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ABREVIATURAS

ACS: Acute coronary syndrome.

AHI: Apnea-Hypopnea Index.

CPAP: Presién positiva continua en la via aérea; Continuous Positive Airway
Pressure.

CPE: Células progenitoras endoteliales.

cTn: Troponina cardiaca; Cardiac troponin.

cTn-I: Troponina cardiaca-I; Cardiac troponin-I

CVD: Cardiovascular disease.

ECG: Electrocardiograma.

EPC: Endothelial progenitor cell.

ERAM: Esfuerzos respiratorios asociados a microdespertares.
HIF1-a : Factor inducible por hipoxia-1.

HTA: Hipertensidn arterial.

IAH: Indice de Apneas-Hipopneas.

[AM: Infato agudo de miocardio.

IMC: Indice de masa corporal.

NF-kB: Factor nuclear kB.

ODI: Oxygen desaturation index.

OSA: Obstructive Sleep Apnoea.

PCR: Poligrafia cardiorrespiratoria.

PSG: Polisomnografia.

ROS: Especies reactivas de oxigeno.

SAHS: Sindrome de apnea-hipopnea del suefio; Sleep apnea-hypopnea syndrome.
Sa0,. Saturacidn arterial de oxigeno.

SCA: Sindrome coronario agudo.

TA: Tensidn arterial.
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Resumen

RESUMEN

El sindrome de apnea-hipopnea del suefio (SAHS) afecta al 4-6% de la
poblacidn general de mediana edad, y dicha prevalencia va aumentando con la
edad. El SAHS se caracteriza por episodios repetidos de obstruccién de la via
aérea superior durante el suefio, causando hipoxemia intermitente e interrupcion
del sueno. ElI SAHS se relaciona con un deterioro de la calidad de vida,
somnolencia diurna excesiva, enfermedades cardiovasculares y cerebrovasculares,
y ademds con un exceso de mortalidad, principalmente por enfermedad
cardiovascular. En cuanto a los factores de riesgo, la edad, el sexo masculino y el
indice de masa corporal son los mds importantes. Cada evento apnéico finaliza
con un arousal (despertar electroencefalografico). Los episodios de hipoxia
intermitente y los arousals provocan un aumento de la actividad simpatica y
cambios repentinos de la presion arterial, que contribuyen al desarrollo de
hipertrofia miocardica, arritmias cardiacas y muerte por causa cardiovascular.
Ademas, dichos episodios repetidos de hipoxia-reoxigenacion, y el aumento de la
actividad simpatica pueden activar diferentes vias patogénicas que favorecen la
aterogénesis como  son: estrés oxidativo, disfuncién  endotelial,
hipercoagulabilidad y alteraciones metabdlicas como resistencia a la insulina.
Estas alteraciones fisiologicas explicarian el mayor riesgo de desarrollar
enfermedad cardiovascular en pacientes con SAHS. No obstante no hay suficiente
evidencia para apoyar el tratamiento con presion positiva continua sobre la via
aérea (CPAP) en la prevenciéon primaria o secundaria de la enfermedad
cardiovascular.

En el primer estudio que se expone en la presente memoria de trabajo de
tesis doctoral (F. Barbé et al. Eur Respir ] 2015) se evalu6 el impacto del SAHS en
la gravedad (fraccidn de eyeccion, clasificacidn Killip, nimero de vasos afectados,
numero de stents implantados y nivel plasmatico de troponina cardiaca (cTn)
pico) y prondstico a corto plazo (dias de estancia en la unidad coronaria, dias de
estancia hospitalaria, complicaciones y mortalidad) de pacientes con sindrome
coronario agudo (SCA). Los resultados de este estudio indicaron que el SAHS esta

correlacionado con un aumento de los niveles de ¢Tn pico, namero de vasos
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Resumen

afectados y duracion de la estancia en la unidad coronaria.

En el segundo estudio (A. Sdnchez-de-la-Torre et al. PLOS ONE 2016) se
evaluo la influencia del sexo en la gravedad del SCA (fraccion de eyeccion,
clasificacion Killip, nimero de vasos afectados, namero de stents implantados y
nivel plasmatico de cTn pico) en pacientes con diagnostico reciente de SAHS
admitidos por SCA. Se observé que el sexo influye en la gravedad del SCA en
pacientes con SAHS, de tal manera que los hombres muestran un aumento en el
numero de vasos afectados y namero de stents implantados y ademads una menor
fraccidon de eyeccidon con respecto a las mujeres.

En el tercer estudio (Chieh-Yang Koo et al. Heart, Lung and Circulation
2016) se determino la influencia étnica en la prevalencia del SAHS en pacientes
que presentaban SCA. Pudimos observar que existia una variaciéon étnica
significativa en la prevalencia del SAHS en pacientes con SCA. El aumento por
unidad de indice de masa corporal se asocié con un mayor aumento en la
prevalencia de SAHS en pacientes de origen asidtico que en pacientes espafioles.

En el cuarto estudio (A. Sdnchez-de-la-Torre et al. (Submitted)) se evalud
si la presencia de episodios de hipoxia cronica intermitente en pacientes con
SAHS afecta a la evolucion temporal de la expresion de la ¢Tn y en los niveles de
cTn pico en pacientes que han sufrido un SCA. Se observo que el SAHS y su
gravedad se asocian con una evolucién diferente de los niveles de cTn asi como
menores niveles de cTn pico, lo que podria sugerir la existencia de una posible
proteccion miocardica en los pacientes con SAHS grave que sufren un SCA.

En conjunto, los estudios que componen la presente tesis doctoral han
contribuido en el avance del conocimiento de la relacion existente entre el SAHS
y la enfermedad cardiovascular, teniendo como objetivo: i) evaluar en primer
lugar el impacto del SAHS en la gravedad del SCA, ii) analizar el efecto del sexo
del paciente con SAHS, en la gravedad del SCA, iii) explorar la prevalencia del
SAHS entre diversos grupos étnicos y su interaccion con factores de riesgo como
la obesidad en cada grupo étnico, y finalmente iv) investigar el impacto del SAHS

en la evolucion temporal de marcadores de severidad del SCA.
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RESUM

La sindrome d'apnea-hipopnea de la son (SAHS) afecta el 4-6% de la
poblacid general de mitjana edat, i aquesta prevalenga va augmentant amb I'edat.
La SAHS es caracteritza per episodis repetits d'obstruccié de la via aéria superior
durant el son, causant hipoxémia intermitent i interrupcié del son. La SAHS es
relaciona amb un deteriorament de la qualitat de vida, somnolencia ditirna
excessiva, malalties cardiovasculars i cerebrovasculars, i a més amb un excés de
mortalitat, principalment per malaltia cardiovascular. Pel que fa als factors de
risc, I'edat, el sexe masculi i I'index de massa corporal sén els més importants.
Cada esdeveniment apneic finalitza amb un arousal (despertar
electroencefalografic). Els episodis d'hipoxia intermitent i els arousals provoquen
un augment de l'activitat simpatica i canvis sobtats de la pressié arterial
sistémica, que contribueixen al desenvolupament d'hipertrofia miocardica,
aritmies cardiaques i mort per causa cardiovascular. A més, aquests episodis
repetits d'hipoxia-reoxigenacio, i I'augment de 'activitat simpatica poden activar
diferents vies patogeniques que afavoreixen l'aterogénesi com sdn: estres
oxidatiu, disfunci6 endotelial, hipercoagulabilitat i alteracions metaboliques com
resisténcia a la insulina. Aquestes alteracions fisiologiques explicarien el risc més
elevat de desenvolupar malaltia cardiovascular en els pacients amb SAHS. Tot i
aixd, no hi ha evidéncia suficient per donar suport al tractament amb pressio
positiva continua sobre la via aéria (CPAP) per la prevencio primaria o secundaria
de la malaltia cardiovascular.

En el primer estudi que s'exposa en la present memoria de tesi doctoral (F.
Barbé et al. Eur Respir ] 2015) es va avaluar l'efecte de la SAHS en la gravetat
(fraccio d'ejeccid, classificacié Killip, nombre de vasos afectats, nombre de stents
implantats i nivell plasmatic de troponina cardiaca (cTn) pic) i pronostic a curt
termini (dies d'estada a la wunitat coronaria, dies d'estada hospitalaria,
complicacions i mortalitat) de pacients amb sindrome coronaria aguda (SCA). Els
resultats d'aquest estudi van indicar que la SAHS esta correlacionada amb un
augment dels nivells de cTn pic, nombre de vasos afectats i durada de 'estada en

la unitat coronaria.
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En el segon estudi (A. Sdnchez-de-la-Torre et al. PLOS ONE 2016) es va
avaluar la influéncia del sexe en la gravetat del SCA (fraccioé d'ejeccid, classificacio
Killip, nombre de vasos afectats, nombre de stents implantats i nivell plasmatic
de cTn pic) en pacients amb diagnostic recent de SAHS admesos per SCA. Es va
observar que el sexe influeix en la gravetat de la SCA, de tal manera que els
homes mostren un augment en el nombre de vasos afectats i nombre de stents
implantats i a més una menor fraccié d'ejeccio pel que fa a les dones.

En el tercer estudi (Chieh-Yang Koo et al. Heart, Lung and Circulation
2016) es va determinar la influéncia étnica en la prevalen¢a de la SAHS en
pacients que presentaven SCA. Vam poder observar que existia una variacio
étnica significativa en la prevalenca de la SAHS en pacients amb SCA. L'augment
per unitat de I'index de massa corporal es va associar amb un major augment en
la prevalenca de SAHS en pacients d'origen asiatic que en pacients espanyols.

En el quart estudi (A. Sdnchez-de-la-Torre et al. (Submitted)) es va avaluar
si la presencia d'episodis d'hipoxia intermitent cronica en pacients amb SAHS
afecta I'evolucié temporal de I'expressio de la ¢Tn i en els nivells de ¢Tn pic en
pacients que han patit un SCA. Es va observar que la SAHS i la seva gravetat
s'associen amb una evolucié diferent dels nivells de cTn aixi com menors nivells
de cTn pic, el que podria suggerir l'existéncia d'una possible proteccié miocardica
en els pacients amb SAHS greu que pateixen un SCA.

En conjunt, els estudis que componen la present tesi doctoral han
contribuit en 'aveng del coneixement de la relacio existent entre la SAHS i la
malaltia cardiovascular, tenint com a objectiu: i) avaluar en primer lloc I'impacte
de la SAHS en la gravetat de la SCA, ii) analitzar I'efecte del sexe del pacient amb
SAHS en la gravetat de la SCA, iii) explorar la prevalenca de la SAHS entre els
diversos grups étnics i la seva interaccié6 amb factors de risc com l'obesitat en
cada grup etnic, i finalment iv) investigar I'impacte de la SAHS en I'evolucio

temporal de marcadors de severitat de la SCA.
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ABSTRACT

Sleep apnea-hypopnea syndrome (SAHS) affects 4-6% of the general
middle-aged population, and this prevalence increases with age. SAHS is
characterized by repeated episodes of obstruction of the upper airway during
sleep, causing intermittent hypoxemia and sleep disruption. SAHS is related with
impaired quality of life, excessive daytime sleepiness, cardiovascular and
cerebrovascular diseases, and also with an excess of mortality, mainly due to
cardiovascular disease. Regarding risk factors, age, male gender and body mass
index are the most important. Each apnoeic event ends with an arousal (waking
electroencephalogram). Intermittent episodes of hypoxia and arousals cause an
increase in sympathetic activity and sudden changes in systemic blood pressure,
contributing to the development of myocardial hypertrophy, cardiac arrhythmias
and death due to cardiovascular disease. In addition, repeated episodes of
hypoxia-reoxygenation and increased sympathetic activity can activate different
pathogenic pathways that promote atherogenesis, such as: oxidative stress,
endothelial dysfunction, hypercoagulability, and metabolic disorders like insulin
resistance. These physiological changes may explain the increased risk of
developing cardiovascular disease in patients with SAHS. However, there is not
enough evidence to support treatment with continuous positive airway pressure
(CPAP) for primary or secondary prevention of cardiovascular disease.

In the first study that is exposed in the present memory of doctoral thesis
(F. Barbé et al. Eur Respir | 2015) we evaluated the influence of SAHS on the
severity (ejection fraction, Killip class, number of diseased vessels, number of
implanted stents and plasma cardiac peak troponin (cTn) level) and short-term
prognosis (length of stay in the coronary unit, length of hospitalization,
complications and mortality) of patients with acute coronary syndrome (ACS).
The results of this study indicate that SAHS is related to an increase in the peak
cTn levels, number of diseased vessels, and length of stay in the coronary care
unit.

In the second study (A. Sanchez-de-la-Torre et al. PLOS ONE 2016) we

evaluated the influence of sex on the severity of ACS (ejection fraction, Killip
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class, number of diseased vessels, number of stents implanted and plasma peak
cTn level) in patients with a recent diagnosis of SAHS admitted by ACS. It was
observed that sex influences on the severity of ACS in patients with SAHS, so that
men show an increased number of diseased vessels and number of stents
implanted and also a lower ejection fraction with respect to women.

The third study (Chieh-Yang Koo et al. Heart, Lung and Circulation 2016)
we determined the effects of ethnicity on the prevalence of SAHS in patients with
ACS and who underwent a sleep study. We could observe that there was a
significant ethnic variation in the prevalence of SAHS in patients with ACS. The
increase per unit of body mass index was associated with a greater increase in the
prevalence of SAHS in Asian patients than in Spanish patients.

In the fourth study (A. Sanchez-de-la-Torre et al. (Submitted)) it was
evaluated whether the presence of chronic intermittent hypoxia episodes in
SAHS patients during sleep affected the time course of cardiac troponin
expression and the peak cTn levels in patients who have suffered an episode of
ACS. It was observed that SAHS and its severity are associated with a different
temporal evolution of cTn levels as well as lower levels of peak cTn, which could
suggest the existence of a possible myocardial protection in patients with severe
SAHS who suffer an ACS.

Overall, the studies that compose this doctoral thesis have contributed to
the advancement of knowledge about the relationship between SAHS and
cardiovascular disease, with the objective of: i) to evaluate the impact of SAHS on
the severity of ACS, ii) to analyze the effect of the sex of patients with SAHS on
the severity of ACS, iii) to explore the prevalence of SAHS among the various
ethnic groups and their interaction with risk factors such as obesity in each
ethnic group, and finally iv) to investigate the impact of SAHS on the temporal

evolution of markers of ACS severity.
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Introducciéon

1. SINDROME DE APNEA-HIPOPNEA DEL SUENO

1.a DEFINICI()N

En los ultimos afos, los trastornos respiratorios del suefio y especialmente
el Sindrome de Apnea-Hipopnea del Suefio (SAHS), han generado un interés
creciente en la comunidad médica. Diferentes estudios epidemiologicos
realizados en Estados Unidos y Europa, han puesto de manifiesto que el SAHS es
un enfermedad muy prevalente, que afecta a entre un 4-6% de hombres y 2-4%
de mujeres en la poblacion general adulta de edades medias (1), aumentando su
prevalencia claramente con la edad y siendo 2 6 3 veces mas frecuente en varones
que en mujeres (2) tendiendo a igualarse a partir de la menopausia.

El SAHS se define como un cuadro caracterizado por hipersomnolencia
excesiva, trastornos  cognitivos-conductuales,  respiratorios, cardiacos,
metabdlicos o inflamatorios secundarios a una alteracion anatémica y funcional
de la via respiratoria superior que conduce a episodios repetidos de obstruccion
total o parcial durante el suefio (Figura 1), lo cual provoca descensos de la
saturacion arterial de oxigeno (SaO,) y despertares transitorios o arousals que
dan lugar a un suefio no reparador (3). Estos episodios se miden con el Indice de
Apneas-hipopneas (IAH) expresado como numero de episodios por hora de

sueno.

Figura 1. Obstruccion de la via aérea superior en el SAHS. En individuos sanos durante el suefio la
via aérea permite el paso de aire desde el exterior hasta los pulmones sin ejercer resistencia al aire
(A). En pacientes con SAHS puede ocurrir una oclusion parcial debida a una mayor resistencia al
flujo de aire que en muchos de los casos puede llegar a generar ronquido (B) o una oclusion total,
en cuyo caso el flujo de aire hacia los pulmones es nulo (C).
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Para definir este trastorno respiratorio The American Academy of Sleep

Medicine (AASM) ha establecido un conjunto de parametros clinicos y analiticos:

[.  Somnolencia diurna excesiva no explicable por otras causas.
II.  Dos o mas de los siguientes criterios no explicables por otros motivos:

a) Apneas durante el suefio
b) Suefio fragmentado
c) Suefio no reparador
d) Astenia y fatiga al despertar
e) Disminucion de la capacidad de concentracion

III.  Indice de apnea-hipopnea (IAH) mayor o igual a 5.

El diagndstico se establece con un criterio 1 6 2, mas el criterio 3.

El SAHS en un problema importante de salud publica, ya que esta
relacionado con un incremento en el riesgo de padecer enfermedades
cardiovasculares y cerebrovasculares tales como la hipertensién sistémica, infarto
de miocardio, cardiopatia isquémica, insuficiencia cardiaca, fibrilacion auricular y
embolias cerebrales (4), tiene un papel causal en accidentes de trafico (5,6) y

ademas influye negativamente en la calidad de vida (Figura 2).

I Obstruccion total o parcial de la via aérea I

/\

Asfixia /hipoxia I Breves despertares transitorios
Esfuerzos inspiratorios aumentados

—

Alteracion de gases Fragmentaciéon Cambios bruscos de la frecuencia
en sangre del suefio cardiaca y de la presion sanguinea

Consecuencias neuro-psicologicas, cardiovasculares y metabolicas

Figura 2. Cuadro resumen de los trastornos respiratorios durante el suefio y las
consecuencias clinicas observadas en pacientes con SAHS.
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1.b FACTORES DE RIESGO

Todos los pacientes con SAHS sufren episodios repetitivos de obstruccién

de las vias respiratorias, y los factores de riesgo mds habituales incluyen:

* Sexo varon (2,7,8)

* Incremento de la edad (7-9)

e Obesidad (1,10-12)

* Alteraciones de la anatomia craneofacial y del cuello (13)
* Menopausia (14)

* Hipotiroidismo (15)

* Antecedentes familiares de ronquido y SAHS (16,17)

* Uso de sedantes, tabaquismo y alcohol (18,19)

Sin embargo, no todos los pacientes presentan estas caracteristicas (20).
Por consiguiente, los intentos para construir relaciones causales entre los
potenciales factores de riesgo genético y la forma de presentacion clinica del
SAHS deben tener en cuenta esta variabilidad en su forma de presentacion.
Ademas, no esta claro si los factores asociados con el SAHS son causas o efectos
del sindrome. Tal dificultad para determinar la direccion causal de estas
asociaciones aumenta el reto de identificar y comprender de qué modo los

factores de riesgo del SAHS se relacionan con la enfermedad.
1.b.1  Sexo

El SAHS es una enfermedad que establece diferencias entre sexos en

cuanto a la prevalencia, fisiopatologia y hallazgos polisomnograficos (Tabla 1).
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HOMBRES MUJERES
Prevalencia de IAH (=15 h™) | 3% 6%
Edad comun de diagnoéstico | 40-60 afos 50-60 afios
Sintomas referidos Ronquidos, pausas de apnea e | Depresion, ansiedad, insomnio,
hipersomnolencia diurna cefalea y astenia
Obesidad Obesidad central Obesidad periférica (las

mujeres suelen ser mads obesas
que los hombres)

Via aérea superior Mas colapsable Menos colapsable

Hormonas sexuales Papel poco importante Papel muy importante:
progesterona/estrégenos
protegen del SAHS

Datos polisomnograficos IAH mas grave. IAH mas leve.

Mas dependiente de la posicion | Obstruccién parcial de la via
y menos de la fase del suefio. aérea superior mas comun que
en los hombres.

Tabla 1.- Diferencias entre ambos sexos en prevalencia, fisiopatologia y manifestaciones clinicas
en pacientes con SAHS.

Diversos estudios de investigacion han confirmado que el SAHS es mas
comun en hombres que en mujeres (2,21). A pesar de que es poco conocido se
cree que las diferencias inherentes en la distribucion de grasa corporal, longitud y
colapso de las vias respiratorias superiores, mecanismos neuroquimicos de
control, la respuesta al arousal y las hormonas sexuales contribuyen a la
disparidad en la prevalencia entre ambos sexos (22).

Se han encontrado diferencias significativas en la circunferencia del cuello
entre hombres y mujeres con el mismo indice de masa corporal (IMC). Los
hombres tienden generalmente a depositar el tejido adiposo alrededor del tronco
y abdomen, mientras que las mujeres muestran la deposicién alrededor de la
periferia: brazos superiores, caderas y muslos. Este hecho podria explicar que los
hombres presenten mayor circunferencia del cuello que las mujeres con IMC
similares. Dicha deposicién de grasa a nivel de la via aérea superior se ha
asociado con el desarrollo de SAHS.

El impacto del SAHS en las mujeres también podria ser diferente al de los
hombres sobre todo en la premenopausia, modulada por el estado hormonal.

Ademas, la presentacién clinica en mujeres puede variar respecto a la
tipica de varones sobre todo por una mayor frecuencia de sintomas depresivos,

ansiedad, cansancio general, falta de energia y cefalea. Tener en consideracion
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estas variaciones clinicas es importante a la hora de decidir la probabilidad clinica
pretest de la paciente y el método diagndstico a utilizar (23).

El SAHS es un factor de riesgo para presentar hipertension arterial (HTA)
en hombres. La asociacion entre SAHS y HTA en mujeres atin es discutido. Un
estudio encontré que las diferencias que aparecian entre la tension arterial (TA)
durante la mafiana y la noche estaban linealmente relacionadas con la gravedad

del SAHS en hombres, pero no en mujeres (24).

1.b.2 Obesidad

Todos los pacientes con SAHS padecen una obstruccidn repetitiva de las
vias respiratorias superiores durante el suefio. Dada esta definicion, parece
razonable que la asociacion de factores como la obesidad predispongan a los
pacientes al SAHS por estrechamiento de las vias respiratorias superiores y
aumento de la probabilidad de obstruccién de las vias respiratorias. Aunque no
todos los pacientes con SAHS tienen sobrepeso, la obesidad (definida como un
IMC =30 kg/m®) sigue siendo, junto con el sexo masculino, uno de los rasgos mas
caracteristicos del SAHS (25). Estudios epidemioldgicos indican que la obesidad
se halla presente en el 60-90% de los pacientes evaluados en las clinicas del suefio
(20). Ademas, aumentos del grado de obesidad se correlacionan con aumentos en
la intensidad y prevalencia del SAHS. En un estudio de 1993 (2) en 602 sujetos
preseleccionados por trastornos del suefio y ronquidos habituales, cada aumento
de 10 kg en el peso corporal duplicé la probabilidad de trastornos respiratorios
durante el suefio. Otros estudios han observado que pacientes con SAHS severo
tienen mayores voliumenes laterales de las paredes faringeas, lengua y partes
blandas de las vias respiratorias superiores que sujetos control, y que por cada
aumento de 3 mm en el grosor de la grasa faringea se multiplicé por 6 la
probabilidad de desarrollar SAHS (26).

Se ha demostrado que la obesidad y SAHS estan asociados con un
incremento de la resistencia a la insulina y a la diabetes (27).

Tal y como hemos visto, el riesgo de desarrollar SAHS aumenta
considerablemente con un mayor IMC. La obesidad multiplica por 10 el riesgo de

SAHS (28). En casos de obesidad morbida (IMC >40 kg/m?), el riesgo de
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desarrollar SAHS se encuentra entre 65-98% (29). La circunferencia del cuello es
mejor predictor del SAHS que el IMC. Aun mas interesante, la circunferencia
abdominal ha demostrado ser un mejor predictor del SAHS que la circunferencia
del cuello y el IMC (30,31). Los anteriores datos demuestran que la distribucion de
la grasa puede ser un factor ain mas significativo que el peso global en la génesis
del SAHS. La grasa localizada en la parte superior del cuerpo o en el cuello y en el
area parafaringea indica un riesgo significativamente mayor de SAHS que la grasa
por si misma. A nivel celular, la grasa abdominal y visceral de la parte corporal
superior es metabolicamente mas activa y tiene una mayor sensibilidad lipolitica
B-adrenérgica que la grasa femoral y glatea. La grasa de la parte inferior del
cuerpo, mas comun en las mujeres, es metabolicamente menos activa (32). Estos
diferentes fenotipos de obesidad no soélo tienen caracteristicas celulares
diferentes sino que también producen consecuencias metabolicas
espectacularmente diferentes, a nivel sistémico. Las incidencias de resistencia a la
insulina, HTA, diabetes, perfiles lipidicos desfavorables, accidente
cerebrovascular y arteriopatia coronaria son mayores en los patrones de
distribucién de la grasa en la parte corporal superior que en los patrones de
distribucién inferior.

En el SAHS, la via aérea superior se colapsa a una presion critica
determinada. Se cree que las alteraciones en el control neuromuscular de los
musculos faringeos dilatorios no protegen a la via aérea superior contra el
aumento de presion extra-luminal (33). La obesidad parece jugar un papel
importante en el aumento de la presion mecdnica pasiva, que contribuye a la
obstruccion de la via aérea mediante el aumento de los depositos de grasa
alrededor de los tejidos blandos del cuello y de la lengua, lo que contribuye a un
aumento de las presiones extra-luminales que eleva la presion critica de colapso,
con lo que aumenta las posibilidades de colapso de las vias respiratorias (34).
También se ha demostrado que los niveles aumentados de obesidad empeora la
hipoxemia nocturna en el SAHS, en parte debido a un aumento de la demanda de
oxigeno. Durante la apnea, los pacientes obesos desaturan a un ritmo mas rapido

que los no obesos (35).
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1.b.3 Edad

El envejecimiento en si mismo se asocia con numerosos cambios
fisiologicos. Durdn et al (1), en poblacidn espafiola refieren que la prevalencia de
SAHS se incrementa con la edad, tanto en hombres como en mujeres, afirmando
que el IAH se dobla cada 10 afnos, hasta los 60-65 afnos, a partir de ese momento la

curva de aumento se aplana y deja de aumentar la prevalencia.

1.b.4 Anatomia de la via aérea

El normal funcionamiento del ciclo respiratorio requiere la permeabilidad
constante de la via aérea. El armazdén 6seo que rodea a las fosas nasales y el
soporte cartilaginoso propio de la laringe y la trdquea proporcionan a estas
estructuras un esqueleto rigido, que impide su colapso inspiratorio. La faringe es,
sin embargo, una zona potencialmente colapsable, no sélo por la composicion
anatémica de sus paredes, esencialmente musculares, sino también por sus
caracteristicas funcionales.

Durante la inspiracion normal, la contraccion de los musculos
respiratorios, sobre todo la del diafragma, crea una presidn intratoracica negativa,
que induce el movimiento del aire hacia las vias aéreas inferiores y los alveolos
pulmonares. Esta presion negativa o de succién tiende a colapsar las paredes
faringeas, lo que normalmente no ocurre gracias a la contraccién simultanea de
los musculos locales, que convierten a la faringe en un tubo rigido. En definitiva,
para que la funcion ventilatoria se lleve a cabo adecuadamente se requiere una
perfecta coordinacion, tanto en intensidad como en tiempo, entre los musculos
respiratorios y los faringeos.

El suefio, sobre todo en su fase REM (“movimientos oculares rdpidos”) y en
las fases profundas no-REM, caracterizadas por una gran hipotonia muscular,
favorece la pérdida de dicha coordinacion, al disminuir la actividad de la
musculatura faringea respecto a la del diafragma. Con ello, la luz de la via aérea
superior tiende a estrecharse, por lo que aumenta la resistencia al paso del aire.
Finalmente, el colapso orofaringeo, cuando se produce, da lugar a una apnea, si la
obstruccion es completa, o a una hipopnea si es incompleta y permite un cierto

grado de ventilacion.
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Los mecanismos patogénicos descritos explican también por qué las
alteraciones anatdmicas o funcionales del tracto respiratorio superior facilitan la
aparicién de apneas y de hipopneas (Tabla 2). Estas alteraciones aumentan la
resistencia al paso del aire e incrementan, durante la inspiracion, la negatividad
de la presién intraluminal de la via aérea, con la consiguiente tendencia al
colapso de las paredes faringeas. Entre todas ellas la mas importante, por su
frecuencia y repercusion, es la obesidad. Cuando no existe alteracion
anatomofuncional alguna, hay datos que sugieren que, no obstante, la estructura
del tracto respiratorio superior es determinante en el colapso faringeo que origina
el SAHS. Cabe senalar, finalmente, que las apneas obstructivas se producen mas
facilmente en decubito supino que en decubito lateral o prono, quizds como

consecuencia del desplazamiento posterior de la lengua.

