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Emerging and entraining patterns of the sleep—wake rhythm in preterm
and term infants
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Rapid Eye Movement Storms in Infants: Rate of Occurrence
at 6 Months Predicts Mental Development at 1 Year  Parricia T. Becker*
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To cite: Pennestri M-H, Laganiere C, Bouvette-Turcot A-A,

et al. Uninterrupted Infant Sleep, Development, and Maternal
Mood. Pediatrics. 2018:142(6):e20174330

RESULTS: Using a definition of either 6 or 8 hours of uninterrupted sleep, we found that
27.9% to 57.0% of 6- and 12-month-old infants did not sleep through the night. Linear
regressions revealed no significant associations between sleeping through the night and
concurrent or later mental development, psychomotor development, or maternal mood

(P >.05). However, sleeping through the night was associated with a much lower rate of
breastfeeding (P <.0001).

CONcLUSIONS: Considering that high proportions of infants did not sleep through the night
and that no associations were found between uninterrupted sleep, mental or psychomotor
development, and maternal mood, expectations for early sleep consolidation could be
moderated.
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Sleep development altered by:

« Preterm birth

« Infection/inflammation

- Hypoxia-ischaemia

« Intrauterine growth restriction
(IUGR)

J Physiol 596.23 (2018) pp 5687-5708

TOPICAL REVIEW

5687

Waking up too early - the consequences of preterm birth
on sleep development

Laura Bennet! ', David W. Walker? 2 and Rosemary S. C. Horne?

Delayed sleep state
maturation

Reduced glia and neuron
production/maturation

Impaired neural network
connectivity

Impaired
neurotransmitter
function

POSTNATAL

Sleep development affected by:

- Gestational age at birth, IUGR,
chronic inflammation

- Brain injury —impaired brain
maturation

» Environmental/socioeconomic
factors, parental input - sleep
training

» Sleep position

- Sleep disordered breathing -5k
obstructive sleep apnea, snoring

Placental hormones lost at birth -

important for neurosteroid

production, supporting:

« Neural development

« GABA neurotransmitter regulation
and transition from excitatory to
inhibitory

» Neuroprotection

The Journal of

Physiology

¢

» Reduced sleep quantity and
quality

- Delayed sleep onset

» Increased night waking

- Early chronotype?

!

- Impaired learning, memory and
cognition

- Behavioural and emotional
difficulties
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In summary, this study confirmed no significant difference in rest-activity patterns, nighttime crying or =10
weight gains between preterm infants exposed to normal white LED light and those exposed to red LED light for
regular nursing care during the night at a GCU in a 15-hour: 9-hour light-dark cycle. Furthermore, this study also
demonstrated that exposing infants to light for < 15minutes at 3 to 4hour intervals for nursing care does not pre- 0
vent the infants from developing normal circadian rest-activity patterns or gaining weight as long as the infants 400 450 500 550 600 650 700 750 800

are exposed to regular light-dark cycles.

Wavelength (nm)
Figure 1. Relative spectral distribution of a white LED light and a red LED light. Representative pictures

A THHR B (REB-AFERERTISD LA THEZFCELZL o bl 00 s s
S - \ S — of nursing care under white LED light (a) and red LED light (b). (c) White line indicates relative spectral
E @I jIE AN H 3 4 <T18J18 IZH 1 5 ]J E b2 O Bl f-d‘ distribution of white LED light while red line indicates relative spectral distribution of red LED light. Red LED

light has a peak emission of approximately 725 nm.
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placenta to the fetus are.....
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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 IREANERE 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)
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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
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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.



R BBIRDASr =2 EEE

BARDASE=S IBIR
TRIAS =13 iRE 201S (328 LIE) TIE (=RRIR+1E ?)
BAERDASEZ (IR BIZBFZDTIL,
fBEEEEL T
FREE CTRAATR={ET (Zeng, et al., ] Hum Hypertens 2016) .
FABIZAS =2 (Hobson, et al., ] 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)
BARDASr=VIFRIZREAMIZEER 2
ASDIRODB D AT {EL(INESD B A ZE E L TH E R E & TLEER Braam et al., bioRxiv, 2016)
FBIRASR=DIFRBIRD) X LR AL, IR IREETASDRIE) R UZ8XE ! ? (Jin et al., Molecules, 2018)
ARG =
HEBRIZIBOASI=HE ! 2
X LR RIEE%3ERM T,
HEHDATr= (X345 B LI,
SCND ARV ZBAENNDONSEFREZEITH5DOMNIIENSEYAREA,



b\ié‘d’ti 42 2,

E!’iﬁﬁi’tﬂﬂﬂm:;éﬁﬁxib::fﬁ}ﬁuz.mnziﬁ
40 : t

-

9
a5 "
N
30 \,“
I AN N
A 20 ‘{/‘ L\\k \I\
5 j/geEsaghgh
i:_ 15 /{/) x\\ “\
JE 10 \%
ek iy
- [T b
w04 T}
pa/ml 0 T
Qe {a 1o oo Fllol 2: R4l ehilal 10 [12¢ {1 lalB
1B EZ
; ﬁ’gﬁ TESEE Bieda/ kHeh . FHERTLZE

FESRECSEEREREDER AT =4I A L&,

FESRECE. HBEERECHATHERBOAS = 20U X LAOERLS D SLME
MicE-r, MESKRE S EREEMTRMBITL3ICk2E AT VUXAS
EEL . IFEEE FESLAICETIRES AL, XEBHIT 10~1205E K14
~16BE T4 TH 5. (Mishima. KREET—3)

B{RD
ASE=ZULRNIVETIE

ABICHLRICEARF] !

