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Abstract

Untreated obstructive sleep apnea (OSA) is an independent risk factor for hypertension, 

myocardial infarction, and stroke. The repetitive hypoxia/reoxygenation and sleep fragmentation 

associated with OSA impair endothelial function. Endothelial dysfunction, in turn, may mediate 

increased risk for cardiovascular diseases. Specifically, in OSA, endothelial nitric oxide 

availability and repair capacity are reduced, whereas oxidative stress and inflammation are 

enhanced. Treatment of OSA improves endothelial vasomotor tone and reduces inflammation. We 

review the evidence and possible mechanisms of endothelial dysfunction as well as the effect of 

treatment on endothelial function in OSA.

Obstructive sleep apnea (OSA), a condition that affects 9% to 25% of the American adult 

population, is characterized by repetitive apneas, causing hypoxemia and arousals from 

sleep.1,2 Untreated OSA is an independent risk factor for hypertension, myocardial 

ischemia, and stroke3–5; however, the mechanisms underlying the association between OSA 

and cardiovascular diseases are not well understood. More recent research suggests that 

OSA directly affects the endothelium, providing a possible link between OSA and the 

development of cardiovascular disease.

Endothelial dysfunction is an early marker of vascular abnormality preceding clinically 

overt cardiovascular disease. The intact endothelium regulates vascular tone and repair 

capacity, maintaining proinflammatory, anti-inflammatory, and coagulation homeostasis.6 

Alteration of these homeostatic pathways results in endothelial dysfunction before structural 

changes in the vasculature.7

Abnormal endothelial function may play an important role in increased cardiovascular risk 

associated with OSA. For example, OSA patients who are otherwise free of cardiovascular 

comorbidities have increased endothelial oxidative stress, inflammation, and reduced 

endothelial repair capacity, strongly suggesting that OSA independently impairs endothelial 

function.8–13 Endothelium-dependent vasodilation is impaired in otherwise healthy patients 

with OSA, suggesting reduced nitric oxide (NO) bioavailability.14,15 Furthermore, treatment 

of OSA improves endothelial function and appears to reduce the risk of fatal and nonfatal 
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cardiovascular events.16,17 Reversal of endothelial dysfunction may play an important role 

in treatment-mediated reduction of cardiovascular risk in these patients.

The present review will first focus on evidence of endothelial dysfunction in patients with 

untreated OSA. Possible mechanisms of endothelial dysfunction in OSA will then be 

considered. Lastly, the effect of OSA treatment on endothelial function will be discussed.

Evidence of Endothelial Dysfunction in Untreated OSA

The evaluation of endothelial function in patients with OSA includes assessment of 

vasomotor tone, endothelial proinflammatory/anti-inflammatory activity, coagulation 

homeostasis, and endothelial repair capacity.

Regulation of Vasomotor Tone

The healthy endothelium maintains balance between vasodilation and vasoconstriction in 

response to physical and biochemical stimuli6. Endothelial dysfunction is characterized by 

impaired endothelium-dependent vascular relaxation in response to mediators such as 

acetylcholine or to increased blood flow.7 This can be clinically measured by ultrasound 

studies of forearm blood flow responses to various endothelial stimuli. Flow-mediated 

dilation, which measures the change of the brachial artery diameter after a brief period of 

forearm ischemia, is a noninvasive method commonly used to assess endothelium-dependent 

vasodilation.18 The transient brachial artery dilation that follows ischemia appears to be 

primarily regulated by NO bioavailability, although endothelium-derived prostanoids may 

play an adjunctive role.19–21

The cardiology and diabetes literature has shown that impaired endothelial-dependent 

vasodilation in response to acetylcholine or reactive hyperemia has prognostic value based 

on correlations with increased risk of subsequent cardiovascular events (such as myocardial 

infarction and stroke). Researchers in the sleep apnea field have shown that OSA, like 

coronary artery disease and diabetes, can independently contribute to impaired endothelial 

function as well. For example, endothelium-dependent vasodilation measured by forearm 

blood flow after intraarterial infusion of acetylcholine, an endothelium-dependent 

vasodilator, is reduced in otherwise healthy patients with severe OSA compared with age- 

and body mass index (BMI)–matched controls.14,15 Similarly, flow-mediated dilation is 

reduced in otherwise healthy patients with untreated OSA, indicating reduced NO 

bioavailability.16 Among 1,037 elderly patients with OSA who participated in the Sleep 