Desviacion del tabique nasal

Polipos y tumores nasales

Anomalias estructurales | Hipertrofia de los cornetes nasales

o funcionales de las Adenoides o tumores rinofaringeos
fosas nasales o de la Macroglosia
oronasofaringe Pliegues faringoamigdalinos hipertréficos

Hipertrofia amigdalar o velopalatina

Micrognatia, retrognatia u otros defectos estructurales
del macizo facial

Trastornos Distrofia miotonica
neuromusculares que Siringomielina
afectan ala Poliomielitis
oronasofaringe Esclerosis lateral amiotrofica
Miopatias
Deposito de grasa u Obesidad
otras sustancias en las Linfomas y otro tumores
paredes de la via aérea Lipomatosis
superior Bocios
Masas cervicales diversas
Enfermedades Obesidad
endocrino-metabolicas | Acromegalia
Hipotiroidismo

Amiloidosis y tesaurismosis

Tabla 2.- Alteraciones anatémicas o funcionales de la via aérea superior que pueden favorecer o
estar implicadas en el origen del SAHS.
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1.C DIAGNOSTICO

En los ultimos afos el SAHS, principal exponente de los trastornos
respiratorios durante el suefo, resulta de interés para la comunidad médica y las
autoridades sanitarias. A pesar de una disposicidon creciente, la patologia del
suefio en la actualidad sigue contando con un elevado grado de infradiagnostico.
En el caso del SAHS tan sdélo reciben un correcto tratamiento entre un 5-9% de
los potenciales pacientes afectados.

Para el estudio del SAHS es fundamental una historia clinica detallada,
que incluya los habitos nocturnos del paciente: problemas de inicio y
mantenimiento del suefio, duracién del suefio, periodos de insomnio y presencia
de paradas respiratorias y/o ronquidos. De igual modo, es importante conocer la
historia de hipersomnia diurna, cefaleas matutinas, irritabilidad, dificultad de la
concentracion y cambios de personalidad. La historia debe completarse con los
antecedentes de uso de medicamentos o toxicos que pueden afectar a la calidad
de suefno. La ingesta de alcohol generalmente de cardcter agudo, puede
incrementar el numero y duracion de las apneas.

El examen fisico puede aportar informacién sobre la predisposicién a la
oclusion de la via aérea superior. El SAHS esta estrechamente relacionado con la
obesidad (36). Aunque las personas obesas disponen de grasa depositada en
diferentes regiones del organismo de forma mds o menos homogénea, la
deposicién en el cuello es la que genera una mayor reduccién en el lumen aéreo
de la faringe (37).

La prueba de referencia para establecer el diagnosticos del SAHS es la
polisomnografia nocturna (PSG). Se trata del registro de una serie de variables
neurofisiologicas, respiratorias y cardiacas que nos permiten conocer la cantidad
y calidad del suefo, asi como la repercusion en las apneas e hipopneas en el
suefio. A pesar de que la PSG es considerada como la prueba diagnoéstica gold
standard del SAHS, ademads existe otra prueba alternativa para la cual se han
desarrollado equipos portatiles que registran todas o algunas de las variables
cardiorrespiratorias de la PSG, denomindndose poligrafia cardiorrespiratoria

(PCR).
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Los episodios obstructivos nocturnos pueden clasificarse en apneas
(obstructiva, central o mixta), hipopnea, o esfuerzos respiratorios asociados a
microdespertares (ERAM) (Tabla 3). Tal y como ha sido mencionado
anteriormente, estos episodios se cuantifican mediante el IAH expresado como
numero de episodios por hora de sueno. Este parametro es el mas
frecuentemente utilizado para valorar la gravedad de los trastornos respiratorios
durante el suefio y en base al cual podremos clasificar el SAHS en:

#  Leve (IAH: 5-14 h™)
# Moderado (IAH: 15-29 h™)
% Grave (IAH >30 h™) (38).

Ausencia o reduccion >90% de la sefal respiratoria de mas de 10
Apnea obstructiva segundos de duracion en presencia de esfuerzo respiratorio
detectado por las bandas téraco-abdominales.

Ausencia o reduccion >90% de la sefal respiratoria de mas de 10
Apnea central segundos de duracion en ausencia de esfuerzo respiratorio
detectado por las bandas téraco-abdominales.

Apnea mixta Es un evento respiratorio que, habitualmente, comienza con un
componente central y termina en un componente obstructivo.

Reduccion discernible (>30% y <90%) de la amplitud de la sefial
Hipopnea respiratoria de mas de 10 segundos de duracion o una
disminucion notoria del sumatorio tdéraco-abdominal que se
acompana de unas desaturaciones (>3%) y/o un microdespertar
en el EEG.

Esfuerzos Respiratorios | Periodo de mas de 10 segundos de incremento progresivo del

asociados a esfuerzo respiratorio (detectado por un aumento de presion
microdespertares esofdgica) que acaban con un microdespertar.

(ERAM)

Indice de apneas- Suma del namero de apneas e hipopneas por hora de suefio.
hipopneas (IAH)

Tabla 3.- Definiciones de los principales eventos respiratorios.

1.d TRATAMIENTO

El empleo de la presion positiva continua sobre la via aérea, conocida
como CPAP (del inglés, Continuos Positive Airway Pressure), es el tratamiento de
eleccién gold-standard del SAHS y hoy en dia cuenta con un amplia evidencia
cientifica (39-43). La CPAP actia como un compresor que, utilizando aire del

ambiente, genera una presion de aire positiva suficiente para evitar el colapso
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inspiratorio de la via respiratoria superior. La CPAP nasal mejora la somnolencia
y la calidad de vida de los pacientes con SAHS. Ademas, corrige los fendmenos
obstructivos, los ronquidos, las desaturaciones y los arousals secundarios a
eventos respiratorios, la arquitectura de suefio, la capacidad de atencion, entre
otras variables cognitivas, reduce el riesgo de accidentes de trafico y normaliza las
cifras de TA en un porcentaje de enfermos hipertensos (44-47). Ademas los
pacientes con SAHS tratados con CPAP presentan menos eventos
cardiovasculares que los pacientes sin tratamiento (48).

Tal y como ha sido mencionado anteriormente, la CPAP es la terapia de
primera linea en el SAHS. Aunque es un tratamiento altamente efectivo, el éxito
de la CPAP es dependiente del uso regular asi como del cumplimiento. Se estima,
que el cumplimiento nocturno minimo necesario para que la CPAP sea eficaz
debe ser superior o igual a 4 horas cada noche (49,50). Distintos estudios
demuestran que el 65-80% de los pacientes cumplen el tratamiento de forma
adecuada (51,52). Varios factores han sido asociados con un menor cumplimiento,
que incluyen principalmente problemas con la madscara (53) y presencia de
efectos adversos secundarios a la CPAP (51). Considerando que esta afeccién no
tiene tratamiento definitivo, resulta importante desarrollar estrategias destinadas

a lograr un uso adecuado y regular de la CPAP.

2. ENFERMEDAD CARDIOVASCULAR

Las enfermedades cardiovasculares son la primera causa de mortalidad en
el mundo. En Espafia, representan el 32% del total de muertes en los varones y el
44% en las mujeres (54). El riesgo de desarrollar enfermedad coronaria a lo largo
de la vida después de los 40 afios es 49% para hombres y 32% para mujeres. En el
estudio ARIC (riesgo de arteriosclerosis en comunidades, por sus siglas en inglés)
del NHLBI (The National Heart, Lung, and Blood Institute), la incidencia
promedio ajustada por edad para enfermedad coronaria por 1000 personas/afio es
12.5, hombres blancos; 10.6, hombres negros; 4.0, mujeres blancas, y 5.1 para
mujeres negras (55). El promedio de edad del primer infarto agudo de miocardio

(IAM) es 65.8 afnos para los hombres y 70.4 afios para las mujeres (56). La
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incidencia de enfermedad coronaria en mujeres después de la menopausia es 2 a 3
veces mayor que en las de mujeres de la misma edad antes de la menopausia (57).
En cuanto al pronostico, las personas que sobreviven a un IAM, tienen una
probabilidad de enfermar o morir 1.5 a 15 veces mayor que la poblacién general. El
riesgo de sufrir otro IAM, muerte subita, angina de pecho, fallo cardiaco y ataque
cerebrovascular es sustancial en este grupo de pacientes.

Alrededor del 38% de las personas que padecen un ataque al corazon, en
un afio dado falleceran por esto mismo (56). Rea et al, en un estudio que evalu¢ la
incidencia de paro cardiaco extrahospitalario, informaron una incidencia de
6/1000 sujetos/afio en personas con cualquier manifestacion clinica de
enfermedad cardiaca en comparacion con 0.8/1000 sujetos/afno para aquellos sin
enfermedad cardiaca. Mas aun, la incidencia de paro cardiaco fue de 13.6/1000
sujetos afio en sujetos con IAM previo, hecho que revela la importancia critica del
Sindrome Coronario Agudo (SCA) en los paros cardiacos (58).

Desde hace décadas, se estan incrementando los esfuerzos por identificar
sus factores de riesgo, entre los cuales la HTA es probablemente el mas
importante (59-61). Datos de estudios poblacionales permitieron la prediccion de
enfermedad cororaria durante un intervalo de seguimiento de varios afos, basado
en la presion arterial, la historia de tabaquismo, los niveles de colesterol total y
colesterol HDL, diabetes e hipertrofia ventricular izquierda en el
electrocardiograma. Estos algoritmos de prediccidn han sido adaptados a hojas de
puntuacion simplificadas que permiten a los médicos estimar el riesgo
multivariable de enfermedad coronaria en pacientes de mediana edad (62).

Una de cada cuatro muertes por cualquier causa y una de cada dos
muertes de origen cardiovascular, estan relacionadas con la HTA, lo cual es
todavia mas impactante si pensamos que el 35% de la poblacidn general y el 75%
de los individuos de la tercera edad son hipertensos (54). Las causas de HTA son
multiples, en la mayoria de las ocasiones no se consigue descubrir su etiologia, a
pesar de la realizacién de maultiples pruebas complementarias. Ello ha hecho que
en los ultimos tiempos se haya buscado con interés la presencia de nuevos
factores etioldgicos de la HTA, especialmente aquellos modificables con el

tratamiento.
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El ictus es la primera causa de discapacidad grave en el adulto, la primera
causa de mortalidad entre las mujeres, la segunda en los varones y supone un
porcentaje elevado de los costes sanitarios, segiin datos del Grupo de Estudio de
Enfermedades Cerebrovasculares de la Sociedad Espafiola de Neurologia. En
Espafia la incidencia de ictus es de 200 casos por cada 100.000 habitantes/afo.
Esta enfermedad es mas frecuente a partir de los 55 afios y su riesgo aumenta
proporcionalmente con la edad. Segun los expertos, si se controlan los factores de
riesgo se podrian evitar hasta el 80% de los casos de ictus; entre estos factores se
encuentran la HTA, la hipercolesterolemia, el tabaquismo, el habito andlico, el
sedentarismo, la fibrilacion auricular y la diabetes mellitus.

El SCA es un problema mayor de salud puablica en todo el mundo. El SCA
incluye IAM, con o sin elevaciéon del ST y la angina inestable (63). De forma casi
invariable la enfermedad que subyace en el SCA es la formacion de un trombo
sobre la rotura o la erosion de una placa ateroesclerética que produce una
reduccién aguda al flujo coronario y de la oxigenacion miocardica (Figura 3). Mas
raramente se debe a espasmo puro de arteria coronaria sobre placa no

complicada o sin evidencia de lesiones.

Arteria
coronaria

Figura 3.- Vaso sanguineo bloqueado que abastece el musculo cardiaco.

La incidencia anual de IAM es 565.000 nuevos eventos y 300.000 ataques
recurrentes cada aflo. Los SCA deben diferenciarse de otras causas de dolor

tordcico en base a una correcta evaluacion clinica. Existen ciertos datos de la
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historia, asi como informacion del examen fisico, hallazgos del laboratorio y
electrocardiograma (ECG) que aumentan la probabilidad de que un sujeto con

dolor toracico tenga como origen de éste un SCA (Tabla 4).

Historia Examen Examenes
Angina tipica Edema pulmonar Ondas Q patoldgicas
Edad >7o0 afios Hipotension arterial Segmento ST anormal
Sexo masculino Enfermedad vascular Inversion de T =0.02mV
Diabetes Mellitus Biomarcadores cardiacos aumentados

Tabla 4.- Caracteristicas clinicas que incrementan la posibilidad de un SCA.

El diagnostico del SCA se basa en la combinacién de la presentacion
clinica, alteraciones electrocardiograficas y aumento de la concentracion de
enzimas miocdardicas. En este sentido, el dolor toracico que sugiere un origen
isquémico es el detonante para el proceso de diagnostico y, junto con las
alteraciones del ECG, determina el enfoque inicial. Si, ademads, se elevan los
biomarcadores  cardiacos  (troponinas cardiacas y  creatinkinasa-MB
principalmente, por su elevada especificidad), se llegara al diagndstico final de

IAM (Figura 4).

El di Elevacion Alteraciones ECG normal o
LTI k] Persistente de ST ST/T indeterminado
\4 \ 4
SCA
Sin Elevacion ST

l \,

Biomarcadores Cardiacos Troponinas Troponinas
Elevadas Normales
A 4 l v
Diagnéstico IAM IAM Angina
& Con Elevacion ST | | Sin Elevacion ST Inestable

Figura 4.- Protocolo diagndstico del Sindrome Coronario Agudo (ECG:
Electrocardiograma; IAM: Infarto Agudo de Miocardio; SCA: Sindrome Coronario Agudo).
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3. FISIOPATOLOGIA DEL SAHS Y ENFERMEDAD CARDIOVASCULAR

3.a MECANISMOS FISIOPATOLOGICOS DEL SAHS Y ENFERMEDAD

CARDIOVASCULAR

Los eventos asociados con el colapso de la via aérea superior tienen como
consecuencia la aparicion de despertares transitorios en el EEG o arousals,
cambios en la presion intratordcica y episodios intermitentes de hipoxia-
reoxigenacion. Estos eventos se repiten de forma ciclica durante el periodo de
suefio e inducen la activacién de mecanismos intermedios. Estos mecanismos
intermedios que vinculan el SAHS con enfermedades cardiovasculares, estan
estrechamente interrelacionados, se manifiestan simultaneamente y predisponen
al paciente SAHS al desarrollo de enfermedad cardiovascular (4) (Figura s5).
Dichos mecanismos intermedios son: estrés oxidativo, actividad simpatica,
inflamacion, hipercoagulabilidad, disfuncion endotelial y la desregulacion

metabdlica.

CONSEQUENCES INTERMEDIATE MECHANISMS CARDIOVASCULAR DISEASES

Sao0, \:: ::

/ —p
Oxygen 4
\ desaturation
== Systemic
hypertension
v (A2 m Sympathetic activation
-y s Endothelial dysfunction

Arousal Hypercoagulability Heart failure Archythmia

Obstructive sleep apnoea
Inflammation

Oxidative stress
Flow ™~ Metabolic dysregulation
= (i —
Abdomen a4 (/ \
Polysomnographic T (\ Sudden death
<

registration

Myocardial ischaemia
Intrathoracic pressure changes Stroke andinfarction

Figura 5. Consecuencias de la apnea obstructiva del suefio y mecanismos intermedios que
potencialmente contribuyen al desarrollo de enfermedad cardiovascular (Sdnchez-de-la-Torre et
al. Lancet Respir Med, 2012 (4)).
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3.a.1 Estrés oxidativo

El estrés oxidativo se define como un

ACTIVACION SIMPATICA

( [ INFLAMACION
\ DISFUNCION ENDOTELIAL
e

DESREGULACION METABOLICA

desequilibrio entre el sistema oxidante y

anti-oxidante (desequilibrio estado redox).

Es el resultado de una produccién excesiva

HIPERCOAGULABILIDAD

de especies reactivas de oxigeno (ROS, del
inglés reactive oxygen species) que pueden reaccionar con y dafar a lipidos,
proteinas y dcidos nucleicos, base patogénica de enfermedades relacionadas con
la edad y croénicas tales como el cancer, enfermedades cardiovasculares, diabetes,
inflamacidén crénica, y trastornos neurodegenerativos. Las concentraciones bajas
o moderadas de ROS actuan en las vias de sefializacidn vitales que son esenciales
para la reparacién y la supervivencia. Sin embargo, a altas cantidades, las ROS
promueven la inflamacién y lesion. La hipotesis de que la hipoxia intermitente
causa estrés oxidativo se deriva de las observaciones que muestran que el dano
asociado a hipoxia-reoxigenacion desencadena un aumento en la produccién de
ROS, principalmente durante la restauracion de la oxigenacién de los tejidos
(64,65). La disfuncién mitocondrial es la principal fuente de ROS en las
morbilidades asociadas a fendmenos de isquemia/reperfusion. Por lo tanto, las
mitocondrias se consideran un objetivo potencial para la cardioproteccién en la
isquemia miocardica aguda. Estudios llevados a cabo en células en cultivo,
modelos animales que imitan SAHS, y en pacientes con SAHS, sugieren que la
hipoxia intermitente induce la disfuncién mitocondrial, generando un aumento
en el estrés oxidativo (66).

En los ultimos afios, se han realizado numerosos estudios que relacionan
al estrés oxidativo con el SAHS. La mayoria de estos estudios proporcionan
evidencia indirecta en base a varios marcadores relacionados con el estrés
oxidativo. En un modelo de raton de SAHS que consiste en la exposicion de los
animales a la hipoxia intermitente, se observd que la hipoxia intermitente causo
estrés oxidativo especifico de tejido y éste estaba relacionado con la intensidad
hipoxica (67). Ademds, en un modelo animal de exposicion a hipoxia
intermitente se observo un aumento de la apoptosis de las células f3-pancreadticas

lo que sugeria un papel critico del estrés oxidativo en la regulacion de la
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apoptosis. Asimismo, se observd que el tratamiento previo antioxidante
disminuyd significativamente la apoptosis mediada por hipoxia intermitente en
células 13 (68).

Los estudios clinicos observacionales y de intervencién han evaluado el
efecto de la hipoxia intermitente en el estrés oxidativo en pacientes con SAHS. La
mayoria de los estudios que evaltan el tratamiento con CPAP muestran una
disminucion significativa en el estrés oxidativo y un aumento de la capacidad
antioxidante. Los ensayos controlados no aleatorios en pacientes con SAHS han
demostrado un aumento de la produccién de ROS en subpoblaciones de
monocitos y granulocitos, el aumento de la concentraciéon de isoprostano en el
condensado exhalado, y el aumento de malondialdehido en suero y la produccion
de superoxido en neutrofilos (69). Varios autores han informado que el
tratamiento con CPAP reduce los niveles de marcadores de estrés oxidativo en
saliva, suero y orina (69-75). Ademas, en nifios con SAHS de moderado a grave,
se observo un aumento de los niveles de peréxido de hidrégeno en el condensado
de aire exhalado por la mafiana, siendo este un indice indirecto del estado redox
alterado en el tracto respiratorio (68). El SAHS en nifios también ha demostrado
estar asociado con un aumento de la peroxidacion lipidica (69).

Ademas del aumento de la produccién de ROS, algunos investigadores han
sugerido que el SAHS podria aumentar el estrés oxidativo mediante la reduccion
de la capacidad antioxidante de la sangre (76).

El grado de estrés oxidativo varia entre pacientes con SAHS siendo poco
comun en pacientes sin comorbilidades asociadas (77). Resultan destacables las
observaciones que sugieren un impacto diferencial de la exposicion a las
consecuencias de la apnea del suefio en el desarrollo de estrés oxidativo segun el
sexo. Asi, se ha descrito una diferente susceptibilidad al estrés oxidativo entre
ambos sexos. En un modelo animal de dafio cerebral oxidativo inducido se ha
descrito que hembras premenopausicas presentaban una mayor proteccion que
machos de la misma edad o hembras ovariectomizadas (78). Esta susceptibilidad
dependiente del sexo podria estar relacionada con las diferencias en la morbilidad
cardiovascular asociadas con el SAHS entre sexos. La revisién publicada por Lavie

L et al muestra con mayor detalle la relacién entre estrés oxidativo y SAHS (65).
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3.a.2 Incremento de la actividad simpatica

Uno de los principales mecanismos que

ESTRES OXIDATIVO

( 7 INFLAMACION
DISFUNCION ENDOTELIAL

DESREGULACION METABOLICA

relacionan el SAHS con la patologia

cardiovascular es el incremento de la

actividad simpatica. El incremento de la

HIPERCOAGULABILIDAD

actividad del sistema nervioso simpatico

produce una vasoconstriccién y aumenta el gasto cardiaco (79). El grado de
activacion del sistema nervioso simpatico se correlaciona con el grado de
aumento de la presion arterial siendo mdas pronunciado en el contexto de
enfermedad metabolica como diabetes, obesidad y sindrome metabolico (80). La
hipoxia y la hipercapnia actian de forma sinérgica generando un incremento en
la actividad simpatica y este efecto es especialmente marcado durante el episodio
de apnea. La hiperactivacion de quimiorreceptores centrales y periféricos en el
SAHS contribuye al incremento de la actividad simpatica. El SAHS se relacionada
de forma estrecha con el desarrollo de HTA siendo el quimiorreflejo el principal
factor contribuyente. Los pacientes con SAHS presentan una elevada actividad
simpatica en vigilia, y muestran un incremento en la presion arterial y actividad
simpdtica durante el suefio (79). La medicién de la actividad nerviosa simpdtica
en el musculo genera informacion precisa y directa acerca de los impulsos
nerviosos simpaticos. Por otra parte, el tono simpatico puede ser evaluado
mediante la medida de catecolaminas en plasma y orina, un biomarcador robusto
que refleja la hiperactividad simpatica. En modelo murino se ha descrito el papel
de la hipoxia intermitente en el aumento de los niveles de catecolaminas y
actividad nerviosa simpética (81,82), que parece estar mediado por el incremento
en la formacién de ROS como consecuencia de la exposicion a hipoxia (83,84). En
los pacientes con SAHS normotensos se ha descrito un incremento en los niveles
en orina de epinefrina y norepirefrina tanto durante el dia como durante la noche
(85). El tratamiento habitual del SAHS con CPAP produce una disminucién en la
actividad simpdtica (79) y este efecto era mayor en los pacientes que presentaban
un mejor cumplimiento del tratamiento (mayor numero de horas de uso de

CPAP) (86). Varios estudios aleatorizados también han demostrado que el
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tratamiento con CPAP reduce la actividad del sistema nervioso simpatico y
atenua el tono simpdatico aumentado en los pacientes con SAHS (87-89). Este
hecho probablemente contribuya a la disminucién de la presion arterial
observada tras el tratamiento con CPAP (9o0). Asi pues, la reduccion en la
actividad simpdtica es, probablemente, uno de los principales mecanismos que
explican la reduccion de la presion arterial en pacientes con SAHS tratados con

CPAP.

3.a.3 Inflamacion

El papel de la inflamacién en el desarrollo

ESTRES OXIDATIVO

de la aterosclerosis esta bien establecido, y

ACTIVACION SIMPATICA
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\ DISFUNCION ENDOTELIAL
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DESREGULACION METABOLICA

la inflamacion cronica estd estrechamente

relacionada con la formacion y la

HIPERCOAGULABILIDAD

progresion de la aterosclerosis (91). Las
ROS vy el estrés oxidativo se han implicado en el desarrollo de los procesos
inflamatorios, y un gran ndmero de factores de transcripcién y vias de
sefalizacion son modulados por ROS. El SAHS parece estar asociada con la
inflamacion local y sistémica. El ronquido en pacientes con SAHS, podria
promover la inflamacién local, mediante la activacion de frecuencias de vibraciéon
que se asocian con el dafio de los tejidos blandos. El andlisis histolégico de los
tejidos de los pacientes con SAHS sometidos uvulopalatofaringoplastia mostré
edema subepitelial sustancial, la infiltracion de células plasmaticas, y la reduccion
en el drea superficial de las papilas del tejido conectivo. Ademads, se observo un
incremento de leucocitos polimorfonucleares en el lavado nasal de los pacientes
con SAHS, en comparacion con individuos sin SAHS (92). Ademads, la hipoxia
intermitente cronica induce la inflamacion local del cuerpo carotideo de rata a
través de la regulacion positiva funcional de vias de las citoquinas
proinflamatorias (93).

La aplicacion de la hipoxia intermitente mediante la modificacion de la
concentracion de oxigeno en el gas respirado es capaz de inducir la inflamacion
sistémica. Algunos modelos ademds de la hipoxia intermitente, permiten la

aplicacion de oscilaciones de presion negativa intratordcica, siendo esta otra de
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las principales consecuencias del SAHS (Figura 5). Estos modelos mostraron que
los esfuerzos inspiratorios agravan la temprana respuesta inflamatoria local
provocada de forma independiente por la hipoxia intermitente (94).

Ademas de inflamacién local, se ha descrito la existencia de inflamacion
sistémica en pacientes con SAHS. La exposicion a hipoxia intermitente facilita la
sintesis de factores de transcripcion, tales como el factor inducible por hipoxia-1
(HIF1-a0) y el factor nuclear kB (NF-kB). NF-kB es uno de los reguladores clave de
la inflamaciéon. Se ha descrito en SAHS un incremento en los niveles de
marcadores inflamatorios dependientes de NF-kB tales como metaloproteinasas
de matriz, proteinas de fase aguda, moléculas de adhesion endoteliales, y
moléculas de adhesion a células vasculares (95-99). Ademds, se ha descrito un
incremento de NF-kB en pacientes con SAHS en comparacién con controles
sanos, ademas de una reduccién en los niveles de NF-kB después de tratamiento
CPAP (91). No obstante, también existen estudios que no demostraron un efecto
del tratamiento con CPAP en los niveles de marcadores inflamatorios bien
reconocidos como la proteina C reactiva, relacionada con riesgo cardiovascular
(100). Otros estudios no encontraron ningun efecto de la CPAP a corto plazo
sobre las concentraciones de biomarcadores inflamatorios antes y después del
suefio (101). En este mismo sentido, el estudio MOSAIC, un estudio aleatorizado
en el que se evaluo el efecto de 6 meses de tratamiento con CPAP en pacientes
SAHS con sintomas minimos, mostro que la CPAP no produjo un cambio
significativo en ninguno de los marcadores de inflamacién sistémica estudiados
(102).

La obesidad es la comorbilidad mds comun y estd presente en mas de la
mitad de los pacientes con SAHS. La adipoquinas estan involucradas en una
variedad de procesos, incluyendo inmunidad e inflamacién, y varios estudios han
demostrado que los pacientes con SAHS tienen mayores concentraciones de
adipoquinas proinflamatorias que los pacientes sin SAHS (103). Las adipoquinas
proinflamatorias parecen contribuir de forma significativa al estado inflamatorio
de los pacientes obesos. La obesidad se considera una condicién inflamatoria
cronica en si misma, y podria ser el factor de confusiéon mas importante en la

asociacion entre el SAHS y la inflamacion. Asi, se encontré que la obesidad tenia
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una fuerte asociacién con la proteina C reactiva, pero no con SAHS (104).
Ademas, los resultados de un ensayo aleatorizado mostraron que el tratamiento
con CPAP no modificaba los niveles de marcadores inflamatorios (105). Por
ultimo, el efecto inflamatorio de la hipoxia intermitente esta modulado por los
estrogenos lo que sugiere diferencias relacionadas con el sexo en el impacto de la

hipoxia intermitente en la inflamacion (106).

3.a.4 Disfuncion endotelial

La relacion entre la disfuncién endotelial y

ESTRES OXIDATIVO

la enfermedad cardiovascular estd bien

ACTIVACION SIMPATICA

« (@g INFLAMACION

DESREGULACION METABOLICA

establecida. El endotelio vascular es una

monocapa celular biologicamente activa

HIPERCOAGULABILIDAD

que recubre todo el compartimiento
interno vascular y es la interfase entre la sangre y la pared del vaso. El endotelio
vascular estd intimamente involucrado en el control del tono vasomotor y es el
principal regulador de la hemostasia vascular. El endotelio ajusta continuamente
el equilibrio entre la vasoconstriccion y la vasodilatacion; si este equilibrio se
inclina hacia la vasoconstriccion, la disfuncion endotelial se produce, causando
dafios a la pared arterial. El endotelio sano produce o6xido nitrico y es
antiaterogénico a través de los siguientes mecanismos: efectos paracrinos
favorables sobre la vasodilatacién; inhibicién de la adhesion de leucocitos,
agregacion de plaquetas y coagulacion; inhibicidn de la expresion de moléculas
de adhesion que facilitan la migracion de los monocitos que se transforman en
macréfagos; y la promocidon de la reparacion del dafio endotelial a través de
células progenitoras endoteliales (EPC) (107).

