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Abstract: Obstructive sleep apnea (OSA) is a form of sleep disordered breathing char-

acterized by episodes of apnea (during sleep) lasting at least 10 seconds per episode. The 

apneic periods are associated with arterial hypoxemia and disruption of normal sleep as a 

result of awakenings. It is increasingly being recognized that OSA is a public health hazard 

and there is increasing evidence that it is associated with an increase in morbidity (and pos-

sibly mortality). Patients with OSA also utilize the healthcare resources at higher rates than 

control patients long before their diagnosis is confi rmed. Early recognition of this condition 

may lead to earlier treatments (eg, nasal CPAP) with reduction of the risk of cardiovascular 

diseases such as hypertension, ischemic heart disease, arrhythmias, platelet activation and 

pulmonary hypertension.

Keywords: obstructive sleep apnea (OSA), apnea-hypopnea index (AHI), polysomnography, 

overlap syndrome, C-Reactive protein (CRP), sleep disordered breathing (SDB), Cheynes Stokes 

respiration-central sleep apnea (CSR-CSA)

Epidemiology of OSA
Early observational studies linked snoring to increased cardiac events. However, sub-

sequent studies demonstrated a clear relationship between the presence and severity of 

obstructive sleep apnea (OSA) with systemic hypertension and increased cardiovascular 

disease. The initial descriptions of OSA were that of severe apnea in obese, middle-

aged male subjects (Block et al 1979). OSA syndrome is a common breathing disorder 

that affects 2%–4% of the adult population with men being affected almost twice as 

much compared to women (Young et al 1993). In a later study, women accounted for 

one third of OSA patients (Edwards et al 1998).

Pathophysiologic mechanisms of cardiovascular 
disease in OSA
Pathophysiology of OSA
Obstructive sleep apnea is the most common form of sleep disordered breathing (SDB) 

and characterized by repetitive partial or complete closure of the upper airway during 

sleep. Acute physiologic stresses occur during these episodes of asphyxia, including 

arterial oxygen desaturation, surges in sympathetic activity, and acute hypertension.

Obstructive sleep apnea results in hypoxemia and hypercapnea and contributes to 

arousals which are frequently associated with it and leads to an increase in myocardial 

oxygen demand. The hypoxemia and hypercapnea as well as the associated arousals, 

activate the sympathetic nervous system and increases catecholamine release which 

further aggravates the myocardial oxygen demand. The ensuing hypertension and 

associated cardiac ischemia and hypertrophy, lead to a propensity for arrhythmias and 

an increase in LV wall tension and consequently, congestive heart failure. In a study 

by Dursunoglu et al (2005) of 67 patients without previous cardiac and pulmonary 

disease who were diagnosed as having mild, moderate or severe OSA, LV hypertrophy 

and LV mass index, on echocardiographic criteria, was higher in those with moderate 
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to severe OSA compared with those with mild sleep apnea. 

However, in this study hypertension was also more prevalent 

in those with moderate and severe OSA.

Patients also develop a hypercoagulable state as a result of 

platelet activation which further aggravates the heart failure 

(Bradley and Floras 2003).

OSA, COPD 
and pulmonary hypertension
The prevalence of OSA in predominantly mild COPD patients 

is not greater than in the general population, but the two condi-

tions frequently coexist. This association is thought to occur 

by chance and is not pathophysiologically linked (Sanders 

et al 2003). The association of OSA with COPD (‘overlap 

syndrome’) is also signifi cant in that a large epidemiologic 

study by Sanders et al have demonstrated greater reductions 

in nocturnal oxygen saturations than either alone. Conven-

tional domiciliary oxygen therapy (daytime and nocturnal) is 

indicated in COPD patients with marked daytime hypoxemia 

(PaO
2
 � 55–60 mmHg) and there is insuffi cient data on the 

use of nocturnal O
2
 therapy in COPD patients with nocturnal 

desaturation without daytime hypoxemia (PaO
2
 � 60 mmHg) 

(Weitzenblum and Chaouat 2004).

Alveolar hypoxemia is also the most important mecha-

nism leading to pulmonary vasoconstriction, pulmonary 

vascular remodeling and pulmonary hypertension. Some 

evidence suggests that patients with OSA and COPD are at 

greater risk of pulmonary hypertension than patients with 

sleep apnea alone (Chaouat et al 1995; Hawrylkiewicz et 

al 2004).

