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Abstract

Introduction: The efficacy of non-pharmacotherapeutic treatment of obstructive sleep apnea, a
highly prevalent condition with serious cardiometabolic and neurocognitive health consequences,
is well established. Supplementing traditional treatment strategies with medications can improve
symptoms and reduce side effects. Efforts to identify medications that target the causes of sleep
apnea have met with mixed success. However, this remains a worthwhile objective for researchers
to pursue, given the potential benefit pharmacotherapy could bring to those patients who reject or
struggle to adhere to existing treatments.

Areas covered: This article presents the case for obstructive sleep apnea pharmacotherapy
including drugs that reduce the occurrence of apnea events, such as weight loss agents, ventilation
activators and muscle and nervous system stimulants, drugs that alleviate symptoms, such as
wake-promoting agents for excessive daytime sleepiness, and drugs that improve adherence to
existing treatments, such as hypnotics. Literature was accessed from PubMed between 1 March
2024 and 18 April 2024.

Expert opinion: Exciting recent advances in both our understanding of obstructive sleep apnea
pathology and in the techniques used to identify therapeutic agents and their targets combine to
embolden a positive outlook for the expanded use of drugs in tackling this consequential disease.
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Introduction

Obstructive sleep apnea (OSA) is a disease in which repetitive pharyngeal collapse during
sleep leads to a reduction or cessation of airflow [1]. Lifetime risk of developing OSA is
high, with up to a billion predicted sufferers worldwide [2], and is sensitive to demographic
variables including age and race [3]. OSA has serious adverse consequences, such as
cardiometabolic [4] and neurocognitive sequelae [5,6], which result in higher health care
utilization and costs among OSA patients compared to age and sex matched individuals

[7]. To date, no single pharmacotherapeutic has been identified as an effective treatment for
OSA [8,9]. Nevertheless, advancements toward this goal and an increasing appreciation of
the role drugs may play in OSA mean that pharmacotherapeutics must be considered as an
important facet of disease management [10,11]. In contrast with contemporaneous efforts to
systematically review the literature of only those pharmacological OSA interventions that
directly reduce respiratory events [12,13], we provide here an overview of how drugs can be
incorporated into all aspects of OSA management.

Do we need alternatives to PAP?

When judging the merits of new treatment pathways, it is important to compare them

with existing treatments. Currently, the first-line treatment for OSA is Nasal Positive
Airway Pressure (PAP). Airway splinting with PAP is highly efficacious at managing both
primary health outcomes of OSA: intermittent hypoxemia and sleep fragmentation [14]. PAP
treatment improves hypoxemia as evidenced by reduced numbers of apneas and hypopneas
that occur per hour of sleep [15] (apnea hypopnea index — AHI). PAP treatment also reduces
subjective and objective measures of sleepiness [14,16], with benefits accruing in a matter
of weeks. Furthermore, chronic PAP treatment is considered a cost-effective treatment with
costs per quality adjusted life year (QALY) below usual care after the first year [7,17,18].

Despite these endorsements of PAP, there are legitimate limitations that warrant the
investigation of pharmacological alternatives and/or supplementation. Though adherence
to PAP is generally high, averaging at 75% and rising up to 87% when employing

modern engagement strategies [19-21], major barriers remain for some patients [22]. For
instance, despite having a two-fold risk of severe OSA compared to demographically
matched Caucasians [23,24], African-Americans are 5.5 times less likely to adhere to PAP,
particularly among those with low socioeconomic status [25,26]. Adherence measures also
do not account for the high proportion of patients, 5-50% in some studies, who outright
refuse PAP treatment [27,28]. In these cases, non-adherence is clearly not related to PAP
therapy itself but rather stems from predisposed negative opinions [22], driven by factors
like perceived confining nature of PAP machines and associations with hospital-like settings
[29]. Pharmacological OSA treatment alternatives unburdened by these preconceptions
could help reach those patients not currently benefiting from PAP treatment.

