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Abstract: Obstructive sleep apnea (OSA), a condition in which there is a recurrent collapse of the
upper airway while sleeping, is a widespread disease affecting 5% to 10% people worldwide. Despite
several advances in the treatment modalities for OSA, morbidity and mortality remain a concern.
Common symptoms include loud snoring, gasping for air during sleep, morning headache, insomnia,
hypersomnia, attention deficits, and irritability. Obese individuals, male gender, older age (65+),
family history, smoking, and alcohol consumption are well recognized risk factors of OSA. This
condition holds the ability to increase inflammatory cytokines, cause metabolic dysfunction, and
increase the sympathetic output, all of which exacerbate OSA due to their effect on the cardiovascular
system. In this review, we discuss its brief history, risk factors, complications, treatment modalities,
and the role of clinicians in curbing its risk.

Keywords: sleep apnea; morbidity; upper airway; risk factors; pathogenesis; CPAP

1. Introduction

Obstructive sleep apnea (OSA) is an illness of the upper airway that causes intermittent
cessation in ventilation, causing hypoxia and hypercapnia due to the periodic collapse of
the trachea [1,2]. It is estimated that around 936 million adults aged 30–69 years, both men
and women, suffer from mild to severe OSA, and approximately 425 million adults aged
30–69 years have moderate to severe OSA globally [3], making it a worldwide concern for
healthcare providers and health delivery systems. Along with a relatively higher incidence,
it is particularly concerning given that a high number of patients remain undiagnosed,
resulting in an unpredictable epidemiology of this disease [4].

Although various diagnostic and therapeutic advances have been made over the
decades to better manage this illness, morbidity and mortality rates remain high; OSA is
reportedly associated with a 1.9-times-higher risk in all-cause mortality and 2.65-times-
higher risk of mortality related to cardiovascular issues [5,6]. Along with cardiovascular
issues, OSA has been shown to be independently associated with stroke, cancer, and
many other illnesses [6,7]. Therefore, further studies are required to better understand the
associated risk factors and devise novel treatment modalities.

The economic burden of undiagnosed sleep apnea in the US is approximately USD
150 billion, and experts suggest an annual saving of around USD 100 billion if we are able
to diagnose and treat every patient in the US who has OSA [8]. Therefore, along with the
advances in the management of this illness, it is also important to investigate the causes
and solutions in order to increase the diagnosis rate and risk factors associated with OSA.

In this article, we review the etiology and various established risk factors associated
with OSA. Additionally, we review the evidence and discuss various treatment modalities
used to better manage patients with OSA. Lastly, we review some complications and the
role of healthcare providers to reduce associated mortality and morbidity rates.
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2. Sleep Apnea: A Brief History and Risk Factors

Although the official naming and discovery of sleep apnea reportedly occurred in
the 1960s, it is by no means a new disorder [9]. While it is true that it is only receiving
relatively more attention due to further advances in diagnosing and managing the disease, the
symptoms first appeared approximately 2000 years ago and were lumped together using the
term “Pickwickian syndrome” in the 19th century [10,11]. For years, the initial focus was on the
process of understanding the intermittent closure of the upper airway; however, the late 1960s
brought a fresh perspective to observe the various symptoms and risk factors at the same time,
though limited by methodological difficulties at the time [9,12]. Research studies were mainly
conducted via observing dogs and treating the condition with tracheotomies [13]. Though an
earlier concept of continuous positive airway pressure (CPAP) using a customized mask in
the 1970 and 1980s further advanced modern management [14]. To date, polysomnography,
including electrocardiogram, sleep staging, electromyogram, and electroencephalogram, is the
gold standard for diagnosing OSA, while home sleep apnea testing (HSAT) is an alternative
method with some limitations [15,16].

There are four reported endotypes of OSA: loop gain, upper-airway collapsibility,
arousal threshold, and upper-airway dilator muscle response, which is also knows as
compensation [17]. Loop gain is basically the ventilatory response-to-disturbance ratio esti-
mated by ventilation characteristics during obstructed breathing episodes [18]. It is usually
noted as a drop in CPAP, suggesting a decrease in ventilation as compared to the holding
pressure. This drop in ventilation leads to the accumulation of CO2, and thus, an increase
in ventilatory drive. This increase can be estimated by measuring the ventilatory overshoot
from the holding pressure of CPAP, providing a ratio for response and disturbance in
ventilation [17,19,20]. Upper-airway collapsibility measures the propensity for collapse as
reported in patients among OSA. Although there are several techniques to measure this
mechanistic variable, negative pressure pulses seem to provide a reliable estimate as it is
rapid and thus less likely to be influenced by external behaviors [21]. Arousal threshold is
essentially the compensatory drive of ventilation that produces arousal [18]. This variable
is a measure of the propensity to wake up from sleep given the changes in negative intra-
thoracic pressure [18,20,22]. Lastly, patients with ineffective upper-airway dilator muscle
endotypes have a decreased tone of dilator muscles, particularly genioglossus, the largest
extrinsic muscle of the tongue [23]. The absence or presence of these endotypes can mani-
fest differently in individuals that can subsequently have an impact on the severity of the
disease. These individual endotypes can also be targeted individually, or in combination,
using various techniques that are briefly discussed later in this review article.

Over the years, there have been several advances, including the identification of
symptoms (Figure 1) and various risk factors, to better diagnose and manage individual
conditions. Loud snoring, gasping for air during sleep, xerostomia, insomnia, hypersomnia,
nocturnal choking, and attention deficits are some of the many symptoms that can be
observed in patients with OSA [24–27]. Some of the most important risk factors of sleep
apnea are discussed in this review (Figure 2).

2.1. Obesity

Obesity has been identified as one of the main components contributing to OSA [28,29].
Many correlations have been established between weight, BMI, waist-to-hip ratio, neck
circumference, and severity of OSA. The sleep heart healthy study was one of the landmark
studies that established the same ideas; the study showed an increase in the apnea-hypopnea
index (AHI) by approximately five-fold in men and two-fold in women over the course of their
study [30]. Peppard et al. in their population-based prospective cohort study of 690 randomly
selected Wisconsin residents also demonstrated a six-fold increase in the odds of developing
OSA with a mere 10% increase in weight, while weight loss resulted in decreasing severity
among patients [31], suggesting a reciprocal relationship between these two variables.
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2.2. Family History/Genetics

Several studies have reported some underlying causes of OSA to have a genetic
component, suggesting its hereditary nature. However, these results should be carefully
evaluated as OSA as a disorder is a complex interplay between genetics and environmental
factors. The Cleveland Study was another landmark study in investigating OSA and its
link to genetics. This genetic–epidemiologic study concluded that OSA is more prevalent
in relatives of index probands of OSA as compared to their control counterparts [32].
Additionally, Ferini-Strambi et al. in their comparative study showed a higher prevalence
of snoring among monozygotic twins, which is one of the primary symptoms of OSA [33].
Other biomarkers via genome-wide linkage studies have also been investigated to establish
an association between OSA and various genes. One study showed such an association
between a polymorphism in the angiopoietin-2 gene (ANGPT2) and mean nocturnal
oxygen saturation, which is a commonly used marker to determine severity in OSA [34].
Furthermore, similar studies have established polymorphisms in tumor necrosis factor-a
(TNF-a), prostaglandin E2 receptor EP3 subtype (PTGER3), and Lysophosphatidic acid
receptor 1 (LPAR1) to be a risk factor associated with OSA [35,36]. Therefore, further
studies and the biological significance of these polymorphisms in conjunction with OSA
are warranted.
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2.3. Age and Gender

Generally, OSA has been shown to be more prevalent in men with a two-fold-greater like-
lihood in people older than 65 years as compared to middle-aged adults aged 30–50 years [37].
Additionally, the prevalence was shown to be around 5% in middle-aged females and 12% in
their male counterparts [38]. These estimates are around 12–32% in patients aged 65 years or
older [37,39]. However, the severity of the disease varies among elderly individuals and could
even be milder than the severity observed in adults [40]. In the elderly, the disease is said
to be manifested differently, resembling behavioral and cognitive impairments mimicking
dementia [41,42].

According to the current literature, there is a higher prevalence of OSA among men
compared to women [43–46]. In a recent study of 1208 people between 20 and 81 years
of age with 46% of the cohort being female, an estimated prevalence of OSA was 33%
among women when AHI was more than equal to 5%, while it was 59% among men [44].
Even with an AHI of more than or equal to 15%, the prevalence was higher in men when
compared to women; 30% vs. 13%, respectively [44]. This effect was not only restricted to
prevalence; OSA has been reported to be more severe in men with more specific symptoms
suggestive of OSA when compared to women. While men frequently report snoring,
gasping, attention deficits, insomnia, snorting, and apnea, women are reportedly presented
with more non-specific symptoms, such as headache, fatigue, depression, and anxiety [43].
The presence of only non-specific symptoms then could make it challenging for a physician
to perform a correct diagnosis. This also helps explain the results that women are diagnosed
at advanced ages and with a higher BMI as compared to men. The difference in gender,
generally speaking, could also be due to a differing body-fat distribution in males vs.
females, with males having more adipose tissue in the neck region, resulting in a higher
susceptibility to airway collapse [47,48]. Although the pharyngeal cross-sectional area is
reported to be similar among men and women, men are noted to exhibit greater upper-
airway collapsibility. This could be accounted for by the presence of a longer airway length
and larger volume of soft tissues on the lateral pharyngeal walls in men [43,49]. Hormonal
differences are yet another factor that plays a role in the differing prevalence of OSA among
men and women. Previous studies have shown how ventilatory response is affected and
AHI is increased in hypogonadal men with an acute administration of testosterone [43,50].
In one study of testosterone replacement therapy among hypogonadal men, Matsumoto
et al. reported not only a significant decrease in the ventilatory drive in patients receiving
testosterone, but also noted the new induction of OSA, and an exacerbation of symptoms in
patients previously diagnosed with OSA [50]. Years later, after this study, it was deciphered
that an acute administration of testosterone enhances the ventilatory instability and the
loop-gain of the ventilatory system as a consequence of an increase in the ventilatory
response to hypoxia [19], increasing the predisposition to OSA in men.

