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Abstract

The number of individuals who either skip breakfast or have late dinners is gradually increasing
in Japan. Recent animal studies suggest that change in feeding schedule is associated with
abnormal phase angle in the circadian clock as photic signals, which can lead to certain diseases
often reported among rotating shift workers (e.g., metabolic disorder, cardiovascular disease).
While this is certainly possible, very few studies of human subjects have addressed how dietary
behavior (e.g., skipping breakfast, late meal times) affects phase angle of the circadian rhythm.
As such, the present study aimed to reveal the role of human eating behavior with regard to
circadian rhythm. To this end, we assessed circadian rhythm among rotating shift workers with
irregular lifestyles by performing a day-night reversal, focusing specifically on diet and sleep
habits, both of which are considered zeitgebers for the circadian clock among observational
studies. In addition, we elucidated the effects of feeding schedule changes on phase angle of
the circadian rhythm as well as its effects on serum lipid levels in humans. We found that phase
angle of the circadian rhythm during the day shift was significantly delayed among rotating shift
workers relative to that in day workers in free living conditions, even though physical activity
and sleep/wake cycles did not differ significantly between groups. We also noted that shift
workers live irregular lifestyles that often involve components such as skipping breakfast
between shifts. In the human trials, we found that changes in feeding schedule were
significantly associated with delays or advances in phase angle of the circadian rhythm, as well
as with regulation of serum lipid levels. This suggests that dietary behavior plays an important
role in the regulation of the circadian clock and lipid metabolism.  While future studies are
required to clarify mechanisms underlying dietary behavior and circadian rhythm, our findings
may shed some light on prevention of health problems related to the diverse lifestyles emerging

in the recently developed 24-hour society:.
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SV o 7= (r =0.152, p = 0.399, n = 34)(Figure.2-2),

4) B

AR D ZAEEE B BRI S~ CHE TR L OB B O BEUEN S0 2 & K8
V7 MK o THERSEHF & W o T ATFITEN R D 2 EBP NI ol EHIT,
RACHE TIE AR E B ARBRTEL L BMI & ORICAERIEOHEBENRED b, 202 &
NH . BB L - CREE - AETEOE, BEIEIZIE BMI #N & BiE 2% "]
REMEDS R S 472,

ARFFETIE, SR EHE OEF - BRI OBIED B H#F I THRICEEZ
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LTz, FEATAFRIZRE VTS, WHEA D BB OB E IR E LT 5 2 L lE S
T\ %, Schulze & ™7 A U H AF#ET 51,603 A% 6t RICHIE & 28— MFSE % F
L. 4 FHTHREANY OB EE SN LB AR EENES EEZr~ L, i L
HIIREBINEMEEZ R~ 2 L 2SI Lz, £7-. Raben & Pi3abkE A v &k &
REIZBIT 2 10 WRE O AR Z 320 L. B D Bk~ & O R 72 = L — 1
DREIEINZ SR Z L ZW BN Lic, vz, s E OREHE NI ITE
WEREE OB EE D BE T 2 AIRBER B 2 DiLd, —FH., BIBEA N L ZAOAMNR DL
REIEBEF L L HOBFERBHEN KSRV IC, EFHEOBIENEMNT 5 &@HiES
NTN5 P, EEE Oliver & Wardle™ X &A1 IRILIZ B4 % B s VE 22 v, 2 b
V2B B U T2 B I FHEOBIBEE N B 2 . Y - BB OBIBEE I T 5 &
AT HHENENT LWL Lz, RBFZERER G ITFZEE — &L TRy P %
REIEEF T HEF IR TEFEERENAEICEEZ R Lo, 4%, RNHIEEE
OREATEIRDL & AR EHIN & OBFEIZ OV TEB R8T A N2 K o> THRETT 2 4%
ERb 5,

F 72 RBFZE D RN TIEAARHIE B RS & BMI & OICA R IEDFHE
WHHIT-, ZOAEREEIIHENCFERZHE L THLEDLD Z LiTRhoate, T0
ZliE, KEEZREMERSRE Lo ads— MIZEIZBWTHRF SN TEY | fxr2 R
K&K F 2 FHHE U 7o 28 BT 1238 ) C b AU 2R B> BMI BRIk LTSz L
FREA RO Z LML M ENTIND ¥, RFHA XIS & 72> 72 2ACHI BB #1414 T
AR R EM OB 20 TH 0 . BT H 72 2 2 E75 X BMI 24880 &8 2 e
MERBEZ BILD,

S BT, 24 FEFATEIRF RIS K - TERARH B & O EEITENIEH > 7 Mok - T
Big D Z LA BN o T, FRT, BRFITABEENEE L 7 ML Lo TEDD Z &%,
HIE L BRBORAERIIEEHAD B ELEH T BICE W2 E BB E 257, Smith &
IR & 2R — MFFEE E M L s RIBBCREL & ik A LR & ORI A M L7z,
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ZORER. BT S BMEICB N THIEZREL THDHEIE, WTINLHERL TN HE
IZHRT AV AU VL IDL 2L AT 0 — VEEREZICEEE RT 2 L 250
[ L7, FE7-. Farshchi & ™3 2 HEICH7- 288 KB AFEBREZITV, KAERHIE
BHEZHEASNTLDL 2 L AT 8 — AR AL s THRIZHEMT 52 L 2R LI, S 51T,
RAGIR T2 T LT 2B BT IR W TS, JIRR BT & b2 Z LA 6N
NTHD M, BERTIE, BEX A I 27 2 MBI & 5 HIRKG AT NS Bk
EEODLHILEBHLNCENTVD D, LnLAanb, ZTALEBREZIGDE LR
FHLA I T OENPERSRITT AP R RITOWNWT, AERg e LR T
RIEFTFIIHET ST RV, Tz, SRITFIRREZ D & L2 BITEO LA
AIRIC BAZ T A BRI 72 B A R T 2 R B 5,

