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Health in a 24-h society

Shantha MW Rajaratnam, Josephine Arendt

With increasing economic and social demands, we are rapidly evolving into a 24-h society. In any urban economy,
about 20 of the population are required to work outside the regular 0800-1700 h working day and this figure is likely
to increase. Although the increase in shiftwork has led to greater flexibility in work schedules, the ability to provide
goods and services throughout the day and night, and possibly greater employment opportunities, the negative effects
of shiftwork and chronic sleep loss on health and productivity are now being appreciated. For example, sleepiness
surpasses alcohol and drugs as the greatest identifiable and preventable cause of accidents in all modes of transport.

Industrial accidents associated with night work are common, perhaps the most famous being Chemobyl, Three Mile
lzsland. and Bhopal.

[ancet 2001; 368: 9991005

Cantre for Chronobiology, School of Biomedical and Life Sciences,
University of Surrey, Guildford GU2 TXH. UK (S M W Rajaratnam Fno,
Prof ) Arendt Phoj

Comespondence to: Prof Josephine Arendt

{e-mail: j.arendt@sumey ac.uk)
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Map showing economic costs of insufficient sleep across five
OECD countries

Jess Plumridge/RAND Europe
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https://www.rand.org/randeurope/research/projects/the-value-of-the-
sleep-economy.html
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\.-»LNATIONAL SLEEP FOUNDATION

SLEEP DURATION RECOMMENDATIONS

INROWREIRRGRE (B0RE)

IR (4127 A) 12-16KfH

1-25% 11-148FH
3-5m% 10-13H[H]
7 6-127% 9- 128 ]
13-185% 8-10MFfH]

: Paruthi S, et al.: Recommended

t ' ’ 1 Amount of Sleep for Pediatric

" Populations: A Consensus

) N%RN mfﬁrm mgm mﬁfgﬂm S%Hgfe TN voweaour  aour  owesou Statement of the American

e Academy of Sleep Medicine. J Clin

Sleep Med, 2016;12:785-786.

SLEEPFOUNDATION.ORG | SLEEP.ORG

Hirshkowitz M, The National Sleep Foundat

sleep time duration recommendations: methodology and results summary, Sleep Health {2015),
hllp:_.{,."dx.dr:j.nrg b.fJ sleh.2 4
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Impact of sleep debt on metabolic and endocrine function

Summary

Findings Glucose tolerance was lower in the sleep-debt

Background Chronic sleep debt is becoming increasingly __ condition than in the fully rested condition (p<0-02), as were

common and affects millions of people in more-developed
countries. Sleep debt is currently believed to have no
adverse effect on health. We investigated the effect of sleep
debt on metabolic and endocrine functions. '

Methods We assessed carbohydrate metabolism, thyrotropic
function, activity of the hypothalamo-pituitary-adrenal axis,
and sympathovagal balance in 11 young men after time in
bed had been restricted to 4 h per night for 6 nights. We
compared the sleep-debt condition with measurements taken
at the end of a sleep-recovery period when participants were
allowed 12 h in bed per night for 6 nights.

thyrotropin  concentrations  (p<0-01). Evening__cortisol
concentrations_were _raised (p=0-0001) and_activity of the

-SYmpathetic nervous svstem was increased in the sleep-debt
condition (p<0-02).

Interpretation Sleep debt has a harmful impact on
carbohydrate metabolism and endocrine function. The effects
are similar to those seen in pnormal ageing and, therefore,
sleep debt may increase the severity of age-related chronic
disorders.

Lancet 1999 354: 1435-39
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Figure. Antibody Titers at Baseline and 10 Days Following Influenza Vaccination

Sleep Deprived Subjects (n=11) Control Subjects (n=14)
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ARCHIVES OF

O 1: Arch Intern Med 2008 Jan 12;169(1):62-7. ¥ INTERNAL MEDICINE Links

ed. 2009 Jan 12;169(1):62-7. Sleep habits and susceptibility to the common cold.