OSA among pregnant and post-menopausal women is one area where there is a lack
of research. While it has been reported that sleep-disordered breathing is more severe
in postmenopausal when compared to premenopausal women [51], it is unclear whether
a decreased production of female hormones plays a role in this exacerbation. Moreover,
symptoms of OSA can also be more difficult to identify or interpreted as menopausal
manifestations, leading to misdiagnosis [45]. Therefore, these gender differences could
mostly be explained by anatomic and physiologic variabilities, a difficulty identifying and
categorizing non-specific symptoms, and underdiagnosis due to physician biases [48].

2.4. Smoking and Alcohol

Several studies have cited smoking and alcohol as risk factors for OSA. This could
be explained by a general decrease in sleep latency, difficulty in initiating sleep, and
irregular sleeping patterns after smoking or drinking [52]. The chemicals consumed during
smoking can also result in local inflammation and fluid retention in the upper airway,
which could exacerbate these symptoms. Where many studies have observed a positive
correlation between smoking and OSA, such as in a study by Kashyap et al., who reported



Life 2023, 13, 387 5 of 16

the occurrence of OSA to be approximately twice as likely in current smokers as compared
to previous smokers and non-smokers combined [53], many other studies have shown the
opposite association, or did not observe smoking to be an independent variable for OSA.
However, the number of cigarettes consumed per day was still reported to be higher among
more severe forms of OSA [54]. Some studies have also reported smoking addiction due to
untreated OSA [55]. This variability in results suggests an inconclusive consensus about
the role of smoking in OSA progression and severity; thus, further studies are required to
elucidate the relevant mechanisms involved.

On the other hand, the role of alcohol seems to be relatively established among
OSA patients. The studies show a general consensus that alcohol is positively correlated
with an increased risk and severity of OSA by 25% [56]. The likely mechanisms include
the relaxation of muscles in the neck and throat leading to airway collapse, decreased
ventilatory responses to an increase in higher partial pressure of CO2 and lower pressure of
oxygen, and reduction in muscle activity in the tongue [48]. While we know that alcohol can
increase the risk of OSA, it would be beneficial to understand if these effects are impacted
by individual race, metabolic and immune status, number of drinks consumed per week,
and whether individuals are suffering from any other comorbidities. Answers to these
questions will allow for a better public health policy.

2.5. Inflammation

Inflammation plays an integral role in the induction, progression, and exacerbation
of OSA. Over the years, several inflammatory mediators have been corelated with the
pathogenesis of OSA; however, some are more extensively researched and notably reported,
including CRP, IL-6, IL-8, IL-33 and its receptor ST2, Pentraxin-3 (PTX-3), procalcitonin
(ProCT), and TNF-a [57,58]. These mediators can play an important role as a biomarker
to decipher the severity of OSA among patients. Particularly, PTX-3 as a predictor of
OSA severity has garnered attention due to its consistent specificity and sensitivity across
studies. For example, Sozer et al. reported a specificity and sensitivity of 91.7% for PTX-3
as a predictor of OSA among other inflammatory mediators [57]. They also reported a
positive correlation between PTX-3 and BMI, suggesting a potential link between these
two variables in the subsequent progression of the disease. Other studies have noted the
importance of morning levels of PTX-3 as a sensitive biomarker, as patients with OSA could
have a higher hypoxic state during sleep [59]. PTX-3 is essentially from the same family as
CRP, an acute phase protein with a role in innate immunity, the regulation of inflammatory
reactions, and apoptosis. Its role in the pathogenesis of OSA was further elucidated after
treating patients with CPAP. In a study by Kobukai et al., there was a marked reduction
in the morning levels of PTX-3 and CRP; however, only PTX-3 levels were shown to be
significantly correlated with the severity of OSA using AHI [59].

CRP is another important biomarker that has been extensively researched in the
pathogenesis of OSA. However, its association and specificity have been questioned in the
last two decades, given the variable results across studies [58,60–62]. A strong relationship
between OSA and obesity was established in earlier studies, and perhaps this relationship
could distort the data if the patients were not optimally matched for BMI [63].

These inflammatory mediators are subsequent culprits in cardiovascular complica-
tions, metabolic dysfunction, and atherosclerosis [58], which is briefly discussed later in
this article.

3. Complications of Obstructive Sleep Apnea

While OSA is a major concern on its own for any patient and their healthcare providers,
it involves several other complications and sequelae that follows due to OSA pathogenesis
and symptomatology. These complications often exacerbate their overall health and further
its morbidity and mortality rates. Here, we discuss some of the most pressing complications
that are caused by OSA.
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3.1. Cardiovascular Diseases

Several studies have established a clear association between OSA and various car-
diovascular diseases (CVDs), such as hypertension, stroke, coronary artery disease, and
atrial fibrillation [64]. While there is no consensus on a well-adopted mechanism for this
association, it is reported to include a heightened sympathetic activation, and in turn
release of stress hormones, due to difficulty of breathing [65]. This effect is mediated by the
hypothalamic–pituitary–adrenal axis, the activation of which has been shown to be cor-
rected with the use of CPAP, along with a decrease in cortisol levels [65,66]. We know that
hypertension is a major risk factor for CVD [67], which is prevalent among OSA patients
when oxygen levels are decreased due to the narrowing of the airway. This hypertension
that exacerbates the activation of the sympathetic system even causes coronary artery
disease. OSA can also cause an abnormal heart rhythm, which is difficult to manage if
there are other underlying heart conditions or comorbidities directly, or indirectly, affecting
cardiovascular health [68]. It is estimated that approximately 30–50% of OSA patients are
also diagnosed with cardiac arrhythmias, including atrial and ventricular premature ex-
trasystoles, ventricular tachycardia, sinus arrest, and atrioventricular conduction block [69].
These acute triggers can be explained by previously studied arrhythmogenic mechanisms,
where an alteration in the intrathoracic pressure leads to a stretch in the muscle of the
left atrium, which causes distention. This distention in turn gives rise to increased atrial
premature beats and QT interval prolongation on an electrocardiogram (EKG) [70]. As a
result, ventricular tachycardia and/or sudden cardiac death due to this acute episode can
ensue. The triggered activity and automaticity due to enhanced sympathetic discharge,
and parasympathetic surge on the other hand during apnea, can cause sinus nodal disease
and atrial fibrillation (Figure 3) [70,71]. It is important to note that while there is a strong
association between OSA and CVD, many trials have failed to establish that these symp-
toms improve when treating for OSA. Therefore, further studies are required to understand
the underlying mechanisms for better targeted therapies.
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cardiac dysfunction.

Other mechanistic intermediates include a change in intrathoracic pressure, platelet
activation due to endothelial damage, and an increase in the levels of inflammatory cy-
tokines, which could all have an impact on CVD [72]. The cytokines involved in these
heightened inflammatory reactions are reported to be TNFa, IL-6, IL-8, and C-reactive
protein (CRP), which are also associated with excessive daytime sleepiness among OSA
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patients, along with their action on endothelial damage and myocyte dysfunction [73]. My-
ocyte hypertrophy due to hypertension can also cause the remodeling of cardiac myocyte,
resulting in fibrosis [70]. A similar result could be observed in OSA patients with comorbid
obesity, which could enhance the renin–angiotensin–aldosterone system (RAAS) due to
sympathetic activation. This in turn can also cause arrhythmias and sudden cardiac death.

3.2. Metabolic Dysfunctions

OSA has been linked to cause, and also manifest, several metabolic derangements,
such as insulin resistance, type II diabetes mellitus, metabolic syndrome, and non-alcohol
fatty liver disease [45,74]. In a nationwide study of 1,704,905 patients with OSA and an
approximately equal number of controls, Mokhlesi et al. attributed a higher prevalence
of type II diabetes and ischemic heart disease in men, while hypertension and depression
were more prevalent in women as compared to their matched controls [75]. This prevalence
of insulin resistance and glucose intolerance among OSA patients was estimated to be
anywhere from 20% to approximately 70% [76]. It is important to note that these results
are independent of obesity, which could be corroborated as a potential confounding factor.
Additionally, while CPAP has been shown to be beneficial in the management of OSA, the
results are inconclusive whether it helps in curbing the risks that come with dysfunctional
glucose metabolism [76]. This does not only pose a concern for patients with OSA, but also
for the healthcare system by further increasing the economic burden of diabetes [77].

