=*0,)! ,B?+-<*/!",3*=,> O!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!�;�:�Á�Ø�Ô�ß�ç�Û���â�è�ç�Ö�â�à�Ø�;�Ü���@���Ú�4
E���Ú�5�E�H�N�5�Ü
E���Ú�6�E�H�N�6�Ü
E���%�K�R�=�N�E�=�P�A�O�Ü�å �å �å �å �å �å �å �å �ä�ä�:�%�t�;��!

Z.,8,5! !

�E�H�N�Ü���@���E�H�N�5�Ü�á���E�H�N�6�Ü�å �á�E�H�N�:�×�?�5�;�Ü!
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�- ���å �å �å �å �å �å �å �å �å �å �å �å �å �å �å �å �å �å �å �å �:�%�w�;!

I.,!A<--,0!=*0,)!</-,8D8,-+-<*/!A*))*K>!-.,!>+=,!>-+/0+80!A*8!+!8,98,>><*/!=*0,)5!K<-.!=*0,)!GS!

</0<3+-</9!-.,!+=*?/-!*A!2+8<+/3,!,JD)+</,0!"#!-.,!",.+2<*?8+)!+3-<2<-<,>!3*=D*><-<*/!+/0!=*0,)!DX2+)?,!

</0<3+-</9!.*K!><9/<A<3+/-!<>!-.,!=*0,)! gS^Q5!S^ShL!!

I.,!3*,AA<3<,/-!*A!+!",.+2<*?8+)!+3-<2<-#!<>!</-,8D8,-,0!8,)+-<2,!-*!-.,!*-.,8!",.+2<*?8+)!+3-<2<-<,>!</!

-.,!=*0,)L!I.,!3*88,>D*/0</9!D X2+)?,!</0<3+-,>!-.,!><9/<A<3+/3,!*A!-.,!",.+2<*?8+)!3*=D*><-<*/!</!

,JD)+</</9!-.,!*?-3*=,!"?-! <>!/*-!+/!</0<3+-<*/!*A!+/!</0,D,/0,/-!D8,0<3-*8!*A!-.,!*?-3*=,L!@*8!*?-D?-!

</-,8D8,-+-<*/>5!-.,!<)8Q<!'</!,B?+-<*/!6P4!,JD8,>>,>!-.,!8,)+-<2,!8,)+-<*/>.<D!*A!*/,!",.+2<*?8+)!+3-<2<-#!

'0,/*=</+-*8! �t!! ."".7E4!-* !-.,!*-.,8 !",.+2<*?8+)!+3-<2<-<,>!'/?=,8+-*8>!�t!! "+7$.7E&+7$&! "166.7E4L!I.?>5!-.,!

8+-<*!*A!*/, !",.+2<*?8+)!3*=D*/,/-! -*!-.,!8,>-!*A!-.,!",.+2<*?8+)!+3-<2<-<,>!</!-.,!3*=D*><-<*/!*A!-.,!

=*0,)! �@
�Ì�Ü�ç�ç�Ü�á�Ú

�Ì�ç�Ô�á�×�Ü�á�Ú���¬���Ì�ç�Ø�ã�ã�Ü�á�Ú
�A�X���d�Z�������}���(�(�]���]���v�š���tQ!!'</!,B?+-<*/6S4!<>5!-.,8,A*8, 5!</-,8D8,-,0!0<8,3-)#!-*!</0<3+-,!

-.,!8,)+-<2,!>-8,/9-.!* A!+>>*3<+-<*/!",-K,,/!-.,!3*=D*><-<*/+)!-<=,!>D,/-!</!*/,!",.+2<*?8+)!+3-<2<-#!
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' !."".7E4!-*!-<=,!>D,/-!</!-.,!*-.,8!",.+2<*?8+)!+3-<2<-<,>!'!"+7$.7E&+7$&!"166.7E4!+/0!-.,!D8,0<3-,0!.,+)-.!

*?-3*=,L!@*8!</>-+/3,5!+>!</0<3+-,0!</!,B?+-<*/!'6S45!-.,!3*,AA<3<,/�š���tQ!</0<3+-,!.*K!>-8*/9!-.,!+>>*3<+-<*/!

*A!;<--</9!-<=,!8,)+-<2,!-*!;-+/0</9!+/0!;-,DD</9!-<=,!<>!-*!D8,0<3-!d'&,+)-.!*?-3*=,4 L!!

&*K,2,85!-.,!3*,AA<3<,/-!*A!<)8S<5!3+//*-!",!=,+/</9A?))#!</-,8D8,-,0!)<M,!-.,!<)8Q!3*,AA<3<,/-f!"?-!+>!

-.,!8+-<*!*A!*/,!",.+2<*?8+)!+3-<2<-#!-*!+/*-.,8!",.+2<*?8!K<-.!-.,!*-.,8!",.+2<*?8!.,)0!3*/>-+/- !+-!-.,!
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�â�����A�T�?�H�Q�@�E�J�C���O�E�P�P�E�J�C�A�ä!I.,8,A*8,5!-*!0,-,8=</,!-.,!>-8,/9-.!*A! -.,! +>>*3<+-<*/!*A!-.,!*-.,8!

3*=D*><-<*/+)!",.+2<*?8>!</!-.,!=*0,)5!+!D,8=?-+-<*/!D8</3<D),!<>!?>,0!-*!3*/>-8?3-!=?)-<D),!=*0,)>L!

Z.,8,!-.,!*-.,8!3*=D*><-<*/+)!",.+2<*?8>!+8,!D,8=,0!-*!A*))*K!+!>,B?,/3,!</!,B?<2+),/-!=*0,)>!K<-.!

,+3.!",.+2<*?8+)!+3-<2<-#!</-,8/!-8+/>A*8=,0!</-*!<)8Q<!���v�����š�Z�������•�•�}���]���š���������}���(�(�]���]���v�š���tQ!</-,8D8,-,0!

+33*80</9)#!gS^QhL!!I .,!*-.,8!>,B?,/-<+)!=*0,)>!K<))! )**M!)<M,!-.<>O!!
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E���Ú�6�5�P�A�L�L�E�J�C�Ü
E���Ú�7�5�E�P�P�E�J�C�Ü
E���%�K�R�=�N�E�=�P�A�O�Ü�å �å �:�%�x�;!

1A-,8!<)8X-8+/>A*8=,0!2,3-*8O!
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E���Ú�6�E�H�N�6�Ü
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�;�:�Á�Ø�Ô�ß�ç�Û���â�è�ç�Ö�â�à�Ø�;�Ü���@���Ú�4
E���Ú�5�5�P�A�L�L�E�J�C�Ü
E���Ú�6�5�E�P�P�E�J�C�Ü
E���Ú�7�5�P�=�J�@�E�J�C�Ü
E���%�K�R�=�N�E�=�P�A�O�Ü�å �:�%�s�r�;!

1A-,8!<)8X-8+/>A*8=,0!2,3-*8O!

�;�:�È�è�ç�Ö�â�à�Ø�;�Ü���@���Ú�4
E���Ú�5�E�H�N�5�Ü
E���Ú�6�E�H�N�6�Ü
E���%�K�R�=�N�E�=�P�A�O�Ü�å �å �å �å �å �ä�å �å �å �ä�ä�:�%�s�s�;!
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I.,!</-,8D8,-+-<*/ >!*A!$*0,)!:!+/0!$*0,)!6 !A*))*K!-.,!>+=,! D8</3<D),!'+>!0,>38<",0!A*8!$ *0,)!1 45!

�Á�Z���Œ�����tQ!</!$ *0,)!:!</0<3+-,>!-.,!8,)+-<2,!>-8,/9-.!*A!+>>*3<+-<*/!*A!-<=,!>D,/-!</!;-+/0</9!-*!;-,DD</9!+/0!

;<--</9!K<-.!-.,!D8,0<3-,0!d'&,+)-.!*?-3*=,4 !+/0!�tQ!</!$ *0,)!6!8,D8,>,/-</9!-.,!>-8,/9-.!*A!+>>*3<+-<*/!*A!

;-,DD</9!-<=,!8,)+-<2,!-*!-<=,!>D,/-!</!;<--</9!+/0!;-+/0</9!K<-.!D8,0<3-,0!d'&,+)-.!*?-3*=,4 L!\*-,5!-.,!

D+8+=,-,8>!*A!-.,!0<AA,8,/-!A<--,0!=*0,)>5!-.,!GS!+/0!DX�À���o�µ���U�����•���Á���o�o�����•���tT!+/0!+))!3*2+8<+-,>5!+8,!>?DD*>,0!

-*!.+2,!-.,!>+=,!*?-D?- !gS^QhL!

!

D@F@D@=+5)1<)6 ('()*%$+(6)'"1<)&%$+&"%$$)#%'()*+1)/"$$(*0+
F>* -,=D*8+)!>?">-<-?-<*/!=,-.*0!<>!+!/*2,)!>-+-<>-<3+)!=*0,))</9!-,3./<B?, !?>,0!</!D.#><3+)!+3-<2<-#!

",.+2<*?8!,D<0,=<*)*9#!K.<3.!K+>!A<8>-!0,>38<",0!"#!$,M+8#!+/0!3*)),+9?,>!gS^^h!</!STTYL!I.,!=*0,))</9!<>!

