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ABSTRACT

Although excessive daytime sleepiness (EDS)
attributable to obstructive sleep apnea (OSA)
can be resolved by consistent usage of and
effective treatment (often with the use of con-
tinuous positive airway pressure therapy),
12-58% of patients report residual EDS (REDS).
While REDS is difficult to treat, a proportion of
cases are possibly due to reversible issues, and
wake-promoting medications can prove useful
for the remaining cases. Given the challenges
associated with effective management of REDS
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and its relationship to multiple comorbidities,
multidisciplinary management of patients with
REDS is often recommended. Here we aim to
bridge the knowledge gap on the burden, risk
factors, prevalence, and potential pathophysio-
logic mechanisms of REDS in patients with OSA
after first-line treatment. The roles of primary
care physicians and sleep specialists, as well as
the importance of the use of objective assess-
ment tools for the evaluation of REDS and the
effective management of comorbidities, are
discussed. An update of approved treatments
and emerging candidate treatments is also
presented.
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Despite optimal treatment of obstructive
sleep apnea (OSA) with continuous
positive airway pressure, a fair proportion
of patients have residual excessive
daytime sleepiness (REDS); prevalent
globally, REDS remains underdiagnosed
and undertreated.

The multifactorial pathophysiologic
mechanisms of REDS involve the chronic
cyclical hypoxia-reoxygenation effects on
dopaminergic and orexinergic neurons,
oxidative stress, systemic inflammation,
neuronal injury to areas of the brain
responsible for maintaining alertness,
genetic factors, and sleep fragmentation.

Options for the management of REDS due
to OSA include implementing lifestyle
changes, ensuring sufficient sleep,
addressing the influence of medications
with somnogenic effects, effectively
treating mood disorders, verifying OSA
treatment adherence and effectiveness,
evaluating for the existence of other
disruptors, and utilizing pharmacologic
intervention (when clinically
appropriate).

INTRODUCTION

Recurrent episodes of partial or complete pha-
ryngeal collapse occurring during sleep are the
characteristic features of obstructive sleep apnea
(OSA) [1], which is defined as an apnea-hy-
popnea index (AHI) of at least 5 events/h in
association with symptoms such as unrefresh-
ing sleep, daytime sleepiness, fatigue or insom-
nia, awakening with a gasping or choking
sensation, loud snoring, or witnessed apneas
[2, 3]. OSA is an established health concern that
affects almost 1 billion people globally, with a
prevalence that is increasing and can vary
widely between countries [4]. The prevalence of

moderate-to-severe OSA (defined as at least
15 events/h) is estimated to range from 25% to
36% in international-based assessments [4].
Patients with OSA have an increased risk of
metabolic and cardiovascular (CV) comorbidi-
ties, as well as death [5, 6].

Excessive daytime sleepiness (EDS), com-
monly defined using the standard validated
instrument the Epworth Sleepiness Scale (ESS)
utilizing a threshold score of greater than 10 [7],
is one of the most commonly reported symp-
toms of OSA, along with fatigue and neu-
rocognitive dysfunction (e.g., compromise in
focus and concentration, mood changes that
mainly consist of increased irritability) [1, 6].
EDS is a public health hazard and remains
underdiagnosed and undertreated, even in
patients who already have a diagnosis of OSA
[8, 9]. EDS in OSA has been shown to be asso-
ciated with an increased risk of hospitalization
and increased outpatient healthcare utilization
[8], as well as an increased risk of CV disease
[10]. With negative effects not only on the
individual but also on social interactions with
family members and on a range of workplace-
related factors, EDS can compromise social
interactions, diminish cognitive function,
impair work productivity and school perfor-
mance, and result in drowsy driving and
decrements in quality of life (QoL) [11-15]. EDS
has also been linked to depression, mood dis-

turbances, behavioral challenges, and an
increased risk of substance abuse in teenagers
(16, 17].

First-line treatment of EDS due to OSA is
continuous positive airway pressure (CPAP)
therapy [7]. CPAP has been demonstrated by
meta-analysis to significantly reduce subjective
daytime sleepiness (ESS 1.2-point reduction;
95% confidence interval [CI] 0.5-1.9; p = 0.001)
and improve objective daytime wakefulness
(Maintenance of Wakefulness Test [MWT] 2.1-
min improvement; 95% CI 0.5-3.7; p = 0.011)
in patients with mild-to-moderate OSA [18].
However, despite optimal CPAP treatment,
some patients have residual EDS (REDS). In a
French study (n = 502), there was an estimated
prevalence of REDS (indicated by an ESS score of
at least 11) of 12% among patients with OSA
despite adherence to CPAP treatment (i.e., a
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mean usage of 6.1 £ 1.3 h/night, which was
above the defined threshold for adherence of
mean CPAP usage of more than 3 h/night).
After adjustment for potential confounding
factors (i.e., depression, restless legs syndrome
[RLS], narcolepsy, medications influencing vig-
ilance, suboptimal CPAP treatment), the esti-
mated prevalence of REDS was 6.0% in patients
with OSA who were adherent to CPAP treat-
ment [19]. In other studies that used an ESS
score of greater than 10 to indicate REDS, the
prevalence of REDS ranged from 15.6% to
58.3% in patients with OSA who were adherent
to CPAP treatment (i.e., more than 4 h/night);
however, the prevalence of REDS decreased with
increasing CPAP usage [1, 20-23].