Heart Health/Cardiovascular Health Study, flow-mediated dilation remained impaired even 

after adjustment for BMI and cardiovascular comorbidities.22 Brachial artery reactivity 

correlated with the degree of hypoxemia rather than apnea-hypopnea index (AHI), 

suggesting that hypoxemia/reoxygenation plays a crucial role in reducing NO bioavailability 

and promoting endothelial dysfunction in OSA.22 However, we are also aware of studies 

showing no major association between OSA and endothelial dysfunction that have not been 

published, presumably as a result of publication biases. Thus, further work is required.

Although impaired flow-mediated dilation suggests that there is a decrease in NO 

bioavailability, further studies have shown that, in the plasma and in endothelial cells, there 
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is indeed less NO in OSA patients compared with controls. Initial studies show that 

circulating NO levels are decreased in untreated OSA.23,24 Furthermore, plasma levels of 

asymmetric NG,NG-dimethylarginine, an endogenous inhibitor of endothelial NO synthase 

(eNOS), are increased and correlate inversely with flow-mediated dilation in patients with 

untreated OSA.25 In freshly harvested venous endothelial cells, there are decreased eNOS 

activity and increased nitrotyrosine production, a byproduct of NO degradation.13 In 

aggregate, these studies provide direct evidence that NO bioavailability is reduced in OSA 

patients without overt cardiovascular disease.

On the other hand, the evidence for increased production of vasoconstricting substances 

such as endothelin-1 and angiotensin II in patients with OSA is inconsistent. Plasma levels 

of aldosterone and angiotensin II in patients with OSA have been reported to be elevated or 

similar to controls.26,27 Endothelin-1 levels, however, have been variable; and the effect of 

OSA itself on endothelin-1 appears complicated. For instance, nocturnal plasma levels of 

endothelin-1 are increased in patients with untreated OSA and unspecified comorbidities 

compared with their bedtime values, indicating an acute adverse effect of OSA on nocturnal 

regulation of vasomotor tone.28 Similarly, both nocturnal and diurnal endothelin-1 levels are 

higher in patients with OSA compared with slightly younger and less obese healthy 

controls.28 However, coexistent cardiovascular diseases may influence endothelin-1 levels 

independently from OSA; and studying patients with comorbidities who may not be well 

matched by age and BMI can be problematic. In patients with OSA and coexistent 

cardiovascular diseases, plasma levels of the endothelin-1 precursor big endothelin-1 were 

elevated, whereas levels of endothelin-1 were similar, compared with healthy age-matched 

controls,29 suggesting that measuring endothelin-1 levels alone may not be reflective of 

increased production in general. Another study showed that untreated OSA patients do have 

greater morning plasma endothelin-1 levels than controls with lower BMI and systolic blood 

pressure.30 Similarly, endothelin-1 levels are elevated in 9 normotensive OSA patients 

compared with healthy controls; however, the small sample size limits the strength of this 

finding.31 In contrast, plasma levels of endothelin-1 were not different in either otherwise 

healthy OSA patients or those with coexistent cardiovascular diseases compared with their 

matched controls.26,32 Furthermore, nocturnal and diurnal endothelin-1 plasma levels were 

greater in hypertensive but not in normo-tensive OSA patients compared with healthy 

controls, suggesting that OSA does not affect plasma endothelin-1 levels in the absence of 

coexistent cardiovascular diseases.27 These inconsistent findings of plasma endothelin-1 

levels in patients with OSA likely reflect the predominantly abluminal release of 

endothelin-1.33 Vascular production of endothelin-1 is elevated, whereas circulating levels 

are similar to controls, in a rat model of arterial hypertension.34 Therefore, normal 

circulating levels of endothelin-1 do not exclude its elevated vascular production in OSA.

