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Abstract: Patients with obstructive sleep apnea (OSA) have high rates of co-occurring type 2 diabetes,
hypertension, obesity, stroke, congestive heart failure, and accelerated atherosclerotic cardiovascular
diseases. These conditions frequently require multiple medications, raising the risk of polypharmacy,
adverse drug–drug and drug–disease interactions, decreased quality of life, and increased healthcare
cost in these patients. The current review of extant literature presents evidence supporting glucagon-
like peptide-1 receptor agonists (GLP-1RA) as one pharmacologic intervention that provides a
“one-stop shop” for OSA patients because of the multiple effects GLP-1RA has on comorbidities
(e.g., hypertension, diabetes, obesity, metabolic syndrome, and atherosclerotic cardiovascular diseases)
that commonly co-occur with OSA. Examples of glucagon-like peptide-1 receptor agonists approved
by the FDA for diabetes (some of which are also approved for obesity) are liraglutide, exenatide,
lixisenatide, dulaglutide, semaglutide, and albiglutide. Prescribing of GLP-1RAs to address these
multiple co-occurring conditions has enormous potential to reduce polypharmacy, cost, and adverse
drug events, and to improve quality of life for patients living with OSA and diabetes. We thus
strongly advocate for increased and early use of GLP-1RA in OSA patients with co-occurring diabetes
and other cardiometabolic conditions common in OSA.
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1. Introduction

Obstructive sleep apnea (OSA) is a chronic sleep disorder associated with multiple
comorbidities (e.g., hypertension, obesity, diabetes mellitus, metabolic syndrome, and
atherosclerotic cardiovascular diseases), poor quality of life, and premature death [1–5]. It
is characterized by episodic narrowing of the upper airway during sleep [2,3,6] leading
to complete or partial airway closure (apneas and hypopneas). Major risk factors of
OSA include conditions which cause narrowing of airway and obesity, which is the most
important risk factor. Increased adipose tissue deposition in the upper airway results in
narrowing of the upper airway and increased susceptibility of collapse during sleep when
muscle tone is low [3]. Apneas and hypopneas are associated with varying severity of sleep
fragmentation and intermittent hypoxemia—the latter being a major factor contributing
to the pathogenesis of OSA-related comorbidities [7]. Intermittent hypoxemia results in
vascular endothelial cell injury, leading to significant impact on the cardiovascular system.
OSA is known to have a consistent role in causing heart failure, coronary artery disease,
arrhythmias, hypertension and specifically treatment-resistant hypertension [1].

Overall, obstructive sleep apnea is highly underdiagnosed, especially in non-white popu-
lations, despite having significant health and mortality impacts. [4,5,8,9]. Indeed, up to 80%
of individuals with OSA remain undiagnosed despite adequate access to health care [4,8,9].
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Using the 2006–2013 Medicare administrative claims data, Wickwire and colleagues showed
that health care utilization is high among undiagnosed sleep apnea patients [10]. Dur-
ing the year prior to OSA diagnosis and relative to matched control patients, Medicare
beneficiaries with sleep apnea demonstrated increased healthcare use and higher mean
total annual health care costs [10]. Because of multiple associated comorbidities and the
public health crisis of the rising OSA and obesity epidemic, there is an urgent need for
intervention that provides a “one-stop shop” for these patients to mitigate OSA-related
morbidity and mortality. The current review of literature presents evidence supporting use
of glucagon-like peptide-1 receptor agonists (GLP-1RAs) as a unique pharmacologic inter-
vention that provides such a “one-stop shop” for OSA patients because of their multiple
effects on associated hypertension, diabetes mellitus, obesity, metabolic syndrome, and
atherosclerotic cardiovascular diseases.

