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Abstract

Rezumat

Both obstructive sleep apnea syndrome (OSA) and
atrial fibrillation (AF) are common disorders among the
population, with a particular impact on quality of life and
with significant consequences in terms of morbidity and
mortality. It has been observed that the two diseases often
associate, they can potentiate each other negatively, and
the knowledge of the pathophysiological mechanisms
that interfere with these diseases is essential in their
prevention and treatment. The purpose of this article
is to review these pathophysiological correlations.
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Atât sindromul de apnee în somn de tip obstructiv
(SASO), cât și fibrilația atrială (FA) reprezintă afecțiuni
frecvent întâlnite în rândul populației, cu un impact
deosebit asupra calității vieții și cu importante consecințe
la nivel de morbiditate și mortalitate. S-a observat că
aceste două boli se asociază frecvent, se pot potența
negativ, iar cunoașterea mecanismelor fiziopatologice
care interferează în aceste boli este esențială în
prevenirea și tratamentul lor. Scopul acestui articol este
o trecere în revistă a acestor corelații fiziopatologice.
Cuvinte-cheie: apnee în somn de tip obstructiv,
fibrilație atrială, mecanisme fiziopatologice
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Introduction

Obstructive sleep apnea syndrome (OSA) is a condition characterized by a complete and/or incomplete
intermittent obstruction in the upper airway that occurs
during sleep. These obstructive episodes have as a consequence the immediate absence of ventilation (apnea),
respectively, diminishing the ventilation (hypopnea)
The severity of obstructive sleep apnea is defined by the
total number of respiratory events (apnea and/or hypopnea) occurring during one hour of sleep, meaning the
Apnea-Hypopnea Index (AHI).
The main symptoms of the disease are intense snoring, excessive drowsiness, and breathing stopping during sleep. In addition to these symptoms, patients with
OSA may experience morning headaches, nocturnal
awakenings accompanied by suffocation, frequent night
micturition, disrupted and poor quality sleep, decreased
concentration and memory capacity, irritability, depressive symptoms, palpitations, high blood pressure, and
frequent obesity.
A close correlation between OSA and cardiovascular
diseases have been observed. Numerous studies have
shown that OSA is associated with increased cardiovascular morbidity and mortality, being involved in the
initiation and progression of cardiovascular disease, and
is considered to be an independent risk factor in the
development of these diseases(1).
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Sleep apnea syndrome can be associated with arterial
hypertension, or it can precipitate it. Also, it’s the primary cause of resistant arterial hypertension, and it can
initiate or aggravate arrhythmias, pulmonary hypertension, heart failure, coronary artery diseases (myocardial
infarction, sudden coronary death) and stroke(2).
The observation of an increased prevalence of AF in
patients diagnosed with OSA has raised interest in
pointing out some correlations and interconditions of
the pathophysiological mechanisms encountered in
these two diseases.

Prevalence and risk factors in OSA

OSA is a disease with increasing prevalence, often
underdiagnosed, with repercussions on day-to-day
activity, and with cardiometabolic and cerebrovascular
consequences.
The prevalence of the disease varies in different
studies. Earlier studies have estimated that this disease
affects approximately 6% of the population between the
ages of 30-60 years old, being more common in 4% of
men compared to 2% in women, to an Apnea-Hypopnea
Index of more than 10 per hour. In more recent studies
that define OSA from an AHI of over 5 per hour, the OSA
prevalence was 24% in males and 9% in women between
the ages of 30-60 years old, and in those with sleepiness
symptoms, the prevalence was 3-7% in adult males and
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2-5% in adult women(3,4). Male gender, age and obesity
are important risk factors for the disease. Also, alcohol
consumption, smoking and sedentariness are associated
with increased disease frequency.

Prevalence and risk factors in atrial
fibrillation

Atrial fibrillation (AF) is the most common arrhythmia that affects morbidity and mortality in the general
population, and its prevalence doubles with each decade
of aging from 0.5% at 50-59 years old to 9% at 80-89
years old, as it has been evaluated in some studies(5). In
Western countries, the incidence and prevalence of
atrial fibrillation increased and is expected to increase
in the future. This is due to the increasing age in the
general population, increased prevalence of obesity, better survival after the first cardiovascular event, and to
improved means of diagnosis in FA and other arrhythmias(6). However, epidemiological studies are missing in
Eastern European countries. In the USA, the risk of
developing AF depends on race/ethnicity, being higher
in the Caucasian population. It is important to determine whether variations in the global incidence of AF
are due to phenotypic or genotypic differences.
The main risk factors for atrial fibrillation are the
age over 60, hypertension, diabetes, obesity or preexisting heart disease. Another risk factor for AF is
represented by OSA (5,7). Obstructive sleep apnea syndrome was identified as an independent risk factor in
the onset and recurrence of AF(8). There are different AF
phenotypes with different risk factors, so that prevention and therapeutic strategy differs from one type to
another. AF is associated with an increased risk of death,
congestive heart failure, other cardiovascular diseases,
stroke, cognitive impairment, dementia, and non-cardiovascular disease, such as the risk of cancer (6).

