Dr. Jorge Abad
Servicio Neumologia H.GTIP

ALTERACIONES
METABOLICAS Y SAHS

‘ieus

Blad
Pa 1911 dabr 20t |

B sl L. I



s

.'3-,] bOldudEUﬂ




CIRGULATING FABP4 AND FABP3 LEVELS IN OGA SEVERITY AND TREATNENT

(il
N

ooy 10 56635ep 32

Uaing FABPU andFABP Levels e ity Lked OSASeventy
Tregimen

Raquel Catal, D' Anna Cateé, PRO" Savador Hemendez-Fi, ND': Rann Feré, D, PhO* Sandra Sangens, ND'™ Niria P, D PO
Ana Texido, D, PR0" L Nesana, D, PAD"

Sleep Disordrs Unit Respiratory Departmen, Reus, Spai;**Stnt Joan” University Hospita, Universta Roviv Vil ISPY, Reus, Spain
‘Research Unit on Liids and Atherosclerosis, Fascular Medicine and Metabolism Ui, Spanish Biomedical Research Centrein Diabeles and Associated
Metabolic Disonders (CIBERDEM), Rews, Spain



I“ NEW RESEARCH

]
=
Lo |
—
=X
L]
=
o
LL!
=
_—
o ]
LL.
=
-
Li}
o]
oD

JCSM
Journal of Clinical
Sleep Medicine
hbpe!id= doiong!10. 56864505 m. 3524
Impact of OSA on Biological Markers in Morbid Obesity and
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Background and Objective: There is compeSing evidenca
that obstrective sleep apnoea (O5A) can affect metabolic
syndrome (Me1S) and cardiovascular sk, but the intermediate
machansms through which il occurs have nol besn well
defined. We explored the impact of O5A i morbidly obesa
patients with MelS on adgpokines, pro-mflammatory markers,
endathelial dysfunclion, and athemnsderass markars.
Methods: We included 52 morbidly cbess patients in an
observational study matched for age, gender and ceniral
obesity in 32 groups (O5A-MetS, Non-0S3A-MetS, and Non
OSA-non-MetS).  Anthropomethical, blood pressure, and
fasting blood measwements were oblained the moming after
an ovemight polysocmnography. WEGF, soluble SO0 Bgand
(2CD400L), THF-a, IL-B, leptin, adiponeciin, and chemearin wara
detarmanad in serum by ELISA. O%A was defined as apneal
hypopnea index = 15 and Mats by NCEP-ATP 111,

Results: Cases and conbrol subjects did nod differ in age, BM,
waisl circumierence, and gender (43 1 10 years, 46 £ 5 kgim?,
128 £ 10 o, T1% females). The cases had severs OS54 wilh

47 (32-08) events'h, time spent < 90% Sp0, 7% (5%-31%). All
groups presented simiar ssrum cytokines, adipokings, VEGF,
and sCD40L lewels.

Coenclusions: In a moridly obesa population  with
establishad MetS, the prasence of OSA did nat daterming
any differences in the sludied medialaors whan malched By
cantral obesity. Morbidly obese NonOSA-Noabels had a
simalar inflammatory, adipokine VEGF, and sCD40L profile as
thoss with established Me1S, with or withoul OSA. Dbesity
itself could cwverwhelm the effect of sleep apnea and MetS in
the stusied biomarkers.

Keywords: Obstruclive sleep apnoea, obesity, metabolic
syndrome, adipokines, inflammatory markers, endaothelial
dysfunciion

Citation: Salord M; Gasa M; Mayos M; Foruna-Gulisrmesz
AM: Montzerral JM; Sanchez-de-la-Tarre M; Barcald & Barbé
F. Vigrrasa MN; Monasterio C. Impact of OSA on biglogical
markers in morbid obesity and melabalic syndrome. J Ciin
Siggp Med 2014, 10{3):263-270.
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Abbreviations Ml
mPTP
AHI apnea—hypopnea index MAC
AMI acute myocardial infarction MADPH
A activator profeint nCPAP
BH, tetrahydrobiopterin MFkB
cAaD coronary artery disease nNOS
CD Cluster of differentiation MO
cGMP cyclic GMP MO%
CMS central nervous sysiem Mo
COPD  chronic obstructive pulmonary disease MNrf2
eMOS5  endothelial NOS (NOS3) 0,
EPCs endothelial progenitor cells oDl
EPO erythropoietin OH"
Erk1/2 extracellular signal-regulated kinase OOMNO
GPx glutathione peroxidase O5A
GSH glutathione {reduced) oxLDL

