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Abstract

Cardiovascular disease (CVD) is the main cause of death among adult men and women in the USA and impacts
millions around the globe. Traditional risk factors for CVD include obesity, diabetes, hypertension and dyslipidemia.
The modern-day epidemic of obesity not only increased the rate of CVD but also ushered in an additional CVD risk
factor to be added to the list; that is obstructive sleep apnea (OSA). In this review, we discuss the growing epidemic
of obesity and OSA, highlighting the common pathogenic hypotheses linking these risk factors to CVD. We will also
highlight the therapeutic rationale of OSA as a way to reduce CVD risk.
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Introduction
Obesity is a major public health problem in the United States; with

more than 2 out of 3 adults considered to be either overweight or obese
[1]. The rise in obesity has caused increase in the incidence of obesity-
related diseases, such as diabetes mellitus type 2 (DM2), hypertension
(HTN), chronic kidney disease (CKD) and cardiovascular diseases
(CVD). This epidemic has in turn placed a significant amount of
burden on healthcare expenditure in the management of these chronic
diseases. Diabetes alone costs more than $245 billion every year in
America, with one in three Medicare dollars being spent on care for
people with diabetes [2]. Costs for other obesity-related diseases are
astronomical as well, with the figures only expected to rise in the
future. It is imperative to understand the cause of obesity and its
pathophysiology with other chronic conditions that are becoming
increasingly expensive.

Obesity is generally understood as a condition of energy imbalance,
where there is a surplus of energy consumption compared to its
expenditure. Increased caloric intake with modern American diet that
is high in simple carbohydrates and saturated fatty acids, combined
with sedentary lifestyle are thought to be the main culprits in the
obesity pandemic in America.

Obstructive sleep apnea (OSA) has been studied closely as one of
the major associated illness in obese patients. Not only is obesity one of
the main causes of OSA, affecting 70% of the patients with OSA, also
shares some of the underlying pathophysiologic mechanisms with
obesity-related diseases, such as DM2, HTN and CVD [3,4].
Furthermore, OSA increases risk of end-organ damage in critically ill
patients. In a propensity matched study, OSA patients were at
statistically significant risk of Acute Kidney Injury compared to non-
OSA patients [5]. Similarly, CPAP treatment has shown to improve
glucose control in type 2 diabetics with blood sugars not controlled
with medications. This effect is achieved by increasing insulin secretion
and reduced counter-regulatory hormone production [6]. Therefore,

development and treatment of OSA carries wide ranging systemic
implications and prognosis for patients.

CVD is the number one causes of death in the United States with 1
in every 4 death are attributed to CVD [7]. Modifiable risk factors,
such as being overweight and obese account for more than 70% of the
risk for CVD and mortality caused by CVD. [8] Pathophysiology and
prevention of CVD is also very complex as there are multiple risk
factors besides obesity that could increase the risk. These risk factors
include but are not limited to, smoking, alcohol and drug abuse along
with HTN, DM2 and/or hyperlipidemia, which are all modifiable [9].

It has been shown that low socioeconomic status is positively
correlated with obesity and its complications, such as DM2 [10]. It
must be noted that obesity, associated with OSA and CVD, is also
disproportionately high in black population, as 63% of men and 77% of
women in this ethnic group is either overweight or obese [11]. Per the
Multi-ethnic study of atherosclerosis (MESA), black population
demonstrated the highest levels of sleep disturbance, shorter sleep
duration, worse sleep quality and daytime sleepiness compared to
Caucasians, Hispanics and Asians [12]. Higher poverty rate is also
associated with higher apnea-hypopnea index (AHI) with relatively
lower continuous positive airway pressure (CPAP) therapy acceptance
rate [13,14].

A similar pattern is observed in CVD and its many risk factors, as
the prevalence is disproportionately higher in black population
compared to other ethnic groups. [15] People of low income (<$35,000
per year) are at increased risk of developing CVD, compared to
individuals with higher income (HR 1.48, 95% CI 1.21-1.81) [16]. With
recent studies showing evidence of correlation between socioeconomic
status and risk of developing OSA and CVD, there seems to be more
than just biological pathophysiology in the development of these
diseases.

There are many proposed hypotheses as to why these discrepancies
may exist, including poor access to health care services, non-adherence
to treatment recommendations, inadequate training and
environmental and genetic variations [12,15]. Although the existence
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of association in these conditions are widely acknowledged, the
understanding of the roles in how these diseases influence each other is

not well investigated. Summary of prevalence and risk factors of
Obesity, OSA and CVD are illustrated in Table 1.