AEFFEORA L LT, 1) WiaFETh s Z &, 2) FIRFFEITACHEETH D Z &,
3) AIERHFAEIGER A NEEE 7 b (AEA, RYAVH, KEHTH) TLHD
HThollzd, HADEBERRAETETEZHET 5 LT ERLT L E o TR
AREMED N B D Z & | 4) BWERCRIUIESIINE O FBIRREITIKTE L, BRAICEE LAMED
HPHENTZENEIED 19.4% T o722 L B) BINE ZfhH U 7- il i3 Bic i)
DI BWEROWED ST BN H D Z BB X D, LLaensb, &R
BN A £ O F T - ML OB S 7 MOATFEITHOEW S RENICH S h
ToZ b, R EHE OREOREE - #EEZ B & LTRBHEE T 0/ T L& AFRK -
FEid 5 ETRERERN DD, H4%IT. HR - REOFERMEE X OMIRAE T A
IO THFRIRAE 2 BTN L, IR F 7203 o 7o BBMIF 200 LRI 22 SR 8 0
DT T —FIEIL DN NREDBLETH D,
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3EERZI DORKIBH LR B BMFEEBO R A ) X LIZRITT R

1) IXTCHIZ

oA E TIRE &K & OFEIA S 2000 45 (10.7%) 706 2010 4F (14.1%) (217> Tl
WL TR ™ 21 LI RFEEZ T HEOEA b, 1997 4F (17.0%) 7> 5 2006 4 (19.1%)
CETTHE L TWD %, 2hbx, 2ok ) hagEaihd L Lz Hx OAEFEED
ZEALAS . BB B O ELAUC B 5 TR B 2 S s 21000, F2ER | B ERR CITRET &
—EORFANCHIBRT 2 2 & A H RFF ORI 5 2 &R S h T g M),

& 2 AT, HIR FEICAAET 28 B R HI AR ORI 31T D2 EREHIIER L.
ERD¥ % < OREZOFTEICEDH D Z EBAALMACENTND ¥, R OELIIE
fREEIT R U TR L AT L, IEG, AEHHERS . THRERE R E 6 L OV s BRI D7
MWD EbWMEENTNG 328 2 LT, ZNE TORITMIEDS 1T, MEIRER Y X
I BB G (RFEE) WD H A I L T OENHER U R A RIFTEICOWTHREF LT
Tl LR 6, b FEMRICHERECENY LWV o BAEFLEIR Y XA L
DB A FET L7 L+ T,

& ZCARMREIE, MEARIRAZ Z [ E L CHIRTEEN A HIR L7254 T, 1 H 3 RO %
BHHDZENOIEEAEMRIEEO B A Y XA RIFTREZHLNCT A L& H
e L,

2) ik
2-1) &

1 HOENORF 4% 8RFEHIZER L /5 H 3L BHIICE A 7 B 174224104
M) ARG L LTz, EROBIF TR FULER S OB RRIH A ¥ — 2 §5m L O L,
EBA~OBIEI L LT, MRS L OURBA L | BRIC X 2 BIRAHE 21 <
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WRWZ L& Le, EROSMEITIE, HEO AW, 7'm kb, RO RZEZ 5
LI-BICEHICEDAA 7 —Lb Rartvy Mahlz, o8, AT EZE RS MM
HEELZB BT AR EZ T2 L TFE LT,

2-2) 7' hajv

WFZET A 13 1 B 3ROKL % 5 K03 58 % A4 thilak B & L 7= (Figure.3-1),
ZINEOA YV X ADONAHEZE ST D7D, STARTOD7< &b 1y AMIZHRAIE
LWAETRZ LT 5 X 2 E L, oA 13 RIS 8:00, 13:00 35 L 08 18:00 (ZAF %
BELX2fRLT-, 20%, 2 BBICD- > T AZITY, £FHMRZ % 13:00, 18:00 B
JUN23:00 ~& SHFRHITOELE, 1 H3RAETaRM L, B, 1 o3 L¥F—F
EIFINY AT 47 bOX &b LITHEE L, [EERE 15 23 U TR L72(10.7 £
0.4 MJ; 15% protein, 25% fat and 60% carbohydrates), 1 A FF DRI L B L 03MERL L.
THEOYA 7NV A=a—E L, o, RELEEFLS OREEZEEIL L, BEFTRE
RERIIDIN 7 2 A P REZFNXF—FEE RN DL Lz, BT, AT L=
TIAT A MR DT BINEITIIATERLGR OB B 2 il U, IR - R R R
BHERLAZLATLEOEKE L, 62, HINEBELEET L2720, BT imm
FE{AEhE(Active Style Pro HIA-3501T, OMRON Corp., Tokyo, Japan) Z ED~ /L ~ 2459
DRI BIMEHR L, 7ed, HEORFRZ, MERFEZIASFND K D12, S~
TTF DR BT REAN BB A — LB ah TR - TR L7,

AR ORIE B T, BIERTH O 16:00 7532 H 0 08:00 £ T 40 FEfichz > T
N 2 F57E O fg A MR (BIR 23-25°C)ICITE S W7z, IE M H OfEIRH (06:30) . 22k
RECHAIRGHZTT - 7o, WIEROFHEICIEA > B — & A k% F 72 (InBody430,
Biospace Japan Inc., Tokyo, Japan), & D%, A /L & —.L&E X & (RAC3103, NIHON KOHDEN
Corp., Tokyo, Japan) % H\ T, 08:00 75 24 BEIZ 7= » T EX & A Fdk L=,
LB X IRTREN 2 HITR 3 5 72012, MERFFAZ BROV T L2 RO X D FRR LT,
2-3) DA B O JE AT
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AR B DRFZE & RERIA T - 72 %,
2-4) X7t A F—ik

AR BN OBFFE & FRRICAT - 72 Y,
2-5) EEHIEMT

BTCOT — 2 PEEHFERERZE TR Uiz, 7 — % OIEHN 2 S L7212, Paired
t-test & % \ I Wilcoxon signed-rank sum test 2 FH VN TH ARITE O DAZE B EIE 2 Lhig L7,
2 COfEMTIZ X SPSS statistical software (IBM SPSS 20.0 for Windows, SPSS Japan, Tokyo,