In summary, the published literature suggests that OSA adversely affects endothelial 

regulation of peripheral vasomotor tone. Endothelial dysfunction identified in the peripheral 

vasculature strongly predicts coronary endothelial dysfunction.35 Impaired endothelial 

vasomotor tone may mediate increased risk for cardiovascular diseases in patients with 

OSA.
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Endothelial Proinflammatory/Anti-Inflammatory Homeostasis

The repetitive hypoxia/reoxygenation associated with apneas and hypopneas in OSA up-

regulates the production of inflammatory mediators and the expression of adhesion 

molecules. In general, accumulation and adhesion of circulating leukocytes to the vascular 

endothelium lead to vessel inflammation and progression of atherosclerosis.6,36 In otherwise 

healthy patients with OSA, levels of circulating soluble adhesion molecules that mediate 

adhesion of leukocytes to the vascular endothelium are elevated compared with age-matched 

healthy controls.8 In addition, monocyte expression of the adhesion molecules CD15 and 

CD11c is increased in patients with OSA compared with controls matched for age and 

cardiovascular comorbidities.9 Enhanced oxidative stress and adhesion to cultured 

endothelial cells in monocytes collected in the morning from OSA patients suggest an 

adverse effect of OSA on diurnal vascular proinflammatory/anti-inflammatory homeostasis.9 

Lymphocytic production of interleukin (IL)-4, a proinflammatory cytokine, is greater, 

whereas production of IL-10, a potent anti-inflammatory cytokine, is decreased, in otherwise 

healthy patients with moderate to severe OSA compared with subjects with an AHI of less 

than 10/h.10 Levels of the circulating proinflammatory cytokines IL-6 and IL-18 are greater 

in otherwise healthy OSA patients compared with controls and are correlated with severity 

of OSA.12 Thus, endothelial proinflammatory/anti-inflammatory homeostasis is shifted 

toward vascular inflammation in patients with untreated OSA.

Coagulation Homeostasis

Shifting of coagulation homeostasis toward a procoagulable state contributes to the 

progression of atherosclerosis.37 Obstructive sleep apnea has been linked to altered 

coagulation homeostasis and excessive platelet activation.38 However, the role of OSA as an 

independent procoagulable stimulus remains uncertain. Coagulation homeostasis has been 

assessed predominantly in OSA patients with coexistent cardiovascular disease that itself 

adversely affects coagulation homeostasis.38 Levels of plasminogen activator inhibitor type 

1, a marker of procoagulability, were similar in OSA patients and healthy controls after 

adjustment for blood pressure and BMI.39 Increased levels of hypercoagulability markers 

such as thrombin/antithrombin III complex and D-dimer are related to coexistent 

hypertension rather than to OSA.40 Furthermore, the AHI is not a significant predictor of 

plasminogen activator inhibitor type 1 levels in the presence of coexistent metabolic 

syndrome in OSA patients.41 Coexistent cardiovascular diseases, and hypertension in 

particular, rather than OSA itself appear to alter coagulation homeostasis in these patients.

Endothelial Repair Capacity

Endothelial dysfunction can result from direct damage to the endothelium itself or, 

alternatively, can be caused by reduced endothelial repair in response to damage. In general, 

reduced levels of bone marrow–derived endothelial progenitor cells, a marker of endothelial 

repair capacity, are associated with impaired vascular endothelial function and increased 

cardiovascular risk.42,43 Endothelial progenitor cells enter the systemic circulation to replace 

defective or injured mature endothelial cells.44

There is evidence to suggest that OSA alters the ability of the endothelium to repair itself. 

