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Introduction

Obstructive sleep apnoea (OSA) is the most common 
type of sleep disordered breathing. It is characterised by 
repetitive partial or complete closure of the upper airways 
in sleep, which leads to a reduction or absence of airflow 
and arousal (1). A diagnosis of OSA is ideally made using 
overnight polysomnography (PSG) with up to 12 recording 
channels including nasal and oral airflow, respiratory effort 
transducers, EEG and EMG and oximetry. Simplified, lower 
cost devices with fewer channels have also been validated. 
The number of apnoeas and hypopnoeas per hour of sleep, 
the apnoea hypopnea index (AHI), is used to determine 
the presence and severity of OSA. An AHI of more than 
5–10 events/hr is considered diagnostic of OSA. The most 
common reported symptoms of OSA are related to the 
upper airway obstruction itself (e.g., snoring, witnessed 
apnoeas) and the effects of the obstructions on sleep (e.g., 
occasional gasping arousals, excessive daytime somnolence, 
general fatigue and depressed mood). However, recent 

evidence suggests that in up to 40% of OSA patients the 
predominant symptoms are more akin to those of insomnia 
(i.e., difficulty initiating or maintaining sleep), while in 
others there may be very few if any reported symptoms (2,3). 
These latter two previously unappreciated symptom profiles 
(or OSA “phenotypes”) may have led to significant under 
recognition of the disease in the past. 

Although several large-scale epidemiological studies have 
estimated the prevalence of OSA, differences in recording 
or scoring methods and in the threshold AHI score used to 
diagnose sleep apnea as well as varied population sampling 
schemes, have led to variable results. The first and most 
widely quoted study, the Wisconsin Sleep Cohort study, 
recently reported the prevalence of moderate to severe 
OSA (i.e., AHI ≥15 events per hour) among 30–70 years old 
participants to be 10% (95% CI, 8–11%) (4). The authors 
concluded that, depending on the age and gender subgroup, 
this represented a 14% to 55% increase in OSA prevalence 
over that measured in the same cohort 20 years before (5,6). 
A much higher prevalence of moderate to severe OSA (50% 
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in men, 23% in women) has subsequently been reported in 
a Swiss community study (7) and in a study of Australian 
men (26%) (8), although it seems this increase might be 
explained, in part, by the greater sensitivity of recent sleep 
study recording and scoring methods (7,9). 

Some of the earliest observational studies reported an 
association between snoring, used as a surrogate of sleep 
apnoea, and cardiovascular (CV) disease (10). Since then, 
large scale epidemiological studies have confirmed the 
association between OSA (measured by sleep study) and 
CV disease (11-13) with the increased risk remaining after 
correction for common CV risk factors (14). It is well 
known that the metabolic syndrome, which is defined by 
the presence of obesity, hypertension, insulin resistance and 
hyperlipidemia, increases the risk of cardiovascular disease. 
A systematic review examining the relationship between 
OSA and the metabolic syndrome reported an odds ratio 
(OR) for metabolic syndrome in individuals with OSA of 
2.87 (95% CI, 2.41–3.42) in cross-sectional studies and 2.56 
(95% CI, 1.98–3.31) in case control studies (15). However, 
whether OSA is simply a “bystander” in the metabolic 
syndrome or is driving an increase in metabolic burden is 
yet to be properly elucidated. Emerging research suggests 
that the hypoxic burden caused by OSA has a significant 
role to play in the development of cardiovascular disease. 
In a cohort study of 2,872 older male patients, patients with 
severe nocturnal hypoxaemia, defined as more than 10% of 
the night spent with oxygen saturations <90%, had a 1.8-
fold increased risk of stroke compared to those without 
nocturnal hypoxia (95% CI, 1.12–2.98) (16). Another 
prospective study, in which PSGs were performed on 112 
patients who suffered a myocardial infarct, found that 
nocturnal hypoxaemia, defined as desaturations to a nadir 
of <85%, was an independent risk factor for major adverse 
cardiac events (HR 6.05, P=0.004) (17). 

