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1-1. TR EFMPIER

T, AR CTILERFM 0K M OO & 22> T 5. KR O RREE 7780
W OFRFEIL, B[], JEERDER[2] & W o 2RO ET T T/, 9 2%K[3], #H
U R I (FEITERPEE0 7 E OBRBEERIC L - THII SN 5, £ 24 BRI CL8+ 54
KU X)) OFEL4,5], FNIRCEFREMIEIR & o 7= BEIR R 6,7,8,9]°fdHBiE Quality of
Life (QOL) DX F[10]& W0 7ofkx 72 @RI RS T 5 Z E A STV D. £z, I
IRATE-CBE HIEEY Y XA () 24 B E I OMEIR LIEEI D U X L) OFELILN 9 DRI BT
L2 ERMESNTEY, ZOFRITITRFFMTEHORBBEEOHENDRH 5 EE X b
5. F72,2016 2%, RRFMITEFIK & S D5 R OB EMHENE L & 7 H[56]
728, BERMEITRATH L. 20X 5 RIS T, RRFRH TR H O 7% 3 2 B S
57D, RV < OORHETIE, KRIORELZ IR L, S5t e 4 2D o8 L
WETES TG RE— R — A B A LTV, L, 20X 9 REBREN S OfEREIC L
DX TET D ONNIREFHS DI EN TR, LR - T, AR TIE, §IEhE &
WEEBEICB W T, S OMER, RIS ) X4, @EQOLICED LI RERNALND
OPHLNCTHZEEZAME L.

IHIC, b FORFEICIZZa ) ZATREEL TWD Z ERHESNTNWD, Z7u s &4
7 e, PRI D Z ETH Y, [AADITEN) X AR U X AICBET 5 AR
AR S TWB[12]. Bl 21, FIR O NXREFICEEK L, SR 0 BITET 5 2 & 247t
R, RO NITFHIREE 52 DOICHEEZ K C, KEBEWRFFFISIEE T 5 2 & 2 47te[13]. L
L, BEOBREZIZBWTC, 20k okhrua s 24 7L, SAEE, @S5 L V-85 R
FENREREC E D X D ICBRT 20NN TIERV. 22T, S5ICH~ 1T, BpEL
7 ) A A FHRMEIRSCEFE R QOL 1252 5 EIC >\ T h st LT-.

AEFFRIC LD, BMEFICBWTEHBFEL 70 ) 24 7, L OBENH ST 2
ENTE, BEEDMEREIET 2GR OMED T DO DORBEGEDH Z LN TE D LIRS
b, LIz o T, RFRICE WSS mbE, SR ORBEOREE, RO T3
HILEWTEDLEEZD,

1-2.  FERWXDIERL

AT, (1) BV R OB B30 S A8 ) X 4, WEIRARTE, (e
QOL DItz L, (2) WBIHIEL 2 1 ) 2 A 7 1SHEHRCEHERIE QOL 12 5.2 2 WBIC 52 %
WABEW DT D720, T O 2 SORIJERE % RE LTk,
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R s e ONE DS I 2 3510 DM AR Sh U XA, REARRRE, fEEERTH QOL O Lhik |
AR TIE, R ORELEIL L, RlOoBE 4 Tae & ¥ 2 9B GHREEERE) L@
HOEBIRRIZI T, R O B RIGEIRH A2 -V 7o BIEE) U X A 0RIE, HEIRFLER,
B OVEL R ZEIC K 2 AR R HE & fd B iE QOL DRIl 24T\, Wi Tl A T o7z, 22k,
TR TEREIC K VA R TEE) U X A OREIR, fERERSE QOL IC & D & 9 i vk 50 %
et L7z,

[wrgeiged 2]

(HEOAT A AT —H—Dr v ) B AT L EEFRED IEIRIRE - ERRIH QOL (252 %
W

FP, AW TIE, StEF TR L KR D 7 0 ) XA FITHT, Wk CHEIRIRAE & (RS
HQOL # [l L7, »X\Z, # - AZNZICBW T, e 1 & RIERIC, FARENFS
PR CH < iR L, BMEEBTECH BETITOT, TR TNOEB RN CHERKRE &
TR QOL & ik L7-. ZhIC kv, 7 u /) Z 4 7 L S RE it 2 O MR fd B R s
QOL IZED L D ITHES L D0 % e LT,
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QOL M Eb#R

2-1. #E

WRIOFRZEL, D oFE[14], @EFERIHE QOL DK F[10], MEARMIEE Y Pk 4 7o R E & BY
W5 Z ENME SN TWD. FriC, MERRIEICIE, FICRIROHEEIR O OIK T 28200 51
TUW5[6,7,8]. Nz T, KEOFEIEITERFGREZ OBIEZ 7257 Z ENME SN TN D
[15]. & 512, FBIE L 7= HERBHAGREZNT 5 Di/e & ORUykEE & B35 2 &L 3 527
> TW5[16,17].

FRLTCIHRARTZE Y, K OFREI X A REMENRE SN TV DICHED LT, KDL
< DOAEZFETIE, KEIOEZEITT DR AWEZR SN T2 H O LG STV 72R0. L LA
N5, %ONDEETIE, KEOEEDOEIL L, ThIb-> TREIOEE 2 fHEL + 5]
REEIERROBANIZ L > T, 20 ORMBEOR LR TN\ D, Z OEBEREROE NITKM
DFFEIC BT EEFEME Z R D ATRetE D R S s, L L, BLENES A3 i@ s O #hids
JERE L Hei LT, FEERITTEE U X A OHEAR - fdFEBE QOL 7235872 2 7 & v o TSRl 2 Mt
T T, 22T, Hxld, JEBIHE L EFHERECRWT, MAEEHY XA
DL A T, BEARRAR & R B E QOL 4 (& CLbiiat+ 5 2 & T, W EI e & 4
FERAE L OB HZET HZ LA B E LTz,

2-2. WMREFAE

HERVUHE IO Fa

AW, WS RBICIEE T DR (WREER) L BT B RICIEET Dtk
F GEEEEE) O2 BBV T, MRIEENY X4 L HEIRIRARE, (@RS QOL % i 5 1%
WIHIRTE T 5. 7038, ARBFFRICIS T 2R ENETERE & 1%, LT OSRMIC L > THER ST
WA, (1) 20:00 LIBEOERENEEIEIN TS Z L, (2) KEOEEOEILICDbY, Fil
(5:00-8:00) DEENFHEE SALTWAHZ L&, (3) 8:00 LARNZHItE L72#BIZx L T, §i&
DA ZIT>TCND T L, Thd. —J7, BFEEFEEREIL, 20:00 LA OFREDNTF AT S 41TV
DN EBRE CTH D, AR TIE, 2h b 85 LhOEBIHEICHESRT 5 A B O
WS INE & LT L, wIREESRE 30 44 M ONE i S IE 30 44 DFF 60 &4 BN L 7-.
TRTOSMEIL, AAPOGEEAO S A, EICT A7 V=72 LTENTW5A. Fiz,
ZRHEECRE S BERICHERE T H2IMBE IR & L. 7ok, SIBIEES I RE )@ o s
FERED &6 LIHERT H00%, ZMEBHOBERIZ L > TRIT 5 2 L1372 <, HOLL TR
FTHRMDOFHEHIC L > TRO BN TS, £z, RBFFET 1 b U, M5 KPR 25T
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BB ZESOHKREETEBY, ~LVY R ESICHEILL TV D

wmaEe) XL

TR TOSNEITET EBIEFE LD, IEEF A L2 ) X My FAETEE) &
ET A A (T A 7 BMEE, Hitachi Ltd., Tokyo, Japan) [57 58]72 L3 L, FH S B O/ L
TR E=4 U U 7 %2 T2, 728, AR TIE, 1 45 Z & I2IEE L 72 zero-crossing mode

(2C) T—2#IEBOT—& L LTHT LIz, 4 7@1%(@%?\7?%%%%7:?*&@, B
DY 7 T =TIZE>TRY Hahi:.

WIZ, Tex i, BoNTZCT—F & atd A VHRICEIRSEL 2 LIk v, #BREEY X
La 3z, BEATEE) Y XL KD, 24 BRI OTEEN O U XL ([HE M OMRE) 2 oS
AHZENTEL[]. MAFEH Y X L2FHT 57201, Fx T TR/ 2 R/RIEZ AN
TN at A L8R L, 1 B Z & D ZC 7 — % O Z a1 L dhfRITY
Wiz, ZD%, athA U ERT TRROBRET NG 3 DDNRT A—F 24572,

2mt
y() = M+Acos(T—<p)

yIIEB A S (RAFZETILy=2C) ,M (F Mesor (1 A#H7-0 OFHE) ,tI13EH Y X
LJEH (BB TlE t=24) , A I3IRIE O KME & R/AMED 1/2) |, o IZACFERFH (=91 > ih
MR KIEE & o2& ZDRA) THDH (Figure 1) . FEITHFIEIZE VT, Mesor, #RIE, (7FH
REM S EEFRIRAE & BE 42 2 & AHIE SN TV D= 9[11,19], ARV T EH Mesor, 2
g, (LFRRFRE D 3 DD/RT A= 22O T, WIRE)ERE &l B RO LR 21T o 72,

ZC [ Movements/minute]
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Figure 1. Circadian activity rhythm

We used cosine regression analysis to assess the circadian activity rhythm of the zero-crossing mode (ZC) data. Then,
we obtained three parameters from this cosine regression curve. M is the Mesor (a rhythm adjusted mean), A is the
amplitude (one half of the difference between the highest and the lowest values), and ¢ is the acrophase (a measure of

the time at the maximum value in the cosine curve).



v8a/ 34 TERE
Fexid, BINEDI v ) 247 (FRERIELYE) 2 HET D701, FIRRAVE
(Morningness -Eveningness Questionnaire: MEQ) # £ H L 72[20,21]. 7235, MEQ O#a43 M3
FE ETAMEE YD D, ARNE ERIME 2 D D L HIE S NS,

£ EEEER

BHEIERZ, BE - RIRIFZ, FeREIRIRRH], 2636 - ROERFZ, RIRIZSERERH] (20:00 LA
DENERER]) 2B TATEEEOEEIL, 5 BRI OITERSREDOTANEN B R D=, haFEREZ
MORERZNT, M3 (T A2 U—2) PIRE S TRZ T LIZRZI b 22 sk 7z,
FHEEIELNL, P8 B - YBOREENBRE S TRLINOER L.