Cohen 5. Dovle W1, Alper CM, Janicki-Deverts D Turner BB

Department of Psychology, Camegie Mellon University, Pittsburgh, PA 15213, USA. scohen@@emu edu

BACKGROUNL: Sleep quality is thought to be an important predictor of immunity and, in tumn, susceptibility to the
common cold. This article examines whether sleep duration and efficiency in the weeks preceding viral exposure are

associated with cold susceptibility. METHODS: A total of 153 healthy men and women (age range, 21-55 years)

volunteered to participate in the study. For 14 consecutive days, they reported their sleep duration and sleep
efficiency (percentage of time in bed actually asleep) for the previous night and whether they felt rested. Average
scores for each sleep variable were calculated over the 14-day baseline. Subsequently, participants were quarantined,
administered nasal drops containing a rhinovirus, and monitored for the development of a clinical cold (infection in
the presence of objective signs of illness) on the day before and for 5 days after exposure. RESULTS: There was a
graded association with average sleep duration: participants with less than 7 hours of sleep were 2.94 times (95%
confidence interval [CI], 1.18-7.30) more likely to develop a cold than those with 8 hours or more of sleep. The
association with sleep efficlency was also graded: participants with less than 92% efficiency were 550 times (95% CI,
2.08-14.48) more likely to develop a cold than those with 98% or more efficiency. These relationships could not be
explained by differences in prechallenge virus-specific antibody titers, demographics, season of the year, body mass,
socipeconomic status, psychological variables, or health practices. The percentage of days feeling rested was not
associated with colds. CONCLUSION: Poorer sleep efficiency and shorter sleep duration in the weeks preceding
exposure to a rhinovirus were associated with lower resistance to illness.
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Science. 2009 Sep 24. [Epub ahead of print] Amyloid-{beta} Dynamics Are Regulated by Orexin and the
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Convective glymphatic fluxes of CSF and ISF propel the waste products of neuron
metabolism into the paravenous space, from which they are directed into lymphatic vessels
and ultimately return to the general circulation for clearance by the kidney and liver.

Nedergaard M. Science 2013 340 (6140) 1529-30.
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Short sleep duration is
associated with
reduced leptin,
elevated ghrelin, and
increased body mass
index.

PLoS Med. 2004
Dec;1(3):e62.

gg -
o1 L1
£ 8
w
B
= -
§ bEs i
£
= E - . .
E e [347) fu2p
1653
E -
T T T T
B T i 4
Average nighly sieep {Hvs)

Figure 2. The Relationship between BMI and Average Nightly Sleep

Mean BMI and standard errors for 45-min intervals of average nighty
sleep afier adjustment for age and sex. Average nightly sleep values
predicting lowest mean BMI are represented by the central group.
Average nightly sleep values outside the lowest and highest intervals
are included in those categories. Number of visits is indicated below
the standard error bars. Standard errors are adjusted for within-
subject correlation.
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Greer SM, Goldstein AN, Walker MP. The impact of sleep deprivation on
food desire in the human brain.Nat Commun. 2013 Aug 6:;4:2259.
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Short sleep duration is
associated with
reduced leptin,
elevated ghrelin, and
increased body mass
index.

PLoS Med. 2004
Dec;1(3):e62.

gg -
o1 L1
£ 8
w
B
= -
§ bEs i
£
= E - . .
E e [347) fu2p
1653
E -
T T T T
B T i 4
Average nighly sieep {Hvs)

Figure 2. The Relationship between BMI and Average Nightly Sleep

Mean BMI and standard errors for 45-min intervals of average nighty
sleep afier adjustment for age and sex. Average nightly sleep values
predicting lowest mean BMI are represented by the central group.
Average nightly sleep values outside the lowest and highest intervals
are included in those categories. Number of visits is indicated below
the standard error bars. Standard errors are adjusted for within-
subject correlation.


http://www.ncbi.nlm.nih.gov/sites/?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15602591&ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

HE ERERCSETRORMR

o I

Bie g
L A . .
‘1.5.. ____________________________________ L —————— = ——
1.41
1.4}-------- e
1r3..___ _____________ o e e T T o o s e e =

10| 119

A k==

1.0

SR 4BSRY SRS 6RRE 7EE 8B ORR 10ﬁjf:f'n‘l
Ll

Wil : Arch Gen Psychiatry 59 : 131-136, 2002

i
iR

5
=
B



CCTh o EEBE L B

MJJ'




HEII B 75D EE TIX
EFoizbay be—LTEERA,

ERMEDAF — N TFTA VTS E
DIER P& PEXTADI1IXIES5 LTTLEY?

HRTEBOBIC (8T et Liedb
DS P E P& LEDOTIRD Y A,

(ENPT EATRBIRD Y T ?

