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The need to promote sleep health in public health agendas

Lancet Public Health 2023;

across the globe es2026

Economic burden

Diane CLim®, Arezu Najafi*, Larmia Afifi, Jovdio LA Bassetty Daniel | Buysse, Fang Han, Birgit Hogl, Yohannes Adoma Melokw, Charles M Marin,
Allan | Pack, Dalva Poyares, Virend K Samers, Peter R Eastwoodf, Phyllis C Zeet, Chandrol Jacksont, on behalf of the World Sleep Society Global |
Sleep Health Taskforce :
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ORIGINAL ARTICLE Sleep 2018

The economic cost of inadequate sleep

ver —_

o Prevalence ===
David Hillman®%*, Scott Mitchell?, Jared Streatfeild?, v —
Chloe Burns?, Dorothy Bruck* and Lynne Pezzullo? Discount rate for YLLs __
Presenteeism __
Table 1. Linkages between various categories of inadequate sleep and associated conditions 406 400 206 i 25b kb b
EDS-SD EDS-Other Insufficient Sleep Impact on total cost ($ billions)

B Increase in parameter value B Decrease in parameter value
Prevalence or Annual

Condition Rate (%) Type of EDS-SD Oddsratic PAF({%) Oddsratio PAF(%) Oddsratio PAF (%)

ongestive heart failure 1.9 [70] OSA 16 [71] . o

Coronary artery disease 4.9 [70] OSA 32073 ' o

Cerebrovascular disease 1.6 [77] OSA 2974 ' 1475 . Stroke 9.8%

Type 2 diabetes 8.9[19] 0SA 1,63 [76] : —

Depression 6.2[77] OSA 26 [78] . 187 [79] ! Depression13%
Insomnia 2.1 [B0]
RLS 1.9 [81] .

Workplace injury 1.4 [43] 0SA 15 [82] 2.2[83) 137 14 [84] 55 20.5%
Insomnia 2.4 [85]

Motor vehicle accident 1.3 [43] 0SA 2.5 [26] 19[87] 103 1.5 [88] 110 23.2%

The lowest estimate is $41.38
billion and the highest is $49.21

billion. Inadequate sleep
represents a huge economic
and social cost.

EDS = Excessive daytime sleepiness; 5D = sleep disorders; PAF = population attributable| fraction; 05A = obstructive sleep apnea; BLS = restless legs syndrome.
Data sources for prevalence and odds ratios are indicated in the table.

This ranking indicates that public health strategies aimed at enhancing sleep habits

and extending sleep duration could significantly alleviate the societal impact of
inadequate sleep.




Waking up to the importance of sleep

Sleep Medicine: From Cinderella Branch to Growing Recognition

éa )

Historical Neglect: For decades,
sleep health ans sleepiness have
been considered a "Cinderella
branch of medicine," receiving
little attention in undergraduate
education, training, or research
funding.

- /

Why? the disparate nature of
sleep conditions (e.g., sleep
apnea, restless legs syndrome
handled by different specialists), a
lack of understanding of their

causes, and sparsity of
treatment options.

Editorial I

Lancet 2022
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See Series page 1033, 1047
and 1061

All papers in the Series are
available at thelancet.com/
series/sleep-disorders

Sleep is presented as a critical pillar of health, on par with nutrition and physical activity. It is not merely a passive
state but a complex neurobehavioral process essential for complete physical, mental, and social well-being.



«The big four»

Optimal Food Consumption -56% all-cause mortality —
Risk increasing food +200% all-cause mortality

= (ONTRO LUOMO .

* Highly active men -22% all-cause mortality vs mildly
active men

* Social particitation -16% all-cause mortality

vay * 4 out 5 favorable sleep patterns (early chronotype,

@GSN, QUARTETTD! : . .
L) adequate sleep duration, absence of insomnia,

snoring and excessive daytime sleepiness) -24% all-
cause mortality

Lohela et al., 2022 Nat Rev




Pandemic

Access 18th May 2024
Obesity COVID

7,047,741 =

How obesity increases your mortality Reported COVID-19 deaths

World, 7 days to 5 May 2024
Mortality rates, by risk type

49%

WHO Coronavirus (COVID-19) Dashboard Overview Measures  Table View Data More Resources

38%

438.312

19%

765.903.278
cam 4t cazse
6.927.378
Globally, as of 3:49pm CEST, 10 May 2023, there have been 765.903.278 confirmed cases of COVID-19,

including 6.927.378 deaths, reported to WHO. As of 9 May 2023, a total of 13.350.487.934 vaccine doses
have been administered.

https://covid19.who.int
. . . Access 13% May 2023
Cardiovascular Respiratory disease Cancer

Note: Each percentage increase represents a five-unit increase in BMI nce
as measured by a formula that divides your body weight by your height ==

Source: Harvard T.H. Chan School of Public Health and the University of Cambridge


https://www.niddk.nih.gov/health-information/health-statistics/overweight-obesity#prevalence

Obesity & sleep

Energy intake €y NationarL SrLeer FounpaTIiON

Obesit . .
P i B ERIEEERE SLEEP DURATION RECOMMENDATIONS

— Meta bolic Syndrome Insufficient sleep
Circadian Misalignment
Key points

* Insufficient sleep and circadian misalignment are common in modern society.

* Insufficient sleep and circadian misalignment are important metabolic stressors and
are associated with weight gain and obesity.

7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24

¢ Insufficient sleep increases energy expenditure by ~100 kcal per day but also
increases energy intake by >250kcal per day, resulting in a positive energy balance
and weight gain.