La disfuncion endotelial es la anomalia detectable mas temprana que se
produce en respuesta a los factores de riesgo cardiovascular y puede preceder o
acelerar el desarrollo de la aterosclerosis. Las modificaciones preaterosclerdticas
incluyen un aumento del grosor intima-media con hipertrofia de las células del
musculo liso, alteraciones de fibras elasticas, degeneraciéon mucoide, y la
infiltracién de leucocitos en la adventicia. La iniciacién puede comenzar afios

antes de que se manifieste clinicamente la enfermedad vascular. Se dispone de
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una evidencia considerable que sugiere que la alteraciéon de la funcién endotelial
esta presente en el SAHS. El aumento del estrés oxidativo y la peroxidacion
lipidica en el SAHS se asocia con la disfuncion endotelial (74,108) y el aumento
del grosor intima-media carotidea. Las EPC son elementos clave para el
mantenimiento del endotelio vascular. Se ha observado que la poblacion de EPC
circulantes estd disminuida en pacientes con SAHS (109-11). Los posibles
mecanismos subyacentes a dicha disminucién incluyen una respuesta
inflamatoria prolongada, incremento del estrés oxidativo y aumento de la
activacion simpadtica. El tratamiento con CPAP adecuado (=4 horas/noche) se
asocia con un aumento en los niveles de EPC. Varios estudios han demostrado
evidencia indirecta de la reduccion en la disponibilidad de 6xido nitrico y un
incremento en la concentracién de moléculas de adhesién (77). Aunque los datos
de estudios transversales sugieren una asociacion entre la gravedad del SAHS y la
alteracion de la funcién endotelial, no todos los estudios confirman este hallazgo
independiente de otros factores de riesgo. Los estudios que evaltan el efecto del
tratamiento con CPAP sobre la funcion endotelial también arrojaron resultados
contradictorios. Algunos estudios mostraron una mejora en la vasodilatacion
dependiente del endotelio después del tratamiento con CPAP, mientras que otros
estudios no muestran este cambio (112).

Se ha informado de que la terapia eficaz con CPAP (4 horas o mas cada
noche) revierte la disfuncion endotelial vascular y la inflamacion, y mejora la
capacidad de reparacion del endotelio (112). Adicionalmente, se ha demostrado
que el tratamiento CPAP mejora la funcién endotelial (113), la enfermedad
microvascular y la vasodilatacion coronaria inducida por nitroglicerina (61).
Ademas, la retirada de CPAP se ha asociado con una alteracién de la funcion
endotelial (114). En los pacientes con SAHS la disfuncién endotelial es
proporcional a la hipoxemia y se mejora por el tratamiento con CPAP (u5). El
ensayo MOSAIC informé recientemente que el tratamiento con CPAP mejora la
funcion endotelial en el SAHS minimamente sintomdtico (116). Sin embargo,
otros estudios aleatorizados recientes demostraron que en pacientes sin

enfermedad cardiovascular, la CPAP no modifico la funcion endotelial (117).
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En general, el SAHS parece afectar directamente el endotelio vascular
mediante la promocién de la inflamacion y el estrés oxidativo, asi como la
disminucion de la disponibilidad de éxido nitrico y la capacidad de reparacion.
Por lo tanto, la disfuncidon endotelial, un factor de riesgo para las enfermedades
cardiovasculares, se asocia con el SAHS independiente de la obesidad (118).
Ademas, el tratamiento con CPAP revierte la disfuncién endotelial y aumenta la
capacidad de reparacion endotelial. Por ultimo, algunos autores han postulado
que puede haber diferencias de género en la vulnerabilidad del endotelio vascular
a los efectos adversos del SAHS (119,120). Estos estudios sugieren que las mujeres
con trastornos respiratorios del suefio pueden ser mas vulnerables a las
enfermedades cardiovasculares relacionadas con trastornos respiratorios del
suefio que los hombres. Hoyos et al. desarrollan con mas detalle la relacion entre

la funcién endotelial y el SAHS (121).

3.a.5 Desregulacion metabolica

Factores asociados al SAHS tales como el

ESTRES OXIDATIVO
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) oo |
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incremento de la actividad simpdtica, la

fragmentacién del suefio y la hipoxia

intermitente, contribuyen al desarrollo de

desregulaciéon ~ metabolica  (122).  El
sindrome metabdlico es un conjunto de factores de riesgo, que incluye resistencia
a la insulina, dislipidemia, HTA y obesidad abdominal, que de forma conjunta,
contribuyen al incremento del riesgo cardiovascular (123). El sindrome
metabolico es frecuente en los pacientes con SAHS, y el SAHS se encuentra con
frecuencia en condiciones asociadas con anomalias metabolicas (124). Distintos
estudios muestran que los pacientes con SAHS tienen concentraciones de acidos
grasos libres mas altos que en los controles, y esto podria ser uno de los
mecanismos implicados en las complicaciones metabdlicas del SAHS. Sin
embargo, no hay un patréon metabodlico claro asociado con SAHS, y los
componentes individuales del sindrome metabdlico encontrado en pacientes con

SAHS puede variar.
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Actualmente se desconoce si el SAHS provoca un aumento del riesgo de
diabetes tipo 2 y si el tratamiento con CPAP podria revertir la resistencia a la
insulina. Se ha descrito que el tratamiento con CPAP reduce los niveles
plasmaticos de triglicéridos y colesterol total. Varios ensayos clinicos, sin
embargo, han mostrado un beneficio parcial o nulo del tratamiento con CPAP
sobre los componentes metabdlicos, tales como sensibilidad a la insulina, grasa
abdominal visceral, grasa del higado o tolerancia a la glucosa. Del mismo modo,
el tratamiento con CPAP en comparacién con el tratamiento sham-CPAP (CPAP
placebo), no mejord las medidas de control de la glucemia o la resistencia a la
insulina en los hombres con diabetes tipo 2 y SAHS. Sin embargo, otro estudio
mostro que el tratamiento con CPAP mejoré rdpidamente la sensibilidad a la
insulina en pacientes con SAHS no obesos. Ademas, un estudio aleatorizado
mostroé que el tratamiento con CPAP durante 1 semana mejord la sensibilidad a la
insulina en hombres sin diabetes y en aquellos con obesidad moderada. Esta
mejora parecia ser mantenida después de 12 semanas de tratamiento en las
personas con obesidad moderada (125). Dado que la obesidad a menudo coexiste
con SAHS, aun no esta claro si la presencia de trastornos metabdlicos es una
consecuencia del SAHS o simplemente refleja los efectos de la coexistencia de
obesidad (121,126). Por este motivo, el impacto del SAHS podria ser diferente
segin el IMC del paciente y/o su condicidn metabolica. De esta forma en
pacientes obesos con patologia metabdlica el impacto del SAHS podria tener un
menor efecto que en pacientes no obesos sin patologia metabodlica. Este hecho
destaca la necesidad de identificar los diferentes fenotipos existentes de SAHS y

el impacto de la enfermedad y su tratamiento en cada uno de estos fenotipos.

3.a.6 Hipercoagulabilidad

Uno de los posibles mecanismos que
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la aterosclerosis en el SAHS es un estado

protrombotico debido a un desequilibrio

hemostitico entre los sistemas de

coagulacion vy fibrindlisis (61). Hay evidencia de un estado de hipercoagulabilidad
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en pacientes con SAHS, que podria contribuir en un aumento del riesgo de
desarrollo de eventos cardiovasculares y un pico observado en la muerte subita
por causas cardiacas durante las horas de suefio (114). Una placa vulnerable puede
romperse cuando se expone a una elevada tension fisica durante los picos de
presion arterial en el evento apneico. En el momento de rotura de la placa
aterosclerdtica, el aumento de la coagulacion puede acelerar el desarrollo de
trombos, induciendo con ello el infarto o isquemia cerebral. Los pacientes con
SAHS muestran un aumento, en la mafana, de la concentracién de fibrinégeno
en plasma y la viscosidad sanguinea total, asi como la baja actividad fibrinolitica
(u5). Los pacientes con SAHS muestran una mayor activacion y agregacion
plaquetaria, aunque los mecanismos de activacion plaquetaria no son
completamente conocidos, pudiendo estar relacionados con el aumento de la
actividad simpatica en el SAHS. Los datos disponibles sugieren que los pacientes
con SAHS estan en un estado procoagulante, pero la relacién entre el SAHS y

factores de coagulacion individuales no se han identificado.

3.b CONSECUENCIAS CARDIOVASCULARES DEL SAHS

Estudios clinicos controlados han demostrado que el SAHS provoca HTA 'y
estudios epidemiolégicos han indicado que el SAHS podria ser un factor de riesgo
independiente de morbimortalidad cardiovascular. Asi pues, existe una gran
variabilidad entre los diferentes estudios que relacionan el SAHS vy las siguientes

consecuencias cardiovasculares:

3.b.1 Hipertension arterial

La HTA es muy prevalente en pacientes con SAHS. La tercera parte de los
hipertensos también padece SAHS, y la mitad de los que padecen SAHS tienen
cifras elevadas de tension arterial (TA). Esta asociacion es especialmente sélida en
pacientes con HTA resistente al tratamiento, es decir, en los que no se obtienen
un buen control de la arterial (TA =140/90 mm Hg) con tres o mas (79) farmacos

antihipertensivos administrados a dosis maxima establecida (127). Cerca del 80%
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de los pacientes hipertensos tienen un IAH >10 h™ y es la principal causa
reconocible de HTA en alrededor de dos tercios de estos pacientes (4).

Algunas normativas internacionales de mayor impacto sobre HTA ya
consideran al SAHS como la causa identificable mds frecuente de HTA (128) por
los siguientes motivos:

[.  aparicién en los dltimos afos de una serie de estudios epidemioldgicos
que sustentan con firmeza una relaciéon entre ambas patologias en las que

el SAHS funcionaria como factor de riesgo (129,130)

II. incremento de la morbimortalidad cardiovascular en pacientes con SAHS

no tratados (48)

[II. por el hecho de haberse demostrado que por una serie de mecanismos
biolégicos y de activaciacion simpatica el SAHS induce HTA.

Los continuos ciclos de desoxigenacidn-reoxigenacién provocan un
aumento de la actividad simpatica (79), la liberacion de sustancias vasoactivas
como la endotelina (131,132) y disminuyen los niveles de ¢xido nitrico (133).
Ademas se ha demostrado que la concentracién plasmatica de aldosterona se
asocia positivamente con IAH en estos pacientes, y la gravedad del SAHS se ha
reportado como peor en pacientes con hiperaldosteronismo (134), produciendo
vasocontriccion periférica, una mayor absorcién de sodio a nivel del tibulo renal
y retencidén de agua lo cual genera un incremento significativo de la presion
arterial, y un aumento del movimiento de los fluidos a los tejidos circundantes,
particularmente el cuello, que podria contribuir a una mayor propension al
colapso de las vias respiratorias durante el suefo.

El mecanismo mas relevante en la elevacién de la TA en los pacientes con
SAHS parece ser la activacion simpatica, puesto que se ha comprobado que este
aumento de la TA se ve atenuado al bloquear farmacologicamente el sistema
nervioso autonomo en animales de experimentacion (135,136).

Resultados de un estudio prospectivo poblacional sugieren que el SAHS
moderado-severo es un factor de riesgo independiente de HTA (129). En el Sleep
Heart Health Study, un estudio prospectivo de 2.470 sujetos no hipertensos a los
que se le hizo un seguimiento durante 5 afios, aunque se identificéd una relacion

dosis-respuesta entre la IAH y el riesgo de HTA incidente, esta asociacion no se
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encontrd después del ajuste para el IMC (137). Por otro lado, en una cohorte de
poblacidn general, de los cuales se hizo un seguimiento de 1.180 sujetos de edades
comprendidas entre 30 y 70 anos durante 7,5 afios, excluyendo a los que eran
hipertensos al inicio del estudio, se encontré un aumento de incidencia de HTA
en pacientes con SAHS, pero dicha asociacion se perdia al ajustar los resultados
por edad, IMC, perimetro cervical, consumo de tabaco o alcohol y actividad fisica
(138). Estos estudios sugieren que la asociacion entre SAHS e HTA podria no ser
tan fuerte como se pensaba en un principio.

Otra forma de investigar el SAHS como posible causa de la HTA es evaluar
las cifras de presion sanguinea en los pacientes tratados con CPAP. Numerosos
metaanalisis (139-141) coinciden en que el tratamiento con CPAP reduce
significativamente las cifras de TA, en torno a 2 mmHg, hecho que afianza atn
mas el vinculo existente entre el SAHS y la HTA. Las principales limitaciones de
estos estudios fueron el escaso numero de pacientes reclutados, incluir a
pacientes no hipertensos y el corto periodo de seguimiento. A pesar de estas
dificultades, parece claro que el tratamiento con CPAP consigue reducir de forma
significativa la TA en los pacientes mas hipertensos, en los que tienen HTA de
control dificil (90,142), en los pacientes con un SAHS mds grave y en los pacientes
cumplidores, es decir, los que muestran una adherencia a la CPAP superior o

igual a 4 horas diarias (49,143).

3.b.2 Ictus

Se han publicado diferentes estudios de prevalencia para demostrar la
asociacion entre SAHS e ictus, entre ellos, Shahar et al (144), en un estudio
trasversal y en una muestra de la cohorte del Sleep Heart Health Study de 6.424
individuos de la poblacion general, observaron que la prevalencia de ictus se
incrementaba de manera lineal cuanto mayor era el IAH. Individuos con un IAH
> h™ tenian un riesgo de padecer ictus de 1,58 (1,02-2,46) veces mayor que
aquellos con TAH <1,3 h™ con una p=0,03. Sin embargo tras realizar un ajuste
completo de todos los factores de confusion no se encontrd significacion
estadistica. Artz et al (145), en un estudio trasversal con 1.475 pacientes extraidos

de la cohorte de Wisconsin, observaron, al igual que en el anterior estudio, que
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individuos que presentaban un IAH =20 h™ tenian mas riesgo de padecer ictus
comparado con sujetos de IAH <5 h™ tras ajustar factores de confusién. Valham et
al (146) hallaron que el SAHS estaba asociado de manera independiente con un
mayor riesgo de sufrir ictus en un estudio de 392 pacientes con enfermedad
coronaria que fueron seguidos durante 10 afios. Los autores de un estudio en el
que siguieron prospectivamente a 132 pacientes con ictus mostraron que el riesgo
de muerte era mayor en los pacientes con SAHS moderado-grave (147). Un
metaanalisis reciente (148) muestra que cada aumento de 10 unidades en el IAH
se asocia con un aumento relativo del 36% en las probabilidades de tener un
evento cerebrovascular.

Otros estudios han analizado si el SAHS puede preceder o ser una
consecuencia de accidente cerebrovascular. Parra et al (128) observaron que 3
meses después de un ictus, el nimero de eventos centrales disminuyo
significativamente, mientras que el nimero de eventos obstructivos se mantuvo
sin cambios, lo que sugiere que los eventos obstructivos pueden estar presentes
antes del dafo vascular neurologico. De acuerdo con esta hipotesis, la prevalencia
de la SAHS es mayor en pacientes con accidente cerebrovascular que en la
poblacion general, que van desde 50-70% (149). Del mismo modo, los pacientes
con accidentes cerebrovasculares recurrentes tenian una mayor prevalencia de
SAHS que aquellos que lo desarrollaban por primera vez (74% vs. 57%) (149).

Aungque el tratamiento temprano del SAHS en pacientes con ictus debe, en
principio, protegerles de dafios cerebrales adicionales y recuperar la funcion
cerebral, los datos disponibles son conflictivos (150,151). Estudios observacionales
han demostrados un efecto beneficioso de la CPAP en enfermedades
cardiovascular. Martinez-Garcia et al (142,152) siguieron prospectivamente a 166
pacientes con ictus isquémico y con IAH de al menos 20 h™. Los pacientes que
usaron la CPAP durante al menos 4 h por dia tuvieron un riesgo de mortalidad e
incidencia de eventos cardiovasculares no mortales similar al del grupo control,
mientras que los pacientes con SAHS que no toleraron la CPAP tuvieron un
incremento en el riesgo ajustado de mortalidad (HR 1,58; IC 95%: 1,01-2,49;
p=0,04) y un aumento de la incidencia de eventos cardiovasculares no fatales,

especialmente nuevos ictus isquémicos (HR 2,87; IC 95%: 1,11-7,71; p=0,03).
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A pesar de las notables pruebas cientificas que muestran el SAHS como
factor de riesgo independiente para la aparicion de ictus, existen hoy en dia pocos
estudios para comprobar si el tratamiento con CPAP tiene influencia en la
apariciéon del ictus o en sus consecuencias. En un estudio aleatorizado,
multicéntrico y controlado, siguieron a 140 pacientes con primer episodio de
ictus isquémico y un IAH >20 h™ que fueron asignados al azar a CPAP o
tratamiento habitual durante 2 afios. El tratamiento con CPAP no mejoro la
supervivencia ni los resultados funcionales, a pesar de un cumplimiento
promedio de 5,3 h por dia (153). Un punto clave en la investigacién de la funcion
de la CPAP en el accidente cerebrovascular es el momento del tratamiento, que
en la mayoria de los estudios no comenzé durante la fase aguda (primeras 24h)
del inicio del accidente cerebrovascular, sino varios dias después. El estudio SAVE
(154) incluyd 2.717 pacientes con ESS <15 de 45 a 75 afios con antecedentes de
enfermedad coronaria o cerebrovascular, y SAHS definida por un ODI de 12 h™.
Los pacientes fueron asignados a tratamiento con CPAP o tratamiento de
atencién habitual durante una media de 3,7 anos. En este estudio, se observé que
el tratamiento con CPAP no tuvo efecto significativo en la prevencién de eventos
cardiovasculares graves recurrentes, a pesar de la reduccion significativa de la
somnolencia y otros sintomas del SAHS y mejoras en la calidad de vida de estos
pacientes. Ademads, se comprobd que los pacientes que usaban la CPAP al menos
4 h/dia tenian un menor riesgo de accidente cerebrovascular que aquellos que

habian seguido el tratamiento de atencién habitual.

3.b.3 Enfermedad coronaria

La prevalencia de SAHS en pacientes con enfermedad coronaria es
alrededor de dos veces mas alta que en la poblaciéon general, y hasta el 70% de los
pacientes ingresados por enfermedad cardiaca coronaria aguda tiene SAHS sin
diagnosticar. Un 67% de los pacientes con SAHS presentan calcificaciones de la
arteria coronaria, siendo éste un marcador de enfermedad coronaria subclinica
(155).

Varios estudios prospectivos han demostrados la prevalencia del SAHS en

el grupo de pacientes con cardiopatia isquémica. Mooe et al llevaron a cabo dos
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estudios de similares caracteristica, uno en hombres (156) y otro en mujeres (157),
en los que se analizd la presencia de SAHS en pacientes que habian
experimentado una angina de pecho y presentaban enfermedad coronaria y lo
compararon con un grupo control sin antecedentes de enfermedad coronaria. En
ambos se vieron diferencias significativas en cuanto a la prevalencia de SAHS con
IAH >5 h™ Con respecto al riesgo de padecer enfermedad coronaria en las
mujeres, se vio que un IAH >5 h™ multiplicaba por cuatro el riesgo de padecer
enfermedad coronaria, y en los hombres, tras comparar por cuartiles, el cuartil
con IAH mas elevado (IAH >12 h™) presentaba un aumento del riesgo con
respecto al cuartil de IAH mas bajo.

En hombres, el SAHS podria ser un factor de riesgo independiente para
desarrollar enfermedad coronaria (158) o para tener un resultado peor, en
pacientes con enfermedad coronaria previa. Yumino et al (159) observaron que el
SAHS es un predictor independiente de un peor resultado después de la
intervencion coronaria percutanea en pacientes con enfermedad coronaria aguda.
Sin embargo, estudios epidemiologicos no encontraron una asociacion clara entre
el SAHS y la enfermedad coronaria después de ajustar por factores de confusién
(158).

Diferentes estudios han demostrado los beneficios del tratamiento con
CPAP en la cardiopatia isquémica. Capodanno et al (160), en un estudio con
pacientes remitidos para cateterismo coronario a los que se les hizo un estudio
del suefio, seleccionaron pacientes que presentaban enfermedad coronaria
confirmada y SAHS en un grado moderado-grave de cara a evaluar la aparicién de
eventos cardiovasculares y cerebrovasculares mayores. Observaron que la
incidencia de aparicidon de estos eventos fue significativamente menor en grupo

tratado con CPAP.

3.b.4 Arritmia

Se han descrito trastornos del ritmo cardiaco en pacientes con SAHS. Los
tipos mas comunes son la taquicardia ventricular no sostenida, paro sinusal, y en
segundo grado bloqueos de la conduccién auriculoventricular (161). Las

bradiarritmias pueden ser provocadas por la activacion vagal cardiaca causada
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por la hipoxemia secundaria a la apnea. Aunque un estudio mostréo que las
arritmias tenian 18 veces mas probabilidades de ocurrir después de un episodio
apneico que después de la respiracion normal (162), la prevalencia y la relevancia
clinica de las arritmias cardiacas en pacientes con SAHS son atin desconocidas.
En un estudio realizado por Mehra et al (163) concluyeron que aquellos pacientes
que sufren de graves trastornos respiratorios del suefio tienen de dos a cuatro
veces mas probabilidad de presentar arritmias complejas que aquellos que no los
sufren. La disminucion de la saturacion nocturna de oxigeno se ha identificado
como un factor predictivo de la fibrilacién auricular, independientemente de la
obesidad (164). El SAHS no tratado frente al SAHS tratado también se ha asociado
con un mayor riesgo de recurrencia de fibrilacién auricular tras una ablacién por

radiofrecuencia (165).

3.b.5 Insuficiencia cardiaca

El SAHS podria inducir o empeorar la insuficiencia cardiaca a través de
varios mecanismos, independientemente de la HTA. La hipoxemia, un sello del
SAHS, es un predictor independiente de la relajacién ventricular disminuida y la
contractilidad miocardica. Reducciones repetitivas y agudas de la presion
intratoracica causan un aumento de la poscarga del ventriculo izquierdo y una
disminucion de la precarga del ventriculo izquierdo, acompafiada por
reducciones en el volumen sistolico.

La prevalencia de insuficiencia cardiaca en pacientes con SAHS es elevada
y aumenta de forma directa con la gravedad del SAHS. En un estudio se observd
una mayor prevalencia de insuficiencia cardiaca en los pacientes que presentaban
un IAH >11 h™ que en los que tenian un IAH <3 h™ y la prevalencia de insuficiencia
cardiaca aumentaba progresivamente con el IAH (144). Gottlieb et al (158) en un
estudio prospectivo observaron que solo los hombres tuvieron un aumento del
riesgo de desarrollar insuficiencia cardiaca, con un aumento de la incidencia del
58% en los varones con IAH >30 h™ en comparacion con los que tenian un IAH <5
h™. Ademds, un aumento del IAH de 10 puntos, se asocié con un aumento de la

incidencia de insuficiencia cardiaca.
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Varios ensayos aleatorios han demostrado un efecto beneficioso de la
CPAP sobre la funcién cardiaca, con mejoras en la funcion sistolica y diastdlica
del ventriculo izquierdo (166-168). También se ha demostrado que disminuye la
actividad simpatica, la presion arterial sistdlica y la frecuencia cardiaca, lo que
contribuye a mejorar el gasto cardiaco en los pacientes con insuficiencia cardiaca.

Sin embargo, no hay suficiente evidencia para apoyar que el tratamiento
con CPAP juega un papel en la prevenciéon primaria o secundaria de las
enfermedades cardiovasculares. Con el fin de esclarecer el impacto del SAHS y su
tratamiento en las enfermedades cardiovasculares y poder responder a una serie
de interrogantes que, a pesar de los estudios desarrollados hasta el momento atin
quedan inciertos, se plantea la presente tesis que propone ampliar el

conocimiento del efecto del SAHS en el SCA.
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Hipétesis y Objetivos

HIPOTESIS

El SAHS ejerce un efecto deletéreo sobre la gravedad y evolucion clinica
del SCA y en ello influyen el género y la raza. Asi mismo, el SAHS desempefia un

papel en la magnitud del dafio miocardico en pacientes que han sufrido un SCA.

Para internar dar respuesta a la hipotesis del presente trabajo, en esta tesis

doctoral se han plantado los siguientes objetivos especificos:

=

Evaluar el efecto del SAHS en la gravedad y prondstico a corto plazo en

pacientes admitidos por SCA.

2. Evaluar el efecto del sexo en la gravedad de la enfermedad coronaria en

pacientes con diagndstico reciente de SAHS admitidos por SCA.

3. Determinar los efectos de la etnicidad sobre la prevalencia de SAHS en
pacientes que presentaban SCA y a los que se le realizé un estudio del

sueno.
4. Evaluar si la presencia de episodios de hipoxia intermitente crénica en

pacientes con SAHS afecta la evolucion temporal de la expresion de la ¢Tn

y en los niveles de cTn pico en pacientes que han sufrido un SCA.
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Hipétesis y Objetivos

ESTUDIO 1

Efecto de la apnea obstructiva del sueio en la gravedad y pronostico a

corto plazo del sindrome coronario agudo

Este estudio corresponde con el siguiente articulo:

Ferran Barbé, Alicia Sanchez-de-la-Torre, Jorge Abad, Joaquin Durdn-Cantolla,
Olga Mediano, Jose Amilibia, Maria José Masdeu, Marina Florés, Antonia
Barceld, Moénica de la Pefia, Albina Aldom4d, Fernando Worner, Joan Valls, Gerard
Castella and Manuel Sanchez-de-la-Torre on behalf of the Spanish Sleep
Network.

“Effect of obstructive sleep apnoea on severity and short-term prognosis of acute
coronary syndrome”. Eur Respir J. 2015 Feb;45(2):419-27.

Factor de Impacto: 8.33

HIPOTESIS

Los episodios de hipoxia y reoxigenacion y el incremento de la actividad
simpatica asociada al SAHS, se asocian con un aumento de la gravedad del SCA 'y

un peor pronostico a corto plazo.
OB]ETIVO

Evaluar el efecto del SAHS en la gravedad y prondstico a corto plazo en

pacientes admitidos por SCA.
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Hipétesis y Objetivos

ESTUDIO 2

Efecto del sexo del paciente en la gravedad de la enfermedad coronaria en
pacientes con diagnostico reciente de apnea obstructiva del sueio

admitidos por un sindrome coronario agudo

Este estudio corresponde con el siguiente articulo:

Alicia Sanchez-de-la-Torre, Jorge Abad, Joaquin Duran-Cantolla, Olga
Mediano, Valentin Cabriada, Maria José Masdeu, Joaquin Terdn, Juan Fernando
Masa, Moénica de la Pefia, Albina Aldom4, Fernando Worner, Joan Valls, Ferran
Barbé, Manuel Sanchez-de-la-Torre, Spanish Sleep Group.

“Effect of patient sex on the severity of coronary artery disease in patients with
newly diagnosis of obstructive sleep apnoea admitted by an acute coronary
syndrome”. PLOS ONE. 2016 Jul 14;11(7):e0159207.

Factor de Impacto: 3.54

HIPOTESIS

Las diferencias en la fisiopatologia de SAHS, especificas del sexo del
paciente, se relacionarian con una diferente gravedad del SCA segun el sexo. La
identificacion de las caracteristicas especificas del paciente con SAHS, en funcién
del sexo, puede tener implicaciones directas para la estratificacion del riesgo y el

manejo de los pacientes con SAHS y SCA.

OB]ETIVO

Evaluar la influencia del sexo en la gravedad del SCA en pacientes con

diagnostico reciente de SAHS admitidos por SCA.
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Hipétesis y Objetivos

ESTUDIO 3

Efectos de la etnicidad en la prevalencia de la apnea obstructiva del sueio
en pacientes con sindrome coronario agudo: un analisis agrupado del

Estudio ISAACCy el Estudio Sleep and Stent.

Este estudio corresponde con el siguiente articulo:

Chieh-Yang Koo, Alicia Sanchez de la Torre, Germaine Loo, Manuel Sanchez-
de-la Torre, Junjie Zhang, Joaquin Duran-Cantolla, Ruogu Li, Mercé Mayos, Rishi
Sethi, Jorge Abad, Sofia F. Furlan, Ramo6n Coloma, Thet Hein, Hee-Hwa Ho, Man-
Hong Jim, Thun-How Ong, Bee-Choo Tai, Cecilia Turino, Luciano F. Drager, Chi-
Hang Lee, Ferran Barbe.

“Effects of Ethnicity on the Prevalence of Obstructive Sleep Apnoea in Patients with
Acute Coronary Syndrome: A Pooled Analysis of the ISAACC Trial and Sleep and
Stent Study”. Heart, Lung and Circulation. 2016 Nov 15. pii: S1443-9506(16)31654-7.

Factor de Impacto: 1.57

HIPC)TESIS

La prevalencia del SAHS difiere segiin el grupo étnico en pacientes que

han sufrido un SCA.

