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The need to promote sleep health in public health agendas

Lancet Public Health 2023;
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ORIGINAL ARTICLE Sleep2018

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 (%)

The lowest estimate i$41.38
billion and thehighest is $49.21

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 8.939] OSA 1.63 [76] : — _

Depression 6.2[77] 0SA 26 (78] . 187 [79] . Depression13%
Insomnia 2.1 [B0]
RLS 1.9 [81] .

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

Motor vehicle accident 1.3 [43] 0SA 2.5 [86] 1.9 [87] ] 1.5 28] 11.0 23.2%

billion. Inadequate sleep
representsa 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 thatiblic health strategies aimecat enhancingsleep habits

and extending sleep duratiorould significantly alleviate the societal impact of
Inadequate sleep
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Waking up to the importance of sleep o

Lancet 2022

CrossMark

SleepMedicine: FromCinderellaBranchto GrowingRecognition

é )

Historical Neglect: Fordecades
sleephealth anssleepinesshave
beenconsidereda " Cinderella
branch of medicine,"receiving
little attention in undergraduate
education, training, omresearch
funding.

NS / /

Sleep is presented ascritical pillar of health on par with nutrition and physical activity.is not merely a passive
state but a complex neurobehavioral process essential for complete physical, mental, and sociabaiaty

Published Online

Why? thedisparate nature of

sleep conditions (e.g. sleep Sapanbria 2022

apneayestlesslegssyndrome SOV AT

handledbydifferentspecialisty, a e

lack of understandingof their ot o

causes, andsparsity of N
treatment options.




«The big four

A Optimal Food Consumptiorb6%all-cause mortalityg
Risk increasing food +2008&4-cause mortality

== (ONTROLUOMO

A Highly active men22%all-cause mortality vs mildly
active men

e
G

A Socialparticitation -16%all-cause mortality

A4 out 5 favorable sleep patternearlychronotype
adequatesleepduration,absenceof insomnig
snoringand excessivelaytimesleepinesy-24%all-
cause mortality

Lohelaet al., 2022 Nat Rev




Pandemic

Obesity

How obesity increases your mortality
Mortality rates, by risk type

49%

38%

19%

Cardiovascular Respiratory disease Cancer

Note: Each percentage increase represents a five-unit increase in BMI
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

Access 18tiMay 2024
COVID  7047.741 -

increase on previous 7 days

Reported COVID-19 deaths
World, 7 days to 5 May 2024

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

438.312
iihuofvint e
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



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

Obesity& sleep

Energyintake €y Narionar Sceep FounpaTION

ObeSIty Physicaéxercise
AR / SLEEP DURATION RECOMMENDATIONS

— Metabolic Syndrome Insufficientsleep

CircadiarMisalignment

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.

Chaputet al., 2023



Obesny Sleep Med 32 (2017) 246-25
; 1B 125 125 (&8 —_— TR A
ﬁgzg Sidoerroﬁvﬁer 110 ] ig ?gi ?gg +38% _:_ Contents lists available at ScienceDirect x
Female 8 1.36 1.16 1.60 —_— s sleep
Male B 1530 1990 175 _ 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
0 meta-analysis, and meta-regression
18 137 122 153 | +37% —a— _ e o _ . _
Aged under 65 8 163 127 2.09 R S Osamu Itani ', Maki Jike ™', Norio Watanabe “, Yoshitaka Kaneita °
Female 2 119 097 145 =
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)
6 112 108 116 | +1 200 o A P
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 clinicapractice, thesffectivenessf psychoeducatioror psychosocial
intervention to improvesleepin short sleepers areducingmortality
and theincidenceof thesehealth outcomesshouldbe 0.2 : . : : :

4.0 5.0 ' 6.0 7.0

examinedn general community settings S S —

Butalsonot only sleepduration but sleepfragmentation and poor
sleepquality



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™

ShortsleepR dzNJ G A 2y 0O ¥mlorfgSedgNE K Rl 8 0
RdzNJ G A 2Y 6 wepesigrifidaNtBassBdiatd)

with increasedcardiovasculamortality:

Xp K BedaMdEedsedisk (HR = 1.66, 95% CI: 1¢02

2.72)

X b K BldaMdEedsedisk (HR = 1.81, 95% CI: 1¢09

3.02)

Optimalsleepduration (owestCV riskyvasaround?
hours per day

Hazard ratio for all-cause mortality

3.00+

2.50+

2.00+

1.50 1

1.00
T

P for nonlinearity<0.001 /

All causemortality /

3 4 3 6 7 8 9 10 11 12
Sleep duration (hours)

Hazard ratio for CVD mortality

6.00
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o
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P for nonlinearity<0.01
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Sleep duration (hours)




Whysleepdeprivatior?

