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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»
• Optimal Food Consumption -56% all-cause mortality –

Risk increasing food +200% all-cause mortality 

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

• Social particitation -16% all-cause mortality

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

Lohela et 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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Circadian Misalignment



+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 duration (≤5 hours/day) and long sleep 
duration (≥9 hours/day) were significantly associated 
with increased cardiovascular mortality:
≤5 hours: 66% increased risk (HR = 1.66, 95% CI: 1.02–
2.72)
≥9 hours: 81% increased risk (HR = 1.81, 95% CI: 1.09–
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



«Εἴτε ὁ ὕπνος εἴτε ἡ ἀϋπνία, πέραν τοῦ 
μέτρου, νόσος ἐστιν.»

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

Hippocrates (Aphorism 400 BC)



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
Stahl, 2021



Flip-flop switch model

Wake Sleep

Saper, 2005 Nature

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

VLPO → GABA, Adenosine, PGD2 

LAT HYP → ORX



0
Stahl, 2021

Mutti et al., 2023
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• Traditionally, 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      

• Distinct neuronal populations within the prefrontal 
cortex have been identified as playing a crucial role in 
Sleep preparation and initiation (S)

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

• Regulation 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»



• The 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).

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

• Continuous firing of its neurons induces a 
transition to wakefulness 

• Burst firing enhances the brain-wide synchrony 
of cortical slow waves during sleep through 
projections to the anterodorsal thalamus and 
cingulate cortex 

• This 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



«…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»

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



Sleep disorders & 
Neurodegenerative 

diseases



negative effect of sleep deprivation on β-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» 
… 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. 



…BACK to the future…



• age-dependent decreased hypocretin 
neuron density

• calcium peaks in hypocretin neurons 
associated with wakefulness

• During 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
Lohela et 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 “retention” of the tracer, slower clearance, and more CSF efflux along larger caliber cervical vessels.
Lee et al., 2015 JNS



«If translated clinically, these 
findings pave the way for the 

development of sleep medications 
that specifically dampen 

hypocretin neuron hyperactivity 
to improve sleep and mental and 

physical health in older 
people.»

“…obviously mice are not people, just as 
apples are not planets. 

Nonetheless, because apples & planets 
both have mass, falling apples allowed 

Newton to elucidate the forces underlying 
planetary movements…”

Palop, 2009

Modified by The Orexin System. Basic Science and Role in Sleep Pathology,  2021 Dauvilliers Y

24/7 Society



Prequel…





Primi a dimostrare scientificamente che 
dormire impedirebbe la normale curva di 

decadimento della memoria che si 
sviluppa attraverso il tempo trascorso 

sveglio

Il richiamo del materiale è migliore quando 
il periodo di ritenzione viene trascorso in 
sonno rispetto alla veglia (“SLEEP EFFECT”)

1924



One century later…

Baseline & Decline

Ma non sappiamo le cause della sleep duration…



SLEEP-DEPENDENT MEMORY CONSOLIDATION MODEL 
AND LONG-TERM ACQUISITION

Acquiring information (W)

Temporary archive in 
amygdala, hippocampus and 

parahippocampal regions

Preconsolidation

Consolidation

Archive in persistent memory.

Graven, 2006

W

SWS

REM



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

Henry et al. 2021 Front in Endocr



SLOW OSCILLATIONS & 
COUPLING Paroxysmal epileptic activity? LOEU? OSAS? Sleep restriction?

Szabo, 2022 Front Neurol

MCI converter?

persistent synaptic plastic changes (REM)



Fast Spindle Density &  simple motor 
procedural memory 

Fogel et al., 2011 Neurosc & Behav
Genzel., 2009 Sleep

Fast Spindle Density &  complex 
cognitive procedural memory 

N Spindle &  IQ

the function of the sleep spindle is related to intellectual ability and memory consolidation



SPINDLE & AGEING



Biological Clock Social clock Sun clock



Social Jetlag

 ‘Social jetlag’ difference between local clock and circadian clock

Roenneberg, 2012 Curr Biol; Roenneberg, 2023 Nat Rev End; Roenneberg et al., 2019 Biology



Obesity & SJL

• Circadian misalignment & shift work 
(more data)

• Smaller degree in
• SJL

• JL

• DST

For every hour of shift O.R. 1.3 
metabolic syndrome

Social Jetlag score positive correlation 
with obesity 

Roennerberg 2012, Curr Biol



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

Romigi et al., 2025 submitted



«‘living against our internal clock’ may 

contribute to metabolic dysfunction and its 

consequences»



Courtesy by ChatGPT 4



Melatonin & adiposity

Xu et al., 2019

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, l'mRNA di UCP1 

stimola l'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 è 
mediata dal rilascio di NE, che si lega 
ai recettori β-adrenergici. 