OB]ETIVO

Determinar los efectos de la etnicidad sobre la prevalencia de SAHS en

pacientes que han sufrido un SCA.
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Hipétesis y Objetivos

ESTUDIO 4

Evolucion temporal de la troponina cardiaca en pacientes con sindrome

coronario agudo y apnea del suefio: un estudio piloto.

Este estudio corresponde con el siguiente articulo:

Alicia Sanchez-de-la-Torre, Xavier Soler, Ferran Barbé, Marina Florés, Alan
Maisel, Atul Malhotra, Montserrat Rue, Sandra  Bertran, Albina Aldomj3,
Fernando Worner, Joan Valls, Chi-Hang Lee, Cecilia Turino, Estefania Galera,
Jordi de Batlle, Manuel Sanchez-de-la-Torre on behalf of the Spanish Sleep
Group.

“Time course of cardiac troponin in patients with acute coronary syndrome and

sleep apnoea: a pilot study” (Submitted).

HIPOTESIS

La presencia de episodios de hipoxia intermitente crénica durante el suefio
en pacientes con SAHS afecta la expresion de cTn en pacientes que han sufrido

un episodio de SCA.

OB]ETIVO

Evaluar si la presencia de episodios de hipoxia intermitente crénica en
pacientes con SAHS afecta la evolucién temporal de la expresiéon de la cTn y en

los niveles de cTn pico en pacientes que han sufrido un SCA.

75






AABAATAAR






Articulos

ESTUDIO 1

“Effect of obstructive sleep apnoea on severity and short-term prognosis of
acute coronary syndrome”.

Ferran Barbé, Alicia Sanchez-de-la-Torre, Jorge Abad, Joaquin Duran-Cantolla,
Olga Mediano, Jose Amilibia, Maria José Masdeu, Marina Florés, Antonia
Barceld, Moénica de la Pefia, Albina Aldom4d, Fernando Worner, Joan Valls, Gerard
Castella and Manuel Sanchez-de-la-Torre on behalf of the Spanish Sleep

Network. Eur Respir J. 2015 Feb;45(2):419-27.
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Effect of obstructive sleep apnoea on
severity and short-term prognosis of
acute coronary syndrome
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ABSTRACT  The goal of this study was to evaluate the influence of obstructive sleep apnoea on the
severity and short-term prognosis of patients admitted for acute coronary syndrome.

Obstructive sleep apnoea was defined as an apnoea-hypopnoea index (AHI) >15h™". We evaluated the
acute coronary syndrome severity (ejection fraction, Killip class, number of diseased vessels, and plasma
peak troponin) and short-term prognosis (length of hospitalisation, complications and mortality).

We included 213 patients with obstructive sleep apnoea (meantsp AHI 30+14h™", 61£10 years, 80%
males) and 218 controls (AHI 6+4h™", 57412 years, 82% males). Patients with obstructive sleep apnoea
exhibited a higher prevalence of systemic hypertension (55% versus 37%, p<0.001), higher body mass
index (29+4kg-m™ versus 26+4kgm 2, p<0.001), and lower percentage of smokers (61% versus 71%,
p=0.04). After adjusting for smoking, age, body mass index and hypertension, the plasma peak troponin levels
were significantly elevated in the obstructive sleep apnoea group (831+908 ng:L™" versus 987+884 ngL™",
p=0.03) and higher AHI severity was associated with an increased number of diseased vessels (p=0.04).
The mean length of stay in the coronary care unit was higher in the obstructive sleep apnoea group
(p=0.03).

This study indicates that obstructive sleep apnoea is related to an increase in the peak plasma troponin
levels, number of diseased vessels, and length of stay in the coronary care unit.
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Introduction

Obstructive sleep apnoea (OSA) is a common disease that affects 3-7% of the general population [1, 2].
Sleep apnoea is caused by the collapse of the upper airway during sleep, which leads to transient asphyxia.
OSA is associated with an increased risk of fatal and nonfatal cardiovascular events [3] and effective
continuous positive airway pressure (CPAP) treatment reduces the incidence of hypertension and
cardiovascular events [4]. The consequences of OSA are largely mediated by chronic intermittent hypoxia
and sleep fragmentation, which may contribute to the pathogenesis of cardiovascular disease in patients
with sleep apnoea [5]. Intermittent episodes of hypoxia and arousal cause an increase in sympathetic
activity [6] and sudden changes in systemic blood pressure [7], which contribute to the development of
myocardial hypertrophy, cardiac arrhythmias and death. OSA is associated with abnormalities in cardiac
autonomic and electrophysiological factors, including heart rate variability, the duration of the QT
interval, baroreflex function, and chemoreceptor sensitivity. Serious and potentially fatal arrhythmias occur
during sleep in patients with OSA [8] and are attenuated by effective treatment with CPAP [9]. Subjects
with OSA are at increased risk of sudden death from cardiac causes during sleeping hours [10].

These pathogenic factors in OSA patients may play an aggravating role in the severity of acute myocardial
infarction (AMI) and the short-term prognosis of patients. Nevertheless, a cardioprotective role of OSA in
the context of AMI, via ischaemic preconditioning, has also been postulated. This latter hypothesis implies
the activation of adaptive mechanisms, such as the increased recruitment of proliferative and angiogenic
endothelial progenitor cells [11]. Furthermore, patients with OSA reportedly exhibit less severe cardiac
injury during an acute nonfatal myocardial infarction compared with patients without OSA [12].

Due to this contradictory evidence, we performed an observational study to evaluate the impact of OSA
on the severity and short-term prognosis of patients with acute coronary syndrome (ACS). The objective
of the study was to compare the ejection fraction, Killip class, number of diseased vessels, peak troponin,
length of hospitalisation, number of complications, and mortality rate of a cohort of ACS patients with
and without OSA.

Methods

Patients

This is an ancillary study of the ISAACC study (a randomised trial of NCT01335087 (Continuous Positive
Airway Pressure (CPAP) in Patients With Acute Coronary Syndrome and Obstructive Sleep Apnea (OSA)
(ISAACC)), which is a multicentre, open-label, parallel, prospective, randomised, controlled trial [13]. The
ISAACC study evaluates the effect of CPAP treatment on the incidence of new cardiovascular events in
patients with an episode of ACS and OSA. The ISAACC study includes nonsleepy patients because it is
unethical to fail to treat OSA patients with excessive daytime sleepiness. We evaluated patients who were
admitted for ACS to coronary care units or cardiology hospitalisation wards at fourteen teaching hospitals
in Spain (male and females aged >18 years). Those patients who met the inclusion criteria and did not
meet any of the exclusion criteria underwent respiratory polygraphy during the first 48-72h after
admission. Patients with an apnoea-hypopnoea index (AHI) >15eventsh™' were randomised to
conservative or CPAP treatment. Those patients with an AHIK15 events-h™! were considered controls.
Because we expected that 70% of the patients who underwent respiratory polygraphy would exhibit an
AHIK15 eventsh™!, we randomly excluded two thirds of these patients to guarantee the same rate of
inclusion as in the OSA group. It was performed using a computer-generated random numbers list. For
the current study, we compared the short-term prognosis and severity of the ACS for patients included in
the conservative arm versus the control group (fig. 1).

Acute coronary syndrome was defined as the acute presentation of coronary disease with or without ST
elevation infarction, unstable angina, or type 1 MI [14]. The exclusion criteria included the following:
previous treatment with CPAP; psychophysical inability to complete questionnaires; the presence of any
previously diagnosed sleep disorder; patients with >50% central apnoeas or the presence of Cheyne-Stokes
respiration; daytime sleepiness (Epworth Sleepiness Scale (ESS) >10); patients with chronic diseases,
e.g. neoplasms, renal insufficiency (GFR <15 mL-min~'-1.73 m~2), severe chronic obstructive pulmonary
disorder (a forced expiratory volume in 1s <50%), chronic depression, and other limiting chronic diseases;
a medical history that could interfere with the study objectives; any processes, whether cardiovascular or
otherwise, that reduce life expectancy to <1 year; and patients in cardiogenic shock.

The ethics committee of each participating centre approved the study (approval number in the coordinator
centre: 2010-852), and patients provided written informed consent.

Procedures
The diagnosis was based on the results of overnight cardio-respiratory polygraphy, which is in accordance
with the guidelines of the Spanish national consensus on the apnoea-hypopnoea syndrome [15].
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Assessed for eligibility Patients excluded n=1855:
n=2942 Any medical, social or geographical factor that could

jeoparise patient compliance n=634

>50% of central apnoeas or the presence of Cheyne-Stokes
respiration n=144

Refused to participate n=399

Life-limiting chronic disease n=221

RP not performed between 48 h and 72 h after admission
n=156

Patients with an ESS >10 n=152

Any previously diagnosed sleep disorder n=95

Previous treatment with CPAP n=82

v

A 4 Patients in cardiogenic shock n=78
Study sample Any process that reduces life expectancy to <1 year n=65
n=1087 Others n=40
Control 0SA
n=654 n=433

Not analysed n=436,
as two thirds

Not analysed n=220,

A

randomly excluded

"l allocated to CPAP treatment

v v
Analysed Analysed
n=218 n=213

FIGURE 1 Study flowchart showing recruitment to study. RP: respiratory polygraphy; ESS: Epworth Sleepiness Scale; CPAP: continuous positive airway
pressure; OSA: obstructive sleep apnoea.

DOI: 10.1183/09031936.00071714

All participant centres used the same model of polygraph (Embletta; ResMed, Bella Vista, Australia) for
the diagnosis of OSA. Oronasal flow, thoracoabdominal movements, ECG, and pulse oximetry were
recorded. Apnoea was defined as an absence of airflow lasting >10s. Hypopnoea was defined as a
reduction in airflow lasting >10's associated with oxygen desaturation. Oxygen desaturation was defined as
a decrease in arterial oxygen saturation >4%. Respiratory polygraphy studies were performed without
supplemental oxygen. The AHI was defined as the number of episodes of apnoea and hypopnoea per hour
of recording. The degree of self-reported sleepiness/drowsiness was analysed by the Spanish version of the
ESS test [16]. Echocardiographic evaluation and Killip classification were routinely performed during
patient admission. The Killip classification focuses on physical examination and the development of heart
failure to predict risk. The classification considers four classes (I-IV). Class I indicates no evidence of
heart failure, and Class IV represents cardiogenic shock. During hospitalisation, we evaluated the severity
of the ACS (ejection fraction, the Killip scale, number of affected vessels, number of stents implanted and
peak troponin) and the short-term prognosis (length of stay in the coronary unit, length of hospitalisation,
complications and mortality). The cardiologists who evaluated the ACS severity were blinded to OSA
versus control status.

Data analysis

Data for each participant were uploaded to a database. Only the coordinating centre (Hospital Univ. Arnau
de Vilanova and Santa Maria, IRBLeida, Lleida, Spain) had full access to the database. The meantsp or
frequencies (%) were computed to evaluate the differences between the control and OSA patients with
respect to anthropometric and clinical variables and ACS related risk factors, assessing the significance with
Mann-Whitney or Chi-squared tests, respectively. Secondly, the association between OSA and variables
related to ACS severity and short-term prognosis were assessed with the Mann-Whitney or Chi-squared
tests and linear or logistic regression models, as appropriate. Additionally, the models were adjusted for
tobacco (current or former smoker versus nonsmoker), age, body mass index (BMI) and hypertension. To
evaluate the difference in the mortality observed in patients with and without OSA, an exact test, based on
independent binomial distributions, was used given that only one case was observed. Thirdly, the
association of the degree of OSA with variables related to ACS severity and short-term prognosis was also
assessed using AHI quartiles (Q) and the Kruskal-Wallis or Chi-squared tests and linear and logistic
regression models, adjusting for tobacco (current or former smoker versus nonsmoker), age, BMI and
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hypertension. For these analyses, p-values from ANOVA or deviance tables were calculated considering the
four AHI-based groups as qualitative and ordinal integer variables. Logarithmic transformation of
continuous response variables was performed for the models, assessing the log-likelihood of this
transformation with a Box-Cox analysis. For ordinal qualitative variables, integer values were used to
perform a linear regression model to assess the trend. Finally, for those variables related to ACS severity
with a significant difference between control and OSA patients, a Gini criterion was used to determine an
optimal threshold. Odds ratios, corresponding 95% confidence intervals, and p-values estimated from
logistic regression models were obtained; adjusted p-values were also computed. All analyses were
performed using the R statistical package [17]. The threshold for significance was set at 0.05.

Sample size

The sample sizes, of 213 patients with OSA and 218 controls, provided a statistical power of 84% to detect
differences in the mean length of stay in the coronary care unit and a statistical power of 87% to detect
differences in the distribution of plasma peak troponin levels, when compared by nonparametric tests. The
significance level was fixed at 0.05.

Results
We included 218 patients with an AHI <15 eventsh™ (control group) and 213 patients with an AHI >15
eventsh™' (OSA group). OSA patients were slightly, but significantly, older than the controls (table 1)

TABLE 1 Anthropometric and clinical variables and acute coronary syndrome (ACS) related risk
factors in controls and obstructive sleep apnoea (0SA) patients

Control 0SA p-value
AHI <15 events-h™" AHI >15 events-h~"

Subjects n 218 213
Age years 56.9+12.2 61.1£10.5 0.0002
Males 178 (82.0) 169 (79.7) 0.63
Apnoea-hypopnoea index events-h™’ b.4+4.2 30.6£14.4 <0.00001
Oxygen desaturation index >4% h~’ 9.3+17.9 24.9+16.9 <0.00001
Minimum Sao0, % 84.9+10.4 82.427.6 <0.00001
Mean Sa0, % 93.4%2.0 92.5+2.0 0.00003
Time with Sao0, <90% % 5.5+13.8 11.7£18.9 <0.00001
Epworth Sleepiness Scale 4.3+2.6 5.5+2.6 <0.00001
Hypertensive patients 75 (36.6) 105 (54.7) 0.0004
Body mass index kg-m~2 26.1+4.2 28.7+4.2 <0.00001
Neck circumference cm 40.4£3.9 41.0£3.4 0.14
Diabetes mellitus 43 (21.1) 51(26.7) 0.23
Dyslipidaemia 95 (46.3) 93 (51.8) 0.32
First episode of ACS 165 (85.9) 134 (77.5) 0.049
Cardiomyopathy 36 (17.6) 47 (24.9) 0.10
Stroke 5(2.5) 13 (6.8) 0.07
Current or former smoker 145 (71.1) 118 (61.1) 0.047
Smoker

No 59 (29.0) 75 (38.9)

Yes 98 (48.0) 79 (40.9)

Former smoker 47 (23.0) 39 (20.2) 0.11
Total tobacco exposure pack-years 22.7+23.5 18.6+22.1 0.09
Alcohol 51(27.3) 43 (23.0) 0.40
Diuretics 29 (14.3) 44 (23.9) 0.02
Anticoagulants 9 (4.5) 11 (6.0) 0.65
Antiacids 35(17.3) 51 (27.7) 0.02
Hypolipidemics 49 (24.1) 68 (37.0) 0.009
B-blockers 41 (20.4) 42 (23.0) 0.63
Calcium antagonists 9 (4.4) 27 (14.8) 0.0009
Antiplatelet 28 (13.9) 46 (25.0) 0.008
Insulin 9 (4.4) 16 (8.7) 0.13
Oral antidiabetics 32 (15.8) 37 (20.3) 0.30

Data are presented as meanssp or n (%), unless otherwise stated. Sao,: arterial oxygen saturation. Mann-
Whitney and Chi-squared tests were used to assess the differences in the means or proportions between
groups. Statistically significant p-values are shown in bold.
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(p=0.0002). Hypertension was more prevalent in patients from the OSA group (table 1) (p=0.0004), who
also exhibited an increased use of diuretics and calcium antagonists (table 1) p=0.02 and p=0.0009,
respectively). Additionally, OSA patients exhibited a higher BMI and were less likely to be current or
former smokers than control patients (table 1) (p<0.00001 and p=0.04, respectively). 95% of OSA patients
and 91% of controls underwent peripheral coronary intervention, which included 42% and 44%
undergoing primary peripheral coronary intervention, respectively.

With respect to ACS severity, the percentages of patients with Killip classes II-IV and >3 diseased vessels
were higher in the OSA group (table 2) (p=0.03 and p=0.006, respectively). For OSA patients, we observed
that the mean ejection fraction was lower, whereas the mean peak troponin was higher (table 2) (p=0.04
and p=0.005, respectively). However, the analysis adjusted for smoking, age, BMI and hypertension
revealed that only the peak troponin levels were statistically significant (table 2) (p=0.03).

With respect to the ACS short-term prognosis, the mean length of stay in the coronary care unit was
higher in the OSA group even after adjustment (table 3) (p=0.01 and p=0.03). Nevertheless, the length of
hospitalisation, number of complications and mortality rate during hospitalisation were similar between
the groups.

To further investigate the strength of the association of ACS severity-related variables with OSA severity,
we classified the patients into four groups according to AHI Ql-4. The results confirmed that the peak
troponin levels increased with each AHI Q, even after adjustment (table 4 and fig. 2) (p=0.0003 and
p=0.002). Additionally, this analysis revealed that the number of diseased vessels was higher for the most
severe OSA group (AHI >27.2 events:h™"), even after adjustment (table 4 and fig. 2) (p=0.001 and p=0.04).
Moreover, the odds ratios for three or more diseased vessels (with respect to one vessel) were 2.07, 2.08
and 2.36, when comparing individuals above AHI QI-3 with respect to those below Q2-4, respectively
(table S1, p=0.11, p=0.006 and p=0.04). However, when analysing the association between ACS short-term
prognosis with OSA severity, there was no statistically significant association (table 5).

Finally, we determined an optimal threshold for each ACS severity outcome to discriminate between OSA
and control patients with the goal of obtaining a more detailed description of this association. This
analysis demonstrated a significant increase in the risk of an OSA patient to have a peak plasma troponin

TABLE 2 Variables related to acute coronary syndrome (ACS) severity in controls and obstructive
sleep apnoea (0SA) patients

Control 0SA p-value
AHI <15 events-h™’ AHI >15 events-h™" A B c

Subjects n 218 213
ACS category

Unstable 30 (14.8) 26 (13.3)

Non-STEMI 87 (42.6) 81 (41.5)

STEMI 87 (42.6) 88 (45.2) 0.86 0.58% 0.60%
Killip class

| 148 (94.3) 135 (87.7)

Il 7 (4.4) 13 (8.4)

I 2(1.3) 4(2.6)

v 0(0) 2(1.3) 0.17 0.03* 0.30*
Diseased vessels n

1 106 (55.8) 77 (43.7)

2 49 (25.8) 45 (25.6)

>3 35 (18.4) 54 (30.7) 0.02 0.006" 0.12%
Stents implanted n 1.4£1.0 1.4£1.0 0.87 0.82 0.44
Ejection fraction % 57.0£9.5 54.8+11.6 0.04 0.04" 0.171
Peak troponin ng-L™" 831.7+908.4 987.2+884.9 0.002 0.0051 0.031"

Data are presented as n (%) or meanzsp, unless otherwise stated. AHI: apnoea-hypopnoea index; STEMI:
ST-elevation myocardial infarction. p-values, evaluating the differences between groups, were calculated
from the following: Mann-Whitney and Chi-squared tests as appropriate (A]; regression models (B);
regression models adjusted for tobacco (current or former smoker versus nonsmoker], age, body mass
index and hypertension (C). *: ordinal integer values considered in the linear model analyses to evaluate
the differences in the trend for the ACS category, Killip classification and number of diseased vessels.
7: Log-transformed values considered in linear model analyses for the ejection fraction and peak troponin.
Statistically significant p-values are shown in bold.
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TABLE 3 Variables related to the short-term prognosis of acute coronary syndrome (ACS) in controls and obstructive sleep

apnoea (OSA) patients

Control 0SA p-value
AHI <15 events-h™" AHI >15 events-h™" A B c
Subjects n 218 213
Length of stay in the CCU days 2.3+1.0 2.6£1.3 0.04 0.01 0.03
Length of hospitalisation days 6.5+3.7 6.8+3.8 0.4 0.55 0.68
CV complications during hospitalisation 14 (8.1) 16 (9.8) 0.73 0.59 0.67
Mortality during hospitalisation 01(0) 1(0.7) 0.29* # #

Data are presented as meanzso or n (%), unless otherwise stated. AHI: apnoea-hypopnoea index; CCU, coronary care unit; CV: cardiovascular.
p-values, to evaluate differences between the groups, were calculated using: Mann-Whitney and Chi-squared tests as appropriate (A]; linear and
logistic regression models (B); and regression models adjusted by tobacco (current or former smoker versus nonsmoker), age, body mass index
and hypertension (C). #: exact test based on the binomial distribution. Logistic regression models were not fit due to the lack of death cases.

Statistically significant p-values are shown in bold.

level >724.5 ng~L_l (table 6) (OR 2.59, p=0.02). This analysis also revealed a significant increase in the risk
of an OSA patient to exhibit an ejection fraction lower than 51.5% (table 6) (OR 2.05, p=0.04) and a

tendency to present with more than three diseased vessels (table 6) (OR 1.96, p=0.06).

Discussion

The results of this observational study suggest that OSA influences the severity of ACS and its short-term
prognosis. OSA is related to an increase in peak plasma troponin level, a decrease in the ejection fraction,
and an increase in the number of diseased vessels. After adjusting for smoking, hypertension, and BMI,
only the peak plasma troponin levels remained significantly related to OSA. The OSA severity, evaluated
by AHI, is related to the number of diseased vessels and the peak plasma troponin levels. Patients with

TABLE 4 Variables related to acute coronary syndrome (ACS) severity in control subjects and obstructive sleep apnoea (0SA)

patients, considering the apnoea-hypopnoea index (AHI) quartiles (Q)

AHI events-h™" p-value
Q1<6 026.1-14.9 Q315-27.2 Q4 >27.2 A B c
Qualitative  Ordinal  Qualitative  Ordinal

Subjects n 106 109 107 109
ACS category

Unstable 14 (14.6) 16 (15.2) 12 (12.0) 10 (14.3)

Non-STEMI 37 (38.5) 50 (47.6) 38 (38.0) 43 (43.9)

STEMI 45 (46.9) 39 (37.2) 50 (50.0) 41 (41.8) 0.65 0.41% 0.93% 0.45% 0.91%
Killip class

I 71(92.2) 75 (96.2) 73 (92.4) 64 (83.1)

I 4(5.2) 3(3.8) 5(6.3) 8 (10.4)

Il 2(2.6) 01(0) 101.3) 3(3.9)

% 01(0) 0(0) 01(0) 2(2.6) 0.16 0.009* 0.02* 0.21% 0.36%
Diseased vessels n

1 54 (58.1) 51(53.7) 40 (44.9) 38 (42.7)

2 24 (25.8) 24 (25.3) 29 (32.6) 17 (19.1)

>3 15 (16.1) 20 (21.1) 20 (22.5) 34 (38.2) 0.01 0.01" 0.001" 0.19% 0.04*
Stents implanted n 1.4+0.8 1.5+1.2 1.40.7 1.5¢1.1 0.99 0.74 0.72 0.70 0.85
Ejection fraction % 56.8+10.6 56.8+8.6 53.8+11.3 56.2+11.8 0.21 0.161 0.271 0.70" 0.361
Peak troponin ng-L™"  762.7:836.4  857.7885.3  897.2¢852.1  1119.6+988.5  0.002 0.0041 0.0003" 0.017 0.0021

Data are presented as n (%) or meanzso, unless otherwise stated. STEMI: ST-elevation myocardial infarction. p-values, to evaluate differences
among groups, were computed with: Kruskal-Wallis and Chi-squared tests (A); regression models (BJ; and regression models adjusted for tobacco
[current or former smoker versus nonsmoker), age, body mass index and hypertension (C). *: ordinal integer values were considered in linear
model analyses to evaluate the differences in the trends for the ACS category, Killip classification and number of diseased vessels; 1.
Log-transformed values were considered in linear model analyses for ejection fraction and peak troponin. In both B and C, p-values from ANOVA
tables were obtained when considering the four AHI-based groups, both as qualitative and ordinal integer variables. Statistically significant p-values

are shown in bold.
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FIGURE 2 Association between acute coronary syndrome severity variables and obstructive sleep apnoea. a) Frequency distribution for the number of diseased
vessels in apnoea-hypopnoea index (AHI) quartiles (Q). b) Peak troponin mean values for AHI Q1-4, segments represent one standard deviation. The analysis
was adjusted by smoking, age, body mass index, and hypertension. The adjusted p-values in table 4 are shown.

OSA spent more time in the coronary care unit, although the length of hospitalisation was similar between
patients with and without OSA.

Available data from clinic-based cohorts suggest that OSA is an independent risk factor for myocardial
infarction and other coronary events [3, 18-21]. Furthermore, OSA worsens the long-term prognosis of
ACS [22, 23]. Several pathogenic factors are proposed as intermediate mechanisms linking OSA with
cardiovascular disease [5]. It has been described that systemic inflammation induced by chronic
intermittent hypoxia may play a key role in atherogenesis in OSA patients [24]. These intermediate
mechanisms can produce cardiac hyper-excitability and increase the sympathetic tone, oxidative stress and
hypercoagulability, which could in turn increase the severity of ACS in OSA patients and worsen the
prognosis of ACS. Additionally, chronic intermittent hypoxia increases the infarct size in animal models
[25]. Also, the deleterious effects of sleep disordered breathing in infarct expansion and impaired healing
of myocardial tissue and coronary artery plaque burden have been described [26-28]. The increased
number of affected vessels and the increase in the peak plasma troponin levels in the group of patients
with OSA could be associated with worse long-term prognosis. In contrast to our results, LEe et al. [29]
reported similar severity in acute myocardial infarction in patients with and without OSA. This study also
demonstrated that there was no significant association between OSA and impaired microvascular perfusion
after primary percutaneous coronary intervention. Interestingly, SHAH et al. [12] explained that patients
with OSA exhibit less severe cardiac injuries during an acute nonfatal myocardial infarction compared

Table 5 Variables related to acute coronary syndrome short-term prognosis in control subjects and obstructive sleep apnoea

AHI events-h™’ p-value
Q1 <6 Q2 6.1-14.9 Q3 15-27.2 Q4 >27.2 A B C

Qualitative Ordinal Qualitative Ordinal

Subjects n 106 109 107 109

Length of stay in the CCU days 2.3+1.1 2.3+0.8 2.6x1.4 2.6x1.1  0.25 0.12 0.06 0.19 0.14
Length of hospitalisation days 6.6£3.8 6.5£3.7 7.0t4.4 6.5£3.0 0.88 0.80 0.88 0.72 0.81
CV complications during 7(8.3) 7(8.1) 10 (11.6) 6(7.4) 078 0.79 0.94 0.68 0.43

hospitalisation

Data are presented as meanzsp or n (%), unless otherwise stated. Q: quartile; AHI: apnoea-hypopnoea index; CCU, coronary care unit; CV:
cardiovascular. p-values to evaluate differences among groups were computed with: Kruskal-Wallis and Chi-squared tests (A; linear and
logistic regression models (B); and regression models adjusted for tobacco (current or former smoker versus nonsmoker], age, body mass
index and hypertension (C). In both B and C the p-values from ANOVA or deviance tables were obtained when considering the fourth AHI-based
groups, both as qualitative and ordinal integer variables.
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Table 6 Variables related to acute coronary syndrome severity in controls and obstructive sleep
apnoea (0SA) patients, considering an optimal threshold for the responses

Univariate model Adjusted model
OR (95% CI) p-value p-value

Ejection fraction <51.5%

Control 1

0SA 2.05 (1.24-3.43) 0.005 0.04
Killip classification >I

Control 1

0SA 2.31 (1.04-5.53) 0.046 0.17
>3 diseased vessels

Control 1

0SA 1.96 (1.21-3.21) 0.007 0.06
Peak troponin >724.5 ng-mL™"

Control 1

0SA 2.59 (1.53-4.46) <0.001 0.02

The Gini criterion was used to determine an optimal threshold to discriminate between OSA and control
patients for each variable. The odds ratio (OR) and the corresponding 95% confidence interval (Cl) and
p-values estimated from logistic regression models. p-values from the logistic regression models adjusted
for tobacco (current or former smoker versus nonsmoker), age, body mass index and hypertension are also
provided. Only significant variables identified in table 2 were considered. Statistically significant p-values
are shown in bold.

with patients without OSA. The authors suggest a cardioprotective role of OSA during acute myocardial
infarction induced by ischaemic preconditioning. BERGER et al. [11] demonstrate that patients with AMI,
who exhibit mild-to-moderate sleep disordered breathing, can activate adaptive mechanisms and may
improve endothelial function and provide cardioprotection in the context of acute myocardial infarction.
Additionally, organ autoregulation could be a mechanism implicated in maintaining a constant blood flow
during fluctuations in its perfusion pressure in patients with ACS [30].

