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Abstract
Over the past 25 years, there have been significant advances made in understanding
the pathophysiology and cardiovascular consequences of obstructive sleep apnea
(OSA). Substantial evidence now implicates OSA as an independent risk factor for the
development of hypertension, coronary artery disease, congestive heart failure and
stroke, as well as increased risk of death. Pathophysiologic mechanisms include
release of inflammatory mediators, oxidative stress, metabolic dysfunction,
hypercoagulability and endothelial dysfunction. Although non-randomized intervention
studies suggest that treatment of OSA with continuous positive airway pressure may
mitigate its impact of the development of cardiovascular disease, randomized clinical
trials are lacking.
Introduction
The first report of the physiologic events occurring in obstructive sleep apnea (OSA)
was published in 1965 by Gastaut and colleagues (1). However, literary and historical
accounts of what most likely was OSA have existed since antiquity (2). Most well-known
of these is the description of Burwell’s case of a man falling asleep while playing poker.
This led to the widespread use of the “Pickwickian Syndrome” because of the similarity
of the patient’s symptoms to the literary imagery of “Joe, the fat boy”, a character in
Charles Dicken’s Posthumous Papers of the Pickwick Club (3). In the 50 years since
Gastaut’s original description of OSA, there has been an exponential growth in the
recognition that it is a clinical condition with a high prevalence, subtle to disabling
clinical symptoms, and more recently, substantial cardiovascular morbidity and
mortality. However, much of the progress in our understanding of OSA with respect to
cardiovascular disease has occurred in the past 25 years. Thus, it is appropriate to look
back to where we were 25 years ago, our current state of knowledge and identify
avenues for future research. Before doing so, however, one must examine whether
there is sufficient evidence suggest that a biologic association between OSA and
cardiovascular disease is plausible.
Obstructive Sleep Apnea and Cardiovascular Disease: Biologic Plausibility
Obstructive sleep apnea is characterized by repetitive episodes of occlusion or near
occlusion of the upper airway at the level of the pharynx despite increasing inspiratory
efforts (4). These episodes are terminated by brief arousals from sleep resulting in sleep
fragmentation. There are a number of physiologic consequences to what essentially are
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repetitive involuntary Müeller maneuvers (5,6). With cessation or near cessation of
airflow, transient oxygen desaturation and hypercarbia occur (4,6). Inspiratory efforts
against an occluded airway result in large intrathoracic pressure swings (5,6). As a
result, there is increased sympathetic nervous system activity (7), fluctuations in
parasympathetic tone (8), large cyclical changes in heart rate, arterial and pulmonary
vasoconstriction and hypertension, and increases in cardiac preload and afterload (911). Given the chronicity of OSA, it is not difficulty project that such physiologic changes
might lead to daytime cardiovascular dysfunction. Indeed, daytime hypertension has
been induced in a canine model of OSA (12) as well as in rodent models of intermittent
hypoxia (13). Thus, there are potential biologic mechanisms to explain why OSA might
be an independent risk factor for cardiovascular disease.
Obstructive Sleep Apnea and Cardiovascular Disease: Circa 1970s-1980s
In the 1980’s, studies in Europe found cross-sectional associations between snoring as
a surrogate for OSA and both hypertension and cardiovascular disease (14,15). Slightly
earlier, evidence also was emerging of an association between obstructive sleep apnea
and hypertension. These studies noted a greater than 50% prevalence of hypertension
among patients with OSA (16,17) and conversely, a 20-30% prevalence of OSA was
observed in patients with hypertension (18,19). Furthermore, several case control and
cohort studies indicated that the risk of stroke or heart disease was 2.1 to 10.3 fold
greater for those with snoring (20-23). Cardiac arrhythmias were frequently noted to
occur in OSA patients as well (24).
Later during this time period, there were 3 retrospective studies analyzing the
relationship between OSA and mortality. From the Henry Ford Sleep Disorders Center,
the vital status of 385 male patients with OSA studied with polysomnography between
1978 and 1986 was determined. Mortality was significantly greater in those with an
apnea index (not apnea hypopnea index [AHI]) greater than 20 events/hour.
Uvulopalatopharyngoplasty did not attenuate the mortality rate, but better survival was
reported in those who had a tracheostomy or were prescribed nasal continuous positive
airway pressure (CPAP) (25). At the same time, the Stanford Sleep Disorders Center
analyzed their experience in 198 patients who had either a tracheostomy (n=71) or were
treated conservatively with a recommendation for weight loss (n=127). There were 14
deaths of which 8 were from stroke or myocardial infarction over a 5 year follow-up
period. All occurred in the conservatively treated group (26). In contrast, another series
from the University of Florida failed to find any mortality differences between 91 treated
and untreated OSA patients and 35 patients with symptoms consistent with OSA, but
negative findings on polysomnography over a 7-98 month follow-up (27).