FHAEREZRR

SNE O FEBZ2EROE Y, By Y \— 7 IEIREFIZE (the Japanese version of the
Pittsburgh Sleep Quality Index: PSQI-J) [22,59,60]& 3 RoCAUREIR L (3 dimensional Sleep
Scale: 3DSS) [23]? 2 FEEH DB MIZEIZ X~ TR L 7=.

PSQI-J %, 1 » HE DO EBIH) R MEIROE 23+ 2 7o 0 AR NEMZETH 0, A<M
SNTVDLHDTHS. 021 ROGAIE THREFADE O, BERAREmWIEEHEROE
PIERWEHEIND.

3DSS 13, AEmLEH &G & L CIEROREZ G 2 EMETH Y, BEIRAAH - MEIR O
B HEROE LD 30007 T NLOMERFMMEA R TH L. b, HFxOHT AV
SODEMEREZER, 7 Y TEIZ0-15 JCHRALREMT S, £z, HERAATIE, E&IR
ReZl « BRIRIFZI O 1 R OBRIMERS, £ 6 B3 EBEAICHEE & S ORERIE LT Tz
WNZFHIT 28R Th 5. BRI T, BEOBER T UIT UIEAHAI R EREZ & -7
D, HERXEOENZREER L2 T 5. LHL,PSQI-J Tk, 20X 9 RlEROMAHIZEST %
RAEZ Rl 5 2 & BN TE RN, ABFFETIE PSQI-J (212, 3DSS {2 & v R % S
THIEEL.

B REESE QOL BME
SN OFEFEBDE QOL % 5§ 5 7= ¥1Z, the Japanese MOS Short-Form 36-Item Health

Survey ver2 (SF-36v2) M &3172[24,25,26]. SF-36v2 1%, £k~ 729k B F o BB O 72
NIZEWT, EEEERE QOL Z7Hi+2 Z LA FEETH 5. ok, ZOHMEZX3I SOa R
—3x v b= —2a7 —F RO QOL ¥~ VU — & =27 (Physical Component Summary:
PCS) , ¥l QOL ¥~ VY —2 =27 (Mental Component Summary: MCS) , %]
2IE D QOL ¥~ U —2Z 27 (Role-social Component Summary: RCS) —& HH7T 5 = &
MNTEDB[27]. P~V —R2aT7 OBFENREWITE, #4720 D QOL AEmW EHESND.
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et

TRTCOT —Z X EIFEHEERA TR LIz, vy R U 4 V7 REZ ESMEOHED T
DI LTz, AR T R_RTOT —F ORI, 2 A tRED LUE~ > - AL v b
=—UREZ AW P REICL 0, 2O OFIE 2B L-, S5, AEAELS% &
L7z, T_XTOHHTIESPSS ¥ 7 h 7 =7 (SPSS 2.0 for Windows; IBM Japan, Co. Ltd., Tokyo,
Japan) (ZX 0 FEITLT.

2-3. R
— R R VL EEEEE

IAEBIZRIHTITNE, 40 2 DBINE (WIRUENHERE 22 44, @H EHHE 18 4) E iz, B
EOFTRAIART A ZHWEEOT — 2 BDINE T E R o e BIMF LRI STz, ZInEo—
fix JEME K OVETE B B FRIE 4 Table 1 1Z7R 7. s & MEANT 2 BRI THERZEITRO bz h o
7o (i - IRUENESHE, 30.36 + 6.14 years vs. i EH5RE, 28.50 + 5.00 years, p = 0.306; 5] :
H AN ESTE, 13 men/9 women vs. 18 % #)#5HE, 10 men/ 8 women, p = 0.822) . MEQ 312D\
T, WSS R EE ISR L B L CREICE o T (RIS EE, 56.68 + 6.47 scores vs.
BB, 48.56 +9.74 scores, p = 0.003) .

WA, ETEBIERIEIC OV THER AT o 7o/ R, s BB IR & a6 3R TR s 23
WEHEEERELY DARICEN - (IREBEEZ - iR EEEE, 07:12 £ 00:27 hrs vs. 185 #)
B5HE, 07:37 £ 00:42 hrs, p = 0.042; 43R« SR EIEHEE, 08:05 + 00:24 hrs vs. 10 & E)EHE,
09:00 & 00:22 hrs, p < 0.001) . F7=, BE - ERRER TR EY B LD W BB RE & ik L CF
BEICR Do 72 hERZ) RS RE, 23:48 £ 00:29 hrs vs. 18 £ EE, 00:29 + 00:45 hrs, p =
0.012; AAZERFZ : G EHESRE, 06:25 £ 00:17 hrs vs. 187 Eh#E5RE, 07:07 + 00:36 hrs, p < 0.001) .
Lo L, Wi CRBEIRRERNCA B 23R bnieh otz GREIEEE, 06:36 + 00:34 hrs vs.
W EIERE, 06:41 £ 00:35 hrs, p=0.717) . & 512, FHIFEERECIIR MR ER A A EICK
T LTz GREIERE, 0.00 +0.00 hvs. B EIFEE, 0.17£0.44 h, p=0.009) . S 52, #&
ERE LRI BRI M CHBE R ET R DN d o 7o (KEREZ) - sIRIEIHRE, 18:53 &
00:33 hrs vs. 185 E5HE, 19:05 £ 01:06 hrs, p = 0.485; #2558 RER : sARVENESEE, 10:51 £ 01:02
hrs vs. 185 EIERE, 10:05 £ 01:28 hrs, p = 0.310) .

BEES ) XLOHLE

WHCERIT D ZC Ot A EYFER & LN BIGE) Y X A% Figure 2 12”7, £
72, SO OMEH V) XL 8F XA —4 % Table 2 1271579, Mesor & IRIEIXMRE CHE /272
TR BN o7 (Mesor : FIRIENEHEE, 92.31 £ 16.85 vs. 3@ EIFSEE, 100.71 +£20.75, p =
0.166; #RME : AAYEIEEE, 52.85 £ 13.21 vs. W E)EEE, 61.12£13.89,p=0.062) . —F5, Hl
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RN Z &0, NCAHRERT I30m s B i & bei U C, TR IE CH BEIC R o 72 (RS RE,
14:48 + 00:49 hrs vs. 8% EE5HE, 15:40 £ 01:13 hrs, p=0.012) .

FH AT ER R UMEERE QOL

THEAIIEIR K OV EERSE QOL o it 4 Table 3 (2753, PSQI-J #2455 & 1) 3DSS 0'E « &
OHEA TITHAEBERETIR N0 o 72 (PSQI-T : 5T ¥, 3.82 + 2.20 scores vs. 18 E#5
B, 4.61 +£2.23 scores, p = 0.098; quality of 3DSS : FARENFERE, 12.55 £ 2.65 scores vs. 7 &)
WEE, 11.33 £ 2.45 scores, p = 0.078; quantity of 3DSS : B EI#SHE, 8.36 + 3.36 scores vs. i
EhHSRE, 7.67 £ 2.35 scores, p = 0.462) . —J7,3DSS ONFHOIEH ClIEIREIBEEN A BEICE
Do 7= (FALERESIE, 9.50 & 2.02 scores vs. 185 EESHE, 6.89 + 3.32 scores, p = 0.007) . SF-36v2
DOIAH TlX, MCS 23RBS R B W CH BIZE - 72 (FHBUEI¥SEE, 54.08 £ 7.36 scores vs.
BT, 48.80 + 6.87 scores, p = 0.009) . xfHRAYIZ, PCS X UYRCS OIEE TIXAERZEIX
WD ON o 7= (PCS : §IBIEIFEEE, 59.08 + 5.23 scores vs. 1 B EE, 55.88 + 5.52 scores,
p=0.059; RCS : BT EIFSHE, 49.11 £ 6.52 scores vs. 8% EhhE, 48.29 £9.11 scores, p =
0.978) .



Table 1. General characteristics and lifestyle variables assessed by recording sheets.

