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ABSTRACT

Narcolepsy is a chronic neurologic disorder
associated with the dysregulation of the
sleep-wake cycle that often leads to a decreased
quality of life and results in a considerable
health burden. There is often a delay to diag-
nosis of narcolepsy, mainly due to the lack of
recognition of this disorder. One of the main
factors hindering the diagnosis of narcolepsy is
the association of comorbidities, which include
other sleep disorders, psychiatric disorders,
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cardiovascular disorders, and metabolic disor-
ders. The signs and symptoms of these comor-
bidities often overlap with those of narcolepsy,
and some of the medications used for their
treatment may obscure the symptoms of nar-
colepsy, leading to a delay in diagnosis. This
review is targeted to clinicians unaccustomed to
working with sleep disorders and aims to
increase recognition and improve the manage-
ment of narcolepsy.

Keywords: Cataplexy; Comorbidities;
Diagnostic delay; Excessive daytime sleepiness;
Hypersomnolence; Narcolepsy; Orexin; Rapid
eye movement; Sleep disorders
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Key Summary Points

Narcolepsy is a neurological disorder
associated with loss of orexin
(hypocretin)-producing neurons in the
lateral hypothalamus of the brain,
possibly due to an autoimmune response.

Orexin neurons project to areas of the
brain important for sleep-wake cycle, as
well as alertness, attention, mood
modulation, and executive function.

Symptoms include excessive daytime
sleepiness, abnormal rapid eye movement
(REM) sleep phenomena including
cataplexy, and disrupted nighttime sleep.

Diagnosis of narcolepsy can be
complicated by a variety of comorbidities
that lead to misdiagnoses, delay in
diagnosis, and complicate management.

Patients with narcolepsy require a
comprehensive evaluation that assesses
both associated symptoms and coexisting
conditions.

Treatment options for narcolepsy are
primarily pharmacologic and will often
depend upon the severity of symptoms,
recognition of patient lifestyle, and
coexisting medical and psychiatric
comorbidities.

INTRODUCTION

Narcolepsy is a chronic neurologic disorder
characterized by excessive daytime sleepiness
(EDS), disruption of rapid eye movement (REM),
sleep regulation, and disturbed nocturnal sleep;
it is a 24 h of the day disorder. Symptoms
characteristic of disrupted REM sleep can
include cataplexy, sleep paralysis, sleep-related
hallucinations, and frequent vivid dreams [1-5].
Although narcolepsy is associated with major
impairments in function and quality of life, it is

often under-recognized, which leads to a delay
in diagnosis of 9-22 years, ultimately increasing
the disease burden [4, 6]. One of the main rea-
sons for the delay between the onset of nar-
colepsy symptoms and the time of diagnosis is
the overlap of symptoms with other more
common disorders, such as insomnia, obstruc-
tive sleep apnea, attention-deficit hyperactivity
disorder (ADHD), depression, anxiety and mood
disorders, and other psychiatric conditions [6].
In addition, the high presence of comorbidities
in patients with narcolepsy may delay recogni-
tion and, consequently, treatment of this dis-
order [7].

Narcolepsy symptoms can significantly affect
patients’ lives, impairing their ability to func-
tion at school and work, as well as negatively
impacting their household responsibilities,
relationships with friends and family, mood,
and self-esteem [8, 9]. Even after diagnosis and
treatment, the impact of narcolepsy is high,
with patients experiencing lower quality of life,
reduced productivity, and higher utilization of
healthcare resources than individuals without
narcolepsy [10, 11].

In order to address the consequences and
clinical burden associated with the lack of
recognition of narcolepsy, there is a need for a
better understanding of the symptoms, clinical
spectrum, comorbidities, pathophysiology, and
treatment options. Thus, the aim of this review
is to describe the current understanding of
narcolepsy and discuss the consideration of
comorbidities in clinical strategies for the diag-
nosis and management of patients with this
disorder.

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.