Japan) & VY, FEETRYA SR E WA EIZ T 5% & L,

3) MR

ZINE OFpE% Table.3-1 1278 L7z, KHE, BMI, KB, =% VX —{HEEIX, T
AHIE CHERENRLINIRN > T, DIZAEIRIED 24 R FEAE S I ARiE THE
RENHR NIRRTz, o, BRBINEITE SN BFERFL, BERFZ 2570 . T A
(XT3 T4 T U RTE o T,

Figure.3-2 17, ~—2 5 1 > L fr A DU ZEEI S (HR, SD of RRI, LFHF and %HF)
DIRFRINEADZ TN T vy b aR Lz, SIABED 8L 9D HR [TN—R T A 1T
HE_RTHBEIEAE 2 7~ L72(56.3 + 2.2 bpm; 55.3 + 1.5 bpm, respectively, vs. 63.5 + 1.4 bpm;
60.6 + 1.3 bpm, respectively), M A% D 24 B SD of RRI [1ZX— A T A IR THEIZ
A 27~ L (84.0 £ 7.6 ms vs. 119.0 + 16.5 ms), /T A% D 8 Kf& 9 IfD SD of RRI I3 EIZ
i % 71x L72(101.3 £ 5.2 ms; 103.5 + 5.8 ms, respectively, vs. 74.0 + 6.5 ms; 80.4 + 6.8 ms,
respectively), £7-. ST A% D 8 KD LFHF [Z_X— R T A NI THEICKE AR LT-
(1.9+0.6vs.51+0.7), 52, STAKZLD 8REOUHF [TX—R T A NI THEILS
% 7~ L72(9.7 £ 1.5% vs. 3.4 + 0.4%),

OHEEEEED A A U X L OTE RALAH & R824/ AR T L 72 (Table.3-2,

18



Figure.3-3), M AZ D HR DIRIEIZN—RA T A VR CTHEEICEME R LTz, £,
I A% D HR, SD of RRI 38 X O LF/HF OTESIAHIZRN— A T A R THEICHKIBL
7= (1.7-3.5h), LF power, HF power 5 X O'%HF O TESALFE & IRIEIZ 13 AR CTHE

RN DI o T2,

4) BE

AR TR ) 2[5 2 (00:00-06:00) L. S {A&IES)Z R L7250 C 2 @RE OR]
% b A2 i U, SRR O 182N Dlig B IR B o0 A U X L ONARIC KIET
WREEZRE L7, TofE%E, HR, SD of RRI B XN LF/HF @ 24 BifEE# D U X LD
TEMATHDS, R=RA T A VAR TN AR THEREICKRIEL, RFEOEBRY A I 73
HEFRHI 29 5 lRetE s R S iz,

ARFFEIZBNTHODIEENIA A Y X L5220t 2 & 5 ERd S v, RefIsEEs OV
PO WTNOHED AJE U XA S AT R L —H L2 B0, oo | skdtd
RIEEh 2 759 %HF 1%, 08:00-20:00 DR RNTARAE Z 7 L, AR RHEENLZ O D ZEE)
IXB— %R LT, Hilton 6 *13 5 4 OREH 3 % XI5 24 BFH O RRI 2 HIE L, & H
(02:40 t7) 1Z RRI 23 b @iz~ L, 09:00-17:00 OB I EZ R 2 & 2#is LT
VW%, Malpas & Purdie & *7 % RIEEO#EF 47~ L TH Y . RRI < SD of RRI |37 0 04:00
ISR bEMEERTZE2WELT0D, S5, Emdin 5 300 m 288 o J8 3 i
ATV, WHF I3, LFHF IZEMICENEhmEz ~nd 226Nz L Tnd, =
o ORERIL, INTHIEOEBELZBRNT DL A X Mv—T 4 KD EBRTIEICE
WTHIER SN TEY, DAZEIOHE Y ZALNTTMA Y AR EEN TS Z &2
SMCENTVD B, B EER TR X B0 SRR FE S5 20 Lz A iR
ICE > T, DIEOHBARH SN TNEZ ERHLNICENTWS D, Tz, A
ZENZBNT S, 24 FE OMAZENCNKIMEOHER U X A3 5 £ TV rrRetEns +4731c
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BEZbD,

ARHFET 1 H 3ROEAZ 2 BMIChZ > T OR L L 24, L EE
DR JE U X LOTESNAR DR — R T A N TI AL T 1.7-35 FFIE E%IB LT,
Scheer & *13 10 4 O F 2 x5\ d@ s DB - BEIRIFA & o 72 B 1EITE & 12 R
FTHL, A ) XADOMAHOFTIUC L HREFEHEEEZRT LI L 25, RlECHEA A
U MDD AR Z B O Lic, L LR G, 2 ONFE TIZHEIRFFA & £
FIEZ A FRFICT S L TR Y, BERAOEVOL A V) X AN KIETHELY
Bt L7 b 0TI, — 5T, ARUFSEITMERKEZ 2 [E & (00:00-06:00) L. H{ATHHE)
ZHIR L C2-MEDOMAZEM LT, TNz, KR THL NIRRT AL DR
JE U X LOMFZIRICIE, BFERAOZEILOHRDBEHD > TWEREEENRE 2 b, B
W EER TIIAMIZE & RO RBH LM SN TRBY . BFL A IV 7 MEA R OF
PRIRFCTd D ATREMED RIE ST D S8 R b M & xtg & LT IrEf e i,
FIREKASCKBENY B LWV o e BRITBIORHE A Fi O BIEMIHEE X, RFEX A IV
PITRIAT b=, LIFUBIOS VR LD o NSWSROFREOAAR & #
BLTWDZEBALMIENTND Y, 2wz, Zho O & AT RIT—
LTHY., BESEEAREIOMMHEMEICx L THEEREREZH > TS Z L2538 T 5
LOTHDHEEZTND L,

