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5,)&*!5,%3-+02%,)&!-6$2,)$-(H!,!%,)$-!-.!M9?!$(2$5,)&*!.,)!-6$2,)$-(!,(2!&<&%0!%,)$-!
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effects of sleep fragmentation on appetite and related 
hormone concentrations over 24-h in healthy men

gonnissen hk, hursel r, rutters f, martens ea and westerterp-plantenga ms
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effecTs of sleep fraGmenTaTion
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distinct associations between energy balance and the 
sleep characteristics slow-wave sleep and rapid eye 

movement sleep
rutters f, gonnissen hk, hursel r, lemmens sg, martens ea and westerterp-plantenga ms
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enerGy balance, sws and rem sleep
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12<5)'#!W/)!Q!$%&'!XL6/2Y!?@@BAI?+"B?HEID#!

H#! K1)&5!>8G!;<!ZM#!>46-)!'5&&,!2<-1)(6/!1/2!P&(04)!01(/+!1!'*')&31)(7!-&.(&P#!$%&'()*!X>(5.&-!>,-(/0Y!
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"I#! ]&&-56! KG! >06(96! JG! ><74&7U(! ^#! 8&')-(7)&2! 1/2! 2('-<,)&2! '5&&,+! O99&7)'! 6/! 1<)6/63(7! 9</7)(6/G!
/&<-6&/267-(/&!')-&''!'*')&3'!1/2!')-&''!-&',6/'(.()*#!>5&&,!]&2!8&.!?@@BA"?+"CVE?"@#!

"D#! ]6-'&55(!LG!L&,-6<5)!8G!M15%6!]G!>,(&0&5![#!865&!69!'5&&,!2<-1)(6/!(/!)4&!-&0<51)(6/!69!05<76'&!3&)1E
%65('3!1/2!1,,&)()&#!M&')!K-17)!8&'!N5(/!O/267-(/65!]&)1%A?D+SBVEV@?#!
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ML#! [:0:.-!@+!O(5&%7.8!P+!@3&<:''!U*+!V:'!2:78(&!@#!1.%BKB:=(!0.((5!:'6!83(!&-0/!%?!8;5(!"!6-:W(8(0!-'!
37<:'0#!D&%4!]:8.!*4:6!14-!e!1!*!"XXGIEXH9EXYYKF#!
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overnight energy expenditure determined by whole-body 
indirect calorimetry does not differ during different 

sleep stages
gonnissen hk, drummen m, rosique esteban n, schoffelen pf and westerterp-plantenga ms

Am J Clin Nutr. 2013 Oct;98(4):867-871
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YU:YO!!!L!S:OV!

UX:UP!L!V:YV!
YU:SP!!!L!Y:=P!

=XO:OY!L!Z:>Y!
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!!!!!!!!!!!!!!!!!!!;W7I@?!
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=U:Z>!!!L!S:=P!
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hursel r, gonnissen hk, rutters f, martens ea and westerterp-plantenga ms

disadvantageous shift in energy balance is primarily 
expressed in high-quality sleepers after a decline in 

quality sleep because of disturbance

Am J Clin Nutr. 2013 Aug;98(2):367-373
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%&6)1!3.%&+&,1!EG9!

I*!'.*')5%&.*C!%)113!4&%+526(*'1!4&4!*.+!(//1'+!+#1!5%5()!21)(+&.*%#&3%!61+011*!@8!

(*4! DEE! (*4!0&+#! ?EEFGH! 61'(5%1! ./! 321%12,14!@89! T.01,12C! 21)(+&.*%! 61+011*!

8R8!(%!01))! (%!QEH!(*4! %56%+2(+1!.P&4(+&.*!0121!5*/(,.2(6)$! (//1'+149! O.2! %56:

A1'+%!0&+#! +#1!#&7#1%+!312'1*+(71!@8C!@8!0(%!(//1'+14!-.%+!61'(5%1!./! +#1!%)113!

/2(7-1*+(+&.*!+#(+!)14!+.!5*/(,.2(6)1!%#&/+%!&*!EIC!DEE!(*4!EG9!
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disadvanTaGe of beinG a Good sleeper

! !"#

$%&'()*+,-+.+'/0#

"#$!#%&'$!("$!)*+!,-./0!+1234*1+!561!257+89!"#$!#%&'$!#%&'!)*+!:;0,!<=>>1<51+!

)*+! )*)>8?1+! 561! +)5)9! "#!@A=51! 561!B)*72<A3C5! )*+!,-./0! <=*5A3D751+! 5=! 561!

3*51ACA15)53=*!=E! 561!+)5)!)*+! A1F31@1+! 561!B)*72<A3C59! G61! 257+8!@)2!1H1<751+!

7*+1A!561!27C1AF323=*!=E!,-./09!.1!4A)51E7>>8!)<I*=@>1+41!G)*J)!;+)B!E=A!A1F32/

3*4!)*+!A1F31@3*4!561!B)*72<A3C59!K=*1!=E!561!)756=A2!6)+!)!C1A2=*)>!=A!E3*)*<3)>!

<=*E>3<5!=E!3*51A1259!

1+2+3+'%+0#

L9! 0)51>!-"9!"1+7<1+!2>11C!)2!)*!=D12358!A32I!E)<5=A9!MD12!"1F!NOOPQLO!-7CC>!NRSL/T9!!
N9! -5)B)5)I32!%;$!07*J)D3!K,9!:EE1<52!=E!2>11C! EA)4B1*5)53=*!=*!4>7<=21!B15)D=>32B! 3*!*=AB)>!27D/

J1<529!U6125!NOLOQLVWXLYRPZ/LOL9!!
V9! G)2)>3!:$![1CA=7>5!"$!:6AB)**!\;$!])*!U)751A!:9!->=@/@)F1!2>11C!)*+!561!A32I!=E!58C1!N!+3)D1512!3*!

67B)*29! 0A=<11+3*42! =E! 561! K)53=*)>! ;<)+1B8! =E! -<31*<12! =E! 561! ^*351+! -5)512! =E! ;B1A3<)!
NOOTQLOZXVYRLO__/P9!!

_9! '=**3221*! #%$! #7A21>! "$! "7551A2! ($!,)A51*2! :;$!.1251A51AC/0>)*51*4)!,-9! :EE1<52! =E! 2>11C! EA)4/
B1*5)53=*! =*! )CC15351! )*+! A1>)51+! 6=AB=*1! <=*<1*5A)53=*2! =F1A! N_! 6! 3*! 61)>568!B1*9! `A! &!K75A!
NOLNRL/P9!!

Z9! :>B1*6=A25! :,$! :>B1*6=A25! \$! [7I2! K$!,))22! #$! ]1JF=+)!,$! -)B1>! ;9! 0)A53)>! 2>11C! +1CA3F)53=*R!
3BC)<5!=*!561!)A<6351<57A1!)*+!a7)>358!=E!2>11C9!->11C!B1+3<3*1!NOOTQPXTYRT_O/ZO9!!

S9! "7551A2! ($!'=**3221*!#%$!#7A21>! "$! [1BB1*2! -'$!,)A51*2! :;$!.1251A51AC/0>)*51*4)!,-9!\3253*<5!
)22=<3)53=*2!D15@11*!1*1A48!D)>)*<1!)*+!561!2>11C!<6)A)<51A3253<2!2>=@!@)F1!2>11C!)*+!A)C3+!181!
B=F1B1*5!2>11C9!b*51A*)53=*)>!J=7A*)>!=E!=D12358!XNOOZY!NOLNQVSXLOYRLV_S/ZN9!!

W9! (=*5F313>>1!;,$!"323*4!"$! -CA)7>!,$! [)A2=*!\:$!")F7223*!:9!"1>)53=*263C!D15@11*! 2>11C! 25)412!)*+!
B15)D=>3<!A)51!3*!67B)*29!;B!&!06823=>!LPP_QNSWXZ!05!LYR:WVN/W9!!

T9! %)5)8=21!c$!G)2)I3!,$!M4)5)!#$!K)I)5)!c$!G=I78)B)!%$!-)5=6!,9!,15)D=>3<!A)51!)*+!E71>!753>3?)53=*!
+7A3*4!2>11C!)221221+!D8!@6=>1/D=+8!3*+3A1<5!<)>=A3B15A89!,15)D=>32B!NOOPQZTXWYRPNO/S9!!

P9! %*752=*! %[$! -C3141>! %$! 01*1F! 0$! ])*! U)751A! :9! G61!B15)D=>3<! <=*21a71*<12! =E! 2>11C! +1CA3F)53=*9!
->11C!B1+3<3*1!A1F31@2!NOOWQLLXVYRLSV/WT9!!

LO9! `=28/.125C6)>!;$!#3*A3<62!-$!&)7<6/U6)A)!%$!#35?1!`$![)51A!.$!.3>B2!`$!-155>1A!^$!0151A2!;$!%3=2?!\$!
,7>>1A!,&9!b*E>71*<1!=E!C)A53)>!2>11C!+1CA3F)53=*!=*!1*1A48!D)>)*<1!)*+!3*27>3*!21*2353F358!3*!61)>568!
@=B1*9!MD12358!E)<52!NOOTQLXZYRNSS/WV9!!

LL9! &7*4!U,$!,1>)*2=*!:[$!(A8+1*+)>>!:&$!01AA1)7>5![$!:<I1>!"#$!.A3465!%09!:*1A48!1HC1*+357A1!+7A3*4!
2>11C$! 2>11C! +1CA3F)53=*! )*+! 2>11C! E=>>=@3*4! 2>11C! +1CA3F)53=*! 3*! )+7>5! 67B)*29! &! 06823=>!
NOLLQZTPX05!LYRNVZ/__9!!

LN9! -5/M*41!,0$!"=D1A52!;[$!U61*!&$!%1>>1B)*!,$!Md%11EE1!,$!"=8U6=7+67A8!;$! &=*12!0&9!-6=A5!2>11C!
+7A)53=*!3*<A1)212!1*1A48!3*5)I12!D75!+=12!*=5!<6)*41!1*1A48!1HC1*+357A1!3*!*=AB)>/@13465!3*+3F3/
+7)>29!G61!;B1A3<)*!J=7A*)>!=E!<>3*3<)>!*75A353=*!NOLLQP_XNYR_LO/S9!!

LV9! #7A21>! "$! "7551A2! ($! '=**3221*! #%$!,)A51*2! :;$!.1251A51AC/0>)*51*4)!,-9! :EE1<52! =E! 2>11C! EA)4/
B1*5)53=*! 3*! 61)>568!B1*! =*! 1*1A48! 1HC1*+357A1$! 27D25A)51! =H3+)53=*$! C6823<)>! )<53F358$! )*+! 1H/
6)7253=*!B1)27A1+!=F1A!_T!6! 3*!)! A12C3A)5=A8!<6)BD1A9!G61!;B1A3<)*! J=7A*)>!=E! <>3*3<)>!*75A353=*!
NOLLQP_XVYRTO_/T9!!

L_9! -57*I)A+!;&$!,1223<I!-9!G61!56A11/E)<5=A!1)53*4!a71253=**)3A1!5=!B1)27A1!+315)A8!A125A)3*5$!+323*63/
D353=*!)*+!67*41A9!&=7A*)>!=E!C28<6=2=B)53<!A121)A<6!LPTZQNPXLYRWL/TV9!!
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chapTer 5

!!"#

"#$! %&'()*'(+,,&-!./!0+1&*!.$!.!2+-3+1!4,!5)+-6+7689&6!:&7;8-414<=/!:&'(-8>3&*!+-6!5'478-<!5=*)&;!
,47!51&&?!*)+<&*!4,!@3;+-!53AB&')*$!C&)(&*6+/!26/!D!5!E+)84-+1!F-*)8)3)&!4,!E&37414<8'+1!G8*&+*&*!
+-6!C18-6-&**!"HIJ$!!

"I$! K&*)&7)&7?!0%/!5?&+L;+-!M%$!N(=*8'+1!+')8O8)=!&-&7<=!&P?&-68)37&!(+*!-4)!6&'18-&6!*8-'&!)(&!"HJQ*!
+-6!;+)'(&*!&-&7<=!&P?&-68)37&*!4,!R816!;+;;+1*$!F-)!M!SA&*!TU4-6V!WQQJ$!!