B BHRESD & H RO Z T,
I FEVEBICHET 06T,




B MiX24EEE V2 B [FE T
1 NG AP ‘J*“‘/ F iy,

SEe iy X P
BRI < RREMRE & . mITE< E'JB'EE.@*EP% EBRHYET,

BiE@< MR | REKEISRMEE
Mg | ESES po<Y
m& |Mx+rmeA Bl HIE RS
2H |IX e /1>

t MI2UFERWSHBFEI CICEBIWTWA e Ry F TRV TY,



BRRIEEER"Y) X L (BEERE - EEE 12|5,m~7|'\ b%/)@*EEEEH?F

——SHE—Uights O Ei3 O =]
|5 e il
| |
= ) b 8 b v : &5 weataar Arme——
'3 | SR St
= i ! |
F@_ AL 'h:' ._.... £ w.n' ‘ | !
ﬁsm ) e G i Lt I_
37.5 ’ | i
! | i .
_ -1 I S— I - ._I...
4 8 12 16 20 10 4 i 12 i o 24
\/\ Time Elapsed (hr) Time Elapsed (he)
24 (r¥al) 17 - Hydroxycorticosteroids in Plasma  ( [ff]
40 =h
| =
0 =
i l
—40 ..._l | bpic] A1 LY | _i_[_.l | *,\

17 - Hydroxycorticosteroids  (

TUTITETTH

TTRERLEY ._
i, L LR (SERasssEosR) |||
BEIR T/ U LLER (YyRYEST, el 1=iels)
12 18 0 6 12 (B HOHR) 8 12 16 20

Eﬁw%-csjﬁngétﬁrﬂﬁloﬁwiwﬂ#%l_‘i :UIITJXTDJI‘G) H W%EJ

BEEM24RRISVEIN  wmd sHIREGBRILEY



¥4 X L (BRER - E.EE ﬁs,m 7|'\)L=E‘/)0)$EFLEEH?§

& i .
=~ ]
L ég'* ,'f’&
1 T

AT :
1]'_ s ?&i}’l’_ﬁ Y 2, 10.0
T e :

L)

&= (C)

=~
é‘i?iﬁ')x.h"énﬁﬁﬁbfb\éd)b\
'Céj'o 9t

36.

mq:Tfm }Q i %Hyd syosiisEEToids (
ke o o |
ThHERLEY L ‘ l [ ‘ ‘ : ‘
VL LA (BERLGMRLFEOSR) | =
BRER T/ Y LLER (FYyRYERST, | BT
12 18 0 6 12 (B3 SHOKR) 8 12 16 20 24 4 .

DR CRMMBRI0 DERBEE 0 O T

BEEM24RRISVEIN  wmd sHIREGBRILEY



[ERFURETREICSHS

ABDEFUZ LEIYNO—)LUT DRSS, 185 245KH109
DY AT IWICEST D ZDIHBOBRER %H\ B, KB

DHERE TR T LI O>TEKVALZ 1H2465E) (<58
BLTWD,

1RER

B/ICHEBEATH
pEIBESE D,

=DM
%

RN L FREFET
FHd EHIVILDOE
5, ERRERE. FR.
RILELDRBIX L
EICA5Y3

NEWSWEEK 1998. 9. 30



EARFETDMEE

o« FEHEIN24FRE LY PR,

« DX (RIBEFRED L) TREMNELILZEST,
IKDEFZIES D,

« DI (KB RAIDI) ITIXEMREETOFEEA
ZRIEITBENHD,

« BBk TELTICIX. BIRZAV T, &IX
E<LTHLIZENKYD,




®REE (BWEF)

R

BETIE- - - -

Giannotti © (2002)

13V T7DERE 6,631A

FAEANELS, BHERELS, 15147 L0F L,

Wolfson 5 (2003)

FHET,

Gau i (2004)

BEDA~8FE 1,572

moodiness (R L=, o5, F#E) LOBEENRBEFTRH
LY,

JREEX (2004)

BHDFEFEE 613N

ELRAT) & T41545] OHEENTES,

Caci B (2005)

TIVADEE 552N

ESULNEIEEFEEMTELY,

GainaA  (2006)

EWLDRFE 638A

AERES., SEEFRRE., HAORS0OES. BHOES LEE,

IARC (EIBRHY A B TR HRSE)
2007

HENAEEDBEEE TR,

Gau » (2007)

BEDI2~13m% 1,332A

T89L - BEECOMERNE <. BRER., EVEKEFLS
LY,

Susman i (2007)

KED8~13m 111A

BRTR#2MTE., HAER, TEICETSHE,. THE
BEHEL, TRIIMEMHLEET S,

Yokomaku © (2008)

HIAZBD4~6m% 1384

FREITEIAYE % & FIREM,

Osonoi © (2014)

DNEREBZBELEVER

friEfERs. M. HbAlcfiE. ALTAYE{E THDLAMEE

AR 2RI R 5 B 1254
Schlarb & (2014) - INRRUBEHORH T, BROHESI-HESNOT <.