2. Epidemiology of Obstructive Sleep Apnea, Obesity and Diabetes
2.1. Obstructive Sleep Apnea and Obesity

A major risk factor for obstructive sleep apnea is obesity, but the relationship is also
bidirectional [1–3,11,12]. The increasing rate of obesity has resulted in an increased preva-
lence of multiple comorbidities ranging from cardiovascular diseases to cancer, including
both diabetes and OSA [2]. This phenomenon largely reflects the fact that an increase in
weight gain results in upper airway narrowing. When awake and alert, patients with OSA
compensate for this narrowing by increasing the activity of upper airway muscles that
maintain airway patency [13]. However, during sleep or in periods of diminished alertness
(from any cause including alcohol or sedative use), muscle relaxation ensues with loss of the
protective effect of wakefulness thus leading to episodic collapse of the upper airway and
subsequent hypoxemia and sleep fragmentation [11]. OSA is known for its significant sleep
fragmentation and deprivation. Sleep deprivation results in weight gain through several
mechanisms, including low leptin and high ghrelin levels, resulting in increased appetite.
Another reported mechanism is increased stimulation of the renin-angiotensin-aldosterone
system and aldosterone over-secretion. In addition, body mass index (BMI) is positively
correlated with plasma aldosterone and angiotensinogen levels [14].

As the prevalence of obesity dramatically rises in the USA, so does the incidence
of obstructive sleep apnea and type 2 diabetes mellitus. Over the past approximately
40 years, the prevalence of obesity has nearly doubled worldwide [15], with 11% of men
and 15% of women aged eighteen and older considered obese in 2014. This statistic has
substantially worsened with the most recent data showing a range of obesity from 27.5% to
35% among adults [16–18]. In the United States, the prevalence of obesity among adults
aged twenty and older averages about 36%, with women at 38.3% and men 34.3% [17].
Another recent study showed more than 68% of US adults are considered overweight and
35% are obese [18]. Although sustained lifestyle modifications (diet, exercise, and stress
management) are critical to reversing the obesity epidemic and its associated comorbidity
of OSA and diabetes, most patients would also benefit from pharmacological intervention
that treats the obesity-diabetes-OSA triad. Glucagon-like peptide-1 receptor agonists (GLP-
1RAs)—approved by FDA for obesity and diabetes—is one such intervention. Therefore,
GLP-1RA medication should, in addition to lifestyle interventions and CPAP therapy, be
first line pharmacotherapy for OSA patients with obesity and/or diabetes.

2.2. Obstructive Sleep Apnea and Diabetes

Obstructive sleep apnea and diabetes commonly co-occur [19–24] with a vicious cycle
of each condition worsening the severity and incidence of the other. The overall prevalence
of OSA in patients with diabetes ranges from 58% to 86%, with the range reflecting the
diversity of data sources, age of the sample, definition of OSA (measured versus self-report;
different cut-off points for hypopneas and desaturation criteria) and sample size of different
studies [23,25–29]. OSA is underdiagnosed in diabetes patients, with a study showing only
18% of the diabetes patients having a diagnosis of obstructive sleep apnea [30]. According
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to the American Diabetes Association, in 2019, about thirty-seven million Americans
(approximately 11% of the US population) have diabetes, with about 1.4 million new cases
diagnosed yearly [31]. Both obesity and OSA are associated with the increase in incidence
and severity of diabetes [20,21,23], a statistic that is projected to worsen given the National
Diabetes Statistics Report showing an approximately 88% prevalence of overweight/obesity
in adults with type 2 diabetes [32]. Obesity is even highly prevalent in large proportions
of individuals with type 1 diabetes mellitus (T1DM) [20]. With obesity being a major risk
factor for both OSA and diabetes, it is not surprising that OSA is also associated with
metabolic dysregulation, poor glucose control and increased propensity for worsening
diabetes [21–24]. The intermittent hypoxemia and recurrent arousals from rest to maintain
airflow have been shown to affect glucose metabolism [2]. Prolonged sleep deprivation,
especially sleep duration of less than 6 h and even as a result of sleep fragmentation due to
intermittent arousals, has negative effects on insulin sensitivity. Intermittent hypoxemia
and arousals from sleep can lead to surges in the sympathetic nervous system which can
reduce insulin-mediated glucose uptake, decrease insulin sensitivity, and impair insulin
secretion [2].

The prevalence of obstructive sleep apnea ranges from 50% to 60% in persons with
obesity or metabolic syndrome [22], a prevalence that dramatically increases when obesity
co-occurs with diabetes mellitus [23,24]. It is therefore not a surprise that obesity-related
illnesses cost per year ranges from $450–550 billion [33]. Fortunately, pharmacological
interventions such as glucagon-like peptide-1 receptor agonists (GLP-1RA) that treat the
obesity-diabetes-OSA triad can make substantial inroads in reversing the trends in mor-
bidity and cost associated with obesity-related illnesses. Indeed, recent studies showed
that weight loss via lifestyle modifications and pharmacotherapy can lead to resolution
of OSA [34,35]. For example, a randomized controlled trial (RCT) intervention of lifestyle
and other interventions that led to weight loss was associated with discontinuation of
continuous positive airway pressure therapy in 62% of OSA patients at the 6-month follow-
up [34,36].