Morning Working Condition ~ General Working Condition p-value
(n=22) (n=18)

Age (years)? 30.36 £ 6.14 28.50 + 5.00 0.306
Gender (Men/Women)® M13 /W9 M10/ W8 0.822
MEQ (scores)? 56.68 £ 6.47 48.56 +9.74 0.003"*
Mealtime

Breakfast time (h:min)® 07:12 £ 00:27 07:37 = 00:42 0.042"

Lunch time (h:min)® 12:03 + 00:06 12:02 + 00:05 0.545

Dinner time (h:min)® 20:07 £ 00:28 19:54 + 00:53 0.389
Sleep dairy

Sleep onset time (h:min)® 23:48 £ 00:29 00:29 + 00:45 0.012"

Sleep offset time (h:min)® 06:25 £ 00:17 07:07 £ 00:36 <0.001*

Total sleep time (h:min)® 06:36 + 00:34 06:41 £ 00:35 0.717
Occupational variables

Clock-in time (h:min)® 08:05 + 00:24 09:00 + 00:22 <0.001™

Clock-out time (h:min)? 18:53 £ 00:33 19:05+01:06 0.485

Night working hours (h)® 0.00 £ 0.00 0.17 £ 0.44 0.009™

Total working hours (h:min)® 10:51 £ 01:02 10:27 £ 01:28 0.310

All values are expressed as mean £ SD.

*p <0.05, "*p < 0.01 by using two sample t-test”, Mann-Whitney U test” and y>-test®).

MEQ, the Morningness-Eveningness Questionnaire. Night working hours is working hours after 20:00 during the

investigation period.

Table 2. Circadian activity variation of zero-crossing mode data.

Morning Working Condition  General Working Condition p-value
(n=22) (n=18)
Mesor 92.31 +16.85 100.71 £ 20.75 0.166
Amplitude 52.85+13.21 61.12+13.89 0.062
Acrophase (h:min) 14:48 + 00:49 15:40 £ 01:13 0.012"

All values are expressed as mean £ SD.

*p <0.05, ™p < 0.01 by using two sample t-test.



Table 3. Subjective sleep and health related quality of life.

Morning Working Condition =~ General Working Condition p-value
(n=22) (n=18)
PSQI-J (scores)® 3.82+2.20 4.61+£223 0.098
3DSS
Phase (scores)¥ 9.50 £2.02 6.89 £3.32 0.007™
Quality (scores)® 12.55+£2.65 11.33+2.45 0.078
Quantity (scores)? 8.36 £3.36 7.67 £2.35 0.462
SF-36v2
PCS (scores)? 59.20+£5.23 55.88+5.52 0.059
MCS (scores)® 54.08 £7.36 48.80 + 6.87 0.009™
RCS (scores)® 49.11 +6.52 48.29+9.11 0.978

All values are expressed as mean =+ SD.

*p <0.05, “p < 0.01 by using two sample t-test” and Mann-Whitney U test®.

PSQI-J, the Japanese version of the Pittsburg Sleep Quality Index; 3DSS, the 3 Dimensional Sleep Scale;
SF-36v2, the Japanese MOS Short-Form 36-Item Health Survey ver2; PCS, Physical component score; MCS,

Mental component score; RCS, Role-social component score.

180 1
160 1 —m——
140 1 ’/ § mmm———— General Working Condition
120 1
100 1
80 1
60 1
40 1
20 1
0

Morning Working Condition

ZC

1
14:48 + 00:49 ¥ W 15:40 + 01:13
6:00 9:00 12:00 15:00 18:00 21:00 0:00 3:00 6:00
Time of day

Figure 2. Comparison of circadian activity rhythm from the cosine regression curve of the zero-crossing mode (ZC).
Morning Working Condition: n = 22 (solid line), General Working Condition: n = 18 (dotted line). Acrophase:

Morning Working Condition, 14:48 + 00:49 vs. General Working Condition, 15:40 + 01:13, p = 0.012.



2-4, EE

ABFFEE, BEBTEB) Y X A, BEIR K& OVEEREBSE QOL DFHIlIC & v, EhEsEhe & sk & RS
BIZOWTHLMNC LS D TH D, AHFFEICBNT, Fa ZREGEREICI T, h¥ER
4, FAEAEEUREZ, B EARNEL R OBERTEE) ) X ADAMHR AL e o TS Z &2 B
(2 LTz, FE7z, SRS RET 3DSS OAFEH CHRANARICE NI ERA RSN, 61,
AR S RE C IR QOL 2Nl s i & Hhi L Tl 2 & R STz,

B IEE) U X AR T, Mesor & HRIE CIXHIRIEIEERE & B SEERE CHRE oA
TRO LN oo, T, TBEOSINELT A7 UV —7 #HDIITIREETH Y,
EBENENMUTEY, FIRESHENEL L T2 ENEZOND. IR T, &
RIEE) & & Mesor L RIE & W o 724 BIESE) U X AFREEN BT 5 2 & AHE ST\ 5[63].
— 5, YRS EEOMARRENI A FE BB L VR 1 FFHRE S Ro T D Z &R aniz. 2
D EIITHEF BT, BEATEE Y XAFHMHIC L0, HERISEHETS T T2 <, MR
DFEEEE VT REIR - {FBIO U XLADOFMAFIRETH D Z E R LN ERoT2. 2D Z LI,
3DSS OAAHOIE B THIREEHEOSRNE < 2o TN D 2 &R0, MR, fI B I
KOBE - BIKRKZ 72 EOEIEEEN RS 2o TnNH 2 & —H L TRY, fIREEOEA
IZE-oT1 HOEB Y XANRL e D ARt 2 Rme LT\ 5. F70, SiREBEE ClIdmm
QOL MR\ Z L AVURE LT, JeATAFFETIE, BERTSEY U X A CHERR A AR AN RSt B R e &
BT 5 Z & STV D, Bl ZIE, BB L7 BIEE) U X A% D DOt 2 R i
& B 5[28,29,30]. 51T, MADIE, 9 IEREZFEO AT 3DSS OAAHOE H THAN
K< 7en 2 LWL L TR [31], MERMAOAHANE BIELIX A > 2 L~V AR T
ERHET S Z ERIBES LTV D,

EDZ &0, BhEEEICBWT, #IREE Y XLANRR 25 2 L2800, Y QOL 28
B D AR R ST, L L, ZOMBITRESIME D7 v ) Z A S\ E =T
TWDATREMEDSN B 5. AWFFE OIS SR & S0 B INE L, BEEBEEEOSNE &
i L C, MEQ &3S EICE <, #IRUEHE 2 FF > Tz, Vetter B, 7 v/ XA 7 LiEEaH
AT a—NO—KL, FICHRO s v ) 24 T EHOBMEHITEBNT, A H ANV RT
BWEELL 252 LR L TWA[32]. LR~ T, §iRMEm D7 0 ) % A 7L, g
WAL DRVEERTEEN Y XA L D—BUL, Bifie A U H N~ )L AZBET 5 ATREE & 5.
FLwoH L, WAEHICE VBERTEE Y XANRL D Z 8k, REm O v ) XA T E
FFONIZE o T, BAF72 kR QOL & B#d 2 Z L VRS iz,

—J7, AWFZETIE, WRMEINI D7 1 ) XA T RO ND A o H L)L ASCIRIRIREES, #]
BUENEE & D X HITHEE 52 H2NTFHIETE TWARW. KD 7 v ) Z 4 7135 D%
[36,37]° 2 UBEPRIF[38,39] & W o 7R & BBIE L T D, S BT, SEATHFFEICH1 T Vetter
HlX, 7ma ) &2 A7 LB OR—ED 2 BBERIFDO YV A7 ZHERIEHZ E2WE LT
WH[40]. 2D Z &0, TR RENE OB AL, ZMD 7 v ) B A T EFFO NOREIC

N
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AT 4 T Bh 52 DARRENREBZ biILD. 4%, DI va 2 24 7 L EEEREORE
HIZOWT, SHRLMENEEND.

BN OV T, ANFFE TR EE I TR 5B 2 A Z IS LT D 2 & VR
SNTc. ZTOZENG, WRENEIIR M OFRER OHIBIZ &5 L TV D FTREMES RIEZ S
7. iz, I ERFE TITEIR B LB EB ISRV T, AERETIR N o7, 2
NHDZ ENG, FIRIENE LB EE L ST N COEBERERICIW T, KRI7 @R ORI
AT ZENMEL R D T LRI L.

AT DDDOIFERAZ B A TS, FH—IZ, o7t A X0V hEw, H UL,
a3 FH 5 AMUEOBRTEE) ) XLAZHEST D Z LB TERNo70. H=IT, BN
BERZEOREROHB LML TR, FBN A A F~—I— 3 L T, 5% 0OE
TIE, NEEOEER U X A% X0 IEREIZEHE S 5 72 912, Dim Light Melatonin Onset (DLMO)
DRENBMEIZ D EZEZBND. EHIT, Fx THIREEREICRWT, REIHENZ L > T
MEENDA T 0 7 HMEERE QOL 125 2 5% BICHOWTHIAETE TE b, 4%
SORDMENLETHD.

Ubzi s L, dEFRIRE T < st2EE1E, @EEZHE O < gh2EE L i L T,
BRTEEN ) RANEL oo TRY, JVHBAIELWIEREZ & > TS Z ERHLnEeoTz.
TOZ LT, FVRBWAUE AL A L LTS Z EAURENT.