G550
H:0 hyclrogen peroxide
HDL high-density lipoprotein

HIF-12  hypoxia inducible factor-1@

HNA 4-hydroxy-2-nonenal

HO-1 heme oxygenase 1

H5Ps heat shock proteins

ICAM-1 intracellular cell adhesion molecule 1
/R ischemia and reperfusion

H intermittent hypoxia

IL-8 interleukin 8

IL-6 interleukin 6

iMOS inducible MOS [NOS2)

[PC ischemic preconditioning

Keapl  Kelch-like ECH-associated protein 1
LAD left anterior descending artery

LDOL low-density lipoprotein

rA DA malonaldehyde

glutathione disulfide (oxidized )

myocardial infarction

mitochondrial permeahility transition pore
M-acetylcysteine

reduced nicotinamide adenine dinucleotide phosphate
nazal continuous positive airway pressure
nuclear factor kB

neuronal NO5 (NOS1)

nitric oxide

nitric oxide synthase

MNADPH oxidase

nuclear factor {erythroid-derived 2)-like2
superoxide anion

oxygen desaturation index

hydroxyl radical

peroxynitrite

abstructive sleep apnea

oxidized LDL

P38 MAPK p38 MAP kinase

PAC-1
PI3K
PKC
POM-1
PSLG-1
Redox
RMS
RO%
SDB
SH
500
TBARS
TNF-n
WCAM-1
VEGF

specific marker for glycoprotein (GBI
phosphatidylinositol-3-kinase

protein Kinase C

paraxonase-1

P-selectin glycoprotein ligand 1
oxidation/reduction balance

reactive nitrogen species

reactive oxXygen species

sleep disordered breathing

thiol

superoxide dismutase

thiobarbituric acid reactive substances
tumor necrasis factor =

vascular cell adhesion molecule 1
vascular endothelial growth factor

VEGF-R2 (KDR) VEGF receptor 2




CLINICAL REVIEW

Oxidative stress in obstructive sleep apnea and intermittent @ .
hypoxia — Revisited — The bad ugly and good: Implications

to the heart and brain

Lena Lavie

The Lloyd Rigler Sleep Apnea Research Laboratory, Unit of Anatomy and Cell Biology, The Ruth and Bruce Rappaport Faculty of Medicine,
Technion-Israel Institute of Technology, POB 9649, 31096 Haifa, Israel
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SUMMARY

Obstructive sleep apnea (OSA), characterized by intermittent hypoxia (IH), is linked with increased
reactive oxygen species/reactive nitrogen species (ROS/RNS) and oxidative stress, which adversely
affect the associated cardio-/cerebro-vascular disease in OSA. Yet, animal and a small number of human
studies support activation of cardio- [cerebro-protective mechanisms as well. ROS/RNS are intricate and
multifaceted molecules with multiple functions. At low-moderate concentrations ROS/RNS are
considered “good”, by regulating vital cellular functions. At higher levels, they are considered “bad" by
promoting oxidative stress and damaging vital macromolecules through ischemia and reperfusion (I/R)
injury. Subsequently, ROS/RNS can get “ugly” by eliciting sterile inflammation and a multitude of
deadly pathologies. What makes ROS/RNS good, bad, or ugly? A dynamic interplay between a large
number of factors determines the outcomes. These include the types of ROS/RNS produced, their
quantity, duration, frequency, intracellular localization, micro-environmental antioxidants, as well as
the genetic make-up and life style related variables, This review presents the currently available data
on redox biology in physiological/pathophysiological conditions and in OSA/IH, in order to better un-
derstand the apparently contradictory findings on damage vs. repair. These findings are discussed
within the context of the prevailing views on I/R associated ROS/RNS, and their potential implications
to OSA.

© 2014 Elsevier Ltd. All rights reserved.



e Cada vez hay mas evidencia que los
trastornos del sueno , tienen implicaciones
en las alteraciones metabdlicas.

« No conocemos los efectos de los relojes
biologicos (ritmos circadianos) en la
regulacion del metabolismo



 La alteraciones metabolicas que provoca el
SAHS vy cualquier patoldgica del sueno son
confusas y en ocasiones contradictorias

* Hay interrelaciones complejas , que por
diferentes mecanismos actua sobre le
metabolismo .



