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11;00 1
1c1n |
1C[!
1(H>! !
1F6 !
1$HCH !
1?7>C<+I1
$FIT |
o010 !
66C! !
6H;C!
6F\1&]!!
6EC! !
63G;!! !
6V\;VGl! !
6G%! |
ewa! !
Cl[d>!!
C&Cx/0,J!
c&lt !
C%&16IV1
cwc !
H7!

@IH! !

,33&":(%"'()*6+
13-<2,11?7>-8+)<+!;782 #!
1=,8<3+/IC<+",-,>11>>*3<+-4*/!
13-<2<-<>IFAIC+H)#! [ 2</9!
102+/3,0!19)#3+-<*/1,/00D8*0?3->
IM+<M,!</A*8=+-<*/138<-18<*/
1))<,01+/016*=D),=,/-+8#!$,0< 3</,IC+-+"+>|
1?7>-8+)<+/IC<+",- >BIV" ><-#51+/01[<A,>-#),1;-?20#
*O#I=+>>1</0,J!

*O<)#!D+</1>34),

6,/>7>16%)),3-*8!1C<>-843-!
6,/-8,/A*8IHD<0,=<*)*9#!;-20<,>!;.*8-IC,D8,>><*/1;31),!
67=7)+-<2,IF/0,J1-*\?8></91+/01))<,0!&,+)-.![<-,8+-28,
6.8*/<3IM<0/,#!10<>,+5,!

6)?7>-,8!=,-+"*)<318<>M!>3*8,!
6*/>*)<0+-,0!;-+/0+80>1*AlG,D*8-</9!184+)>!
6)8,+3-<2D8*-,</!

6+80<*2+>37)+810<>+> !
C<>+"<)x@U?>-,0![<Al,+8>l

C?-3.1&,+)-#IC<,-1</0,)!
C,D+8-=,[-I*Al&?=+/1;,82<3,>!
C+/<>1%&#><3+)1161<2<-#13* *8-IK<-.1V"U,3-<2,!I=,+>?8 =, /->!
C<9<-+)IW<0,*IC<>3

H?8D,+/17/<*/1 |

@2R<=,!,B?<2+) /!
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(C%! !
N
($7;6! !
&Ll !
&C[I !
&V$1 ¥G!
&Ge*[!!!
>X6Go%!
<176 !
F66 !
F@ !
Fare !
F[rooo!
Q8!
F%1é! !
[1G! |
[%! !
[F%1! !
[$F6>! !
V6@ !
)8HS$! !
$1G! !
$HI>!! |
$ Polt !
$%e!! !

(O*"+):?80,/*AlC<>,+> 1
(8*>>10*=,>-<3!D8*0?3-!
()?3*>,1=,-+"*)<>=1>-+-74
O*"+)11))<+/3,1A*8I=2>32)*>M,),-+)1&, +)-.
O#3+-,00.+,=*Q)*"</l |
&<9X0,/><-#1)<D*D8*-,&/!
&*=*>-+-<31$*0,)11>> >>= [-*AIF/>?)</IG,><>-+/3,
&,+)-. 8,)+-,01B?+)<-#I*Al)<A,
<9.0%,/><-<2<-#85+3-<2,\D8*- &/
F/38,=,/-+)!+8,+1?/0,8!-.,13782, !
F/-8+3)+>>1'3*88,)+-<*/413* AAK3<,/-
F=D+80!A+>-</919)?3%>,
F=D+<8,0!19)?3*>,1-*),8+/3,!

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

<>*=,-8<3!)B+-<?!

F/-,8/+-<*/+)1% #><3+)113-<2<-#le?,>-<*l/+<8,
[,D-</%0<D*/,3-</18+-4*!
[*K,8!"+3MID+</!

[<9.-X/-,/><-#!D .#><3+)1+3-42<-#!

[*K X+/01=<00),%/3*=,13*2/-8< >
[+>-X"> 82+-<*/)8+88<¥*8K+80
)*B+-<*IHID,3-+-BfrJ<=<>+-<¥/
$<>></91+-18+/0*E
$,-+"*)<3!,B?<2+),/->!

$*0,8+-, X/-,/><-#ID.#><3+)!+3-&2<-#

$3(<))!1%+</le?,>-<*/[+<B,
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$E! !
$;%! !
$Wo%1 !
\N2I !
\6C>!! !
\($! 1!
(1o
\&1\H;! !
\$el 11!
\G;!'H !
(IR
vVG! |
%F6V! !
%GF;$1!
%GF;$R0!
%GV;%HGV!

e?+)#>-!

G1(H>!!
Ge6;! !
Geln !
G,2$+! !

1! !

$7>32)*>M,),-4)

$7>3?)*>M,),-+)!D+4&/!

$*0,8+-, X*R<9*8*?>I</- [><-#ID.#><3+)1+3L<2<-#!
\*-1+DD)<3+")!I

\*¥/ 8*==?/<3+"),10<>,+> >

\*8=+)19)?3*> 1= -+")<>= |

\*8=+)19)?3*> 1-*) 8+/3,! |
\+-<*/+)1&,+)-1+/0N\?-8<-<*/1;,282,#!
\*80<3!$?7>3?)*>M,),-+)!e?,>-<*/[+<8,!
\?=,8<3IG+-</9!1;3+),

V8+)19)23%> 1-%) 8+/3,1-, >l

V00>I8+-«*
%*D?)+-<*/51F/-,82,/-<*/516*/-8*)N3*=D+8<>*/1+/0!V?-3*=,!
%8,A,88,0!G,D*8/9!F-,=>IA*8!:#>- =+-<3!G,2<,K>1+/01$ ¥ +)#>,>!
%GF;$K068*-*34)
F/-,8/+-<*/+)!D8*>D,3-<2,18,9<>- 8I*Al>#>- =+-<318| 2<, K>

;-+/0+80!e?+)<-#11>> >>= [-168<-,8<+IA*8IH2+) ?+-</91%8<=+8#!G,>,+83.1%+D,8>! A8*=!+!
W+8<,-#I1Ak,) 0>

102+/3,019)#3+-<*/1, /0XD8*0?3-!'1(H#B,3,D-*8*
G,>-8<3-,0!13?"<3!>D)</,
G+/0*=<>,0!13*/-8%)"),04!-8<+)!
G,2<,KI$+/+9,8!12,8><*/'|L_LQ

- H-<>-<3+)I1/+H)E><>I#HE- =

5,0, /-+8#!", +2<*28! |

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

PYE=15.%8- X@*8=1&,+)-.1,782 #IB?,>-<*//+<8,!
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>F619Q >*)?"),1F/-8+3,))?)+8!+0.,><*/1=*),3?2)Q!

ISCI | I#D,!IS!0<+",-,>!

N@Xr!! 1?7=*?8!/,38*><>IA+3-¥8

IW! ! 1,),2<><*R<,K</9

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

7EN 1 7/<-,0'E</90= !

72 7/<-,01;-+- >1*Al1= 8<3+!

w1l ! W<>2+4)11/+)*91;34),

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

Weoel ! W<9*8*Ke/-,[><-#1D .#><3+)1+3-42<-#
WG ! W,8"+)IG+-</9!:34),

zZe6!!l | Z+<>-13<837=A,8,/3,!

Z&VII | Z*8)01&,+)-.1V89+/<>+-<*!

ZV$ie! ! Z,>-,8/\V/-+8<*1+/01$+3$+>-,817/<2,8><-<,>IV/>- *+8-.8<-<>IF]0,J!
dicn ! d,+8>1)<2,0lK<-.10<>+"K)<-#
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5,0,/-+8#1 " +2<*281'-#*¥1=73 1><--</95]+>10<>-</3-IAB*=1-**1)<--) ID #><3+) 1+ 3-<2<-#*BEHI ER<> /0!
D?")<3!.,+)-.13*/3,8/LIF-1.+>1", [1+>>*3<+- 0!K<-.1</38,+>,0!18<>M>I*Al=?)-<D),!3.8*/<3!0</3) PO /5!
3+80<*2+>37)+8!3*/0<-<*/>5%)<310<>*80,8>1>?3. 14D, !S10<+",- >I'|SCE!+/0!+ B+ 7> | =*8-+) < i
1)>%51,,8,!1<>198*K</9R<0,/3,! *AD*- /-<+)B<>MH>*3<+-<AK<-.1=7>37?)*>M,),-+) | D+HF;%64!3*/0<-<*/3 |
F=D*8-+/-)#5!%!3*/0<-<*/>1+2,1,=,89,0!+>! 3*==*/1 3*=*8"<0<-<,>I</ID,*D),!)<2</9!K<-.!
3+80<*=,-+"*)<313*/0<-<*/>51,>D, 3Kl - *> 1) <2</Bk- ISCL!

|.,13* X33788,/3,1*Al,J3,>><2,!>,0,/-+8#!", . +2<*?85!|SC!+#P0!3*/0<-<*/>8K .<3.1<1=73.!
=*8,! 3*==*/1</1*)0,8!+07?)-> 1<>13*/3,8/</8$;%!3*/0<-<*/>B+/I",! +I'+88<,8!-*18,9?)+8!D.#><3+)!+3-<2<-#
D+8-<3<D+=<fA#07?)-b1L/1+0,B?+-,1),2 )I*AE*Q,8+-, X* R<9*8*?xl- [><-#D #><3+)!+3-<2<-#I'SWes 14!
"NH13%8/,8>-% 1 <[I- 1=+/+9,= /-] *AISCI+/0L+>H)>* /1 MAK/ > 1" [ A<3<+) A*ED+<
=+/+9,=,/- LL, 13*J<>-/3,I*AISCH/0!$;%!3*/0<-<*/3=+#18,/0,8!=+/#! +07?)-3D.#><3+))#!</+3-<2,!
+/012?)/,8+"),1-*1 /9+9 </9</1D8*)*/9,0!D,8<*0>I*Al><--</910?8</9!K+M</9!.*?8>5107?,!+-1),+>-I</ID+8-1-*|
A?/3-<*[+)I<=D+<8=,/-1+/0'D+6ALF,B?,/-)#5!",</9!D .#><3+) #!</+3-<2,1+/0!,/9+9</9!</!,J3,>><2 !
>,0,/-+8#!", . +2<*?28!=+#!. 42 |A?8-.,8!0,-8<=,/-+)1<=D+3->I*f- 1ISC!+/0!$;%!3*/0<-<*/>L6788,/- )18
-.,13%,J<>- /3,1*Al$;%!3*/0<-<*/>1+/01SC!</1+07?)->1+/0.,! D*-,/-<+)B,)+-<*/>.<D>!K<>,0,/-+8#!
" A42<*28142,1" 1 )+89,)#2/,JD)*8,0 LI

| .<>l-.,><5l-,8,A*8,5+<=,0!-*| ID)*8,!-.,! ,2<0,/3,! */!>,0,/-+8#!",.+2<*?85!3$;%!3*/0<-<*/>5!
+/0N1SCIK<-.1-.,1"8*+01+<=I*Al?/0,8>-+/0</9!-.,14+>>*3<+-<Hf AP, 0,/-+8#!",.+2<*?8IK<-.ID+<8,) +-,0!
-*1=?>37?)*>M,),-+ p#>- =></1+07?)-b+H/0IK. ,-.,8!>73.1  D*-,/-<+)B,)+-<*/>.<0B8<AA,8!</!- *342</9'K<-.!
+/0IK<-*?-1ISCL!

I* 1+008,>>I<3H<H4/] J<>-</P8*>D, 3-<h-+>,-IA8*=#/], D<0,=<*)*9<3+)I>-20#5!
1?>-8+)<+/1C<+" - >5IV" ><-#I1+/0l[<A,>-#),!;-?20#!' L ?2>C<++-B)76!,88+/0*=<>,0!3*/-8*)\-8<B)-.,!
;-+/0 X D'W<8B<h-20#5!1+>1K,)) 1 +>1+138%53-<*/+) 10+-+>,-IA8*=!1$++>-8<3.-1;-20#K,8,! +/+)#30 L!
@<8>L5i- =+-<318, 2< I{"#$% &K +>13*/0?3-,01?></9!., 1>-+/0+80!%8,A,88,0!G,D*8-</9!F-,=>IA*8!
#>-,=+-<31G,2<,K>1+/01$,- 4 /+)#>,>1'%GF;$14197<0,)<Ks<t L. || D?8D*>,IAL0,/-<Ad9-.,!,J< ></9!
,2<0,/3,*1+>>*3<+-<*[>IXAI> 0, /-+8#!", . +2 < 28I*337D+-<*/+)1+/0!*[X 332D +-<*/+) 1> --</ KX 1$; %!
3*/0<-<*/551+/04*1<0,/ - HIM/*K),09,19+D>1-*I1</A*8=I- 1 7« | cP<8<3+)!1>-20d,><18,2< KI1"#$%6&!
A*?/01,2<0,/3,"*Al38*>¥e 3-<*/+)1+>>*<+-<H[SIFAI"*- 1*33?7D+-<*/+) I+/0KI3?D+-<*/+)1>,0,/-+8#!

" +2<*28IK<-.1$;%!3*/0<-<*/>5IK<- -, 1+>>*3<+-<*/>1</1- [ 1*337D+-<*/+)10*=+</1",</910,D,/0,/-*/!

-, +-28,14/0!-.,ID #><3+)10,=+/0*Al-.,1*337?D+-<*/LIHZ0,/3,*/!D8*>D,3-<2,14+>>*3<+-<*/> 1K +>1
</3*/3)?><2,f1.*K,2,85!-.,8,IK+>I1+1D8*"+") I</0<3+-<*/I*Al+1D8*- 3-<2, I+>>*3<+-<*/1*Al> 0, /-+8#!

" +2<*281'0,2<3 )6, +>78,041K<-.1>*= 1$:9%0!3*/0<-<*/>1</1-8+0,>D,*D),L!100<-<*/+))#5!8,0?3</¥0,>M

o ~}((] + APEkK/E<E IK+>¥"> 82 01-*1"13%88,)+-,0/K<-.18,0?3,0!$;%!3*/0<-<*/>1*8|
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0<>3*=A*81)>*%54.,18,2<,K!<0,/-<A<,6I)+3MI*AB?AA<3<, /-I/?=",8I*Al0,2%3,+>78,0!>,0,/-+8#!
" H2<*28X+>,01>-20<, B> 1K) HD8*>D, 3-<2,1>-20<,>1+>IM #1)<-,8+-?28 19+ D>L !

5, 3*/0)#5!- 8,,1,=D<8<3+)!>-20</A*8=,0!"#!-.,!M/*K),09,!9+D>IA8*=!-, | I>#>- =+-<3!8,2< K!
K,8,!3*/0?73-,0L I"#$%@*++,"-./0"&!"#$% &S+"+ S&+"+& A5 &6+-"./.6+7"81-1&+7+9%; TH/! - .<>!
>-?0/8)*9<>-<318,98,>>«/018,>-8<3-,013?"<3!>Dpcht<>-<3+)!=,-. 2K, 8,1?7-<)<> G J+=</, |-, |
)</, +81+/01/*] A</, +8!8*>3% 3-<*/+)1+>>*3<+-<*/>1*AlQ, X53>78,0!0+<)#!1><--</91-<= IK<-.1$;%!
*9-3%= >1</14+07?)->IK<- 1/48=+)19)23*> = -+"*)<>#\($4 5!D8,0<+" -, >5!+/0!ISERKO,/3,I*Al+!38*%
> 3-<H[+ ) >>*3<+-<HIK+>1*"> 82 01" -K |, /10,2<3)6,+>78,010+<)#1><--</91-<= 14+/0!M/,,| D+t 1)</, + 8!
A?/3-<*AI. I+>>*3<+-<H/IK+>S N HIS<O/< A<B+H/-I</I- *> IK<- IISCI"?-1/*-1</1- *> IK<-.ID8,0<+",-,>I*8l
\(BLIN\*I><9/<A<3+/-1+>>*3<+-<*/>1K, 8, 1*"'> 82 0! ABWS!>.*?)0,85!*8!)*K!"+3M!ID+</f!.*K,2,85!-.,!
8,)+-<*/>.<D>!+DD,+8,0!-*!",13?82<)</,+8!"?-1>-+-<>-<DERBIRA<3H/-L

| "HSBE)<#,=.+>&$+"+ RIR@AA&G+-"/.6+7", § A E  vAG!®-20#1?-<)<btD

=7)-<),2,)198*K- 132821=*0,))</9! -*|, J+=</, I-.,ID8*>D,3-<2,!8,)+-<*/> <DAPA 3*==%/1) <>?8, X<=,|
>,0,/-+8#!",.+2<*?85-),2<><* R < K</9I'WA4!-<= IK<-.I"*0<)#!D+</1</1+07?)->IK<-.14+/0IK<- *H2RT
QF,+8%L, IA</0</9>FK,0!-.+-1"*0<)#!D+</!>,2,8<-#1</38,+>>IK<-.1+9,5!+/G{/38,+>,012*) ?=,I*Al
IWI-<=1+-14/#19<2 /I-<=ID*</-IK+>1><9/<A<3+/-)#l+>>*3<+- 0IK<-.I</38,+>,0I"*0<)#!D+</!>,2,8<-#LIl.,!
*'> 82,018,)+-<*/> <DIK+>1=*8,ID8*/*?/3,0!</!- *> IK<- IISC!- . +/1- *> IK<- *?-LIF/!18,A,8,/3,!-*1- *> |
K<-\($5!-.,],AA,3-I*AlISC!+/0! D8,0<+",- >I*/I"*Q<)#ID+</!>,2,8<-#1</38,+>,0lK<-.1</38,+></9!|W!-<=,5!
><O/<ASB+H-)HIS* )< /1- *> IK<- NISCIK. /1-.,IWI-<=,1-.8,> *)01</38,+>,01+"2, 1SL]!.*?8>ID, 81 Ok-#L

"H#$BY"+7SBO&C.["2- FESYB+"+,1'&%H2291$&$+"+&288+-"./.6+7" B1-1&+7+9%; TH></9!
3*=D*><-<*/+)10+-+1+/ A8 +=,K*8MD8*>D,3-<2,18,)+-<*/>.<D>IK<-.13.+/8=7)-<><-$;% *A
3.+/9,>1</10,>NK+>,0!K*8M, 8B><--<®>-+/0</9FH/0! >- DD</9!+>IK,)) 14>, 1>.*8-X*?->1+/01)*/9 X*?->I
*Al- > 1" +2<*? 8>1-1-.8,, X+/01QSEer/-. 5K, 8,1,J+=</,0 LI@7?8-.,83*=D*><-<*/+}>*-,=D*8+)!
>?">-<-2-<*1=%0,))</K+>D,8A*8=,0-*!,J+=</I-.,] <=D+3*AlI8,+))*3+-</9l-<=E*/9l-, > |
" A2<*?28 1 $;00 1%?-3*=, All., A</0</98)=*/>-8+-,0!-.+-I</I- 1> *B-I- 8=I'+-1 -8 I=*/->4]
</38,+>,0!>-+/0</9!8,)+-<2,1-*13.+/9,>I</1>- DD</9!+/0!><--</913*=D*><-<*/IK+>1><9/<A<3+/-)#!+>>*3<+- 0!
K<-.1</38,+>,0!=?)-<><- 1$;%!*?-3*=,>51+/0!</38,+>,0!>- DD</9!8,)+-<2,1-*13.+/9,>1</1><--</91+/0!
>-+/0</9K+>1><9/<A<3+/-)#!+>>*3<HBIRZ0!1=7)-<><-,1$;%!*?-3*= >L1G,0?73,0!><--</9!8,) +-<2,!-*!
3.4/9,>!</1>-+/0</9!+/0!>-, DD</9IK+>!/*-1><9/<A<3+/-J#1+>>*3<+- OIK<-.1=7)-<><- 1$;%!3.+/9,>!+-1- 8, !
=*- >L1@78-.,85!/*I><9/<A<3+/-1+>>*3<+-<*/>1K 8,1%"> 82 01A*813.+/9,>IHk2 288, ) +-2,!-*)*/9 X
"RPSIFALL S 1M +2<*28>1K<- - 1$;901%2-3%= SLIF/1-, 1)*/9,8!-,8=!I'+-1QS !=*/-.>45!-,,8,!K,8,!/*!
><9/<AKI+H/-1+>>*3<+-<H[>1¥"> 82 OIA*8!-,,18,)+-<*/>.<D>LI\*- K*8-.#5!</38,+>,0!>-+/0</9!+DD,+8,0!/*-1-*]
K*8> /1=7)-<><-,1$:961%2-3%= >I</I- 1)*/9]- ,8=L1100<-<*/+))#518,+))*3+-</91-<= |AB*=I><--</QI+-I"+> )</ !
H1>-+/0</91*81>- DD</9!+-IA%) JHOIK<- I, 5= 81" +2<*281.)013*/>-+/-1+-I- 1= +]  13*?)0!

J2k



A+2*28+<=D+3-1=?)-<><-I$188-3*=,> L![<M,K<IAGF2*?8+")#!8,+))*3+-</9!-<= |A8*=I"+>)</,]-*|
AK))*KXD>!" -K, N1-.,1> *¥8-1+/0)*/QI"*2-SI*Al+19<2 [I"| +2<*?8IK .<),12*%)?=>I*Al-<= 15D /-I</1*-_ 8!

" +2<*28>148,IM,D-13*/>-+/-1=+#1 42 1" [ A<3<+)I<=D+3->1*/1=7)-<><- PR@*= > 51 >D,3<+))#!</I-. !
)*/9,8!-,8= I+-1QS!=*/- >l

F/'>?==+8#!-.,|A</0</9%]0<3+- - +-I-,,8,I<k2<0,/3,1*Al38*>x%  3-<*/+)1+>>*F<+-<*[>I1*Al
>,0,/-+8#!",.+2<*?8IK<-. ;% 13*/0<-<*/>|LI,! 38*>X,3-<*/+)12<0,/3,! +DD,+8>:8*/9,8!A*8!M/,,!D+8/
K<-.1,2<0,/3,*">,82,01A*8!"*- 1> )AX8,D*8-,0!+/0!0,2<3%,+>78,0!>,0,/-+8#!", . +2<*?85!+/1+>>*3<+-<*/1
K.<3.1>,,=>1-*1" 1 108<2 [l=+</)#!"#1,1D8,>,/3,! *AISCL!@7?8-.,8=*8,5!!-.,><>IA*?/0!,2<0,/3,! *Al+!
D8*>D,3-<2,1+>>*3<+-<*/I*Al</ZB*H [-+8#!1" . +2<*?8IK<-.1</38,+>,0F0<)#D+<p 2 ,8<-B!+!
8,)+-<*/>.<IK.<3.IK+>1=*8,ID8*/*?/3,0!</!- *> IK<- IISC!- . +/1- *> IK<-*?-  1100<-<*#))%B!8,0?73</9!
0,>MK+>,0'K*8M,83><--<[%¥!1</38,+></8-+/0</91+/0b-,DD</9K*?) 0! ?/)<M,)#!.+2,1+02,8>,I<=D+B{ |
$;%!*?-3*=,> 5!, >D,3<+))#!</I-.,1)*/9!- 8H .,>,! A</0</9BB*2<0,!>*=k=D)<3+-<*/>IA*8!D8+8/&13,
A?-78,18,>,+83.I</1-.<>13%/- 141, # 13*?)0%)>*] ) D!-*I</A*8=1A?-78,!IK*8M!0<8,3-,0!+-10,2,)*D</9!+/!
<=D8*2,0!1?/0,8>-+/0</FAl-., ID*- [-<+)I"<¥)*Q<3+)I= 3. +/<>=>1*Al> 0,/-+8#!", . +2<*PB*), I</!
ISCN$;%!3*/0<-<*/>B,)+-<*/> <BI</I+07?)->IL!

C#)D.($2B+3-<2<-#!",.+2<*?8>51+07?)->5!"*0<)BBY<@ED+<B>NK+>,0'K*8M,8>519) ?3*> |
=,-+"*)<>=1>-+-2>5198*K-.1378%*0,) 5!>,0,/-+8#!-<=,51><--</9l-<= 51>, 13*=D*><-<H/

J24<



5;%<" &+=+7*'&)/9O#' (¥

=@=+A%#-08&})9*/

1,0,/-+8#1", . +2<*281.+>1,=,89,0!1+>! +D?")<3l.,+)-.13.4)),/9,19)*"+) ) #HUILIF-1<>10,A</,0!+>!'"2<*?8>!
"><--</B)#</95J0 I</3)</,0!D*>-?78 4D ?8</9IK+M</Q! *2@>+8+3-,8<>,01"#L*-+)1 / 89#! ID,/0<-28,1 *Al
)>>-4+1}E g o GLRISHON.*2&DPH,0,/-+8#! ", +2<*?8I<3],13*=D*/,/-  Al-_ID.#><3+)I+3-<2<-#!
3%/-</27=1 +/01)<,>1+-1- 1)*K 8!, /O1*Al-I>D, 3-8 2= lIF i< ¥]<>-</3-| ABIZ. #><3 KM 3-<2<-#IK . <3.1<>1-#D<3+)) #!
0,>38<",01+>!,<-. 8I/*/X/9+9,= [-I</I+/tHA*8=I*AID #><3+)1+3-<2<-#I*8IA+<) 28 I-*I= -I-. I=</<=7=]
8,3*==,/0,0197<0,)</,>IA*8I=*0,8+-, X*R<9*8*?>I</- [><-#ID #><3+)l+3-<2<-#IGPIHIA*2, 82<,KI*Al

-, ID.#><3+)1+3-<2<-#1>D,3-8?7=1<>1<)) ?2>-8+-,01</| @<978,|QLQL!$*8,I-<=I>D /-I</1?D>-8,+=1+3-<2<-#1", +2<*"
*Al-,1>5D,3-8?2=L+>1" /I S *K/I-*"1T " [ A<3<+))#+>>*3<+- 01K <-.1=7)-<D),!</0<3+-*8>1*Al" -- 8l +)-.!
*2.3%= SI+/0L+>1" [1-.13,/  -8,D<,3,I*Al3)</<3+)!+/0!D?")<3!.,+)-.18,3*== /0+-<*¢p5) H.IF/18,3,/-!
0,3+0,>5!D?")<3!.,+)-.18,>,+83.,8>1.+2,I</- [><A<,0!</-,8,>-1</1?/0,8>-+/0</9!-.,|<=D+3->I*Al J3,>><2 |
2¥)?=,*Al-<= 15D /- I</I0*K/>-8,+=1+3-<2<-#1", +2<*?8>51>D, 3<A<3+))#!>,0,/-+8#!", £ XS8!

=-F/(#'GERo.#><3+)113-<2<-#1"%1416*/-&/?7=

1.,8,! <>I</38,+>,01+3M/*K),09,=,/*AL. 1/, 9+-<2,l. +)-.I<=D+3- SJ*Al> 0,/-+8#!",.+2<*?85!
>D,3<+))#H-. B<>M>1+8,1,J+3:80 +=*/91-. | =*>-127)/ 8+"), ID*D?)+-<*/tg'H1:D,3<A<3+))#5!<-1.+>1" /I
<0,/-<A<,0l-.+-1-.1D8,2+),/3,I*Al>,0,/-+8#1", . +2<*?81<P)/,8+") 1 +0?)-8,>D,3<+))8)0,81+07?)->1+/0!- *>|
)<2</9IK<3+80<* -+"*)<310<>*80,8>!>73.13*»B0<*2+>38)d<>,+> >1+/GID,!1SI0<+",- >I'ISC4I<>!
3%/><0,8+")#1.<9.,81-.+/K/L. 1),>>127)/,8+"),ID*D?)+-<*/>14+/0K<-.*¥?-1-. > 10<>*80, 8> ! )*"+))#5!ISC!
+33*2/->IA*81%2 S1TD, 813, /-IFAl4+))13+> SIFAIO<+" - S14+/013%/-8<"2- >I>P"> +/-<+))#I-*1-_ 19)*"+)1"280,/I*Al
[*l )B*==?/<3+"),10<>,+> >I"6C>4 H !;,0,/-+8#!",.+2<*?81/,9+-<2,)#k=D+3-=P)-<D),!.,+)-.1*?-3*=>|
</'D,*D),!)<2</9IK<-.1ISC5!D+8-<3?)+8)#!</!I-.*> IK *I+8,!+)>*ID #><3+) JSOrA-k 2,



$?7>3?)*>M,),-+)!D+</1'$;%4!3*/0<-<*/>5IK.<3. 4811 0<>*80,8>!-.+-1+AA 3-1=?>3?)*>M,),-+)!
>-873-78,>1>?3.1+>1"*/ >513+8-<)+9,5!=7>3),>5!- /0*/>5!)<9+= /->5!/,82,>1+/0!>?788*?/0</9RDBO B>
42,1,=,89,  0l+>1+13*==*/13* }*8"<0<-#1</38,+></9)#!8,D*8-,0!</!+07?)->I K< !IHBD H $;%!3*/0<-<*/>!
+8,1=*>-)#l+>>*3<+- 0IK<- I"*0<)#! D+</1+/01 A?/3-<*/+) ) <4 DS BL1)-. ¥?9.1=?)-<D), | A+3-*8>1+8,!
)<M,)#I-*ID)+#1+18%) 1</, 18<></9ID8,2+),/3,1*Al$;%!3*/0<K+02)->Bi 8-<37?) + 8> IK<-. ISC5I<-I<>!
+)>*D*>><") - +-1> 0,/-+8#1" | +2<* 28 1=+#!" 1+/*- | Bl<=D*8-+/-13*/-8<"?-</9|A+3-*@D8*=t19,/,8+)!
D*D?)+-<*/ID,8>D,3-<2,5!-<=,I>D /-1><<i/9K/I-*I" ID*- [-<+))#1+>>*3<+- 0!K<-.1</38,+>,0!85M3; %!
3*/0<-<*/3PPQdf!+)-.¥?9.! -, 8,148, [>799,><*/A- +-1-. | 8))+-<*/>.<[BF?)0!",1"90<8,3-<*/HK.,8,"#!
>,0,/-+8#!",.+2<*28I<H)31- |1 3*/> B?,/3,1*Al-.,ID8,>,/3,1*Al$;%!3*/0<-<*/> 1D 5OYL!I.,10<8,3-<*/I*Al
-.,18,)+-<*/>.<D!" -K,,/1$;%! 3*/0<-<*/>1+/0!>,0,/-+8#!",.+2<*?8IK+88+/->IA?8-.,8!,ID)*8+-K*/L

1.,10,"<)<-+-</91, AA, 34*Al$; %! 3%/0<-<*/3</1+07?)-51D+8-<3?)+8)#ix/l K<-.|ISC58,V*-1*/)# |
8,>-8<3-,0!-*1<=D+3->B?+)<-#I*Al)<A,I"?-1+)>*ID8, > /-1+!"+8849819*k /-] </1+0,B?+;18,3*==,/0,0!
),2,)>1*AD #><3+)!1+3-<2<-#5IK.<3.1<>13*/><0,8,0!+!13*8/,8>-*/ I1</I-, | 1=+/+9,= /- I*Al !
\¥- K<-.>-4/0</9!-.,I<=D+3-I*/1D #><3+)!+3-<2<-#!D+8-<3RPB)YHAR2 </9!K<-.lII€/0! 3*,J<>-</9!$;%
3*/0<-<*/>1+8,1)<M,)}#!-*1,JD,8<,/3,IK*8>,/</919)#3+,=<313*/-8*)IK ., /I</+DD8*D8<+-,|D.+8=+3*)*9<3+)!
-8,+-=,/-1>?3.1+>13*8-<3*>- 8*<0>!+/0!>*= | /* -, 8*<Ot/-<9&/A) +==+-*8#!08?9>!"; IFC>41+8,1?>,0!A*8ID+</!
=+/+9,=/- IBQLIL)-*?9.1-, 1=, 3.+/<>=>1 ID)+</</9!-. ID+-.*D #><*)*Q#*Al$; %1 3*/0<-<*/>1</ I B B!
SRi+8,1>-<))1?/3),+85!-.,8,1+8,1>?99,>-<*/>1- +-1 [2<8*/= [-+)!1+/0!", . +2<*?8+)18<>M!IA+3-*8>I=+#1+)>*ID) +#!
<=D*8-+/-13*/-8<"?-</918*}_IF/-,8,>-</9)#5!,2<0,/3,!A8*=ID*D?)+¥%*#,0!>-20<,>!.+>I> *K /!, 8,!+8,!
0,-8<=,/-+)14+>>*3<+-<HFAB,0,/-+8#1)<A,>-#),1'"*8!", . +2<*?841+/0!>*5 [P <8*/=,[-+)1+--8<"?-, >IK<- |
*2.3*= >| 8,)+-,01-*1$:%!3*/0<-<*/35_58]HI@?8-.,8=*8,5!,D<0,=<*)*9<3+)!,2<0,/3,1</0<3»; (/- +8#!
" A2<x 28> 1+>>*3<+- 01K</38,+>,0+0<D*><eBM58df!" | </91*2,8K,<9.-I+/ ON*&",>,1</38,+>,>I-, 18<>M!
*ANSCHS 58 H+/0L +>1+)>*" | [14>>*3<+- OIK<-.14/1</38,+>,0!18<>M!*Al$;%!3*/0<eRT11!D8*"+"),!
"<*)*Q<3+)1=,3.+/<>=13*2)0!1" I 1., <9.- [, 01>#>- =<3I</A)+==+-*8#ID8*3,>>,>1</0?3,0!"#1+0< D*RcH
P3LL#>- =<3I</A)+==+-*8#13.+/9,>1+8,!- *?9.-1-*ID)+#1+1><9/<A<3+/-18*),I</I- | ID+-*D . #><*)*O#I*AlISC!+>!
K,))!1+>1$;94+/01"*0<)#!1D+38,)+-,013%/0<-<*/>PPP_H_11)>*5!-.,8,1<>] = 89</9!,2<0,/3,!-.+-1>,0,/-+8#!
-<=,1<>14+>>*3<+- 0IK<-.1)),2+-,01>#>- =<3I</A) +==+-*8#!|D8*SRH KKk 2,/!-.+-I-.,8,|<>198*K</9!
,2<0,/3,! K.<3.I</0<3+>!-.+-1-<=,I>D,/-I</1>,0,/-+8#!",.+2<*?81<>1 <9, 8I</I- *> 1)<2</9IK<- ISC!-.+/!
- > IK<- *¥2-1I1SC Iatb!<-13*?2)01" ID)+2><"),I-.+-1, J3,>><2 12%)2= * Q5+ 8#!1", +2<*?8l=+#ID+8-)#!
3*/-8<"?-,1-*1-18<></91D8,2+),/3,!*Al$;%!3*/0<-<*/>1</1ISCL

H2<0,/3,1*Al+>>*3<+-<*/>1" K| [1.<9.12%) 2= >I*Al> 0,/-+8#!",.+2<*?8!+/0!3.8*/<310<>,+>,>5!
</3)?0</9!ISC!</3<0,/3,5!.+>18,>?)-,0!</18,2<>< DA )3!. +)-.|D . #><3J!+3-<2980,)</,>!K.,8,"#!
8,0?73-<*/>I<#,0,/-+8#!",.+2<*?81+/0!"8,+M</9!?DID8*)*/9,0!?/</-,887D- 8&--</9!+8,!,/3*?8+9 JQ BPX
PY.!@78-.,8=*8,5!,JD,8<=,/-+)!>-?0<,>1.+2,18,D*8-,0!<=D8*2,0!"<*=+8M,8>!8,)+-,0!-*19)#3+,=<313*/-8*)1</!
ISCIK<-.1"8<,Al+3-<2<-#</-,88?D-<*/>1-*ID8*)*/9, 0 le<kh< L @ *8!</>-+/3&!,88?D-</9!D8*)*/9,0!

S



|

><--</9IK<}9. /-, [><-#ID .#><3+)1+3-< PRI K . <3.1=+#1</3)?20d/-,8=<-- /-I"*?->I*Al>-+/0</B)<9. -
K+)M</9!+/0!><=[8,><>-+/3,0,83<>H>*K,0 l<=D8*20!")**019)?3*>,18,>D*/> 1+/0!</>?)</1> [><-<2<-#I</!
ISClg B! PHLL?>5)-.,8,148, ID*-,/-<+)I" / A<->I* A 1</- 887D-<*19?8</9!D8*)*/9,0!><--<IGP->I</!
D,*D),IK<-.ISCLIF-L+>1", /1>?99 >- 0l-.+-] B61£/127?)/,8+"),1D*D?)+-<*/>123.1+34)0,81+07?)->4/0!- *> |
)<2</9IK<-1ISCI3*?)0!" 1+1>+A, 1+/01=*8,1+33,D-+"),1+DD8*+BI0?3</9K9.12%) 7=, H*Al><--JFH+/0!
D8*2<0,!+!>- DD</9>-*/ 1-*1=*8 1+3-<2,1)<A,>i#],)>*5!0, 3> 0!K*8M,8>1>D,/0!.<9.,8!D8*D*8-=MA
-.,<8IK+M</9!.*?8>I><--</91'> 0,/-+8#!", . +2<1284, I*AA<IK.<3.13+/1</38,+> |-, <8I*33?D+-<*/+)!, | +)-.!
8<>N1>!1]LI. ,8,A*8,5] Bol</-,887D-<*/8</3)?0</9!</-,8=<--/-1>-+/0</AN!"8,+M!?D!D8*)*/9,0!><--§9
3*2)01, 1" /, A<3<+)I</18,0?3</6R,8+))b<--</91-<35/0,>NK+>,01K*8M,8b1/1, >-<=+- 0| D8*D*8-<*/I*Al-<=, |
>D,/-I</1-.,] 0<AA,8,/2*=D*/,/-> *A-.| D.#><3+)1+3-<2D78-87=I44#07)->I<>I1<)8%:0!</|@<978,!QLS
'F=+9,!+0+D-,0!A8*=1(8+3,li!C?/>-+/g Wb!K<-.I[F%1!-<=,12/Q-. I D*- /-<+)!-*10<>D)+ 3B ?">-+/-<+)!
+=*?/-I*Al > 0,/-+8#!-<=,1d H!