For example, levels of circulating endothelial progenitor cells are reduced in patients with 
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OSA who are free of overt cardiovascular disease.13 Reduced endothelial progenitor cell 

levels may exacerbate endothelial dysfunction in patients with OSA because these cells are 

the major repository of eNOS at the site of ischemia/reperfusion-induced endothelial 

injury.34

Not only are endothelial progenitor cells reduced in OSA, but it appears that endothelial 

cells themselves are damaged and apoptotic. Levels of circulating apoptotic endothelial cells 

are reported to be greater in obese patients with untreated OSA who are free of overt 

cardiovascular diseases compared with age-matched non-obese controls, suggesting an 

increased rate of endothelial apoptosis.45 Reduced endothelial progenitor cell levels and 

possible enhanced endothelial apoptosis compromise endothelial repair capacity and are 

likely to contribute to OSA-related increase in cardiovascular risk.

Whether OSA independently up-regulates vascular endothelial growth factor (VEGF), a 

regulator of angiogenesis, is unclear. Levels of VEGF have been assessed mostly in obese 

OSA patients with coexistent cardiovascular diseases.46–48 Hypertension, aging, and obesity 

are themselves associated with elevated VEGF concentrations.48–51 Plasma levels of VEGF 

are similar in normotensive patients with OSA and age- and BMI-matched controls, whereas 

hypertensive patients with OSA have greater VEGF levels.51 Concentrations of VEGF 

appear to better correlate with advancing age than OSA severity.48

Mechanisms of Endothelial Dysfunction in OSA

Repetitive hypoxia/reoxygenation and sleep fragmentation associated with transient 

cessation of breathing in OSA adversely affect endothelial function.

Hypoxia/Reoxygenation

Repetitive episodes of hypoxia/reoxygenation can impair endothelial function by directly 

reducing endothelial NO production at the transcriptional and posttranscriptional levels and 

increasing production of reactive oxygen species (ROS) in experimental models.52,53 

Increased ROS causes more oxidative stress, which also reduces and destabilizes eNOS 

messenger RNA while limiting the availability of cofactors required for NO 

production.54–58 The story is further complicated by the differing effects on the endothelium 

of short-term and long term exposure to oxidative stress. Prolonged oxidative stress as 

observed in untreated OSA reduces eNOS activity by suppressing its phosphorylation.59,60 

Hypoxia/reoxygenation, therefore, not only affects NO production, but causes oxidative 

stress that decreases NO and eNOS levels by altering production of NO, transcription of 

eNOS, and activation of eNOS.

Among the ROS, the role of superoxide has been more extensively researched in OSA than 

other ROS. Superoxide rapidly scavenges NO, generating peroxynitrite, a toxic metabolite 

that nitrosylates tyrosine residues, forming nitrotyrosine.61 However, levels of circulating 

free nitrotyrosine were similar in patients with OSA and in healthy subjects.62 In contrast, 

expression of nitrotyrosine in endothelial cells harvested from otherwise healthy patients 

with OSA was greater than controls, suggesting enhanced endothelial oxidative stress.13 

Endothelial expression of nitrotyrosine more closely reflects endothelial oxidative stress in 
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OSA than levels of circulating free nitrotyrosine because the in vivo half-life of nitrotyrosine 

is short and its volume of distribution is 20-fold greater than the plasma volume, indicating 

its extensive distribution in the extravascular compartment.63 As endothelial oxidative stress 

increases and fewer cofactors are available for NO synthesis, eNOS preferentially promotes 

superoxide production that hastens NO degradation and reduces its availability,56,64,65 

causing a vicious cycle. Reduced NO availability results in endothelial dysfunction, thereby 

increasing the risk for vascular diseases in patients with OSA.