As mentioned, not only OSA can cause diabetes, but diabetes could result in OSA as
well. This bidirectional association could be explained due to some control of respiration
and upper-airway neural reflexes by diabetic neuropathy [78]. Various mechanisms have
been proposed to explain the association between insulin resistance and OSA; some of them
overlap with CVD complications. For example, sympathetic activation due to hypoxia
alters the glucose metabolic cycle, which results in increased cortisol and growth hormone
levels, which then can deregulate insulin sensitivity [79]. OSA was also associated with
dyslipidemia in several studies due to its association with a state of hypoxia. This was
theorized due to the roles of sterol regulatory element-binding protein-1 (SREBP-1) and
stearoyl-coenzyme A desaturase-1 (SCD-1). However, these effects were cited due to
intermittent hypoxia, and a causative effect of OSA on dyslipidemia is inconclusive [80]
(Figure 4).
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4. Current Treatment Options

Advances have been made over the years to better manage the symptoms in patients
with OSA. Here, we briefly review the available treatments at present and their efficacy.

4.1. Continuous Positive Airway Pressure (CPAP)

CPAP is considered one of the most reliable and effective methods for treating sleep
apnea. The use of the term sleep apnea started in late-20th century [9]. However, many
changes were made to better accommodate the needs of patients and enhancing its effec-
tiveness. A constant pressure is applied through a tubing system to maintain upper-airway
patency during sleep [48]. Many studies have established its efficacy and importance dur-
ing the course of treatment, and a longer use of CPAP has been shown to be associated with
increasing severity. Ravesloot et al. in their study of mathematical function formulas to test
its effectiveness reported a 33.3–48.3% reduction in the AHI index upon at least 4 hours
per night of CPAP use among patients with moderate OSA [81]. Despite its benefits, the
adherence rate is a major concern shared by patients and providers regarding this treatment.
Studies suggests that approximately 50–60% of patients discontinue its usage within the
first year of their prescription and around 15% discontinue after their very first night of
usage [82]. Moreover, the adherence rates were shown to be influenced by severity, body
mass index (BMI), AHI, and the oxygen desaturation index (ODI). For example, Jacobsen
et al. in their retrospective study of 695 patients reported a higher adherence (89%) in
patients with severe OSA as compared to 71% for moderate and 55% for mild OA, and
its use was higher among patients with a higher BMI, AHI, and ODI [83]. Having said
that, one study showed the importance of formulating a standard protocol, comfortable
pressure settings, and offering of mask choice to patients in increasing the adherence to
CPAP therapy [84]. While CPAP is widely prescribed, other airway pressure devices might
be available depending on individual symptoms.

We believe effective counseling from physicians could greatly impact the rates of
adherence. Thus, a proper discussion regarding sleep hygiene and the pros and cons of
interrupting their therapies should be thoroughly discussed by clinicians.

4.2. Oral/Dental Devices

Although CPAP is still considered the gold standard when it comes to the treatment of
OSA, there are other treatment strategies available if CPAP is not helping or not available to
use. Oral devices, most commonly the mandibular advancement device (MAD) and tongue
retaining device (TRD) are used, although tongue retainer devices are relatively older
devices and are becoming obsolete alongside modern innovations in MADs. However,
they are still reported to be an effective alternative treatment option for OSA [85]. MAD
is the most commonly used device in patients with sleep apnea, which helps to move the
mandible forward, relative to the maxilla [86]. This results in the widening of the airway,
which prevents closure and obstruction during sleep. Ultimately, this helps to reduce
snoring. MAD is considered as the primary treatment option for mild to moderate cases of
OSA, and a secondary option in severe cases for patients having difficulties with CPAP [87].
These devices are available in various designs and can be custom-made or prefabricated.
The prefabricated designs are also known as thermoplastic appliances, which are relatively
cheaper and the kind that can be bought over the counter. On the other hand, custom-made
designs are relatively more sophisticated and expensive because they are produced in a
specialized dental laboratory and require the dental imaging of the patient to ensure a good
fit [87,88]. While prefabricated devices are simple in design, custom-made designs are more
intricate in nature and can consist of multiple and separate parts for the lower and upper
jaw. These titratable appliances can be distinguished as middle traction and bilateral thrust
devices, which differs in the way they are connected and placed in the oral cavity [87,89].
According to a recent systematic review and metanalysis, there is no clear-cut answer as to
which device is superior in terms of alleviating symptoms in patients with mild to moderate
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OSA; however, a custom-made MAD was reported to be more superior in terms of comfort
and thus a more favorable compliance when compared with a prefabricated MAD (87).

Although many people find this option more comfortable than CPAP, the use of
such devices varies. Several unwanted effects of using MADs have been reported, which
includes jaw pain, tenderness of denture, and hypersalivation [86]. Moreover, there is no
unform guideline for the use of MADs if a patient is already suffering from a pre-existing
temporomandibular disorder. However, a relatively recent clinical review reported no
contraindication for the use of MADs to treat OSA with a concurrent temporomandibular
disorder [90]. TRDs, on the other hand, serve a similar purpose. They appear similar to a
large pacifier with a space for the tongue and a defined mandibular protrusion [91]. Similar
side effects are also reported for this device. While these devices have shown to be effective,
similar to CPAP, the success of this alternative option also relies on patient compliance. The
compliance rate pertaining to these devices is anywhere between 30–60%, which is arguably
not ideal [92,93]. Most people in these studies cited discomfort, dry mouth, hypersalivation,
and other side effects mentioned above to not use it regularly. This also signifies that these
devices could be used for short-term periods but are not a long-term solution for these
patients. Significant changes in design and comfort are warranted if these options are to be
entertained continuously. It is also important to note that those with less propensity for
upper-airway collapse and low loop-gain endotypes receive the greatest benefits from oral
appliance therapy and upper-airway surgery [94].

4.3. Surgery

Usually, surgery is an option of the last resort, or when a patient insists on choosing
this option after expressing frustration and discomfort from the most common treatment
options previously discussed. Uvulopalatopharyngoplasty (UPPP) is the most common
surgical procedure performed on patients with OSA, where some tissues from the uvula,
soft palate, and/or tonsils are resected to open the upper airways [95]. Generally, surgical
indications include an AHI of higher than 15, oxyhemoglobin desaturation less than 90%,
and cardiac abnormalities associated with OSA. However, it can also be elected if deemed
a risk factor for motor vehicle accidents, failed compliance, or intolerance to previous
therapies, and polysomnographic parameters of disease [96].

In order to select the patients who are most likely to benefit from this procedure,
and to reduce unnecessary harm to patients, a staging system was created, known as the
Friedman staging system. In a landmark study, Friedman et al. categorized and scored
patients into three different stages based on palate position, tonsil size, and BMI [97]. Based
on this scoring system, and a later modification by other scientists, stage 1 patients have
a success rate of approximately 81% at present. This success rate is almost decreased by
half if a patient is placed in stage 2 using this scoring system. A metanalysis by Choi
et al. concluded that while stage 1 is a strong predictor of success after surgery, stage 2 is
a negative predictor [98]. This signifies the importance of patient selection and a careful
discussion between patients and their physicians to address the efficacy rates and risks
involved in this procedure.

4.4. Personalization of the Treatment

Personalized medicine and person-centered care have taken center stage in medicine
as of late, and the ailment of OSA is of no exception. The goal of the personalization of
treatment in OSA is to carefully evaluate each patient individually, identify their risk factors,
and treat them according to their symptoms, keeping in mind their needs, wishes, and
values [99]. To provide truly personalized care, it is vital to obtain a detailed patient history
surrounding their symptoms and factors of OSA affecting their quality of life. Historically,
OSA has been treated according to the severity noted by AHI and generic symptoms [100].
However, at present, we know that OSA has a wide spectrum of symptoms, and, in
fact, many patients are presented without any apparent manifestations. Therefore, it is
vital to target individual sets of symptoms, which in turn would also motivate treatment



Life 2023, 13, 387 10 of 16

adherence among patients. For example, a patient with OSA who is presented with masked
cardiovascular manifestations and without daytime sleepiness or snoring at night would
be less likely to adhere to CPAP, since there is no perceived immediate reward for that
patient. However, someone with OSA who can visibly notice a difference in their sleepiness
and snoring would be more motivated to adhere to this regimen [99]. This could be one
of the reasons for the low adherence to CPAP among patients with mild OSA, as the
perceived burden of using CPAP everyday could outweigh the apparent benefits. This is
where patient education can play a vital role, so the patients can remain cognizant of their
disease process.

Another important factor in the success of personalized medicine in OSA is actively
engaging in the treatment process and self-accountability. As reported for patients with OSA
and other chronic diseases, an active pedagogy using telehealth resources and applications
to manage CPAP reportedly had better clinical outcomes, reduced progression in disease
burden, and resulted in greater self-preventive measures [99,101,102].

The targeted and personalized therapies for OSA can be grossly categorized into two
groups: anatomical and non-anatomical. CPAP, oral appliances, weight loss, positional
therapy, and upper-airway surgery falls under anatomical therapy, which were previously
discussed. Non-anatomical therapy is broadly classified into three groups: muscle function,
loop-gain, and arousal threshold [20].

