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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 0B00-1700 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.

Lancet 2001; 368: 999-1005

Centre for Chronobiology, School of Biomedical and Life Sciences,
University of Surrey, Guildford GU2 TXH, UK (S WM W Rajaratnam eno,
Prof J Arendt pho)

Cormmespandence to: Prof Jossphine Arendt

{e-mail: j.arendt@sumey _ac.uk)
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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.

BF—LIF+HGEREZERNIETILINAI—DRIENENZIIE

S ICIE > TRELPT LINE



= I

re R

TIIF7TaVDV AT LR 2

F—:ﬁ'm

CSFinflux —— .

Meuron -

Para-
arterial

spdace

ACP4

e ! v A R AF-FF el Y s a
Astrocyte .~ e = (o, 5wl vl S / "ﬁ* a Para-
vascular | § . i P By : Tl J _ venous
endfeet * aefflux

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 cald. 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 iliness) 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 efficiency was also praded: participants with less than 92% efficiency were 5.50 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 varables, 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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e Academy of Sleep Medicine. J Clin

Sleep Med, 2016;12:785-786.
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Hirshkowitz M, The National Sleep Foundation’s sleep time duration recommendations: methodology and results summary, Sleep Health (2015),
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GUIDELINES ON
PHYSICAL ACTIVITY,
SEDENTARY BEHAVIOUR
AND SLEEP |FOR CHILDREN

UNDER 5 YEARS OF AGE

{78 World Health
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*r*gba

GOOD QUALITY SLEEP

hours

{03 mondths of age)

12'16 hours

(4-11 months of age)

1 ff;ﬁﬂ&ﬁ PHYSICAL ACTIVITY SEDENTARY SCREEN TIME

at least
minutes

C)

minute

SEDENTARY SCREEN TIME

-

no (1 year of age) hours
=60 minutes
{2 years of age)

GOOD QUALITY SLEEP
— \’ -)

( Vv %ﬁ
=t 60 10-13

than Minutes hours

GOOD QUALITY SLEEP
= .)
O mi

at least
minutes

SEDENTARY SCREEN TIME

3-45 PHYSICAL ACTIVITY

(N }
180

minutes

nfﬁkh
— 60 minutes
moderate to vigorous

S5ERAMDISRDBEZE., RV)— M., BRICRET5HWHOLAMFS1> 2019%4HA24H



GUIDELINES ON 1N 3--l PHYSICAL ACTIVITY SEDENTARY SCREEN TIME [l GOOD QUALITY SLEEP
PHYSICAL ACTIVITY, " : @ "
SEDENTARY BEHAVIOUR o ( \ J ( \,/_
AND SLEEP | 707 CHILOREN L,30 0 1417 o

minute {03 months of age)

12'1 6 hours

(4-11 mondths of age)

7~ N s X 7 1 N[

The day is made up of sleep time, sedentary time and light,
moderate- or vigorous physical activity.
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Chronobiol Int. 2018 Jan;35(1):137-145. doi: 10.1080/07420528.2017.1387792. Epub 2017 Nov 7.

Evening chronotype and sleepiness predict impairment in
executive abilities and academic performance of
adolescents.

Cohen-Zion M, Shiloh E!.

Author information

wosact EEAREFFEI KYSER R DA LRV AR T RIEF.

The study aim was to better understand sleep and sleep-related factors affecting

everyday executive capacities and academic performance among healthy

adolescents. A cross-sectional survey on sleep, phase preference, academic

performance and executive functions of high-school students was conducted. Female

gender, grade status, sleepiness and evening chronotype accounted for approximately fHLLDT—2TH Ak
25-30% of the variance in daily executive ability. Sleep duration was a weak predictor of TREDEEZRDT-
executive skills. Lower school grades were associated with increased sleepiness, 0) (iraﬁﬁjf‘ R
evening preference and poorer executive skills. These findings support the need for f Eﬁliﬁ) JEEA
health education on ways to attenuate sleepiness and delayed phase in this population.