Modern Work
Models
(shift work)

Sleep
disorders

«Screen time

Drugs
sleep
interfering

89 -+

8.8 -

®
~

Hours of sleep
[+4]
>

85 -

8.4 -

83 +

None

Twengeet al., 201SleepMed
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«Sleep and wakefulness, both of them,
when immoderate constitute disease»

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

nc'CP
ﬁ alert #‘
st inattentive creative hypervigilant/ U
problem solving insomnia

cognitive dysfunction
(owverstimulation)

cognitive dysfunction $

(understimulation)

excessive daytime
sleepiness/
drowsiness/

sedation

panic/fear

asleep hallucinations/

psychosis

deficient arousal excessive arousal

overactivation
normal
baseline

hypoactivation

Stahl , 2021

AROUSAL SPECTRBHTWEEN SLEEP & WAKEFULNESS
Insomniae sleepinessare not 2 separate

disorders but @ontinuum of a single spectrum of
deficient or excessive excitation

Hyperactivation

Normal

Basal

Hypoactivation



Flip-flop switch model

A HIS
DRNA 5HT
VTAA DA
_ LCA NA

VLPQOA GABA, Adenosine, PGD2
LAT HYA ORX =

Saper, 2005 Nature
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O orekiad
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from hypothalamus
(LHA/PH)
— Aumento
A assunzione cibo
A A Sospensione
{ A sostanze Ricerca sostanze
A ) it abuso
-
e Termogenesi
orexin A Freddo pe riferican
- Baso-lateral amygdala Ipercapnia Tachipnea
OF gloraiia oo * Nucleus of the solitary
signalling in the tract
hypothalamus - Nucleus accumbens
attivazione-asse
) ) ipot -ipofisario
Eating behaviors M Sleep regulation
¥ : Orexin signalling
= rewar .
g @g hedonic feeding SIe:y?eraroustalt. H aumento processi
), binge eating p fragmentation ti l i m‘
W K stimoli cogn
emotivi attenzione e
apprendimento

Mutti et al., 2023
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A role for the cortex in sleep-wake regulation

Lukas B. Krone (22, Tomoko Yamagataz?, Cristina Blanco-Duque™4, Mathilde C. C. Gulllaumin=2s,
Martin C. Kahn'*#, Wincent van der Vinne'*£, Laura E. McKillop', Shu K. E. Tam®3,

Stuart N. Peirson®3, Colin J. Akerman®7, Anna Hoerder-Suabedissen ', Zoltan Molnar = and
Viadyslav V. Vyazovskiy &=

A Traditionally, the cerebral cortex is recognized as the

prlmar)égenerator of slow waves characteristic of deep
sleep, but new research indicates its direct
contribution to thehomeostatic regulation of sleep

A Distinct neuronal populations within therefrontal _
cortexhave been identified as plqsylng a crucial role in
Sleep preparation and initiation (S)

A These neuronsecome active before falling asleep
facilitating the transition from wakefulness to sleep.

A Relgulatlon of the amount and characterideatures

of REM(Hong et al. 2023): Through descen_dlnlg
projections to the hypothalamus, these cortical areas
actively influence the REM sleep phase

5 10 15
Mesting duraticn {minj

Tollenet al.,NatNeurosc 2023

Increaseof «nesting» in mouse
model withoptogenetic
activationof PFC
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“AWRLLEJ;EEMM - neuroscience ‘ oMT mm Optical stimulation

2018 EMG ﬁq'wbw

vB - Continousfiring: arousal(CMT

Thalamic dual control of sleep and wakefulness ceo el AR centromediathalamug

Thomas C. Gent®', Mojtaba Bandarabadi ™", Carolina Gutierrez Herrera' and

Antoine R. Adamantidis©2*
T G A -‘-N-M-._
5 Hz 20 Hz 1 g

A Thethalamus particularlythe thalamic
reticularnucleus haslongbeenknownfor its a

|3

=}
(4]
(]

involvementin generatingsleepspindles R — POy wu e ww v e iy Y g
(Steriadeet al. %985Halasseet al. 2011). §wwvmm~kwmwm f‘%“»“&é&é;
A Recentlya dual role in sleepregulationto the i ﬁme M ﬂﬁ
centromedialthalamus § A R A = 8

A Continuous firingof its neurons induces a IR RO O TSRO (TS5 S
transition to wakefulness  EXY I e thwif
- - £ UM PN AR oo LA AL AT =
A Burst firingenhances the braiwide synchrony ° A o LA
of cortical slow waves during sleep through
p_rOje(IltltonS tOt theanterodorsalthalamus and Burstfiring: arousal(CMTcentromedialthalamug: increaseof «UP» state
Cmgu alte cortex organizes cortical slow waves during deep sleep, rather than inducing arousal.

A This suggests a mechanism by which the
thalamus can actively promote and intensify

deep sleep This indicates the CMT actively generates and coordinates

sleep states, distinct from its arougaiomoting function



The need to promote sleep health in public health agendas  “} ®

One brain, one mind, one health, one planet—a call from across the globe o
Switze rla nd fo Fa Syste m i C app roac h i n brai n hea It h resea I'Ch y Diane C Lim*, Arezu Najafi*, Lamia Afifi, Claudio LA Bassetti, Daniel | Buysse, Fang Han, Birgit Hogl, Yohannes Adama Melaku, Charles M Morin,
. . 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
leep Health Taskforce
pO I ! Cy and praCtl ce www.thelancet.com Vol 50 March, 2025 septieathTest

Healthy sleep is essential for physical and mental health, and social wellbeing; however, across the globe, and Lancet Public Health 2023;
Indrit Béque,*>* Antoine Flahault,* Isabelle Bolon, Rafael Ruiz de Castafieda,” Ana Maria Vicedo-Cabrera,“" and Claudio L. A. Bassetti® particularly in developing countries, national public health agendas rarely consider sleep health, Sleep should be & ¢820-26

BRAIN HEALTH
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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

negativeeffect of sleepdeprivationoni -amyloidburden in the human brain
«Ourresultshighlight therelevanceof goodsleephygienefor properbrain
functionand asa potential target for preventionof AD»
X why asymmetri@ And position?