=-F/(#GHEH>-<=+-,00,2<3 X%,+>?78,04D8*D*8-<*/>I*Al-<= I>D /-I</I- | ID . #><3+)1+3-<2<-#I>D,3-8?=I<
D01&+--28&.99#,"-&01&62"17".+9&,/261&32-&.7/-1+,. FHEBIED/6&%, .[+9&.G."%&"0-2#E0&$.,69+/. TE&
62-".27,&23&" H1&,617"&.7&,1$17"+-%&>Q 0+G.2#-I

|.,!D8,2+),/3,I*Al >,0,/-+8#!",.+2<*?8+=*/91+07)->1</38,+> >IK<- 1+8/0!<=?3.! .<9.,8!</!
*)0,8!+07?)-8D+8-<3?)#8-!-.,!>-+9, IK.,/I-.,<8!D .#><3+)!1+3-<2<-#ID+8-<3<D+-<*AHYHJ/H 1 1=*/9!
+07?)->*AIK*8M</9!+9,5!> 0,/-+8#!-<=,1<>1=*>-)#1+33?7=7)+- 0!</1*33?D+-<*/+)I>,-}19;8, ! <>!
</3*/3)?><2,1,2<0,/3,1*/1-.,! 8,)+-<*/>.<D>I*Al>0,/-+8#!",.+2<*?8!</10<AA,8,/-1*33?D+-<*/+) !> --</9>1K<- !
)= 1%2-3%= > I[_AX]L\2,8-.)),>>518,3,/-1,2<0,/3,! >?99,>->I- +-10,>Ki>0!K*8M,8:8+/!.+2,!.<9.,8!
-,10,/3<,>1-*¥1 +33?7=?)+;1.<9,,812%)?=>I*Ab<--</9l-<4]__ | VY|5IK.<B.L.+>I" /1> *K/I-*I" 14+>>*3<+- 0!

P



|

K<-.1402,8> 1. +)-.1¥2-3*= > I[__ |T]LIF/13*/-8+>-5ID8*D*/,/->I*A1 "%, ZCe+] o &§]A]8C % E }/A&E _
>?99,> 0,/-+8#!",.+2<*?8I</1*337D+-<*/+)198*?D>!-.+-1,/9+9 =B, | )+"*?8%/-,/><2 1*337D+-<*/>1=+#!

A2, ID8*-,3-<24>>*3<+-<*[>IKK+)-.1¥?2-3*= > [[]ONP]L&*K,2,85!(B<*8!)<-,8+-78,!#/I 8,)+-<*/>.<D>!

*Al> 0,/-+8#1",.+2<*?8IK<-.1$;%!3*/0<-<*/>1 +>1/*-1" | I ID)<3<-1*/1>,0,/-+8#!",.+2<*?8!+337=7)+-,0!</!
0<AA,8,/-1*33?2D+-<*/+)!>,--</9>1+/0IB# /-<+)!18,)+ %> . <D>IK<-$;%!3*/0<-<*/3¥*?-3*=> [[Qa ] ]L!

I.,! 98*K</912<0,/3,I*Al+02,8> #>>*3<+-<*/>1%9. 812*) 7= >I*Al><--</H0,/-+8#!",. +2<*?84</!
0,>MK+>,0!'K*8M,8>+>1),0!-*+/1</38,+>,0!</-,8,>-I</IK*8MD)+3,!</-,82,/-<¥%8,073,10,>MX+>,0!
K*8M,8>!><--</9I-4H,IX" |LH2<0,/3,!</0<3+-,>!- IK*8MD)+3,!>-8+-,9<,>!- +-13*/>3<*2>)#1*81?/3*/>3<* 2> )#!
</38,+> IK*8MD)+3,!+3-<2,1=*2 = [->51>?3 1+>]- 17> I*Al, <BOU?>-+IK*BM>-+-<*/>13+/1" | AA,3-<2,!</!
8,023</91>?">-+/-<+)1+=*?[->I*AlO¥Me  A}E| E+[ ]JoC HUpO BMX e |LEsSDi8P+/94%

-., 8,I<>1,=,89</91,2<0,/3,I*AID*>><"),I" [ A<3<+)1+>>*3sHAK3 +/9</910,>K1 « A} EI| E e[ «]35]VvP

" +2<*?81-.8*?9.1"8,+M</91?DID8*)*/9,0!><--</9l-<=I+/0!D+>><2 )#!</38,+></9ID . #><3+))#1+3-<2,I", . +2<*?8>!
K<-.13+80<*=,-+"*)<8k>MI8M, 8] Y XJ L1)>5!ID)+?7><") 1" /| A<3<+)I<=D+3->I*/1*?-3*= >18 )+-,01-*1$;%!
3*/0<-<*/>1*18,0?3 0 10,>NK+>,0!K*8M,83>,0,/-+8#!",.+2<*?85!,>D,3<+))#!D8*)*/9,0!?/</-,88?D-,0!><--</9!
A2,1",1>?99,>- 0! [_A, _°,ASX ]LL,8,A*8,5!,JD)*8</9!A?8-.,8!-.<>!,=,89</@<0,/3,! K*?)0!"!
D8*=<><MP<2,/1-.+-1$;%!3*/0<-<*/3+8 , H=*/9] - 1=*>-I3*==* [I < +)-.| 3*=D)+</->I*AIK*8M,8>IK.<3.!
+33*?/-IA*8I+"> /- <>=I+/01)*>-ID8*0?3-<2R2 X" L

1-'D8,>,/-5!-.,1,2<0,/3,!</0<3+-, > +-1=*>-IK*BMD)+3,!>,0,/-+8#!",.+2<*28,0?3-<*/1>-8+-,9<,>!
+=*/910,>MX+>,0!K*8M,85!,>D,3<+\Y#>,! ?-<)<F>Qe-+/0IK*BM>-+-<* 32 I>?7">-+/-<+))#18,07C!
><--</9l-<= I=+</}#8*?9.! </38,+>pI<>-+/0</9¢<= IK<- *N)#1=*0,>-13.+/9,>I</1+="?)+-*8#!'>- DD</9!*8
K+)M</94!-<NY| LD, K>-20<,24 2,1, J+=</,0!-.,1$;%! <=D+3-3A!3.+/9</9D,>NK+>,0'K*8M,8b!-<=!
>D,/-1><--</95!>-+/0</95!+/0!>- DD</9!"8*?9.-1+"*?-1"#IK*8MB}832 ,/-<*/>1-*1 8,073,!>,0,/-+8#!
",.+2<*?8LID,3<A<3+))#5!-.,84#523MI*Al,2<0,/3,1*/ID8*>D, 3-<2,14+>>*3<+-<*/>1* Al 3 SNK+>, 0!
K*8M,8>1><--</95!>-+/0</95!+/0!>-, DD</9!", . +2<*?8>IK<-.1$;%!*?-8=,J13>5!-.,8,!  <>4/3*/3)?><2,!
,2<0,/3,!-.+-! >?99,>->4/38,+;0!D8*)*/9,0!>-+-<3!>-+/0</9!3*?)0!.+2,!?/0,><8+HF>*3<+-<*K<-.1$; %!
*?2-3%=>1 [_A, 1S, MP|Li<=<)+8)#5!A K!>-20«€2;10*3?=,/-,0!-.+-18,0?3</9!0,>M X+>,0!K*8M,83><--</9!
<=,13*2)00,1 "/, A<B¥H)>>*3<+- 0IK<§1%!1*? -3*=> I[ A, ASx U

[.,108+K"+3MFAI- <>1D8,2<*?>1,2<0,/3,%/,18,)+-<*/>.<D>1-K,,/13.+/9</9!10,>M X+>,0!
AYEI Eeo[ *]88] VP, IE=&K-. PR *?-3*=,5! *K,2,85! <>I- +-1*> D8, 2<*?>L20<,>I=+</)#!
A*3?2>> 01¥/1- 1 +">%)?- 13,+/9,>1</I-, 1" +2<*?28> I</I<>*)+-<f/ A AS AP|LL,> IK+M</9!.*?8>!+3-<2<-#!
", A2<28>148<=, 0> 1" +2<*?8>1K . <3.1+8,13*=D*>40+-+H[aT] f!-.,8,A*8,53.+/9,>I</l-<=,I>D,/-I</H/#!
3*=D*/ [-I*Al - > +3-<2<-#!", +2<*T><--</95!>-+/0</95!+/0!>- DEBIQI-,80,D,/0,/- [aT]ll .,8,! <b!
D+?3<-#*Al>-20<,>!,JD)*8</9!-.,1</-,80,D,/0,/3#!+--8<"?2-3:49</910,>NK + A} E |+8=<2k-#!

" +2<*28>H/0!-.  ID*- [-<+)18,) +-<*/> <DK<-.1$;%0!*?- 3*=> LIF/I-.<>13*/- J-5!-,,8,!1+8,!>799,>-<*/>1- +-|



|

-.,18,)+-<2,1"+)+/3,I*Al-<= 15D, /-I</D<AA, 8, [H3-<2 < 2<* 28> </1-B*=D*><-<*/I<>|+/1<=D*8-+/-!
0,-,8=</+/-I*Al*2 8+))1,+)-.1¥?-3*=,  I[aQ@F|LF/¥-. 8IK*80>5!-<=,1>D,/-I</1+/#13*=D*/ /-1*Al+3-<2<-#!
" +2<* B> <--</Q5!>-+/0</IBIBD</B, ) +-<2,I-H1- 15, 8] +3-<2<H2<*78>] +>1+198,+-,81D8,0<3-<2,!
24)2,FAL +)- ¥2-3*= - +/1- | 14+">¥)?- <= 15D /-I</l +/#1</0<2<0M4P-<2<-#!" . +2<*PEOAP L!
1.,8,A*8,5! ,=D)*#</9!=,- *0*)*9<3+)!+DD8*+3.,>I-.+-13+/!,ID)*8;.<>1</-,80,D,/0,/3#!3.+8+3-,8<>-<3I*Al
-<=, 00>, 14+3-<2<-#1", +2<*728>13*2)0ID8*2<0, 1</><9.->18,),2+/-1-*12/0,8FHI0 $;%!<=D+34*AB,0?3</9!
>,0,/-+8#!", +2<*281+=*/ 910,>M+>,0!K*8M,84aT, aP, a ]l

F/1>?==+8#5!-.,8,1<>198*K</9!,2<0,/3A!48<></9!D8,2+),/3A!$;%!3*/0<-<*/$</14+07?)->5!K.<3.1<>]
[FKI+)>*13*==*/}#18 D*8-,0 I</I- *> 1)/<2</9IK<-.IISCI+/0!-. B*/> B?,/-! <=D+3¥*/1 AA, 3-<2,19)#3+,=<3!
=+/+9,=/- BB H!&*K,2,85!-.,8,1.+>I" /N<--),18,> +83.1*/I- | ID*- [-<+)I13*/-8<"?-<*/ SHA*Al
", +2<*28+4)18<>MIA+3MET06!3*/0<-<*/>I</NISCLI\ K!I</><9.->IA8*=! JD,8<=,/-+)!>-?20<,>I</0<3+-,!-.+-!
</-,887D-</91D8*)*/9,01><--</9IKKUAI=+#1" 1" [ A<3<+)IA*8I9)#33<3!3*/-8*)1</ID,*D),!)<2</9!K<-.IISC!
g 15! AN @7?8-.,85!+!>-?20#!.+>10,=*/>-8+-,0!-.+-10<>D)+3</9!>,0,/-+8#!-<=,|K<-.ID . #><3+) 1+ 3-<2<-#I*Al +/#!
<[-,[><-#E+#1<=D8*2,|D+</1+/0!10<>«44)</ID,*D),'K<-.1$;%!3*/0<-<*@aH L. +-1>+<B!-.,8,!+8,!>-8*/9!
=,8<->IA*8!,JD)*8</9!-.,18,)+-<*/>.<D!"|-K,,/!>,0,/-+8#!", . +2<*?8!+/0!$;%!3*/0<-<*/>5!+/0!K ,-.,8!>?3.!
8,)+-<*/>.<D>IK*?)0!",|0<AA,8,/-!</'D,*D),)<2</9K<-.1+/0IK<- *?-NPE K- IK*?)0!" I</A*8=+-<2 I</1- <>]
8,9+80!*Al?/0,8>-+/0</Q118,)+-<2,1"+)+/3,I*Al0<>D)+3</9!D*8-<*/>I*Al0+<)#!+33?=?)+-,0!>,0,/-+8#!

", H2<3281'><--</91-<= 41K <- 1D #><3+) ) #1+3-<2,1",.+2<*¥?28>1</3) ?0</9!>-+/0</9!+/0 = MD<PHo !
*2-3%=,>LII*1- <> JO5!-, I=+</IA*3?>I1*Al- <>1- ><SE]- 8 A*8 BIK+2BH" > 82+-<*/+)10+-+IA8*=!
D*D?)+-<*(+>,0!,D<0,=<*)*9<38)1?0<,>1+>1K|)) ! 8+/0*=<>,013*/-8*)),0 -8<4H)#-+FAl+1>298*?DI*Al
D*D?)+-<*K.*! K,8, 10,>MK+>,0!K*8M,8>*!" -- 8! ?/0,8>-+/0!-.,ID*-,/-<+)! 8,)+-<*/>.<D*A>,0,/-+8#!
" +2<*28IK<-.1$;%!3*/0<-<*/>IK +D*D?)+-<*HAK07?)- Ik 2</BK- 1+/0'K<-. *?-1|SCL!

=@B+5;%$$"*0"B9#9%$)6-"$ " %$+<M(H() *6+(*+C<"+B+/(%3""6+
1><0,!A8*=!-, IM/*K/I3*=D)<3+-<*/>19A10 Y%o-+/0</9ISCI0?,I-*1-.,1 AA,3->I1*A17/3%/-8%)),0!

#D,89)#3+,=<88,% I3*/0<-<*/>1>23.142*>,1</2%) 2</91U*</ B+ 8, 1) >* 1 3*==*/1=7)-<=*8"<O<-#I</1>*= |
D,*D),!)<2</9IK<-.10<+" -, >5!D+8-<3?)+QWIBC.,8,1<>1,2<0,/3, - +- ISCI<>1+>>*3<+- 0IK<-.1+1.<9. 818<>M!
*Al0,2,)*D</3+/01D8*98,>><*/I*Al>*=$ 9613*/0<-<*/>1>23 1+3F> | </2%)2</QU*<HEBBAYSITH@*8!
<[>-+B,3>#>- =+-<318,2< X+>,0!,2<0,/3, 1</0<3+- . +-[ISCI<P*><-<2 W>*3<+- 0IK<-.IM/,,!

*>. *+8- 8<-4gT H+/013+8D+)1-2//,)I>#/08*= I@YHLI\*-+")#5I-,13% J<>- /3, I*Al$; %!3*/0<-<*/>1</1*)0,8!
+07?)->1K<- ISGH/I<=D,0,18*2-</,10+<Jl?/3-<*/+)+/0ID #><3+)1+"<)<-< 51573 14+>14+3-<2,1-8+/>D*8-1-*]
0,>-</+-<*/>L16*=D*?/0</9!-.<>ID8*"),=!<>1-, 1+°> /3, I*Al+13),+817/0,8>-+/0</O!*AID+-.*D #><*)*9<3+)!
=,3.+/<>=>12/0,8D<//</9!$;%!3*/0<-<*/>I</IS@BEQSFBIQ5ISH. !

]!



.,13+?> >I*AI3.8*/<3!D+</13*/0<-<*/>51</3) ?0</9!D+</1+>>*3<+- 0K <-.1$;%!3*/0<-<*/>1+8,19,/,8+))#!
=?)-<A+3,-,0IK<-.1-, I</- 8D)+#I*Al>*3<* 3*[*=<35]=,-+"*)<35]D.#><3+)5!"<*)*9<3+)1+>1K )1 +>ID>#3.*)*9<3+)!
A+3-*8gP5!_H.I;*= | D*- [-<+)I=,3.+/<>=>1*Al$:%13*/0<-<*/>I</ID,*D),IK<-.10<+" -53</19,/,8+)5+2,|
" ND?-1A*8K+8AEBE HIOH 1&*K,2,85!<-I<>ID)+?><i 523 1=, 3. +/<>=>1=+#1/*-1D8*98,>>I</1<>*) +-<*/51"?-
8+-.,81</-,8-K</,1+/0ID*>><")#!"#,0<+-,01"#!*-, 8IA+3-*8IE HIQH 11 D+8-1A8*=1>*= 1</0<2<0?+)I</-8</><3!
A+3-*8>51</3)?0</9!*)0!+9,!+/0!0?8+-48SEK.<3.I<>1-, |=*>-13*==*/ BI" +2<*?8+)IA+3-*8>1>73.1+>!
>,0,/-+8#!", . +2<*?281+>IK))+>1, /2<8*/=,/-+)|A+3-*8>IK.<3.13+/I</A)?,/3,5!+/0!>.+D, %0 E W} 3><*K
=+M</9!3*?)0!D)+#1>*=18%),1</I- <>13*=D) JBNI<>198*K</912<0,/3,! *Al., ID*- [-<+)+>>*3<+-<*/>I*Al
> 0,/-+8#!", +2<*281+/01>%=,1 | [2<8%/=,[-+)1+--8<"2- >IK<-.1$;%!3*/0<-<*/3¢5_58]54] 5] H1!8,2<,K
>-?205B!A*8I</>-+/3,Bb</0<3+-,01,8,! <>I+ID)+?2><tpb*3<+-<H/1" -K,,/1>,0,/-+8#!",.+2<*?81+/01 $;% !
3*/0<-<*/5!>D,3<A<IH)PKID+<A] H![<M,K<>5!A</0</9>IA8*=1+1)+89,ID8*>D,3-<2,!>-20#!>?99,>-!
J2<8%/= /- +)K+)M+"<)<-#1</0,J1+/01>,0,/-+8#1", +2<*28I</A)?,/3,1¥2-3* Al$; %613*/0<-<*/>I</1+07?)->
&S], 8,A*8,5!,2<0,/3,!A8*=I>-70<,>!,JD)*8</9!-.,18,)+-<*/>.<D>I*Al> 0,/-+8#!",.+2<*?8!1$:34!
3*/0<-<*/3</1- *¥> IK<- NISC!=+#!D8*2<0,!>*=,18,),2+/-1</><9.->1</-*]-_18*) , >I*AD,/-+8#!",.+2<*?8I</!
$;%!3*/0<-<*/>ID+- K+#>I</IISCL!

+=@D+E911%&CH A+ %<6+
C,>D<-,!-.,13*=D,))</9!,D<0,=<*)*9<3+)!,2<0,/3,1*Al0,-8<=,/-+) | +>>*3<+-<*/>I" -K | [1>,0,/-+8#!",.+2<*?8]
+/0!.,+)-.1*?-3*=> I 5OBI 8-.,8,I<>1#,-1</3*/3)?><2,1,2<0,/3,1*/1-. |+>>*3<+-<*/>K1> 0,/-+8#!

" +2<*?8IK<-.1$;%!3*/0<-<*/21@?8-.,BB!I<>I?/M/*KK.. ,-.,8]  >?3.H->>*3<+-<*KA?)0ID*-,/-<+))#I0<AA,8!</!
- *> IK<- I*8IK<- *?-1|SCL!1)>*5!-,,8,1<>13*/2</3</9!,2<0,/3,*Al+>>*3<#<K, /1  ISC!+/0!$;%!
3*/0<-<*/>51.*K,2,85!-.,8,!+8,/*I>D,3<A<3!,ID)+/+-*8#!=,3.+/<3A*8!$;%!3*/0<-<*/>1</1ISET 5la 5" H.!
1)>*5!-,,ID)+?><"}#*0,8+-</918*),I*AISCI</!-. | 14+>>*3<+-<3*AB | 0,/-+8#!", . +2<*?8IK<-.1$;%! 3*/0<-<*/>!
AN JD)*8,0L1100<-<*/+))#5!.,8,I<>1)<=<-,0!,2<0,/3,!*/!-.,I",/, A<->I*Al8,D)+3<M*8-<*/>1*Al-<= |
>D,/-1</1>,0,/-+8#1",.+2<*?8I'><--</I<-.| D #><I 3-<2',.+2<*?8>!'>-+/0</9¥8!>- DD</94'$;% !
3*/0<-<**?-3*=> LI

=@E46(690(16

[.,1*2,8+ 83.</9l+<=I*Al-.<>1- ><SISIDYFG, |- 14+>>*3<+-<H/SIYALS 0, /-+8#1", . +2<*?81K<-.1$;%)!
3*/0<-<*/>%/018,)+-,01*?-3*=>1 </1+07?)->1)<2</9IK<-.I+/0IK<- *?-1IFCE> | #D*-.,><>,0!-.+-I1- .|
+33?=?)+-<*/I*Al.<Q.12%)?=3*Al> 0,/-+8#!",.+2<*?8 ><--</9!-<AK*?)0!" 1+>>*3<+- 0IK<-.1+198,+-,8!8<>M!
*A$;%!3*/0<-<*/>1</1+07?)->1)<2</9IK<- 1+/0K<- *?-1|SC5!+/0!-.<>IK*?)0!",1=*8,ID8*/*?/3,0!</!- *> IK<-.!

N



!
ISCLI@7?8-.,88! J+=</,>IK.,-.,8! 0<>D)+3</9!)+89,!D*8-<*/>I*Al0+LH);kE><--< M <-.I>-+/0</9*8!
>- DD</9'K<))ID*><-<2, )#!I < B/0<-<*/A!

[*14+008,>>1- . <28*+0M+<*Al- 1. ><SBI>+H-<>-<3+)1=*0,))</9!=,-. *0>1K,8,1?7>,01-*14+/+)#> | J<>-</9!
,D<0,=<*)*9<3+)10+-+>,A8*=!-. | 1?7>C<+120#!gYH+/0!-.,! $++>-8<3.-1;-20fYT)4!+/0%!18+/0*=<>,0!
3*/-8%)),0!-8<#)+-+> -IA8*=I-_ | :-+/0 17DIW<3-*8<+!;-R{FMIHR<0,/3,!>#/-.,><> 0I< /A <> - ><ot<=>1-*
D8*2<0>*=,! /,KI</><9.->I</-*L, 18 )+-<*/> <D>I*&l0,/-+8#!",.+2<*?8IK<-.1$;%!3*/0<-<*/>1</1+07?) k- .|
+/0'K<-*?-1ISCL

!"#"!$JA)&'O($*,"-)/'( $
[.,]A%))*K</91*"U,3-<2,>197<0,0!-.,!>-?0<,>!-.+-IK,8,1?/0,8-+M,/I-*14+3.<,2,1-.,1*2 8+83.</91+<=I*Al- /!

-.,><>D

QL I*1 J+=</ 1- 14>>*3<+-<*/ A*Al> 0, /-+8#!", +2<*?81K<-.1$;%!3*/0<-<*/>1+/0!K.,,-.,8!-.,!
+>>*3<+4/510<AA,8!" -K, /1-.*> IK<- . I+/0IK<-.*?-1|SCL!

SL I*1,J+=</,!K.,-.,8L.#D*-.,-<3+))#1>?">-<-?2-</9ID*8-<*/>1*Al-*-+)10+<)#!+337=7)+-,0!><--</9]-<= IK<-.|
>-+/0</91*81>-, DD</9I=+#!",[,A<3<+))#!<=D+3-1$;%!3*/0<-<*/>1</1+07?)->L !

al



5;96<"&+BH7("&Y6'9&"+G"".

B@=+2-996398&/"*+)4'C<"+B+/(%3""%+196#9%$)6-"$" %S +<U{¢@6 +
C,>D<-,1<=D8*2,=,/->I</1)<A,!,JD,3-+/3#1</18,3,/-10,3+A¥ BY IB!.,! 9)*"+)I=*8-+)<-#1"280,/!
+--8<"?-+") ¥ ¥ H*==2/<3+"),10<>,+> >R6C 4.+>18<> /I>- +O<PWIBY HL,ISTQNO+-+¥/1-,19)*"+)!
"?80,/*Al0<>,+>,>d/0<3+-;1+-1\6C>1+33*?/- 0! A*8I"QL_jI*AlK*8)0K<0,!C<>+KRPUR>- 0![<Xl,+8>!
'C1[d>40Y| L@ ?8-.,8=*8 BT 1[d>!+--8<"?-+"),1-*I|SCI+/0!$;%!3*/0<-<*/>1+8,1.<9.1+/0!.+2,1</38,+> 0!
D8*D*8-<*/+-))#!I</I-. N+>-1R! 10,3+0,>gr] 5¥ YLIHD<0,=<*)*9<3+)!0+-+I</0<3+H- ), 8,!<>I+18<></9!-8 /0!
*AlISC!+/0!$;%!3*/0<-<*/>51K.<3.1<>ID*>><")#102,1-#19,</919)*"+)D*D?)+-<*/1+/0!<=D8*2,0!)<A,!
JD,3-+/3#IY Y WLZ .<) >18,3,/-19)*"+)10+-+ A8*=ISTQUSTQW/0<3+-;1 +-I-, I+">¥)2- I/2=" 8I*AIC1[d>!
A+>18,=+</,0!>-+"),51-,8,L.+>1" /1 +/1*2 8I'TjlI</38,+>,I</I-, IC1[d>IA8*=!ISCHY H!

| SA<>+1=,-#)<310<>*80,8!3.+8+3-,8<>,0!"#! #D,89)#3+,=<+5!.#D,8</>7?)</,=<+5!</>?)</I18,><>-+/3 !
+/0!10#>)<D<0+,=<+!K.<3.ID8,0<>D*>#kF88,+>0I8<>MI*Al3+80<*2+>3?)+8IF BOTA !l !
+,-<*)FOHI*AIISCI</2%)2,>1+13*=D),JI</-,8+3-<*/1*Al"<*)*9<3+)5! D<9,/,-<3!+/0!,/2<8*/=,/-+)| A+3-*8>L!
&*K,2,85!-.,!1A?/0+=,/-+)!D+-*D.#><*)*9#1- . +-1?/0,8D</>!ISC!<>ID8*98,>><2 1</>?)</I8,><>-+/3,!+/0!-*!
>*=17-/-18,)+-<2,10,A,3- </I</>?)</1>,38,-HQTH.!I.,8,!+8,!>,2,8+)I18<>M!A+3-*8>IK.<3.1=,08¢!
+,-<*)*O#51</3)?0</9!/X*0<A<+"),|A+3-*8>1>23.1+>1*)01+9,I+/0I A+=<)#!. <>-*8#5!+>IK ) ) 1 +>1=*0<A<+"),|18<>M!
A+3-*8>51A*8! J+=D),5!*2,8K,<9.-N*" ><-#I+/01)<A,>-#),I",.+2<*?8>1>?3.1+>1>,0,/-+8#!",.+2<*?85ID .#><3+)!
<[+3-<2<-#1+/01?/.,+)- #10<,-+8#!", . +28PNTHOTH !l.,!18<></9ID8,2+),/3,*AlISC5!+IM,#13*/-8<"?-</9]
A+3-*81-*13+80<*2+>3?)+8!038#>,0!0,+-.>5!>?">-+/-<) C }uvsSe (}J& SZ Jv & « ]Jv E ]
9)*"H)HPRTPOTH.! @*8!</>-+/3,51k.*?1+/013%)), +ORDT HD**),010+-+! A8*=1a]Q!D*D?)#-X+>,0!>-20<,>!
"KL IQYTTIH0ISTQ +/01A*?/0!1-.+-1-.,1D8,2+),/3,! *AlISCL/1+07?)-3?">-+/-<+))&> 1A8*=IQT 1=<))<*/!
*]_SSI=<))<H/IK<-. <[> IP]I#,+85L1

Z<-1-.,198*K</919)*"+)ID*D?)+-<*/51+>1+18,>?)-1*Al8<></91) <A 1,JD,3-+/3#!+/0!+/1+9,</H ¥ D?) +-
K<-.10,38,+>,01=*8-+)<-#4f SOT 5QT}5!D,*D),!)<2</9!K<-.1ISC!+8,!,ID,3-,01-*1</38,+>,1 ID*/,/-<-+))ib!
QTHQTYLIL,ID+3,1*Al- 18<> 1</1ISCID8,2+),/3,13*?)0ID*>, I>*=, I- 8, +->1-*19)*"+)ID?")<3!. +)-.!
,JD,/0<-?8,51"*- I</1.<9./3*=,13*?/-8<,>I'&F6>4!+/0!)*K+/01=<00) ,%/3*=,13*?/-8<,>I'[$F6>41+)<M,!
RTHEOORO’/IVAIZ*/3,8/1-.¥?9.1<>1-, B+D<0)#!18<B8P+),/3,I*AlISCI</I[$F6>!</18,3,/-10,3+0,20T 5!
QTH0TBOOR.!@*8!</>-+/3,5!-.,!8-+/0+80<>,0!D8,2+),/3,!*AlISC!</1+07?)->1.+>I", /18,D*8-,0!-*I" !
=73.1.<9.,8I</I[$F6>!3*=D+8,0!-*I&F6 30T Ib!+/0!-.,18+-,I*Al98*K-.1</!1-. 1"?80,/*AlISC!<>!=73.1.<9.,8!
</'[$F6>ROQR 1)>*5![$F6>1+8,!D8*U,3-,0!-*1,ID,8<,/3,!-.,198,+-,>-1</38,+>,I</M}>-,0!"?80,/!</!-.,!
3*=</910,3+0,>TY !.<>IK<))IA?8-.,813*/>-8+</!I-.,1.,+)-.3+8,"?09,->I*Al-. > 18, >*?B=<-,0!
3*?/-8<,>5!1,>D,3<+))#!-. 1., +)-.¥3-*Al=+/+9</91ISC!+/0!8,) +-,0!3*=D)<3+-<*/>51+>1K ) ) 1+>13*=*8"<0<-<,>!
</3)?0</9!$:%!3%/0<-<*/) T 5QTH.!



$ ;%43*/0<-<*/>1+8,1?"<B?<-*?>51K<-.1=*>-1D8,> /-</H+38!+3?-,1*8ID,8><>- /-13.8*/4B+<B ! +>!
K))+>1A?/3-<*/+)10<>+"{RBO Q500 ., <=D+3-3A!3$;%!3*/0<-<*/>13+/1"10,2+>-+-</95!)<=<-4/9!
%o (E *$3-k2<-#1+/0!0,8<-HDO5Q0QH @ ?8-.,8=*85!$;%!3*/0<-<*/>1/,9+-<2 )#!<=D+3-1.,+}:A-3*=>!
+/01K,)) X,</951</3)?0</9IA+-<97?,5!D>#3.*)1D83%)=>3+/0!>), DI0<AA<3?)RSD 500 16.8%/<3!
0<>,+>,>1>?3.14+>1= /-+)10<>*80,8>5!3+80<*2+>37) +8!3*/0<-<*/>513.8*/<3!8,>D<8+-BH#BH 0« L4 3!
0<>*80,8>!>73.1+>!ISC!+8,!13*==*/)#!+>>*3<+- 0IK<-.!1$;%!3*/0<-LBO H 'F/!1?7>-8+)<+5!|A*8!, J+=D),5!ISC!
<>1<0,/-<A<,0l+>1-, 1=*>-132%/13 8*/<310<>,+> I- +-13* J<>->IK<$19%!3*/0<-<*/>k/L *>,18 B?<8</9!
F>SD<-+)<>+-4fHON

Z*8)0K<0,5!.,13*/-8<"?-<*/I*Al$;%!3*/0<-<*/>1-*L |1 9)*"+)10<>,+>,1"?80,/!.+>1</38,+>,0!
><9/<A<IHPHSOSTEK<-.1+18,3,/-18,D*8-1</0<3+-</9!-. +-IA8*=IQYETQY!-.,8,.+2,!", [1</38,+> >I</]
</3<0,/-13+> >I'YL Nj45!0,+-.>'QQALTSj45!+/0!C1[d>!"aaL P Yj4!*Al$:%!3*/0grf{31!D8,2<*?>!8 D*8-!
*[1- 19" )10+-+ 1" -K, IQYYTI+/0ISTQAI> *K,01+!><=<)+8!-8 /0 Al4$;%6!3*/0<-<*/>[ 1 EgV]VL!
0*"+)!0<>,+>,1"?80,/10+-+K/ISTQMNA*8N6 C>1<@<,!$;%!3*/0<-<*/>#8,!-.,1>,3*/01.<9.,>-13*/-8<"?-*81-*]

NG Ee o]A A3 Zd[Os</} O KSSI0GY el I[*K!"+3MID+</1+/0!/,3MID+</!.+2,1", 1<0,/-<A<,0l+>1-. |
),+0</9!13+?>,I*Ald[C!K*8)OK <@ 5CBQL! @ ?8-.,8=*8,5!9)*"+) |=*8-+)<-#!+--8<"?-+"),1-*1$: 00! 3*/0<-<*/> 1< >
3*/><0,8+"),5!0? D+8-)#I-. 149, </9ID*D ?)+-<*/D)*"+) D 5QSH 1133*80</9!-*1Z&V!10+-+5!" -K, /IQY !
+/01STQES; %!3*/0<-<*)8,)+-,01=*8-+)<-#!</38,+> 0!"#!"aj!K*8) OK<RQSH IHD<0,=<*)*9<3+)!,2<0,/3,!
</0<3+-,>1$;%!3*/0<-<*/>1</38,+3 ]! 8<>MI*Al=*8-+)<-#IK.<3.I<>ID*>><")#02/B8, +>,0!8<>MI*AlR)-<
=*8"<0<-<ISBOSHH2<0,/3,I>#/-.,>< 0IA8*=H=,-+ X/+)#><>ITRE),010+-+IA8*=I*"> 82+-<*/+)!
D8*>D,3-<2,13*.*8-1>-?0<,>5!A*8!,J+=D),5!3*/3)?0,0!-.+-1*>- *+8- 8<-<>1</38, B >MI*Al=*8-+)<-#107?,1-*]
3+80<*2+>37)+8!3*/0<ig¥SH.!

1)-.%?29.1$;%!3*/0<-<*/>! J<>-+38*>>1)X?8>,5!-.,ID8,2+),/3,!</38,+>,>IK<-.1+3D SOSHOSH.!
1! 3%-</2,01 > <A-I-*K+80>1+/1+9,</9ID*D?)+-<*/!9)*"af§i!3+?D) 0IK<-.I-. 18<></9ID8,2+),/3,*AN6C>!
>73.1+>13+80<*2+>37)+810<>,+> >I+/01ISC5!+>IK, ) ) I+>1- ., <8l+>>*3<+- 018<>MIA+3-*8>5! | OL5!*" ><-#1+/0!
>,0,/-+8</,>>1-, 19)*"+)1$,%!3*/0 <-<*}8,)+-,0!"?80,/>!+8,!,JD,3-,0!-*IM,,D!8<></ebY HBOSH F/!
H?8*D,51A*8I</>-+/3,51-.,1;282 #I*Al& +)-.5!19,</91+/01G,-<8,=,/-I</IH?8: &L GHA!>-20#1*"> 82 0I-. |
D8,2+),/3,I*Al$;%!3*/0<-<*/>1+>18+/9</9!" -K, ,/IQ LNj!1+/0!_JLAj!'</!+0?)-H4QSH.!@?8-.,8=*8,5!-.,!
K*8)0K<0,!D8,2+),/3,I*Al$;%!3%/0<-<*/>1<>1=73.1.<9.,81+=*/§)0,8!+0?)-ID*D?)+-<*MbO SSQOS !
133480</91-41-. 1175-84)<+/1:28 + 2 AL -+-<>-<3>IQTI Q-+ SINQIIFAI12>-8+ 349 01" -K, IS]I+/O1 |
#,+8>13018,D*8-,0!)<2</9IK<-.1$;%!3*/0<-<*/>5|K<-.I-,,|D8,2+),/3,I",</9!1=73.1.<9.,8I</1-*> I" -K , ,/1a]!
+/0U_1#,+8>51+-1aSEOON!I.,!17/<-,01;-+-, SN\&F;!>-20#1.+>14)>*10*3= /- ,0-.+-1=*8,!-.+/1*/,1</1,2 8#!
KH+07)->1</11=,8<3+1)<2, SIK<- 1H1$:06134/0<-<H/SIK<-.I-. 18+~ 14)=*>- | Y828~ 1</I- *> 1+"%2 IN|I#, +8>!
QPTLI100<-<*/+)#BD8,2+),/3,1<>1</38,+></91+38*>>1+))IK*8)0!8,9<*/>5!,>D,3<+) #SIQUIHAB!
t,K[* "84 G }v Po} o 'JvP v po§ Z 08Z -"'+ 35U (}JE A& uko U Z]
$;%!3*/0<-<*/>1</1=*>-1[$F6>QSH!