The strengths of our study include its multicentre design with a large number of patients. All participating
centres performed the same methodology and the sleep study was performed with the same model of
polygraph. Nevertheless, this study has several potential limitations. First, we excluded patients with the
more severe ACS and worse prognosis (cardiogenic shock). Additionally, we excluded patients with
daytime sleepiness who exhibited the most severe OSA. Nevertheless, the number of excluded patients for
these causes was relatively low. Secondly, subjects in this study were predominantly male, therefore, the
results cannot be extrapolated to females. Thirdly, the diagnosis is based on respiratory polygraphy, which
could underestimate the severity of OSA. However, due to the critical situation of the patients, full
polysomnography monitoring could be a stressful procedure for this high-risk patient group. Finally, the
design of this study does not allow us to draw definitive conclusions and further randomised control trials
on this topic will be necessary.

Conclusions

The results of this study indicate that OSA is correlated with an increase in the peak plasma troponin
levels, number of diseased vessels, and length of stay in the coronary unit. These correlations may have
both short- and long-term consequences. Large-scale randomised control trials are urgently needed to
evaluate interventions in this setting.
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Abstract

Background

The cardiovascular consequences of obstructive sleep apnoea (OSA) differ by sex. We
hypothesized that sex influences the severity of acute coronary syndrome (ACS) in patients
with OSA. OSA was defined as an apnoea—hypopnoea index (AHI)>15 events-h™. We eval-
uated the severity of ACS according to the ejection fraction, Killip class, number of diseased
vessels, number of stents implanted and plasma peak troponin level.

Methods

We included 663 men (mean+SD, AHI 37+18 events-h-') and 133 women (AHI 3518
events-h-") with OSA.

Results

The men were younger than the women (59411 versus 66111 years, p<0.0001), exhibited a
higher neck circumference (p<0.0001), and were more likely to be smokers and alcohol
users than women (p<0.0001, p = 0.0005, respectively). Body mass index and percentage
of hypertensive patients or diabetics were similar between sexes. We observed a slight
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tendency for a higher Killip classification in women, although it was not statistically signifi-
cant (p = 0.055). For men, we observed that the number of diseased vessels and the num-
ber of stents implanted were higher (p = 0.02, p = 0.001, respectively), and a decrease in
the ejection fraction (p = 0.002).

Conclusions

This study shows that sex in OSA influences the severity of ACS. Men show a lower ejection
fraction and an increased number of diseased vessels and number of stents implanted.

Introduction

Obstructive sleep apnoea (OSA) is a common disease that affects approximately 10% of the
middle-aged population and becomes more prevalent with age. It has been estimated that OSA
affects at least 17% of men and 9% of women [1,2]. Obstructive apnoeic events incorporate a
range of stressors that activate mechanisms contributing to the initiation and progression of
cardiac diseases [3]. According to published data, OSA has been associated with significant
cardiovascular morbidity and mortality and seems to be an independent risk factor for cardio-
vascular diseases [4,5]. Epidemiological studies suggest an association between OSA and hyper-
tension, coronary heart disease, heart failure, and stroke [4]. Moreover, OSA is associated with
an increased severity of acute coronary syndrome (ACS) [6]. Nevertheless, the cardiovascular
consequences of OSA differ by sex as epidemiological studies suggest sex-based differences in
the association between OSA and cardiovascular outcomes [7-9]. The effect of the gender into
OSA associated cardiovascular comorbidities remain incompletely understood because of the
underrepresentation of women in prior studies exploring the burden of comorbidities associ-
ated with OSA. A recent study which includes a large sample size of men and women with
OSA reported sex-differences on the prevalence of comorbidities associated with OSA, as
ischaemic heart disease were more prevalent in men with OSA [10]. Further clinical trials are
needed to assess the role of sex in the context of severity of cardiovascular comorbidities associ-
ated with OSA.

We hypothesized that sex-specific differences in the pathophysiology of OSA would result
in significant sex differences in the severity of ACS. Exploring the sex-specific aspects of OSA
and cardiovascular disease may have direct implications for risk stratification and management
of these patients.

Methods
Study Design and Subjects

This was an ancillary study of the ISAACC study, a multicentre, open-label, parallel, prospec-
tive, randomized controlled trial (NCT01335087) (Continuous Positive Airway Pressure
(CPAP) in Patients With Acute Coronary Syndrome and Obstructive Sleep Apnoea (ISAACC))
[11]. The ISAACC study assesses the impact of CPAP treatment on the incidence of new cardio-
vascular events in patients with ACS and OSA. Briefly, the ISAACC study include consecutive
patients with an ACS diagnosis evaluated in coronary care units or cardiology hospitalization
wards at fourteen participating hospitals in Spain (men and women aged >18 years). During a
hospital stay, these patients are subjected to cardio-respiratory polygraphy. Patients with an
apnoea-hypopnoea index (AHI) >15 events-h ™" are randomized to CPAP treatment or
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Assessed for eligibility Patients excluded (n=3156)

(n=4321) Causes of exclusion:
Any medical, social, or geographical factor that could jeopardize
patient compliance (n=822)
>50% of central apneas or the presence of Cheyne-Stokes

— respiration (n=210)
Refused to participate (n=1221)
v Life-limiting chronic disease (n=504)
Included patients RP not performed between 48 h and 72 h after admission (n= 400)

(n=1165) Patients with an ESS >10 (n=355)
Any previously diagnosed sleep disorder (n=186)
Previous treatment with CPAP (n=262)
Patients in cardiogenic shock (n=182)

Control patients (AHI<15 hY) Any process that reduces life expectancy to <1 year (n=151)
(n=369) ¢ Others (n=885)
{ Some patients presented more than one cause of exclusion
Study sample
(n=796)
Men OSA Women OSA
(n=663) (n=133)

Fig 1. Study flowchart showing recruitment for the study. RP: respiratory polygraphy; ESS: Epworth Sleepiness Scale; CPAP: continuous positive
airway pressure; OSA: obstructive sleep apnoea.

doi:10.1371/journal.pone.015920

7.9001

conservative treatment. Those patients with an AHI <15 events-h™" are considered controls.
In this study, we investigate the effects of gender on the severity of ACS in patients with OSA
(Fig 1).

The exclusion criteria included previous treatment with CPAP; psychophysical inability to
complete questionnaires; the presence of any previously diagnosed sleep disorder; patients
with >50% central apnoeas or the presence of Cheyne-Stokes respiration; daytime sleepiness
(Epworth Sleepiness Scale (ESS) >10); patients with chronic diseases, e.g., neoplasms, renal
insufficiency (GFR <15 mL-min""-1.73 m™?), severe chronic obstructive pulmonary disorder (a
forced expiratory volume in 1 s <50%), chronic depression, and other limiting chronic dis-
eases; a medical history that could interfere with the study objectives; any processes, whether
cardiovascular or otherwise, that reduce life expectancy to <1 year; and patients in cardiogenic
shock.

This study was approved by the ethics committee of each participating centre (approval
number in the coordinator centre: “Ethical Clinical Research Committee of Lleida (CEIC-L-
leida)”(2010-852)). All participants provided informed signed consent to participate in the
study. This study was conducted according to the principles expressed in the Declaration of
Helsinki.

Procedures

The ISAACC study procedures have been described previously [6,11]. All the included patients
underwent an attended respiratory polygraphy in the sleep laboratory of each centre, according
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to the guidelines of the Spanish national consensus on the apnoea-hypopnoea syndrome [12].
All the participating hospitals used the same model of polygraph (Embletta; ResMed, Bella
Vista, Australia). Respiratory polygraphy included continuous recording of oronasal flow and
pressure, heart rate, thoracic and abdominal respiratory movements, and oxygen saturation
(Sa0,). Polygraphy data were scored manually by trained personnel. Apnoea was defined as

an interruption of oronasal airflow for more than 10 seconds. Hypopnoea was defined as a
decrease in arterial oxygen saturation >4%. Respiratory polygraphy studies were performed
without supplemental oxygen. The AHI was defined as the number of apnoeas plus hypopnoeas
per hour of recording, and the TSaty, was defined as the percentage of recording time with a
Sa0; less than 90%. The degree of daytime sleepiness (ESS score) was assessed in patients
treated in the coronary care unit with a diagnosis of ACS. During patient admission, an electro-
cardiogram evaluation and Killip classification were performed. To provide a clinical estimate of
the severity of the myocardial derangement, each patient was classified into one of the following
classes: I) no heart failure, with no clinical signs of cardiac decompensation; II) heart failure as
demonstrated by the presence of rales, an S3 gallop, and/or venous hypertension; III) severe
heart failure or frank pulmonary oedema; and IV) cardiogenic shock [13]. During the patient s
hospital stay, we evaluated the severity of ACS according to the ejection fraction, the Killip scale,
number of affected vessels, number of stents implanted and peak troponin level.

Statistical analysis

Mean (and standard deviation) or absolute frequency (and percentage) was used to describe
quantitative and qualitative variables, respectively. First, a homogeneity analysis was performed
to compare men and women with regards to anthropometric, clinical, treatment variables and
ACS-related risk factors, using the Mann-Whitney test or Fisher test to assess the significance of
the differences. Second, the association of sex with ACS severity-related variables was assessed
using linear regression models and computing the corresponding p-values. Variables potentially
confounded with sex, as detected in the homogeneity analysis, were also considered in the models
to calculate an adjusted p-value (age, ESS, neck circumference, tobacco exposure (pack-years)
and alcohol). Finally, an analysis to evaluate the association of sex with ACS severity variables,
while taking into account the OSA severity (moderate OSA for AHI between 15-30 vs. severe
OSA for AHI >30), was performed. For this purpose, stratified analyses for moderate and severe
OSA patients were performed, using the same models as previously described. Further homoge-
neity analyses to detect variables potentially confounded to sex were also applied by each OSA
severity level to determine the variables to be considered in the adjusted models. All analyses were
performed using the R statistical package, setting the threshold for significance at 5% (o = 0.05).

Sample size

The sample population included 133 women and 663 men, which provided a statistical power
of 80% to detect a minimum increase in mean troponin levels (scaled) of 16.25% and a mini-
mum decrease in the mean ejection fraction of 5.09% in men with respect to women. These
calculations were performed based on the mean values and standard deviations reported in
Table 1 and using a two-sample T-test to statistically assess the differences with a 5% type I
error (0.=0.05).

Results

A total of 663 men and 133 women with OSA were included. Anthropometric, clinical vari-
ables and ACS-related risk factors are presented in Table 2. The women were older than the
men (p<0.0001), and the men showed slightly, but significantly, higher ESS scores than the
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Table 1. Differences in ACS severity-related variables between men and women with OSA.

OSA patients (n = 796) Sex p-value Adjusted p-value
Women—(n = 133) Men—(n = 663)
ACS category * 0.34 0.8
Unstable 74 (11.56%) 17 (16.50%) 57 (10.61%)
Non-STEMI 306 (47.81%) 45 (43.69%) 261 (48.60%)
STEMI 260 (40.62%) 41(39.81%) 219 (40.78%)
Killip classification * 0.02 0.055
Killip | 544 (89.92%) 86 (84.31%) 458 (91.05%)
Killip Il 52 (8.60%) 12 (11.76%) 40 (7.95%)
Killip 111 6 (0.99%) 3(2.94%) 3(0.60%)
Killip IV 3(0.50%) 1(0.98%) 2 (0.40%)
Number of diseased vessels * 0.02 0.02
0 17 (2.41%) 5 (4.31%) 12 (2.04%)
1 333 (47.30%) 61 (52.59%) 272 (46.26%)
2 198 (28.12%) 33 (28.45%) 165 (28.06%)
3 156 (22.16%) 17 (14.66%) 139 (23.64%)
Number of stents implanted 1.47 (0.99) 1.19 (0.68) 1.53 (1.03) 0.001 0.001
Ejection fraction, % 55.02 (10.83) 57.38 (11.16) 54.54 (10.71) 0.02 0.002
Peak troponin, rank* 0.50 (0.29) 0.48 (0.30) 0.51(0.29) 0.48 0.11
CPK, U/l 744.45 (1133.58) 582.24 (879.00) 776.70 (1175.71) 0.12 0.17

Data are presented as the mean (and standard deviation) and frequency (and percentage) for quantitative and qualitative variables, respectively. P-values
and adjusted p-values to assess the differences were computed with linear regression models, considering age, ESS, neck circumference, tobacco
exposure (pack-years) and alcohol for adjustment.

* Numerical order for the categories was considered in the linear regression models.

* For assessing differences in the peak troponin levels, the rank of the data was used for each type of troponin evaluated.

doi:10.1371/journal.pone.0159207.1001

women (p = 0.03). Additionally, men exhibited a higher neck circumference (p<0.0001) and
were more likely than women to be smokers and alcohol users (p<0.0001, p = 0.0005, respec-
tively). Compared with men, women used more diuretics and antacids (p = 0.0006, p = 0.0008,
respectively).

In relation to ACS severity, the percentages of patients with Killip classes II-IV were higher
among women (p = 0.02). The analysis adjusted for age, ESS score, neck circumference,
tobacco exposure (pack-years) and alcohol revealed a slight tendency for a higher Killip classi-
fication in women, although this difference was not statistically significant (p = 0.055). Mean
troponin levels were similar between groups (p = 0.48) (Table 1). For the group of men, the
adjusted analysis showed that the number of diseased vessels and number of stents implanted
were higher (p = 0.02, p = 0.001, respectively), and the men also exhibited a decrease in the
ejection fraction (p = 0.002) (Table 1) (Fig 2).

To further evaluate the strength of the effect of the sex of OSA patients on ACS severity-
related variables, we classified the patients into two groups according to OSA severity; specifi-
cally, we analysed the differences in sex for ACS severity-related variables in patients with
severe (AHI >30 events-h™) and moderate (AHI 15-30 events-h™") OSA. The results showed
that men with moderate OSA had a higher number of stents implanted (p = 0.02) than women
with moderate OSA. Moreover, the analysis adjusted by age, ESS score, neck circumference,
dyslipidemia, tobacco exposure and alcohol revealed that the mean ejection fraction was lower
in men with moderate OSA (p = 0.003). For severe OSA patients, the men exhibited a lower
Killip classification, a higher number of diseased vessels and a higher number of stents
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Table 2. Differences in anthropometric, clinical, and treatment variables and ACS-related risk factors between men and women with OSA.

OSA patients (n = 796) Sex p-value
Women (n = 133) Men (n = 663)
Age, years 60.46 (10.49) 65.56 (10.51) 59.44 (10.19) <0.00001
Apnoea-hypopnoea index events-h™ 36.48 (18.09) 35.04 (17.70) 36.77 (18.17) 0.27
Oxigen desaturation endex >4% h”' 34.22 (37.23) 30.98 (37.79) 34.90 (37.11) 0.1
Minimum SaO,, % 80.87 (10.10) 81.25(10.21) 80.79 (10.08) 0.76
Mean Sa0,, % 90.74 (12.60) 91.11 (11.60) 90.66 (12.80) 0.8
Time with SaO, <90%, min 51.48 (82.09) 57.56 (88.91) 50.24 (80.64) 0.98
Time with SaO, <90%, % 14.09 (39.44) 14.23 (20.36) 14.06 (42.26) 0.76
Epworth Sleepiness Scale 5.46 (2.49) 4.99 (2.59) 5.55 (2.46) 0.03
Hypertensive patients 406 (53.99%) 76 (60.32%) 330 (52.72%) 0.14
Body mass index, kg-m™ 29.36 (4.91) 29.82 (5.45) 29.27 (4.80) 0.67
Neck circumference, cm 41.17 (3.53) 37.59 (3.04) 41.86 (3.18) <0.00001
Diabetes mellitus 184 (24.50%) 34 (26.98%) 150 (24.00%) 0.5
Dyslipidaemia 392 (52.06%) 3 (57.94%) 319 (50.88%) 0.17
First episode of ACS 569 (82.11%) 1(81.98%) 478 (82.13%) 1
Cardiomyopathy 163 (21.97%) 28 (22.76%) 135 (21.81%) 0.81
Stroke 25 (3.39%) 1(0.82%) 24 (3.90%) 0.1
Current or former smoker 543 (72.40%) 59 (47.58%) 484 (77.32%) <0.00001
Smoker 0.0005
No 207 (27.60%) 65 (52.42%) 142 (22.68%)
Yes 348 (46.40%) 42 (33.87%) 306 (48.88%)
Former smoker 195 (26.00%) 17 (13.71%) 178 (28.43%)
Total tobacco exposure, pack-years 23.19(27.30) 13.64 (21.21) 25.32 (28.05) <0.00001
Alcohol 0.0005
No 521 (72.66%) 116 (95.87%) 405 (67.95%)
Yes 190 (26.50%) 5(4.13%) 185 (31.04%)
Former alcoholism 6 (0.84%) 0(0%) 6(1.01%)
Diuretics 141 (19.13%) 38 (31.15%) 103 (16.75%) 0.0006
Anticoagulants 51 (6.93%) 11 (9.02%) 40 (6.51%) 0.33
Antacids 202 (27.48%) 9 (40.16%) 153 (24.96%) 0.0008
Hypolipidemics 274 (37.18%) 2 (42.62%) 222 (36.10%) 0.18
B-Blockers 160 (21.71%) 0 (24.59%) 130 (21.14%) 0.4
Calcium antagonists 108 (14.69%) 22 (18.03%) 86 (14.03%) 0.26
Antiplatelet 165 (22.45%) 0 (24.59%) 135 (22.02%) 0.55
Insulin 48 (6.53%) 3(10.66%) 35 (5.71%) 0.07
Oral antidiabetics 140 (19.02%) 6 (21.31%) 114 (18.57%) 0.53

Data are presented as the mean (and standard deviation) and absolute frequency (and percentage) for quantitative and qualitative variables, respectively.
Sa0,: arterial oxygen saturation. P-values to assess differences in means or proportions between groups were computed using Mann-Whitney and Fisher

tests, respectively.

doi:10.1371/journal.pone.0159207.t002

implanted (p = 0.001, p = 0.02 and p = 0.01, respectively). Nevertheless, after adjustment, only
the number of stents implanted was statistically significant (p = 0.02) (Table 3) (Fig 3).

Discussion

The results of this observational study suggest that in patients with OSA, sex influences the
severity of ACS. Men with OSA showed a higher ACS severity than women, as well as a
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Fig 2. Number of diseased vessels (A), number of stents (B) and ejection fraction (C) in men and women with OSA.
Percentages and means are represented by bars, and the standard deviation is represented by segments. P-values from
linear regression models to assess the significance of the association are shown. Adjusted p-values including total
tobacco exposure (pack-years), age, Epworth sleep score, neck circumference and alcohol are also shown. Integer values
were considered for models in (A).

doi:10.1371/journal.pone.0159207.9002

decrease in the ejection fraction, and an increase in the number of diseased vessels and the
number of stents implanted. To further investigate the strength of the association of ACS sever-
ity-related variables with OSA severity, we classified male and female patients according to
OSA severity. These results showed that with increasing severity of OSA, the gender-related
differences in the severity of ACS were more evident as men with severe OSA were also those
with a higher severity of ACS, with a higher number of stents implanted and a greater tendency
to have a higher number of affected vessels than women with severe OSA. Cigarettes and alco-
hol are well known risk factors for OSA and cardiovascular disease. The fact that men were sig-
nificantly more exposed to both of these risk factors could explain the differences in severity.
Nevertheless, the results previously indicated were adequately adjusted for this potentially con-
founding variables.

Despite several confounding factors, including age, sex and obesity, there is accumulating
evidence regarding strong associations between OSA and cardiovascular diseases, such as
hypertension [14,15], coronary artery disease (CAD) [16] and cerebrovascular disease [17-19].
Although the coexistence of these conditions with OSA not prove causality, epidemiological
data support the concept that OSA can participate in the initiation or progression of several
cardiovascular diseases [20-26]. Previous studies have suggested that sex influences the cardio-
vascular risk in OSA. However, the limited number of studies addressing the impact of sex on
the relationship between OSA and cardiovascular outcomes have yielded conflicting results.
The Sleep and Heart Health Study showed that men, but not women, with severe OSA showed
higher rates of total mortality [8] and cardiovascular events [7]. This study did not find any
association between OSA and mortality or other incident cardiovascular outcomes, including
stroke and coronary heart disease, in 3,000 women followed for over 8 years. However, severe
OSA accounted for only 3% of all the women sampled in the Sleep and Heart Health Study,
which might have biased the results. In contrast, a recent observational study in a cohort of
middle-aged (mean age 62.5%5.5 years) community-dwelling individuals comprising 752 men
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Table 3. Differences in ACS severity-related variables between men and women with moderate or severe OSA.

Moderate OSA (AHI 15-30)

Severe OSA (AHI>30)

OSA patients Sex p- | Adjusted p- | OSA patients Sex p- | Adjusted p-
(n=377) Women Men value | value (1) (n =446) Women Men value | value(2)
(n=72) (n=305) (n=67) (n=379)
ACS category * 0.58 0.38 0.45 0.64
Unstable | 37 (12.59%) | 9 (15.52%) | 28 (11.86%) 42 (11.29%) | 9(17.65%) | 33 (10.28%)
Non-STEMI | 136 (46.26%) 26 110 176 (47.31%) 21 155
(44.83%) | (46.61%) (41.18%) | (48.29%)
STEMI | 121 (41.16%) 23 98 (41.53%) 154 (41.40%) 21 133
(39.66%) (41.18%) | (41.43%)
Killip classification 0.82 0.33 0.001 0.16
*
Killipl | 261 (91.9%) 49 212 300 (87.72%) 40 260
(90.74%) | (92.17%) (75.47%) | (89.97%)
Killipll | 22 (7.75%) | 5(9.26%) | 17 (7.39%) 34(9.94%) | 9(16.98%) | 25 (8.65%)
Killip 1l | 1(0.35%) 0(0%) 1 (0.43%) 5(1.46%) | 3(5.66%) | 2(0.69%)
KillipIV|  0(0%) 0(0%) 0 (0%) 3(0.88%) | 1(1.89%) | 2(0.69%)
Number of 0.61 0.43 0.02 0.052
diseased vessels
*
0 7(2.07%) 0 (0%) 7 (2.55%) 12(3.08%) | 5(8.62%) | 7(2.11%)
1] 165 (48.82%) 36 129 180 (46.27%) 28 152
(56.25%) | (47.08%) (48.28%) (45.92%)
2| 98(28.99%) 16 82 (29.93%) 105 (26.99%) 18 87 (26.28%)
(25.00%) (31.03%)
3| 68(20.12%) 12 56 (20.44%) 92 (23.65%) | 7 (12.07%) | 85 (25.68%)
(18.75%)
Number of stents | 1.48(0.89) | 1.25(0.65) | 1.54(0.93) | 0.02 0.08 1.48(1.06) | 1.14(0.69) | 1.54(1.10) | 0.01 0.02
implanted
Ejection fraction, | 54.97 (10.76) 57.53 54.35 0.07 0.003 54.88 (10.86) 56.81 54.54 0.19 0.08
% (10.39) (10.78) (12.12) (10.61)
Peak troponin, 0.50(0.29) |0.48(0.28) | 0.51(0.29) | 0.4 0.33 0.50(0.29) | 0.50(0.32) | 0.50(0.28) | 0.97 0.24
rank*
CPK, U/ 705.99 573.05 739.23 0.31 0.85 764.01 551.33 798.61 0.17 0.08
(1103.03) (886.65) | (1,150.05) (1,152.41) | (842.10) | (1,192.87)

Data are presented as the mean (and standard deviation) and absolute frequency (and percentage) for quantitative and qualitative variables, respectively. P-
values and adjusted p-values to assess the differences were computed with linear regression models, considering (1) age, ESS score, neck circumference,
dyslipidaemia, tobacco exposure (pack-years) and alcohol for adjustment in moderate OSA patients and (2) age, neck circumference, tobacco exposure

(pack-years), alcohol, diuretics, antacids and insulin for adjustment in severe OSA patients, respectively.

* Numerical order for the categories was considered in the linear regression models.
* For assessing differences in the peak troponin levels, the rank of the data was used for each type of troponin evaluated

doi:10.1371/journal.pone.0159207.1003

and 893 women followed for 13 years showed that OSA was associated with incident heart fail-
ure or death only among women [9]. Together, this suggests that although women seem more
vulnerable to the cardiovascular consequences of OSA, the present study showed that men
show a greater severity of ACS.
The result of this study suggest that men showed an increased vascular involvement (higher
number of diseased vessels and number of stents implanted and lower ejection fraction). How-
ever, troponin levels related to ACS are similar between sex. A plausible explanation is that the
increased structural damage at myocardial level in men does not have to be accompanied by
greater myocardial damage when an acute ischemic episode occurs. Indeed, after and ACS the
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Fig 3. Number of diseased vessels (A), number of stents (B) and ejection fraction (C) in men and women with
moderate or severe OSA. Percentages and means are represented by bars, and the standard deviation is represented
by segments. P-values from linear regression models to assess the significance of the association are shown. Adjusted p-
values including total tobacco exposure (pack-years), age, Epworth sleep score, neck circumference and alcohol are also
shown. Integer values were considered for models in (A).

doi:10.1371/journal.pone.0159207.g003

consequences could be similar between gender in part due to the ischemic preconditioning pre-
viously postulated [29]. The influence of sex on the severity of ACS in OSA that we observed in
the present study may reflect sex differences in the pathobiology of OSA. In fact, the activation
of several pathogenic factors proposed as intermediate mechanisms linking OSA with cardio-
vascular disease such us sympathetic activation [27] and endothelial dysfunction [27,28] varies
between men and women. Moreover, OSA severity is more strongly positively associated with
higher plasma levels of biomarkers of subclinical myocardial injury such us high-sensitivity
troponin T in women compared with men [9]. The cardiac adaptations to haemodynamic
stress could also differ by sex, and these differences could explain why women with OSA

are better adapted to cardiac stress than men; this would also support the development of
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ischaemic preconditioning in women that has been postulated in OSA [29]. Therefore, the sex
differences in the pathobiology of OSA may reflect differences in the response to cardiovascular
stressors and/or differences in the influence of OSA on cardiac injury or other cardiovascular
diseases.

The strength of our study was its multicentre design that comprised a large number of
patients. All participating centres performed the same methodology, and the sleep study was
performed with the same polygraph model. Nevertheless, our findings must be interpreted in
light of the limitations of the present study. First, we excluded patients with daytime sleepiness
that could be related to the most severe forms of OSA. However, the number of excluded
patients for these causes was relatively low (8%). Second, the diagnosis of OSA was based on
respiratory polygraphy, which could underestimate the severity of OSA. However, due to the
critical situation of the patients, full polysomnography monitoring could be a stressful proce-
dure for this high-risk patient group. Moreover, numerous studies have demonstrated the util-
ity of respiratory polygraphy for OSA diagnosis with similar results to polysomnography.
Third, this study comprises a limited number of women. However, this study is a large series of
patients consecutively included that reflect the incidence of this disease, and moreover, sample
size allows us to meet the objectives raised with an adequate statistical power. Despite these
limitations, our study provides evidence that sex in OSA influences the severity of ACS.

Conclusions

The results of the present study show that in OSA patients, patient sex influences the severity
of ACS, such that men showed an increase in the number of diseased vessels and number of
stents implanted and a lower ejection fraction with respect to women. The results of this study
indicate that personalized clinical attention in patients with OSA and ACS should be ade-
quately adapted based on sex. Further research assessing the survival of male and female OSA
patients with ACS in population-based studies is required before conclusions can be made
regarding patient survival.
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Obstructive sleep apnoea (OSA) is an emerging risk factor for acute coronary syndrome (ACS). We sought to
determine the effects of ethnicity on the prevalence of OSA in patients presenting with ACS who partici-

A pooled analysis using patient-level data from the ISAACC Trial and Sleep and Stent Study was per-
formed. Using the same portable diagnostic device, OSA was defined as an apnoea-hypopnoea index of >15

A total of 1961 patients were analysed, including Spanish (53.6%, n=1050), Chinese (25.5%, n=500), Indian
(12.0%, n=235), Malay (6.1%, n=119), Brazilian (1.7%, n=34) and Burmese (1.2%, n=23) populations. Sig-
nificant differences in body mass index (BMI) were found among the various ethnic groups, averaging from
25.3 kg/m? for Indians and 25.4 kg/m? for Chinese to 28.6 kg/m? for Spaniards. The prevalence of OSA was
highest in the Spanish (63.1%), followed by the Chinese (50.2%), Malay (47.9%), Burmese (43.5%), Brazilian
(41.2%), and Indian (36.1%) patients. The estimated odds ratio of BMI on OSA was highest in the Chinese
population (1.17; 95% confidence interval: 1.10-1.24), but was not significant in the Spanish, Burmese or
Brazilian populations. The area under the curve (AUC) for the Asian patients (ranging from 0.6365 to 0.6692)

There was significant ethnic variation in the prevalence of OSA in patients with ACS. The magnitude of the

effect of BMI on OSA was greater in the Chinese population than in the Spanish patients.

