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Abstract

Patients with obstructive sleep apnea (OSA) experience repetitive partial or complete airway 

collapse during sleep resulting in nocturnal hypoxia-normoxia cycling, and are at increased 

cardiovascular risk. The number of apneas and hypopneas indexed per hour of sleep (AHI) along 

with the associated intermittent hypoxia predict the increased cardiovascular risk; thus, their 

attenuation or prevention are objectives of OSA therapy. Continuous positive airway pressure 

(CPAP) is the gold-standard treatment for OSA and, when effective, mitigates both the AHI and 

hypoxemia. As such, it is reasonable to expect CPAP would decrease cardiovascular risk. 

However, three recent randomized clinical trials of CPAP versus usual care did not find any 

significant effects of CPAP in attenuating incident cardiovascular events in patients with OSA. In 

this review, we discuss these studies in addition to potential complementary therapeutic options to 

CPAP (e.g., neurostimulation) and conclude with suggested therapeutic targets for future 

interventional studies (e.g., the autonomic nervous system). While these areas of research are 

exciting, they have yet to be tested to any similar degree of rigor as CPAP.

Summary

Evidence implicates obstructive sleep apnea (OSA) as a mediator of increased cardiovascular risk. 

Pathologically, nocturnal hypoxia-normoxia cycling causes many of the deleterious effects of OSA 

via systemic inflammation, oxidative stress, and sympathetic activation. Recent data suggest 

continuous positive airway pressure (CPAP), the standard treatment for OSA, does not attenuate 

cardiovascular risk in these patients. We review potential reasons for these findings including 

efficacy of CPAP, highlight potential therapeutic targets for future interventional works, and 

discuss emerging treatments complementary to CPAP for OSA.
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The prevalence of OSA has risen considerably over the past 30yrs1 with rates exceeding 

40% in some populations,2 and significantly increases cardiovascular risk. Cardiovascular 

disease (CVD) has well-defined modifiable risk factors, such as hypertension,3 and is the 

leading cause of mortality in patients with OSA.4 One of the most robust studies linking 

sleep disorders to hypertension came from the Wisconsin Sleep Cohort Study 20yrs ago.5 

Here, patients with OSA whose apnea-hypopnea index (AHI) was 5.0–14.9 were twice as 

likely to develop hypertension within four years whereas those with severe OSA (AHI>15) 

had a near three-fold increase in risk relative to individuals without OSA.5 Blood pressure 

regulation is a complex and integrative series of physiological processes;6 however, 

endothelial dysfunction7 and excessive visceral fat8 contribute to the hypertensive phenotype 

typified by OSA. Furthermore, elevated inflammatory cytokines9 and oxidative stress10 as 

well as deleterious alterations in the autonomic nervous system11 also play significant roles 

in blood pressure dysregulation commensurately increasing cardiovascular risk. When these 

factors are considered along with the frequent co-diagnosis of other pathologies (e.g., atrial 

fibrillation),12 it is evident comprehensive treatment strategies for OSA are required. The 

principle objective of this review is to bring to attention emerging alternative and potentially 

complementary treatments to continuous positive airway pressure (CPAP) for patients with 

OSA. We will also address pathologies and epiphenomena not exclusive to OSA, but which 

likely increase cardiovascular risk in these patients, as possible adjunct therapeutic targets 

for future interventional works (Figure 1).

Many deleterious effects of OSA are attributed to repetitive hypoxemia/reoxygenation cycles 

during sleep; an important differentiation from patients with compromised lung function 

(e.g., chronic obstructive lung disease) with tonic, low oxygen saturation. 

Pathophysiologically, nocturnal hypoxemia cycling contributes to the heightened 

sympathetic tone,11 poor endothelial health,7 blood pressure surges,13 and pro-oxidative 

state10 characteristic of patients with OSA as well as endothelin production14 and poor nitric 

oxide (NO) bioavailability.15 Not surprisingly, nocturnal hypoxemia was shown to predict 

major adverse cardiac events in post-infarct patients with OSA after adjusting for age, 

diabetes, AHI, and left ventricular function.16 Furthermore, patients with OSA are 

susceptible to developing atrial fibrillation12 and are at increased risk for sudden cardiac 

death17 with the magnitude of hypoxemia, rather than AHI, being independently associated 

with both. Given CPAP greatly improves hypoxemia in patients with OSA by maintaining 

airway patency, those with the most severe desaturation may consequently experience the 

greatest benefit from treatment. Additionally, excessive daytime sleepiness (EDS) is 

common with fragmented sleep which we18 and others19–22 have studied. Patients describe 

sleepiness as general lethargy, tiredness, or a lack of energy, and the Epworth Sleepiness 