Normoxia OSA/IH

&) - Neutrophil @ Monocyte . _Endothelialcell % -ROS 3 - Selectin
= - - Activated I - - Selectin ligand
a - Apoptotic neutrophil é“g o - endothelial cell ® o - Cytokines e .
. Hivachoceta s .Smooth muscle cell & -P-selectin integrin ligand
an - Dendritic cell - Platelets/leukocytes s ND - Nitric oxide

s -Platelets QL complex s -PAC-1 7 - Cytotoxicity

Los leucocitos interaccionan con las cel.endoteliales en IH Los neutro, monocitos, linfos
plagueta etc. Se activan con la HI produciendo mayores cantidades de ROS, moléculas de
adhesion , citoquinas y disminucion de NO promoviendo dafio endotelial .La IH produce
Cel. espumosa y dendriticas induciendo aun mas la aterosclesoris



MECANISMOS
PATOGENICOS



FRAGMENTACION DEL SUENO




Sensibilidad insulina y
efectividad de la
glucosa

HIPOXIA'INTERMITENTE




Efecto Lipolitico,
Apoptosis Cel. Beta,
Inhibe Glucogénesis
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Grelina :adiposidad
Leptina :elevada obesidad
Resistina y Adiponectina
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Figure I, The circolar model of slecp restriction, abstructive slecp apnea syvndrome and obesity,
cmphasizing the central role of disrupted lpid metabolism
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OH MAN, IT'S THREE
IN THE MORNING. [ SHOULD
REALLY GET OFF THE
COMPUTER AND GO
To BED...

los ultimos 50 anos la duracion del

n adultos y adolescentes ha disminuido
horas por noche enmas de un 30 % de
cidn americana






FRAGMENTACION DEL SUENO

Impacto negativo sobre el metabolismo de la glucosa con:

— Disminucion la sensibilidad a la insulinay de la eficacia
a la glucosa ,Inhibicion de la secrecion de insulina .

— Aumento de la glucogénesis hepatica
Hiperreactividad del eje HPA:

— Aumento de los corticoides

— Aumento de la grelinay disminucion de la leptina,
— Aumento de la ingesta de diurnas.

Mayor estres oxidativo y disminucion e la capacidad
antioxidante
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SLEEP DURATION AND CARDIOMETABOLIC HEALTH

Contribution of Inflammation, Oxidative Stress, and Antioxidants to the
Relationship between Sleep Duration and Cardiometabolic Health

Thirumagal Kanagasabai, M5c; Chris |. Ardern, PhD

School of Kinesiology and Health Se¢tence. York University, Toronto. Ctario. Canada

Objectives: To explore the interrelationship and mediating effect of factors thal are beneficial (i.e.. antioxidants) and harmful (i.e., inflammation
and oxidative stress) to the relationship between sleep and cardiometabaolic health.

Design: Cross-sectional data from the 20052006 National Health and Nutrition Examination Survey,

Setting: Nationally representative population sample from the US.

Participants: Age 2 20 y with sleep data; final analytical sample of n = 2,079.

Interventions: N/A.

Measurements and Results: Metabolic syndrome was classified according to the Joint Interim Statement, and sleep duration was categorized
as very short, short, adequate, and long sleepers (= 4, 5-6, 7-8, and = 9 h per night. respectively). The indirect mediation effect was quantified
as large (2 0.25), moderate (=2 0.09), modest (= 0.01), and weak (< 0.01). In general, inflammation was above the current clinical reference
range across all sleep duration categories, whereas oxidative stress was elevated ameng short and very short sleepers. Selecl sleep duration-
cardiometabolic health relationships were mediated by C-reactive protein (CRP), y-glutamyl transferase (GGT), carotencids, uric acid, and
vitamins C and D, and were moderaled by sex. Specifically, moderate-lo-large indirect mediation by GGT, carotenoids, uric acid, and vitamin D
were found for sleep duration-waist circumference and -systolic blood pressure relationships, whereas vitamin C was a moderate mediator of the
sleep duration-diastolic blood pressure relationship,

Conclusions: Several faciors related to inflammation, oxidative stress, and antioxidant status were found to lie on the casual pathway of the sleep
duration-cardiometabolic health relationship. Further longitudinal studies are needed to confirm our resulls.

Keywords: antioxidants, cardiometabolic health, indirect mediation effect, inflammation and oxidative stress, sleep duralion

Citation: Kanagasabai T, Ardern Cl. Contribution of inflammation, oxidative stress, and antiocxidanits to the relationship between sleep duration
and cardiometabolic heaith. SLEEP 2015;38(12):1805-1912.