• Il digiuno intermittente (IF) induce 
una maggiore tolleranza glicemica, < 
WAT e dell'infiammazione del tessuto 
adiposo, oltre a un aumento 
dell'espressione di geni termogenici 
(es. UCP1) e al reclutamento di 
adipociti beige. 

Modificata da Machado-Azevedo et al 2022 Nutrition



Impatto ritmi circadiani e dieta su “BAT”

• Anche la restrizione calorica è 
associata alla perdita di peso e 
favorisce un maggiore reclutamento di 
adipociti beige grazie al 
coinvolgimento dei macrofagi M2 e 
all'infiltrazione di eosinofili nel WAT.

• Diete che inducono obesità sono 
correlate a un'espansione anomala e 
disfunzionale del WAT e alla sua 
disregolazione. L'espansione anomala 
del WAT (stress del RE, apoptosi degli 
adipociti e un aumento 
dell'infiammazione attraverso 
l'attivazione del fattore di trascrizione 
NF-κB e la secrezione di citochine pro-
infiammatorie.

Modificata da Machado-Azevedo et al 2022 Nutrition



Cronotipo e alimentazione

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

Der Merwe et al., 2022 Adv Nutr



Grelina

Leptina

Chaput et al., 2023

Sonno adeguato con dieta controllata

per il bilancio energetico al basale

P/D1 gastric cells 

adipocytes

Il digiuno non induce un aumento, 

quindi è più importante la 

diminuzione dopo i pasti che 

l'aumento prima

è prodotto dagli adipociti, questo 

ormone diminuisce l'appetito. I 

livelli sono correlati all’adiposità e 

sono considerati rappresentativi 

dell'accumulo di energia.



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 

Chaput et al., 2023

It suggests that 
other factors 
promote food 
intake



Insufficient 
sleep

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

Assunzione controllata di energia

Controlled energy intake: increased energy expenditure and 
negative energy balance occurs

Uncontrolled energy intake: LEAN +253 Kcal/day OBESE +385 
Kcal/day vs recommended sleep duration

Increase of energy intake even with changes in appetite 
hormones to reduce hunger (<ghrelin & >leptin/PYY)…

Why?... activation of Hypothalamus, Thalamus, N. Accumbens; 
Putamen; Insula; Prefrontal cortex → high carbohydrate/fat food 
alcohol, addiction…

Endocannabinoid system activation

"Hedonic eating"



NonExcercise Activity Thermogenesis (NEAT) 

“... NEAT includes a series of continuous and vital movements that 
do not involve moderate-to-vigorous-intensity exercise. These 

additive activities account for significant thermogenesis and energy 
consumption...”

“Life is like riding a bicycle. To keep your
balance, you must keep moving. ”

Albert Einstein

SPA Spontaneous Physical Activity

Koltz, 2012

Signals from all of these areas have the potential 
to influence cortical premotor neurons, and 

feedback from premotor neurons and orexinergic 
projections may interact to drive SPA. 

SPA spontaneous physical activity



Circadian 
misalignment

Mota et al., 2013 Chronobiol Int; Qian et al., 2019 Int J Obes; Scheer et al., 2013 Obesity

Controlled energy intake
No effect on Ghrelin

-3% 55Kcal
Sleep 12-16% 200-250Kcal (lean)

Modified by Chaput 2023 Nat Rev

Energy intake, 
activity & 

wakefulness during 
biological night

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. 

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



2019 Higher ghrelin in social jetlag (lean)? Rusu et al., 2021 

Dinner

Odd ratio for inadequate food consumption according to presence (>1h) 

«…social jetlag is associated with a poor diet and later 

meal times, which should be avoided in individuals with 

obesity-related chronic diseases» 



Di chi è la colpa?

Alessandro Barbero A che ora si mangia Quodlibet 2017



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
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