In muscle function therapy, the pharyngeal muscles are targeted since they play
a vital role in the patency of the upper airway. Genioglossus is yet another important
dilator muscle that can cause upper-airway collapsibility when there is a state-dependent
reduction in its activity [103]. It is reported that more than 30% of patients with OSA
have minimal muscle responsiveness during sleep, which could further exacerbate the
symptoms and collapsibility [20]. To improve patency, hypoglossal nerve stimulation
and oropharyngeal muscle training have been suggested as targeted therapies. Both of
these personalized interventions have been reported to reduce AHI by more than 50%
in patients suffering with OSA and a prior specific reduction in muscle activity [104].
These are categorized under personalized and targeted therapies because the success
of these treatment depends on individual’s Pcrit, pharyngeal shape, and site of airway
collapse [20,104]. Loop-gain therapies include oxygen supplementation and carbonic
anhydrase inhibitors. Supplemental oxygen tends to reduce loop-gain and lowers the
AHI in selected patients. The mechanism behind this variability for oxygen therapy is
unclear at present. Acetazolamide and zonisamide are two carbonic anhydrase inhibitors
that have shown promising results by decreasing loop-gains by approximately 40%, while
also reducing AHI by half [105,106]. Lastly, therapies for a low arousal threshold include
hypnotic agents, such as eszopiclone, zopiclone, and trazodone [20,107]. Without increasing
the risk of hypoxemia, these agents can increase the threshold for arousal and reduce the
AHI in patients with OSA by approximately 25% to 50% [20].

It is important to realize that these interventions are called targeted for a reason; they
seem to have a variable effect on patients with OSA, and several factors can influence the
effectiveness of these therapies, which are beyond the scope of this paper.

5. Role of Clinicians

Clinicians play a vital role not only in diagnosing OSA, but also in counseling their
patients as lifestyle modifications and prescription compliance play instrumental roles in
the management of this medical condition [108]. Counseling can include educating patients
about their diet, sleep hygiene, exercise routine, identifying risky behavior, etc. Although
OSA is a complex mixture of various intricacies, there are some modifiable risk factors that
can be targeted to improve the course of the disease. The major modifiable risk factors of
OSA include alcohol, smoking, sleep hygiene, and BMI [109]. For example, weight loss has
been reported to decrease the severity of OSA by almost 50% in moderately obese patients
with additional benefits in metabolic regulation, such as glycemic control [110]. Similarly,
a fixed sleep schedule with the head as elevated and upright as possible could also help
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reduce symptoms. This is particularly important as sleep hygiene was reported to be
indirectly related to daytime sleepiness and depressive symptoms [111]. These modifiable
risk factors can also indirectly reduce subsequent cardiovascular complications if targeted
early on, since many of these risk factors, such as obesity, exacerbate cardiovascular events,
as discussed previously. In a nutshell, counseling should focus on targeting the modifiable
risk factors and uplifting patients’ quality of life, since several studies have reported a lower
quality of life among OSA patients in its most symptomatic forms [112]. The literature
suggests that sleep apnea is still widely underdiagnosed [113], which signifies the key
role physicians can play in terms of impacting their patients’ lives. We suspect that while
searching for a correct diagnosis would help narrow the gap in epidemiological variables
to devise better public health policies, it could also place an additional burden on the
healthcare system, as more patients would consult their physicians and seek appropriate
treatment. However, by thoroughly educating their patients about the disease, clinicians
cannot only reassure their patients regarding the course of their disease, but also increase
the compliant rates pertaining to their treatment. Having said that, it is difficult to predict
if a certain healthcare system could handle a large influx of patients with OSA upon an
increase in the effectiveness of diagnostics.

6. Conclusions

OSA is increasingly recognized as a prevalent medical condition affecting people
globally, making it a pressing public health concern. Although advances have been made
over the years, a decent patient population is still undiagnosed due to wide array of reasons,
resulting in increasing morbidity and mortality rates related to OSA. This medical condition
can manifest itself as several comorbidities, such as cardiovascular dysfunctions, including
stroke, hypertension, coronary artery disease, metabolic disorders, chronic inflammation,
etc. The most commonly prescribed treatment strategy includes CPAP and oral devices,
though patient compliance is a topic of concern. Given the fact that many symptoms are
manageable by lifestyle modifications, counseling and education provided by clinicians
play important roles. There is a crucial need to understand the many underlying mecha-
nisms concerning OSA and its co-manifestations to better formulate targeted therapies.

Author Contributions: Conceptualization, R.H. and A.S.; methodology, R.H. and A.S.; Writing
original draft preparation, R.H. and A.S.; Review and editing, R.H. and A.S. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Veasey, S.C.; Rosen, I.M. Obstructive Sleep Apnea in Adults. N. Engl. J. Med. 2019, 380, 1442–1449. [CrossRef]
2. Strollo, P.J.; Rogers, R.M. Obstructive Sleep Apnea. N. Engl. J. Med. 1996, 334, 99–104. [CrossRef]
3. Benjafield, A.V.; Ayas, N.T.; Eastwood, P.R.; Heinzer, R.; Ip, M.S.M.; Morrell, M.J.; Nunez, C.M.; Patel, S.R.; Penzel, T.; Pépin, J.-L.;

et al. Estimation of the global prevalence and burden of obstructive sleep apnoea: A literature-based analysis. Lancet Respir. Med.
2019, 7, 687–698. [CrossRef]

4. Finkel, K.J.; Searleman, A.; Tymkew, H.; Tanaka, C.Y.; Saager, L.; Safer-Zadeh, E.; Bottros, M.; Selvidge, J.A.; Jacobsohn, E.; Pulley,
D.; et al. Prevalence of undiagnosed obstructive sleep apnea among adult surgical patients in an academic medical center. Sleep
Med. 2009, 10, 753–758. [CrossRef]

5. Dodds, S.; Williams, L.J.; Roguski, A.; Vennelle, M.; Douglas, N.J.; Kotoulas, S.-C.; Riha, R.L. Mortality and morbidity in
obstructive sleep apnoea–hypopnoea syndrome: Results from a 30-year prospective cohort study. ERJ Open Res. 2020, 6, 00057.
[CrossRef]

http://doi.org/10.1056/NEJMcp1816152
http://doi.org/10.1056/NEJM199601113340207
http://doi.org/10.1016/S2213-2600(19)30198-5
http://doi.org/10.1016/j.sleep.2008.08.007
http://doi.org/10.1183/23120541.00057-2020


Life 2023, 13, 387 12 of 16

6. Marshall, N.S.; Wong, K.K.H.; Cullen, S.R.; Knuiman, M.; Grunstein, R.R. Sleep Apnea and 20-Year Follow-Up for All-Cause
Mortality, Stroke, and Cancer Incidence and Mortality in the Busselton Health Study Cohort. J. Clin. Sleep Med. 2014, 10, 355–362.
[CrossRef]

7. Lavie, P.; Lavie, L.; Herer, P. All-cause mortality in males with sleep apnoea syndrome: Declining mortality rates with age. Eur.
Respir. J. 2005, 25, 514–520. [CrossRef]

8. Economic Burden of Undiagnosed Sleep Apnea in U.S. is Nearly $150B. American Academy of Sleep Medicine—Association for
Sleep Clinicians and Researchers. 2016. Available online: https://aasm.org/economic-burden-of-undiagnosed-sleep-apnea-in-u-
s-is-nearly-150b-per-year/ (accessed on 17 October 2022).

9. Bahammam, A. Obstructive Sleep Apnea: From Simple Upper Airway Obstruction to Systemic Inflammation. Ann. Saudi Med.
2011, 31, 1–2. [CrossRef]

10. Littleton, S.W.; Mokhlesi, B. The Pickwickian Syndrome—Obesity Hypoventilation Syndrome. Clin. Chest Med. 2009, 30, 467–478.
[CrossRef]

11. Sleep Eos. A Brief History of Sleep Apnea and Sleep Apnea Signs & Symptoms. Eos Sleep, 2015. Available online: https:
//www.eossleep.com/2015/05/26/a-brief-history-of-the-causes-of-sleep-apnea/ (accessed on 22 October 2022).

12. Redline, S.; Young, T. Epidemiology and Natural History of Obstructive Sleep Apnea. Ear Nose Throat J. 1993, 72, 20–26. [CrossRef]
13. Yaremchuk, K.; Garcia-Rodriguez, L. The History of Sleep Surgery. In Sleep-Related Breathing Disorders; Karger Publishers: Basel,

Switzerland, 2017; Volume 80, pp. 17–21. [CrossRef]
14. Silber, M.H. Tracheostomy Can Fatally Exacerbate Sleep-Disordered Breathing in Multiple System Atrophy. Available online: https:

//n.neurology.org/content/tracheostomy-can-fatally-exacerbate-sleep-disordered-breathing-multiple-system-atrophy-0 (ac-
cessed on 22 October 2022).