METHODS

A literature search of the PubMed database was
conducted for English language articles (re-
search articles, reviews, systematic reviews,
meta-analyses) published between January 1,
2002 and September 20, 2021. Search terms
included narcolepsy; diagnosis; cataplexy;
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pathophysiology, orexin; autoimmunity; cyto-
toxic T cells; narcolepsy scales; actigraphic
assessment; cognitive impairments; patient-re-
ported measures; comorbidities; healthcare uti-
lization; costs. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

DEFINITION AND CLINICAL
SYMPTOMATOLOGY
OF NARCOLEPSY

Narcolepsy is a chronic and often disabling
neurologic sleep disorder that affects patients’
quality of life and is primarily defined by EDS
and altered REM sleep [12, 13]. There are two
types of narcolepsy, narcolepsy typel (NT1)
and narcolepsy type 2 (NT2). NT1 is character-
ized by cataplexy and, when measured, orexin
(also known as hypocretin) deficiency. NT2 is
less well understood, does not present with
cataplexy, and exhibits normal levels of orexin
(if measured) [14].

The cardinal sign of narcolepsy is EDS. EDS is
characterized by a constant background of
baseline sleepiness, tiredness or fatigue together
with lapses into sleep throughout the day that
can be voluntary (naps) or involuntary (sleep
attacks) [1]. Patients with narcolepsy often wake
up feeling refreshed after naps (unlike patients
with obstructive sleep apnea, idiopathic hyper-
somnia, and sleep deprivation) but may expe-
rience sleep inertia after waking, feel sleepy
again soon after waking, and have trouble
staying awake throughout the day, particularly
during sedentary periods, leading to persistent
daytime sleepiness [4, 15, 16].

Disrupted nighttime sleep (DNS) is also a
common symptom in patients with narcolepsy
and is characterized by difficulties in sleep
continuity, such as frequent arousals, an
inability to stay asleep, and poor sleep quality,
although patients usually fall asleep quickly
[17]. Despite DNS having a high prevalence in
people with narcolepsy, it can also be secondary
to a comorbid sleep disorder, such as obstruc-
tive sleep apnea [17]. Narcolepsy-related DNS

differs from insomnia-related DNS in that
patients with narcolepsy do not usually have
difficulty falling asleep, as do patients with
insomnia [17]. Hence, narcolepsy is character-
ized by short initial sleep latency, whereas the
sleep latency in patients with insomnia is usu-
ally long [17].

These disturbed patterns of sleep described in
patients with narcolepsy have been partly
attributed to the dysregulation of REM sleep
[18]. REM sleep typically occurs exclusively
during nighttime sleep, but patients with nar-
colepsy experience REM intrusions in the day-
time and during daytime naps [4]. When REM
occurs during daytime sleep, patients may
experience vivid dreams during naps and can
also experience auditory or visual hallucina-
tions, as well as episodes of sleep paralysis [4]. At
night, REM sleep dysregulation may manifest as
frequent, vivid, and frightening dreams, as well
as REM sleep behavior disorder (RBD; e.g., the
acting out of dreams during sleep, particularly
in children) [1, 3, 4, 19]. A major manifestation
of the abnormal intrusion of REM into wake-
fulness is cataplexy [4, 5, 20].

Cataplexy, the pathognomonic symptom of
NT1, is the sudden and transient loss of muscle
tone that is a partial manifestation of REM sleep
during wakefulness, resulting in complete or
partial paralysis, and is triggered by strong
emotions, including laughter, elation, surprise,
or anger [4, 5]. Consequently, patients may stop
participating in activities they have previously
enjoyed in order to avoid experiencing this
symptom [21]. Cataplexy is usually of short
duration (seconds-minutes) and, although it
can affect the whole body, it can be partial or
localized (affecting limbs or head and neck) in
most patients [4, 7, 21]. Of note, narcolepsy
symptoms often initially manifest differentially
in pediatric versus adult patients. For example,
cataplexy symptoms in children may include
faint and unusual facial expressions or choreic-
like movements, which are not observed in
adult patients with narcolepsy and cataplexy.
This can complicate the diagnosis of narcolepsy
in children [9].

