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"Tothom ha de saber que el son, o dormir be es
fonamental per a la salut | el benestar”

Dr. Antoni Esteve
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El son | el ritme circadiari

Noon

12:00 Testosterona

High alertness
10:00

Highest testosterone secretion
09:00

Bowel movement likely 08:30,

Best coordination
14:30

Fastest reaction time
15:30

Melatonin secretion stops

Greatest cardiovascular efficiency
07:30a

and muscle strength

Sharpest rise 17:00

os:00=ll .. rEE o oo & J=1s:00

B/ [¥18:30Highest blood pressure
19:00 Highest body temperature
Lowest body temperature 04:30

21:00 Melatonin secretion starts

02:00
Deepest sleep 22:30

Midnight



circadian

light

460-500 nm

400 nm 500 nm 600 nm

. Light

Activated by sunlight during daytime,
SCN project inhibitory information to

PVN in hypothalamus. The long axons

of PVN then send nerve pulses down
to the preganglianic sympathetic
neurons of the spinal cord, which in

turn modulate the activity of the superior
cervical ganglia. The latter further project
to the pineal gland to regulate the secretion

of melatonin.

The circadian rhythm can be disrupted:

‘ Exposure to 400-500nm light at night

A%

' Not receiving the light in the morning

’ Jet lag - results in an imbalance of
neurotransmitters and hormones

Shift work where workers are exposed to visible light at night
de-regulates a gene involved in controlling the circadian rhythm_

will either disrupt the clock gene ft
the 'wake state' of the circadian cycle at an abnormal time, such neurons

“ Exposure to light at abnormal times or due to change in location sympathetic

as in the evening.

rhythm

lens

wavelengths

700 nm

\

perior cervical
ganglia

preganglionic

o R

or cause of
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L'arquitectura del Son

15* half of the night: early sleep ' 2™ half of the night: late sleep

|
WAKE— E high frequency EEG (alpha-beta)
i
R : REMs, PGO & saw-tooth waves
;
i
N 1 : vertex sharp waves
E
NZ : sleep spindles, k-complexes
1
i
N3 slow oscillations
11pm  midnight  1am 2 am 3am 4 am 5 am 6 am 7 am



Hores de son al llarg de la vida

=y
©

18 —
17
16 -
15
14 -
13
12
m -
10
9
8
8' 7
2
% 6
@ 5
@ 4 -
o 3
@ 2 -
P
o) 1
2 5 0
0-2 meses 4-11 meses 1-2 afios 3-5 afios 6-13 afos 14-17 afos 18-25 aflos 26-64 afios +65 anos
Franjas de edad.
Estas Cifras reﬂejan tanto - Recomendacion Apropiado - No recomendado

las horas nocturnas de sueno

como las pOSibl es sie stas Adaptado de "The National Sleep Foundation”. Sleep duration recommmendation.

Sleep health: The Official Journal of the National Sleep Foundation (2015)"
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Proporcions de la poblacio que dorm
menys de 7 hores

U.s. UK Germany Japan Canada
Less than 6 hours 18% 16% 9% 16% 6%
6 to 7 hours 27% 19% 21% 40% 20%

Notes: Sleep dota based on data from the National Sleep Foundation [2013) representative survey. The proportions of people

sleeping less than six and between six and seven hours have been calculoted by using the weighted average among the
proportions for workday and weekend sleep patterns.

Why sleep matters - the economic costs of insufficient sleep.
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El son com a promotor de la cognicio,
I'equilibri emocional | la salut

Aprenentatge Benestar Sistema Neuroproteccio Cardiometabolisme

I memoria emocional iImmunitari

Sleen i< intearal to lifel



Evidencies cientifiques, el son com a promotor de
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Sleep modulates hacmatopoiesis and protects
against atherosclerosis
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links sleep and immune function
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la salut
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Conseqguencies de la privacio de son

Sleep is integral to life!

x4.9 Depressio severa

x2.8 Infart de miocardi
x2.1 Fibromialgia

x2.0 Artritis reumatoide
x1.6 Osteoartritis

x5.0 Alzheimer

10



Que entenem per trastorns de son?