2
Background
pated in an overnight sleep study.
Methods
events per hour.
Results
was higher than that for the Spanish patients (0.5161).
Conclusion
Keywords Obstructive sleep apnoea ® Acute coronary syndrome

Cardiovascular disease is the leading cause of mortality,
accounting for over 17 million deaths per year worldwide.
[1] Acute coronary syndrome (ACS) is the most serious
cardiovascular complication of coronary atherosclerosis,
with more than one million patients suffering from ACS
annually in the USA. [2] Despite state-of-the-art treatment
with dual antiplatelet therapy, intensive lipid lowering, and
early revascularisation, subsequent fatal and non-fatal car-
diovascular events occur in over 20% of the patients who
survive the initial ACS. [3,4] The residual risk of cardiovas-
cular events underscores the need for the identification and
treatment of non-traditional risk factors.

Obstructive sleep apnoea (OSA) is a prevalent but under-
recognised form of sleep-disordered breathing, [5,6] and has
been increasingly recognised as a risk factor and prognostic
marker for ACS. [7-9] Studies have shown that 46-66% of the
patients presenting with ACS have OSA, [9,10] and untreated
OSA is associated with subsequent adverse cardiac events,
worse heart remodelling, [11] and repeated revascularisation.
[7-9] However, a comparison of the prevalence of OSA across
different ethnic groups has been precluded by small sample
sizes and the single-centre nature of the studies conducted. It is
generally believed that the effects of OSA on the cardiovascular
system are similar in both Western and Asian countries. How-
ever, the prevalence of OSA in the general population may
differ not only between Western and Asian countries, but also
within Asia itself. [12,13] The prevalence of OSA also differs
within individual ethnicities, as the country of residence may
potentially influence ethnic genotype. For example, the Chinese
population residing in China is likely to differ from the Chinese
population residing in Singapore. In this regard, Asian patients
have a different prevalence of obesity as well as different
craniofacial profiles compared with Caucasians. [14,15]

To date, the effects of ethnicity on the prevalence of OSA
in patients presenting with ACS have been unknown. We
conducted a pooled analysis of two large-scale, multi-cen-
tre studies that conducted overnight sleep examinations on
patients presenting with ACS: the “Impact of continuous
positive airway pressure on patients with ACS and non-
sleepy OSA”” (ISAACC) Trial [16] and the ““Sleep and Stent
Study”’. [17] This was a multi-national collaborative effort
aimed at determining the effects of ethnicity on the preva-
lence of OSA in patients with ACS, and was in response to
the recognition that OSA is a prevalent, novel and treatable
cardiovascular risk factor by the American College of
Cardiology/American Heart Association and European
Society of Cardiology. [18,19] We hypothesised that
differences in the prevalence of OSA and its interaction
with obesity would be found among the various ethnic
groups.

Methods
Study Design and Patient Population

This study was a combined analysis of two datasets — the
ISAACC Trial and the Sleep and Stent Study. The details of
the protocols of these two studies have been published pre-
viously. [16,17] The ISAACC was a multi-centre Spanish
study designed to investigate the benefit of continuous air-
way positive pressure (CPAP) on patients with ACS and
OSA (PI10/02763 and PI10/02745). The Sleep and Stent
Study is a multi-national study that evaluates the clinical
outcomes of patients and the prevalence of OSA after per-
cutaneous coronary interventions, including patients pre-
senting with ACS. Approval for both studies was obtained
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Sleep and Stent study
1794 patients

ISAACC trial
1136 patients

2930 patients

4)| 518 patients no evidence of acute coronary syndrome

——

29 patients age >80

255 patients poor/failed sleep studies

124 patients with central sleep apnoea

7 patients eGFR <15

36 patients significant missing data

1961 patients for analysis

Figure 1 Study flow chart.

by local ethics or institutional review boards, and informed
consent was obtained from all patients.

A combined total of 2930 patients was available from the
datasets for the Sleep and Stent Study (1794 patients) and the
ISAACC Trial (1136). Among the patients available for pri-
mary analysis, 29 were excluded because they were over 80
years old, 518 were excluded because of non-ACS presenta-
tions, 255 were excluded because of poor quality or failed
sleep studies, 124 were excluded because of predominantly
central sleep apnoea, 7 were excluded because of renal
impairment, and 36 were excluded because of a significant
amount of missing data. Thus, 1961 patients were eligible for
the final analysis (Figure 1).

For the analysis of the combined dataset, we included
adult patients aged between 18 and 80 years who presented
with ACS. The ethnicity of each individual patient was
recorded during enlistment into the trials. The combined
exclusion criteria were all patients with known OSA and/
or on CPAP therapy, patients with heart failure or chronic
obstructive pulmonary disease who were on oxygen therapy,
stage 5 chronic renal disease (defined as estimated glomeru-
lar filtration rate <15mL/min/1.73m?), haemodynamic
instability requiring the insertion of an intra-aortic balloon
pump or mechanical ventilation, pregnancy, a history of
malignancy, sedated patients, or patients who were unable
to provide consent.

The primary objective of the study was to compare the
prevalence of OSA among the various ethnic groups. We also
evaluated the demographic and clinical risk factors for OSA,
and investigated the impact of body mass index (BMI) on the
prevalence of OSA in different ethnic groups.

Overnight Sleep Study

The sleep studies were performed using a portable cardio-
pulmonary diagnostic device (Embletta Gold, Natus Medical
Inc., Canada) that has been validated against in-laboratory
polysomnography. [20] The parameters measured included
airflow (nasal cannula and thermistor), respiratory move-
ments (respiratory inductance plethysmography), percuta-
neous oxygen saturation via digital pulse oximetry, snoring
episodes, echocardiography, and body position.

The apnoea-hypopnoea index (AHI), quantified as the total
number of apnoeas and hypopnoeas per hour, was measured
for each sleep study. Apnoea was defined as a >90% decrease
in airflow from baseline for >10s. Apnoeas were further
classified as obstructive or central, depending on the pres-
ence of respiratory-related chest wall movement. Hypopnoea
was defined as a 30-90% reduction in airflow from baseline
for >10s. The studies were scored according to the American
Academy of Sleep Medicine 2007 (alternative) guidelines.
[21] The sleep studies were conducted during the index
admission, usually within 24 to 72 hours of admission. Poor
quality studies were excluded from the final analysis.
Patients with predominantly central sleep apnoea were also
excluded from the analysis.

Statistical Analyses

Categorical variables were presented as frequencies and per-
centages, and continuous variables were described as means
with standard deviations or medians with ranges/interquartile
ranges. Differences in the characteristics between the OSA and
non-OSA groups were analysed using the independent sample
t-test for continuous data or the x? test for categorical data.
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A bivariate analysis of the factors affecting AHI and an age-
adjusted analysis of the effect of BMI on sleep apnoea accord-
ing to ethnicity were conducted using the x” test and logistic
regression, respectively, the latter was carried out using effect
estimates quantified on the basis of the odds ratio (OR) and its
associated 95% confidence interval (CI). A receiver operating
characteristic curve (ROC) analysis was performed and the
area under curve (AUC) was estimated and compared
between the ethnic groups. Further, a forest plot was gener-
ated to obtain a pooled estimate of the prevalence of OSA for
all ethnic groups combined, assuming a random effects
model. All statistical analyses were carried out using STATA
v. 13 (StataCorp LP, College Station, TX, USA), assuming a
two-sided test with a 5% level of significance.

Results

Baseline Characteristics

The baseline demographic and clinical characteristics of the
patients are shown in Table 1. The study population was
predominantly male (85.1%) with a mean age of 57.7 4+ 10.3
years. A total of six ethnicities were studied during the anal-
ysis, including Spanish (53.6%, n=1050), Chinese (25.5%,

Table 1 Patient demographics and clinical characteristics.

n=500), Indian (12.0%, n=235), Malay (6.1%, n=119), Brazilian
(1.7%, n=34), and Burmese (1.2%, n=23) populations. The
Chinese, Indian, Malay and Burmese ethnicities were consid-
ered to belong to an Asian population.

Significant differences in BMI were found among the vari-
ous ethnic groups, averaging from 25.3 kg/m2 for the Indian
and 25.4 kg/m? for the Chinese to 28.6 kg/m? for the Spanish
patients. Among the six ethnic groups, Malays appeared to
have the highest prevalence of risk factors for coronary artery
disease, predominantly smoking, hyperlipidaemia, and dia-
betes mellitus. Malays and Indians also showed a general
trend towards presenting with ST elevation myocardial
infarctions (58.0% and 64.8%, respectively). In line with cur-
rent evidence-based guidelines, drug eluting stents were the
preferred modality of percutaneous coronary intervention in
77.6% of the patients.

The echocardiography and laboratory characteristics
across the various ethnicities are presented in Table 2. The
median left ventricular ejection fraction ranged from 50% to
57%. The Brazilians appeared to have the highest serum
creatinine levels among the six ethnic groups, and the Malays
and Indians had the highest serum low-density lipoprotein
levels compared with the other ethnicities.

Characteristics Overall Chinese Malay Indian Burmese Spanish Brazilian p-value
(n = 1961) (n =500) (n=119) (n = 235) (n =23) (n=1050) (n=34)
Age in years, mean (SD) 57.7 (10.3)  58.8 (10.0)  53.0 (8.8) 54.5 (10.0) 52.1 (11.2) 58.2 (10.3) 65.8 (9.2) < 0.001
Gender (n, %) 0.003
Male 1667 (85.1) 426 (85.2) 108 (90.8) 216 (91.9) 21 (91.3) 872 (83.1) 26 (76.5)
Female 292 (14.9) 74 (14.8) 11 9.2) 19 8.1) 2(8.7) 178 (17.0) 8 (23.5)
Height (m) 1.68 (0.08) 1.67 (0.07) 1.65(0.07) 1.68 (0.08) 1.67 (0.08) 1.69 (0.08) 1.65 (0.09) < 0.001
Weight (kg) 769 (14.3) 70.7 (11.9) 742 (12.8) 719 (10.7) 76.1 (15.5) 81.4(14.7) 74.7 (13.6) < 0.001
Body Mass Index in 27.3 (4.4) 25.4 (3.3) 27.1 (4.2) 253 (3.5) 27.24.7) 28.6 (4.6) 269 (3.2) <0.001
kg/mz, mean (SD)
Cardiovascular risk factors (n, %)
Smoking 891 (45.9) 203 (40.6) 67 (56.3) 99 (42.5) 12 (52.2) 504 (48.9) 6 (17.7) < 0.001
Hyperlipidaemia 1063 (55.1) 313 (62.6) 109 (91.6) 69 (31.9) 21 (91.3) 529 (51.1) 22 (64.7) < 0.001
Hypertension 1001 (51.3) 303 (60.6) 57 (47.9) 108 (46.4) 11 (45.8) 492 (47.5) 30 (88.2) < 0.001
Diabetes mellitus 616 (31.7) 182 (36.4) 70 (58.8) 95 (40.8) 12 (52.2) 241 (23.3) 16 (47.1) < 0.001
Insulin dependent diabetes 110 (7.9) 19 (10.4) 7 (10.0) 10 (10.5) 1(8.3) 68 (6.7) 5(31.3) 0.005
mellitus
Concomitant conditions (n, %)
Previous myocardial infarction 305 (16.1) 81 (16.2) 17 (14.3) 26 (11.2) 14.4) 169 (17.2) 11 (32.4) 0.013
Previous cerebrovascular 75 (3.9) 26 (5.2) 8 (6.7) 9 (3.9 144 29 (2.8) 2 (5.9) 0.143
accident
Chronic renal failure 33 (3.6) 18 (3.6) 6 (5.0) 3(1.3) 0 (0.0 - 6 (17.7) < 0.001
Clinical presentations (n, %) < 0.001
ST-elevation myocardial 809 (45.6) 179 (35.9) 69 (58.0) 151 (64.8) 11 (47.8) 377 (43.5) 22 (64.7)
infarction
Non-ST-elevation myocardial 650 (36.6) 140 (28.1) 37 (31.1) 68 (29.2) 8 (34.8) 394 (45.4) 3 (8.8)
infarction
Unstable angina 316 (17.8) 180 (36.1) 13 (10.9) 14 (6.0) 4 (17.4) 96 (11.1) 9 (26.5)
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%

Ethnicity N Prevalence (95% Cl) Weight
Chinese 500 -4-'*— 0.50 (0.46, 0.55) 19.57
Malay 119 _.._ 0.48 (0.39, 0.57) 17.48
Indian 235 —— ‘ 0.36 (0.30, 0.43) 18.89
Burmese 23 —0—;- 0.43 (0.23, 0.66) 11.06
Spanish 1050 ‘ - 0.63 (0.60, 0.66) 19.97
Brazilian 34 —0—:;-— 0.41 (0.25, 0.59) 13.02
Overall <:> 0.48 (0.37, 0.58) 100.00
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Figure 2 Forest plot of OSA prevalence and ethnicity.

Overnight Sleep Study

The results of the sleep study are detailed in Table 3. The
median overall AHI across the various ethnicities was 17
(interquartile range: 7-32), and was highest in the Spanish

Table 4 Bivariate analysis of risk factors of AHI.

population (median AHI, 20; range: 8-36) and lowest
amongst the Indian population (median AHI, 9; range: 4—
20). Using AHI >15 as the cut-off, OSA was present in 55.1%
of the study population. The prevalence of OSA was highest

Characteristics AHI >15 AHI < 15 p-value
(n =1080) (n =881)
Age in years, mean (SD) 58.1 (10.2) 57.1 (10.4) 0.026
Gender (n, %) 0.319
Male 927 (85.8) 742 (84.2)
Female 153 (14.2) 139 (15.8)
Height (m) 1.68 (0.08) 1.67 (0.08) 0.001
Weight (kg) 79.1 (14.6) 74.2 (13.6) < 0.001
Body Mass Index in kg/mz, mean (SD) 27.9 (4.5) 26.5 (4.1) < 0.001
Cardiovascular risk factors (n, %)
Smoking 496 (46.5) 395 (45.2) 0.557
Hyperlipidaemia 603 (56.6) 460 (53.3) 0.145
Hypertension 575 (53.6) 426 (48.8) 0.034
Diabetes mellitus 340 (31.8) 276 (31.6) 0.951
Insulin dependent diabetes mellitus 59 (7.2) 51 (9.0) 0.210
Concomitant conditions (n, %)
Previous myocardial infarction 168 (16.2) 137 (16.0) 0.885
Previous stroke 41 (3.9) 34 (3.9) 0.949
Chronic renal failure 15 (3.6) 18 (3.7) 0.961
Clinical presentations (n, %) 0.728
ST-elevation myocardial infarction 435 (44.9) 374 (46.5)
Non-ST-elevation myocardial infarction 363 (37.4) 287 (35.7)
Unstable angina 172 (17.7) 144 (17.9)
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Table 5 Age-adjusted effect of BMI on sleep apnoea
according to ethnic group.

Characteristics OR 95% CI p-value

Age (years) 1.01 1.004-1.02 0.004

Body Mass Index (kg/m?)
Chinese 1.17 1.10-1.24 < 0.001
Malay 1.16 1.05-1.28 0.005
Indian 1.11 1.02-1.20 0.013
Burmese 1.05 0.88-1.26 0.596
Spanish 1.01 0.99-1.04 0.350
Brazilian 1.27 0.97-1.66 0.084

Table 6 Area under curve (AUC) of effect of BMI on
sleep apnoea (adjusted for age) according to ethnic

group.

Ethnicity AUC 95% CI
Chinese 0.6365 0.5901-0.6809
Malay 0.6617 0.5647-0.7433
Indian 0.6403 0.5752-0.7026
Burmese 0.6692 0.4273-0.8362
Spanish 0.5161 0.4840-0.5477
Brazilian 0.6714 0.4947-.8261

in the Spanish population (63.1%), and lowest amongst the
Indian population (36.1%). Figure 2 shows the forest plot of
the prevalence of OSA among the various ethnicities. A
bivariate analysis was further conducted to investigate the
predictors of OSA (Table 4). In addition to ethnicity, age,
BMI, and hypertension were found to be predictors of OSA.

Effect of BMI and Ethnicity on OSA

A further multivariable analysis of these significant predic-
tors found that the effect of BMI on OSA differed according to
ethnicity (Table 5). A significant interaction between BMI and
ethnicity to predict OSA was observed. The age-adjusted
effect of BMI on OSA was highest in the Chinese population
with an OR of 1.17 (95% CI: 1.10-1.24), followed by 1.16 (95%
CI: 1.05-1.28) in the Malay population, and 1.11 (95% CI:
1.02-1.20) in the Indian population. The effect of BMI on OSA
was not as significant in the Spanish, Burmese, and Brazilian
populations.

An ROC analysis was performed to assess the effect of BMI
on OSA according to ethnic group. The AUC for the Asian
ethnicities was generally higher (range: 0.6365-0.6692) than
that for the Spanish population (0.5161) (Table 6).

Discussion

This is the largest study to report the effects of ethnicity on
the prevalence of OSA in patients presenting with ACS. The

main findings of this pooled analysis confirmed that OSA
was prevalent in patients presenting with ACS, at an overall
rate of 55.1%. Significant differences in the prevalence of OSA
were found among the various ethnic groups, being highest
in the Spanish, followed by the Chinese, Malay, Burmese,
Brazilian, and Indian patients. Other clinical predictors of
OSA were old age, BMI, and hypertension. We also found
that the effect of BMI on OSA differed between the various
ethnic groups. The per unit increase in BMI was associated
with a higher increase in the prevalence of OSA in the Asian
(Chinese, Malay and Indian) than in the Spanish patients.
These observational findings are particularly relevant
because of the lack of data on the interaction between eth-
nicity and OSA in patients presenting with ACS.

Epidemiological studies have reported differences in
demographic profiles, clinical presentations, and long-term
outcomes after ACS among patients from various ethnic
groups. [22-24] In a Canadian registry that included more
than 62,000 patients who presented with ACS, patients of
South Asian origin were found to be younger, more likely to
be male, and more likely to have diabetes mellitus and
hypertension than those of European origin. [23] Similarly,
in a large-scale registry in Singapore that included over
15,000 patients who presented with ACS, patients of Indian
origin had the highest prevalence of diabetes mellitus, hyper-
lipidaemia, prior myocardial infarction, prior percutaneous
coronary intervention, and prior coronary artery bypass
grafting compared with those of Chinese and Malay origin.
[24] It should be noted that, while OSA has been increasingly
recognised as a risk factor for ACS, none of the early studies
on the prevalence of OSA in patients presenting with ACS
had reported a comparison across different ethnic groups.

Our findings have several important clinical and research
implications. We found that the prevalence of OSA was
higher in the Spanish than in the Asian patients, even though
the proportion of male patients was smaller in the Spanish
than in the Asian cohorts. This could probably be explained
by the higher BMI and older age of the Spanish compared
with the Asian patients. It should be highlighted that, in the
aggregate and despite the variations observed, OSA was
highly prevalent in all of the ethnic groups. The recommen-
dation to screen for and treat OSA as a potential strategy to
improve cardiovascular outcomes should therefore be a
global strategy rather than focussed on certain ethnic groups.
[19]

Although the BMI of the Asian cohorts appeared to be
lower than that of the Spanish cohort, the impact of BMI on
OSA in Asians should not be underestimated. Indeed, the
results of the present study indicated that the age-adjusted
effect of BMI on OSA in the Chinese, Malay, and Indian
populations was more notable than that in the Spanish
cohort. The OR of the per unit increase in BMI on OSA
was highest in the Chinese population (1.17), implying that,
for every unit increment in BMI, the Asian population has a
greater risk of developing OSA than Spanish patients, in
contrast with studies on non-ACS populations, in which
the magnitude of the effect of BMI on OSA was similar
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among both African Americans and Caucasians. [12,25] The
mechanism linking the larger effect of BMI on OSA in Asian
ethnicities is unknown, but could be due to body fat distri-
bution patterns, with a predisposition for central or abdomi-
nal fat distribution among Asians. Increased fat deposition
around the neck results in a narrower, more collapsible
upper airway, while central obesity is associated with
reduced lung volume from fat deposition around the chest,
reducing caudal traction on the pharynx. In view of the
increasing epidemic of obesity affecting Asian countries,
[26] our findings underscore the importance of an efficient
weight management program for the prevention of OSA.

Acute coronary syndrome remains a vexing problem in
clinical practice and presents tremendous challenges to pub-
lic health globally. In the past two decades, much research on
OSA has focussed on its association with cardiovascular
disease. As a result, the vasculopathic effects of OSA have
been increasingly revealed and recognised. [27] Our collabo-
rative effort to combine large databases from different coun-
tries has provided an insight into the potential impact of OSA
in ACS patients across different ethnic groups. With the high
risk of recurrent cardiovascular events from OSA and the
encouraging results of CPAP treatment in attenuating car-
diovascular consequences in subjects with OSA, the prompt
recognition and management of OSA among patients should
form an integral part of the management of ACS.

Limitations

There are several limitations to our study. This pooled anal-
ysis combined data from two separate databases with pro-
spectively enrolled patients, and amalgamation of the groups
introduced a risk of bias. Although six ethnicities were inves-
tigated, fewer patients were Burmese and Brazilian. This
small sample size within these ethnicities might have
affected analyses within these subgroups. The sleep studies
were analysed independently by the two study teams.
Although the same portable device was used, inter-observer
variability may have occurred. There was also a difference in
the definition of desaturation between the Sleep and Stent
Study and in the ISAACC trial, using a decrease in percuta-
neous oxygen saturation of >3% and >4% respectively. Yet,
this should not have changed the finding that Spanish
patients have a higher prevalence of OSA. In addition, the
Chinese patients were recruited from Mainland China, Hong
Kong, and Singapore, and the Indian patients were from
India and Singapore; therefore, differences in environmental
effects on OSA may have influenced the results of this study.
The only measurements of obesity available for our analysis
were BMI and weight. More sophisticated parameters,
including neck and waist circumference and body fat distri-
bution were not available for analysis. Specific craniofacial
measurements were not available for analysis, and this could
potentially be one aspect for further research in the future,
because most of the data on craniofacial variability in ethnic
groups and its impact on OSA have been obtained from

observational studies. In addition, neither of these two stud-
ies was designed to evaluate the prevalence of OSA in
patients with ACS. As the ISAACC Trial and Sleep and Stent
Study are ongoing, data on the clinical outcomes of the
patients are not reported in the present study.

Conclusions

The prevalence of OSA varied significantly between Spanish
and Asian patients presenting with ACS, and also differed
among the various ethnic groups within Asia. The higher
prevalence of OSA in the Spanish patients was probably due
to the higher prevalence of obesity. It should be noted that the
effect of each per unit increase in BMI on the odds ratio for
OSA was greater in the Asian patients, especially the Chi-
nese, than in the Spanish patients. The overall high preva-
lence of OSA in patients with ACS and the feasibility of using
a portable diagnostic device suggest that the systemic screen-
ing and treatment of OSA may be a plausible way to attenu-
ate the risk of subsequent adverse events after ACS.
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ABSTRACT

We compared the time course of cardiac troponin-I (cTn-I) in patients admitted for
acute coronary syndrome (ACS) with and without obstructive sleep apnoea (OSA).
Blood samples were collected every 6 hours from the time of admission until 2
consecutive assays showed a downward trend for the cTn-I assay.

We included 89 OSA and 38 non-OSA patients with an apnoea-hypopnoea index
(AHI) (median [interquartile ranges (IQR)] of 32 [20.8, 46.6] h-1 and 4.8 [1.6, 9.6] h-
1, respectively. The daytime peak cTn-I levels were significantly higher in the non-
OSA than in the OSA patients (p=0.04). In the non-OSA patients, a variation in the
peak daytime cTn-I levels was observed compared with those at night: median
[IQR] 54.9 [7.6,81.2] vs. 7.9 [1.2,23.1] ng-ml!; p=0.03, respectively. In the OSA
group, no significant cTn-I diurnal variation was observed. However, when the OSA
patients were stratified according to the median AHI, a significant diurnal variation
in the peak cTn-I levels was evident in the mild-to-moderate OSA patients (AHI
<32h-1) that was not observed in the severe OSA patients.

This study suggests that OSA and its severity are associated with a different cTn-I
time course, a finding that might indicate possible myocardial protection from

severe OSA.
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INTRODUCTION

Acute coronary syndrome (ACS) affects 1% of the adult world population and is a
leading cause of death worldwide, wherein one-third of all deaths are due to
cardiovascular disease (CVD) [1]. Obstructive sleep apnoea (OSA) is a highly
prevalent breathing disorder that affects at least 10% of middle-aged men and 3%
of middle-aged women [2, 3]. The risk of developing OSA increases with age [4];
moreover, OSA has been associated with major cardiovascular morbidity and
mortality and is likely to be an independent risk factor for CVD [5, 6].

OSA is characterized by recurrent episodes of partial or total upper airway
obstruction during sleep, which leads to intermittent hypoxia, brain arousal and
intrathoracic pressure changes. These events activate underlying intermediate
mechanisms that predispose OSA patients to the initiation and aggravation of CVD
[6].

Because of their potential negative effects when coexistent, the relationship
between OSA and CVD has received increasing attention among scientists. In fact,
patients with ACS are at an increased risk for fatal and non-fatal cardiac events,
and the prevalence of OSA has been reported to be as high as 65.7% in patients
admitted for ACS [7]. However, the interaction and impact of OSA on ACS severity
and prognosis is mostly unknown. Moreover, despite the existence of closely
interrelated and detrimental mechanisms that link OSA and CVD, epidemiological
studies suggest that a protective mechanism may exists in patients with OSA [8];
although such a mechanism may have a pertinent clinical impact, its presence
remains under debate. While several studies described superior post-operative
survival in patients with OSA compared to that of patients without OSA [9] along
with studies that showed increased survival of elderly patients with mild OSA [10],
other authors described worse post-operative outcomes after an episode of ACS,
such as myocardial infarction in patients with sleep disordered-breathing (SDB),
compared with patients without SDB [11-13].

OSA may confer a degree of myocardial protection by activating ischaemic
preconditioning mechanisms primarily through intermittent hypoxia. This
sequence appears particularly evident in patients with acute myocardial injury and
mild-to-moderate OSA [8] due to adaptive mechanisms associated with

cardioprotection. Moreover, in animal models, exposure to mild or moderate
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intermittent hypoxia is compatible with the activation of cardio- and neuro-
protection pathways. In these models, a reduction of tissue damage (infarct size)
was observed in relation to the time and degree of intermittent hypoxia (IH)
exposure[14]. In contrast, other groups of investigators found deleterious effects of
IH in animal models and recently described IH exposure as having potentially
detrimental effects causing vascular remodelling in a mice model [15].

Cardiac troponin (cTn) is a sensitive marker of cardiac injury and is the preferred
clinical biomarker for the diagnosis or exclusion of acute myocardial infarction in
the acute care setting; thus, cTn has become the biomarker of choice in the
assessment and evaluation of myocardial injury [16]. The magnitude of cTn
elevation correlates with the extent of myocardial necrosis and is related to the
subsequent risk of adverse outcomes, thereby predicting poor prognosis [17]. cTn
levels are more sensitive for the diagnosis of myocardial infarction than to other
clinically available biomarkers, such as myoglobin, the MB fraction of creatine
kinase (CK-MB), myeloperoxidase, and heart fatty acid-binding protein [18].
Recently, more sensitive cTn assays (high-sensitivity cTn) have been developed.
Interestingly, studies suggest that high-sensitivity ¢Tn-T is elevated in patients
with OSA [19, 20] . A recent study found that based on cTn-T levels, patients with
OSA had less severe cardiac injury during an acute non-fatal myocardial infarction
than patients without OSA [21].

Previous studies have suggested that OSA is associated with CVD. Paradoxically, as
some studies have suggested, the presence of OSA might activate mechanisms with
cardioprotective effects that might be reflected by a change in the expression of
cardiac damage markers. The study of the time course of cardiac injury markers in
patients with OSA who sustain an episode of ACS may contribute to a better
understanding of the interactions and potentially the impact of OSA among ACS
subjects. We sought to investigate the impact of OSA on the time course of markers
of severity in ACS patients. We hypothesized that the presence of chronic
intermittent hypoxia episodes during sleep in OSA patients affects cTn expression

in patients who sustain an episode of ACS.
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METHODS

Study Design and Subjects

This observational, prospective study of 127 patients admitted to the University
Hospital Arnau de Vilanova (Lleida, Spain) (Fig. 1) is an ancillary study of the
ISAACC cohort (a randomized trial of NCT01335087 (Continuous Positive Airway
Pressure (CPAP) in Patients with Acute Coronary Syndrome and Obstructive Sleep
Apnoea (ISAACC)). The aim of that multicentre, open-label, parallel, prospective,
randomized controlled trial [22], was to evaluate the effect of CPAP treatment on
the incidence of new cardiovascular events in patients with an episode of ACS and
OSA. The ISAACC study includes non-sleepy patients due to the ethical issues
involved in withholding treatment for OSA patients with excessive daytime
sleepiness. In this study, we evaluated patients consecutively admitted to the
coronary care unit or hospital cardiology room with a diagnosis of ACS. The
criteria for inclusion were the detection of a rise and/or fall of cardiac biomarker
values [preferably cTn] with at least one value above the 99t percentile
upper reference limit (URL). Additionally, patients were required to have at least
one of the following: symptoms of ischaemia; new or presumed new significant ST-
segment-T wave (ST-T) changes or new left bundle branch block (LBBB);
development of pathological Q waves in the ECG; and imaging evidence of new loss
of viable myocardium or new regional wall motion abnormality [23].