 Obesity OSA CVD

Prevalence 35.70% 3% to 7% (male) 28.90%

(In U.S.) 68.8% (either overweight or obese) 2% to 5% (female)

Higher amongst Blacks

(48.1%; 63% males, 77% females either overweight or
obese) Higher amongst Blacks Higher amongst Blacks (46% males, 48%

females)

(OR=1.78, compared with
Whites)

 Sedentary lifestyle Obesity (70%) Obesity (>70%)

Risk factors Increased caloric intake DM2 DM2

Diet high in simple carbohydrates and saturated fatty acids HTN HTN

CVD Smoking

Poor diet

Physical inactivity

Table 1: Summary of prevalence and risk factors of obesity, obstructive sleep apnea, and cardiovascular disease.

In this review article, we aim to better understand the relationship
between OSA and CVD, by analyzing their underlying
pathophysiology from molecular level to non-medical factors that have
not been investigated from previous studies, which can significantly
influence the clinical outcome. This information will be helpful in
guiding future treatment strategies, especially in communities that
have high representation of vulnerable ethnic groups. Figure 1
summarizes the interrelationship between Obesity, OSA, and CVD.

Pathophysiologic Mechanisms

Intermittent hypoxia
While in sleep, OSA causes intermittent periods of hypoxia followed

by reoxygenation. Recurrent episodes of hypoxia stimulate the carotid
chemoreceptors and results in secondary rise in blood pressure from
sympathetic activation [17,18]. These episodes of intermittent hypoxia
can range anywhere from 5 to more than 100 events per hour [18].
Although acute hypoxia is capable of activating responses that can lead
to acute nocturnal cardiac event [19], the chronicity in recurrent
sympathetic activation and its consequent vasoconstriction over many
year, can cause unique profile of biological consequences in OSA
patients [20]. For this reason, intermittent hypoxia is thought to be a
major culprit in patients with OSA that can lead to CVD. It is also
interesting to note that intermittent hypoxia can increase the risk of
CVD at the molecular level. Intermittent hypoxia has shown to
increase the levels of angiopoietin-like 4 (Angptl4), a potent inhibitor
of lipoprotein lipase. This change decreases the body’s clearance of
lipoprotein and increases fasting serum levels of triglycerides and very
low density lipoprotein cholesterol [21]. In addition, hypoxia-inducible
factor-1 (HIF-1), a transcription factor that modulates the body’s
response to ischemic injuries has been shown to be up regulated in
hypoxia, further demonstrating the evidence of molecular genetic

association between hypoxia and ischemic CVD, secondary to
impaired lipoprotein turnover (Figure 1) [22].

Figure 1: Interrelation between obesity, obstructive sleep apnea, and
cardiovascular disease.

Sympathetic activation
It is known that sympathetic activations are caused by nocturnal

intermittent hypoxia in OSA patients. However, it is interesting to note
that, the sympathetic activations in these patients persist during
daytime wakefulness in normoxic conditions [20,23]. This persistent
sympathetic drive promotes systemic hypertension and increased
cardiac sympathetic tone [24]. It also augments subsequent response to
sympathetic stimuli [25]. In addition, sympathetic influence on renin-
angiotensin system is another critical factor in the pathogenesis of
systemic hypertension in OSA patients [19]. This change in autonomic
regulation of blood pressure due to impaired baroreflex and renin-
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angiotensin system in these patients puts them at a higher risk of
developing systemic HTN, persistent tachycardia and ultimately CVD.

Pro-inflammatory state
Chronic hypoxic stress can activate systemic inflammatory

pathways, as OSA patients have increased level of plasma cytokines,
serum amyloid-A and C-reactive protein (CRP) [20,26]. Obesity has
also been shown to increase the level of pro-inflammatory cytokines
and may cause hypercoagulable state in the bloodstream along with
OSA [27]. Adipocyte hypertrophy results in altered expression of
adipokines. Adipokines play crucial role in vascular function by
influencing glucose and lipid metabolism. In fact, dysregulation of
adipocytes leads to altered levels in pro- and anti-inflammatory
adipokine expression. While altered adipokine expression has been
demonstrated to be a predicative marker and associate with CVD in
experimental in vitro and in vivo models, this impact of is less clear in
humans [28]. Along with the buildup and the rupture of
atherosclerotic plaques, these phenomena of pro-inflammatory and
hypercoagulable state can be fatal in the development of CVDs, such as
acute myocardial infarction (MI).