2 34 56

PEENTENK

NEWBORN INFANT TODDLER PRE—SCHOOL SCHOOL AGE TEEN YOUNG ADULT ADULT OLDER ADULT
0-3 months 4-11 months 1-2 years 3-5 year: 6-13 year: 14-17 years 18-25 year: 26-64 years 65+

0 1

* Sleep restriction increases the drive to eat, and excess food intake resulting from not
sleeping enough is more related to cognitive control and reward mechanisms than to -

appetite hormones.

* Circadian misalignment reduces 24-h energy expenditure by ~3% (~55 kcal per day), SLEEPFOUNDATION.ORG | SLEEP.ORG

alters the levels Of appetite hormones and promotes Unhealthier food Choices than Hirshkowitz M, The National Sleep Foundation’: ! H| » ology and results summary, Sleep Health (2015),

conditions of adequate sleep.

Chaput et al., 2023



Obesny Sleep Medicine 32 (2017) 246256
a 16 138 1289 .68 o —— TRA - A T
ﬁgzg Sidoerroﬁvﬁer 110 ] ig ?gi ?gg +38 A) .. Contents lists available at ScienceDirect x
Female 8 1.36 1.16 1.60 — e O sleep!
Male 8 .2 0 1.7 — SleeP Medicine
Sleep difined by night 6 144 118 1.75 —_— 3 .
ngh quality on the NOS 2 1.30 1.04 1.63 Y —————— ELSEVII journal homepage: www.elsevier.com/locate/sleep
Follow-up no less than 10 years 2 1.14 104 1.25 —_—
Non borrowed prevalence rate 7 120 1.1 952 e e o y
True outcome 9 153 128 183 I Original Article
Short sleep duration and health outcomes: a systematic review, @Cmsm
o meta-analysis, and meta-regression
18 137 122 153 | +37% —a— _ e . _
Aged under 65 8 163 127 2.09 —_— Osamu Itani ', Maki Jike ™', Norio Watanabe “, Yoshitaka Kaneita °
Female 2 119 097 145 L
Male 2 223 126 3.95 —_—
Sleep defined by night 10 .40 127 .62 —_—l
High quality on the NOS 6 127 107 1.1 —_—— 0.8
Follow-up no less than 10 years 3 157 098 252 O *
Non barrowed prevalence rate 12 131 1.15 1.50 —_— ¢}
True outcome 13 144 122 1.70 —_—
O
N of Risk LowerUpper _ . 0 0.6
studies ratio limit limit Risk ratio and 85% Cl o
Mortality Log RR = 0.414 -0.054* Definition of short sleep (P = .002)
36 112 108 116 | +12% e :
Aged 65 or more 8 102 094 1.11 —J0— fe) . R analog = 0.84
Aged under 65 9 107 099 1.16 - £ 041 :
Female 19 1.15 1.07 1.23 —a— -
Male 18 1 TS ke —0— ﬁ
Sleep defined by night 19 113 109 1.18 - =
High quality on the NOS 2 111 107 1.8 k] o
Follow-up no less than 10 years 17 1.11 1.08 1.17 - 9 0.2
_ Non barrowed prevalence rate 36 1,12 g 1.9 E 3
.. . . . . 0.0 |
«For clinical practice, the effectiveness of psychoeducation or psychosocial
intervention to improve sleep in short sleepers on reducing mortality
and the incidence of these health outcomes should be 0.2 ; : : :

4.0 5.0 ' 6.0 7.0

examined in general community settings.
9 y 9 Definition of short sleep (< hours)

But also not only sleep duration but sleep fragmentation and poor
sleep quality



Association of Sleep Duration With
All-Cause and Cardiovascular
Mortality: A Prospective Cohort

Study Front Pub Health , 2022

Qiman Jin?, Niannian Yang', Juan Dai’, Yuanyuan Zhao', Xiaoxia Zhang', Jiawei Yin***
and Yagiong Yan™

Short sleep duration (<5 hours/day) and long sleep
duration (29 hours/day) were significantly associated
with increased cardiovascular mortality:

<5 hours: 66% increased risk (HR = 1.66, 95% Cl: 1.02—
2.72)

>9 hours: 81% increased risk (HR = 1.81, 95% Cl: 1.09—
3.02)

Optimal sleep duration (lowest CV risk) was around 7
hours per day.

Hazard ratio for all-cause mortality

W

o

o
1

2.50+

2.00+

1.50 1

1.00

P for nonlinearity<0.001 /

All cause-mortality /

6 7 8 9 10 11 12
Sleep duration (hours)

Hazard ratio for CVD mortality
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Sleep duration (hours)




Why sleep deprivation?

Modern Work
Models
(shift work)

Twenge et al., 2019 Sleep Med

Hours of sleep
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«Elte 0 Unvoc eite n alnvia, népayv tod
UETPOU, VOOOC EOTIV. »

«Sleep and wakefulness, both of them,
when immoderate constitute disease»

-
Hippocrates (Aphorism 400 BC)
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Arousal Spectrum of Sleep and Wakefulness

alert
inattentive creative hypervigilant/
problem solving insomnia

cognitive dysfunction
(understimulation)

cognitive dysfunction
(owverstimulation)

excessive daytime
sleepiness/
drowsiness/

sedation

panic/fear

asleep hallucinations/

psychosis

deficient arousal excessive arousal

overactivation
normal
baseline

hypoactivation

Stahl, 2021

AROUSAL SPECTRUM BETWEEN SLEEP & WAKEFULNESS
Insomnia e sleepiness are not 2 separate

disorders but a continuum of a single spectrum of
deficient or excessive excitation