After patients agreed to participate and the consent form was signed, all patients
underwent respiratory polygraphy in the first 24-72 hours after admission to
assess the presence of OSA. Those patients with an apnoea-hypopnea index (AHI)
of 215 events-h'l were considered to have OSA and were randomized to
conservative or CPAP treatment. Those with an AHI of <15 events-h'l were
included in the non-0OSA group. Considering the higher number of patients with an
AHI of <15 events-h-! than those with an AHI of 215 events-h-! and that the rate of
inclusion into the reference group (non-OSA patients) needed to match that of the
randomized patients, a probabilistic mechanism integrated into the web-based
program randomly selected patients once the sleep test results were known. This
probabilistic mechanism follows a random selection that includes one of each
three patients with an AHI <15 events-h-1. The randomization is generated by the

computer automatically through an internal function of the computer
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mathematical processor, as performed by statistical packages. No external factor
can affect the results of the manoeuvre. This method guarantees that the group of
patients with an AHI <15 events-h-1includes a similar and proportional number of
patients with an AHI 215 events-h-1, the latter constituting the group of patients
randomized to conservative or CPAP treatment in the ISAACC study. For the
present study, we included all patients with an AHI 215 events-h-l and the
randomly selected patients with an AHI <15 events-h-1

Only patients selected by the website were included in the study. Additionally,
during the hospital stay, we analysed the time course of cTn-I expression in all the
included patients. In the current study, we compared the time course of cTn-I
expression in patients with ACS included in the OSA group versus the non-OSA
group.

The ethics committee approved the study (approval number: 2010-852) and

informed consent was obtained from all subjects.

Procedures

Clinical Examinations and Questionnaires

Demographic and anthropometric characteristics, a medical history and a detailed
medication history were obtained, and questionnaires were administered the day
before the sleep study. Cardiovascular health was assessed through the collection
of information regarding a history of diabetes, hypertension, dyslipidaemia, first
episode of ACS, cardiomyopathy, stroke, neuropathy and neurological disease.
Sleep Study

The diagnosis of OSA was made according to the guidelines of the national
consensus on the apnoea-hypopnea syndrome [24]. All participants underwent
overnight cardio-respiratory polygraphy with the same model of device (Embletta;
ResMed, Bella Vista, Australia). The variables measured included oronasal flow,
thoracoabdominal movements, ECG, and pulse oximetry. An obstructive apnoea
episode was scored when a complete cessation of airflow lasted for 210 seconds.
An episode of hypopnea was defined as a reduction in airflow for 210 seconds
associated with a >4% decrease in arterial oxygen saturation. Cardio-respiratory
polygraphy studies were performed without supplemental oxygen.

Cardiac Biomarkers
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We assessed the expression of cTn-I as a marker of myocardial injury. Routine
biochemical analyses in patients admitted for ACS were performed during the
hospital stay. To evaluate the time course of cTn-I, blood samples were drawn at
six-hour intervals from the time of admission until decrements in two consecutive
cTn-I measurements ensued. The peak cTn-I value provides a relative estimate of
infarct size [25]. The quantitative determination of cTn-I levels was performed via
chemiluminescence immunoassay (AccuTnl+3 Beckman-Coulter. Unicel Dxl 600

Beckman-Coulter autoanalyser).

Statistical Analysis

Continuous variables were summarized as the means (standard deviations) or
medians [interquartile ranges] when distributions were skewed. Participant
characteristics were compared using Student’s test, analysis of variance (ANOVA),
or non-parametric Mann-Whitney and Kruskal-Wallis tests for skewed data.

We determined at which time of day the peak cTn-I level was reached for each
patient. Then, we compared the diurnal variation in peak cTn-I for the groups
analysed.

The diurnal variation in cTn-I expression was assessed using non-parametric
smoothing splines to represent the observed nonlinearity of the cTn-I peak. The
time course of peak cTn expression was compared between patients with and
without OSA. Stratified comparisons of the peak cTn-I time course for OSA patients
by AHI levels (15-32 events-hl vs. >32 events-h-1) and by oxygen desaturation
index (ODI) levels (<20.2 h-1 vs. >20.2 h'1) were performed.

Additionally, this study used cluster analysis to prove whether distinct patient
subgroups would emerge based on the time course of cTn-I expression. Cluster
analysis is a mathematical approach to identify the existence of subgroups of
individuals who cluster closer together in key measures but are dissimilar to
individuals in other clusters.

All tests were two-tailed, and p-values of <0.05 were considered statistically

significant. The R statistical software, version 3.3.1, was used for all the analyses.

125



Articulos

RESULTS

Among the 127 patients enrolled, 89 were found to have OSA (AHI 215 events-h-1).
The clinical characteristics and demographic variables of the patients are shown in
Table 1. No significant differences were observed between the OSA and non-OSA
patients in terms of gender age and prevalence of cardiovascular risk factors
(hypertension, diabetes mellitus, body mass index, dyslipidaemia and smoking).
Compared with the non-OSA patients, the OSA patients had a higher number of
stents placed during percutaneous coronary intervention (PCI) (p=0.007). The
peak cTn was not associated with the number of stents (Spearman’s rho
correlation coefficient=0.13, p=0.16). We also found that a higher percentage of
OSA patients than non-OSA patients were treated with a calcium-channel
antagonist (p=0.032), likely due to the known association between OSA and
hypertension [26]. Regarding the timing of the PCI (before or after the peak cTn-I),
no difference was observed between the non-OSA and OSA patients (p=0.85).

No significant differences were observed between the OSA and non-OSA patients
regarding, respectively, the mean values (SD) for the time of admission (7:17 am (8
h and 41 min) and 8:39 am (8 h and 26 min); p=0.58), time of the onset of
symptoms (10:45 am (6 h and 24 min) and 11:35 am (6 h and 13 min); p=0.55) or
time to peak cTn-I levels (after 9 h and 23 min (8 h and 14 min) and after 9 h and
19 min (7h and 35 min); p=0.97).

Three clusters of patients were identified based on the cTn-I curves obtained
during the hospital stay after admission for ACS. We found a tendency towards a
higher percentage of OSA patients in the cluster with lower cTn-I levels (p=0.05)
(Fig. S1 and Table S1 in the online supplemental material).

The number of cTn-I levels measurements between the non-OSA and OSA groups
did not differ significantly during the hospital stay (median [IQR] 2.00 [2.00, 3.00]
and 2.00 [2.00, 3.00] for the OSA and non-OSA groups respectively; p=0.65).

For the non-OSA patients, a diurnal variation in peak cTn-I was observed, with
significantly higher peak cTn-I levels during the daytime (10 am to 8 pm) than
during the night-time (8 pm to 10 am) (median [IQR] 54.9 [7.6, 81.2] vs. 7.9 [1.2,
23.1] ng'ml! for daytime and nighttime, respectively; p=0.03). In the OSA group,
no significant diurnal variation was observed (median [IQR] 4.2 [0.3, 26.5] vs. 3.8

[0.6, 13.8] ng-ml, for daytime and nighttime, respectively) (Figs. 2-3 and Table 2).
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Additionally, we found that the diurnal variations in the peak cTn-I levels were
significantly higher in non-OSA patients than in OSA patients (p=0.04).

To further investigate the strength of the impact of OSA severity-related variables
on the time course of cTn-I expression, we classified the OSA patients into two
groups according to the observed AHI median value (median AHI for OSA patients
=32 events-h-1). We differentiated between OSA patients with mild-to-moderate
OSA (AHI 15-32 events-h'l) and OSA patients with high-severity OSA (AHI >32
events-h-1). The characteristics and demographic variables of the patients groups
are shown in Table S2 in the online supplemental material. We found that in
patients with high OSA severity, no diurnal variation was observed in the peak
cTn-I levels (median [IQR] 2.2 [0.1, 5.0] vs. 4.5 [0.7, 35.6] ng-ml-1, for daytime and
nighttime, respectively; p=0.22). However, in patients with mild-to-moderate OSA,
a diurnal variation in peak cTn-I expression existed with significantly higher peak
levels during the daytime than during the night-time (median [IQR] 24.4 [1.8, 66.7]
vs. 3.5 [0.5, 8.9] ng-ml! for daytime and nighttime, respectively; p=0.01) (Figs. 4-5
and Table 3). These results confirm that patients with mild-to-moderate OSA were
similar to non-0SA patients in that the peak cTn-I levels showed significant diurnal
variations that were not observed in those patients with high OSA severity.
Moreover, the patients with severe OSA exhibited a significantly lower median
peak cTn-I levels during the daytime than those without OSA (p=0.004). To
confirm the relationship between OSA severity and diurnal variation in peak cTn-],
we also classified the patients according to the severity of OSA based on an ODI of
>4% h-1. We classified the OSA patients into two groups based on the observed
median ODI value (20.2 h'1). Similar to our observations when patients were
stratified by AHI severity, we observed a diurnal variation in peak cTn-I expression
with significantly higher levels during the daytime than the nighttime in non-OSA
subjects and patients with mild-to-moderate OSA (ODI <20.2 h1) (p=0.03 and
p=0.008, respectively). Moreover, this diurnal variation was not found in patients
with a more severe OSA (ODI >20.2 h-1) (p=0.48) (Fig. S2 and Table S3 in the online

supplemental material).
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DISCUSSION

The results of this observational study suggest that the presence of OSA has an
effect on the time course of peak cTn-I in patients with ACS. We found that patients
without OSA exhibited a diurnal variation in peak cTn-I levels with significantly
higher peak levels during the day than at night. In contrast, patients with OSA did
not show such a diurnal variation. Among the OSA patients, we found that the
diurnal variation in peak cTn-I was observed only in patients with mild-to-
moderate OSA (AHI =15-32 events-h'1) but not in those with high OSA severity
(AHI >32 events-h'1). These results indicate that patients with mild-to-moderate
OSA behave similarly to non-OSA patients. Additionally, these results suggest that
patients with higher AHI are significantly more likely to have low cTn-I levels than
patients without evidence of OSA, which could imply that patients with elevated
AHI, particularly those with severe OSA, may experience less severe myocardial
injury.

In the present study, we have explored the extent of myocardial injury as assessed
by the peak cTn-I levels. Cardiac troponins, which are structural proteins unique to
the heart, are sensitive and specific biochemical markers of myocardial damage.
cTn levels are superior to all other clinically available biomarkers, including
myoglobin, CK-MB, myeloperoxidase, and heart fatty acid-binding protein, for the
diagnosis of acute myocardial infarction [18]. The magnitude of cTn elevation
correlates with the extent of myocardial necrosis and is related to subsequent risk
of adverse outcomes indicating a worse prognosis [17].

The consequences of OSA have been well established to involve the activation of
several intermediate mechanisms that associate OSA with cardiovascular disease
[6]. The repetitive cycle of an apnoeic event during sleep leads to brain arousal,
changes in intrathoracic pressure, and intermittent episodes of hypoxia and
reoxygenation. These events induce the activation of intermediate mechanisms
linking OSA with CVD [6]. Moreover, previous studies have postulated that OSA
consequences might also promote ischaemic preconditioning [21]. Previous animal
model-based studies have hypothesized the promotion of protective mechanisms
related to IH exposure. A study in a rat model of hind limb ischaemia suggested
that hypoxic/normoxic treatment significantly increased endothelial progenitor

cell (EPC) proliferation and function and augmented the efficacy of these cells for
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therapeutic neovascularization [27]. Furthermore, exposing rats to brief episodes
of hypoxia has been shown to protect the heart against ischaemia/reperfusion
injury by enhancing the mobilization of CD34+ progenitor cells from the bone
marrow via an ischaemic preconditioning effect. Thus, although the IH model does
not mimic sleep-disordered breathing, it might be considered an ischaemic
preconditioning model [27, 28]. In animal models, exposure to mild or moderate
intermittent hypoxia is compatible with the activation of cardio- and neuro-
protection pathways. In these animal models, the reduction of infarct size was
dependent on the depth and duration of exposure to intermittent hipoxia [14].
Berger et al. [8] demonstrated that recurrent episodes of hypoxia/reoxygenation
in patients with acute myocardial injury with mild-to-moderate SDB activated
adaptive mechanisms that improved endothelial function, providing
cardioprotection in the context of acute myocardial injury. These authors also
showed that the proliferative and angiogenic properties of EPC from healthy
individuals were increased after exposure to IH in vitro, implicating the IH
associated with SDB in the alterations of EPC numbers and functions.

Despite the existence of closely interrelated and detrimental mechanisms that link
OSA and CVD, epidemiological studies suggest that a protective mechanisms may
be activated in patients with OSA [8]. This possibility is germane from a clinical
perspective and remains under debate. Whereas several studies described better
post-operative survival in patients with OSA than in patients without OSA [9] along
with studies that showed the increased survival of elderly patients with mild OSA
[10], others studies described less optimal post-operative recovery after
myocardial infarction in SDB patients compared with that of patients without SDB
[11-13].

In contrast to our results that suggest that OSA may correlate with a reduction in
infarct size, Belaidi et al. [29] showed that chronic IH in OSA patients resulted in
the development of enhanced hypertension and an increase in infarct size.
Conversely and in accordance with our results, a previous study suggested that
patients with OSA have less severe cardiac injury during an acute non-fatal MI than
patients without OSA. The authors postulate a cardioprotective role of sleep
apnoea during acute MI via ischaemic preconditioning in patients with severe OSA

[21].
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In addition to the relationship between OSA and myocardial damage, the
relationship between OSA and vascular damage has also been explored. Two
animal-based studies concluded that IH exposure might have deleterious effects
causing vascular remodelling [15, 30]. Moreover, previous clinical studies have
indicated that OSA might be associated with increased vascular damage.
Nakashima et al. [12] showed that in patients with OSA, an increased risk of ACS
exists along with a higher incidence of PCI for progressive lesions. These authors
suggested that increased plaque vulnerability might be related to these clinical
manifestations. In our study, we observed that the number of stents implanted was
significantly higher in the OSA group than in the non-OSA group. Nevertheless, the
relationship between the number of stents and the cTn-I level was not statistically
significant. We hypothesize that OSA patients, despite having a higher degree of
coronary artery disease, have smaller infarcts sizes, as determined by the peak cTn
level, which may be due to ischaemic preconditioning.

Moreover, in our study, the observed relationship between ODI and cTn-I levels, as
well as AHI and cTn-I levels, suggests that ODI provides a similar representative
index of chronic intermittent hypoxic stress as AHI, representing specific hypoxia-
related airway obstruction. We have shown previously that OSA influences the
severity of ACS [31] . In that previous study, we observed that OSA was related to a
significant increase in peak cTn-I levels after adjusting for confounding variables
(p=0.03). This observation contrast with the current reported findings, which
show that the peak cTn-I levels were significantly higher in the non-OSA group
than in the OSA group (p=0.04). A potential explanation is that although both
patient populations are from the parent ISAACC study, the current study was
performed in a single-centre in a subpopulation of individuals with different
clinical and anthropometrical baseline variables compared to the parent published
data. Our cohort was composed of older subjects with a significantly higher
prevalence of hypertension and/or diabetes.

The current study has several strengths, including the analysis of c¢Tn-I that are
superior to all other clinically available biomarkers for the diagnosis of acute
myocardial infarction [18]. Additionally, the novelty of the setting, the assessment
of non-sleepy patients with an episode of ACS, and the measurement of a broad

range of sociodemographic, anthropometric, clinical, pharmacological and
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cardiovascular variables, while using respiratory polygraphy to determine OSA
status, are advantages of this study. Nevertheless, several limitations of this
analysis should be noted. First, we excluded patients with more severe ACS, as
these patients represented a low proportion of the patient population (3.6% of
patients assessed). Second, this study excluded sleepy subjects (Epworth
Sleepiness Scale (ESS) >10), which could have included the patients who exhibited
the most severe OSA. However, the number of patients excluded for these causes

was relatively low (6.9% of patients assessed).

CONCLUSIONS

Patients with ACS and OSA were found to have overall lower cTn-I levels than non-
OSA patients. OSA patients did not show the time effect on peak cTn-I levels that
was observed in the non-OSA group. Moreover, patients with low OSA severity
showed a diurnal variation of peak cTn-I similar to non-OSA patients. Therefore, it
is plausible that the existence of ischaemic preconditioning mechanisms may
confer a degree of cardioprotection and potentially reduce the severity of acute
ischaemic events in patients with severe OSA. However, this hypothesis should be
investigated in future studies that specifically evaluate the role of OSA as a

preconditioning factor in ischemic damage.
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Table 1. Anthropometric, clinical, and treatment characteristics in the non-

obstructive sleep apnoea and obstructive sleep apnoea groups.

Group
non-0SA 0SA
(AHI<15) (AHI>15) p-value
(n=38) (n=89)
Age, years, mean (SD) 64.4 (13.1) 63.6 (11.5) 0.739
Gender, n (%) 0.966
Male| 32 (84.2%) 73 (82.0%)
Female 6 (15.8%) 16 (18.0%)
Apnoea-hypopnoea index events-h-1, median [IQR] | 4.8 [1.6,9.6] |32.0[20.8,46.6]| <0.001
Oxygen desaturation index >4% h'1, median [IQR] | 4.7 [3.5,10.1] | 20.2 [6.6,38.1] | <0.001
Minimum SaOz, %, median [IQR] 87.0 [84.0,89.0] | 83.0 [78.0,87.0]| 0.002
Mean Sa0z, %, median [IQR] 93.3[92.1,94.1] | 93.0 [91.7,94.2] | 0.614
Time with Sa02 <90%, %, median [IQR] 1.6 [0.2,10.0] | 4.20[0.9,15.6] | 0.130
Epworth Sleepiness Scale, median [IQR] 3.0 [3.0, 4.3] 5.0 [3.0, 6.0] 0.021
Hypertensive patients, n (%) 24 (63.2%) 61 (68.5%) 0.701
Body mass index, kg:m-2, median [IQR] 26.4 [24.6,30.0] | 27.7 [25.0,30.1] | 0.402
Neck circumference, cm, n (%) 42.0 [39.5,43.5] | 41.0 [39.5,42.0] | 0.247
Diabetes mellitus, n (%) 10 (26.3%) 33 (37.5%) 0.312
Dyslipidaemia, n (%) 18 (47.4%) 53 (59.6%) 0.284
First episode of ACS, n (%) 28 (73.7%) 70 (78.7%) 0.704
Cardiomyopathy, n (%) 11 (28.9%) 28 (31.8%) 0.912
Stroke, n (%) 1(2.7%) 3(3.5%) 1
Killip class, median [IQR] 1.0 [1.0, 1.0] 1.0 [1.0, 1.0] 0.98
Number of affected vessels, median [IQR] 1.0 [1.0, 2.0] 1.5 1.0, 3.0] 0.622
Number of stents, median [IQR] 1.0 [0.0, 1.0] 1.0 [1.0, 2.0] 0.007
Smoker, n (%) 0.883
Former smoker | 11 (28.9%) 24 (27.0%)
No| 13(34.2%) 28 (31.5%)
Yes| 14 (36.8%) 37 (41.6%)
Total tobacco exposure, pack-years, median [IQR] |20.0 [15.0,30.0] | 28.2 [17.0,43.8] | 0.354
Alcohol use, n (%) 0.333
Former alcoholism 2 (6.5%) 1(1.56%)
No| 24(77.4%) 54 (84.4%)
Yes 5(16.1%) 9 (14.1%)
Diuretics, n (%) 17 (44.7%) 26 (29.9%) 0.161
Anticoagulants, n (%) 6 (15.8%) 16 (18.6%) 0.902
Antacids, n (%) 11 (28.9%) 35 (40.7%) 0.295
Hypolipidaemics, n (%) 12 (31.6%) 36 (41.4%) 0.403
B-blockers, n (%) 17 (44.7%) 33 (37.9%) 0.606
Antiplatelet agents, n (%) 6 (15.8%) 15 (17.4%) 1
Bronchodilators, n (%) 3(7.9%) 5(5.9%) 0.701
Oral antidiabetic drugs, n (%) 7 (18.4%) 26 (29.9%) 0.264
Insulin, n (%) 1(2.6%) 10 (11.8%) 0.170
Calcium antagonists, n (%) 2 (5.3%) 20 (23.0%) 0.032

IQR, interquartile range; AHI, apnoea-hypopnoea index (number of events-h-1).
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Table 2. Peak troponin levels observed throughout the day in patients with and
without obstructive sleep apnoea.

Total Nighttime Daytime
(From 8 pm to 10 am) | (From 10 am to 8 pm)

Total n=127 n=77 n=50 017

Peak troponin-I 4.7 [0.8,25.9] 4.5[0.9,15.2] 6.4[0.7,52.6] .

Non-0SA (AHI <15) n=38 n=26 n=12
0.03

Peak troponin-1 7.9[1.2,23.1] 549 [7.6,81.2]

10.7 [1.8, 40.1]

OSA (AHI =215) n=89 n=51 n=38 c
0.

Peak troponin-1 3.8 [0.4, 24.3] 3.8 [0.6,13.8] 4.2 [0.3,26.5]

0.04 0.3 0.04 p-value

Data are presented as the medians [IQR]. The peak troponin level is expressed in ng-ml-t. AHI,
apnoea-hypopnoea index (number of events-h-1). P-value obtained by Mann-Whitney test.
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Table 3. Peak troponin levels observed throughout the day in patients without
obstructive sleep apnoea and in patients with mild-to-moderate and high severity
obstructive sleep apnoea. The severity is based on the apnoea-hypopnea index.

Total Nighttime Daytime
(From 8 pm to 10 am) | (From 10 am to 8 pm)
Total n=127 n=77 n=50
0.17
Peak troponin-I 4.7 [0.8,25.9] 4.5[0.9,15.2] 6.4[0.7,52.6]
Non-0SA (AHI <15) n=38 n=26 n=12
0.03
Peak troponin-I | 10.7 [1.8, 40.1] 7.9[1.2,23.1] 54.9 [7.6,81.2]
OSA (AHI =15-32) n=45 n=26 n=19
0.01
Peak troponin-1 5.2 [0.9, 24.3] 3.5[0.5, 8.9] 24.4[1.8, 66.7]
OSA (AHI >32) n=44 n=25 n=19
- 0.22
Peak troponin-1 2.4[0.2,20.0] 4.510.7,35.6] 2.2[0.1,5.0]
0.06 0.36 0.004 p-value

Data are presented as the medians [IQR]. The peak troponin level is expressed in ng-ml-1. AHI,
apnoea-hypopnoea index (number of events-h-1). P-value obtained by Mann-Whitney test.
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Table S1. Distribution of the troponin-I curves by cluster and obstructive sleep
apnoea status.

Group
non-0SA (AHI<15) OSA (AHI 2 15)
(n=38) (n=89) el
Cluster, n (%) 0.05
A 22 (40.7%) 32 (59.3%)
B 12 (25%) 36 (75%)
C 4 (16%) 21 (84%)

AHI, apnoea-hypopnoea index (number of events-h-1). P value obtained by Fisher’s exact test.
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Table S2. Anthropometric, clinical, and treatment characteristics of patients with
non-obstructive sleep apnoea, low-to-moderate severity obstructive sleep apnoea

and high severity obstructive sleep apnoea

Group
non-0SA 0sA 0SA
(AHI<15) (AHI 15-32) (AHI>32) p-value
(n=38) (n=45) (n=44)
Age, years, mean (SD) 64.4 (13.1) 62.8 (11.6) 64.5 (11.5) 0.757
Gender, n (%) 0.96
Male 32 (84.2%) 37 (82.2%) 36 (81.8%)
Female 6 (15.8%) 8 (17.8%) 8 (18.2%)
Apnoea-hypopnoea index events-h-1,
m‘;dian [Ié%]p 48[1.6;9.6] | 20.8[17.8;26.0] | 47.0[39.7;55.1] | <0.0001
Oxygen desaturation index >4% h-1,
me’(’ﬁan [1QR] 46[3.510.1] | 15.1[7.8;24.5] | 32.2[6.4;44.2] | <0.001
Minimum Sa0z, %, median [IQR] 87.0 [84.0;89.0] | 84.0[81.0;87.0] | 82.0 [75.5;86.5] | 0.005
Mean Sa0z, %, median [IQR] 93.3[92.1;94.1] | 93.1[91.9;94.2] | 92.6 [91.7;94.1] | 0.868
Time with Sa02 <90%, %, median [IQR] 1.6 [0.2;10.0] 3.8[0.7;12.6] 8.9 [1.4;15.9] 0.237
Epworth Sleepiness Scale, median [IQR] 3.0 [3.0;4.2] 5.0 [3.0;6.0] 4.0 [3.0;6.5] 0.053
Hypertensive patients, n (%) 24 (63.2%) 27 (60.0%) 34 (77.3%) 0.188
Body mass index, kg-m-2, median [IQR] 26.4 [24.6;30.0] | 27.6 [25.2;31.0] | 27.7 [24.9;29.5] 0.579
Neck circumference, cm, n (%) 42.0 [39.5;43.5] | 40.0[39.0;42.0] | 41.0 [40.0;42.0] 0.443
Diabetes mellitus, n (%) 10 (26.3%) 14 (31.1%) 19 (44.2%) 0.21
Dyslipidaemia, n (%) 18 (47.4%) 27 (60.0%) 26 (59.1%) 0.447
First episode of ACS, n (%) 28 (73.7%) 36 (80.0%) 34 (77.3%) 0.8
Cardiomyopathy, n (%) 11 (28.9%) 13 (28.9%) 15 (34.9%) 0.79
Stroke, n (%) 1 (2.7%) 3(6.7%) 0 (0%) 0.21
Killip class, median [IQR] 1.0 [1.0;1.0] 1.0 [1.0;3.0] 1.0 [1.0;2.0] 0.93
Eg‘é‘]ber of affected vessels, median 1.0 [1.0;2.0] 1.0 [1.0;3.0] 2.0 [1.0;2.0] 0.845
Number of stent, median [IQR] 1.0 [0.0;1.0] 1.0 [1.0;2.0] 1.0 [1.0;2.0] 0.03
Smoker, n (%) 0.36
Former smoker 11 (28.9%) 8 (17.8%) 16 (36.4%)
No 13 (34.2%) 15 (33.3%) 13 (29.5%)
Yes 14 (36.8%) 22 (48.9%) 15 (34.1%)
Total tobacco exposure, pack-years, . .
median [IQR] 20.0 [15.0;30.0] | 29.5[20.0;46.5] | 22.5[7.75;36.2] 0.3
Alcohol use, n (%) 0.77
Former alcoholism 2 (6.5%) 0 (0%) 1 (3.6%)
No 24 (77.4%) 31 (86.1%) 23 (82.1%)
Yes 5 (16.1%) 5 (13.9%) 4 (14.3%)
Diuretics, n (%) 17 (44.7%) 10 (22.7%) 16 (37.2%) 0.1
Anticoagulants, n (%) 6 (15.8%) 6 (13.6%) 10 (23.8%) 0.435
Antacids, n (%) 11 (28.9%) 17 (38.6%) 18 (42.9%) 0.422
Hypolipidaemics, n (%) 12 (31.6%) 18 (40.9%) 18 (41.9%) 0.582
-blockers, n (%) 17 (44.7%) 14 (31.8%) 19 (44.2%) 0.387
Antiplatelet agents, n (%) 6 (15.8%) 8 (18.2%) 7 (16.7%) 0.958
Bronchodilators, n (%) 3 (7.9%) 4(9.1%) 1 (2.4%) 0.432
Oral antidiabetic drugs, n (%) 7 (18.4%) 10 (22.7%) 16 (37.2%) 0.126
Insulin, n (%) 1 (2.6%) 4 (9.1%) 6 (14.6%) 0.195
Calcium antagonists, n (%) 2 (5.3%) 10 (22.7%) 10 (23.3%) 0.06

IQR, interquartile range; AHI, apnoea-hypopnoea index (number of events-h-1).
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Table S3. Peak troponin levels observed throughout the day in patients without
obstructive sleep apnoea and in patients with low-to-moderate severity and high
severity obstructive sleep apnoea. The severity is based on the oxygen
desaturation index.