AWFFEOMRS & LT, 1) ANBRIZ X 5~ R % 0 7 O I H P 72 715 Tl br
KTERNI L, 2) T VA VD3 Fi B Ch 5 720, BFRELI LIS O &K -
AT LLFDICRETE TR & 3) BT AP oA A | NMARIRICHEE
REPENT L EAEFET DO TIHRNZ ENBETONE, L LARS, ANFZEER
FEMA Y XA L DOBEHEIZONT, B MEZICREF LD TOMETH L, 5K,
BATEUEIC LD ERBE OERERO—2 L s Z ENHIRFS N5,
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4 IR R A ORERZIRTED LR B BrEiEE D
HE U X8 L CIRERHICRIE TR

1) IXTCHIZ

ZHETI, BETEROEFIC L 0 HEEO AFITEN N ELNO T WA E S & Tl
Ol B AR TR BN O HJE Y X A DA H EFIZH R THRIBL TS Z &0, BIERE
EWV o T BATEDORE, & 6ITIEZRHEBRBRFE L BMIE OFIZIEDOFENH 5 Z
EEWLNCLTEESY, SREEBICE > TBMIBIIND U 27 RNE< b 2 13,
BRI & 28— MFEICB O THHLAMCER TV E®, sz &b,
IR BT = R — T BB 5721 T L SlAaRE L Vo AARE Lo
ERBDLME U X LDENPEEL TV D AREMENRE X BN D, FFZ, SRR EIZH
TREATHIE TIE, SRR EDNMPAEE ORI, BRI -CIEMEIED U 27 LD
ZEDIRIBEE RTINS

&L AT, b OFRFFHER TITHR TEEAZ X B D ERFFHDSENE & 2 W AR MEA]
T2 U CRIEAHARDOTERFFHTER L, ME RS —EDOFFRRERZ R B 2203 bHRE L T
B4 UL ARM b, AR 24K RS T B H RIS ORI - THE B BRSOy
FIRAMRICELA VA T B, BERIN. IEERFEIER X OEIME & VDo 7o AREHR T 2 6 7
S ATREMEAN S ST 5289299,

— 0. B EGF XA~ ATIERHRE) XanEB L TRy, KitElzFoxy U
— I WEKRDZF N X —RT U RTHD D ATEENRR S TWDY, £/, Wl x A
UV IEEREH R ORI AL S LT TR TRERBOMEIC b5 2 &
WESNTVEE, LinLaaiis, b FERMRICRELMA Y X4 L OB AR L
AR, Tz, BTETIEE hEGRE L TRERLZE 5 2 &0
AARIEEI O A JH U X LAONAIZ KT TRELHRFI L, £ MZBWTHLRFEF A I
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P H EEEF ORI F & 22 5 WTEEMEZ B S M L2, LinLAaans s, BERL% R
D 2 ENLE B EARIEE O A Y XL OMARL, FREREIC KT T IOV T
FTDZENTE RS, Thi, R TITEEN 2R EHEExG L LT,
LA3R DML Z 20Tz > TR 5 2 & AU E #IEE 0 A8 U X A0
JOMRERFC AT T EEHRET 52 L2 B E L,

2) ik
2-1) BN

PEREZR N B E (21405 7%) CTHIRXREBEIBLZRFDL, BB 5 13:00, 18:00 B LT
2300 EHIZAFEZE > TV HEERGE LI-(n=14), 7B, SMETFZNOBRIOIE
DRETEE LT, BINGMEE LT, BB & DREN IS | BRI X 2 BSERH 2=
FTnenwzZ L L, 7o, ZMEOMA YV X LONAEZZE ST D720, I AR
DY b 1 AMITHANE LWEEZ LT 5 X 0L, A 1ERKREIIC
13:00, 18:00 B3 L1 23:00 ICBHFEZEDL L H R LT,

VB VOB EITIE, (Ol B AR EI O A JE U X A DOTE RN ICA E R EN
R oNT-Hx ORI ERBREZ 25 L L% SatiaE K 5%5 L Ot ) 80% T /<
=7 F VT REToTz, EBROSMEIIT, HEOHB, 7u han, @E~ORE

A LT RICERIC L DA 7 r—L Farvr NaefBlo, RUFEIETHRERRER P m
HEALZBRICL KR EZ T LM LT,

2-2) T A

ARG THGRBRIC K > CEM L, 2 WO ARITE CHIEZ R 2 B{T-72, IF
AR ZIZ =20 7 v —712531F, 13:00, 18:00 £ X 08 23:00 DA FREL] % #ERF 3 2 xR
FEL . 08:00, 13:00 5 LT 18:00 ~& RHFRFL| 2 5 REfE T >R O HAMERE L L7z, AF
e 2 b DA ANTxt Ly SEARTOBER U X ADNABIZ L D31 7 R &RET 572912
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DIEBERED A A U X LD TEL L. 2N 2 BiERE D 2 W I3 O W T s
(2T U ENTEI AT, DFE D SINE 2 ARTO A ZE B FEIE O TH RATAH O H L ff
TOOEHICHT, 20Kk, TNENOEMND T 7 LITHTERE & XTHRFHZIR Y 4
J i RFGEDOSIMED 5B LANKFOEEDT-DITHHEN LR Lz, Thd .,
AMFFETITATHERED 8 44, XTHREENS 6 44 &L 72 o7,
2-3) 7m h=v

2O AFITL H3BEDOETHREME L7z, =L F—BIEITHEF CEh & L7z,
1HDO1ER, 28A. 3SBEHOZXLX—EBOEAIT1:1: 1L L-(Figure.4-1), 2
IO A RSN B FELSN OB LI L, BBHID 7 = A VBB E G E 720
LOERSE IR L, AMARO 2 BB OBNIIERERE LB L, 1 HOT X
NF—FEREOHEITIT, NV AT 17 FORE b &ICHEH U7z SR &I TS
1245 1.5 % 3 U72(10.7 + 0.4 MJ; 15% protein, 25% fat, 60% carbohydrate), 1% 00:00
([CHEE L. 06:00 (2R T2 K2 BIMFICHRL, BGE, BE. FIRELL oS RIEHE)
AR LT, ZOMOATEITENIEE@EY T LKL, 612, STAICKT D
AT TAT A EMERT DT, BINEIATEREOEHEL AN L, EIR - B8