"X$! @+778*!M./!C&-&68')!YZ$!.!C84;&)78'!5)36=!4,!@3;+-!C+*+1!2&)+A418*;$!N74'&&68-<*!4,!)(&!E+)84-+1!
.'+6&;=!4,!5'8&-'&*!4,!)(&!D-8)&6!5)+)&*!4,!.;&78'+!"H"J[\T"WV]^XQ_^$!!

"J$! @4'(*)&-A+'(_K+&1&-!./!`&16(47*)!2./!E8&3R&-(389&-!.Z/!K&*)&7)&7?_N1+-)&-<+!25/!K&*)&7)&7?!
0%$!a4;?+78*4-!4,!W!68&)*!R8)(!&8)(&7!W#b!47!"Qb!4,!&-&7<=!+*!'+*&8-!4-!&-&7<=!&P?&-68)37&/!*3A_
*)7+)&!A+1+-'&/!+-6!+??&)8)&!?74,81&$!:(&!.;&78'+-!B437-+1!4,!'18-8'+1!-3)78)84-!WQQH[JHT^V]J^"_J$!!

"H$! `&16(47*)!2./!K&*)&7)&7?_N1+-)&-<+!25/!K&*)&7)&7?!0%$!Z13'4-&4<&-&*8*!+-6!&-&7<=!&P?&-68)37&!
+,)&7! +! (8<(_?74)&8-/! '+7A4(=67+)&_,7&&! 68&)$! :(&! .;&78'+-! B437-+1! 4,! '18-8'+1! -3)78)84-!
WQQH[HQT^V]#"H_WI$!!

WQ$! 5'(4,,&1&-!NY/!K&*)&7)&7?!0%/!5+78*!K@/!:&-!@447!Y$!.!63+1_7&*?87+)84-!'(+;A&7!*=*)&;!R8)(!+3)4_
;+)&6!'+18A7+)84-$!M!.??1!N(=*841!"HHX[J^TIV]WQI\_XW$!!

W"$! 5'(4&11&7!G./!O+-!5+-)&-!c/!N&)&7*4-!GK/!G8&)9!K/!M+*?+-!M/!01&8-!NG$!:4)+1!A46=!R+)&7!;&+*37&_
;&-)!8-!(3;+-*!R8)(!"JS!+-6!W@!1+A&1&6!R+)&7$!.;!M!a18-!E3)7!"HJQ[^^T"WV]WIJI_H^$!!

WW$! O+-!2+7L&-!U8'()&-A&1)!KG/!K&*)&7)&7?!0%/!K43)&7*!U$!G&3)&783;!6813)84-!+*!+!;&)(46!,47!6&)&7_
;8-8-<!)4)+1!A46=!R+)&7]!&,,&')!4,!)&*)!?74)4'41!+-6!*+;?18-<!)8;&$!C7!M!E3)7!"HH\[XWT\V]\H"_X$!!

W^$! 0-3)*4-!0U$! F;?+')!4,!*1&&?!+-6!*1&&?! 14**!4-!<13'4*&!(4;&4*)+*8*!+-6!+??&)8)&!7&<31+)84-$!51&&?!
2&6!a18-!WQQX[WTWV]"JX_HX$!!

W\$! 5?8&<&1! 0/! U&?7431)! %/! `+-! a+3)&7! c$! F;?+')! 4,! *1&&?! 6&A)! 4-!;&)+A418'! +-6! &-64'78-&! ,3-')84-$!
U+-'&)!"HHH[^#\TH"JJV]"\^#_H$!!

W#$! E&6&1)'(&O+! .`/! 0&**1&7! U/! F;?&78+1! M/! N&-&O! NG$! cP?4*37&! )4! 7&'377&-)! *1&&?! 7&*)78')84-! 8-! )(&!
*&))8-<!4,!(8<(!'+1478'!8-)+L&!+-6!?(=*8'+1!8-+')8O8)=!7&*31)*!8-!8-'7&+*&6!8-*318-!7&*8*)+-'&!+-6!7&63_
'&6!<13'4*&!)41&7+-'&$!:(&!M437-+1!4,!'18-8'+1!&-64'78-414<=!+-6!;&)+A418*;!WQQH[H\THV]^W\W_#Q$!!

WI$! 6&! M4-<&! U/! d(+4!e/!2+))8-<1=!25/! d3A&7! 52/!N8+<<8! N/! a*+L4!Z/! a899+!Z/!Z743?!E5c5$! N447! *1&&?!
>3+18)=!+-6!*1&&?!+?-&+!+7&!+**4'8+)&6!R8)(!(8<(&7!7&*)8-<!&-&7<=!&P?&-68)37&!8-!4A&*&!8-68O863+1*!
R8)(!*(47)!*1&&?!637+)84-$!:(&!M437-+1!4,!'18-8'+1!&-64'78-414<=!+-6!;&)+A418*;!WQ"W[HXTJV]WJJ"_H$!!

WX$! Z+1<+-8! Mc/! 2474! a/! %+O3**8-! c$! 2&)+A418'! ,1&P8A818)=! +-6! 8-*318-! 7&*8*)+-'&$! .;&78'+-! B437-+1! 4,!
?(=*8414<=!WQQJ[WH#T#V]c"QQH_"X$!!

WJ$! 5'(;86!52/!@+11*'(;86!2/!M+3'(_a(+7+!0/!K81;*!C/!C&-&68')!a/!U&(-&7)!@/!C47-!M/!5'(31)&*!C$!5(47)_
)&7;!*1&&?!14**!6&'7&+*&*!?(=*8'+1!+')8O8)=!3-6&7!,7&&_18O8-<!'4-68)84-*!A3)!64&*!-4)! 8-'7&+*&!,446!
8-)+L&!3-6&7!)8;&_6&?78O&6!1+A47+)47=!'4-68)84-*! 8-!(&+1)(=!;&-$!:(&!.;&78'+-!B437-+1!4,!'18-8'+1!
-3)78)84-!WQQH[HQTIV]"\XI_JW$!!

WH$! 5(&'()&7!./!Sf0&&,,&!2/!%4A&7)*!.U/!d+;;8)!Z0/!%4=a(436(37=!./!5)_S-<&!2N$!.1)&7+)84-*!8-!*1&&?!
+7'(8)&')37&! 8-! 7&*?4-*&! )4! &P?&78;&-)+1! *1&&?! '37)+81;&-)! +7&! +**4'8+)&6! R8)(! *8<-*! 4,! ?4*8)8O&!
&-&7<=!A+1+-'&$!.;!M!N(=*841!%&<31!F-)&<7!a4;?!N(=*841!WQ"W[^Q^THV]%JJ^_H$!!

^Q$! M&--8-<*!M%/!231644-!2Y/!@+11!2/!C3=**&!GM/!2+-3'L!5C$!5&1,_7&?47)&6!*1&&?!>3+18)=! 8*!+**4'8+)&6!
R8)(!)(&!;&)+A418'!*=-674;&$!51&&?!WQQX[^QTWV]W"H_W^$!!

^"$! :447!N/! 08;!0/!C3,,8-<)4-!a0$! 51&&?!>3+18)=! +-6!637+)84-!A&,47&!+-6!+,)&7!A+78+)78'! *37<&7=$!SA&*!
537<!WQ"W[WWTIV]JHQ_#$!!
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sleep duration, sleep quality and body weight: 
parallel developments

gonnissen hk, adam tc, hursel r, rutters f, verhoef sp and westerterp-plantenga ms

Physiol Behav. 2013 May 3
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chapTer 6

!!"#

$%&'()*'#

"#$!%&'($)*$!%&!+,$*%-./!%&'012%&3!'#%02#++2!+,$*%-./!#)*!2$4$0+5$2!+4$(!-#$!*)6$!

-%6$!5$(%+2!)*!-#$!5(+3($**%4$!2$'($)*$!%&!*$078($5+(-$2!*0$$5!21()-%+&9!:%&'$!$5%8

2$6%+0+3%')0! *-12%$*! *#+;$2! )&! %&4$(*$! ($0)-%+&*#%5! ,$-;$$&! *#+(-! +(! 2%*-1(,$2!

*0$$5! )&2! +,$*%-./! -#$! <1$*-%+&! )(+*$/! #+;! *0$$5! 21()-%+&! )&2! *0$$5! <1)0%-.! )($!

)**+'%)-$2!;%-#! -#$!2$4$0+56$&-!+7!+,$*%-.9! =&! -#%*! ($4%$;/! -#$!'1(($&-! 0%-$()-1($!

+&! -#$*$! -+5%'*!#)*!,$$&!$4)01)-$29!>1(%&3!51,$(-./! '#)&3$*! %&!,+2.!6)**! %&2$?!

@AB=C!)($!%&4$(*$0.!'+(($0)-$2!-+!'#)&3$*!%&!*0$$5!21()-%+&9!>1(%&3!)210-#++2/!-#%*!

($0)-%+&*#%5! ($6)%&*! )&2! )-! -#$! *)6$! -%6$! 1&7)4+(),0$! 6$-),+0%'! )&2! &$1(+8

$&2+'(%&+0+3%')0!'#)&3$*!2$4$0+5/!-#)-!5(+6+-$!)!5+*%-%4$!$&$(3.!,)0)&'$/!'+%&'%28

%&3!;%-#!*0$$5!2%*-1(,)&'$9!D1(-#$(6+($/!21(%&3!$?'$**%4$!;$%3#-!0+**!AB=!)&2!7)-!

6)**!2$'($)*$/!%&!5)()00$0/!)&2!($0)-$2!;%-#!)&!%&'($)*$!%&!*0$$5!21()-%+&9!=&!+(2$(!

-+!*#$2!0%3#-!+&!-#$!)**+'%)-%+&!,$-;$$&!*0$$5!21()-%+&/!*0$$5!<1)0%-.!)&2!+,$*%-./!

1&-%0!&+;!%-!+&0.!#)*!,$$&!*#+;&!-#)-!2%$-8%&21'$2!,+2.8;$%3#-!0+**!)&2!*1''$**%4$!

,+2.8;$%3#-!6)%&-$&)&'$!'+&-(%,1-$!-+!*0$$5!%65(+4$6$&-9!=-!($6)%&*!-+!,$!2$68

+&*-()-$2!;#$-#$(!,+2.8;$%3#-!6)&)3$6$&-!)&2!,+2.!'+65+*%-%+&!%65(+4$!21(8

%&3!)&!%&-$(4$&-%+&!'+&'+6%-)&-0.!;%-#!*5+&-)&$+1*!*0$$5!%65(+4$6$&-!'+65)($2!

;%-#!-#$!*)6$!%&-$(4$&-%+&!;%-#+1-!*5+&-)&$+1*!*0$$5!%65(+4$6$&-9!
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sleep duraTion, sleep qualiTy and body weiGhT

! !"#

$%&'()*+&,(%#

"#$!%&'($)*$!%&!+,$*%-./!%&'012%&3!'#%02#++2!+,$*%-./!#)*!2$4$0+5$2!+4$(!-#$!*)6$!

-%6$!5$(%+2!)*!-#$!5(+3($**%4$!2$'($)*$!%&!*$078($5+(-$2!*0$$5!21()-%+&!9:8;<=!>%&'$!

$5%2$6%+0+3%')0! *-12%$*! *#+?$2! -#$*$! 5#$&+6$&)! -+! ,$! %&4$(*$0.! ($0)-$2/! -#$!

@1$*-%+&!)(+*$/!#+?!*0$$5!21()-%+&!)&2!*0$$5!@1)0%-.!)($!)**+'%)-$2!?%-#! -#$!2$8

4$0+56$&-!+7!+,$*%-.=!"#$!'1(($&-!0%-$()-1($!+&!-#$*$!-+5%'*!#)*!,$$&!$4)01)-$2!-+!

3%4$!)&!+4$(4%$?!+7!-#$!($0)-%+&*#%5!,$-?$$&!*0$$5!21()-%+&!)&2!,+2.!6)**!%&2$A!

9BCD<! 21(%&3! 51,$(-.E! *0$$5! 21()-%+&/! *0$$5! @1)0%-.! )&2! $&$(3.! ,)0)&'$! 9FB<! %&!

)210-*E!)&2!*0$$5!21()-%+&!)&2!,+2.!'+65+*%-%+&!%&!)210-*=!G%&)00./!-#%*!($4%$?!)%6*!

-+!'0)(%7.!-#$!&)-1($!+7!($0)-%+&*#%5!,$-?$$&!-#$*$!4)(%),0$*=!!