"+>,0!*/!A<--</9!+!=?)-<D),!)</,+8!8,98,>><*/!=*0,)!K<-.!3*=D*/,/-!-<=,X?>,!0+-+!'3*=D*><-<*/+)!0+-+4!+>!

,JD)+/+-*8#!2+8<+"),>!gS^_5!S^^hL!I.,!3*=D*><-<*/+)!0+-+!<>!-8,+-,0!+>!+/!+">*)?-,!=,+>?8,!</!-.,!=*0,)L!

I.,!98*?D!0,A</,0!<>*-,=D*8+)!>?">-<-?-<*/!=*0,))</9!+>!-.,!,>-<=+-<*/!*A!-.,!,AA,3-!*A!>?">-<-?-</9!*/,!

-#D,!*A!",.+2<*?8+)!+3-<2<-#!K<-.!+/!,B?+)!+=*?/-!*A!+/*-.,8!",.+2<*?8+)!+3-<2<-#!*/!+!D8,0<3-,0!*?-3*=,L!

I.,!>?">-<-?-,0!",.+2<*?8+)!+3-<2<-#!<>!-+M,/!*?-!*A!-.,!>-+-<>-<3+)!=*0,)L!@*8!,J+=D),5!3*/><0,8!-.,! -<=,!

>D,/-!</!,+3.!*A!-.,!A*))*K</9!",.+2<*?8+)!+3-<2<-<,>!�t!>,0,/-+8#!",.+2<*?8!',L9L5!;<--</945![ F%1!' ,L9L5!

;-+/0</94!+/0!$W%1!' ,L9L5!;-,DD</945!+>!K,))!+>!-.,!-*-+)!",.+2<*?8+)!+3-<2<-#!'I*-+)!:1 45!K.<3.!<>!+))!-.,!

",.+2<*?8+)!+3-<2<-<,>!-<=,!D?-!-*9,-.,8L!;?">-<-?-</9!-<=,!>D,/0!;<--</9!K<-.!;-+/0</9!<>!0*/,! "#!8,=*2</9!

;<--</9!A8*=!-.,!=*0,) !gS^^hL!I.,! 8,98,>><*/!,B?+-<*/!A*8!-+M</9!;<--</9!*?-!A8*=!-.,!=*0,)!<>!,JD8,>>,0 !+>O!!

�;�:�È�è�ç�Ö�â�à�Ø�;���@���Ú�4
E���Ú�5�5�P�=�J�@�E�J�C
E���Ú�6�5�P�A�L�L�E�J�C
E���Ú�7�6�K�P�=�H���$�#
E���Ú�8�%�K�R�=�N�E�=�P�A�O��!
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�tQ!�t!�t_!8,D8,>,/-!-.,!8,>D,3-<2,!3*,AA<3<,/-!*A!=,+>?8,0!",.+2<*?8+)!+3-<2<-<,>!+/0!-.,!3*2+8<+-,>!+0U?>-,0!

A*8!</!-.,!=*0,)L!I.,!",.+2<*?8+)!+3-<2<-#!,)<=</+-,05!</!-.<>!3+>,5!;<--</9!<>!8,D8,>,/-,0!"#!-.,!3*,AA<3<,/-!

' �tP4!*A!I*-+)!: 1!</!-.,!=*0,)L!I.,!</-,8D8,-+ -<*/!+>>?=,>!-.+-!-.,!3*,AA<3<,/-!*A!+!9<2,/!",.+2<*?8+)!+3-<2<-#!

</!-.,!=*0,)!<>!-.,!8,>?)-!*A!>?">-<-?-</9!+/!,B?+)!+=*?/-!*A!-<=,!A*8!-.+-!",.+2<*?8+)!+3-<2<-#!</>-,+0!*A!

-.,!,)<=</+-,0!",.+2<*?8+)!+3-<2<-#!'-.?>5!;<--</94!K.<),!.*)0</9!3*/>-+/-!-.,!*-. ,8!",.+2<*?8+)!+3-<2<-<,>!

8,=+</</9!</!-.,!=*0,) !gS^^5!S^ahL!!

(,/,8+))#5!</!+!3*=D*><-<*/+)!0+-+!+/+)#><>!A8+=,K*8M5!+>!0,>38<",0!+"*2,5!-.,!",.+2<*?8+)!

3*=D*><-<*/!3**80</+-,>!-.+-!+8,!=*0,)),0!</!-.,!8,98,>><*/!+8,!*A-,/!,JD8,>>,0!</!)*9+8<-.=!8+-<*>!K.<3.!

=+M,>!-.,=!3.+)),/9</9!-*!=+M,!0<8,3-!3)</<3+)!</-,8D8,-+-<*/>!*A!-.,!,AA,3-!><p,>!*A!-.,!8,)+-<2,!",.+2<*?8+)!

3*=D*><-<*/!3**80</+-,>!gS^Q5!S^_hL!Z<-.!-., !</3*8D*8+-<*/!*A!<>*-,=D*8+)!>?">-<-?-<*/!=,-.*0>!A*8!

.#D*-.,-<3+)!8,+))*3+-<*/>!*A!-.,!-<=, X?>,!3*=D*><-<*/>5!-.,#!",3*=,!=*8,!</-,8D8,-+"), !D8+3-<3+))#!gS^`5!

S^YhL!I.,! 3*=D*><-<*/+)!<>* -,=D*8+)!8,+))*3+-<*/!=,-.* 0!'?>,0!</!;-?0#!_4!+DD)<,>!-.,!<>*-,=D*8+)!

>?">-<-?-<*/!3*/3,D-!-*!</-,8D8,-!-<=,X?>,!3*=D*><-<*/!8,98,>><*/!D+8+=,-,8>!*A!8,+))*3+-<*/!*A!-<=,!
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A8*=N-*!*/,! ",.+2<*?8+)!+3-<2<-#!-*NA8*=!*-.,8!",.+2<*?8+)!+3-<2<-#'<,>4!*/!.,+)-.!*?-3*=, >L!I.,!- <=,!3+/!

",!8, +))*3+-,0!"#!+!*/, X-* X*/,!A8*=!*/,!",.+2<*?8!-*!+/*-.,8!",.+2<*?8 !K.<),!.*)0</9!+))!*-.,8!",.+2<*?8>!

</!-.,!3*=D*> <-<*/!3*/>-+/-!+-!-.,<8!=,+/!2+)?,! gS^`5!S^YhL!1)>*5!-<=,!3+/!",!8,+))*3+-<*/!A8*=!*/,!

",.+2<*?8!+/0!D8*D*8-<*/,0!-*!-.,!*-.,8!",.+2<*?8>!</!-.,!3*=D*><-<*/L!1/!, J+=D),!*A!3*=D*><-<*/+)!

8,+))*3+-<*/!*A!-<=,!A8*=!><--</9!-*!*-.,8!",.+ 2<*?8>!K<-.!D8,0<3-,0!3.+/9,>!</!D+</!</-,/><-#!'*?-3*=,4!<>!

>.*K/! </!@<9?8,!PL_L!!
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Abstract

Background

Detrimental associations of sedentary behaviour (time spent sitting) with musculoskeletal

pain (MSP) conditions have been observed. However, findings on those with, or at risk of,

type 2 diabetes (T2D) have not been reported. We examined the linear and non-linear asso-

ciations of device-measured daily sitting time with MSP outcomes according to glucose

metabolism status (GMS).

Methods

Cross-sectional data from 2827 participants aged 40Ð75years in the Maastricht Study

(1728 with normal glucose metabolism (NGM); 441 with prediabetes; 658 with T2D), for

whom valid data were available on activPAL-derived daily sitting time, MSP [neck, shoulder,

low back, and knee pain], and GMS. Associations were examined by logistic regression

analyses, adjusted serially for relevant confounders, including moderate-to-vigorous inten-

sity physical activity (MVPA) and body mass index (BMI). Restricted cubic splines were

used to further examine non-linear relationships.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0285276 May 4, 2023 1 / 17

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

�������� ������������

Citation:DzakpasuFQS,KosterA,OwenN,Galan
BEd,CarverA,BrakenridgeCJ,etal.(2023)
Device-measuredsittingtimeandmusculoskeletal
paininadultswithnormalglucosemetabolism,
prediabetesandtype2diabetesÐTheMaastricht
Study.PLoSONE18(5):e0285276.https://doi.org/
10.1371/journal.pone.0285276

Editor:LexVerdijk,MaastrichtUniversityFacultyof
Health,MedicineandLifeSciences:Maastricht
Universitair MedischCentrum+,NETHERLANDS

Received:October6,2022

Accepted:April18,2023

Published:May4,2023

Copyright:�� 2023Dzakpasuetal.Thisis anopen
accessarticledistributedunderthetermsof the
CreativeCommonsAttributionLicense, which
permitsunrestricteduse,distribution,and
reproductioninanymedium,providedtheoriginal
authorandsourcearecredited.

DataAvailabilityStatement:Dataareunsuitable
forpublicdepositiondueto ethicalrestrictionand
privacyof participantdata.Dataareavailablefrom
TheMaastrichtStudyforanyinterestedresearcher
whomeetsthecriteriaforaccessto confidential
data.TheMaastricht StudyManagementTeam
(research.dms@mumc.nl) andthesecondauthor
(co-author) A.Kostermaybecontactedto request
data.