Analizan en 2.076 sujetos ,la relacion entre duracion de suefio con
la inflamacion / estrés oxidativo y las capacidades antioxidantes



« Las personas que dormian 7 horas ,tenian niveles de
iInflamacion optima ,con un equilibrio entre el estrées
oxidativo y los mecanismos antioxidantes .

 Una corta duracidén de sueio se asociaba a un aumento de
PCR, GGT, Ac urico y vit. Ay niveles bajos de vit. C,D, E.
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Review Article

Sleep Deprivation and Oxidative Stress in Animal Models:
A Systematic Review
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@ ¢Hay diferencia en las propiedades antioxidantes
entre suefno paradojicoy suefio profundo?

e El suenio profundo : baja actividad metabdlica y
menor consumo de O2.

* El sueno paradojico : se asocia a una elevada
actividad metabodlica y mayor consumo de O2.

* Elsueno paradojico juega un papel importante
como elemento antioxidante.
e Su disminucidn aumenta el estrés oxidativo.



@ ¢Que regiones son preferiblemente afectadas por el
estres oxidativo despues de la deprivacion de
sueno?

o Elcerebrono se ve afectado de forma uniforme por
la privacion de sueno.

e Hay una peroxidacion lipidica en el hipocampo
talamo e hipotalamo .Pero disminucion de la
peroxidacion en la corteza



@ El papel antioxidante del suefno ¢Se observa solo
en el cerebro? .

e Elsueno, regula los genes responsables de la
sintesis de unas serie de proteinas antioxidantes.

 Elsueno cambia la actividad metabdlica.

e Durante el suefio hay una disminucion de la
actividad metabalica ,reduciéndose la carga oxidativa
y por lo tanto un beneficio para para el cerebro,
corazon .....



@ ¢ El estres oxidativo induce al suefio?
 El nivel de estrés oxidativo puede inducir el suefo.

e Hay una serie de moléculas enddgenas que se
acumulan en vigilia y esto podria activar un
mecanismo antioxidante.
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Review article

Interactions between sleep, stress, and metabolism: ®ka
From physiological to pathological conditions

Camila Hirotsu®, Sergio Tufik, Monica Levy Andersen

Department of Psychobiology, Universidade Federal de Sao Paulo, Sdo Paulo, Brazil



e Dormirsolo 4 horas durante 6 noches
consecutivas en hombres jovenes , mostro un
aumento de los niveles de cortisol .

e La falta de suefio se relaciona con alteracion del eje
HPA. s=ms) Con efectos nocivos sobre el cuerpo.

e Suefo corto === mayor riesgo de obesidady
diabetes



* Reduccion significativa de la insulina con una
semana de restriccion de sueno.

e Lareduccion del sueno produce una disminucion de
la leptina (18%)y aumento de la grelina (28%) que
modifica la ingesta de los alimentos.
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e Marshall en 2009 proporciono la primera
evidencia de que el SAHS moderado es un
factor de riesgo independiente para
desarrollar diabetes . Después de un
seguimiento durante 4 anos, el 20% de los
pacientes SAHS moderado / grave habian
sido diagnosticados de DM.
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ORIGINAL ARTICLE

Obstructive sleep apnoea and the risk of type 2 diabetes:
A meta-analysis of prospective cohort studies

Xia WANG," YanrPing Bl,? Quan ZHANG? AND FanGg PAN?

'Department of Maternal and Child Health Care, School of Public Health and *Institute of Medical Psychology, School of
Medicine, Shandong University and “Department of Emergency, Shandong Qianfoshan Hospital, Jinan, China

ABSTRACT

Background and objective: There has been increas-
ing recognition that obstructive sleep apnoea (0OSA) is
associated with incident type 2 diabetes. The aim of this
study was to assess theassociation between theseverity
of OSA and the risk of type 2 diabetes by performing
a meta-analysis of all available prospective cohort
studies.

SUMMARY AT A GLANCE

A meta-analysis of all eligible prospective cohort
studies showed that moderate-severe obstructive
sleep apnoea was associated with a greater risk of
developing type 2 diabetes.




e Este metaanalisis incluian 5.953 pacientes
con un seguimiento de 2,7-16 anos

e El SAHS moderado grave se asocia con un
mayor riesgo de DM cuando se compara con
los no SAHS .

e Los SAHS leves no mostraron un riesgo
superior a los no SAHS.