The hypoxic burden in OSA is strongly weighted by 
REM related sleep disordered breathing. REM sleep 
accounts for about 15–25% of total sleep time in healthy 
subjects and occurs predominantly in the second part of 
the night. This important stage of sleep is characterised 
by decreased muscle tone, rapid eye movements, a change 
in respiratory pattern and dreaming. Due to the increased 
collapsibility of the upper airways from hypotonia, 
obstructive events in REM sleep are usually longer and 
associated with greater oxygen desaturation than those seen 
in non-REM sleep. Isolated REM OSA is seen in 10–37% 
of patients referred for investigation of OSA (18).

In this chapter, we will review the epidemiology 

linking OSA with hypertension, cardiac arrhythmias, 
cerebrovascular disease, coronary artery disease, heart 
failure and pulmonary hypertension and focus on 
some recent studies that provide new insights into how 
phenotypic variants, such as REM predominant OSA, might 
impact on CV risk. 

Pathophysiology of the cardiovascular 
consequences of OSA

A detailed description of the diverse and complex pathways 
involved in the association of OSA and cardiovascular 
disease has been discussed in the previous chapter. 

In brief, the intermittent hypoxia observed in OSA 
leads to oxidative stress, increased sympathetic activation, 
endothelial dysfunction, blood pressure surges, an increase 
in the levels of circulating inflammatory markers and 
hypercoagulability. Large negative intrathoracic swings 
generated by obstructed breathing efforts also place 
considerable mechanical stress on the heart and great 
vessels. Together these changes create an environment 
that has the potential to promote atherosclerosis (19,20) 
and increase the risk of coronary artery disease (CAD) and 
stroke (19). 

Hypertension

Hypertension is arguably the single most important risk 
factor for cardiovascular disease. OSA and hypertension 
commonly co-occur: the reported prevalence of OSA 
amongst patients with hypertension varies between 
20–40%, increasing to 70% in those with drug resistant 
hypertension (21). The association between OSA and 
hypertension has been the subject of intense investigation in 
both community and clinic populations, in an attempt see if 
the two conditions might be causally linked.

OSA and prevalent hypertension 
The majority of the cross-sectional studies have shown 
that the risk of hypertension increases with increasing 
severity of OSA. Two of the earliest community-based 
cohort studies to examine the cross sectional relationship 
between hypertension and OSA were the Wisconsin Sleep 
Cohort (WSC) (22) and the Sleep Heart Health Study  
(SHHS) (23). The WSC study showed a linear relationship 
between hypertension and severity of OSA in a sample of 
1,060 men and women aged between 30–60 years after 
correcting for age, gender and body mass index (BMI). 
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The risk of hypertension increased by 4% for every 
1 event/hr increase in the AHI (22). The association 
appeared to be strongest when BMI was lowest. The 
SHHS studied an older cohort of subjects:  above  
40 years of age. Cross sectional analysis of the 6,132 
subjects who underwent home based unattended PSG 
showed an increased risk of having hypertension when 
the AHI was ≥30 events/hr versus when the AHI was  
≤1.5 events/hr (OR 1.37; 95% CI, 1.03–1.83) after 
adjustment for BMI and demographics (23). It is important 
to note however, that above the age of 60 years, there 
was no significant association between hypertension at 
any severity of OSA (24). This is similar to the findings 
subsequently described in a separate study by Bixler and 
colleagues (25). In this population cohort of 1,741 adults, 
the odds ratio for hypertension increased with severity of 
the OSA, however, as in the SHHS the strength of this 
association reduced with older age. Several hypotheses 
have been suggested to explain this lack of association 
between hypertension and OSA in elderly subjects. It could 
be attributed to selection bias given the cross sectional 
nature of the studies, but it is conceivable also that in 
older patients there is a different phenotypic expression of 
sleep apnea (e.g., higher proportion of mixed and central 
apneas) (26) or co-existing medical illnesses that affect the  
relationship (24). A Canadian population-based cross-
sectional study of 2,677 adults aged 20–85 years also 
demonstrated a linear relationship between hypertension 
and severity of sleep apnoea after adjustment for age, BMI 