Scale (ESS) is among the most common approaches to objectively quantify sleepiness.23 

Alternative, more objective measures, include the Multiple Sleep Latency Test (MSLT) and 

Maintenance of Wakefulness Test (MWT); however, their application is limited due to the 

volume of resources they require and the paucity of studies validating their utility in patients 

with OSA. Nevertheless, post-infarction patients with OSA and EDS have a three-fold 

greater risk of major adverse cardiovascular events compared to those without EDS after 

adjusting for age and nadir oxygen saturation.18 Evidence has also linked EDS with all-

cause (RR=1.23), CVD-related (RR=1.52), and stroke-related mortality (RR=1.52),20 
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increasing overall mortality risk 60%.19 Collectively, OSA commonly manifests as daytime 

somnolence and increases cardiovascular risk largely through elevations in blood pressure 

which exerts systemic deleterious effects.

Continuous Positive Airway Pressure

Continuous positive airway pressure (CPAP) therapy is the gold-standard treatment for OSA 

per the American Academy of Sleep Medicine.24 Mechanistically, nocturnal positive airway 

pressure prevents airway collapse as evidenced by significantly lower AHI and hypoxemia 

during use by patients with OSA; in this context, CPAP therapy can be thought of as a 

“stent” for the airway. Accordingly, literature has accumulated showing the beneficial-

effects of CPAP treatment on a host of biomarkers including blood pressure,25 arterial 

stiffness,25 and endothelial function26 attributable to reduced inflammation,26 oxidative 

stress,26 and improved NO bioavailability.15, 27 However, more recent data suggest these 

surrogate outcomes may not translate to reduced cardiovascular risk. Specifically, intention 

to treat analyses of the SAVE (Sleep Apnea Cardiovascular Endpoints)28 and RICCADSA 

(Randomized Intervention with Continuous Positive Airway Pressure in CAD and OSA)29 

trials reported CPAP failed to attenuate the rate of future cardiovascular events in patients 

with OSA. Interestingly, the CPAP in Patients with Acute Coronary Syndrome and OSA 

(ISAACC) study found OSA in-and-of-itself was not associated with future cardiovascular 

events along with no added risk reduction in patients using CPAP.30

In 2016, McEvoy et al.28 reported data from the SAVE trial assessing the efficacy of CPAP 

to reduce cardiovascular events in patients with OSA and existing CVD. Over 2,700 patients 

from seven countries were randomized to CPAP and usual care or usual care alone and were 

then followed for nearly 4yrs. 17% of those assigned to CPAP had a myocardial infarction, 

stroke, or transient ischemic attack, were hospitalized for heart failure or acute coronary 

syndrome, or died from CVD whereas these endpoints were observed in 15% of controls. 

Moreover, no between-group differences were reported for newly diagnosed diabetes, atrial 

fibrillation, or all-cause mortality. That same year, Peker and colleagues29 published findings 

from a single-site randomized prospective study of 244 patients with OSA who also had 

coronary artery disease. Similar to the SAVE trial,28 myocardial infarction, stroke, and 

cardiovascular mortality were similar between CPAP and non-CPAP cohorts after a 4.75-

year follow up in the RICCADSA trial (18 vs. 22%, respectively). Sánchez-de-la-Torre et al.
30 reported on the ISAACC study which enrolled over 1,200 patients with OSA and acute 

coronary syndrome in 15 hospitals across Spain. These individuals were randomized to 

CPAP with usual care or usual care alone and studied, in parallel, over 3.35yrs (1.5–5.3yrs) 

with primary outcome measures being cardiovascular events (e.g., myocardial infarction) as 

well as admissions for heart failure or unstable angina. In accordance with the SAVE28 and 

RICCADSA29 trials, there was similar prevalence of cardiovascular events in CPAP (16%) 

and non-CPAP groups (17%). Interestingly, patients with OSA and acute coronary syndrome 

in the ISAACC study did not have more cardiovascular events than those with acute 

coronary syndrome alone. Collectively, these trials indicate CPAP may not be as beneficial 

as expected from the prior non-randomized observational data; however, experimental 

limitations from these studies are worth noting.
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Chiefly, patients with EDS were excluded from the SAVE,28 RICCADSA,29 and ISAACC30 

trials defined as an ESS score >15 (SAVE) and >10 (RICCADSA and ISAACC); thus, 

findings from these studies may not apply to all patients with OSA. Given patients with 