2.3. Current Available Treatment Options for Obstructive Sleep Apnea

Multiple options are available for treatment of obstructive sleep apnea. The first line of
therapy for moderate to severe sleep apnea is continuous positive airway pressure (CPAP)
therapy. It is a mechanical therapy with positive airway pressure resulting in pneumatic
opening of the airway and has been proven to be the most effective therapy to reduce
apnea–hypopnea burden. CPAP therapy can reduce the apnea–hypopnea index (AHI) to <5
in most patients but requires tremendous effort by the patient to wear the device every
night. Finding a comfortable mask is another problem faced by the patients and it can
result in reduced adherence for some patients.

Patients with mild sleep apnea or patients who cannot tolerate CPAP therapy can use
an oral appliance to advance the mandible in order to increase airway space. Oral appli-
ances are proven to be effective in patients with mild to moderate sleep apnea. Available
surgical options include uvulopharyngopalatoplasty or maxillomandibular advancement
procedures. These surgeries are most effective in patients with craniofacial abnormalities
(e.g., a hypoplastic mandible). A newer surgical treatment option is hypoglossal-nerve
stimulation during sleep to move the tongue forward and open the airway [3]. There
are no current medical treatment options available for obstructive sleep apnea although
weight loss (a key benefit of GLP-1 receptor agonists) is recommended in all obese patients,
including those using CPAP therapy [3].

2.4. Medications to Avoid in the Setting of Obstructive Sleep Apnea

It is important to highlight medications and substances that can potentially worsen
sleep apnea through their effects on sleep architecture, muscle tone, and ventilation. These
medications include, but are not limited to, central nervous system depressant drugs,
propranolol or other beta-blockers, sildenafil, certain sleep agents, drugs causing weight
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gain, and alcohol. Central nervous system depressants such as opiates, benzodiazepines,
barbiturates, and many sleep medications adversely affect ventilation during sleep by caus-
ing the upper airway to become more easily collapsible and potentiating airway closure.
These substances can furthermore directly affect muscle relaxation, depress respiratory
drive, arousal, and increase oxyhemoglobin desaturation [37,38]. Myorelaxants such as
baclofen cause upper airway relaxation and collapse during sleep and depression of res-
piratory drive leading to hypoventilation. Medications that cause weight gain such as
atypical antipsychotics, anticonvulsants, diabetic medications (specifically sulfonylureas
and thiazolidinediones), antihistamines (especially first generation H1-antihistamines such
as diphenhydramine), steroid hormones, and α- and β-adrenergic blockers should be used
with caution and alternative medications should be selected, as weight gain is known to
exacerbate OSA. In the case of diabetic medications, a better alternative medication in
the setting of co-occurring diabetes and OSA would be metformin, which—unlike the
sulfonylureas and the thiazolidinediones—does not cause weight gain and may actually
promote weight loss [39–41].

There have been multiple proposed mechanisms of testosterone worsening sleep apnea.
These mechanisms include testosterone effects on increasing the apnea–hypopnea index,
prolongation of hypoxemia time, worsening sleep disorder breathing, and prolonging
length of time spent with SaO2 < 90. [42]. A history of alcohol intake should be elicited,
and patients should be discouraged from drinking alcohol as alcohol has severe deleterious
effects on sleep quality and architecture. Alcohol reduces upper-airway muscle tone, delays
arousal thus prolonging apnea, and increases the frequency of abnormal breathing [37,38].