Endothelial dysfunction
OSA patients suffer from endothelial dysfunction due to decreased

availability of nitric oxide (NO) and cell apoptosis, secondary to
increased oxidative stress and systemic inflammation [20]. It is also
thought that chronic hypoxic stress causes release of endothelin-1, a
potent vasoconstrictor, in human endothelium [29]. Impaired NO
production compounded with increase in endothelin-1 release in the
vasculature can predispose OSA patients into systemic HTN and
consequent CVD. Accumulation of reactive oxygen species also likely
contributes to the pathogenesis of endothelial dysfunction in OSA
patients by directly forming vascular lesions and CAD [19].

Intrathoracic pressure change
Repetitive inspiratory effort against closed upper airway generates

intrathoracic pressure change that subsequently causes an increase in
transmural gradients across the atria, ventricles and aorta [20,30].
Severe OSA can compromise left and right ventricular function,
diastolic filling, and increase the afterload. These all impose risk of
developing CVD, arrhythmias, and heart failure (HF) [20,31,32].

Circadian rhythm
Disruption in circadian rhythm and sleep homeostat has also shown

its association with CVD. In OSA patients, insufficient duration,
quality and timing of sleep, in addition to intermittent hypoxia can
promote the development of CVD [33]. It is also interesting to note
that people of African descent, who have a higher prevalence of CVD
than others also have more disrupted sleep pattern, including period
length and phase shifting, compared to the people from European
heritage [33]. Figure 2 Sumarizes the pathophysiologic mechanisms
linking OSA to CVD.

Clinical Association between CVD and OSA

Ischemic cardiovascular alterations
Coronary artery disease (CAD): Chronic intermittent hypoxia

induced atherosclerosis with endothelial dysfunction are the thought

to be the main causes of CAD in OSA patients. Many clinical studies
have shown significant evidence to support the association between
the two diseases. Severe OSA patients with AHI>30 showed
significantly higher risk of cardiovascular events, including acute
coronary syndrome (ACS), myocardial infarction (MI) and stroke [34].
AHI was also found to have strong correlation with atherosclerotic
volume when measured by imaging through intravascular ultrasound.
[20,35] An interesting finding to note is that MI’s occurring in patients
with OSA have a different timing pattern compared to others, as one
study has shown that almost half of OSA patients had their MI’s during
sleeping hours (22:00 to 06:00) whereas in the general population, the
most likely time for the onset of MI is between 06:00 and 11:00 [20,36].
This is likely explained by the fact that nocturnal hypoxia caused by
OSA is predisposing this group of patients to nocturnal MI. Treating
severe OSA patient has also shown significant reduction in the risk of
CAD as patients who received successful CPAP therapy had lower
incidence of fatal and nonfatal cardiovascular events [34,37].

Cerebrovascular accidents (CVA): Ischemic strokes or
cerebrovascular accidents were found to be higher in patients with
OSA from multiple cross-sectional and prospective cohort studies
[38-40]. It is important to note that this higher risk of CVA in OSA
patients are independent of other CVD risk factors whose incidence
may have also been influenced by the presence of OSA, such as HTN,
HF, Atrial Fibrillation(AF) and DM2 [19]. Association was also found
between OSA and CVA, as higher AHI was correlated with higher risk
of CVA (HR 2.85, 95% CI 1.10-7.39) and greater extent of metabolic
impairment of cerebral white matter [40,41]. Proposed mechanisms of
pathogenesis include altered cerebral autoregulation, endothelial
dysfunction and pro-thrombotic/inflammatory state that place these
patients at a higher risk of reduced cerebral blood flow, leading to
ischemic stroke [20]. Potential therapeutic benefit from the treatment
of OSA is unclear at the moment as limitations in maintaining chronic
CPAP treatment with CVA patients have been identified [38].
Nevertheless, it may be beneficial to offer CPAP treatment initially to
CVA patients as it would reduce the influence and recurrence of other
cardiovascular risk factors as outlined previously (Figure 2).

Figure 2: Pathophysiology of Obstructive sleep apnea leading to
cardiovascular disease.
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Nonischemic cardiovascular alterations
Systemic hypertension: From the Wisconsin cohort study, there was

a dose-dependent relationship between the OSA status of an individual
and the risk of developing HTN, as AHI of 15 events/hour or more
showed 3-fold increase in the incidence of HTN [42]. Evidence of
positive linear relationship between the severity of OSA and the
incidence of CVD was also shown in the Sleep Heart Health Study, a
large multi-center cross-sectional study [43]. As mentioned previously,
the combination of sympathetic activation and renin-angiotensin
system are thought to be possible mechanisms of OSA leading to HTN.
One particularly important variant to consider is resistant HTN,
defined as BP>140/90 mmHg despite being on combination of 3 or
more anti-hypertensive medications titrated to their maximal doses
OSA was found more frequently in the resistant HTN population,
compared to controlled HTN (71% vs. 38%) [19,44]. This relationship
was further strengthened by the evidence of decrease in daytime BP
with the treatment of OSA in patients with resistant HTN [20,45].