1><0,!A8*=],! 0<>+"<)<-#1"?80,/5!$;%!3*/0<-<*/>1D8,3%+<0,8+"),! 3*/*=<31"?80,/ >H</!-,8=>!
*Al +)-.13+8,13%>34-¥1</0<2<0?+)>1+/01>*3< -#51+>1K, ) I+>IK*8M!)*>>10?, |- (DS BORGOPH | F/ISTQ]5!
-.,1=,+/ID8*D*8-<*/ +)</38,+>,!<B;%!3*/0<-<*/>C1[d>19)*"+))#!3*88,)+-,0!K<-.I-.,198*>>10*=,>-<3!
D8*0?3-!'(C%4!D,8!3+D<-*IA#8-8 ISTQIRPRIF/-.,17;5!-.,1,3*/*=<313*>-1'</3)?0</9!0<8,3-1+/0!</0<8,3-!
3*>A4I*Al$; %! 3*/0<-<*/>1+33%2/->IA*8I+"*2- 1| LajI*Al-., 1-*-+)|(CY%!*Al 1=, B¢BRTLF/K*8M!> --</9:46%!
3*/0<-<*[>433*?/-IA*8I>?">-+/-<+)ID8*0?3-<2<-#1+/0!, 3**=<HFPA!l.,|3*>-1*AID8*0?3-<2<-#1)*>-107?,1-*!
$;%!3*/0<-<*/>I<A.,! H?8*D,+/17/<*/I'H745!A*8!,J+=D),58:pH-<2,)#!.<9.1+/Qb-<=+- 0l +-1+"*2-ISjI*Al
-.,! H7/(CHP@

0"I"I$L(("((2'3.$435%- 64(()7)-4.)*33$%08$
[#D,!S!10<+",-,>I<>1+198+07+))#!D8*98,>><2,10<>*80,8!K<-.1+!1.<9.1),2 )*Al?/0<+9/*>,013+>,>I</I-. ID*D?)+-<*/5

+>1+18,>9!-.,8,1+8,12+8<+-<*/>1</1|SCI3+>,>1+-10<AA,8,/-1D)+3,>!+/01*2(QIPSOPH | *= |
,D<0,=<*)*9<3+)1>-720<,>1*A- /18 ) )#!1*/158R*8-,010+-+! A*8IM/*K/NSC!3+>,>fl.*K, 2,85!-.,10,A</<-<2 !

+>> >>= [-IFAISCI<>"#13)</<3+)10<+9/*>-<3!=,- *0>51</3) ?0</95!A+>-</91")**Q1*8ID) +>=+19) ?3*> |- >-5*8+)!
9)?3*>,1-%),8+/3,1- >-I'V(I145!+/019)#3+-,01.+ =*Q)*'</I'&"] od!-,>-4RTHOPH.!@*8!-.,IV(II5!-.,!
>-+/0+80!8,3*==,/0,0!"#!-.,1Z*8)0!&,+)-.1V89+/<>+-<*/I'Z&VA4!+/0!-, 11=,8<3+/IC<+" -, >11>>*3<+-<*/]

~ e ]e 8Z MNOAP K'dd § «§_X di ]e*0P@ID)+>=+!9)?8HaET!=gF)N[!*8!+!%*?8!
D*>-D8+/0<+)!19)?3*BIQLQ!==*)N[I*8I+/1&S32D*</-IINL]jI' "==*)N=%)41 DPH 1%8,0<+" -,>I>-+-]
0,A</<-<*/1+33*80</9!-*11C1!38<gBREDPIH!+>1K ) I+>1- (L A</<-<*/1* KB=+)19) ?3*> |= -+"*) <>=|

\($4 B<>ID8*2<0,0!</!1+"),[BL

18'<4#1HE! #1-%-&-.%2!.1IFA4/3.2#!J#&'<.4-20128&'&/21<)'22#22 I#% & ! J# &4t .$2

: F%.2&-31#&+.$2

142213852 =*K! - +./('MK88! N<OGB3 !
\¢ ! miJLN==")NI F(I'mlaL 1==%)N[ miLaj'mPYI==*)N=*)4 |
9%8,0<+",-, % JLAIALYI==5)NIF@4 aL WQQLTI=="N['F(14 | JLalt"L_j'PY!t_N==9N=%)4! | -
ISCt HBLTI==")N| HQLQ!==")N[ IALJ_1==9N=")4_|

@:(1 1@+>-</91")*019)23*> 5I\(SI\*8=+)19)23*>, 1=, - +"*)<>=5IV/(II! tIV8+)19)?3*>1) 8+/3,I- >-51&"1Q3H()#3+-01 | '
+,=*9)*'</5IF@ (IF=D+<8,0!A+>-</919)?3*> HFED+<8!0)?3*>,1-*),8+/3,5!ISCHI#D,!SI0<+" - >

$

$

OTOPA(;23$7 9<=$+35))°3(338>)52)16*7)46X(4;-& $

$,+>78,=,/->1 *AB;%!3*/0<-<*/>1</1,D<0,=<*)*9<3+)1>-2Bg A1, 1"+> 01*/1>?"U,3-<2,!+/0N*8!*"U,3-<2,!

=,-*0> 1P N IV'U,3-<2,!=,- *0>1K.<3.1</2%)2,ID . #><3+)!1+/010<+9/*>-<3! J+=</+-<*/1"#1= 0<3+)!
D8*A,>><*#)QPH+8,!*A-,/18,9+80,043+1=*8,1+33?8+-,!+DD8*+3.L!&*K,2,85!</1)+89, | D*D? p&++0!
>-20<,>51>?"U,3-<2,1=,- *0>1+8,-#D<3+) J#!1?-<)<> 01", 3+ A>SFFAKAA, 3-<2,/,>>51-<3%+2</91+/0!
3*/2,/<,/3,I*Al+0=</<>-,8</9!-.,1> ) A8,D*8-1</>-87=,/-3D @ !V-.,8!>-20#10,><9/>1>?73.1+>1>782 <))+/3,!
>-20<,>1>*= -<= >I8 }#!*/B)</<3+)!8,3*80>!+>1+1= - *01-*I13*)),3-10+-+!*/1$;%!3*/0<-<>'SQ_A!

QT



6788,/-)#5!-.,8,I<>1/*1?/<2,8>+))#1+33,D-,0!>-+/0+80<>,0!=,-. *0!A*8!=,+>?8</9!$;%!3*/0<-<*/>L!
.,8,1.+>I" [\+/1+-- =D-5!.*K,2,85!-*10,2,)*D!+!>-+/0+80<>,0!>782 #!</>-8?=,/-|1A*8!3$;%!3*/0<-<*/>L! @*8!
</>-+/3,51-.,1()*"+)11) )<+/3,1A*81$?>3?)*>M,),-+)1&,+)-.I'($7;64!.+>10,2,)*D,0!+/0!D<)*-, G!!
Aupe polel 0 8§ 0 ~DA<e suEA C ul. ubD*D?)H<E+>6D8,BH) VR *AI$;%!3*/0<-<*/>]
Q__HL.+-1>+<05!,D<0,=<*)*9<3!1>-?20<,>!.+2,I>#>- =+-<3+))#!, J+=</,0!-.,1+98, = /-I",-K,,/1>?"U,3-<2,!
+/0*"U,3-<2,1=,-*0> IdD_BO_PQ &l !1!>-?0#5!A*8!,J+=D),5!,J+=</,0!-.,1498, ,=,/-I",-K,,/!D .#><3+)!
J+=</+-<*/1+/01 +5 ) A8,D*80!B?,>-<*//+<8,I-*1+>> >>1> *2)0,BH<+/0IA*?/0!- . +-1-,,8,1<> 18, +>*/+") |
+98,,=,/-1" -K, /-, > -K*I= - *0>IA*8I=,+>?8</9!>.*?)0,8]  D+<hQ_PLI[,9+7)-1+/013%)),+9? %D 15!
)<M,K<>,518,D*8-,01+19**0!+98,,=,/-I" -K,,/1+!> ) A8,D*8-0 IB?,>-<*/[+<8,I+/0}.,! 3)</<3+)!8,3*80>!
=,- *0I*Al3%)),3-</91 0+-+1%/1$:9%613*/0<-<*/>L16*==*/)#1?>,0!>,)A8,D*8;0 I</>-87=,/->1.+2,1> *K/!
+33,D-+"),12+)<0<-#1+/0!18,)<+"<)<-#I</ID>#3.*=,-8< R 70| @*8!</>-+/3,5!V8,"8*1$?>3?)*>M,),-+)!
%+</le?,>-<*/[+<8,1<>18,D*8-,0!+>1+12+)<0!+/0!18,)<+"),|-**) | A*81+>> >></91$; %! IPOBOIEH |, <=<)+8)#5!
-.,18,)<+"<)<-#I*AN*80<3!1$7>3?)*>M,),-+)!e?,>-<*//[+<8,1.+>1", /1, J+=</,0!-.8*?9.1- 38,-,>-1+/0!
2+)<0+-,01HF/>-13)</<3+)1.<>-*8#1+/01A*2/01-*1" 1+/1+3328+-,1</>-87= [4BBRI</9!+/0!3*)),3-</9!
>782,<))+/3,10+-+PH%!3%/0<-<*/>tD]T5Q]P5Q]_H.!!

.,8,1+8,!1>*=I>)A )8,D*8-I</>-8?=,/->>D,3<A<39)#H9/,0!-*1= +>78 1+--8<"?- >18,)+-,0!-*1$; %!
}v 18]}veU (JE &£ u%o U SZ <pu 0]3C v « A E]SC }( % JvU Jv JA] p o]
3.+8+3-,8<>-<3>5!+/0!3*D</9!+"<) <-#I*AI DAY +"<) <-#1+>>*3<+- 01K <-.1$;%!3*/@Q-<BEB]] X
QI HI$*>-FAl- > 1</>-87=,/->1.+2,1" /1> *K/1-*] +2 1+0,B?+-,14+33?8+3#!A*8!+>> >></91*?-3*= >I
8,)+-,0!-*1$;%!3*/0<-<*/>]YoONFL! @*8!</>-+/3,5!-.,1=?)-<B)=,/><*/!> ) A8,D*8-IB?,>-<*//+<8,>>73.!
+>7,>- 8/IV/-+8<*1+/01$+3$+>-,817/<2,8><-<,>IV>- *+8-.8<-<>1F/0,JI'ZV$1645!; @ PL# D+</!>3+),!
"90;45!+/0!$3(<))1%+</1e?,>-<*/[+<8,!'$%e45!*8I MAB=!$3(<))!1%+</le?,>-<*//[+<8,! %0oed5!+> 1K ,)) I+>!
-,1></9), X-,=IB?,>-<*/[+<8,>1>?3 . 14+>IW<>?+)11/+)*9!; 3+),I'W1;45!W,8"+)IG+-</9!;3+),'WG;4!+/01\?=,8<3!
G+-</9!;3+),I'G;4!+8,!8,D*8- B*1.+2,1+33,D-+"),ID>#3.*=,-8<3!D8*D,8-<,> A*8!+>> >></91+--8<"?- >I*AlD+</!
8,)+-,01-*1$;96!3%/0<-<*/>t0] 50] Y50 GO JL!

[.¥?29.1>))A 8,D*8-1</>-87=,/->1+8,13*==*/)#1?> 01 A*81+>> >></91$;06!3*/0<-<*/>I</ID*D?Pk-<*/
"+>,01>-?20<,>5!- #1.+2 1>*= l)<=<-+-<*/>51K . <3.1</3)?0,!8,3+))1+/0!18,D*8-</9!"<+>IK<-.I+1.<9.1- /O,/3#!*Al
*2,8X3+99,8+-<*/1*81?/0,8,>-<=+-<*/I*AID+QMNBON H 1 *=1A+3-*8>1.+2 1" /1<0,/-<A<,01-*13*/-8<"?- |
¥l > N<=<-+-<*/>51</3)?0</9!-.,IK*80</91*AIB?,>-<*/>1K .<3.13*?)0!</A)?,/3,!-.,1?/0,8>-+/0</9!+/0!
8,>D*/> 1-*1-. IB?,>-<*/>! DN[5QMBI+>IK, ) ) 14+>12+8<+-<*/>1</1- 10, >38<D-<*/I*Al+/+-*=<3+)1><- >I+/01- .|
=*0,I*Al+0=</<>-,8</9!-.,I</>-87?=/-IQMQNH | @*8!</>-+/3,5!>-?0<,>1.+2,1</0<3+-,0!-.+-IK. <) B)}B-!
</>-8?=,/->1+8,18,)<+"),5!B?,>-K*80</9!+/0!-.,10,>38<D-<*/I*AlD+</1)*3+-<*/13*?)0!</A) ?,/3,!-.,!
,>-<=+-<*[XON 50N <=<)+8)#5!>*= 14+7- *8>1.+2,1>?99,>- 010<AA,8,/3. =40, 1*Al+0=</<>-,8</9!
>)A8,D*81$;%!3*/0<-<*/I</>-87=,/->13*?)0!<=D+3-!-.,!18,>D*/>,1+/0!B?+)<-#!*Al- 1= +>728,0! 0¢V5!

QM HN*-K<-.>-+/0</95!+ID*D?)+-&>, 01>-20#5!.*K , 2,851 +/+)#>,01+/013*=D+8,010+-+13%)),3- OI"#I) A

Q@



!
8,D*8-1=+/<M</!".?=+/IA<978,4!+/0'K8<--,/'B?,>-<*/>1*/1D83#-,0!-*1$;%!3*/0<-<*/>1+/0! A*?/0! +/!
+98,,=,/-1",-K,,/'-.,>,1=*0, >SI*AI+0=</<>-,8</9128)B*8-1B?,>-<*/[+<8, g MNL I m

B@B+E"/"*'%a&06:()9&*+<(/"1()$)0C+
 2,8+)1,D<0,=<*)*9<31>-20<,>1+/01>#>- =+-<318,2< K>D¥27= /-, 0! ,2<0,/3,I*Al>-8*/91+>>*3<+-/
"-K, /1>,0,/-+8#1", . +2<*?81+/018  <>SHIFAl=,-+"*)<310<>*80,8>5!</3)?0</91*" ><-#51= -+"*)<3I>#HBFOL,
ISC5!+>IK W>13+80<*2+>37)+8!0<53:313+/3,858+/0!+) )8+7>,1=*8-+)<-¢D B 5QabDa@ !l.,!
+02,8> k=D+34*5A!.<9.12*)?=>1*A$ 0,/-+8#!",.+2<*?8!'>?73.1+>1D8*)*/9,0! 7</-,88?D-,0!><--< A</
+DD+8,/-)#1+)- #ID*D?)+-<*/>H+2,1 +)>*1", /18, D*8-,0 I[P 50Qaf F/I=*>-13+> 51>-20<,>!- +-1, J+=</,0!
-0 L H)-18<>M>>*3<+-< AL J3,>>< 23, 0,/-+8#!", . +2<*?28]'><--<AK<-.1+02,8> 1, | +)-.1*?2-3*= > +2 ]
*A-, /1 %> 82,01-.+-1 >?3.8<>ME>*3<+-<*/>14Q/0,D,/0,/-1*Al +33?7=7)+-,02*)?=,>*ABW% 1dPSQaBDalm. !
C+-+IA8*=1+1D8*>D,3-<2,!1>-?20#5!A*8!,J+=D),5!0,=*/>-8+-,0!-.+-I-, BOX>)8,>D*/> 1 +>>*3<+-<*/I*Al
><--</91-<HK<-,13+80<*2+>37)+8!93.3!+/0!+)B+?>,1=*8-+)<-#1<88,>D, 3-<2,/H2,) 1*Al+337=?)+-,0!
SW%Ia@ 11)>*5k -+ X/+)#><>1+>1</0<3+00>,0,/-+8#!",.+2<*?851=,+>78,0!"#!-,),2<><3 <, K</9!
-<= I'Wl-<= 451<>1+>>*3<+- 0KA<I38,+>,0!8<>M!*AlISC!8,9+80),>>1*Al-, 1) SWSAID !

@8*=1+19)*"+)ID?")<3!.,+)-.1D,8>D,3-<2,5!<-1<>!,2<0,/- | A8*=1=*>-13*?/-8<,>|- +-1-, |+2 8+9,l-<= |
>D,/-1><--</88I</1>,0,/-+8#!",.+2<*?80?8</9IK+M</91 *?8>I<>IRf 1] | >-<=+-,0 I-*-+)2%) 7= I*Al
><--</91-<=,1078</9!K+M</91.*?8>1D,810+#5! A*8!, J+=D%Eh<Al-*1" | +"*?-Igl al. *?8>1</1-.17; ¢Da H!
YLTL*?8>1</117>-84g3a]H+/0YL]!.*?8>!</16+/+0%Qa’ | Z.<)>-1+1>-20#!*Al-8,/0>I</1><--</91-<=,1+38*>>|
H?8*D,!A*?/0!-.<>I-*1" 18 )+-<2 )#!1>-+") 1" -K | ,/ISTTRXa5!-.,8,!<>1,2<0,/3;1+-I><--</91-<=,I<>1</38,+></9!
</1>*=1>?"98*?D>I*AID *DifRadDar !l.,> !> <A->1+8H</)#D8<2,/"#!*33?D+-<*/+)!-8+/><>AB*=1+]
D8,0*=</+/-)#D.#><3</-,/><2,1</0?>-8<+)<>,0!, 3*/*=#1-*1+1> 82<3,1 3*/*=#!- +-1>?DD*8->1D8*)*/9,0!
0,>MK+>,0!><--</9-IK*8MRaYL!100<-<*/+))#5!?8"+/ID)+//</91+/0!"RR<8*/=,/-10,><9/1.+2,!
</A)?,/3,010<>38,-<*/+8#!>,0,/-+8#!",. +2<*?85IK<-.1=*>-1"RR)K8*/=,/-|>?DD*8-</9!</38,+>,0!),<>78,,
-<=,1><--</91+/01+1.<9.12%) 7=, I*AlID+>><2 1-8+/3Fg50 " (LI

1.,!D8,2+),/3,1*Al>,0,/-+8#!",.+2<*?81</38,+> >IK<-.14+9,1+/01><--</91-<= 1<>1. <9,,81</1¥)0,8!+07?)->!
d'5! 1 H.IH2<0,/3,!A8*=I>#>- =+-<318,2<,K>I</0<3+-15J0,8!+07?)->1*2 8INTI#,+8>1*)01.+2,1+1=73.1.<9,,8!
D8,2+),/3,1*Al>,0,/-+8#!", +2<*?8q ] 50 FLIV/, I*Al-. > 18,2< K>10%37?= /-, 0l-.+-1"ajI*Al*)0,81+07)->!
+33?7=?)+-,14/1+2,8+9,1*"U,3-<X),2<3 X%, +>78,0!><--</91-<=98 +- 8!-.+/! " L]1.*?8>NO+Y ] H.!;<=<)+8)#5!
&+82 #1+/013%)),+9? 3" FI</1+/*-,,818,2<,KI*"> 82 0!-.+ -1*)0,8!+07?)->IN T!#,+8>4!>D,/0!+!198,+-,8!
D*8-<*/I*AIK+M</9! *28>I] ]j41><--</95IK<-HE,+/1+332=2)+- 0! >,0,/-+8#!-<=,I*AYL_1.*?8>NO+#L!1)>*5!
+16+/+0<+/1>782 #18,D*8-1</0<3+-,>1+07?)->1+"*2 INTI# +8>1.+2,1+1.<9. 8ID8,2+) ADIFAL--</<= 5IK<-.!

+10%37= /-,0142,8+9,1><--</Ql-<= I*AIQT! *28>NQEAFIL!I. | <9.1D8,2+),/3,*Al> 0,/-+8#!", +2<*?8I</!
QS



|

+07?)->1L+>1", [1+--8<"?- 01-*10<2,8>,18,+>*/>L1@*8!,J+=D),5!</0<2<0?+)!</-8</><3| A+3-*8p)=>R3 #4255
8,-<8,=,/- B8I*" ><-#51+>IK ) +>1,/2<8%/= [-+)|A+3-*8>51</3)20</9!)+3M!*Al+!>?DD*8-<2,!,/2<8*/=, /-|A*8]
D.#><3+)1+3-<2<-#1+/0!1+3-<2,!-8+/>D*8-1+8,1>*= I*Al-_ 18>*11&*K,2,85!,2<0,/3,!*/1>,0,/-+8#!
".+2<*?810,-,8=</+/->1</1*)0,8!+07?)->¢>43*/3) ?><2)Q" H!

|

0"0"1$9'4(:;'2'3.$*7$ ('5'3.4,@%'&4)*;; $

F/>,0,/-+8#!",.+2<*?818,>,+83.5]! +3378+-,!,>-<=+-<*/I*Al> 0, /-+8#!, JD*>?8,I<>!"#I= +>782/34}))!
>,0,/-+8#!",.+2<*?85IA*8! J+=D),5!-*-+)10+<)#!><--</9l-<= I*8]-*-+)I><--</91-<= I</I+]>D, 3< A< 5t +</I"
K*8Mi*8!3*==?-</9 I</HB+a 1 HIF/M)</,IK<-1- <>51*"U,3-<2,1=,- *0>1+8,13*/58,0!-*1.+2,1.<9. ,8!
+3378+3#L1:AD*8:0 I</>-87=,[->1 42 1) <=<-+-<*/>I</1+3378+-, )#| >-<=+R/B}))b,0,/-+8#1" . +2<*28]
+/01.42,13*/[><>- [-)#1", [V > *K/N-*12/0,8,>-<=+-,|-*-+)I><--</9]-<= I</1.<9¥,2,)!,2<0,/3,!>-70<,3g ] 5!

Q HOMIC,>D<-,I<8)<=<-+-<3p!> )R,D*8,0 I</>-87=,/->18,=+</ID*D?)+8!</!)+89,!D*D?) tX<*,0!
>-?20<,>IK.,8,!-. #!+8,13*/><0,8,0!-*I" |D8+3-<3+)!-*1+0=</<>- 81+/01. +H BT, /1> *K/1-*] +2 1
+33,D-+"),ID>#3.*=,-8<31D8*D, 8-> 50 !

.,8,1+8,!>,2 8+)1*"U,3-<2,!=,- *0>IA*8H>> >x/91> 0,/-+8#!",.+2<*?8!</18,>,+83.5!K.<3.1+8,!
"+>,01*/10<8,3-!,>-<=+-<*/1*Al /,89#!,JD,/0<-?8,!"#!=,+>78</9!D.#><*)*9<3+)!=+8M,8>!' L IBH+8-
=*/<-*8<[941*810*?")+" ), 01K +-,8I"C[Z41+/01</0<83-)#!"#1=,+>28</9!"*0#1+33,),8+-<*/10?78</9!
=*2,=,/-5!,L9L5!-.,1+33,),8*=,-,8>! Q150 50 Y !V-.,8!</>-8?=,/->10,-,3-13.+/9,>I</I"*Q#I D*>-?8,!-*!
=, +>78,1><--</9l-<=,1+/01</0<8,3-)#!,>-<=+-,1,/,89#1,JD,/0<-78,5!,LIL5!-., I</3)</*= gBIEO YH_!I.,8,!
+8,4)-,8/+-<2,1*"U,3-<2,1</>-87=,/->IA*8! >-<=+-</9]>,0,/-+8#!",.+2<*?8IK.<3.1?>,|D8,>>78,!> (F 85!

Q YLI7N<M, !> \D*8-1</>-87=,/->5!=*>-1*"U,3-<2,!= - *0>1.+2,1.<9.1+33?8+3#!A*8!=,+>78</9!>,0,/-+8#!
" 42<*?281+/01*2,83%=, 13 ==/ ) <=<-+-<*[>1+>>*3<+- 01K <-.1>7"U, 3-<3,) A8,D*8-4t,-.*0>! ¢ ]H.!
&*K,2,85!-.,13*>-I*A1?></9I>*= I*Al- 14+2+<)+"), 1*"U,3-<2 1g3= /->])<=<->]-, <81?>,1</1)+89,|D*D?)+X<*/
"+>,01>782,#30 | 5QYT!

.,8,1+8,5!.*K,2,85!>?">-+/-<+)I0<AA,8,/3,>!" -K,,/10,2<3 %, +>78,0!-*-+)I>D,/-I</!1>,0,/-+8#!
" +2<*2814/01- %> 1= +>78,0!"#1>)AX8,D*8-1</>-87=,/->] ] 50" HO M I+"),ISLS!> *K!-,,13*==*/)#!
?>.01>,0,/-+8#!", . +2<*?8I</>-87=,/->I</18,>,+83 L!

QP



8'<A#1:HEIT. 3096134 2/ (#2111 2H$HY & ()| <#+' - |(1P'38&-,-&)\<#+' - J(2QU2#$1-%6! (#2#' (3+H

R%2&(/J#%& #23(-9&-.% "&(HYF&+2I'%$]-&'&-.982
1, )JA8,D*8-! $,+>78,1>,0,/-+8#!",.+2<*?28)8,)+-,010*=+</>1>73.1+>1=*0,5! ;-8,/9-.> |
3*/-,J-51078+-<*/5!+>1K,))!+>ID+--,8/1*8!"8,¢H}H X &<9)#1?-<)<>,01</1)+89,!D*D?+401>-70<,>!
! R150YQ

C+-+!+8,18D-?8,0!"#!> P&0=</<>-,8,0!*8!</-,82<,K}8
+0=</<>-,8,0!B?,>-<*//+<8 £ 1 50YQ
|
;,JA8,D*8-1B?,>-<*//+<8,12+8<+{P] 50 ‘50 YO
X ></9)%-,=IB?,>-<*//+<8,>!' LOL5!-. I></%-,=I><--</9!
B?,>-<*/I</1()*"+)19% #><3+)113-<2<-#le?,>-<*//#<8,]
(%1e4!
X =?)-<D)¥-,=>IB?,>-<*/[+<8,>!' LIL5&,=>!;,0,/-+8#!
1. +2<*?78le?,>-<*/[+<8,! tl;:e4 |
X 0*=+</%D,3<A<3!B?,>-<*//+<8,>!' LOL5!0%EX3KA<3!
10?)-1;,0, /-+8#!:,.+2<*?8le?,>-<*/[+<8 !1;:e4 !
X 0<+8<,>!' LIL5IH3*)*9<3+)!=*= /-+8#!+>> >4i$1 4]
x D8*J#8,D*8-1B?,>-<*/[+<8,>1</13*9/<-<2, J#!)<=<-,0!
D*D?)+-<*/3!

X L #+8,13*>- XAA,3-<2,51),>>1 JD,/><2,5!4/0!

.<9.)#1+33,>><")IL!

X G)+-<2)#,+>#1-*13*=D),-,IK<-.1),>>!"?80,/!1+/0!
+8,!+33,D-,0!"#!>-?20#!D+8-<3<DH/->L!

X C*>l/*I1</A)?,/3,!-.1", . +2<*281" </9!=,+>78,0!
</1</0<2<0?HPXBOY Q!

X 1"),1-*13+D-?78,|B?+)<-+-<2,10<=,/><*/>1*Al
>0,/-+8#1",.+2<*?81K.<3.!13+//*-1"13+D-?8,0!"#!
*"U,3-<2,10,2<3,gD° ] 5Q YA 'HLIL5!3+/13+D-?8,!
3*/-,J- %D,3<A<3!>,0,/-+8#!",.+2<*?8!+/0!<0,/-<A
=*0,>I*Al> 0,/-+8#!", +2<*?85!- <>I</A*8=+-<*/|
3+/1</A*8=1</-,82,/-<*/'>-8+-,9<,¢D"] 5O YL

x

|
[=<-+-<*/b

X %**812+)<0<-#5!8,3+))!"<+>5!8,D*8-</9!"<+>5!
2?)/,8+"<)<-#1-*1>*3<+)10,><8+"<)<-#!"<+>5!+/0!
[¥8=>1</A)?,/3,>D"YQY8R!

X [<=<->10+-+13*=D+8<>*/I</10<AA,8,/-'D*D?)+-<*
+/01+38*>>1>-70<,>5107?,!-*1-,13.4)),/9,>I*Al
-8+/>)+-</91</A*8=+-<*/1-*1+3.<,2,1)</97<>-<3+/
3*/3,D-?+)!,B?<2+),/3,t0 ] 5QYT!

X  6*=D)<3+-,0!"#!3*/3788,/-!",.+2<*?8ID.,/*=,/+!
,LOL5!IK+-3.</9!-,),2<><*/14+/0!D)+#</912<0,*19+7
=+M</9I", +2<*?8D,3<A<3!=,+>78,>!I' LIL5!W!
=*8,1)<=<-,0!-.+/19)*"+)I=,+>? 8,>5])<M,!><--</9!

-<=,!DTH!

C,2<3)%,+>78,0!!
1

133,),8*=,-,8> !
!

,LOL5!13-<(8+D.>

C,-3-I"0#I="2,= |->I1+/01=,+>78,18,+) %<=,1+33,),8+-<*/!
A8,B?,/3#1+/01+=D)<-?0,IK.<3.1+8,1</- 98+~ 0l</-*1=*2 = /-]
3#%2/->1"#1+/1+)9*8<- =10 50" 50 Y.!

|

H>-<=+-,01,/,89#! JD,/0<-?8,!1<>!"+> 01*/1-, 1+>>?=D-<*/1- +-|
=,+>78,01+33,),8+-<*/1<>ID8*D*8-<*/+)!-*1- 1A*83,!9,/,8+-,0!"#!
=?>3),>!-.+-148,1,/9+9,0!10?78</9!-.,!=*2 = /- Q" WL!

!

H>-<=+-,01>,0,/-+8#!-<=,10,D,/0>!*/1-,1=*2 = [-13*7?/-]
=,+>78,0I"#!-.,1+33,),8*=,-,8!+-1+19<2 /13?- YD*</-f0"] 5O "\ !

!

.,1=*2,=,/-13*?/- A3?7-D*</-1-.8,>.%)0!0,-,8=</,>5!-*I>*=1
J-/-51-1+33?8+3#!*Al- || >-<=+- 01>,0,/-+8#!",.+2<*?28{Q ] H.!
!

\,KID8*3,>></9!=,- *0> B8,L9L5!?></9!8+K!+33,),8*=,-,8!0+-+!+/
=+3.</,!),+8/</91*810,,D!),+8/</91+)9*8<-.=>I=+#1<=D8*2,!
=,+>78,=,/-1+33?8+3#!</I-.,IA?-?28 gD YRQYH!

;-8,/9-.> |

X 1-14+1>D,3<A<,0187</-1-.8,>.*)013+/1+3378+-, )#!
,>-<=+- -5 +)10+<)#1*810*=+3¢/D,3<A<3!',LIL5!-<3
+-1K*8M4!>,0,/-+8#1-<=IL!

X 7>,A?)</0,-,3-</9!</3<0,/-+)!=*2,=,[->1+/ON*8!
"8,+M>I</I>0,/-+8#!-<=gD ] H!

|
[<=<-+-<*/b

X [<=<-,0'</13+D-?8</9!3%*/-,J-?+)10+-+

X $+#I</A)?,/3,\D+8-<3<D+/->b!",.+2<*?78!),+0</9!-
8,+3-<2<-#!"<PML!

X FEI3+/%-10<>-</97<> 1" -K,  /1><--</95)#</9!*8]
>-+/0</9!D*>-78,>5!.,/3,5!>-+/0</9!-<=,|=+#!" |
</3*8D*8+-,0!</-*1-*-+)18,/-+8#!-<=,! Q"] 5QYN.!
I.,1-8<+J<+)!+33,),8*=,-,8>I'13-<(8+D.>!(IPn5!
(IPno5!+/0!K!(IPno4!+8,|A<--,0!K<-1+/!
<[3)<[*=,-,81-*10<>-</9?<>.ID*>-28,>51"?-1-.<>|
A?[3-<H+>1415¥%) 1= +528 IFAl><--</9]-<= | I<>]
8,D*8-,0!/*-1-*1" 12+)<0IR YN

C,2<3),+>78,0!!
|

FI3)</*=,- 8!
|

LOL51+3-<2961[

1!0<>38,-,!-.<9K*8/10,2<3,IK.<3.13+/10,-,8=</,!13.4/9,>I</!
"*0#1D*>-78,0"] 50 Y.
|

1,10,2<3,1?7>>I</X u]o§ ~/v§ oo]P v 3]A]3C o
D8*D8<,-+8#!+)9*8<-.=>1-*I3)+>><A#1+33,),8+-<*/1+/0!198+2<-4
3.+/9,>1</1- 1-.<9.1+>] <~ 8!>- DD</95!>-+/0</95!><BbR@)#</9!
@ 1H!

|

.,1+3-<2%1[!3%)),3->10+-+!*/1>- DD</9!>D,,05!>-,D!3*?/-5!>- D[
-<=,51>-4/0</9!-<=,51><--</91-<=,1+/0N)#</9l-k= L!

1)>*51<-10,-,8=</,>!>,0,/-+8#!"*?->1"'8, +M>I</1><--</941+/0!D*>
-8+/><-<*[|AB*=IX+/0X%-, DI*812< R, 8>+51+>1K ) I+>1- | >-<=+

*Al,/,89#1,JD,/0<-?8,10"] 50" YH!

;-8,/9-> |
x  1.,19%)0>-+/0+80!A*8!=,+>78</9!+3-<2<-#!
. +2<*78
X 6+/1"1?2-<)<>,0I</I+10<AA,8,/-13*/-, g T H!
I
[g=<-+-<¥
X )<=<-,0I</ID8*2<0</9!B?+)<-+-<2,10<=,/><*/10+-1
,LIL5!>,0,/-+8#1",.+2<*?813*/- JdQ ] H.!

Q!



|

B@D+E"/"*'%&:28:()9&+%*E<"+B+/(%3"¥6

HD<0,=<*)*9«B2<0,/3,I>.*K>I-.+-1.<9.12%)?2= >I*Al > 0,/-+8#!",.+2<*?81><9/<A<3+/-)#1</38,+>,ISC!8<>Mb5!
<88,>D,3-<2,*A), 2 )*Al D #><3+)!+3-<2<-#FBIA*?/0< /9], AA,3-1*AFO#!=+>>1</0,J!"$FADNBOY X

QYW !@*8l</>-+/3,51Z<)=*-1+/013%)),+OR>T>#/-.,><p,0!,2<0,/3,!A8*=1QT!,D<0,=<*)*9<3+)!1>-70<,>!+/0!
A*?/0!-.+-1.<9.,812%)?=, SA3*=D+8,0!-*1)*K,812*)?=, F*Al> 0,/-+8#!-<= K,8,! +>>*3<+- 0IK<+QQS]!
</38,+>,018,)+-<2,18<>MI*ALBEEI+1)+89,ID*D?)+X¥5 01>-20#5),|_]1+/017D!;-?20# 5!A*8I>-+/3,5!
A*?/0!-.+-1+1.<9,,812%)?= I*Al><--</9l-<= IK+>I</0,D,/0,/-)#!+>>*3<+-,0IK<-.IISC!+A-,8!+33*?/-</9]A*8!-. |
% ES] [% VEe[ %ZC+] o @DYNIEC8S B8, 5>>Be¢+-<*/>IK<-[ISCL+2,I", /1> *K/1-*1
</38,+>1A?8-.,8IK<- I4+/#l-<=1</38,+>,I</I>,0,/-+8#!", +2<*GEAST ! @*8!,J+=D),5!*"> 82 +-<*/+)!
A</0</9AB*=!,,1$++>-8<3.-1>-?0#!</0<3+-,!-.,1*00>1*AlISC!</38,+>,0!"#!SS!D,83,/-+9, | D#&Y8:H-3.!
F?8)#!</38,=,/- I</1><{/9{-<=,! caH!

1.,8,1<>1,2<0,/3,I</0<3+-</9!-.+-1+07?)->IK<- IISC!+8,1=*8,1) <M, )#!-*1,/9+9,1</1 <9, 812*) ?=,>I*Al
>,0,/-+8#!", . +2<*?281- +/1- *> IK<- *?2-1ISC! q@lL!@*8!</>-+/3,5!+!>-20#!*"U,3-<2,)#!=*/<-*8,01+3-<2<-#!
" +2<*?28>1</1=<00)49,0!+/0!*)0,8!+07?)->IK<-.I+/1+2,8+9,!+9,I*AINTI#,+8>I*) 05! A*?/0!- . +-1- *> 1)< 2</9!
K<-1ISCI>D,/-1+"*2-1]jI=*8,1*Al-, <8IK+M</9!. *?8>I</1> 0,/-+8#!", . +2<*?8]'><--<[Q4#{1- *> |
3+-,9*8<>,01+>1.+2</91D8,0<+",-,>5!1+/01+"*?-1gj1=*8 |- +/1- *> IK<- 1/*8=+)19)?23*> |= -+"*)<>=I"\($4!
+>1> *K/I</|@<978,!SLQ!'98+D.!-+M,/IA8*=!-,,1$++>-8<3.- 1 |!26#0,8!:,89! ,-1+) Lt L

=-F/(#:HEL3-<2<-#!",.+2<*?8>10<>-8<"?2-<*/>1</1407?)->1"#1-#D, ISI0<+",- B1>--

Ql
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0"A"I$<'5'3.4; @B.A/)*:;;$435$ 4;5)*2" 4+*6)-$1)*24; B";($*7$%0B

HJ3,>><2,B/-+8#!", +2<*281 451", [1+>>*3<+- OIK<-. 14" #8=+)1) 2,)>I*AI3+80 <=, +"*)<Bk>MIBM, 8>1</!
ISC51</3)20</91"<*=+8M,8>I*Al</>?)</IA?/3-<*/51+0<D*><-#519)23%> 1= -+"*)<>=1+/01=, -+"*) JBTGM!>3*8,
ST IL!@*8!,J+=D),5!6*D,8!,-IgBT @.+2,10%37=, /- 0! AB*=I><] Xe*/-.ID8*>D, 3-<2,10+-+*A8 I/, K)#!
0<+9/*>,0ISCID+-<,/-2H-1+1.<9.,812%) 2=, I*AI0, 2<3 Y, +> 78, 01><--</Ql-<HH+>>*3<+- 0IK<-.1.<9.,8!
<[>?)</1),2 351</38,+>,01</>?)</18,><>-+/3,I'&\ABEB-/0!0,38,+>,01&C)B.*),>-,8%)5HA-,81+33*2/-</9I A*8!