V)

REZl, BRFRELZ AT D LR L7z, SHIC, HRIEEIEZ RS 5 72D I ik P
VNN3E AR Eh - (Active Style Pro HIA-3501T, OMRON Corp., Tokyo, Japan) & D~ L k(2
WLETDEI>BMEBIFE R L, ok, EEORFRL, MIRFFZDNSTND Lo, &
TN AL T DR H AT REZNAEB] A —/LROBERE TR - feid L7,

AT ORIE B Cik, BIERTH O 16:00 2> 5% H ¢ 08:00 F T 40 Kbz > TH
NN Z 8 € D fE 1AM (1R 23-25°C)ITHHE S ¥z, Zds, MIE Y A OANHIIENIC X 2 5
BEFRT2OIT TN O BEIRRFZ 72 & O TR TENI 2 TRARIZ L (8R% 00:00,
ELPK 06:00, 18 H 13:00, 2 & H 18:00, 3 & H 23:00), #HMIRmiE T o720 E, MEIRR 2
BRONTRIBEZR IR D AL 2R A R D X o Fon Lz, HEY H OfdIR#%% (06:30) . ZEREIRAE
TEHRGHAZAT o 72 RIEMIER OFHIICIZA o~ B — & 2L % H 72 (InBody430,
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Biospace Japan Inc., Tokyo, Japan), $£%IfiLi% 07:00 {217\, HZ —DLEXKE (RAC3103,
NIHON KOHDEN Corp., Tokyo, Japan) % f T 08:00 725 24 REfEIZ 37z » Tl X % i
fERIIZ Fodk LTz,

2-4) MRA T FEEE

ZERERFIBE R, M1 AV CRREE, PERRN, R L AT r—L LDLa L AT 1
—/U, HDL =2 L A7 v — VIR & 359 5 72 D12, Rt EF R H8f L7, 15
ST T Iz D BE L. 08 £ T-80 TRE L7-, MiRA(L T odridkatt
AT 4 N T RITKIE LT,

A LAY ARFUE(HOMA-IR) & g 7 > 7 v~ A 5 B Al RE(HOMA-B) % REA 9
BIZDICHRAF ALV ART AT EAA LY AW O ZnZ2no@EIZUTOXL Y&
H L7z

« HOMA-IR = ZEfERFIMIEA > A Y > (WU/mL) x ZEfERFIMBEE (mg/dL) / 405.

- HOMA-B = ZEfERFMIE A > A U > (WU/mL) x 360 / ZEERFIMAEE (mg/dL) — 63.
2-5) LMAZEEER

AR BB DRFTE & [RIERICAT o 72 %,

2-6) A 7AYo F—ik

AR BB DRFFE &[RRI AT o 72 %,
2-7) HEHENT

BT AR AERE 5 TR L7z, Shapiro-Wilk test (2T — % O IERI 540 2 Hezd L=
(2. Non-paired t test & % \ % Mann-Whitney U test Z fv >, Il B a3 L ONn e
EhHEAE O TERNIAH DI AR D L& % i U=, fi#HTI2IE SPSS statistical software
(IBM SPSS 20.0 for Windows, SPSS Japan, Tokyo, Japan) & A\ >, $taFAA B /K UL i (] F

FEIZTE5%E LT,
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3) MR

I ARSI Rtk % Table.4-1 127~ L7z, ST ARTTIE, Fin, BMI I X OYRIEN X
QHMICAERENA LN o T, I BIT, MBE, FERERENIEE, FYERRRT. g
VA al AFue—/L LDL 2L A5 2 —/L HDL = L A7 12— L HOMA-IR
BLUOHOMA-B DWW G 2 FEMICAHERENH LILIR D27,

MR FFREE D 2 W O AR D2 b2 R L, 2 BERH Tl L 72 (Figure.4-2),
Z OFE R BIHERE D RIS B (9.4 + 2.2 mg/dL) 15 FRAE(-0.3 + 3.2 mg/dL)IZLE X CH
BT LIz (p=0.035), #a= L 27 10— LI I XRTHERE (—23.6 4.2 mg/dL) 73 R
(-3.3+4.9 mg/dL)IZ bR THEIZED Lz(p=0.008), LDL =1 L A7 1 — LR T pidE
HE(—22.4 + 4.0 mg/dL) 23 % FREE(-0.8 + 4.3 mg/dL)(Z b X CTHEIZHA L7-(p =0.004), —F
HDL = L A7 v — )UREIL 2 FERIICA BEREN A LR o7 (p=0.205), £7-. b
i, WEBERRIAEE . MiEA > A U VIR, HOMA-IR 3 X " HOMA-B DWW D28 b &I
b 2 HRINCA B REIZA LN 2Tz,

SEREFE(/EIX, @) & ATERE(G X, b)I2 61T 5 LA BRI (HR, SD of RRI, LF/HF,
and %HF) DRERFIZEAL &Pl L 7o x5l % Figured-3 128 L7z, & TOLAEENRE
TRV XL %R LT, RSS2~ 3 LREHF (XA S & ICBMICEEZ R L TH
IR Z R Le, —07 . EMRRIEE 2R %HF 3K MICEEZ R L, BREIRE %
RUTe, Fo. MARIODAEBFRIEO HE Y A LAOTEAMHEEZ R L2 2 A, 23
FICABRENA LN o7z (Tabled-2), £ 2T, DIEBFEEO HJE U XL DTHR
NAR DA AFIt: OB L E 2R L, 2 BER] Crulk L 7= (Figure.4-4), HR, SD of RRI, HF
power 35 & O8N LF/HF TI&, S AR DAL BIX 2 BERNIC A B 2R N B b o Tz,
LU, AiERED LF power ONAHZ L E(-3.2 £+ 1.2 h)iE, XRBEICHRTHEICKES
A L(1.9£2.0h) (p=0.038), AIEREO%HF ONARZ L E(-1.2 £ 0.5 h)iE, XfHREECEE~