In patients with severe COPD a reduction in oxygen 

saturation during sleep was twice as much as that during 

maximal exercise (Mulloy and McNicholas 1996). Patients 

with obstructive sleep apnea as well as COPD (‘overlap 

syndrome’) are associated with a greater risk of pulmonary 

hypertension. It has been observed that patients with COPD 

who are hypoxemic during wakefulness are at greater risk of 

hypoxemia during sleep and usually more profound during 

REM sleep (Wynne et al 1979). These desaturations are not 

only present during REM sleep, but also during the earlier 

stages of non-REM sleep (Stages 1 and 2), and are not as 

severe (Kurtz et al 1987; Mulloy and McNicholas 1996). In 

a small study of 40 patients by Vos et al (1995) to determine 

predictors of nocturnal desaturations in COPD, only a small 

number of patients with mild to moderate daytime hypoxemia 

(PaO2 60–80 mmHg) had nocturnal desaturations with mean 

arterial O2 saturations below 90%. These patients also had 

a lower hypercapneic ventilatory response, and no patients 

with daytime PaO2 � 80 mmHg had nocturnal desaturations 

(Vos et al 1995).

Earlier reports have hypothesized that COPD patients with 

moderate hypoxia (PaO2 56–69) were at risk of nocturnal oxy-

gen desaturations and subsequent pulmonary hypertension. 

In a study published by Chaouat et al (1997) of 94 patients 

with COPD randomized to saturators (group 1) and desatura-

tors (group 2 : O2 saturation �30% of time less than 90%,) it 

has been concluded that there are no individual variables or 

combination of variables (except PaCO2 which was higher 

in the desaturators) that predicted the presence of pulmonary 

hypertension, and that the mean pulmonary artery pressure 

did not correlate with the degree and duration of nocturnal 

hypoxemia (Bradley et al 1990; Chaouat et al 1997).

The two mechanisms responsible for the worsening of 

hypoxemia during sleep are alveolar hypoventilation and 

ventilation-perfusion (V/Q) mismatching. Apneas generally 

do not occur in COPD patients unless they are associated with 

OSA. Transient hypoxemia which may occur during sleep in 

patients with COPD has been stated not to be a sleep apnea 

syndrome (Chatterhall et al 1983).

Pulmonary hypertension in patients with COPD has tra-

ditionally been explained on the basis of hypoxic pulmonary 

vasoconstriction. Christensen et al (2004) studied 17 patients 

with COPD of varying severity with no or mild hypoxemia at 

rest and during their exercise equivalent of their activities of 

daily living (ADLs). In their study, they have demonstrated 

that exercise-induced pulmonary hypertension occurred in 

65% of patients, and that the increase in pulmonary artery 

pressure was negatively correlated with arterial oxygen ten-

sions. In addition, patients with exercise-induced pulmonary 

hypertension were not invariably accompanied by hypoxemia 

and not all patients with exercise-induced hypoxemia had 

pulmonary hypertension. Their study also demonstrated a 

negative correlation between pulmonary vascular resistance 

index (PVRI) and arterial oxygen tension during exercise, but 

also an elevated PVRI occurred in 35% of patients without 

exercise-induced hypoxemia. The authors concluded that 

mechanisms other than hypoxemia, such as arterial remod-

eling due to infl ammation may contribute to pulmonary 

hypertension in these patients (Christensen et al 2004).

With reference to the association of OSA and pulmonary 

arterial hypertension (PAH), the American College of Chest 

Physicians has provided clinical practice guidelines in an 

evidence-based approach. Based on the available evidence 

the following recommendations have been made:

1. In the evaluation of patients with PAH, an assessment 

of sleep disordered breathing (SDB) is recommended 
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using polysomnography if OSA is suspected either by 

high clinical suspicion or if a screening test result is 

positive.

2. In the management of patients with OSA, the routine eval-

uation for the presence of PAH is not recommended.

3. In patients with both OSA and PAH, treatment of OSA 

with positive pressure ventilation should be provided 

with the expectation that the pulmonary pressures may 

be reduced but not normalized, especially in patients with 

more severe PAH (Atwood et al 2004).

OSA and sytemic hypertension
There is increasing evidence that hypertension is associated 

with sleep apnea syndromes. Both case control and cross-

sectional studies have demonstrated a higher prevalence of 

hypertension in patients with OSA (50%–90%). Dhillon 

et al (2005) in an observational review of 180 consecutive 

charts from 1995 to 2002, studied patients with OSA from 

an urban and a rural sample, who were either hypertensive or 

normotensive. Their study demonstrated that 28% (50/180) 

of patients were hypertensive and that treatment with CPAP 

for an average of 12 months was associated with signifi cant 

reduction in systolic and diastolic blood pressures (11 mmHg 

vs 6 mmHg respectively) and consequently a reduction in 

cardiovascular risk. This study confi rms the relationship of 

sleep apnea and hypertension and the benefi t of CPAP as 

reported in other studies (Dhillon et al 2005). Other studies 

have also demonstrated that CPAP treatment of OSA patients 

with hypertension, have led to a lowering of blood pressures 

resulting in a reduced cardiovascular risk (Tilkian et al 1976; 

Millman 1991).