99



Results

The fully adjusted model (including BMI, MVPA, and history of cardiovascular disease)

showed daily sitting time to be significantly associated with knee pain in the overall sample

(OR = 1.07, 95%CI: 1.01Ð1.12)and in those with T2D (OR = 1.11, 95%CI: 1.00Ð1.22);this

was not statistically significant in those with prediabetes (OR = 1.04, 95%CI: 0.91Ð1.18)or

NGM (OR = 1.05, 95%CI: 0.98Ð1.13).There were no statistically significant associations

between daily sitting time and neck, shoulder, or low back pain in any of the models. Further-

more, the non-linear relationships were statistically non-significant.

Conclusion

Among middle-aged and older adults with T2D, daily sitting time was significantly associated

with higher odds of knee pain, but not with neck, shoulder, or low back pain. No significant

association was observed in those without T2D for neck, shoulder, low back, or knee pain.

Future studies, preferably those utilising prospective designs, could examine additional attri-

butes of daily sitting (e.g., sitting bouts and domain-specific sitting time) and the potential

relationships of knee pain with mobility limitations.

Introduction
Timespentsitting (sedentarybehaviour)isassociatedwith anincreasedrisk of severaladverse
healthoutcomes,additionalto therisksassociatedwith insufficientlevelsof physicalactivity
[1]. Specifically,thereisevidencethathighervolumesof dailysitting time areassociatedwith
all-causemortality risk,alongwith increasedrisksof cardiovasculardisease(CVD) andinci-
denttype2 diabetes(T2D) [2Ð4].

Globally,theprevalenceandburdenof musculoskeletalpain(MSP)-relatedconditionsare
rising [5]. Also,therehasbeenanincreasedfocuson understandingtheimpactof MSP-related
conditionsasacomorbidityof T2D [6Ð8]. SomeMSPconditions,for example,non-pyogenic
tenosynovitisandstiff handsyndrome,areobservedmorecommonin thosewith diabetes[9].
Furthermore,neck,shoulder,low back,andkneeosteoarthriticpainarewelldocumentedin
thoseliving with diabetes,particularlyT2D [6Ð8, 10, 11]. T2D hasalsobeenlinked with detri-
mentaloutcomesof someMSPconditions[7, 10]. Giventhathighervolumesof sitting time
havebeenidentifiedin thosewith T2D relativeto thosewithout T2D [12], sedentarybehaviour
could,in part,beaplausiblecontributor to MSPconditionsin T2D [6, 13].

Fromageneralpopulationperspective,thereisequivocalevidenceon therelationshipsof
sitting/sedentarytime with MSPconditionsin bothcross-sectionalandprospectivestudies
[13Ð17]. High volumesof sitting time amongsomepopulationcohorts,for instance,havebeen
found to beassociatedwith theincreasedrisk of MSPconditions,suchaslow backpain,neck/
shoulderpain,osteoarthritis,andgeneralMSP[13, 14]. In contrast,studieshavealsodocu-
mentedeitherno evidenceor inverseassociationsbetweensitting time andsomeMSPcondi-
tions[13, 15, 17]. In thiscontext,theavailableevidence,mostimportantly thosefrom
population-basedstudies,hasreliedon self-reportdataon sitting time.Thereis limited evi-
dencefrom studiesusingdevice-basedmeasurementof sitting time,especiallyin largepopula-
tion-basedsamples;device-basedstudieshavein themainutiliseddatafrom small
subpopulations[13]. Also,it isunclearwhethertherelationshipsbetweensitting time and
MSPconditionsarelinearor non-linear.Previousstudieshavemainly investigatedthelinear
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relationshipsof sitting time with MSPconditions[13, 15, 17], with apaucityof studiesreport-
ing on potentialnon-linearrelationships.Further,theassociationsof sitting time with MSP
conditionsin adultsaccordingto glucosemetabolismstatus(GMS),andespeciallyon unique
associationsin thoseliving with T2D,areunknown.Someevidenceindicatestherelationship
of increasedtime spentin sedentarybehaviourwith changingpainseverityin adultsmaybe
morepronouncedin thosewith T2D [18].

Weexaminedthecross-sectionalassociationsof device-measuredtotaldailysitting time
with MSPoutcomesÐneck,shoulder,low back,andkneepainÐinalargepopulation-based
sampleof middle-agedandolderadultsandthenseparatelyin stratifiedsubgroupsof those
with normalglucosemetabolism(NGM), prediabetes,andT2D;wefurther examinedpoten-
tial non-linearrelationships.

Materials and methods

Designandparticipants
Thedataweresourcedfrom TheMaastrichtStudy,anobservationalprospectivepopulation-
basedcohortstudy.Therationaleandmethodologyhavebeendescribedpreviously[19].
Briefly,thestudyfocuseson theaetiology,pathophysiology,complications,andcomorbidities
of T2D andischaracterizedbyanextensivephenotypingapproach.Eligiblefor participation
wereall individualsagedbetween40and75yearsandliving in thesouthernpartof theNeth-
erlands.Participantswererecruitedthroughmassmediacampaignsandfrom themunicipal
registriesandtheregionalDiabetesPatientRegistryviamailings.Recruitmentwasstratified
accordingto knownT2D status,with anoversamplingof individualswith T2D, for reasonsof
efficiency[19].

For thiscross-sectionalstudy,2827participantsfrom thefull sample(N = 3451)whocom-
pletedaninitial surveybetweenNovember2010andSeptember2013Ðforwhomtherewere
dataon musculoskeletalhealth,device-derived(activPAL)sitting time andphysicalactivity,
T2D status,andrelevantcovariatesÐwereincludedin theanalysis.Theparticipantsexcluded
were126without validactivPALweartime,24with type1 andotherdiabetesdiagnoses,and
474whohadamissingvariableof eitherexposure,outcome,or covariates.LittleÕstestof miss-
ing completelyat randomwasperformedto checkwhethertheexposureandoutcomevari-
ablesweremissingat random,aswellasthecovariate-dependentmissingnessandensuredthe
assumptionsweremetbeforerunning thecomplete-caseanalysis[20]. Participantexamina-
tionswereperformedwithin atime windowof threemonths.Thestudyhasbeenapprovedby
theinstitutionalmedicalethicalcommittee(NL31329.068.10)andtheMinister of Health,Wel-
fareandSportsof theNetherlands(Permit131088-105234-PG). All participantsgavewritten
informedconsent.

Measures
OutcomesÐMusculoskeletalpain (MSP). Datawerebasedon aself-reportedquestion-

naireon musculoskeletalhealth(validatedin aDutchsample)[19], whichwasadaptedfrom
theUnited Statespopulation-basedvalidatedHealthAssessmentQuestionnaireusedin the
NationalHealthandNutrition Survey(NHANES)[21]. Participantswereaskedwhetherthey
hadat leastoneinstanceof experiencingpain(yes/no)for thepastonemonth in thefollowing
11bodyregionsÐneck,shoulder,elbow,wrist,hand,low back,hip, pelvis,knee,ankle,and
foot;excludingpainasaresultof trauma.Theywerealsoaskedto indicatewhetheraphysician
hadmadeadiagnosisfor thepain.For thisanalysis,apainepisodefor at leastonedayin the
pastonemonth in theneck,shoulder,low back,andkneewasconsidered.
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ExposureÐDailysitting time. TheactivPAL3physicalactivitymonitoring device(PAL
Technologies,Glasgow,UK) wasusedto continuouslymeasureparticipantsÕsitting time,
24hr/day.TheactivPAL3datacollection,analyticprocesses,sitting time,andotherphysical
activitytime calculationshavebeendescribedelsewhere[22]. Participantswereinstructedto
wearthedevicefor eightconsecutivedayswithout removingit until thefinal day.Thefirst and
thefinal daysÕdatawereexcludedbecauseparticipantsperformedphysicalfunction testson
thefirst daywhilewearingthedevice,andthefinal dayÕsdatawerecollectedfor lessthan
14-hoursof wakingtime.ParticipantsÕdatawereeligiblefor inclusionin theanalysisif they
hadat leastonevalidday(morethan14-hoursof wakingdata)deviceweartime.Timespent
sittingduring waketime on validdaysderivedfrom theactivPALdevicewasusedto calculate
themeandailysitting time in hoursperday.

Covariates. Self-reportedhistoryof T2D andastandard2-houroralglucosetolerancetest
(OGTT) wereusedto ascertainparticipantsÕGMS.Exceptfor thosewith knownT2D receiving
insulin therapywhowerecapturedbyself-reportedinstrument,all otherparticipantswith
unknownGMSunderwentastandardised7-timepoint OGTTafteranovernightfastwith 75g
glucoseingestion,asdescribedelsewhere[19]. World HealthOrganisation(WHO) criteria
wereusedto categoriseparticipantsasNGM, prediabetes,andT2D [23]. Prediabeteswas
definedasimpairedfastingglucosewith fastingplasmaglucose6.1Ð6.9mmol/Land2-hour
postprandialplasmaglucoselessthan7.8mmol/Lor impairedglucosetolerancewith fasting
plasmaglucoselessthan7.0mmol/Land2-hourpostprandialplasmaglucose! 7.8and
< 11.1mmol/l.T2D wasdefinedasfastingplasmaglucosegreaterthan7.0mmol/Lor 2-hour
postprandialplasmaglucosegreateror equalto 11.1mmol/L[23], or knownT2D andon glu-
cose-loweringmedications.