Hyperactivation

Normal

Basal

Hypoactivation



LAT HYP = ORX

—

Flip-flop switch model

= HIS
DRN = 5HT
VTA - DA
- NA

Sleep

b ORX

“
Sleep VLPO /
\ eVLPO \
LC

U° TMN
Raphe

N
Off

VLPO - GABA, Adenosine, PGD2

Saper, 2005 Nature



from hypothalamus
(LHA/PH)

orexin A

Ruolo dell’orexina

==

- Baso-lateral amygdala
" * Nucleus of the solitary
OX signalling in the tract

hypothalamus * Nucleus accumbens

Eating behaviors M Sleep regulation
Orexin signalling

q‘ = reward
RS mantineany ol &
< gg binge eating

Mutti et al., 2023

Aumento

Sospensione
sostanze Ricerca sostanze
abuso

Termogenesi
frEei periferica

attivazione asse
ipot-ipofisario

aumento processi
stimoli cognitivi
emotivi attenzione e
apprendimento
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A role for the cortex in sleep-wake regulation § ] E H 2
Lukas B. Krone 0%, Tomoko Yamagata2?, Cristina Blanco-Duque™*#, Mathilde C. C. Guillaumin®3=, ém ]:H 20 4 ;g; ’ Sl \a i ST
Martin C. Kahn'*4, Vincent van der Vinne'2¢, Laura E. McKillop™=, Shu K. E. Tam?3, L&Max :”ean — ckO
Stuart N. Peirson®3, Colin J. Akerman®7, Anna Hoerder-Suabedissen ', Zoltan Molnar = and 0 éo' 0 e G°;mo
Viadyslav V. Vyazovskiy &= @ & E Wake duration (min)
. - -
Traditionally, the cerebral cortex is recognized as the 3
primary generator of slow waves characteristic of deep .
sleep, but new research indicates its direct ;.
contribution to the homeostatic regulation of sleep
Distinct neuronal populations within the prefrontal e s i) 2 i ' ‘
cortex have been identified as playing a crucial role in Tollen et al., Nat Neurosc. 2023 e
Sleep preparation and initiation (S) o s s 9 2 15 18 21
Zeitgeber time (h)
These neurons become active before falling asleep, Increase of «nesting» in mouse _
facilitating the transition from wakefulness to sleep. model with optogenetic Increase of «wake in cKO (PFC
activation of PFC KO) mouse model
Regulation of the amount and characteristic features

of REM (Hong et al. 2023): Through descendin .Y oo | SO,
projections to the hypothalamus, these cortical areas
actively influence the REM sleep phase

«Nesting»

Deacon's nesting score (Deacon, 2006)



“AWRLEHI;EEMMW - nmscienoe ‘ CMT mm Optical stimulation

2018 EMG ﬁq'wbw

vB - Continous firing: arousal (CMT

Thalamic dual control of sleep and wakefulness ceo el AR centromedial thalamus)

Thomas C. Gent®', Mojtaba Bandarabadi ™", Carolina Gutierrez Herrera' and
md ke o ¥ 1) o (T AQwIIIIIranqﬂu
L § Hz 20 Hz 1s

Antoine R. Adamantidis©2*

* The thalamus, particularly the thalamic
reticular nucleus, has long been known for its d
involvement in generating sleep spindles
(Steriade et al. 1985; Halassa et al. 2011).

* Recently a dual role in sleep regulation to the
centromedial thalamus

* Continuous firing of its neurons induces a
transition to wakefulness b ORI

* Burst firing enhances the brain-wide synchrony i | i
of cortical slow waves during sleep through
pl"OJeCtlonS to the anterOdorsaI thalamus and Burst firing: arousal (CMT centromedial thalamus): increase of «UP» state

Cl ngUIate cortex organizes cortical slow waves during deep sleep, rather than inducing arousal.

* This suggests a mechanism by which the
thalamus can actively promote and intensify
deep sleep

Oiptical acfivation
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This indicates the CMT actively generates and coordinates deep
sleep states, distinct from its arousal-promoting function



One brain, one mind, one health, one planet—a call from
Switzerland for a systemic approach in brain health research,
pOIICy and praCtlce www.thelancet.com Vol 50 March, 2025

Indrit Béque,*>* Antoine Flahault,* Isabelle Bolon, Rafael Ruiz de Castafieda,” Ana Maria Vicedo-Cabrera,“" and Claudio L. A. Bassetti®

BRAIN HEALTH
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The need to promote sleep health in public health agendas @
across the globe b

Diane C Lim*, Arezu Najafi*, Lamia Afifi, Claudio LA Bassetti, Daniel | Buysse, Fang Han, Birgit Hagl, Yohannes Adama Melaku, Charles M Morin, m
Allan I Pack, Dalva Poyares, Virend K Somers, Peter R Eastwoodt, Phyllis C Zeet, Chandra L Jacksont, on behalf of the World Sleep Society Global

Sleep Health Taskforce

Healthy sleep is essential for physical and mental health, and social wellbeing; however, across the globe, and Lancet Public Health 2023;
particularly in developing countries, national public health agendas rarely consider sleep health. Sleep should be 8:¢820-26

I General population data
[ Specific population data
I No data

24% GP; 36% SP; 42% No data

«...while conditions such as sleep disorders are both comorbid with psychiatric disorders and independent risk factors for

stroke and dementia» ...

