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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.

Sleep 2018

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

billion. Inadequate sleep 
represents a huge economic 

and social cost.
20.5%

23.2%

Depression13%

Stroke 9.8%



Sleep Medicine: From Cinderella Branch to Growing Recognition

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.

Lancet 2022

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»
ÅOptimal Food Consumption -56%all-cause mortality ς

Risk increasing food +200% all-cause mortality 

ÅHighly active men -22% all-cause mortality vs mildly 
active men 

ÅSocial particitation -16% all-cause mortality

Å4 out 5 favorable sleep patterns (early chronotype, 
adequate sleep duration, absence of insomnia, 
snoring and excessive daytime sleepiness) -24% all-
cause mortality 

Lohelaet al., 2022 Nat Rev



Obesity COVID

Pandemic
Access 18th May 2024

https://www.niddk.nih.gov/health-information/health-statistics/overweight-obesity#prevalence
NIH Health Statistics Access 16th June 2025

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


Obesity & sleep

Chaput et al., 2023
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+38%

+37%

+12%

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

«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
examined in general community settings.



Short sleep ŘǳǊŀǘƛƻƴ όҖр ƘƻǳǊǎκŘŀȅύ and long sleep 
ŘǳǊŀǘƛƻƴ όҗф ƘƻǳǊǎκŘŀȅύ were significantly associated 
with increased cardiovascular mortality:
Җр ƘƻǳǊǎΥ 66% increased risk (HR = 1.66, 95% CI: 1.02ς
2.72)
җф ƘƻǳǊǎΥ 81% increased risk (HR = 1.81, 95% CI: 1.09ς
3.02)

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

Front Pub Health , 2022

All cause-mortality

cardiovascular-mortality



Why sleep deprivation?

Modern Work 
Models

(shift work)

Drugs 
sleep 

interfering

«Screen time»

Sleep 
disorders

Portable devices > stationary devices

Twenge et al., 2019 Sleep Med



«ɳ ˍ ʁ ˉ˄ˇˌʁ ˍ ʁːˉ˄ʾʰΣ ˉʷˊʰ˄ ˍˇ  
˃ʷˍˊˇˎΣ ˄ˈˋˇˌ ˋˍʽ˄Φ»

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

Hippocrates (Aphorism 400 BC)



AROUSAL SPECTRUMBETWEEN 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
Stahl , 2021



Flip-flop switch model

Wake Sleep

Saper, 2005 Nature

TMN Ą HIS 
DRN Ą 5HT 
VTA Ą DA 
LC Ą NA

VLPO Ą GABA, Adenosine, PGD2 

LAT HYP Ą ORX
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Stahl, 2021

Mutti et al., 2023
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ÅTraditionally, the cerebral cortex is recognized as the 
primary generator of slow waves characteristic of deep 
sleep, but new research indicates its direct 
contribution to the homeostatic regulation of sleep      

ÅDistinct neuronal populations within the prefrontal 
cortexhave been identified as playing a crucial role in 
Sleep preparation and initiation (S)

ÅThese neurons become active before falling asleep, 
facilitating the transition from wakefulness to sleep. 

ÅRegulation of the amount and characteristic features 
of REM(Hong et al. 2023): Through descending 
projections to the hypothalamus, these cortical areas 
actively influence the REM sleep phase

Tollen et al., Nat Neurosc. 2023

Increase of «nesting» in mouse 
model with optogenetic 

activation of PFC

Increase of «wake» in cKO (PFC 
KO) mouse model

«Nesting»



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

ÅRecently a dual role in sleep regulation to the 
centromedial thalamus 

ÅContinuous firing of its neurons induces a 
transition to wakefulness 

ÅBurst firing enhances the brain-wide synchrony 
of cortical slow waves during sleep through 
projections to the anterodorsalthalamus and 
cingulate cortex 

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

deep sleep

2018
Continous firing: arousal (CMT 

centromedial thalamus)

Burst firing: arousal (CMT centromedial thalamus): increase of «UP» state 
organizes cortical slow waves during deep sleep, rather than inducing arousal. 

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



ζΧwhile conditions such as sleep disorders are both comorbid with psychiatric disorders and independent risk factors for 
stroke and dementiaη  Χ ζneurological disorders the main cause of disability and second cause of mortality»

24% GP; 36% SP; 42% No data
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negative effect of sleep deprivation on ̡ -amyloid burden in the human brain
«Our results highlight the relevance of good sleep hygiene for proper brain 

function and as a potential target for prevention of AD» 
Χ why asymmetric? And position?

2018 PNAS



Better cognitive profile and sleep macrostructure 
in OSAS with CPAP



Bubu 2019 Sleep

Cognitively  Normal: faster  annual  change in OSA+

PET Florbetapir CSF beta CSF tau CSF pTau

AD: no change in OSA+

MCI: 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.

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

Thus, clinical  interventions  aimed at  OSA, in cognitive 
normal  and MCI patients , could  possibly  mitigate or slow 
the progression  of cognitive impairment  to AD. 



Χ.!/Y ǘƻ ǘƘŜ ŦǳǘǳǊŜΧ



Åage- dependent  decreased  hypocretin  
neuron  density

Åcalcium  peaks in hypocretin  neurons  
associated  with wakefulness

ÅDuring  the inactive  phase (« sleep »), 
calcium  transients  were more frequent  
and lower  in amplitude  in old  versus 
young associated  with increased  
wakefulness

Fiber  photometry  calcium  imaging

25/02/2022



lower threshold to arousal in aged hypocretin neurons Increased wakefulness by optogenetic stimulation of 

orx neurons
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Glymphatic system: overview
Lohelaet al., 2022 Nat Rev

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.



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.

Glymphtic Fluid Flow 
> mid-day (sleep)

2/9/20

Interstitial fluid clearance > mid-day 
(sleep) 

Lymph node drainage from 
cisterna magna > during night



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 ñretentionò of the tracer, slower clearance, and more CSF efflux along larger caliber cervical vessels.
Lee et al., 2015 JNS