Moderate-to-vigorousintensityphysicalactivity(MVPA) time wasderivedfrom theactiv-
PAL3dataasminuteswith stepsfrequencymorethan100steps/minduring wakinghoursas
describedelsewhere[24]. A generalquestionnairewasusedto gatherdatafor othercovariates
suchasage,sex,levelof education(categorisedaslow,medium,or high),andsmokingstatus
(neversmoked,formersmoker,currentsmoker).ParticipantsÕdietaryqualityscorewas
assessedwith avalidatedFoodFrequencyQuestionnaire[25] from whichaDutchHealthy
Diet index(DHD-index) wasderived,whichisbasedon Dutchdietaryguidelines[26]. Body
massindex(BMI) wascalculatedfrom thephysicalexaminationdata.Mobility limitation was
basedon participantsÕself-reportof anydifficulty climbingoneflight of stairsor walking500
metresderivedfrom the36-itemshort-formhealthsurveyinstrument.A self-reportedhistory
of CVD from theRosequestionnaire[27] wasanadditionalconfoundingcovariate.

Statisticalanalyses
Thecharacteristicsof thestudypopulationwereexaminedbyGMScategories(NGM, predia-
betes,andT2D).Continuousvariableswerecalculatedandsummarisedasmeansandstan-
darddeviationswith differencesbetweentheNGM, prediabetes,andT2D subgroups
examinedusinglinearregressionmodelsby regressingthecontinuousvariablesastheout-
comeagainsttheGMSandsignificantdifferencetestedbyusingtestparm(post-estimation
command);whereascategoricalvariablesweresummarisedasproportions(percentages)anda
chi-squaretestusedto comparethegroupsÕdifferences.To accountfor multiple-hypothesis
testingin comparisonsacrossthegroups,astringentp-valueof < 0.01wassetasthesignifi-
cancelevelbasedon Bonferronicorrection.Potentialconfoundingvariableswereselecteda
priori basedon prior literature.All statisticalanalyseswereperformedusingSTATAstatistical
software(StataCorpversion17),andthesignificanceof associationsin mainanalyseswascon-
sideredatap-valueof " 0.05for theoverallsampleandthosewithin theGMSgroups.
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First,to examinetheassociationof totaldailysitting time with theMSPoutcomes(neck,
shoulder,low back,andkneepain),weusedlogisticregressionmodellingandstatistically
checkedtheapriori decisionto stratifytheanalysisbyGMS.Multiplicative interaction
betweendailysitting time andGMSwasmodelledfor theMSPoutcomesin theoverallsample,
adjustingfor ageandsexwith themarginscommandusedto estimatethepredictedprobabil-
ity of theMSPoutcomeandmarginalplot (line graphs)usedto interpret thepotentialinterac-
tions(Fig1). For themainanalysis,progressivelyadjustedmultiple logisticregressionswere
modelled,regressingeachof theMSPoutcomes(yes-MSP/no-MSP)asthedependent(out-
come)variableanddailysitting time astheindependent(exposure)variablefor theoverall
sampleandseparatelyfor NGM, prediabetes,andT2D.Thefirst model(modelA) was
adjustedfor ageandsex.

Second,themodelswerefurther adjustedfor BMI andMVPA (ModelB) to examinethe
attenuationeffecton thedirectionof potentialassociations.Again,thefitted modelswerefully
adjustedbyaddingsomeconfoundingvariables,includingsocioeconomicvariables(education

Fig 1. Thepredictiveprobability of the musculoskeletal pain outcomeswith daily sitting time accordingto glucosemetabolismstatus(GMS).

https://doi.org/10.1371/journal.pone.0285276.g001
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levelandemploymentstatus)andlifestylevariables(dietaryqualityscoreÐDHD-index,and
smokingstatus),aswellasahistoryof CVD (ModelC).Then,therobustnessof theassocia-
tionswasexaminedby further adjustingfor mobility limitation asasurrogatefor othercondi-
tionsthatmaypredisposeto excessivesedentarybehaviour(ModelD). Further,weexamined
thenon-linearrelationshipsof dailysitting time with theMSPoutcomesusingrestrictedcubic
splines(RCS)Ðthemostrigorousandflexibleapproachrecommendedfor investigationsof
non-linearrelationships[28, 29]. ThreeknotsRCS(selectedbasedon Akaikeinformation cri-
terion (AIC)Ðprovidedin theSupplementaryfile) werefitted (for thefinal fully adjustedmod-
els)andoutputswerepresentedin line graphs(Fig2 Ðfortheoverallsampleand
SupplementaryS1Figin S1File, aswellasSupplementaryS2aÐS2dFigin S1Filefor theGMS
subgroupsÐwithscatterplotsillustrationsof distributionsof thepredictedprobabilityof the
MSPoutcomes).

Forsensitivityanalyses,amultiplicativeinteractionof dailysitting time with sexwastested
bymodellingsitting time/sexinteractionon theMSPoutcomes.Also,weexcludedall those
with mobility limitations to checkfor thepotentialof reversecausalitybias(25.9%of thetotal
samplesize)andre-ranthemodels.

Fig 2. Non-linear relationshipsbetweendaily sitting time andneck,shoulder,low back,andkneepain (overall samplewith andwithout type2 diabetes).

https://doi.org/10.1371/journal.pone.0285276.g002
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Thedistributionsof dailysittingwith theMSPoutcomes,aswellasthelinearandnon-lin-
earanalyticmodelsÕfitnesschecks,areprovidedin theSupplementaryfile.

Results
Characteristicsof theparticipantsaccordingto GMSareshownin Table1. Thosewith T2D
wererelativelyolder,andon average,spentmorehourssittingandfewerhoursin MVPA com-
paredto participantswith pre-diabetesandNGM. Comparedto thosewith NGM andpredia-
betes,thosewith T2D weremorelikely to bemale,obese,haveahistoryof CVD, andhave
mobility limitations.

Asshownin Table2, thebodyregionwith thehighestprevalenceof MSPwaslow back
pain(52.8%)andtheleastprevalentwaskneepain(34.2%).Theprevalenceof kneepainwas
marginallynon-significantlyhigher(p = 0.03Ðwiththesignificancelevelsetatp < 0.01to
accountfor multiple testing)in theT2D groupcomparedto theprediabetesandNGM groups,
whereastheprevalenceof neckpainwassignificantlyhigher(p < 0.001)in thosewith NGM

Table1. Characteristicsof the studypopulation.

Variables Overall (N = 2,827) NGM (N = 1,728) Prediabetes(N = 441) T2D (N = 658) p-value

Demographic

Age,mean(SD) 59.5(8.6) 57.7(8.5) 62.0(8.1) 62.7(7.9) < 0.001

Sex < 0.001

Female,n(%) 1,613(57.1) 1,120(64.8) 238(54.0) 255(38.7)

BMI, mean.(SD),kg/m2 27.1(4.6) 25.6(3.8) 28.2(4.4) 30.3(5.0) < 0.001

Socioeconomic status

Educationlevel < 0.001

Low,n(%) 1,026(36.3) 536(31.0) 177(40.1) 313(47.6)

Medium,n(%) 801(28.3) 516(29.9) 109(24.7) 176(26.8)

High, n(%) 1,000(35.4) 676(39.1) 155(35.2) 169(25.7)

Employmentstatus < 0.001

Unemployed,n(%) 1,579(55.9) 848(49.1) 275(62.4) 456(69.3)

Employed,n(%) 1,186(42.0) 842(48.7) 155(35.2) 189(28.7)

Other,n(%) 62(2.2) 38(2.2) 11(2.5) 13(2.0)

Lifestyle

Sittingtime,mean(SD)hrs/day 9.2(1.7) 9.0(1.6) 9.2(1.8) 9.9(1.8) < 0.001

MVPA, mean(SD) min/day 52.0(25.4) 56.7(25.2) 49.2(23.3) 41.5(23.8) < 0.001

DHD-index score,mean(SD) 84.5(15.1) 86.5(14.7) 83.4(14.8) 80.1(15.1) < 0.001

Smokingstatus < 0.001

Never,n(%) 1,037(36.7) 696(40.3) 148(33.6) 193(29.3)

Former,n(%) 1,433(50.7) 825(47.7) 245(55.6) 363(55.2)

Current,n(%) 357(12.6) 207(12.0) 48(10.9) 102(15.5)

Medicalhistory

CVDhistory < 0.001

Yes,n(%) 493(17.4) 240(13.9) 69(15.7) 184(28.0)

Mobility limitation < 0.001

Yes,n(%) 732(25.9) 318(18.4) 136(30.8) 278(42.3)

BMI: BodyMassIndex| NGM: NormalGlucoseMetabolism| T2D:Type2 Diabetes| CVD: Cardiovascular Diseases| DHD-index:Dutch healthydiet index|

Significancelevelsweresetatp-value< 0.01to accountfor multiple-hypothesistestingacrossthegroups.

For comparisonsbetweenthesubgroups(NGM, prediabetes, andT2D)Ðcontinuousvariableswereexaminedby linearregressionwith post-estimation testparm;

categorical variableswereby chi-squaretest.

https://doi.org/10.1371/journal.pone.0285276.t001
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thanin theprediabetesandT2D groups.Therewereno statisticaldifferencesin theprevalence
of shoulderor low backpainaccordingto T2D status.