OSA and EDS have increased cardiovascular risk,22 excluding sleepy patients (those at 

greatest cardiovascular risk) may underestimate the benefits of CPAP. A second 

consideration for these trials is the exclusive investigation of CPAP on cardiovascular 

endpoints. While experimentally sound, this approach may not translate to clinical practice 

where patients with OSA frequently present with comorbidities and corresponding 

pharmacological interventions (e.g., ACE inhibitors). While medication usage was similar 

between CPAP and non-CPAP users in the SAVE,28 RICCADSA,29 and ISAACC30 studies, 

none reported sub-analyses for medication-specific effects on cardiovascular risk. 

Furthermore, adherence to non-CPAP treatments (e.g., prescription medications) was not 

reported in any of the aforementioned trials and should be discussed in future studies. That 

is, patients less adherent to CPAP could also be less adherent to other therapies potentially 

attenuating benefits in those assigned to CPAP therapy; an issue discussed in further detail 

below. An additional limitation to the SAVE study28 specifically, is the exclusion of patients 

with severe hypoxemia (10% of sleep <80%SpO2). With this in mind, conclusions drawn 

from the SAVE study,28 may also have underestimated the benefits of CPAP in patients with 

OSA.

Another important consideration when discussing CPAP is patient adherence. While use of 

CPAP throughout the night is ideal, “adherence” is frequently defined as ≥4hrs of usage per 

night; importantly, less than half of patients meet this criterion.26, 31 In the RICCADSA 

study,29 patients who met or exceeded the 4hr threshold were approximately 50% less likely 

to have an adverse cardiac event compared to non-adherent patients. Similarly, the SAVE 

trial reported CPAP-adherent patients had lower risk of stroke (HR=0.56, 95%CI 0.32–1.00) 

and other cerebrovascular events (HR=0.52, 95%CI 0.32–0.90) compared to non-adherent 

patients; however, these differences were no longer observed once corrected for multiple 

comparisons.28 Data from the ISAACC trial suggest CPAP adherence may not influence 

cardiovascular risk where 18% of adherent patients had adverse cardiovascular events 

compared to 15% in the non-adherent cohort and 17% in controls.30 Taken together, these 

data suggest average CPAP usage may not be the best metric when assessing cardiovascular 

risk in patients with OSA. Of consideration, OSA is more pronounced during rapid eye 

movement (REM) compared to non-REM sleep;32, 33 importantly, REM is more common 

during the second half.34 That is, if CPAP is primarily used during the initial hours of sleep, 

OSA would be largely untreated. Therefore, the apneic and hypoxemic burdens of OSA 

warrant consideration, along with duration of use, when identifying the presence or absence 

of benefit from CPAP. More directly, it is conceivable the absence of benefit on 

cardiovascular events previously reported28–30 may be attributable to sub-optimal usage and 

may not truly reflect the efficacy of CPAP. Nevertheless, as randomized clinical trials have 

shown CPAP does not attenuate cardiovascular risk in patients with OSA,28–30 exploration 

into potential complementary therapeutic targets is warranted.
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Potential Therapeutic Targets beyond Airway Patency

As noted above, large-scale clinical trials report CPAP does not reduce cardiovascular risk in 

patients with OSA.28–30 Similarly, CPAP may not treat all consequences of OSA; for 

instance, periodic limb movements are associated with increased cardiovascular risk in 

patients with OSA and are largely untreated by CPAP.35 With this in mind, novel therapeutic 

targets which may compliment therapies which maintain airway patency in patients with 

OSA are worth discussing. It should be noted, each suggested target is supported by one or 

more of work from animal models, preliminary human findings, correlational evidence, or 

observational works as outlined in Table 1. To date, none have been tested with the scientific 

rigor reported in the aforementioned trials,28–30 if they have been tested at all; accordingly, 

they are discussed to stimulate future interventional studies rather than guide clinical 

practice.

