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ABSTRACT

Obstructive sleep apnea is common in adults with cardiovascular disease. Accumulating 
evidence suggests an association between obstructive sleep apnea and cardiovascular 
disease independent of the traditionally recognized cardiovascular disease risk factors. 
Observational studies indicate that obstructive sleep apnea is a risk factor for develop-
ment of cardiovascular disease and that alleviation of obstructive events with positive 
airway pressure may improve cardiovascular disease outcomes. However, recent ran-
domized controlled trials have not supported the beneficial effect of positive airway 
pressure in cardiac populations with concomitant obstructive sleep apnea. Some evi-
dence suggests that the relationship between obstructive sleep apnea and traditionally 
recognized cardiovascular disease risk factors is bidirectional, suggesting that patients 
with cardiovascular disease may also develop obstructive sleep apnea and that efficient 
treatment of cardiovascular disease may improve obstructive sleep apnea. Recent data 
also indicate that the apnea–hypopnea index, which is commonly used as a diagnostic 
measure of obstructive sleep apnea severity, has limited value as a prognostic measure 
for cardiovascular disease outcomes. Novel markers of obstructive sleep apnea-asso-
ciated hypoxic burden and cardiac autonomic response seem to be strong predictors of 
adverse cardiovascular disease outcomes and response to treatment of obstructive sleep 
apnea. This narrative review and position paper from the Turkish Collaboration of Sleep 
Apnea Cardiovascular Trialists aims to update the current evidence about the relation-
ship between obstructive sleep apnea and cardiovascular disease and, consequently, 
raise awareness for health professionals who deal with cardiovascular and respiratory 
diseases to improve the ability to direct resources at patients most likely to benefit from 
treatment of obstructive sleep apnea and optimize treatment of the coexisting cardio-
vascular diseases. Moreover, the Turkish Collaboration of Sleep Apnea Cardiovascular 
Trialists aims to contribute to strengthening the efforts of the International Collaboration 
of Sleep Apnea Cardiovascular Trialists in this context.

Keywords: Cardiovascular disease, coronary artery disease, heart failure, hypertension, 
sleep apnea

INTRODUCTION

Historical Perspective
The relationship between cardiovascular diseases (CVD) and sleep-related 
breathing disorders has been discussed for many years. “Regular breathing pauses 
in sleep,” which was first described by John Hunter and later by John Cheyne and 
William Stokes1 and other respiratory features such as nocturnal dyspnea and 
orthopnea have been acknowledged by cardiologists as conditions caused by 
heart diseases in a cause–effect relationship. Obstructive sleep apnea (OSA) is 
the most common sleep-related breathing disorder, which has gained interest 
in the medical community over the last 5 decades. In literature, it was Charles 
Dickens’ description of Joe in The Posthumous Papers of the Pickwick Club (first 
published in 1837),2 which was the first clear description of the features of OSA: 
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Joe snored heavily, “as if the roaring of cannon were his ordinary lullaby.” He was “red-
faced” (plethoric), had dropsy (peripheral edema), and “the fat boy’s perception was 
slow” (cognitive dysfunction).

An important knowledge within the sleep research field was introduced by Berger in 
1930 with elect roenc ephal ograp hy, distinguishing differences between wakefulness 
and sleep.3 With the introduction of the electrooculogram in 1953, sleep stages includ-
ing slow wave sleep and rapid eye movements (REM) were first described.4 In 1972, 
Coccagna et al5 showed that the apneas observed in Pickwickian patients were associ-
ated with severe swings in both pulmonary and systemic blood pressure, which further 
emphasized the importance of treating the condition. Weight reduction was the only 
treatment option at that time, but tracheostomy was introduced as an effective inter-
vention in a case report in 1969,6 which was later replicated in case series of patients with 
life-threatening complications of Pickwickian syndrome.7 In 1976, Guilleminault et  al8 
showed that not only obese but also nonobese individuals could suffer from apneas dur-
ing sleep caused by obstruction of the upper airway. In the same paper, they used the 
term obstructive sleep apnea syndrome for the first time and defined the disorder based 
on sleep recording findings. However, the diagnostic criterion was arbitrary, at least 30 
apneas of a minimum duration of 10 seconds each, were detected during sleep, in com-
bination with hypersomnolence.8 In 1981, Fujita et al9 introduced uvulo palat ophar yngop 
lasty , which soon became the main surgical approach. The same year, Sullivan et  al10 
presented the ground-breaking invention of a noninvasive treatment modality of OSA, 
continuous positive airway pressure (CPAP), for patients with OSA, which has resulted 
in many new clinical management protocols and acceleration of research reports within 
the field.

The first epidemiological definition of OSA as a risk factor for hypertension was reported 
from the Wisconsin Sleep Cohort in 200011 and as a risk factor for the development of CVD 
in a prospective 7-year observational study of an otherwise healthy sleep clinic cohort 
in Gothenburg, Sweden, in 2002.12 These findings were later supported by larger clini-
cal epidemiological studies13-15 as well as by others suggesting cardioprotective effects 
of CPAP treatment.16,17 However, despite the observed benefits of CPAP in prospective 
clinical cohort studies, intention-to-treat analyses of the randomized controlled trials 
(RCTs), including the RICCADSA18 and SAVE19 studies in 2016, and ISAACC20 trial in 2020, 
failed to show beneficial effects of CPAP in patients with an already established CVD 
and concomitant OSA, which has mainly been attributed to low adherence to CPAP in 
patients with CVD who do not have symptoms of OSA.21 Thus, there is still an ongoing 
debate regarding whether all patients with OSA should be treated, which questions 
both the causality between OSA and CVD and the effectiveness of CPAP treatment to 

HIGHLIGHTS
• We recommend screening for obstructive sleep apnea, especially for patients with 

drug-resistant or poorly controlled or nondipping hypertension and recurrent atrial 
fibrillation after cardioversion or ablation.

• We also recommend obstructive sleep apnea screening in patients with brady-
tachy syndrome, those with ventricular tachycardia, and patients with appropriate 
shocks from implanted cardi overt er-de fibri llato rs and adults with coronary artery 
disease, particularly the ones with nocturnal angina and repeat revascularization.

• Full-night polysomnography is recommended, and when access to polysomnogra-
phy is limited, portable home sleep apnea tests should be used in cardiac cohorts in 
collaboration with respiratory and sleep physicians.

• Patients with cardiovascular disease and obstructive sleep apnea should be consid-
ered for treatment, including behavioral modifications and weight loss when obe-
sity coexists.

• Positive airway pressure therapy should be offered to patients with cardiovascular 
disease and moderate to severe obstructive sleep apnea. Oral appliance therapy 
may be considered for patients with mild to moderate obstructive sleep apnea or 
for patients not tolerating positive airway pressure.

7Department of Cardiology, Muğla Sıtkı 
Koçman University Faculty of Medicine, 
Muğla, Turkey
8Department of Cardiology, University of 
Health Sciences, Diyarbakır Gazi Yaşargil 
Training and Research Hospital, 
Diyarbakır, Turkey
9Department of Cardiology, Mersin 
University Faculty of Medicine, Mersin, 
Turkey
10Department of Cardiology, Pamukkale 
University Faculty of Medicine, Denizli, 
Turkey
11Department of Pulmonary Medicine, 
Pamukkale University Faculty of 
Medicine, Denizli, Turkey
12Department of Pulmonary Medicine, 
University of Health Sciences, Atatürk 
Sanatorium Training and Research 
Hospital, Ankara, Turkey
13Department of Pulmonary Medicine, 
Süreyyapaşa Chest Diseases Training and 
Research Hospital, İstanbul, Turkey
14Department of Pulmonary Medicine, 
Süleyman Demirel University Faculty of 
Medicine, Isparta, Turkey
15Department of Pulmonary Medicine, Ege 
University Faculty of Medicine, İzmir, 
Turkey
16Department of Cardiology, Koç 
University Faculty of Medicine, İstanbul, 
Turkey
17Department of Pulmonary Medicine, 
Dokuz Eylül University Faculty of 
Medicine, İzmir, Turkey
18Department of Respiratory Medicine, 
Acıbadem Faculty of Medicine, Acıbadem 
University, İstanbul, Turkey
19Department of Cardiology, Hacettepe 
University Faculty of Medicine, Ankara, 
Turkey
20Department of Cardiology, Başkent 
University Faculty of Medicine, Ankara, 
Turkey

Corresponding authors: 
Yüksel Peker & Vedat Aytekin 
 yupeker@ku.edu.tr 
vaytekin@ku.edu.tr

Received: March 27, 2023 
Accepted: April 11, 2023 
Available Online Date: May 3, 2023

Cite this article as: Peker Y, Akdeniz B, 
Altay S, et al. Obstructive Sleep 
Apnea and Cardiovascular Disease: 
Where Do We Stand? Anatol J Cardiol. 
2023;27(7):375-389.

DOI:10.14744/AnatolJCardiol.2023.3307



Anatol J Cardiol 2023; 27(7): 375-389  Peker et al. Obstructive Sleep Apnea and Cardiovascular Disease: Where Do We Stand?

377

prevent adverse cardiovascular and cerebrovascular events 
in those individuals. 

The International Collaboration of Sleep Apnea Trialists 
(INCOSACT) is a consortium initiated by sleep medicine 
physicians, cardiologists, and researchers from 16 countries 
with a shared interest in producing evidence-based reports 
for managing OSA treatment in adults in order to improve 
CVD outcomes.22 A recent international survey conducted 
by INCOSACT addressed cardiologists’ perspectives on OSA 
risk and screening in patients with atrial fibrillation (AF).23 
The United States, Japan, Sweden, and Turkey accounted 
for two-thirds of 863 responses from cardiologists. Despite 
the fact that a majority expressed firmness that combined 
OSA and AF treatment was superior to AF treatment alone 
for improving outcomes of AF, only a minority of the partici-
pating cardiologists referred patients with AF for OSA test-
ing. Interestingly, while half of the screened patients with 
AF had OSA, CPAP was prescribed in less than half of them, 
highlighting the view that a better evidence degree from 
RCTs is needed to support this practice.23

The Turkish Collaboration of Sleep Apnea Cardiovascular 
Trialists (TURCOSACT) was founded in April 2022 as a con-
sortium consisting of 7 physicians and researchers from the 
Turkish Cardiology Society and 7 physicians and researchers 
from the Sleep-Related Breathing Disorders Working Group 
of the Turkish Thoracic Society with the inspiration during 
conduction of the aforementioned INCOSACT survey. Hence, 
the current narrative review and position paper aimed to be 
the first product of the TURCOSACT reporting an update of 
the current evidence about the relationship between OSA 
and CVD, and consequently raising awareness for health 
professionals who deal with cardiovascular and respiratory 

diseases to identify patients who would be most likely to 
benefit from treatment of OSA and optimizing treatment of 
the coexisting CVDs. Moreover, the current paper also aims 
to contribute to the TURCOSACT to strengthen the efforts 
of INCOSACT for broader national, regional, and global col-
laborations in this field.

Sleep-Related Breathing Disorders
According to the recent International Classification of 
Sleep Disorders (ICSD)-3, sleep-related breathing disorders 
are categorized as (1) OSA disorders (adult vs. pediatric), 
(2) central sleep apnea (CSA) syndromes (mainly CSA with 
Hunter–Cheyne–Stokes breathing), CSA due to medica-
tion or substance as well as treatment-emergent CSA due 
overventilation with CPAP or other positive airway pressure 
(PAP) devices), (3) sleep-related hypoventilation syndromes 
(mainly obesity hypoventilation syndrome [OHS]), and (4) 
sleep-related hypoxemia disorder (as may be seen in patients 
with chronic thromboembolic pulmonary hypertension).24 
Moreover, OSA and OHS may coexist (overlap syndrome), 
and CVD patients with OSA may also have concomitant CSA 
with Hunter–Cheyne–Stokes breathing. Notwithstanding, 
this position paper solely aims to focus on the association 
between OSA and CVD, highlighting the current evidence 
level of the causality issues, gaps in knowledge, challenges, 
and future perspectives in this context.