KEYWORDS: Sleep; adolescence; chronotype; executive functions; sleepiness

PMID: 29111789 DOI: 10.1080/07420528.2017.1387792
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International Classification of

Sleep Disorders, Third Edition

American Academy of Sleep Medicine
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Yasuniwa Y, Izumi H, Wang K-Y, Shimajiri S, Sasaguri Y, et al. (2010) Circadian Disruption Accelerates
Tumor Growth and Angio/Stromagenesis through a Wnt Signaling Pathway. PLoS ONE 5(12): e15330.
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(Maronde E, et al. 2007. The mammalian pin—eal (Lewy AJ, et al. 1980. Light suppresses melatonin secre-
gland : known facts, unknown facets. Trends Endocrinol tion in humans. Science 210 : 1267-9)
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Figure 2. The beneficial roles of maternal melatonin that travels from mother via placenta to the fetus.

The functions of melatonin in neuroprotection and circadian entraining may reduce the risk of ASD.

Figure 1. Maternal melatonin crosses the placental barrier to entrain the fetal circadian rhythm. Thus Normal melatonin concentrations during pregnancy contribute to neuroprotection and the normal

melatonin is present in the fetal brain prior to the maturation of the fetal pineal gland. After crossing
the placenta, melatonin entrains the fetal circadian rhythm, maintains the normal sleep pattern, anc
protects the fetus from neurodevelopmental disorders such as ASD.

BEYRPICASF =V IREANEE THAHET,

neurodevelopment of the fetus through the inhibition of excessive oxidative stress in the vulnerable
central nervous system. Additionally, as adequate melatonin levels maintain the normal sleep pattern

and circadian rhythm, normal melatonin secretion may also elicit neurodevelopment.
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Review
Melatonin and pregnancy in the human

Hiroshi Tamura®P®, Yasuhiko Nakamura®€, M. Pilar Terron?, Luis ]. Flores?,
Lucien C. Manchester®4, Dun-Xian Tan?, Norihiro Sugino®, Russel ]. Reitera:*

Q3 5703

P e T

<24 24-28 28-32 32-36

Weeks of gestation (weeks)

Puerperium

Fig. 1. Levels of maternal serum
melatonin during the night (solid line)
and day (dotted line) in normal singleton
pregnancy. Values aremeans=*S.E.M. for
the number of patients indicated beside
each point. Daytime levels below the
lower limit (5.6 pg/ml) of the assay were
excluded fromthe analysis. *P < 0.01
compared with the non-pregnancy values,
<24-week values, or puerperium values.
**P < 0.05 compared with the 24-28-
week value. From Nakamura Y, Tamura H,
Kashida S, Takayama H, Yagamata y,
Karube A, et al. Changes of serum
melatonin level and its relationship to
feto-placental unit during pregnancy. J
Pineal Res 2001;30:29-33.
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FREE CTRAATR={ET (Zeng, et al., ] Hum Hypertens 2016) .

FIEBEIZATR=" (Hobson, et al., J Pineal Res, 2018)

BHEFIRIZCAT, = OIEERIEER X K UVEHE (Sagrillo-Fagundes, et al, Minerva Ginecol, 2014)
BAEDOASEZUIERICHEIAMIZER 2

ASRZUDFRAEIRIKREICEZ ! ? (Colella, et al.,, Early Hum Dev, 2016, Aridas et al., J Pineal Res, 2018)



Management and investigation of neonatal
encephalopathy: 2017 update

Kathryn Martinello,' Anthony R Hart,? Sufin Yap,® Subhabrata Mitra,’

OPEN ACCESS

Table 2 Summary of precligi

Nicola J Robertson’

al studies on seven promising

adjunct neuroprote

Mode of action

Examples of recent preclinical trials

Clinical RCTs

Erythropoietin (Epo)

Xenon

Argon

Allopurinol

Stem cells

Magnesium

Endogenous hormone which entrains the drcadian
rhythm at physiological doses. At high
pharmacological doses melatonin is a powerful
antioxidant and antiapoptotic agent.

Acute actions: neurotrophic, anti-inflammatory,
antiapoptotic, antioxidant

Chronic actions: erythropoiesis, angiogenesis,
oligodendrogenesis, neurogenesis.

Inhibits NMDA signalling, antiapoptotic.

GABA agonist and oxygen type properties,
Antiapoptotic.

Reduces free radical production and in high doses

acts as a free radical scavenger and free iron chelator.

Paracrine signalling—not cellular integration or direct
proliferative effects.

Prevention of exdtatory injury by stabilisation of
neuronal membranes and blockade of excitatory
neurotransmitters, for example, glutamate.