and sex. Logistic regression models showed that an increase 
in 10 apneic events per hour of sleep increased the risk of 
hypertension by 11% (β coefficient 0.01) (27) This group 
also looked at the relationship between oxygen desaturation 
and hypertension and reported that for each 10% decrease 
in the saturation nadir, the risk of prevalent hypertension 
increased by 13% (β coefficient 0.013) (27). The ESADA 
study, a multi-centre cross sectional study of 8,533 patients, 
compared the predictive value of the AHI versus the oxygen 
desaturation index (ODI) for prevalent hypertension. After 
adjustment, the logistic regression models showed that the 
ODI was a significant predictor of prevalent hypertension 
whereas the AHI was not: OR 2.01 (95% CI, 1.61–2.51) 
for 4th vs. 1st quartiles of the 4% ODI; OR 0.92 (95% CI, 
0.74–1.15) for 4th vs. 1st quartiles of AHI (28). Although 
collectively these cross-sectional studies show an association 
between hypertension and OSA, the reported odds ratios 
for hypertension vary considerably (Table 1). Age, baseline 
anthropometrics and ethnic differences may contribute to 
this variance. 

OSA and incident hypertension 
In a follow up study of the WSC, 709 participants were 
followed for 4 years after enrolment. After correcting 
for confounding factors such as baseline hypertension 
status, age, gender, smoking and alcohol intake, the risk of 
developing hypertension increased with increasing severity 
of OSA: OR of 1.42 (95% CI, 1.13–1.78) with an AHI 
0.1–4.9 events/hr, 2.03 (95% CI, 1.29–3.17) for an AHI 

Table 1 Prevalence of hypertension in obstructive sleep apnoea

Study Sample size and gender Methodology Definition of hypopnoea
OR for hypertension when 
AHI >10–15 events/hr

Young et al. [1997] (22) 1,069 adults (30–60 years); 
M: 617; F: 452

Attended PSG 50% reduction in airflow for a 
minimum of 10 s with oxygen 
desaturation of ≥4%

1.8 (95% CI, 1.3–2.4)

Lavie et al. [2000] (27) 2,677 adults (20–85 years); 
M: 1,949; F: 728

Attended PSG 50% reduction in airflow for a 
minimum of 10 s with oxygen 
desaturation of ≥4% or an arousal

1.12 (95% CI, 0.75–1.56)

Bixler et al. [2000] (25) 1,741 adults (20–100 years); 
M: 741; F: 1,000

Attended PSG 50% reduction in airflow for a 
minimum of 10 s with oxygen 
desaturation of ≥4%

6.8 (95% CI, 2.02–26.36)

Nieto et al. [2000] (23) 6,132 adults (≥40 years);  
F: 3,238; M: 2,894

Home unattended 
PSG

30% reduction in airflow for a 
minimum of 10 s with oxygen 
desaturation of ≥4%

1.37 (95% CI, 1.03–1.83)

PSG, polysomnography.
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of 5–14.9 events/hr and 2.89 (95% CI, 1.46–5.64) for an 
AHI >15 events/hr relative to the reference category of 
an AHI of 0 events/hr at baseline (11). In a sleep centre in 
Spain, a cohort of 1,180 patients who were normotensive at 
baseline was followed for 7 years. Patients with OSA were 
subdivided into 4 groups based on their CPAP treatment 
status: (I) Ineligible for CPAP treatment according to 
the national guidelines (II) eligible for CPAP treatment 
but declined by patient (III) non-compliant with CPAP 
treatment post initiation (IV) compliant and on treatment 
with CPAP. After adjusting for baseline AHI, age, sex, 
systolic and diastolic blood pressure and BMI, patients with 
untreated OSA had a higher HR of incident hypertension 
compared to the control group with no OSA, and the OSA 
group who were compliant with CPAP treatment had a 
significantly lower hazard ratio compared to those with 
untreated OSA (29). Contradicting the above two studies, 
a 5-year follow up of 2,470 patients from the SHHS who 
were normotensive at baseline did not show an increased 
risk of incident hypertension after adjustment for BMI (30). 
Similarly, the Spanish Vitoria Sleep cohort study of 1,180 
people between the ages of 30–70 years who had baseline 
home based PSG and anthropometric measures and were 
followed up for 7.5 years found no statistically significant 
association between OSA and incident hypertension after 
adjusting for age, BMI, neck circumference, fitness level and 
social habits such as smoking and alcohol intake (31). More 
recently REM OSA has been shown to be associated with 
the development of incident hypertension in patients from 
the WSC (32). Non-dipping of nocturnal blood pressure, 
defined as less than 10% decrease in nocturnal blood 
pressure, has been associated with incident hypertension 
and adverse cardiovascular outcomes (33,34). A subsequent 
study from the WSC looked specifically at the relationship 
between REM OSA and incident non-dipping of nocturnal 
blood pressure. In this group of 414 patients, those with 
REM AHI >15 events/hr had a higher relative risk (RR) of 
incident systolic (2.84, 95% CI, 1.1.0–7.29) and diastolic 
(4.27, 95% CI, 1.20–15.13) non-dipping of blood pressure. 
Further supporting this, it was found in a community 
cohort of men that REM only OSA (defined as REM 
AHI ≥20 events/hr, overall AHI <10 events per hour) was 
independently associated with prevalent hypertension (35).