15. Kapur, V.K.; Auckley, D.H.; Chowdhuri, S.; Kuhlmann, D.C.; Mehra, R.; Ramar, K.; Harrod, C.G. Clinical Practice Guideline for
Diagnostic Testing for Adult Obstructive Sleep Apnea: An American Academy of Sleep Medicine Clinical Practice Guideline. J.
Clin. Sleep Med. 2017, 13, 479–504. [CrossRef]

16. Laratta, C.R.; Ayas, N.T.; Povitz, M.; Pendharkar, S.R. Diagnosis and treatment of obstructive sleep apnea in adults. Can. Med.
Assoc. J. 2017, 189, E1481–E1488. [CrossRef]

17. Finnsson, E.; Ólafsdóttir, G.H.; Loftsdóttir, D.L.; Jónsson, S.Æ.; Helgadóttir, H.; Ágústsson, J.S.; Sands, S.A.; Wellman, A. A
scalable method of determining physiological endotypes of sleep apnea from a polysomnographic sleep study. Sleep 2021, 44,
zsaa168. [CrossRef]

18. Wellman, A.; Eckert, D.; Jordan, A.; Edwards, B.; Passaglia, C.; Jackson, A.C.; Gautam, S.; Owens, R.L.; Malhotra, A.; White,
D.P. A method for measuring and modeling the physiological traits causing obstructive sleep apnea. J. Appl. Physiol. 2011, 110,
1627–1637. [CrossRef]

19. Eckert, D.J.; White, D.P.; Jordan, A.S.; Malhotra, A.; Wellman, A. Defining Phenotypic Causes of Obstructive Sleep Apnea.
Identification of Novel Therapeutic Targets. Am. J. Respir. Crit. Care Med. 2013, 188, 996–1004. [CrossRef]

20. Carberry, J.; Amatoury, J.; Eckert, D.J. Personalized Management Approach for OSA. Chest 2018, 153, 744–755. [CrossRef]
21. Malhotra, A.; Pillar, G.; Fogel, R.; Beauregard, J.; Edwards, J.; White, D.P. Upper-Airway Collapsibility*. Chest 2001, 120, 156–161.

[CrossRef]
22. Malhotra, A.; Jordan, A. The importance of arousal in obstructive sleep apnea—Updates from the American Thoracic Society. J.

Thorac. Dis. 2016, 8, S542–S544. [CrossRef]
23. Subramani, Y.; Singh, M.; Wong, J.; Kushida, C.A.; Malhotra, A.; Chung, F. Understanding Phenotypes of Obstructive Sleep

Apnea: Applications in Anesthesia, Surgery, and Perioperative Medicine. Anesth. Analg. 2017, 124, 179–191. [CrossRef]
24. Vanek, J.; Prasko, J.; Genzor, S.; Ociskova, M.; Kantor, K.; Holubova, M.; Nesnidal, V.; Kolek, A.; Sova, M. Obstructive sleep apnea,

depression and cognitive impairment. Sleep Med. 2020, 72, 50–58. [CrossRef]
25. De Felício, C.M.; da Silva Dias, F.V.; Trawitzki, L.V.V. Obstructive sleep apnea: Focus on myofunctional therapy. Nat. Sci. Sleep

2018, 10, 271–286. [CrossRef]
26. Mukundan, T.H. Pediatric Obstructive Sleep Apnea and Pediatric Hypersomnia. In Sleep Disorders in Women: A Guide to Practical

Management; Attarian, H., Viola-Saltzman, M., Eds.; Springer International Publishing: Cham, Switzerland, 2020; pp. 115–128,
(Current Clinical Neurology). [CrossRef]

27. Sweetman, A.; Lack, L.; McEvoy, R.D.; Smith, S.; Eckert, D.J.; Osman, A.; Carberry, J.C.; Wallace, D.; Nguyen, P.D.; Catcheside, P.
Bi-directional relationships between co-morbid insomnia and sleep apnea (COMISA). Sleep Med. Rev. 2021, 60, 101519. [CrossRef]

28. Romero-Corral, A.; Caples, S.M.; Lopez-Jimenez, F.; Somers, V.K. Interactions Between Obesity and Obstructive Sleep Apnea:
Implications for Treatment. Chest 2010, 137, 711–719. [CrossRef]

29. Jehan, S.; Zizi, F.; Pandi-Perumal, S.R.; Wall, S.; Auguste, E.; Myers, A.K.; Jean-Louis, G.; McFarlane, S.I. Obstructive Sleep Apnea
and Obesity: Implications for Public Health. Sleep Med. Disord. 2017, 1, 00019.

30. Newman, A.B.; Foster, G.; Givelber, R.; Nieto, F.J.; Redline, S.; Young, T. Progression and regression of sleep-disordered breathing
with changes in weight: The Sleep Heart Health Study. Arch. Intern. Med. 2005, 165, 2408–2413. [CrossRef]

31. Peppard, P.E.; Young, T.; Palta, M.; Dempsey, J.; Skatrud, J. Longitudinal Study of Moderate Weight Change and Sleep-Disordered
Breathing. JAMA 2000, 284, 3015–3021. [CrossRef]

32. Redline, S.; Tishler, P.V.; Tosteson, T.D.; Williamson, J.; Kump, K.; Browner, I.; Ferrette, P.; Krejci, P. The familial aggregation of
obstructive sleep apnea. Am. J. Respir. Crit. Care Med. 1995, 151, 682–687. [CrossRef]

http://doi.org/10.5664/jcsm.3600
http://doi.org/10.1183/09031936.05.00051504
https://aasm.org/economic-burden-of-undiagnosed-sleep-apnea-in-u-s-is-nearly-150b-per-year/
https://aasm.org/economic-burden-of-undiagnosed-sleep-apnea-in-u-s-is-nearly-150b-per-year/
http://doi.org/10.4103/0256-4947.75770
http://doi.org/10.1016/j.ccm.2009.05.004
https://www.eossleep.com/2015/05/26/a-brief-history-of-the-causes-of-sleep-apnea/
https://www.eossleep.com/2015/05/26/a-brief-history-of-the-causes-of-sleep-apnea/
http://doi.org/10.1177/014556139307200106
http://doi.org/10.1159/000470683
https://n.neurology.org/content/tracheostomy-can-fatally-exacerbate-sleep-disordered-breathing-multiple-system-atrophy-0
https://n.neurology.org/content/tracheostomy-can-fatally-exacerbate-sleep-disordered-breathing-multiple-system-atrophy-0
http://doi.org/10.5664/jcsm.6506
http://doi.org/10.1503/cmaj.170296
http://doi.org/10.1093/sleep/zsaa168
http://doi.org/10.1152/japplphysiol.00972.2010
http://doi.org/10.1164/rccm.201303-0448OC
http://doi.org/10.1016/j.chest.2017.06.011
http://doi.org/10.1378/chest.120.1.156
http://doi.org/10.21037/jtd.2016.06.81
http://doi.org/10.1213/ANE.0000000000001546
http://doi.org/10.1016/j.sleep.2020.03.017
http://doi.org/10.2147/NSS.S141132
http://doi.org/10.1007/978-3-030-40842-8_9
http://doi.org/10.1016/j.smrv.2021.101519
http://doi.org/10.1378/chest.09-0360
http://doi.org/10.1001/archinte.165.20.2408
http://doi.org/10.1001/jama.284.23.3015
http://doi.org/10.1164/ajrccm/151.3_Pt_1.682


Life 2023, 13, 387 13 of 16

33. Ferini-Strambi, L.; Calori, G.; Oldani, A.; Della Marca, G.; Zucconi, M.; Castronovo, V.; Gallus, G.; Smirne, S. Snoring in twins.
Respir. Med. 1995, 89, 337–340. [CrossRef]

34. Mukherjee, S.; Saxena, R.; Palmer, L.J. The genetics of obstructive sleep apnea. Respirology 2018, 23, 18–27. [CrossRef]
35. Zhong, A.; Xiong, X.; Xu, H.; Shi, M. An Updated Meta-Analysis of the Association between Tumor Necrosis Factor-α-308G/A

Polymorphism and Obstructive Sleep Apnea-Hypopnea Syndrome. PLoS ONE 2014, 9, e106270. [CrossRef]
36. Patel, S.R.; Goodloe, R.; De, G.; Kowgier, M.; Weng, J.; Buxbaum, S.G.; Cade, B.; Fulop, T.; Gharib, S.A.; Gottlieb, D.J.; et al.