Given the known acute effects of repetitive obstruction of the upper airway on systemic
and pulmonary blood pressure, and heart rate, as well as the recurrent episodes of
hypoxemia (11), linkages between these physiologic findings and the development of
cardiovascular disease were proposed (28). One such pathophysiologic pathway
highlighted important roles for hypoxemia and increased sympathetic activity, both of
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which are currently considered important mechanistic factors for the development of
cardiovascular disease (28).
Obstructive Sleep Apnea And Cardiovascular Disease 2012: Epidemiology
Starting in the mid 1990’s, important observations were made that solidified linkages
between OSA and cardiovascular disease. In the Wisconsin Sleep Cohort, the first large
prospective population-based cohort study to use polysomnography to confirm the
presence of OSA, Peppard et al. (29) demonstrated that OSA was an independent risk
factor for the development of hypertension. Furthermore, the risk progressively
increased with greater levels of OSA severity (OR: 1.42, 2.03, 2.89 [AHI: <5, 5-<15, >15
/hour vs. referent=0]) (29). These findings were subsequently confirmed in the Sleep
Heart Health Study (OR: 1.13, 1.54, 2.119 [AHI: 5-<15, 15-<30, >30 /hour vs.
referent=<5], although they were significantly attenuated when body mass index (BMI)
was included in the analytic models (30). In addition, the development of hypertension
was found to be associated with the presence of nocturnal hypoxemia. A more recent
prospective study from a clinical cohort showed similar findings (31). Moreover, a
number of studies have shown that blood pressure will decrease after treatment of OSA
with continuous positive airway pressure (32). Although the magnitude of improvement
in large clinical trials is only 2-3 mm Hg, such changes are large from an epidemiologic
and public health perspective, and may be greater in individual patients and those with
resistant hypertension (33). Given this evidence, the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure has
concluded that OSA is an identifiable cause for the development of hypertension (34).
Evidence now indicates that OSA is an independent risk factor for the development of
coronary heart disease (CHD). In a Spanish clinical cohort of only men, there was an
increased risk of incident CHD over a 12 year follow-up period (35). Subsequently, this
observation was confirmed in the Sleep Heart Health Study (36). In this latter study,
however, increased risk (Hazard Ratio: 1.75 for AHI > 30 /hour vs. AHI < 5) was only
observed in men less than 70 years of age. It is possible that the absence of an impact
of OSA on risk of CHD in older men is related to a “healthy survivor” effect (37). Thus,
whether OSA increases the likelihood of developing CHD in older men and women
remains unclear.
In addition to findings linking OSA to greater risk of incident CHD, OSA appears to
enhance the likelihood of new events in those with prevalent CHD. In a study of 407
consecutive patients with CHD, those with an oxygen desaturation index greater than 5
per hour had a 70% relative increase and a 10.7% absolute increase in the composite
endpoint (cerebrovascular event, myocardial infarction or death) (38). In another study,
89 patients who had undergone percutaneous coronary intervention had
polysomnography with OSA found in 51. In comparison to those who did not have OSA,
23.5% vs. 5.3% had a major adverse coronary event (cardiac death, reinfarction, and
target vessel revascularization) in the ensuing follow-up period (mean=227 days) (39).
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Sleep apnea, in particular central sleep apnea, frequently is observed in association
with congestive heart failure (CHF). However, recent data from the Sleep Heart Health
Study suggest that severe OSA is a risk factor for incident CHF in men (Hazard Ratio:
1.71 for AHI > 30 /hour vs. AHI < 5), but not women (36).
Recent observations indicate that stroke incidence also may be increased in those with
OSA. In the Wisconsin Sleep Cohort over a 4 year follow-up, a significantly increased
odds ratio for incident stroke after age and sex adjustment of 4.48 was observed in
those with an AHI > 20 /hour (40). This was attenuated to 3.08 after controlling for body
mass index. In the Sleep Heart Health Study, a significant increase in incident stroke
risk also was found in those with an AHI > 20 /hour, but only in men (41).
As initially reported over 25 years ago (24), more recent observations have confirmed
an association between OSA and cardiac arrhythmias. In the Sleep Heart Health Study,
those with severe OSA were more likely to have both ventricular and atrial ectopy (42).
Furthermore, those with severe OSA were 4.5 and 1.8 times more likely to have
episodes of atrial fibrillation, and complex ventricular ectopy or non-sustained
ventricular tachycardia.42 Additional analyses reveal that the relative risk of having an
episodes of atrial fibrillation is 17 times greater after an apnea or hypopnea episode and
there is 1 excess episode of paroxysmal atrial fibrillation or nonsustained ventricular
tachycardia for every 1000 hours of sleep or 40000 respiratory disturbances (43).