Theinteractionterm for dailysitting time andGMSwasnot statistically-significantfor any
of theMSPoutcomes.However,theplottedpredictedprobabilityshowsthat theremaybe
interactionsfor shoulder,low back,andkneepainasthelinesfor NGM, prediabetes,andT2D
appearto crosseachotherasdailysitting time increases.Thisseemsnot to bethecasefor neck
painwhichhasthelinesfor thegroupsbeingparallelto eachother.Thus,thereareindications
that theremaybevariationsin theassociationsof dailysittingwith someof theMSPoutcomes
byGMS(illustratedin Fig1). Specificallyfor kneepain,asthevolumeof dailysitting time
increased,thepredictedprobabilityof kneepainnon-significantlyincreased,whichwasmore
apparentin thosewith T2D thanin thosewithoutÐprediabetesandNGM (kneepainÐpfor
interaction= 0.424).Theinteractionmodelsareprovidedin SupplementaryS1Tablein
S1File.

Table3 presentstheprogressively-adjustedlogisticregressionfindingsof thelinearrela-
tionshipsof dailysitting time with MSPoutcomesfor theoverallsample,andseparatelyfor
thosewith NGM, prediabetes,andT2D.A statisticallysignificantassociationof dailysitting
time with MSPoutcomeswasobservedonly for kneepain.In thefully adjustedmodel,includ-
ing demographicandsocioeconomicconfounders,aswellasBMI, MVPA, andhistoryof
CVD, dailysitting time waspositivelyassociatedwith increasedoddsof kneepain(OR= 1.07,
95%CI:1.01Ð1.12).In analysesstratifiedbyGMS,therelationshipwassignificantonly in those
with T2D (OR= 1.11,95%CI:1.00Ð1.22),but not for thosewith prediabetes(OR= 1.04,95%
CI: 0.91Ð1.18)or thosewith NGM (OR= 1.05,95%CI:0.98Ð1.13).Theassociationsremained
statistically-significantin theoverallsample(OR= 1.06,95%CI:1.01Ð1.12)andmarginallysig-
nificant in theT2D group(OR= 1.10,95%CI:1.00Ð1.22)afteradjustingfor mobility limitation
in therobustnesstest.A further sensitivitycheckshowedthat therewasno significantinterac-
tion with sex(resultsnot shown).Thesignificantassociationswereattenuatedafterexcluding
thosewith mobility limitations from theanalysisto checkfor reversecausation,but therewere
fewchangesin thetrendof theassociations(resultsprovidedin SupplementaryS2Tablein
S1File).

Therewereno statisticallysignificantassociationsin theoverallsampleor in thespecific
GMSgroupsbetweenthedailysitting time andneck,shoulder,or low backpain in anyof the
models,aswellasin thesensitivitytestsandno significantsexinteraction.

Thenon-linearrelationships(in theoverallsamplewith thep for non-linearity)arepre-
sentedin Fig2. Non-significantcurvilinearrelationshipswereobservedfor theassociationof
dailysitting time with neck,shoulder,andlow backpain,whereasthesitting time/ kneepain
relationshipwasobservedto belinear.For thesubgroupanalysisbyGMS[resultsprovidedin
SupplementaryS2aÐS2dFigin S1File], curvilinearrelationshipswereobservedin theNGM,

Table2. Prevalenceof musculoskeletal pain outcomesaccordingto glucosemetabolismstatus(GMS).

MSPoutcomes Overall (N = 2,827) NGM (N = 1,728) Prediabetes(N = 441) T2D (N = 658) p-value

Neckpain 1,328(47.0) 870(50.4) 194(44.0) 264(40.1) < 0.001

Shoulderpain 1,062(37.6) 653(37.8) 165(37.4) 244(37.1) 0.948

Lowbackpain 1,494(52.8) 919(53.2) 235(53.3) 340(51.7) 0.788

Kneepain 966(34.2) 562(32.5) 152(34.5) 252(38.3) 0.029

MSP:Musculoskeletal pain | NGM: Normal GlucoseMetabolism | T2D:Type2 Diabetes| Significancelevelsweresetatp-value< 0.01to accountfor multiple-

hypothesistestingacrossthegroups.

Numbersindicatethefrequencyof MSP;numbersin bracketsarepercentages.

https://doi.org/10.1371/journal.pone.0285276.t002
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prediabetesandT2D groupsfor all theMSPoutcomesbut werestatisticallynon-significant,
exceptfor kneepain in theprediabetesgroupwhichshowedamarginallysignificantnon-lin-
earrelationship(p for non-linearity= 0.05).

Discussion
Thisstudyuniquelyexaminedthecross-sectionalassociationsof device-deriveddailysitting
time with MSPin differentbodyregions,includingneck,shoulder,low back,andkneepain in
middle-agedandolderadults,accordingto their GMS.Wefoundevidenceof asignificant
associationof longerhoursof dailysittingwith higheroddsof kneepain in alinearfunction
afteradjustingfor relevantconfoundersincludingBMI, MVPA, andCVD; this remainedafter
accountingfor mobility limitations.Theassociationwasstatisticallysignificantonly in those
with T2D andnot in theprediabetesor NGM groups.No significantassociationswere
observedbetweendailysitting time andneck,shoulder,or low backpain in theoverallsample
or theanalysisaccordingto GMSÐtheNGM, prediabetes,or T2D group,aswellasstatistically
non-significantnon-linearrelationships.

Thereis thepotentialfor reversecausalitybiaswithin thetypeof cross-sectionalanalyses
undertakenin our study.In thiscontext,MSPcouldadverselyimpactphysicalfunction and
mobility, especiallyin olderadults[30, 31]. Chronicpainsyndromes,for instance,areassoci-
atedwith severalpsychosocialfactorswhichareoftencharacterisedby fearaboutusing

Table3. Associationof daily sitting time (hours/day) with musculoskeletal pain outcomesin the overall sampleandseparately in thosewith normal glucosemetab-
olism, prediabetes,andtype2 diabetes.

MSPoutcomes N Model A Model B Model C Model D

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Neckpain

Overall 2,827 0.98(0.94Ð1.03) 0.99(0.94Ð1.04) 1.00(0.95Ð1.05) 1.00(0.95Ð1.05)

NGM 1,728 0.99(0.93Ð1.06) 1.00(0.93Ð1.07) 1.01(0.95Ð1.09) 1.02(0.95Ð1.09)

Prediabetes 441 1.00(0.89Ð1.11) 1.00(0.89Ð1.13) 1.01(0.89Ð1.14) 1.00(0.89Ð1.14)

T2D 658 0.98(0.89Ð1.07) 0.97(0.88Ð1.08) 0.98(0.89Ð1.08) 0.98(0.88Ð1.08)

Shoulderpain

Overall 2,827 1.01(0.97Ð1.06) 0.99(0.94Ð1.04) 0.99(0.94Ð1.05) 0.99(0.94Ð1.05)

NGM 1,728 0.99(0.93Ð1.06) 0.98(0.91Ð1.05) 0.99(0.92Ð1.06) 0.98(0.92Ð1.06)

Prediabetes 441 0.99(0.89Ð1.11) 0.95(0.84Ð1.08) 0.95(0.84Ð1.07) 0.95(0.84Ð1.07)

T2D 658 1.05(0.96Ð1.15) 1.03(0.93Ð1.13) 1.01(0.92Ð1.12) 1.01(0.91Ð1.12)

Low backpain

Overall 2,827 1.02(0.97Ð1.07) 1.01(0.96Ð1.06) 1.02(0.97Ð1.07) 1.01(0.96Ð1.07)

NGM 1,728 0.99(0.93Ð1.05) 0.99(0.93Ð1.07) 1.00(0.93Ð1.07) 0.99(0.93Ð1.07)

Prediabetes 441 1.09(0.97Ð1.21) 1.08(0.96Ð1.22) 1.09(0.97Ð1.23) 1.09(0.97Ð1.24)

T2D 658 1.04(0.95Ð1.13) 0.99(0.90Ð1.09) 1.00(0.90Ð1.10) 0.99(0.90Ð1.09)

Kneepain

Overall 2,827 1.08(1.02Ð1.13) 1.06(1.01Ð1.12) 1.07(1.01Ð1.12) 1.06(1.01Ð1.12)

NGM 1,728 1.06(0.99Ð1.14) 1.05(0.98Ð1.13) 1.05(0.98Ð1.13) 1.05(0.97Ð1.13)

Prediabetes 441 1.01(0.90Ð1.13) 1.03(0.91Ð1.17) 1.04(0.91Ð1.18) 1.05(0.92Ð1.19)

T2D 658 1.11(1.01Ð1.22) 1.10(1.00Ð1.22) 1.11(1.00Ð1.22) 1.10(1.00Ð1.22)$

Note:Complete-caseanalysis| Thesignificantassociationsareshownin boldface(p " 0.05)| $ p = 0.055| MSP:Musculoskeletal pain | N: Samplesize| NGM: Normal

GlucoseMetabolism | T2D:Type2 Diabetes| OR:Oddsratio | CI: ConfidenceInterval.