In summary, although narcolepsy symptoms
may present in childhood or adolescence in
most patients, not all symptoms are present at
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the time of diagnosis and may differ between
patients [4, 13, 17]. Nor are these symptoms,
except for cataplexy, exclusive to narcolepsy. As
a result, to improve recognition and ensure
appropriate treatment, narcolepsy should be
considered a possibility in all patients with EDS
[7, 22].

PATHOPHYSIOLOGY
OF NARCOLEPSY

The discovery approximately 20 years ago link-
ing selective loss of orexin-producing neurons
in the lateral hypothalamus with narcolepsy
represented a major advance in sleep research in
general, and provided an important clue to the
underlying pathogenesis of NT1 [23, 24].
Orexin (also known as hypocretin) is an
important regulator of sleep/wake behavior,
and animal and human studies point to loss of
orexin-producing neurons as the major under-
lying cause of NT1 [24-29].

Selective loss of orexin-producing neurons in
the hypothalamus results in decreased levels of
orexin in the cerebrospinal fluid (CSF) in
genetically susceptible individuals (Fig. 1)

a Mechanisms of sleepiness in narcolepsy
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[23, 24]. CSF orexin levels are low or absent
(<110 pg/ml) in patients with NT1 but are
within the normal range in patients with NT2
[24].

Orexin neurons project to many brain
regions, from the cortex to the spinal cord and
innervate areas that not only regulate wakeful-
ness and REM sleep (Fig. 1), but also increase
reward-seeking behavior, learning, and loco-
motion, as well as having immunologic, auto-
nomic, and metabolic effects [24]. In addition,
orexin neurons receive signals from brain areas
that regulate fear, anxiety, visceral sensations,
and cardiovascular autonomic tone [24, 30].
These neuronal circuits may help explain some
of the comorbidities linked with NT1.

The loss of orexin-producing neurons char-
acteristic of NT1 has been hypothesized to be
caused by an autoimmune mechanism [24, 31].
This is supported by the strong genetic associa-
tion of narcolepsy with human leukocyte anti-
gen (HLA) alleles and with polymorphisms in
the T cell receptor alpha locus [24, 32, 33].
Genome-wide association studies have shown
that almost all patients with NT1 who have a
significant decrease in CSF orexin levels carry
the HLADQB1*06:02 allele [24, 32]. This allele

b Mechanisms of cataplexy in narcolepsy
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encodes major histocompatibility complex
proteins that hypothetically may present orexin
peptides to T cells, which recognize the orexin
peptides as foreign, in turn activating their
receptors and mediating autoimmune activity
that leads to the depletion of orexin-producing
neurons in the hypothalamus [34, 35]. Differ-
ences in the immune responses in patients with
NT1 and HLADQBI*06:02-matched healthy
controls showed immune activation in CD4"
and CDS8™ T cells, as well as elevated levels of
B cell supporting cytokines in NT1 [36]. In
addition, T cells from patients with NT1 have
demonstrated increased production of the
proinflammatory cytokines interleukin-2 (IL-2)
and tumor necrosis factor (TNF). However, even
though the results indicate that inflammatory
processes are involved in the pathogenesis of
NT1, they cannot distinguish whether these
heightened inflammatory responses are primary
to an autoimmune process or secondary to
orexin deficiency [36].

Autoreactive memory CD4% and—in some
cases—CD8™ T cells have been shown to target
self-antigens expressed by neurons that produce
hypocretin HCRT [37]. However, a recent study
found that autoreactive CD4" T cells targeting
epitopes from the orexin precursor were either
not present or present in a frequency less than
1:10,000 among CD4*" Tcells from patients
with NT1 [38].