11



FNE HHEEE2

BEDA T4 RT—H—DH 0O/ 34 T LEHFEMEHERIRINEE L 2R
HE QOL [C5Z BEE

3-1. #®#E

b N ORERTEEE S Z — 2 XU LT HEER) ANIEAERH D Z EnWESNTE
D, ZUHOAEKRY ZADBANZEITIZZ v ) ZATHREET L. 7 ) 24780k, g8 &
FIRELYED Z & ThH Y, HADITEN Y X AR U X MBI 2 B PRSI M & 41T
WBH[12]. Bl xE, FPRO NITRGNTER L, HIR < 0DATEIT 2 2 & 2 4Fiehd, KD NI
R E 2 DICREEAE T, BRBEWVRHT ISR 2 2 & 2 471e[13]. 7 v Z A 7%, K
FIEAE 70 Period 3[33,41], HEMBLMERI[42] & o 7oK 2 A B ERIC B S D = &
NG SN TWD. JATHFE Ik, WD 7 v ) 2 A 7 & FFo N CTIEIEIROE MK <
[43,44,45], REMPEGRBICZ D 0TV 38] 2 L AHE STV,

Fio, ra XA T IIBREER & G RET 5[34,35]. I DI, BERICEEL X HBRE
HROOEDICHBIENE 2 b5, HIZEHRE 1 I2BW T, PREBEREICIEE T Dt
HET, /) A, TEEAT Vo —)VIN—F L2721, BAF76E4hH) QOL & B L
TZATREMEA R XD, — T, WEYHAI D 7 v ) X A TEFFONCBW T, SiREECE
HEB L Vo TLEBENED X ) ICHEL 52 5NN TIE, SOLRHIMENLETH
5. LdL, 7 m ) 2 A7 L EEIRRRD B EE OB E 2 55OV Tl L2 ZEi
FER. Lo T, AROFE—OBWX, WKM7 v ) & A4 7R omt3EsE o
HEARCIR A & EFE RS QOL # thik 325 Z & Th 5. HH_o B, SRS RE & /5T
RE L\ ) 2FEFHD B IZREIC I T, fIRE & A o k2 O IEHR & fFERE QOL 4 b9~ %
ZETHD.

3-2. W& ELAE
HERUVHR IO Lo
ARFZETIL, B2 DLICHTET 5 22-54 1D 162 N\O HEIOA T 4 AT —T—NEML
7. AR OSINE L, WFFEHRE | OWFESINE L ITR > TnD . £z, RUFFEOSINE M
BT 5t T, FIMEISERE L @ EEIERED 2 DO R 2 HBEHELZHEAL TN 5.
FRIENESIZHE T, 20:00 LIBEDFRENZEIE SN TR Y, KREOFEREOE LIz Y Fa
(5:00-8:00) DENHEMAIREL SN TWD. FTo, B EEIRE TIX, 20:00 AR OFEZENTFA]
ENTWA. FESBREEL, SIREFEERED 9:15-17:15, 8% % IERE Tk 9:15-17:30,
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9:00-17:30, 9:00-17:45 DWTNNTH D, TXTORMEIX VB O S &, HEEH )G AR
HETOS5 AW TW S, ZRHES SRR BEREICEF L TH L3I ITV . 2
LO DEETEREIX, AN E D LRTE O TSN, &2 OBEFIZASOERIZE - T
YBERREERSEZ LI, IRT28H0FEHC Lo TRDO BTV D,

AIFGENE 2 DORFIZEVRERITHZ ENTESD. FH I, BxFFREERD I v 2 #
A FaFFOBER TN T, HERKRE (MEIRFEAE & OREIR O'E) & @R RE QOL % bl L7z,
BT, B BRI ORI O 7 a ) 2 A4 T OENEIICE W T, SRS RE LB
TEREIZ ST 2 ik 3 E OREAR KRS &t B8 QOL # thiit L7z (Figure 3) .

Daytime office workers
(including morning working condition and general working condition)

e

1. Comparison of sleep status and HRQOL between different chronotype workers

Morning type workers
the median MEQ scores or over

Evening type workers
(less than the median MEQ scores )

T | 5

2. Comparison of sleep status and HRQOL between different working condition in each chronotype

I}."Ia rning n eneral Morning General
orking Condition orking Conditio Working Condition Working Condition

Figure 3. The study design

MEQ), the Morningness-Eveningness Questionnaire; HRQOL, health related quality of life.

First, we compared the sleep status (sleep variables and sleep quality) and HRQOL between morning and evening
types. Second, we compared the sleep status and HRQOL between Morning Working Condition (the working style
consisting of determined working hours from 9:00 to 17:15, recommendation of early morning work and prohibition
of overtime work after 20:00) and General Working Condition (the working style for many office workers consisting

of determined working hours from 9:15 to 17:30 and permission overtime work after 20:00) in each chronotype.

AIFFEOFH X, PR OO v ) X A4 T ORI L 28 E CTh 5. Fixid,
TRTOMBRED I v ) XA 7 & REAVERZ (Morningness -Eveningness Questionnaire:
MEQ) ZMEH L TH¥ LT, 786, AL CIL 2 BELLERZAT 5 72, 7 v ) XA T D580
EIZFATHRE[4610ZAE W, RISV B e L, L7eddio T, AR CIERAR 7 v/
XA 7% MEQFROHIAELL E, &7 v ) ¥ A 7% MEQ S DR IfEARN M E L CERL
Tz, W, A FFRE KO 7 v ) X A4 TOWEECBWT, BRERL - R - FaREIR
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IR 2 B D BEIRFS AR IZ DWW CHIR 21T o 72, S 51T, By Y 3 — VHElRE ZE B AGER (the
Japanese version of the Pittsburgh Sleep Quality Index: PSQI-J) K U the Japanese MOS
Short-Form 36-Item Health Survey ver2 (SF-36v2) % H\NC, F=811 7 BEAR OB K OV B B8
QOL # kg L 7.

AWFIEDH EBIL, 2 SOHB BB RE L aESEPE—hrTnhthors o
Z A TNEZ2 DB a2 i LT e T 5. Fex L, Wil Loz Eho s a ) Z
A 7T T, W LoadE BB R OBt 1T 1T 2 MEIRIRRE & fERERE QOL % I
FL & UEMEA AT Lz, Zeds, AWFEE, 5 RAREAITERHR LR B2 07K
RE/TEBY, ~N VU FESITHERL TV,

yn/ 454 TERR

Bxx, sEora ) 24 7E2HET A, fIRERVERZE (Morningness
-Eveningness Questionnaire: MEQ) % i L 72[20,21]. MEQ D453 A& 1 16-86 s CTH Y, 5
SRFEWIE IR A H 0, [ROIEERBEHAR S D 2 L EERT D,

BEARTEIR B U X B ROEERIR B F =

SINFINL, 1 7 AR OBE - BIKKZ], K OWIERFFMZICA L. £, By Y S —
IRE[H2E (the Japanese version of the Pittsburgh Sleep Quality Index: PSQI-J) [22,59,60]% Fv»
T HERR O 2 3 L 72

BREESE QOL BRE

SN OERERSHE QOL % §Tfi4- 5 7212, the Japanese MOS Short-Form 36-Item Health
Survey ver2 (SF-36v2) Z{#H L72[24,25,26]. & 512, FATHIZEIC IS X([27],3 DD a R
— 3 he< U =227 —FKHlED QOL ¥~ VY —Z =27 (Physical Component Summary:
PCS) , KM o QOL ¥~ U —A =7 (Mental Component Summary: MCS) , %]/t
2WMIE O QOL #~ U —2 =27 (Role-social Component Summary: RCS) —#& & H L7-.

et

Ty vn e v VI REICK o TIEMMZHIE LIcDL, ESSMAT 27 — X I3 EE i+
BHERAEE L ORL, IEERSAMAT 27— & 1T RfE 25-75 3—k > Z A1) TRLTZ
Bl ZFRS TANTOT = OB, 2 EAtRESL LT~ - A v b=—UREZ MW
T2 REIZE D, 2 BEOMERIOEIG 2 I LTz, &I, AEAELZS%E L. T4
Frix SPSS ¥ 7 b =7 (SPSS 2.0 for Windows; IBM Japan, Co. Ltd., Tokyo, Japan) (Zd ¥
FAT L=
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3-3. #HE

EEOTA I AZERE, RFZEOERKY 7T 126 AOBINE NG £l Filiih
Rl (25-75 /=B H A /L) 1529.0 (26.0-36.0) K TH Y, 65 L DFME 61 4 DOLtEng
Fh7z. MEQ HHlI1% 53.0 . Ch 7=, Wil u ) 24 T &2 o2 E (MEQ 1545 >53.0
KX 69 4, WL v ) B A T EFFOSINE (MEQ 345 <53.0 501X 574 ThHDH. 728, #l
RO 7 v ) 2 A FIZENT, Flnk OMEINCABREITRO b lo. RO
MEQ 158 X5 & il U CAEIE - 72 (177, 47.0 (42.0-50.0) scores vs. &%, 57.0
(55.0-62.0) scores, p < 0.001) (Table 4) .

Table 5 |2 L ZHRID 7 v J X A T80T 2 HEIRFERE, BEAR O &K OMERERTHE QOL ot
WA R T, BEIRFEIEIC DV T, B - BRI IR L bl U CHBICE D o 72 (b
eI« #&74, 0:15 (0:00-1:00) hrs vs. 5%, 0:00 (23:00-0:10) hrs, p = 0.019, FLIREEA] : %78,
6:45 (6:20-7:00) hrs vs. #1% 6:00 (5:30-6:30) hrs, p < 0.001) . PSQI-J O3 SFEIR L 0 H 4%
BUZBWTAHEBEIZE - T2 (", 6.0 (4.0-7.0) scores vs. %, 4.0 (3.0-6.0) scores, p = 0.038) .
SF-36v2 T, RCS 3 m gl 1 0 AU B W THEITE» o 7o (57, 48.3 (37.4-55.0)
scores vs. FfIfil, 51.8 (45.6-56.6) scores, p = 0.043) . ZOMOIEIECIIHELZITZRL 20
7.

