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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
lsland. and Bhopal.

Lancet 2001; 358: 9921005

Centre for Chronobiclogy, School of Biomedical and Life Sciences,
University of Surrey, Guildford GU2 TXH. UK (S M W Rajaratnam eno,
Prof J Arendt eho)

Cormespondence to: Prof Josephine Arendt

{e=mail: jaarendi@sumrey ac.uk)
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Map showing economic costs of insufficient sleep across five OECD

countries
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“difficulty in getting out of bed” & “disability in the
morning” MNFCHE S LTV,

ODIZRIT D [HEE 5 Z LN TE ARV VTR
(difficulty awakening) TiL72 <, “difficulty in getting out
ofbed” T2 LEKRNODOEEZ LY OREETH 51T

T,

Major manifestations
A: Susceptibility to vertigo and dizziness on standing
B: A tendency for fainting in the standing position, which in
severe cases leads to fall
C: Nausea on taking a hot bath, or on encountering unpleasant
experiences
D: Palpitation and/or dyspnea after mild exercise
E: Difficulty in getting out of bed
Minor manifestations
A: Pallor
B: Anorexia
C: Occasional umbilical colic (severe abdominal pain)
D: Fatigability
E: Frequent headache
F: Motion sickness
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Impact of sleep debt on metabolic and endocrine function

Summary

Background Chronic sleep debt is becoming increasingly __

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.

Findings Glucose tolerance was lower in the sleep-debt
condition than in the fully rested condition (p<0-02), as were
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 normal ageing and, therefore,
sleep debt may increase the severity of age-related chronic
disorders.

Lancet 1999 354: 1435-39
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Science. 2009 Sep 24. [Epub ahead of print] Amyloid-{beta} Dynamics Are Regulated by Orexin and the Sleep-Wake Cycle.
Kang JE, Lim MM, Bateman RJ, Lee JJ, Smyth LP, Cirrito JR, Fujiki N, Nishino S, Holtzman DM.
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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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Sleep habits and susceptibility to the common cold.

Cohen 5 Dovle W], Alper CM, Janicki-Deverts D Turner BE.

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

BACKCROUNIY. Sleep quality is thought to be an important predictor of immunity and, in turm, 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 thedr sleep duration and sleep
efficiency (percentage of time in bed actually asleep) for the previous night and whether they felt rested. Averape
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 praded: participants with less than 92% efficiency were 5.50 times (95% CL
2.08-14 48) more likely to develop a cold than those with 38% or more efficiency. These relationships could not be
explained by differences in prechallenge virus-specific antibody titers, demographics, season of the year, body mass,
socioeconomic 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 liness.
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Short sleep duration is
associated with reduced leptin,
elevated ghrelin, and increased
body mass index.
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e
‘E L

o _
= o
L
= .
= -
. —
E {230} . - T
i [
= : 1 L
< = [34T) (121}

53]
#
B T ) 4

Aserage nightly sleep brsd

Figure 2. The Relationship between BMI and Average Nightly Sleep

Mean BMI and standard ervors for 45-min intervals of average nightly
sleep after 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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Van Dongen HPA, Maislin G, Mullington JM, Dinges DF. The cumulative cost of additional wakefulness: dose-response effects on neurobehavioral functions and sleep physiology from chronic sleep
restriction and total sleep deprivation. SLEEP 2003;2:117-126.
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Figure 2. The Relationship between BMI and Average Nightly Sleep

Mean BMI and standard ervors for 45-min intervals of average nightly
sleep after 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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Figure 2. The Relationship between BMI and Average Nightly Sleep

Mean BMI and standard ervors for 45-min intervals of average nightly
sleep after 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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