Subjects with an apnea-hypopnea index (AHI) � 5 have 

a higher incidence of systolic and diastolic hypertension. 

Sleep apnea has been shown to occur frequently in patients 

with essential hypertension (22%–62%) (Lavie et al 1984). 

In a study of 23 patients treated for essential hypertension, 

using a questionnaire for symptoms of sleep apnea, and a 

sleep study, the prevalence of sleep apnea was 48% (11/23). 

Of these patients, one third (7/11) were found to have severe 

oxygen desaturations defi ned as at least a 4% reduction or 

saturations � 90% (average 87%) during sleep as a result of 

apnea (Williams et al 1985).

In some of the earlier studies or surveys, there had been 

no objective data on breathing during sleep and it is not 

clear if the association was due to the inclusion of apneic 

individuals among snorers. Inconsistencies in the association 

of sleep apnea and hypertension have been demonstrated, 

with some studies showing a strong association and others 

not. These inconsistencies were probably related to differ-

ences in defi nitions of hypertension and apnea, as well as the 

inability to control for factors associated with hypertension 

such as obesity and diabetes. In one of the largest cohort of 

6,132 subjects (Sleep Heart Health Study), it has been clearly 

demonstrated that sleep disordered breathing is associated 

with systemic hypertension in middle-aged and older-aged 

individuals of different sexes and ethnic backgrounds even 

after adjusting for variables such as body mass index (BMI), 

neck circumference, waist-to-hip ratio, alcohol intake and 

smoking. In the unadjusted arm of the study, the prevalence 

rates of hypertension increased according to the severity of 

the apnea (43% (AHI � 1.5), 53% (AHI 1.5–4.9), 59% (AHI 

5–14.9), 62% (AHI 15–29.9) and 67% with an AHI � 30. 

When adjusted for other demographics, the odds of hyperten-

sion increased in a graded response according to the severity 

of the AHI (Nieto et al 2000). In another large cohort of 709 

patients (Wisconsin Sleep Study) it has been demonstrated 

that there was a dose-response association with hypertension 

and the severity of sleep apnea according to their AHI, even 

after adjusting for other factors such as BMI, alcohol and 

tobacco use (Peppard et al 2000).

A cross-sectional community based study of 147 male 

and female patients (30–60 years) selected from the Wiscon-

sin Sleep Cohort Study looked at the association of blood 

pressure during sleep and wakefulness in patients with and 

without sleep apnea. In this study, the mean blood pressures 

were signifi cantly elevated in patients with sleep apnea during 

wakefulness (131/80 ± 1.7/1.1 mmHg) compared to 122/75 

± 1.9/1.2 mmHg in those without sleep apnea. In addition the 

mean blood pressures in sleep apnea patients during sleep 

were also signifi cantly elevated (113/66 ± 1.8/1.1 mmHg, 

compared to 104/62 ± 2/1.3 mmHg, P � 0.05). The study also 

demonstrated the variability of the blood pressure during sleep 

was signifi cantly greater in participants with sleep apnea or a 

history of snoring compared with those without. The variability 

in mean arterial blood pressure in non-snorers with an AHI � 5 

was 7.5 mmHg compared to 8.5 mmHg in snorers with an AHI 

� 5 and 8.9 in apneic patients with AHI � 5 (P � 0.05). Even 

after controlling for obesity, gender and age, the prevalence 

of hypertension was signifi cantly associated with sleep apnea 

(OR 2.0 to 5.0 for AHI 5–25) (Hla et al 1994).

Studies have also shown higher sympathetic activity 

in sleep apnea patients when awake, with further increases 

during sleep. The greatest increase in sympathetic activity is 

at the end of the apnea period, after arousal. With resump-

tion of normal breathing, there is a decrease in sympathetic 

activity and blood pressure. The mechanism(s) of increased 
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sympathetic nervous activity is unclear but may be deter-

mined by factors such as age, sex, obesity, oxygen desatura-

tion and hypercapnea. Continuous positive airway pressure 

(CPAP) has been shown to attenuate the apneic episodes as 

well as the increased sympathetic activity and hypertensive 

responses during sleep. However, this attenuated response is 

not complete to the levels seen during normal sleep in normal 

subjects (Somers 1993, 1995).

The arousal mechanism has been considered a stimulant 

of sympathetic activity and catecholamine levels have been 

shown to be increased after arousal. Carotid body stimulation 

appears to be pivotal to this sympathetic nervous activity 

and the development of increases in blood pressure. Oxygen 

attenuates the sympathetic nervous system responses to 

apnea, but does not completely inhibit it. In a more recent 

study in hypertensive patients with OSA who are hypersom-

nolent compared with those that are non-hypersomnolent, 

there has been no signifi cant difference in the mean 24-hour 

BP when CPAP treatment was compared to sham treatment 

(suboptimal CPAP) (Robinson et al 2006).