Heart failure (HF): HF is also commonly associated with OSA.
Sleep-disordered breathing (SDB), which encompasses OSA with
central sleep apnea (CSA) are often found with HF patients up to 50%
to 70% [19,46]. HF patient’s exhibit mixed sleep apnea, characterized
by initial CSA event followed by an obstructive component [47]. The
initial CSA causes sympathetic activation, followed by elevated blood
pressure and heart rate, which in turn causes left ventricular
remodeling. When this remodeling process is combined with fluid
retention from renin-angiotensin system activation, these phenomena
can together drive patients into HF [48]. It is important to note that
OSA can cause HF via same mechanism as well, via same mechanism
responsible for sympathetic activation and HTN, namely intermittent
hypoxia leading to alteration of carotid chemoreceptors. Respiration
against occluded nasopharynx can also cause increased intrathoracic
pressure and left ventricular transmural gradient, which can lead to an
increase in cardiac afterload and decrease in cardiac output [19].
Symptomatic HF with peripheral edema can cause rostral fluid shift at
night with supine position, which when occurs simultaneously with
decreased pharyngeal muscle tone from Cheyne-Stokes respiration can
cause airway collapse with subsequent worsening of OSA [47].
Treating primary symptoms of HF, including diuretics, angiotensin-
converting enzyme inhibitors and implantable device therapy has
shown improvement in SDB [19,48]. CPAP therapy has also improved
left ventricular ejection fraction (LVEF) and quality of life in HF
patients [49]. OSA and HF are closely intertwined in their
pathogenesis and patients with both diseases can benefit from
treatment of HF and/or OSA.

Cardiac arrhythmia: Prevalence of SDB in patients with AF is 40%
to 50% [50]. AF is the most common sustained arrhythmia associated
with OSA. The pathogenic mechanism of AF in OSA patients largely
deals with the stretching of the atria caused by intrathoracic pressure
variation as mentioned previously. Additionally, intermittent hypoxia
caused by obstructive respiratory episodes leads to hemodynamic
fluctuation, modulated by sympathetic activation. The imbalance
between the sympathetic action from apneic episodes and natural
predominance of parasympathetic system during sleep, results in
sympatho-vagal imbalance, a mechanism widely thought to be
responsible for initiation and maintenance of AF in humans [50,51].
Long term OSA is associated with extensive atrial remodeling that
disturbs local conduction pathway and causes longer sinus node
recovery period [50]. A recent meta-analysis has also shown the
effectiveness of CPAP therapy in patients with AF, as patients treated

with CPAP had 42% decreased risk of AF compared to ones who were
not treated [52]. Recurrence of AF after radiofrequency ablation was
also 25% higher amongst patients with OSA [53]. CPAP therapy was
associated with lower rate of recurrent AF compared to untreated
patients (HR 0.41, 95% CI, 0.22-0.76) [54]. Overall, the data supports a
strong relationship between OSA and AF in their pathophysiology and
reflects a potential benefit of CPAP therapy in improving
cardiovascular outcomes in patients with AF.

Pulmonary hypertension: Several studies have shown association
between OSA and pulmonary HTN, where prevalence of pulmonary
HTN in OSA is estimated to be up to 20% [19]. Several risk factors for
pulmonary HTN can be commonly found in OSA patients, such as
high BMI, obesity-hypoventilation syndrome, left heart disease and
nocturnal as well as daytime hypoxemia. Clinical significance in the
coexistence of these two conditions was outlined from an
observational study with 83 patients, as it was found that those with
pulmonary HTN at the time of diagnosis of OSA had poorer outcomes
at 1, 4, 8-year survival rate than those who did not [55]. Primary
mechanisms of pulmonary HTN in OSA patients are thought to be
hypoxic vasoconstriction in pulmonary vasculature and vascular
remodeling after chronic stress [20]. CPAP treatment can effectively
lower the pulmonary artery pressure and vascular reactivity to
hypoxia, leading to treatment benefit of OSA in patients with
Pulmonary HTN [56,57].

Treatment of OSA as a therapeutic guide to CVDs
CPAP is the treatment of choice in OSA patients that has been

shown to be efficacious in the reduction of CVD. Of the cardiovascular
comorbidities discussed, systemic HTN has shown the strongest
evidence for benefit [19]. It is recommended that OSA patients with
HTN, especially for those with moderate to severe symptoms, and
those with resistant HTN be treated with CPAP [19].