Night time Daytime
Total
(From 8 pm to 10 am) | (From 10 am to 8 pm)
Total n=127 n=77 n=50
0.17
Peak troponin-I 4.7 [0.8,25.9] 4.5[0.9,15.2] 6.4[0.7,52.6]
Non-0SA n=38 n=26 n=12
0.03
Peak troponin-I 10.7 [1.8, 40.1] 7.9 [1.2,23.1] 54.9 [7.6,81.2]
OSA (0DI <20.2) n=41 n=23 n=18
0.008
Peak troponin-I 2.7 [0.4,16.7] 1.20 [0.2, 8.7] 11.0 [2.4, 51.9]
OSA (0DI >20.2) n=40 n=24 n=16
0.48
Peak troponin-I 4.7 [0.7,25.3] 49[1.9,25.0] 2.8[0.2, 25.5]
0.2 0.07 0.08 p-value

Data are presented as the medians [IQR]. The peak troponin level is expressed in ng-ml-1. AHI,

apnoea-hypopnoea index (number of events-h-1). P-value obtained by Mann-Whitney test.
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Figure 1. Flowchart of the study recruitment.

Assessed for eligibility Patients excluded (n=5096)
(n=5304) Causes of exclusion:
Any medical, social, or geographical factor that could jeopardize
patient compliance (n=862)
Refused to participate (n=1302)
Life-limiting chronic disease (n=537)
RP not performed between 48 h and 72 h after admission (n=439)
Patients with an ESS >10 (n=367)
Any previously diagnosed sleep disorder (n=205)
> Previous treatment with CPAP (n=275)
Patients in cardiogenic shock (n=194)
Any process that reduces life expectancy to <1 year (n=156)
Patients from centers outside Lleida (n=1537)
>50% central apnoea episodes or the presence of Cheyne-Stokes

Y respiration (n=214)
Study sample Others (n=921)
(n:208) Some patients presented more than one cause of exclusion

Non-OSA
(n=119)
Not analysed, as
two thirds <
randomly excluded
(n=81)
A A
Non-OSA OSA
(n=38) (n=89)

RP: respiratory polygraphy; ESS: Epworth Sleepiness Scale; CPAP: continuous positive airway
pressure; OSA: obstructive sleep apnoea.
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Figure 2. Box-plots of the peak troponin levels observed in patients with and
without obstructive sleep apnoea.
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The daytime period ranges from 10 am to 8 pm and the nighttime period ranges from 8 pm to 10
am. P-values were obtained using the Mann-Whitney test.
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Figure 3. Non-parametric smoothing splines of the peak troponin levels observed
throughout the day in patients with and without obstructive sleep apnoea.
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Figure 4. Box-plots of the peak troponin levels observed in patients without
obstructive sleep apnoea and in patients with mild-to-moderate and high severity
obstructive sleep apnoea.

r-p.value = 0.03- - ;-p.value =0.01-= r-p.value = 0.22- -
' ' ' ' '
'

B Nighttime |
B8 Daytime

90

D
o

Peak troponin levels (ng/ml)

w
o

non OSA (AHi<15 events/h) OSA (AHI 15232 events/h) OSA (AHI>32 events/h)

The severity of obstructive sleep apnoea is based on the apnoea-hypopnea index (AHI). The
daytime period ranges from 10 am to 8 pm, and the nighttime period ranges from 8 pm to 10 am. p-
values were obtained using the Mann-Whitney test.
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Figure 5. Non-parametric smoothing splines of the peak troponin levels observed
throughout the day in patients without obstructive sleep apnoea and in patients
with low-moderate severity and high-severity obstructive sleep apnoea.
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The severity of obstructive sleep apnoea is based on the apnoea-hypopnea index (AHI). Shaded
bands indicate 95% confidence intervals.
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Figure S1. Clusters of troponin-I curves.

<
N—.

£

>

£ ° 7

0

(o]

>

@

c 9 A

c

o

[oR

o

=

3 Y-

[

o

o

o

©
o _
1
[+ o I
1

| T T T | T
0 20 40 60 80 100

Time after first pain (hours)

Trajectory of the logarithm of peak troponin levels observed after the first sign of pain in patients
with and without obstructive sleep apnoea. Clusters A, B, and C included 42.5%, 37.8%, and 19.7%
of the patients, respectively.
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Figure S2. Non-parametric smoothing splines of the peak troponin levels observed
throughout the day in patients without obstructive sleep apnoea and in patients
with low-to-moderate severity and high severity obstructive sleep apnoea.
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The severity of obstructive sleep apnoea is based on the oxygen desaturation index. Shaded bands
indicate 95% confidence intervals.
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DISCUSI()N

Los resultados de la presente Tesis Doctoral han contribuido en el avance
del conocimiento de la relacion existente entre el SAHS y la enfermedad
cardiovascular. Asi, los trabajos que se presentan en esta memoria de tesis
doctoral han tenido como objetivo: i) evaluar en primer lugar el impacto del
SAHS en la gravedad del SCA, ii) analizar el efecto del sexo del paciente con
SAHS, en la gravedad del SCA, iii) explorar la prevalencia del SAHS entre diversos
grupos étnicos y su interaccidon con factores de riesgo como la obesidad en cada
grupo étnico, y finalmente iv) investigar el impacto del SAHS en la evolucion

temporal de marcadores de severidad del SCA.

1. Efecto del SAHS en la gravedad y prondstico a corto plazo del SCA.

Los resultados del primer estudio sugieren que el SAHS influye en la
gravedad y prondstico a corto plazo del SCA. El SAHS esta relacionado con un
aumento en el nivel plasmatico de cTn pico, una disminucion en la fraccién de
eyeccion y un aumento en el nimero de vasos afectados. Tras ajustar por el
tabaquismo, HTA e IMC, solo los niveles de cTn pico permanecieron
significativamente relacionados con el SAHS. La gravedad del SAHS, evaluada por
IAH, esta relacionada con el nimero de vasos afectados y los niveles plasmaticos
de cTn pico. Los pacientes con SAHS pasaron mas tiempo en la unidad coronaria,
aunque la duracién de la hospitalizacion fue similar entre pacientes con y sin
SAHS.

Datos disponibles de diferentes cohortes sugieren que el SAHS es un factor
de riesgo independiente para infarto y otros eventos coronarios (48,144,169-171).
Ademas, el SAHS empeora el prondstico a largo plazo del SCA (172,173). Varios
factores fisiopatogénicos son propuestos como mecanismos intermedios que
vinculan el SAHS con la enfermedad cardiovascular (4). Se ha descrito que la
inflamacion sistémica inducida por la hipoxia intermitente puede desempenar un
papel clave en la aterogénesis en pacientes con SAHS (100). Estos mecanismos
intermedios pueden producir hiper-excitabilidad cardiaca y aumentar el tono

simpatico, estrés oxidativo e hipercoagulabilidad, lo que a su vez podria
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aumentar la gravedad del SCA en pacientes con SAHS y empeorar el prondstico
del SCA. Ademas, la hipoxia intermitente cronica aumenta el tamafio del infarto
en modelos animales (174). También se han descrito los efectos deletéreos de los
trastornos respiratorios durante el suefio en la expansidon del infarto y la
cicatrizacion deteriorada del tejido miocardico y la carga de placa de la arteria
coronaria (175,176). El incremento del numero de vasos afectados y el aumento de
los niveles plasmaticos de ¢Tn pico en el grupo de pacientes con SAHS podria
estar asociada con un peor prondstico a largo plazo. En contraste con nuestros
resultados, Lee et al (177) reportaron una gravedad similar en el IAM en pacientes
con y sin SAHS. En este estudio también demostraron que no habia asociacion
significativa entre el SAHS y la alteracidn de la perfusion microvascular después
de la intervencion coronaria percutdnea primaria. Sin embargo, Shah et al (178)
mostraron que los pacientes con SAHS presentan lesiones cardiacas menos graves
durante un IAM no fatal en comparaciéon con pacientes sin SAHS. Los autores
sugieren un papel cardioprotector del SAHS durante el IAM inducido por
precondicionamiento isquémico. Berger et al (119) demostraron que los pacientes
con [AM, que presentan trastorno respiratorio del suefio de leve a moderado,
pueden activar mecanismos adaptativos y pueden mejorar la funcion endotelial y
proporcionar cardioproteccion en el contexto de IAM. Ademas, la
autorregulacion de 6rganos podria ser un mecanismo implicado en mantener un
flujo sanguineo constante durante las fluctuaciones de su presion de perfusion en
pacientes con SCA (179). Este hecho, aun en tela de juicio, resulta de una gran
relevancia desde el punto de vista clinico y debera ser explorado en préximos

estudios.

2. Efecto del sexo del paciente en la gravedad de la enfermedad
coronaria en pacientes con diagnostico reciente de SAHS admitidos
por un SCA.

Los resultados de este estudio observacional sugieren que en pacientes con
SAHS, el sexo influye en la gravedad del SCA. Los hombres con SAHS mostraron
una mayor gravedad del SCA que las mujeres, reflejado como una disminucién de

la fraccion de eyeccidn, y un aumento en el nimero de vasos afectados y namero
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de stents implantados. Para investigar en profundidad la significacién en la
asociacion de las variables relacionadas con la gravedad del SCA con la gravedad
el SAHS, clasificamos a los pacientes, segin su sexo, en base a la gravedad del
SAHS. Estos resultados mostraron que con el aumento de la gravedad del SAHS,
las diferencias relacionadas con el género en la gravedad del SCA fueron mads
evidentes en hombres con SAHS grave mostrando ademas una mayor gravedad
del SCA, con un mayor numero de stents implantados y una mayor tendencia a
tener un mayor numero de vasos afectados que las mujeres con SAHS grave. El
tabaco y el alcohol son factores de riesgo bien conocidos para el SAHS y las
enfermedades cardiovasculares. El hecho de que los hombres estuvieran mas
expuestos a ambos factores de riesgo podrian explicar las diferencias en la
gravedad. No obstante, los resultados fueron ajustados para estas variables de
confusion.

A pesar de diferentes factores de confusidon, como la edad, el sexo y la
obesidad, hay evidencia acerca de una gran asociaciéon entre el SAHS y las
enfermedades cardiovasculares, tales como la hipertension (129), enfermedad
arterial coronaria (180) y enfermedad cerebrovascular (145,181,182). Aunque la
coexistencia de estas condiciones con el SAHS no prueba causalidad, datos
epidemiolédgicos respaldan el concepto de que el SAHS puede participar en el
inicio o progresion de diferentes enfermedades cardiovasculares (129,144,163,183-
186). Estudios previos han sugerido que el sexo influye en el riesgo cardiovascular
en el SAHS. Sin embargo, el niumero limitado de estudios sobre el impacto del
sexo en la relacion entre el SAHS y las consecuencias cardiovasculares han
proporcionado resultados contradictorios. El Sleep and Heart Health Study
mostré que hombres, pero no mujeres, con SAHS grave mostraron mayores tasas
de mortalidad total (187) y eventos cardiovasculares (158). Este estudio no
encontré ninguna asociacion entre SAHS y mortalidad u otras consecuencias
cardiovasculares, incluyendo accidente cerebrovascular y enfermedad coronaria,
en 3.000 mujeres seguidas durante mas de 8 afnos. Sin embargo, sélo el 3% de las
mujeres incluidas en el Sleep and Heart Health Study tenian SAHS grave, lo que
podria haber sesgado los resultados. Por el contrario, un reciente estudio

observacional en una cohorte de mediana edad (con edad media de 62,5 + 5,5
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afnos) que incluyeron 752 hombres y 893 mujeres seguidos durante 13 afios
mostraron que el SAHS estaba asociada con insuficiencia cardiaca o muerte sélo
en mujeres (188). En conjunto, estos resultados sugieren una mayor
vulnerabilidad en mujeres a las consecuencias cardiovasculares del SAHS.

El resultado de este estudio sugiere que los hombres mostraron un
aumento de la afectacion vascular (mayor niumero de vasos afectados y nimero
de stents implantados y menor fraccion de eyeccion). Sin embargo, los niveles de
cTn relacionados con el SCA son similares entre ambos sexos. Una explicacién
podria ser que el aumento del dafio estructural a nivel miocardico en hombres no
estaria relacionado de un mayor dafio miocardico cuando ocurre un episodio
isquémico agudo. La influencia del sexo en la gravedad del SCA en el SAHS que
observamos en este estudio puede reflejar diferencias de sexo en la fisiopatologia
del SAHS. De hecho, la activacion de los diferentes factores patogénicos
propuestos como mecanismos intermedios que vinculan el SAHS con
enfermedades cardiovasculares tales como la activacion simpdética (189) y la
disfuncién endotelial (189,190) varia entre hombres y mujeres. Ademads, la
gravedad del SAHS estd asociada con niveles plasmaticos de biomarcadores de
lesién miocardica subclinica mas elevados tales como la ¢Tn ultrasensible en
mujeres comparado con hombres (188). Las adaptaciones cardiacas al estrés
hemodindmico también podria diferir por sexo, y estas diferencias podrian
explicar por qué las mujeres con SAHS estan mejor adaptadas al estrés cardiaco
que los hombres. Por lo tanto, las diferencias de sexo en la fisiopatologia del
SAHS pueden reflejar diferencias en la respuesta a factores de estrés
cardiovascular y/o diferencias en la influencia del SAHS en lesiones cardiacas u

otras enfermedades cardiovasculares.

3. Efectos de la etnicidad en la prevalencia del SAHS en pacientes con
SCA: un analisis agrupado del Estudio ISAACCy el Estudio Sleep and
Stent.

El presente trabajo se trata del estudio mas amplio realizado para reportar
los efectos de la etnicidad en la prevalencia del SAHS en pacientes que han

sufrido un SCA. Los principales hallazgos de este andlisis combinado confirman
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que el SAHS fue prevalente en pacientes con SCA, con una tasa global del 55,1%.
Se observaron diferencias significativas en la prevalencia del SAHS entre los
distintos grupos étnicos, siendo la mas elevada en los espafioles, seguido por los
chinos, malayos, birmanos, brasilefios y los indios. Otros predictores clinicos del
SAHS fueron edad avanzada, IMC e hipertension. También se encontré que el
efecto del IMC en el SAHS difiri6 entre los distintos grupos étnicos. El aumento
por unidad de IMC se asocié con un mayor aumento en la prevalencia de SAHS
en los pacientes de origen asiatico (chinos, malayos e indios) que en los de origen
europeo (espafioles). Estos hallazgos observacionales fueron particularmente
relevantes debido a la actual falta de datos sobre la interaccién entre etnicidad y
SAHS en pacientes con SCA.

Estudios epidemioldgicos han presentado diferencias en perfiles
demograficos, presentaciones clinicas y consecuencias a largo plazo tras sufrir un
SCA entre pacientes de diversos grupos étnicos (191-193). En un registro
canadiense que incluia a mas de 62.000 pacientes con SCA, se encontro que los
pacientes de origen surasiatico eran mas jévenes y con mas probabilidades de ser
varones, de padecer diabetes mellitus e hipertension que los de origen europeo
(192). De manera similar, en un registro a gran escala de Singapur que incluyo a
mas de 15.000 pacientes con SCA, los pacientes de origen indio tuvieron mayor
prevalencia de diabetes mellitus, hiperlipidemia, infarto de miocardio previo,
intervencion coronaria percutdnea previa y cirugia de revascularizacién coronaria
previa comparado con aquellos de origen chino y malayo (193). Cabe sefialar que,
aunque el SAHS ha sido reconocido como factor de riesgo para el SCA, ninguno
de los primeros estudios sobre la prevalencia de SAHS en pacientes que
presentaban SCA present6 una comparacion entre diferentes grupos étnicos.

Nuestros hallazgos presentan importantes implicaciones clinicas. Se
encontro que la prevalencia del SAHS fue mayor en los pacientes espaiioles que
en los asiaticos, aunque la proporcion de varones fue menor en la cohorte
espanola que en la asiatica. Este hecho probablemente podria explicarse por el
mayor IMC y la edad mas avanzada de los espafioles comparados con los
pacientes asiaticos. Cabe resaltar que, en su conjunto, y a pesar de las variaciones

observadas, el SAHS fue altamente prevalente en todos los grupos étnicos. La
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recomendacién de detectar y tratar el SAHS como estrategia potencial para
mejorar las consecuencias cardiovasculares debe ser una estrategia global en
lugar de centrarse en ciertos grupos étnicos (194). No obstante resulta necesario
identificar adecuadamente cada perfil fenotipico de paciente con SAHS, perfiles
fenotipicos, por otra parte, que podrian variar segtn la etnia del paciente.

Aungque el IMC en los paciente de cohortes asidticas parecia ser menor que
el de la cohorte espafiola, el impacto del IMC en el SAHS en los asiaticos no debe
subestimarse. De hecho, los resultados del este estudio muestran que el efecto del
IMC en el SAHS ,ajustado por la edad, en las poblaciones china, malaya e india
fue mas notable que en la cohorte espafiola. El OR del aumento por unidad de
IMC en SAHS fue mas alto en la poblacién china (OR=1,17), lo que implica que
por cada aumento de unidad en el IMC, la poblacion asiatica tiene 17% mads riesgo
de desarrollar SAHS que los pacientes espafioles, a diferencia de los estudios de
poblaciones sin SCA, en los que la magnitud del efecto del IMC en el SAHS era
similar entre los afroamericanos y los caucasicos (12,195). Los mecanismos que
relacionan el mayor efecto del IMC sobre el SAHS en las etnias asidticas son
desconocidos, pero podrian relacionarse con patrones de distribucion de la grasa
corporal, con una predisposicion a una distribucion de la grasa a nivel central o
abdominal entre los asidticos. El aumento de la deposicion de grasa alrededor del
cuello tiene como resultado un estrechamiento y una via aérea superior mas
colapsable, mientras que la obesidad central se asocia con la reduccién del
volumen pulmonar debido a la deposicion de grasa alrededor del toérax,
reduciendo la traccion caudal en la faringe. En vista de la creciente epidemia de
obesidad que afecta a los paises asiaticos (196), los hallazgos de este estudio
subrayan la importancia de un programa eficaz de control de peso para la
prevencion del SAHS.

El SCA sigue siendo un problema prioritario en la practica clinica y
presenta enormes desafios a la salud publica a nivel mundial. En las dos ultimas
décadas, la actividad investigadora en el SAHS se ha centrado en su asociacion
con enfermedades cardiovasculares. Como resultado, los efectos vasculopaticos
del SAHS estdn siendo cada vez mejor caracterizados (197). Nuestro esfuerzo de

colaboracion para combinar grandes bases de datos de diferentes paises ha
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proporcionado una vision sobre el impacto potencial del SAHS en pacientes con
SCA en diferentes grupos étnicos. Con el alto riesgo existente de
morbimortalidad cardiovascular del SAHS, el rdpido reconocimiento y manejo

del SAHS entre los pacientes debe formar parte integral del manejo del SCA.

4. Evolucion temporal de la ¢Tn en pacientes con SCA y SAHS: un
estudio piloto.

Los resultados de este estudio observacional sugieren que la presencia de
SAHS tiene un efecto en la evolucion temporal de los niveles de troponina
cardiaca-I (cTn-I) pico en paciente que han sufrido un SCA. Se encontré que los
pacientes que no tenian SAHS presentaban una variaciéon diurna en los niveles de
cTn-I pico con niveles significativamente mayores durante el dia que en la noche.
Por el contrario, los pacientes con SAHS no mostraron dicha variacion diurna.
Entre los pacientes con SAHS, encontramos que la variacion diurna de los niveles
de ¢Tn-I pico era observada sélo en pacientes con SAHS leve o moderado (IAH
=15-32 h™), pero no en aquellos con SAHS grave (IAH >32 h™). Estos resultados
indican que pacientes con SAHS leve o moderado se comportan de manera
similar a los pacientes sin SAHS. Ademas, los pacientes con IAH mas elevado son
significativamente mds propensos a tener niveles bajos de ¢Tn-I que los pacientes
sin evidencia de SAHS, lo que podria implicar que pacientes con IAH elevado,
especialmente aquellos con SAHS grave, pueden experimentar una lesion
miocdardica menos grave.

En el este estudio hemos explorado el alcance de la lesion miocardica
segun la evaluacion de los niveles de cTn-I pico. Las cTn, proteinas estructurales
unicas en el corazon, son marcadores bioquimicos y especificos del dafio
miocardico. Los niveles de cTn son superiores al resto de los biomarcadores
clinicamente disponibles, como la mioglobina, CK-MB, mieloperoxidasa y
proteina de unién a dcidos grasos para el diagnostico de IAM (198). La magnitud
de la elevacion de la c¢Tn se correlaciona con la extensién de la necrosis
miocardica y esta relacionada con el riesgo subsiguiente de resultados adversos,

lo que indica un peor pronostico (199).
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Las consecuencias del SAHS estan implicadas en la activacion de varios
mecanismos intermedios que asocian el SAHS con la enfermedad cardiovascular.
El ciclo repetitivo de un episodio apneico durante el suefio conduce a la aparicién
de arousals, cambios en la presion intratordcica y episodios intermitentes de
hipoxia y reoxigenacién (4). Ademads estudios previos han postulado que las
consecuencias del SAHS también podian promover el precondicionamiento
isquémico (178). Estudios previos basados en modelos animales han supuesto la
promociéon de mecanismos protectores relacionados con la exposicion a hipoxia
intermitente. Un estudio en un modelo de rata de isquemia del miembro
posterior mostré6 que el tratamiento de hipoxia-normoxia aumentd
significativamente la proliferacion y funcion de las células progenitoras
endoteliales (CPE) y aumenté la eficacia de estas células para Ila
neovascularizacién terapéutica (200). Ademds, se ha demostrado que Ila
exposicion de ratas a episodios breves de hipoxia protege el corazon contra
lesiones de isquemia-reperfusion mejorando la movilizacion de células
progenitoras CD34+ de la médula o6sea a través de un efecto de
precondicionamiento isquémico. Por lo tanto, aunque el modelo de hipoxia
intermitente no imita los trastornos respiratorios del suefio, podria ser
considerado un modelo de preacondicionamiento isquémico (200,201). En
modelos animales, la exposicién a hipoxia intermitente leve o moderada es
compatible con la activacidn de vias de cardio-neuroproteccién. En estos modelos
animales, la reduccién del tamafno del infarto dependia de la profundidad y
duracion de la exposicién a hipoxia intermitente (118).

Berger et al (19) demostraron que los episodios recurrentes de hipoxia-
reoxigenacion en pacientes con lesion miocardica aguda con trastornos
respiratorios del suefio de leve a moderado activaron mecanismos adaptativos
que mejoraron la funcion endotelial, proporcionando cardioproteccion en el
contexto de lesidn miocardica aguda. Estos autores también mostraron que las
propiedades proliferativas y angiogénicas de CPE de individuos sanos se
incrementaron después de la exposicion a hipoxia intermitente in vitro,
implicando la hipoxia intermitente asociada a los trastornos respiratorios del

suefio en las alteraciones del numero vy funciones de las CPE.
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A pesar de la existencia de mecanismos perjudiciales estrechamente
interrelacionados que vinculan el SAHS con la enfermedad cardiovascular,
estudios epidemioldgicos sugieren que pueden ser activados mecanismos de
proteccion en pacientes con SAHS (119). Esta posibilidad es pertinente desde una
perspectiva clinica y sigue siendo objeto de debate. Mientras que varios estudios
describieron mejor supervivencia postoperatoria en pacientes con SAHS que en
pacientes sin SAHS (116), junto con estudios que mostraron el aumento de la
supervivencia de pacientes ancianos con SAHS leve (u7), otros estudios
describieron una recuperacion post-operatoria menos éptima después de un [AM
en pacientes con trastornos respiratorios del suefio en comparaciéon con la
recuperacion de pacientes sin trastornos respiratorios del suefio (175,202,203).

Al contrario que nuestros resultados que sugieren que el SAHS puede
correlacionarse con una reduccion en el tamarfio del infarto, Belaidi et al (174)
mostraron que la hipoxia intermitente cronica en pacientes con SAHS resulto en
el desarrollo de hipertension mejorada y un aumento en el tamafio del infarto. Al
contrario y de acuerdo con nuestros resultados, un estudio previo sugiriéd que los
pacientes con SAHS tienen lesién cardiaca de menor gravedad durante un IAM no
fatal que los pacientes sin SAHS. Los autores postulan un papel cardioprotector del
SAHS durante el infarto agudo de miocardio via precondicionamiento isquémico en
pacientes con SAHS grave (178).

Ademas de la relacion entre el SAHS y el dafno miocardico, la relacion
entre SAHS y dafo vascular también ha sido explorada. Dos estudios basados en
animales concluyeron que la exposicion a hipoxia intermitente podria tener
efectos deletéreos causando remodelacién vascular (204,205). Ademads, estudios
clinicos previos han indicado que el SAHS podria estar asociada con un aumento
del dafio vascular. Nakashima et al (202) demostraron que en pacientes con
SAHS, existe un mayor riesgo de SCA junto con una mayor incidencia de
intervencion coronaria percutanea en lesiones progresivas. Estos autores
sugirieron que una mayor vulnerabilidad de la placa podria estar relacionada con
estas manifestaciones clinicas. En nuestro estudio, se observo que el namero de
stents implantados fue significativamente mayor en el grupo con SAHS que en el

grupo sin SAHS. Sin embargo, la relacion entre el numero de stents y el nivel de
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cTn-I no fue estadisticamente significativa. Se plantea la hipdtesis de que los
pacientes con SAHS, a pesar de tener un mayor grado de enfermedad arterial
coronaria, tienen menores tamafio de infarto, segin lo determinado por el nivel
cTn pico, que puede ser debido al precondicionamiento isquémico.

Ademas, en nuestro estudio, la relacion observada entre el indice de
desaturacion de oxigeno y los niveles de cTn-I, asi como el IAH y los niveles de
cTn-I sugiere que el indice de desaturacién de oxigeno proporciona un indice
representativo similar del estrés hipdxico intermitente cronico como el 1AH,
representando la obstruccidn especifica de la via aérea relacionada con la hipoxia.

En un estudio anterior hemos demostrado que el SAHS influye en la
gravedad del SCA (206). En dicho estudio, se observd que el SAHS estaba
relacionado con un aumento significativo en los niveles de cTn-I pico después de
ajustar por variables de confusion. Esta observacion contrasta con los hallazgos
reportados, los cuales muestran que los niveles de cTn-I pico fueron
significativamente mas altos en el grupo sin SAHS que en el grupo con SAHS.
Una posible explicacidon es que, aunque ambas poblaciones de pacientes forman
parte del estudio ISAACC, el presente estudio incluye a un solo centro siendo una
subpoblacién de individuos con diferentes variables clinicas y antropométricas de
referencia en comparacion con los datos publicados en el anterior estudio. La
presente cohorte estaba compuesta por sujetos de mayor edad con una

prevalencia significativamente mayor de hipertension y/o diabetes.

160



CCCCCCCCCCCC

AAGAAPAA






Conclusiones

CONCLUSIONES DE LA TESIS

1.

Las conclusiones mas relevantes de los estudios presentados son:

En pacientes que han sufrido un SCA, el SAHS estd asociado con un
aumento en la gravedad (aumento de los niveles plasmaticos de cTn pico)
y prondstico a corto plazo (aumento en la duracion de estancia en la

unidad coronaria).

En pacientes con SAHS, el sexo del paciente influye en la gravedad del
SCA, de tal manera que los hombres muestran un aumento en el numero
de vasos afectados y naumero de stents implantados, ademds una menor
fraccién de eyeccidn, con respecto a las mujeres. Asi, la atencion clinica
personalizada de pacientes con SAHS y SCA debe adaptarse

adecuadamente en funcién del sexo.

La prevalencia del SAHS varia significativamente entre pacientes
espafioles y asidticos que han sufrido un SCA, y ademas difiere entre
diferentes grupos étnicos dentro de Asia. La mayor prevalencia de SAHS
en pacientes espafioles probablemente es debido a una mayor prevalencia
de obesidad. El aumento por unidad de IMC se asocié con un mayor
aumento en la prevalencia de SAHS en los pacientes de origen asiatico que

en los de origen europeo.

Pacientes con SAHS que han desarrollado un SCA presentan niveles de
cTn-I inferiores que pacientes que no presentan SAHS. Pacientes con
SAHS no muestran el efecto diurno sobre los niveles de ¢Tn-I que es
observado en pacientes sin SAHS. Ademas, los pacientes con SAHS leve o
moderado muestran una evolucion diurna de los niveles de cTn-I pico
similar a los pacientes sin SAHS. Por lo tanto, seria posible la existencia de
mecanismos de precondicionamiento isquémico que podrian conferir un
grado de cardioproteccion y potencialmente reducir la gravedad de los

evento.
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