§7 %o S<w,BO/-I</SWo%ISTE!

1<=<)+8)#51G*>> 1+/013%)), +OPSTII8, D*8-, 017> </B*=D*><-<*/+)|0+-+1+/+)#><>10:243 X
=,+>78,0!>,0,/- +8#!1-<=,18,)+-<2,!-Ho1!+/0!1$W%IL=,1K+>[,9+-<2 )#!+>>*3<+- OIK<-.| & VHEGH! &K
3.%),>-,8%)14+/01>+9<--+) 1+"0*=</+)10<+= - 8I</IISCL!1)>*51&, +)#!+/0*- BF|H.+2,1 > *K/1?></9!- |
<>*- =DF8H)I>?">-<-2-<H 1+ +)#-<3l=,- KOF-1-., 8,148, 38*>X% 3-<*+)+>>*3<+-<IFAD,2<34>>,>>,0!
><--<fx= IK<-. IK+<>-13<837=A,8,/3,'264!+/0":$F!</ISCL!@?8-.,8=*8,5!6**D,8!+/0!3*)),+ & >H
8,D*8-,0l-.+-1+/1 *?81</38,+>,!</1>,0,/-+8#!-<=, K+>D*><-<2 J#!+>>*3<+- 01K<-.1</38,+>,013) ?>-,8!=,-+"*)<3|
8<>M!>3*8,'6$G;45!</0,D,/0,/-1*AD),2,)1*Al-<=,1>D, /- I<[N SWA% 1L!"\*- O16$G;!<>13*=D7?-,0!"#!>?==</9!
Z65!-8<+3#)9)#3,8*)58B>#>-£B!")**01D8,>>?78, 1+/0!-.,1</2,8> *AI&EY.*),>-,8%)4ll

0"A"033.";;:>.)37$'5'3.4,@9$)2'$)3$%08$43p%4,B";($$
G3,/- #BI=r>-1" +2<*?8+)1+3-< 2 H#+83.,8>1A*3?7>></91*/1> 0, /-+8#!",.+2<*282,1</38,+>,0!-.,<8!

+--,[-<*/1*¥[1?/0,8>-+/0</9! -.,! <=D+3-3Ak/-,8=<-- /-1 [ B61!"8,+Mz=/D8*)*/9,0!><--</MD,8<*0>!+/0!-.,!
+>>*3<+-<H[SIK<- I</0<3+-*8H)AK?-3*=,>  Ig PRANEET/H 11!>-?BA*8I</>-+/3F?/0%-.+-! A8,B?,/-!
[ @61!</-,887D-<*/ITB8*)*/9,0! ><--</0t=,|<=D8*2019)#3+,=<}*/-8*)5K.,8,+>1?/</- 88?D-,0!><--</9!
8,>7?)-,01<IK*8> /,0! 9)#3+,=<313%/-8%)l<tf0<2<0?+)>!)<2</9IRECIBTal!

1,2,84)1,JD,8<=,/-+) 1>-?20<,>1. +2,1> *K/I- +-1+3-<2,1"8,+M>I</ID8*)*/9,0!><--</91+8,1</2,8>, )#!
+>>*3<+- OIK<-.1=,-+"*)<3I8<>M!"<*=+8M,8>lg/MEE1 |C,=D> #!+/0!3*)),+97?,3g THO,=*/>-8+-,0!</I+/!
,JD,8<=,/-4)18+/0*=<>,0138*>>*2 8!-8<+)!</2*)2</BK,<9.-N*",> 1+0?)->IK<- . IISCL. +-1)<9.XK+)M</9!
+/0!><=D),!18,><>-+/3,ID.#><3+)!,J,83<>,1"8, MiKIs/ID8*)*/9,0!  ><--</9!+-- /?+-,01+37-,18,>D*/> >I*Al
D*>-D8+/0<+)!9)?3*>,51</>?)0/816<0,5!+/0!-8<9)#3,840:[3*/0+8#! +/+)#><>I*AI>+=1 0+-+!A*?/Q-.+-!
"8,+M</9ID8*)*/9,0!><--<fH-.1)<9 K +)M</9!+/0!><=D),!8,><>-+/3,!D #><3+)!, I |88t $>*3<+- OIK<-.!
"| JA<3<+)!3.4/9,>I</ID*>-D8+/0<+)!D)+>=+!)<D<0*=,!</I</0<2<0? H{BKKIHSE><=<)+8!8+/0*=<>,0!
38*>>*2 810,%9/1</2%)2</9IQY!+07?)->IK<- ISCIK, &, */I/*/  %/>?)</I-8,+-=,/-5C?2<2<,8!,-4g) |}
3*=D+8,0!-.8,,1,JD,8<=,/-+)13*/0<-<*/>0l;<--<BN " oo~ E |]JVP % E}o}vP +]38]vP A]§Z
)<OXKHM</FAvV «SEP SHE £ E J» X dZ psSZ3@Ee (Jpv ISBEAZ 4615 & A]
><9/<A<3+/-)#N)*K, 828 )0)?3*> k/38=,/-+)!+8,+1?/0,8!-.,13782,' <1761-.+/I><--</9I+/OF/ X
¢]PV](] Vv30C 0}A  §Z v *3EN SUE A& @&]++~]Ahi TPy OF O DFROW u o |EW] A

Qo



iTOTOF0i6AV v ~]33]VvP A id080FDiAd=%]Pv]}Q VYRDC B «8*=D}8,0rN]3
"*-.1>-873-78,0!,J,83<>,1+/0!><--</913*/0< -y !

0"A"A$<'5'3.4; @B$435%@(.'2)-93764224*; @H*24;B";($)3$%08%
#>- =<3I</A)+==+-*8#ID8*3,>>>1.+2 I", [I<=D)<3+-,0!</IISC!D8*98,>><*/14/@,2,)*D=,/-I*Al

0<+",-,>)8,)+-,013*=D)<3+-<*/>5!+>IK )))1+>1-, ID+-*D #><*)*9#1*AlD8,0deS F BE Q! #>-,=<3!
</A)+==+-*8#18,+3-<*/>18,)+-,0!-*|ISC!+8,!=,0<+-,0!-.89.1+0<D*>,1-<>>9,8<2,0!3#-*M</,>!'+0<D*M</,>45!
</3)?0</9!</-,8),?M</I'R|4/0!-?2=*?81/ 38*><>IA+3-*8I'\N@ AZ] Z E Ppo § « Pou }*» u § }o]-u
</>?)</18,><>-<EBOHS QR IF/38,+>,01+0<D*><-#I</HSEH>*3<+- 0IK<-.1+/1</38,+>,0!),2,) XKk 3!
>-<=?)+-H-.,1 ,,D+-<3!> 38, -<*/I*AlB,+3-<2,ID8*- </I'6G%A45!+I>#>- =<3!"<*=+8M,8IA*8!+/I</A) +==+-*8#!
8,>D*/>, |5 QP QIL!I100<-<*/+))#5!4+0<D*><-#1<>14+>>*3<+- 01K <-.14/1</38,+5,M)<H) #18!, 9?) +-*8I*Al
<[>?)</1>,[><-<266BSEQMH!+>1K,))!1+>10,38,+>,0!),2,) > *AlMYA) +==+-*8#!+/0!+/%-.,8*9,/<3!
3H-*M<[FA>?3.1+>140<D*/, 3-</I</IFEQBE QR 11)>*51-, 8,1+8,1*-, 8I/*/ %0<D*>1-<>30,8<2,0!
</A)+==+-*8#!"<*=+8M,8>IK.<3.1.+2,I" /1<0,/-<A<,0IK<-.1=-+"*)<3ID8*3,>> >I</ISCL!@*8!,J+=D),5!
2+>3?)+8>>20,8<2,0!1>%)?"),1</-8+3,))P8!+0.,><*/1=*),37) XQI'>SF6 134! +>1", /1+>>*3<+- OIK <!
</38,+>,0!18<>M!*Al2+>3?)+8!3*=D)<3+-<*ItBQHIC

H2<0,/3,!1>?99,>->I> 0,/-+8#!",.+2<*?8I<>ID*><-<2 )#1+>>*3<+- OKAADFP8+"),1),2,) *Al
</A)+==+-*8#1"<*=+8M,8>5!</3)?0</9!6 G%!+/0!+0<D*M</,>I>MW.U>0\@o S]vU ] % }IXRIEHNU v [>
SST!-?0<,>1.+2,18,D*8-,0¢/1+07?)->1)<2</9IK<- |RED0,/3,*Al+>>*3<+-<Af Al<9, 812*%) 7=, S*A
> 0,/-+8#1-<=,IK<-.12/A+2%28+") 1), 2,)>I*AIR] +/016 GUS SBE S B6+> K ) ) 1+3ID-</1+/01), D-<K-0<D*/,3-</!
8+-<*I'[1AgSHL., H+>>*3<+-<*KB,!I>*K/ 1-*1"1</0,D,/ 0,/-1*Al-<=,1>D /-I</I$W%1+>IK))!+>
+0<D*><-#1+/019)#3+,=<3! 2RSS H.!

B@F+E"/"*%@i(0%:()9&+%*10649$)6-"$"%$% (') *6 @+
1,8, 1<tz 1 2<0,/3,15299,>-</9)- 4> 0,/-+8H#I", +2<¥2BI<>14+>>43<+-, 01K <- 1>*=,1$:0613*/0<-<ty 25!
*] BESPLILI>#>- =+-<318, 2EKA*BI>-+/3,BI</0<3+!- +-1>,0,/-+8#1", +2<*28I<>1+>>*3<+-, 01K <-.1)*KI"+3M!
D-+<lti] H1)>*51)*/9<-20</+)!>-28RI0</9>!>?99:+-1 </38,+>,01>,0,/-+8#1-<=,I<>1+>>*3<+-, 0134/
8,)+-,01-41$:9613%/0<-<*/>UQJH I<=<)+B)H5!-+1385:8><*/+)1>-20#-,0! - +-ID*)*/9,01*337DH-<H/+)1><--</9)!
<3H<O/<ALZ+H/-)#I+>>*3<+- 0IK<-I"+3Y BH#E/1+00<-<*/5![,,!,- 1 4DHO*3?7=,/-,0! </1+138*3%,3-<*/+)!
>-20#13488,)+-<*/I";K, /1>,0,/-+8#1", +2<*?81+/013.8*/<3IM/,, XU*</-ID+</L!@?8-.,8=*8,5!</-,82,/-<*!
>-20<,>1.42,1</0<3+-,01+ID*><-<2 1 AA 3-I*Al> 0,/-+8#!", . +2<*?818, 07B23¥= >I8,)+-,01-*| $:%!
3%/0<-<*/>4] 5!~ 5ESPLI:8+M,/8<09,!,- Y BIA*8!, J+=D) BD*8-,0I</1+/1</-,82, /-<*/1>-20#-. +-!
8,0?3,01><--</9l-sE=*/9IK*8M,8>1<>1+>>*3<+- 01K<-.18,0?23,01)*K 1"+ 3MID)pE- 8%/, X<"'>1+/0!

Q4



3*)),+9?,3g " H3*/3)?0,0!A8*=I+I>%3*/- I><--</918,073-<*/I</-,82,/-<*/1-8<+)k-10,38,+>,0 ID8*)*/9,0!
><--</918,0?8))*/9 X-+/0</9!)*K!"+3M!D+&#*/91+198*?D!* AL*8M,8>L |

;<=<)+8)#5!1+>>*3<HAY 0,/-+8#!",.+2<*?8IK<-.1$;%!3*/0<-<*/)8,) +-,0!+--8<"?-,>1>?3 1+>IDk </
<[-,I><-1BA?/3-<*[+P<>+"<)<-#1+/01D.#><3+)|A?/3-<*/</91+8, g B} H.!1)p+.8+/<!+/0!3*)),+92¢ H
*'> 82,0 </HI>#>- =+-<812< KI-,,1 0,-8<=,/-+)I+>>*3<+-<Hf AL 0,/-+8#!" . +2<*?8IK<-. ID+</I</- [><-#!
+/010<>+"<)<-#L!@7?8-.,8=*8,5!+!)*/9<-2020#0*3?=,/-,0!-.+-1.<9. ,8l-<=,I>D,/-I</>,0,/-+8#!

" 42<*?28l' IS *28>NO+#I*AlIME =, AK+3+>>*3<+- BI- )*KI"+3MID+38,)+-,010<>+"<)<<iK*=,/l 5 H.!
1)>*5+5,0,/-+8#!",.+2<*?818,0?73-<*/1</-,82 /-<*/1-8<+)IA*?/0!-.+-1</38,+>OBMD) + 3Kk --</O =, IK+
+>>*3<+- 0IK<</[38,+>,0!18<>M>I*Al$#5D-*=>IOdl I

\,2,8-.,),>>5!8$;%!3 */0<-<*/>13*?)0!+)>*13*/-8<"?-,1-¥03,>><2 3 0,/-+8#!",.+2<*?81</1+07?)->5!
D+8-)#!1",3+7>,I*Al-, 1D,83,<2 DH<k/.<"<-*8#! AA BAI><--<) OV I@*8!</>-+/3/</0</9>| AB#EBB*>%
> 3-<*/+)b-?208#%/0<3+4;.+- 1>,0,/-+8#!", . +2<*?281<>1+>>*3<+- 01K <-. 1+, <9, 8l</.<"<-*8#|3+D+3<-#I*AlD+</I</!
D,*D),N<2</91K<-.13.8*/<3!$;%!3*/0<-<B[>?99,>-</9!- +-I1> 0,/-+8#!",.+2<*?813*?)Q*ID8*-,3-<2,!
=,3.+/<>= IKAD+<A*0?)+-<*/ 1D H1)>51+1>-2041>1/*- 0! - +-1D+-< /->IK<-M/,,1*>- *+8-.8<-<>1>D, /0!
=*>-I*Al-, <BIK+M</91.*?8>1</1>,0,/-+8#E, !5SS H.!@7?8-.,8=*8,5!+!B?+)<-+-<2,I3/R0Q#D,8>D,3-<2,>I*Al
0+<)#!>,0,/-+8#!",.+2<*?28E*/9 18.,2=+-*<0+8-.8<-+-< /- (Y-<A<,0!13*==*/1-, => BK.<3.!</0<3+-,!
- +-14+8-.8<-383)+-,0/D+</13*/-8<"?3-*ID+-<,/->1,/9+9</9I<A*8,! > 0,/-+8#!",.+2<*?8IOW!

FN3*/-8+>-5F=1 D?")<3+-<*/>1.+2 K- ,0! /*1,2<0,/3,I*A +>>*3<+-<Af -K | /1>,0,/-+8#!
" +2<*?81+/01$;%!3*/0<-<*/>{E S8 SH.@*8!,J+=D),B!,/! +/013*)),+9?,>18,2<,K,0QT!D8*>D,3-<2,!
3*.*8->1+/01A<23+>)8*/-8%)1>-20<, /0! A*?/01/*! ><O/<A<3I+Ab*3<+-<4-K,, /! >,0,/-+8#!",.+2<*?78!
+/01)*KI"+3MID+HEBSIHLI&*K, 2,85!.,! */)#!.<9.)B2+)<-#!>-20#1+=*/9!-. <818,2<,K,0!>-?08,B!8-,0!
,2<0,/3,*Al+/1+>>*3<+-<H/I" K /1>,0,/-+8#!",.+2<*?81+/0!)*KI"+3MID+4ESJHL1)>*5! #if>- =+-<318,2<,K!
ASES 82 0l +-I><--</91<l-> VAR#HI*-1 " | +5>>*3<+- 0IK<-.I"+3M!D+</5!"?-1D8*)*/9,0!><--</9!3*?D),0!K<-.!
+KMK+80!D*>-78,>!+/0IK *X*0#!12<"8+-<*A+#1</38,+> |-, 18<>MI*Al"+3MIEBSH !

@7?8-.,8=*8,5%0#! )*3+-<*H*Al$; %! 3*/0<-<*H=+#!"1+1 0,-,8=</</9!A+3-*8A>,0,/-+8#!
" +2<*? 8I$;%0!3*/0<-<*/>#>>*3<+-<* (P 5ESH | @*8!</>-+/3,5!>*=¢--</9!8,0?3-<¥}+-,82,/-<*/ H.+2,!
A*?/0!</-,82,/-<*/! >-8+-,9<, 31" | AA 3-<2,1</18,0?3</9!$;%!!>)),3-,0+/+-*=<3+)!><3g "ot H IC+/B?+.!
1)l 1BIA*8! J+=D)3?7=/-0! §Z § §Z X3 v J_ X 0!</-,82,/-<*/I, AA,3-<2)#8,0?3,0!
/,3MN>.*?2)0,8D+</1"2-1/*-1"+3MI+/0!, J-8,=<-<ID+<LI[<M,K<>,5!:8+M,/8<09, I31]), +9? HA*?/0} +-!
><--</918,073-<¥-,82,/-<*/I ><9/<A<3+/-)#18,073,0!D+</I</- fodett )*K, 8!"+3MI?-1/*-1 +-L 1/ 3M5!
?DD,8!"+3M!*8!,J-8,=<-{g*H.!
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B@H+G"$%'()8B{<"*+ 'C<"+B+/(%3""%H196#9$)6-"$"%$+<WEG6 +

%= 1$:0613%/0<-<*/>1+8,1.<9.)#!D8,2+),/-1+/0!,J3) 2><2,!</ID,*D),IK<-.10<+" -5 BE FIQ58 S 15/>D, 3<+))#
ISCIK.<3.1A*8=>+1)+89D8*D*8-<*/I*AlO<+" -, >13+> SI9)* YA [[<=<-, 0lU*</-I=*"<)<-#I>#/08*=, 18!

NZIEY ESZE} % §FE<>D) RE-*IEIR) %<2, )#ID8,2+),/-I</ID,*D),IK<-.10<+" - >5IKst.!
D8,2+),/3,18+-,18,D*8-,01-*18+/9,1" -K, /I'j'+/0] j ISSYSPH IV-.,85:% I3*/0<-<*/>!>73.1+>13+8D+)!
-?11,)1>#/08*=,51+0.,><2,13+D>u0]S]*U P PCSE v[e }VSE SpPE U S](( Z v Cv E}
,-3L!+8,IA8,B?,/-)#!+>>*3<+- OIK<-.I0<+1EHESW 11)>*5!,2<0,/3,*AB<><[0O8,2+),/3,I*Al0<+",-, X

+>>*3<+- I0*</8,)+-,0!$;%!3*/0<-<*H<>1K,))!10*3?=,/-,0 IEBEP 6. +83*-1*>- *+8-.8*D+- . #5!A*8!
,J+=D),5!<>1=*8 13*==*/)#|+>>*3<+- 01K <-.10<+",- I PL!

HD<0,=<*)*9<3+70<,>1.+2,0*3?7=,/-,01,2<0,/3,I*Al 0,-8<=/-+)1+>>*3<+-<*/>I" -K |, /1ISC!+/0!
$;%!3*/0<-<*/>1>?3.1+>1+8-.8<-<>518.,2=+-*<0!+8-.8<-<>51*>- *+FOIBBLLR"+3MID+4 51" 56PX
SPYLI:.+-1 -I+) ISP 15!A*8!, J+=D),5!>?8D8<></9)#! A Bis=13*/-8*)1>-20#5!+!1.<9.,8!D8,2+),/3,!*Al?DD, 8!
+/0N)*K,8N<="1$;%!3*/0<-<*HA</NISCI3+>,>1- +/&/L, I/*  ASCI3*/-8%)>IBEP H_1$*8,*2,85!>-?20<,>1.+2,!
</[-,[><2)#K/2,>-<9+-,#/010*3?7=,/-,0!,2<0,/3,1*  Al+ID*- [-<J<>MI*Al*>- *+8- 8<-<>I</lISCIDWgEFL>
"abl” 55PYLIF/1+I>#>- =+-<318,2<, KI+/0l= 3+ )#>BPA*BI</>-+/812<))<+=I+/0!3%)),+9 AT H8,D*8-,0!
</38,+>,0*00>I*Al*>- *+8-.8<-<>1</3<0,/3,!1+/0!D8*98,>><*/I</1ISC!D+-<!¢61MTB! Y]j! 6 FATQ tIQL Q4L!
1)>*5IH#=+80!,- P YIA*?/0!</1#!</-,82,/-<* 1-8<+)l- +-IISC!</38,+>,>!-, 18<>MI*AlU*</-1/+88*K</9!</IM/,,!
*>- ¥+8-.8<-<>1D+-<,/->LI@78-.,8=*8, 5!+ M [H#><SI*AID*) 010+-+!AB*=!IS]I>-20<,>1A*?/0!SC!-*1" |
+>>*3<+- 0IK<+/1</38,+>,0!18<>MB%AD+)!-?//,)>#/08*=,5!.*K,2,85!-.,18<>M{+>[*-10<AA,8,/-</!D,*D),!
K<-.1-#D,!1QI0<+" - lepYH !

*=1+?- *8>51.*K,2,85!>?99,>-1$;%!3*/0<-<*/>18+-.,8!D8,0<>D*>,!1-*I- 18<>MI*AlQ,2,)*DV9!ISC
ES_TH@</0</98*A!+!D8*>D,3-<2 12045 A*8I</>-+/35299,>-1- +-I-.ID8,> /3, I*Al*>- *+8- 8<-<>13*?)0!
D8,0<>D*>,1-#/1</38,+>0I8<>MI*AlIFEIB<>MIK.<3.1<X¥H0!9,/0,8 X0,D,/0,/-5'K<-.1#*?/9,8! D,*D),!+/0!
*)0,8!K*=,/1",</91+-1</38,+>,018<>M*ANSE! T V/!-.,13*/-8+8# 5!*-, 8ID?")<3+-<*/>1.+2,10*37=,/-,0!1/*!
,2<0,/3, FA¥>>*3<+-<Af K, NISCI+/0!-.,18<>MI*Al$;%!3*/0<-<*/>f" 58 @L!@*8!</>-+/3,5/C+8<*Il-I+)L
g H+/+)#>,01)*/9<-?20</+)10+-#0!A*?/0!/*1,2<0,/3,!*A +/1</38,+>,0!18<>M!*Al"+3M!DBBYIK<- ISCL!

1 <=<)+8R#+198*?2DI*Al+7?- *8>1D,8A*8=,01+!=+-3.,0+38*/-8*)1>-20#+/0 13*/3) 20,01 - +-ISCI<>/*-1+/!
</0,D,/0,/-18<>M!A+3-*8IA*8!-,,ID+-.*9,/,><>I440! *>- *+8-.8<-deg5_(@L!

[+M,/1-*9,-.,85!-.,8,14+8,13*/><0,8+"),! =,-.*0*)*9<3+)! 0<AA,8,/3,5/!-., 10,><9/>I*Al- 1+"*2 1
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Abstract

Background: Sedentary behaviour (SB; time spent sitting) is associated with musculoskeletal pain (MSP) ca
however, no prior systematic review has examined these associations according to SB domains. We synthe
dence on occupational and non-occupational SB and MSP conditions.

Methods: Guided by a PRISMA protocol, eight databases (MEDLINE, CINAHL, PsycINFO, Web of Science
Cochrane Library, SPORTDiscus, and AMED) and three grey literature sources (Google Scholar, WorldCha;
were searched (January 1, 2000, to March 17, 2021) for original quantitative studies diyeats. Clinical-conrd
tion studies were excluded. StudiesO risk of bias was assessed using the QualSyst checklist. For meta-anal
elect inverse-variance pooled elect size was estimated; otherwise, best-evidence synthesis was used for ng
review.

Results: Of 178 potentially-eligible studies, 79 were included [24 general population; 55 occupational (incud
experimental/intervention)]; 56 studies were of high quality, with scor@5.>Data for 26 were meta-synthesised
For cross-sectional studies of non-occupational SB, meta-analysis showed full-day SB to be associated with
pain [LBP B GRL.19(1.03 b 1.38)]. Narrative synthesis found full-day SB associations with knee pain, arthrit
general MSP, but the evidence was insu“cient on associations with neck/shoulder pain, hip pain, and upper
ties pain. Evidence of prospective associations of full-day SB with MSP cevatitines"cient. Also, there was

insu"cient evidence on botteross-sectional and prospective associations between leisure-tame SESP condi

tions. For occupational SB, cross-sectional studies meta-analysed indicated associations of self-reported wg
sitting with LBP [OR1.47(1.12 B 1.92)] and neck/shoulder pairs [OR3(1.46 B 2.03)], but not with extremities p
[OR=1.17(0.65 B 2.11)]. Best-evidence synthesis identibed inconsistent Pndings on cross-sectional associa
probable negative prospective association of device-measured workplace sitting with LBP-intensity in trades
There was cross-sectional evidence on the association of computer time with neck/shoulder pain, but insu"g
evidence for LBP and general MSP. Experimental/intervention evidence indicated reduced LBP, neck/shoulg
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and general MSP with reducing workplace sitting.
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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 fuled out.
While prospective evidence was inconclusive, reducing workplace sitting was associated with redaoadiMSP
tions. Future studies should emphasise prospective analyses and examining potential interactions with chron
diseases.

Protocol registration: PROSPERO IODRD42201®412(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

ic

Background cross-sectional studies and there could be potential
le burden of musculoskeletal pain (MSP) conditions reverse causality biad f]; inferring a causal relationship
has increased in recent decades, contributing to subbetween SB and MSP may therefore be problematic as
stantial health care costsl]. According to 2019 Global pain and chronic disease could predispose to engage
Burden of Disease (GBD) estimates, age-standardisethent in"excessive SBL§]. lere is, however, an incon-
disability-adjusted life years attributable to MSP condi sistent body of evidence of associations of SB with MSP
tions excluding low back pain (LBP) increased from 1990conditions and related outcomes from high-level evi
to 2019 by some 30.7 percentage poing; [whereas the dence-based studiesld, 20]. Some previous systematic
2017 GDB report ranked LBP as the second-highest-conreviews of studies including higher-level study designs
tributor to years lived with disability B]. 'e prevalence  have reported no associations of SB with the prevalence
of MSP conditions has increased in parallel with the-is of some MSP conditions 9D24], whereas others have
ing burden of chronic disease and is most pronounced inreported either positive 20, 25] or negative R6] asse
those with multi-morbidities [3, 4]. Also, MSP can sub ciations with some MSP-related outcomes such as pain
stantially limit mobility and engagement in regular physi intensity. Methodological di#erences and limitations
cal activity, thereby predisposing to increased risk ofwithin the individual studies reviewed in these system
other chronic conditions []. atic reviews could impact the quality of evidence and
le biological mechanisms contributing to MSP con  comparability of these reviews as some of the studies
ditions are heterogeneous; nonetheless, obesity, statiwvere based on self-reported and surrogate estimates of
working postures, physical inactivity, smoking, and SB which increases the risk of bia§9 21, 22, 24, 27].
aging, as well as cardiometabolic and systemic inBam!e emergence of evidence on device-measured SB,
mation, are some factors identibed to increase the prevaespecially from studies using the ActiGraph and activ
lence of MSP %, 6]. While there is convincing evidence of PAL devices has improved the quality of SB evidence in
benebcial associations of physical activity with outcomegecent research outputsZ5D27].
related to MSP conditions 7, 8] there is an additional lere could be other reasons for the equivocal asso
element to consider in this nexus D sedentary behaviouwciations, including factors related to the inRuence of the
(SB). Debned as time spent in sitting and/or recliningspecibc domains of SB (e.g., work, transport, domestic)
postures during waking hours, with energy expenditure and the relative exposure of the studied population. lis
less than 1.5 metabolic equivalents (METL][D SB is perspective suggests potential contributions of di#erent
associated with increased risk and unfavourable -out domains of SB to the risk of adverse health outcomes,
comes of chronic diseases, including cardiovasculawhich may di#er from the e#ects of total full-day SR
disease, metabolic disorders, musculoskeletal disease8(]. Moreover, evidence on di#erences in health e#ects of
and some cancers, as well as all-cause mortalli}; [1]. di#erent SB domains has been identibed as a key knowl
Intervention trials have shown that reducing sitting time edge gap by the 2020 World Health Organisation (WHO)
can result in modest improvements in some biomarkersphysical activity and SB guidelines development group
of health risk L2, 13]. From a population health perspec [31]. Existing systematic reviews have not identipPed-dif
tive, excessive time spent sitting is common among olderferences according to domains in the associations of SB
adults, especially in those with co-morbidities such aswith MSP conditions.
cardiovascular and metabolic disorder&4, 15]. lis distinction is important, partly because, most
Epidemiological evidence indicates higher volumes ofworking adults accumulate SB in both occupational and
SB are associated with several MSP conditions, includingnon-occupational settings. !at said, SB could predis
osteoarthritis, back pain, and neck/shoulder pairig, pose to MSP conditions in certain occupational groups
17]. Some of these bndings are from low-level evidencesuch as desk-based workers who commonly engage in a
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prolonged sitting B2, 33]. In this context, interventions was chosen because the beld of SB is relatively new, the
to reduce prolonged workplace sitting time by break early debnitive papers were published at the beginning
ing up sitting with standing and/or light walking have of this period, and SB research output has grown signip
shown benebcial associations with a reduction in MSPcantly over the past two decadeS]|
or musculoskeletal system discomfort among desk-based !e search terms format, guided by the PICO frame
workers [34, 35]. lus, SB associations may also ref3ect work, included keywords, terms, and phrases related
plausible biomechanical or biological pathways explain to SB (Exposure/intervention); MSP conditions (Out
ing MSP conditions in those exposed to prolonged staticcome); and adults (Population). le search was opti
sitting postures B6D38]. Paradoxically, however, in oceu mized by adding to the search string, newly identiped
pational groups such as tradespeople who engage ikey terms that consistently appear in titles and abstracts
more labour-intensive manual work, SB may be a protec of retrieved studies during the searcdT]. A supplemen
tive behaviour against MSP conditions and other chronictary ble (Supplementary Tablé! Search key terms and
diseasesiop41]. strings strategy B A sample Medline database search syn
We conducted a systematic review to examine evidencdax) describing the comprehensive search term frame
on the associations of SB with MSP conditions in obser work is attached.
vational and experimental/intervention studies of adults.
Specibcally, we examined and synthesised evidence-sepgy,qy eligibility and!selection
rately for associations of SB with MSP conditions in the |, qjusion andlexclusion criteria

occupational and non-occupational SB domains. le selection of eligible studies was based on pre-deter
mined inclusion and exclusion criteria. !e reviewed
Methods studies satisbed all the criteria below:

Review design o o . ) .

We used a standard Preferred Reporting Items for Sys & An original quantitative study involving either an
tematic Reviews and Meta-Analyses (PRISMA) guide qbs_ervatlonal or |nter\{entlon/experlmental de§|gn.
lines-based pre-designed protocol (PROSPERO  ID: lis included gross-septlonal, casebcontrol ;tud|es,
CRD42020166412 D amended to limit the scope of the ~ and prospective studies, as well as randomized-con
review) to ensure a transparent reviewtd, 43]. le a trolled trials (RCTs) and non-randomized experi
priori research question and search strategy were-for mental study designs.

mulated according to the Population, Intervention, Cen - '@ study was conducted in adults aged 18"years or
trol/Comparison, and Outcome (PICO) framework4] older and examined relationships between SB (the
to enhance search precision and ensure extensive data €XPosure of interest) and MSP conditions (the out
extraction to be representative and unbiasedd]. le come of interest). .

research question wasVhat are the associations of oecu ¢+ '@ Study included a measure of any kind of MSP

pational and non-occupational SB with MSP conditions condition, including inBammatory and non-inf3am
in adults? matory MSP conditions such as back pain, joint/

osteoarthritis, and pain in extremities (except for

pain attributable, acutely or recently, to trauma).
Search strategy Autoimmune-related MSP conditions, for exam
Using a comprehensive search strategy, search terms ple, rheumatoid arthritis and Pbromyalgia were not
were identibed and combined using Boolean operators included in this review because the pathophysiol
to search the following electronic databases: MEDLINE ogy of these conditions is mainly attributable to the

Complete, CINAHL Complete, PsycINFO, Web of Sci processes and progression of specibc clinical disease
ence, Scopus, Cochrane Library, SPORTDiscus, and entities with autoimmune causations. Some studies
AMED. Additionally, three online grey literature data did not measure a specibc type of MSP condition but
bases, including Google Scholar, WorldChat, and Trove, produced a composite measure of MSP conditions.
were searched to also identify non-peer-reviewed stud lose that measured arthritis but excluded bbro

ies to help to minimise publication bias4f]. !e search myalgia were considered for inclusion because the
was conducted by one reviewer, for consistency, with majority of reported cases of arthritis are likely to be
the guidance of a librarian (Australian Catholic Univer osteoarthritis rather than rheumatoid arthritis. !ere
sity, Melbourne) initially on January 5, 2020; and, further is no universally accepted measure for MSP cendi
updated on November 1, 2020, and March 17, 2021. e tions; therefore, any acceptable measures described
search blter was set to limit search results to studies pub in studies provided the basis for considering studies
lished from January 1, 2000, onwards. lis timeframe to be appropriately inclusive of MSP conditions.
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d. 'e study clearly debned or stated the measure of SB.however, when uncertainty remained, they consulted
Specibcally, the study reported a self-report measur@ith three senior reviewers (AC, NO and DD). Records
or device-based measure of occupational or noneof retained studies as well as reasons for exclusion (at
occupational SB. lis included population-based or stage two) were documented using a PRISMA Bowchart
occupational/workgroup cohort studies that meas (Fig.1).
ured SB exposures that aligned with the focus of our
review. Data extraction

A pre-designed data extraction form was used to organise

Studies were excluded if they met any of the criteriarelevant information from the studies reviewed, to ensure
described below: data quality, and to minimise errors50]. Reviewer FD

extracted data from all the studies, and this was veribed

a. all qualitative studies and those quantitative studiesndependently by CB. le veribcation process involved
involving children and adolescent populations agedhe comparison of data extracted by CB from randomly
below 18"years; selected studies (not less than 20%) with the extracts of

b. studies that did not appropriately erne SB; tho§e¥D [51]. Disagreements were resolved harmoniously.
that used proxy estimates, such as Oless active©, Olaeacted data included:
tiveO or Odoes not engage in physical activitiesO; those
that did not make a clear distinction between SB and ¥ Descriptive details P study title, author name, year of
physical inactivity and included these as overlapping  publication, place of study, study aim
behaviours or used these terms interchangeably; ¥ Study design D cross-sectional, casebcontrol- pro

c. studies that focused on SB as an outcome but did not  spective, experiment/RCT/non-RCT
explicitly examine the relationship of SB with MSP ¥ Study population ® population-based, occupational/
conditions; studies that focused only on the relation workgroup cohort
ship between physical activity and MSP conditions; ¥ Sample size

d. studies conducted exclusively in clinical groups with ¥ Demographic information of study participants D

existing clinically diagnosed MSP conditions, e.g.,  e.g., gender, mean age or age range, and BMI.
knee osteoarthritis patients that focused on symptom ¥ SB and measures P occupational SB, non-oceupa
severity as outcome measures; tional SB, self-report and objective measures.

e. opinion or perspective articles, conference papers, ¥ Outcome variables and measures ® MSP conditions,
editorials, newsletters, and review studies, how e.g., back pain, neck/shoulder pain, osteoarthritis,
ever, the reference lists of some literature reviews  and extremities pain.
on a similar topic were hand-searched for relevant ¥ Intervention/experiment detail (when applicable) B
studies; type, duration, assessment point(s), e#ect size, etc.

f. studies published in languages other than English. ¥ Other relevant data relating to the MSP condition
outcomes and their measures D e.g., pain intensity
and disability.