W, B 1 ZFIRE O D 7 1 ) B A4 7 OmBECBWT, SR EBIEE &l E £8P
DIEARFE A N OVt B BEE QOL % bLils L 7. Table 6 1%, A% 7 1/ # A F\2F6\) % SR S5
RELBFEHEEREOKERLIZbOTHS. §illIa ) 24 TOBE (n=69) D H 5,37
DI EIEREICEE L (LA FIENSRE L 37 5) L 32 4Nl E S RERICHEE L T\

(A FBEEER LT 2) . YR 2, PIREBEEEOFEE D Il (25-75 X—k & A V)
1, 32.0(29.0-36.0) i TH 0,22 LD FMEE 15 4 O LMEn G iz, MEQ #5580 Fh Jfl (25—
75 8—F L H L) 15580 (56.0-62.0) siTHDH. —F, ¥l v ) XA 71281 50 )
BEEOEMRTP L (25-75 S—t X A V) 1%,29.0 (25.0-39.3) B TH Y, 194 DFMEL 13
DN EEND. MEQ B A DA (25-75 /8—t& L &Z A /L) 1%56.5 (55.0-59.0) /ST
2. Fin, YERIK O MEQ 15 5 CITI B Eh B it & @ F 8B CH B R EITRO beino
2. MEIRFEREIC DV T, Sl ENSEE L 0 L RIRE S RIS B\ CRIRFEZI N A B B o 72 (§
TS RE, 5:54 £ 0:43 hrs vs. 87 EHE5RE, 6:24 £ 0:43 hrs, p = 0.006) . PSQI-J & O SF-36v2 O
FRERICOWTIIME THEREIR bR T2

Table 71%, &M 1/ & A 728 T 2R ENSERE Ll EE RO A R LI b DT
b%. THOSIE (n=57) D5 b, 28 4 NFHUENEEE, 29 44 2@ B RIS S iz,
RISV ESREDAE M JE (25-75 78—k Z A /L) 1F,28.5 (25.8-34.3) i CTH Y, 10 4D Fik
&8 A DTN T FivTo. MEQ #3M DONEEEHAEYE(R £ (SD) 1%, 445+£5.5 iiChoTz. —
U7, B v ) B A TR Dl E RO F R Rl (25-75 N—k 2 A 0) 1F, 29.0

(26.0-33.0) W CTH Y, 14 L DOFBMEL 15 4 OLMENE Fi7e. MEQ 15RO X EHE HER &
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(SD) 1, 46.7 = 4.4 ;i Toh o7z, Hlm, YRR O MEQ 155 CIXrAR St & m i HhBsie <
BREZRETR SN h oo, WEEGR & i U<, §IREBEECIIsE - BRREZ 2 A I
HL o Tne GREREZ - fIREhESRE, 0:00 (23:22-0:30) hrs vs. @7 E#ESEE, 0:30 (0:00—
1:00) hrs, p = 0.003, EARREZ] : FARVEIESRE, 6:31 + 0:45 hrs vs. 87 E5HE, 6:52 £ 0:28 hrs, p
=0.045) . ¥7, PSQI-J (Zi@H BB HE L 0 S RVEIBIE CH RIS o 7o (WIEEEE, 6.2 +
2.4 scores vs. T ENHEE, 5.0 £ 2.1 scores, p = 0.047) . TOMOFRIE CIIHERAEITREO BN
otz

Table 4. General characteristics.

Morning type Evening type p - value
(n=169) (n=57)
Age (years)? 31.0(27.0 - 37.0) 29.0 (26.0 - 34.0) 0.136
Genger (Men/Women)® M41/ W28 M24/ W33 0.053
MEQ (scores)? 57.0 (55.0 - 62.0) 47.0 (42.0 - 50.0) <0.001™

All values expressed as median (25 - 75 percentile).
** p <0.01 by using Mann-Whitney U test” and y>-test®.

MEQ, Morningness- Eveningness Questionnaire

Table 5. Comparison of sleep status and health related quality of life between Morning and Evening type.

Morning type Evening type p - value
(n=169) (n=57)
Sleep variables
Sleep onset time (h:mm)? 0:00 (23:30 - 0:10) 0:15 (0:00 - 1:00) 0.019"
Sleep offset time (h:mm)? 6:00 (5:30 - 6:30) 6:45 (6:20 - 7:00) <0.001™
Total sleep time (h)? 6.5(5.5-6.8) 6.5(6.0-7.0) 0.135
PSQI-J (scores)” 4.0 (3.0 -6.0) 6.0 (4.0-7.0) 0.038"
SF-36v2
PCS (scores)” 57.1+64 57.6+6.1 0.668
MCS (scores)? 49.1 (45.5-54.1) 49.6 (42.7 - 52.8) 0.654
RCS (scores)? 51.8 (45.6 - 56.6) 48.3 (37.4 - 55.0) 0.043"

All values expressed as mean £+ SD or median (25 - 75 percentile).

*p <0.05and ™ p <0.01 by using Mann-Whitney U test” and two sample t-test®.

PSQI-J, Japanese version of the Pittsburg Sleep Quality Index; SF-36v2, the Japanese MOS Short-Form 36-Item
Health Survey ver2; PCS, Physical component score; MCS, Mental component score; RCS, Role-social

component score
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Table 6. Comparison of sleep status and health related quality of life in Morning type.

Morning Working Condition  General Working Condition ~ p - value
(n=37) (n=32)

Age (years)? 32.0(29.0 - 36.0) 29.0 (25.0-39.3) 0.563
Gender (Men/ Women)® M22/ W15 M19/ W13 0.994
MEQ (scores)? 58.0 (56.0 - 62.0) 56.5(55.0 - 59.0) 0.116
Sleep variables

Sleep onset time (h:mm)? 0:00 (23:00 - 0:00) 0:00 (0:00 - 0:30) 0.055

Sleep offset time (h:mm)© 5:54 +0:43 6:24 £ 0:43 0.006™

Total sleep time (h)® 62+1.0 63+1.0 0.593
PSQI-J (scores)? 4.0 (3.0-5.0) 4.5(2.8-7.0) 0.589
SF-36v2

PCS (scores)® 57.0+£7.4 572+52 0.900

MCS (scores)? 48.5 (453 -53.8) 49.9 (46.4 - 55.0) 0.427

RCS (scores)® 50.8 (46.1 - 57.6) 51.8(45.2-55.7) 0.674

All values expressed as mean & SD or median (25 - 75 percentile).

™ p <0.01 by using Mann-Whitney U test?), ¥*- test® and two sample t-test®.

MEQ, Morningness- Eveningness Questionnaire; PSQI-J, Japanese version of the Pittsburg Sleep Quality Index;

SF-36v2, the Japanese MOS Short-Form 36-Item Health Survey ver2; PCS, Physical component score; MCS,

Mental component score; RCS, Role-social component score.
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Table 7. Comparison of sleep status and health related quality of life in Evening type.

Morning Working Condition ~ General Working Condition p - value
(n=28) n=29)

Age (years)? 28.5(25.8-34.3) 29.0 (26.0 - 33.0) 0.707
Gender (Men/ Women)® M10/ W18 M14/ W15 0.337
MEQ (scores)® 445+55 46.7+4.4 0.096
Sleep variables

Sleep onset time (h:mm)? 0:00 (23:22 - 0:30) 0:30 (0:00 - 1:00) 0.003""

Sleep offset time (h:mm)© 6:31 £0:45 6:52 £0:28 0.045"

Total sleep time (h)® 6.5(6.4-7.0) 6.3(5.8-7.0) 0.093
PSQI-J (scores)” 6.2+2.4 5.0+2.1 0.047"
SF-36v2

PCS (scores)® 58.7+6.6 56.5+5.5 0.163

MCS (scores)? 49.3 (37.7-51.8) 50.2 (43.6 - 53.1) 0.444

RCS (scores)” 437+11.8 48.3+£9.6 0.115

All values expressed as mean & SD or median (25 - 75 percentile).

" p<0.05and ™ p < 0.01 by uing Mann-Whitney U test), y>- test® or two sample t-test®).

MEQ, Morningness- Eveningness Questionnaire; PSQI-J, Japanese version of the Pittsburg Sleep Quality Index;

SF-36v2, the Japanese MOS Short-Form 36-Item Health Survey ver2; PCS, Physical component score; MCS,

Mental component score; RCS, Role-social component score.
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3-4. EER

AWFFETIE, W v ) 2 A4 T OER LR LT, B 0 ) 2 A4 7Ok EEITE &
IRRFZI DN < 725 TH Y, PSQI-J D3 8703% <, SF-36v2 D RCS DR RMEL 7o TV 5D 2
EDRH LN EIoT, EBIL, Hr DU B ) ZATITBT HEEHEDO K TIE, R s
v/ Z A 7T, RSB RERICIEE T D6 TRIRFZIN RS 2o TW e b oo, 20
MOFECIIABEREZRIIRD ONeholz. L, RO 7 v ) ¥4 7Tk, S5
JEREICHE ST 2 EH C, BERA - BRRZN R o> TE Y, 72 PSQI-J D AAE <
FEROEME T L TWAD Z LRSS NTz.