Overall, the available data supports an association 
between hypertension and OSA but the demonstration 
of causality is lacking. The results of longitudinal studies 
exploring the link between OSA and incident hypertension 
are equivocal and there are no randomized controlled 

trial data, to date, showing that CPAP treatment reduces 
the risk of developing hypertension, or the reliance on 
anti-hypertensive medications in OSA patients who are 
hypertensive (36). There is a need for further longitudinal 
studies, preferably including participants who are free of 
both hypertension and OSA at baseline, to study the order 
of cause and effect as both diseases evolve. Treatment with 
CPAP leads to modest improvements in blood pressure 
and the effects are best seen in compliant patients with 
resistant hypertension (37). Drug treatment and lifestyle 
modification remain the cornerstones of treatment for 
hypertension (38). 

Cardiac arrhythmias

Cardiac arrhythmias are relatively common in patients 
with OSA with up to 50% of patients having at least one 
nocturnal arrhythmia (39). OSA has been predominantly 
associated with paroxysmal atrial fibrillation (AF), 
bradyarrhythmias and premature ventricular complexes 
(PVCs) (40).

AF
It is postulated that OSA provides both chronic and acute 
“substrates” for the development of AF (41). Obstructive 
events in sleep lead to large swings in intrathoracic 
pressure which results in stretching of the thin walled 
atria, and this acute stretch impairs normal conduction 
pathways. Chronicity of the atrial stretch and progressive 
mechanical atrial distension leads to remodeling of the atria. 
Sympathetic activation and vagal bradycardia at the end 
of an apnoea causes electrophysiological changes and the 
combination of the above provide an environment that is 
primed for arrhythmogenesis (41).

Prevalence 
In the SHHS, the prevalence of nocturnal atrial AF in 
participants with OSA was 5%, which compared to 1% 
in age, sex, race/ethnicity and BMI-matched participants 
without OSA (40). In cohorts of patients with concurrent 
heart failure and CAD, those who had co-existent OSA 
had an even higher prevalence of AF (42,43). The converse 
may also be true: the prevalence of OSA estimated from 
the Berlin questionnaire (44) and by sleep study (45) was 
significantly higher amongst patients with AF than in 
control patients without AF with the study using the Berlin 
questionnaire showing an adjusted OR for the association 
of AF and OSA of 2.19 (95% CI, 1.4–3.42, P=0.0006) 
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and the study using portable PSG showing an OR for the 
association between AF and sleep disordered breathing of 
3.04 (95% CI, 1.24–7.46, P=0.02). 

Incident AF 
A recent meta-analysis of 8 cohort studies showed that 
the presence of OSA increases the risk of developing AF 
with a RR of 1.70 (95% CI, 1.53–1.89) (46). This appeared 
to occur in a dose dependent fashion: RR 1.52 (95% CI, 
1.28–1.79), 1.88 (1.55–2.27) and 2.16 (1.78–2.62) for 
mild, moderate and severe OSA respectively (46). In a 
retrospective cohort study of 3,452 adults who had sleep 
studies, independent predictors of incident AF in subjects 
<65 years were known risk factors such as age, male gender, 
CAD and BMI but also the presence of nocturnal hypoxia, 
the latter increasing the risk of incident AF threefold after 
correcting for obesity (47). Other features of sleep apnoea 
such as AHI and arousal index were not independently 
associated with AF, suggesting a dominant role for apnea-
related de-oxygenation/re-oxygenation. A recent meta-
analysis (48) also showed that the risk of recurrence of AF 
was increased by 25% following catheter ablation in patients 
if they had concurrent OSA. Data from uncontrolled 
interventional studies tends to support the theory that 
CPAP treatment reduces paroxysmal AF (49) however the 
lack of randomised controlled trials (RCT) focused on OSA 
therapy and recurrence of AF makes it difficult to draw firm 
conclusions at this time. 

