Come cambia il sonno
dalle prime fasi di vita all’adolescenza

Lino Nobili

IRCCS Istituto G. Gaslini
Dipartimento di Neuroscienze, riabilitazione, oftalmologia,
genetica e scienze materno-infantili
Universita di Genova

gf’&ﬁfiﬁg )23% ) A IM S MN<SYsS




Outlines

Struttura e regolazione del Sonno
Maturazione del sonno
Sonno, sviluppo e plasticita neuronale
Sonno e adolescenza



Awake — Low Voltage — Random, Fast
\ 13
'W‘”‘M\/‘“Wwﬁm‘v‘m‘f"“ At ﬁ 1

— Alpha Waves

Drowsy — 810 12 ¢ps

Mw.,».«H-»M'r,Mf(M,-A',‘m*«wﬂwM*\'mli,umm.mw,}"fm

Stage 1 —3to7cps—Th

'A.'*‘anm,M,~‘-W‘ﬁ,‘}‘4f‘r‘.‘" N gy e

4 cps — Sleep Spindles and K Complexes |

Stage 2— 1210 1

Miad
Sonno NREM W

\

It
N
VI LM

Sonno REM

Yesas ] P A

1 \ \ \ A | | ! i
W w«v’s.»m.mﬂ-m [
I

u
(Y|

“\AJN‘\ | [ il

Sonno NREM e sonno REM

Awrake

REM

Stage 1

Delta Sleep (S Sleep) — Y2 to 2 cps — Delta Waves

* N Stage 2

stage 3

Stage 4

L L T e

2 comms | 0ty M g o AT gl s At st e o g e A

s | Ao A R A S AT AT M b S i et

s eoeax  wel L

w0 |

Ipnogramma

s nlns




Regolazione omeostatica del sonno

Delta Sleep (S Sleep) — %2 to 2 cps — Delta Waves BL ER
400 «
r
<
2 200
e
>
2 0 1 | I 1
s 23 7 19 1 19
TIME OF DAY (hl
10
w
R — )]
- »
2 w
3 S
! O
a
[ | | | |
0 2 < 6 8
Time after lights out (h)

N
"~

7 1820 23 7

Borbely et al 1992; Achermann et al 1999 Time of day



Regolazione Circadiana del sonno: fattori sincronizzanti

Orologio principale
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Regolazione Circadiana del sonno: fattori sincronizzanti
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Accoppiamento del ritmo citrcadiano con il processo omeostatico

Sleep

load
e Wake

Il completo sviluppo del processo omeostatico e del

ritmo circadiano, cosi come il loro accoppiamento
con 1l ciclo luce-buio ¢ essenziale per mantenere una
buona struttura del sonno e livelli normali di vigilanza
durante il giorno.

Sleep

Circadian
Alerting
Signal
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Maturazione del ritmo circadiano

* Il sistema circadiano, I'orologio biologico principale, inizia a svilupparsi
nell'utero e riceve indicazioni biologiche dalla madre attraverso la
placenta.

* L «orologio principale» continua a sviluppatst pet 1 primi due anni di
vita. Durante questo periodo sensibile, l'orologio riceve input dai
segnali temporali ambientali attraverso la luce e dat segnali temporali
materni attraverso gli ormont presentt nel latte materno.

* Il ritmo circadiano della temperatura corporea emerge trale 6 e le 12
settimane di eta e la sua ampiezza aumenta nei primi mesi di vita.

e | .a secrezione di melatonina inizia a manifestare un’alternanza di

secrezione in parallelo con il ritmo luce buio (giorno/notte) all'eta di 12
settimane.

* I ritmi circadiani del cortisolo compaiono tra le 8 e le 12 settimane.

LeBourgeois et al, Optimal sleep and circadian habits in infants and children Reference Module in Neuroscience and Biobehavioral Psychology 2021




Secrezione di melatonina nel corso della vita
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Consolidamento dei periodi di sonno
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La pressione omeostatica cambia nel corso dello sviluppo

Sleep
pressure

™ 2-year-olds

5-year-olds

10-year-olds

15-year-olds

4 7 10 13 16
Hours since waking

Proposed developmental changes in accumulation of sleep pressure as
a function of time since waking depicted for different ages. Sleep
pressure accumulates more slowly during the day with increasing age.