«neurological disorders the main cause of disability and second cause of mortality»







B-Amyloid accumulation in the human brain after one
night of sleep deprivation 2018 PNAS

Ehsan Shokri-Kojori*', Gene-Jack Wang®', Corinde E. Wiers®, Sukru B. Demiral®, Min Guo?, Sung Won Kim?,
Elsa Lindgren®, Veronica Ramirez®, Amna Zehra?, Clara Freeman?, Gregg Miller®, Peter Manza®, Tansha Srivastava®,
Susan De Santi®, Dardo Tomasi®, Helene Benveniste®, and Nora D. Volkow®’

Mood Change: SD-RW
D 11 *p = 0.046
RW

p
108 [ O T

1.06 T X

1.04
1.02
Left Right
Hippocampus Hippocampus

FBB SUVr

0.98
0.96

negative effect of sleep deprivation on B-amyloid burden in the human brain
«Our results highlight the relevance of good sleep hygiene for proper brain

) . : Hippocampus
function and as a potential target for prevention of AD» Y P

... why asymmetric? And position?



ORIGINAL ARTICLE

Obstructive Sleep Apnea is Associ:
Alzheimer’s Disease Biomarkers Cl

Claudio Liguori, MD'; Nicola Biagio Mercuri, MD'2%; Francesca |zzi, Phl
Giuseppe Sancesario, MD?; Fabio Placidi, PhD"

0SA (n = 25),
mean [SD]
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0 T T Ll
OSA OSA-CPAP  Controls
Figure 2—Cerebrospinal fluid (CSF) beta-amyloid, ,, (AB,,) level
in obstructive sleep apnea (OSA), OSA-continuous positive airwa)
pressure (CPAP), and control groups.

Better cognitive profile and sleep macrostructure
in OSAS with CPAP
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ORIGINAL ARTICLE

Obstructive sleep apnea and longitudinal Alzheimer’s disease

biomarker changes

PET Florbetapir

NL: Mean Florbetapir PET SUVR Over Time
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CSF tau

NL: Mean CSF TAU Over Time
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CSF pTau

NL: Mean CSF PTAU Over Time

20
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MCI: Mean CSF PTAU Over Time

NL Subset
(N=516)

MCI Subset
(N=798)

AD Subset
(N=325)

Cognitively Normal: faster annual change in OSA+

OSA appears to accelerate increases in amyloid deposition, CSF T-

tau and P-tau levels over time, both in NL and MCI individuals.

MCI: faster annual change in OSA+

Sleep fragmentation, intermittent hypoxia, and
intrathoracic pressure swings from OSA are Likely
candidate mechanisms.

AD: no change in OSA+

Thus, clinical 1interventions aimed at OSA, in cognitive

normal and MCI patients, could possibly mitigate or slow
the progression of cognitive 1impairment to AD.




...BACK to the future...




tgg

NEUROSCIENCE

Hyperexcitable arousal circuits drive sleep Hert neuron Hort nfumn

. g . . o o 5 o0
instability during aging 25/02/2022 % ﬁgﬁ %Zg% g%g
Shi-Bin Li"?1, Valentina Martinez Damonte?+, Chong Chen®#, Gordon X. Wang', 00 00
Justus M. Kebschull®+, Hiroshi Yamaguchi§, Wen-Jie Bian'?, Carolin Purmann®, Reenal Pattni®®, Wake Wake

Alexander Eckehart Urban™®, Philippe Mourrain'”’, Julie A. Kauer'?,

Grégory Scherrer’*, Luis de Lecea™®> L N S S I ___H.--_-H__-_H-_-_H--_-H

Sleep > Sleep
- == Hert neuronal activity threshold defining sleep-to-wake transition

age-dependent decreased hypocretin
neuron density

Hert
activtity

calcium peaks in hypocretin neurons

associated with wakefulness Hert neuron Hert neuron

prepro-Hert mRNA
During the inactive phase («sleep»), Km;ii>
calcium transients were more frequent V[
and lower in amplitude in old versus ’:EQGM
. . . A"
young associated with increased ‘)

wakefulness

Action potential
Action potential

ML



RESEARCH ARTICLE SUMMARY

NEUROSCIENCE

Hyperexcitable arousal circuits drive sleep
instability during aging

Shi-Bin Li|. Valentina Martinez Damonte|. Chong Chen. Gordon X. Wang.,. Justus M. Kebschull,

Hiroshi Yamaguchi. Wen-Jie Bian. Carolin Purmann.,. Reenal Pattni. Alexander Eckehart Urban.
Philippe Mourrain, Julie A. Kauer, Grégory Scherrer, Luis de Lecea’™

Sleep-to-wake transition latency | Wake duration following optogenetic stimulation
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RESEARCH ARTICLE SUMMARY

NEUROSCIENCE

Hyperexcitable arousal circuits drive sleep
instability during aging
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Glymphatic system: overview

Conventional model

CSF secretion

A

Ventricular bulk flow

Foramen of Magendie
and Luschka

A

Subarachnoid space
bulk flow

Efflux via subarachnoid

granulations and
nerve roots

Reabsorption to
systemic circulation

L

Lohela et al., 2022 Nat Rev

Model including the glymphatic system
%kull

Periarterial Subarachnoid space
CSF influx 5

\ / /
v ta L b ¥) Astrocyte
X 2 ; 1 vascular
1 oy o end-feet
=| A | A %
&\ /s ) ’ ! = |
S » 1 RS
W
" ISF o
¥ % Lymphatic
Periarterial space AQP4 Neuron — *  vessel

Perivenous efflux
Perivenous spaces
and lymphatic vessels

)

Periarterial CSF-ISF
CSF influx exchange

Dysfunction of the glymphatic
system has been linked to various
neurological disorders.

A vital brain cleaning system that
utilizes CSF to remove waste
products from brain tissue. It's a
relatively new area of research
with significant implications for
understanding and treating
neurological diseases.