2.5. Glucagon-Like Peptide-1 Receptor Agonist: One-Shop Drug for Obesity-Diabetes-OSA Triad

One pharmacologic intervention with potential to address diabetes mellitus, obesity
and associated cardiometabolic conditions in patients with obstructive sleep apnea is
glucagon-like peptide-1 receptor agonists (GLP-1RAs). The US Food and Drug Admin-
istration (FDA) approved this new class of antidiabetic medications (GLP-1RA) in 2005
and now several different preparations are available in the market (See Table 1). Table 2
summarizes some of the pathophysiological mechanisms for the GLP-I-receptor agonist
benefits in the setting of OSA and comorbidities including the potential salutary effects of
GLP-1 RA in moderating systemic inflammation and reversing endothelial dysfunction.
The rest of the article will provide a summary of the evidence that supports the basis of our
recommendation that patients with co-occurring OSA, obesity with or without diabetes
should be considered for GLP-1RA as first line medication of choice given its salutary
effects on the obesity-diabetes-obstructive sleep apnea triad [19,25].

Table 1. Currently available glucagon-like peptide-1 receptor agonists in the USA.

Drug Brand Name Dosage

Exenatide Byetta By injection twice daily
Exenatide extended release (ER) Bydureon Taken by injection weekly

Liraglutide Victoza Taken by injection daily
Semaglutide Ozempic Taken by injection weekly
Semaglutide Rybelsus Taken by mouth daily
Albiglutide Tanzeum Taken by injection weekly
Dulaglutide Trulicity Taken by injection weekly
Lixisenatide Adlyxin Taken by injection daily
∗ Tirzepatide Mounjaro Taken by injection weekly

∗ Dual (Glucose-dependent Insulinotropic Polypeptide (GIP)/Glucagon-Like Peptide (GLP1) Receptor Agonist.
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Table 2. Putative Mechanisms of GLP1 RA agonist Beneficial Effects in OSA Patients from references.

⇓Weight

⇓ Perineck/Peri-oropharyngeal Soft Tissue
⇓OSA-associated ASCVD: CVA, Hypertension, Arrythmias, Heart Failure, Myocardial Infarction, Sudden Cardiac Death

⇓Metabolic Syndrome
⇓ Hemoglobin A1C and Diabetes Complications

⇓ Systemic Inflammation
⇓Metabolic Dysregulation
⇓ Endothelial Dysfunction
⇓ Vascular Dementia
⇓ Risk of Delirium
⇓ Depression

2.6. GLP-1RA: Effects on Co-Occurring Cardiometabolic Diseases in OSA Patients

Patients with OSA have high rates of comorbidities, which are known to improve in
the setting of GLP-1RA medication use [19,43,44]. Evidence from two double-blinded ran-
domized controlled trial (RCT) studies also showed that glucagon-like peptide-1 receptor
agonist use is associated with improvement in apnea–hypopnea index (AHI), independent
of GLP-1RA weight-loss effects and associated decrease in body mass index (BMI) [45,46];
this suggests a direct yet-to-be determined mechanism on various pathways involved
in OSA pathogenesis. Blackman and colleagues chose patients with moderate to severe
obstructive sleep apnea who were unwilling to use continuous positive airway pressure
therapy and randomized them to either Liraglutide therapy along with diet control with
five hundred fewer calories or placebo group with diet control only [46]. Average body
mass index was 39.1. After 32 weeks of treatment, reduction in the AHI was greater in
the Liraglutide group with higher weight loss and also greater reduction in glycosylated
hemoglobin (hemoglobin A1c-HbA1c) [46]. This study proves the superiority of glucagon-
like peptide-1 receptor agonist medications in treating diabetes mellitus, obstructive sleep
apnea, and obesity at the same time.

2.7. GLP-1RA: Effects on Co-Occurring Obesity in OSA Patients

The evidence for glucagon-like peptide-1 receptor agonists in promoting weight loss
has been well documented and forms the basis of the Food and Drug Administration (FDA)
approval of several GLP-1 receptor agonists as medications for weight loss in those with
BMI > 35 or BMI > 30 with a serious comorbidity. [19,47,48]. A randomized controlled
trial conducted by Makgos et al. showed that a 5% weight loss led to improvement
in adipose tissue, liver, and muscle insulin sensitivity, and β-cell function [49]. GLP1
medications have been shown to not only reduce hemoglobin AIc (HbA1c) and blood
glucose levels, but they are proven to be effective for weight loss. Yaribeygi and colleagues
published a comprehensive study on multiple molecular mechanisms and pathways by
which GLP-1RA medications reduce HbA1c and improve glycemic control [50]. GLP-
1RAs are known stimulators for pancreatic beta cells and secrete insulin during periods of
elevated levels of blood glucose after meals. Yaribeygi also discussed the role of GLP-1RAs
in reducing oxidative stress, which causes insulin resistance, hence improving insulin
sensitivity in peripheral tissues [50]. GLP-1RAs also reduce insulin resistance by reducing
proinflammatory mediators. Other mechanisms include suppressing glucagon secretion
and slowing the gastric emptying [50].