Sleep disordered breathing (SDB) has also been linked 

to the development of stroke. Until recently there have been 

no prospective studies that have confi rmed the association of 

SDB with stroke. In a cross-sectional and longitudinal study 

published by Arzt et al (2005), subjects with SDB were com-

pared with those without SDB in the general population and 

followed for 4 years for the development of stroke. Of 1475 

subjects studied in the cross-sectional analysis, 22 suffered 

a fi rst-ever stroke over the next 4 years and none of these 

had atrial fi brillation. The percent prevalence rates for stroke 

according to AHI’s of �5, 5 to �20 and �20 were 1.2%, 0.8% 

and 6.1% respectively. After adjustment for age, sex, body 

mass index, smoking and alcohol consumption, the odds ratio 

for developing a stroke in the SDB group was still elevated 

(O.R. 4.3 for AHI � 20, 95% C.I 1.32–14.24 ). When hyper-

tension was added as a confounding variable, the odds ratio 

was 3.87 (95% C.I. 1.19–12.63) and remained signifi cant. In 

the group with mild to moderate SDB (AHI 5.0 – �20.0) the 

odds ratio for the prevalence of stroke was not signifi cantly 

different from the reference group (AHI � 5.0). This study 

however, does demonstrate an association with SDB and the 

development of stroke even after adjusting for confounding 

factors (Artz et al 2005).

OSA and ischemic heart disease
Increasing evidence is emerging that indicate that OSA is a 

risk factor for cardiovascular disease, independent of other 

commonly associated conditions such as age, sex, obesity, 

diabetes and hypertension. Earlier epidemiologic studies, 

using snoring as a surrogate for OSA, suggested a higher 

prevalence of hypertension and ischemic heart disease in 

snorers (Yates 1987; Markku et al 1985; Norton and Dunn 

1985).

Hung et al studied 101 unselected male survivors 

(�65yrs) of acute myocardial infarction (MI) and another 

53 male subjects of similar age without evidence of ischemic 

heart disease. The apnea index was 6.9 in the MI group com-

pared to 1.4 in the control subjects. The relative risk for MI 

between the highest and lowest quartiles of the apnea index 

was 23.3 (95% CI 3.9–139.9) (Hung et al 1990).

In a cross-sectional substudy of the Sleep Heart Health 

Study, of the association of SDB with cardiovascular disease 

by Shahar et al (2001) it has been demonstrated in 1,023 

participants, using multivariable adjustments, that sleep 

disordered breathing was more strongly associated with 

self-reported heart failure and stroke than coronary artery 

disease. In this study the relative odds (95% CI) of heart 

failure, stroke and coronary artery disease for AHI values that 

were considered normal or only mildly increased, were 2.38 

(1.22–4.62), 1.58 (1.02–2.46) and 1.27 (0.99–1.62) respec-

tively and therefore suggesting only a modest to moderate 

effect on cardiovascular disease.

OSA and cardiac dysfunction
Earlier studies have demonstrated an association with LV 

dysfunction and OSA. These have been explained largely on 

the decreases in intrathoracic pressure during inspiration in 

patients with OSA. It has been demonstrated that large and 

sustained decreases in intrathoracic pressures as a result of 

OSA, may affect LV function not only as a result of changes 

in LV fi lling but also as a result of changes in afterload. 

Decreases in intrathoracic pressure results in increases in 

left ventricular transmural pressure (LVPtm) during systole, 

which in turn increases afterload (diastolic dysfunction) 

(Buda et al 1979). In addition, increases in negative intra-

thoracic pressure swings increase right-sided fi lling causing 

right ventricular distention with a leftward shift of the inter-

ventricular septum resulting in decreased left-sided fi lling. 

These observations have therapeutic implications as positive 

end expiratory pressure and continuous positive airway pres-

sure may be a factor in improving pulmonary compliance 

and LV function in these patients (Suter et al 1979). In two 

outpatient studies of patients with stable and asymptomatic 

congestive heart failure, approximately 40%–50% of the 

patient population had OSA or Cheyne Stokes respiration 

with central sleep apnea Naughton and Bradley (1998). In 
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a recent randomized study of 258 patients with congestive 

heart failure and central sleep apnea by Bradley et al (2005) 

(CANPAP Trial) assessing the benefi ts of longer term CPAP 

on morbidity and mortality, CPAP reduced the frequency 

of apneas and hypopneas, increased the minimal and mean 

nocturnal oxygen saturations, and increased ejection frac-

tions and six-minute walk distance. However, there has 

been no effect on morbidity and mortality as measured by 

the heart transplant-free survival between the CPAP group 

versus the control.