Bradyarrhythmias 
Bradyarrhythmias are observed in up to 18% of patients 
with severe OSA in the absence of any co-existing cardiac 
disorders (50). This is a six-fold increase compared to the 
prevalence of bradyarrhythmias in a healthy population of 
adults between the ages of 60–85 years (51). Conduction 
delay arrhythmias such as sinus pauses and atrioventricular (AV) 
nodal blocks have been anecdotally seen in patients with OSA 
however epidemiologic studies have shown the association to be 
limited to those with severe sleep apnoea (AHI ≥30 events/hr)  
and those who have the most significant nocturnal hypoxia (50).  
Atrioventricular nodal blocks in particular have been seen 
predominantly in REM sleep when along with increased 
sympathetic activity, parasympathetic tone is also enhanced and 
apnoeas are more prolonged with subsequently greater oxygen  
desaturation (52). 

PVCs
Ventricular arrhythmias are classified as ventricular 

tachycardias, fibrillation and premature contractions. 
PVCs are the most common type of ventricular arrhythmia 
encountered in patients with OSA and are predominantly 
seen at the end of apnoeic episodes around the time of the 
oxygen desaturation nadir (53). The prevalence of PVCs 
has been reported to range between 14% and 74% in 
patients with OSA compared with only 5% in the general 
population (50). The wide range in prevalence is thought to 
be due to differences in OSA severity in the cohort studies 
and also the variable presence of concurrent cardiovascular 
disease (53). It should also be noted, however, that not 
all studies report a positive association between OSA and 
increased PVCs. Olmetti et al. reviewed the ECG tracings 
from the PSGs of 247 patients with OSA and observed the 
prevalence of PVCs to be similar to the estimated rate in 
the general population (9%) and the prevalence did not 
increase with worsening severity of OSA (54). 

The interventional studies in the different arrhythmia 
groups will be discussed in later chapters but in general 
have yielded mixed results (50). The clinical implications 
of nocturnal arrhythmias vary according to the type of the 
arrhythmia (e.g., occasional PVCs vs. rapid symptomatic 
AF) and thus far it is unknown whether or not suppressing 
certain arrhythmias which are thought to be more “benign” 
like PVCs improves clinical outcomes. 

Cerebrovascular disease

Large well-designed prospective studies have shown that the 
presence of OSA increases the risk of incident stroke by up 
to 2–3 times (55). Potential mechanisms linking OSA with 
stroke include an alteration in cerebral perfusion during 
apneic episodes, OSA-induced hypertension, mechanical 
disruption of carotid artery plaques due to snoring and 
thromboembolic stroke caused by OSA-induced AF (56). 

Prevalence of OSA in stroke 
A recent meta-analysis reported the prevalence of OSA to 
be 61.4% in patients with cerebrovascular disease (57). The 
prevalence was particularly high in males and those with 
stroke of unknown aetiology. 