In addition to non-adherence, other limitations of PAP exist, which may be ameliorated

by pharmacotherapeutic interventions. First, residual excessive sleepiness persists after PAP
treatment in up to 6-13% of compliant patients [30-32], impacting patient lifestyles with
higher fatigue, altered quality of life and high rates of self-reported ill health [33]. Second,
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there is growing evidence suggesting PAP treatment may theoretically exert unwanted

side effects on cardiovascular health [34]. PAP therapy is associated with increased levels

of endothelial inflammation factors, providing a potential explanation as to why higher
pressure settings are associated with worse cardiovascular outcomes [35,36]. Foregoing PAP
as the primary treatment option for OSA based on these potential limitations would go
against a large body of work which suggest the therapy is safe, effective and beneficial to the
patient. For some participants who remain adherent, PAP therapy can provide transformative
benefits [37]. Not only does long-term usage improve subjective measures such as sleepiness
[38], it also improves objective health measures including blood pressure [39]. Nevertheless,
exploring pharmacological alternatives is essential to broaden treatment options.

3. Targeting OSA causes

Pharmacotherapeutics that reduce the number of hypoxemia and apnea events have

been explored as potential targets in OSA [40] (Table 1). Anatomical factors including
parapharyngeal and tongue fat contribute to upper airway collapsibility in many OSA
patients [41-44]. Addressing excess fat through weight loss has shown efficacy, with studies
showing that for every 1% decrease in weight there is a corresponding reduction in AHI

of 2.6% [45,46], prompting further research into pharmaceutical interventions to aid in
weight loss [47]. For instance, the combination of phentermine, an appetite suppressant,
and extended-release topiramate has shown promising results. When compared to a placebo
alongside a supplementary diet and exercise regimen, this medication reduced AHI by 14.9
events/hour, improved subjective sleep quality, and was associated with greater weight loss
[48]. Additionally, glucagon-like peptide-1 (GLP-1) receptor agonists have been the focus
of intense recent attention for their potential in addressing OSA. Liraglutide, in particular,
demonstrated efficacy, with reports of a decrease in AHI of 6.1 events/hour when compared
to placebo, as well as a reduction in daytime sleepiness among obese patients with type

2 diabetes [49]. Despite these promising results, concerns remain about the durability

of weight loss treatments for OSA and the potential for adverse effects given the short
lengths of follow-up in current studies [50]. For instance, whilst OSA is a chronic disease
requiring life-long treatment, studies show that up to 70% of patients on GLP-1 receptor
agonists stop using the drug at 2 years due to adverse effects and/or cost [51,52]. Trials

to determine whether treatment of OSA is an indication of the next generation of GLP-1
receptor agonists, such as the SURMOUNT-OSA trial for tirzepatide [11], are ongoing and
must account for these limitations.

Upper airway collapsibility can also be compromised in a state-dependent manner whereby
OSA patients compensate for vulnerable airway anatomy by increasing muscle activity (e.g.
genioglossus) during wakefulness [53-56] but not during sleep [57]. Overnight delivery of
drugs to increase pharyngeal airway patency has been proposed as a solution. Multiple
studies have trialed combination therapy of a noradrenergic agent, proposed to combat non-
rapid eye movement (NREM)-related genioglossus hypotonia, with an antimuscarinic agent,
proposed to combat rapid eye movement (REM)-related pharyngeal hypotonia [10,58,59].
Although the high expectations driven by early results showing a 60% decrease in AHI using
atomoxetine — oxybutynin have since been blunted, a recent systematic review suggests this
therapy does produce a modest reduction in AHI [58,60]. Two large multicenter phase
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3 randomized trials of atomoxetine + aroxybutynin (LunAlRo/SynAlRgy) are ongoing
[61,62].

Dronabinol, synthetic tetrahydrocannabinol (THC), taken daily before bed was found to
lower AHI by 12.9 events/hour and reduced daytime sleepiness when compared to placebo
after 6 weeks of treatment [63] and similar results were obtained using noradrenergic
stimulation with desipramine [64]. Additionally, nocturnal delivery of drugs that target

the parasympathetic nervous system (e.g. physostigmine, donepezil) demonstrated positive
results for AHI reduction in early trials, particularly for REM sleep events [65-67], but
subsequent meta-analysis has failed to confirm this finding [68].