Challenges remain regarding the evaluation
and treatment of patients with REDS due to OSA
despite effective adherence to CPAP therapy [7].
Even though primary care physicians are usu-
ally the first point of contact for patients with
OSA, it is important to know when patients
should be referred to a sleep specialist
[9, 24, 25]. To help strengthen the knowledge
base and advance the understanding of clini-
cians who typically treat patients with OSA, this
narrative review summarizes the pathophysio-
logic mechanisms involved in EDS due to OSA
and the current practices for managing these
patients, including the appropriate use of
assessment tools, current pharmacologic treat-
ments, and emerging modalities. In addition,
confounding factors, such as comorbidities, are
discussed and management algorithms are
suggested.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

PATHOPHYSIOLOGIC
MECHANISMS OF EDS DUE TO OSA

The causes and mediators of the pathophysiol-
ogy of EDS in OSA are multifactorial. Further-
more, the substantial inter-individual
variability suggests that dynamic interactions
between the mediators of EDS in OSA and the
body’s repair systems and local damaged tissues

are involved. Apnea and hypopnea commonly
end with arousal from sleep, which allows the
upper airway to reopen and normal breathing to
resume. Experimental mouse models that used
an intermittent hypoxia intervention impli-
cated cell injury and apoptosis in response to
the activation of pathways of inflammation and
oxidative stress, resulting in permanent neu-
ronal damage in areas of the brain responsible
for the regulation of wake and sleep [26, 27].
These areas of damage were associated with
persistence of sleepiness even subsequent to
return to the normoxic environment. The
repeated arousal-induced sleep fragmentation
that occurs in patients with OSA can alter the
cyclic structure of sleep [26]. Sleep fragmenta-
tion and the hypoxia-reoxygenation cycle may
induce inflammation and oxidative stress that
may alter the health of wake-activating neurons
[27, 28]. OSA potentially shifts the peak in
melatonin secretion [29] and induces frag-
mented sleep, which may reduce the efficiency
of the glymphatic transport system that is pro-
posed to be important for waste removal in the
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Fig. 1 Gross anatomy showing presumed injured central
nervous system regions involved in the generation of
residual daytime sleepiness. Brainstem: Wake-promoting
neurons: dorsal raphe nucleus, locus coeruleus (LC), and
dopamine ventral periaqueductal gray wake neurons
(VPAG). Brain: Hippocampus (entorhinal cortex), Amyg-
dala (basolateral nucleus), left posterior parietal cortex,
right superior frontal gyrus, and the white matter network
(an anatomical substrate crucial for alertness)
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central nervous system during sleep (Fig. 1) [30].
Moreover, a study using diffusion tensor imag-
ing revealed the presence of extensive alter-
ations to white matter in CPAP-treated patients
with REDS compared with patients without
REDS; some of the alterations correlated with
ESS scores [31].

An autopsy study of individuals with OSA
showed that those with severe OSA had greater
hippocampal atrophy and demyelination than
those with mild OSA [32]. Another study based
on magnetic resonance imaging (MRI) and
polysomnography data demonstrated that OSA-
related hypoxemia reduced hippocampus vol-
ume (i.e., increased atrophy), which is consis-
tent with previous studies [33]. Individuals who
adhered to CPAP therapy in the autopsy study
exhibited similar levels of demyelination but
showed less atrophy of regions of the hip-
pocampus (i.e., the dentate gyrus, the CA1, and
deep layers of the entorhinal cortex) involved in
memory pathways compared with individuals
who were not known to adhere to CPAP ther-
apy. Patients with OSA often have impaired
episodic, spatial, and semantic memory; these
impairments may be related to the demyelina-
tion and thinner cortical layers in the hip-
pocampus, which is the location of the direct
(semantic) and polysynaptic (episodic and spa-
tial) memory pathways that begin in the
entorhinal cortex [32]. The potential patho-
physiologic mechanisms involved in the devel-
opment of REDS in OSA are illustrated in Fig. 1
and discussed in more detail below.

Hypoxia and Orexin Pathways

Inhibition of hypothalamic orexin neuron
activity caused by hypoxia and hypercapnia has
been implicated as a causal mechanism of EDS
in OSA [34, 35]. Rat studies have shown that
acute hypoxia/hypercapnia rapidly inactivates
orexin neurons, which may contribute to
impaired function of orexin neurons in indi-
viduals with OSA [34]. Orexins are neuropep-
tides that play an important role in sleep-wake
cycle regulation, helping to maintain both
waking state and rapid eye movement (REM)
sleep [36-39]. Reduced orexin neuron activity

and neurotransmission have been implicated in
sleep disorders, including OSA. Also, downreg-
ulated plasma levels of orexin-A have been
demonstrated in patients with OSA [34].