Incident stroke 
AF is a well-known risk factor for the development of 
ischaemic stroke and given the strong association between 
AF and OSA described above, it would seem likely that AF 
plays a significant role. However, a meta-analysis of 5 studies 
that reported on the impact of AF in patients with stroke 
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and OSA found that its presence did not affect this risk (58). 
Interestingly, a retrospective cohort study at the Western 
Connecticut Health Network, assessed the relationship 
between OSA, AF and stroke from a different angle. This 
study, investigated the impact of OSA in patients who had 
AF and stroke. Patients with AF and no previous history 
of stroke who had undergone sleep studies for any reason 
were identified. Prevalence of first time ischaemic stroke 
was assessed by review of medical records by a blinded 
physician investigator. After controlling for age, gender and 
concurrent CAD, the adjusted OR between OSA and stroke 
remained significant at 3.65 (95% CI, 1.252 to 10.623) and 
also extended to the subgroup with low CHADS2 score, 
suggesting OSA in patients with AF is an independent 
predictor of stroke. Furthermore, increased severity of OSA 
as determined by the AHI correlated with the increased 
rate of stroke (P=0.0045) (59). Sleep disordered breathing 
has also been associated with an increased risk of recurrent 
stroke (60). In a 10-year prospective follow up of a cohort 
of 132 patients who underwent diagnostic PSG following a 
stroke, the presence of OSA (defined by AHI of ≥15 events/hr) 
was associated with an increased risk of death with a HR of 
1.76 (95% CI, 1.05–2.95) (61). Furthermore, the previously 
mentioned meta-analysis by Loke et al. found a dose 
dependent relationship between the severity of OSA and 
risk of incident stroke. An increase in AHI by 10 events/hr 
increased the risk of incident stroke by 36% (58).

CAD

Prevalence of OSA in CAD 
The prevalence of OSA in patients with CAD is reported 
as being between 38% and 65%, which is higher than that 
seen in the general population (62). 

Incident CAD 
Although many observational studies have shown an 
association between CAD and OSA (58), the studies looking 
at incident CAD in sleep-disordered breathing have shown 
variable results. In a 24 year follow up of 1,131 adults from 
the WSC who were free of CAD at baseline, the estimated 
HR of incident CAD was 2.6 (95% CI, 1.1–6.1) in severe 
untreated sleep apnoea (AHI ≥30 events/hr) after adjusting 
for gender, age, BMI and smoking habits. However, 
after further adjustment for hypertension and diabetes, 
the hazard ratios did not achieve statistical significance, 
although the trends remained (63). In a 9 year follow up of 
4,422 patients from the SHHS who were free of CAD at 

baseline, severe OSA (AHI ≥30 events/hr) in male patients 
younger than 70 years was seen to be a predictor of incident 
CAD with an adjusted HR of 1.13 (95% CI, 1.02–1.26) but 
this association did not extend to women and older men (13). 

Effects of treatment of OSA on CAD 
Observational data from prospective cohort studies 
have shown that treating patients with OSA lowered 
cardiovascular morbidity and mortality within the patient 
cohorts (64,65). One of the major criticisms of these non-
randomised studies is that patients who do not adhere 
to CPAP therapy may also be non-compliant with other 
aspects of chronic disease management and have generally 
less favorable lifestyle behaviors. The effects of treatment 
of OSA on CAD will be discussed in more detail in later 
chapters. 

In summary, cross sectional data suggest a significant 
independent association between OSA and CAD. However, 
results from longitudinal studies are less convincing, with 
the association between sleep apnoea and incident CAD 
being weak after correction for other known risk factors, 
with the relationship being present in only some groups 
but not others (13). In patients who have established CAD, 
untreated sleep apnoea is associated with increased CV 
mortality (64) however the data from RCTs (66,67) thus far 
do not support a clear reduction in risk of acute coronary 
events and death with OSA treatment. 

Heart failure

Prevalence of sleep disordered breathing in heart 
failure 
The prevalence of sleep-disordered breathing in patients 
with heart failure is of the order of 50–75% (68). The 
prevalence is similar in stable heart failure with preserved 
(HF-pEF) and reduced (HF-rEF) ejection fraction but is 
considerably higher in patients who present with acute 
decompensated heart failure (69,70). Both OSA and central 
sleep apnoea (CSA) are observed in heart failure patients 
although OSA is the predominant type of sleep disordered 
breathing in HF-pEF (69–81%) with CSA and Cheyne-
Stokes respiration being more common in those with HF-
rEF (25–40%) (71,72). 