Two strictly non-anatomical factors believed to contribute to OSA in many sufferers of the
disease are a high loop gain and a low arousal threshold [69]. The respiratory control system
regulates blood oxygenation by acting on breathing rate. \entilatory loop gain quantifies
how strongly this system responds to disturbances such as obstructions. A high loop gain,
which causes ventilatory instability (i.e. oversensitivity) leading to worse sleep apnea, can
be reduced by acetazolamide, a carbonic anhydrase inhibitor that increases ventilation via
hyperchloremic metabolic acidosis [70-72]. Across trials, acetazolamide showed an AHI
reduction of 13.8 event/hour when compared to placebo; however, daytime sleepiness

was unaltered and side effects were common [73]. Ventilatory arousal threshold, which
quantifies the magnitude of ventilatory disturbance required to cause an arousal from sleep
[74,75], is also thought to contribute to OSA. When ventilatory arousal threshold is low,

it promotes OSA sufferers to arouse before state-dependent compensation measures can
initiate. Pharmacotherapeutic-induced increase of the arousal threshold using hypnotics has
been explored as a solution to prevent arousals in these patients. Eszopiclone 3 mg reduced
AHI and improved sleep quality compared with placebo, particularly for patients with the
lowest arousal threshold at baseline, and can be combined effectively with supplemental
oxygen to target high loop gain [76,77]. Trazodone 100 mg is also effective at increasing the
respiratory arousal threshold but it’s effects on AHI are less consistent [78,79]. Importantly,
complete resolution of OSA using sedatives has yet to be shown and the small improvements
attained may be outweighed by potentially harmful side-effects such as delayed arousal from
marked hypoxemia, at least in theory [78].

Less well-understood routes of OSA pathogenesis that can be targeted with drug
interventions include airway diameter and resistance. In the case of the former, topical nasal
decongestants such as alpha-adrenergic agonists and corticosteroids have been hypothesized
as a means of increasing upper airway diameter and reducing nasal congestion, promoting
nasal breathing [68]. Delivery of decongestants was found to reduce AHI in a subset

of patients diagnosed with nasal congestion prior to treatment but not in general OSA
populations [80,81]. In the case of airway resistance, application of surfactants has been
explored as a way of reducing surface tension so as to decrease the pressure required to
reopen the pharynx [82,83]. A trial of surfactant treatment demonstrated a reduction in AHI
and pharyngeal collapsibility, but had no influence on daytime sleepiness [84].

Expert Opin Pharmacother. Author manuscript; available in PMC 2024 December 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Harding et al.

Page 5

4. Supplementing PAP therapy with pharmacotherapeutics

Rather than replacing the need for PAP therapy, a less challenging but potentially high yield
strategy is to use drugs to supplement existing PAP treatment (Table 1). Such an approach
could increase PAP’s performance at treating the symptoms of OSA whilst removing
barriers to successful PAP usage such as low adherence rates in certain groups, alleviating
known side effects.

Both reduction in hypoxia and improvement in sleep quality (e.g. fragmentation, daytime
sleepiness) are necessary for effective treatment of OSA with regard to reducing the
healthcare burden of the disease considering that both may be causally related to
cardiovascular and neurocognitive morbidity. As such, pharmacotherapeutic intervention
can have value in supplementing PAP therapy in cases where AHI is reduced but sleep
complaints persist. Trials of wake-promoting agents (eugeroics) that target various pathways
have been conducted with OSA patients already using PAP therapy to further reduce
excessive daytime sleepiness. For example, modafanil, a dopamine reuptake inhibitor,
improves wakefulness, ability to sustain attention and reduces the impact of excessive
sleepiness on daily functioning when compared to placebo [33,85,86]. Despite known side
effects such as congenital malformations resulting from /n utero exposure, modafinil is
currently recommended by the Standards of Practice Committee of the American Academy
of Sleep Medicine [87-89]. Alternatives to modafinil include solriamfetol, a norepinephrine-
dopamine reuptake inhibitor, which improves excessive daytime sleepiness in PAP adherent
OSA patients without reducing 1-year adherence, although some side effects have been
observed [90,91]. Pitolisant, a histamine 3 (H3) receptor antagonist, also significantly
reduces excessive daytime sleepiness compared to placebo with a favorable adverse event
profile [92,93].