Screening and!selection process

A two-stage approach was used to process all identibed

studies before arriving at the bPnal set of studies for inclu Study quality assessment

sion in this review. First, the reviewer (FD), exported allQuality assessment for the included studies was under
the retrieved studies into Endnote reference managertaken (independently by two reviewers) using the
software B8], checked and removed duplicate studies.quantitative checklist of QualSyst (Standard Quality
le rePned list of studies was exported into collabora Assessment Criteria for Evaluating Primary Research
tion-supported Rayyan systematic review softwar¢9] Papers from a Variety of Fieldsb®]. BrieRy, the quan

for screening. One reviewer (FD) initially screened andtitative QualSyst checklist is scored on 14 criteria as
removed irrelevant studies by title and abstract accerd either OYES 20, OPARTIAL1O, ON©0O or ONOT
ing to our inclusion and exclusion criteria, but where APPLICABLEO (N/A) depending on the extent to which
there was uncertainty regarding inclusion, such studieseach criterion item is satisped by the study report. Items
were considered in stage two screening. le second stagemarked ON/AO were excluded from the computation of
involved retrieval of full-text articles of retained studies, the QualSyst summary score. For each paper, a summary
and two reviewers (FD and CB), independently read andscore was computed by summing scores across items
assessed the full-text articles for inclusion. Disparitiesand dividing this by the maximum possible score for all
were discussed and resolved among the two reviewersglevant items [i.e., 28 B (number of ON/AQ iter®g
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Databases Grey Literature
Medline CINAHL Cochrane Library Scopus Google Scholar
2206 1225 1067 115 122
Studies SPORTDiscus AMED Web of Science PsycInfo WorldChat || Trove
identified 87 79 69 62 24 4

v v

Total record of identified studies

5060
Records after removing duplicates
3690

.| Excluded by title and abstract
3512

v

Eligible full-text screened
178 (Included 7 from grey literature)

Records
screened

Eligible studies excluded with reason - 99
59 — Incorrect exposure
15 — SB/MSP condition relationship not examined
9 — Incorrect outcome
6 — Inappropriate study/no full text
4 — Population with existing MSP condition
4 — Focused on physical activity
1 — Specifically investigated SB as an outcome
1 — Population included children below 18

A4

\4

Narrative review

79
Records Not included in meta-analysis with reason - 53
included »| 23 — Variations in study measures
v 15 — Effect size not reported
Quantitative synthesis 10— Umvar'late analysis
26 5 — Insufficient data

Fig. 1 PRISMA Row diagram of the studies record

[52]. Disparities in the assessments were discussed angrouping was completed according to measured SB
resolved between the assessors, and if required, the thrdéull-day, leisure-time, workplace sitting, computer time,
senior reviewers arbitrated. Note, however, that the qual vehicle time (time spent sitting in a vehicle), and seden
ity assessment score was not a criterion for study selectary behaviours (SBs) B time spent watching television,
tion but was to be considered in the determination of the on computer/video gaming, reading or talking on the

robustness of our data synthesis. phone], as well as the type of MSP condition outcomes.
le MSP conditions included back pain (low back pain
Data synthesis D LBP and upper back pain ® UBP); neck/shoulder pain;

le extracted data were brst categorised broadly as knee osteoarthritis (pain); extremities pain (upper and
either general population or occupational cohort stud lower); and other MSP conditions (included MSP condi
ies. lereafter, they were summarised as either obser tions reported no more than three in the reviewed stud
vational or experimental/intervention studies. l!e ies; a general MSP/discomfort or collectively measured
observational studies were then further organised MSP conditions; and arthritis).

according to study design (cross-sectional/casebcontrol Descriptive tables and narrative text provide a gen
and prospective), and experimental/intervention stud eral overview of the studies reviewed. MSP condition
ies were categorised as RCTs and non-RCTs to simplifputcomes (e.g., back pain, neck/shoulder pain, and knee
the evidence synthesis. Within the categories, the SBosteoarthritis) reported in three studies or more with
domain measured was organised into occupational andpermissible variations in the study designs and meas
non-occupational SB, and the measuring instrument ures were quantitatively synthesised. Otherwise, the MSP
into device-measured and self-reported SB. Further,condition is presented in a narrative review.
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Narrative review inclusion and exclusion criteria. A total of 178 stud
In the case whereby meta-analysis was not feasiblées were retained for full-text screening. Of these, we
individual study Pndings were systematically describedexcluded 99 studies (Supplementary Tabl2" Stud
and integrated using the best-evidence synthesis in des excluded after full-text screening) after the full-text
narrative text B3, 54]. lis commonly used synthesis screening, leaving 79 studies published from 2000 to
approach takes into account the quality and the consist 2021 for the evidence synthesis, including 26 studies for
ency of reported Pndings of the studies in three levelameta-analysis. !e included studies had representation
b strong evidence! (75% of the studies show consistent from 36 di#terent countries. Several of these countries
signibcant bPndings in the same direction &f2 high- were the settings for Pve or more studies: Australia (10),
quality studies; moderate evidence (consistent signibcanDenmark (8), Brazil (8), South Korea (5), the USA (5),
Pndings in the same direction of a high-quality and atand the UK (5).

least a low-quality studies dr 2 low-quality studies; and

insu$cient evidence (inconsistent bndings ih 2 stud  Characteristics oflthelincluded studies

ies or just a single available study). When there wer2 le characteristics of the studies are detailed in Tables,'
studies of high quality in a category, our conclusion on2, and3 for the general population cohorts, observational
the evidence of associations was based on the within- andccupational cohorts, and experimental/intervention

between-relationships of the high-quality studies. occupational cohorts, respectively. Overall, 24 obser
vational studies were categorised as general population
Quantitative synthesis cohort studies; 55 studies as occupational cohort studies,

Pooled meta-analysis was performed on homogenousvhich included 40 observational studies and 15 experi
data for SB and MSP condition outcomes when permis mental/intervention studies. !e occupational category
sible. le RevMan5 (Review Manager 5.4.1) inverse- comprised studies of o$ce workers (21); professionals
variance approach was used to estimate the pooled e#ed physicians, specialists, nurses, university sta#, teach
size (in odds ratio) based on random e#ect due to theers, students, and police duty o$cers (20); tradespeople
heterogeneity of the data5b]. When there were su$ and manual workers B construction, factory, manufac
cient studies, subgroup analysis was performed based oturing, cleaning, transport, handicraft, sewing machine
self-reported and device-measured SB. To gain insight oroperators, steel plant workers and beauticians (14); and
how occupation type could mask the association of werk bus drivers (3), included a studp§] that recruited o$ce
place sitting with MSP conditions, a subgroup analysisworkers, professionals, and tradespeople; and another
by occupation type was performed. Further, subgroupstudy [b7] was also of professionals and tradespeo
analysis was conducted for studies that reported neckple. Cross-sectional designs and a casebcontrol design
shoulder, and neck/shoulder pain, and for a subgroupaccounted for 75% and prospective designs 25% in the
that reported extremities pain. Pooled e#ect relationships general population category, whereas 85% of the obser
were illustrated by forest plots, and data heterogene vational studies in the occupational category were cross-
ity was estimated by?, Tau?, and CochranOs Chi-square.sectional and 15% had prospective designs. Among the
le robustness of our estimated pooled e#ect sizes was experimental/intervention studies, however, there were
examined in a sensitivity analysis by excluding studies o&ix randomised controlled trials (RCTs), two randomised
low quality from the estimate; we used a funnel plot to cross-over trials, and two non-randomised experiment
illustrate potential publication bias. without control; one study each of non-RCT, randomised
In general, evidence synthesised by narrative reviewrial (RT) without control, non-RT without control (a
(the best-evidence synthesis) or quantitative synthesigilot study), non-randomised cross-over trial, and a
(meta-analysis) from observational studies was regarded@ross-sectional analysis of a dataset from an RCT.
as either of low quality for cross-sectional/caseBeon In the general population category, SB was most-fre
trol studies-based evidence or high quality for prospec quently measured (79%) in the non-occupational domain.
tive studies-based evidence. Evidence synthesised frorm contrast, in the occupational category, SB was most
experimental/intervention studies was regarded as offrequently measured (85%) in the occupational domain.
moderate/high quality depending on the relative contri Most (i.e., 54 out of 79) of the studies measured self-

bution of non-RCT and RCT studies in the evidence. reported SB. In total, 19 studies investigated device-
measured SB, including ActiGraph (general population
Results category, four studies; occupational category, eight stud

le search identiped 5060 studies (Fig.1) and 3690 ies), activPAL (Pve B all in the intervention studies of
remained after removing duplicates. !ese studies were occupational category), and both ActiGraph and activ
screened by title and abstract according to the review(®AL (one intervention study of occupational category).
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Four studies in the experimental/intervention category, respectively. le lowest scores in these categories were
however, were based on pre-determined or usual work 0.41 for Aweto et"al.g8], a cross-sectional study in the
place sitting conditions. general population category; 0.36 for Omokhodion et"al.

Among the studies that examined full-day SB or sitting, [94], a cross-sectional study in the observational-oecu
more than twice as many were in the general populationpational category; and 0.42 for Engelen et"d?23, a
category (15 studies) as were in the occupational-catnon-RT without control design pilot study in the experi
egory (seven studies). More studies in the occupationamental/intervention category. !e highest score among
category examined workplace sitting (21 studies) and lei the general population category was 0.95 scored in six
sure-time sitting (seven studies) than in the general pop studies [L6, 64, 66, 67, 75, 76]. In the occupational cat
ulation category (workplace sitting time, two studies and egory, the highest score in observational studies was 0.95
leisure time, zero studies). Time spent watching televi scored by six studies3p, 57, 100, 109, 114, 129, and in
sion and/or other SBs were investigated in seven studiegxperimental/intervention studies was 0.96 for one study,
(six in the general population and one in the occupational Brakenridge et"al.121].
cohort categories). Also, computer time (Pve studies) !e low-quality studies mostly scored low for QualSyst
and vehicle time (Pve studies) were examined only in thechecklist item-11, OSome estimate of variance is reported
occupational category. In addition to SB or sitting time, for the main results?Q. Most of the experimental/interven
bve studies examined SB/sitting bout duration, four oftion studies scored low on item 9, OSample size appropri
these studies were in the occupational category. Finallyate?Q. In general, most of the studies scored average on
11 experimental/intervention studies examined changesitem 8, OOutcome and (if applicable) exposure measure(s)
in self-reported or device-measured sitting time. well debned and robust to measurement/misclassibca

Regarding MSP condition outcomes, 38 studies inves tion bias? Means of assessment reported?Q. Overall, based
tigated a single MSP condition, 30 studies investigatecbn a relatively liberal cut-o# threshold of 0.55 put for
multiple MSP conditions and 11 studies investigated gen ward by Kmet & Lee $2], six studies score® 0.55 (gen
eral MSP. In general, LBP (50 studies) and neck/shouldeeral population two, observational-occupational three,
(28 studies) were the most frequently investigated. Excepaaind experimental/intervention occupational one); when
for two studies in the general population category that based on a relatively conservative 0.75 cut-o# threshold,
examined either medical record data or clinical examina 56 studies scored .75 (general population 18, obser
tion data, all the studies investigated self-reported MSPvational occupational 28 and experimental/intervention
conditions. In total, 22 studies investigated MSP-relatedoccupational 10). Studies that scored above 0.75 were
pain intensity (19 studies) or MSP-related disability, and considered high-quality, and those that scored below
only three of these studies were in the general populationwere considered low-quality studies.
category.

Regarding the population, 10 of 24 general populationassociations ofinoroccupational sedentary behaviour
studies were of adults 45"years, including three studies withimusculoskeletal pain conditions
of older adults [ 65"years). Also, one study in this €at Table"4 shows the key associations of non-occupational

egory which was conducted in 2013 was of a 1946 birttgB with MSP conditions and Tablé' summarises the
cohort. In the occupational category, the studies were ofpndings.

adults ! 18"years; among these, bve studies specibcally
recruited young or middle-aged adults, and one StUdyFull-day sedentary behaviour orlsitting time
was of a cohort of 21-year olds.

Low back pain Fourteen studies in total (10 general
Inter-rater reliability and!quality assessment population [59D61, 63, 66, 68070, 75, 77] and four occu
lere was 83.9% agreement between the two reviewers pational [57, 108 109 129) examined the association of
for including or excluding studies. Decisions on sevenfull-day SB/sitting time with LBP $9P61, 63, 66, 68D70,
studies were made after consultation with the three sen 75, 77] or LBP-intensity b7, 109, 129, including two stud
ior reviewers. ies B9, 129 that also examined full-day SB bout. Among
Quality assessment scores for the studies are presenteithese studies, 11 were cross-sectional,[59D61, 63, 66,
in Tables1, 2, and3 for the general population, observa 68bD70, 108 109 129 and three applied a prospective
tional-occupational, and experimental/intervention stud [57, 75, 77] design; one studyq/] reported both cross-
ies, respectively. On average, the studies in each of theectional and prospective analyses. In the cross-sectional
categories were of high quality with mean scores of 0.83studies, six reported a positive associatidd0] 66, 68D70,
0.80, and 0.76 for the general population, observational-Ll09 and four reported no association5p, 61, 63, 108
occupational, and experimental/intervention studies, 129. Five of the positive association studie60[ 66, 69,
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Table5 Summary of Pndings synthesised by meta-analysis and the best-evidence synthesis

Sedentary Behaviour Meta-Analysis Best-Evidence Synthesis
Domain
Non- ipational sed. ry behaviour — observational studies

. Probable evidence of association (SB bouts) moderated
Overall: by BMI
. Positive association — OR = 1.19(1.03 — 1.38)*

LBP —

Subgroup analysis: Neck/shoulder pain —
Self-reported SB (5 studies)
. Positive association — OR = 1.33(1.13 - 1.57 . Inconclusive evidence of association
Device-measured SB (3 studies) Knee pain — El 1
. No association — OR = 1.05(0.86 — 1.29)

e Evidence of cross-sectional association*
. Insufficient evidence of a prospective association

Full-day sedentary
behaviour Hip pain — El

. Inconsistent evidence of association

Arthritis —

. Evidence of association*

Extremities pain — Cl

. Insufficient evidence of association

General MSP — El 1

. Evidence of cross-sectional association®
. Insufficient evidence of prospective association

LBP/UBP —

. Inconsistent evidence of cross-sectional association
. Insufficient evidence of prospective association

Neck/shoulder pain —

i

. . . Insufficient evidence of association
Time spent in sedentary
behaviours —sitting

watching TV (TV time), N/A Knee pain/Ankle pain —

playing video games,

reading, and listening to e Insufficient evidence of association
music

. Insufficient evidence of association
General MSP — 1

. Insufficient evidence of association

LBP/LBP-intensity —

. Insufficient evidence of association

Leisure-time sedentary N/A
behaviour/sedentary N pain or pain-i ity —
behaviour bouts

. Insufficient evidence of association

Lower extremities — Cl

¢ Insufficient evidence of association

Occupational sedentary behaviour — observational studies

LBP/LBP-intensity —

. Inconsistent evidence of cross-sectional association

. Probable protective/negative prospective association*
Device-measured N/A
workplace sitting time

Neck/shoulder pain-intensity —

e Inconsistent evidence of a cross-sectional association

e Anegative prospective association and a negative
cross-sectional association in the same dataset indicate
a probable protective association.
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Table 5 (continued)

LBP —

Overall: e Insufficient evidence of association
. Positive association — OR = 1.47(1.12 — 1.92)*

Subgroup analysis: LBP - 1
Non-tradespeople (6 studies)
. Positive association — OR = 1.56(1.18 — 2.05)* . Insufficient evidence of association

Tradespeople (2 studies)

*  Noassociation — OR = 1.40(0.61 — 3.20) Neck pain — 1
. Insufficient evidence of association
Neck/shoulder pain — Cl
Overall: Knee pain — 1

e Positive association — OR = 1.73(1.46 — 2.03)*
o Insufficient evidence of association
Self-reported workplace Subgroup analysis:

sitting time Neck pain (6 studies)

e Positive association — OR = 1.90(1.35 — 2.68)

Shoulder pain (3 studies)
. Positive association — OR = 1.71(1.31 —2.22)

Neck/shoulder pain (3 studies)
. Positive association — OR = 1.62(1.34 — 1.96)

Extremities pain —

Overall:
e Noassociation — OR = 1.17(0.65 — 2.11)

Subgroup analysis:
Upper limbs pain (2 studies)
. No association — OR = 0.82(0.47 — 1.14)

Lower limbs pain (3 studies)
e Negative association — OR = 0.61(0.46 — 0.80)*

Hands/Wrists (2 studies)
. No association — OR = 11.07(0.53 — 232.69)

e Insufficient evidence of association

Neck/shoulder pain —

Computer time N/A
e Evidence of association*

General MSP — Cl

e Insufficient evidence of association

General MSP — Cl

*  Non-significant association — OR = 2.16(0.79 — 5.93) e Inconsistence evidence of association

Vehicle time LBP -

Occupational sedentary behaviour — experimental/intervention studies

LBP/discomfort — 3

i

e Positive correlation of workplace sitting reduction with
LBP/discomfort reduction®

i

Neck/shoulder pain/discomfort — 3

. Positive correlation of workplace sitting reduction with
neck/shoulder pain/discomfort reduction®

Changes in workplace

sitting time N/A

-

Extremities pain — 4

e No evidence of correlation of workplace sitting
reduction with extremities pain reduction

:

General MSP/discomfort — 3
. Workplace sitting reduction correlates with reduced

general MSP/discomfort*
. Prolonged sitting increases general MSP/discomfort*

#Cro ional stug # Prospective studies # Case-control studies #RCT studies # Non-RCT studies

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

|

LBPLow back painUBPUpper back painMSPMusculoskeletal pairDR:0dds ratioSB:Sedentary behavioulRCTRandomised control triall V:Television-viewing,
BMI:Body mass index\/A:Not Applicable due to variations in included studies

2The key "ndings
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Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI

2.1.1 Self-report SB and LBP

Kim, 2019 036 0.1 11.8% 1.43[1.18, 1.74] —

Kulaivelan et al. 2018 0.16 0.16  8.9% 1.17[0.86, 1.61] -

Machado et al. 2018 0.03 012 10.8% 1.03[0.81, 1.30] -

Park et al. 2018 029 01 11.8% 1.34[1.10, 1.63] —

Vancampfort et al. 2017 053 011 11.3% 1.70[1.37, 2.11] —

Subtotal (95% CI) 54.5% 1.33[1.13, 1.57] L 2

Heterogeneity: Tau? = 0.02; Chiz = 10.57, df =4 (P = 0.03); I = 62%

Test for overall effect: Z = 3.41 (P = 0.0007)

2.1.2 Device-measured SB and LBP intensity

Gupta et al. 2015 036 011 11.3% 1.43[1.16, 1.78] I

Korshgj et al. 2018a 0.04 007 13.2% 1.04[0.91, 1.19] 1=

Lunde et al. 2017(Construction) -0.07 013 10.3% 0.93[0.72, 1.20] T

Lunde et al. 2017(Healthcare) 0.16 012 10.8% 0.85[0.67, 1.08] —T

Subtotal (95% CI) 45.5% 1.05 [0.86, 1.29] -

Heterogeneity: Tau? = 0.03; Chi? = 11.87, df = 3 (P = 0.008); I = 75%

Test for overall effect: Z = 0.46 (P = 0.65)

Total (95% CI) 100.0% 1.19 [1.03, 1.38] <

Heterogeneity: Tau? = 0.94; Chi? =_34.52, df =8 (P <0.0001); I2=77% 0f1 sz 0?5 ] 2 5 1’0

Test for overall effect: Z = 2.33 (P = 0.02) No LBP/Low LBP-intensity LBP/High LBP-intensity

Test for subgroup differences: Chi? = 3.17, df = 1 (P = 0.08), 1> = 68.4%
Fig. 2 A forest plot for inverse-variance meta-analysis using a random elect of cross-sectional studies that investigated non-occupational
sedentary behaviour (SB) showing the pooled elect 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

70, 109 and three with no associations}, 59, 129 were reported in one low-quality study 77], and two high-
of high quality. Further, one of the two high-quality cross- quality studies reported no association of self-reported
sectional studies that investigated full-day SB/sitting boutfull-day SB [5] and device-measuredb[/] full-day sitting
reported a positive association in obese individuaB9f  with LBP [75] and LBP-intensity 57] respectively.
whereas the other studyl1R9 reported a positive asso
ciation in non-overweight individuals (BMk25kgni?),  Neck/shoulder pain !ere were two high-quality cross-
and a negative association in overweight/obese individu sectional studies g4, 110 that investigated the associa
als (BMI! 25kgni'?). lis suggests probable evidence of tion of device-measured full-day SB with neck/shoulder
cross-sectional association of full-day SB/sitting bout with pain-intensity [110 and shoulder pain §4]. One study
LBP-intensity which is moderated by BMI. Eight of these [110] of tradespeople reported a positive association of
cross-sectional studies were considered in a meta-analhigh full-day SB with neck/shoulder pain-intensity. e
ysis, including bve studies(, 61, 63, 66, 70] that inves  other study pB4] of severely obese individuals reported no
tigated self-reported full-day SB and LBP and three stud association of low full-day SB with shoulder pain, which
ies b7, 109 129 that analysed device-measured full-day may imply a high full-day SB could be associated with
SB/sitting and LBP-intensity (Fig2). !e overall pooled  shoulder pain. !us, there is inconclusive evidence of a
eftect size indicated full-day SB is positively associate@dross-sectional association of full-day total SB with neck/
with LBP [OR=1.19(1.03 B 1.38p= 0.02], though a sig shoulder pain.
nibcantly moderate-high heterogeneity was observed
(1= 77%, p<0.00001). A subgroup analysis by self-Knee/hip pain/arthritis Four high-quality cross-sectional
reported and device-measured full-day SB showed a crossstudies, three of adults 45"years in the general population
sectional association of self-reported full-day SB with LBPcohorts [16, 59, 60] and one study of adults 40"years in the
[OR=1.33(1.13 D 1.57p= 0.007;1?= 62%,p= 0.03], but occupational cohorts 105 reported a positive association
no association of device-measured full-day SB/sitting withof full-day SB with knee pain (osteoarthritis), including one
LBP-intensity in mostly tradespeople [OR1.05(0.86 B study that reported the association only in meBq]. lere
1.29),p= 0.65;1%= 75%,p= 0.008]. le robustness of the was one prospective study’§| that reported no associa
analysis was tested in a sensitivity analysis (Supplementamjon of extensive full-day SB with knee pain. According to
FigurelA) by excluding two studiesd1, 63] with low-qual-  the best-evidence synthesis, we concluded there is strong
ity; the overall and the self-reported full-day SB subgroupevidence of cross-sectional association of full-day SB with
associations remained signipcant. knee pain in middle-aged to older adults, however, there
is insu$cient evidence whether the association is gender-
For the prospective studies, the evidence was inconsistdependent. Also, there is insu$cient evidence of a pro
ent with a positive association of full-day SB with LBP spective association of full-day SB with knee pain. Also, of
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the two high-quality cross-sectional studie$(, 64], one TV-viewing time (TV time) >2"h/day with clinically diag
reported a positive association of self-reported full-day SBnosed MSP condition of 50"year old adults. Most of the
with hip pain [60], and the other a positive association of cross-sectional studies reported no associations of TV
device-measured low full-day SB with hip pain, indicating atime (! 2 or 3"h/day) with LBP g1, 72], neck/shoulder
protective association of high full-day SB with hip pai64]. pain [73], back/neck pain 86], or limb pain [86]. Based
lerefore, there is insu$cient evidence of a cross-sectional on the best evidence, there is insu$cient evidence of
association of full-day SB with hip pain. Furthermore, two cross-sectional associations of SBs or TV time with MSP
high-quality cross-sectional studiessp, 70] in the general conditions.
population category reported a positive association of full- For the two prospective studies, both of high quality,
day SB with arthritis of adult$ 50"yearsq0] or! 65"years one reported no association of TV time 2'h/day with
[62] old. Another high-quality cross-sectional study6f], LBP-intensity, but a positive association with LBP-disa
however, reported no association of full-day SB with osteo bility only in women [78]. !e other study [ 114, however,
arthritis of adults! 65"years old. !us, there is evidence of reported a positive association of TV time with general
a cross-sectional association of full-day SB with arthritis inMSP. Herein also, prospective evidence of associations
adults! 50"years. of TV time with MSP conditions and MSP-related out
comes are insu$cient.
Extremities pain One high-quality cross-sectional
study in the general population cohort reported an asso Leisuretime sedentary behaviour
ciation of wrist/hand pain with a high volume of full-day Five cross-sectional studies (four high-qualityl@4,
SB, but no association with a low volume of full-day SB1099111] and one low-quality $6]) of occupational cat
[64]. However, evidence in one study is insu$cient to egory examined the associations of self-reporte86[
conclude. 104] and device-measured leisure-time SBO9111] or
SB bout [L11] with LBP [56, 104, LBP-intensity [L0Y],
General musculoskeletal painFour cross-sectional neck/shoulder pain $6], neck/shoulder pain-intensity
studies investigated full-day SB and general MSP. Twg110, 111] and lower extremities paing6]. All these stud
high-quality studies of the general population categoryies except one]04 were of tradespeople, and two were
reported a positive association6p, 67] and two stud  from a single large study ® ODanish PHysical ACTivity
ies (one high-quality 106 and one low-quality 07]) cohort with Objective measurements (DPHACTOM[LQ,
study of the occupational category reported no assecialll]. !ree of the studies reported a positive associa
tion. Based on the high-quality studies, there is strongtion of leisure-time SB with LBPH6], LBP-intensity 6,
evidence of a cross-sectional association of full-day SB09, and neck/shoulder pain-intensity 110, whereas
with general MSP. However, the evidence of a prospecthree studies reported no association of SB5[ 104 or
tive association is inconclusive with only one low-quality SB bout L11] with LBP [104], neck/shoulder pain $6],
study in the general population category reporting a pos neck/shoulder pain-intensity 111] or lower extremities
itive association 17]. pain [56]. Based on the best-evidence synthesis, there is
insu$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
Time spent inlsedentary behaviours D sitting watching TV, ~€xtremities pain.
video games, reading, listening to!music
Five cross-sectional3g, 61, 72, 73, 86] and two prospee  associations ofloccupational sedentary behaviour
tive [78, 114 studies B bve of general populatiof, 61,  \jthimusculoskeletal pain conditions
72,73, 78], two of occupational $6, 114 b investigated Taple"4 (above) shows the key associations of occupa

time spent in SBs and MSP condition5§, 61, 72, 73,86]  tjonal SB with MSP conditions and Tablg"summarises
or MSP-related outcomes7g]. Iree were of high-qual - the pndings.

ity [72, 73, 86] and two low-quality b8, 61]. lere were

variations in the MSP condition outcomes, hence meta- i L
analysis was not performed for these studies. Among thé3 evicemeasured workplace sitting time
cross-sectional studies, only one studyq (low-quality)

reported positive associations of SBS*h/day with LBP, LOW back pain !ree high-quality cross-sectional
UBP, knee pain, and ankle pain, and no associations witko> 109 129 and two high-quality prospective 39, 57]

neck/shoulder pain and elbow pain. Another studd] studies investigated device-measured workplace sitting
(high-quality) also reported a positive association of[3% 57109 129 or siting bout [129 and LBP B3] or
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LBP-intensity B9, 57, 109, 129, including a study with probable protective association of workplace sitting expo
both a baseline cross-sectional and a prospective analysure with neck/shoulder pain-intensity in tradespeople.
sis b7]. Two of these studies39, 129 were from a sin

gle large study. One study was of o$ce worker33]

and four studies were of tradespeopl89, 57, 109, 129, Selfreported workplace sitting time

which included one study also with healthcare workersgre were 19 cross-sectional [71, 82589, 92094, 96098,
[57. No association was reported in any of the cross-109103, one caseBcontrol 74] and three prospective
sectional studies, except one that reported a marg|nally[79, 113 119 studies that investigated self-reported work
signibcant positive association with LBP-intensityQ9. place sitting and MSP conditions B LBRT, 83, 87989, 92,
One cross-sectional studylP9, nonetheless, reported a 94, 96098, 102, 103 113, neck/shoulder pain $2685, 87,
negative association of total workplace sitting or a mod 88, 92, 93, 100, 103 115, knee/hip pain [/4, 79, 93 and
erate sitting bout with LBP-intensity in overweight/obese oy iremities pain B3D86, 88, 92, 101]. All but three of these
individuals (BMI! 25kgni’?), and a positive associa gy gies 1, 74, 79 were in the occupational category. le
tion of brief bout workplace sitting with LE;P-mtensny N durations of the workplace sitting examined varied across
non-overweight individuals (BMk25kgn'?). le base - yhe studies, included 20"min continuouSg, >4.2"hiweek
line cross-sectional analysis of one prospective stud)[gz]’! 2"hiday [74, 79, 87,88, 113, ! 3"h/day p4],! 4"h/
[57] reported a negative association with LBP-intensity day [B2D85, 92, 97,100,103, ! 6"h/day P8], 51.9(11.8)hrs

ip healthcare workers but no associatiop in construc per total weekdays 115, or unspeciPed durations (pro
tion workers (tradespeople). Meta-analysis was nOt'feannged sitting) [71, 86, 89, 96, 101, 107.
sible, hence, the best-evidence synthesis indicates there g5, the cross-sectional studies. of the 11 studies (two

is insu$cient evidence of cross-sectional associations of ¢ o$ce workers, bve of professionals, and three of
device-measured workplace sitting with LBP and LBP-5qespeople, as well as one general population study)
intensity in tradespeople and non-tradespeople. For thejhat examined associations with LBP, seven reported
prospective stud|e§, t.here were two hlgh-qyahty StUd'eSpositive associations9, 94, 96098, 102, 103 and four
[39, 57); the association was inconsistent in one studyyeported no association 71, 87989). All these studies
with a reported negative association with LBP-intensity except two P4, 96 were of high-quality. Eight studies (all
in healthcare workers but no association in construction high-quality) were meta-analysed with a subgroup analy
workers [57]. le other study of tradespeople, however, g according to non-tradespeople (o$ce worker9g],
reported a negative association of both total Workplaceprofessionals 89, 92, 97, 103, and general population
SB and .SB.bOl.Jt with LBR-|ntenS|t)89]. lere is, there - [71]) and tradespeopled7, 107 as indicated in Fig3.
fore, an indication that sitting at the workplace may have gyerg], there is a signiPcant cross-sectional association
a protective e#ect which is dependent on occupation workplace sitting with LBP (OR 1.47(1.12 B 1.92),
type. p=0.005; however, there is non-signibcant moderate
. ] ) heterogeneity(I>= 44%,p= 0.08). le subgroup analysis
Neck/shoulder pain Two cross-sectional studies1lO ingicates the association is signibcant in the non-trades
117 and one prospective 12 study all from a single pegple [OR= 1.56(1.18 B 2.05)p= 0.002] with moder
Iargg study (all high-quality) examlngq the association ofate but non-signibcant heterogeneit>= 31%.p= 0.20),
device-measured total workplace sitting or sitting bout 5nq non-signibcant association in the tradespeople
with neck/shoulder pain-intensity of tradespeople. No [oR= 1.40(0.61 D 3.20)p= 0.43] with substantial non-
association .of.high .total workplace s_itting with neck/ signibcant heterogeneityl2= 70%,p= 0.07). Sensitivity
ghoulder pain-intensity was reported in the cross-sec gnalysis (Supplementary Figu®) excluded two studies
tional studies 10 111]. One cross-sectional study110, 71, 102 with lower quality score and the overall assoeia
however, reported a negative association of low totakjon as well as the association for non-tradespeople were
workplace sitting with neck/shoulder pain-intensity in iy signibcant, and zero heterogeneity in the non-trades
males but no association in females. Also, the other crosspegple(12= 0%).
sectional study 111 reported equivocal associations of = \wjith neck/shoulder pain, a positive association was
workplace sitting bouts with neck/shoulder pain-inten  reported in eight studies (one of o$ce worker8g, three
sity; a positive association for a moderate bout, and a-negy¢ professionals§7, 88, 93, 100, 103, and four of trades
ative association for a brief bout. A negative associatiorbe(_q,me B4, 85)). Only one study 92] of professionals
was reported in the prospective studyl1d. 'e cross-  reported no association. Also, one studgd reported a
sectional association is inconsisten110, 111, however, pegative association only in females. Seven of these-stud
a negative association in a prospective analydi$Z] of_ ies B4, 87, 88, 92, 93, 100, 103 were of high-quality. A
the same DPHACTO study dataset suggests there is heta-analysis (Figd) of pooled e#ect sizes of nine studies
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Non-tradespeople
Anita et al. 2019 -1.27 0.85 2.4% 0.28 [0.05, 1.49]
llic et al. 2021 0.41 0.54 5.4% 1.51[0.52, 4.34] -1
Lourengo et al. 2015 0.53 0.18 21.0% 1.70 [1.19, 2.42] e —
Simsek et al. 2017 1.55 0.68 3.6% 4.71[1.24, 17.86]
Spyropoulos et al. 2007 046 0.2 19.4% 1.58 [1.07, 2.34] I
Yue et al. 2012 0.35 0.18 21.0% 1.42[1.00, 2.02] —
Subtotal (95% CI) 72.9% 1.56 [1.18, 2.05] @

Heterogeneity: Tau? = 0.03; Chi? = 7.22, df =5 (P = 0.20); I?=31%
Test for overall effect: Z = 3.15 (P = 0.002)

3.1.2 Tradespeople

Dianat & Karimi, 2016 -0.01 0.2 19.4% 0.99 [0.67, 1.47]

van Vuuren et al. 2005 0.85 0.43 7.8% 2.34[1.01, 5.43] 3—
Subtotal (95% CI) 27.1% 1.40 [0.61, 3.20]

Heterogeneity: Tau? = 0.26; Chi? = 3.29, df = 1 (P = 0.07); I?=70%
Test for overall effect: Z = 0.80 (P = 0.43)

Total (95% Cl) 100.0% 1.47 [1.12, 1.92] L 2

o T = . Chiz = - - 12 = 449 } : } i
Heterogeneity: Tau? = 0.06; Chi? = 12.60, df = 7 (P = 0.08); I* = 44% 0.01 01 1 10 100
Test for overall effect: Z=2.81 (P = 0.005) NoLBP LBP

Test for subgroup differences: Chi? = 0.06, df =1 (P = 0.81), I? = 0%
Fig. 3 A forest plot for inverse-variance meta-analysis using a random elect of cross-sectional studies that investigated occupational SB
showing the pooled elect sizes for the association of self-reported workplace sittingttinh®P; subgroup analysis by non-tradespeople and
tradespeople

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Rand. 95% Cl IV, Rand 95% CI
4.1.1 Neck pain
Cagnie et al. 2007 0.72 0.29 5.8% 2.05[1.16, 3.63]
Chrasakaran et al. 2003 0.74 0.23 7.8% 2.10[1.34, 3.29] -
Dianat & Karimi, 2016 1.05 0.24 7.4% 2.86[1.79, 4.57] -
Dianat et al. 2015 1.21 0.44 3.1% 3.35[1.42,7.94]
Lourencgo et al. 2015 0.37 0.22 8.2% 1.45[0.94, 2.23] N
Mehrdad et al. 2012 0.2 0.09 154% 1.22[1.02, 1.46] e
Subtotal (95% CI) 41.7% 1.90 [1.35, 2.68] et

Heterogeneity: Tau? = 0.12; Chi? = 19.08, df = 5 (P = 0.002); I> = 74%
Test for overall effect: Z = 3.67 (P = 0.0002)

4.1.2 Shoulder pain

Chrasakaran et al. 2003 053 019  9.6% 1.70 [1.17, 2.47] _—
Dianat & Karimi, 2016 043 021  8.6% 1.54 [1.02, 2.32] e —
Dianat et al. 2015 114 049  25% 3.13[1.20, 8.17]

Subtotal (95% Cl) 20.8% 1.71 [1.31, 2.23] i

Heterogeneity: Tau? = 0.00; Chi? = 1.78, df = 2 (P = 0.41); I? = 0%
Test for overall effect: Z = 3.95 (P < 0.0001)

4.1.3 Neck/shoulder pain

Chee & Rampal 2004 047 014 12.3% 1.60[1.22, 2.11] —_—
Temesgen et al. 2019 041 02 91% 1.51[1.02, 2.23] —
Yue et al. 2012 057 0.18 10.1% 1.77 [1.24, 2.52] —_—
Subtotal (95% Cl) 31.5% 1.62 [1.34, 1.96] e

Heterogeneity: Tau? = 0.00; Chi* = 0.38, df =2 (P = 0.83); I = 0%
Test for overall effect: Z = 5.01 (P < 0.00001)

Total (95% Cl) 100.0% 1.73 [1.46, 2.03] -

Heterogeneity: Tau? = 0.04; Chi? = 22.21, df = 11 (P = 0.02); I = 50% 0=2 0‘5 b é é
Test for overall effe.ct: Z=6.49 (P.< 0.00001) No neck/shoulder pain  Neck/shoulder pain

Test for subgroup differences: Chi? = 0.63, df =2 (P = 0.73), I = 0%

Fig.4 A forest plot for inverse-variance meta-analysis using a random elect of cross-sectional studies that investigated occupational SB showing
the pooled elect size for the association of self-reported workplace sittingvifimeeck/shoulder pain; subgroup analysis by studies that
reported neck pain, shoulder pain, and neck/shoulder pain

[82, 84, 85, 87, 88, 92, 93, 100, 103 indicates workplace heterogeneity was, however, signibcantly substantial
sitting is associated with increased odds of neck/shoul (12= 51%,p= 0.02), mainly due to heterogeneity in stud
der pain [Overall OR= 1.73(1.46 B 2.03)p<0.00001]. ies on neck pain(l’= 74%), as studies on shoulder and
Subgroup analysis also shows there is increased odds afck/shoulder pain were homogeneou$?= 0%). Sensi
neck pain [OR= 1.90(1.35 B 2.68= 0.0002], shoulder tivity analysis (Supplementary FigurgA) after excluding
pain [OR= 1.71(1.31 B 2.22p<0.0001] and neck/shoul two studies B2, 85 with low-quality shows the estimate is
der pain [OR= 1.62(1.34 B 1.96n<0.00001]. !e overall  robust and the association remained signibcant.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% ClI 1V, Random, 95% CI
5.1.1 Upper limbs
Chrasakaran et al. 2003 -0.51 0.31 14.8% 0.60 [0.33, 1.10] I
Lourenco et al. 2015 0.05 0.25 15.6% 1.05[0.64, 1.72] -/
Subtotal (95% Cl) 30.4% 0.82[0.47,1.41] ‘

Heterogeneity: Tau? = 0.08; Chi* = 1.98, df = 1 (P = 0.16); I> = 49%
Test for overall effect: Z = 0.72 (P = 0.47)