There is also evidence that orexin con-
tributes to respiratory regulation [36, 40, 41].
Orexin-A can activate expression of hypoxia-
inducible factor 1o (HIF-1ao), a transcription
factor with a role in ischemia and hypoxia [38],
as well as downstream targets of HIF-1a, such as
vascular endothelial growth factor and ery-
thropoietin [42]. Increases in orexin-A may also
be involved in OSA-associated neurocognitive
deficits, such as spatial memory and learning
deficits. In a hypoxia model in cultured rat
hippocampal neurons, orexin-A increased
intermittent hypoxemia-induced hippocampal
neuronal damage by overphosphorylation of
extracellular signal-regulated Kinase 1/2
through the orexin receptor—-phospholipase C-
B1 (PLCPB1) pathway [43]. In addition, chronic
exposure to hypoxia/hypercapnia has been
shown to compromise neurotransmission from
orexin neurons to parasympathetic cardiac
vagal neurons [37, 44, 45]. Results from these
rat studies suggest that exaggerated inhibitory
neurotransmission from the lateral paragigan-
tocellular nucleus to cardiac vagal neurons may
lead to a sleep-associated high risk of tachycar-
dia, arrhythmia, and sudden cardiac death in
people with OSA [44].

Oxidative Stress and Inflammation

Intermittent hypoxia exposure led to aug-
mented oxidative stress and elevated inflam-
matory mediators in rodent animal models,
which correlated with injury to wake-promot-
ing neurons and supportive brain cells [26, 46].
For example, after mice were exposed to long-
term intermittent hypoxia (LTIH) for 8 weeks,
total daily sleep time and non-REM sleep were
each lengthened by more than 2 h (an approx-
imately 33% increase) upon return to normal
oxygenation in LTIH-exposed mice compared
with sham-treated mice. The wake-promoting
regions of the basal forebrain and brainstem
provided abnormal polysomnographic findings,
and oxidative-injury measures were suggestive
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of oxidative stress and injury. After LTIH cessa-
tion, the LTIH-exposed mice also had signifi-
cantly reduced mean sleep latency compared
with sham-treated mice [26]. Another study
demonstrated that even 6 months after an
8-week exposure to hypoxia-reoxygenation,
irreversible injury was evident in the nora-
drenergic neurons in the locus coeruleus and
the dopaminergic neurons in the periaqueduc-
tal gray area. Further, chronic sleep deprivation
induced a significant 25% reduction (p < 0.05)
in orexinergic neurons compared with control
mice [47]. Taken together, these data suggest
that hypoxia-reoxygenation and chronic sleep
deprivation can lead to the injury of multiple
brain regions.

Inflammation induced by cycles of hypox-
ia-reoxygenation is considered one of the key
underlying mechanisms of sleep-disordered
breathing and EDS [7, 27]. Inflammatory
cytokines (e.g., interleukin [IL]-6, IL-8, tumor
necrosis factor-a) are often monitored as indi-
cators of the inflammatory cascade. In patients
with systolic heart failure, the inflammatory
markers cortisol and IL-6 have been signifi-
cantly associated with mean sleep latency (an
objective measure of sleepiness) but not with
ESS (a subjective measure of sleepiness) [48].
Since subjective and objective measures of
sleepiness do not always correlate [49], these
data further support the possibility that under-
lying mechanisms may overlap but may also
involve distinct mediators [48]. Other studies,
including the prospective study by Chen et al.,
have suggested possible interactions between
systemic inflammation and microstructural
damage in the brain due to OSA-related hypoxia
[50].

Other Potential Mechanisms

Sleep fragmentation, a common consequence of
OSA, may alter the efficiency of the glymphatic
system. Rodent animal models were used to
describe the glymphatic system, which is
responsible for the efficient removal of waste
from the brain during sleep. This paravascular
cerebrospinal fluid transport system was two-
fold more efficient in removing waste (i.e.,

amyloid-B) during the slow-wave cycle in
sleeping mice compared with awake mice
[30, 51]. The possibility of an analogous trans-
port system in human brains was explored
using brain imaging with MRI in healthy par-
ticipants during different sleep-wake phases. In
this study, sleep-induced increases in cere-
brospinal fluid volume in the whole human
brain were observed, which supports the possi-
bility of a paravascular glymphatic system in
humans that may function to remove waste
from the brain during sleep. Interestingly, this
MRI study showed that several different brain
regions, particularly the cerebellum, experi-
enced diffusion changes at different phases of
the sleep-wake cycle, suggesting a more com-
plex rhythm in humans than in rodents [52].
Further research is needed to determine whe-
ther alterations in slow-wave sleep patterns in
patients with OSA [28] cause changes in brain
accelerated diffusion dynamics or the efficiency
of waste removal.