With reference to OSA and the different forms of cardiac 

dysfunction, in a study of 68 patients with polysomnographi-

cally confi rmed OSA, published by Fung et al it has been 

observed, that an abnormal relaxation period on echo Dop-

pler as evidence for diastolic dysfunction, was present in 

37% of patients. In those with diastolic dysfunction there 

was also an association with increasing age, hypertension 

and a lower minimal oxygen saturation during sleep. How-

ever, using multivariate analysis, is has been observed that 

a lower oxygen saturation during sleep was an independent 

predictor of an abnormal relaxation period irrespective of 

age or hypertension. In addition, diastolic dysfunction was 

more prevalent in those with severe OSA (AHI � 40 vs � 

40) (Fung et al 2002).

In a prospective study of 169 consecutive OSA patients, 

by Laaban et al (2002) on the association of LV systolic 

dysfunction and OSA, using radionuclide studies, it has been 

observed that only 7.7% (13/169) patients had systolic dys-

function, defi ned as having an LVEF � 50%. In this study, 

patients with known cardiac disease were excluded and there 

was no differences in age, body mass index, AHI, nocturnal 

desaturations or the prevalence of systemic hypertension in 

those with LVEF’s of �50% or �50%. It was also shown 

that in about 50% of patients who had been reassessed after 

treatment of their OSA, their LVEF’s had normalized. The 

authors of this study concluded that systolic dysfunction was 

an uncommon/rare consequence of OSA, and that multiple 

potential mechanisms contributed to this, including LV strain 

related to chronic daytime LV dysfunction, hypoxemia and 

impairment of myocardial contractility and possibly noctur-

nal hypertension and catecholamine surges.

Both OSA and Cheyne-Stokes-Respiration with Central 

Sleep Apnea (CSR-CSA) occur in patients with congestive 

heart failure. Unlike in OSA and patients with CHF, CSR-

CSA tends to be a consequence, rather than a cause of the 

CHF. In patients with an increase in pulmonary venous 

congestion, there is an increase in pulmonary vagal affer-

ents, resulting in hyperventilation. This hyperventilation 

results in a reduction in the arterial PaCO2 below the apnea 

threshold resulting in recurrent central apneas. Although 

the former mechanism is controversial, it is believed that 

an increase in sympathetic nervous system activation may 

stimulate hyperventilation resulting in hypocapnea. The 

apneas are terminated when the PaCO2 rises to the ventila-

tory threshold (Heistad et al 1972; Datta et al 1991; Bradley 

and Phillipson 1992).

CSR-CSA in patients with CHF appears to be a marker of 

increased mortality, and this has been demonstrated in at least 

one study published by Hanley et al who showed in a study 

comparing patients of similar degrees of functional status 

and LV ejection fraction, with and without CSR-CSA, that 

the mortality was 56% in those with CSR-CSA compared to 

11% in those without. The most likely mechanism to explain 

this was an increase in sympathetic nervous system activity 

(Hanly and Zuberi-Khokhar 1996).

In a study of 47 asymptomatic patients with LV dys-

function (LVEF �40%), the prevalence of CSA was much 

higher than OSA (55% vs 11%). In addition, the severity of 

CSA was not associated with the severity of hemodynamic 

impairment (Lanfranchi et al 2003).

OSA and arrhythmias
Both bradyarrhythmias and tachyarrhythmias occur in 

patients with OSA. Bradyarrhythmias are said to be more 

common than tachyarrhythmias, and evidence supports the 

presence of hypoxemia for bradyarrhythmias to occur. Apnea 

without hypoxemia does not result in bradyarrhythmias. 

Hypoxemia causes tachycardia during wakefulness and 

during all stages of sleep. The longer the duration of apnea 

and the more severe the oxygen desaturation, the greater 

the association with bradycardia. Further observations by 

Zwillich et al have demonstrated that breath-holding whilst 

breathing air with low oxygen concentrations than room 

air resulted in bradyarrhythmias (Zwillich et al 1982). The 

effect of hypoxemia and lung infl ation on heart rate appears 

to be under vagal control, and observations by Zwillich et al 

have confi rmed that pre-treating subjects with atropine before 

breath holding and breathing lower concentrations of oxygen, 

prevented bradyarrhythmias.

During normal sleep the body is in a state of hemody-

namic and autonomic “quiescence” resulting in a decrease in 

myocardial workload. In patients with OSA, the “arousals” 

punctuate this state of autonomic quiescence resulting in 

increased sympathetic activity and increases in blood pressure 

and heart rate. Most arrhythmias occur in those with AHI � 

40/hour (Hoffstein and Mateika 1994).

Powered by TCPDF (www.tcpdf.org)



Therapeutics and Clinical Risk Management 2007:3(6)1110

Dorasamy

In a cohort of patients from the Sleep Heart Health Study, 

individuals with severe sleep-disordered breathing have two- 

to fourfold higher odds of complex arrhythmias than those 

without sleep-disordered breathing even after adjustment for 

potential confounders. This sub-study however, did not fi nd 

a signifi cant association between OSA and bradyarrhythmias 

(Mehra et al 2006).