Much of the existing literature supporting the use of CPAP as an
augment therapy are single-center or smaller randomized trials. A
larger, recent randomized controlled trial with 2,717 patients, where
the treatment group received CPAP and the control group received
usual care, showed no significant effect of CPAP therapy on the
composite cardiovascular endpoint (HR 1.10, 95% CI 0.91-1.32),
despite lowering the AHI. [58] Based on current literature, it seems
unclear if there is a definitive treatment benefit from CPAP beyond
symptomatic relief.

Other therapies besides CPAP may also be beneficial to OSA
patients in reducing cardiovascular risks, as simple as lifestyle
modifications such as weight loss, avoidance of alcohol and sedative
medications before bedtime. These lifestyle modifications can all
reduce symptoms in patients with mild OSA [19, 59].

Bi-level positive airway pressure (BiPAP) is also an option of
treatment for patients who cannot tolerate CPAP treatment and for
those with OSA associated with chronic obstructive pulmonary disease
(COPD) [20]. At the moment, there is no definitive evidence of benefit
from the use of BiPAP in lowering CVD risk.

Positional therapy with avoidance of supine position during sleep
and mandibular advancement devices have also shown to reduce the
AHI and symptoms of OSA, such as snoring. Currently these
therapeutic modalities have not shown consistent therapeutic benefit
in reducing CVD directly. (Table 2) [19].
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CVD Association with OSA Literature

Systemic Hypertension Positive, dose-dependent relationship with AHI Wisconsin cohort (2000)

Sympathetic activation Sleep Heart Health (2000)

RAAS activation

More frequent in resistant hypertension

Ischemic Heart Disease Higher risk of myocardial infarction (AHI>30) Lancet (2005)

Coronary Artery Disease (CAD) Positive relationship between atherosclerotic volume and AHI American College of Cardiology (2008)

Increased nocturnal MIs International Journal of Cardiology (2009)

Nocturnal hypoxia

Heart Failure

High degree of association (50-70%) European Journal of Heart Failure (2007)

Initial central apnea causing sympathetic stimulation Nature Reviews: Cardiology (2016)

HTN, tachycardia causing cardiac remodeling

RAAS activation

Arrhythmias

Moderate degree of association (40-50%) American College of Cardiology (2014)

Intrathoracic pressure change causing stretching of atria Sleep Medicine (2016)

Atrial remodeling disturbing conduction pathways

Sympatho-vagal imbalance from apneic episodes

Strokes (CVA) Risk independent of other CVD risk factors Lancet (2004)

Dose-dependent relationship with AHI American Thoracic Society (2010)

Altered cerebral autoregulation

Endothelial dysfunction

Pro-thrombic/inflammatory state

Pulmonary Hypertension
Evidence of association (20%)

American Journal of Cardiology (2009)
Obesity-hypoventilation syndrome

Table 2: Association between OSA and its impact on known CVDs with available data.

Conclusion
Obesity in the United States has reached its epidemic state and the

prevalence of its related diseases, such as OSA and CVD are also rising.
Table 1 summarizes the pathophysiologic and clinical implications of
OSA. With the trend expected to rise in the future, it is important to
understand the association between these two obesity-related diseases,
in efforts to reduce the burden on the rising healthcare expenditure
that is increasing.

It is also important to understand that many of the patients with
such conditions are minorities with considerable portion that remain
undiagnosed. Current hypotheses suggest low socioeconomic status
and lack of education on proper nutrition may have contributed to
predisposition of this population into more risk factors.

In addition to environmental factors, variations in molecular
genetics of different ethnicities are likely associated with differences in
risk of progression to OSA and CVD As the number one cause of

death in the United States, it is essential to recognize the
pathophysiology of CVD and factors potentially contributing to its
onset. In this article, we recognize OSA as an emerging risk factor for
CVD and pathophysiologic relationship between OSA and CVD; these
are summarized in Figure 3.

Figure 3 also provides possible interventions available currently to
possibly halt the progression from OSA to CVD. It is not yet clear if the
treatment of OSA would reduce the risk of CVD, due to conflicting
results in current literature. Larger, multi-center trials are needed.
Despite the lack of well-defined evidence based guidelines, clinicians
should always keep prevention of obesity as one of their priorities,
especially if practicing in an at-risk population (Figure 3).
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Figure 3: Progression of Obstructive Sleep Apnea to Cardiovascular
Disease with potential treatments to inhibit or slow the progression
from Obstructive Sleep Apnea to Cardiovascular Disease.
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