Definition of Obstructive Sleep Apnea
Obstructive sleep apnea is characterized by intermittent 
occurrences of complete or partial upper airway obstruc-
tion during sleep that results in arousal from sleep and/or a 
decrease in oxyhemoglobin saturation (SpO2)25 (Figure 1). 
Obstructive apnea is defined as an at least 90% reduction in 
airflow for at least 10 seconds in the presence of inspiratory 

Figure  1. A 10-minute long home sleep apnea test recording illustrating intermittent pauses in airflow (OA) in S position with 
concomitant drops in oxyhemoglobin saturation (SpO2 levels (Desat) and fluctuations in the pulse rate. Of note, the snoring 
intensity (audio volume) reaches 100 dB, and breathing efforts during apneas are registered by the thoracic and abdominal belts 
indicating that the apneic events are obstructive. OA, obstructive apneas; S, supine.
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efforts of the upper airway muscles against the occluded 
airway, and hypopnea is defined as a reduction of at least 
30% in airflow for at least 10 seconds associated with 3% 
or more drops in SpO2 levels and/or arousal.26 Obstructive 
sleep apnea diagnosis is based on the number of apneas and 
hypopneas per hour of sleep, defined as an apnea–hypop-
nea index (AHI). According to the ICSD-3, OSA is defined as: 
either (1) having an AHI of 5 events/h or more on polysom-
nography (PSG) or home sleep apnea test (HSAT) when typi-
cal symptoms of OSA, such as snoring, fatigue, and excessive 
daytime sleepiness (EDS), or comorbid conditions such as 
hypertension, coronary artery disease [CAD], or stroke are 
present; or (2) having an AHI of at least 15 events/h in the 
absence of symptoms24 (Box 1).

Global Prevalence of Obstructive Sleep Apnea
Estimation of the OSA prevalence in the general population 
varies depending on the methodology of the study design 
and the diagnostic threshold to define the presence and 
severity of OSA. In the early 1990s, population studies in the 
USA suggested that the occurrence of OSA, using AHI cut-
off 5 events/h, was reported to be 9% in women and 24% in 
men, respectively.27 A later study showed an increased prev-
alence, corresponding to 17% in middle-aged (30-70 years) 
women and 34% in middle-aged men, which was mainly 
attributed to increasing body mass index (BMI) in adult 
populations over the last 20 years.28 The latest population-
based study in Europe, the HypnoLaus Study, adapting the 

hypopnea definitions of the American Academy of Sleep 
Medicine (AASM) from 2012, revealed that 61% of women 
and 84% of men had OSA in an unselected general cohort 
of 1525 adults.29 The authors concluded that the prevalence 
of OSA was highly dependent on technical procedures such 
as using nasal cannulas which record more subtle breathing 
variations as hypopneas (instead of thermistors which were 
used earlier and which are known to have less sensitivity) as 
well as applying the latest hypopnea definitions, which are 
more liberal compared to the earlier ones (3% desaturations 
instead of 4% desaturations, and/or arousals). Globally, OSA 
has been estimated to affect 936 million individuals aged 
30-69 years, based on the AHI threshold of 5 events/h.30 
When the AHI threshold 15 events/h is applied, 425 million 
individuals in this age group are categorized as having OSA 
worldwide. The highest prevalence rate in the world was 
reported in China, followed by USA and Brazil.30 To date, 
there is yet no data regarding the OSA prevalence in Turkey 
based on objective sleep studies. According to a question-
naire-based study, Turkish Adult Population Epidemiology 
of Sleep, including a nationwide representative sample of 
5021 participants, the estimated OSA prevalence has been 
reported as 14%.31

Pathophysiology of Obstructive Sleep Apnea
The collapse of the pharyngeal airway is the principal event 
in OSA and is considered to be a result of several abnormali-
ties in the upper airway anatomy (for instance, retrognathia, 

Box 1. Diagnostic Evaluation of Obstructive Sleep Apnea

Questionnaires

STOP-BANG Mostly for preoperative screening for the high probability of OSA

Berlin Questionnaire Mostly primary care setting for the high probability of OSA

Modified Berlin Questionnaire Prognostic evaluation of the high probability of OSA in certain clinical cohorts

Epworth Sleepiness Scale Sleep clinic cohorts for evaluation of excessive daytime sleepiness

Many individuals in cardiac cohorts do not report OSA-related symptoms.

HSAT

For adults with high pretest probability OSA.
Not recommended for general screening of asymptomatic clinical populations.
Risk for underestimation of AHI due to lack of total sleep time if the patient has concomitant insomnia.

Polysomnography (PSG)

Underlying conditions that warrant polysomnography include:

Patients with a high pretest probability of OSA and a negative HSAT.
Significant cardiopulmonary disease.
Significant neurological disease (neurodegenerative disease and stroke).
Significant cardiac failure.
Uncontrolled arrhythmia.
Chronic opioid use.
Severe insomnia.
Symptoms of other significant sleep disorders such as narcolepsy, periodic limb movements, and sleep behavior disorder.

OSA

Either
(1)  AHI ≥ 5 events/h HSAT or PSG when typical symptoms of OSA, such as snoring, fatigue, and excessive daytime sleepiness or 

comorbid conditions are present,
Or
(1) AHI ≥ 15 events/h in the absence of symptoms.
AHI, apnea–hypopnea index; HSAT, home sleep apnea test; OSA, obstructive sleep apnea; PSG, polysomnography.
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enlarged tonsils, and increased soft tissue in the neck) and 
its functions.32 The airway may collapse when the pharyn-
geal intraluminal pressure exceeds the forces that dilate the 
pharynx.33 Consequently, the activity of the upper airway 
muscles during inspiration, as well as the upper airway size 
and the physical properties of the pharyngeal wall, deter-
mine the state of the upper airway during sleep.25 Reduced 
muscle tone and inadequate responsiveness may also 
increase susceptibility to OSA.34 An oversensitive ventilatory 
control system (elevated loop gain) may lead to increased 
oscillations from the brainstem that lowers the partial pres-
sure of CO2 in arterial blood below the apnea threshold,35 
and a low respiratory arousal threshold may also lead to 
obstructive events.36 Other mechanisms likely contributing 
to OSA include falling lung volume during sleep, fluid shifts 
from peripheral tissues (lower extremities) to the neck, and 
airway edema.36,37 Likewise, a neuromuscular dysfunction in 
the muscles controlling the tonus in the upper airways can 
also induce apneas. The most important muscle for this is the 
genioglossus, and adequate contraction in this muscle seems 
to be crucial to avoid apneas during sleep.38

Risk Factors for Obstructive Sleep Apnea

Gender
Obstructive sleep apnea is more prevalent in men than 
women (ranging from 13% to 33% in men and 6% to 19% in 
women in the general adult population).30 The gender dif-
ference decreases following menopause.39 It has been sug-
gested that men have more collapsible upper airways,40 
elevated chemoreceptor responsiveness,41 and reduced 
carbon dioxide sensitivity.42 Apnea episodes are found to be 
shorter, and hypopneas are more frequent than apneas, the 
proportion of supine predominant OSA is lower, and REM-
predominant OSA is more prevalent in women than those in 
men.43

Age
The association between age and OSA prevalence is in a 
quadratic fashion; it linearly increases and appears to pla-
teau around the age of 65 years, and then it starts to decline 
in both men and women,44-46 which might be explained by 
decreases in weight or survival bias.47 An increased mortality 
rate in the middle-aged population with OSA has also been 
argued to be a possible explanation for this decline; thus, 
fewer patients with OSA compared to the middle-aged pop-
ulation without OSA survive.44

Obesity
Cross-sectional studies have demonstrated a strong rela-
tionship between increased BMI and risk of OSA.48 Studies 
have reported that 40% of adults with obesity have severe 
OSA, and more than 70% of patients with OSA in sleep 
clinic cohorts are obese.49 A population-based prospec-
tive study showed that a 10% weight gain was related to a 
6-fold increased risk of OSA progression, and similarly, a 10% 
weight loss was related to a 26% improvement in the sever-
ity of OSA.11 The underlying mechanisms for the relationship 
between obesity and OSA are not unclear. It may be related 
to the effects of fat deposition on airway anatomy and/or 
changes in upper airway function, alteration in the balance 

between ventilatory drive and load as well as reduction in 
lung volumes.50 Furthermore, leptin, which is significantly 
high in obesity, has important effects on regulating chemo-
reflex function and hence, controlling breathing.11,50

Smoking
Epidemiological studies suggest that cigarette smoking is a 
predisposing factor for OSA.51,52 Possible underlying mecha-
nisms include upper airway inflammation and increased risk 
for collapsibility of the upper airway muscles in smokers.52

Alcohol
Alcohol impairs pharyngeal dilator muscle function and the 
arousal response to apneas. A dose-dependent association 
between alcohol-intake in the evening and the frequency and 
duration of obstructive events have been demonstrated.53

Genetics
Existing studies have shown that OSA occurs more frequently 
in relatives of individuals with OSA than in the general popu-
lation, suggesting the role of genetics in the development of 
this disorder.54,55 Studies addressing the heritability of OSA 
severity in terms of AHI have suggested that one-third of the 
variability in this metric is explained by shared familial fac-
tors.56-58 In this context, obesity explains approximately 40% 
of the genetic variance in the AHI,59 which means that the 
major genetic basis for OSA is due to obesity-independent 
factors such as craniofacial morphology, the shape of both 
bony and soft tissue structures and genetic polymorphism, 
that is, the epsilon-4 allele of the APOE gene.58,60

Clinical Symptoms of Obstructive Sleep Apnea
Loud snoring, unrefreshing sleep, EDS, fatigue, and wit-
nessed apneas are the most common symptoms reported in 
patients with OSA.61 Gastroesophageal reflux, nocturia, and 
chronic headache in the morning are also more frequently 
observed in patients with OSA compared to the general 
population.61 Nonetheless, these symptoms may be over-
looked by physicians in daily practice as most OSA patients 
already have a substantial number of symptoms related to 
their comorbid diseases. On the other hand, many individu-
als with CVD do not report OSA-related symptoms though 
they may have severe OSA in terms of increased AHI levels.62

Diagnostic Evaluation of Obstructive Sleep Apnea
As summarized in Box 1, several questionnaires assessing the 
risk factors for OSA have been developed for different set-
tings. The Berlin Questionnaire (BQ) is widely used mainly 
in primary care settings63 and the STOP-BANG (Snoring, 
Tiredness, Observed Apnea, Blood Pressure, Body Mass 
Index, Age, Neck Circumference, and Gender) questionnaire 
is developed mainly for preoperative screening.64 A modified 
version of the BQ has recently been used for prognostic eval-
uation of patients during the COVID-19 pandemic,65 dem-
onstrating a better sensitivity and specificity than the BQ in 
adults with a history of COVID-19 infection.66 The Epworth 
Sleepiness Scale is a frequently used questionnaire for the 
assessment of EDS in sleep clinic cohorts.67 However, an over-
night sleep study is required for OSA diagnosis; HSATs are 
commonly used worldwide due to their lower cost for evalua-
tion of individuals with a high pretest probability of OSA,68-70 
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and is a reasonable alternative to PSG for appropriately 
selected patients,71,72 especially in countries with long wait 
times and high costs for in-hospital PSG, which is otherwise 
the gold standard method in the diagnosis of OSA.73 Indeed, 
a randomized validation study has suggested that PSG con-
fers no advantage over the ambulatory HSAT approach in 
the initial management of individuals with a high-probabil-
ity of OSA in terms of diagnosis and CPAP titration and that 
the ambulator approach may improve adherence to CPAP 
treatment.71 Notwithstanding, HSATs are not recommended 
for general screening of asymptomatic clinical populations. 
The raw data from the HSAT devices must be reviewed and 
interpreted by a physician who is either board-certified in 
sleep medicine or overseen by a board-certified sleep medi-
cine physician.68,70,72 Patients with a high pretest probability 
of OSA and a negative HSAT should be further evaluated 
with PSG 71,73 (Box 1). The severity of OSA is assessed on the 
severity of the AHI; an AHI 5.0-14.9 events/h is classified as 
mild OSA, AHI 15.0-29.9 events/h as moderate OSA, and at 
least 30.0 events/h is classified as severe OSA.24 In the evalu-
ation of the OSA diagnosis, symptom severity, especially the 
presence and extent of EDS, which has potentially danger-
ous effects on traffic safety as well as the severity of oxygen 
desaturation and sleep fragmentation, are also considered. 
As recently reviewed, new novel techniques for quantifying 
overnight hypoxemia (hypoxic burden), cardiac autonomic 
response to obstructive events, and sleep fragmentation 
seem to have better prognostic value than the standard OSA 
metrics.74,75