In a study of patients with OSA and atrial fi brillation, 

those patients cardioverted for AF but untreated for OSA, 

there was a doubling of 1 year recurrence rate of their atrial 

fibrillation compared to those patients receiving CPAP 

therapy (Kanagala et al 2003).

OSA, platelet activation, endothelial 
dysfunction and serum biomarkers
Platelet activation is known to be associated with an increase 

in risk of cardiovascular death (Tofl er et al 1987).

Increased platelet activation and aggregation has been 

shown to occur during sleep in patients with OSA, and 

this effect has been shown to be reduced by nasal CPAP 

(Bokinsky et al 1995). Another study confi rmed increased 

in-vitro platelet aggregability in patients with OSA which 

was reduced by long term treatment with nasal CPAP. This 

therapy also restored the physiologic diurnal pattern of 

platelet aggregability (Sanner et al 2000).

In a review of the evidence for an increase in cardio-

vascular and cerebrovascular disease, many studies have 

also indicated an increase in hemostatic alterations and 

a pro-coagulant state in patients with OSA. Some of the 

mechanisms include an increase in plasma fi brinogen, platelet 

activation and reduced thrombolytic activity (Von Kanel and 

Dimsdale 2003).

In the Mayo Clinic Proceedings, OSA, as in athero-

scleorosis, has been shown to be associated with an increase 

in CRP, interleukin 6, fi brinogen and plasminogen activa-

tor inhibitor and reduced fi brinolytic activity. In addition, 

there has also been leukocyte adhesion and accumulation 

on the endothelial cells (Parish and Somers 2004). Although 

there are no serum markers for OSA, there is evidence of 

an increase in serum homocysteine and C-Reactive Protein 

(CRP) which may be used as a predictor of long term prog-

nosis for cardiovascular disease and response to treatment 

of OSA (Wright et al 1997).

There is increasing evidence to suggest that repeated 

apnea-related hypoxic events similar to hypoxia and reper-

fusion injury, may lead to oxidative stresses which in turn 

result in free radical production and activation of a number 

of cytokines, adhesion molecules and transcription molecules 

such as endothelin-1, vascular endothelial growth factor 

(VGEF), and NF-kappa-B (Lavie 2003; Cummins et al 2006; 

Zamarron-Sanz et al 2006).

Conclusion
Obstructive sleep apnea is a common condition with major 

public health implications. It is commonly associated with 

recognized cardiovascular risk factors such as obesity, hyper-

tension, diabetes and hyperlipidemia. Some studies have 

suggested that OSA may be an independent cardiovascular 

risk factor. However, many epidemiologic studies have failed 

to demonstrate a causal relationship.

Attention to the treatment of the associated co-morbid 

conditions such as obesity, diabetes, hypothyroidism and 

COPD, as well as treatment with nasal CPAP have been 

associated with a reduction in mortality associated with this 

condition.

References
Arzt M, Young T, Finn L, et al. 2005. Association of sleep-disordered 

breathing and the occurrence of stroke. Am J Respir Crit Care Med, 
172:1447–51.

Atwood CW Jr, McCrory D, Garcia JGN, et al. 2004. Pulmonary artery 
hypertension and sleep-disordered breathing: ACCP evidence-based 
clinical practice guidelines. Chest, 126:72–7.

Bokinsky G, et al. 1995. Spontaneous platelet activation and aggregation 
during obstructive sleep apnea and its response to therapy with nasal 
continuous positive airway pressure. A preliminary investigation. 
Chest, 108:625–30.

Block AJ, Boysen PG, Wynne JW, et al. 1979. Sleep apnea, hypopnea and 
oxygen desaturation in normal subjects. A strong male predominance. 
New Engl J Med, 300:513–7.

Bradley TD, Floras JS. 2003. Sleep apnea and heart failure – Part I: obstruc-
tive sleep apnea. Circulation, 107:1671.

Bradley TD, Logan AG, Kimoff RJ, et al. 2005. CANPAP Investigators. 
Continuous positive airway pressure for central sleep apnea and heart 
failure. N Engl J Med, 353:2025–33.

Bradley TD, Phillipson EA. 1992. Central sleep apnea. Clin Chest Med, 
13493–506.

Bradley TD, Mateika J, Li D, et al. 1990. Daytime hypercapnea in the devel-
opment of nocturnal hypoxemia in COPD. Chest, 97:308–12.

Buda AJ, Pinsky MR, Ingels NB, et al. 1979. Effect of intrathoracic pressure 
on left ventricular performance. N Engl J Med, 301:453–9.