Other researchers also described the multiple biological pathways by which GLP-1RAs
improve the obesity-diabetes dyad: increasing satiety and delaying of gastric emptying
leading to promotion of weight loss along with a decrease in hemoglobin A1C and without
increase in hypoglycemic episodes [19,51,52]. Currently, the American Diabetes Association
(ADA), European Association for the Study of Diabetes (EASD), American Association of
Clinical Endocrinologists (AACE), and American College of Endocrinology (ACE) recom-
mend GLP-1RAs to be used as adjunct medications when adequate glucose control is not
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achieved with lifestyle interventions (including weight reduction) and a non-insulin oral
drug [39–41]. Others recommended adding GLP-1RAs to basal insulin for better HbA1c
control [53]. We the authors recommend that patients with co-occurring OSA, obesity with
or without diabetes be considered, from the first clinic contact, for GLP-1RA as the first line
medication of choice given its salutary effects on this triad [19].

Currently, pharmacotherapy is recommended as an adjunct to lifestyle modification
(diet, exercise) for individuals with a body mass index of at least 30 kg/m2, or at least
27 kg/m2 with comorbidity such as OSA or atherosclerotic cardiovascular diseases (AS-
CVD). [19,44,45,53]. Multiple FDA-approved anti-obesity medications exist (see semaglu-
tide and liraglutide in Table 1), but their prescribing and utilization rates are low [54,55], a
reflection of a myriad of factors including low awareness of obesity and related illnesses as
a public health crisis, fat-shaming and biases by clinicians when interacting with patients
with obesity, suboptimal reimbursement with substantial out-of-pocket costs to patients,
suboptimal content on obesity management during undergraduate and graduate medical
education, negative views of obesity drugs based on bad reputation/safety concerns in the
past, and lack of confidence in the efficacy of anti-obesity drugs among patients and their
caregivers [56–58].

3. Clinical Implications and Conclusions

In patients—especially those aged 65 and older—with obstructive sleep apnea and
co-occurring type 2 diabetes mellitus, obesity and other cardiometabolic conditions, we
suggest a discussion during the initial clinic visit about both the lifestyle approaches and
pharmacologic interventions with glucagon-like peptide-1 receptor agonists as evidence-
informed approaches to improve obstructive sleep apnea-related apnea–hypopnea index
(AHI), control diabetes without hypoglycemic risks, lower weight, blood pressure and
lipids, and reduce subsequent risk of stroke and heart attack [19]. The evidence for the
recommendations come from observational and clinical trial data. The multiple effects
GLP-1RAs have on obesity and ASCVD—a reflection of the multisystemic roles of GLP-1
receptor functions in the setting of diabetes and OSA—can potentially lead to a reduction
of polypharmacy and cost, amelioration of OSA-related cardiometabolic derangements,
and enhancement of OSA-related quality of life indicators [19,25,45–53]. The evidence
hitherto presented underscores the usefulness of GLP-1RAs in reducing overall medication
burden and the urgent need for large randomized, controlled, clinically comparative
trials of GLP-1RA in the setting of co-occurring OSA, diabetes and/or obesity or the
triad. Table 2 summarizes the beneficial effects of GLP-1RAs on OSA. Given the high
percentage of underdiagnosed sleep apnea in patients with diabetes and/or obesity, early
initiation of GLP-1RA medication therapy can have superior benefits and reduce the
need for polypharmacy especially in older individuals with multimorbidity. We strongly
advocate that medical providers consider these medications very early in the OSA disease
process to prevent complications. Education of all clinicians as well as patients with OSA
along with a campaign to raise public awareness are needed to ensure an early discussion
between patients and clinicians regarding the possibility of initiation of treatment with
GLP-1RA medications—a crucial step in managing the common co-occurring metabolic
syndromes, atherosclerotic cardiovascular diseases and obesity in patients living with OSA.
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