OSA pathophysiology

OSA pathophysiology is complex, multifactorial and
varies from one individual to another. Age, gender, obesity, genetic, anatomical, hormonal factors interact in
various ways by modulating the phenotypic expression
of the disease(9). In obstructive sleep apnea syndrome,
there is a repetitive pharyngeal collapse that occur during sleep, which leads to complete stopping of the respiratory flow (apnea) or decreased of the respiratory
flow, despite the effort made by the respiratory muscles
during breathing (9,10). With age, muscle tone decreases,
leading to the narrowing of the upper airway, explaining
the increase in OSA prevalence with age(9).
The frequency of the disease is higher in males than
in females, women displaying a higher tonus of genioglossus muscle than men, which maintains airway permeability. Estrogen and progesterone hormones improve
the tone of the pharyngeal muscles and the nervous
control of breathing, and androgens increase the fat
deposits at the level of the throat and lower the tone of
the pharyngeal muscles. Because of the hormonal changes, the prevalence of OSA in women increases after
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menopause. Genetic factors that involve the nervous
control of the superior airway and the central nervous
regulation of respiration play a role in the occurrence of
the disease(9).
Other involved causes are craniofacial abnormalities
(e.g., micrognathia and retrognathia), fat deposits
around the neck, short neck, hypertrophied tonsils, soft
palate modifications, nasal polyposis obstruction, nasal
turbinate hypertrophy and nasal septum deviation.
Abdominal obesity, neck circumference, and dorsal
recumbent position are also predisposing factors.
Endocrine diseases, such as acromegaly and hypothyroidism, represent risk factors for OSA, and the
treatment of these diseases leads to the improvement
and cure of OSA (11). Obstructive sleep apnea syndrome
is also associated with polycystic ovary syndrome and
hypogonadism, and the OSA treatment helps in relieving
the two diseases(11).

OSA and cardiovascular diseases

An increased prevalence of OSA in patients with cardiovascular diseases has been observed. Understanding
the pathophysiological mechanisms by which OSA contributes to the initiation and progression of cardiovascular (CV) disease is of high importance, as is the impact
of OSA treatment on the improvement of CV diseases
and the reduction of mortality.
Stopped breathing during sleep is accompanied by
blood gas changes (hypoxemia, hypercapnia) and
increased sympathetic activity (10,13). Breathing halts and
intermittent hypoxemia lead to repeated awakenings
and sleep disruptions, with oscillations between waking
and sleeping states, having important consequences on
the whole organism.
These breathing disruptions during sleep lead to
modifications of the physiological interactions between
sleep and the cardiovascular system. Thus, the sleep
fragmentation or other abnormalities in patients with
OSA, such as increased sympathetic activity, decreased
parasympathetic activity, large variations of the
intrathoracic pressure (Muller), endothelial vascular
dysfunction, increased oxidative stress, systemic
inflammation, increased platelet aggregation and metabolic modifications (insulin resistance, leptin resistance), may be involved in the initiation and worsening
of cardiovascular diseases(12,13).
The hemodynamic consequences of OSA are sympathetically mediated vasoconstriction, increased systemic and pulmonary pressure, increased left ventricular
postload and changes in the heart rate related breathing.
Thus, sleep apnea syndrome can be associated with
hypertension (“non dipper” profile) or it may worsen
(HT resistance), it can initiate or aggravate heart rhythm
disorders, pulmonary hypertension (when associating
other causes of hypoxemia and/or hypercapnia, such as
obesity hypoventilation syndrome or COPD), heart failure, ischemic coronary diseases, stroke, and sudden
death in sleep may occur (12,13). In randomized trials, the
continuous positive airway pressure treatment (CPAP)
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of moderate-to-severe OSA has lowered the blood pressure, alleviated the signs of early atherosclerosis and
improved cardiac function in patients with heart failure(12). A key condition for achieving these benefits is
adherence to CPAP.