Association of genetic loci with sleep apnea in European Americans and African-Americans: The Candidate Gene Association
Resource (CARe). PLoS ONE 2012, 7, e48836. [CrossRef]

37. Glasser, M.; Bailey, N.; McMillan, A.; Goff, E.; Morrell, M. Sleep apnoea in older people. Breathe 2011, 7, 248–256. [CrossRef]
38. Young, T.; Palta, M.; Dempsey, J.; Skatrud, J.; Weber, S.; Badr, S. The Occurrence of Sleep-Disordered Breathing among Middle-

Aged Adults. N. Engl. J. Med. 1993, 328, 1230–1235. [CrossRef]
39. Hader, C.; Schroeder, A.; Hinz, M.; Micklefield, G.H.; Rasche, K. Sleep disordered breathing in the elderly: Comparison of women

and men. J. Physiol. Pharmacol. Off. J. Pol. Physiol. Soc. 2005, 56, 85–91.
40. Shochat, T.; Pillar, G. Sleep apnoea in the older adult: Pathophysiology, epidemiology, consequences and management. Drugs

Aging 2003, 20, 551–560. [CrossRef]
41. Mant, A.; Saunders, N.A.; Eyland, A.E.; Pond, C.D.; Chancellor, A.H.; Webster, I.W. Sleep-Related Respiratory Disturbance and

Dementia in Elderly Females. J. Gerontol. 1988, 43, M140–M144. [CrossRef]
42. Enright, P.L.; Newman, A.B.; Wahl, P.W.; Manolio, T.A.; Haponik, F.E.; Boyle, P.J.R. Prevalence and Correlates of Snoring and

Observed Apneas in 5201 Older Adults. Sleep 1996, 19, 531–538. [CrossRef]
43. Kim, S.W.; Taranto-Montemurro, L. When do gender differences begin in obstructive sleep apnea patients? J. Thorac. Dis. 2019, 11

(Suppl. 9), S1147–S1149. [CrossRef]
44. Fietze, I.; Laharnar, N.; Obst, A.; Ewert, R.; Felix, S.B.; Garcia, C.; Gläser, S.; Glos, M.; Schmidt, C.O.; Stubbe, B.; et al. Prevalence

and association analysis of obstructive sleep apnea with gender and age differences—Results of SHIP-Trend. J. Sleep Res. 2018, 28,
e12770. [CrossRef]

45. Bonsignore, M.R.; Borel, A.-L.; Machan, E.; Grunstein, R. Sleep apnoea and metabolic dysfunction. Eur. Respir. Rev. 2013, 22,
353–364. [CrossRef]

46. Zhou, X.; Zhou, B.; Li, Z.; Lu, Q.; Li, S.; Pu, Z.; Luo, F. Gender differences of clinical and polysomnographic findings with
obstructive sleep apnea syndrome. Sci. Rep. 2021, 11, 1–6. [CrossRef]

47. Millman, R.P.; Carlisle, C.C.; McGarvey, S.T.; Eveloff, S.E.; Levinson, P.D. Body Fat Distribution and Sleep Apnea Severity in
Women. Chest 1995, 107, 362–366. [CrossRef]

48. Mehra, R.; Gharibeh, T. Obstructive sleep apnea syndrome: Natural history, diagnosis, and emerging treatment options. Nat. Sci.
Sleep 2010, 2, 233–255. [CrossRef]

49. Malhotra, A.; Huang, Y.; Fogel, R.B.; Pillar, G.; Edwards, J.K.; Kikinis, R.; Loring, S.H.; White, D.P. The male predisposition to
pharyngeal collapse: Importance of airway length. Am. J. Respir. Crit. Care Med. 2002, 166, 1388–1395. [CrossRef]

50. Matsumoto, A.M.; Sandblom, R.E.; Schoene, R.B.; Lee, K.A.; Giblin, E.C.; Pierson, D.J.; Bremner, W.J. Testosterone replacement
in hypogonadal men: Effects on obstructive sleep apnoea, respiratory drives, and sleep. Clin. Endocrinol. 1985, 22, 713–721.
[CrossRef]

51. Anttalainen, U.; Saaresranta, T.; Aittokallio, J.; Kalleinen, N.; Vahlberg, T.; Virtanen, I.; Polo, O. Impact of menopause on the
manifestation and severity of sleep-disordered breathing. Acta Obstet. Gynecol. Scand. 2006, 85, 1381–1388. [CrossRef]

52. Liao, Y.; Xie, L.; Chen, X.; Kelly, B.C.; Qi, C.; Pan, C.; Yang, M.; Hao, W.; Liu, T.; Tang, J. Sleep quality in cigarette smokers and
nonsmokers: Findings from the general population in central China. BMC Public Health 2019, 19, 808. [CrossRef]

53. Kashyap, R.; Hock, L.M.; Bowman, T.J. Higher prevalence of smoking in patients diagnosed as having obstructive sleep apnea.
Sleep Breath 2001, 5, 167–172. [CrossRef]

54. Ioannidou, D.; Kalamaras, G.; Kotoulas, S.-C.; Pataka, A. Smoking and Obstructive Sleep Apnea: Is There An Association between
These Cardiometabolic Risk Factors?—Gender Analysis. Medicina 2021, 57, 1137. [CrossRef]

55. Krishnan, V.; Dixon-Williams, S.; Thornton, J.D. Where There Is Smoke . . . There Is Sleep Apnea: Exploring the relationship
between smoking and sleep apnea. Chest 2014, 146, 1673–1680. [CrossRef]

56. Simou, E.; Britton, J.; Leonardi-Bee, J. Alcohol and the risk of sleep apnoea: A systematic review and meta-analysis. Sleep Med.
2018, 42, 38–46. [CrossRef]

57. Sozer, V.; Kutnu, M.; Atahan, E.; Ozturk, B.C.; Hysi, E.; Cabuk, C.; Musellim, B.; Simsek, G.; Uzun, H. Changes in inflammatory
mediators as a result of intermittent hypoxia in obstructive sleep apnea syndrome. Clin. Respir. J. 2017, 12, 1615–1622. [CrossRef]

58. McNicholas, W.T. Obstructive Sleep Apnea and Inflammation. Prog. Cardiovasc. Dis. 2009, 51, 392–399. [CrossRef]
59. Kobukai, Y.; Koyama, T.; Watanabe, H.; Ito, H. Morning pentraxin3 levels reflect obstructive sleep apnea-related acute inflamma-

tion. J. Appl. Physiol. 2014, 117, 1141–1148. [CrossRef]
60. Yokoe, T.; Minoguchi, K.; Matsuo, H.; Oda, N.; Minoguchi, H.; Yoshino, G.; Hirano, T.; Adachi, M. Elevated Levels of C-Reactive

Protein and Interleukin-6 in Patients with Obstructive Sleep Apnea Syndrome Are Decreased by Nasal Continuous Positive
Airway Pressure. Circulation 2003, 107, 1129–1134. [CrossRef]

61. Taheri, S.; Austin, D.; Lin, L.; Nieto, F.J.; Young, T.; Mignot, E. Correlates of Serum C-Reactive Protein (CRP)—No Association
with Sleep Duration or Sleep Disordered Breathing. Sleep 2007, 30, 991–996. [CrossRef]

http://doi.org/10.1016/0954-6111(95)90004-7
http://doi.org/10.1111/resp.13212
http://doi.org/10.1371/journal.pone.0106270
http://doi.org/10.1371/journal.pone.0048836
http://doi.org/10.1183/20734735.021910
http://doi.org/10.1056/NEJM199304293281704
http://doi.org/10.2165/00002512-200320080-00001
http://doi.org/10.1093/geronj/43.5.M140
http://doi.org/10.1093/sleep/19.7.531
http://doi.org/10.21037/jtd.2019.04.37
http://doi.org/10.1111/jsr.12770
http://doi.org/10.1183/09059180.00003413
http://doi.org/10.1038/s41598-021-85558-y
http://doi.org/10.1378/chest.107.2.362
http://doi.org/10.2147/NSS.S6844
http://doi.org/10.1164/rccm.2112072
http://doi.org/10.1111/j.1365-2265.1985.tb00161.x
http://doi.org/10.1080/00016340600935649
http://doi.org/10.1186/s12889-019-6929-4
http://doi.org/10.1055/s-2001-18805
http://doi.org/10.3390/medicina57111137
http://doi.org/10.1378/chest.14-0772
http://doi.org/10.1016/j.sleep.2017.12.005
http://doi.org/10.1111/crj.12718
http://doi.org/10.1016/j.pcad.2008.10.005
http://doi.org/10.1152/japplphysiol.00237.2014
http://doi.org/10.1161/01.CIR.0000052627.99976.18
http://doi.org/10.1093/sleep/30.8.991


Life 2023, 13, 387 14 of 16

62. Hayashi, M.; Fujimoto, K.; Urushibata, K.; Takamizawa, A.; Kinoshita, O.; Kubo, K. Hypoxia-sensitive molecules may modulate
the development of atherosclerosis in sleep apnoea syndrome. Respirology 2006, 11, 24–31. [CrossRef]

63. Visser, M.; Bouter, L.M.; McQuillan, G.M.; Wener, M.H.; Harris, T.B. Elevated C-reactive protein levels in overweight and obese
adults. JAMA 1999, 282, 2131–2135. [CrossRef]

64. Tietjens, J.R.; Claman, D.; Kezirian, E.J.; De Marco, T.; Mirzayan, A.; Sadroonri, B.; Goldberg, A.N.; Long, C.; Edward, P.;
Gerstenfeld Yeghiazarians, Y.; et al. Obstructive Sleep Apnea in Cardiovascular Disease: A Review of the Literature and Proposed
Multidisciplinary Clinical Management Strategy. J. Am. Heart Assoc. 2019, 8, e010440. [CrossRef]

65. Sleep Apnea and its Association with the Stress System, Inflammation, Insulin Resistance and Visceral Obesity—Sleep Medicine
Clinics. Available online: https://www.sleep.theclinics.com/article/S1556-407X(07)00048-3/fulltext (accessed on 27 October
2022).

66. Cooper, B.G.; White, J.E.; Ashworth, L.A.; Alberti, K.G.; Gibson, G.J. Hormonal and metabolic profiles in subjects with obstructive
sleep apnea syndrome and the acute effects of nasal continuous positive airway pressure (CPAP) treatment. Sleep 1995, 18,
172–179.