!"#$%&$'($#$)*+,$"-'*.'&)$$+'(/%0-1*"'0"('23!'(/%1"4'+/5$%-6'

>$4$()0! '(+**8*$'-%+&)0! *-12%$*! ($5+(-$2!)&! %&4$(*$! ($0)-%+&*#%5!,$-?$$&!BCD!)&2!

*0$$5! 21()-%+&! 21(%&3! '#%02#++2! 9H8I<E! *+6$! ($5+(-$2! )! '1(4%0%&$)(! ($0)-%+&*#%5!

,$-?$$&!BCD!)&2!*0$$5!21()-%+&!9J/!:K<=!L22%-%+&)00./!*#+(-!*0$$5!21()-%+&!%&!'#%08

2($&!?)*!($0)-$2!-+!%&*10%&!($*%*-)&'$/!)!0)(3$(!,+2.!7)-!5$('$&-)3$/!)!0)(3$(!?)%*-!
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sleep duraTion, sleep qualiTy and body weiGhT

! !"!#

"#$! %&'()!*+!%&&!,-$!./0123(/14156!17!894&!:;<&3=6$!>;33!?:(/!./0123(/14!@(9<&=&)!?<&)!ABBCD#EFGHC$!
"A$! @(I944! J-+! K901L(2M! J$! ./0123(/14156! 17! 7&894&! :;<&3=6$! >;33! ?:(/! ./0123(/14! @(9<&=&)! ?<&)!

ABBCD#EF#HN$!
""$! O3;8<92P!QQ$!RP&!/&;31&/0123(/14156!17!P;89/!:;<&3=6!3&L()(=&0$!S138!K&)!ABBADGT!J;::4!AFAH

#N$!
"N$! U1)P(09!*+!Q2>13892M!J+!.):9/9!K-+!>312M&3!-+!J2988&44!R.$!-77&3&/=)!=1!=P&!13&V(/!/&;31/)!17!=P&!

39=!<39(/$!W!>18:!X&;314!ABBEDNCNFYNGHE#$!
"G$! ZP9/5! J+! Z&(=[&3! WQ+! U1)P(09! U+! &=! 94$! %&)(1/)! 17! =P&! );:392P(9)89=(2! /;24&;)! &4(8(/9=&! =P&! 09(46!

3P6=P8!17!P6:123&=(/H#!3&4&9)&$!J4&&:!ABBNDATFE#CHAT$!
"E$! .):9/9! K-+! \9401! \-+! *&44&6! -.+! \&33(05&! >]$!]9M&H:3181=(/5! 9/0! )4&&:H);::3&))(/5! 92=(1/)! 17!

P6:123&=(/!^13&V(/_F!<9)94!713&<39(/!)(=&)!17!92=(1/$!X&;31)2(&/2&!ABB#D#BEFECCHT#G$!
"T$! .P3)=318!Q+!%&L(/!`+!*(32P5&))/&3!-%+!&=!94$! J=(8;49=136!&77&2=!17!&/015&/1;)!13&V(/!-!1/!59)=3(2!

&8:=6(/5!9/0!92(0!)&23&=(1/!(/0&:&/0&/=!17!59)=3(/$!K&5;4!,&:=!ABBGD#"AFCH#E$!
"Y$! ,49[[(!O+!,938&55(9/(!-+!Q(5/1=!.+!&=!94$!X93214&:)6H29=9:4&V6!9))12(9=&0!'(=P!:3&212(1;)!:;<&3=6$!

X&;314156!ABBEDEEF#GTTHC$!
"C$! S13/&!W$!RP&!&/0!17!)4&&:F!a)4&&:!0&<=a!L&3);)!<(1415(294!909:=9=(1/!17!P;89/!)4&&:!=1!'9M(/5!/&&0)$!

\(14!,)62P14!AB##DYTF#H#N$!
NB$! ,9=&4!JK+!\492M'&44!R+!K&04(/&!J+!&=!94$!RP&!9))12(9=(1/!<&='&&/!)4&&:!0;39=(1/!9/0!1<&)(=6!(/!140&3!

90;4=)$!b/=!W!?<&)!^%1/0_!ABBYD"AF#YAGH"N$!
N#$! J:(&5&4! *+! %&:31;4=! K+! I9/! >9;=&3! .$! b8:92=! 17! )4&&:! 0&<=! 1/!8&=9<14(2! 9/0! &/0123(/&! 7;/2=(1/$!

%9/2&=!#CCCD"GNF#N"GHC$!
NA$! J:(&5&4!*+!R9)94(!.+!,&/&L!,+!I9/!>9;=&3!.$!\3(&7!2188;/(29=(1/F!J4&&:!2;3=9(48&/=!(/!P&94=P6!61;/5!

8&/! ()!9))12(9=&0!'(=P!0&23&9)&0! 4&:=(/! 4&L&4)+!&4&L9=&0!5P3&4(/! 4&L&4)+!9/0! (/23&9)&0!P;/5&3!9/0!
9::&=(=&$!-//!b/=&3/!Q&0!ABBND#N#FYNEHGB$!

N"$! J2P8(0! JQ+! S944)2P8(0!Q+! W9;2PH>P939! *+! \13/! W+! J2P;4=&)! \$! -! )(/54&! /(5P=! 17! )4&&:! 0&:3(L9=(1/!
(/23&9)&)! 5P3&4(/! 4&L&4)! 9/0! 7&&4(/5)! 17! P;/5&3! (/! /13894H'&(5P=! P&94=P6! 8&/$! W! J4&&:! K&)!
ABBYD#TF""#HN$!

NN$! J2P8(0!JQ+!W9;2PH>P939!*+!S944)2P8(0!Q+!J2P;4=&)!\$!Q(40!)4&&:!3&)=3(2=(1/!92;=&46!3&0;2&)!:49)89!
54;2951/!4&L&4)!(/!P&94=P6!8&/$!W!>4(/!./0123(/14!Q&=9<!ABBCDCNFG#ECHT"$!

NG$! X&0&4=2P&L9! -I+! *&))4&3! %+! b8:&3(94! W+! ,&/&L! ,@$! .V:1);3&! =1! 3&2;33&/=! )4&&:! 3&)=3(2=(1/! (/! =P&!
)&==(/5!17!P(5P!29413(2!(/=9M&!9/0!:P6)(294!(/92=(L(=6!3&);4=)!(/!(/23&9)&0!(/);4(/!3&)()=9/2&!9/0!3&0;H
2&0!54;21)&!=14&39/2&$!W!>4(/!./0123(/14!Q&=9<!ABBCDCNF"ANAHGB$!

NE$! J2P8(0!JQ+!S944)2P8(0!Q+!W9;2PH>P939!*+!&=!94$!@()=;3<&0!54;213&5;49=136!3&):1/)&!=1!7110!(/=9M&!
97=&3!810&39=&!)4&&:!3&)=3(2=(1/$!J4&&:!AB##D"NF"T#HT$!

NT$! %&:31;4=!K+!I9/!>9;=&3!.$!K14&!17!)4&&:!9/0!)4&&:!41))!(/!P1381/94!3&4&9)&!9/0!8&=9<14()8$!./0123!
@&LD#TF##HA#$!

NY$! Q&&341! ,+! J51(71! -+! J;2P&2M(! @$! K&)=3(2=&0! 9/0! 0()3;:=&0! )4&&:F! &77&2=)! 1/! 9;=1/18(2! 7;/2=(1/+!
/&;31&/0123(/&!)=3&))!)6)=&8)!9/0!)=3&))!3&):1/)(L(=6$!J4&&:!Q&0!K&L!ABBYD#AF#CTHA#B$!

NC$! Q13)&44(!%+!%&:31;4=!K+!\94<1!Q+!J:(&5&4!*$!K14&!17!)4&&:!0;39=(1/!(/!=P&!3&5;49=(1/!17!54;21)&!8&=9H
<14()8!9/0!9::&=(=&$!\&)=!,392=!K&)!>4(/!./0123(/14!Q&=9<DANFEYTHTBA$!

GB$! J2P;))4&3!,+!cP3!Q+! b)(/5!Q+!&=! 94$!X12=;3/94! 5P3&4(/+!->RS+!OS!9/0! 213=()14! )&23&=(1/!97=&3! )4&&:!
0&:3(L9=(1/!(/!P;89/)$!,)62P1/&;31&/0123(/14156!ABBED"#FC#GHA"$!

G#$! J2P8(0! JQ+! S944)2P8(0!Q+! W9;2PH>P939! *+! \9/0137! X+! \13/! W+! J2P;4=&)! \$! J4&&:! 41))! 94=&3)! <9)94!
8&=9<14(2!P1381/&!)&23&=(1/!9/0!810;49=&)!=P&!06/98(2!21;/=&33&5;49=136!3&):1/)&!=1!P6:1546H
2&8(9$!W!>4(/!./0123(/14!Q&=9<!ABBTDCAF"BNNHG#$!

GA$! \31/0&4!%+!K18&3!Q-+!X1;5;&)!,Q+!R1;6931;!,+!@9L&//&!@$!-2;=&!:93=(94!)4&&:!0&:3(L9=(1/!(/23&9H
)&)!7110!(/=9M&!(/!P&94=P6!8&/$!-8!W!>4(/!X;=3DC#F#GGBHC$!

G"$! J2P8(0! JQ+!S944)2P8(0!Q+! W9;2PH>P939! *+! &=! 94$! JP13=H=&38! )4&&:! 41))! 0&23&9)&)! :P6)(294! 92=(L(=6!
;/0&3!73&&H4(L(/5!21/0(=(1/)!<;=!01&)!/1=!(/23&9)&!7110!(/=9M&!;/0&3!=(8&H0&:3(L&0!49<139=136!21/H
0(=(1/)!(/!P&94=P6!8&/$!-8!W!>4(/!X;=3!ABBCDCBF#NTEHYA$!

binnenwerk1.indd   101 27-10-2013   8:37:56



102

chapTer 6

!!"#$

"#$! %&'()*+',-./0!12!345647.'!82! 9/:7.);./6/!<2!+,!/0$! =5>0:+57+!&>!-/6,4/0!'0++-!?+-64@/,4&5!&5!+5+6A(!
B/0/57+!/5?!45':045!'+5'4,4@4,(!45!.+/0,.(!C&D+5$!EB+'!F/7,'!GHHIJKLGMM)NO$!

""$! P+?+0,7.+@/!1Q2!<40R:'!9S2!=D-+64/0!92!</'T/!<2!87.&+00+6!U12!V+5+@!VU$!80++-!7:6,/40D+5,!4'!/77&D)
-/54+?!B(!4576+/'+?!45,/R+!&>!7/0&64+'!>6&D!'5/7R'$!1D!9!;045!P:,6!GHHWJIWLKGM)OO$!

"M$! %+5+?47,!;2!3/00'7.D4?!S2!X/''+5!12!+,!/0$!17:,+!'0++-!?+-64@/,4&5! 6+?:7+'!+5+6A(!+Y-+5?4,:6+! 45!
.+/0,.(!D+5$!1D!9!;045!P:,6!GHKKJWOLKGGW)OM$!

"N$! 3&65+!912!*40R45'&5!8$!;.6&547!'0++-!6+?:7,4&5L!?/(,4D+!@4A40/57+!-+6>&6D/57+!/5?!ZZ[!D+/':6+'!
&>!'0++-45+''2!C4,.!-/6,47:0/6!6+>+6+57+!,&!\-6/7,47+\!+>>+7,'$!V'(7.&-.('4&0&A(!KWI"JGGLMW)NI$!

"I$! 8-4+A+0!<2!X+-6&:0,!]2!X^3+6D4,+)%/0+64/:Y!S2!;&-45'7.4![2!V+5+@!VU2!Q/5!;/:,+6!Z$!X+-,45!0+@+0'!/6+!
?+-+5?+5,!&5!'0++-!?:6/,4&5L!6+0/,4&5'.4-'!C4,.!'(D-/,.&@/A/0!B/0/57+2!7/6B&.(?6/,+!6+A:0/,4&52!
7&6,4'&02!/5?!,.(6&,6&-45$!9!;045!Z5?&7645&0!S+,/B!GHH#JIWL"NMG)NK$!

"W$! %6:55+6!UV2!U4_R!U92!`&B0+6!=2!%&6B+0(!11$!Z>>+7,!&>!-/6,4/0!'0++-!?+-64@/,4&5!&5!'0++-!',/A+'!/5?!ZZ[!
-&C+6! '-+7,6/L! +@4?+57+! >&6! 5&5)]ZS!/5?!]ZS! '0++-!.&D+&',/'4'$! Z0+7,6&+57+-./0&A6! ;045!P+:)
6&-.('4&0!KWWHJN"L#WG)W$!