Treatment Options for Obstructive Sleep Apnea

Positive Airway Pressure
Continuous PAP (CPAP) is the gold standard treatment for 
patients with moderate to severe OSA (AHI ≥ 15 events/h) in 
the absence of symptoms, but it is also recommended for the 
treatment of mild OSA patients (AHI 5-15 events/h) in the pres-
ence of EDS or other comorbidities such as obesity, hyperten-
sion, and cardiac diseases.76,77 Titration of the pressure which 
should be applied is usually conducted in sleep laboratories 
under attended PSG monitoring. Auto-titrating PAP (APAP) 
is another commercially available treatment option in which 
the delivered pressure varies depending upon a device-spe-
cific algorithm. In general, the device defines normal airflow 
for the patient and automatically delivers additional pres-
sure when the flow curve is restricted.78 Auto-titrating PAP 
devices may be useful for OSA patients, who have obstruc-
tive events mainly in the supine position (positional OSA), and 
those with OSA mainly during REM sleep.79 According to an 
official workshop report from the American Thoracic Society/
American Academy of Sleep Medicine/American College of 
Chest Physicians/European Respiratory Society workshop 
report, home APAP titration has also been shown to be effec-
tive as in-lab CPAP titration in considering the home CPAP 
set-up for management of the patients with OSA.69

Oral Appliance Therapy
Oral appliances include tongue-retaining devices and man-
dibular advancement devices (MADs). The MADs are more 
commonly used, especially in patients with mild OSA and in 

those who do not tolerate CPAP treatment.79 The MADs are 
not as efficient as the PAP devices but may be beneficial in 
holding the mandible in a forward position, thus, preventing 
the upper airway muscles from collapsing.80

Upper Airway Surgery
Adenotonsillar hypertrophy is the most common cause of 
pediatric OSA, and adenotonsillectomy is the first choice 
of treatment in children and young adults with OSA.81 Nasal 
obstruction due to septal deviation may lead to snoring and 
OSA; intranasal pathology increases upper airway resis-
tance with subsequent collapse, leading to hypopneas.82 
Septoplasty or conchotomi can be considered in certain 
cases, and these interventions may also be beneficial for 
patients who have difficulties in tolerating CPAP treatment 
due to nasal problems.79 Uvulo palat ophar yngop lasty  was 
frequently used in the early 1980s and 1990s with successful 
results in the beginning regarding the effect on snoring, but 
later studies showed that those individuals might develop 
OSA again silent apneas.79

Neurostimulation
Hypoglossal nerve stimulation is a recently developed treat-
ment option for patients who do not tolerate CPAP treat-
ment.83 It is a pacemaker-like device, which is connected to a 
wire that attaches a small cuff to the hypoglossal nerve. The 
device stimulates the hypoglossal nerve and protrudes the 
tongue, opens the pharyngeal airway, and thus, maintains 
the upper airway patency. Hypoglossal nerve stimulation has 
been shown to reduce AHI by almost 70%, from 30 events/h 
to 9 events/h, with sustained benefit after 3 years.84

Lifestyle Interventions and Medical/Surgical Weight Loss
The most crucial intervention for an efficient treatment in 
OSA patients with comorbid obesity is long-term weight 
management. A goal BMI, 25 kg/m2, through dietary or bar-
iatric surgical weight loss, has been shown to improve AHI in 
obese OSA patients.84 Weight loss may reduce the required 
pressure levels of PAP treatment in patients with sustained 
OSA, which is also important for patient comfort. It has been 
suggested that tongue fat is also increased in obese OSA 
patients and may explain one mechanism by which weight 
loss improves OSA severity.85 In a recent study, Wang et  al85 
conducted PSG and upper airway magnetic resonance imag-
ing before and after weight loss interventions (intensive life-
style modification or bariatric surgery) in adults with obesity 
and OSA and showed that weight loss was significantly asso-
ciated with reductions in tongue fat and airway soft tissue, 
which strongly correlated with reductions in AHI, even after 
controlling for overall weight loss.

Positional Therapy
Positional therapy has been developed to prevent patients 
from lying in the supine position, when OSA is position 
dependent. Given that the supine position decreases the 
area of the upper airway and worsens the severity of OSA, 
avoidance of a supine position has been proposed.86

Drug Treatment
There is yet no established medication for OSA, and a com-
bination of noradrenergic and antimuscarinic drugs has been 
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suggested as potential pharmacological treatment.87 In a 
recent RCT, it has been demonstrated that the combination 
of atomoxetine plus oxybutynin over one night improved the 
upper airway collapsibility, increased breathing stability, and 
reduced the arousal threshold.88

Cardiovascular Mechanisms Linking Obstructive Sleep 
Apnea to Cardiovascular Diseases
The pathophysiological mechanisms linking OSA to CVD 
are complex and multifactorial. Frequent arousals from 
sleep, sleep fragmentation, and intermittent hypoxia lead 
to increase sympathetic activity (sympathetic overstimula-
tion), increased platelet aggregability (hypercoagulation), 
endothelial dysfunction with reduced endogenous nitric 
oxide production, oxidative stress, vascular inflammation, 
and arterial stiffness, which all may cause atherosclerosis 
and development of CVD.25,89 As illustrated in Figure 2, sym-
pathetic overstimulation leads to tachycardia, an increase 
of afterload via peripheral vasoconstriction, elevations in 
blood pressure, oscillations in blood pressure (BP) and heart 
rate, systemic inflammation, and metabolic changes such 
as insulin resistance and atherogenic dyslipidemia. During 
obstructive apnea, large negative intrathoracic pressures 
are generated during inspiratory efforts, which increase 
transmural pressures across the myocardium,90 and lead to 
an increase of left ventricular (LV) afterload. These changes 
increase the myocardial oxygen demand, leading to myo-
cardial ischemia and hypertrophy. As illustrated in Figure 3, 
negative intrathoracic pressures, up to −60 mmHg, which 
are generated during obstructed inspiratory efforts produce 
transient decreases in left ventricular stroke volume.91,92 
However, a deviation of interventricular septum toward 
LV from the right ventricle (RV) may occur due to increased 
venous return to RV, which leads to a restriction in filling of LV. 
Increased preload and pulmonary congestion may also occur 
due to increased venous return.92 The occurrence of inter-
mittent hypoxemia in patients with OSA decreases oxygen 
delivery to the myocardium, which may promote angina and 

arrhythmias. Chronic sympathetic activation may contribute 
to vascular remodeling via inflammation and/or release of 
catecholamines that induce vascular wall growth.93 Systemic 
inflammation is a well-established feature of OSA, and the 
primary proatherogenic feature of OSA appears to be inter-
mittent hypoxia.25,74,89 In a large group of OSA patients with-
out known CVD, nocturnal oxygen saturation levels were 
predictive of carotid artery thickening and plaque occur-
rence, independently of hypertension.94 Several studies 
suggest that OSA promotes thrombosis due to enhanced 
platelet activation and aggregation, enhanced erythrocyte 
adhesiveness and aggregation, increased fibrinogen levels, 
and diminished fibrinolytic activity.95,96 Inflammation triggers 
the secretion of enzymes that disrupt the balance between 
matrix metalloproteinases and their inhibitors,97 and OSA-
induced inflammatory chemokines and cytokines may lead 
to plaque rupture.

Association between Obstructive Sleep Apnea and 
Cardiovascular Diseases
Cardiovascular diseases as well as the traditionally recog-
nized risk factors for CVD are common in adults with OSA. 
Obesity, insulin resistance, diabetes mellitus (DM), and hyper-
lipidemia aggregate with OSA, which all, may have syner-
gistic and/or additive effects on the development of CVD 
(hypertension, CAD, heart failure, AF, and stroke). Given the 
higher prevalence of OSA in CVD cohorts compared to that 
in the general population, CVD per se may also contribute to 
the development or worsening of OSA. Thus, the relationship 
between OSA and CVD may be bidirectional.

Hypertension
Several cross-sectional and longitudinal studies in the gen-
eral population have demonstrated an independent asso-
ciation between OSA and hypertension. It has been shown 
that untreated OSA is associated with an increased risk of 
prevalent hypertension up to 70% and incident hyperten-
sion in sleep clinic cohorts.98 Similarly, more than 30% of 

Figure 2. Relationships between obstructive sleep apnea and cardiovascular events.
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adults in hypertensive cohorts were reported to have mild 
to severe OSA,25,99 and the prevalence is even higher among 
drug-resistant hypertensive patients.100 A dose–response 
relationship has also been demonstrated between the sever-
ity of OSA and BP levels, especially at night-time and early 
in the morning.101 A meta-analysis confirmed an indepen-
dent association between OSA and incident hypertension,102 
and nondipping nocturnal BP has shown to be predictive of 
OSA, independent of OSA-related symptoms.103 Moreover, 
REM-predominant OSA has been associated with incident 
nondipping BP.104 Increased sympathetic system activ-
ity due to obstructive events has been suggested to be the 
principal pathogenic mechanism.105 Several meta-analyses 
have demonstrated a positive effect of CPAP on systemic 
hypertension.107,108 While the overall BP-lowering effect of 
CPAP is small at 2 mm Hg in 24 h average BP,109 the effect is 
greater in younger individuals and those with severe oxygen 
desaturation or uncontrolled hypertension,110 and in CPAP-
adherent patients.111,112 CPAP as an add-on treatment to anti-
hypertensive medication has shown to be beneficial in newly 
diagnosed hypertensive patients with concomitant OSA.113 
Non-CPAP therapies of OSA have also been evaluated in 
patients with hypertension. In a meta-analysis of oral appli-
ance therapies, BP reduction was 2-3 mm Hg, quite compara-
ble to that reported in the meta-analysis of CPAP studies.114 
On the other hand, some evidence from animal and small 
human studies suggests that fluctuations in BP can influence 
upper airway tone, and the reduction in BP may reduce OSA 
severity.115 Moreover, a meta-analysis of 11 studies suggests 

that antihypertensive medications, especially diuretics, may 
reduce AHI.116 In a randomized proof-of-concept study of 60 
patients with drug-resistant hypertension, renal denerva-
tion significantly decreased BP at 3 and 6 months after the 
intervention with concomitant modest reductions in OSA 
severity.117 Thus, the relationship between OSA and hyper-
tension might be bidirectional.

Coronary Artery Disease
Obstructive sleep apnea is highly prevalent (38%-65%) in 
patients with CAD,118 particularly among those with noc-
turnal angina,119 and efficient treatment of OSA has shown 
to be protective against the development of CAD in an early 
observational study of a sleep clinic cohort.120 In another 
longitudinal study of males from a larger sleep clinic cohort, 
Marin et  al13 suggested that untreated severe OSA (AHI > 
30/h) was an independent predictor of cardiovascular mor-
tality, whereas OSA patients treated with CPAP showed a 
significantly lower nonfatal and fatal cardiovascular event 
incidence rates similar to those in the general population.13 
Other observational studies have also found beneficial 
effects of CPAP treatment in CAD patients with OSA.121,122 
However, the aforementioned RCTs RICCADSA, SAVE, and 
ISAACC trials failed to show the cardiovascular benefits 
of CPAP in intention-to-treat populations.18-20 Several rea-
sons have been proposed for the neutral results, including 
poor adherence to CPAP therapy in those trials and that 
they largely excluded individuals with excessive sleepiness.21 
Since excessively sleepy patients cannot be randomized to 

Figure 3. During systole, LV transmural pressure rises to 160 mmHg from 120 mmHg due to an increase of intrapleural negative 
pressure like −40 mmHg in OSA. This condition is equal to a high (e.g., 160 mmHg) blood pressure, aortic, and LV pressure such as 
in hypertension. The CPAP therapy decreases LV transmural pressure by increasing intrapleural pressure, like +10 mmHg, in 
patients with OSA. CPAP, continuous positive airway pressure; LV, left ventricle; OSA, obstructive sleep apnea.
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no therapy due to ethical concerns, the need for alternative 
study designs has emerged.21,123,124 A recent meta-analysis of 
the RCTs addressing adverse CV outcomes concluded that 
CPAP utilization to OSA patients was not associated with 
cardiovascular benefits except in the subgroup that used 
the device at least 4 h/night.125 These results were supported 
by another post hoc meta-analysis of the cardiovascular 
RCTs.126 In the literature, there is also some evidence demon-
strating a high prevalence of OSA among patients with the 
acute coronary syndrome, which did not persist 6 months 
later,127 indicating that the association between OSA and 
CAD might be bidirectional. More recently, Azarbarzin et al128 
have shown that the protective effect of CPAP in patients 
with CAD and OSA was modified by the delta heart rate 
response; particularly adults with higher delta heart rate 
response exhibit greater cardiovascular benefit from CPAP 
therapy. It has also been demonstrated that CVD benefits 
of efficient treatment of OSA with CPAP in patients with 
CAD are stronger among the patients with nonsleepy OSA 
phenotype.129