Incident heart failure in OSA 
The longitudinal SHHS study (13) found that, in men 
under the age of 70 years, incident heart failure was 58% 
more likely in those with severe sleep apnoea (AHI ≥30 
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events/hr) than without sleep apnoea (AHI <5 events/hr). 
A 24 year follow up of 1,131 adults from the WSC without 
heart failure or CAD at baseline showed that those who had 
untreated severe sleep apnoea (AHI >30 events/hr) were  
2.6 times more likely (95% CI, 1.1–6.1) to develop coronary 
heart disease or heart failure compared to those without 
sleep apnea (63). Gender specific associations between 
incident heart failure and OSA have also been demonstrated. 
In a study of 1645 patients from two epidemiologic cohorts, 
the SHHS and the atherosclerosis risk in communities 
(ARIC) study, OSA severity was associated with incident 
heart failure as well as CAD, death and left ventricular 
hypertrophy in women but not men (P<0.0001 in women 
and P=0.08 in men) (73). The symptomatology of OSA 
in patients with heart failure is unique in that there are 
few symptoms, particularly daytime somnolence, which 
in turn can lead to an under recognition of the condition  
clinically (74). 

Pulmonary hypertension

Prevalence of OSA in patients with pulmonary 
hypertension 
Although OSA is considered one of the “Group 3” 
aetiologies in the clinical classification of pulmonary 
hypertension (75), its true prevalence in pulmonary 
hypertension is unclear. This is because most of the studies 
have not clearly defined OSA as an entity and have included 
a broad range of diagnoses such as CSA and periodic 
breathing during sleep. Dumitrascu et al. prospectively 
studied 169 patients who were diagnosed with severe 
pre-capillary pulmonary hypertension i.e., pulmonary 
hypertension that is not secondary to left heart disease, and 
found 27% of the patients had an AHI of >10 events/hr 
with 16% having OSA and 11% CSA (76). It is important 
to note, however, that half the patients who did not meet 
the criteria for sleep apnoea were on nocturnal oxygen for 
their pulmonary hypertension, which may have masked the 
presence of OSA. 

Prevalence of pulmonary hypertension in patients with 
OSA 
Conversely, the prevalence of pulmonary hypertension in 
OSA ranges between 17–53% (77). Factors contributing to 
this variance include lack of standardization in the definition 
of pulmonary hypertension, differences in the methods used 
to diagnose pulmonary hypertension (e.g., echocardiogram 
vs. right heart catheter) and lack of exclusion in some 

studies of patients with concurrent left heart disease or 
lung diseases. In a sub sample of the Framingham Heart 
Study cohort, right ventricular remodeling was evaluated 
in 90 patients with sleep disordered breathing as defined by 
a respiratory disturbance index (RDI) of >90th centile and 
compared to 90 matched controls with a low RDI (mean 
RDI 5). Right ventricular wall thickness, as assessed by 
echocardiogram, was seen to be significantly greater after 
multivariable adjustment in patients with sleep disordered 
breathing compared to those without (0.78 vs. 0.68±0.02 cm 
respectively, P=0.005) (78). In a prospective study of 220 
patients with OSA with an AHI >20 events/hr, a diagnosis of 
pulmonary hypertension made by right heart catherization 
demonstrated a prevalence of 17%. Of note, the study 
defined pulmonary hypertension as a resting pulmonary 
arterial pressure of >20 mmHg whereas the latest definition 
of pulmonary hypertension is an elevation in mean arterial 
pressure of >25 mmHg at rest (75). In a retrospective study 
that used >25 mmHg to define pulmonary hypertension, the 
prevalence of pulmonary hypertension in patients with OSA 
was 22%, however, this study did not exclude patients who 
had concurrent pulmonary disease (79). Doppler studies 
have found a similar prevalence. In a study by Sajkov et al., 
34% of patients with OSA who underwent echocardiogram 
had a mean pulmonary arterial pressure of >20 mmHg (80). 
Patients with lung disease were excluded but the threshold 
for defining pulmonary hypertension was lower than what 
current guidelines recommend. Even though pulmonary 
hypertension is prevalent in patients with OSA, the overall 
severity is mild with a mean pulmonary arterial pressure 
ranging between 22 to 40 mmHg (77). Nocturnal hypoxia, 
older age, higher BMI and co-existent lung disease seem 
to be predictors of developing pulmonary hypertension. 
However, no significant association between the severity of 
OSA and subsequent pulmonary hypertension development 
has been seen (77). 