5.1.2 Lower limbs

Chee & Rampal 2004 -0.69 0.18 16.5% 0.50[0.35, 0.71] -
Chrasakaran et al. 2003 -0.51 0.23 15.9% 0.60 [0.38, 0.94] I
Lourenco et al. 2015 -0.22 022 16.0% 0.80[0.52, 1.24] - T
Subtotal (95% Cl) 48.4% 0.61 [0.46, 0.80] <

Heterogeneity: Tau? = 0.02; Chi? = 2.73, df =2 (P = 0.25); I = 27%
Test for overall effect: Z = 3.52 (P = 0.0004)

5.1.3 Hands/wrists

Dianat et al. 2015 0.91 043 12.9% 2.48[1.07, 5.77] —
Tsigonia et al. 2009 402 075 8.4% 55.70 [12.81, 242.25] S
Subtotal (95% Cl) 21.3% 11.07 [0.53, 232.69] e ——

Heterogeneity: Tau? = 4.46; Chi? = 12.94, df = 1 (P = 0.0003); I* = 92%
Test for overall effect: Z = 1.55 (P = 0.12)

Total (95% Cl) 100.0% 1.17 [0.65, 2.11] ?
Heterogeneity: Tau? = 0.52; Chi? = 49.07, df = 6 (P < 0.00001); I* = 88%
Test for overall effect: Z = 0.52 (P = 0.60)

Test for subgroup differences: Chi? =4.21, df =2 (P =0.12), 1> = 52.5%
Fig.5 A forest plot for inverse-variance meta-analysis using a random elect of cross-sectional studies that investigated occupational SB showing
the pooled elect size for the association of self-reported workplace sittingviiimextremities pain; subgroup analysis by upper limbs, lower
limbs, and hand/wrist pains

0.005 0.1 1 10 200
No extremities pain  Extremities pain

For extremities pain, a positive association with prospective evidence of association of workplace sitting
hand/wrist pain was reported in two studies8B, 101]; is insu$cient with LBP, neck pain, and knee pain.
three studies 83, 84, 86] reported a negative associa
tion, including one study 83] with the association only Computer time
in females; and another study8f] with lower limb Five cross-sectional studies of the occupational category
disability; no association was reported in four studies(o$ce workers [80, 82] and professionals g6, 97, 103),
[85, 87, 88, 92]. Five of the studies were of high qual including three high-quality investigated computer time
ity. A pooled analysis (Fig5) of bpve studiesg4, 85  and LBP 97, 103, neck/shoulder pain $2, 103 or gen
88, 92, 101] with considerable heterogeneityl?= 88%, eral MSP B0, 86]. A positive association of computer time
p=0.00001) indicated no association of workplace! 4"h/day was reported with LBFYJ], neck/shoulder pain
sitting with extremities pain [OR=1.17(0.65 B 2.11), [82, 103, and general MSP80], and a negative assoeia
p= 0.60]; however, a subgroup analysis of three studietion reported with LBP in another study103. Also, one
[84, 85, 92] with low and non-signibcant heterogeneity study reported no association of computer tinle 2"h/day
(12= 28%) indicated an inverse association of workplacewith general MSP $6]. lere is moderate evidence of a
sitting with lower limbs pain [OR= 0.61(0.46 B 0.80), cross-sectional association of computer time with neck/
p= 0.0004]. Sensitivity analysis shows the overalshoulder pain, however, the evidence is restricted to a
e#ect size remained non-signibcant (Supplementarysmall number of studies. !e evidence with LBP and gen
Figure4A). eral MSP is insu$cient with limited studies.

le only casebcontrol study [74] of the general popula
tion reported a positive association of workplace sitting Vehicle time
with hip pain, insu$cient evidence of association from a Five occupational category cross-sectional studies of
single study. bus drivers PO, 95, 99] and professionals (patrol duty

For the prospective studies, one of low-quality reported police officers) B1, 91] reported vehicle time and LBP
no association of workplace sitting with LBP113; [81, 90, 99] or general MSP 91, 95], including three
another one of high-quality reported a positive with of high-quality [81, 91, 99]. There is an inconsistent
neck pain L15; the third study of high-quality reported association with general MSP; of the two studie®1]
a negative association with knee pai9. !erefore, 95], one reported no association9f] and the other a
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
T
Benyamina et al. 2018 0.005 0.004 35.9% 1.01[1.00, 1.01]
Hakim et al. 2017 1.075 0.359 30.5% 2.93[1.45,5.92] -
Szeto & Lam, 2007 1.311 0.222 33.6% 3.71[2.40,5.73] —
Total (95% CI) 100.0% 2.16 [0.79, 5.93]
[P 2 - . Chiz = - <12 = 959 } t t t +
Heterogeneity: Tau? = 0.74; Chi? = 43.47, df = 2 (P < 0.00001); I> = 95% 0.01 01 1 10 100
Test for overall effect: Z=1.50 (P = 0.13) NoLBP LBP

Fig. 6 A forest plot for inverse-variance meta-analysis using a random elect of cross-sectional studies that investigated occupational SB showing
the pooled elect size for the association of vehicle time with LBP

positive association95]. A similar inconsistent asso studies with one RCT 118); reduction in neck/shou
ciation was reported with LBP; two studies90, 99] der pain two RCT studies3s, 119 (both high-quality).
reported a positive association and one stud$l] No study reported a correlation or association of sitting
reported no association. In a meta-analysis (Fig)," reduction with a reduction in extremities pain. Two
the pooled effect size of the three studie81] 90, 99] high-quality RCT studies 35, 120, however, reported
showed considerable heterogeneityl?= 95%) but no signibcant correlation with LBP; three studie470,
increased odds of LBP with prolonged sitting in al121, 127] with neck/shoulder pain, all high-quality
vehicle, although this was not statistically significant with one RCT [L2(0]. Furthermore, of six studies, two
[OR=2.16(0.79 B 5.93)p=0.13]. After excluding high-quality studies B5, 125 reported sitting redue
the low-quality study PQ] in a sensitivity analysis the tion correlates with a reduction in general MSP/dis
association was still non-significant (Supplementary comfort; one RCT study 117] of low-quality reported

Figure'5A). reduced workplace sitting time does not increase the
risk of general MSP/discomfort; and three studie$16,
Changes in'workplace sitting time 126, 128], one of high-quality [L16], reported a positive

Fourteen experimental/intervention studies investigated association of continuous uninterrupted sitting with
changes in sitting time"and MSP symptoms, includingincreased general MSP/discomfortL]L6, 128 and LBP/
LBP, neck/shoulder pain, extremities pain, and generaldiscomfort [126]. Also, one high-quality study 118,
MSP/discomfort of o$ce workers B5, 1160124, 1260 however, reported a protective association of pro
128 and students 125. Designs included six RCTs35, longed workplace sitting bout with extremities pain.
1160120, two randomised controlled cross-over trial  Generally, the best evidence suggests workplace sit
[125 127], two non-randomised experiment without ting reduction is correlated with reduced LBP and gen
control [126, 128, one study each of non-RCTLR4, RT eral MSP symptoms. For neck/shoulder pain reduction,
without control [121], non-randomised cross-over trial the evidence from RCT suggests there is a positive-cor
[123, and non-RT pilot study. relation with reduced workplace sitting. Also, there is
Duration of experiments/interventions ranged moderate evidence of association of prolonged unin
from 65" min [L25 to 12"months 21]. Sample sizes terrupted sitting with general MSP/discomfort. There
ranged from 12 participants J26] to 317 participants is, nevertheless, no evidence of correlation of reduced
[35]. Nine of the studies were of high qualitydp, 116, workplace sitting with a reduction in extremities pain.
118D121, 123 125, 127] and four of low quality L17,
122, 124, 128. Of the studies, nine measured sit
ting time" change and reported a reduction in sitting Risk oflbias
time" after the period (device-measured B ActiGraph!ree studies had lower quality scores detected by
[35, 123 and activPAL 118 120, 121, 123 127); self- the QualSyst checklist, one of which was a pilot study
report [119, 122D124)) while three studies were based and had a potential risk of bias; however, most of the
on Pxed sitting duration (65"min125 and 4"h 116, studies did not show any major risk of bias. !e fun
128)), over 2-h continuous sitting 126] or usual work nel plots (Supplementary Figure$B, 2, 3, 4 and 5B) of
sitting condition [117]. the meta-synthesised studies were mostly asymmetri
lere were methodological and analytical variations cal; this could be because of the small number of stud
among the studies, therefore, the data were not metadies available and not likely due to publication bias. Also,
synthesised. A positive correlation of sitting reduction the signibcant heterogeneity observed may have risen
with a reduction in LBP was reported in six stud from the studiesO methodological heterogeneity in the
ies [118 121P124 127] (including four high-quality variables measured and study sample.
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Discussion Our cross-sectional bndings for LBP are in con
Key #ndings trast to a previous review of observational prospective
lis is the prst review to examine separately the asso and casebcontrol studies by Chen and colleagues, that
ciations of occupational and non-occupational SB with showed no associations of a sedentary lifestyle with
MSP conditions in adults. We found in the non-oceu the risk of LBP 19]. Unlike our review which included
pational SB domain, strong evidence of cross-sectionabnly adults, Chen and colleaguesO review included both
associations for full-day SB with MSP conditions, children and adults 19]. Another review of prospective
including LBP, knee pain, arthritis, and general MSP. Forstudies has also reported some inconsistent associations
the occupational SB domain, there is strong evidence obf SB with LBP 20]. A meta-analysis by Alzahrani and
cross-sectional associations of self-reported workplacecolleagues reported no association of SB with the preva
sitting with MSP conditions, including LBP and neck/ lence of LBP but reported positive associations with
shoulder pain. Also, we found moderate evidence of ad.BP intensity and disability 20]. Notwithstanding the
cross-sectional association of computer time with neck/ methodological limitations that might be present in the
shoulder pain. Furthermore, we identibed from experi above-mentioned reviews, a specibcally clear distinc
mental/intervention studies that reduced occupational tion was not made between SB and physical inactivity
sitting time was associated with a reduction in LBP,in the inclusion criteria [L9], the possibility of reverse
neck/shoulder pain, and general MSP. However, therecausation within cross-sectional designs limits the cem
was insu$cient evidence on cross-sectional associationgarability of our Pndings with these previous reviews of
of leisure-time SB and TV time with MSP conditions. prospective studies. Adults, especially those with multi-
Likewise, the evidence on prospective associations ofnorbidities including MSP conditions may often be less
occupational and non-occupational SB with MSP cordi active and resort to SB which may have a pain modula
tions was insu$cient, nonetheless, there is an indication tion e#ect [L3(. A review, for instance, had previously
that device-measured total workplace sitting could befound that SB is much common in people with knee
negatively associated with LBP-intensity in tradespeople osteoarthritis [L31]. We found that there is a positive
cross-sectional association of SB with knee pain, but
Non-occupational sedentary behaviour of limited strength due to a small nhumber of reviewed
and!musculoskeletal pain conditions studies; however, causal relation cannot be inferred
We observed in our meta-analysis of cross-sectionafrom a cross-sectional bnding with a potential reverse
studies that full-day SB or sitting time is positively asso causation bias.
ciated with the risk of LBP. However, subgroup analysis
by self-reported and device-measured SB indicated theDccupational sedentary behaviour and!musculoskeletal
association exists between self-reported full-day SB angbain conditions
LBP, but not for device-measured full-day SB and LBP-Our meta-analysis of cross-sectional studies found a
intensity, which included studies of mostly tradespeople. positive association of self-reported total workplace-sit
lis bnding is, nonetheless, limited by a small number of ting with the risk of LBP and neck/shoulder pain. A sub
studies. !e cross-sectional design and self-reported data group analysis by non-tradespeople and tradespeople
downgrade the quality in this evidence with the associa for the risk of LBP shows the association is signibcant
tion only present in the case of self-reported SB, but notonly in the non-tradespeople. Although limited in terms
device-measured SB, with LBP. Our narrative synthesi®f the number of studies available, our best-evidence
based on the best-evidence synthesis found that theresynthesis indicates the association of device-measured
are cross-sectional associations for full-day SB with kneevorkplace sitting with LBP or LBP-intensity was incen
pain, arthritis, and general MSP, but an inconclusivesistent in cross-sectional studies of both non-tradespeo
association with neck/shoulder pain. We found incen ple and tradespeople but suggests a potential protective
sistent cross-sectional associations of full-day SB withassociation in prospective studies which could be mod
hip and extremities pains. Also, limited by the number erated by occupational demand. Also, there is an indica
of studies, there was insu$cient evidence of prospectivetion from three studies (including a prospective study)
associations of full-day SB with MSP conditions. Fur from the same dataset of a negative association of
thermore, we observed inconsistent evidence of crossworkplace sitting with neck/shoulder pain-intensity in
sectional and prospective associations of SBs, TV timetradespeople. Furthermore, our meta-analysis showed
and leisure-time SB with MSP conditions. !lese bnd no association of self-reported workplace sitting with
ings were, however, constrained by the limited numberthe risk of pain in extremities. Nevertheless, a subgroup
of studies available, especially evidence from prospectivanalysis indicates self-reported workplace sitting may
studies. have a protective association for pain in lower limbs.

68


68


Dzakpasuét!al. Int J Behav Nutr Phys Act (2021) 18:159 Page 49 of 56

Evidence of prospective associations of self-reportedsignibcantly increases the odds of LBP by 1.47 times;
workplace sitting with MSP conditions is insu$cient and was marginally higher, by 1.56 times, in a sub
due to a limited number of reviewed prospective stud group of non-tradespeople (Fig3). In contrast, prew
ies. Additionally, we observed in a meta-analysis ofous reviews have reported no evidence of association
three cross-sectional studies on vehicle time and LBPof workplace sitting with LBP 22, 23]. lese previous
that excessive time spent sitting in a vehicle increaseseviews included both cross-sectional and prospective
the odds of LBP, yet this cross-sectional association istudies; in contrast, our evidence was synthesised from
non-signibcant. only cross-sectional studies, therefore, limiting any

Additionally, though limited by the number of stud interpretation of a causal relationship of workplace sit
ies, computer time was found to be cross-sectionally butting with LBP. !e possibility of reverse causation along
not prospectively associated with neck/shoulder pain inwith bias in self-reported data in the cross-sectional
the positive direction, and there was inconclusive evi studies reviewed may adversely a#ect the quality of evi
dence on the direction with LBP and general MSP. Also,dence in the observed positive association. Similarly,
from the reviewed experimental/intervention studies, this may have a#ected the interpretation of the associa
we observed evidence of positive associations of reducetion between SB and neck/shoulder pain.
workplace sitting with a reduction in LBP, neck/shoulder Also, our best evidence synthesised indicates there is
pain, and general MSP/discomfort; nevertheless, no-evimoderate cross-sectional evidence that computer time
dence on whether reduced workplace sitting is associated! 4"h/day) increases the risk of neck/shoulder pain; two
with a reduction in extremities pain. previous systematic reviews of prospective studied,[

A recent review of prospective studies has reported24] and RCT studies Z1], however, have reported no
that device-measured workplace sitting among trades association of computer time with the risk of neck pain.
people to be associated with a reduced risk of LBP andrurthermore, there is informative evidence of a prob
neck pain p6). Compared to our review, there are some able association between vehicle time and LBP. A pooled
similarities in the Pndings even though we were limited by meta-analysis of three cross-sectional studies indicates
the volume of studies reviewed in this context. For exam prolonged hours of sitting in a vehicle increase the odds
ple, there was an indication from our reviewed prospec of LBP, but the association is not statistically signibcant.
tive studies that device-measured workplace sitting couldNo published review studies, to our knowledge, have spe
have a negative association with LBP-intensity which maycibcally investigated vehicle time and MSP conditions,
be dependent on the physical demand of the occupationnonetheless, a recent review has reported that MSPcon
Similarly, there is a likelihood of a negative cross-secditions are highly prevalent in vehicle driverd 327. le
tional association of device-measured workplace" sittingcross-sectional evidence of computer and vehicle times
bout with LBP-intensity which is potentially moderated is, however, of low quality and limited by a small volume
by overweight/obesity in tradespeople. Additionally, our of reviewed studies precluding the possibility of causal
reviewed studies on device-measured workplace sittingelationships.
in tradespeople suggest a probable negative associationEvidence on the e#ects of changes in workplace sit
with neck/shoulder pain-intensity. A possible explana ting on MSP conditions is scarce. In contrast, workplace
tion of the observed tendency of protective associationsinterventions to reduce MSP conditions have provided
of workplace sitting with some MSP conditions in trades some insight into the benebt of increased workplace
people could be the physically intensive nature of some ophysical activity on musculoskeletal health for com
these occupations compared to desk-based occupationgparison [133D136]. For instance, increased occupa
For instance, we also observed in our meta-analysis thational physical activity is reported to be associated with
self-reported workplace sitting of cross-sectional studiesreduced general MSP symptom433 134, 13€]. Also, a
be positively associated with LBP in non-tradespeople butreview of experimental studies has reported that device-
not in tradespeople, albeit in a limited number of studies. measured continuous uninterrupted sitting is associated
Some proponents of the Ophysical activity paradoxO assevith the increased immediate report of LBP in adults
that sitting could be of health benebt in individuals who [25]. !e evidence from our review also suggests experi
regularly engage in high occupational physical activity asments/interventions that reduce total workplace sitting
sitting may allow some form of rest and recover§( 41]. time or sitting bout duration potentially reduce gen
lese indications in our review are, however, inconclusive eral MSP/discomfort, especially in the lower back and
and warrant further investigations in diverse occupational the neck/shoulder. lis is consistent with a review that
settings to ascertain these bndings. found that workplace interventions potentially reduce

Generally, our meta-analysis of cross-sectional stud LBP and neck/shoulder pain among worker&d3 134.
ies indicated that self-reported workplace sitting !ese bndings should be treated with caution due to the
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limited number and variations in the reviewed experi mainly based on self-reported SB. !e evidence syn
mental/intervention studies. thesised from the few studies that investigated device-
lis review did not specibcally investigate the poten measured SB was inconsistent with MSP conditions.
tial mechanisms that underpin the association of occu !ere is evidence of disparities in device-measured and
pational and non-occupational SB with MSP conditions. self-reported SB in adults, with increased potential of
Nevertheless, some previous studies have speculateskelf-reported tools to either underestimate or overes
the potential mechanisms of the association between SBimate SB P7]. Furthermore, there were some vara
and MSP conditions such as LBBT, 137]. For instance, tions in the measures of MSP conditions; some studies
studies that have investigated biomechanical and physiinvestigated single MSP conditions and some multiple
ological mechanisms of LBP suggest occupational sittingSP conditions, which could impact the studies® gual
increases spinal load and accumulation of metabolitesty and their comparability. Also, the review identibed
that accelerate degenerative changes in vertebral discmsu$cient evidence of prospective associations of SB
[36, 37]. e available systematic review literature on with MSP conditions and could not make debnite con
the association between SB and MSP conditions is yetlusions regarding possible causal relationships due
to address potential biological mechanisms. Nonethe to the limited number of prospective studies. Hence,
less, there is an observation in this current review thatfuture attention on the application of device-measured
indicates the association of occupational SB with, forSB will be relevant in this context to minimise bias in
example, LBP may be modulated by overweight/obesitythe probable associations, taking into consideration the
Increasingly, higher volumes of SB are linked with adi outcome measure. Specibcally, future research focus
posity [38]; adipose tissue is metabolically active, releascould explore the use of posture-based activPAL, the
ing pro-inBammatory cytokines and adipokines that may gold standard instrument for measuring sitting time,
potentiate infammatory changes in the musculoskeletalin prospective study designs. Additionally, some con
systems leading to painlB§. lere is, therefore, a need temporary analytical approaches in the beld, such as
for further studies on the potential biological mecha compositional data analysis could be applied to inves

nisms that explain the associations. tigate SB associations relative to other 24-h movement
behaviours such as physical activity and sleep with
Implications for!practice and!research MSP conditions [L40Q]. !is review mainly examined

Despite the methodological challenges within the the associations of SB with di#erent types of MSP eon
reviewed studies in this current systematic review, theditions and did not consider the underlying pathophys
overall observation which is supported by the evidenceiology of the MSP conditions. Future studies could also
from experimental/intervention studies is that SB may examine the direction of the associations in subgroups
have a detrimental association with musculoskeletalof particular MSP conditions. For instance, the direc
health. !eoretically, replacing a portion of time spent in  tion of association of SB with LBP secondary to lumbar
SB with physical activity could benebcially impact MSPdisc degeneration may contrast with the association of
conditions. For instance, one of our reviewed studi€¥] SB with LBP due to facet joint inBammation.
reported that substituting 30"min of a full dayOs total-sed lis review and previous reviews have not inves
entary time with 30"min of moderate-to-vigorous physi tigated the probable interaction of chronic diseases
cal activity (MVPA) may reduce general MSP by 29%in the association of SB with MSP conditions. Impor
Further, evidence from some of the reviewed experimen tantly, MSP conditions are highly prevalent in the pres
tal/intervention studies also indicates that reduced woerk ence of multi-morbidities [, 4], and also emerging as
place sitting, and increased standing or walking did notcommon comorbidities in some chronic diseases, espe
worsen general MSP symptomd 16, 121, 123. Current cially type 2 diabetes (T2D)141D143. Evidence from
WHO physical activity and sedentary behaviour guide an observational study, for example, suggests there is
lines, in part, recommend reducing and interrupting pro a potential interaction of SB with the association of
longed SB or sitting with physical activity of any intensity T2D with MSP conditions in adults 141]. !erefore,
for improved health outcomes139|. lis practice guide - it will be of great interest for potential future studies,
line could be encouraged in adults, especially in occupaincluding cross-sectional, prospective, and RCTs study
tional settings to minimise the risk of MSP conditions.  designs to also focus on the interaction of some chronic
Our review has identibed some knowledge gapdiseases such as obesity, T2D, cardiovascular diseases,
for potential further studies. For instance, inconsist etc. with the association of SB with MSP conditions.
ent associations were observed for self-reported andResearch in this direction will also provide insight into
device-measured SB. !e evidence of positive cross- the understanding of the potential biological mecha
sectional associations of SB with MSP conditions wasisms of SB/MSP conditions associations.

70


70


Dzakpasuét!al. Int J Behav Nutr Phys Act (2021) 18:159 Page 51 of 56

Strengths and!limitations commented upon by the authors of the reviewed stud
A key strength of this review is its distinct consideration of ies, or which potentially could be identibed in the studies
occupational and non-occupational SB, as well as a widenight impact the bPndings but were not considered in the
range of MSP conditions. Also, the evidence synthesis wasvidence synthesis.
organised into SB domains and measures, likewise the type Sixth, strict selection criteria were adapted to enhance
of MSP outcomes. For a better insight into the risk asso the e$ciency of the review, however, this might conse
ciations, studies conducted exclusively in clinical groupsquently lead to studies with relevant information being
diagnosed with MSP conditions and those of autoimmune excluded. Furthermore, we adapted the PICO format in
disease-related MSP conditions were not reviewed. constructing our search terms which included search
However, we acknowledge that there are some limita terms for the outcome to maximise the search output.
tions, and caution should be applied when interpreting lere is the possibility that the outcome may not be well
the Pndings. First, a single reviewer initially excludeddescribed in the title and abstract of potential studies and
irrelevant studies by title and abstract screening in stagetherefore not indexed in databases with controlled voeab
one of two-phase screening; this might have contributedulary terms leading to missing potential studies4§.
to exclusion of some relevant studiesl44; however, Finally, only articles published in the English language
where there was uncertainty regarding inclusion, suchwere reviewed; this could bias our Pnding as informative
studies were considered for second-stage screening bgvidence in studies published in other languages may have
two independent reviewers. Second, most of the studiebeen missed. To minimise this shortcoming, however,
reviewed were cross-sectional in design, hence, causalve also searched grey literature to identify more relevant
ity cannot be inferred. lird, there were a limited num-  studies.
ber of studies, especially prospective and experimental/
intervention studies, as well as high methodological and

f';t\nglytlcaL varl?tlons n th? I;.e\tlleweo![. studtlej: le lim Our systematic review identibed evidence of cross-sec
ted number ol experimental/intervention SWaIes, eSpe o4 associations of SB (occupational and non-oecu

cially RCTs, may be because we used the term OsﬂtmE tional) with MSP conditions. !e direction of the

to search for Ositting reduction interventionsO and-Osi ssociation of occupational SB with some MSP condi
ions, nonetheless, may be dependent on the type and

ting experimental studiesO instead of searching for-spet
cibc interventions (e.g., sit-stand workstations, stand-upphysical demand of the occupation involved. 'e pos
sibility of reverse causation could not, however, be-dis

desk, etc.). Also, the limited number of prospective stud

€S m|ghF be a “?S“'t of publication bias as SOME ProsPeC,,ntad from the observed cross-sectional associations.
tive studies on risk factors for MSP conditions may have

) o . Further, evidence from intervention studies shows that
examined sitting as a risk factor or have accounted for

. . reducing prolonged sitting at work reduces MSP" con
SB as a confounder but found no association and did nohitions and" discomforts. lere was. however. limited

report in the Abstract; therefore, these studies would not evidence of prospective associations of SB with MSP

be iden;ibed by t|r|1e seatr)ch. f studi included i conditions. Importantly though, the review highlighted

hFourt - a srlna number o stuh|es Welrz m;:fu €d N some knowledge gaps, including a limited number of
the meta?anayses to est!mate the pooled € ect S1Z€%tudies using device-measured SB and MSP conditions,
resulting in moderate-to-high heterogeneity in some of as well as limited prospective and RCT study designs.

the outputs. It is important, however, 1o note that the Considering the inconsistencies of the reviewOs -bPnd

inver;e-vgriance meta—lanalysis approgch has a Iimit"’lﬁoqngs, as well as the highlighted knowledge gaps, further
of estimating a false high heterogeneity49. !erefore, research, especially prospective and RCT studies, is

the observed heterogeneity may be potentially due to'Varrequired to better understand the association of SB in

Iatlog.sdwnhtm the %tudﬁ]s but not. bt|as Indt.hetredSL:cIts..F|f$, occupational and non-occupational settings with MSP
We did not consider the covariates adjusted for in €., i, Furthermore, as studies of clinical groups

mc!gndual studtlr(?s n OglrfGVIdenfecjgynt{\hes;ls. For mtStzn(f:eWith existing MSP conditions were not reviewed in
evidence syninesised from studies that accounted 1ohyq o\ rrent study, future review studies could consider
physical activity mlght be d'.#?rem from those that[ did exclusively reviewing this study population. Such stud
not .CoerI for physical ac't|\./|ty n ’?‘T‘a'yses- Similarly, ies could also consider examining the contribution of the
studies that accounted for sitting positions assumed (e.g

leaning f d or backward) and tional activiti ‘presence of MSP conditions to the engagement in SB.
eaning forward or backward) and occupational activities Also, there is the need for tailored studies to understand

may inBuence the evidence synthesised from those tha{he potential interactions of chronic diseases such as

did not a(?coun't for these facftors. .A'?O’ .specnac Source%besity, T2D, and cardiovascular diseases in the associa
of potential bias and specibc limitations that were tion of SB with MSP conditions

Conclusions
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+0=</<>-,8,0!B?,>-<*//+<8,>L!F/-,82<,K>K,8,!9?7<0,884873-78,0!</-,82<,Kx80=</<>-,8,0!
B?,>-<*//+<8,L1%.#><3+)!, J+=</+-<*[>1QF9<3+) b-1>+=Dx/IA*8!"<*=,0<34)+-+!-**M!D)+3,1+-1>782 #!
><- >1)*3+- 0I<A3.1*Al- | >+=D),0166CL!1))ID8*3,0?78,>IA*810+-+13*)), 3KsB/1</1+33*80+/3 K<-.I-.,!
Z&V 38,3*==,/0,0! 9?<0,)</,>L!l,>->I*/13%)) 3- 0ID+-.*)*9#!>+=D),>I")**01+/01?78</,41K,8,18 2+
>)),3-,01D+-.%)*O# I')+"*8+-*8#4,>-13,/-8,> Ig YH.!

Z<-.18,9+80!-*B,>D*/0,/->510+-+1K,8,/D8*2<0,0"#IQQ5S_alD+8-=8kD+> )</,I'Z+2,1Q4K.<3.!
8,D8,>,/-,0 +[JLPj!8,>D*/>,18+-, IgYH!

ADHEI66*Hb$54.4$-+66'-.)* 3
@))*K XRD¥>> >>= [-ID8*-*3*HK 8,! =*0,)),01-*18,D)<3+-, L., "+>)</,ID8*3,078,5P> Ok+-1,+3.I¥Al-_ |

B6C!I>?82 #I>SB &S HIF/2<-+-<*/>IAB,>D,3-<2,A%))*KeD>IK,8,2<!-- 8>1+/01-,),D.*/,13+))>1-*!
+))1,)<9<"),ID+8-<3<D+/->IK H3*=D),-,01-.,I"+>)</,10+-+13*)), 3-<*/I'Z+ 2 4D 4HS_HI¥ I=+J<=<>1 |
8,>D,3-<2A%))*KRDI0+-+13%)),3-<*/51-.,117>C<:A0#3**80</+-*8:M, DI?DX* X0+-,1D+8-<3<D-HB-+3-!

</A*8=+-<*/10+-+"+> LI

ol



DEBR@2:#+4(&6'+4) S +PS%:"+BQ
1., JA<2, %, +8IAN))*BRD!'Z+2,1S4IK+>13%/023-,01" -K, ISTT_I+/0ISTT]LIV?-I*Al-. 1QQ5S_a!,)<9<"),!

"+>))</,ID+8-<3<D+/->5!"5aY " |D+8-<38B3;i3-30-.,!</2<-+-<*/%/0ID8*2<0,0!0+4+-1A<2 I# +Bt.<>
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"+>)</,1K,8,!,)<9<") p1?-1- . I-x-+)1 [?2=".8] -.+-18,=+</,0!+/0 D8*2<0,0!0+-+!-.<>I>-+H+>15Q4
TYL'j18,-,/-<*/'8+ -, A5 _"H.IIC+-+1K,8,13%)),3-,0!+-|_N>?82 #1><- SEIA*?8I=*8, |- >-</HL-1> ]!
"+>))</,I><-,>1-*1+33*?/-1A*818,)*3+-,0!D+8-<3<B-/-HIF/1+00<-<*/1-*1- | 13*8 1"+> )</,10+-+5!D .#><3+)!
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3*/0<-<*/>1B?,>-<*/[+<8,LIC++IK,8,! 3*)),3-,0!</3)?0,00
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0o #><3+)1+3-<2<H1+/01>, 0, /-+8H#!", +2<*28KQ8;HI> 01*/1> ) A X8, D*8-,01B?, >-<*//+<8, H38*>>I- |- 8, |

K+2,>LIE §] ] %o #w&3H)19B-<I2H1 K+>1=, +>28, 0112></0 | 13-<2,117>-8+)<+1;282 #IB?,>-<*//+<8,!
K.<3.14>M,01B?,>-<*/>1+"2-1), <> =, ID #><3+)143-<2<-<, >514>1K ) 14+>1-<= 15D, /-IK+)M</9IA*8!-8+/>D*8-I</!
- ID+>-1K, MI'al0+#>4L 196 #><3+) 1+ 3 <] >-<=+-,01"#1>?==</9!-<=, I>D /-IK+)M</9IA*8IQT!=</?-,>!
*81=+8 51-<=,1>D, /-1</1=%0,8+-, X/- [><-#ID #><3+)1+3- LR /0! -<=,1>D, /-I</12<O*8* DX /- [><-#

D #><3+)1+3- <N 1:,0,/-+8#1", +2<*PBIK+>!, >-<=+-,0l4+>I-<=,1>D /-ID,8!K,,MIK+-3.</9!

P!



!
-,),2<><*/LIL), 2<><R< K</IIWA<= IK+>13+)3?)+-,01+>1-, I-*-+)18, D*8-,0!-<=,I>D /- 1*/IK,,MO+#>1+/0!
K,,M,/0>IK+-3.</9!-)),2<><*4812<0,*NCWC8A*,|D+>-1K,,M!"al0+#3g_"H.!

1)>*51+7+2,! P5I+1=?)%-,=IB?,>-<*//+<8,IK+>1</3)?0,01-kb> >BF=+</ %D, ,3<A<3I><--</9!-<=|
'3%==2-</91</1+13+85!K+-3.</9), 2<><*B18, +0</95!2<><-</II ASKPOKBM</91+-1+10,>MN3*=D AgB 41!
V"U,3-<2,)#1=,+>78,01+3-<2<-#1", +2<*2810+-+H PHHK*8/! 0,2<3,>1K 8, 1+)>*13%)), 3- OIA8*=I>,), 39!
D+8-<3<DH-iA+2,IPI'+33,),8*=,- 8! X13-<98+D.q!(IPn0!+/0!</3)</*= - 8+3-<2%1[Acd "H!

D @B <+U(#)&(%+EB/C
I.,1-.<80!,=D<8<3+)!>-20#20#!_4D8,>,/-,0!</16.+D- 8N?-<)<> O -+IAB*=I-. L -+/0 X DIW<3-*8<+!
>0,/-+8#1 " | +2<*?8B0?3-<*/1QSE¥-.  13)?7>-,88+/0%=<>,013%/-8)),0! -8<+)L!

|

A'A"8(-)>)*3 $ )

dZ ;-#0I7DIW<3-*@MS 1 C_ +SE/-.13)?>-,8 Y+/0*=<>,013%/-8*)),0!-8<#L*> | =+</ID?8D*>!
K+>1*10,-,8=</,IK.,-.,81+1=?)-< )8*=D*/ /-1-.8,, X*/-.1</-,82,/-<*/13*?)0! 8,073,!0,>NK+>,01*AA<3,!
K*8M,8B><--</9l-<£]. 1-8<+)ID8*-*3%)1+>I", /10,-+<),0!,)>,K.,8, d] HIF/"8<,ABD8*-*3%)1</3)?0,0!

-.8,,! O+-+l+>> >>= [-I<= ID*</H ti+-I'+>))</ BI-.8,, I=*/-,  SA+-I- 1 JOI*Al- 1 </-82,/-<*/ID,8<*05!+/0!
Q%=*/-. SA+A-8l+l/</)*/-! =+</- [+/3,ID,8<*0LP4-8-<3<D+/->IK,8,!I</IK*8M!-,+=>18,387<-,0lA8*=!Q !
0<A,8,/-IK*8M><-,>IK.<3.IK,8,19,*98+D.<3+))#!> D+8+-,01+-1),+>-1*/,IM<)*=,-8,1+D+8-I" K, /11 D8<)!STQS!
+/01V3-*" 8ISTQPLI!I.,IK*8M><- >IK,8,IK<-.</1+]></9),1*89+/<>+-<*/5]-, 11?7>-8+)<+/1(*2,8/=,/-1C,D+8-=,/-!
*Al&?=+/1;,82<3,>I'C&;4!1</1-. 17>-8+)<sfH- I*AW<3-*8<+5!+/0!.+0!/*I*/9*</9!>-+ AAID . #><3+)1+3-<2<-#!
</-,82,/-<*'D8*98+=(] H.II.,! ,=D)*#,,>I*Al-. || D+8-<3<D+Kf8M><->IK,8,!8,387<-,0!-.8*?9.1-),D.*/. X
+0=</<>-,8,0!</-,82<,K*L!

.,1,)<9<"<)<-#138<-,8<+1</3)?0,0!+07?)-> HANR, +8SK*BMK/I+-1),+>-I TLNARY)=, | B?<2+),/->!
K<-.1410><9/+-,0!0,>MIK<-.1+33,>>I-*I+1- ) D.*/,14/0!</-,8/,-5!+>1K ))I+5&/9! +"),I-*I>D , +M!H/9)<&!+/0!
A0UFI/- [-<*H1-%18 ) *3+- IA8*=!- | IK*8M><- |A*8l+-1),+>-1- [ IA<8>-I- 8, 1=*/- SI*Al- | I</- 82 [-<*/1D,8<*Q!
%+8-<3<D+/->!K,8,!,J3)?0,0!<Al-. #!K,8,|DEHV.+0!D . #><3+)!.,+)-.1)<=<-+-<*/[>1-*1>-+/0< /91 3*/-< [ 2% 2> #!
A*8l+-1) +>-1QT1=</?- >fIK, 8, I/K-="2)+-*8#d]_H1Z*8M><-,>IK,8, I-. 12/<-1*Al8+/0*=<>+-2H
D+8-<3<D+AI+/1</-,82 /-<*/198*?D!'> 2, [\K*8M><- >IK<-. IQPNNK*8M,8>41+/0!+13*/-8*)198*?D!'> 2,/
K*8M><-,>IK<-1Y]IK*8M,854),1+<),0!-8<+)!D8*-*3*)!+/0!-.,| D<) *-|A</0<P>BE] StbE, +>78,>12>,01+/0!
</-,82,/-<*/10,2,)*D=,/-ID8*3,>>! B|PIB!+>IK,))I+>IA</0</9>1¥/I</- 82 [-<*/| AAGBYHH/O!-.,|<=D+3->1*!
3+80<*=,-+")<3!"<*=+8M,g§¥!B.+2,! +))1,,/'1D?")<>.,0L!.,!13* =D*/ /-1*Al-1-8<+)!8,),2+/-1 -*]- <>L ><>]
<>1"8<,A)#10,>384",0L



A"A"0$1.&)-883()5,4.)*3( $
[.,1>-?20#IK+>18,9<>-,8,0lK<=I,! 1?>-8+)<+/\ KIk,+)+/0!6)</<3+)!I18<+)>!G,9<>-,8!/?=",8!

