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Sleep apnea is a highly prevalent disorder among patients with all forms of cardiovascular disease. Decades of data from

several large prospective patient registries have revealed that sleep apnea—in particular, obstructive sleep apnea (OSA)

—is practically endemic in cardiology clinics and cardiac inpatient wards across the globe. OSA has been closely

associated with prevalent and incident hypertension, ischemic heart disease, heart failure, stroke, and all forms of cardiac

rhythm disturbance. Additionally, central sleep apnea (CSA) or combined OSA and CSA often affects patients with heart

failure and stroke. Sleep apnea and cardiovascular disease are so intertwined with respect to their epidemiology and

shared pathophysiology that one can think of them as being two components of a global, multi-system metabolic

syndrome driven largely by obesity.
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1. The Epidemiology of Obstructive Sleep Apnea

OSA is a global health crisis that parallels the global obesity epidemic. Obesity and OSA are associated to the extent that

it is credible to think of OSA as a consequence of obesity in a majority of cases, although there are certainly patients with

OSA who are not obese. In the United States, OSA affects 17% of adult women and 34% of adult men, and incident cases

are on the rise . Across the world, OSA prevalence rates vary, but share the trend of rising on every continent . OSA is

often associated with features of the metabolic syndrome or “Syndrome X”, including insulin resistance, dyslipidemia,

hypertension, and central adiposity, so often so that some authors have proposed the adoption of a “Syndrome Z” to

account for the frequent presence of OSA . This association with the metabolic syndrome and its attendant effects on

inflammation, oxidative stress, and endothelial dysfunction likely accounts for a large portion of the association between

OSA and cardiovascular disease .

OSA is often symptomatic, with its principal symptom being excessive daytime sleepiness or fatigue. Historical features

that are strongly suggestive of OSA include loud snoring and witnessed apneas or gasping for air during sleep. This

element of the history often requires an interview with the patient’s bed partner for confirmation. Other symptomatic

manifestations of OSA include difficult concentration, declining work performance, depressed mood, and a heightened risk

for motor vehicle accidents. There are a number of valid and simple screening tools that can be easily applied during a

patient interview to predict the presence of OSA with fair accuracy. Of these, the STOP-BANG questionnaire (Table 1)

appears to have the best sensitivity and specificity for the detection of OSA . Although many patients with OSA do

not volunteer that they are symptomatic, screening for symptoms can nonetheless be helpful. The Epworth sleepiness

scale (ESS), an eight-item questionnaire administered during a clinical encounter (Table 2), can prove useful in

establishing whether significant OSA symptoms are present . While it is not solely specific to sleepiness caused by

sleep apnea, the ESS scale has been well validated in the OSA population and is a reliable gauge for symptom severity.

This matters because the presence of subjective and objective sleepiness correlates with greater expression of pro-

inflammatory biomarkers and a greater overall risk for adverse cardiac events than the absence of OSA symptoms . The

presence of symptoms also justifies OSA treatment, irrespective of any interest in cardiac risk mitigation.

Table 1. The STOP-BANG questionnaire and its accuracy in detecting moderate or severe sleep apnea (AHI ≥15/hour).

Score one point for each finding.

Snoring Typically loud and disruptive

Tiredness Tired, fatigued, or sleepy during the day

Observed apnea Often observed by bed partner

Pressure History of hypertension treatment

BMI BMI > 35 kg/m
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Age >50 years

Neck circumference >40 cm

Gender Male

STOP BANG Score Sensitivity Specificity PPV NPV

1 100 1 67 100

2 99 10 68 79

3 94 32 73 74

4 81 51 76 58

5 60 72 80 48

6 35 89 86 42

7 14 96 88 37

8 3 100 95 35

AHI, apnea–hypopnea index; BMI, body mass index, PPV, positive predictive value; NPV, negative predictive value. The

table was created from data taken from references  and .

Table 2. The Epworth Sleepiness Scale (ESS) and its relationship to OSAS risk. Each question is scored from 0 to 3. ESS

score range is from 0–24.

Activity Likelihood of Dozing
0 = Never, 1 = Slight, 2 = Moderate, 3 = High

Sitting and reading  

Watching television  

Sitting inactively in a public place  

As a car passenger for one uninterrupted hour  

Lying down in the afternoon when able  

Sitting and talking to someone  

Sitting quietly after lunch with no alcohol  

In a car, while stopped for a few minutes in traffic  

Mean RDI Mean ESS ESS Range Interpretation

8.8 ± 2.3 9.5 ± 3.3 1–9 No or little OSAS risk

21.1 ± 4.0 11.5 ± 4.2 10–15 Moderate OSAS risk

49.5 ± 9.6 16.0 ± 4.4 16–24 High OSAS risk

RDI, respiratory disturbance index; OSAS, obstructive sleep apnea syndrome. The table was adapted from reference .