In addition, two other recent studies have
provided some support for the proposed
autoimmune mechanism for NT1 by finding
that a certain level of CD8" T cell reactivity
combined with HLADQB1*06:02 expression
may predispose for NT1 development [31, 39].
These findings suggest the possibility that
autoimmune cell detection in the blood could
potentially aid in the diagnosis of narcolepsy
[37]. Additional studies are needed to better
explore the proposed autoimmune hypothesis
of NT1.

Studies that showed a surge in NT1 in chil-
dren following the influenza (H1N1) vaccina-
tion campaign in Europe with Pandemrix
(GlaxoSmithKline) between 2009 and 2010
have also been used to support the autoimmune
basis for orexin depletion. All immunized car-
riers of the HLADQBI*06:02 allele who

developed NT1 did so weeks to months after the
vaccination [24]. Although the exact mecha-
nism by which this may have happened is still
unknown, there are two prevailing hypotheses:
(1) the molecular mimicry to flu antigens
hypothesis [24, 39] and (2) the bystander acti-
vation of autoreactive T cells hypothesis, which
involves another infection triggering an
autoimmune response that may indirectly
damage close-by orexin cells [34, 35]. In support
of the latter hypothesis, a retrospective,
case—control study indicated that 65% of
patients with recent narcolepsy onset had anti-
streptococcal antibodies, suggesting that Strep-
tococcus pyogenes infections may trigger an
autoimmune response leading to the destruc-
tion of orexin cells in narcolepsy [40]. This
might also explain the results obtained after an
HIN1 vaccination campaign in China, where
even non-vaccinated people developed NT1
during the winter of 2009-2010, suggesting that
narcolepsy could also be triggered by seasonal
upper airway infections [41].

While HLADQBI*06:02 is present in almost
all patients with NT1, it is present in only
30-50% of patients with NT2 [42]. Moreover,
this allele is not exclusive to patients diagnosed
with narcolepsy; about 20% of the European
population also carry HLADQB1*06:02 on one
chromosome [32]. Polymorphisms in other
genes involved in the immune response are also
associated with a genetic predisposition to
develop narcolepsy, including P2RY11, EIF3G,
CTSH, and TNFSF4 [43, 44].

DIAGNOSIS OF NARCOLEPSY
AND SYMPTOM SEVERITY

Early diagnosis of narcolepsy is vital to decrease
the burden associated with this disease; How-
ever, as a result of the challenges in differenti-
ating and identifying narcolepsy symptoms, it is
often underdiagnosed and confounded by other
mental and neurologic conditions, leading to a
poor patient quality of life and performance
(e.g., productivity) [6]. In addition, the presence
of psychiatric comorbidities represents a signif-
icant challenge that can lead to a masking of
narcolepsy symptoms and, thus, a delay in its
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Table 1 ICSD-3 and DSM-5 diagnostic criteria for narcolepsy [2, 12, 47]

ICSD-3 [47]

DSM-5 [12]

NT1: both criteria A and B must be met

A. The patient has daily periods of irrepressible need to
sleep or daytime lapses into sleep occurring for at least

3 months
B. The presence of one (or both) of the following:

1. Cataplexy and a mean sleep latency of < 8 min and > 2
SOREMPs on an MSLT performed according to standard
techniques. A SOREMP (within 15 min of sleep onset) on
the preceding nocturnal PSG may replace one of the
SOREMPs on the MSLT

2. CSF hypocretin-1 concentration, measured by
immunoreactivity, is either less than or equal to 110 pg/mL
or less than one-third of mean values obtained in normal

subjects with the same standardized assay

NT2: criteria A-E must be met

A. The patient has daily periods of irrepressible need to
sleep or daytime lapses into sleep occurring for at least
3 months

B. A mean sleep latency of < 8 min and > 2 SOREMPs
are found on an MSLT performed according to standard
techniques. A SOREMP (within 15 min of sleep onset) on
the preceding nocturnal PSG may replace one of the
SOREMPs on the MSLT