67. Wu, C.-Y.; Hu, H.-Y.; Chou, Y.-J.; Huang, N.; Chou, Y.-C.; Li, C.-P. High Blood Pressure and All-Cause and Cardiovascular Disease
Mortalities in Community-Dwelling Older Adults. Medicine 2015, 94, e2160. [CrossRef]

68. Grimm, W.; Hoffmann, J.; Menz, V.; Köhler, U.; Heitmann, J.; Peter, J.H.; Maisch, B. Electrophysiologic evaluation of sinus node
function and atrioventricular conduction in patients with prolonged ventricular asystole during obstructive sleep apnea. Am. J.
Cardiol. 1996, 77, 1310–1314. [CrossRef] [PubMed]

69. Hersi, A.S. Obstructive sleep apnea and cardiac arrhythmias. Ann. Thorac. Med. 2010, 5, 10–17. [CrossRef] [PubMed]
70. Laczay, B.; Faulx, M.D. Obstructive Sleep Apnea and Cardiac Arrhythmias: A Contemporary Review. J. Clin. Med. 2021, 10, 3785.

[CrossRef] [PubMed]
71. Leung, R.S. Sleep-Disordered Breathing: Autonomic Mechanisms and Arrhythmias. Prog. Cardiovasc. Dis. 2009, 51, 324–338.

[CrossRef]
72. Jean-Louis, G.; Zizi, F.; Clark, L.T.; Brown, C.D.; McFarlane, S.I. Obstructive sleep apnea and cardiovascular disease: Role of the

metabolic syndrome and its components. J. Clin. Sleep Med. 2008, 4, 261–272. [CrossRef]
73. Vgontzas, A.N.; Papanicolaou, D.A.; Bixler, E.O.; Hopper, K.; Lotsikas, A.; Lin, H.M.; Kales, A.; Chrousos, G.P. Sleep apnea and

daytime sleepiness and fatigue: Relation to visceral obesity, insulin resistance, and hypercytokinemia. J. Clin. Endocrinol. Metab.
2000, 85, 1151–1158. [CrossRef]

74. Kostoglou-Athanassiou, I.; Athanassiou, P. Metabolic syndrome and sleep apnea. Hippokratia 2008, 12, 81–86.
75. Mokhlesi, B.; Ham, S.; Gozal, D. The effect of sex and age on the comorbidity burden of OSA: An observational analysis from a

large nationwide US health claims database. Eur. Respir. J. 2016, 47, 1162–1169. [CrossRef]
76. Pamidi, S.; Tasali, E. Obstructive sleep apnea and type 2 diabetes: Is there a link? Front Neurol. 2012, 3, 126. [CrossRef]
77. Almendros, I.; García-Río, F. Sleep Apnoea, Insulin Resistance and Diabetes: The First Step Is in the Fat. Eur. Respir. J. 2017, 49.

Available online: https://erj.ersjournals.com/content/49/4/1700179 (accessed on 29 October 2022). [CrossRef] [PubMed]
78. Reutrakul, S.; Mokhlesi, B. Obstructive Sleep Apnea and Diabetes. Chest 2017, 152, 1070–1086. [CrossRef] [PubMed]
79. Bratel, T.; Wennlund, A.; Carlström, K. Pituitary reactivity, androgens and catecholamines in obstructive sleep apnoea. Effects of

continuous positive airway pressure treatment (CPAP). Respir. Med. 1999, 93, 1–7. [CrossRef] [PubMed]
80. Drager, L.F.; Jun, J.; Polotsky, V.Y. Obstructive sleep apnea and dyslipidemia: Implications for atherosclerosis. Curr. Opin.

Endocrinol. Diabetes 2010, 17, 161–165. [CrossRef]
81. Ravesloot, M.; De Vries, N. Reliable Calculation of the Efficacy of Non-Surgical and Surgical Treatment of Obstructive Sleep

Apnea Revisited. Sleep 2011, 34, 105–110. [CrossRef]
82. Rapelli, G.; Pietrabissa, G.; Manzoni, G.M.; Bastoni, I.; Scarpina, F.; Tovaglieri, I.; Perger, E.; Garbarino, S.; Fanari, P.; Lombardi,

C.; et al. Improving CPAP Adherence in Adults with Obstructive Sleep Apnea Syndrome: A Scoping Review of Motivational
Interventions. Front. Psychol. 2021, 12, 705364. [CrossRef]

83. Jacobsen, A.R.; Eriksen, F.; Hansen, R.W.; Erlandsen, M.; Thorup, L.; Damgård, M.B.; Kirkegaard, M.G.; Hansen, K.W. Determi-
nants for adherence to continuous positive airway pressure therapy in obstructive sleep apnea. PLoS ONE 2017, 12, e0189614.
[CrossRef]

84. Morrone, E.; Giordano, A.; Carli, S.; Visca, D.; Rossato, F.; Godio, M.; Paracchini, E.; Rossi, S.; Balbi, B.; Sacco, C.; et al. Something
is changing in adherence to CPAP therapy: Real world data after 1 year of treatment in patients with obstructive sleep apnoea.
Eur. Respir. J. 2019, 55, 1901419. [CrossRef]

85. Chang, E.T.; Fernandez-Salvador, C.; Giambo, J.; Nesbitt, N.; Liu, S.Y.C.; Capasso, R.; Kushida, C.A.; Camacho, M. Tongue
retaining devices for obstructive sleep apnea: A systematic review and meta-analysis. Am. J. Otolaryngol. 2017, 38, 272–278.
[CrossRef]

http://doi.org/10.1111/j.1440-1843.2006.00780.x
http://doi.org/10.1001/jama.282.22.2131
http://doi.org/10.1161/JAHA.118.010440
https://www.sleep.theclinics.com/article/S1556-407X(07)00048-3/fulltext
http://doi.org/10.1097/MD.0000000000002160
http://doi.org/10.1016/S0002-9149(96)00197-X
http://www.ncbi.nlm.nih.gov/pubmed/8677871
http://doi.org/10.4103/1817-1737.58954
http://www.ncbi.nlm.nih.gov/pubmed/20351955
http://doi.org/10.3390/jcm10173785
http://www.ncbi.nlm.nih.gov/pubmed/34501232
http://doi.org/10.1016/j.pcad.2008.06.002
http://doi.org/10.5664/jcsm.27191
http://doi.org/10.1210/jcem.85.3.6484
http://doi.org/10.1183/13993003.01618-2015
http://doi.org/10.3389/fneur.2012.00126
https://erj.ersjournals.com/content/49/4/1700179
http://doi.org/10.1183/13993003.00179-2017
http://www.ncbi.nlm.nih.gov/pubmed/28424366
http://doi.org/10.1016/j.chest.2017.05.009
http://www.ncbi.nlm.nih.gov/pubmed/28527878
http://doi.org/10.1016/S0954-6111(99)90068-9
http://www.ncbi.nlm.nih.gov/pubmed/10464840
http://doi.org/10.1097/MED.0b013e3283373624
http://doi.org/10.1093/sleep/34.1.105
http://doi.org/10.3389/fpsyg.2021.705364
http://doi.org/10.1371/journal.pone.0189614
http://doi.org/10.1183/13993003.01419-2019
http://doi.org/10.1016/j.amjoto.2017.01.006


Life 2023, 13, 387 15 of 16

86. Jayesh, S.R.; Bhat, W.M. Mandibular advancement device for obstructive sleep apnea: An overview. J. Pharm. Bioallied. Sci. 2015,
7 (Suppl. 1), S223–S225.

87. Venema JA, U.; Rosenmöller, B.R.; De Vries, N.; de Lange, J.; Aarab, G.; Lobbezoo, F.; Hoekema, A. Mandibular advancement
device design: A systematic review on outcomes in obstructive sleep apnea treatment. Sleep Med. Rev. 2021, 60, 101557. [CrossRef]
[PubMed]

88. Segù, M.; Campagnoli, G.; Di Blasio, M.; Santagostini, A.; Pollis, M.; Levrini, L. Pilot Study of a New Mandibular Advancement
Device. Dent. J. 2022, 10, 99. [CrossRef] [PubMed]

89. Almeida, F.R.; Lowe, A.A. Principles of Oral Appliance Therapy for the Management of Snoring and Sleep Disordered Breathing.
Oral Maxillofac. Surg. Clin. N. Am. 2009, 21, 413–420. [CrossRef] [PubMed]

90. Bonetti, A.A.; Bortolotti, F.; Moreno-Hay, I.; Michelotti, A.; Cordaro, M.; Bonetti, G.A.; Okeson, J.P. Effects of mandibular
advancement device for obstructive sleep apnea on temporomandibular disorders: A systematic review and meta-analysis. Sleep
Med. Rev. 2019, 48, 101211. [CrossRef]

91. Lazard, D.S.; Blumen, M.; Lévy, P.; Chauvin, P.; Fragny, D.; Buchet, I.; Chabolle, F. The Tongue-Retaining Device: Efficacy and
Side Effects in Obstructive Sleep Apnea Syndrome. J. Clin. Sleep Med. 2009, 5, 431–438. [CrossRef]

92. Skalna, M.; Novak, V.; Buzga, M.; Skalny, P.; Hybaskova, J.; Stransky, J.; Stembirek, J. Oral Appliance Effectiveness and Patient
Satisfaction with Obstructive Sleep Apnea Treatment in Adults. Experiment 2019, 25, 516–524. [CrossRef]

93. Saglam-Aydinatay, B.; Taner, T. Oral appliance therapy in obstructive sleep apnea: Long-term adherence and patients’ experiences.
Med. Oral Patol. Oral Y Cir. Bucal 2017, 23, e72–e77. [CrossRef]

94. Edwards, B.A.; Redline, S.; Sands, S.A.; Owens, R.L. More Than the Sum of the Respiratory Events: Personalized Medicine
Approaches for Obstructive Sleep Apnea. Am. J. Respir. Crit. Care Med. 2019, 200, 691–703. [CrossRef]

95. Khan, A.; Ramar, K.; Maddirala, S.; Friedman, O.; Pallanch, J.F.; Olson, E.J. Uvulopalatopharyngoplasty in the Management of
Obstructive Sleep Apnea: The Mayo Clinic Experience. In Mayo Clinic Proceedings; Elsevier: Amsterdam, The Netherlands, 2009;
Volume 84, pp. 795–800.