THEIEREA R L THEY(0.5+0.6h) (p=0.039), BiERED.CEE ERIEEID HJE U
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Table.1-1 General characteristics

Day Rotating shift
N=1a N=13 P values
Age’ (yr) 380 = 89 412 + 119 0.431
Working experience’ (yn) 48 + 53 6.1 = 5.0 0.234
Height™ (cm) 159.0 =+ 538 1585 + 43 0.813
Weight” (kg) 572 + 9.3 56.7 + 8.4 0.868
Body mass index” (kg/m?) 226 = 34 225 + 26 0.908
Step counts® (steps/day) 12595 =+ 2447 12655 + 2310 0.948
24-h average
RRI” (ms) 774 + 73 752 + 68 0.416
SD of RRI” (ms) 58.4 + 11.0 53.7 = 8.9 0.235
LF power (ms?) 1458 + 1782 1053 * 59.2 0.923
HF power (ms?) 702 + 422 62.7 + 39.9 0.640
LF/HF 44 + 3.3 3.7 £ 20 0.489
HF nu (n.u.) 045 + 0.11 041 = 0.07 0.315
Total sleeping time” (h) 401 + 65 406 + 120 0.903
Energy intake
Total energy intake” (kcal) 1942 + 283 1871 + 421 0.610
Breakfast E%" (%) 182 + 96 170 + 9.1 0.981
Lunch E%' (%) 36.7 * 6.0 349 + 155 0.683
Dinner E%" (%) 414 + 107 424 + 172 0.860
Snacking E%" (%) 37 + 6.3 57 = 6.7 0.072
Time of day
Retiring’ (h:min) 23:29 + 051 23:57 = 1:49 0.782
Waking up” (h:min) 6:10 + 0:45 6:42 + 1:18 0.239
Breakfast time (h:min) 6:51 + 0:48 711 £ 0:35 0.133
Lunch time” (h:min) 12:48 + 0:25 12:36 £ 0:34 0.307
Dinner time” (h:min) 1956 + 0:44 1941 + 055 0.440

Al values are expressed as means+SD.

sleep time for 3 day workers and 1 shift worker.

*Non-paired t test; "Mann-Whitney-U test; *The ratio of energy intake at each meal to total energy intake.

There are missing values in breakfast time, retiring, waking up, and total

RRI, RR interval; SD of RRI, standard deviation of R-R intervals; LF power, low frequency power (0.04-0.15Hz);

HF power, high frequency power ( >0.15Hz); LF/HF, the ratio of LF power to HF power; %HF, the ratio of high

power to total power; nu, normalized unit
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Table.1-2 Amplitude of 24-h and 12-h period rhythms

Day shift Rotating shift

(=13 N=1a P values
24-h period rhythm
Step counts” (steps/10min) 100 £ 19 115 + 25 0.085
RRI” (ms) 101 + 32 93 + 36 0.506
SD of RRI” (ms) 11 + 7 11 + 5 0.942
LF power" (ms?) 44+ 27 39 £ 35 0.332
HF power® (ms?) 164 + 149 110 + 93 0.174
LF/HF' 30 £ 26 31 + 29 0.846
HF nu” (n.u.) 024 + 0.07 020 =+ 0.05 0.709
12-h period rhythm
Step counts” (steps/10min) 26 + 15 32 + 11 0.234
RRI” (ms) 95 + 25 62 + 41 0.016
SD of RRI' (ms) 8 = 5 7 + 4 0.716
LF power® (ms?) 31 + 23 39 + 34 0.645
HF power® (ms?) 100 + 105 46 + 40 0.037
LF/HF? 09 * 07 1.7 + 32 0.592
HF nu” (n.u.) 013 + 0.03 011 =+ 0.03 0.299

All values are expressed as means+SD.

“Non-paired t test; "Mann-Whittney-U test.
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Table.2-1  Characteristics of study participants
Day shift Rotaiting shift
P values
(n=36) (n=169)
Aget (year) 413 + 112 372 + 100 0.063
Height' (cm) 1565 + 6.1 1579 + 53 0.248
Weight* (kg) 530 + 6.8 556 + 10.0 0.421
BMI (kg/m?) 216 + 23 223 = 4.0 0.978
Experience of work
Current job* (year) 89 =+ 81 77 + 6.7 0.497
Rotating shift* (year) 59 + 58 71 + 55 0.219
Marital status® (yes) 24 (67 ) 34 ( 57 ) 0.140
(others) 12 ( 33 ) 32 ( 43 )
Single life' (yes) 3 ( 9 ) 6 ( 9 )
(no) 31 (91 ) 61 ( 91 ) 0046
Job category® Nurse 18 ( 50 ) 19 ( 38 ) 0.022
Care giver 18 ( 50 ) 31 ( 62 )
Smoking® (yes) 7 ( 19 ) 33 ( 48 )
(no) 29 ( 81 ) 36 ( 52 ) 0.004
Current medical history (yes) 9 ( 25 ) 17 ( 25 ) 1000
(no) 27 (75 ) 52 (75 )
Previous medical history (yes) 12 ( 33 ) 25 ( 36 ) 0.832
(no) 24 (67 ) 4 ( 64 )

All values are expressed as mean+SD or number of participants (%) .

"Non paired t test; ‘Mann-Whitney-U test; 3Chi-squared test; "Fisher’s exact test

BMI, Body mass index
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Table.2-2  Energy, nutrients and food groups intake between the groups