MH$! 8.+7.,+6!12!E^<++>>+!S2!]&B+6,'!1X2!a/DD4,![<2!]&(7.&:?.:6(!12!8,)E5A+!SV$!10,+6/,4&5'!45!'0++-!
/67.4,+7,:6+! 45! 6+'-&5'+! ,&! +Y-+64D+5,/0! '0++-! 7:6,/40D+5,! /6+! /''&74/,+?! C4,.! '4A5'! &>! -&'4,4@+!
+5+6A(!B/0/57+$!1D!9!V.('4&0!]+A:0!=5,+A6!;&D-!V.('4&0$!

MK$! U4_R!U9$!]+A:0/,4&5!/5?!>:57,4&5/0!7&66+0/,+'!&>!'0&C!C/@+!'0++-$!9!;045!80++-!S+?!GHHWJ"L8M)K"$!
MG$! S/@/5_4! Q2! `+'R+! 912! %40045A,&5! ;92! <&,T! ;S$! Z0+@/,+?! '0++-! b:/04,(! /5?! &6+Y45! 6+7+-,&6!D]P1! 45!

&B+'4,()6+'4',/5,!6/,'$!=5,!9!EB+'!cX&5?dJO#LK"NM)II$!
MO$! ]/&!SP2!%0/7RC+00!`2!]+?045+!82!8,+>/547R!SX2!157&04)='6/+0!82!8,&5+!<X$!1''&74/,4&5!B+,C++5!'0++-!

/67.4,+7,:6+!/5?!D+/':6+'!&>!B&?(!7&D-&'4,4&5$!80++-!GHHWJOGL#IO)WH$!
M#$! 3/,T45A+6!S2! %6/5?! 82! V+66+5! 82! +,! /0$! Z0+7,6&+57+-./0&A6/-.47! '0++-! -6&>40+'! /5?! .(-&,./0/D47)

-4,:4,/6()/?6+5&7&6,47/0!c3V1d)/7,4@4,(!45!R45?+6A/6,+5!7.40?6+5L!+/60(!45?47/,4&5!&>!-&&6!'0++-!b:/04)
,(!/''&74/,+?!C4,.!4576+/'+?!7&6,4'&0!'+76+,4&5$!9!V'(7.4/,6!]+'!GHHIJ#GL"OG)#O$!

M"$! F:5A!SS2!V+,+6'!<2!]+?045+!82!+,!/0$!U+76+/'+?!'0&C!C/@+!'0++-!4576+/'+'!64'R!&>!?+@+0&-45A!.(-+6)
,+5'4&5!45!+0?+60(!D+5$!3(-+6,+5'4&5!GHKKJ"IL"WM)MHO$!

MM$! Q/5!;/:,+6!Z2!X/,,/!F2!P+?+0,7.+@/!12!+,!/0$!]+74-6&7/0!45,+6/7,4&5'!B+,C++5!,.+![3!/Y4'!/5?!'0++-$!
[6&C,.!3&6D!=[F!]+'!GHH#JK#!8:--0!1L8KH)N$!

MN$! Q/5!;/:,+6!Z$!80&C!C/@+!'0++-!/5?!6+0+/'+!&>!A6&C,.!.&6D&5+$!91S1!GHHHJGI#LGNKN)I$!
MI$! [6&5>4+6!;2!X:,.645A+6!]2!F&00+54:'!S2!+,!/0$!1!b:/5,4,/,4@+!+@/0:/,4&5!&>!,.+!6+0/,4&5'.4-'!B+,C++5!

A6&C,.! .&6D&5+! '+76+,4&5! /5?! ?+0,/!C/@+! +0+7,6&+57+-./0&A6/-.47! /7,4@4,(! ?:645A! 5&6D/0! '0++-!
/5?!/>,+6!+5647.D+5,!45!?+0,/!C/@+'$!80++-!KWWMJKWLIKN)G#$!

MW$! 8./-46&!;S2!;/,,+6/00! 92!*/66+5!V2! +,! /0$! X+/5!B&?(!D/''! /5?!5&5)6/-4?! +(+!D&@+D+5,! '0++-$! %6!
S+?!9!c;045!]+'!Z?d!KWINJGW#LGG$!

NH$! Q/5!;/:,+6!Z2!X+-6&:0,!]2!V0/,!X$!1A+)6+0/,+?!7./5A+'!45!'0&C!C/@+!'0++-!/5?!]ZS!'0++-!/5?!6+0/,4)
&5'.4-!C4,.!A6&C,.!.&6D&5+!/5?!7&6,4'&0!0+@+0'!45!.+/0,.(!D+5$!91S1!GHHHJGI#LIMK)I$!

NK$! X4:!e2!F&6B+'!ZZ2!](/5!PU2!]&>+(!U2!3/55&5!`82!U/.0!]Z$!]/-4?!+(+!D&@+D+5,!'0++-!45!6+0/,4&5!,&!
&@+6C+4A.,!45!7.40?6+5!/5?!/?&0+'7+5,'$!167.![+5!V'(7.4/,6(!GHHIJM"LWG#)OG$!

NG$! `/'/04!Z2!X+-6&:0,!]2!Z.6D/55!U12!Q/5!;/:,+6!Z$!80&C)C/@+!'0++-!/5?!,.+!64'R!&>!,(-+!G!?4/B+,+'!45!
.:D/5'$!V6&7!P/,0!17/?!874!f!8!1!GHHIJKH"LKH##)W$!

NO$! F+66/6/!S2!U+![+55/6&!X2!%+6,454!S$!8+0+7,4@+!'0&C)C/@+!'0++-!c8*8d!?+-64@/,4&5!/5?!8*8!6+B&:5?L!
?&!C+!5++?!/!>4Y+?!8*8!/D&:5,!-+6!54A.,g!80++-!]+'!E5045+!KWWWJGLK")W$!

N#$! `:7R+6!1S2!U45A+'!UF2!Q/5!U&5A+5!3V$!`6/4,! 45,+645?4@4?:/0!?4>>+6+57+'! 45!,.+!'0++-!-.('4&0&A(!&>!
.+/0,.(!(&:5A!/?:0,'$!9!80++-!]+'!GHHNJKMLKNH)IH$!

N"$! ]:,,+6'! F2![&554''+5!3<2!3:6'+0! ]2! X+DD+5'! 8[2!S/6,+5'! Z12!*+',+6,+6-)V0/5,+5A/!S8$!U4',457,!
/''&74/,4&5'!B+,C++5!+5+6A(!B/0/57+!/5?!,.+!'0++-!7./6/7,+64',47'!'0&C!C/@+!'0++-!/5?!6/-4?!+(+!
D&@+D+5,!'0++-$!=5,!9!EB+'!cX&5?d!GHKGJOMLKO#M)"G$!

NM$! </6R045!12!U64@+6!382!%:>>+5',+45!]$!]+',647,+?!+5+6A(!45,/R+!/>>+7,'!5&7,:65/0!B&?(!,+D-+6/,:6+!/5?!
'0++-!-/,,+65'$!1D!9!;045!P:,6!KWW#J"WLO#M)W$!

binnenwerk1.indd   102 27-10-2013   8:37:57



103

sleep duraTion, sleep qualiTy and body weiGhT

! !"#$

""#! $%&'(!)*+!,-%./'(!0+!*%1-2%..!3+!456%/!)+!7189:!;*#!<='! 822'>8%-'!'??'&-9!5?! 8.-1%6'.5@9!9:'&8?8&!
.@-18'.-9!5.!AAB!9/'':#!A/'&-15'.&':=%/5C1!7/8.!D'@15:=(985/!EF"GHIIJK"LMGN#!

"G#! O'8P'/! )7+!O8&=.8%P!;+! Q98.C!3+!'-!%/#!B=1'/8.!:1525-'9!9/5RMR%6'!9/'':! 8.!=@2%.9#!;2!)!0=(985/!
A.>5&18.5/!3'-%S!KNNTHKGIJAIN"MEL#!

"F#! 4/@C'!3+! B%U'%!3+! ,&=@99/'1! 0+! '-! %/#! B=1'/8.! 8.&1'%9'9! 9/5R! R%6'! 9/'':! %.>! 9-%C'! K! 9/'':! %.>!
>'&1'%9'9!9-%C'!E!9/'':!%.>!VA3!9/'':!8.!'/>'1/(!2'.!S@-!>5'9!.5-!%??'&-!9/'':!8.!'/>'1/(!R52'.#!
09(&=5.'@15'.>5&18.5/5C(HTLJKF"MTNI#!

GN#! ,-'8C'1!;+!W1'9/'1!3+!,&=@99/'1!0+!4/@C'!3#!B=1'/8.!8.!2'.-%/!='%/-=+!9/'':+!2'251(#!35/!7'//!A.>5M
&18.5/HTINJGGMFX#!

GE#! B5..899'.! *4+! *@19'/! V+! V@--'19! Y+!3%1-'.9! A;+!O'9-'1-'1:M0/%.-'.C%!3,#! A??'&-9! 5?! 9/'':! ?1%CM
2'.-%-85.!5.!%::'-8-'!%.>!1'/%-'>!=5125.'!&5.&'.-1%-85.9!56'1!KI!=!8.!='%/-=(!2'.#!Z1!)!D@-1JEMF#!

GK#! $81%!Y,+!082'.-'/!BW+!,%.-59!V[+!'-!%/#!A\'1&89'!-1%8.8.C!82:156'9!9/'':!:%--'1.!%.>!2'-%S5/8&!:15?8/'!
8.!'/>'1/(!:'5:/'!8.!%!-82'M>':'.>'.-!2%..'1#!$8:8>9!*'%/-=!W89HENJEMX#!

GT#! *@19'/!V+!V@--'19!Y+!B5..899'.!*+!3%1-'.9!A+!O'9-'1-'1:M0/%.-'.C%!3#!A??'&-9!5?!9/'':!?1%C2'.-%-8M
5.! 8.! ='%/-=(!2'.! 5.! '.'1C(! '\:'.>8-@1'+! 9@S9-1%-'! 5\8>%-85.+! :=(98&%/! %&-868-(+! %.>! '\=%@9-85.!
2'%9@1'>!56'1!IG!=!8.!%!1'9:81%-51(!&=%2S'1#!;2!)!7/8.!D@-1#!KNEEHFIJGNIMG#!

GI#! <9&=5:!3+!,28/'(!W$+!*'82%.!3$#!B=1'/8.!8.>@&'9!%>8:598-(!8.!15>'.-9#!D%-@1'!KNNNHIN"JFNGMET#!
GL#! D5C@'81%9! V+! <9&=5:!3*+! ]8C2%.! )3#! 7'.-1%/! .'165@9! 9(9-'2! 1'C@/%-85.! 5?! '.'1C(! 2'-%S5/892J!

C=1'/8.!6'19@9!/':-8.#!;..!D!^!;&%>!,&8!KNNGHEEKXJEIMF#!
GX#! V5>18C@'U!;+!B52'UM;2S1598! )+!7%-%/%.![+!'-!%/#!;&(/%-'>!%.>!>'9%&(/!C=1'/8.!9-82@/%-'! /8:8>!%&&@M

2@/%-85.!8.!=@2%.!689&'1%/!%>8:5&(-'9#!Q.-!)!_S'9!`$5.>a!KNNFHTTJLIEMLK#!
G"#! W'U%P8!4+!,5.'!*+!^%>%!<#!B=1'/8.! 89!%!:=(985/5C8&%/!1'C@/%-51!5?! 8.9@/8.!1'/'%9'! 8.!:%.&1'%-8&! 89/'-9!

%.>!C/@&59'!=52'59-%989#!0=%12%&5/!<='1!KNNGHEEGJKTFMIF#!
GG#! D'>'/-&='6%!;[+!48/P@9!)3+!Q2:'18%/!)+!,&=5'//'1!W;+!0'.'6!0W#!Q.9@??8&8'.-!9/'':!@.>'128.'9!>8'-%1(!

'??51-9!-5!1'>@&'!%>8:598-(#!;..!Q.-'1.!3'>!KNENHELTJITLMIE#!
GF#! 415-P8'R9P8!3+!$%.>8.!4+!3'//9-152!W+!<5//8!)#!$599!5?!-5-%/!S5>(!:5-%998@2!>@18.C!1%:8>!R'8C=-!/599!