AIFFRDOF RN T, FxFgBLr v ) 24 TEFOMER L LT, &7 e/
S AT H RO ¥ES CHERMAENSELS 2o TRV, F7ZMEROEDNMET LTS Z EE2HL
T LTz, 2B ORERIZETHRATRENTND LI, KO v ) 2 A T EFFO AT
B THEROE AMK < [43,44,45], FEIRNVAEIELS 22> TWH[4AT]Z & & —ET 5. Mz T,
AT, RO 0 ) 2470, KAD 7 v ) 2 A 72BN T SF-36v2 D RCS D%
HIMELS 722 TV D 2 E AR S 4L, RCS DFFRDS, B IRAUEE], Rmaurdl, thanoiése
Wo 27 27— L LER#E LT D Z E9v 5, RCS & I3 EEERDE QOL 123\ T HRAY - K th
Wt E 2 & D TSR BERE 2 R T L BEZ LN TCWD[2T]. LEER-TC, 7u ) 2 A7k
MEAR(C X B BRI T, 7 ) 24 7 L fERERE QOL O #E2 A BEFAME M i 23 BEE L
TWDZEBH LN E Tz, BT, FBATHIRICBW IR v ) 24 7L 5 DfR LD
BNV RIE ST 5[36,37,48,49]. ZNHDZ L, AFRICBWCERMD 7 a ) % A
TTR LTS IEIR O CEFERDE QOL DK R, fRAYR 5 DD U A7 IZ272 0%
AREME DL Z X b, A% I DL RDHIMIEBLETHD.

AWFFEDE —E T, §D 7 1 ) 24 FIBW T, SIREIR TR L@ ST RE O R
T, BRRZOHL B IgoTWet 0o, MEROECHRFERHE QOL TH E R ZEN A LR
o7z B, WO T v ) ¥ A4 FITEB T, FAREE RO ES T, MR T <
HEROENME T LTS Z ERH LMol ZOMEROEDIK TIZIE, &7 e ) 24
TR RIELE &, SIRE SIS REIC X DIEIRNAH O R E VI L DX A AT TR T2 HT,
Social jet lag 23R L T\ 5 2 &35 2 5415, Social jetlag & 1%, [HAD IV v /) XA 7 L%
BRMFEL VST B R T D2 — L DI AT TA AL b (REE) DI L THH[50]. %
2, D7 v ) 2 A TR NE, ARICHD B H U X LI 80 KO OR NS
B9 52 L aFTen, FHIIMEER EOHBHAr U a— iz L, L0 RO CIEED
L7 e b 772, Social jet lag & #25k LC77 0. Juda & 1%, ZARHIEBEIEFEIZB W
T, Social jet lag S HEARFEE & B 5 Z & 28 L CTWA[51]. £72, Social jet lag [ IEAR D
BOMT & b BEd 5[50,52]. & 512, Social jet lag IXAETH[S3], DEREB Y 27 [54], A X
RY w7y Ru—AB51E W EB EMET 5. Lo T, B u ) 24 Foit
FIZEIT % Social jet lag ITFFRARIERDOY A7 L HEH#ET L2 ENEZ NS, LL,
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sk FEBRARIFZ 2 LoD, RIH O F% R & BT 2 AL S5 T RE I TR e 1 55 B O BB 1350 SR
HCThsEZEZBNDH[61] FHIEEHREICEFT 8 v ) ¥ 4 T fom#ER L, &
WVELIRIREZ & Z AU PE O BRI 2 & OTEBIS, o0 m ) 24 FI—H L TR, IE
IR OB RO REE QOL IZIXMEIZ 2. — 5T, MAEBEREICEE T 2/ n ) 24
OB EFIEROENMET LTS Z EDVRINTWD., Zhb ORI, BEE OIS
BBIE, xDrnm ) 24 T52EBERELTRETDHIEDMLETHDLZ L EZRELTND.

AWFFENIE, W< OPDOWFERANRH D, F—12, KRB TIE Actiwatch @ K 95 7 IERRE
TNA 2% AW RBIN R IERRIEOFHEA TE T RN ETH D, LnLieib,
PSQI-J IFHEARIRBE A B3~ 2 fc & — XA ERIZE TH v, BN & MMM STV D
[60]. 5 12, AWFIEITR2 2 BB RRICIEE T 2t EH OMEIRIZE B L7 TH 5720,
STIBEEEE (bR, mhEERER, J7BIRERE) ZEHlCE TR, A% O TIE, B
TEHED 3k OIEIR IZ 5 2 2 B DWW CEEMICEGR T 272, 2 b O G BB faE 2 5F
i EBMETH S, UL EIZHARTZ@ Y, KRN OO RERAEEALTND B
DD, BEHIZBWT, BBEREL 7 v ¥ A 7 )RR & @FERIE QOL 12 & & 5 ([ BgE
H s LTeHIO CTOMETH 5.

DLbEZaFE LD, RFEOMANG, Wl v ) 24 7O¥ER L LT, &£ o
J B A T O FEEITIEROE MK, BRI OEHERE QOL 2ME< 78> T d
TENREINT. 61, WREBERICEET IR v ) XA T OBEEITBNT, §E
IROEPEKLS Ao TWDHZ ERWLMNELRoT. LIER-T, RBFEIZLY, lHx DBt
DIEFEZEHET D270, AD I v ) 2 A4 FIZlEE LB EEEATHZ L OEE
PED R STz,
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BIVE BEEE

1. FHRORR

ARRGERE, (1) SVREIES K OB BIF5I 301 HEHIEE) Y X 4, WEIRARTE, feHeBlE QOL
DIk, (2) BBEREE 7 v ) X A THMEIR & A2REE QOL (52 2 B2 G NNIT 5
TEERHAME L AREICE Y FORRBR TROEY Th 5.

il

k=1

[wrgeiged 1]

[ 5 % ONE DI\ C 3 1 DM H IS Eh U X A, REARREE, fEEEREH QOL O Lhs |

AWFETIX, KHORFELEIL L, R0 8B4 vTae & ¥ 2 PRSI BT HE & 8T O 85 TE
RBIZB VT, Bt o F RIEBIE & W2 BISE) Y X A ORIE, MEIRFOER K OVE M2
(3DSS, PSQI-J, SF-36v2) (T X 2 BEARIKAE & f B QOL DR 217V, MEEERE Tl
WAEIT-7-. ZHIC KD, TREEERE L B EEERE T, SERTEE) U X A 00R, R
H QOLIIZED L 9D RAERNEKRND D ERGET LT

Z OfER, FINEFIRBIZIN T, R, YIREIEZ, e - ERREZ & OE A i)
UXLAOMAANEL o TWA Z B LN E -T2, £, WIAENEEREIL 3DSS OALFH
HE CHEAPAERICEWZ EARSNT. & 518, FIREIERE TR QOL ANl % £
FEREL LI L TRV I ERRIB S 7z, T O RN G, SRS ERE T < BRI,
WE BT < Bh¥EE L LT, IRTEE ) X2AR R o TRy, KV HAIELW
BEIRZ L > TWAZERHALMNE Rz, ZDZ 8T, LD RWA L Z L~ LA L & BES
HITEBRENT.

L)L, TNHOHRIZZ v ) B A4 T OREL ST TS RN E 2 b7z, MEQ % H
W, ZIMED I v ) A A TEHE L E 2 A, BFFEERE 1 I8N U= RS B RE Ot 3
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Several companies in Japan introduced early working conditions (including recommendations on early
morning work and prohibitions on nighttime overtime work) to decrease the number of long working
hours at night. Nevertheless, individuals possess their own chronotype, i.e., their behavioral timing
preference—be it morning or evening—that is associated with worker health.

The purpose of this study was to investigate the influence of chronotype and working conditions on
sleep and health related quality of life (HRQOL) using 126 daytime office workers who were classified as
morning or evening type by their Morningness-Eveningness Questionnaire scores. We then compared
morning and evening type workers’ sleep variables (sleep onset/offset time and total sleep time), sleep
quality (using the Japanese version of the Pittsburgh Sleep Quality Index), and HRQOL scores.
Additionally, we compared the same sleep variables, sleep quality, and HRQOL scores of each chronotype
category of worker under early and normal working conditions.

As the results, evening type workers had late sleep onset/offset time, poor sleep quality, and low
HRQOL (role-social component) compared to morning type workers. Furthermore, the evening type
workers under early working conditions had earlier sleep onset/offset time and poorer sleep quality
compared to those workers under normal working conditions.

These results suggest that evening type workers in general have poor sleep and low HRQOL and those
same workers under early working conditions, in particular, are associated with poor sleep quality.
Therefore, in order to optimize worker health, we suggest that working conditions should be taken
account of individual chronotypes.

INTRODUCTION

Long working hours are wide spread in Japan. Unfortunately, this working style increases the risk of many
health problems including stroke [11], coronary heart disease [26], depression [27], sleep problems [15], and
poor Health-Related Quality of Life (HRQOL) [31]. To reduce the number of long working hours, several
companies recently introduced early working conditions that set earlier work start times and reduced overtime
work at night.