RE COMMUNICATIONS | (2020)11:4411 | https://doi.org /10.1038/s41467-020-18115-2 | www.nature.com,/naturecommunications

Circadian control of brain glymphatic 2/9/20
and lymphatic fluid flow

Lauren M. Hablitzg %2, Virginia Plam 1, Michael Giannetto!, Hanna 5. Vinitsky( 1, Frederik Filip Staeger?,

Tanner Metcalfe!, Rebecca Nguyen1, Abdellatif Benrais' & Maiken l‘*-ledergaari:l"‘28

The glymphatic system is a network of perivascular spaces that promotes movement of cerebrospinal fluid
(CSF) into the brain and clearance of metabolic waste. This fluid transport system is supported by the water
channel aquaporin-4 (AQP4) localized to vascular endfeet of astrocytes. The glymphatic system is more
effective during sleep, but whether sleep timing promotes glymphatic function remains unknown.
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Glymphatic failure as a final common pathway

to dementia

Maiken Nedergaard™** and Steven A. Goldman'?*

A G5 T, ( B Aging
UGN QL R0 { j) / \
| LW : \,{’) /,/ { Sleep quality
R _‘) \j/ X{ Sedentary Cardiovascular
lifestyle Disorders
Alzheimer's disease Amyloid-p Y \l e
= Substance Depression
b Abuse
Alzheimer's disease Tau Sleep Apnea Circadian
misalignment

Obesity

f Aggregates

Neuroinflammation

/

%ﬁ * ) Neurodegeneration
b
()
Glympahtic CSF influx Dementia

RAT - SUPINE

»
@

Retention = 16.2
Loss = 0.135

8

. }
/

%Signal change from baseline
'\..

3

0 50 100 150
Time (min)

* Raw data « Fitted data

Supine

Science 370, 50-56 (2020)

l S pr—p

O

RAT - PRONE D

RAT - RLD
25 25
Retention = 14.9 Retention = 6.2
Loss =0.09 Loss =0.40
% 20 % 20 .' . t,‘\
3 3 te
E1s ‘M:’“’{:“ " §1s ‘:‘f .
s 8 3 /4 3,
210 3 10 y “‘
s S /
2 E d
] ]
s 25 Jf
»
L J
° °
0 @ 0 e
200 0 50 100 150 200 0 50 100 150 200
Time (min) Time (min)
*Raw data * Fitted data *» Raw data  * Fitted data
Prone Lateral
r . 3/ —
DY
il e
> . < 0 T > .

The analysis showed that glymphatic transport was most efficient in the lateral position compared with the supine or prone

positions.

In the prone position, in which the rat's head was in the most upright position (mimicking awake state), transport

was characterized by “retention” of the tracer, slower clearance, and more CSF efflux along larger caliber cervical vessels.
Lee et al., 2015 JNS
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Prequel...




* «...quae statim referri non poterant, contexuntur postera die,
confirmatque memoriam idem illud tempus quod esse in causa solet
oblivionis...»

* «Cio che non poteva essere ripetuto alla prima, e facilmente messo insieme
il giorno seguente; e il tempo che si ritiene in genere provochi dimenticanza
(ovvero il sonno), si trova a rafforzare la memoria»

* Quintilianus, Institutio Oratoria XI, 2:43




MINOR STUDIES FROM THE PSYCHOLOGICAL LABORATORY
OF CORNELL UNIVERSITY

Communicated by E. B. TircHENER
LXXII. OprivigceEnce During SLEEP AND WAKING

By Joan G. Jenkins and Kart M. Davrrexsacu 1924
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m Global cognitive z score decline
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Original Investigation | Geriatrics

September 21, 2020

Association Between Sleep Duration and Cognitive Decline

Yanjun Ma, BA; Lirong Liang, MD; Fanfan Zheng, PhD; Le Shi, MD; Baoliang Zhong, MD; Wuxiang Xie, PhD
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Conclusions

A statistically significant inverted U-shaped association was observed between sleep duration and
cognitive function, as well as subsequent decline. Extreme sleep duration (ie, =4 or =10 hours per
night) was associated not only with lower cognitive function at baseline but also with faster cognitive
decline during the follow-up assessments| The inverted U-shaped association indicates that cognitive
function should be monitored in middle-aged and older individuals with insufficient or excessive
sleep duration. Future mechanism studies and intervention studies examining the association
between sleep duration and cognitive decline are needed.

Ma non sappiamo le cause della sleep duration...




SLEEP-DEPENDENT MEMORY CONSOLIDATION MODEL
AND LONG-TERM ACQUISITION

Acquiring information (W)

Acquisition

Wakefulness

Neocortex and other
storage areas

Amygdala, hippocampus and
parahippocampal areas

|

Temporary archive in
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{ ; parahippocampal regions

E

xternal inp

Pre-consolidation (Elimination of noise)
Slow-wave sleep

Neocortex and other
storage areas
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[__P-wave generator ] Archive in persistent memory.

Graven, 2006




Henry et al. 2021 Front in Endocr

Experienced Episodes

During NREM sleep, memories temporarily stored in the hippocampus are transferred to
the long-term store in the neocortex.