Obstructive sleep apnea with attendant hypoxemia also may be a risk factor for
recurrence of atrial fibrillation after cardioversion (44).
Finally, there is now relatively conclusive evidence from 3 longitudinal cohort studies
demonstrating that OSA contributes to excess mortality. In the Busselton Health Study
of 380 individuals followed for a mean of 13.4 years, a respiratory disturbance index of
greater than 15 /hour yielded a hazard ratio of 6.24 for excess mortality (45).
Subsequently, in an 18 year follow-up of 1496 participants in the Wisconsin Sleep
Cohort, the adjusted hazard ratio for excess all cause mortality related to severe OSA
was 3.0 in comparison to no OSA (46). Furthermore, the hazard ratio related to
cardiovascular disease mortality was 5.2 (46). More recently, the Sleep Heart Health
Study reported a hazard ratio of 1.46 for all cause mortality over an 8.2 year average
follow-up. Similar to the Wisconsin Sleep Cohort, it appeared that cardiovascular deaths
accounted for much of the excess risk (47). In this latter study, indices of nocturnal
hypoxemia also were associated with excess all cause mortality. Although sudden
cardiac death in the general population usually occurs during the 6 am to 12 noon time
frame, in those with OSA, it is shifted to night-time hours, 12 midnight to 6 am providing
further evidence of the adverse impact of OSA on the heart (48).
Obstructive Sleep Apnea and Cardiovascular Disease: Mechanistic Observations
Since the initial observations of the physiologic events that might be operative in the
pathogenesis of cardiovascular sequelae of OSA over 25 years ago, substantial
progress has been made towards understanding how OSA is a risk factor for
cardiovascular disease. These findings include OSA induced changes in cardiac
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structure and function, abnormalities in metabolic function, and increases in
inflammation, coagulability and sympathetic nervous system activity. These latter issues
then interact to enhance atherogenesis and cardiac dysfunction.
Obstructive sleep apnea is associated with increases in left ventricular mass. In the
Sleep Heart Health Study, those with an AHI > 30 /hour in comparison to those with an
AHI < 5 were more likely to have left ventricular hypertrophy on echocardiography, and
estimates of left ventricular mass were higher (49). These associations were even
stronger when indices of nocturnal hypoxemia were used instead of the AHI. This
further highlights the potential role of hypoxemia in the pathogenesis of cardiovascular
disease attributable to OSA. Given the presence of left ventricular hypertrophy related
to OSA, it is not surprising that diastolic dysfunction is more common among individuals
with OSA (50). However, use of CPAP may improve left ventricular function (50). This
raises the possibility that early intervention to treat OSA may reduce cardiac morbidity
and mortality.
A number of studies have demonstrated that OSA is associated with metabolic
abnormalities. For example, in the Sleep Heart Health Study, levels of cholesterol and
triglycerides increased as a function of increasing OSA severity (51). These findings
may be related to OSA induced intermittent hypoxia (52). Furthermore, the prevalence
of metabolic syndrome is higher among persons with OSA in comparison to those
without OSA (53). This finding appears to be driven primarily by the higher frequency of
hypertension in persons with OSA. Whether these findings are causally related to OSA
remains to be determined. However, OSA might potentially increase the risk of CHD by
promoting dyslipidemia.
The prevalence of OSA among persons with type 2 diabetes mellitus is high with one
study observing that 86% of obese type 2 diabetics had an AHI >5 /hour, indicative of
mild OSA (54). Therefore, it is not surprising that considerable evidence now implicates
OSA as a determinant of glucose regulation. Both cross-sectional and prospective
studies have demonstrated that OSA is a risk factor for glucose dysregulation and in
some studies incident diabetes mellitus (55). Furthermore, some studies have
demonstrated that treatment of OSA with CPAP results in improved glucose control
(55). Data suggest that OSA induced hypoxemia may be a causative mechanism (56).
The close association between OSA and type 2 diabetes mellitus raises the distinct
possibility that a positive interaction exists to increase the risk of CHD in persons with
both conditions.
It is generally accepted that obesity is a risk factor for the development of OSA (57).
However, a few studies have reported that reverse causality may be present such that
OSA promotes weight gain (58,59). Recent data from the Sleep Heart Health Study
support this hypothesis. Over an approximate 5 year follow-up, weight gain was greater
among those with an AHI > 15 /hour in comparison to those with an AHI < 5 /hour (60).
Thus, promotion of weight gain may be another mechanism by which OSA increases
cardiovascular risk.