L'omeostasi del sonno emerge nel
secondo mese di vita

Jenni and LeBourgeois Curr Opin Psychiatry 19:282—-287. 2006



LLa durata del sonno

\-> ATIONAL LEEP FOUNDATION
N S CONSENSUS STATEMENT

Recommended Amount of Sleep for Pediatric Populations:

SLEEP DURATION RECOMMENDATIONS A Consensus Statement of the American Academy of Slee.p Medicine

CONSENSUS RECOMMENDATIONS

* Infants* 4 months to 12 months should sleep 12 to 16
hours per 24 hours (including naps) on a regular basis
to promote optimal health.

* Children 1 to 2 years of age should sleep 11 to 14 hours
per 24 hours (including naps) on a regular basis to
promote optimal health.

* Children 3 to 5 years of age should sleep 10 to 13 hours

HOURS OF SLEEP
0 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24

t ’ per 24 hours (including naps) on a regular basis to

) - '* l t t 1 promote optimal health.

B I . R e * Children 6 to 12 years of age should sleep 9 to 12 hours

I cconmendea [ 3oy be Appropricte. Not Recommended per 24 hours on a regular basis to promote optimal
health.

SLEEPFOUNDATION.ORG | SLEEP.ORG * Teenagers 13 to 18 years of age should sleep 8 to 10
irkoite M, The Nations]Sleep Foundations gy and et ummary, Sl Heath (2018 hours per 24 hours on a regular basis to promote

optimal health.

M. Hirshkowitz et al. / Sleep Health 1 (2015) 233-243 Paruthi et al Journal of Clinical Sleep Medicine 2016



Variazioni quantitative e qualitative
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Sviluppo

cerebrale
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expression.

Genes can be ‘switched on’
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Sonno fetale
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Sviluppo cerebrale: il sonno come “motore dei processi di sviluppo”

Experience-dependent synapse formation

Neurogenesis in the hippocampus
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Sonno e plasticita cerebrale
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Sonno e maturazione cerebrale: traiettorie coincidenti nel corso dello sviluppo
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I twitch nel sonno associati allo sviluppo sensorimototrio
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Cerebral Cortex, April 2020;30: 2070-2082
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Sonno, plasticita cerebrale e neurosviluppo
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Il sonno per il cervello, mente e corpo
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Sonno e sviluppo emotivo nei bambini in eta prescolare
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Adolescenza: un momento «critico» di cambiamento

Adolescence
Historically defined by WHO as the period between ages 10 and 19 years.* It is derived
from the Latin adolescere—the present participle adolescens means growing up, whereas

the past participle adultus means grown up.
pastp P 9 P Sarab-]ayne Blakemore The Lancet 170l 393, 2019

* Cambiamenti negli ormoni e nel corpo

e (Cambiamenti nel cervello e nella mente

e (Cambiamenti nell'ambiente sociale

Brain

Summary of structural and functional effects Structure Brain Function ‘ Model I Hormone(s) Effect
ion; regulati 1 Testosterone,
YP! of temp , appetite, Animal (rat) progesterone, 1 New cell growth

and sexual beh and estradiol
Pituitary of hormone pfodu«ionvin other ..km",“? A t;;stom?n.e T Grey matter volume
endocrine glands 3
Animal (rat/h ) BT 1 New cell growth
Emotion processing; fear, Human Testosterone
Amygdala aggression, sexual behaviors,  (healthy adolescent) ' andDHEA | Oreymattervolume
and reward learning ey
(Klinefe 4 ) 1§ Testosterone  § Grey matter volume
Hipp P L ing and memory Animal (rat) 1 Estrogen 1 Synaptic density
Insulates axons; increases speed Animal (rat) ¥ Sexsteroids
Myelin and efficiency of signal Horan £ T 1 Myel
transmission in neurons (healthy adol \ and ol

Kabotyanski K and Somerville L (2021) Puberty: Your Brain on Hormones.
Front. Young Mind 2020; https.//www.menstrupedia.com/articles/puberty/emotional-changes



Adolescenza

Socrate 470-399 a.C.
“Hanno cattive maniere, disprezzo per
['antorita; mancano di rispetto agli anziani e
amano le chiacchiere al posto dell'esercizio fisico.
...... Contraddicono i genitors, trangugiano le
prelibatezze a tavola, accavallano le gambe e

tiranneggiano i loro insegnants.”