BEEORARMTRIZELC LT,




(E3-310ECD N EE O Ffh & Eth

B THa, ﬁt 1Tl ‘55/: Lo TS HEA

| -

= B BREENTRIZEEA DS

wE & ESOBNHRI-HS

T 29

(E3—4) 5= 2= 5% 5 7 5h E 00 S5 18 2= BE 4% o0 I = 00 25 28

10
13 3

14 .5 L 7%

18
o |

[rEEES L —ERFERNICHEENENGLDGDPEEAHT HETRT
#6848, OECD (Organization for Economic Cooperation and Development,
BHE DR EE) MBEHEDOFEHLUT 7 (ERAERS R AV )

SEE214L, E7 SEX1970F L —
nagprnECSITORAR T ke et B R



Y EHA
o WAL= FELGWNENFRBLEGEN =D THE-T-,

— ENHMDITH

o Y AILHETL. ; FRIRYZLE=MoEITT-,
RUTIHVEIRRE, EEBYT. EXHICETHE. RIFETHEHTT .

ISESISERICATIIRS., LSS PEDESAH#TIEHRS
TIMoBEIDHEFIERICHEF T, ROBMEFIEXRICAFTIX?
[ FHRRITETHAEEH- T, BLERREICHLAAEEDEBBL 1IEVSRAE?

BHRINEKICREITI=HADBEFRILT=,
[BRFOHZ ; HeMY 2N EEEFRINGT , |
X1ERINE D EEHF 1.
[ B XLhAIDMSESIREHINIE.
TSEMINERE NN EE (BBREER).,




BAESTUORR WD H OB BEE L. Bl

ﬁ‘&ﬁ;%ﬁﬁﬁ)l&ﬂﬁfénf.:L\‘CLH%:hi;I:#Ehh&LH
TEVTUNIERIEB TRLEVL VT B AL b,
TALZE . BEOMODTIILHIT L, IThE,
THhHESILE? A2-MEZFZ 5. HHERIIEK
DO9% . LWL EERIIE, BTLLLB, AT,
Do, EARE.BIRRBEZELAT.AETLRE.25,

ZOHETOEHTEREAA.ZDS5FXTOHondaziBA A,

72HA DY

HONDA

The Powear of Dreams

—DILE
[ZHHLD
Haet
BEDAL
iElE2<
DOEAEAN
NXIFE
A YA
D TIE%:
LVTL&ES
)
Rt m
mw@ﬁ




Fou® |
DGRSHA |

HEATRSUMAY NN SH .7

SNl A w o]

2456, B D FEOYZERYBGITAIAIRE . WEXDHEBAVERTNDE, TALGAA—UNENA TS, MMER -BEEF, B
ZOHEY(E, BFICEHTHHBONE. BRZBA THERTSRFORITERIC, DET 7o TTERYEIT S, HIISEISEE
BNDZA—ATRATHEFIV) . BHIFBEE TR ORHERZNKT 5. [KICBFSLWVTUTTEEROT, #iioT
WELHLLWERRZEREELEIT=VATYT] SELEXE, HKERDOHHIT TS,

FlIzE88v—FHI)X L B ITEE ALY,
REAMORAAREKFETER 2012411 A30H




Fou® |
DGRSHA |

HEATRSUMAY NN SH .7

SNl A w o]

248508, R DFEDHYZRIVHGITAIALEE, MEXDLEESVER TS E, TALBAA—DRBMAUTLS, RRER - EBEXEF. |
ZDHEYE, #FICEETIHFDOHE, EFEEZEI THERITIRFOZIIERIC. RFET7oTTERYERIT S, SXOEICEE
BN A —RATRATIBEFIVI, RLIEBEETHEN ORAFEREZIRT S5, HICH2LLWVZUTTEE-T, HLFE-T
WELFLLVRRZERELBIT-WATYT ] SELRKIE, thBkE R OH$ET TS,