Day shift Rotating shift
(0= 36) (= 69) P values
Energy and nutrient intake
Energy intake* (kcal) 1983 + 426 2128 = 600 0.430
Protein E%' (%) 139 =+ 17 135 + 26 0.358
Fat E%' (%) 3.7 £ 3.9 324 + 45 0.442
Carbohydrate E%' (%) 543 + 45 541 + 58 0.824
Fiber* ) 119 =+ 37 124 + 39 0.726
Salt* () 10.3 + 45 110 + 43 0.274
Food group intake
Grain? (@) 3602 = 75.7 3482 + 983 0.251
Potato* (@) 31.2 + 272 257 + 259 0.147
Sugar (@) 70 + 44 82 + 15 0.917
Legume? (@) 585 + 36.5 525 + 40.6 0.327
Seed* (@) 1.1 + 13 15 + 25 0.566
Green and yellow vegetables*  (g) 68.0 * 340 625 + 40.6 0.204
Other vegetables* (@) 1182 + 544 1054 + 70.6 0.094
Fruits* (@) 59.2 + 50.6 50.4 + 51.0 0.228
Seaweed"* (@) 39 + 34 38 + 33 0.959
Fish and seafoods* (9) 701 + 424 744 + 536 0.893
Meets? (9) 906 + 384 848 + 526 0.281
Eggs’ (9) 248 + 147 279 + 173 0.419
Milk* (9) 1509 + 1328 1405 + 119.9 0.620
Oil* (@) 137 + 6.8 155 + 9.2 0.268
Confectionery* (9) 922 + 56.5 1355 + 76.7 0.002
Favorite beverage products™® () 101.1 = 90.1 1755 + 181.2 0.008
Alcohols* (@) 634 + 119.0 50.6 + 955 0.380
Seasoner and spice* (9) 354 + 243 375 + 209 0.458

Al values are expressed as mean+SD.
"Non paired t test; *Mann-Whitney U test; Sexcept alcohols

E%, The ratio of energy intake at macronutrient to total energy intake
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Table. 3-1 General characteristic in before-after trial

Baseline Late time
P values
(n=7) (n=7)
Age (year) 224 = 04 -
Height (cm) 1727 + 2.0 -
Weight' (kg) 65.2 + 4.9 648 + 47 0131
BMI* (kg/m? 218 + 1.4 21.7 + 14  0.398
Body fat %" (%) 162 + 26 157 + 26  0.241
24 hour average
Energy expenditure’ (kcal) 2193 + 90 2234 + 111  0.153
HR' (bpm) 621 = 1.6 61.6 + 18 0814
SD of RRI' (ms) 106.3 + 10.3 1052 + 7.3  0.863
LF/HF* 1.86 + 0.21 2.07 + 038 0.495
%HF' (%) 11.81 + 0.46 1251 + 0.93 0.479

All values were expressed as mean+SE.

"Paired t test; *Wilcoxon signed-rank sum test.

BMI, Body mass index; HR, heart rate; SD of RRI, standard deviation of rr intervals; LF power, low frequency

power (0.04-0.15Hz); HF power, high frequency power ( >0.15Hz); LF/HF, the ratio of LF power to HF

power; %HF, the ratio of high power to total power
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Table. 3-2 Acrophases and amplitudes of heart rate variability variables

Baseline Late time
n=1) (=7 P values
24-h period rhythm
HR Acrophase™  (h:min) 15:18 =+ 048 1742 = 0:30 0.021
Amplitude’  (bpm) 25 + 03 48 + 05 0.022
SD of RRI Acrophase’*  (h:min) 236 = 0:30 6:06 = 0:30 0.003
Amplitude®  (ms) 136 * 23 176 + 25 0.149
LF power  Acrophase™  (h:min) 554 + 2:30 10:36 * 2:00 0.081
Amplitude’  (ms?) 88 + 25 147 + 21 0.061
HF power  Acrophase’  (h;min) 312 + 048 336 =+ 0:18 0.654
Amplitude?  (ms?) 460 + 110 508 + 148 0.735
LF/HF Acrophase™  (h:min)  12:18 + 0:12  14:00 + 0:30 0.010
Amplitude? 1.16 + 0.19 141 + 0.35 0.735
%HF Acrophase’®  (h:min) 1:36 = 0:24 1:48 =+ 0:18 0.237
Amplitude” (%) 6.46 = 1.25 8.04 + 049 0.185

All values were expressed as mean+SE.

"Paired t test; *Wilcoxon signed-rank sum test.

SAcrophase (rad) was converted to the phase (h:min) from midnight.

HR, heart rate; SD of RRI, standard deviation of rr intervals; LF power, low frequency(0.04-0.15Hz); HF power,
high frequency( >0.15Hz); LF/HF, the ratio of LF power to HF power; %HF, the ratio of high frequency to total

power
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Table. 4-1 General characteristic before intervention in parallel trial

Control Early mealtime
P values
(n=6) (n=8)
Age' (year) 21.8 + 06 209 + 04 0.212
Height (cm) 169.0 =+ 21 1726 =+ 22 0.123
Weight' (kg) 648 + 39 653 + 3.4 0.922
BMI* (kg/m?) 231 + 14 219 =+ 1.2 0.533
Body fat %" (%) 152 + 23 16.1 + 20 0.763
Blood biochemistry
Blood glucose’ (mg/dL) 87 + 3 88 + 1 0.862
NEFA* (mEg/L) 039 + 0.07 046 + 0.03 0.411
TG (mg/dL) 65 + 7 78 £ 7 0.250
Total-Cho' (mg/dL) 168 + 14 185 + 3 0.273
LDL-Cho! (mg/dL) 101 + 12 119 = 7 0.219
HDL-Cho' (mg/dL) 62 * 5 61 + 6 0.942
Serum insulin (wU/mL) 37 + 03 48 + 0.7 0.342
HOMA-IR' 079 =+ 0.09 1.05 = 0.16 0.148
HOMA-B} (%) 56.6 + 6.7 715 + 105 0.245

Al values were expressed as mean+SE.

"Non-paired t test; ‘Mann-Whitney U test

BMI, Body mass index; Body fat %, percentage of body fat; NEFA, non-esterified fatty acid; TG, triglyceride;
Total-Cho, total cholesterol; LDL-Cho, low-density lipoprotein cholesterol; HDL-Cho, high-density lipoprotein
cholesterol; HOMA-IR, Homeostasis model assessment-Insulin Resistance; HOMA-B, Homeostasis model

assessment-beta cell
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Table. 4-2 The acrophases before intervention

Control Early mealtime
P values
(n=6) (n=8)
Time domain analysis
HR* (hy 177 + 0.3 17.8 + 0.6 0.366
SD of RRI' (h) 71 + 09 85 + 08 0.272
Frequency domain analysis
LF/HF' (hy 151 + 0.3 16.2 + 0.7 0.201
%HF' (h) 1.8 + 0.3 27 + 05 0.187

All values were expressed as mean+SE.