Sindrome de Apnea-Hipopneas
durante el sueno

Excesiva somnolencia diurna
(ESD) asociada al SAHS

Insomnio

Sindrome de piernas
inquietas (SPI)

Parasomnias

Excesiva somnolencia diurna

Trastornos del ritmo circadiano
del sueno

Particularidades de trastornos
del sueno en la poblacion pediatrica




Relacio fisiopatologica del son amb malalties rellevants

a Circadian timing system

=N Brain targets
SCN i AN SCN ipRGCs
{ [HI « RMTg SCN_|
BIEIEN © VIA e 1GL ]
EXAYYEN « NAc e LHD |
(e PVI BT e [H |
Retino- * Hormone [+ mPOA KOllb] 4 [* VLPO |
hypothalamic * SNS and PNS DI « LC (e MA |
tract = Body temperature [SPL]
Lymph
node
Brown
adipose
tissue
Heart
Feeding schedule Spleen
Pancreas

Adrenal gland
Kidney

Uterus

White
adipose
tissue

{7
é.rg
v
Muscle
Bone marrow

;? ‘ﬁi’broblavs-t\ Sy

b Mammalian molecular clock

Auxiliary loop

HDACH) ———
NCORREV
S Bmal1)

Positive loop

* Ror \ .
* Reverba

Clock-regulated
pathways:

* Neurogenesis

* Cortical development
» Neurotransmission

+ Synaptic homeostasis
* Inflammation

* Neuronal metabolism
* Mitochondrial function
= Redox signalling

* Oxidative stress

* Blood-brain barrier

* Per1, Per2
* Cry1,Cry2
AVAN

Negative loop

— |\ CCGs

Tissue-specific CCGs

CCG acrophases and
amplitudes vary
between tissues




Relacio fisiopatologica del son amb malalties rellevants (1)

Son 1 envelliment

A Young Adult
Wake
§ REM
&  NREM1
§~ NREM 2
&  NREM3
NREM 4
Older Aduit
Wake ) )
g. i fast spindles hippocampal encoding
:% NREM 1 memory stage (older YOUNQ) activity (older - young) learing ability
]

»C samn
)

A
e ), Sleep before - of & gro Z
2300 00:00 0100 0200 0300 0400 0500 0600 07.00 0800 . 2 g : 'm ".1 - % ﬂﬂ
Clock Time | encoding (= | cosaidiaton [+ 7L K 8"\% == ". L
Y O

B = Young Adults (Y) ® Oider Adults ()
sleep aﬂ A ! L&
-]
- - ; = '
Y o ] Yo . L8

Effect 3 :
[oﬁif. Young] memory stage slow waves hippocampal retrieval long-term retention
{older - young) activity (older - young)

Slow Wave Activity Slow Waves Slow Wave Density

PFC SWA (i)

Sleep Spindle
Slow Spindle Density

Mander, B. A., Winer, J. R., & Walker, M. P. (2017). Sleep and Human Aging. Neuron, 94(1), 19-36.
https://doi.org/10.1016/j.neuron.2017.02.004




Relacio fisiopatologica del son amb malalties rellevants (2)

Malalties cardiometaboliques

CONSEQUENCES INTERMEDIATE MECHANISMS CARDIOVASCULAR DISEASES
Saoz l\—ww
-
Oxygen -
desaturation
Systemic
hypertension
C3A2 Sympathetic activation
=3 G4l Endothelial dysfunction
Obstructive sleep apnoea Aticsal Hypeicoaquiatithly Heart failure
Inflammation
Oxidative stress
Flow Metabolic dysregulation
Abdomen | ==
Polysomnographic Sudden death
registration
Myocardial ischaemia
Intrathoracic pressure changes and infarction

Figure: Obstructive sleep apnoea consequences and intermediate mechanisms that potentially contribute to risk of cardiovascular disease
The events associated with collapse of the upper airway lead to brain arousal, intrathoracic pressure changes, and hypoxaemia and reoxygenation. Several intermediate mechanisms link obstructive
sleep apnoea with the initiation and progression of cardiovascular diseases. Sa0,=oxygen saturation. C3A2 and C4A1=electroencephalographic channels.



Relacio fisiopatologica del son amb malalties rellevants (3)

Malalties neurodegeneratives

Sleep deprivation promotes Alzheimer’s pathology

Sleep is accompanied by lowered activity-driven release and heightened clearance of AR

Insomnia

and tau from the brain. Sleep deprivation reduces aggregate clearance and promotes i iy
astrogliosis, network activity—driven tau and AR release, further protein aggregation, and o S m—»,;—' =K
the spread of Alzheimer's disease pathology. g g ; :
\ :".l P
Regular sleep-wake cycle | Sleep deprivation """"’%W" 4
1 DEa &3_