A study showed an altered circadian thythm
of melatonin secretion in about 25% of patients
with OSA (n = 18) and significantly lower peak
melatonin levels in those with a preserved cir-
cadian rhythm of melatonin secretion com-
pared with healthy participants [29]. Although
evidence is limited, it may be interesting to
investigate whether melatonin supplementa-
tion aids sleep efficiency and improves REDS in
patients with OSA.

Dysbiosis has also been associated with OSA,
with the richness and diversity of the micro-
biome of male individuals (n = 22; without a
history of gastrointestinal illness or prior use of
pharmaceuticals) being positively correlated
with total sleep time (assessed by actigraphy
over a 4-week period) [53]. Additionally, in a rat
model of OSA, a high-fat diet led to hyperten-
sion within 7 days of OSA, with continued
blood pressure increases at 14 days; the gut
microbiota concurrently harbored fewer taxa
that produce the short-chain fatty acid butyrate.
Fecal transplants from hypertensive rats with
OSA on a high-fat diet to normotensive rats
with OSA on a normal diet led to induced
hypertension within 7 days of OSA, with blood
pressure increases continuing at 14 days [54].
Taken together, these data raise the possibility
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that specific genera in the nasal glands, salivary
glands, and gut microbiomes of humans, cou-
pled with lifestyle choices, may increase the risk
for OSA, EDS, and hypertension.

Genetic Factors

Genetic factors may provide a higher risk for
EDS in some populations. In the Multi-Ethnic
Study of Atherosclerosis Sleep Cohort
(n = 2230), EDS (according to an ESS score of
greater than 10) was most prevalent in Blacks/
African Americans (18.8%) and Hispanic Amer-
icans (13.6%) and least prevalent in White
Americans (11.4%) and Chinese Americans
(11.1%). Furthermore, Blacks/African Ameri-
cans had a significantly higher risk of EDS (odds
ratio 1.89) and sleep apnea (odds ratio 1.78)
compared with White Americans after adjust-
ment for sex, age, and study site [55]. Moreover,
an epigenome-wide association analysis of the
Multi-Ethnic Study of Atherosclerosis Sleep
Cohort revealed that one locus was associated
with EDS in all ethnic groups (i.e., Blacks/Afri-
can Americans, White Americans, and Hispanic
Americans), and three additional loci were
associated with EDS in Blacks/African Ameri-
cans [56]. These results may help explain the
higher risk for objective and subjective sleepi-
ness detected in the African-American popula-
tion despite adjusting for numerous
confounding factors by multivariate analysis
[57].

THE SLEEPY OSA PHENOTYPE
AND INCREASED CV RISK

On the basis of clinical symptoms, a sleepy OSA
phenotype has been characterized and is dis-
tinct from other subtypes of OSA, such as those
with disturbed sleep symptoms and those with a
relative lack of traditional OSA symptoms. Fur-
thermore, the sleepy OSA phenotype has been
associated with an increased risk of adverse CV
outcomes, such as heart failure and coronary
heart disease [10]. Given the increased CV risk
observed in patients with EDS in OSA [10] and
reported treatment benefits in CV outcomes

(i.e., blood pressure), especially in sleepy (i.e.,
greater EDS and/or more severe OSA) versus
non-sleepy OSA phenotypes [58, 59], it is
important that these patients receive adequate
treatment. However, the Impact of Sleep Apnea
Syndrome in the Evolution of Acute Coronary
Syndrome: Effect of Intervention With CPAP
(ISAACC) trial, a secondary prevention trial
designed to evaluate the effect of OSA and the
effectiveness of CPAP treatment on the clinical
evolution and prognosis of patients with acute
coronary syndrome, found that CPAP had no
positive effect on the prevention of recurrent
CV events in patients with OSA and acute
coronary syndrome compared with usual care
alone [60, 61]. However excessively sleepy
patients were excluded from this trial.

MANAGEMENT OF REDS DUE
TO OSA

Multiple perspectives encompassing a patient’s
comorbidities, health status, impact on daily
living, and profession can help inform decisions
regarding referral to a sleep specialist. Depend-
ing on the ESS score and clinical judgment,
primary care physicians may consider referring
their patients to a sleep specialist (Fig. 2). Since
REDS, despite the apparent adherence to CPAP
treatment, could be due to the presence of other
treatable conditions, such comorbidities should
be systematically ruled out. Some potentially
treatable causes of REDS due to OSA (e.g.,
inadequate CPAP treatment, comorbidities,
insufficient sleep due to other causes) are shown
in Table 1 and discussed in more detail below
[7]. Whenever possible, the priorities for the
management of REDS due to OSA, before initi-
ating pharmacologic intervention, are as fol-
lows: adjusting medications for comorbid
conditions to those with less sedative effects,
adjusting CPAP for optimal treatment effect,
evaluating alternative PAP treatments such as
oral appliance or hypoglossal nerve stimulation,
ensuring sufficient sleep, identifying and treat-
ing depression, performing an assessment for
other hypersomnia disorders such as nar-
colepsy, and establishing lifestyle changes are
considered priorities for the treatment of EDS
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Blood-brain barrier alterations,
sympathoexcitation, and
endothelial disruption