Although these working conditions were intended to benefit the overall well-being of workers, it is well
known that every individual has a chronotype [12]. Chronotype refers to the individual preference of behavioral
timing and biological characteristic in one’s circadian rhythm [19,30]. For example, morning type individuals
prefer to sleep early and be active from early morning, while evening type individuals prefer to be active during
the evening and go to sleep late at night, and typically have difficulty waking up early in the morning [32].
Chronotype is influenced by many biological factors, including circadian gene Period 3 [17,24], age, and gender
[20]. Previous studies have reported that evening type individuals experience poor sleep quality [28,33,35] and
are more vulnerable to metabolic disorders [34].

As mentioned above, several studies revealed an association between chronotype and health problems.
However, no studies have investigated the influence of chronotype and working conditions, such as early
working conditions and normal working conditions, on worker’s health. Thus, the first objective of this study
was to compare morning and evening chronotype workers’ sleep status and HRQOL. The second objective of
this study was to compare the sleep and HRQOL of morning and evening chronotype workers under both early
and normal working conditions.

MATERIALS AND METHODS

Participants and study protocol
The 162 study participants were daytime office workers aged 22-54 years in different companies. These
companies employed two different working conditions. One Company employed early working condition, and
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the other companies employed normal working condition. All participants worked five days a week—Monday to
Friday. None of the participants were shift workers or physical laborers. The study was divided into two parts:
first, we compared morning and evening chronotype workers’ sleep status (sleep variables and sleep quality) and
HRQOL,; second, we compared the sleep status and HRQOL of both morning and evening chronotype workers
under the early working conditions and normal working conditions (Figure 1).

Daytime office workers
(including early working condition and normal working conditian)

U

1. Comparison of sleep status and HRQOL between different chronotype workers

Morning type workers
the median MEQ, scores or over

Evening type workers
(less than the median MEQ, scores )

7T g

2. Comparison of sleep status and HRQOL between different working condition in each chronotype

Early Normal
working condition /i\_ working condition
Figure 1. The study design

First, we compared the sleep status (sleep variables and sleep quality) and HRQOL between morning and evening types.
Second, we compared the sleep status and HRQOL between early working condition (the working style involved
pre-determined working hours from 09:00 to 17:15 hrs, recommended early morning work from 05:00 to 08:00 hrs, and a
prohibition of overtime work after 20:00 hrs) and normal working condition (the working style involved pre-determined
working hours from 09:15 to 17:30 hrs, from 09:00 to 17:30 hrs or from 09:00 to 17:45 hrs and permitted overtime work after
20:00 hrs) in each chronotype.

MEQ, the Morningness-Eveningness Questionnaire; HRQOL, health related quality of life.

Normal
working condition

Early
orking condition

The first part of the study involved a cross sectional comparison of the morning and evening type groups. We
determined the chronotype of all participants using the Morningness-Eveningness Questionnaire (MEQ), and
categorized them into morning type (defined as the median MEQ scores or over) and evening type (defined as
less than the median MEQ scores) individuals following the method of the previous study [14]. Then, we
compared sleep variables between morning and evening type workers. Sleep variables included sleep
onset/offset time and total sleep time. Moreover, we also compared subjective sleep quality and HRQOL of both
the groups by using a subjective sleep questionnaire—the Japanese version of the Pittsburgh Sleep Quality Index
(PSQI-J), and a HRQOL questionnaire—the Japanese MOS Short-Form 36-Item Health Survey ver2 (SF-36v2).

The second part of the study involved a cross sectional comparison of the impact of two conditions — early
working conditions and normal working conditions — on each chronotype workers. The early working
conditions involved pre-determined working hours from 09:00 to 17:15 hrs, recommended early morning work
from 05:00 to 08:00 hrs, and a prohibition of overtime work after 20:00 hrs to decrease overtime work at night
and long working hours. The normal working condition (i.e., the ordinary working style of many office workers)
involved pre-determined working hours from 09:15 to 17:30 hrs, from 09:00 to 17:30 hrs or from 09:00 to 17:45
hrs and permitted overtime work after 20:00 hrs. These working conditions were already in place before we
commenced our research regardless of the intension of the worker. We compared the sleep status and HRQOL of
both the type of workers in early and normal working conditions using the above mentioned questionnaires.

The study protocol was in accordance with the guidelines of the Declaration of Helsinki and was reviewed
and approved by the Ethics Committee of the Graduate School of Health Sciences at Kobe University. All
participants gave their written informed consent after the study was explained to them.

Chronotype questionnaire

II
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We used the Morningness-Eveningness Questionnaire (MEQ) to evaluate chronotype of participants [8,9].
The MEQ scores ranged from 16 to 86, where the higher scores are indicative of morning type and lower scores
are indicative of evening type individuals.

Sleep variables and subjective sleep questionnaire

First, participants recorded their sleep onset/offset time and total sleep time for a month. In addition, the
subjective sleep quality of the participants was evaluated via the Japanese version of the Pittsburgh Sleep Quality
Index (PSQI-J) [3,4,5].

The PSQI-J is commonly used to assess subjective sleep quality of healthy people and patients with various
diseases. The sleep quality is evaluated comprehensively by asking questions related to sleep efficiency, daytime
sleepiness, sleep duration, and other sleep statuses. The PSQI-J score ranged from 0 to 21, with the higher score
representing lower sleep quality.

Health-related quality of life questionnaire

Participants also answered the Japanese MOS Short-Form 36-Item Health Survey ver2 (SF-36v2) to measure
their HRQOL [6,7,29]. SF-36v2 is a self-administered questionnaire used to assess HRQOL for healthy people
and various patients. In addition, three summary indices—the Physical component summary (PCS), the Mental
component summary (MCS), and the Role-social component summary (RCS) [23]—can be calculated from
eight subscales. Higher the score of a particular component, better is the HRQOL with regard to that component.

Statistical analysis

All data were expressed as mean + standard deviation (SD) for normally distributed data or median (25-75
percentile) for non-normally distributed data. To compare all data, the two-sample t-test or Mann-Whitney U test
was performed after the Shapiro-Wilk test. For gender, the y>-test was used; p < 0.05 (two-sided) was accepted
as statistically significant. All analyses were performed using the SPSS statistical software (SPSS2.0 for
Windows; IBM Japan, Co. Ltd., Tokyo, Japan).

RESULTS

Our final sample included 126 participants, excluding those with data errors found in their questionnaires
from 162 participants in this study. The median (25-75 percentile) age in these participants was 29.0 (26.0-36.0)
years. This sample consisted of 65 men and 61 women. The median MEQ value was 53.0. We defined morning
type as participants with MEQ scores > 53.0 (n=69) and evening type as participants with MEQ scores < 53.0
(n=57). There were no significant differences in age and gender between morning and evening type individuals.
The MEQ scores of evening type individuals were significantly lower than that of morning type individuals
(evening type, 47.0 (42.0-50.0) vs. morning type, 57.0 (55.0-62.0), p < 0.001) (Table I).

Table 1. General characteristics.

Morning type Evening type p - value
(n=69) (n=157)
Age (years)? 31.0(27.0 - 37.0) 29.0 (26.0 - 34.0) 0.136
Genger (Men/Women)® M41/ W28 M24/ W33 0.053
MEQ (scores) 57.0 (55.0 - 62.0) 47.0 (42.0 - 50.0) <0.001™

All values expressed as median (25 - 75 percentile). ** p < 0.01 by using Mann-Whitney U test? and y*-test®.
MEQ, the Morningness-Eveningness Questionnaire

Table II shows the comparison of sleep variables, sleep quality, and HRQOL between morning and evening
type individuals. In sleep variables, the sleep onset/offset times were significantly later in the evening type
compared to the morning type individuals (sleep onset time: evening type, 0:15 (0:00—1:00) hrs vs. morning type,
0:00 (23:00-0:10) hrs, p = 0.019; sleep offset time: evening type, 6:45 (6:20—7:00) hrs vs. morning type, 6:00
(5:30-6:30) hrs, p < 0.001). The PSQI-J score was significantly higher in evening type than in the morning type
individuals (evening type, 6.0 (4.0-7.0) vs. morning type, 4.0 (3.0-6.0), p = 0.038). In the SF-36v2, the RCS
scores of evening type individuals were significantly lower than those of morning type individuals (evening type,
48.3 (37.4-55.0) vs. morning type, 51.8 (45.6-56.6), p = 0.043). The other variables were not significantly
different.
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Table II. Comparison of sleep status and health related quality of life between Morning and Evening type.