C. Cataplexy is absent

D. Either CSF hypocretin-1 concentration has not been
measured or CSF hypocretin-1 concentration measured by
immunoreactivity is either greater than 110 pg/mL or
greater than one-third of mean values obtained in normal

subjects with the same standardized assay

A. Recurrent periods of an irrepressible need to sleep, lapsing
into sleep, or napping occurring within the same day.
These must have been occurring at least three times per

week over the past 3 months

B. The presence of at least one of the following:

1. Episodes of cataplexy, defined as ecither (a) or (b),

occurring at least a few times per month:

(a) In individuals with long-standing disease, brief (seconds
to minutes) episodes of sudden bilateral loss of muscle tone
with maintained consciousness that are precipitated by

laughter or joking

(b) In children or individuals within 6 months of onset,
spontaneous grimaces or jaw-opening episodes with tongue
thrusting or a global hypotonia, without any obvious

emotional triggers

2. Hypocretin deficiency, as measured using CSF
hypocretin-1 immunoreactivity values (less than or equal
to one-third of values obtained in healthy subjects tested
using the same assay, or less than or equal to 110 pg/mL).
Low CSF levels of hypocretin-1 must not be observed in
the context of acute brain injury, inflammation, or

infection

3. Nocturnal sleep PSG showing REM sleep
latency < 15 min, or an MSLT showing a mean sleep
latency < 8 min and > 2 SOREMPs
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Table 1 continued

ICSD-3 [47]

DSM-5 [12]

E. The hypersomnolence and/or MSLT findings are not
better explained by other causes, such as insufficient sleep,
obstructive sleep apnea, delayed sleep phase disorder, or

the effect of medication or substances or their withdrawal

CSF cerebrospinal fluid, DSM-5 Diagnostic and Statistical Manual of Mental Disorders Fifth Edition, ICSD-3 International
Classification of Sleep Disorders Third Edition, MSLT multiple sleep latency test, N71 narcolepsy type 1, NT2 narcolepsy

type 2, PSG polysomnography, REM rapid eye movement, SOREMP sleep-onset rapid eye movement period

diagnosis [6, 45]. Children may also experience
delayed diagnosis as their symptomatology
often differs from that in adults, and data
regarding diagnosis in the pediatric population
are scarce [14, 46].

The diagnostic criteria are defined in the
International Classification of Sleep Disorders,
third edition (ICSD-3) [47] and in the Diagnos-
tic and Statistical Manual of Mental Disorders,
fifth edition (DSM-5) (Table1) [12]. These
diagnostic criteria include symptom recogni-
tion and physiologic assessment of nocturnal
sleep quality, daytime sleepiness, and the pres-
ence of REM sleep during daytime naps using
mean sleep latency determined by the multiple
sleep latency test (MSLT) in conjunction with
nocturnal sleep polysomnography (PSG). The
MSLT must be conducted under ideal condi-
tions to ensure that it is not affected by prior
sleep deprivation or concomitant medications
[6, 48]. Chronic sleep deprivation is a possible
confounding factor of MSLT results. In addition
to the sleep studies, the ICSD-3 and DSM-5
recognize the presence of biomarkers, such as
hypocretin-1 levels in CSF, as diagnostic criteria
in narcolepsy [2, 12, 13]. The measurement of
CSF orexin levels is usually only conducted in
cases of atypical or ambiguous cataplexy as it
requires a spinal tap and the assay is not readily
available to most sleep clinicians [13]. The
diagnostic criteria for another disorder of pri-
mary central hypersomnolence, idiopathic
hypersomnia, are similar to those for narcolepsy
but include fewer than two sleep-onset REM
periods (SOREMPs), whereas at least two are

required for a
2, 12, 13].

To ensure accurate and rapid diagnosis,
physicians should suspect narcolepsy in any
patient with EDS and investigate the presence of
other symptoms of narcolepsy, paying careful
attention to the patient’s sleep habits history,
particularly abnormal REM sleep phenomena,
as well as current and past medical disorders,
work patterns (e.g., shift work), and medica-
tions (including over-the-counter agents), to
help discriminate between conditions with a
similar presentation [6, 13].