Heart Failure
Epidemiological studies have suggested that OSA is associ-
ated with an increased risk of incident heart failure (HF),130 
and the risk increase was proportional to the severity of 
OSA. Concomitant OSA is associated with increased hos-
pital readmissions and an increased rate of postdischarge 
mortality in patients with HF.131 On the other hand, many 
individuals with HF and concomitant OSA do not report 
excessive sleepiness, and they may also have lower BMI, 
supporting the notion that HF may predispose to OSA.132 
Patients with HF have a lower stroke volume, promoting 
fluid retention, and nocturnal redistribution of fluid in the 
recumbent position to the parapharyngeal area has been 
suggested to increase upper airway resistance and collaps-
ibility.133 Thus, the relationship between OSA and HF seems 
to be bidirectional.134 Given that HF can aggravate OSA by 
affecting the upper airways due to due to increased central 
venous pressure in a supine position, it should be ensured 
to reduce the preload and interstitial pressure in the lungs 
by optimally regulating the treatment of HF.135 Medications 
including beta-blockers, renin -angi otens in-al doste rone 
system inhibitors, mineralocorticoid receptor antagonists, 
and sodium-glucose transport protein 2 inhibitors should be 
considered in patients with HF with reduced ejection frac-
tion. In addition, diuretics that we use to relieve conges-
tion can also reduce the severity of OSA by reducing fluid 
shifts and reducing congestion in the lungs and cervical 
region.136 PAP therapy, which is the most important step in 
the treatment of OSA has been shown to improve LVEF with 
a decrease in systolic BP, heart rate, and LV-diastolic diam-
eter in HF patients with LVEF <45%.137 On the other hand, 
there are also studies showing that PAP treatment has no 
effect on LVEF and the need for hospitalization.77 According 
to the 2017 American Heart Association/American College 
of Cardiology HF guideline, PAP therapy was recommended 
as a possibly reasonable treatment strategy (Class IIb) to 
improve sleep quality and daytime sleepiness in patients 
with CVD and OSA.138

Arrhythmias

Atrial fibrillation
Atrial fibrillation is the most common arrhythmia associated 
with OSA in population studies.139,140 It has been suggested 
that OSA may trigger the onset of AF and may contribute 
to its persistence. Postoperative AF has also been reported 
among patients with OSA undergoing coronary artery 
bypass grafting surgery.141,142 Meta-analyses have shown that 
OSA is associated with an increased risk of recurrent AF after 
successful catheter ablation, and CPAP treatment for AF 
patients with OSA might decrease the recurrent risks.143,144 
However, a recent RCT failed to show a protective effect.145

Other Arrhythmias
Bradycardia is common in patients with OSA. It has been 
demonstrated that 58% of patients with implanted pace-
makers for sick sinus syndrome had previously undiagnosed 
OSA.146 Literature regarding the association of OSA with 
ventricular arrhythmias is relatively scarce and inconclu-
sive.147 However, an increased risk of sudden cardiac death 
has been reported in patients with severe OSA.148

Pulmonary Hypertension
Pulmonary hypertension is uncommon and generally mild 
in OSA unless other conditions, such as COPD or daytime 
hypoventilation, coexist.149 Obstructive sleep apnea alone is 
responsible for a small increase in pulmonary arterial pres-
sure, whose clinical impact has yet not been demonstrated.150 
On the other hand, patients with pulmonary hypertension 
are at risk of developing both OSA and central apneas as 
well as a worsening of ventilation-perfusion mismatch and 
nocturnal hypoxemia, and OSA in patients with pulmonary 
hypertension should indicate the start of PAP treatment to 
avoid worsening of pulmonary hypertension.150

Hyperlipidemia, Metabolic Syndrome, and Diabetes
Obstructive sleep apnea is associated with hyperlipidemia, 
but a recent meta-analysis has shown that CPAP treatment 
decreases total cholesterol at a small magnitude but has no 
effect on other markers of hyperlipidemia, suggesting that 
future CPAP studies in patients with OSA should target com-
bined treatment strategies with lifestyle modifications and/
or anti-hyperlipidemic medications in the primary as well as 
secondary cardiovascular prevention models.151 Metabolic 
syndrome, which is a prediabetic state related to central 
obesity and increased cardiovascular risk, is also highly 
prevalent in adults with OSA.152 The main feature of the 
metabolic syndrome is insulin resistance, and OSA has been 
shown to play an important role in the development of insulin 
resistance, mainly through intermittent hypoxia153 and sleep 
fragmentation.154 An observational study has demonstrated 
associations between OSA and insulin resistance that are 
independent of obesity.155 However, CPAP treatment does 
not modify visceral fat or metabolic variables unless concur-
rent weight loss is achieved.156

Several cross-sectional cohort studies have demonstrated 
an independent association between OSA and type 2 DM157 
and a pooled estimate of relative risk for DM from 9 stud-
ies was 1.7 (95% CI 1.5-1.8).158 Less is known regarding the 
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prospective studies of incident DM. One community-based 
10-year follow-up study showed an adjusted OR of 4.4 (95% 
CI 1.1-18.0) for incident DM in middle-aged men with OSA 
compared to those without OSA, and there was an inverse 
relationship between AHI and insulin sensitivity index at 
follow-up.159 Continuous positive airway pressure RCTs in 
diabetic patients with OSA have been inconclusive, some 
showing no benefit regarding diabetic control or insulin sen-
sitivity, whereas some others reported benefit.158 It has also 
shown that untreated OSA in diabetic patients is related to 
increased risk of neuropathy,160 diabetic retinopathy,161 and 
diabetic nephropathy.162 A meta-analysis has demonstrated 
that efficient treatment of OSA with CPAP may prevent 
severe consequences of diabetes.163 On the other hand, 
there is also data suggesting that individuals with DM are 
at high-risk of developing OSA, mainly due to neuropathy 
affecting the upper airway muscles and disturbances in ven-
tilatory control.134 A retrospective primary care cohort study 
including over 1 million subjects demonstrated an adjusted 
incidence rate ratio of 1.48 (95% CI 1.42-1.55; P < .001) for inci-
dent OSA in patients with DM compared with those without 
DM.164 In another large longitudinal study of almost 300 000 
healthcare professionals, OSA was an independent risk fac-
tor for incident DM, and conversely, insulin-dependent DM 
was an independent risk factor for OSA in women.165 Taken 
together, there is evidence for a bidirectional association 
between OSA and DM, but evidence of benefit from CPAP is 
dependent on adherence to the CPAP treatment.144

FUTURE PERSPECTIVES AND SUMMARY 
RECOMMENDATIONS

• Despite its high occurrence in patients with CVD and 
worse prognosis of cardiac patients with concomitant 
OSA, this condition is often underrecognized and under-
treated in cardiovascular practice.

• Recent data indicates that AHI, which is commonly used 
as a diagnostic measure of OSA severity, is not the best 
prognostic measure for CVD outcomes.

• Novel markers of OSA-associated hypoxic burden and 
cardiac autonomic response seem to be strong predic-
tors of adverse CV outcomes and response to treatment 
of OSA.

• Based on the current evidence about the association 
between OSA and CVD, we recommend screening for 
OSA, especially for patients with drug-resistant or 
poorly controlled or nondipping hypertension as well as 
recurrent AF after cardioversion or ablation.

• We also recommend OSA screening in patients with 
brady-tachy syndrome, those with ventricular tachy-
cardia, and patients with appropriate shocks from 
implanted cardi overt er-de fibri llato rs as well as adults 
with CAD, particularly the ones with nocturnal angina 
and repeat revascularization.

• A full-night PSG is recommended, and when access to 
PSG is limited, HSATs should be used in CVD cohorts 
under the guidance and in collaboration with the respi-
ratory and sleep physicians.

• Though the evidence level from the recent CPAP RCTs 
is weak mainly due to challenges in CPAP adherence, 

all patients with CVD and OSA should be considered 
for treatment, including behavioral modifications and 
weight loss when obesity coexists.

• Continuous positive airway pressure should be offered 
to patients with CVD and moderate to severe OSA, and 
oral appliance therapy may be considered for patients 
with mild-to-moderate OSA or for patients not tolerat-
ing CPAP.

• As recently highlighted in a comprehensive review74 as 
well as in a statement report from the American Heart 
Association,166 the development of wearable devices and 
possibilities for remote monitoring technology is promis-
ing new opportunities for screening for OSA in high-risk 
individuals with CVD.

• National registries, such as the Turkish Sleep Apnea 
Database (TURKAPNE), a national, multicenter, obser-
vational, prospective cohort study (ClinicalTrials.gov: 
NCT02784977) 167 may provide collaborative research 
protocols in combination with similar registries including 
cardiac and metabolic disorders.

• Patients with OSA in sleep clinic cohorts may get benefit 
from early consultation with cardiologists to evaluate 
the CVD risk and possibly mitigate the severity of OSA.

Peer-review: Externally and Internally peer-reviewed. 

Author Contributions: Concept – Y.P., B.A., S.A., B.B., Ö.B., E.B., A.Ç., 
D.D., N.D., S.F., C.G.G., Ö.Ö., M.S.T., V.A.; Design – Y.P., B.A., S.A., B.B., 
Ö.B., E.B., A.Ç., D.D., N.D., S.F., C.G.G., Ö.Ö., M.S.T., V.A.; Supervision 
– Y.P., V.A.; Literature Search – Y.P., B.A., S.A., B.B., Ö.B., E.B., A.Ç., 
D.D., N.D., S.F., C.G.G., Ö.Ö., M.S.T., V.A.; Writing – Y.P., V.A.; Critical 
Review – Y.P., B.A., S.A., B.B., Ö.B., E.B., A.Ç., D.D., N.D., S.F., C.G.G., 
Ö.Ö., M.S.T., V.A.

Declaration of Interests: Y.P. declares institutional grants from 
ResMed Foundation, outside the submitted work. B.A., S.A., B.B., 
Ö.B., E.B., A.C., D.D., N.D., S.F., C.G.G., Ö.Ö., M.S.T., and V.A. report no 
disclosures. 

Funding: No funding.

REFERENCES

1. Gibson  GA. Cheyne-Stokes Respiration. Kessinger Publishing 
LLC, Whitefish, Montana, USA.; 1892.

2. Dickens C. Posthumous Papers of the Pickwick Club. Chapman 
and Hall: London; 1837.

3. Berger H. Über das Elektrenkephalogramm des Menschen. Psy-
chiatr Neurolgie Med Psychol Z Gesa. 1930:160-179.

4. Aserinsky  E, Kleitman  N. Regularly occurring periods of eye 
motility, and concomitant phenomena, during sleep. Science. 
1953;118(3062):273-274. [CrossRef]

5. Coccagna  G, Mantovani  M, Brignani  F, Parchi  C, Lugaresi  E. 
 Continuous recording of the pulmonary and systemic arterial 
pressure during sleep in syndromes of hypersomnia with peri-
odic breathing. Bull Physio Pathol Respir (Nancy). 1972;8(5): 
1159-1172.

6. Kuhlo  W, Doll  E, Franck  MC. [Successful management of Pick-
wickian syndrome using long-term tracheostomy]. Dtsch Med 
Wochenschr. 1969;94(24):1286-1290. Erfolgreiche Behandlung 
eines Pickwick-Syndroms durch eine Dauertrachealkanüle. 
[CrossRef]

https://doi.org/10.1126/science.118.3062.273
https://doi.org/10.1055/s-0028-1111209


Anatol J Cardiol 2023; 27(7): 375-389  Peker et al. Obstructive Sleep Apnea and Cardiovascular Disease: Where Do We Stand?

385

7. Coccagna G, Mantovani M, Brignani F, Parchi C, Lugaresi E. Tra-
cheostomy in hypersomnia with periodic breathing. Bull Physio 
Pathol Respir (Nancy). 1972;8(5):1217-1227.