Increase of amyloid-B (AB)
leposition in the
neuropil/interstitial space

Oxidation-mediated in‘ur& by
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Fa(hways with overexpression of
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advanced glycation end products
(RAGE) , and nuclear factor-kB (NF-kB)

Fig. 2 Insights into the molecular mechanisms underlying residual daytime sleepiness: intermittent hypoxia (IH) and slow

wave sleep (SWS) disruption, may induce alterations in the neuronal microenvironment

Table 1 Potentially treatable causes of EDS due to OSA [7]

Insufficient sleep

Comorbidities

Inadequate CPAP treatment

® Behavior induced

o Shift work leading to circadian rhythm

disorders

® Insomnia

¢ Obesity

o Restless legs syndrome

¢ Anxiety or depression
¢ Hypothyroidism
¢ Narcolepsy

¢ Insufficient usage
® Excessive mask leak
¢ Suboptimal pressure

o Treatment-emergent central sleep

apnea

¢ Rapid eye movement-predominant

OSA

¢ Somnogenic medications

Adapted with permission from Javaheri and Javaheri [7]

CPAP continuous positive airway pressure, EDS excessive daytime sleepiness, 0OSA obstructive sleep apnea

due to OSA before initiating pharmacologic
intervention.

Comorbid Conditions

Patients with OSA often have comorbidities that
may obscure the diagnosis of EDS. Moreover,

patients with OSA and EDS have been shown to
have more comorbid symptoms than those
without EDS [62]. Known comorbid conditions
of OSA include obesity, depression, anxiety,
RLS, periodic leg movements, narcolepsy, and
circadian rhythm disorders [7, 62-67]. Screen-
ing of patients with REDS using the Beck
Depression Inventory-II questionnaire, for
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example, could help to exclude the presence of
comorbid depression [68]. Also, screening for
coexisting circadian rhythm disorders that may
contribute to REDS is warranted, especially in
commercial drivers and pilots [7]. Since sleep
problems, such as OSA and EDS, have been
associated with the current coronavirus disease
2019 (COVID-19) pandemic [69, 70], post-
COVID-19 fatigue should be ruled out as well.
Also, treatment-emergent central sleep apnea
should be considered as a cause of persistent
sleepiness since it can develop during treatment
of OSA with CPAP and is also associated with
EDS [71].

It is important to note that many of the
aforementioned comorbid conditions may be
treated using medications with somnolence-in-
ducing adverse effects. Thus, a patient’s medi-
cations should be examined to identify those
that can induce drowsiness or sleepiness [7, 72].
Since some medications prescribed to treat
depression (e.g., imipramine [an activating tri-
cyclic antidepressant]) or anxiety (e.g., benzo-
diazepines) may augment the tendency toward
sleepiness, medication adjustments may be
needed to reduce this potential adverse effect
[7, 72-74]. Among antidepressants, imipramine,
doxepin, and amitriptyline are a few agents that
are likely to cause sleepiness [73]. Sleepiness is
also one of the associated side effects of
dopaminergic agonists, which are often used to
treat RLS and periodic limb movements in sleep
[7, 75-77]. Other medications that can induce
drowsiness include antihistamines (e.g., mecli-
zine, hydroxyzine, diphenhydramine [Be-
nadryl®]); antihypertensive medications (e.g.,
beta-blockers), which often decrease the heart
rate; muscle relaxants (e.g., carisoprodol,
cyclobenzaprine), which often mediate effects
on the brain; and opioid analgesics
[7, 73, 78-80]. The combination of opioids with
acetaminophen can disrupt sleep by causing
increased awakenings, decreased slow-wave
sleep, and suppressed REM sleep [73].

Optimizing Current Treatment

As an initial step, it is important to ensure that
current treatment is optimized. For example,

the data of the CPAP device should be interro-
gated for its pattern of use, assessed for an
excessive leak, and evaluated to ascertain the
residual AHI of a patient. If it is obvious from
these data that a patient’s current treatment is
not optimal, the physician should make
appropriate adjustments. Adjustment of the
CPAP apparatus for comfortable and effective
nightly use may help improve airflow and
treatment adherence. In some cases, lifestyle
changes may expand the benefits of CPAP
treatment sufficiently to improve a patient’s
QoL. For example, physical exercise combined
with CPAP treatment has been demonstrated to
improve QoL and subjective EDS [81].

Alternative airway-directed therapies, such as
positional therapy, mandibular advancement
devices (MADs), or hypoglossal nerve stimula-
tion are typically offered to patients who
decline or do not tolerate CPAP and may also be
useful in patients with REDS due to OSA despite
CPAP adherence. The use of MADs has been
associated with an improvement of symptoms
in patients with mild-to-moderate OSA [49, 82],
and MADs may have a higher rate of adherence
than CPAP [83]. As part of an individualized
treatment plan, ablative surgery options, such
as tonsillectomy, maxillomandibular osteot-
omy, or bariatric surgery for extreme obesity,
may be suitable for selected patients with OSA
and REDS [49].