Actigraphic assessment of sleep/wake
behavior may be used to assist in differentiating
patients with NT1 from those with a long noc-
turnal sleep period associated with idiopathic
hypersomnia [49-51].

A variety of subjective scales are available for
clinicians to use when assessing symptoms and
their severity and include the Epworth Sleepi-
ness Scale (ESS), the Ullanlinna Narcolepsy
Scale, Swiss Narcolepsy Scale, the Narcolepsy
Symptom Assessment Questionnaire, and the
Narcolepsy Severity Scale [52, 53]. Modifications
of the ESS—the Epworth Sleepiness Scale for
Children and Adolescents (ESS-CHAD) and the
Pediatric Narcolepsy Severity Scale (NSS-P)—are
specifically designed for use in children and
adolescents [54, 55].

diagnosis of narcolepsy
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COGNITIVE IMPAIRMENTS
ASSOCIATED WITH NARCOLEPSY

A recent 2021 systematic review discussed vari-
ous forms of cognitive dysfunction in nar-
colepsy and other central disorders of
hypersomnolence [56]. Forty-three studies that
assessed cognitive function in patients with
NT1 were included in the review. Patients with
NT1 exhibited cognitive impairment or subop-
timal performance relative to healthy controls
and/or patients with NT2 in attention (alert-
ness, selective attention, divided attention, and
sustained attention and vigilance), memory
(declarative memory, procedural memory, and
learning), some evaluations of executive func-
tion (specifically flexibility, but generally not
inhibition, planning, set-shifting, reasoning, or
planning), and higher-order cognitive functions
(decision-making and emotional processing,
but generally not creativity or fluency) [56].

Attention impairments associated nar-
colepsy were explored by Filardi et al., who used
the attention network test (ANT) in patients
with NT1 and NT2 and healthy controls to
explore the impact of orexin deficit on alerting
(alertness) and orienting and executive control
[57]. Questionnaires were also used to assess
attention-deficit hyperactivity disorder
(ADHD), obsessive—compulsive disorder, anxi-
ety, and depressive symptoms in the three
groups, and their impact alerting, orienting,
and control networks. The results showed that
patients with NT1 and patients NT2 both had
slower reaction times compared with controls.
However, patients with NT1 also exhibited an
impairment in the alerting network relative to
NT2 and healthy controls. In addition, patients
with NT1 scored higher on the ADHD hyper-
active domain and had higher depressive
symptoms than the other the two groups, with
a correlation between ADHD and depressive
symptoms in these patients. The results indicate
a selective impairment of the alerting network
in orexin-deficient (NT1) patients, i.e., that
orexin is important for alertness [57].

Other studies have demonstrated deficien-
cies in selective attention, as well as other cog-
nitive functions, in patients with NT1

compared with controls. Schneider et al.
examined alertness, selective attention, and
sleepiness in patients with NT1 or obstructive
sleep apnea, or insomnia, and controls using a
critical flicker fusion test (a measure of optical
fusion threshold and alertness), a paper-and-
pencil visual line tracking test (selective atten-
tion measure), and a visual analog scale for
tiredness/sleepiness [58]. Various cognitive tests
showed decrements in alertness and selective
attention in untreated patients with NTI,
insomniacs, and sleep apnea versus controls. Of
note, patients with NT1 showed the worst
overall performance. Another study used the
Psychomotor Vigilance Task (PVT)—an assay of
sustained attention that is highly sensitive to
the effects of sleep loss—to compare patients
with NT1 with others with insufficient sleep
syndrome (ISS), hypersomnia, or controls [59].
Several PVT outcomes were analyzed, with
patients with NT1 showing slower and more
variable reaction times and increased omission
error relative to patients with ISS or controls.