161G\QS QQTTTa_SYRIOIH-.<3+)1+DD8*KHjp08+/-,01"#!-.,11)A8,01&, +)-.1&?=+/IH-.<3>16*==<-- 5!
$,)"*28/,5!17>-8+)<+LIH+3.1D+8-<3<D+/-1D8*2<0,01K8<-- /I</A*8=,013*/> /-LII.,1-8<+)|A*)}*K 0l-. I>-+/0+80>!
*Al6*/>%)<0+-,01:-+/0+80>I*AlG, D*8-</9118<+)>I'6V\;VG419?<0,)</, > A*8)8)76%:8<p,01-8<+}B]_H.!
@?2/0</9IA*8-. 1;-+/0T DIW<3-*8<+1-8<+)IK+>ID8*2<0,01"#-. \+-<*/+)1&,+)-.1+/01$,0<3+)!G, > +83.16*?/3<)!
\&$G641%8*U,3-1(8+/-I'TQTTSATALI+/0!-., IW<B-*8<+/1&, +)-.1%8*=*-<*/| @*?/0+-<*/"W<3&,+)-.4L!

|

A'A"RR) 7S )H$*7$.&'B)/'3.)*3 $;2$.;'4.2'3. $

;-+/0 17DIW<3-*88&HI¥/><>- OIFAl+1=?PR*=D*/ /-1-.8,, X*/-.1</-,82,/-<*/1>-8+-9 # tIK<-.!
*89+/<>+-<*/+)5!,/2<8*/=,/-+)5!+/0!</0<2<®7)! 3*=D*/,/-> LI!I.,!</-,82,/-<*/1+)>*1.+0!-.8,,!M,#!

Jvd EA v3]}v u ¢ P o« ~Ar§ v h%U ~]§ > eeU D} B*=D',E>-8+- 83> B %o} ES &7
SIPHIIL,! ", +2<*?8+)1+89,-IK+>1-3:?DD*8E+8-<3<D+#t8, D) +3,D*8-<*/>I*Al-, <8I0 +<)#1><--</91-<= IK<- |
>-+/0</91+/0N*8!>-, DD</9!D*>-?8,>1-.8*?9.1>-+/0</9 A*8l+-1)  +>-1+/1 *?8I+10+#!+-1-. <BIK*8M>-+-<*/5]+/0!
*-,81>)A%)),3-,0!>-8+-,9<,>1- +-1-+89,0 I>-+/0<P5!>-, DD</95!*8!"*- ID*>-?8,>L

+L VB9+/<>+-<*[+)13%=D*/ [-Itl-.<>1</2%)2,01-.8,,1,),=,/->1*Al>?DD*8-1</3) 20</9!> [<*8l=+/+9,8<+)!
U%o %o} ES SZEIUPZ Ivepod E]}ve AJS3Z @ ¢« & Z +%§ ((U AYEIZ} %0+ (|
> /<*818,>,+83.1>-+AALI+> 1K 81> +83.1>-+AAk 2, 8</H/A*8=+-<*/1+/01"8+</>-*8=</9]> >><*/>|-*|
-.,ID+8-<3<D+/->L!1)>*5!-,,8,IK+>1*/9*</91*89+/<>+-<*/+)|>?DD*8-!-.8*?9.1- +=13 . +=D<*/>!>,/0</9!
,=+<)>13*%/-+</</91</-,82 [-<*K+<)*8,01=,>>+9,>|-*]- +=I= =" 8> Il

"L H/2<8*/=,/-+)13*=D*/,/- 1l-.<>1</3)?0,01+!1>-873-78+)I=*0<A<3+-<*/I*Al- IK*8M!,/2<8*/= [-I"#!-.,]
<[>-+))+-<HIFAl+] <90U?>-+"),1072938,,/1><X-+/0IK*8M>-+-<*/I'H89*-8*/I Z* M <. <3.!
</3)?0,0!+!K*8M!>?8A+3,1+33,>>*8#!-*1 /+"),1-, ID+8-<3<DHLB/+-,I",-K,,/I><-- </91+/0!
>-+/0</9ID*>-78,>1K.<),IK*8M</9L!I.<>13*=D*/,/-N+>- 0! A*8!-. 1-. 8&*/-.1</-,82,/-<*/I1D,8<*0!
+/018,=+</,01A*8I-. l/</, Xe*[-1=+</- [+/3,1D,8<*0! 7/ -<)l-. 1QS*/- 10+-+13%)),3-<*/l-<= |
D*</-1%+8-<3<Def<)*8,01><--</91+/0!>-+/0</9!.,<9.->1* A< +/0IK*8M>-+-<*/>1K 8, !
3*/A<9?8,0!+/0!=+8M,0!IK<-.1+0.,><2 N +" )>L!@?8-.,85!D+8-<3<D+/->IK,8,!D8*2<0,0!K<-.!IK8<--,/!+/0!
2,8"+)I</A*8=+-<HI¥/I- I1><Xe S v U VU( SHE E[* JVeSEM S]}ve }V %% E}% E]
+/0!>-+/0</9ID*>-78 !

3L F/0<2<@¥,2,)!13*=D*/,/-1 tl-.<>IK+>141-.8 06%/-.1>-8+- 9#1-*1>7DD*8-1-. 1" .+2<*?813.+/9,!+/0!
K+>10,)<2,8,0"#!-8+</,0!.,+)-.1Z2*+3.,> LIF-1</3)?0,0!AX3)A+3,1.,+)-.13*+3.</9!> >><*/>1+/0!
>?DD*8-</9!-.8,,13*/>,37-<2,1-),D.*/,13+))>1+-IB! Y6!+/01 K, M>IAJ)*K</9t.,| D+8-<3<DH->
3*+3.</91> >><*¥/LII.,13*+3.</9!,/A*83,0!-.,IM #!</- 82 [-<*/1=>>+9 1! "*§ v h%U "~]§ > «eU D]
D } E I /3+3.</91+)>*1</2*%)2 0!>D,3<A<3!,89*/*=<31</>-8?23-<*/>1*/IK*GM>-+-<*/17>+9, | A*8|
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% ES] 1% Ve 5} Z0]+5 VBRYP)EBFHIPE, )., D28 I-51,/>28,I/51><--</9I*8l
>-+/0</QIA*8I-*1)*/QL

6*/-8*) ®
.,13*/-8*)198*?D!D+8-<3<D+/->IK,8,1+02<"A0! I+<=I*Al-, I-8<+)5!+/0!-. #!A*))*K,0!-.,1?>?+)IK*8M!

D8+3-<3,!K<-.*?-18,3,<2</91+/#1*Al- . I</-,82,/-<*/13*=D*/,/->L1&,2,85!-. ,#1?/0,8K ,/-1-.,1>+=,10+-+!
3%)),3-<*1+>>>>= [-14+>1- I</- 82 [-<*/198*?D!+-.,! -.8,,10+-+13%)),3-<*/1-<=,ID*</->[L!

S.&HOAB!-.,|D?8D*>, I*Al- <>1- ><xB182 /-<*/1+/013*/-8*)! +8=1%0c E S] ]0b-+HKBs!D**),0!-*9,-.,8!
-*1</38,+> -, I>-+-<>-<3+) ID*RAGL | +/+)#><HL

|

A"A"/88.4$-%66"-.)*3

%+8-<3<D+/->IK,8,!+>> >> 0l+-1X85,|D*</->t+-I'+> )</ 51-.8,, I=*/-,  S+A-,8!-.,13*=D),-<*/1*Al
*89+/<>+-<*/+)14+/01</0<2<BR,)</-,82,/-<*\3*=D*/,/->5!+/01+A-,8!-. I/</, X*/-1=+</- /+/3,ID,8<*0!
+-1Q&*-. SLII,10+-+13%)), 3-<*/D8*-*3%)1+>1", [ID8,2<*?>}HD?")<>. 0] 58]PH!+I'8<,Al0,>38<D-<*/I*Al
-1 0+-+8,),2+/-1 -*1- <>1- ><>4308,>,/-,01")*KL !

D@D @FEGEEAH&C+)9'H#)1">+%0#'(:('C+3";,%:()9&6+P6("(*ON+6'%*/(*ON+6"'<<(*0Q
13-<2<g+2<*28F2-3*= | 3K, 8,1*"U,3-<2, )#1=,+>78,017></91+3-<2U1 [B.#><3+) 1+ 3-<2<-#!=*/<-*8</9!

0,2<3,1'%%1[!1,3./%)*9<,>I[<=<-,05!()+>9*K5! 7TEflW,8><*/I"L AlIT 4+ £),010,>38<D-<*/I*Al-.<>ID8*3,>>1.+>!

" /'18,D*8-,0!,)>,K.,8,! PYHIF/I"8<,A5!ID+8-<3<D+/->IK*8,!+!K+-,8D8**A,0!+34029HG P #!+--+3.</9!<-!
=¥ 14/-,8<*818<9.-1-.<9.17></91.#D*+)),89,/<3!+0.,><2,|=+- 8<+)I'&#D+A<Jq5!:;\I=,0<3+)413*/-</?*?>)#1 A*8]
> 2 0+#>14-1 +3.FAL- 1 0+-+13%)),3-<*/I-<= ID*<H 1@*8! 2+)<0+-<*/1*Al-, 1+3-<2%1][!0,2<3,5!-.,!
D+8-<3<D+/->13*/3788]K)}®B,! +/1+33,),8*=,-,85!+/0!-.,1-8<¢J<+)!(IPn0!13-<98+D.!+3-<2<-#1=*/<-*8I
'13-<(8+D.5%,/>+3%)+5!@)*8<0+45!*2,8!-. 185B>L /B! ) +>-<3!" )-L)) AB*=D), -, 010+<)#!)*9>I*Al

% ES] [% vSe[ A}E|+AR =8+ #IKEKN 08 K6+M</9!+/0!>), Dt35!4/051<Al+/#5!-<=,>IK. /!
-,10,2<3,>IK,8,1/*-IK*8/L! |

[.,10+-+! K,8,! D8*3,>> 0!"#1?7></91+413?7>-*=<> 01>-+-<>-<3+)!1>*A-K+8,|DB19848=<*/1YL_!";1;!
F/>-<-?-IF/3L5!6+8#5\65! T A 3.!13*="</,0!-.,!+3-<2%1[!+/0!0<+8#!0+-+L!l.,!><--</95M></95#/0!
>,DD</914+3-<2<-#!", +2<*?8>1K,8,13+)37)+-,0!+>1-, 142 8+9,12+)<0IK*8MO+#>!'0,2<3,!K*8/10?8</91+-!),+>-!
"TI*AIK*8M!*?8>41*812+)<010+#>1'0,2<3,!K*8/10?78</9!+-1),+>-I' T|*AIK+M</9!.*?8>4L!l.,113-<98a!D.!(IPn
O0+-+IK+22> 01-*1 >-<=+- 1-<=I1>D /-I</I[ BA1+/0! $W% 1!

\/\l



D@D @FBB6&C+)9'#)1"6
V-.,810+-+13%)),3-,0!K,8, ®

+L 6)</<3+))#!+>>>> 010t .8*D*=,-8<3!=,+>78,>1</3)?0,0!.,<9.-5!K,<9.-5!+/0!"*0#! 3*=D*><-<*/!
K,8,13%)),3-,01?></9!>-+/0+80!</>-87=,/->L!6+80<*=,-+"*)<3!=+884/B}?0</D+8-<3<D+}->
9)?3*> 5!)<D<0!D8*A<),!I'-*-+)13.%) >- 8*)5![C[5!&C[5!+/01-8<9)#3,8<0,>45!+/01</>?)</IK,8,1+>> >> 0IA8*
A+>-</9!")**Q1>+=D),>L!:)**0ID8,>>78,!K+>1=,+>78,0L!

"L ;782 #10+-+ t13<H0,=*98+D.<3!</A*8=+-<*/I'+9,5!19,/0,85!,-./<3<-#5!=+8<-+)!>-+-?>51+/0! 07?3 +-<*/!
),2,)AIK+>13%)) 3 Ol+-1"+> )<[#/)# L1% #><3+)1.,+)-.10+-+51</3) 20</9!1=?>3?)*>M, ) -+ )BItB, |
+)>*B8*)),3-,0LI1/1*/)</,I=*0<A<,01\*80<3!$?2>3?)*>M, ) -+)le?,>-<*//+<8,I"$e4l-.8*29 1+![<=X
;,82<3, 149 IK+>1> W8*=D),-,0!-*14+>> >>1- 1D8,>,/3,1*Al$; %! 41 2+8<*?>1"*0#18,9<*028</9..,!

D+>-1>2 J0+#>14/01.,,ID+>-+.8,, 1=*/->! d] 58]] 58]*H %+8-<3<D+/->!+)>*13*=D),-,0!-58;)A8-!
B?,>-<*//+<8,1-*] >-<=+- l-<= 15D /-I</ID #><3+)1+3-<2<-#5!>-+/0</95!+/0!><--</910?8</9!K,,MO+#>!+/0!
K, M,/0>LIV-.,8l=, +>?78,>1</3)?0,IK*8M!*?-3*=,>1'D8*0?3-<A&;#)-.!1+/0!Z*8M!e?,>-<*//+<8,!
'&Ze4fID8,> /-,,<>=I1+/01+"> /- ,<>=] NZ*8MI[<=<-+-<*/>le?,>-<*/[+<8,!'Z[e45!0<,-+8#!I</-tM,!
@+-l1@<"8,!:,.+2<*?8IF/0,J5!B?+)<-#IIRAGH)<+/1e2+) <-#I*Al[<A, ;282 #!' XeBAd]_H!

“al



8'<4#!BEE!"/3J'()!.I!

$'&2#&2!12#$!-%! & +#1#J9-(-3'412&/M-#2

"&l3) !

#23(-98&.%

TH2I(#S!, (-<d#2 |

1.,1$++>-8<3.-1;-20#!!
1

\,-.,8)+/0>! |

1

%*D?)+-<¥+>,0!,D<0,=<*)*9<3+)!>-268*>X

> 3-<*/+)10+-+>,-1*Al+07?)->1+9, 01 t1A)!#, +8>L!
G387<-=,/-IK+>1>-8+-<A<,0I"#IM/*K/ISCI>-+-?>5!
K<-.1+/1*2,8>+=D)</9!*Al</0<2<0?+)>IK<-IIISCL

|

13-<2<-#I", +2<*?810+-+0!+3-X28H,0!>,0,/-+8#!

" +2<*28l'0+<)#1I><--</9]-<= 41+/0!1$W% 1

|

$;%!*?-3*=,> I tI;)A8,D*8-,0!$;%!</!-.,!/,3M5!
>*?)0,85!,)"*K5!K8<>-5!.+/05!)*K!"+3M5!.<D5!D,)2<
M/,,51+/M),51+/01A**-I'e?,>-<*//+<8,1+0+D-,0!A8*=!-,,
71<-,05;-+-,>ID*D?)+-<*K+>,012+)<0+-,01&,+)-.!
1>>>>= [-le? >-<*/[+<8,I5 W

|

()?23*>,1=,-+"*)<>=1>-+-2>1t; )AX8,D*8-,0!ISC!+/0!
3)</<3+))+>> >> ODEPRIV(IIL!I6+-,9*8<>,0!</-*! !
\($5!D8,0<+",-,>5!+/0!ISCL

|

6*2+8<+-311/-.8*D* =,-8<3!+/0!0,=*98+D.<3!
=,+>78,>I"*0#1K,<9.-! th$F45!=,0<3+)!.<>-*8#5!B?+
*AN<A BI>=*M</9!", +2<*?85!>*3<* 3*/*=<31>-+-7>5
0<,-+8#!+/01+)3*.*)I</-+M,L

|

1?2>C<+"l;-?08
!

!

1?7>-8+)&+

%*D?)+-<¥+>,0!,D<0,=<*)*9<3+)!
D8*>D,3-<2,!>-?0#10,><9/L!
|

10?)->1+9,0!S]'#,+8>1+/0!*2,81,8,! 8,387<-,0!
[+-<*IK<0,!A8*=I><]J!>-+- >I+/0!*/ |- 88<-*8#!+38*>

1?>-8+)d+L
|

i.8,,!0+-+!3*)),3-<*/!-<:,!D*</->!*2,8!QS!#,+81>O!

m
I@*))*ReD>0
INIH-1]1#,+8>HSTT_1-4ISTT]I"5aY14
1m

HNIH-1QSI#,+8#8TQQ!-*ISTQS!'"'5Q 4
!

13-<2<-#1", +2<*2810+-+!"+>> >> 0l+-14))-<= I D*#/-3
5,0,/ +8#!" +2<*28IK+>1, >-<=+- 0l+>1> )8 ,D*8-,0!
SR IWI-<= 11K, MO+#>1+/01K,,M,/0>1A*8!-.,ID+>-!
alo+#>L1182,117>-8+)<+!;782 #1B?,>-<*//+<8,1?>,0!A
),<>?8%<=,!D . #><3+)1+3-<2<-#!I"SVBHIA!

|

Uo+</1¥2-3%= I'+>> >> 0l+-1+))1-<= ID*</-t41> 01*/1
-, @PAMO<)#ID+H</I0*=+</1>34),I'3*/><>->1*Al-K*]
<-,=>IK.<3.14+>> >>ID+</I</- [><-#1+/0ID+</I</-,8A,8
*IF8=+)! +3-<2<-§S YAL!;3*8,01*/I+ITI-*IQTT!I>3+),
AlSZ 0}A & « }E « ~3}A E - Ki[-
e A E %o |V ~etP+<HI|

|

ISCI>-+-2>1'+>> >> Ol+-1+))I-<= I D*<HEWH/<3+))#!
+>> >> 017></91A+>-</9I")**OND)+>=+19)23*> I- >-I
SX*?28IV(IIL !

|

6*2+8<+- Mll<=, X/2+8<+/-10+-+!"> JI+/0!,0?3+-<*/!
),2,)413+D-28,01%/)#+-1"+> )</ Jll=, 22+8<+/-10+-+!

~ ee oo § 00 SJu %o}]vSee % ES]
K+<>-13<837?=A,8,I3*0#!K,<9.-45!>))8,D*8-,0!

22>, 9)01</3%=,5N<A,>-#),!",.+2<*28>!" [ 89#!</-+M,!
+/01>=*M</941=,0<3+)].<>-*8#51+/0!=,/-+)|.,+)i.L

|

~+/0 XDIW<3-*8<+1;-P
!

|

17>-8)<k

Z*8MD)+3X+> 013)?>- 88+/0*=<> 013*/-8*)1-8<+)!

'D8*>D,3-<2,410,><B/L
!

G,387<-,0!A8*=I+07?)->!+9,0!1@N#,+8>K.*IK,8,!
0,>MK+>,0IK*8M,8>1</1+!></9),1*89+/<>+*/L!

I*-+)ID+8-<3<D+MSPQ!'F/-,82,/-<*/Ic!QP"fl6*/-8*)!

clv)a
I

1.8, 1+>> >>= [-l-<=  ID*</->k+-1"+>)</,5!-.8,, X

=*/- 1+A-,8!-.,1</-,82,[-<*/5!+/0!QS '=*/-.
=<l X * - 1=+</- [+/3,D,8<*0L !
|

S+A-,8!

13-<2<-#!", +2<*?2810+-+!"><--</95!>-+/0</95!+/0!

>- DD</9443-<2%1JP>>,>>,01+3-<2<-#I", . +2<*?28> 4
,+3.1-<=,ID*</-I!

|

$;%!*?-3*=>! th$e X>>> 0!+3.,5!D+</5!
0<>3*=A*8-5!*8!1/?="/,>>I</I-, |/, 3M5!>.*?)0,8>5!
,)"*K>51K8<>->51)*K!"+3M5!.<D>5!M/,,>5!+/0!+/M),>
)+>-1>2 10+#>1'+3?-,414/0!- 1) +>-1- 8, ,1=*/- >
'3.8*/<345] L

|

6*2+8<+-3t!;,)A08,D*8-,0!+/-.8*D*=,-8<3!+/0!
0,=*98+D.<3"*0#!K,<9.-! th$F45!+>1K,))!+>!
>*3<* 3%*=<310+-4!!

ISCIHI-#D,!SI0<+",- >5I$WUH*0,8+-, X* R<9*8*?>I</- [><-#ID #><3+)1+3-<2<-#HREBH)! 9)73*> |= -+"*)<>=5]; @ P> .*8-I A*8=IP"!
<-,=>5IV(II! t*8+)19)?3*> I-*) 8+/3,!->-5I\$e! t\*80<3!=?>3?7)*>M,),-+)!D+</IB?,>-<*/[4<8,




!
D@E%'(6'(HIMHSC (<) Yo 6+

1/ 1+2,82<, KI*AL-. 1>-+-<>-<3+)1=*0,))</91= - *0>1-. K!8, 17>, 01</t., [2+8<*2>] =D<8K-B-20<, xIb
D8,>/-,0!" J*KL !

A"HI*?)()-$:'2;(0*3%8
1., JA<8>-1 =D<8<3+)!>-20#!":188%>,0!+1><=D),|)*9<>-<318,98,>><*/1=*0,))</9!= - *Ol-*| J+=4,!

+>>*3<H-<H[>I K, [12%)2=, SFAIO+<)HI><--</91-<=, 1+/01- ., FODAS; %6 [+2-3*= >I</I0<AA, 8, /-I"*O#!
8,9<*/5L11.<>1=*0,))</91+ DD8*+3.14+>>2=,>1+1)</,+818 )+-<*/>.<D!" -K, /I-.,|, ]D*>?8,'0+<)#!><--</9l-<=, 4]
HOl-,1¥2-3%=I'  $:942+8<+")|b

D@F GE-@&f"+#93(#+6<$(*'6
11>?7'%/+)#><>IK+>ID,8A*8=,0!</!;-B#!, J+=</ 1-, ID*- [-<+H)I[*/  N</,+8!8,)+-<*/> <DAD+<)#!><--</9!

<= IK<- 1, $;96 #2-3%=,>17></9H B, >-8<3-,0132"<3I>D)&H;4 L., |G6; <> +18*"2>-1+/+)#-<3+)I=,- *0IA*8!
=*0,))</9'A),I<") A</, +818,)+-<*/> <D>IK<-.IM/*->1D)+3,01+-1>D,3<A<3!)*3+-<*/>1* AR | HPB2, !
[2="8*AIM/*->1+/0!-.,<81)*3+-<*/>1)+89,}#10,D,/01*/1-. |><p,I*Al-. |0+-4S]a58]" H 1/1,J+=D),*AIG6;!
A8l >-<=+-</91- I/*/ X</ +8!8,)+-<*/>.<D>IK<-.10<AA,8,/-IM/*->1<>1=4gk9?78,IPDEK !tl-,!
<))?>-8+-<*/IK+>1-+M,/IA8*=IVV>M+8>>*/1+/0!3*)), () ? J1:!

! =-F/(#!BE&EG,>-8<3-,013?7"<3!>D)</,>I> *K</9!+10<AA,8,/-/?="8I*AIM/

A"#'03;*H.&$-:;/'$2*5'66)3 %

[.<>14/4)#-<31=,- *0IK+>1?7> 04/, 1>,3*%/0! | ,.=D<8<3#}?0#-?0#!P4-*!, J+=</,1"*0<)#!D+</!-8+U,3-*8<,>!
+/0!-., <8,)+-<*/>.<D>IK<-.13.+/9,>!%/0,/-+8#!",.+2 <*?8IW!-<=,41].,19 8*K-.13?82,!=*0,) 5IK.<3.!4>
+)>*18,A,88,0!-*14+>198*K-.I-8+U,388H +/1+/+)#-<3+)!1=,- *0!?>,0!-*] >-<=+- 13.4/9,>1</1*?-3*=H*Al

Y!
!



|

8,D,+-,0!=,+>78,>1*2, 81> 2 8+)1*"> 82+-<*/+)ID,8<A0I.,!I=,-. *01?> >14+1=<J,0 XAA,33*8!=7)-<),2))!
=*0,))</9!+DD8*+3+/0! <k>!-. 1<0,+)!=,-.*018,3*==,/0,01 A*8!)*/9<-20</+))#!>-8?23-78,010+-+IK<- !
8,D,+-,0!=,+>?8,>1+-1> 2 8+)1*"> 82+-<*/+)]-<= ID*<[eB] Y5 THLI.<>!1+DD8*+3.!.+>1-,,14+02+/-+9,*Al
+33*?/-</91A*8I0<AA,8,/3,>1</10+-+!0<>-8<"?-<*/1+/012+8<+-<*/>1</12+8<+"),>I</1)*/9<-?0</+)10+-+L!(8*K-.!1378
=*0,))</9!3+/1+33*?/-IA*8l=<>></910+#H8, +-</9!-, =I+>1=<>></9!+-18+/0*:81G45!+>!K,)) ! +88,9?)+8!

-<=, ID*</->1*AlQ+-+13%)), 3-<*/1*A- [14+>>*3<+- 01K <-.1)*/9<-20</+ WBFFFEATHI100<-<*/+) 5 I<-I<>1 AA 3-<2 |
</13*/3?88,/-)#!.+/0)</9!-<= R +8<+/-1+/0!-<2K/2+8<+/-13*2+8<+- > @8EB<;!3+/ID8*2<0, ! +/!,>-<=+- | A*8!
D+8-<3<D¥P,3<A<3!,JD*>?8,!,AA,3-5!-.,8,A*8,512+8<+"<)<-<,>I</1)*/9<-?20</+) 1*?-3*= >1+=*/9|D+8-<3<D+/->!
3+/1",1,ID)+</,0L! .<>1+DD8*+3.ID8*2<0,>!>*= 1A*?/0+-<*/IA*81=+M</9!A?-?8,ID8,0<3-<*/>I*Al*?2-3*= >1</!I
>-20#!D*D?)«*/38,)+-<2,1-*1- 1 JD*>?8,>1*Al</- 8 3] YH !

[*/9<-20</+)t!>-823-2810+-+1+8 3*/><0,8,041-#D, I*Al=?) %2 )10+-+IK<-.18,D, +-,01=,+>78 > +-|
£2,))XQl,>- 01K <-. </1</0<2<07+)ID+8-<3<D+ESPS 11, 1=, +5>78,= /-1-<=, ID*</->I¥Al +3.ID+8-<3<D+/-!
'<L,L5!10+-+13%)),3-<*/1-<=,ID*<k8A. 1-<=1 = -8<3K.<3.I<¥A- /1 -8,+-,0!+>1+F 2 ) XQ[,IJD)+/+-*8#!
2+8<+") Ll 98*K-.13?782,E%0,))</9! 2> M <-.,8!8+/0*=I</- 83,D-1*818+/0*=I>)*D,!=*0,) >5!K<-4,! )+-- 8!
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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 40D75years 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.
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Results

The fully adjusted model (including BMI, MVPA, and history of cardiovascular disease)
showed dalily sitting time to be significantly associated with knee pain in the overall sample
(OR =1.07,95%CI: 1.01Db1.12)and in those with T2D (OR =1.11, 95%Cl: 1.00D1.22);this
was not statistically significant in those with prediabetes (OR = 1.04, 95%CI: 0.91BD1.18)or
NGM (OR =1.05, 95%CI: 0.98D1.13).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.qg., sitting bouts and domain-specific sitting time) and the potential
relationships of knee pain with mobility limitations.

Introduction

Time spentsitting (sedentarypehaviour)is associatewvith anincreasedisk of severahdverse
healthoutcomesadditionalto therisksassociatedith insufficientlevelsof physicalactivity
[1]. Specificallythereis evidencehat highervolumesof daily sitting time areassociatedith
all-causemortality risk, alongwith increasedisksof cardiovasculadiseaséCVD) andinci-
denttype2 diabetegT2D) [2PM].

Globally,the prevalencendburdenof musculoskeletgdain (MSP)-relatecconditionsare
rising [5]. Also,therehasbeenanincreasedocuson understandingheimpactof MSP-related
conditionsasa comorbidity of T2D [6B8]. SomeMSPconditions,for examplenon-pyogenic
tenosynovitisand stiff handsyndrome areobservednore commonin thosewith diabeteg9].
Furthermore heck,shoulderow back,andkneeosteoarthriticpain arewelldocumentedn
thoseliving with diabetesparticularly T2D [6E8, 10, 11]. T2D hasalsobeenlinked with detri-
mentaloutcomef someMSPconditions[7, 10). Giventhat highervolumesof sitting time
havebeenidentifiedin thosewith T2D relativeto thosewithout T2D [12], sedentaryehaviour
could,in part,beaplausiblecontributor to MSPconditionsin T2D [6, 13).

From agenerabopulationperspectivethereis equivocakvidenceon the relationshipsof
sitting/sedentaryime with MSPconditionsin both cross-sectionand prospectivestudies
[13B17]. High volumesof sitting time amongsomepopulationcohorts for instancehavebeen
foundto beassociatedith theincreasedisk of MSPconditions,suchaslow backpain, neck/
shoulderpain,osteoarthritisandgeneraMSP[13 14]. In contrast,studieshavealsodocu-
mentedeitherno evidenceor inverseassociationbetweersitting time andsomeMSPcondi-
tions[13 15, 17]. In this context,the availablesvidencemostimportantly thosefrom
population-basedtudieshasrelied on self-reportdataon sitting time. Thereis limited evi-
dencefrom studiesusingdevice-basetheasurementf sitting time, especiallyn largepopula-
tion-basedsamplesgevice-basesdtudieshavein the main utiliseddatafrom small
subpopulation$13. Also,it isunclearwhetherthe relationshipsetweersitting time and
MSPconditionsarelinearor non-linear.Previousstudieshavemainly investigatedhelinear
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relationshipof sitting time with MSPconditions[13 15, 17], with apaucityof studiesreport-
ing on potentialnon-linearrelationshipsFurther,the associationsf sitting time with MSP
conditionsin adultsaccordingto glucosemetabolismstatug GMS),andespeciallypn unique
associations thoseliving with T2D, areunknown. Someevidenceandicatesthe relationship
of increasedime spentin sedentarppehavioumwith changingpain severityin adultsmaybe
more pronouncedn thosewith T2D [18§].

We examinedhe cross-sectionassociationsf device-measuretbtal daily sitting time
with MSPoutcomesbneckhoulderjow back,andkneepainbinalargepopulation-based
sampleof middle-agedandolderadultsandthenseparatelyn stratifiedsubgroupsf those
with normal glucoseanetabolismNGM), prediabetesand T2D; wefurther examinedpoten-
tial non-linearrelationships.

Materials and methods

Designand participants

Thedataweresourcedrom The MaastrichtStudy,anobservationaprospectiveoopulation-
basedtohortstudy.Therationaleand methodologyhavebeendescribegreviously[19.
Briefly,the studyfocuse®n the aetiology pathophysiologycomplicationsand comorbidities
of T2D andis characterizedby an extensivgphenotypingapproachEligiblefor participation
wereall individualsagedbetweertOand 75yearsandliving in the southernpart of the Neth-
erlands Participantsvererecruitedthroughmasanediacampaignsndfrom the municipal
registriesandthe regionalDiabetedPatientRegistryiamailings.Recruitmentwasstratified
accordingto known T2D statuswith an oversamplingf individualswith T2D, for reason®f
efficiency[19.

For this cross-sectionatudy,2827participantsfrom the full samplgN = 3451)who com-
pletedaninitial surveybetweerNovember2010and Septembe2013bforwhomtherewere
dataon musculoskeletdiealth,device-derivedactivPAL)sitting time and physicalactivity,
T2D statusandrelevantcovariatesbweiacludedin the analysisThe participantsexcluded
werel26without valid activPALweartime, 24 with type 1 andotherdiabetesliagnosesand
474who hadamissingvariableof eitherexposureputcome or covariatesl ittleOgestof miss-
ing completelyatrandomwasperformedto checkwhetherthe exposureand outcomevari-
ablesveremissingatrandom,aswell asthe covariate-dependemhissingnesandensuredhe
assumptionsveremetbeforerunning the complete-casanalysig2Q. Participantexamina-
tionswereperformedwithin atime window of threemonths.The studyhasbeenapprovedoy
theinstitutional medicalethicalcommittee(NL31329.068.1@ndthe Minister of Health,Wel-
fareand Sportsof the NetherlandgPermit 131088-105234-BGAll participantsgavewritten
informed consent.

Measures

OutcomesbMusaloskeletalpain (MSP). Datawerebasedn aself-reportedjuestion-
naireon musculoskeletdiealth(validatedin a Dutch sample) 19, whichwasadaptedrom
the United Statepopulation-basedalidatedHealthAssessmerQuestionnairausedin the
NationalHealthand Nutrition Survey(NHANES)[21]. Participantsvereaskedvhetherthey
hadatleastoneinstanceof experiencingpain (yes/no)for the pastonemonth in the following
11bodyregionsbneclshoulder elbow,wrist, hand,low back,hip, pelvis knee,ankle,and
foot; excludingpain asaresultof trauma.Theywerealsoaskedo indicatewhethera physician
hadmadeadiagnosidor the pain.For this analysisa pain episoddor atleastonedayin the
pastonemonthin the neck,shoulder]ow back,andkneewasconsidered.
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ExposurebDailsitting time. TheactivPAL3physicalactivity monitoring device(PAL
TechnologiesGlasgowlJK) wasusedto continuouslymeasureparticipantséitting time,
24hr/day.TheactivPAL3datacollection,analyticprocessesitting time, and other physical
activity time calculationhavebeendescribecelsewherg2?). Participantsvereinstructedto
wearthe devicefor eightconsecutivelayswithout removingit until thefinal day.Thefirst and
thefinal days@atawereexcludedecausgarticipantsperformedphysicaffunction testson
thefirst daywhile wearingthe device andthe final dayOgatawerecollectedor lessthan
14-hoursof wakingtime. Participants@atawereeligiblefor inclusionin the analysisf they
hadatleastonevalid day(morethan 14-hoursof wakingdata)deviceweartime. Time spent
sitting during waketime on valid daysderivedfrom the activPALdevicewasusedto calculate
themeandaily sittingtime in hoursperday.

Covariates. Self-reportechistory of T2D anda standard2-hour oral glucoseolerancetest
(OGTT) wereusedto ascertairparticipantsGMS.Exceptfor thosewith known T2D receiving
insulin therapywho werecapturedby self-reportednstrument,all other participantswith
unknown GMSunderwentastandardised-time point OGTT afteranovernightfastwith 75¢g
glucosengestionasdescribecelsewherg¢l9. World HealthOrganisation(WHO) criteria
wereusedto categorisgarticipantsasNGM, prediabetesand T2D [23. Prediabetewas
definedasimpairedfastingglucosewith fastingplasmaglucoses.196.9mmol/land 2-hour
postprandiaplasmaglucosdessthan 7.8mmol/Lor impairedglucoseolerancewith fasting
plasmaglucosdessthan7.0mmol/Land2-hour postprandiaplasmaglucose 7.8and
<11.1mmol/l.T2D wasdefinedasfastingplasmaglucosegreatetthan 7.0mmol/Lor 2-hour
postprandiaplasmaglucosegreateror equalto 11.2mmol/L[23, or known T2D andon glu-
cose-loweringnedications.

Moderate-to-vigorousntensity physicalactivity (MVPA) time wasderivedfrom the activ-
PAL3dataasminuteswith stepsrequencymorethan 100steps/minduring wakinghoursas
describecelsewher¢24]. A generaluestionnairavasusedto gatherdatafor othercovariates
suchasage sex/evelof education(categorise@slow, medium,or high),andsmokingstatus
(neversmoked former smoker currentsmoker) Participants@ietaryquality scorewas
assesseadith avalidatedFoodFrequencyQuestionnairg 25 from whichaDutch Healthy
Dietindex (DHD-index) wasderived,whichis basedn Dutch dietaryguidelined 26]. Body
massndex (BMI) wascalculatedrom the physicalexaminationdata.Mobility limitation was
basedn participants@elf-reportof anydifficulty climbing oneflight of stairsor walking500
metresderivedfrom the 36-itemshort-form healthsurveyinstrument.A self-reportechistory
of CVD from the Rosequestionnairdg27] wasanadditionalconfoundingcovariate.

Statisticalanalyses

The characteristicsf the studypopulationwereexaminedoy GMScategorie$NGM, predia-
betesand T2D). Continuousvariablesverecalculatecand summarisecasmeansandstan-
darddeviationswith differencedetweerthe NGM, prediabetesand T2D subgroups
examinedusinglinearregressiormodelsby regressinghe continuousvariablesasthe out-
comeagainsthe GMSandsignificantdifferencetestedby usingtestparm(post-estimation
command),whereagategoricalariablesveresummarisedsproportions(percentagesinda
chi-squaretestusedto comparethe groups@ifferencesTo accountfor multiple-hypothesis
testingin comparisonscrosghe groups.astringentp-valueof < 0.01wassetasthe signifi-
cancdevelbasedn Bonferronicorrection.Potentialconfoundingvariablesvereselectec
priori basedn prior literature.All statisticabnalysesvereperformedusingSTATA statistical
software(StataCorprersionl17),andthe significanceof associations main analysesvascon-
sideredatap-valueof" 0.05for the overallsampleandthosewithin the GMSgroups.
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Fig 1. The predictive probability of the musculoskeleal pain outcomeswith daily sitting time accordingto glucosemetabolism status(GMS).

https://da.org/10.137 1durnal.pon®285276.g0D

First,to examinethe associatiorof total daily sitting time with the MSPoutcomegneck,
shoulderJow back,andkneepain), we usedlogisticregressiomodellingandstatistically
checkedheapriori decisionto stratifythe analysidoy GMS.Multiplicative interaction
betweerdaily sitting time and GMSwasmodelledfor the MSPoutcomesn the overallsample,
adjustingfor ageand sexwith the marginscommandusedto estimatehe predictedprobabil-
ity of the MSPoutcomeandmarginalplot (line graphs)usedto interpretthe potentialinterac-
tions (Fig 1). Forthe main analysisprogressiveladjustedmultiple logisticregressionsvere
modelled regressingachof the MSPoutcomeqyes-MSP/no-MSPasthe dependen{out-
come)variableanddaily sitting time astheindependeni{exposureyariablefor the overall
sampleandseparatelyor NGM, prediabetesand T2D. Thefirst model(modelA) was
adjustedor ageandsex.