Various risk factors are reportedly associated
with REDS after CPAP. A French study in 1047
patients with OSA treated with CPAP for more
than 3 h/day showed that high baseline degree
of OSA (defined by the AHI) and depression
were independent predictors of REDS. Patients
with REDS also were more likely to be female
and had generally worse health [1]. Other
reported risk factors of REDS include a high
pretreatment ESS score, age less than 55 years,
and a history of diabetes and heart disease
[19, 21, 23]. REDS has also been associated with
upper airway resistance syndrome (UARS) [84].
UARS affects proportionately more women than
men and is characterized by a narrowing of the
posterior airway space behind the base of the
tongue [84, 85]. When left untreated, UARS can
negatively affect QoL and has CV and metabolic
consequences; thus, it is important to rule out
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Table 2 Subjective assessment tools for determining the risk of EDS
Tool Measure Description Interpretation Completion
time, min
ESS Propensity for 8 items; self-rated; each item scored > 10 indicates EDS 5
(86, 90] daytime 0-3
sleepiness
FAS [111] Propensity for 10 items; self-rated; each item Range 10-50; 10 is lowest, 50 is 2
fatigue scored 1-5 highest
FSS [112]  Severity and 9 items; self-rated; each item scored A higher score indicates more
impact of fatigue 1 (strongly disagree) to 7 severe fatigue
(strongly agree)
PHQ-9 Frequency of 9 items; self-rated; item #3 relates Range 0 (not at all) to 3 (nearly
[113] depression to sleep every day)
symptoms
PROMIS Sleep quality, 27 items; self-rated A higher score indicates more 10-15
[90] depth, and sleep disturbance
satisfaction
PROMIS-8  Sleep quality, 8 items; self-rated A higher score indicates more 5
[90] depth, and sleep disturbance
satisfaction
FOSQ-30  Impact of EDS on 30 items; self-rated; each item A higher score indicates less 15
[90] ADL and QoL scored 1-4 impact on function
FOSQ-10  Impact of EDS on Short form 10 items; self-rated; A higher score indicates less 5-7
[90] ADL and QoL each item scored 1-4 impact on function
PSQI [90]  Sleep quality and 19 items; self-rated and bed- Sum of 7 domain scores (range 5-10
habits during partner-rated (5 items) 0-21); a score > 5 indicates
the previous poor quality sleep
month
BDI-II Severity of 21 items; self-rated to capture Range 0-63, with scores of 14-19, 5-10
[68] depression cognitive, affective, somatic, and 20-28, and 29-63 indicating
vegetative symptoms; 4-point mild, moderate, and severe
scale from 0 (absent) to 3 impairment, respectively
(severe)
BDI-FS 7 items; self-rated; short version for Range 0-21, with scores of 4-8, <5
(68, 114] family physicians 9-12, or 13-21 indicating mild,

moderate, or severe impairment,

respectively
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Table 2 continued

Tool Measure Description Interpretation Completion
time, min
CES-D Frequency of 20 items; self-rated; each item rated Range 0-60, high scores indicate
[115] depression- from O (rarely) to 3 (most of more symptoms of depression
associated almost all the time)

symptoms (e.g.,

restless sleep)

At minimum, the ESS and BDI should be used for screening patients, but further evaluation may require screening with the

other tools listed

ADL activities of daily living, BDI-FS Beck Depression Inventory-Fast Screen, BDI-II Beck Depression Inventory-Second
Edition, CES-D Center for Epidemiological Studies—Depression, EDS excessive daytime sleepiness, ESS Epworth Sleepiness
Scale, FAS Fatigue Assessment Scale, FOSQ Functional Outcomes of Sleep Questionnaire, FSS Fatigue Severity Scale, PHQ-
9 Patient Health Questionnaire-9, PROMIS Patient-Reported Outcomes Measurement Information System, PROMIS-8
Patient-Reported Outcomes Measurement Information System (8 items), PSQI Pittsburgh Sleep Quality Index, QoL quality

of life

UARS as a cause of REDS. Polysomnographic
studies can be used to distinguish UARS from
OSA [84].

Subjective Versus Objective Assessment
of REDS

There are many subjective (Table 2) and objec-
tive (Table 3) clinical tools available for the
assessment of REDS. Subjective measures are an
efficient and cost-effective way of estimating
EDS. Completion of a sleep diary by a patient
for 2 weeks could provide useful information.
Also, the ESS is a commonly used subjective
questionnaire that captures a patient’s self-re-
ported likelihood of falling asleep on a scale of 0
(never) to 3 (high chance of dozing) under eight
different everyday scenarios [86]. Validation in
a large clinical sample demonstrated that the
ESS provides an accurate measure of daytime
sleepiness that is interpreted similarly across all
patients [87], and item-response theory analyses
confirmed the reliability of the ESS as a measure
of the propensity to sleepiness [88]. ESS scores
range from O to 24, with EDS often defined as a
score of greater than 10, and EDS severity is
categorized according to ESS scores of 11 to less
than 15 (mild), 15 to less than 18 (moderate), or
18 to 24 (severe) [89]. To minimize completion

times, shortened versions of some self-reported
questionnaires may be used where available.
Time to completion is about 5 min for ESS, so it
can easily be completed during an office visit
[90]. Digital integration in subjective reporting
instruments also assists in enhancing the effi-
ciency of data collection and allows for the
ability to follow trends in response to treatment
interventions.