The dialogue involves the interaction between the cortical slow oscillations, thalamic
sleep spindles and hippocampal ripples to create spindle-ripple events

©
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Stage 2 spindle density (#/min)
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Slee SLEEP, 2023, XX, 1-16

P https://dol.org/10.1093/sleep/zsac282

Research Advance achess publication 26 Novernber 2022

OXFORD g Original Articl
Society*® ginal Ardicle

Original Article
Age-related changes in fast spindle clustering during

non-rapid eye movement sleep and their relevance for I
memory consolidation

Pierre Champetier' ), Claire André'* (), Frederik D. Weber** (), stéphane Rehel*?, Valentin Ourry', Alice Laniepce®, Antoine Lutz’,
Frangoise Bertran'* (1), Nicolas Cabé’, Anne-Lise Pitel', Géraldine Poisnel’, Vincent de la Sayette™”, Denis Vivien's, Gaél Chételat’, and
Géraldine Rauchs' ", on behalf of the Medit-Ageing Research Group

251 (] L]
®‘ Study question: @\ 4
Does age impact fast spindle temporal D ‘
dynamics?
[IE

32 young-middle

aged adults 147 older adults

Q Power fluctuations

(0.02-Hz infraslow scale) / /

Fast spindles 50s
T

Memory consolidation
(OC in performance, %)
P
(2]

Q Temporal clustering 44 Reduced
L A, '\}M..-‘,-.,‘ »"- S -‘\“V‘A'w"‘ ~

#—%—] Main findings: / \ . ' ‘

* Age reduces fast spindle clustering.
* These changes are associated with poorer
memory consolidation and increased NREM

=

sleep fragmentation. Poorer memory  Increased NREM T5+ "
Images: Freepik (pch.vector); Noun Project {imageCotalog , Joyson Lim, Yoonik Waifel ond Adrien Coguet) Consolidation S|eep fragmentation

30 35 40
Mean cluster size
(number of fast spindles per cluster)




Social clock Sun clock

Biological Clock




Social jetlag (hours)

Social Jetlag

3.0+ 12
10
25- o 8
20 °
15 ) ‘o
L ]
1 -...'.... . 70
“%%e..  Studyage68.4+98
1.0 + "0... oo I 60
e 0
05- ! 40
| oo . | 30
20 min tolerable limit - o %oge, -0
00 T T T T T T T
10 20 30 40 50 60 70 80 10
A
ge (years) o

depressed mood

)

C @ 100

80
60

: 40
=2 3 4 5 6 7 >7

Chronotype (MSF__

30 j

consumers of caffeinated
soft drinks (%)

alcohol consumers (9%)

=23 4 5 6 7 >7

, local time)

‘Social jetlag’ difference between local clock and circadian clock



310
Obesity & SJL :
305 -
_300-
* Circadian misalignment & shift work =5 1 overweight e
heo- -
(more data) o g -
2954 e
* Smaller degree in 1% P )
- siL g -3
- UL 290 -
DST
225 - B
sl — __e_
For every hour of shift O.R. 1.3 30 L - --'-‘--’-——.-——-‘---$___¢
metabolic syndrome 220
Social Jetlag score positive correlation 6 i 5 _;, :; é
with obesity

Social Jetlag,,,, (h)
Roennerberg 2012, Curr Biol



¢ |deal standard time zones have solar time
align with the time zone meridian at noon Daylight Saving Time (DST)
with the entire time zone within 30 min of
solar time.

* “Gerrymandered” ST zones caused the
western edge of most time zone to be
delayed by more than 30 min from solar ‘

time and in places over an hour (for political
and economic interests)

* “Gerrymandered” DST zone delays clock
time by 1 h, resulting in a 1 h delay at the
time zone median and around 2 h delay
from SOlar time on the western edge ‘ Sleep & Circadian ‘ Potential Benefits ‘ ‘ Potential ‘

Abrupt Clock Shift & Reallocation of Daylight
Social Jetlag to the Evening

Disruption Disadvantages

DST affects a quarter of the world's population.
EU Commission (autumn 2018) decided that biannual clock change in Europe would

Health QOutcomes Economic Outcomes [ Improved Safety \ Energy Consumption
« Cardiovascular Events « Decreased Productivity (+ Air Conditioning /
s Metabolic Issues + Workplace Accidents Electronics)

Increased
Leisure/Retail

Energy
Consumption
(- Lighting)

Romigi et al., 2025 submitted

DST transitions impact sleep by disrupting sleep duration,quality, and efficiency




ORIGINAL ARTICLE

Social jetlag, obesity and metabolic disorder: investigation in a

cohort study

MJ Parsons', TE Moffitt?>*45, AM Gregony®, 5 Goldman-Mellor>3*#7, PM Nolan', R Poulton® and A Caspi®345
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«living against our internal clock’may
contribute to metabolic dysfunction and its
consequences»



The role of insufficient sleep and
circadian misalignment in obesity

Stress

Social Jetlag and Obesity

ORIGINAL ARTICLE
Social jetlag., obesity and metabolic disorder: investigation in a
cohort study

Is time of eating associated with BMI and obesity? A population-based
study

Social jet lag and (changes in) glycemic and metabolic control
in people with type 2 diabetes

Circadian rhythms https://doi.org/10.1038/541574-023-00851-2

How cansocial jetlag affect health?

Poor sleep

*  Obeties

Industicized
diseases
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Location

Characters

Markers

'l
White adipocyte

Subcutaneous
Visceral
Intramuscular

Store energy

Single large fat droplet
Few mitochondria
UCP1-nearly undetectable

Tef21
Hoxc9

Melatonin & adiposity

@ Beige adipocyte
Subcutaneous

Intramuscular
Other location

Dissipate energy
Develop in WAT

High mitochondria
High UCP1 and PGCla

Thxl
Tnfsrf9/Cd137
Tmem26

@ Brown adipocyte
Interscapular
Axilliary

Cervical
Paravertebral

Dissipate energy

Multiple small lipid droplets
High mitochondria

High UCP1 and PGCla

Zicl

Lhx8
Epstil

Xu et al., 2019

Differentiation

Beige and WAT browning *  Adipogenesis
« Lipid metabolism
BAT growth and function - Thermogenesis iy '
S « Energy expenditure A }
§ Antioxidat * Adiposity
\)\)ka)) s *  Mitochondrial function - Obesity 0
Anti-infl; ti . 3 :
Melatonin nU-niammation lnﬂnmr'natlon re.duc'non S Tasulis resistance 1l
* Reduction of oxidation
Gut microbiota « Adipokine function
Adipokine secretion *  Gut microbiota function

Others?
IGURE 6 The regulatory mechanisms of melatonin on adiposity and body weight. Melatonin regulates body weight and adiposity in
ifferent ways, such as affecting adipogenic differentiation and adipogenesis, inducing beige adipocyte formation and WAT browning,

rromoting BAT growth and increasing BAT function, reprogramming gut microbiota, improving antioxidant and anti-inflammatory
apacity, and restoring adipokine secretion and metabolism. BAT, brown adipose tissue; WAT, white adipose tissue.