>5'9!.5-!>':'.>!5.!-='!>'&1'%9'!5?!:5-%998@2!&5.&'.-1%-85.!8.!2@9&/'9#!W8??'1'.-!2'-=5>9!-5!'6%M
/@%-'!S5>(!&52:598-85.!>@18.C!%!/5R!'.'1C(!>8'-#!Q.-!)!_S'9!V'/%-!3'-%S!W8951>!KNNNHKIJENEM"#!

FN#! ,8'C'/!)3#!7/@'9!-5!-='!?@.&-85.9!5?!2%22%/8%.!9/'':#!D%-@1'!KNNLHIT"JEKXIM"E#!
FE#! A6'195.!7;+!O'=1!<;#!D@-18-85.%/!%.>!2'-%S5/8&!%>%:-%-85.9!-5!:15/5.C'>!9/'':!>':186%-85.!8.!-='!

1%-#!;2!)!0=(985/!EFFTHKXIJVT"XMG"#!
FK#! Z5(/'!0)+!,&5--!)7+!41'.-U!;)+!D%C(!V)+!7529-5&P!A+!*5??2%.!7#!W828.89='>!S1%8.!C/@&59'!2'-%S5/892!

89!%! 98C.8?8&%.-!>'-'128.%.-! ?51! ?%//8.C! 1%-'9!5?! 9(9-'28&!C/@&59'!@-8/8U%-85.!>@18.C! 9/'':! 8.!.512%/!
=@2%.9#!)!7/8.!Q.6'9-!EFFIHFTJLKFMTL#!

FT#! ['1=5'?! ,0+! 7%2:9! ,B+! B5..899'.! *4+! O'9-'1-'1:! 4V+! O'9-'1-'1:M0/%.-'.C%! 3,#! 75.&528-%.-!
&=%.C'9! 8.! 9/'':! >@1%-85.! %.>! S5>(! R'8C=-! %.>! S5>(! &52:598-85.! >@18.C! R'8C=-! /599! %.>! TM25!
R'8C=-!2%8.-'.%.&'#!;2!)!7/8.!D@-1!KNET#!

binnenwerk1.indd   103 27-10-2013   8:37:57



!!"#$

!
!

binnenwerk1.indd   104 27-10-2013   8:37:57



105

gonnissen hk, rutters f, mazuy c, martens ea, adam tc and westerterp-plantenga ms

effect of a phase advance and phase delay of the 
24-h cycle on energy metabolism, appetite, and related 

hormones
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"#$%#&'(')*!(+,!*)-*(,)(+!.-#*%&&%&!*#+'-#/!'0%!12(/)'3!#4!5(6%42/+%&&!(+,!&/%%.7!

8!.-)$(-3!-#/%!#4!'0%!*)-*(,)(+!*/#*6!)&!'#!.-#$#'%!5(6%42/+%&&!,2-)+9!'0%!)+'%-+(/!

:)#/#9)*(/!,(3;!(+,! '#! 4(*)/)'('%! '0%!*#+&#/),(')#+!#4! &/%%.!,2-)+9! '0%! )+'%-+(/!:)#<

/#9)*(/! +)90'! =><?@7! A#+&%12%+'/3;! $)&(/)9+$%+'! :%'5%%+! )+'%-+(/! *)-*(,)(+! ')$%!

(+,!5(6%42/+%&&<&/%%.!&*0%,2/%&!/%(,&!'#!)$.()-%,!5(6%42/+%&&!(+,!&/%%.!,)&'2-:<

(+*%7!A)-*(,)(+!$)&(/)9+$%+'!$(3!#**2-!,2-)+9!&0)4'!5#-6;! B%'! /(9!#-!*%-'()+!*)-*(<

,)(+!-03'0$!,)&#-,%-&! =C;!D@7!E+%!#4! '0%!%44%*'&!#4!*)-*(,)(+!$)&(/)9+$%+'! )&!(!-%<

,2*')#+!)+!'#'(/!&/%%.!')$%;!:2'!*)-*(,)(+!$)&(/)9+$%+'!$(3!(/&#!(44%*'!&/%%.!(-*0)<

'%*'2-%7!"2$(+! &/%%.! )&! +#'! (!0#$#9%+%#2&! &'('%;! :2'! )&! *#$.#&%,!#4! -(.),! %3%!

$#F%$%+'! =GHI@! &/%%.! (+,! +#+<GHI! &/%%.7! J0%! +#+<GHI! &/%%.! *(+! :%! 42-'0%-!

,)F),%,! )+'#! C! &'(9%&! #4! .-#9-%&&)F%/3! ,%%.%-! &/%%.7! K'(9%&! ?! (+,! C! #4! +#+<GHI!

&/%%.!(-%!(/&#!+($%,!&/#5<5(F%!&/%%.!=KLK@7!J0%!.-%4%-%+')(/!,)&'-):2')#+!#4!GHI!

&/%%.!'#5(-,!'0%!/(''%-!.(-'!#4!'0%!+)90'!)&!'0#290'!'#!:%!/)+6%,!'#!(!*)-*(,)(+!#&*)/<

/('#-7! A#+'-(-)/3;! '0%! .-%4%-%+')(/! ,)&'-):2')#+! #4! KLK! )+! '0%! :%9)++)+9! #4! (! &/%%.!

%.)&#,%! )&! '0#290'! '#! :%! $%,)('%,! :3! 0#$%#&'(')*! .-#*%&&%&;! )7%7! '0%! /%+9'0! #4!

.-)#-!5(6%42/+%&&! =M@7!J02&;! '0%!*)-*(,)(+!.0(&%!('!50)*0!&/%%.!#**2-&!$(3!(44%*'!

'0%!,)&'-):2')#+!#4!&/%%.!&'(9%&7!J0%-%4#-%;!'0%!4)-&'!()$!#4!#2-!&'2,3!5(&!'#!%N($<

)+%!'0%!,)44%-%+'! )+'-(<)+,)F),2(/!%44%*'&!#4!(!.0(&%!(,F(+*%!(+,!(!.0(&%!,%/(3!#+!

&/%%.!(-*0)'%*'2-%7!

O-%F)#2&!&'2,)%&!0(F%!&299%&'%,!'0('!*)-*(,)(+!$)&(/)9+$%+'!$(3! /%(,!'#!(,F%-&%!

$%'(:#/)*! (+,! *(-,)#F(&*2/(-! *#+&%12%+*%&;!50)*0! )+! '2-+!$(3! -%&2/'! )+! #:%&)'3;!

,)(:%'%&!(+,!*(-,)#F(&*2/(-!,)&%(&%!=P<Q@7!R+!.-%F)#2&!5#-6;!5%!&0#5%,!'0('!*)-*(<

,)(+!$)&(/)9+$%+';!:#'0!(!.0(&%!(,F(+*%!(+,!(!.0(&%!,%/(3;!-%&2/'%,!)+!(!*#+*#$)<

'(+'! ,)&'2-:(+*%! #4! '0%! 9/2*#&%<)+&2/)+!$%'(:#/)&$! (+,! &2:&'-('%! #N),(')#+! =>S@;!

&2..#-')+9! '0)&! 03.#'0%&)&7! 8,,)')#+(//3;!5%! 0(F%! &0#5+! )+! (! &'2,3! #+! &/%%.! (+,!

$%'(:#/)*!*#+&%12%+*%&!'0('!)+'%-<)+,)F),2(/!*0(+9%&!)+!&/%%.!(-*0)'%*'2-%;!-('0%-!

'0(+!'#'(/!&/%%.!')$%;!(-%!-%/('%,!'#!%+,#*)+%!(+,!$%'(:#/)*!.(-($%'%-&!=>>@7!J0%!

.-%&%+'! &'2,3! ()$&! '#! %&'(:/)&0! )4! '0%!$%'(:#/)*! *#+&%12%+*%&! #4! *)-*(,)(+!$)&(<

/)9+$%+'! (-%! *#++%*'%,! 5)'0! '0%! %44%*'&! #4! *)-*(,)(+! $)&(/)9+$%+'! #+! &/%%.!

(-*0)'%*'2-%7!J0%-%4#-%;!#2-!&%*#+,!()$!)&!'#!%N($)+%!'0%!)+'%-<)+,)F),2(/!-%/(')#+<

&0).&!:%'5%%+!,)44%-%+'!&/%%.!&'(9%&;!*#-')&#/!/%F%/&!(&!)+,)*('#-!#4!"O8<(N)&!(*')F)'3!

(+,!"EI8<RG!)+,%N!(&!)+,)*('#-!#4!)+&2/)+!&%+&)')F)'37!
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%&'()*+,$-./$0)+12/,$

!"#$%&'(")"*+*,"'

"##! $%&'()*%(+! ,(%(! '-%%.()! &*/! ,./0! -)(1*-/(! *2)(%+/-2).23! -2)! +*45('/+! $%&6

7.)()! ,%.//(2! .28&%9()! '&2+(2/! -/! /0(! +/-%/! &8! /0(! 8.%+/! /(+/! )-:;! <0(! +/*):! ,-+!

'&2)*'/()!-''&%).23!/&!3*.)(#.2(+!#-.)!)&,2!.2!/0(!=('#-%-/.&2!&8!>(#+.2?.!-2)!/0(!

@().'-#! A/0.'-#! B&99.//((! &8!@--+/%.'0/! C2.7(%+./:!@().'-#! B(2/%(! -$$%&7()! -##!

$%&'()*%(+! .27&#7.23! 0*9-2! +*45('/+;! <0(! $%&/&'&#! )(+'%.4()! 0(%(! .2! /0.+! +/*):!

)(7.-/(+! 8%&9! /0(! /%.-#! $%&/&'&#! -$$%&7()! 4:! /0(! @().'-#! A/0.'-#! B&99.//((! &8!

@--+/%.'0/!C2.7(%+./:!-+!./!'&9$%.+(+!&2#:!-!$-%/!&8!/0(!-$$%&7()!/%.-#!$%&/&'&#;!<0(!

+/*):!,-+!%(3.+/(%()!-/!/0(!D2/(%2-/.&2-#!B#.2.'-#!<%.-#+!E(3.+/%:!F#-/8&%9!G%(3.+/%-6

/.&2!2*94(%H!I<EJKJLM;!

!

(-./*%"&''

<0.%/((2!0(-#/0:!+*45('/+! G+(7(2!9(2N!+.O!,&9(2M!,./0!-!9(-2!-3(!&8!JP;Q!:(-%+!

GR=N!J;SM!-2)!,./0!-!9(-2!T@D!&8!JQ;L!?3U9J!GR=N!V;WM!$-%/.'.$-/()!.2!/0(!$%(+(2/!

+/*):;!<0(:!,(%(!%('%*./()!7.-!-)7(%/.+(9(2/+!&2!2&/.'(!4&-%)+!-/!/0(!@--+/%.'0/!

C2.7(%+./:;!<0(!+*45('/+!*2)(%,(2/!-2!.2./.-#!+'%((2.23!.2'#*).23!9(-+*%(9(2/+!&8!

4&):!,(.30/! -2)!0(.30/! -2)! '&9$#(/()! -! 1*(+/.&22-.%(! %(#-/()! /&! 0(-#/0N! *+(! &8!

9().'-/.&2N! +9&?.23! 4(0-7.&%N! -#'&0&#! '&2+*9$/.&2N! $0:+.'-#! -'/.7./:N! (-/.23! 4(6

0-7.&%!-2)!8&&)!-##(%3.(+;!"##!+*45('/+!,(%(!.2!3&&)!0(-#/0N!2&26+9&?(%+N!2&/!*+.23!

9().'-/.&2N!-2)!-/!9&+/!9&)(%-/(!-#'&0&#! '&2+*9(%+;! R#(($!'0-%-'/(%.+/.'+!,(%(!

-++(++()!*+.23! -! 1*(+/.&22-.%(! &2! 0-4./*-#! +#(($!)*%-/.&2N! /.9(!&8! 8-##.23! -+#(($N!

/.9(+!,&?(2!*$!)*%.23!/0(!2.30/N!'0%&2&/:$(!$%(8(%(2'(!-2)!/0(!A$,&%/0!R#(($.6

2(++!R'-#(;! D2!3(2(%-#! /0(!+*45('/+!0-)!2&!+#(($.23!).88.'*#/.(+!-+!/0(:!+#($/!-4&*/!