Catterhall HR, Douglas NJ, Calverley PMA, et al. 1983. Transient hypo-
xemia during sleep in chronic obstructive pulmonary disease is not a 
sleep apnea syndrome. Am Rev Respir Dis, 128:24–9.

Chaouat A, Weitzenblum E, Krieger J, et al. 1995. Association of chronic 
obstructive pulmonary disease and sleep apnea syndrome. Am J Respir 
Crit Care Med, 151:82–6.

Chaouat A, Weitzenblum E, Kessler R, et al. 1997. Sleep-related O
2
 desa-

turation and daytime pulmonary hemodynamics in COPD patients with 
mild hypoxemia. Eur Respir J, 10:1730–5.

Christensen CC, Ryg MS, Edvardsen A, et al. 2004. Relationship between 
exercise desaturation and pulmonary haemodynamics in COPD patients. 
Eur Respir J, 24:580–6.

Cummins E, Berra E, Comerford KM, et al. 2006. Prolyl hydroxylase-1 
negatively regulates IB kinase, giving insight into hypoxia-induced 
NF-kappa-B activity. Proc Natl Acad Sci USA, 103:18154–9.

Powered by TCPDF (www.tcpdf.org)



Therapeutics and Clinical Risk Management 2007:3(6) 1111

OSA and cardiovascular risk

Datta AK, Shea SA, Horner RL, et al. 1991. The infl uence of induced 
hypocapnia and sleep on the endogenous respiratory rhythm in humans. 
J Physiol, 440:17–33.

Dhillon S, Chung SA, Fargher T, et al. 2005. Sleep apnea, hypertension, 
and the continuous positive airway pressure (CPAP). Am J Hyperten-
sion, 18:594–600.

Dursunoglu D, Dursunoglu N, Evrengu H, et al. 2005. Impact of obstruc-
tive sleep apnoea on left ventricular mass and global function. Eur 
Resp J, 26:283–8.

Edwards N, Wilcox I, Sullivan CE. 1998. Sleep apnea in women. Thorax, 
53:12–15.

Fung JW, Li T, Choy DK, et al. 2002. Severe obstructive sleep apnea is asso-
ciated with left ventricular diastolic dysfunction. Chest, 121:422–9.

Hanly PJ, Zuberi-Khokhar NS. 1996. Increased mortality associated with 
Cheyne-Stokes respiration in patients with congestive heart failure. Am 
J Respir Crit Care Med, 153:272–6.

Hawrylkiewicz I, Sliwinski P, Gorecka D, et al. 2004. Pulmonary haemo-
dynamics in patients with OSA or an overlap syndrome. Monaldi Arch 
Chest Dis, 61:148–52.

Heistad DD, Wheeler RC, Mark AL, et a1. 1972. Effects of adrenergic 
stimulation on ventilation in man. J Clin Invest, 51:1469–75.

Hla KM, Young TB, Bidwell T, et al. 1994. Sleep apnea and hypertension. 
A population based study. Ann Intern Med, 120:382–8.

Hoffstein V, Mateika S. 1994. Cardiac arrhythmias, snoring, and sleep 
apnea. Chest, 106:466–71.

Hung J, Whitford EG, Parsons RW, et al. 1990. Association of sleep apnea 
with myocardial infarction in men. Lancet, 336:261–4.

Kanagala R, Murali NS, Friedman PA, et al. 2003. Obstructive sleep apnea 
and the recurrence of atrial fi brillation. Circulation, 107:2589–94.

Kurtz D, Weitzenblum E, Krieger J. 1987. Sleep and chronic obstructive 
pulmonary disease. In:Emser W, Kurtz D, Webb WB. eds. Sleep, 
aging and related disorders. Basel Karger: Interdiscipl topics ger-
ontolp 68–97.

Laaban J-P, Pascal-Sebaoun S, Bloch E, et al. 2002. Left ventricular sys-
tolic dysfunction in patients with obstructive sleep apnea syndrome. 
Chest, 122:1133–8.

Lanfranchi P, Somers VK, Braghiroli A, et al. 2003. Central sleep apnea in 
left ventricular dysfunction – prevalence and implications for arrhyth-
mic risk. Circulation, 107:727.

Lavie L. 2003. Obstructive sleep apnea syndrome – an oxidative stress 
disorder. Sleep Med Rev, 7:35–51.

Lavie P, et al. 1984. Prevalence of sleep apnea syndrome among patients 
with essential hypertension. Am Heart J, 108:373–6.

Markku K, Markku P, Seppo S, et al. 1985. Snoring as a risk factor for 
hypertension and angina pectoris. Lancet, 325:893–6.

Mehra R, Benjamin EJ, Shahar E, et al. 2006. Association of nocturnal 
arrhythmia with sleep-disordered breathing: The Sleep Heart Health 
Study. Am J Respir Crit Care Med, 173:910–16.