When OSA is strongly suspected after screening, the diagnosis is typically confirmed or excluded with an attended,

laboratory-based polysomnogram (PSG) or a home sleep apnea test (HSAT). PSG is considered the gold standard for the

diagnosis of sleep disorders owing to its multi-channel data acquisition, which includes brainwave activity and cardiac

telemetry to allow for sleep staging, arousal assessment, and assessment of heart rate variability. Major disadvantages of

PSG include its limited availability despite rising demand and lack of access in the setting of the ongoing coronavirus

disease 2019 (COVID-19) pandemic . In contrast, HSAT offers a simpler dataset that includes continuous oximetry and

airflow assessment. The device is worn in the patient’s home and is often more readily available than PSG. HSAT is most

appropriate for patients with few medical comorbidities in whom there is a high index of suspicion for OSA, rather than

central or mixed apnea. There are even algorithms that allow for the assessment of heart rate variability based on data

obtained from continuous oximetry, a feature that may prove useful in the prediction of incident rhythm disorders, such as

atrial fibrillation .
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OSA severity may be assessed in several ways. The most commonly reported metric of OSA severity is the apnea

hypopnea index (AHI), which measures the number of times that a patient stops breathing (apnea) or experiences a

significant reduction in airflow (hypopnea) per hour of sleep time. An apnea is defined as a lack of an air flow for at least

10 s with an associated oxygen desaturation of at least 4%. Hypopnea is defined as a 50% or greater reduction in airflow

for at least 10 s with an associated oxygen desaturation of at least 4%. The AHI is easy to reproduce and is, without

question, the most widely reported OSA severity metric in clinical trials. However, the AHI may underrepresent OSA

severity when viewed in isolation, and there are data to support focusing more on indices of oxygen desaturation as a

gauge of OSA severity . Recent studies have suggested that measures of oxygen desaturation, such as the percentage

of sleep time spent with an oxygenation saturation below 90% (T90) or 88% (T88) or the lowest saturation achieved

during sleep, may better predict adverse cardiac events than the AHI .

2. Obstructive Sleep Apnea and Cardiac Arrhythmogenesis

OSA impacts the development of cardiac arrhythmias through direct and indirect mechanisms (Figure 1). The direct

effects of OSA on arrhythmia development include the acute physiologic changes that occur as a consequence of airway

collapse during sleep, including the development of hypoxemia and hypercapnia , changes in sympathetic and

parasympathetic tone , and fluctuations in thoracic pressure . Indirectly, OSA alters the structure of the heart and is a

risk factor for the development of structural heart disease. The indirect effects include the development of cardiovascular

disease, including hypertension , heart failure, and coronary artery disease , which form the underlying substrate

for arrhythmia development. While atrial fibrillation is the arrhythmia most commonly associated with OSA , there is

evidence linking OSA to the development of arrhythmias at the level of the sinus node , atrial arrhythmias ,

ventricular arrhythmias, and sudden cardiac death . In this section, we will review the pathophysiologic impact of sleep

apnea on cardiac arrhythmia and explore the relationship with each disease entity in turn.

Figure 1. Proposed mechanisms linking obstructive sleep apnea and cardiac arrhythmias. RAAS, renin angiotensin

aldosterone system; CRP, c-reactive protein; TNF, tumor necrosis factor; IL, interleukin; LV, left ventricle.

The basis of arrhythmogenesis includes changes in myocardial automaticity, triggered activity, and reentrant mechanisms

. Abnormal automaticity refers to the formation of cardiac impulses in normally quiescent cardiac cells and is controlled

by multiple factors, including sympathetic and parasympathetic tone, acid–base status, and electrolyte disturbances at the

membrane and sub-membrane levels . OSA causes repetitive, cyclical changes in sympathetic tone. During apneic

events, increased vagal tone causes bradycardia followed by sympathetic discharge as a result of hypoxemia and

hypercapnia. Increased vagal tone has been shown to shorten the effective refractory period of the atrium in porcine

models of AF and to lead to easier inducibility of AF . The following sympathetic discharge, in turn, promotes increased

arrhythmia formation due to beta-adrenergic stimulation  The repetitive hypoxemia is also thought to increase

reactive oxygen species and alter potassium regulation during sleep, which affects the automaticity of cardiac tissue .

OSA has also been shown to decrease the atrial effective refractory period (ERP) in canine models, thus leaving the atria

more vulnerable to automatic depolarization and ectopy during periods of sleep-disordered breathing . Triggered

activity refers to spontaneous depolarizations that are able to cross the membrane potential required to trigger an action

potential. These individual extrasystoles can precipitate tachyarrhythmias in both the atrial and ventricular chambers .

Well-established causes of triggered activity include hypoxemia, acidemia, and increased sympathetic tone, all of which
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occur during the repetitive cycles of apnea that characterize OSA. Re-entrant mechanisms are postulated to arise from

heterogenous myocardial conduction as a result of abnormal cardiac remodeling in the setting of structural heart disease

that accompanies OSA .

The mechanistic link between OSA and heart failure is complex and likely bidirectional, with each entity contributing to the

other . Obstructive apnea and hypopnea are associated with respiratory efforts against the collapsed upper airway, with

associated changes in intrathoracic pressure as high as 60 to 80 mmHg  These repetitive, acute swings have a

significant impact on cardiac preload and afterload. Simulation of OSA by means of the Mueller maneuver, which involves

breathing in against a forced resistance by means of a nose clip and mouthpiece with a 21 G needle, was shown to

reproduce changes in intrathoracic pressure in healthy human subjects . This experiment showed that the effect of

these intrathoracic pressure swings includes increases in left ventricle (LV) end-systolic volumes, decreased cardiac

performance, and abrupt swings in left atrial volumes due to mural stress on the more pliable left atrial wall. Likewise, in

patients undergoing cardiac catheterization with measurement of aortic and left ventricular pressures, negative

intrathoracic pressures by means of the Mueller maneuver caused increases in LV contraction load as well as an increase

in the LV relaxation coefficient (tau) . These pathophysiologic changes play a possible role in the observation that

severe OSA is associated with ventricular diastolic dysfunction in a dose-dependent fashion . The sum of these

interactions is that OSA predisposes one to the development of structural heart disease and heart failure, and the

development of these disease states, in turn, predisposes one to and perpetuates the development of OSA.
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