</

\¢

& Inflammatory astrocyte

X Astrocyte P -i 5 ‘;&:A i
(& = & J 1\ ";’t,'. )
ﬂAB aggregate ‘ ® /L1 ‘z}'&* & ‘ﬁ, l
[\ * % [~ i
&Tau aggregate | (2 % mi'* ﬁﬁ "’; N o 2 O :\].:\{5‘
B (% “{\& % w /o NG\ & % pe /| & e, R Y%-_ 7
[ 4 5 a\l(”& 'S \
~Tau ~ R e AR \‘ * 8 \ Neuron 2 74
WMo Zive N L RE BN e
%\ \¥* i" /g% &'; Synaptic activity—
% | ;\ » B\ ot driven release of
~ ) ) [ [ & tau and A
Ventricle — o Cogritive ageing
= Alzheimer's disexse |

Clearance of extracellular proteins

Irwin MR, Vitiello MV. Implications of sleep disturbance and inflammation for Alzheimer's disease dementia. Lancet Neurol. 2019
Mar;18(3):296-306. doi: 10.1016/S1474-4422(18)30450-2. Epub 2019 Jan 17. PMID: 30661858.



Relacio fisiopatologica del son amb malalties rellevants (4)

Processos inflamatoris

Irwin MR, Vitiello MV. Implications of sleep disturbance and inflammation for Alzheimer's disease dementia. Lancet Neurol. 2019
Mar;18(3):296-306. doi: 10.1016/S1474-4422(18)30450-2. Epub 2019 Jan 17. PMID: 30661858.



Environmental stimuli

Besedovsky L, Lange T, Haack M. The Sleep-Immune Crosstalk in Health and Disease. Physiol Rev. 2019 Jul 1;99(3):1325-1380. doi: 10.1152/physrev.00010.2018.

PMCID: PMC6689741.

regulatory

substances:

e 0

Commensals

Relacio fisiopatologica del son amb malalties rellevants (5)

Sistema immunologic

NREM T

NREMTT
REMJ

NREM $
REM $

Pathogens

SLEEP memmp IMMUNE

IMMUNE ====p SLEEP
PATHOLOGY
Disturbed
sleep,
fatigue
E 3
8
=
8
[=]
£
y
L
©
£
£
©
£
Too strong j
or too long
immune Microbial/viral
activation challenge

PATHOLOGY
O
N.

Insufficient/
disturbed
sleep

(sauouuoy “6°9) sanosjow pajeosse-das|s
Immune/inflammatory dysregulation

<
| =

v

Host defense,
immunological memory,
immune homeostsis Disease

Physiological Reviews®© 2019

PMID: 30920354;

american
physiological
society




Relacio fisiopatologica del son amb malalties rellevants (6)

) Sleep and Cancer E0R [JNIVERSITAT»e
DEBATE ’ ili- BARCELONA

Sleep disturbances promote cancer

Why?
Sleep

Intermﬂtunt
Hypoxia /‘//‘//

Sleep Sleep Lifestyle ; . Circadian
Light at Night ;
Disruption Duration Changes L hidibid Shifts

Autonomic
Nervous

System Reduced Physical e e Melatonin
Imbalance Activity S 3Ll Suppression

(\ e N e
Epinephrine Deregulation - Alterations

ADRﬁ

=
-
=
~N

Gozal et al. Sleep Med Rev. 2016; 27:43-55.



Relacio fisiopatologica del son amb malalties rellevants (6)

X Sleep and Cancer B UNIVERSITATos
B-DEBATE P ii- BARCELONA

Sleep disturbances promote cancer
Experimental data from animal models

» Tumor invasion INTERMITTENT HYPOXIA 4

SLEEP FRAGMENTATION 4

Almendros | et al. Am J Respir Crit Care Med;189:593-601, 2014

Cortese R et al. Oncotarget.;6:556-69 2015
Hakim et al. Cancer Res. 2014,;74:1329-37



Cronoterapia
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Circadian timing system
CLOCK BMALT1

Chronopharmacokinetics
Drug transport and metabolism

Metabolism

NN

Detoxification

1 CYP1A2
CYP3A4
UGT1A1

6 _S * DPYD
CES
ABCB1 TK
ABCC2

ABCG2
Bioactivation

NN
PER*CRY
N

AN
Chronopharmacodynamics

Master clock

Drug target
MT
(Syre &-» NN 1op1
\ M Target TS

Cell cycle
DNA repair “YBLM _fopye

Vo

& G

/

Apoptosis S_\w
CycE

W chee

NAD Metabolism
NMNAT

NAD+  NMN
NAMPT
W

f
|

SIRT1
AVAY
Nicotinamide

4

Drug efficacy and toxicity
6 6
Dosing time and duration
Current Opinion in Systems Baology