Effects of treatment of OSA on pulmonary 
hypertension 
There are no epidemiological studies reporting the effect 
of CPAP treatment on the development or resolution of 
pulmonary hypertension and right heart strain. There 
are data from observational studies suggesting that CPAP 
treatment of OSA in patients with pulmonary hypertension 
improves right heart function and reduces pulmonary 
pressures (81,82). In a randomised cross over trial evaluating 
CPAP versus sham CPAP, CPAP therapy was seen to reduce 
pulmonary arterial pressures by 6 mmHg with the most 
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significant effects observed in patients who had pulmonary 
hypertension or left ventricular dysfunction at baseline (83). 
Although right heart failure is a late-stage complication of 
pulmonary hypertension, its presence in patients with sleep-
disordered breathing has been shown to be associated with 
a significantly shorter event free survival in a cohort of 202 
patients (84). 

To summarise, the limited epidemiological data suggests 
that pulmonary hypertension is not uncommon in patients 
with OSA; however, there is insufficient evidence to 
recommend screening for this. In contrast, screening for 
OSA in pulmonary hypertension has been recommended 
by the American College of Cardiology and the American 
Heart Association as it is an established aetiology of 
pulmonary hypertension and treating the OSA may limit 
the adverse pulmonary vascular effects (85).

Cardiovascular mortality

The majority of observational studies suggest that 
untreated OSA increases cardiovascular mortality and  
morbidity (19). An 18-year follow up of the WSC showed 
that after excluding people who had received CPAP 
treatment, the adjusted HR for cardiovascular mortality 
was 5.2 (95% CI, 1.4–19.2) (86). An 8-year follow up of 
SHHS cohort published around the same time also showed 
a similar outcome albeit a weaker association with narrower 
confidence intervals (HR 1.46; 95% CI, 1.14–1.86) (12). 
Marin et al. demonstrated in a large observational study of 
men that those with severe untreated sleep apnoea were up 
to 3 times more likely to have a fatal cardiovascular event 
compared to those who were simple snorers and those 
with severe OSA that were treated with CPAP (64). On 
the other hand, the 20-year follow of 400 patients of the 
Busselton Health Cohort found that moderate to severe 
OSA was associated with increased all cause mortality (HR 
4.2; 95% CI, 1.9–9.2) but not significantly associated with 
cardiovascular disease and coronary heart disease, which the 
authors attributed to the low overall cardiovascular disease 
rates in Busselton, Western Australia (87). There are a few 
studies that have investigated cardiovascular endpoints in 
REM OSA. In a 9-year follow up study of 3,265 patients 
from the Sleep Heart Health Study who had a baseline non-
REM AHI of <5 events/hr, the adjusted HR for a composite 
cardiovascular endpoint (inclusive of cardiovascular 
death) amongst those with severe REM OSA (REM AHI  
>30 events/hr) was 1.35 (95% CI, 0.98–1.85) after 
accounting for demographic characteristics, smoking, 

hypertension and diabetes. Further stratification showed 
that this association was driven by those patients who 
had prevalent cardiovascular disease plus severe REM  
OSA (88). Studies looking at the therapeutic effects of 
CPAP on cardiovascular outcomes in REM OSA are yet to 
be conducted. 

Conclusions

The epidemiological data on OSA and sleep disordered 
breathing in relation to cardiovascular disease is extensive 
and is constantly evolving with increased awareness of 
sleep disordered breathing. This chapter demonstrates 
that untreated sleep apnoea is associated with prevalent 
and incident hypertension, stroke, CAD and heart failure. 
The recent trend for re-analysis of cohort study data to 
examine REM predominant sleep apnoea, and the various 
components of OSA physiology (e.g., hypoxic burden versus 
sleep disruption) is promising to provide new insights into 
how OSA is linked to increased CV risk. There are some 
observational data that support treatment of OSA for CV 
risk reduction, although the RCT evidence to date does 
not support this. The effects of sleep apnea treatment on 
CV risk are yet to be fully explored (89). Further areas of 
collaborative research with cardiovascular investigators 
should focus on risk stratification of OSA patients in 
terms of adverse cardiovascular outcomes, including the 
identification of new OSA-specific biomarkers of CV risk, 
and the enrollment of such high-risk OSA patients in 
randomized controlled trials. 
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