Up-regulation of cyclooxygenase-2 (COX-2) and inducible NOS in venous endothelial cells 

suggest increased vascular inflammation in patients with untreated OSA.13 Inducible NOS 

plays an essential role in vascular inflammation and oxidative stress.66,67 Endothelial 

COX-2 up-regulation may have dual pathogenic implications in patients with OSA.68,69 It 

may contribute to oxidative stress by promoting superoxide generation and endothelial 

activation via increased production of vasoconstricting/inflammatory prostanoids.69 

Alternatively, COX-2 upregulation may be a protective mechanism against repetitive 

episodes of hypoxemia/reoxygenation.70 Similarly, VEGF upregulation may be an adaptive 

response to repetitive hypoxia/reoxygenation in OSA71–74 or a marker of accelerated 

atherogenesis in OSA.75

Whether OSA-related hypoxia/reoxygenation activates an adaptive hypoxia-inducible 

factor–1 (HIF-1) pathway is unclear. Elevated levels of VEGF and nocturnal erythropoietin, 

both mediated by the HIF-1 pathway, provide indirect evidence of HIF-1 activation in 

patients with OSA.46,76 However, coexisting cardiovascular diseases may increase VEGF 

levels independently from OSA.46 Prolonged and/or severe hypoxia upregulates HIF-1 in 

endothelial cells in vitro.77,78 However, experimental models of sustained severe hypoxia 

may not be applicable to OSA. More relevant models of repetitive hypoxia/reoxygenation 

suggest that the proinflammatory transcription factor nuclear factor–κB is activated 

selectively over the HIF-1–mediated adaptive pathway, suggesting a maladaptive response 

to hypoxic stimulus in OSA.79,80 Nuclear factor–κB up-regulates several proinflammatory 

genes including tumor necrosis factor (TNF)–α, IL-8, and IL-6.81 Neutrophil counts and 

circulating TNF-α and IL-6 levels are elevated in OSA patients compared with controls.12,79 

The initial sensing and signaling event for nuclear factor–κB activation remains unknown 

because it does not appear to be influenced by oxidative stress.82

Adequate recruitment and activity of endothelial progenitor cells are required to maintain 

endothelial repair capacity. Adhesion of endothelial progenitor cells to ischemic 

endothelium in vitro is mediated by adaptive HIF-1 up-regulation in response to hypoxic 

stimulus.83 Maladaptive response to repetitive hypoxia/reoxygenation may decrease 

adhesion capacity of endothelial progenitor cells in OSA.79 Impaired recruitment of 

endothelial progenitor cells from the bone marrow is likely to be related to depressed NO 

production and activity in patients with OSA.84 Hypoxia/reoxygenation injury that triggers 

programmed cell death may lead to increased endothelial apoptosis in OSA.85 Decreased 

endothelial repair capacity in conjunction with increased endothelial apoptosis suggests 

altered vascular remodeling in OSA.
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Thus, repetitive hypoxia/reoxygenation as observed in OSA adversely impacts endothelial 

function by promoting oxidative stress and inflammation, and reducing NO availability and 

repair capacity (Fig 1).

Sleep Fragmentation and Deprivation

Not only does hypoxia/reoxygenation of OSA affect endothelial function, but the repetitive 

arousals associated with OSA result in chronic sleep fragmentation that in and of itself may 

adversely affect endothelial function. Sleep deprivation appears to increase cardiovascular 

risk independently from upper airway obstruction. For example, self-reported reduced sleep 

duration in 70,000 participants in the Nurses Health Study was associated with increased 

incidence of myocardial infarction over a 10-year period after adjustment for age, snoring, 

BMI, and other known potential confounding variables.86 In healthy subjects, chronic sleep 

deprivation is associated with a 50% decline in flow-mediated vasodilation, a surrogate 

outcome for cardiovascular disease.87 Other studies have shown generally increased 

inflammatory markers in sleep-deprived subjects, suggesting overall increased 

inflammation, sympathetic tone, and hypercoagulability that can all affect cardiovascular 

disease outcomes. Levels of proinflammatory markers such as C-reactive protein (CRP), 