Systematic review and meta-analysis of 400

adult rodents showed a 43% reduction in stroke

infarct size with melatonin.” A piglet study
showed augmentation of brain protection with
high dose melatonin at 10 min and cooling
versus cooling alone.™

adel—

10 anl primate ypothermia+Epo
treatment improved outcomes in non-human
primates exposed to umbilical cord occlusion.”

Preclinical piglet studies showed benefit of

combined cooling and xenon compared with no

treatment.® &'

Preclinical piglet study showed brain protection
on MRS and histology with 50% argon and
cooling compared with cooling alone.®?
Improved *'P MRS metabolites and MRI values
with allopurinol in piglets.®

Evidence of improved neurological outcome and

reduced histological injury.

Magnesium alone has not been protective in
piglet models of hypoxia.” Combinations of
magnesium with cooling has shown benefit*®

Oral melatonin (10 mo/kg/day 5 doses)
tablets crushed in 5 mL distilled water.
n=15 cooled, n=15 cooled plus
melatonin, n=15 controls.”™®

MEAT trial —safety and PK.’®

Phase Il trial of hypothermia and Epo
showed less MRI injury and better
short-term outcome.™

Phase IIl trial is now underway in the
USA.

No evidence of short-term benefit with
xenon and cooling above cooling alone,
using MRS lactate/NAA as a surrogate
outcome.®

Phase Il trials pending regulatory
approval.

ALBINO trial to start in Europe 2017—to
assess benefit of early allopurinol at

30 min plus cooling versus cooling alone.
Autologous umbilical cord cells in HIE
demonstrated feasibility.

Recent meta-analysis shows no evidence
of benefit.**

A multicentre pilot RCT reported safety

but no outcome data, larger RCT to
follow®®

HIE, hypoxic-ischaemic encephalopathy; GABA, gamma-aminobutyric acid; MRS, magnetic resonance spectroscopy; NAA, N-acetylasparate; NMDA, N-methyl-D-aspartate; PK,
pharmacokinetics; RCT, randomised controlled trials.

Future neuroprotective adjuncts

The number needed to treat with therapeutic hypothermia for
an additional beneficial outcome is 7 (95% CI 5 to 10) from 8
studies, 1344 infants.®> Importantly, this means there is still a
large number of infants for whom this therapy is ineffective.
Adjuvant therapy to hypothermia is a current focus of research
and has been reviewed in more detail elsewhere.” 7* Some of
the more promising neuroprotective agents, scored by an inter-
national group of neuroscientists"' include melatonin, erythro-
poietin, inhaled xenon and argon, allopurinol, stem cells,
cannabinoids and magnesium (table 2).

Martinello K, et al. Arch Dis Child Fetal Neonatal Ed 2017:102:F346-F358. doi:10.1136/archdischild-2015-309639
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Figure 1. Maternal melatonin crosses the placental barrier to entrain the fetal circadian rhythm. Thus
melatonin is present in the fetal brain prior to the maturation of the fetal pineal gland. After crossing
the placenta, melatonin entrains the fetal circadian rhythm, maintains the normal sleep pattern, anc

protects the
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Figure 2. The beneficial roles of maternal melatonin that travels from mother via placenta to the fetus.
The functions of melatonin in neuroprotection and circadian entraining may reduce the risk of ASD.
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Normal melatonin concentrations during pregnancy contribute to neuroprotection and the normal
neurodevelopment of the fetus through the inhibition of excessive oxidative stress in the vulnerable
central nervous system. Additionally, as adequate melatonin levels maintain the normal sleep pattern

and circadian rhythm, normal melatonin secretion may also elicit neurodevelopment.
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Possible neuronal mechanisms of sleep disturbances in patients with

autism spectrum disorders and attention-deficit/hyperactivity disorder

Jun Kohyama

Tokyo Bay Urayasu Ichikawa Medical Center, Japan

132

VS

ADHD

[ Kohyama /Medical Hypotheses 97 (2016) 131-133

Melatonined, =

Conclusion

Three neuronal mechanisms (increased orexinergic system
activity, reduced 5-HT and melatonergic system activity, REMS
reduction) are presumed to be involved in insomnia in both ASD

and ADHD.
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Fig. 1. Schematic illustration of the neuronal mechanisms which may underlie insomnia in patients with ASD and ASDHD. Number represents three presumable neuronal
mechanisms involved in insomnia in both autism spectrum disorders and attention deficit hyperactivity disorder.
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