OSA and atrial fibrillation

A close association between obstructive sleep apnea
syndrome (OSA) and atrial fibrillation (AF) has been
observed. There is an increased prevalence of atrial
fibrillation among patients diagnosed with OSA. The
prevalence of OSA in patients diagnosed with atrial
fibrillation varies between 32% and 49% in studies(14).
There are studies that have demonstrated a higher frequency of OSA in patients diagnosed with AF than in
those with other unselected cardiovascular disease (49%
versus 32%)(15).
Sleep apnea syndrome and atrial fibrillation have
common risk factors, such as old age, male gender, obesity, high blood pressure and coronary artery disease (16,17). There are pathophysiological mechanisms
underlying atrial fibrillation in sleep apnea syndrome.
OSA is characterized by breathing and repetitive collapses of the upper airway, resulting in hypoxemia,
hypercapnia, awakenings, changes in intrathoracic pressure and increased sympathetic activity (16,17). Some studies have shown that OSA can produce cardiac remodelling
and systemic inf lammation (18,19,20) . Hy poxia and
increased sympathetic activity lead to tachycardia and
increased blood pressure, especially at the end of the
apneic episode (20,21). Tachycardia and hypertension
increase the necessary myocardial oxygen, while oxygen
intake is low because of the hypoxia. Myocardial
ischemia, atrial and ventricular fibrosis, atrial and ventricular arrhythmias, and sometimes sudden death can
occur during sleep(19,20).
Intermittent hypoxemia and arrhythmia repetitive
episodes of hypooxigenation-reoxygenation increase the
oxidative stress, that plays a major role in inflammation (20,22). Repeated oxidative stress leads to cardiac
remodeling, systemic and endothelial inflammation,
and thus to the production of the substrate for AF.
Certain studies reported increases of C-reactive protein
levels in patients with OSA compared to the control
group, as well as an independent increase of C-reactive
protein related to the severity of OSA(23). Inflammation
and oxidative stress lead to vascular endothelial dysfunction and atherosclerosis(22).
Complete or incomplete pharyngeal collapse episodes
lead to large negative variations in intrathoracic pressure
during the attempt of breathing during obstructed airways. Intracardiac negative pressure produces increased
transmural pressure of the left ventricle (afterload)(24,25).
The increase in postload leads to left ventricular hypertrophy. Excessive intrathoracic negative pressure is transmitted to the atrial wall and leads to atrial dilatation. Both
atrial dilatation and atrial fibrosis are known to be predisposing factors for AF(24-26). It has been suggested that
intrathoracic negative pressure during apnea is an impor-
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tant trigger in the occurrence of AF by shortening the
effective atrial refractory period and increasing vagal
activity(24,25). OSA, structural atrial remodeling and electrical remodeling contribute to the pathogenesis of AF. A
few studies have shown that OSA may result in increased
left atrial size, leading to conduction abnormalities(27-30).
In a study of 720 consecutive patients diagnosed with AF
who performed cardiac MRI before ablation, Neilan et al.
reported that patients with OSA had high blood pressure,
increased right ventricle volume, left atrial size and left
ventricular mass(31). High blood pressure is the most
important risk factor for atrial fibrillation, in addition to
heart failure, valvulopathy, ischemic coronary artery disease and obesity(21), but the non-rheumatic AF echocardiographic predictors are left atrial dilatation, left ventricular
ejection fraction and left ventricular hypertrophy.
Several studies have shown that OSA is associated
with the increased risk of atrial fibrillation recurrence
after chemical or electrical cardioconversion or after
pulmonary vein isolation by catheter ablation. Despite
the limitations of epidemiological and cohort studies,
data consistency identifies OSA as a cause of recurrent
atrial fibrillation(32). CPAP treatment is associated with
lower blood pressure, decreased atrial size, ventricular
mass and decreased risk of atrial fibrillation recurrence
after the isolation of pulmonary veins by catheter ablation. A recent meta-analysis, which included four randomized controlled trials, with a total of 3780 patients,
indicated that CPAP therapy is not effective in lowering
the overall risk of major cardiovascular events unless
it is used for more than four hours per day (33).
Considering that OSA prevalence is higher in patients
with atrial fibrillation, is particularly important to
study the effect of CPAP therapy on the risk of atrial
fibrillation recurrence after cardioconversion or after
catheter ablation.

Conclusions

The patients with OSA require a complex, multidisciplinary assessment, given their frequent association
with cardiovascular, metabolic, ENT, neurocognitive and
psychiatric disorders.
Sleep apnea syndrome is an important risk factor for
atrial fibrillation and for its recurrence after conversion
to sinus rhythm (medication or ablation procedures).
The patients with atrial fibrillation should be evaluated for the identification of OSA and treated when it
is present in a moderately severe and symptomatic form.
Similarly, patients with OSA should be assessed for the
possible existence of cardiovascular comorbidities, especially AF and HT resistance, given the proven interrelation between the two pathologies that share common
risk factors and pathophysiological mechanisms.
The knowledge of the pathophysiological mechanisms is important in the management, as well as in the
treatment of OSA through currently validated methods
(CPAP, mandibular advancement devices, surgical procedures, ENT or bariatric), and in the control of AF when
the two diseases are associated. n
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