IL-6, and TNF-α are elevated after partial and sustained sleep deprivation in healthy 

subjects.88–90 Increased awake time after sleep onset is associated with elevated levels of 

norepinephrine and plasma D-dimer in elderly caregivers.91,92 Arousal index is correlated 

with plasma levels of von Willebrand factor, a key mediator of platelet adhesion.93 Wake 

after sleep onset time is correlated with levels of soluble tissue factor, an initiator of the 

coagulation cascade, after adjustment for AHI.93 Chronic sleep deprivation and 

fragmentation may compound the adverse effects of hypoxia/reoxygenation on endothelial 

function in OSA (Fig 1).

Effects of OSA Treatment on Endothelial Function

A beneficial effect of continuous positive airway pressure (CPAP) on endothelial function in 

OSA is reasonably well established. Evidence of improvement in endothelial function with 

mandibular advancement device therapy, upper airway surgical procedures, and adjunct 

pharmacotherapy for OSA has also recently emerged.

Continuous Positive Airway Pressure

Continuous positive airway pressure delivers positive airway pressure that acts as a 

pneumatic splint to prevent airway collapse during sleep.94 Therapy with CPAP improves 

flow-mediated vasodilation in OSA patients without overt cardiovascular diseases.16 

Endothelium-dependent vasodilation is increased, whereas endothelium-independent 

vasodilation remains unchanged, in otherwise healthy OSA patients after 3 months of CPAP 

therapy, suggesting increased NO availability.95 In addition, basal NO production is 

increased with CPAP therapy.95 Forearm vasoreactivity improves after as little as 2 weeks 

of CPAP therapy in both normotensive and hypertensive patients with OSA.96 Plasma levels 

of NO derivatives increase after 2 nights of CPAP therapy and remain constant at 5-month 

follow-up.24 Long-term CPAP therapy enhances endothelial repair capacity as evidenced by 

increased levels of circulating endothelial progenitor cells and reduced number of circulating 
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apoptotic endothelial cells.13,45 Blood pressure control improves with long-term CPAP 

therapy in hypertensive patients with OSA.97,98 Reversal of endothelial dysfunction with 

effective long-term CPAP therapy may in part explain its beneficial effect on hypertension 

control in patients with OSA.

Continuous positive airway pressure therapy lowers levels of circulating soluble adhesion 

molecules and TNF-α, and reduces monocyte adhesion capacity to cultured endothelial 

cells, indicating decreased inflammation, leukocyte activation, and leukocyte-endothelial 

interaction.9,10,79,99 Levels of oxidative stress normalize with 4 months of effective CPAP 

therapy, whereas antioxidant defense remains partially impaired after 1 year of therapy, in 

OSA patients.11,100 Plasma levels of the inflammatory markers CRP, IL-6, and TNF-α as 

well as VEGF remain unchanged after withdrawal of CPAP therapy for 7 days despite 

immediate return of OSA.101 Pretreatment values were not reported in this cohort of OSA 

patients who were treated with CPAP for at least 1 year, precluding a definitive conclusion 

about an enduring beneficial effect of CPAP on vascular inflammation.

Overnight treatment with autoadjusting CPAP, which delivers variable positive airway 

pressure during sleep depending on the degree of upper airway obstruction, normalizes 

levels of circulating NO derivatives; however, the improvement in endothelial function does 

not correlate with change in morning blood pressure in hypertensive OSA patients.23 The 

long-term effect of autoadjusting CPAP on endothelial function in OSA is not known. 

Therapy with autoadjusting CPAP appears inferior to fixed CPAP in controlling blood 

pressure in OSA.102,103 Autoadjusting CPAP may be less effective than fixed CPAP in 

eliminating obstructive hypopneas.104 Persistent hypoxia/reoxygenation and sleep 

fragmentation associated with residual obstructive hypopneas may undermine blood 

pressure control in hypertensive OSA patients.