Influenza bidirezionale sulla melatonina attraverso la proteina
disaccoppiante 1 (UCP1), espressa nelle membrane degli
adipociti.
La melatonina stimola la conversione degli adipociti in grasso
bruno e la produzione di UCP1. A sua volta, 'mRNA di UCP1
stimola I'espressione della melatonina, stabilizzando e
rafforzando il ritmo circadiano e il sonno.



Impatto ritmi circadiani e dieta su “BAT”

* Ritmo circadiano: Il rilascio di MT e

mediata dal rilascio di NE, che si lega ’ .
ai recettori B-adrenergici. ( . W
EC"C‘“’“’WY“““ Via norepinephrine Induces browning v

e || digiuno intermittente (IF) induce i . — [l I

una maggiore tolleranza glicemica, < \

WAT e dell'inflammazione del tessuto | [ (@ ﬁ By

adiposo, oltre a un aumento @ | =3

dell'espressione di geni termogenici = [ -Mucesbmm

(es. UCP1) e al reclutamento di __fasting Sy o | -

adipociti beige.

Modificata da Machado-Azevedo et al 2022 Nutrition




Impatto ritmi circadiani e dieta su “BAT”

* Anche la restrizione calorica e
associata alla perdita di peso e

favorisce un maggiore reclutamento di

adipociti beige grazie al

coinvolgimento dei macrofagi M2 e 9

all'infiltrazione di eosinofili nel WAT. e
Restriction

* Diete che inducono obesita sono

correlate a un'espansione anomala e £ &

disfunzionale del WAT e alla sua -

disregolazione. L'espansione anomala | - 24

del WAT (stress del RE, apoptosi degli Obesity-inducing

adipociti e un aumento N
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Beige adipocyte )

e Unhealthy

~ ~ expansion
WAT dysfuntion
f Lipogenesis,

adipogenesis and
growth

1 ER stress
proptosis

f Inflammation

Induces browning
process

Inhibits the
browning process

dell'infiammazione attraverso
I'attivazione del fattore di trascrizione
NF-kB e la secrezione di citochine pro-
inflammatorie.

Modificata da Machado-Azevedo et al 2022 Nutrition




.
Meta-analisi il cronotipo mattiniero ha un comportamento alimentare piu sano rispetto al cronotipo serale, il quale
tende a consumare piu grassi e carboidrati. Nessun dato oggettivo in letteratura (attigrafia o PSG)

Eating Behaviour
Meal Timing & Skipping
* Later clock time for breakfast,
linch & dinner
* Frequent breakfast skipping

Time Interval between Meals &
Bedtime

* Longer time interval between last
meal'snack & bedtime

Portion Sizes & Servings
* | Large portion sizes
* | Second servings

Eating Behaviour Scores

1 Eating behaviour score

1 Emotional eating score

| Control over diet

1 Stress-related eating

1 Food cravings

| Problems controlling amount of
food eaten

Cronotipo e alimentazione

Dietary Intake
Distribution
* | Energy during morning
* | Energy, protein, carbohydrate, fat
& SFA in evening

Distribution & Obesity Risk
* | Energy, protein & carbohydrates
in evening, | OR for overweight

Nutritional Intake

* | Potassium, calclum, magnesium,
iron, zinc, vitamin A and -D, folate
thiamine, riboflavin & pyridoxine

* Total energy, carbohydrate, protein
& fat intake — most studies no
difference

Food Group Intake

* | Confectionary, sweets, sugar-
sweetened beverages, fats, meats,
fast foods, caffeine & alcohol

* | Fruits, vegetables, fish eggs,
dairy, pulses & cereals

Der Merwe et al., 2022 Adv Nutr

Biomarkers
Lipid Profile
* | HDL-cholesterol
* | Triglycerides

Glucose Homeostasis
* | Insulin
* T HOMA-IR Al

* | Weight gain over time

Body Composition

Other

* [ MetS score

* | Heart rate

* | Epinephrine

* | Moming plasma ACTH



Sonno adeguato con dieta controllata
a per il bilancio energetico al basale
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Energy Expenditure
Energy Intake

Insufficient sleep increase energy expenditure 4-5%/24h
(>100 Kcal) regardless energy intake in maintained at
level of adequate sleep or ad libitum energy intake

Ghrelin Leptin  PYY

Insufficient sleep with diet
controlled for energy
balance at baseline

Chaput et al., 2023

Ghrelin Leptin  PYY

Insufficient sleep with
ad libitum diet

b c
Energy intake continues to It suggests that
be excessive despite changes  other factors
in appetite hormones promote food
promoting satiety intake
T Hunger 4 Hunger
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Insufficient
sleep

Sleep
deprivation
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Insufficient reufciont staep |
sleep