X0!$(%!2.30/;!<.9(!/&!8-##!-+#(($!,-+!%(#-/.7(#:!+0&%/!-2)!/.9(+!,&?(2!*$!)*%.23!/0(!

2.30/!,(%(!#&,;!R*45('/!'0-%-'/(%.+/.'+!-%(!$%(+(2/()!.2!3-'4)$!;!

Y2!/0(!4-+.+!&8!%(+$.%-/.&2!'0-94(%!+/*):!4:!Z(+/(%/(%$6F#-2/(23-!(/!-#!GVJMN!$&6

,(%!-2-#:+.+!,./0! /0(![\F&,(%!$%&3%-9!G7(%+.&2!Q;V]!>(.2%.'06!>(.2(6C2.7(%+./^/N!

=_++(#)&%8N![(%9-2:M!+0&,()!/0-/!,./0!-2!`!a!b;bS!-2)!c!a!b;Vb!G$&,(%!a!V!6!c!a!

b;KbMN!dVV!+*45('/+!,(%(!2(()();!<0(!%(+$.%-/.&2!'0-94(%+!(2+*%(!-!0.30#:!'&2/%&#6

#()!+./*-/.&2!.2!,0.'0!+*45('/+!-%(!.2!-!+/-4#(!(27.%&29(2/;!!

!

!

!
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$

%&'()$!*!"#$%&'(!')*+*'(&+,-(,'-.!
/0&*1!2*3#&-!4,()!()&,+!-(*15*+5!5&2,*(,61-7!189:;!

<)*+*'(&+,-(,'! 0&*1! "=!
>?&!/@;! AB.:! A.C!!
D65@!4&,?)(!/E?;! FG.B! H.I!
J&,?)(!/'K;! 9FA.C! I.H!
D65@!K*--!,15&L!/E?MKA;! AB.:! 9.F!
"&3NO+&P6+(&5!)*$,(#*3!-3&&P!5#+*(,61!/)M1,?)(;! H.A! 9.G!
"&3NO+&P6+(&5!(,K&!(6!N*33!*-3&&P!! 9I.F! B.I!
"&3NO+&P6+(&5!(,K&-!46E&1!#P!5#+,1?!()&!1,?)(! G.I! G.H!
QP46+()!"3&&P,1&--!"'*3&! B.C! A.C!
<)+616(@P&!P+&N&+&1'&!/G8K6+1,1?M98&2&1,1?;! G.H! G.B!

!

!"#$%&$'()*+&

R)&!-(#5@!)*5!*!+*156K,S&57!-,1?3&O$3,15&57!'+6--62&+!5&-,?1.!T6+!()&!A9)!*15!AF)!

'615,(,617!-#$%&'(-!-(*@&5! ,1!()&!+&-P,+*(,61!')*K$&+!5#+,1?!()+&&! 3,?)(O&1(+*,1&5!

',+'*5,*1! '@'3&-! /:! L! A9)! 6+! :! L! AF);.! R)&! A9)! '615,(,61! 3*-(&5! N+6K! A9GG)! #1(,3!

9AGG)!()+&&!5*@-!3*(&+.!R)&!AF)!'615,(,61!3*-(&5!N+6K!A9GG)!#1(,3!GIGG)!N6#+!5*@-!

3*(&+.!U1!()&!A9)!'@'3&!-#$%&'(-!-3&P(!F!)6#+-!*15!4&+&!*4*E&!N6+!9B!)6#+-7!4),3&!,1!

()&!AF)!'@'3&!()&@!-3&P(!V!)6#+-!*15!4&+&!*4*E&!N6+!9H!)6#+-.!"#$%&'(-!#15&+4&1(!

()&! A9)! *15! AF)! '615,(,61-! (,K&O$3,15&5! ,1! +*156K!6+5&+7! -&P*+*(&5! $@! *(! 3&*-(!

N6#+!4&&E-.! W+&'&5,1?! ()&! A9)! *15! AF)! '@'3&-7! -#$%&'(-! -(*@&5! ,1! ()&! +&-P,+*(,61!

')*K$&+! N6+! AB!)6#+-7! -3&&P,1?! N6+! H! )6#+-! *15!$&,1?! *4*E&! N6+! 9I!)6#+-! ,1! ()&!

')*K$&+!/+,-./)$!;.!"#$%&'(-!4&+&!'61N,1&5!,1!()&!')*K$&+-!*33!()&!(,K&.!X,()!()&!

&L'&P(,61! 6N! P*+(*E,1?! ,1! -(+&1#6#-! &L&+',-&! *15! -3&&P,1?7! ()&@!4&+&! *3364&5! (6!

K62&! N+&&3@! 5#+,1?! ()&! 4*E&! P)*-&-.! R46! 5*@-! $&N6+&! ()&! &LP&+,K&1(7! -#$%&'(-!

4&+&!*-E&5!(6!-3&&P!*''6+5,1?!(6!()&,+!)*$,(#*3!-3&&P!5#+*(,61!/H.AY9.G!)7!R*$3&9;.!

=#+,1?!()&!-(*@!,1!()&!+&-P,+*(,61!')*K$&+!P63@-6K16?+*P)@!4*-!#-&5!(6!K61,(6+!

4*E&! *15! -3&&P! -(*?&-.! Z,?)(! &1(+*,1K&1(! 4*-! *'),&2&5! $@! #-,1?! 5*@3,?)(! 3*KP-!

5#+,1?! ()&!4*E,1?!)6#+-! /[BGG3#L7!Q1&+?@!"*2&+7!R6+1*56!QAF7!VGG! 3#K&17!W),3,P-!

Z,?)(,1?7!Q,15)62&17!\&()&+3*15-;!*15!$3*'E!'#+(*,1-!5#+,1?!()&!-3&&P,1?!)6#+-.!R)&!

&156?&16#-!K&3*(61,1! +)@()K7!4),')! ,-! '61-,5&+&5!*-!*! +&3,*$3&!K*+E&+!6N! ',+'*O

5,*1!(,K,1?7!4*-!#-&5!(6!'61N,+K!',+'*5,*1!K,-*3,?1K&1(.!R)&!K*,1(&1*1'&!6N!()&!

ABO)! K&3*(61,1! -&'+&(,61! P*((&+17! ,15&P&15&1(! 6N! ()&! -),N(-7! '61N,+K&5! K,-*O

3,?1K&1(.!R),-!)*-!$&&1!P+&2,6#-3@!P#$3,-)&5!,1!/9G;.!

!
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!
%&'()*$!+! "#$%&!%'()*+,!-.'!/0123!/14(! 4'54'('+#! #.'!(0''5!'5)(6%'(!1+%! #.'!7.)#'!/14(! 4'54'('+#! #.'!
713'!'5)(6%'(,!8066%!(1950)+*! #)9'(!1+%!(10):1;(1950)+*! #)9'(!14'! )+%)21#'%!1(! 4'(5'2#):'0&!8!1+%!",!
<)+%)21#'(!9'10!#)9'(,!

!"##$%&'()*'+)(,%

-6!9'1($4'!713'! 1+%! (0''5! (#1*'(=! 560&(69+6*415.)2! 4'264%)+*(!7'4'! 6/#1)+'%!

26+#)+$6$(0&! /&! $()+*! 841)+>-! ?@"A! 8B8C=! >$9(#=! 8'0*)$9D,! 8'E64'! ($/F'2#(! '+;

#'4'%!#.'!4'(5)41#)6+!2.19/'4=!($4E12'!'0'2#46%'(!E64!'0'2#46'+2'5.106*419=!'0'2;

#469&6*419=!1+%!'0'2#4662$06*419!4'264%)+*!7'4'!1550)'%!12264%)+*!#6!(#1+%14%);

G'%!24)#'4)1!?HID,!C00!4'264%(!7'4'!:)($100&!(264'%!)+!IJ;(!'562.(!7)#.!(#1+%14%)G'%!

24)#'4)1!/&!#.'!(19'!'K5'4)'+2'%!5'4(6+!/0)+%!#6!#.'!'K5'4)9'+#10!26+%)#)6+!?HID,!

-.'!E60067)+*!(0''5!51419'#'4(!7'4'!6/#1)+'%!E64!'12.!($/F'2#L!#6#10!(0''5)+*!#)9'!

?-"-=! 26+()(#)+*! 6E! 100! M>NOP>NO! (0''5D=! 713'! 1E#'4! (0''5! 6+('#! ?QC"@=! 9)+D=!

(0''5! 5'4)6%! #)9'! ?%'E)+'%! 1(! -"-! 50$(!QC"@D=! 1/(60$#'! 1+%! 4'01#):'! ?R! 6E! (0''5!

5'4)6%!#)9'D!196$+#!6E!100!(0''5!(#1*'(!?(0''5!(#1*'!H=!(0''5!(#1*'!S=!"Q"!1+%!>NO!

(0''5D=! (0''5! 'EE)2)'+2&! ?R=! %'E)+'%! 1(! -"-! %):)%'%! /&! #)9'! )+! /'%D=! (0''5! 01#'+2&!

?9)+=!%'E)+'%!1(!#.'!#)9'!#6!E100!1(0''5D!1+%!>NO!(0''5!01#'+2&!?9)+=!%'E)+'%!1(!#.'!

#)9'! E469! (0''5! 6+('#! #6! #.'! /'*)++)+*! 6E! >NO! (0''5D,! ! T1&#)9'! +15(! 7'4'! +6#!

10067'%,!-.'!(0''5!51419'#'4(!7'4'!2600'2#'%! E64! #.'!SU.!26+%)#)6+!1+%! E64!'12.!

+)*.#!6E!#.'!9)(10)*+'%!26+%)#)6+(!6E!SH.!1+%!SV.,!!
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! !"!#

!"##$%&'$%(&")*&%+&,&-./.,(%

"#$%&!'(&!)$*+%$!)%$(,*(-./!*(-.012!)3++'!-(453$-!6$%$!7+33$7.$'!*+%!'$.$%401(.0+1!

+*! *(-.012! 2387+-$! (1'! 01-8301! 7+17$1.%(.0+1-! 9:028%$! ;<=! :8%.>$%4+%$/! -(30#(! -(4?

53$-!6$%$! .(,$1! )$*+%$! (1'! (*.$%! $(7>!4$(3! .+! '$.$%401$! 7+%.0-+3! 3$#$3-! 9@! -(4?

53$-A'(&/! :028%$!;<=!B387+-$/! 01-8301!(1'! 7+%.0-+3! 7+17$1.%(.0+1-!6$%$!'$.$%401$'!

(77+%'012! .+!(! -0403(%!5%+.+7+3!8-$'! 01!5%$#0+8-! -.8'0$-!7+1'87.$'!(.! .>$!'$5(%.?

4$1.! +*! C84(1! D0+3+2&/! E((-.%07>.! F10#$%-0.&! 9GH?G@<=! I>$! >+4$+-.(-0-! 4+'$3!

(--$--4$1.!+*!01-8301!%$-0-.(17$!9CJEK?LM<!6(-!7(3783(.$'!(-!*+33+6-!9GN<O!!

CJEK?LM!P!Q*(-.012!01-8301!94FAR<!S!*(-.012!2387+-$!944+3AR<TA;;=U!

0'.,12%)'/&3.%

I6+!'(&-!)$*+%$!.>$!$S5$%04$1.!(1'!'8%012!.>$0%!-.(&! 01!.>$!%$-50%(.0+1!7>(4)$%!

-8)V$7.-!6$%$! *$'! 01!$1$%2&!)(3(17$=!I>$!$1$%2&!7+1.$1.!+*! .>$!'0$.!6(-! .(03+%$'!

01'0#0'8(33&! .+! .>$!$1$%2&! %$W80%$4$1.-!+*!$(7>!-8)V$7.!)(-$'!+1!)(-07!4$.()+307!

%(.$!9DEM<!7(3783(.$'!60.>!.>$!C(%%0-!(1'!D$1$'07.!$W8(.0+1!9GX<=!I+!$-.04(.$!.>$!

.+.(3! $1$%2&! %$W80%$4$1.! (.! >+4$/! DEM! 6(-! 483.0530$'! 60.>! (! 5>&-07(3! (7.0#0.&!

01'$S! 9YKR<! +*! G=NU! $-.04(.$'! )&!4$(1-! +*! (! 7+458.$%! -0483(.0+1! 5%+2%(4! 9GZ<=!

I>$!.+.(3!$1$%2&!%$W80%$4$1.! 01!.>$!%$-50%(.0+1!7>(4)$%!6(-!$-.04(.$'!)&!483.0?