Aristotele 384—322 a.C.

«..mancano di antocontrollo sessuale, sono
volubili nei loro desideri, passionali e impulsiv.
W 1 giovinezza ¢ l'etd in cui le persone sono pin
7 devote ai loro amic.




Adolescenza: vitale per ’evoluzione

» Aumentata propensione al rischio quando si trovano in compagnia di coetanei.
» Ricerca di nuove sensazioni.
» Esistono prove di comportamenti tipici dell'adolescenza in tutte le specie.

Barbara Natterson-Horowitz
and Kathryn Bowers

NEW YORK TIMES bestsellin of ZOOBIQUITY

WILDH()()D

Developmental Psycholog © 2011 Am n Psychological Association
2012, Vo 148 No. 3, 595- 6 3 0012 IM‘)/IJSI ()() DOL: 10.1037/a0026220

The Evolutionary Basis of Risky Adolescent Behavior:
Implications for Science, Policy, and Practice

Applying an Evolutionary Approach of Risk-

Taking Behaviors in Adolescents

Front. Psychol., 10 January 2022 The Epic Journey from
Adolescence to Adulthood

in Humans and Other Animals

L’assunzione del rischio ¢ vitale per ’evoluzione




Equilibri adattivi/disadattivi e squilibrio nelle emozioni

Dorsal Striatum

: : : Dopaminergic Projections
Limbic ragone PFC - Dopaminergic regions
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| Prefontal cortex Nucleus Accumbens

Substantia Nigra

Level of Functional Development

Ventral Tegmental Area

77
Hippocampus

Age

Adolescence Fig. 1. Dopaminergic pathways in the brain.

Ventral striatum reactivity can be both a source of vulnerability and opportunity.

Vulnerability Opportunity
Degree of Maturation Orientation toward negative rewards Orientation toward positive rewards
Limbic fegion [ eDrug experimentation eAcademic motivation
eRisky sexual behaviors ePassions and hobbies
: Sensitivity to social threat Sensitivity to social connection
Prefrontal region l : sHeightened depression eHealthy peer relations
Age: 0 5 10 15 2 2% 30 eNegative peer influence eProsocial behaviors

E.H. Telzer / Developmental Cognitive Neuroscience 17 (2016) 57-67




Stato di emergenza per la salute mentale

STUDENT WELL-BEINC

Children, Teens Are in a ‘Mental
Health State of Emergency, Child

Health-Care Groups Warn

Q By Alyson Klein — October 19, 2021 2 eac

Child and Adolescent Mental Health: A National Emergency

October 25, 2021

Leah Kuntz

The American Academy of Child and Adolescent Psychiatry, American Academy of Pediatrics, and Children’s
Hospital Association have declared a national emergency for children and adolescent mental health. Children
and families in the United States have experienced “enormous adversity and disruption,” which was only
exacerbated by the COVID-19 pandemic.

“This worsening_crisis in child and adolescent mental health is inextricably tied to the stress brought on by

COVID-19 and the ongoing struggle for racial justice and represents an acceleration of trends observed prior to
2020. Rates of childhood mental health concerns and suicide rose steadily between 2010 and 2020 and by
2018 suicide was the second leading cause of death for youth ages 10-24. The pandemic has intensified this
crisis,” the groups wrote.”

There’s been a quieter, parallel pandemic happening alongside COVID-19: a spike in
significant mental health problems among young people, spurred by isolation,
uncertainty, fear, and grief.



(18-24 prenatal days)

Pruning sinaptico nell'adolescenza
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La transizione dell'adolescente verso un cronotipo piu serale

[ ]
Childhood l
[ ]

\
)

12:00 18:00 00:00 l 06:00 12:00

Adolescence

Ormoni gonadici e maturita sessuale.
Fattori ambientali, come la pressione sociale det
coetanei e/o il minore coinvolgimento dei genitoti

nelle routine serali

Gli adolescenti potrebbero essere piu sensibili alla
capacita della luce di spostare 1 ritmi in determinati

momenti della giornata.