Appetite hO rmones Assunzione controllata di energia

Controlled energy intake: increased energy expenditure and T Ghrelin*
negative energy balance occurs d Leptin*
Uncontrolled energy intake: LEAN +253 Kcal/day OBESE +385 1 \/
Kcal/day vs recommended sleep duration
T Appetite T 24-h cnergy
: : : : expenditure
Increase of energy intake even with changes in appetite
hormones to reduce hunger (<ghrelin & >leptin/PYY)... ,l
Why?... activation of Hypothalamus, Thalamus, N. Accumbens; T Energy intake
Putamen; Insula; Prefrontal cortex = high carbohydrate/fat food (especially after dinner)
alcohol, addiction... =)
Endocannabinoid system activation (+)
Positive energy

balance

"Hedonic eating"

*When energy intake controlled; opposite effects
when energy intake ad libitum

Chaput et al., 2023 Nature Rev; Al Kathib et al., 2017 Eur J Nutr



Nonexercise Activity Thermogenesis in Obesity
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“Life is like riding a bicycle. To keep your
balance, you must keep moving. ”

Albert Einstein



Circadian
misalignment

Unhealthy food choices (less vegetables and more sweets and

saturated fats both in lean, overweight and obese «misalingned»

Weight gain for less activity in lean m/w

The <24h expediture even without a change in energy intake could

result in weight gain

Animal Model: restricted food intake to the time of day typically
reserved for sleep: higher weight gain than when their food intake
is restricted to the time of typical wakefulness. Despite similar
amounts of caloric intake and activity levels.

Appetite hormones

1l PYY*
1 Leptin*
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Circadian

misalignment

Controlled energy intake
No effect on Ghrelin

Mixed findings for changes

in energy intake.

Some evidence for poor
food choices or quality

a calorie is not a calorie per se and that the timing of
calorie intake has importance for metabolic health

Mota et al., 2013 Chronobiol Int; Qian et al., 2019 Int J Obes; Scheer et al., 2013 Obesity
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Energy intake,
activity &
wakefulness during
biological night

v

1 24-h energy
expenditure

Sleep 12-16% 200-250Kcal (lean)

Positive energy
balance

-3% 55Kcal

*When energy intake controlled Modified by Chaput 2023 Nat Rev



RESEARCH ARTICLE 2019 @PLOS | ONE
Association between social jetlag food
consumption and meal times in patients with
obesity-related chronic diseases

Higher ghrelin in social jetlag (lean)? rusuetal, 2021

«...soclal jetlag is associated with a poor diet and later
meal times, which should be avoided in individuals with
obesity-related chronic diseases»

Maria Carliana Mota>', Catarina Mendes Silva', Laura Cristina Tibiletti Balieiro', Bruna
Fernandes Gongalves', Walid Makin Fahmy?, Cibele Aparecida Crispim'*

1 Faculty of Medicine of the Federal University of Uberlandia, Minas Gerais, Brazil, 2 Hospital e Matemidade
Municipal de Uberlandia, Department of Obstetrics, Uberlandia, Brazil
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Meals
Odd ratio for inadequate food consumption according to presence (>1h)
Total fat (%EI) >30% (EI) 1.3 (1.1-1.9) 0.03
Saturated fat (%EI) >10% (EI) 1.2 (1.1-2.0) 0.02
Cholesterol (mg/day) >300 mg/day 1.8 (1.3-2.6) <0.001
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Take home messages: call to action

Despite the clear evidence, the importance of sleep health remains under-recognized globally

Educate and Raise Awareness: The global view of sleep through education should be changed. This includes
developing sleep health educational programs and awareness campaigns, integrating sleep health into medical
curricula, and using resources like the National Institutes of Health's electronic bookshelf on sleep.

Standardize and Centralize Research Data: To create effective policies, comprehensive global sleep data is needed.
Increasing, standardizing, and centralizing data on sleep in every country. This involves adding sleep-related
questions to existing population-based surveys and assessing multiple dimensions of sleep, from duration and
quality to the presence of specific disorders.

Implement Public Health Policies: Urgency for the development and implementation of sleep health policies
across various sectors. For sleep to be prioritized, it must be recognized as a health priority by major bodies like the
WHO, to encourage countries to include it in their national health agendas. All public health initiatives related to
sleep must have health equity as a central, cross-cutting them



Grazie

Neuromed Sleep Lab

Giuseppe Vitrani
Marco Caccamo
William Risi
Antonella DAmata
Carlotta Tedeschi




	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5: «The big four»
	Diapositiva 6: Pandemic
	Diapositiva 7: Obesity & sleep
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10: Why sleep deprivation?
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13: Flip-flop switch model
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18: Sleep disorders & Neurodegenerative diseases
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22: …BACK to the future…
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27: Glymphatic system: overview
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31: Prequel…
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35: Sleep-dependent memory consolidation model and long-term acquisition 

	Diapositiva 36
	Diapositiva 37: Slow oscillations & coupling
	Diapositiva 38
	Diapositiva 39: Spindle & Ageing
	Diapositiva 40: Biological Clock
	Diapositiva 41: Social Jetlag
	Diapositiva 42: Obesity & SJL
	Diapositiva 43
	Diapositiva 44
	Diapositiva 45
	Diapositiva 46: Melatonin & adiposity
	Diapositiva 47: Impatto ritmi circadiani e dieta su “BAT”
	Diapositiva 48: Impatto ritmi circadiani e dieta su “BAT”
	Diapositiva 49: Cronotipo e alimentazione
	Diapositiva 50: Grelina  
	Diapositiva 51: Energy Expenditure Energy Intake
	Diapositiva 52: Insufficient sleep  
	Diapositiva 53
	Diapositiva 54: Circadian misalignment  
	Diapositiva 55
	Diapositiva 56: Di chi è la colpa?
	Diapositiva 57: Take home messages: call to action
	Diapositiva 58: Grazie