However, subjective measures of sleepiness
as a sole test may be unreliable in some clinical
situations [13]. For example, known adaptation
of a patient’s perception toward chronic sleep
deprivation may cause discrepancies between
subjective sleep quality and objective assess-
ments of sleep (i.e., either a poorer perception
of sleep vs. objective measurement or perceived
good sleep when there is objective sleep dis-
ruption) [91]. The ability to disregard symptoms
of sleepiness helps to explain why EDS remains
underdiagnosed and underreported, as well as
the poor correlation observed between ESS
scores and AHI or objective measurements (such
as the Multiple Sleep Latency Test [MSLT]) [49].
Indeed, a dissociation between self-reported
EDS and objective sleepiness has been noted in
patients with OSA and heart failure, with some
patients having a mean sleep latency of 5 min
or less despite normal ESS scores and biomarkers
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Table 3 Objective assessment tools for determining the risk of EDS
Tool Description Measure Interpretation Time
Actigraphy (as Wristwatch-sized instrument = Sleep—wake patterns, Reader download and 7-14 days
an objective that captures amplitude of  including total wake time, computer analysis of
supplement movement over time that total sleep time, efficiency, movement patterns over a
to sleep distinguishes sleeping latency, number and length 24-h period, especially
diary) [90] versus wakeful activity in of arousal periods in reliable if worn for
‘home” scenarios 30-60-s intervals 7-14 days
MSLT Tendency or ability to fall Excessive sleepiness, < 5 min indicates excessively 8 h
[90, 116] asleep during daytime in- idiopathic hypersomnia, sleepy (normal,
laboratory PSG and narcolepsy; not used 10-20 min)
routinely for medical or
neurological sleepiness
MWT [116]  Ability to remain awake in a  Sleep latency in 20- or Normal 11-20 min; cutoff 8 h
dark, quiet environment 40-min MWT test, 4 or 5 value usually < 12 min
trials, spaced 2 h apart
In-laboratory ~ Uses PSG, recording devices ~ Sleep architecture and Determines sleep stages, Overnight
PSG [90] and monitors; “gold characteristics; diagnosis of  duration, efficiency, sleep
standard” for evaluation of ~ OSA, etc,; titration of latency, arousals, REM
sleep positive airway pressure sleep latency
In-home sleep PSG, unattended, sleep Sleep architecture and Dependent on SCOPER At least
testing [90] technician or patient with characteristics; diagnosis of ~ channels; determines sleep overnight

training set up
portable PSG, monitors in

home environment

OSA (with high
probability of moderate-to-

severe OSA); titration of

stages, duration, efficiency,
sleep latency, arousals,
REM sleep latency [117]

positive airway pressure

EDS excessive daytime sleepiness, MSLT Multiple Sleep Latency Test, MWT Maintenance of Wakefulness Test, 0S4
obstructive sleep apnea, PSG polysomnography, REM rapid eye movement, SCOPER Sleep Cardiovascular Oximetry

Position Effort and Respiratory

of systemic inflammation being more closely
associated with objective rather than subjective
measures of sleepiness [48].

The extent of REDS and its impact on a
patient with OSA may be more accurately
measured with input on the ESS from a partner
or with the addition of focused questions from
the physician [13, 49]. Additionally, in the
context of the clinical history of a patient,
whenever possible, results of subjective mea-
sures should be confirmed with objective mea-
sures (Table 3), especially when a patient has a
high-risk occupation (e.g., commercial driver,

pilot) [13, 49, 92]. Use of actigraphy may help to
exclude other sleep disorders (e.g., compart-
mental sleep deprivation, “insufficient sleep
syndrome”) as potential reasons for REDS. Many
of these assessments are only available at spe-
cialist sleep centers; thus, referral to a sleep
specialist may be required. It would also make
sense to perform an objective assessment of
sleepiness (e.g., MSLT, MWT) before consider-
ing additional medications for patients with
REDS, although these tests are currently not a
requirement in all countries [92]. Laboratory-
based objective measures of sleepiness and
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wakefulness include the MSLT (a validated
objective measure of the ability or tendency to
fall asleep) and the MWT (a validated objective
measure of the ability to stay awake for a
defined time) [92, 93]. The MSLT is indicated in
patients with suspected narcolepsy to confirm
the diagnosis and may be used to help differ-
entiate idiopathic hypersomnia from nar-
colepsy. The MWT may be used to assess an
individual’s ability to remain awake when his or
her inability to remain awake constitutes a
public or personal safety issue (i.e., in individ-
uals with OSA, narcolepsy, or other sleep dis-
orders who are employed in occupations
involving public transportation or safety that
may require assessment of their ability to
remain awake). While the MWT may be used to
assess response to treatment in patients with
excessive sleepiness, the MSLT is not routinely
used in this indication [92].