Model A: Adjustingfor ageandsex.Model B: Adjustingfor covariatesin ModelA + BMI andMVPA. Model C: Adjustingfor covariatesin ModelB + Educationlevel,

employment status,smokingstatus,DHD-index,andhistoryof cardiovascular disease.Model D: Adjustingfor covariatesin ModelC + mobility limitations.

https://doi.org/10.1371/journal.pone.0285276.t003
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affectedjoints [31]. Thismayresultin progressivelossof physicalfunctioning,impaired
mobility, limited physicalactivitybehavioursandexcessiveleisure-timesitting.Alternatively,
MSPin olderadults,especiallyin thosewith T2D,maycontribute,in part,to highvolumesof
dailysitting time [12, 32]. Forexample,low backor kneepainthat issecondaryto T2D com-
plicationsmayplausiblyleadto mobility limitationsandsubsequently,moretime spentsitting.
After excludingthoseparticipantswith self-reportedmobility limitation (about25.9%of the
totalanalysedsample;seeSupplementaryS2Tablein S1File) from our analysis,theobserved
associationsbetweendailysitting time andkneepainbecamenon-significant,possiblyreflect-
ing lossof power,yettheobservedtrendremainedunchanged.Furthermore,theprevalenceof
largeamountsof time spentsitting ishigh in olderadults,particularlysoin thosewith chronic
diseases,implying thepotentialfor reversecausation[2, 12, 32]. Thereisevidencethatsuggests
probablebidirectionalassociationsbetweenpain-relatedchronicconditionsandhighervol-
umesof sitting time [33].

This isoneof thefirst studiesto separatelyreporton theassociationsof dailysitting time
with MSPin thosewith andwithout T2D.AmongtheMSPoutcomesinvestigated,we
observedahigherprevalenceof kneepain in theT2D groupthanin theprediabetesandNGM
groups.Interestingly,astatistically-significantpositiveassociationwith dailysitting time was
observedonly in thosewith T2D,which isassumedto belinearlyrelated.While this finding
maybebiologicallyplausible,thestatisticallynon-significantinteractionof dailysittingwith
GMSin our analysis(Fig1) limits theinterpretationof this finding asindicatingasignificant
differencein theassociationof dailysitting time with kneepainbetweenthosewith T2D and
prediabetesor NGM. Thelackof asignificantinteractionmaybedueto severalfactors,includ-
ing thewidevariationsin thesamplesizesof theNGM, prediabetes,andT2D groups.Never-
theless,weobservedthatsitting time andkneepainmaybenon-linearlyrelatedin the
prediabetesgroup(SupplementaryS2dFigin S1File). Theevidenceon theassociation
betweenT2D andMSP-relatedconditionssuchaskneeosteoarthritishasbeendocumented
[7, 10]. Forexample,evidencefrom ameta-analysisindicatesthat theoddsof incidenceand
progressionof osteoarthritis(mostlyof theknee)arehigherin thosewith T2D [7]. Thisevi-
denceissupportedby thefindingsin theplaceboarmof arandomisedcontrolledtrial in
patientswith osteoarthritis,in whichthepresenceof T2D increasedtherisk of progressive
kneejoint narrowing[10]. To date,no studyhasdocumentedtheassociationbetweensitting
time andkneepain in thosewith T2D.Nevertheless,apopulation-basedstudyof Korean
adultsover50yearshasdocumentedapositivecross-sectionalassociationof self-reported
dailysedentarybehaviour(sitting time) above10hrs/daywith kneepain[34].

ThemechanismsunderlyingMSPconditionsin T2D arenot wellunderstood;however,they
likely involveacomplexsetof factorsassociatedwith T2D, includingolderage,obesity,andthe
systemiceffectof persistenthyperglycaemia[35, 36]. For instance,mechanismsof kneeosteoar-
thritis in T2D [36] mayincludebiomechanicaljoint loadandsystemicinflammatorypathways
relatedto olderageandobesityalongwith thoserelatedto hyperglycaemia,includingadvanced
glycationendproducts(AGEs)andtheir receptor(RAGE)interactionpathway,aswellasreac-
tiveoxygenspecies(ROS)pathwaywhichenhancessecretionof pro-inflammatoryfactors.Col-
lectively,thesemaycontributeto oxidativestressandinflammationprocessesthatpromote
vascularendothelialdysfunctionandjoint cartilagedegradation[36Ð38]. In thiscontext,it is
relevantto notethatour statisticalmodelscontrolledfor BMI. Behaviouralfactors,including
sedentarybehaviourmayin partcontributeto,or augment,someof thesepotentialmechanisms
throughsomeof theknowncardiometabolicconsequencesof time spentsitting [39, 40].

Thereissomesupportingevidencefrom acuteexperimentalstudies[39, 41] andobserva-
tional studies[40, 42] thatsedentarytime maybeunfavourablyassociatedwith cardiometa-
bolicbiomarkerssuchasdyslipidaemia,hyperglycaemia,insulin resistance,andvascular
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endothelialdysfunctionsin T2D.Also,anassociationbetweenhighervolumesof sedentary
time andunfavourablelevelsof systemicinflammatorybiomarkersin adultsliving with T2D
hasbeenobserved[43, 44]. Thus,sedentarybehaviourmaypotentiallyhavesomelinks to the
plausiblebiologicalpathwaysof T2D/MSPassociations.Thismaybepossiblethroughthe
influenceof sedentarybehaviouron insulin resistance,hyperglycaemia,anddyslipidaemia
mediatinginflammatorychangesandimpairedbloodflow in joints leadingto articularsurface
cartilagedegradation[36Ð38]. In supportof this,anepidemiologicalcross-sectionalstudy
observedthatanincreasedprevalenceof low backpain in peoplewith T2D wasalsoassociated
with self-reportedsedentarybehaviour[6]. Furthermore,thereisevidencefrom aprospective
studythathighervolumesof sedentarybehaviourareassociatedwith increasedseverityof
bodilypain,which issignificantlymoreapparentin peopleliving with T2D [18]. Our observed
cross-sectionalassociationof dailysitting time with kneepainin thosewith T2D afteraccount-
ing for theconfoundingbiasof BMI, MVPA, andCVD mayalsosupportthenotion thatcardi-
ometabolicandsystemicinflammatoryeffectsof sedentarybehaviour,whichismore
pronouncedin peoplewith T2D [45, 46], may,in part,playsomerole in thepathogenesisof
kneepain in T2D.However,with our relativelysmalleffectsizecross-sectionalfinding, poten-
tial residualconfoundingeffectsandreversecausationcouldbealsolikely.

Wedid not observesignificantassociationsbetweendailysitting time andneck,shoulder,
or low backpain in anyof theGMSgroups.Thereisanindication that therelationship
betweensitting time andneck,shoulder,or low backpainmaynot necessarilybelinearbut
rathercurvilinear;however,theobservedcurvilinearrelationshipsin our studywerestatisti-
callynon-significant(Fig2). Studiesareyetto specificallyinvestigatetheassociationsof daily
sitting time/ sedentarybehaviourwith MSPseparatelyin peoplewith T2D,prediabetes,or
NGM, makingdirectcomparisonchallenging.Previousevidenceon theseassociations,mostly
from heterogeneouspopulationsandfor diversesedentarybehaviourdomains,hasbeen
inconsistent[15, 16, 47]. Studieshavedocumentedinconsistentevidenceon associationsof sit-
ting time/ sedentarybehaviourwith MSP-relatedoutcomes,includingneck/shoulder,or low
backpain[48Ð51]. Our findingsareconsistentwith thoseof aprospectiveanalysisof theDan-
ishHealthExaminationSurveyCohort2007Ð2008datathatshowedthatself-reporteddailysit-
ting time of 10hrs/dayor morewasnot associatedwith low backpain[51]. In contrast,some
Danishstudiesof tradespeoplehavereportedpositivecross-sectionalassociationsof Acti-
graph-deriveddailysedentarytime with low backpain[48] andneck/shoulderpain intensity
[50]. Similarly,astudyof Koreanadultsagedover50yearsfoundcross-sectionalevidencethat
self-reporteddailysitting time of morethan7hrs/daywasassociatedwith low backpain[49].

Severalfactorsmayaccountfor thedifferencesbetweenour findingsandthoseof others.
Notably,differencesin theinstrumentsusedto estimatedailysitting/ sedentarytime areevi-
dent.Body-worndevicesprovidegreateraccuracyfor estimatingsitting time,specifically,the
thigh-wornactivPALdeviceusedin our studyisknown to havehigheraccuracythantheActi-
graphdevice(whichprimarily detectssitting time) [52, 53]. Self-reportmeasurementinstru-
ments,on theotherhand,arebasedon subjectiveestimatesof sitting time or sedentary
behavioursandareproneto higherlevelsof bias[52Ð54]. Theinconsistenciesin theevidence
mayalsoreflectthat themechanismsthatunderpinMSPmaybecomplexanddiffer with
respectto thebodypart involved.Also,heterogeneityin theMSPassessment(acuteor chronic
pain)amongthesestudiesmaypartlyexplainthedifferences.

Strengthsand limitations
Thestrengthsof our studyincludeusingtheactivPALdeviceto measuredailysitting time, the
goldstandardresearchinstrumentfor accuratelyassessingsittingor lying postures[52, 54],
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andthelargesamplesizewith asubstantialnumberof participantswith T2D,whichallowed
stratifiedanalysesaccordingto GMS.Further,weexaminedtheassociationin differentMSP
outcomes,providing theopportunity to comparetheassociationsof dailysitting time with dif-
ferentMSPoutcomesbyGMSin thesamedataset.