Morning type Evening type p - value
(n=169) (n=157)
Sleep variables
Sleep onset time (h:mm)® 0:00 (23:30 - 0:10) 0:15 (0:00 - 1:00) 0.019"
Sleep offset time (h:mm)? 6:00 (5:30 - 6:30) 6:45 (6:20 - 7:00) <0.001™
Total sleep time (h)? 6.5(5.5-6.8) 6.5(6.0-7.0) 0.135
PSQI-J (scores)? 4.0(3.0-6.0) 6.0(4.0-7.0) 0.038"
SF-36v2
PCS (scores)® 57.1+£6.4 57.6£6.1 0.668
MCS (scores)? 49.1 (45.5 - 54.1) 49.6 (42.7 - 52.8) 0.654
RCS (scores)? 51.8 (45.6 - 56.6) 48.3 (37.4 - 55.0) 0.043"

All values expressed as mean + SD or median (25 - 75 percentile). “p < 0.05 and ** p < 0.01 by using Mann-Whitney U test®
and two sample t-test”. PSQI-J, the Japanese version of the Pittsburg Sleep Quality Index; SF-36v2, the Japanese MOS
Short-Form 36-Item Health Survey ver2; PCS, Physical component score; MCS, Mental component score; RCS, Role-social
component score

We also compared sleep variables and HRQOL of both type of individuals in the early working conditions
and normal working conditions. Table III shows the comparison of sleep variables and HRQOL in morning type
individuals. Among the morning type individuals (n=69), 37 participants worked under early working conditions
and 32 participants under normal working conditions. The workers who worked under early working conditions
had a median age of 32.0 (29.0-36.0) years old, included 22 men and 15 women, and had a median MEQ score
(25-75 percentile) of 58.0 (56.0—62.0); while the workers who worked under normal working conditions had a
median age (25-75 percentile) of 29.0 (25.0-39.3) years, included 19 men and 13 women, and had a median
MEQ scores (25-75 percentile) of 56.5 (55.0-59.0). The age, gender, and MEQ scores were not significantly
different in the two conditions. In sleep variables, the sleep offset time of individuals working under early
working conditions was significantly earlier than those under normal working conditions (early working
condition, 5:54 £ 0:43 hrs vs. normal working condition, 6:24 + 0:43 hrs, p = 0.006). There were no significant
differences in PSQI-J and SF-36v2 scores between the two conditions.

Table III. Comparison of sleep status and health related quality of life in Morning type.

Early working condition Normal working condition p - value
(n=37) (n=132)

Age (years)? 32.0(29.0 - 36.0) 29.0 (25.0 - 39.3) 0.563
Gender (Men/ Women)® M22/ W15 M19/ W13 0.994
MEQ (scores)” 58.0 (56.0 - 62.0) 56.5(55.0 - 59.0) 0.116
Sleep variables

Sleep onset time (h:mm) 0:00 (23:00 - 0:00) 0:00 (0:00 - 0:30) 0.055

Sleep offset time (h:mm)” 5:54 £0:43 6:24 +0:43 0.006™

Total sleep time (h)° 6.2+1.0 6.3+1.0 0.593
PSQI-J (scores)” 4.0(3.0-5.0) 452.8-7.0) 0.589
SF-36v2

PCS (scores)? 57.0+7.4 57.2+52 0.900

MCS (scores)? 48.5 (45.3 - 53.8) 49.9 (46.4 - 55.0) 0.427

RCS (scores)? 50.8 (46.1 - 57.6) 51.8(45.2-55.7) 0.674

All values expressed as mean = SD or median (25 - 75 percentile). **p < 0.01 by using Mann-Whitney U test?, y*- test” and
two sample t-test”?. MEQ, the Morningness-Eveningness Questionnaire; PSQI-J, the Japanese version of the Pittsburg Sleep
Quality Index; SF-36v2, the Japanese MOS Short-Form 36-Item Health Survey ver2; PCS, Physical component score; MCS,
Mental component score; RCS, Role-social component score
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Table IV shows the comparison of sleep variables and HRQOL in evening type individuals. The evening
type individuals (n=57) consisted of 28 participants working under early working conditions and 29 participants
under normal working conditions. Those working under early working conditions had a median age of 28.5
(25.8-34.3) years, included 10 men and 18 women, and had an average MEQ score of 44.5 + 5.5; while those
working under normal working conditions had a median age (25-75 percentile) of 29.0 (26.0-33.0) years,
included 14 men and 15 women, and had an average MEQ score of 46.7 + 4.4. The age, gender, and MEQ scores
were not significantly different in the two conditions. The sleep onset/offset times of those under early working
conditions were significantly early compared to those under normal working conditions (sleep onset time: early
working condition, 0:00 (23:22—-0:30) hrs vs. normal working condition, 0:30 (0:00—1:00) hrs, p = 0.003; sleep
offset time: early working condition, 6:31 £ 0:45 hrs vs. normal working condition, 6:52 =+ 0:28 hrs, p = 0.045).
The PSQI-J scores of those under early working conditions were significantly higher than those under normal
working conditions (early working condition, 6.2 + 2.4 vs. normal working condition, 5.0 = 2.1, p = 0.047). The
other variables of SF-36v2 did not differ significantly.

Table IV. Comparison of sleep status and health related quality of life in Evening type.

Early working condition Normal working condition p - value
(n=28) (n=29)
Age (years)? 28.5(25.8-34.3) 29.0 (26.0 - 33.0) 0.707
Gender (Men/ Women)® M10/ W18 M14/ W15 0.337
MEQ (scores)® 445+55 46.7 £ 4.4 0.096

Sleep variables

Sleep onset time (h:mm)® 0:00 (23:22 - 0:30) 0:30 (0:00 - 1:00) 0.003*

Sleep offset time (h:mm)°) 6:31 £0:45 6:52 £0:28 0.045"

Total sleep time (h)? 6.5(6.4-17.0) 6.3(5.8-7.0) 0.093
PSQI-J (scores)” 62+24 5.0+2.1 0.047"
SF-36v2

PCS (scores)® 58.7+6.6 56.5+5.5 0.163

MCS (scores)? 49.3(37.7-51.8) 50.2 (43.6 - 53.1) 0.444

RCS (scores)? 43.7+11.8 48.3+9.6 0.115

All values expressed as mean + SD or median (25 - 75 percentile). *p < 0.05 and ™ p < 0.01 by uing Mann-Whitney U test?,
- test? or two sample t-test). MEQ, the Morningness-Eveningness Questionnaire; PSQI-J, the Japanese version of the
Pittsburg Sleep Quality Index; SF-36v2, the Japanese MOS Short-Form 36-Item Health Survey ver2; PCS, Physical
component score; MCS, Mental component score; RCS, Role-social component score

DISCUSSION

In this study, we found that later the sleep onset/offset time, higher the PSQI-J scores and lower the RCS
scores of SF-36v2 in evening type individuals in comparison to the morning type. Moreover, in the comparison
of impact of working conditions on each type of individuals, we found no significant difference in sleep quality
and HRQOL among morning type individuals under early and normal working conditions. On the other hand,
poorer sleep quality, indicated by high PSQI-J scores, were observed in evening type workers under early
working conditions than in those under normal working conditions. Moreover, the sleep onset/offset times of
evening type workers under early working conditions were earlier than that of evening type workers under
normal working conditions.

In the first part of the study, evening type workers went to sleep later (later sleep phase) and had poorer
sleep quality compared to morning type workers. These results correspond with previous studies that revealed
that evening type individuals had poorer sleep [28,33,35] and a later sleep phase [19] compared to morning type
individuals. Additionally, the RCS scores of SF-36v2 of evening type workers were significantly low compared
to morning type workers in this study. The RCS score is thought to define the social relationship of HRQOL,
because RCS is the summary score associated with subscales of physical role, emotional role, and social
functioning of SF-36v2 [23]. Therefore, we clarified not only the association between chronotype and sleep

v



THE INFLUENCE OF CHRONOTYPE AND WORKING CONDITION

quality but also the association between chronotype and the social relationship of HRQOL. Also, previous
studies had reported an association between evening type and depression [1,2,13,25]. The poor sleep quality or
low HRQOL of the evening type workers in this study might be related to the prospective risk of depression;
future studies should clarify the existence and extent of this association.

In the second part of the study, morning type workers under early working conditions had no difference in
sleep quality and HRQOL compared to those workers under normal working conditions. In contrast, evening
type workers under early working conditions had earlier sleep phases and poorer sleep quality compared to those
under normal working conditions. This poor sleep quality in evening type workers under early working
conditions might be due to the social jet lag caused by the time lag between evening preference of evening type
workers and the earlier sleep phase of early working conditions. Social jet lag is the misalignment between
individual chronotype and one’s social schedule specified by school or work [30]. Evening type individuals, in
particular, commonly experience social jet lag because they prefer to be active in the evening phase according to
their biological rhythm but they are forced to work during the early phase on working days. Juda et al. reported
that social jet lag was associated with sleep disturbance in shift workers [10]. Additionally, social jet lag is
associated with obesity [21] as well as the risk of cardiovascular diseases [22] and metabolic syndrome [18].
Thus, the social jet lag of evening type workers under early working conditions might be associated with future
diseases. However, the early working conditions, which include the early work start time and decreased long
working hours at night, are thought to be effective for decreasing the number of long working hours [16]. The
morning type workers under early working conditions had no problem with sleep quality and HRQOL because
their early sleep offset time matched their chronotype, while evening type workers under early working
conditions had poor sleep quality. Therefore, taken together, this fact suggested that it is important to consider
workers’ individual chronotype when new working styles are introduced.

This study has some limitations. First, we did not evaluate objective sleep status by using sleep devices like
Actiwatch. Nevertheless, PSQI-J is a very popular method for evaluating sleep status and its reliability and
validity have been established [4]. Secondly, we did not evaluate the working variables (clock in/out time and
working hours) since this study focused on sleep status of workers engaged in different working conditions.
Future studies should examine other working variables to offer detailed discussions on how working style
influences workers’ sleep. Although this study had some limitations, it is the first of its kind to show the
association between sleep and HRQOL in both morning and evening chronotype workers who are working under
both early and normal working conditions.

In summary, based on the results of our study, we observe that evening type workers had poorer sleep status
and lower social relationship scores of HRQOL compared to morning type workers. Further, evening type
workers under early working conditions had poor sleep quality. Therefore, our study suggests that in order to
improve each worker’s health, his or her working condition should be suited to his or her individual chronotype.
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