8. Guilleminault  C, Tilkian  A, Dement  WC. The sleep apnea syn-
dromes. Annu Rev Med. 1976;27:465-484. [CrossRef]

9. Fujita  S, Conway  W, Zorick  F, Roth  T. Surgical correction of 
 anatomic abnormalities in obstructive sleep apnea syndrome: 
uvulo palat ophar yngop lasty . Otolaryngol Head Neck Surg. 
1981;89(6):923-934. [CrossRef]

10. Sullivan  CE, Issa  FG, Berthon-Jones  M, Eves  L. Reversal of 
obstructive sleep apnoea by continuous positive airway pres-
sure applied through the nares. Lancet. 1981;1(8225):862-865. 
[CrossRef]

11. Peppard  PE, Young  T, Palta  M, Skatrud  J. Prospective study of 
the association between sleep-disordered breathing and 
hypertension. N Engl J Med. 2000;342(19):1378-1384. [CrossRef]

12. Peker Y, Hedner J, Norum J, Kraiczi H, Carlson J. Increased inci-
dence of cardiovascular disease in middle-aged men with 
obstructive sleep apnea: a 7-year follow-up. Am J Respir Crit 
Care Med. 2002;166(2):159-165. [CrossRef]

13. Marin  JM, Carrizo  SJ, Vicente  E, Agusti  AG. Long-term cardio-
vascular outcomes in men with obstructive sleep apnoea- 
hypopnoea with or without treatment with continuous positive 
airway pressure: an observational study. Lancet. 2005; 
365(9464):1046-1053. [CrossRef]

14. Redline  S, Yenokyan  G, Gottlieb  DJ, et  al. Obstructive sleep 
apnea-hypopnea and incident stroke: the sleep heart health 
study. Am J Respir Crit Care Med. 2010;182(2):269-277. [CrossRef]

15. Yeboah J, Redline S, Johnson C, et al. Association between sleep 
apnea, snoring, incident cardiovascular events and all-cause 
mortality in an adult population: MESA. Atherosclerosis. 2011; 
219(2):963-968. [CrossRef]

16. Doherty LS, Kiely JL, Swan V, McNicholas WT. Long-term effects 
of nasal continuous positive airway pressure therapy on 
 cardiovascular outcomes in sleep apnea syndrome. Chest. 
2005;127(6):2076-2084. [CrossRef]

17. Buchner NJ, Sanner BM, Borgel J, Rump LC. Continuous positive 
airway pressure treatment of mild to moderate obstructive 
sleep apnea reduces cardiovascular risk. Am J Respir Crit Care 
Med. 2007;176(12):1274-1280. [CrossRef]

18. Peker Y, Glantz H, Eulenburg C, Wegscheider K, Herlitz J, Thun-
ström  E. Effect of positive airway pressure on cardiovascular 
outcomes in coronary artery disease patients with nonsleepy 
obstructive sleep apnea. The RICCADSA randomized con-
trolled trial. Am J Respir Crit Care Med. 2016;194(5):613-620. 
[CrossRef]

19. McEvoy  RD, Antic  NA, Heeley  E, et  al. CPAP for prevention of 
cardiovascular events in obstructive sleep apnea. N Engl J Med. 
2016;375(10):919-931. [CrossRef]

20. Sánchez-de-la-Torre  M, Sánchez-de-la-Torre  A, Bertran  S, 
et  al. Effect of obstructive sleep apnoea and its treatment 
with  continuous positive airway pressure on the prevalence of 
cardiovascular events in patients with acute coronary syndrome 
(ISAACC study): a randomised controlled trial. Lancet Respir 
Med. 2020;8(4):359-367. [CrossRef]

21. Pack  AI, Magalang  UJ, Singh  B, Kuna  ST, Keenan  BT, Maislin  G. 
Randomized clinical trials of cardiovascular disease in obstruc-
tive sleep apnea: understanding and overcoming bias. Sleep. 
2021;44(2) [CrossRef]

22. Drager  LF, McEvoy  RD, Barbe  F, Lorenzi-Filho  G, Redline  S, 
INCOSACT Initiative (International Collaboration of Sleep 
Apnea Cardiovascular Trialists). Sleep apnea and cardiovascu-
lar disease: lessons from recent trials and need for team sci-
ence. Circulation. 2017;136(19):1840-1850. [CrossRef]

23. Faulx  MD, Mehra  R, Reis Geovanini  G, et  al. Obstructive sleep 
apnea and its management in patients with atrial fibrillation: 
an  International Collaboration of Sleep Apnea Cardiovascular 
Trialists (INCOSACT) global survey of practicing cardiologists. 
Int J Cardiol Heart Vasc. 2022;42:101085. [CrossRef]

24. Sateia  MJ. International classification of sleep disorders-third 
edition: highlights and modifications. Chest. 2014;146(5):1387-
1394. [CrossRef]

25. Javaheri  S, Barbe  F, Campos-Rodriguez  F, et  al. Sleep apnea: 
types, mechanisms, and clinical cardiovascular consequences. 
J Am Coll Cardiol. 2017;69(7):841-858. [CrossRef]

26. Berry  RB, Budhiraja  R, Gottlieb  DJ, et  al. Rules for scoring res-
piratory events in sleep: update of the 2007 AASM Manual for 
the Scoring of Sleep and Associated Events. Deliberations of 
the sleep apnea definitions task force of the American Acad-
emy of Sleep Medicine. J Clin Sleep Med. 2012;8(5):597-619. 
[CrossRef]

27. Young  T, Palta  M, Dempsey  J, Skatrud  J, Weber  S, Badr  S. The 
occurrence of sleep-disordered breathing among middle-aged 
adults. N Engl J Med. 1993;328(17):1230-1235. [CrossRef]

28. Peppard  PE, Young  T, Barnet  JH, Palta  M, Hagen  EW, Hla  KM. 
Increased prevalence of sleep-disordered breathing in adults. 
Am J Epidemiol. 2013;177(9):1006-1014. [CrossRef]

29. Heinzer  R, Vat  S, Marques-Vidal  P, et  al. Prevalence of sleep-
disordered breathing in the general population: the HypnoLaus 
study. Lancet Respir Med. 2015;3(4):310-318. [CrossRef]

30. Benjafield  AV, Ayas  NT, Eastwood  PR, et  al. Estimation of the 
global prevalence and burden of obstructive sleep apnoea: a 
literature-based analysis. Lancet Respir Med. 2019;7(8):687-
698. [CrossRef]

31. Demir AU, Ardic S, Firat H, et al. Prevalence of sleep disorders in 
the Turkish adult population epidemiology of sleep study. Sleep 
Biol Rhythms. 2015;13(4):298-308. [CrossRef]

32. Schwab RJ, Pasirstein M, Pierson R, et al. Identification of upper 
airway anatomic risk factors for obstructive sleep apnea with 
volumetric magnetic resonance imaging. Am J Respir Crit Care 
Med. 2003;168(5):522-530. [CrossRef]

33. Remmers  JE, deGroot  WJ, Sauerland  EK, Anch  AM. Pathogen-
esis of upper airway occlusion during sleep. J Appl Physiol Respir 
Environ Exerc Physiol. 1978;44(6):931-938. [CrossRef]

34. Eckert  DJ, Malhotra  A. Pathophysiology of adult obstructive 
sleep apnea. Proc Am Thorac Soc. 2008;5(2):144-153. [CrossRef]

35. Wellman A, Jordan AS, Malhotra A, et al. Ventilatory control and 
airway anatomy in obstructive sleep apnea. Am J Respir Crit 
Care Med. 2004;170(11):1225-1232. [CrossRef]

36. White DP, Younes MK. Obstructive sleep apnea. Compr Physiol. 
2012;2(4):2541-2594. [CrossRef]

37. Kasai T, Bradley TD, Friedman O, Logan AG. Effect of intensified 
diuretic therapy on overnight rostral fluid shift and obstructive 
sleep apnoea in patients with uncontrolled hypertension. 
J Hypertens. 2014;32(3):673-680. [CrossRef]

38. Jordan AS, White DP, Lo YL, et al. Airway dilator muscle activity 
and lung volume during stable breathing in obstructive sleep 
apnea. Sleep. 2009;32(3):361-368. [CrossRef]

39. Tishler  PV, Larkin  EK, Schluchter  MD, Redline  S. Incidence of 
sleep-disordered breathing in an urban adult population: the 
relative importance of risk factors in the development of 
sleep-disordered breathing. JAMA. 2003;289(17):2230-2237. 
[CrossRef]

40. Malhotra A, Huang Y, Fogel RB, et al. The male predisposition to 
pharyngeal collapse: importance of airway length. Am J Respir 
Crit Care Med. 2002;166(10):1388-1395. [CrossRef]

41. Zhou XS, Shahabuddin S, Zahn BR, Babcock MA, Badr MS. Effect 
of gender on the development of hypocapnic apnea/hypopnea 

https://doi.org/10.1146/annurev.me.27.020176.002341
https://doi.org/10.1177/019459988108900609
https://doi.org/10.1016/s0140-6736(81)92140-1
https://doi.org/10.1056/NEJM200005113421901
https://doi.org/10.1164/rccm.2105124
https://doi.org/10.1016/S0140-6736(05)71141-7
https://doi.org/10.1164/rccm.200911-1746OC
https://doi.org/10.1016/j.atherosclerosis.2011.08.021
https://doi.org/10.1378/chest.127.6.2076
https://doi.org/10.1164/rccm.200611-1588OC
https://doi.org/10.1164/rccm.201601-0088OC
https://doi.org/10.1056/NEJMoa1606599
https://doi.org/10.1016/S2213-2600(19)30271-1
https://doi.org/10.1093/sleep/zsaa229
https://doi.org/10.1161/CIRCULATIONAHA.117.029400
https://doi.org/10.1016/j.ijcha.2022.101085
https://doi.org/10.1378/chest.14-0970
https://doi.org/10.1016/j.jacc.2016.11.069
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.1056/NEJM199304293281704
https://doi.org/10.1093/aje/kws342
https://doi.org/10.1016/S2213-2600(15)00043-0
https://doi.org/10.1016/S2213-2600(19)30198-5
https://doi.org/10.1111/sbr.12118
https://doi.org/10.1164/rccm.200208-866OC
https://doi.org/10.1152/jappl.1978.44.6.931
https://doi.org/10.1513/pats.200707-114MG
https://doi.org/10.1164/rccm.200404-510OC
https://doi.org/10.1002/cphy.c110064
https://doi.org/10.1097/HJH.0000000000000047
https://doi.org/10.1093/sleep/32.3.361
https://doi.org/10.1001/jama.289.17.2230
https://doi.org/10.1164/rccm.2112072


Peker et al. Obstructive Sleep Apnea and Cardiovascular Disease: Where Do We Stand? Anatol J Cardiol 2023; 27(7): 375-389

386

during NREM sleep. J Appl Physiol (1985) 2000;89(1):192-199. 
[CrossRef]

42. Bonsignore  MR, Saaresranta  T, Riha  RL. Sex differences in 
obstructive sleep apnoea. Eur Respir Rev. 2019;28(154) 
[CrossRef]

43. Kapsimalis  F, Kryger  MH. Gender and obstructive sleep apnea 
syndrome, part 2: mechanisms. Sleep. 2002;25(5):499-506. 
[CrossRef]

44. Bixler  EO, Vgontzas  AN, Ten Have  T, Tyson  K, Kales  A. Effects 
of age on sleep apnea in men: I. Prevalence and severity. Am J 
Respir Crit Care Med. 1998;157(1):144-148. [CrossRef]

45. Young  T, Shahar  E, Nieto  FJ, et  al. Predictors of sleep- 
disordered breathing in community-dwelling adults: the Sleep 
Heart Health Study. Arch Intern Med. 2002;162(8):893-900. 
[CrossRef]

46. Redline S, Young T. Epidemiology and natural history of obstruc-
tive sleep apnea. Ear Nose Throat J. 1993;72(1):20-21, 24-26. 
[CrossRef]

47. Cowie  MR, Woehrle  H, Oldenburg  O, et  al. Sleep-disordered 
breathing in heart failure - current state of the art. Card Fail 
Rev. 2015;1(1):16-24. [CrossRef]

48. Young  T, Peppard  PE, Gottlieb  DJ. Epidemiology of obstructive 
sleep apnea: a population health perspective. Am J Respir Crit 
Care Med. 2002;165(9):1217-1239. [CrossRef]

49. Vgontzas AN, Tan TL, Bixler EO, Martin LF, Shubert D, Kales A. 
Sleep apnea and sleep disruption in obese patients. Arch Intern 
Med. 1994;154(15):1705-1711. [CrossRef]