FlIzg8AY—TF VR L B ITEE ALY,
REAMORFAFRAKTFHER 2012511830










BHE, FOBE, BELE,




BENSFERET D

Self-Medication

e g




2011£|51HZ7EI 7




XEEM2013FHBTIIR—IU M5
(BEHEHEAS

LT EIZIK*'“) H—FEERNDDH

FE—F, BEE—)1/4

EI:F %;—C *E-mﬁ%—iﬁﬂg E*Z-':sﬁ
HICBITHBARDMBHEERIC OV TERLT-

WATY  F2EAIEXKEY A ZIEEREDF
Y—I)LX AR BEE—ERODETH

=BT &I
MHEEE
T=

O TEHTEEDHAID B ]
=6% ? ITL



XEEI2013F£6ABIIR—IUHDS
(RREHERFFEE BARB)—SF—(ILEEBRNSIDH
HBE—F, MFEE—)2/4

¥ TCC.EEBRREBEWRTEMIC. BRIZHITAEADHE

BRI DOWVWTERBLIZWATT , F=EAIXKEV A IETTRED
Fr—IILX AR, BEE—FREOSTHERMEIZHNH T
SO EEDHRADERINMEER-BIILLALEETEIT N ? ]
TL=. SHAENEW=ELD(Z. LDIFFABEN=(XK), [1EH
s7)“)jJAld:;’)L\’);t’EIL.\@ETéUDb\Jt b\hgliﬁ;ﬁﬂikyé
SHICEWVNWTERIZHLE D ELE=DITTT 12, ECADCHLH
KIZWEZWIEIZOS, WEDFmREDHBELULIEIZAS ., BETLY
HIGETIEBW LY ESIZEERLGRE o=, BHRIZHT S
REAINED, ELLLGOI=EESRBFABREZEZZ D FHHIRE
[ZHE<HME, REGELNTT,




RN ERIE

« BLEC PN
[ BowE, BLLTHZS T s
BEE TR

/ g “'"\
s \

v
/ﬁxmﬁ\
Z#M&‘F
." ﬁ'lﬂﬁﬁljﬂy \) R

\ REIET
~ / I \ // N

() P

KT

SN

CHARE O




=V N E Yt JP= Sl A= Fa

MIT Té)ﬁﬁV DEN,

s BAREIXARDLE,

« IROHITTE 5*’(373%)373737‘. 5 DHADFE
ICHZMEIT. BREL TR ARZEI LTS,

. E’W’E E'C:I/F — LT A EITEIE,
« B DEAERZXKEFEIZLTLIZELY,

s RUEITGEATHOFIRIC, ERNEHRESE
EEEMOBYEIE T T LCLEELY,




FrfE (XA R

s RoNT=RTITH/ICELIEGLZ,
s EMNIRTEATHLTEEIT 2EIY,

« EHMZEEBLATREEZEZLTH. XFED
TEIXELONFE A,

- [RYDEBERIRLZS LYUEITT!




TA T === U\5

« ENIET.BXRT. HBLT. FLTCHIZEREFHEEE

’é BOENTELLE, INOBAEDFEN
BRITHEDENY,

» THEMESTHHRK[ZA T ILTIES A,

¢+ RGO BEAHLMBYFEE A,

FET D




¥ : § ARE SNAKES™!
ARGl A=E ! ? s *
« XYISYTHDOERERE; »
1700 — BB E(T31.9%
(189 A E H234i, HAIZ4.5%1661i)

AFA =T H—bREt.
MoK
BAEIIZKEES?

B, HEE OB, BEGLL, WOl Rl
HHWBPEEKIN 2 YE L) B AT X305,
BN DBMMR: ssran

—_— e e e e e

EFNVIZBIREIS-1-8BET S (RLEETI55 . RiThIF285/
[ZEF)  HTIEREEL ., REGELEMALTLT, ADDE-ARITES
N DHRTRENMENCoOTYERAEGN, EFNVFTESEK, AED
WENS IEBELTMADEN, EF NV RIRBEB S -0 DBE
[CBRIZHE-TLEDTESS,




LR P2V F | HEDRD K- TRALE

. . CDB, flkh, Al
il 1 7 4 LWEBHA] 3o rh G e, ELTERP G AR, FTATINROAR

Dr.Kohyama
Official Web Site

http://www.j-kohyama.jp

VDL, ARG, A%
hoTA=9A PROF I LE L=k - RE SELEDYE

New Afrival Report S

2008/07/24 + {LF 1| V75 |4 T o0am i

2008/07/22 + UE &3 S-S Ee

2008/07/17 + SR vs R

2008707710 + Bt &g Uiz E =30 (Biological clock-oriented lfe stvia)
2008/07/03 + EA-UEEEHME SR TS

DY - g gl

DL n TR At Ch, M xm i Lok B3 LT R
Short Message & Column (3 sx WEOT g — b A b e
2008/07/24 MEERHET

2008/07/25 AT« FEREF AR TEC o TRES
200B/07T/22 D ZFIAE 04 G