DIABETOLOGY &
METABOLIC SYNDROME

Briangon-Marjollet et al. Diabetology & Metabolic Syndrome (2015) 7:25
DOI 10.1186/513098-015-0018-3

REVIEW Open Access

The impact of sleep disorders on glucose
metabolism: endocrine and molecular
mechanisms

Anne Brancon-Mearjollet"*, Martin Weiszenstein®, Marion Heni"”, Amandine Thomas'
Diane Godin-Ribuot™" and Jan Polak**




T lipolysis

/ T+ B-cell death and proliferation

T HIF-1
Morphological remodeling Sympathetic J insulin content
Inflammation activation J glucose-induced insulin

J lipoprotein clearance secretion

Intermittent Hypoxia

— Sympathetic —
! activation ?

T lipid biosynthesis

T HIF-1, NFkB

Inflammation J glucose metabolism
Oxidative stress J- Glutd translocation
Steatosis

Figure 2 Mechanisms linking intermittent hypoxia to impaired glucose metabolism. [ntermittent hypoxia acts on pancreatic insulin production
and secretion as well as on insulin target organs such as adipose tissue, liver and skeletal muscle. These combined effects induce impaired glucose
tolerance, insulin resistance and dyslipidemia. Intermittent hypaxia effects may be direct and/or mediated through the activation of the sympathetic
nervous systemn. HIF-1a (hypoxia inducible factor 1-alpha), NF-kB (nuclear factor-«B), GLUT4 (glucose transporter type 4).
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SLEEP DISORDERED BREATHING

A Randomized Controlled Trial of Continuous Positive Airway Pressure on
Glucose Tolerance in Obese Patients with Obstructive Sleep Apnea

Meus Salord, MD'***: Ana Maria Fortuna, MD***: Carmen Monasterio, MD"**: Mercé Gasa, MD'*; Antonio Pérez, MD*57, Maria R. Bonsignore, MD"
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Study Objectives: Obstructive sleep apnea (OSA) is associated with an increased prevalence of metabolic syndrome (MetS), even in patients with morbid
obesity. Our goal was fo address whether confinuous positive airway pressure (CPAP) treatment improved glucose metabalism in this population.

Methods: A prospeclive randomized controlled trial was performed in severe OSA patients with morbid obesity without diabetes in two university referral
hospitals. Patients received conservative (CT) versus CPAP treatment for 12 weeks. MetS components, homeostasis model assessment of insulin resistance
{(HOMA-IR|) and oral glucose lolerance were assessed at baseline and after treatment,

Results: A total of 80 patients completed the study (42 CPAP and 38 CT patients). After 12 w of CPAP treatment, weight loss was similar in both groups and
physical activity, prevalence of MetS, and HOMA-IR did not change in either group. In the CPAP group impaired glucose tolerance (IGT) reversed in nine
patients and 1GT developed in none, whereas IGT reversed in five patients and IGT developed in five patients in the CT group (P = 0.038 in the Fisher test)
Changes in 2-h plasma glucose after glucose load were greater in the CPAP group than in the CT group (CPAP: -0.5 £ 1.5 versus CT. 0.33 £ 1.9, P = 0.007).
Conclusions: The improvement of glucose tolerance in morbidly obese patients with severe obstructive sleep apnea, without changes in homeostasis model
assassment of insulin resistance, supports an improvement in peripheral insulin resistance after confinuous positive airway pressure treatment,

Clinical Trials Registration: NCT 01029561,

Keywords: continuous positive airway pressure, glucose tolerance, insulin resistance, obstructive sleep apnea
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e Esel primer estudio que investiga el efecto de la
CPAPnN sobre el meta. de la glucosa en poblacion
especifica..

* Los SAHS grave con obesidad morbida en
tratamiento con CPAPn durante doce semanas
,mejoraban la tolerancia a la glucosa .

 Estos resultados apoyan la mejoria de la resistencia
periferica a la insulina después del tratamiento
con CPAPnN
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Figure 2—Effect of 12 w continuous positive airway pressure and
conservative treatment on glucose tolerance in subjects with morbid
obesity and severe sleep apnea. Improvement was considered If a
patient with glucose intolerance had normal tolerance at the end of
the study. Worsened was considered if a patient with normal tolerance
turned to intolerant at the end of the study.