96. MacKay, S.G.; Lewis, R.; McEvoy, D.; Joosten, S.; Holt, N.R. Surgical management of obstructive sleep apnoea: A position
statement of the Australasian Sleep Association. Respirology 2020, 25, 1292–1308. [CrossRef]

97. Friedman, M.; Ibrahim, H.; Bass, L. Clinical staging for sleep-disordered breathing. Otolaryngol.-Head Neck Surg. 2002, 127, 13–21.
[CrossRef]

98. Choi, J.H.; Cho, S.H.; Kim, S.N.; Suh, J.D.; Cho, J.H. Predicting Outcomes after Uvulopalatopharyngoplasty for Adult Obstructive
Sleep Apnea: A Meta-analysis. Otolaryngol.–Head Neck Surg. 2016, 155, 904–913. [CrossRef]

99. Watach, A.J.; Hwang, D.; Sawyer, A.M. Personalized and Patient-Centered Strategies to Improve Positive Airway Pressure
Adherence in Patients with Obstructive Sleep Apnea. Patient Prefer. Adherence 2021, 15, 1557–1570. [CrossRef] [PubMed]

100. Lim, D.C.; Sutherland, K.; Cistulli, P.A.; Pack, A.I. P4 medicine approach to obstructive sleep apnoea. Respirology 2017, 22, 849–860.
[CrossRef] [PubMed]

101. Greene, J.; Hibbard, J.H.; Sacks, R.; Overton, V.; Parrotta, C.D. When Patient Activation Levels Change, Health Outcomes And
Costs Change, Too. Healrh Aff. 2015, 34, 431–437. [CrossRef]

102. Hibbard, J.H.; Greene, J.; Sacks, R.M.; Overton, V.; Parrotta, C. Improving Population Health Management Strategies: Identifying
Patients Who Are More Likely to Be Users of Avoidable Costly Care and Those More Likely to Develop a New Chronic Disease.
Health Serv. Res. 2016, 52, 1297–1309. [CrossRef] [PubMed]

103. Shaik, L.; Cheema, M.S.; Subramanian, S.; Kashyap, R.; Surani, S.R. Sleep and Safety among Healthcare Workers: The Effect of
Obstructive Sleep Apnea and Sleep Deprivation on Safety. Medicina 2022, 58, 1723. [CrossRef] [PubMed]

104. Camacho, M.; Certal, V.; Abdullatif, J.; Zaghi, S.; Ruoff, C.M.; Capasso, R.; Kushida, C.A. Myofunctional Therapy to Treat
Obstructive Sleep Apnea: A Systematic Review and Meta-analysis. Sleep 2015, 38, 669–675. [CrossRef] [PubMed]

105. Edwards, B.A.; Sands, S.A.; Eckert, D.J.; White, D.P.; Butler, J.P.; Owens, R.L.; Malhotra, A.; Wellman, A. Acetazolamide improves
loop gain but not the other physiological traits causing obstructive sleep apnoea. J. Physiol. 2012, 590, 1199–1211. [CrossRef]

106. Edwards, B.A.; Connolly, J.G.; Campana, L.M.; Sands, S.A.; Trinder, J.A.; White, D.P.; Wellman, A.; Malhotra, A. Acetazolamide
Attenuates the Ventilatory Response to Arousal in Patients with Obstructive Sleep Apnea. Sleep 2013, 36, 281–285. [CrossRef]

107. Eckert, D.J.; Malhotra, A.; Wellman, A.; White, D.P. Trazodone Increases the Respiratory Arousal Threshold in Patients with
Obstructive Sleep Apnea and a Low Arousal Threshold. Sleep 2014, 37, 811–819. [CrossRef]

108. Robbins, R.; Seixas, A.; Jean-Louis, G.; Parthasarathy, S.; Rapoport, D.; Ogedegbe, G.; Ladapo, J.A. National patterns of physician
management of sleep apnea and treatment among patients with hypertension. PLoS ONE 2018, 13, e0196981. [CrossRef]

109. Al-Qattan, H.; Al-Omairah, H.; Al-Hashash, K.; Al-Mutairi, F.; Al-Mutairat, M.; Al-Ajmi, M.; Mohammad, A.; Alterki, A.; Ziyab,
A.H. Prevalence, Risk Factors, and Comorbidities of Obstructive Sleep Apnea Risk Among a Working Population in Kuwait: A
Cross-Sectional Study. Front. Neurol. 2021, 12, 620799. [CrossRef]

110. St-Onge, M.-P.; Tasali, E. Weight Loss Is Integral to Obstructive Sleep Apnea Management. Ten-Year Follow-up in Sleep AHEAD.
Am. J. Respir. Crit. Care Med. 2021, 203, 161–162. [CrossRef]

111. Lee, S.-A.; Paek, J.-H.; Han, S.-H. Sleep hygiene and its association with daytime sleepiness, depressive symptoms, and quality of
life in patients with mild obstructive sleep apnea. J. Neurol. Sci. 2015, 359, 445–449. [CrossRef]

http://doi.org/10.1016/j.smrv.2021.101557
http://www.ncbi.nlm.nih.gov/pubmed/34662769
http://doi.org/10.3390/dj10060099
http://www.ncbi.nlm.nih.gov/pubmed/35735642
http://doi.org/10.1016/j.coms.2009.07.002
http://www.ncbi.nlm.nih.gov/pubmed/19944341
http://doi.org/10.1016/j.smrv.2019.101211
http://doi.org/10.5664/jcsm.27598
http://doi.org/10.12659/MSM.911242
http://doi.org/10.4317/medoral.22158
http://doi.org/10.1164/rccm.201901-0014TR
http://doi.org/10.1111/resp.13967
http://doi.org/10.1067/mhn.2002.126477
http://doi.org/10.1177/0194599816661481
http://doi.org/10.2147/PPA.S264927
http://www.ncbi.nlm.nih.gov/pubmed/34285474
http://doi.org/10.1111/resp.13063
http://www.ncbi.nlm.nih.gov/pubmed/28477347
http://doi.org/10.1377/hlthaff.2014.0452
http://doi.org/10.1111/1475-6773.12545
http://www.ncbi.nlm.nih.gov/pubmed/27546032
http://doi.org/10.3390/medicina58121723
http://www.ncbi.nlm.nih.gov/pubmed/36556925
http://doi.org/10.5665/sleep.4652
http://www.ncbi.nlm.nih.gov/pubmed/25348130
http://doi.org/10.1113/jphysiol.2011.223925
http://doi.org/10.5665/sleep.2390
http://doi.org/10.5665/sleep.3596
http://doi.org/10.1371/journal.pone.0196981
http://doi.org/10.3389/fneur.2021.620799
http://doi.org/10.1164/rccm.202007-2906ED
http://doi.org/10.1016/j.jns.2015.10.017


Life 2023, 13, 387 16 of 16

112. Stepnowsky, C.; Sarmiento, K.F.; Bujanover, S.; Villa, K.F.; Li, V.W.; Flores, N.M. Comorbidities, Health-Related Quality of Life,
and Work Productivity Among People with Obstructive Sleep Apnea With Excessive Sleepiness: Findings From the 2016 US
National Health and Wellness Survey. J. Clin. Sleep Med. 2019, 15, 235–243. [CrossRef]

113. Kramer, N.R.; Cook, T.E.; Carlisle, C.C.; Corwin, R.W.; Millman, R.P. The role of the primary care physician in recognizing
obstructive sleep apnea. Arch. Intern. Med. 1999, 159, 965–968. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.5664/jcsm.7624
http://doi.org/10.1001/archinte.159.9.965

	Introduction 
	Sleep Apnea: A Brief History and Risk Factors 
	Obesity 
	Family History/Genetics 
	Age and Gender 
	Smoking and Alcohol 
	Inflammation 

	Complications of Obstructive Sleep Apnea 
	Cardiovascular Diseases 
	Metabolic Dysfunctions 

	Current Treatment Options 
	Continuous Positive Airway Pressure (CPAP) 
	Oral/Dental Devices 
	Surgery 
	Personalization of the Treatment 

	Role of Clinicians 
	Conclusions 
	References