Recent studies suggest dysbiosis of the gut microbiome may be implicated in OSA-induced 

hypertension.36–38 Many of these studies have been conducted in rodents using disrupted 

sleep,39 tracheal balloons,37 or intermittent hypoxia to induce disturbances in the gut40 

which may be ameliorated with pre- or probiotics.36 Surprisingly, exposing these rodents to 

normoxia (simulated CPAP) does not reverse the deleterious effects of simulated OSA.41 

Although evidence shows gut dysbiosis in patients with OSA,38 interventional studies are 

lacking. Similar observations have been made in patients with heart failure (HF)42 which 

was later associated with elevated right atrial pressure and inflammation.43 Follow-up 

studies have shown dietary fiber, a prebiotic,44 prevents the manifestation of hypertension in 

a pre-clinical model of HF.45 While HF and OSA are vastly different pathologies, they are 

often present in the same patient46 and share pathophysiological components (e.g., elevated 

sympathetic nerve activity).47 Here, sympathetic activation may be a principal mechanism 

linking the gut to blood pressure.48 Given hypertension in OSA has been largely attributed to 

elevated sympathetic tone,11 improving gut microflora diversity may be a potential 

therapeutic target either alone, or to complement airway patency in future interventional 

studies.

We have previously reported patients with OSA have elevated basal sympathetic outflow 

which, acting on α-adrenergic receptors within the vasculature, promotes hypertension.11 

Several lines of evidence suggest exaggerated peripheral (carotid) chemoreflex sensitivity is 

the cause of this heightened sympathetic state47, 49 as changes in muscle sympathetic nerve 

activity (MSNA) during hypercapnia (central chemoreflex) and the cold pressor test (total 

sympathoexcitatory arch) are similar between patients with OSA and controls.49, 50 In 

addition, alterations in baroreflex sensitivity have also been reported by Narkiewicz et al.50 

who reported MSNA, heart rate, and blood pressure responses to intra-venous phenylephrine 

infusion (α1-agonist, simulates the baroreflex) were similar between normotensive patients 

with OSA and controls. However, a greater sympathetic response was observed in patients 

with OSA during sodium nitroprusside infusion (an NO pro-drug) to depress the baroreflex. 

Surprisingly, the heart rate and blood pressure responses to both infusions were comparable 

between groups. Alterations in vagal tone have been reviewed by Sequeira and colleagues51 

reporting reduced high-frequency heart rate variability (low vagal tone) in patients with 

OSA. Similarly, increased blood pressure variability has been previously reported in patients 
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with OSA.52 Clearly, autonomic regulation is impaired in patients with OSA and warrants 

further study.

Obesity, albeit not obligatory,53, 54 has long been associated with OSA,8 although the 

explicit signaling mechanisms linking the two remain incompletely defined. Importantly, an 

additive relationship has been reported as obese patients with OSA have increased CVD risk 

relative to their non-obese counterparts.55 Subcutaneous fat and obesity are commonly used 

interchangeably; however, visceral fat and ‘visceral obesity’ appears to increase CVD risk to 

a greater extent.56 Reports from our laboratory8 as well as others in the field55, 57 show 

patients with OSA have increased visceral fat which is linked to elevated ambulatory blood 

pressure,58 endothelial dysfunction,59 and insulin resistance.60 Some studies show promise 

for CPAP to reduce visceral fat deposition putatively via changes in lipid metabolism61, 62 

although, as noted above, CPAP does not appear to reduce life-long cardiovascular risk.28–30 

These contradictory studies clearly show more work on visceral fat and obesity in patients 

with OSA is warranted if they are to become adjunctive therapeutic targets to airway 

patency.

Recent evidence implicates adipose tissue as a source of the heightened inflammatory state 

characteristic of patients with OSA8, 55, 63 largely due to senescence.64–66 Chronic 

inflammation has been implicated in several pathophysiological consequences of OSA 

including endothelial dysfunction,67 hypertension,68 as well as insulin resistance.69 Given 

several studies report increased systemic inflammation in OSA,9, 68 and evidence 

implicating inflammation in cardiovascular risk,70, 71 whether anti-inflammatory 

interventions may mitigate cardiovascular risk in OSA is unknown. To this point, several 

interventional studies have shown CPAP may not reduce systemic inflammation in patients 

with OSA over a 4–12wk period.72, 73 However, a smaller clinical trial (n=50) by Braley et 

al.74 reported four months of supplementation with dimethyl fumarate, a potent anti-

inflammatory ester,75 reduced indices of NFκB signaling in patients with OSA relative to a 

placebo. While provocative, these findings need to be replicated in larger clinical trials as 

their effects on cardiovascular risk were not studied and neither were the potential 

synergistic effects of concomitant CPAP therapy.