53&012!.>$!-3$$5012!4$.()+307! %(.$! 9[EM<!+*! .>$! *0%-.!102>.!60.>!(!YKR!+*!G=\U=!"1?

$%2&! 01.(,$!6(-!'0#0'$'!+#$%! .>$!4$(3-! (-!;]^! *+%!)%$(,*(-./! H]^! *+%! 3817>/! (1'!

H]^! *+%! '011$%=! I>$! 4(7%+18.%0$1.! 7+45+-0.0+1! +*! .>$! '0$.! 6(-! G;AUUA\\! "1^!

95%+.$01A7(%)+>&'%(.$A*(.<=!E$(3-!6$%$!-$%#$'!(.!.04$?5+01.-!%$3(.$'!.+!7&73$!'8%?
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#%+-!;1!-$'!/.0$-!$%&!A''/!;A&'+>'(!#+'>.;,&)*!6@F:<!E$'+'1;+'?!4'!1,+-$'+!./>'&-.G

0%-'(! -$'! (.&-+.A,-.;/! ;1! CD=! &)''#! ;>'+! -$'! /.0$-! ./! +')%-.;/! -;! 2.+2%(.%/!3.&%G
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8,!/*(!)#,/1#'!+,2!/*(!A*+$(7+2<+,)(2!)#,2%/%#,;!,#!1('+/%#,$!>(1(!.#0,2!.#1!)#1/%7

$#';!.+$/%,-!%,$0'%,!)#,)(,/1+/%#,$!+,2!3456789!%,2(:!>%/*!$'((A!A+1+Q(/(1$?!

!

!

!

!
%&'()*$+,!9('+/%#,$*%A!&(/>((,!9O5!$'((A!201%,-!/*(!$()#,2!A+1/!#.!/*(!,%-*/!+,2!)#1/%$#'!)#,)(,/1+7
/%#,$! %,! 1($A#,$(! /#! '0,)*! D,Q#'VWK! 201%,-! A*+$(! 2('+=?! 9EFG?JJL;! "XG?GH;! ,FYJ! D6K?! 9('+/%#,$*%A! &(7
/>((,!9O5!$'((A!201%,-!/*(!$()#,2!A+1/!#.!/*(!,%-*/!+,2!.+$/%,-!%,$0'%,!)#,)(,/1+/%#,$!DQZVWK!201%,-!
A*+$(!2('+=?!9EFG?JIL;!"XG?GH;!,FYJ!DSK?!9('+/%#,$*%A!&(/>((,!9O5!$'((A!201%,-!/*(!$()#,2!A+1/!#.!/*(!
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!
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%&'()''&*+$

"#!$%&!'(&)&#$!)$*+,-!$%&!.#$(/0.#+.1.+*/2!&33&4$)!53!4.(4/+./#!6.)/2.7#6&#$!5#!)2&&'!

/(4%.$&4$*(&! 8&(&! &9/6.#&+:! ;5(&51&(-! .#$&(0.#+.1.+*/2! (&2/$.5#)%.')! <&$8&&#!

+.33&(&#$! )2&&'! )$/7&)!/#+! 45($.)52! 45#4&#$(/$.5#)-! /)! /#! .#+.4/$5(!53!=>?0/9.)! /40

$.1.$,-! /#+! $%&! 3/)$&+! =@;?0"A! .#+&9-! /)! /#! .#+.4/$5(! 53! .#)*2.#! )&#).$.1.$,-! 8&(&!

.#1&)$.7/$&+:!!

"#$(/0.#+.1.+*/2! /#/2,)&)! )%58&+! $%/$! 4.(4/+./#! 6.)/2.7#6&#$-! <5$%! /! '%/)&! /+0

1/#4&!/#+!/!'%/)&!+&2/,!53!$%&!)2&&'!'&(.5+-!(&)*2$&+! .#!+.)(*'$.5#!53!$%&!#5(6/2!

'%/)&!+.)$(.<*$.5#!<&$8&&#!BCB!/#+!AD;!)2&&'! .#! $%/$!AD;!)2&&'!8/)! (&2/$.1&2,!

'%/)&! /+1/#4&+! $5! BCB!/#+! )2&&'!5#)&$:! E%.)! /<#5(6/2! 4.(4/+./#! )&F*&#4.#7! (&0

)*2$)!.#!)%5($&#.#7!53!AD;!)2&&'!2/$&#4,:!E%.)!)%5($!2/$&#4,!$5!AD;!)2&&'!.)!$,'.4/2!

53!#/(452&'$.4!/#+!+&'(&)).1&!'/$.&#$)!GHIJ:!"#!/++.$.5#!$5!$%&!4%/#7&!.#!+.)$(.<*$.5#!

53! AD;! )2&&'! 51&(! $%&! #.7%$-! /! '%/)&! /+1/#4&! (&)*2$&+! .#! .#4(&/)&+! $.6&! /8/K&!

/3$&(!)2&&'!5#)&$-!8%.4%! .)! .#!/7(&&6&#$!8.$%!$%&!)$*+,!53!C,/$$!&$!/2-!)%58.#7!/!

).7#.3.4/#$!&33&4$!53! 4.(4/+./#!'%/)&!5#! $.6&!/8/K&!/3$&(! )2&&'!5#)&$! GHHJ:!L5#)&0

F*&#$2,-!'%/)&!/+1/#4.#7!$%&!$.6&!$5!75!$5!<&+!(&)*2$)! .#!+.6.#.)%&+!)2&&'!45#$.0

#*.$,:!"#!/++.$.5#-!/!'%/)&!/+1/#4&!(&)*2$&+!.#!+&4(&/)&+!BCB-!8%.4%!.)!45#).)$&#$!

8.$%! $%&! +56.#/#$! %56&5)$/$.4! 65+*2/$.5#! 53! BCB! 35*#+! <,! C,/$$! &$! /2:! GHHJ:!

M*(.#7! $%&! HI%! 4,42&-! )*<N&4$)! /(&! /8/K&! 35(! IO%! 456'/(&+! $5! IP%!+*(.#7! /! HO%!

+/,:!"$!6/,!<&!$%/$!+*(.#7!$%.)!IO%!2&))!%56&5)$/$.4!)2&&'!'(&))*(&!.)!<*.2$!*'!<&0

35(&! )2&&'-!8%.4%!6/,! &9'2/.#! $%&! (&+*4&+! /65*#$! 53! BCB!+*(.#7! $%&! '%/)&! /+0

1/#4&:! Q*($%&(65(&-! /+1/#4.#7! $%&! )2&&'! '&(.5+! '%/)&! (&)*2$&+! .#! /! AD;! )2&&'!

(&<5*#+!).#4&!AD;!)2&&'!8/)!+&4(&/)&+!+*&!$5!+&4(&/)&+!$.6&!.#!<&+!G456'/(.)5#!

R%! 1):! S%! $.6&! .#! <&+J:! M*(.#7! $%&! )&45#+! #.7%$! 53! $%&! '%/)&! /+1/#4&! )%.3$! AD;!

)2&&'! 2/$&#4,! ).7#.3.4/#$2,! +&4(&/)&+:! E%.)! +&4(&/)&! .#! AD;! )2&&'! 2/$&#4,!6/,!<&!

4/*)&+!<,!$%&!AD;!)2&&'!(&<5*#+!352258.#7!AD;!)2&&'!+&'(.1/$.5#! GHTJ:!B.6.2/(2,!

$5!$%&!'%/)&!/+1/#4&-!$%&!'%/)&!+&2/,!(&)*2$&+!.#!.#4(&/)&+!$.6&!/8/K&!+*(.#7!$%&!

#.7%$!(&)*2$.#7!.#!+&4(&/)&+!)2&&'!45#$.#*.$,:!;5(&51&(-!'%/)&!+&2/,.#7!$%&!$.6&!$5!

75! $5!<&+! ).7#.3.4/#$2,! .#4(&/)&+!AD;!)2&&'!8.$%! /!+&4(&/)&+!AD;!)2&&'! 2/$&#4,-!

8%.4%!.)!45#).)$&#$!8.$%!$%&!'(5#5*#4&+!4.(4/+./#!65+*2/$.5#!53!AD;!)2&&'!35*#+!

<,!M.NK! &$! /2:! GHOJ:! AD;! )2&&'! .)! #5(6/22,! 45#4&#$(/$&+! .#! $%&! )&45#+! %/23! 53! $%&!

#.7%$!+*&!$5!/!4.(4/+./#!+.)'5).$.5#!35(!AD;!)2&&'!$5!544*(!/$!$%.)!'/($.4*2/(!$.6&!53!

$%&!+/,!GHUJ:!L5#)&F*&#$2,-!+&2/,.#7!$%&!'%/)&!53!3*2202&#7$%!)2&&'!'&(.5+!(&)*2$)!.#!

/!%.7%&(!'&(4&#$/7&!53!AD;!)2&&'!456'/(&+!$5!/+1/#4.#7!$%&!'%/)&!53!/!3*2202&#7$%!

)2&&'!'&(.5+:!
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! !"#$

"#$%&'(#)(*()+,-!,#,-./%/!/012%)!$0,$!/+34%5$/!2($0!&%-,$(*%-.! -%//!678!/-%%9:!9,&'

$(5+-,&-.!)+&(#;!$0%!/%51#)!9,&$!1<!$0%!#(;0$:!/012%)!0(;0%&!51&$(/1-!51#5%#$&,$(1#/!

,#)!,!0(;0%&!=>8?'"6! (#)%@A! "#! 51#51&),#5%!2($0!,! /$+).!3.!B#+$/1#!%$!,-A!201!

<1+#)!$0,$!/01&$%&!/-%%9!)+&,$(1#!C%,/+&%)!+/(#;!2&(/$!,5$(;&,90.!2,/!,//15(,$%)!

2($0!0(;0%&!<,/$(#;!(#/+-(#! -%*%-/!,#)!,!0(;0%&!=>8?'"6!(#)%@!DEFG:!1+&!/$+).!(#)('

5,$%/!,!#%;,$(*%!51&&%-,$(1#!3%$2%%#!$1$,-!/-%%9(#;!$(C%!,#)!<,/$(#;!(#/+-(#!51#5%#'

$&,$(1#/! ,#)! 3%$2%%#! $1$,-! /-%%9(#;! $(C%! ,#)! $0%! =>8?'"6! (#)%@A! ! "#! ,))($(1#:!

/01&$%&! 678! /-%%9! %/9%5(,--.! )+&(#;! $0%! /%51#)! 9,&$! 1<! $0%! #(;0$!2,/! ,//15(,$%)!

2($0!0(;0%&! <,/$(#;! (#/+-(#!51#5%#$&,$(1#/!,#)!0(;0%&!=>8?'"6! (#)%@A!B1&%#!%$!,-A!

<1+#)!91/($(*%!,//15(,$(1#/!3%$2%%#!HIH!)+&,$(1#!,#)!(#/+-(#!/%5&%$1&.!C%,/+&%/!

(#!13%/%!,)1-%/5%#$/!DEJG:!20(-%!(#!$0%!9&%/%#$!/$+).!#1!51&&%-,$(1#/!3%$2%%#!HIH!

,#)!$0%!=>8?'"6!(#)%@!2%&%!13/%&*%)A!B1&%#!%$!,-A!/$+)(%)!(#)(*()+,-/!2($0!,!C%'

,#!,;%!1<!KLAL!.%,&/:!20(-%!(#!$0%!9&%/%#$!/$+).!$0%!C%,#!,;%!2,/!ELAM!.%,&/:!$0(/!

C,.!%@9-,(#!$0%!)(/5&%9,#5.A!81&%1*%&:!$0%!)(/5&%9,#5.!C,.!3%!%@9-,(#%)!3.!$0%!

)(<<%&%#5%/! (#! /-%%9! ,&50($%5$+&%! 3%$2%%#! 13%/%! ,#)! #1#'13%/%! /+34%5$/A! >3%/%!

,)1-%/5%#$/! /012!,#!,3#1&C,-! /-%%9!9,$$%&#!2($0!,31*%!,*%&,;%!HIH!3+$!3%-12!

#1&C,-!678!/-%%9!9%&5%#$,;%!DENGA!O0%!,//15(,$(1#!3%$2%%#!678!/-%%9!,#)!51&$'

(/1-! -%*%-/! (/! (#! ,551&),#5%! 2($0! $0%! &%/+-$/! )%/5&(3%)! 3.! P,#! Q,+$%&! %$! ,-A:! 201!