Dae Wook Kim, Eder Zavala, Jae Kyoung Kim (2020). Wearable technology and systems
modeling for personalized chronotherapy. Current Opinion in Systems Biology.
20



HORIZON

The EU Research & Home Views v  Topics v  Videos  About v
Innovation Magazine

HEALTH

Chemotherapy could work
twice as well If given at the
right time

25 October 2016

by Joanns Roberts

,_ ) | A
Adjusting the time that chemotherapy is given to male colorectsl cancer patients has been shown bo increase
their survival rates by three months. Photo credit: Pixabay/ public domain

The anti-tumour properties of chemotherapy drugs could work twice as well if you take them
at times when the body is most receptive, but that means different timetables for different
people, according to researchers working to understand how to use the body’s daily rhythms
to make medicine optimally effective and reduce unpleasant side effects.

Chemotherapy could work

twice as well if given at the

right time | Research and

Innovation (europa.eu)



https://ec.europa.eu/research-and-innovation/en/horizon-magazine/chemotherapy-could-work-twice-well-if-given-right-time#:~:text=The%20anti-tumour%20properties%20of%20chemotherapy%20drugs%20could%20work,medicine%20optimally%20effective%20and%20reduce%20unpleasant%20side%20effects.

Chronotherapy: Intuitive, Sound, Founded...But Not Broadly Applied

¢ (3.4 %) Cancers and Other Neoplasms ——

(17.7 %) Symptoms and

(0.2 %) Ear/Nose/ __ General Pathology
Throat Diseases

Muscle, Bone, Cartilage Diseases (1%)
Blood and Lymph Conditions (0.7 %)

(0.1%) Substance-
related disorders

Behaviors and
Mental Disorders
(30.4 %)

(1.9 %) Digestive
System Diseases

(4.5 %) Heart and
Blood Diseases

Immune System

0
(0.9 %) Wounds Diseases (1.6 %)

and Injuries
Respiratory Tract

(2.9 %) Diseases and :
Abnormalities at/or (Lung and Bronchial)
Before Birth Diseases (4.5 %)
0 Gland- and Hormone-Related
it bcl’iesnégggsSystem Diseases (2.4 %)

Urinary Tract, Sexual Organs,

g : :
(0.6 %) Bacterial and Fungal Diseases Pregnancy Conditions (3.2 %)

(0.4 %) Viral Diseases

(2 %) Skin and Connective Tissue Diseases
(4.6 %) Nutritional and Metabolic Diseases

Eye Diseases (1.9 %)

Occupational Diseases (2 %)

Julia M. Selfridge, Tetsuya Gotoh, Samuel Schiffhauer, Jingling Liu,
Philip E. Stauffer, Andrew Li, Daniel G. S. Capelluto, Carla V. Finkielstein



Wearable High-dimensional Systems Modeling Personalized
technology data and Machine Learning chronotherapy

Drug

delivery

device
-

4 ®@®@®

M

Current Opinion in Systems Biology
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Sleen is intearal to life!

Should sleep be considered a life protector?
... a therapeutical remedy to fight disease?
... a booster of pharmacological effect?

... a golden medicine by itself.

24



B Barcelona - , AdSalutem
: h T Sant Joan de Déu i
a3 mﬁnﬂeg{%mgﬁﬂw w SJ D Barcelona - Hospita Sleep Institute

. 3 -'-- - Vall d'Hebron
% i MatuaTerrassa Elnﬁ

Instituto de B
micracirugia c Dexeug {
NATAL

® o |nstitut

Guttmann QSJD Sant Joan de Déu
H 5 Borcelona - Hospital
P et oo o s Dexr‘na us )
ita.

IMG Clinical

GRUPO MIRANZA ocular I n n Ovatl O n A
. | S e rVI Ce S - P A“;k U .T.A. E I M O m,sé:‘:gor&?a especialistas en salud mental
&G A I N a BAR P " r AT JOANDEDEY gl sns Bayésconsultori
= INNOVATION HUB > 5% = . i
€y cLinica e
HOSPITAL CIMA SAGRADA iy Aptima
FAMILIA “he.sit Centre Clinic
MituaTerrassa
(@) Clinica
Sant Josep

AdSalutem
Sleep Institute

i

Business School

. aberti{ ESADE f;";\ﬁ%
STANFORD %A_

. AdSalutem Educati » P B Cristiane TS

25



Gracies per la vostra atencio!

Dr. Antoni Esteve " 28 d’Octubre de 2021

AdSalutem

Sleep Institute