50. Sands  SA, Alex  RM, Mann  D, et  al. Pathophysiology underlying 
demographic and obesity determinants of sleep apnea severity. 
Ann Am Thorac Soc. 2023;20(3):440-449. [CrossRef]

51. Jennum P, Sjøl A. Epidemiology of snoring and obstructive sleep 
apnoea in a Danish population, age 30-60. J Sleep Res. 1992; 
1(4):240-244. [CrossRef]

52. Wetter DW, Young TB, Bidwell TR, Badr MS, Palta M. Smoking as 
a risk factor for sleep-disordered breathing. Arch Intern Med. 
1994;154(19):2219-2224. [CrossRef]

53. Issa FG, Sullivan CE. Alcohol, snoring and sleep apnea. J Neurol 
Neurosurg Psychiatry. 1982;45(4):353-359. [CrossRef]

54. Mathur  R, Douglas  NJ. Family studies in patients with the 
sleep apnea-hypopnea syndrome. Ann Intern Med. 1995;122(3): 
174-178. [CrossRef]

55. Redline S, Tishler PV, Tosteson TD, et al. The familial aggrega-
tion of obstructive sleep apnea. Am J Respir Crit Care Med. 
1995;151(3 Pt 1):682-687. [CrossRef]

56. Carmelli D, Colrain IM, Swan GE, Bliwise DL. Genetic and envi-
ronmental influences in sleep-disordered breathing in older 
male twins. Sleep. 2004;27(5):917-922. [CrossRef]

57. Palmer LJ, Buxbaum SG, Larkin E, et al. A whole-genome scan 
for obstructive sleep apnea and obesity. Am J Hum Genet. 
2003;72(2):340-350. [CrossRef]

58. Kadotani  H, Kadotani  T, Young  T, et  al. Association between 
apolipoprotein E epsilon4 and sleep-disordered breathing in 
adults. JAMA. 2001;285(22):2888-2890. [CrossRef]

59. Patel SR, Larkin EK, Redline S. Shared genetic basis for obstruc-
tive sleep apnea and adiposity measures. Int J Obes (Lond) 
2008;32(5):795-800. [CrossRef]

60. Gottlieb  DJ, DeStefano  AL, Foley  DJ, et  al. APOE epsilon4 is 
associated with obstructive sleep apnea/hypopnea: the Sleep 
Heart Health Study. Neurology. 2004;63(4):664-668. [CrossRef]

61. Gottlieb  DJ, Punjabi  NM. Diagnosis and management of 
obstructive sleep apnea: a review. JAMA. 2020;323(14):1389-
1400. [CrossRef]

62. Glantz H, Thunström E, Herlitz J, et al. Occurrence and predic-
tors of obstructive sleep apnea in a revascularized coronary 

artery disease cohort. Ann Am Thorac Soc. 2013;10(4):350-356. 
[CrossRef]

63. Netzer  NC, Stoohs  RA, Netzer  CM, Clark  K, Strohl  KP. Using 
the  Berlin Questionnaire to identify patients at risk for the 
sleep apnea syndrome. Ann Intern Med. 1999;131(7):485-491. 
[CrossRef]

64. Chung F, Subramanyam R, Liao P, Sasaki E, Shapiro C, Sun Y. High 
STOP-Bang score indicates a high probability of obstructive 
sleep apnoea. Br J Anaesth. 2012;108(5):768-775. [CrossRef]

65. Peker  Y, Celik  Y, Arbatli  S, et  al. Effect of high-risk obstructive 
sleep apnea on clinical outcomes in adults with coronavirus dis-
ease 2019: a multicenter, prospective, observational clinical 
trial. Ann Am Thorac Soc. 2021;18(9):1548-1559. [CrossRef]

66. Celik  Y, Baygül  A, Peker  Y. Validation of the Modified Berlin 
Questionnaire for the Diagnosis of Obstructive Sleep Apnea in 
Patients with a History of COVID-19 Infection. J Clin Med. 
2023;12:3047. [CrossRef]

67. Johns MW. A new method for measuring daytime sleepiness: the 
Epworth Sleepiness Scale. Sleep. 1991;14(6):540-545. [CrossRef]

68. Rosen  IM, Kirsch  DB, Carden  KA, et  al. Clinical use of a home 
sleep apnea test: an updated American Academy of Sleep 
 Medicine position statement. J Clin Sleep Med. 2018;14(12): 
2075-2077. [CrossRef]

69. Kuna ST, Badr MS, Kimoff RJ, et al. An official ATS/AASM/ACCP/
ERS workshop report: research priorities in ambulatory man-
agement of adults with obstructive sleep apnea. Proc Am 
Thorac Soc. 2011;8(1):1-16. [CrossRef]

70. Collop NA, Anderson WM, Boehlecke B, et al. Clinical guidelines 
for the use of unattended portable monitors in the diagnosis of 
obstructive sleep apnea in adult patients. Portable monitoring 
task force of the American Academy of Sleep Medicine. J Clin 
Sleep Med. 2007;3(7):737-747.

71. Mulgrew AT, Fox N, Ayas NT, Ryan CF. Diagnosis and initial man-
agement of obstructive sleep apnea without polysomnography: 
a randomized validation study. Ann Intern Med. 2007;146(3):157-
166. [CrossRef]

72. Collop NA. Portable monitoring for the diagnosis of obstructive 
sleep apnea. Curr Opin Pulm Med. 2008;14(6):525-529. [CrossRef]

73. Malhotra  RK, Kirsch  DB, Kristo  DA, et  al. Polysomnography for 
obstructive sleep apnea should include arousal-based scoring: 
an American Academy of Sleep Medicine position statement. 
J Clin Sleep Med. 2018;14(7):1245-1247. [CrossRef]

74. Redline S, Azarbarzin A, Peker Y. Obstructive sleep apnoea het-
erogeneity and cardiovascular disease. Nat Rev Cardiol. 2023. 
[CrossRef]

75. Azarbarzin  A, Sands  SA, Stone  KL, et  al. The hypoxic burden 
of  sleep apnoea predicts cardiovascular disease-related 
 mortality: the Osteoporotic Fractures in Men Study and the 
Sleep Heart Health Study. Eur Heart J. 2019;40(14):1149-1157. 
[CrossRef]

76. Chowdhuri  S, Quan  SF, Almeida  F, et  al. An official American 
Thoracic Society research statement: impact of mild obstruc-
tive sleep apnea in adults. Am J Respir Crit Care Med. 2016; 
193(9):e37-e54. [CrossRef]

77. Patil SP, Ayappa IA, Caples SM, Kimoff RJ, Patel SR, Harrod CG. 
Treatment of adult obstructive sleep apnea with positive air-
way pressure: an American Academy of Sleep Medicine system-
atic review, meta-analysis, and GRADE assessment. J Clin Sleep 
Med. 2019;15(2):301-334. [CrossRef]

78. Nolan GM, Doherty LS, Mc Nicholas WT. Auto-adjusting versus 
fixed positive pressure therapy in mild to moderate obstructive 
sleep apnoea. Sleep. 2007;30(2):189-194. [CrossRef]

79. Pavwoski  P, Shelgikar  AV. Treatment options for obstructive 
sleep apnea. Neurol Clin Pract. 2017;7(1):77-85. [CrossRef]

https://doi.org/10.1152/jappl.2000.89.1.192
https://doi.org/10.1183/16000617.0030-2019
https://doi.org/10.1093/sleep/25.5.497
https://doi.org/10.1164/ajrccm.157.1.9706079
https://doi.org/10.1001/archinte.162.8.893
https://doi.org/10.1177/014556139307200106
https://doi.org/10.15420/cfr.2015.01.01.16
https://doi.org/10.1164/rccm.2109080
https://doi.org/10.1001/archinte.1994.00420150073007
https://doi.org/10.1513/AnnalsATS.202203-271OC
https://doi.org/10.1111/j.1365-2869.1992.tb00045.x
https://doi.org/10.1001/archinte.1994.00420190121014
https://doi.org/10.1136/jnnp.45.4.353
https://doi.org/10.7326/0003-4819-122-3-199502010-00003
https://doi.org/10.1164/ajrccm/151.3_Pt_1.682
https://doi.org/10.1093/sleep/27.5.917
https://doi.org/10.1086/346064
https://doi.org/10.1001/jama.285.22.2888
https://doi.org/10.1038/sj.ijo.0803803
https://doi.org/10.1212/01.wnl.0000134671.99649.32
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1513/AnnalsATS.201211-106OC
https://doi.org/10.7326/0003-4819-131-7-199910050-00002
https://doi.org/10.1093/bja/aes022
https://doi.org/10.1513/AnnalsATS.202011-1409OC
http://doi.org/10.3390/jcm12093047
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.5664/jcsm.7540
https://doi.org/10.1513/pats.2009-042WS
https://doi.org/10.7326/0003-4819-146-3-200702060-00004
https://doi.org/10.1097/MCP.0b013e328312ed4a
https://doi.org/10.5664/jcsm.7234
https://doi.org/10.1038/s41569-023-00846-6
https://doi.org/10.1093/eurheartj/ehy624
https://doi.org/10.1164/rccm.201602-0361ST
https://doi.org/10.5664/jcsm.7638
https://doi.org/10.1093/sleep/30.2.189
https://doi.org/10.1212/CPJ.0000000000000320


Anatol J Cardiol 2023; 27(7): 375-389  Peker et al. Obstructive Sleep Apnea and Cardiovascular Disease: Where Do We Stand?

387

80. Gagnadoux  F, Fleury  B, Vielle  B, et  al. Titrated mandibular 
advancement versus positive airway pressure for sleep apnoea. 
Eur Respir J. 2009;34(4):914-920. [CrossRef]

81. Ersu R, Chen ML, Ehsan Z, Ishman SL, Redline S, Narang I. Persis-
tent obstructive sleep apnoea in children: treatment options 
and management considerations. Lancet Respir Med. 2023; 
11(3):283-296. [CrossRef]

82. Sufioğlu M, Ozmen OA, Kasapoglu F, et al. The efficacy of nasal 
surgery in obstructive sleep apnea syndrome: a prospective 
clinical study. Eur Arch Otorhinolaryngol. 2012;269(2):487-494. 
[CrossRef]

83. Strollo PJ, Jr, Soose RJ, Maurer JT, et al. Upper-airway stimula-
tion for obstructive sleep apnea. N Engl J Med. 2014;370(2): 
139-149. [CrossRef]

84. Woodson BT, Soose RJ, Gillespie MB, et al. Three-year outcomes 
of cranial nerve stimulation for obstructive sleep apnea: the 
STAR trial. Otolaryngol Head Neck Surg. 2016;154(1):181-188. 
[CrossRef]

85. Wang SH, Keenan BT, Wiemken A, et al. Effect of weight loss on 
upper airway anatomy and the apnea-hypopnea index. The 
importance of tongue fat. Am J Respir Crit Care Med. 2020; 
201(6):718-727. [CrossRef]

86. Pevernagie DA, Stanson AW, Sheedy PF, 2nd, Daniels BK, Shep-
ard  JW, Jr. Effects of body position on the upper airway of 
patients with obstructive sleep apnea. Am J Respir Crit Care 
Med. 1995;152(1):179-185. [CrossRef]

87. Kundel V, Javaheri S, Mehra R, Schumacker PT, Ayas N, Peker Y. 
Selected bibliography of recent research in sleep medicine 
(2020-2021) Am J Respir Crit Care Med. 2023. [CrossRef]

88. Taranto-Montemurro L, Messineo L, Azarbarzin A, et al. Effects 
of the combination of atomoxetine and oxybutynin on OSA 
endotypic traits. Chest. 2020;157(6):1626-1636. [CrossRef]

89. Javaheri  S, Peker  Y, Yaggi  HK, Bassetti  CLA. Obstructive sleep 
apnea and stroke: the mechanisms, the randomized trials, and 
the road ahead. Sleep Med Rev. 2022;61:101568. [CrossRef]

90. Naughton  MT. The link between obstructive sleep apnea and 
heart failure: underappreciated opportunity for treatment. 
Curr Cardiol Rep. 2005;7(3):211-215. [CrossRef]

91. Shiomi  T, Guilleminault  C, Stoohs  R, Schnittger  I. Leftward 
shift  of the interventricular septum and pulsus paradoxus in 
obstructive sleep apnea syndrome. Chest. 1991;100(4):894-902. 
[CrossRef]