Upper Airway Surgery

Adenotonsillectomy reduces levels of the inflammatory markers CRP, IL-6, and CD40 

ligand, and increases the levels of the anti-inflammatory marker IL-10 in children with 

OSA.105–107 Pulmonary artery pressures are reduced and hyperemic response after cuff-

induced brachial artery occlusion improves after adenotonsillectomy in children with 

OSA.108,109 In adult patients with OSA, uvulopalatopharyngoplasty decreases plasma levels 

of the inflammatory mediators CRP and TNF-α.110,111 The effect of upper airway surgery 

on endothelial vasomotor function in adults with OSA remains unknown.

Mandibular Advancement Devices

Mandibular advancement splints increase oropharyngeal cross-sectional area and reduce the 

likelihood of airway collapse in OSA.112,113 A modest reduction in diastolic but not systolic 

blood pressure during wakefulness was noted in hypertensive OSA patients after a 4-week 

therapy with mandibular advancement device.114 Long-term therapy with mandibular 

advancement devices appears to reverse endothelial dysfunction in OSA despite incomplete 

elimination of obstructive events. Vascular reactivity, assessed by peripheral arterial 

tonometry, and lipid peroxidation, a marker of oxidative stress, were similar in patients with 
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OSA and controls matched for age, BMI, and cardiovascular comorbidities after 1 year of 

suboptimal therapy with an oral device (mean residual AHI, 19/h).115

Emerging Pharmacotherapy

Pharmacotherapy targeted to endothelial dysfunction may be an important adjunct treatment 

modality in OSA, considering suboptimal long-term adherence with CPAP and dental 

devices and limited efficacy of upper airway surgery.116–118

Daily administration of allopurinol, an inhibitor of the hypoxia-activated enzyme xanthine 

oxidase, increases flow-mediated vasodilation and reduces oxidative stress in patients with 

severe untreated OSA.119 Allopurinol may inhibit the production of ROS by xanthine 

oxidase, thereby reducing oxidative stress and increasing NO bioavailability. Scavenging 

superoxide radicals by exogenous administration of antioxidants may reduce oxidative 

stress. Administration of vitamin C, an antioxidant, acutely normalizes impaired flow-

mediated vasodilation in otherwise healthy patients with OSA.120 However, acute 

improvement in endothelial function may not be sustained. Flow-mediated vasodilation 

deteriorates to pretreatment levels at 8 weeks of therapy with vitamin C despite high serum 

levels of ascorbate in healthy smokers.121 No data are available on the long-term effects of 

antioxidant administration on the endothelial function in OSA.

Summary

Evidence strongly suggests that OSA independently impairs endothelial function by altering 

regulation of endothelial vasomotor tone and repair capacity while promoting vascular 

inflammation and oxidative stress. Possible mechanisms underlying altered endothelial 

function in OSA include repetitive hypoxia/reoxygenation and sleep fragmentation. 

Treatment of OSA with CPAP improves endothelial function and may play an important 

role in reduction of cardiovascular risk in these patients. Pharmacotherapy targeted to 

endothelial dysfunction may have an adjunct role in the treatment of OSA.
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Fig 1. 
Intermediary mechanisms associated with endothelial dysfunction in patients with OSA that 

potentially contribute to increased cardiovascular risks. Repetitive hypoxia/reoxygenation 

and sleep fragmentation associated with transient cessation of breathing in OSA adversely 

impact endothelial function by promoting oxidative stress, inflammation, and apoptosis, and 

reducing NO availability and repair capacity. Continuous positive airway pressure therapy 

ameliorates these alterations. Continuous positive airway pressure–induced reversal of 

vascular endothelial dysfunction may reduce and/or reverse increased cardiovascular risk in 

OSA.
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