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Emerging and entraining patterns of the sleep—wake rhythm in preterm

and term infants

Mieko Shimada™®, Kiyohisa Takahashi”, Masaya Segawa“, Makoto Higurashi®,
Michikazu Samejim®, Kentaro Horiuchi®
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Total sleep time

Nighttime sleep + daytime sleep
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= China (CN), Hong Kong (HK), India (IN),
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(TW), Thailand (TL), Vietham
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Nap duration Total sleep duration (nap + night sleep) Sleep onset time
Australia 2,99 13.16 19:43 «—
Canada 2.90 12.87 20:44 «—
China 3.00 12.49 20:57 «—
Hong Kong 314 12.16 22:17
Indonesia 3.36 12.57 20:27 «—
India 341 11.83 22:11
Japan 210 11.62 21:17
Korea 140 11.90 22:06
Malavsia 3.27 12.46 21:47
New Zealand 2.70 13.31 19:28 —
Philippine 3.53 12.69 20:51 «—
Singapore 3l 12.36 21:38
Thai 2.81 12.71 20:53 «—
Taiwan 334 12.07 22:09
UK 1.61 13.10 19:55 «—
USA 318 12.93 20:52 «—
Vietnam 3.67 12.99 21:44

Made from Mindell JA, Sadeh A, Wiegand B, et al. Cross-cultural differences in infant and toddler sleep. Sleep Med 20010:11:274-280.
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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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Graphical abstract

"5-minute carrying, 5- to 8- minute sitting before bed"

HREREHEE vy — 5-minute carrying Waiting 5 to 8 minutes
P STEHRRF—LA soothes crying infant before laydown may

and promotes sleep reduce infant awakening
KITHEE 5n

Note: This result does not address any long-term improvement of sleep regulation.

(AREB>FE1-)
[FRBE w2 ANVIWTWEZS, 8> ZUTE5DESE. ASZEDD. mErANETLWTE.
FTIIRY RIZEMNTC 5 S5 8HEE. 1o ZURFEFRONMELRBZETES THE
D oNBEHNLDITDIVENZ D]

Ohmura N, Okuma L, Truzzi A, Shinozuka K, Saito A, Yokota S, Bizzego A, Miyazawa E, Shimizu M, Esposito G, Kuroda KO. A method to soothe and promote sleep

in crying infants utilizing the transport response. Curr Biol. 2022 Sep 8:50960-9822(22)01363-X. doi: 10.1016/j.cub.2022.08.041. Epub ahead of print. PMID:
36103877.
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Figure 2. The Relationship between BMI and Average Nightly Sleep

Syverage nighthy sleep (rsh

Mean BMI and standard errors for 45-min intervals of average nighty

sleep after adjustment for age and sex. Average nightly

sleep values

predicting lowest mean BMI are represented by the central group.

Aver age nightl}’

sleep values outside the lowest and highesl intervals

are included in those categories. Number of visits is indicated below
the standard error bars. Standard errors are adjusted for within-

_v.uhjec t correlation,
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The roles of maternal melatonin travels from mother via
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 neurodevelopment of the fetus through the inhibition of excessive oxidative stress in the vulnerable

the placenta, melatonin entrains the fetal circadian rhythm, maintains the normal sleep pattern, anc
protects the fetus from neurodevelopmental disorders such as ASD.
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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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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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BHERIRICAS, = DEEIEERAIX LU EI R (Sagrillo-Fagundes, et al, Minerva Ginecol, 2014)
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ASR=UNFEIRINREZEIZEZ ' ? (Colella, et al., Early Hum Dev, 2016, Aridas et al., J Pineal Res, 2018)



Management and investigation of neonatal

OPEN ACCESS

encephalopathy: 2017 update

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

Nicola J Robertson'

Table 2 Summary of precligi

Ies On seven promising

adjunct neuroprote

Mode of action

Examples of recent preclinical trials

Clinical RCTs

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

Erythropoietin (Epo)  Acute actions: neurotrophic, anti-inflammatory,
antiapoptotic, antioxidant
Chrmonic actions: erythropoiesis, angiogenesis,
oligodendrogenesis, neurogenesis.

Xenon Inhibits NMDA signalling, antiapoptotic.

Argon GABA agonist and oxygen type properties.
Antiapoptotic.

Allopurinal Reduces free radical production and in high doses
acts as a free radical scavenger and free iron chelator.

Stem cells Paracrine signalling—not cellular integration or direct
proliferative effects.

Magnesium Prevention of excitatory 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.™

0 I-

Non-numan primate ypothermia+Epo
treatment improved outcomes in non-human
primates exposed to umbilical cord ocdusion.™

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 mgkg/day 5 doses)
tablets crushed in 5 mL distilled water.
n=15 cooled, n=15 cooled plus
melatonin, n=15 controls.”®

NEAT trial—safety and PK.”®

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

Phase Ill 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 cocling 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 stll 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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