Currently Approved Pharmacologic
Interventions

In addition to airway-focused therapy, wake-
promoting medications have a core adjunctive
role in improving REDS in patients with OSA.
Wake-promoting medications have been shown
to improve REDS (Table 4); however, their pre-
scription in many countries is limited to spe-
cialist physicians only. In addition, because of
adverse CV effects seen with some agents, a
pretreatment electrocardiogram and/or input
from a cardiologist is required in some coun-
tries. Nevertheless, there are no guidelines
regarding CV recommendations prior to pre-
scription of wake-promoting medications.
Table 4 outlines the efficacy, safety, and CV
tolerability of currently available medications
for REDS. While modafinil/armodafinil is
approved in the USA [94, 95] and was initially
approved in Europe, the European Medicines
Agency advised physicians in 2010 to no longer
prescribe modafinil for the treatment of exces-
sive sleepiness associated with OSA, idiopathic
hypersomnia, and chronic shift work sleep dis-
order because of concerns about risks of neu-
ropsychiatric disorders and particular CV risks
in patients with cardiac arrhythmias and

uncontrolled hypertension [96]. Lower CV risk
has been observed with solriamfetol and par-
ticularly with pitolisant (H; receptor antago-
nist/inverse agonist) than has been observed
with modafinil (Table 4) [97-100]. Solriamfetol
is approved for the treatment of EDS in OSA in
the USA and in Europe [98, 101-103]. In addi-
tion, pitolisant has been studied for EDS in OSA
in the USA and in Europe [97, 104, 105]; it is
approved in the USA for the treatment of EDS in
narcolepsy [106] and in Europe for the treat-
ment of EDS in OSA [107, 108]. In light of
observed adverse CV effects with solriamfetol,
periodic monitoring of vital signs is suggested
(e.g., every 6 months initially or yearly) [101].
Also, concurrent use of solriamfetol with a
monoamine oxidase inhibitor is contraindi-
cated because of the increased risk of hyper-
tensive reactions [101], and concurrent use of
pitolisant with drugs that may prolong QT
interval should be avoided [106].

Emerging Therapies for EDS Due to OSA

TAK-925 is a hypocretin/orexin-2 receptor-se-
lective agonist that is currently under clinical
development for EDS [109]. A phase 1 random-
ized, double-blind, placebo-controlled, cross-
over clinical trial investigating the safety and
pharmacokinetics of TAK-925 in 25 patients
with EDS due to OSA despite adequate use of
CPAP was completed in April 2020. TAK-925
was administered as an infusion, and drug
concentrations in the blood were determined at
multiple time points during infusion (up to 9 h)
and afterwards (up to 15 h). The primary out-
come was the safety profile of TAK-925 (treat-
ment-emergent adverse events, abnormal
clinical safety laboratory tests, vital signs, and
12-lead electrocardiogram parameters), and
secondary outcomes included pharmacokinet-
ics and pharmacodynamics [110]. Results have
not yet been published [110] but are awaited
with interest. TAK-925 is also being investigated
for the treatment of EDS in patients with nar-
colepsy. Other compounds are being investi-
gated for treatment of EDS in narcolepsy,
including FT218, JZP-258, AXS-12, THN102,
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and SUVN-G3031, and have been recently
reviewed in detail [109].

CONCLUSIONS

REDS, despite adherence to CPAP, is challeng-
ing to evaluate and treat, and is associated with
considerable health burden. Multifactorial
pathophysiologic ~ mechanisms, including
chronic hypoxia-reoxygenation-induced injury
to orexinergic neurons, genetic factors, oxida-
tive stress, dysbiosis, inflammatory issues,
altered melatonin circadian rhythms, sleep
fragmentation, and possible disturbances of the
glymphatic system, may not be completely
reversed after OSA is treated. Subjective mea-
sures of sleepiness, such as the ESS, may have
limited effectiveness in identifying patients
with REDS; thus, referral of patients to a sleep
specialist for objective testing is necessary to
correctly identify those requiring further treat-
ment. Initial management of REDS due to OSA
includes evaluation of comorbidities, replacing
sleep-promoting medications, and optimizing
CPAP efficiency. Wake-promoting medications
are available where clinically appropriate.
Long-term studies are needed to confirm the
CV safety of current wake-promoting medica-
tions. Real-world population-based studies on
the effects of treatments on reducing car acci-
dents and CV events (e.g., stroke, hyperten-
sion), as well as improving QoL, are also needed.
In addition, evidence-based guidelines provid-
ing recommendations for the management of
REDS and outlining the role of cardiologists in a
multidisciplinary team are needed.
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