Endothelial dysfunction, or reduced endothelium-derived NO production, has been 

associated with increased CVD risk in a multitude of populations.76, 77 It is well known that 

patients with OSA have poor NO signaling7, 26, 78 as well as low circulating levels15, 27 

which may promote CVD. Indeed, decades of work from the Schultz laboratory has shown 

NO produced by endothelial cells in the carotid body inhibit discharge frequency;79–81 albeit 

in a preclinical model of heart failure. As a ubiquitous gas molecule, NO can permeate 

various tissues such as the carotid body. Here, NO blunts carotid body discharge during 

hypoxia82 suggesting it could reduce the exaggerated peripheral chemoreflex sensitivity in 

patients with OSA.47, 49 A second mechanism linking NO to the peripheral chemoreflex is 

efferent inhibition where neuronal-derived NO from the glossopharyngeal neuron inhibits 

the carotid body.83 Additionally, evidence suggests attenuation of NO bioavailability 

facilitates cellular senescence84 which may be a consequence of increased mitochondrial-

derived oxidative stress brought on by increased p66sch.85 Some evidence has indicated that 

augmenting NO bioavailability, through increased production,78 decreased scavenging,86 or 
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via exogenous sources87 may reduce cardiovascular risk in patients with OSA. Collectively, 

these works suggest increasing NO bioavailability may be a viable therapeutic target for 

future interventional studies aiming to reduce cardiovascular risk in these individuals.

Emerging Treatment Avenues

As the exploration of these potential therapeutic targets will take a significant amount of 

time, funding, and resources to study thoroughly in humans, there is increasing attention to 

emerging novel therapeutic options either alone or as adjuncts to CPAP therapy (Table 2); 

for instance, renal denervation has been shown to reduce blood pressure in patients with 

OSA and resistant hypertension.88 Another promising treatment is hypoglossal nerve 

stimulation which was first introduced 20yrs ago.89 These devices stimulate the 

genioglossus muscle to maintain airway patency and prevent the tongue from breaching the 

airway. In 2014, Strollo et al.90 reported on the Stimulation Therapy for Apnea Reduction 

(STAR) trial which demonstrated 12mo of hypoglossal nerve stimulator usage reduced the 

AHI, ESS scores, and improved nocturnal oxygen saturation. More recently, a meta-analysis 

including 350 patients using hypoglossal nerve stimulators for one to five years, found 

reductions in AHI exceeding 15events/hour and a five-point lowering of ESS scores in 

concert with high implantation success rates with minimal long-term complications.91 

Perhaps most importantly, these devices are largely exempt from adherence complications 

commonly observed with CPAP26, 31 and are consequently a promising therapeutic option 

for patients with OSA. However, caution should be exercised as hypoglossal nerve 

stimulators share a therapeutic target with CPAP (airway patency) and only surrogate 

outcomes have been evaluated so far; thus, there is no definitive evidence that they mitigate 

cardiovascular risk in patients with OSA.28–30

Obesity is among the most prominent risk factors for development of OSA;63 however, this 

relationship is not always causative as patients with OSA of Asian descent have 

considerably less body mass than Americans.53, 54 Nevertheless, dietary interventions 

remain the mainstay for mild to moderately obese patients with weight loss of around 3–

18% seen in clinical trials accompanied with improvements in AHI of 3–62%. Studies 

assessing the impact of weight loss have also shown significant improvements in AHI of 48–

90% with weight reduction of around 12–37%.92, 93 Despite not being randomized and 

having a relatively small sample size, these studies promote relatively cost-effective 

approaches with other potential benefits such as improved insulin resistance. For reference, 

weight loss of 7–11% has been suggested as the level required to make significant, 

clinically-meaningful improvement in OSA status.94 The Swedish Obese Subjects (SOS) 

trial found a robust improvement in the symptoms of OSA following surgical weight loss. 