92. Tolle FA, Judy WV, Yu PL, Markand ON. Reduced stroke volume 
related to pleural pressure in obstructive sleep apnea. J Appl 
Physiol Respir Environ Exerc Physiol. 1983;55(6):1718-1724. 
[CrossRef]

93. Bleeke  T, Zhang  H, Madamanchi  N, Patterson  C, Faber  JE. 
 Catecholamine-induced vascular wall growth is dependent on 
generation of reactive oxygen species. Circ Res. 2004;94(1): 
37-45. [CrossRef]

94. Baguet  JP, Hammer  L, Lévy  P, et  al. The severity of oxygen 
desaturation is predictive of carotid wall thickening and plaque 
occurrence. Chest. 2005;128(5):3407-3412. [CrossRef]

95. Bokinsky G, Miller M, Ault K, Husband P, Mitchell J. Spontaneous 
platelet activation and aggregation during obstructive sleep 
apnea and its response to therapy with nasal continuous posi-
tive airway pressure. A preliminary investigation. Chest. 1995; 
108(3):625-630. [CrossRef]

96. Peled  N, Kassirer  M, Kramer  MR, et  al. Increased erythrocyte 
adhesiveness and aggregation in obstructive sleep apnea syn-
drome. Thromb Res. 2008;121(5):631-636. [CrossRef]

97. Jacob  MP, Badier-Commander  C, Fontaine  V, Benazzoug  Y, 
Feldman  L, Michel  JB. Extracellular matrix remodeling in the 
vascular wall. Pathol Biol (Paris) 2001;49(4):326-332. [CrossRef]

98. Patel AR, Patel AR, Singh S, Singh S, Khawaja I. The association 
of obstructive sleep apnea and hypertension. Cureus. 2019; 
11(6):e4858. [CrossRef]

99. Floras  JS. Hypertension and sleep apnea. Can J Cardiol. 2015; 
31(7):889-897. [CrossRef]

100. Logan  AG, Perlikowski  SM, Mente  A, et  al. High prevalence of 
unrecognized sleep apnoea in drug-resistant hypertension. 
J Hypertens. 2001;19(12):2271-2277. [CrossRef]

101. Wang Q, Zhang C, Jia P, et al. The association between the phe-
notype of excessive daytime sleepiness and blood pressure in 
patients with obstructive sleep apnea-hypopnea syndrome. Int 
J Med Sci. 2014;11(7):713-720. [CrossRef]

102. Xia W, Huang Y, Peng B, et al. Relationship between obstructive 
sleep apnoea syndrome and essential hypertension: a dose-
response meta-analysis. Sleep Med. 2018;47:11-18. [CrossRef]

103. Crinion  SJ, Ryan  S, Kleinerova  J, et  al. Nondipping nocturnal 
blood pressure predicts sleep apnea in patients with hyperten-
sion. J Clin Sleep Med. 2019;15(7):957-963. [CrossRef]

104. Mokhlesi B, Hagen EW, Finn LA, Hla KM, Carter JR, Peppard PE. 
Obstructive sleep apnoea during REM sleep and incident non-
dipping of nocturnal blood pressure: a longitudinal analysis of 
the Wisconsin Sleep Cohort. Thorax. 2015;70(11):1062-1069. 
[CrossRef]

105. Bratton  DJ, Gaisl  T, Wons  AM, Kohler  M. CPAP vs mandibular 
advancement devices and blood pressure in patients with 
obstructive sleep apnea: A systematic review and meta- 
analysis. JAMA. 2015;314(21):2280-2293. [CrossRef]

106. Schein AS, Kerkhoff AC, Coronel CC, Plentz RD, Sbruzzi G. Con-
tinuous positive airway pressure reduces blood pressure in 
patients with obstructive sleep apnea; a systematic review 
and meta-analysis with 1000 patients. J Hypertens. 2014;32(9): 
1762-1773. [CrossRef]

107. Tamisier R, Lévy P. Management of hypertension in obstructive 
sleep apnoea: predicting blood pressure reduction under con-
tinuous positive airway pressure. Eur Respir J. 2017;50(4) 
[CrossRef]

108. Pengo  MF, Soranna  D, Giontella  A, et  al. Obstructive sleep 
apnoea treatment and blood pressure: which phenotypes pre-
dict a response? A systematic review and meta-analysis. Eur 
Respir J. 2020;55(5) [CrossRef]

109. Parati G, Lombardi C, Hedner J, et al. Recommendations for the 
management of patients with obstructive sleep apnoea and 
hypertension. Eur Respir J. 2013;41(3):523-538. [CrossRef]

110. Lévy  P, McNicholas  WT. Sleep apnoea and hypertension: time 
for recommendations. Eur Respir J. 2013;41(3):505-506. [CrossRef]

111. Thunström E, Manhem K, Rosengren A, Peker Y. Blood pressure 
response to losartan and continuous positive airway pressure in 
hypertension and obstructive sleep apnea. Am J Respir Crit 
Care Med. 2016;193(3):310-320. [CrossRef]

112. Iftikhar IH, Hays ER, Iverson MA, Magalang UJ, Maas AK. Effect 
of oral appliances on blood pressure in obstructive sleep apnea: 
a systematic review and meta-analysis. J Clin Sleep Med. 
2013;9(2):165-174. [CrossRef]

113. Lombardi  C, Pengo  MF, Parati  G. Systemic hypertension in 
obstructive sleep apnea. J Thorac Dis. 2018;10(suppl 34): 
S4231-S4243. [CrossRef]

114. Khurshid K, Yabes J, Weiss PM, et al. Effect of antihypertensive 
medications on the severity of obstructive sleep apnea: a sys-
tematic review and meta-analysis. J Clin Sleep Med. 2016; 
12(8):1143-1151. [CrossRef]

115. Warchol-Celinska E, Prejbisz A, Kadziela J, et al. Renal denerva-
tion in resistant hypertension and obstructive sleep apnea: ran-
domized proof-of-concept Phase II trial. Hypertension. 2018; 
72(2):381-390. [CrossRef]

https://doi.org/10.1183/09031936.00148208
https://doi.org/10.1016/S2213-2600(22)00262-4
https://doi.org/10.1007/s00405-011-1682-z
https://doi.org/10.1056/NEJMoa1308659
https://doi.org/10.1177/0194599815616618
https://doi.org/10.1164/rccm.201903-0692OC
https://doi.org/10.1164/ajrccm.152.1.7599821
https://doi.org/10.1164/rccm.202301-0060UP
https://doi.org/10.1016/j.chest.2020.01.012
https://doi.org/10.1016/j.smrv.2021.101568
https://doi.org/10.1007/s11886-005-0079-2
https://doi.org/10.1378/chest.100.4.894
https://doi.org/10.1152/jappl.1983.55.6.1718
https://doi.org/10.1161/01.RES.0000109412.80157.7D
https://doi.org/10.1378/chest.128.5.3407
https://doi.org/10.1378/chest.108.3.625
https://doi.org/10.1016/j.thromres.2007.07.010
https://doi.org/10.1016/s0369-8114(01)00151-1
https://doi.org/10.7759/cureus.4858
https://doi.org/10.1016/j.cjca.2015.05.003
https://doi.org/10.1097/00004872-200112000-00022
https://doi.org/10.7150/ijms.7487
https://doi.org/10.1016/j.sleep.2018.03.016
https://doi.org/10.5664/jcsm.7870
https://doi.org/10.1136/thoraxjnl-2015-207231
https://doi.org/10.1001/jama.2015.16303
https://doi.org/10.1097/HJH.0000000000000250
https://doi.org/10.1183/13993003.01822-2017
https://doi.org/10.1183/13993003.01945-2019
https://doi.org/10.1183/09031936.00226711
https://doi.org/10.1183/09031936.00007213
https://doi.org/10.1164/rccm.201505-0998OC
https://doi.org/10.5664/jcsm.2420
https://doi.org/10.21037/jtd.2018.12.57
https://doi.org/10.5664/jcsm.6054
https://doi.org/10.1161/HYPERTENSIONAHA.118.11180


Peker et al. Obstructive Sleep Apnea and Cardiovascular Disease: Where Do We Stand? Anatol J Cardiol 2023; 27(7): 375-389

388

116. Somers VK, White DP, Amin R, et al. Sleep apnea and cardio-
vascular disease: an American Heart Association/American 
College of Cardiology Foundation Scientific Statement from 
the American Heart Association Council for High Blood Pres-
sure Research Professional Education Committee, Council on 
Clinical Cardiology, Stroke Council, and Council on Cardio-
vascular Nursing. J Am Coll Cardiol. 2008;52(8):686-717. 
[CrossRef]

117. Franklin  KA, Nilsson  JB, Sahlin  C, Näslund  U. Sleep apnoea  
and nocturnal angina. Lancet. 1995;345(8957):1085-1087. 
[CrossRef]

118. Peker  Y, Carlson  J, Hedner  J. Increased incidence of coronary 
artery disease in sleep apnoea: a long-term follow-up. Eur 
Respir J. 2006;28(3):596-602. [CrossRef]

119. Milleron  O, Pillière  R, Foucher  A, et  al. Benefits of obstructive 
sleep apnoea treatment in coronary artery disease: a long-term 
follow-up study. Eur Heart J. 2004;25(9):728-734. [CrossRef]

120. Cassar  A, Morgenthaler  TI, Lennon  RJ, Rihal  CS, Lerman  A. 
Treatment of obstructive sleep apnea is associated with 
decreased cardiac death after percutaneous coronary inter-
vention. J Am Coll Cardiol. 2007;50(14):1310-1314. [CrossRef]

121. Campos-Rodriguez F, Martinez-Garcia MA, de la Cruz-Moron I, 
Almeida-Gonzalez C, Catalan-Serra P, Montserrat JM. Cardio-
vascular mortality in women with obstructive sleep apnea with 
or without continuous positive airway pressure treatment: a 
cohort study. Ann Intern Med. 2012;156(2):115-122. [CrossRef]

122. Martínez-García  MA, Campos-Rodríguez  F, Catalán-Serra  P, 
et al. Cardiovascular mortality in obstructive sleep apnea in the 
elderly: role of long-term continuous positive airway pressure 
treatment: a prospective observational study. Am J Respir Crit 
Care Med. 2012;186(9):909-916. [CrossRef]

123. Javaheri  S, Martinez-Garcia  MA, Campos-Rodriguez  F. CPAP 
treatment and cardiovascular prevention: we need to change 
the design and implementation of our trials. Chest. 2019; 
156(3):431-437. [CrossRef]

124. McEvoy RD, Sánchez-de-la-Torre M, Peker Y, Anderson CS, Red-
line S, Barbe F. Randomized clinical trials of cardiovascular dis-
ease in obstructive sleep apnea: understanding and overcoming 
bias. Sleep. 2021;44(4) [CrossRef]

125. Abuzaid  AS, Al Ashry  HS, Elbadawi  A, et  al. Meta-analysis of 
cardiovascular outcomes with continuous positive airway 
 pressure therapy in patients with obstructive sleep apnea. Am J 
Cardiol. 2017;120(4):693-699. [CrossRef]

126. Javaheri S, Martinez-Garcia MA, Campos-Rodriguez F, Muriel A, 
Peker Y. Continuous positive airway pressure adherence for pre-
vention of major adverse cerebrovascular and cardiovascular 
events in obstructive sleep apnea. Am J Respir Crit Care Med. 
2020;201(5):607-610. [CrossRef]

127. Schiza  SE, Simantirakis  E, Bouloukaki  I, et  al. Sleep disordered 
breathing in patients with acute coronary syndromes. J Clin 
Sleep Med. 2012;8(1):21-26. [CrossRef]

128. Azarbarzin  A, Zinchuk  A, Wellman  A, et  al. Cardiovascular 
 benefit of continuous positive airway pressure in adults with 
coronary artery disease and obstructive sleep apnea without 
excessive sleepiness. Am J Respir Crit Care Med. 2022;206(6):767-
774. [CrossRef]

129. Eulenburg C, Celik Y, Redline S, et al. Cardiovascular outcomes 
in adults with coronary artery disease and obstructive sleep 
apnea with vs without excessive daytime sleepiness in the RIC-
CADSA cohort. Ann Am Thorac Soc. 2023. [CrossRef]

130. Gottlieb DJ, Yenokyan G, Newman AB, et al. Prospective study 
of obstructive sleep apnea and incident coronary heart disease 
and heart failure: the sleep heart health study. Circulation. 
2010;122(4):352-360. [CrossRef]