"Non-paired t test; ‘Mann-Whitney U test

HR, heart rate; SD of RRI, standard deviation of R-R intervals; LF power, low frequency power
(0.04-0.15 Hz); HF power, high frequency power ( >0.15 Hz); LF/HF, the ratio of LF power to HF

power; %HF, the ratio of high power to total power
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Figure.1-1 Ensemble-averaged 10-min step counts and heart rate variability variables during the
day shift over 24 h for day workers (open circle, n = 14) and rotating shift workers (filled circle, n =
13). Values are meanszSE. Ensemble-averaged fitted curves by using double cosinor analysis for
day workers (solid red line) and shift workers (dashed blue line) are also depicted. Working hours
(09:00—18:00) are indicated by the white zone. Horizontal white and black bars indicate sleeping
hours in day workers and shift workers, respectively. Data are double-plotted to better visualize
rhythmicity. LF, low frequency (0.04—0.15 Hz); HF, high frequency ( >0.15 Hz); HF nu, the ratio
of HF power to total power ( >0.04 Hz); LF/HF, the ratio of LF power to HF power.
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Figure.1-2 Acrophases of 24-h and 12-h period cosine waves for step counts and heart rate
variability for day workers (open circle, n = 14) and rotating shift workers (filled circle, n = 13).
Values are meanstSE. Acrophase (rad) is converted to phase (h:min) from midnight. Working
hours (09:00-18:00) are indicated by the white zone. Horizontal white and black bars indicate
sleeping hours in day workers and shift workers, respectively. * Significant difference between the
groups (p < 0.05).
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@, Rotating shift (n=67, r=0.302, p=0.014)
40 |0, Day shift  (n=34,r=0.152, p=0.399)
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Figure.2-2  Scatter plots between the experience of working and body mass index. The
correlation was considered for day workers (open circle) and rotating shift workers (filled circle),
separately. Spearman's rank-correlation coefficients were calculated.

*Age-adjusted values by residual method.
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Figure.3-1 Study flow. Mealtimes are expressed in black numbered squares as follows: 1 (08:00
or 13:00), 2 (13:00 or 18:00) and 3 (18:00 or 23:00).

period in a designated room for 40 hours.
ECG, electrocardiograph
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Figure.3-2 Heart rate variability variables in baseline (open circle, n = 7) and late mealtimes
(filled circle, n = 7). Values are shown as meantSE. Averaged fitted curves by double cosinor
analysis in baseline (dashed blue line) and late mealtimes (solid red line) are also depicted. Sleep
hours (00:00-06:00) are indicated in the gray zone. Data are double-plotted to better visualize
rhythmicity. HR, heart rate; SD of RRI, standard deviation of R-R intervals; LF, low frequency
(0.04-0.15 Hz); HF, high frequency ( >0.15 Hz); %HF, ratio of HF power to total power; LF/HF,
ratio of LF power to HF power
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Figure.3-3 Changes in the acrophase of the 24-h period rhythm for the fitted cosine curve of heart
rate variability in baseline (open circle, n = 7) and late mealtimes (filled circle, n = 7).

shown as mean+SE. Acrophase (rad) is converted to phase (h:min) from midnight.
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*Significant difference between baseline and late mealtimes (p < 0.05).

standard deviation of R-R intervals; LF power, low frequency power (0.04-0.15 Hz); HF power,
high frequency power ( >0.15 Hz); %HF, ratio of HF power to total power; LF/HF, ratio of LF

power to HF power
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Figure.4-1 Study design of a parallel trial involving altered timing of feeding schedule with
isocaloric. Participants were randomly assigned to the early mealtime (n = 8) or control (n = 6)
group. Feeding schedules are expressed in black numbered squares as follows: 1 (13:00), 2 (18:00),
and 3 (23:00). Sleep/wake cycle was fixed at 00:00-0600 during the study period. On
measurement days before and after the intervention, participants were instructed to remain in a
designated room at a resting state. ECG, electrocardiogram
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Figure.4-2 Changes in serum lipid levels before and after intervention in the control group (open
circle, n = 6) and early mealtime group (filled circle, n =8). Values are shown as mean + SE.
*Significant difference between groups (p < 0.05)
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Figure.4-3 Heart rate variability variables in the control (left panel (a), n = 6) and early mealtime
(right panel (b), n = 8) groups. Data before and after the intervention are plotted as open and
filled circles, respectively. Values are shown as mean+SE. Averaged fitted curves by double
cosinor analysis before (dashed blue line) and after the intervention (solid red line) are also depicted.
Sleep hours (00:00-06:00) are indicated in the gray zone. Data are double-plotted to better
visualize rhythmicity. HR, heart rate; SD of RRI, standard deviation of R-R intervals; LF, low
frequency (0.04-0.15 Hz); HF, high frequency ( >0.15 Hz); %HF, ratio of HF power to total power;

LF/HF, ratio of LF power to HF power

60



24-hour period rhythm

HR .

SD of RRI e

LF power .. T &
HF power e

LF / HF e

%HF o [ &

-8 -6 -4 -2 0 2 4 6 8
(«—advance) (delay—)

Phase shift (h)

Figure.4-4 Changes in the acrophase of the 24-h period rhythm for the fitted cosine curve of heart
rate variability in control (open circle, n = 6) and early mealtime (filled circle, n = 8) groups.

Values are shown as meantSE. Acrophase (rad) is converted to phase (h:min) from midnight and

changes between before and after the intervention were calculated. Phase shift as negative values

indicates phase advance and phase shift as positive values indicates phase delay.

*Significant difference between groups (p < 0.05). HR, heart rate; SD of RRI, standard deviation

of R-R intervals; LF power, low frequency power (0.04-0.15 Hz); HF power, high frequency power

(>0.15 Hz); %HF, ratio of HF power to total power; LF/HF, ratio of LF power to HF power
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