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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

Br J Nutr. 2012 Jun 8:1-9
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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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chapter 3
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energy balance, sws and rem sleep
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energy balance, sws and rem sleep
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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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energy expenditure and sleep stages
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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

C h a p t e r  5
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disadvantage of being a good sleeper
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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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sleep duration, sleep quality and body weight
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sleep duration, sleep quality and body weight
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sleep duration, sleep quality and body weight
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chapter 6
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sleep duration, sleep quality and body weight
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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

Am J Clin Nutr. 2012 Oct;96(4):689-697
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circadian misalignment and energy balance
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circadian misalignment and energy balance
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,)(+!-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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circadian misalignment and sleep architecture

! !"#$

$

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

(.0+1=!Y(%.0705(1.-!6$%$!%$W80%$'!.+!*010->!$(7>!4$(3!60.>01!>(3*!(1!>+8%!(1'!6$%$!

1+.! (33+6$'! .+! $(.! (''0.0+1(3! *++'=!_(.$%!6(-! *%$$3&! (#(03()3$! '8%012! .>$!6>+3$!

$S5$%04$1.=!

4/&/)(/)5&"%6'&"2()(%

`(.(!(%$!5%$-$1.$'!(-!4$(1-!a!-.(1'(%'!$%%+%!+*!.>$!4$(1!9["E</!813$--!+.>$%60-$!

01'07(.$'=!I>$!(%$(!81'$%!.>$!78%#$!9KFb<!(7%+--!.>$!'(&!*+%!7+%.0-+3!6(-!7(3783(.$'!

8-012! .>$! .%(5$c+0'(3! 4$.>+'=! KdJeK! %$5$(.$'! 4$(-8%$-! 6$%$! 7(%%0$'! +8.! .+!
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circadian misalignment and sleep architecture
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circadian misalignment and sleep architecture
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circadian misalignment and metabolic disorders
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circadian misalignment and metabolic disorders
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circadian misalignment and metabolic disorders
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