Amplitude
&/
1

12:00 18:00 00:00 06:00 12:00

Adulthood l

Amplitude

12:00

12:00 18:00 00:00 06:00

Loga and McLung Nat Rev Neurosci 2019 ; Ronnenberg Curr Biol 2004; Carskadon MA 2008, pp 95-109.

gliigure Fyear-olds
5-year-olds

10-year-olds

15-year-olds

4 7 10 13 16
Hours since waking

Proposed developmental changes in accumulation of sleep pressure as
a function of time since waking depicted for different ages. Sleep
pressure accumulates more slowly during the day with increasing age.

Jenni and LeBourgeois Curr Opin Psychiatry 19:282-287. 2006




Deprivazione di sonno negli adolescenti

Supplementary Table 3. Sleep duration according to recommendations

Sleepin Sleepin
gless, g more,
% %

1-2 yrs 9 11-14 hrs - - 9-16 hrs - -
3-5 yrs 1,266 10-13 hrs 1.0 01 8-14 hrs 0 0 Piu della meta (51,5%) dei soggetti di eta compresa tra 14 e 17
6-13 yrs 8,377 9-11 hrs 54 24.3 7-12 hrs 0.6 1.3
14-17 wrs 513 8-10 hrs 515 na 7-11 hrs 17 9 n
18-25 yrs 5,192 7-9 hrs 14.3 3.1 6-11 hrs 28 0.3 a 14
26-40yrs 38,635 7-9 hrs 20.1 0.7 6-10 hrs 3.7 0.1
41-64 yrs 93,837 7-9 hrs 27.8 0.8 6-10 hrs 7.1 0.1 13 °
=65 yrs 8,195 7-8 hrs 35.4 10.6 59 hrs 4.7 2.0 °

Recommende Sleeping Sleeping Acceptabl

Age group N d less, % more, % e

anni riferisce

10th percentile
25th percentile
50th percentile
75th percentile
90th percentile

Total 156,02 - 24.5 26 - 5.6 0.2

5 = @®ee Recommendations
Recommendations are by the American National Sleep Foundatuion. = y

o

Age §

e (years) 3

L)
= 1t0 2 ey :/T

Sleep characteristics across the lifespan in ()

1.1million people from the Netherlands, United 3to5 L

Kingdom and United States: a systematic review 2
and meta-analysis 6to 13

Desana Kocevska®'234, Thom S. Lysen®', Aafje Dotinga®, M. Elisabeth Koopman-Verhoeff3,
Maartje P. C. M. Luijk©2%, Niki Antypa’, Nienke R. Biermasz®, Anneke Blokstra®, Johannes Brug™",

Wiliam J. Burk?, Hannie C. Comijs?, Eva Corpeleijn®, Hassan S. Dashti®™%, Eduard J. de Bruin®", 14 to 17
Ron de Graaf®, Ivonne P. M. Derks*, Julia F. Dewald-Kaufmann"", Petra J. M. Elders?,

Reinoldus J. B. . Gemke®, Linda Grievink®, Lauren Hale?, Catharina A. Hartmar®,

Cobi J. Heijnen®, Martijn Huisman®, Anke Huss?, M. Arfan kram ©', Samuel E. Jones 9%,

Mariska Klein Velderman ©%, Maaike Koning®, Anne Marie Meijer”, Kim Meijer?, 18 to 25
Raymond Noordam ™, Albertine J. Oldehinkel 53, Joost Oude Groeniger 3™,

Brenda W. J. H. Penninx®, H. Susan J, Picavet?, Sara Pieters®'2, Sijmen A. Reijneveld ©7\%

Ellen Reitz%, Carry M. Renders™, Gerda Rodenburg™, Femke Rutters™, Matt C. Smith®,

Amika S. Singh®, Marieke B. Snijder*'#%, Karien Stronks®, Margreet ten Have®, 26 to 40

Gli adolescenti nel 25° percentile dormono 54 minuti in men;