13/%&*%)!,#!(#*%&/%!&%-,$(1#/0(9!3%$2%%#!#,)(&!51&$(/1-!-%*%-/!,#)!678!/-%%9!DERGA!

"$!(/!/$&(S(#;!$0,$!%/9%5(,--.!678!/-%%9!)+&(#;!$0%!/%51#)!9,&$!1<!$0%!#(;0$!2,/!#%;,'

$(*%-.! ,//15(,$%)!2($0! 51&$(/1-! -%*%-/A!I+! %$! ,-A! ,-&%,).! /012%)! $0,$! /-%%9! ,$! $0%!

TMUTT'TFUTT! 9%&(1):! )+&(#;! $0%! 5(&5,)(,#! #,)(&:! (/! (C91&$,#$! (#! 9&1$%5$(#;! #1&C,-!

90./(1-1;(5,-!&0.$0C/!,#)!<+#5$(1#!1<!$0%!=V?',@(/!DMTGA!!

O0%!5(&5,)(,#!/./$%C:!012%*%&:!)1%/!#1$!1#-.!5,+/%/!5(&5,)(,#!C1)+-,$(1#!1<!/-%%9!

/$,;%/! (#!9,&$(5+-,&!678!/-%%9:!3+$! (#!9,&,--%-! ($!,-/1!5,+/%/!C1)+-,$(1#!1<! <,/$(#;!

;-+51/%:!(#/+-(#!,#)!51&$(/1-!51#5%#$&,$(1#/!DKTGA!"#!9&%*(1+/!21&S:!90,/%!,)*,#5(#;!

$0%!/-%%9!9%&(1)!&%/+-$%)! (#!,#! (#5&%,/%)! (#/+-(#!&%/91#/%!$1! <11)! (#$,S%!,#)!;-+'

51/%! /%5&%$(1#! (#5&%,/%)! 20%#! $0%! /-%%9! 9%&(1)! 2,/! )%-,.%)! DKTGA! 81&%1*%&:!

5(&5,)(,#! C(/,-(;#C%#$! 5,+/%)! <-,$$%#(#;! 1<! $0%! 51&$(/1-'/%5&%$(1#! 9,$$%&#! DKTGA!

O0%&%<1&%:! $0%! &%91&$%)! (#$%&'(#)(*()+,-! 51&&%-,$(1#/! C,.! ,-/1! 3%! %@9-,(#%)! 3.!

9,&,--%-! 50,#;%/! (#! $0%! 5(&5,)(,#!90,/%/!1<!678!/-%%9:! <,/$(#;! (#/+-(#!,#)!51&$(/1-!

51#5%#$&,$(1#/:!20(50!,&%!,--!+#)%&!5(&5,)(,#!51#$&1-A!!

W(#,--.:! $0%!9&%/%#$!/$+).!/012%)!$0%!%<<%5$/!1<! /-%%9!)+&,$(1#!1#!/-%%9!,&50($%5'

$+&%A!H01&$%#(#;!/-%%9!)+&,$(1#!$1!J0!1<!$(C%!(#!3%)!)%5&%,/%)!$0%!,C1+#$!1<!/$,;%!

E!,#)!678!/-%%9:!20(-%!HIH!2,/!9&%/%&*%)!51C9,&%)!$1!$0%!51#$&1-!#(;0$!1<!N0!1<!

/-%%9A!O0%/%! <(#)(#;/!51&&%/91#)!2($0!1$0%&!/$+)(%/! (#*%/$(;,$(#;!/-%%9!&%/$&(5$(1#!

$1!1#-.!L0!1&!XAX0!$(C%!(#!3%)!DMK'MLGA!I0%#!$0%!$1$,-!$(C%!(#!3%)!(/!&%)+5%):!$0%!
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"#$$%!"&"'$(!)$"%*+,"!-&!%).(/).#&!,$0)$/".+1!"'/1$!2!"#$$%!/+,!345!"#$$%!67.#$!

898!,*$"!+*'!"$$(!'*!-$!/::$0'$,;!<7$!%)$"$)=/'.*+!*:!898!,>).+1!"#$$%!)$"').0?

'.*+!">%%*)'"!'7$!%)$">(%'.*+!'7/'!898!."!'7$!(*"'!)$"'*)/'.=$!%/)'!*:!"#$$%!@2AB;!

9.'7!)$"%$0'!'*!*>)!)$">#'"!*+!#*+1$)!"#$$%!,>)/'.*+C!'7$!/-"*#>'$!/(*>+'!*:!"'/1$!

2!"#$$%C!898!/+,!345!"#$$%!6/"!.+0)$/"$,!->'!'7$!%$)0$+'/1$!*:!'7$!"#$$%!%$).*,!

"%$+'!.+!'7$"$!"'/1$"!)$(/.+$,!0*+"'/+';!!

D(%*)'/+'!'*!+*'$! ."!'7/'!/##!".1+.:.0/+'!:.+,.+1"! .+!'7."!"'>,&!6$)$!*-"$)=$,!67$+!

0*+".,$).+1! '7$! /-"*#>'$! =/#>$";! E$"%.'$! '7$! ,.::$)$+0$! .+! '.($! .+! -$,! -$'6$$+!

0*+,.'.*+"C! .'! ."! 0)>0./#! '*! 0*(%/)$! '7$!/-"*#>'$!,>)/'.*+!*:! "#$$%! "'/1$"!/+,!+*'!

'7$!)$#/'.=$!,>)/'.*+F! .+!'7/'!0/"$!%$)0$+'/1$"!*:!"#$$%!"'/1$"!6*>#,!"$$(!7.17$)!

/"!'7$!,$+*(.+/'*)!."!)$,>0$,!"#$$%!'.($C!67.#$!/-"*#>'$#&!.'!7/"!+*'!.+0)$/"$,!/'!

/##;!!

D+!'7$!%)$"$+'!"'>,&C!">-G$0'"!/)$!">-(.''$,!'*!/!">,,$+!/,=/+0$!*)!,$#/&!.+!'7$.)!

,/)H?#.17'C! )$"'?/0'.=.'&C! "#$$%?6/H$!0&0#$C! ".(.#/)! '*!67/'!*00>)"! .+! G$'! #/1!*)! "7.:'!

6*)H!)*'/'.*+";!8>07!/!%)*'*0*#!/##*6"!:*)!'7$!$::$0'"!*:!0.)0/,./+!(*,>#/'.*+!'*!-$!

*-"$)=$,!.+!'7$!/-"$+0$!*:!"#$$%!/+,!:*)!'7$!$::$0'"!*:!"#$$%!'*!-$!*-"$)=$,!/'!/+!

>+>">/#!0.)0/,./+!'.($;!D+!0*+')/"'!'*!/!:*)0$,!,$"&+07)*+&!%)*'*0*#C!6$!6$)$!+*'!

/-#$! '*! ,."'.+1>."7! -$'6$$+! '7$! .+,$%$+,$+'! $::$0'"! *:! '7$! 0.)0/,./+! "&"'$(!/+,!

-$7/=.*)/#!0&0#$";!I*"".-#$!#.(.'/'.*+"!*:!'7$!%)$"$+'!"'>,&!/)$!'7$!#/0H!*:!/+!/,/%?

'/'.*+!+.17'!/+,! '7/'! '7$!2J7!0*+,.'.*+!$/07! '.($! '**H!%#/0$!-$:*)$! '7$!2K7!/+,!

2L7!0*+,.'.*+";!M*6$=$)C! '7$)$!6$)$!+*!".1+.:.0/+'!,.::$)$+0$"! .+!"#$$%!$::.0.$+0&!

-$'6$$+!,.::$)$+'!+.17'"!,.(.+."7.+1!'7$!%*"".-#$!"$N>$+0$!$::$0'!@</-#$2B;!!

</H$+!'*1$'7$)C!.+')/?.+,.=.,>/##&!6$!:*>+,!/!345!"#$$%!)$-*>+,!,>).+1!'7$!%7/"$!

/,=/+0$! /+,! .+0)$/"$,! 345! "#$$%! ,>).+1! '7$! %7/"$! ,$#/&! (*)$*=$)! 345! "#$$%!

,."').->'.*+! *=$)! '7$! +.17'! 07/+1$,!6.'7! /! )$#/'.=$#&! "7*)'$)! 345! "#$$%! ,>)/'.*+!

,>).+1!'7$!"$0*+,!%/)'!*:! '7$!+.17';! D+'$)?.+,.=.,>/##&!6$!:*>+,!'7/'!"7*)'$)!345!

"#$$%!,>)/'.*+!,>).+1!'7$!"$0*+,!%/)'!*:!'7$!+.17'!6/"!0*))$#/'$,!6.'7!7.17$)!0*)'.?

"*#!0*+0$+')/'.*+"!/+,!/!7.17$)!MO5P?D3!.+,$Q;!<7."!(/&!/#"*!$Q%#/.+!67&!+*'!/##!

%$*%#$!/)$!"$+".'.=$! :*)!0.)0/,./+!(."/#.1+($+'!/+,! .'"!+$1/'.=$!($'/-*#.0!0*+"$?

N>$+0$";!!

D+! 0*+0#>".*+C! 0.)0/,./+!(."/#.1+($+'C! -*'7! /! %7/"$! /,=/+0$! /+,! /! %7/"$! ,$#/&C!

)$">#'$,!.+!/!".1+.:.0/+'!07/+1$!.+!"#$$%!/)07.'$0'>)$C!$"%$0./##&!/!"7.:'!.+!345!"#$$%;!

D+'$)?.+,.=.,>/##&C!"7*)'$)!345!"#$$%!,>).+1!'7$!"$0*+,!%/)'!*:!'7$!+.17'!6/"!/""*?

0./'$,!6.'7! ,&")$1>#/'.*+!*:! '7$!MIP?/Q."C! /"! .+,.0/'$,!-&! .+0)$/"$,! 0*)'."*#! 0*+?

0$+')/'.*+"C! /+,! )$,>0$,! .+">#.+! "$+".'.=.'&;! E&")$1>#/'.*+! *:! '7$! MIP?/Q."! /+,!

.+">#.+!)$"."'/+0$!/)$!7/##(/)H"!*:!"$=$)/#!($'/-*#.0!,."$/"$"!">07!/"!'&%$?2!,./-$?

'$"!/+,!*-$".'&C!67.07!/)$!H+*6+!'*!-$!/""*0./'$,!6.'7!0.)0/,./+!(."/#.1+($+';!!
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%&'()*+,-+.+(/0$

"#$%&!'(!)*+!,-./0!12*13453+!)*+!+3647*3+!893!3:;3<4=3*86>!"#$%&!'(&!?,!)*+!

@A0,!;3<B2<=3+! 893! 3:;3<4=3*86>! "#$%! )*+! ?,! )*)CDE3+! 893! +)8)>! "#$%!F<283!

893! =)*G61<4;8>! H?A! )*+! ,-./0! <3543F3+! )*+! 3+483+! 893! =)*G61<4;8>! ,-./0!

6G;3<5463+!3:31G842*!2B!893!68G+D>!

1+2+3+(&+0$

I>! ?E346C3<!?A&!.348E=)*!@&!,22<3/@+3!,?&!J4==3<=)*!$?&!#*)G3<!(->!"G=)*!6C33;K!486!+G<)842*!)*+!
2<7)*4E)842*!+3;3*+!2*!486!14<1)+4)*!;9)63>!-143*13!ILMNOPINKIPQR/S>!

P>! T4UV!T$&!?E346C3<!?A>!0)<)+2:41)C!84=4*7!2B!893!14<1)+4)*!<9D89=!2B!6C33;!;<2;3*648D!63<536!82!12*62/
C4+)83!6C33;!)*+!F)V3BGC*366!4*!9G=)*6>!W3G<2614!X388!ILLROIQQKQY/M>!

Y>! ,2<<46!?$&!A3619Z)19!T&!-1933<!'A>!?4<1)+4)*!6D683=&!6C33;!)*+!3*+21<4*2C27D>!,2C!?3CC!@*+21<4*2C!
PNIPOYRL[I\KLI/INR>!

R>! AV3<683+8!H&!.<4798!#0&!$<>!-C33;!X266!)*+!')847G3!4*!-94B8!.2<V!)*+!-94B8!.2<V!T462<+3<>!-C33;!,3+!
?C4*!PNNLORKP]S/PSI>!
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