131. Khayat R, Jarjoura D, Porter K, et al. Sleep disordered breathing 
and post-discharge mortality in patients with acute heart fail-
ure. Eur Heart J. 2015;36(23):1463-1469. [CrossRef]

132. Arzt  M, Young  T, Finn  L, et  al. Sleepiness and sleep in patients 
with both systolic heart failure and obstructive sleep apnea. 
Arch Intern Med. 2006;166(16):1716-1722. [CrossRef]

133. White LH, Bradley TD. Role of nocturnal rostral fluid shift in the 
pathogenesis of obstructive and central sleep apnoea. J Physiol. 
2013;591(5):1179-1193. [CrossRef]

134. Gleeson  M, McNicholas  WT. Bidirectional relationships of 
comorbidity with obstructive sleep apnoea. Eur Respir Rev. 
2022;31(164) [CrossRef]

135. Shepard  JW, Jr, Pevernagie  DA, Stanson  AW, Daniels  BK, 
Sheedy  PF. Effects of changes in central venous pressure on 
upper airway size in patients with obstructive sleep apnea. Am 
J Respir Crit Care Med. 1996;153(1):250-254. [CrossRef]

136. Tsai M, Khayat R. Sleep apnea in heart failure. Curr Treat Options 
Cardiovasc Med. 2018;20(4):33. [CrossRef]

137. Kaneko Y, Floras JS, Usui K, et al. Cardiovascular effects of con-
tinuous positive airway pressure in patients with heart failure 
and obstructive sleep apnea. N Engl J Med. 2003;348(13):1233-
1241. [CrossRef]

138. Yancy  CW, Jessup  M, Bozkurt  B, et  al. 2017 ACC/AHA/HFSA 
Focused Update of the 2013 ACCF/AHA guideline for the man-
agement of heart failure: a report of the American College of 
Cardiology/American Heart Association task force on clinical 
practice guidelines and the Heart Failure Society of America. 
J Am Coll Cardiol. 2017;70(6):776-803. [CrossRef]

139. Mehra R, Benjamin EJ, Shahar E, et al. Association of nocturnal 
arrhythmias with sleep-disordered breathing: the sleep heart 
health study. Am J Respir Crit Care Med. 2006;173(8):910-916. 
[CrossRef]

140. Selim BJ, Koo BB, Qin L, et al. The association between noc-
turnal cardiac arrhythmias and sleep-disordered breathing: 
the DREAM study. J Clin Sleep Med. 2016;12(6):829-837. 
[CrossRef]

141. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for 
the diagnosis and management of atrial fibrillation developed 
in collaboration with the European Association for Cardio-Tho-
racic Surgery (EACTS): the task force for the diagnosis and man-
agement of atrial fibrillation of the European Society of 
Cardiology (ESC) developed with the special contribution of the 
European Heart Rhythm Association (EHRA) of the ESC. Eur 
Heart J. 2021;42(5):373-498. [CrossRef]

142. Peker  Y, Holtstrand-Hjälm  H, Celik  Y, Glantz  H, Thunström  E. 
Postoperative atrial fibrillation in adults with obstructive sleep 
apnea undergoing coronary artery bypass grafting in the RIC-
CADSA cohort. J Clin Med. 2022;11(9) [CrossRef]

143. Congrete  S, Bintvihok  M, Thongprayoon  C, et  al. Effect of 
obstructive sleep apnea and its treatment of atrial fibrillation 
recurrence after radiofrequency catheter ablation: a meta-
analysis. J Evid Based Med. 2018;11(3):145-151. [CrossRef]

144. Deng  F, Raza  A, Guo  J. Treating obstructive sleep apnea with 
continuous positive airway pressure reduces risk of recurrent 
atrial fibrillation after catheter ablation: a meta-analysis. 
Sleep Med. 2018;46:5-11. [CrossRef]

145. Traaen GM, Aakerøy L, Hunt TE, et al. Effect of continuous posi-
tive airway pressure on arrhythmia in atrial fibrillation and sleep 
apnea: a randomized controlled trial. Am J Respir Crit Care Med. 
2021;204(5):573-582. [CrossRef]

146. Garrigue  S, Pépin  JL, Defaye  P, et  al. High prevalence of sleep 
apnea syndrome in patients with long-term pacing: the Euro-
pean Multicenter polysomnographic study. Circulation. 2007; 
115(13):1703-1709. [CrossRef]

https://doi.org/10.1016/j.jacc.2008.05.002
https://doi.org/10.1016/s0140-6736(95)90820-x
https://doi.org/10.1183/09031936.06.00107805
https://doi.org/10.1016/j.ehj.2004.02.008
https://doi.org/10.1016/j.jacc.2007.06.028
https://doi.org/10.7326/0003-4819-156-2-201201170-00006
https://doi.org/10.1164/rccm.201203-0448OC
https://doi.org/10.1016/j.chest.2019.04.092
https://doi.org/10.1093/sleep/zsab019
https://doi.org/10.1016/j.amjcard.2017.05.042
https://doi.org/10.1164/rccm.201908-1593LE
https://doi.org/10.5664/jcsm.1652
https://doi.org/10.1164/rccm.202111-2608OC
https://doi.org/10.1513/AnnalsATS.202208-676OC
https://doi.org/10.1161/CIRCULATIONAHA.109.901801
https://doi.org/10.1093/eurheartj/ehu522
https://doi.org/10.1001/archinte.166.16.1716
https://doi.org/10.1113/jphysiol.2012.245159
https://doi.org/10.1183/16000617.0256-2021
https://doi.org/10.1164/ajrccm.153.1.8542124
https://doi.org/10.1007/s11936-018-0624-0
https://doi.org/10.1056/NEJMoa022479
https://doi.org/10.1016/j.jacc.2017.04.025
https://doi.org/10.1164/rccm.200509-1442OC
https://doi.org/10.5664/jcsm.5880
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.3390/jcm11092459
https://doi.org/10.1111/jebm.12313
https://doi.org/10.1016/j.sleep.2018.02.013
https://doi.org/10.1164/rccm.202011-4133OC
https://doi.org/10.1161/CIRCULATIONAHA.106.659706


Anatol J Cardiol 2023; 27(7): 375-389  Peker et al. Obstructive Sleep Apnea and Cardiovascular Disease: Where Do We Stand?

389

147. Raghuram  A, Clay  R, Kumbam  A, Tereshchenko  LG, Khan  A. A 
systematic review of the association between obstructive 
sleep  apnea and ventricular arrhythmias. J Clin Sleep Med. 
2014;10(10):1155-1160. [CrossRef]

148. Gami  AS, Olson  EJ, Shen  WK, et  al. Obstructive sleep apnea 
and  the risk of sudden cardiac death: a longitudinal study of 
10,701 adults. J Am Coll Cardiol. 2013;62(7):610-616. [CrossRef]

149. Thurnheer R, Ulrich S, Bloch KE. Precapillary pulmonary hyper-
tension and sleep-disordered breathing: is there a link? Respira-
tion. 2017;93(1):65-77. [CrossRef]

150. Adir Y, Humbert M, Chaouat A. Sleep-related breathing disor-
ders and pulmonary hypertension. Eur Respir J. 2021;57(1) 
[CrossRef]

151. Chen  B, Guo  M, Peker  Y, et  al. Effect of continuous positive 
 airway pressure on lipid profiles in obstructive sleep apnea: a 
meta-analysis. J Clin Med. 2022;11(3) [CrossRef]

152. Xu  S, Wan  Y, Xu  M, et  al. The association between obstructive 
sleep apnea and metabolic syndrome: a systematic review and 
meta-analysis. BMC Pulm Med. 2015;15:105. [CrossRef]

153. Iiyori N, Alonso LC, Li J, et al. Intermittent hypoxia causes insulin 
resistance in lean mice independent of autonomic activity. Am 
J Respir Crit Care Med. 2007;175(8):851-857. [CrossRef]

154. Zou  J, Xia  Y, Xu  H, et  al. Independent relationships between 
 cardinal features of obstructive sleep apnea and glycometa-
bolism: a cross-sectional study. Metabolism. 2018;85:340-347. 
[CrossRef]

155. Punjabi  NM, Polotsky  VY. Disorders of glucose metabolism 
in  sleep apnea. J Appl Physiol (1985) 2005;99(5):1998-2007. 
[CrossRef]

156. Chirinos JA, Gurubhagavatula I, Teff K, et al. CPAP, weight loss, 
or both for obstructive sleep apnea. N Engl J Med. 2014; 
370(24):2265-2275. [CrossRef]

157. Kent  BD, Grote  L, Ryan  S, et  al. Diabetes mellitus prevalence 
and control in sleep-disordered breathing: the European Sleep 
Apnea Cohort (ESADA) study. Chest. 2014;146(4):982-990. 
[CrossRef]

158. Reutrakul S, Mokhlesi B. Obstructive sleep apnea and diabetes: 
a state of the art review. Chest. 2017;152(5):1070-1086. [CrossRef]

159. Lindberg E, Theorell-Haglöw J, Svensson M, Gislason T, Berne C, 
Janson  C. Sleep apnea and glucose metabolism: a long-term 
follow-up in a community-based sample. Chest. 2012;142(4):935-
942. [CrossRef]

160. Tahrani AA, Ali A, Raymond NT, et al. Obstructive sleep apnea 
and diabetic neuropathy: a novel association in patients with 
type 2 diabetes. Am J Respir Crit Care Med. 2012;186(5):434-
441. [CrossRef]

161. Altaf  QA, Dodson  P, Ali  A, et  al. Obstructive sleep apnea and 
retinopathy in patients with type 2 diabetes. A longitudinal 
study. Am J Respir Crit Care Med. 2017;196(7):892-900. [CrossRef]

162. Nishimura A, Kasai T, Kikuno S, et al. Effect of sleep-disordered 
breathing on albuminuria in 273 patients with type 2 diabetes. J 
Clin Sleep Med. 2018;14(3):401-407. [CrossRef]

163. Labarca  G, Reyes  T, Jorquera  J, Dreyse  J, Drake  L. CPAP in 
patients with obstructive sleep apnea and type 2 diabetes mel-
litus: systematic review and meta-analysis. Clin Respir J. 
2018;12(8):2361-2368. [CrossRef]

164. Subramanian  A, Adderley  NJ, Tracy  A, et  al. Risk of incident 
obstructive sleep apnea among patients with type 2 diabetes. 
Diabetes Care. 2019;42(5):954-963. [CrossRef]

165. Huang T, Lin BM, Stampfer MJ, Tworoger SS, Hu FB, Redline S. A 
population-based study of the bidirectional association 
between obstructive sleep apnea and type 2 diabetes in three 
prospective U.S. cohorts. Diabetes Care. 2018;41(10):2111-2119. 
[CrossRef]

166. Yeghiazarians  Y, Jneid  H, Tietjens  JR, et  al. Obstructive sleep 
apnea and cardiovascular disease: a scientific statement from 
the American Heart Association. Circulation. 2021;144(3):e56-
e67. [CrossRef]

167. Peker Y, Başoğlu ÖK, Fırat H, TURKAPNE Study Group. Ration-
ale and design of the Turkish sleep apnea database - TURKA-
PNE: a national, multicenter, observational, prospective cohort 
study. Turk Thorac J. 2018;19(3):136-140. [CrossRef]

https://doi.org/10.5664/jcsm.4126
https://doi.org/10.1016/j.jacc.2013.04.080
https://doi.org/10.1159/000452957
https://doi.org/10.1183/13993003.02258-2020
https://doi.org/10.3390/jcm11030596
https://doi.org/10.1186/s12890-015-0102-3
https://doi.org/10.1164/rccm.200610-1527OC
https://doi.org/10.1016/j.metabol.2017.11.021
https://doi.org/10.1152/japplphysiol.00695.2005
https://doi.org/10.1056/NEJMoa1306187
https://doi.org/10.1378/chest.13-2403
https://doi.org/10.1016/j.chest.2017.05.009
https://doi.org/10.1378/chest.11-1844
https://doi.org/10.1164/rccm.201112-2135OC
https://doi.org/10.1164/rccm.201701-0175OC
https://doi.org/10.1111/crj.12915
https://doi.org/10.2337/dc18-2004
https://doi.org/10.2337/dc18-0675
https://doi.org/10.1161/CIR.0000000000000988
https://doi.org/10.5152/TurkThoracJ.2018.18097