Eight Hours of Nightly Continuous Positive Airway Pressure Treatment
of Obstructive Sleep Apnea Improves Glucose Metabolism in Patients

with Prediabetes
A Randomized Controlled Trial
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 Demuestran que 8 horas de tratamiento con

CPAPN durante dos sem

ana reduce la respuesta

general al test de tolerancia a la glucosa oral y
mejora la sensibilidad a la insulina .

 Utilizar 8 horas diarias o
paciente prediabeticos

e CPAPn proporciona a los
neneficios cardiometabolicos

y puede prevenir comp

Icacliones cardiovasculares.

e Parece que hay una correlacion positiva entre las

horas de uso de CPAPN

y los cambios metabolicos



ORIGINAL ARTICLE

Efects of CPAP on body weight n patients
With onstructive sleep apnoea: a meta-analss
of randomised trials

uciano F Drager, 123And RBunom haimundo Jenner " Gerado Lorenz-Fiho
kabela M Bensefior, Paulo A Lotufo



 Incluyeron 3.181 pacientes de 25 ensayos randomizados

o Este estudio resalta que la introduccion del CPAPN
promueve un pequeno pero significativo aumento del IMCy
peso

o El incremento del peso en SAHS después del tto con CPAPn
no esta influenciado por la edad ,genero, IMC ,peso |,
severidad del OSA , el disefio del estudio, duraciony
cumplimiento de la CPAP o la presencia de dieta o actividad
fisica



HIPOTESIS

Posible cambio en las hormonas que controla la
saciedad y el hambre (orexinas).

El CPAPN restaura sueno profundo y por lo tanto
Incrementa el anabolismo.

SAHS activa la lipolisis de tejido adiposo y favoreceria
la perdida de peso .

El SAHS produce un mayor gasto energetico
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Redistribucion de grasa intraabdominal en el tratamiento con
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El tratamiento con CPAPN a largo plazo produce una
redistribucion de grasa intraabdominal.

En los pacientes tratados con La CPAPn disminuye el
tejido adiposo subcutaneo sin cambios en la grasa
Intraabdominal preaortica (PIF).En los pacientes no
tratados con CPAPn aumenta el PIF.

Estos hallazgos apoyan que el tratamiento con CPAPn
se asocia con un perfil antropomeétrico de menor
riesgo cardiovascular.

Utilizacion de la ecografia



NEUMOLOGO - " GRASA SUBCUTANEA,
GRASA PERIVISCERAL....

DE GUARDIA ROSQUILLAAAASSSN\,
DESAYUNO.. AAAHHH!}#




Associations between Obstructive Sleep Apnea, Sleep Duration,
and Abnormal Fasting Glucose
The Multi-Ethnic Study of Atherosclerosis
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* Encuentra una asociacion independiente en los
SAHS moderados/severos entre obesidad , duracion
del suefio y niveles de glucosa en ayunas en
poblacion Afroamericanay raza blanca.

e Por el contrario esta relacion es mucho mas débil en
subgrupos Hispanos y Asiaticos.

e Sugiriendo que la etnicidad puede modificar el
efecto del SAHS en los niveles de glucosa en ayunas .
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e Los ciclos de hipoxia y reoxigenacion del SAHS
podria modificar el microbiana intestinal .

 Las alteraciones en la flora intestinal inducida por
HI podria ser relevantes en las alteraciones
metabolicas, obesidad y sindrome metabdlico



o Sesugiere que larelacion de equilibrio del
microbioma intestinal puede verse comprometido
en pacientes con SAHS.

o Se abre un campo en al investigacion de como la
HI y/o fragmentacion del suefio , puede afectar al
microbioma intestinal e influir sobre metabolismo
del sujeto.
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The puzzle of metabolic effects of
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CrossMark

Oreste Marrone' and Maria R. Bonsignore'?

Affiliations: "Institute of Biomedicine and Molecular Immunology (IBIM), National Research Council (CNR),
Palerma, Italy. “DiBiMIS, University of Palermo, Ital.

Correspondence: Maria R. Bonsignore, c/o Ospedali Riuniti Villa Sofia-Cervello, via Trabucco 180, 90146,
Palermo, ltaly.
E-mail: marisa@ibim.cnr.it



* La obesidad , como la fragmentacion del
suefio se asocian a alteraciones metabdlicas
Incluyendo la resistencia a la insulina 'y el
perfil lipidico.

« La gravedad de la hipoxemia nocturna ejerce
un efecto menor.

e Es el mayor estudio publicado sobre los
efectos metabdlicos en ninosy tienen que
considerarse como uno de los mas
Importantes
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