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Especially in those with severe OSA, recurring apneas and hypopneas result in
repetitive episodes of hypoxia and reoxygenation. This produces oxidative stress
leading to an increase in the flux of free radicals, induction of endothelin expression,
suppression of nitric oxide generation, local vasoconstriction and changes in vascular
permeability (61). All of these effects have the potential of enhancing the development
of cardiovascular disease.
Substantial data now is available demonstrating that OSA is associated with release of
a number of inflammatory mediators such as IL6, sIL6R, IL-8, TNFα, CRP and NFKappa β (62). In addition, there is evidence for elevated levels of pro-thrombotic factors
such as PAI-1, P-selectin, fibrinogen and VEGF in persons with OSA (62). With the
recent findings of the importance of inflammation and thrombosis in the pathogenesis of
cardiovascular disease, these observations may be important causal mechanistic links
that lead OSA to cardiovascular disease.
Using observations from 25 years ago in combination with current data, a plausible
pathogenic pathway from OSA to cardiovascular can be summarized as follows (Figure
1). Recurrent episodes of apnea and hypopnea lead to intermittent hypoxia, increased
sympathetic activity, hypercapnia, sleep fragmentation with arousals and large swings in
intrathoracic pressure. These physiologic perturbations result in increased oxidative
stress, release of inflammatory mediators, metabolic dysfunction, weight gain,
hypercoagulability, glucose dysregulation and endothelial dysfunction All of these
mechanisms can lead to the development of hypertension, diabetes mellitus, CHD,
CHF, stroke and increased risk of death.

Figure 1. Proposed mechanisms leading from physiologic alterations occurring during
obstructive sleep apnea and hypopnea to the development of cardiovascular disease.
Southwest Journal of Pulmonary and Critical Care/2012/Volume 5

211

Obstructive Sleep Apnea and Cardiovascular Disease: Knowledge Gaps
Although significant advances have been made in our understanding of the relationship
between OSA and CVD in the past 25 years, there are a number of important areas
which require further investigation. With respect to OSA and hypertension, it remains
unclear whether treatment of OSA reduces the risk of developing hypertension. Most
studies to date have used non-randomized cohorts. In the most recently published
randomized controlled trial, CPAP treatment did not decrease the incidence of
hypertension in nonsleepy subjects over a median 4 year follow-up (63). However, posthoc analyses did suggest an effect in subjects who were compliant with CPAP for more
than 4 hours per night (63). Furthermore, if CPAP or other treatments for OSA are
beneficial in reducing CVD risk, are there subsets of the population for whom it is more
advantageous?
As to the impact of OSA on CVD and stroke, there also have not been any published
large scale clinical trials demonstrating an impact of treatment on changing the
incidence of disease. Similar to hypertension, published studies are from nonrandomized cohorts. However, there are several large clinical trials such as
Randomized Intervention with CPAP in Coronary Artery Disease and Sleep Apnoea
(RICCADSA), Sleep Apnea Cardiovascular Endpoints Study (SAVE), and Heart
Biomarker Evaluation in Apnea Treatment study (HeartBEAT). In the RICCADSA study,
400 CAD participants will be randomized to one of 4 groups: 1) non-sleepy with OSA
treated with CPAP, 2) non-sleepy with OSA and no CPAP treatment, 3) sleepy with
OSA treated with CPAP, 4) CAD but no OSA. The participants will be followed for 3
years for CVD morbidity and mortality (64). In the multinational SAVE trial, participants
with OSA at high risk for CVD will be randomized to CPAP or conventional medical
therapy, and followed for 3-5 years (65). Because of the length of follow-up required and
expense, and some would argue the ethical dilemmas in performing a long-term
interventional trial, studies such as the recently completed HeartBEAT have attempted
to assess intermediate outcomes. In the HeartBEAT trial, 270 subjects with CHD or at
high risk for CHD were randomized to healthy lifestyle instruction, CPAP or nocturnal
oxygen with a primary endpoint of 24 hour blood pressure (66). Whether findings from
trials using intermediate endpoints will be predictive of an impact on “hard” endpoints
such as incident myocardial infarction or stroke remains to be determined.
Conclusions
Substantial progress has been made in the past 25-30 years in our understanding of the
relationship between OSA and CVD. Accumulating evidence implicates OSA as an
independent risk factor for hypertension, CHD and stroke. However, the risk may not be
the same for all segments of the population. A variety of mechanisms may be operative.
Non-randomized trials suggest that treatment appears to mitigate the risk in some
clinical populations, but it is unclear whether treatment is beneficial in patients without
symptoms. Large scale randomized clinical trials are needed to clearly demonstrate that
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current treatment modalities for OSA can mitigate CVD risk and to delineate which
populations will accrue the most benefit.
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