Hippocampus



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
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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 macrostructur
in OSAS with CPAP
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ORIGINAL ARTICLE

L] L] L] L ) , L]
Obstructive sleep apnea and longitudinal Alzheimer’s disease = ¥ X
. NL Subset MCI Subset AD Subset
biomarker changes S apee €l Supse D Subse
PET Florbetapir CSF beta CSF tau CSF pTau
NL: Mean Florbetapir PET SUVR Over Time : " NL: Mean CSF ABETA Over Time HL: Mean CSF TAU Over Time . NL: Mean CSF PTAU Cver Time
e N / ~— Cognitively ~ Normal: faster annual change in OSA+
/ - ‘\\\\ / ° —
m / N \”‘\ / 3
S 50 N ~ s/ /S . . . _
ge / i \, ~_ 8 / . Jll OSA appears to accelerate increases in amyloid deposition; C
e b N ~ | s /,/ Iy / Pl tau and Ptau levels over time, both in NL and MCI individuals.
o - ”;/ ‘ 00 AN . . // B _ // g B /// -
= g ™ . ) /’/’/;_/// ! // - //
o = s ~ we NV
MCL: Mean Florbetapir PET SUVR Over Time MCL: Mean CSF ABETA Over Time MCI: Mean CSF TAU Over Time . MC: Mean CSF PTAU Over Time
(1 0 \‘ . : /,-//'/- . i
) / \j\\ / /// MCI: faster annual change in OSA+
g / . N . / , / Pl Sleep fragmentation , intermittent hypoxia , and
: ; % \ \ i // 11 / - intrathoracic pressure swings from OSA are likely
™ Pl . o o ) S candidate mechanisms.
S ~ ~ / -
L /// \ 2 B / _— — 2 // //
" // . o 45 . . \\ w0 k—/”"/f’ . ) ] " %’ N .
- AD: Mean Florbetapir PET SUVR Over Time , AD: Mean CSF ABETA Over Time (AD: Mean CSF TAU Over Time AD: Mean CSF PTAU Over Time
N A _~ AD: no change in OSA+
RN / o
o /// }\\\ // a0 i///
gm S \\ 2" Yoy i e Thus, clinical interventions aimed at OSA, in cognitive
i Yy 3 AN E, a4 Pl y/4 normal and MCI patients , could possibly mitigate or slow
y e ‘\\‘\\ s Vi the progression of cognitive impairment to AD.
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Hyperexcitable arousal circuits drive sleep Hertneuron ot ”f“m”

] ugm ] ] 0 0 OO

instability during aging 25/02/2022 &"gﬁ by () o%S

02 00

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

A age- dependent decreased hypocretin
neuron density

A calcium peaks in hypocretin  neurons

Hert
activtity

Hert neuron

associated with wakefulness orepro-Hort mRNA

A During the inactive phase («sleep »), KCN@
calcium transients  were more frequent V[
and lower in amplitude in old versus 6%

young associated with increased
wakefulness

Action potential

Action potential

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

Conventional model

CSF secretion

A

Ventricular bulk flow

A

Subarachnoid space
bulk flow

|
Efflux via subarachnoid |
granulations and

nerve roots

Reabsorption to
systemic circulation

L

Foramen of Magendie
and Luschka

Lohelaet al., 2022 Nat Rev

Model including the glymphatic system
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Dysfunctionof the glymphatic
systemhasbeenlinkedto various
neurologicaldisorders.

Avital brain cleaningsystemthat
utilizesCSF teemovewaste
products from braintissue It'sa
relativelynew area ofresearch
with significantimplicationsfor
understandingandtreating
neurologicaldiseases
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Circadian control of brain glymphatic 29120
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

Theglymphaticsystemis a network ofperivasculaispacegshat promotesmovementof cerebrospinafluid
(CSFinto the brain and clearance ofietabolicwaste Thisfluid transportsystemis supportedby the water
channelaquaporind (AQP4)ocalizedto vascularendfeetof astrocytes Theglymphaticsystemis more
effectiveduringsleep but whether sleeptiming promotesglymphaticfunction remainsunknown
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Glymphatic failure as a final common pathway Science 370, 50-56 (2020)
to dementia

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

The analysis showed that glymphatic transport was most efficient in the lateral position compared with the supine or prone
positions. Inthe prone position, in which the rat's head was in the most upright position (mimicking awake state), transport

was characterized b yreténtiono o ftracerhseower clearance, and more CSF efflux along larger caliber cervical vessels.
Lee et al., 2015 JNS