Improvements were also seen in OSA-related comorbidities such as diabetes, 

hyperlipidemia, and hypertension.95 Mechanistically, these beneficial-effects appear to be, in 

part, mediated by reduced systemic inflammation96, 97 although this is inconsistently 

reported.98 As such, bariatric surgery could be a viable complementary treatment to CPAP 

for obese patients with OSA which may lead to commensurate reduction in cardiovascular 

risk.
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Over the past ten years, accumulating evidence supports the clinical utility of compression 

stockings in the treatment of OSA.99 Commonly used to treat lymphatic congestion100 and 

reduce the risk of post-surgical thromboembolism,101 compression stockings utilize external 

force to increase hydrostatic pressure in the legs shifting fluid centrally. During waking 

hours, this improves venous return and, when worn nocturnally (e.g., supine), prevents fluid 

accumulation in the neck which has been directly associated with AHI in patients with OSA.
102 A small (n=6) proof-of-concept study by Redolfi et al.103 reported a 7.5events/hour 

decline in AHI which corresponded with a 40% reduction in leg fluid volume and 42% 

lowering of neck circumference in patients with OSA. Succeeding works from this group 

found similar results after one week of compression stocking use in combined OSA and 

chronic venous insufficiency.104 While these studies show promise for the integration of 

compression stockings into treatment paradigms for OSA, they will likely need to be 

combined with CPAP as, on their own, they do not ameliorate nocturnal apneas or 

hypopneas and were outperformed by CPAP during split-night studies.105 Nevertheless, 

compression stockings appear to provide cost-effective benefits to patients with OSA and 

follow up studies on the potential improvement in cardiovascular risk factors (e.g., 

endothelial function), particularly as adjunctive treatment to CPAP, are warranted.

Pharmacological options for the management of sleep apnea predominantly focus on 

addressing comorbid conditions. At the same time, few clinical trials have assessed the 

efficacy of pharmacological interventions for treatment of OSA. Liraglutide, an incretin 

mimetic used to treat type 2 diabetes mellitus, was found to reduce body weight (by 6%), 

BMI (by 10%), and AHI (by 12events/hour) in patients with moderate to severe OSA.106 

Another study compared the efficacy of diuretic therapy (spironolactone and furosemide) 

versus nutritional consult with sodium restricted diet. After one week, the authors found a 

14% reduction in AHI following the pharmacological arm and 22% after nutrition 

counseling.107 There has also been some recent interest in using central nervous system 

depressants to lower arousal thresholds of patients with OSA. One smaller study found a 

25% reduction in AHI following one-month of zopiclone, a benzodiazepine, without 

impairing genioglossus activity.108 While these studies highlight emerging pharmacological 

approaches to treating OSA, none are regularly prescribed in clinical practice. Importantly, 

some evidence from Pépin et al.109 indicate CPAP may augment the beneficial-effects of 

specific medications in patients with OSA. That is, valsartan (an angiotensin 2 receptor 

antagonist) combined with CPAP led to a four-fold greater reduction in 24-hour blood 

pressure as compared to CPAP alone over 8wks.109 Indeed, studies on how intermittent 

hypoxemia influence pharmacokinetics/pharmacodynamics is seemingly non-existent and 

warrants exploration.

Beyond these specific examples, several other potential adjunctive or alternative treatments 

to CPAP have been studied with varying degrees of rigor. Most notably, mandibular 

advancement devices have been shown in several smaller clinical trials to improve 

cardiovascular health110 although large-scale randomized clinical trials are sparse. 

Alternatively, lifestyle modifications such as increasing physical activity and/or exercise 

improve AHI, sleepiness, and body mass in patients with OSA.111 While these preliminary 

data show promise and are indeed exciting, they require closer examination in addition to 
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robust scientific studies similar to previous works investigating the effects of CPAP on 

cardiovascular risk.28–30

Conclusions & Perspectives

Continuous positive airway pressure has long been considered the gold-standard treatment 

for patients with OSA based upon the premise it reduced the risk of CVD by ameliorating 

apnea severity and nocturnal intermittent hypoxia. Recent evidence shows CPAP does not 

prevent incident cardiovascular events; thus, either CPAP is an ineffective therapy for 

cardioprotection, or intermittent airway collapse with hypoxemia is not the primary 

mechanism responsible for increasing CVD risk in these patients. In either case, other 

pathophysiologic mechanisms such as gut dysbiosis, alterations in the autonomic nervous 

system, and systemic inflammation should be investigated as potential targets for future 

therapies to complement CPAP. However, findings from studies discussed in the present text 

should be interpreted with caution as their ability to reduce cardiovascular risk has yet to be 

systematically investigated.
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Figure 1. 
Overview of pathophysiologies and epiphenomema associated with obstructive sleep apnea 

which increase cardiovascular (CV) risk (dark text) along with potential adjunct treatments 

and therapeutic targets to reduce CV risk (red text). OB, obesity; HTN, hypertension; 

T2DM, type 2 diabetes mellitus; HNS; hypoglossal nerve stimulators; MAD, mandibular 

advancement devices.
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