Studylimitations includethecross-sectionaldesignwhichprecludescausalinference,and
aspreviouslyreferredto, thereisalsothepotentialfor reversecausationamongtheobserved
associations.Furthermore,theparticipantsÕmeandailysitting time wasderivedfrom one-
weekwearof theactivPALdata,andparticipantswereincludedin theanalysisif therewasat
leastonevaliddayof device-weartime.Thismaynot reflectthestudiedparticipantsÕtrue
habitualdailysittingbehaviour.In addition,asidefrom theconfoundersfor whichwe
adjusted,theremaybeotherunmeasuredconfounders,suchasoccupationalphysicalactivity
behaviourswhichwerenot accountedfor in theanalyses.Also,thereisno universallyaccepted
measureof musculoskeletalpainfor epidemiologicalstudies.TheMSPassessmenttool usedin
our studyhaslimitations inherentto self-reportinstruments,including that theinclusionof
datafrom someÒhighreportersÓof painmaybiasthefindings[55, 56]. Also,theassessmentof
acuteMSP(at leastoneinstanceof experiencingpainfor thepastonemonth) might betoo
sensitive,with lowerspecificityto effectivelydiscriminateMSPamongtheparticipants,
therebymaskingthepotentialassociations.

Implications for researchandpractice
Our findingsmayprovidenewinsightsfor futureresearchandclinical implications.Thepri-
maryfocusof thisstudywasto betterunderstandtheassociationsof totalvolumesof dailysit-
ting time with MSP;however,it iswell recognisedthatsitting time isaccumulatedacross
multiple domains(athome,work, leisure,or commutingin avehicle)whichcouldbeof public
healthinterest[57]. For instance,recentevidencesuggeststhat theassociationsof domain-spe-
cific sitting time (e.g.,time spentsitting in acaror ataworkstationdesk)with adversehealth
outcomesmaybemoreimportant thanjust thetotalvolumeof sitting/ sedentarytime accumu-
latedduring thewholeday[58, 59]. Moreover,thereisevidencethat indicatesthat theassocia-
tion betweensitting time andMSPmaybeinfluencedby factorsof occupationalenvironment
structures[13]. Forexample,highsitting time in tradespeoplewhoengagein labour-intensive
work maybeinverselyassociatedwith neckandlow backpain[15], whereasit maybeassoci-
atedwith moreneck/shoulderandlow backpainin office-basedworkers[13]. Studieshavealso
reporteddifferencesin theassociationsof leisure-timeandoccupationalsitting time with MSP,
aswellasthepatternof accumulationof thesitting time with MSP[17, 48].

Futurestudies,preferablyutilising prospectivedesignscouldfocuson investigatingthe
associationsof domain-specificsitting time andthepatternof sitting (sitting bouts)with MSP
accordingto GMSin differentoccupationalgroups.Theassociationof dailysitting time with
kneepaincouldbeexploredbyexaminingtheassociationof sittingboutdurationwith knee
painto betterunderstandsittingpatternsthataremorelikely to beadverselyassociatedwith
kneepain,especiallyin thoseliving with T2D.Also,thecompositionof dailysitting time rela-
tive to time spentsteppingandstandingin relationto MSP-relatedconditions,particularly
with kneepainaccordingto GMSandpotentialassociatedmobility limitationscouldbeexam-
inedin futurestudies.Furthermore,studiescouldexamineMSP-relatedconditionsasexpo-
suresthatmayinfluencesittingbehaviouroutcomes,aswellasthepotentialinteractionroleof
GMSin suchrelationships.

Notwithstandingthepotentialfor reversecausality,thesefindingssuggestthatsomeMSP
conditions,specificallykneepain,mayalsobeaddedto thenumerousadversehealthoutcomes
thathavebeenshownto bedetrimentallyassociatedwith highervolumesof sitting time [2, 60].
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Accumulatedevidenceindicatesthat interrupting prolongedsitting time with, at least,light-
intensityphysicalactivitybreakssuchasstandingor light-walkingmayinducehealthbenefits
[61, 62]. Thishaspromptednewrecommendationsto replacesedentarytime with physical
activityof anyintensitywithin the2020World HealthOrganisationphysicalactivityandseden-
tarybehaviourguidelines[63], andwithin theAmericanDiabetesAssociationguidelinesto spe-
cificallyimproveglycaemicmanagementin peoplewith T2D andpreventT2D in thoseat risk
[64]. Our findingssuggestthat theremaybefurther benefitsfor peopleliving with T2D,espe-
ciallymiddle-agedandolderadultswith coexistingMSP-relatedconditions[65, 66].

Conclusion
In thisstudy,weobservedthatdevice-assesseddailysitting time wasassociatedwith higher
oddsof kneepain in middle-agedandolderadultswith theassociationbeingmostevidentin
thosewith T2D.Therewereno significantassociationswith neck,shoulder,or low backpain.
Thenon-linearrelationshipsof sitting time with theMSPoutcomeswerestatisticallynon-sig-
nificant.Furtherstudies,usingprospectivestudydesigns,shouldfocuson examiningthe
potentialassociations(linearandnon-linear)of domain-specificsitting time (including leisure
time,work,andtransport)andof sittingboutpatternswith kneepainandotherMSP-related
conditionsaccordingto GMS.Thiswill helpbetterunderstandwhetherparticularthresholds
of dailysitting time areassociatedwith anincreasedrisk of futurekneepain,asabasisfor
future interventiontrialsto reducetime spentsitting,particularlyin thecontextof mobility
limitations for thosewith T2D.
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Television-viewing time and!bodily pain 
in!Australian adults with!and!without type 2 
diabetes: 12-year prospective relationships
Francis Q. S. Dzakpasu1,2*, Neville Owen2,3, Alison Carver4, Parneet Sethi2, Christian J. Brakenridge1,2, 
Agus Salim2, Donna M. Urquhart5, Flavia Cicuttini5 and David W. Dunstan2,6 

Abstract  

Background: Bodily pain is a common presentation in several chronic diseases, yet the inßuence of sedentary 
behaviour, common in ageing adults, is unclear. Television-viewing (TV) time is a ubiquitous leisure-time sedentary 
behaviour, with a potential contribution to the development of bodily pain. We examined bodily pain trajectories and 
the longitudinal relationships of TV time with the bodily pain severity; and further, the potential moderation of the 
relationships by type 2 diabetes (T2D) status.

Method: Data were from 4099 participants (aged 35 to 65 years at baseline) in the Australian Diabetes, Obesity and 
Lifestyle Study (AusDiab), who took part in the follow-ups at 5 years, 12 years, or both. Bodily pain (from SF36 ques-
tionnaire: a 0 to 100 scale, where lower scores indicate more-severe pain), TV time, and T2D status [normal glucose 
metabolism (NGM), prediabetes, and T2D] were assessed at all three time points. Multilevel growth curve modelling 
used age (centred at 50 years) as the time metric, adjusting for potential confounders, including physical activity and 
waist circumference.

Results: Mean TV time increased, and bodily pain worsened (i.e., mean bodily pain score decreased) across the 
three time points. Those with T2D had higher TV time and more-severe bodily pain than those without T2D at all time 
points. In a fully adjusted model, the mean bodily pain score for those aged 50 years at baseline was 76.9(SE: 2.2) and 
worsened (i.e., bodily pain score decreased) signiÞcantly by 0.3(SE: 0.03) units every additional year (p <0.001). Those 
with initially more-severe pain had a higher rate of increase in pain severity. At any given time point, a one-hour 
increase in daily TV time was signiÞcantly associated with an increase in pain severity [bodily pain score decreased by 
0.69 (SE: 0.17) units each additional hour; p <0.001], accounting for the growth factor (age) and confoundersÕ e!ects. 
The association was more-pronounced in those with T2D than in those without (prediabetes or NGM), with the e!ect 
of T2D on bodily pain severity becoming more apparent as TV time increases, signiÞcantly so when TV time increased 
above 2.5 hours per day.

Conclusion: Bodily pain severity increased with age in middle-aged and older Australian adults over a 12-year 
period, and increments in TV time predicted increased bodily pain severity at any given period, which was more 
pronounced in those with T2D. While increasing physical activity is a mainstay of the prevention and management of 
chronic health problems, these new Þndings highlight the potential of reducing sedentary behaviours in this context.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the articleÕs Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the articleÕs Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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Background
Bodily pain increases with age and can be of somatic, 
visceral, or neurogenic origin [1, 2]. Among Australian 
adults aged 45-years and over, it has been estimated that 
20% experience persistent chronic pain [3]. !e chal -
lenges to clinical management and public health implica-
tions of chronic pain are substantial and often associated 
with multimorbidity, including diabetes and cardiovas-
cular disease (CVD). Furthermore, those with diabetes 
can be more likely to be hospitalized for musculoskel-
etal pain-related conditions [4]. Chronic pain impacts 
adversely on daily physical activity and quality of life; can 
be associated with physical and mental health problems; 
and, substantially contributes to healthcare costs and the 
economic burden of lost productivity [5].