T DO ZFAIX
RO RE DI E
wREIDZHIE ! 2



RAEHORWNSE

- RERHOEREZTOEDHEE RFEHINIET U RIEFHETE

. BHEROEE S5HAHRNNE

« HEBRHDGABAAZREBRDE L HREBEOBEENEEMRERHY

.Eﬁﬂ;‘—‘f o)EﬂHﬁhi"&%ﬁ B ER

2[4 BAREIRIR AN E

« AT BHRDASFZUICHEFBAMN ! 7

. Sleepless society

S EZMN!?



RAEHORWNSE

- RERHOEREZTOEDHEE RFEHINIET U RIEFHETE

. BHEROEE S5HAHRNNE

« HEBRHDGABAAZREBRDE L HREBEOBEENEEMRERHY

.Eﬁﬂ;‘—‘f o)EﬂHﬁhi"&%ﬁ B ER

2 [ BARGIRIR AV E

s AT BHRDASFZUICHEFBAMN ! 7

. Sleepless society

S EZMN!?



E5-1 B&FA (10mELLE) OFBOEIRRE &

22 BB ICEE TS ADHE
%) (%)
L
480 |- : FATE oo 8[‘]%‘% &/S‘?b\l./b‘\ﬁ
M oET
%450 5{}%“ TWASDLIZTE
: IR 7 - oo 5
440 S
ﬁ BYET,
L [ .. EREXERE &
@ FEIRISAY i — 4=
@ 22 BUBICESTLBADES BICKWLWRITE
400 L 0 @Eﬂ#@f&{ﬁ"lét

1960 1970 1980 1990 2000 2010 (£F)

C7gly, EELY

NHK BEESHUNER. SES (HeEFRFRHE] SLJEH _ij_
o




BERARRER

6 | - T T I ] i I i
0 4 B 12 16 20 24 4 B

i AR B et s )
Knauth, P. & Rutenfranz, J. (1981): F4 Y OBER, 2T 2332 H

EMMIBRREITEICKOVRITEDEN Y | RATHELC S !

WENIIE Z HERERRFFRIAED ! ?



560

520

50

o

48

(@)

46

o

44

o

T 55 25 [E 0D B R A5 [

S N .0 X O .2 QA 2 A 2 o0 X O 0 0 W @ O & @ & 2 &
> @ L &L S LA RSN E NSNS O S
QT L L@ QX FF S LSS SR LD E S S
W WSS E YN S NRCIEENCN S G PN O PP I 2
MO SO O - S < SR Q G o7 %
Q & 9 0OV R & S N Q QS\/\/

H&442% (Bt$aa8%y . ZtH435%>) . EE4615 .
- - -OECD¥ 1950553 (5B 150253 . Z1%51053)
-+« KE525% ., HES424% . 7 7V H553%

20180ECDH *



Society at a Glance 2014

OECD

oL}V YINoS
euiyo

elpuj
pue|eaz maN
S931e1S pajlun
uledg

USpPaMs
eljelIsny
pugjuly

elIsny

2ouel e
Aaxan | /M
spuelayiaN I
|eSniiod \U
pue|od A
BIUO]ST %
wnig|og !
BIUDSAO|S .W
epeue) .//
9z Ad30 S
Aley ﬂ
pue|aJ| A_lu
Auewian S
O2IX3aN u_w_ﬂ
ylewuaqg
wop3uly pauun
AemuoN

ueder

£9.10Y

>~ R526% . BE542% . 75625

)
RN
Q|
<
o ||
AN .
O =«
@)
Ll
®)



560

T 55 25 [E 0D B R A5 [

2014 L H R T20184F

540

520

50

o

48

(@)

460

i

2018OECDH# %

EHE

BRI ->TLN=D (X,

215D BAEADIEZH.

HZ&442%9) (¢46357) . RE4615 (<4615) . -~
- «OECDE 5055 (B 14%502497 .

| A% (13850) . F—Z YT (114)) .
420 R B R R R B

a7 2)Ah(BR) . 714050k 0257) DH,

/b7 x— (49253 ¢-46157) = = -

Z1E51049)

-« K E525% . BES542% . 7 7Y AH553%



Canada i
United Kingdom
$21.4 billion $50 billion

1.35%
GDP

2.28% b abs;

GDP Germany GDP
$60 billion

United States

$411 billion Japan

,%.IE% 1) LT’ ﬁ?ﬁ, $138 billion ;113%%12)?;;1/
((1E5m) DREZIEEMNEE V' ?)
FEFENTOENRE
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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.
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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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Sleep, Serotonin, and Suicide
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