Millman RP. 1991. Daytime hypertension in obstructive sleep apnea. 
Prevalence and contributing factors. Chest, 99:861–6.

Mulloy E, McNicholas WT. 1996. Ventilation and gas exchange during 
sleep and exercise in severe COPD. Chest, 109:387–94.

Naughton MT, Bradley TD. 1998. Sleep apnea in congestive heart failure. 
Clin Chest Med, 9:99–113.

Nieto FJ, Young TB, Lind BK, et al. 2000. Association of sleep-disordered 
breathing, sleep apnea and hypertension in a large community-based 
study. Sleep Heart Health Study. JAMA, 283:1829–3.

Norton PG, Dunn EV. 1985. Snoring is a risk factor for disease: an epide-
miologic survey. Br Med J, 291:630–2.

Parish JM, Somers VK. 2004. Obstructive sleep apnea and cardiovascular 
disease. Mayo Clin Proc, 79:1036–46.

Peppard PE, Young T, Palta M, et al. 2000. Prospective study of the asso-
ciation between sleep disordered breathing and hypertension. N Engl 
J Med, 342:1378–84.

Robinson GV, Smith DM, Langford BA, et al. 2006. Continuous positive 
airway pressure does not reduce blood pressure in nonsleepy hyper-
tensive OSA patients. Eur Respir J, 27:1229–35.

Sanders MH, Newman AB, Haggerty CL, et al. 2003. Sleep and sleep-
disordered breathing in adults with predominantly mild obstructive 
airways disease. Am J Respir Crit Care Med, 167:7–14.

Sanner BM, Konermann M, Tepel M. 2000. Platelet function in patients with 
obstructive sleep apnea syndrome. Eur Respir J, 16:648–52.

Shahar E, Whitney C, Redline S, et al. 2001. For the Sleep Heart Health 
Study Research Group. Sleep-disordered breathing and cardiovascular 
disease: cross-sectional results of the Sleep Heart Health Study. Am J 
Respir Crit Care Med, 163:19–25.

Somers VK. 1995. Sympathetic neural mechanisms in OSA. Clin Invest, 
96:1897–904.

Somers VK, et al. 1993. Sympathetic nerve activity during sleep in normal 
humans. N Engl J Med, 328:303–7.

Suter PM, Fairley HB, Isenberg MD. 1979. Optimum end-expiratory 
pressure in patients with acute pulmonary failure. N Engl J Med, 
292:284–9.

Tilkian AG, Guilleminault C, Schroeder JS, et al. 1976. Hemodynamics 
in sleep-induced apnea. Studies during wakefulness and sleep. Ann 
Int Med, 85:714–19.

Tofl er GH, et al. 1987. Concurrent morning increase in platelet aggregability 
and the risk of myocardial infarction and sudden cardiac death. N Engl 
J Med, 316:1514–18.

von Kanel R, Dimsdale JE. 2003. Hemostatic alterations in patients with 
obstructive sleep apnea and the implications for cardiovascular disease. 
Chest, 124:1956–67.

Vos PJE, Folgering HTM, Van Herwaarden CLA. 1995. Predictors for 
nocturnal hypoxemia (mean SaO

2
 < 90%) in normoxic and mildly 

hypoxic patients with COPD. Eur Respir J, 8:74–7.
Weitzenblum E, Chaouat A. 2004. Sleep and chronic obstructive pulmonary 

disease. Sleep Medicine Reviews, 8:281–94.
Williams AJ, Houston D, et al. 1985. Sleep apnea syndrome and essential 

hypertension. Am J Cardiol, 55:1019–22.
Wright J, Johns R, Watt I, et al. 1997. Health effects of obstructive sleep 

apnea and the effectiveness of continuous positive airway pressure: a 
systematic review of the evidence. Br Med J, 314:851.

Wynne JW, Block AJ, et al. 1979. Disordered breathing and oxygen desatu-
ration during sleep in patients with chronic obstructive lung disease 
(COLD). Am J Med, 66:573–9.

Yates P. 1987. Snoring is a risk factor for ischemic heart disease and stroke 
in men. Br Med J, 294:16–19.

Young T, Palta M, Dempsey J, et al. 1993. The occurrence of sleep-
disordered breathing among middle-aged adults. New Engl J Med, 
328:1230–5.

Zamarron-Sanz C, Ricoy-Galbaldon J, Gude-Sampedro F, et al. 2006. 
Plasma levels of vascular endothelial markers in obstructive sleep 
apnea. Arch Med Res, 37:552–5.

Zwillich C, et al. 1982. Bradycardia during sleep apnea. Characteristics and 
mechanisms. J Clin Invest, 69:1286–92.

Powered by TCPDF (www.tcpdf.org)



Powered by TCPDF (www.tcpdf.org)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