!e prevalence and burden of chronic pain both 
increase with advancing age and as physical activity 
participation declines [6]. Chronic pain can be associ-
ated with older adults being physically inactive and large 
amounts of time sitting. While changes in physical activ-
ity with advancing age have been studied extensively 
[7, 8], recent research attention has been directed at 
increases in sedentary behaviour (which is distinct from 
physical inactivity, and deÞned as time spent in a sitting 
or reclining posture with energy expenditure less than 
1.5METs) [9]. Higher volumes of sedentary time can be 
associated with increased risk of all-cause mortality, inci-
dent CVD, type 2 diabetes (T2D), and some cancers [10Ð
13]. SpeciÞcally, one of the most common leisure-time 
sedentary behaviours Ð television-viewing (TV) time Ð 
has been consistently shown to be associated with mul-
tiple adverse chronic health outcomes [12Ð16], providing 
a simple, self-report indicator of a common domain-spe-
ciÞc sedentary behaviour in community-based adults in 
the home settings [17].

!ere is evidence of detrimental associations of higher 
volumes of TV time with the risk of developing chronic 
diseases such as CVD, T2D, musculoskeletal disorders, 
and some cancers which is important in this context [10, 
13, 15], as well as an adverse impact on physical activity 
levels in ageing adults [18]. However, there is limited evi-
dence on the inßuence of prospective changes in TV time 
on bodily pain trajectories with ageing.

In epidemiological studies of sedentary behaviour and 
pain, the 36-Item Short-Form Health Survey (SF-36) 
questionnaire [19] has been commonly used, with mixed 
evidence on associations with bodily pain scale scores 
[20, 21]. To date, only a few prospective studies, typically 

in small subgroups of adults, have investigated longitudi-
nal associations between TV time and pain, with incon-
sistent Þndings [21, 22]. Large cohort studies are yet to 
examine prospective relationships of changes in TV 
time with bodily pain trajectories. Further, the e"ects of 
sedentary behaviour can be more pronounced in those 
with metabolic disorders, particularly in T2D which is a 
major risk factor of CVD [23Ð25]. For example, a review 
of experimental and intervention-trial evidence has 
shown that reducing sedentary behaviour can beneÞcially 
impact cardiometabolic and inßammatory biomarkers 
associated with T2D [25]. Also, T2D has been shown to 
be associated with heightened chronic pain conditions, 
especially neuropathic pain [26Ð28]. Since studies have 
also shown that sedentary time is more pronounced in 
those with T2D compared to those without [29], there is 
a need to better understand the convergence of high sed-
entary time with T2D on trajectories of bodily pain. Spe-
ciÞcally, it is unknown whether the potential inßuence 
of TV time on prospective changes in bodily pain di"ers 
according to the presence or absence of T2D.

We examined the longitudinal relationships of concur-
rent changes in TV time with bodily pain at three obser-
vation points over 12 years in Australian adults who were 
middle-aged and older at baseline; and, whether such 
potential relationships may be moderated by T2D status. 
We hypothesized that bodily pain severity would increase 
with age. Also, increasing TV time would be associated 
with increased severity of bodily pain at any given time 
point, and the strength of the association would di"er 
between those with T2D and those without T2D.

Methods
Study sample and!participant selection
!e Australian Diabetes, Obesity, and Lifestyle Study 
(AusDiab), a general population-based study of com-
munity-dwelling Australian adults aged ! 25 years to 
describe diabetes prevalence and cardiometabolic risk 
markers, was initiated in 1999/2000 (baseline Ð Wave 1), 
with two subsequent follow-ups in 2004/05 (Wave 2) and 
2011/12 (Wave 3). Description of the study design and 
participants has been published elsewhere [30]. Initially, 
baseline data (n =  11,247) were collected from adults 
residing in 42 Australian Bureau of Statistics Census Col-
lector District (CCD) across all States and the Northern 
Territory. !ose with physical or intellectual disabilities 
were not included [30]. !e Þrst follow-up at Þve years 
(n =  8798), was undertaken in 2004/05; and the second 

Keywords: Bodily pain trajectory, Chronic pain, Growth curve model, Prediabetes, Sedentary behaviour, TV time, Type 
2 diabetes
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follow-up at 12 years (n =  6,186), in 2011/12 as detailed 
elsewhere [31, 32]. At each respective time point, inter-
viewer and self-administered questionnaire data, as well 
as biomedical data, including physical examination, urine 
and blood samples were collected at a local testing site 
[30Ð32]. !e study was approved by the International 
Diabetes Institute (now Baker Heart and Diabetes Insti-
tute) Ethics Committee and the Alfred Ethics Committee, 
project approval no. 39/11.

For this analysis, we considered the middle-aged and 
older participants aged 35 to 65 years with and with-
out T2D at baseline. !is was based on recent Þndings 
reported by the Australian Institute of Health and Wel-
fare suggesting that one in Þve Australian adults aged 
45 years and over live with chronic pain with physical 
inactivity, smoking, overweight, and obesity as the likely 
associated behavioural risk factors [3]. !ose with type 1 
diabetes, a history of current bone fracture, and women 
who were pregnant were excluded from the analyses. 
Initially, the 4099 participants who were considered 
for inclusion in these analyses had complete data for 
the outcome, exposure, and all relevant covariates vari-
ables at baseline and at least one instance of follow-up 
data for SF-36 bodily pain, TV time, leisure-time physi-
cal activity, and T2D status. Among these participants, a 
total of 223 participants were categorised as having T2D 
based on self-reported T2D status (101) and a newly 
clinically determined T2D status (122) based on a fasting 
blood glucose test or 2-hour oral glucose tolerance test 
(OGTT); 691 as prediabetes [impaired fasting glucose 
(IFG) or impaired glucose tolerance (IGT)]; and 3,185 as 
normal glucose metabolism (NGM). !e total number of 
participants included in the analysis based on our selec-
tion criteria and those excluded at baseline, as well as the 
number remaining and those loss-to-follow-up at the 
5-year and 12-year time points are illustrated in a ßow-
chart in Fig.#1.

Variables
Outcome: bodily pain
!e bodily pain scores were derived at all data time-
points from the validated 36-item Short Form (SF-36) 
self-report survey instrument for assessing health-related 
quality of life (HRQoL) [19, 33]. Two of the SF-36 items 
(items 7 and 8) measure bodily pain dimensions - the 
intensity and the extent of interference with daily activity 
(based on a#standard SF-36 questionnaire 4-week recall 
of chronic/persistent pain) [19, 34]. Item 7 asked: ÒHow 
much bodily pain have you had during the past 4 weeks?Ó 
with the response options: Ò1 =  None; 2 =  Very mild; 3 =  
Mild; 4 =  Moderate; 5 =  Severe; 6 =  Very severeÓ. Item 
8 asked: ÒDuring the past 4 weeks, how much did pain 
interfere with your normal work (including both work 

outside the home and housework)?Ó, and the options 
were: Ò1 =  Not at all; 2 =  A little bit; 3 =  Moderately; 4 =  
Quite a bit; 5 =  ExtremelyÓ. A validated scoring algorithm 
was used to transform the two itemsÕ responses into a 
single bodily pain score on a 0 to 100 scale [19], whereby 
the lowest possible score of Ò0Ó indicates severe bodily 
pain and the highest possible score of Ò100Ó indicates no 
bodily pain [33]. !e accuracy of the SF-36 instrument to 
estimate HRQoL is high, with acceptable psychometric 
properties across all the measured dimensions in di"er-
ent demographic, health-related behaviour risk factors, 
and socioeconomic population groups in Australia [35]. 
A validation study in Australia indicated the 2-item bod-
ily pain dimension has a high homogeneity (item-correc-
tion =  0.95) and internal consistency (Cronbach alpha =  
0.90) [35].

Exposure: television-viewing time
!e main explanatory variable (time spent watching tel-
evision Ð TV time) was assessed at each time point. Par-
ticipants self-reported total time spent on each weekday 
and weekend day watching television or video/DVD for 
the past week, excluding times when the television was 
switched on, but other leisure-time activities were being 
concurrently undertaken [12]. !e total daily TV time 
was estimated by averaging the duration of TV time 
across seven days (the Þve weekdays and two weekend 
days) in hours. Psychometric studies indicate that this 
measure of TV time has acceptable properties in adults, 
with moderate-to-high validity and reliability, with a test-
retest reliability intraclass correlation coe$cient (ICC) of 
0.66 (95% CI =  0.50 Ð 0.83) [17] and a Spearman correla-
tion of 0.3 for a 3-day behavioural log criterion validity 
[36].

Moderator: type 2 diabetes status
T2D status was ascertained from self-reported data 
at baseline for known diabetes and by clinical diagno-
sis based on the standard recommended World Health 
Organisation (WHO) fasting blood/plasma glucose 
(FBG) test and 2-hour OGTT at each data time-point 
[37]. !e T2D status variable was grouped into four cat-
egories (NGM, prediabetes, new T2D, and known T2D). 
!e newly diagnosed T2D at each wave became known 
T2D at the subsequent wave. T2D was deÞned as FBG 
greater than 7.0 mmol/L or 2-hour OGTT greater than 
11.1mmol/L. Prediabetes was deÞned according to the 
American Diabetes Association (ADA) criteria as IFG 
if FBG was in the range of 5.6 Ð 6.9 mmol/L or IGT if 
2-hour OGTT fell in the range of 7.8 Ð11.0 mmol/L; 
NGM was deÞned as FBG less than 5.6 mmol/L and 
2-hour OGTT less than 7.8 mmol/L [37]. If there were 
missing data on any one of the assessment methods 
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