Gli adolescenti nel 10° percentile dormono 96 minuti in meno

Jos W. R. Twisk™, Dike Van de Mheen®*, Jan van der Ende?, Kristiaan B. van der Heijden, \% \9 \9 &9 J\% K% \%
Peter G. van der Velden®, Frank J. van Lenthe™, Raphatle R. L. van Litsenburg®*, (o) (0% QD (00) (003 (003 QD
Sandra H. van Oostrom®, Frank J. van Schalkwijk***, Connor M. Sheehan, Robert A. Verheij®, 41 10 65 e ® Q Q Q Q e
Frank C. Verhulst’, Marije C. M. Vermeulen®*#, Roel C. H. Vermeulen”, A * * * * \\ *
W. M. Monique Verschuren®=, Tania G. M. Vrijkottes, Alet H. Wiiga®, Agnes M. Willemen#52, (%) > A H Q %) %)
Maike ter Wolbeek, Andrew R. Wood™, Yllza Xerxa®?, Wichor M. Bramer*, Oscar H. Franco ', O N N Q/ ™ ©
Annemarie I, Luik ", Eus J. W. Van Someren*540 and Henning Tiemeier®'25540% =65 t (©) (@) O (o) (@)
—&— Bedtime % @\‘ b‘\ Q)\' b\' ;\\'
L4 L0y | TOT Waketime, | s > v b
12:00 18:00 Midnight 06:00

Fig. 3 | Sleep timing across lifespan. Night-time sleep timing across the
lifespan (n=106,282). .
Kocevska et al Nature Hum Bebaviour 2021



Sonno e salute mentale nell'adolescenza

Neurobiological factors Psychosocial and environmental factors

The sleep-deprived human brain Q A

Adam J. Krause', Eti Ben Simon', Bryce A. Mander’', Stephanie M. Greer”, DJ?
Jared M, Saletin', Andrea N. Goldstein-Piekarski’ and Matthew P. Walker'?

nature Limbic and reward system Circadian rhythm modification Increased social interaction and use of technology at nighttime

Sleep disturbances

neuroscience l
» W ~ \ [ v
L

o
i Emotional
dysregulation 4}

A g e IR 1
¥ ' ) Reduced S\ \ ;O Psycological malaise
~ fﬁ?p?ﬁi‘é;'fﬁss \ Z Psychiatric disorders
g g’ 4- ~ . Amygdalal 2
A" XAmygdala['/ R ’S;if:d dzlpere;;d Mood disorders Anxiety
NSSls Substance use

Krause et al., Nature Reviews Neuroscience 2017
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Uccella, Cordani et al, Brain Sciences, 2023



Sonno e salute mentale nell'adolescenza

I disturbi del sonno sono emersi come un solido predittore di elevato rischio di malattia psichiatrica

Predictor category SHAP analysis.

From: Prediction of mental health risk in adolescents

Sleep disturbances °

Prosocial behaviors

ACEs
Family conflict

I
[ ]

[ ]

i

|

Family mental health history

Parental monitoring
Socioeconomic status
Neighborhood safety

Screentime

Predictor category

Parental rules

[t ?"'f"'*

School risk and protective factors
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e Parent
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| I | | | |
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Hill et al., Nature Medicine volume 31, pages1840—1846 (2025) nature medicine
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Messaggi chiave

Due processi, un equilibrio

11 sonno nasce dall'accoppiamento tra processo omeostatico e ritmo circadiano con il ciclo luce-buio: ¢ la base di un sonno strutturato e di
una buona vigilanza diurna.

Una maturazione precoce

Il sistema circadiano si sviluppa dall'utero ai primi due anni di vita; nei primi mesi il sonno si consolida e nelle prime fasi di vita si dorme piu
che in ogni altra eta.

I1 sonno costruisce il cervello

Non ¢ solo un indicatore, ma un vero motore dello sviluppo e della plasticita cerebrale: dai twitch neonatali al pruning sinaptico e al «sonno
delta» dell'adolescenza.

Dormire male fa ammalare

Disturbi e carenza di sonno st associano a disfunzioni fisiche e neuropsichiatriche gia dalla prima infanzia.

L'adolescenza ¢ un periodo critico

Il cronotipo si sposta verso la sera e la deprivazione di sonno ¢ frequente: 1 disturbi del sonno sono un solido predittore di elevato rischio
psichiatrico.
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