Secondthe modelswerefurther adjustedor BMI and MVPA (Model B) to examinethe
attenuationeffecton the direction of potentialassociationsigain, the fitted modelswerefully
adjustedby addingsomeconfoundingvariablesincluding socioeconomiwariablegeducation
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Fig 2. Non-linear relationshipsbetweendaily sitting time and neck,shoulder,low back,and kneepain (overall samplewith and without type 2 diabetes)

https://da.org/10.1371durnal.pon®285276.g0D

levelandemploymentstatus)and lifestylevariablegdietaryquality scoreDDHD-indexand
smokingstatus) aswell asahistory of CVD (Model C). Then,therobustnes®f the associa-
tionswasexaminedoy further adjustingfor mobility limitation asa surrogatefor othercondi-
tionsthatmaypredisposeo excessiveedentanpehaviour(Model D). Further,weexamined
thenon-linearrelationshipof daily sitting time with the MSPoutcomeausingrestrictedcubic
splineg RCS)bthenostrigorousandflexibleapproachrecommendedor investigationof
non-linearrelationshipg 28, 29. ThreeknotsRCS(selectedasedn Akaikeinformation cri-
terion (AIC)Dprovidedn the Supplementaryile) werefitted (for the final fully adjustedmod-
els)andoutputswerepresentedn line graphg(Fig 2 Bforthe overallsampleand
Supplementanp1Figin S1File, aswellasSupplementarp2abS2Bigin S1Filefor the GMS
subgroupsbwitlscattermplotsillustrationsof distributionsof the predictedprobability of the
MSPoutcomes).

For sensitivityanalysesa multiplicativeinteractionof daily sitting time with sexwastested
by modellingsitting time/sexinteractionon the MSPoutcomesAlso,weexcludedall those
with mobility limitations to checkfor the potentialof reversecausalitybias(25.9%of the total
samplesize)andre-ranthe models.
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Thedistributionsof daily sitting with the MSPoutcomesaswell asthelinearandnon-lin-
earanalyticmodels@itnesschecksareprovidedin the Supplementarjile.

Results

Characteristicsf the participantsaccordingto GMSareshownin Tablel. Thosewith T2D
wererelativelyolder,andon averagespentmorehourssitting andfewerhoursin MVPA com-
paredto participantswith pre-diabeteandNGM. Comparedo thosewith NGM andpredia-
betesthosewith T2D weremore likely to bemale,obesehaveahistory of CVD, andhave
mobility limitations.

Asshownin Table2, the bodyregionwith the highestprevalencef MSPwaslow back
pain (52.8%)andtheleastprevalentwaskneepain (34.2%) The prevalencef kneepainwas
marginallynon-significantlyhigher(p = 0.03bwiththe significancdevelsetatp < 0.01to
accountfor multiple testing)in the T2D groupcomparedo the prediabeteand NGM groups,
whereaghe prevalencef neckpainwassignificantlyhigher(p < 0.001)in thosewith NGM

Tablel. Charactersticsof the study population.

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
Femalen(%) 1,61357.1) 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
Socioeconmic status

Educatiorlevel < 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)
Employmenstatus < 0.001
Unemployed,n(%) 1,57955.9) 848(49.1) 275(62.4) 456(69.3)

Employedn(%) 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(SDhrs/day 9.2(1.7) 9.0(1.6) 9.2(1.8) 9.9(1.8) < 0.001
MVPA, mean(®) min/day 52.0(25.4) 56.7(25.2) 49.2(23.3) 41.5(23.8) < 0.001
DHD-index scoremean(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)

Medical history

CVD history < 0.001
Yesn(%) 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: Normal GlucoseMetalplism| T2D: Type2 Diabeteg CVD: Cardiovasular DiseasefDHD-index: Dutch healthydietindex|
Significancdevelswveresetat p-value< 0.01to accountfor multiple-hypothesidestingacrosshe groups.
For compari®nsbetweerthe subgroupgNGM, prediabetesand T2D)Dcontiniousvariablesvereexaminedoy linearregressiomwith post-estination testparm;
categorichvariablesvereby chi-squareest.

https://da.org/10.1371durnal.pon®285276.t001
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Table2. Prevalenceof musculoskeleal pain outcomes accordingto glucosemetabolismstatus(GMS).

MSPoutcomes Overall (N = 2,827) NGM (N =1,728) Prediabaes(N = 441) T2D (N = 658) p-value
Neckpain 1,328(47.0) 870(50.4) 194(44.0) 264(40.1) < 0.001
Shouldermpain 1,062(37.6) 653(37.8) 165(37.4) 244(37.1) 0.948
Low backpain 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:Musculoskel&al pain| NGM: Normal GlucoseMetabdism | T2D: Type2 Diabeteg Significancdevelsveresetat p-value< 0.01to accountfor multiple-

hypothesigestingacrosghe groups.

Numbersindicatethe frequencyof MSP;numbersin bracketsarepercentages

https://da.org/10.137 1§urnal.pon®285276.t002

thanin the prediabetesind T2D groups.Therewereno statisticadifferencesn the prevalence
of shoulderor low backpainaccordingto T2D status.

Theinteractionterm for daily sitting time and GMSwasnot statistically-significanfor any
of the MSPoutcomesHowever the plotted predictedprobability showshat theremaybe
interactionsfor shoulderJow back,andkneepain asthelinesfor NGM, prediabetesand T2D
appeaito crosseachotherasdaily sitting time increasesT his seemsot to bethe casegor neck
painwhich hasthelinesfor the groupsbeingparallelto eachother. Thus,thereareindications
thattheremaybevariationsin the associationsf daily sitting with someof the MSPoutcomes
by GMS(illustratedin Fig1). Specificallyfor kneepain,asthe volumeof daily sitting time
increasedthe predictedprobability of kneepain non-significantlyincreasedwhich wasmore
apparenin thosewith T2D thanin thosewithoutbprediabeteand NGM (kneepainbpfor
interaction= 0.424) Theinteractionmodelsareprovidedin SupplementarglTablein
S1File.

Table3 presentshe progressively-adjustddgisticregressioriindings of thelinearrela-
tionshipsof daily sitting time with MSPoutcomedor the overallsampleand separatelyor
thosewith NGM, prediabetesand T2D. A statisticallysignificantassociatiorof daily sitting
time with MSPoutcomesvasobservednly for kneepain. In thefully adjustednodel,includ-
ing demographi@andsocioeconomiconfoundersaswellasBMI, MVPA, andhistory of
CVD, daily sitting time waspositivelyassociatedith increasedddsof kneepain (OR=1.07,
95%CI:1.01D1.12)n analysestratifiedby GMS,therelationshipwassignificantonly in those
with T2D (OR=1.11,95%CI:1.00D1.22put not for thosewith prediabete$OR = 1.04,95%
Cl:0.91D1.18)r thosewith NGM (OR = 1.0595%CI:0.98D1.13'heassociationsemained
statistically-significanin the overallsampleg(lOR = 1.06,95%Cl:1.01D1.12andmarginallysig-
nificantin the T2D group(OR = 1.10,95%CI:1.00D1.223fteradjustingfor mobility limitation
in therobustnessest.A further sensitivitycheckshowedhat therewasno significantinterac-
tion with sex(resultsnot shown).The significantassociationsvereattenuatedafterexcluding
thosewith mobility limitations from the analysigo checkfor reversecausationbut therewere
fewchangedn thetrend of the association§resultsprovidedin Supplementarp2Tablein
S1File).

Therewereno statisticallysignificantassociationf the overallsampleor in the specific
GMSgroupsbetweerthe daily sitting time and neck,shoulder or low backpainin anyof the
modelsaswellasin the sensitivitytestsandno significantsexinteraction.

Thenon-linearrelationshipgin the overallsamplewith the p for non-linearity) arepre-
sentedn Fig2. Non-significantcurvilinearrelationshipsvereobservedor the associatiorof
daily sitting time with neck,shoulderandlow backpain, whereaghe sitting time/ kneepain
relationshipwasobservedo belinear.Forthe subgroupanalysisy GMS[resultsprovidedin
Supplementang2abS2Eigin S1File], curvilinearrelationshipsvereobservedn the NGM,
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Table3. Associationof daily sitting time (hours/day) with musculoskéetal pain outcomesin the overall sampleand separatéy in thosewith normal glucosemetab-
olism, prediabetes,and type 2 diabetes.

MSPoutcomes N Model A Model B Model C Model D
OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)

Neckpain

Overall 2,827 0.98(0.94b1D3) 0.99(0.94b14) 1.00(0.95D1.05 1.00(0.95D1.05
NGM 1,728 0.99(0.93b16) 1.00(0.93b17) 1.01(0.95D1.09 1.02(0.95D1.09
Prediabetes 441 1.00(0.89D1L.1) 1.00(0.89D1L3) 1.01(0.89D1.14 1.00(0.89D1.14
T2D 658 0.98(0.8991N7) 0.97(0.88D18) 0.98(0.8991.08 0.98(0.8891.08
Shoulderpain

Overall 2,827 1.01(0.97D16) 0.99(0.94D1D4) 0.99(0.94D1.05 0.99(0.94D1.05
NGM 1,728 0.99(0.93D16) 0.98(0.91D15) 0.99(0.92D1.06 0.98(0.92D1.06
Prediabetes 441 0.99(0.89D1L.1) 0.95(0.84D18) 0.95(0.84D1.07 0.95(0.84D1.07
T2D 658 1.05(0.96D1L5) 1.03(0.93D1.3) 1.01(0.92D1.12 1.01(0.9191.12
Low backpain

Overall 2,827 1.02(0.97D17) 1.01(0.96D16) 1.02(0.9791.07 1.01(0.96D01.07
NGM 1,728 0.99(0.93b15) 0.99(0.93b17) 1.00(0.93D1.07 0.99(0.93D1.07
Prediabetes 441 1.09(0.97b21) 1.08(0.96b22) 1.09(0.97D1.23 1.09(0.97b1.24
T2D 658 1.04(0.95D1.3) 0.99(0.90D1M9) 1.00(0.90Db1.10 0.99(0.90D1.09
Kneepain

Overall 2,827 1.08(1.02D1.13) 1.06(1.0191.12) 1.07(1.0191.12) 1.06(1.0191.12)
NGM 1,728 1.06(0.99D1.4) 1.05(0.98D1.3) 1.05(0.98D1.13 1.05(0.9791.13
Prediabetes 441 1.01(0.90D1L3) 1.03(0.91D1.7) 1.04(0.9191.18 1.05(0.92D1.19
T2D 658 1.11(1.0191.22) 1.10(1.00D1.22) 1.11(1.00D1.22) 1.10(1.000122)°

Note: Completeeaseanalysig Thesignificantassociationareshownin boldface(p" 0.05)| ¥ p = 0.055 MSP:Musculoskelal pain| N: Samplesize] NGM: Normal
GlucoseMetabdism | T2D: Type2 Diabeted OR:Oddsratio | Cl: Confidencelnterval.

Model A: Adjustingfor ageandsex.Model B: Adjustingfor covariatesn Model A + BMI andMVPA. Model C: Adjustingfor covariatesn Model B + Educationlevel,
employmaet statussmokingstatus DHD-index, and history of cardiovasular diseaseModel D: Adjustingfor covariaesin Model C + mobility limitations.

https://da.org/10.1371¢urnal.pon®285276.t003

prediabetesind T2D groupsfor all the MSPoutcomesut werestatisticallynon-significant,
excepffor kneepainin the prediabetegroupwhich showedamarginallysignificantnon-lin-
earrelationship(p for non-linearity= 0.05).

Discussion

This studyuniquelyexaminedhe cross-sectionaissociationsf device-derivedaily sitting
time with MSPin differentbodyregionsjncluding neck,shoulderJow back,andkneepainin
middle-agedandolderadults,accordingto their GMS.We found evidenceof asignificant
associatiorof longerhoursof daily sitting with higheroddsof kneepainin alinearfunction
afteradjustingfor relevantconfoundersncluding BMI, MVPA, and CVD; this remainedafter
accountingfor mobility limitations. The associationvasstatisticallysignificantonly in those
with T2D andnot in the prediabetesr NGM groups.No significantassociationsvere
observedetweerdaily sitting time and neck,shoulder or low backpainin the overallsample
or theanalysisaccordingto GMSBtheNGM, prediabetespr T2D group,aswell asstatistically
non-significantnon-linearrelationships.

Thereis the potentialfor reversecausalitybiaswithin the typeof cross-sectionanalyses
undertakenin our study.In this context, MSPcould adverselympactphysicafunction and
mobility, especiallyn olderadults[30, 31]. Chronic pain syndromesfor instanceareassoci-
atedwith severapsychosocidactorswhich areoftencharacterisethy fearaboutusing
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affectedoints [31]. Thismayresultin progressivdéossof physicalfunctioning,impaired
mobility, limited physicalactivity behavioursandexcessivieisure-timesitting. Alternatively,
MSPin olderadults,especiallyn thosewith T2D, maycontribute,in part,to high volumesof
dailysittingtime [12, 32]. For example|low backor kneepainthatis secondaryo T2D com-
plicationsmayplausiblyleadto mobility limitations and subsequentlynoretime spentsitting.
After excludingthoseparticipantswith self-reportednobility limitation (about25.9%of the
total analysedampleseeSupplementang2Tablein S1File) from our analysisthe observed
associationbetweerdaily sitting time and kneepain becamenon-significant possiblyreflect-
ing lossof power,yetthe observedrend remainedunchangedFurthermore the prevalencef
largeamountsof time spentsitting is high in olderadults,particularlysoin thosewith chronic
diseasesmplying the potentialfor reversecausatior{2, 12 32). Thereis evidencehat suggests
probablebidirectionalassociationbetweerpain-relatedchronic conditionsand highervol-
umesof sitting time [33).

Thisis oneof thefirst studiesto separatelyeporton the associationsf daily sitting time
with MSPin thosewith andwithout T2D. Amongthe MSPoutcomesnvestigatedye
observed higherprevalencef kneepainin the T2D groupthanin the prediabeteandNGM
groups.nterestingly astatistically-significanpositiveassociatiorwith daily sitting time was
observednly in thosewith T2D, whichis assumedo belinearlyrelated While this finding
maybebiologicallyplausiblethe statisticallynon-significantinteractionof daily sitting with
GMSin our analysigFig 1) limits the interpretationof this finding asindicatingasignificant
differencein the associatiorof daily sitting time with kneepain betweerthosewith T2D and
prediabetesr NGM. Thelackof asignificantinteractionmaybedueto severafactors,nclud-
ing thewidevariationsin the samplesizefthe NGM, prediabetesand T2D groups.Never-
thelesswe observedhatsitting time andkneepain maybenon-linearlyrelatedin the
prediabetegroup (Supplementang2drFigin S1File). Theevidenceon the association
betweenT2D and MSP-relatecdtonditionssuchaskneeosteoarthritishasbeendocumented
[7, 10). Forexamplegvidencdrom ameta-analysi;dicatesthatthe oddsof incidenceand
progressiorof osteoarthritigmostlyof the knee)arehigherin thosewith T2D [7]. Thisevi-
denceis supportedby thefindingsin the placebcarm of arandomisedcontrolledtrial in
patientswith osteoarthritisjn which the presencef T2D increasedherisk of progressive
kneejoint narrowing[10]. To date,no studyhasdocumentedhe associatiorbetweersitting
time andkneepainin thosewith T2D. Nevertheless population-basedtudyof Korean
adultsover50yearshasdocumentech positivecross-sectionalssociatiorof self-reported
daily sedentarypehaviour(sitting time) abovelOhrs/daywith kneepain[34].

ThemechanismsinderlyingMSPconditionsin T2D arenot wellunderstoodhoweverthey
likely involvea complexsetof factorsassociate@ith T2D, including olderage pbesity andthe
systemieffectof persistentiyperglycaemif3s, 36). Forinstancemechanism®f kneeosteoar-
thritis in T2D [36] mayincludebiomechanicajoint loadand systemiagnflammatorypathways
relatedto olderageand obesityalongwith thoserelatedto hyperglycaemiancluding advanced
glycationendproducts(AGEs)andtheir receptor(RAGE)interactionpathway aswell asreac-
tive oxygenspeciegROS)pathwaywhich enhancesecretiorof pro-inflammatoryfactors.Col-
lectively thesemaycontributeto oxidativestressandinflammation processethat promote
vasculaendothelialdysfunctionandjoint cartilagedegradatior] 36E88. In this context,it is
relevantio notethat our statisticainodelscontrolledfor BMI. Behaviourafactors,including
sedentanpehavioummayin partcontributeto, or augmentsomeof thesepotentialmechanisms
throughsomeof the known cardiometaboliconsequencesf time spentsitting [39, 40.

Thereis somesupportingevidencdrom acuteexperimentaktudied 39, 41] andobserva-
tional studieq 40, 47 thatsedentaryime maybeunfavourablyassociatewith cardiometa-
bolic biomarkerssuchasdyslipidaemiahyperglycaemiansulin resistanceandvascular
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endothelialdysfunctionsn T2D. Also,anassociatiorbetweerhighervolumesof sedentary
time andunfavourabldevelsof systemidgnflammatorybiomarkersin adultsliving with T2D
hasbeenobserved43, 44). Thus,sedentanpehaviourmay potentiallyhavesomelinks to the
plausiblebiologicalpathwaysf T2D/MSPassociationsl his maybepossiblehroughthe
influenceof sedentanpehaviouron insulin resistancehyperglycaemisanddyslipidaemia
mediatinginflammatorychangesndimpairedbloodflow in joints leadingto articularsurface
cartilagedegradatior] 36888]. In supportof this,anepidemiologicatross-sectionatudy
observedhatanincreasegrevalencef low backpainin peoplewith T2D wasalsoassociated
with self-reportedsedentanpehaviour{6]. Furthermore thereis evidencdrom aprospective
studythat highervolumesof sedentaryppehaviourareassociatewith increasedeverityof
bodily pain,whichis significantlymore apparenin peopldiving with T2D [18]. Our observed
cross-sectionassociatiorof daily sitting time with kneepainin thosewith T2D afteraccount-
ing for the confoundingbiasof BMI, MVPA, and CVD mayalsosupportthe notion that cardi-
ometabolicand systemignflammatoryeffectsof sedentanppehaviourwhichis more
pronouncedin peoplewith T2D [45, 46], may,in part, playsomerolein the pathogenesief
kneepainin T2D. However with our relativelysmalleffectsizecross-sectiondlnding, poten-
tial residualconfoundingeffectsaandreversecausatiorcould bealsolikely.

Wedid not observesignificantassociationbetweerdaily sitting time and neck,shoulder,
or low backpainin anyof the GMSgroups.Thereis anindication thattherelationship
betweersitting time andneck,shoulderor low backpain maynot necessarilpelinearbut
rathercurvilinear;howeverthe observedurvilinearrelationshipsn our studywerestatisti-
callynon-significant(Fig 2). Studiesareyetto specificallyinvestigatehe associationsf daily
sitting time/ sedentanpehavioumwith MSPseparatelyn peoplewith T2D, prediabetespr
NGM, makingdirectcomparisonchallengingPreviousevidenceon theseassociationsnostly
from heterogeneougopulationsandfor diversesedentarypehaviourdomains hasbeen
inconsisten{15, 16, 47]. Studieshavedocumentednconsistenevidenceon associationsf sit-
ting time/ sedentanpehaviourwith MSP-relatedbutcomesincluding neck/shoulderpr low
backpain[48E61]]. Our findingsareconsistenwith thoseof aprospectiveanalysi®f the Dan-
ish HealthExaminationSurveyCohort2007D2008atathat showedhat self-reportediaily sit-
ting time of 10hrs/dayor morewasnot associatewvith low backpain[51]. In contrastsome
Danishstudiesof tradespeopléavereportedpositivecross-sectionassociationsf Acti-
graph-derivedaily sedentargime with low backpain [48] andneck/shouldepainintensity
[50. Similarly,astudyof Koreanadultsagedover50yearsound cross-sectionavidencehat
self-reporteddaily sitting time of morethan 7hrs/daywasassociatewith low backpain[49].

Severafactorsmayaccountfor the differencedetweerour findingsandthoseof others.
Notably,differencesn theinstrumentsusedto estimatedaily sitting/ sedentaryime areevi-
dent.Body-worndevicegrovidegreateraccuracyor estimatingsitting time, specificallythe
thigh-worn activPALdeviceusedin our studyis known to havehigheraccuracythanthe Acti-
graphdevice(which primarily detectssittingtime) [52, 53. Self-reportmeasuremeninstru-
ments,on the otherhand,arebasedn subjectiveestimate®f sitting time or sedentary
behavioursaandareproneto higherlevelsof bias[52864]. Theinconsistencies the evidence
mayalsoreflectthat the mechanismshat underpin MSPmaybecomplexanddiffer with
respecto thebodypartinvolved.Also, heterogeneityn the MSPassessmelfacuteor chronic
pain) amongthesestudiesmaypartly explainthe differences.

Strengthsand limitations

Thestrengthof our studyincludeusingthe activPALdeviceto measureadaily sitting time, the
goldstandardresearchnstrumentfor accuratelassessingjtting or lying postureg52, 54,
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andthelargesamplesizewith asubstantiahumberof participantswith T2D, whichallowed
stratifiedanalyseaccordingto GMS.Further,we examinedhe associatiorin differentMSP
outcomesproviding the opportunity to comparethe associationsf daily sitting time with dif-
ferentMSPoutcomedy GMSin the samedataset.

Studylimitationsincludethe cross-sectionalesignwhich precludesausalnferenceand
aspreviouslyreferredto, thereis alsothe potentialfor reversecausatioramongthe observed
associationgzurthermore the participants@eandaily sitting time wasderivedfrom one-
weekwearof the activPALdata,and participantswereincludedin the analysisf therewasat
leastonevalid dayof device-weatime. This maynot reflectthe studiedparticipants@ue
habitualdaily sitting behaviourIn addition, asidefrom the confounderdor whichwe
adjustedfheremaybeotherunmeasureaonfounderssuchasoccupationaphysicakctivity
behavioursvhichwerenot accountedor in the analysesAlso, thereis no universallyaccepted
measuref musculoskeletgdain for epidemiologicastudiesThe MSPassessmenmbol usedin
our studyhaslimitations inherentto self-reportinstruments,including thatthe inclusionof
datafrom someOhigtreporters®f pain maybiasthe findings[55, 56]. Also,the assessmeraif
acuteMSP(atleastoneinstanceof experiencingpain for the pastone month) might betoo
sensitivewith lower specificityto effectivelydiscriminateMSPamongthe participants,
therebymaskingthe potentialassociations.

Implications for researchand practice

Our findingsmayprovidenewinsightsfor future researctandclinicalimplications.The pri-
mary focusof this studywasto betterunderstandhe associationsf total volumesof daily sit-
ting time with MSP;howeverijt is well recognisedhat sitting time is accumulatedicross
multiple domains(at home,work, leisure,or commutingin avehicle)which could beof public
healthinterest[57]. Forinstancerecentevidencesuggestthatthe associationsf domain-spe-
cific sitting time (e.g. time spentsitting in acaror ataworkstationdesk)with adverséealth
outcomesgnaybemoreimportant thanjust the total volumeof sitting/ sedentargime accumu-
latedduring thewholeday[58 59. Moreover thereis evidencehat indicatesthat the associa-
tion betweersitting time and MSPmaybeinfluencedby factorsof occupationaknvironment
structureq13. Forexamplehigh sitting time in tradespeoplevho engagen labour-intensive
work maybeinverselyassociatewith neckandlow backpain[15], whereast maybeassoci-
atedwith more neck/shouldeandlow backpainin office-basedvorkers[13. Studieshavealso
reporteddifferencesn the associationsf leisure-timeand occupationakitting time with MSP,
aswell asthe patternof accumulatiorof the sitting time with MSP[17, 48].

Futurestudiespreferablyutilising prospectivalesignsould focuson investigatinghe
associationsf domain-specifisitting time andthe patternof sitting (sitting bouts)with MSP
accordingto GMSin differentoccupationafroups.Theassociatiorof daily sitting time with
kneepain couldbeexploredby examiningthe associatiorof sitting bout duration with knee
painto betterunderstandsitting patternsthataremorelikely to beadverselyassociateaith
kneepain, especiallyn thoseliving with T2D. Also,the compositionof daily sitting time rela-
tive to time spentsteppingand standingin relationto MSP-relatecdconditions,particularly
with kneepain accordingto GMSand potentialassociatedhobility limitations could beexam-
inedin future studiesFurthermore studiescould examineMSP-relatedconditionsasexpo-
sureghat mayinfluencesitting behaviouroutcomesaswell asthe potentialinteractionrole of
GMSin suchrelationships.

Notwithstandingthe potentialfor reversecausalitythesefindings suggesthat someMSP
conditions,specificalljkneepain, mayalsobeaddedto the numerousadverséealthoutcomes
thathavebeenshownto bedetrimentallyassociatedith highervolumesof sitting time [2, 60.
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Accumulatecevidencendicatesthat interrupting prolongedsitting time with, atleastjight-
intensity physicalactivity breakssuchasstandingor light-walkingmayinducehealthbenefits
[61, 62. Thishaspromptednewrecommendationso replacesedentaryime with physical
activity of anyintensitywithin the 2020World HealthOrganisationphysicalctivityand seden-
tary behaviourguidelined 63, andwithin the AmericanDiabetesAssociatiorguidelinego spe-
cificallyimproveglycaemiananagemenin peoplewith T2D andpreventT2D in thoseatrisk
[64]. Our findings suggesthattheremaybefurther benefitsfor peopléliving with T2D, espe-
ciallymiddle-agedandolderadultswith coexistingISP-relateconditions[65, 66].

Conclusion

In this study,weobservedhat device-assessédily sitting time wasassociatedith higher
oddsof kneepainin middle-agedandolderadultswith the associatiorbeingmostevidentin
thosewith T2D. Therewereno significantassociationsvith neck,shoulderor low backpain.
Thenon-linearrelationshipsof sitting time with the MSPoutcomesverestatisticallynon-sig-
nificant. Furtherstudiesusingprospectivestudydesignsshouldfocuson examiningthe
potentialassociationglinearandnon-linear) of domain-specificsitting time (including leisure
time, work, andtransport)and of sitting bout patternswith kneepainandother MSP-related
conditionsaccordingto GMS.Thiswill helpbetterunderstandvhetherparticularthresholds
of daily sitting time areassociatewith anincreasedisk of future kneepain,asabasisfor
future interventiontrialsto reducetime spentsitting, particularlyin the contextof mobility
limitations for thosewith T2D.
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Televisionviewing time and!bodily pain G

InlAustralian adults with!and!without type 2
diabetes: 12year prospective relationships

Franci€Q.S.Dzakpasti®, Nevill@Ower?3 AlisorCarvet, ParneeSeth?, Christiad.Brakenridge?
AgusSalinf, DonnaVl.Urquhar?®, Flavi&icuttin® and DavidV.Dunstart®

Abstract

Background: Bodily pain is a common presentation in several chronic diseases, yet the inuence 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 SKE36 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 thpeentisndlultilevel 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. podinpain score decreaseabross the
threetime 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.podily painscore decreased) signibcantly by 0.3(SE: 0.03) units every additignaDy@@t); 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 signibcantly associated with an increase in pain severity [bodily pain scofeydecreased
0.69 (SE: 0.17) units each additional pe;001], accounting for the growth factor (age) and confoundersO e!
The association was more-pronounced in those with T2D than in those without (prediabetes or NGM), with the elect

of T2D on bodily pain severity becoming more apparent as TV time increases, signibcantly so when TV time increased
above 2.5 hourgerday.

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 bndings highlight the potential of reducing sedentary behaviours in this|context.
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Background in small subgroups of adults, have investigated longitudi
Bodily pain increases with age and can be of somatichal associations between TV time and pain, with incon
visceral, or neurogenic origini, 2]. Among Australian sistent Pndings 21, 22]. Large cohort studies are yet to
adults aged 45-years and over, it has been estimated thaxamine prospective relationships of changes in TV
20% experience persistent chronic pai8][ !e chal - time with bodily pain trajectories. Further, the e"ects of
lenges to clinical management and public health implica sedentary behaviour can be more pronounced in those
tions of chronic pain are substantial and often associatedwvith metabolic disorders, particularly in T2D which is a
with multimorbidity, including diabetes and cardiovas major risk factor of CVD R3D25]. For example, a review
cular disease (CVD). Furthermore, those with diabetesof experimental and intervention-trial evidence has
can be more likely to be hospitalized for musculoskel shown that reducing sedentary behaviour can benepcially
etal pain-related conditions 4]. Chronic pain impacts impact cardiometabolic and inffammatory biomarkers
adversely on daily physical activity and quality of life; canassociated with T2D 25]. Also, T2D has been shown to
be associated with physical and mental health problemspe associated with heightened chronic pain conditions,
and, substantially contributes to healthcare costs and theespecially neuropathic pain2pb28]. Since studies have
economic burden of lost productivity 5. also shown that sedentary time is more pronounced in
le prevalence and burden of chronic pain both those with T2D compared to those without?9], there is
increase with advancing age and as physical activita need to better understand the convergence of high-sed
participation declines §]. Chronic pain can be associ entary time with T2D on trajectories of bodily pain. Spe
ated with older adults being physically inactive and largeciPcally, it is unknown whether the potential inBuence
amounts of time sitting. While changes in physical activ of TV time on prospective changes in bodily pain di"ers
ity with advancing age have been studied extensivelaccording to the presence or absence of T2D.
[7, 8], recent research attention has been directed at We examined the longitudinal relationships of concur
increases in sedentary behaviour (which is distinct fromrent changes in TV time with bodily pain at three obser
physical inactivity, and dePned as time spent in a sittingvation points over 12 years in Australian adults who were
or reclining posture with energy expenditure less than middle-aged and older at baseline; and, whether such
1.5METs) PB]. Higher volumes of sedentary time can be potential relationships may be moderated by T2D status.
associated with increased risk of all-cause mortality, inci We hypothesized that bodily pain severity would increase
dent CVD, type 2 diabetes (T2D), and some cancdi@] with age. Also, increasing TV time would be associated
13]. Specibcally, one of the most common leisure-timewith increased severity of bodily pain at any given time
sedentary behaviours D television-viewing (TV) time bpoint, and the strength of the association would di"er
has been consistently shown to be associated with mulbetween those with T2D and those without T2D.
tiple adverse chronic health outcome42D16], providing
a simple, self-report indicator of a common domain-spe Methods
cibc sedentary behaviour in community-based adults inStudy sample and!participant selection
the home settings17]. le Australian Diabetes, Obesity, and Lifestyle Study
lere is evidence of detrimental associations of higher (AusDiab), a general population-based study of com
volumes of TV time with the risk of developing chronic munity-dwelling Australian adults aged! 25 years to
diseases such as CVD, T2D, musculoskeletal disorderslescribe diabetes prevalence and cardiometabolic risk
and some cancers which is important in this contextq, markers, was initiated in 1999/2000 (baseline b Wave 1),
13,15, as well as an adverse impact on physical activitwith two subsequent follow-ups in 2004/05 (Wave 2) and
levels in ageing adultsLB]. However, there is limited evi 2011/12 (Wave 3). Description of the study design and
dence on the inRuence of prospective changes in TV timeparticipants has been published elsewheR0[. Initially,
on bodily pain trajectories with ageing. baseline datan{ = 11,247) were collected from adults
In epidemiological studies of sedentary behaviour andresiding in 42 Australian Bureau of Statistics Census Col
pain, the 36-ltem Short-Form Health Survey (SF-36)lector District (CCD) across all States and the Northern
guestionnaire [L9) has been commonly used, with mixed Territory. lose with physical or intellectual disabilities
evidence on associations with bodily pain scale scorewere not included B0]. e brst follow-up at Pve years
[20, 21]. To date, only a few prospective studies, typically(n = 8798), was undertaken in 2004/05; and the second
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follow-up at 12 yearsr(= 6,186), in 2011/12 as detailed outside the home and housework)?Q, and the options
elsewhere 31, 32]. At each respective time point, inter were: O Not at all; 2= A little bit; 3= Moderately; 4=
viewer and self-administered questionnaire data, as welQuite a bit; 5= ExtremelyQ. A validated scoring algorithm
as biomedical data, including physical examination, urinewas used to transform the two itemsO responses into a
and blood samples were collected at a local testing sitasingle bodily pain score on a 0 to 100 sc&l8]|[ whereby
[30D32]. le study was approved by the International the lowest possible score of O00 indicates severe bodily
Diabetes Institute (now Baker Heart and Diabetes Insti pain and the highest possible score of 01000 indicates no
tute) Ethics Committee and the Alfred Ethics Committee, bodily pain [33]. e accuracy of the SF-36 instrument to
project approval no. 39/11. estimate HRQoL is high, with acceptable psychometric
For this analysis, we considered the middle-aged angroperties across all the measured dimensions in di'er
older participants aged 35 to 65 years with and with ent demographic, health-related behaviour risk factors,
out T2D at baseline. lis was based on recent bndings and socioeconomic population groups in Australi&3].
reported by the Australian Institute of Health and Wel A validation study in Australia indicated the 2-item bed
fare suggesting that one in bve Australian adults agedy pain dimension has a high homogeneity (item-correc
45 years and over live with chronic pain with physicaltion = 0.95) and internal consistency (Cronbach alpka
inactivity, smoking, overweight, and obesity as the likely0.90) B5].
associated behavioural risk factor8][ lose with type 1
diabetes, a history of current bone fracture, and womenExposure: television-viewing time
who were pregnant were excluded from the analyses!e main explanatory variable (time spent watching tel
Initially, the 4099 participants who were considered evision B TV time) was assessed at each time point- Par
for inclusion in these analyses had complete data fotticipants self-reported total time spent on each weekday
the outcome, exposure, and all relevant covariates variand weekend day watching television or video/DVD for
ables at baseline and at least one instance of follow-uphe past week, excluding times when the television was
data for SF-36 bodily pain, TV time, leisure-time physi switched on, but other leisure-time activities were being
cal activity, and T2D status. Among these participants, aconcurrently undertaken 12]. !e total daily TV time
total of 223 participants were categorised as having T2Dwas estimated by averaging the duration of TV time
based on self-reported T2D status (101) and a newlhacross seven days (the bve weekdays and two weekend
clinically determined T2D status (122) based on a fastingdays) in hours. Psychometric studies indicate that this
blood glucose test or 2-hour oral glucose tolerance testmeasure of TV time has acceptable properties in adults,
(OGTT); 691 as prediabetes [impaired fasting glucosewith moderate-to-high validity and reliability, with a test-
(IFG) or impaired glucose tolerance (IGT)]; and 3,185 agetest reliability intraclass correlation coe$cient (ICC) of
normal glucose metabolism (NGM). !e total number of 0.66 (95% Cf 0.50 B 0.83)1[7] and a Spearman correla
participants included in the analysis based on our selection of 0.3 for a 3-day behavioural log criterion validity
tion criteria and those excluded at baseline, as well as th§3f)].
number remaining and those loss-to-follow-up at the
5-year and 12-year time points are illustrated in a 30w Moderator: type 2 diabetes status

chart in Fig.&. T2D status was ascertained from self-reported data

at baseline for known diabetes and by clinical diagno
Variables sis based on the standard recommended World Health
Outcome: bodily pain Organisation (WHO) fasting blood/plasma glucose

le bodily pain scores were derived at all data time- (FBG) test and 2-hour OGTT at each data time-point
points from the validated 36-item Short Form (SF-36) [37]. le T2D status variable was grouped into four cat
self-report survey instrument for assessing health-relatedegories (NGM, prediabetes, new T2D, and known T2D).
quality of life (HRQoL) L9, 33]. Two of the SF-36 items !e newly diagnosed T2D at each wave became known
(tems 7 and 8) measure bodily pain dimensions - theT2D at the subsequent wave. T2D was debned as FBG
intensity and the extent of interference with daily activity greater than 7.0 mmol/L or 2-hour OGTT greater than
(based on a#standard SF-36 questionnaire 4-week recdll.1mmol/L. Prediabetes was debned according to the
of chronic/persistent pain) 19, 34]. ltem 7 asked: OHow American Diabetes Association (ADA) criteria as IFG
much bodily pain have you had during the past 4 weeks?® FBG was in the range of 5.6 B 6.9 mmol/L or IGT if
with the response options: G None; 2= Very mild; 3=  2-hour OGTT fell in the range of 7.8 B11.0 mmol/L;
Mild; 4 = Moderate; 5= Severe; 6 Very severeQ ltem NGM was debned as FBG less than 5.6 mmol/L and
8 asked: ODuring the past 4 weeks, how much did pai-hour OGTT less than 7.8 mmol/L 37]. If there were
interfere with your normal work (including both work missing data on any one of the assessment methods
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