As PAP adherence is loosely related to OSA severity [94] and by implication the objective
benefits it bestows, increasing adherence requires tackling barriers other than efficacy.
Eszopiclone, a hypnotic agent, led to an increase in PAP usage in terms of both number

of nights and nightly hours of use compared to placebo [95] and may be related to

a low respiratory arousal threshold [96]. Some evidence suggests that depression is

related to reduced PAP adherence [97,98] but the directionality of this relationship is
unclear given that high PAP adherence may be related to a low occurrence of self-harm
events [99]. More research is needed to understand whether mood is itself a target for
pharmacotherapeutic enhancement of PAP adherence. Another barrier to PAP treatment,
which may grow as scrutiny develops, is the occurrence of side effects such as the
aforementioned increased endothelial inflammation [35]. Recent evidence shows that the
PAP-related increase in circulating Ang-2, a proangiogenic factor that amplifies endothelial
inflammation, is reversed by statin delivery potentially due to increased expression of
endothelial complement protectors [100]. As such, statins could be considered as an adjunct
therapy to PAP.
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5. Expert opinion

Though PAP should still be considered the ‘gold-standard’ treatment for sleep apnea,
considerable progress has been made in our understanding of OSA and potential

drug therapies, with the future promising exciting advances. A major advantage of
pharmacotherapy is the possibility of personalized treatment. While PAP offers a ‘one-size-
fits-all” solution for OSA, drug interventions can be tailored to target the specific causes

of OSA within patient subpopulations. The rationale for personalized treatment originates
from studies showing that OSA is a multifactorial disorder in which the relative contribution
of different physiological traits varies substantially between individuals, suggesting unique
mechanisms of pathogenesis or so-called ‘endotypes’ [101-105]. Further work is required

to understand whether differences in patient pathophysiological traits covary with well-
established symptomatic profiles [106-109] in a way that suggests causality. Nevertheless,
evidence already points to the clinical expression of OSA being driven in part by
pathophysiology [110], providing impetus to the idea of personalized treatment. Current
barriers to this strategy include the modest effect sizes of available drugs to target endotypes
and the difficulty of identifying receptive patient groups. Both these barriers may be
overcome in the future by leveraging artificial intelligence (Al) and machine learning

(ML) techniques. Appropriate targeting of OSA patient subtypes using Al and ML may
revolutionize the process of identifying drug candidates. In previous drug efficacy trials,
therapeutic signal may have been masked by the inclusion of patients with OSA caused by
factors unrelated to the drug’s mode-of-action. By using unsupervised clustering approaches
to characterize patterns in OSA endotypes and phenotypes, researchers could select patient
cohorts in a way that justifiably ‘stacks the deck’ to reveal the full efficacy of candidate
drugs that reduce AHI.

New technologies will both expand the potential mechanisms of drug-based therapies and
facilitate the identification of novel targets and treatment strategies. Chemogenetic activation
of pharyngeal muscle is an attractive proposition, combining the temporal specificity of
traditional pharmacotherapy with the spatial specificity of gene therapy [111]. The potential
for such interventions in the context of OSA treatment has been explored in mouse

models where Designer Receptor’s Exclusively Activated by Designer Drugs (DREADDsS)
introduced into the hypoglossal motoneurons facilitate increased tone during NREM and
REM sleep when activated by clozapine-N-oxide administration [112,113]. Whilst ethical
concerns and technical challenges have so far prevented extensive trials of similar therapies
in humans [114], the future prospects are encouraging. Regarding the identification of
pharmacotherapeutic targets in OSA, Al and ML techniques can be utilized to search large
biological datasets for connections between diseases, genes, and biological processes to
facilitate the identification of candidate drugs, some of which are already entering clinical
trials [115]. A genetic basis for OSA has been long established but translating this into
targeted therapies has not yet occurred, perhaps due to absence of specific sleep apnea genes
[116]. Al and ML techniques may be able to detect subtle or non-linear connections between
genes and sleep apnea that were previously missed, facilitating gene-based therapies.
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Avrticle highlights

Whilst nasal positive airway pressure continues to be an effective treatment
for obstructive sleep apnea (OSA), there is a strong interest in exploring
pharmacological interventions.

Pharmacotherapeutics, such as atomoxetine — oxybutynin combination
therapy, can effectively reduce the number of respiratory events during the
night.

Drugs may also serve a purpose in supporting existing therapies by
supplementing their effects on symptoms and increasing their tolerability to
facilitate increased adherence.

Recent advances in determining the pathophysiology of OSA pave the way
for new candidate drugs targeted to specific patients.

Additional novel therapeutic targets, such as gene-based therapies, may be
detected by leveraging machine learning (ML) and artificial intelligence (Al)
technologies.
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