CONFOUNDING FACTORS
IN THE DIAGNOSIS
OF NARCOLEPSY

Narcolepsy can be difficult to diagnose accu-
rately from clinical signs and symptoms given
that the onset can be gradual; therefore,
patients may not be diagnosed until their lives
are seriously affected (e.g., by reduced work
productivity or a car accident) [4]. In addition,
as mentioned earlier, not all symptoms are
simultaneously present or accurately identified
at the time of diagnosis [13]. For example,
patients with narcolepsy often describe sleepi-
ness as “fatigue” or “tiredness” which may mis-
lead the clinician [45, 60]. Furthermore,
cataplexy may be absent or can develop some
years after the initial onset of daytime sleepi-
ness [14], or daytime sleepiness can be misdi-
agnosed as a different sleep disorder (e.g., sleep
apnea syndrome, sleep deprivation) [4, 61].
Even when present, cataplexy may be misdiag-
nosed as a different neurologic condition (e.g.,
epilepsy, drop attack) or may be subtle,
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manifesting as mild facial, head, or limb weak-
ness [20].

The factors that confound the diagnosis of
narcolepsy tend to be even more challenging in
children, as they may not be able to describe the
symptoms they are experiencing, and they or
their caregivers may not recognize EDS [8, 62].
Children with narcolepsy are often misdiag-
nosed with ADHD when they experience rest-
lessness, irritability, attention problems, and/or
emotional lability because of their EDS [8, 9],
which may also lead to delays in the recogni-
tion of sleepiness and cataplexy. Also, the
manifestations of narcolepsy may be different
in children than in adults and may differ
between children with prepubertal versus ado-
lescent onset [9]. For example, sleep attacks
tend to occur more often and last longer in
children with prepubertal onset than in those
with adolescent onset [9]. Cataplexy in adults is
usually precipitated by positive emotions and,
to a lesser extent, by negative emotions, but in
children the triggers may be more varied
[20, 54]. For example, laughter triggers cata-
plexy at least some of the time in children
regardless of age of onset, but they may also
experience cataplexy in response to anger,
excitement, and fear [54]. In children, cataplexy
can manifest as atonia (in which they drop
objects or stumble, or develop ptosis or jaw
slackening) or as hyperkinesis (marked by facial
twitches or grimacing) [8, 20]. Consequently,
cataplexy in children may be misdiagnosed as
another neuropsychiatric disorder [8], poten-
tially resulting in the use of a pharmacologic
treatment that could mask symptoms or even
aggravate cataplexy in narcolepsy [46, 61].

Narcolepsy needs to be distinguished from
other disorders characterized by EDS, such as
sleep deprivation, psychiatric disorders, and
other medical and neurologic disorders
(Table 2) [2, 4, 45, 63], since these disorders
have symptoms that overlap with the typical
symptomatology in narcolepsy, and their
treatment may obscure and complicate nar-
colepsy diagnosis [3, 45]. For instance, a drug-
induced confounding effect has been described
in a case study of a heavy smoker whose nico-
tine intake suppressed her cataplexy and
sleepiness, delaying narcolepsy diagnosis until

her mid-70s [64]. Another case study described a
40-year delay to diagnosis in a patient with
narcolepsy and ADHD, probably due in part to
the masking effect of ADHD treatment in
improving attention [65]. Hence, further effort
should be made to understand the relationship
between narcolepsy, its comorbidities, symp-
tom overlap with other disorders, and the effect
of their treatment on disease prognosis and
quality of life of patients with narcolepsy.

Narcolepsy in adults and children has been
related to a significant number of comorbidities,
including psychiatric, cardiometabolic, and
other sleep disorders that may obscure the
symptoms of narcolepsy, hinder its diagnosis,
and complicate its management (Table 3)
[54, 55].

Comorbidities

Sleep Disorders

In a retrospective analysis of comorbidities in
patients with narcolepsy in the USA, adults with
narcolepsy had a significantly higher prevalence
of sleep apnea at diagnosis compared with
individuals without narcolepsy (excess preva-
lence of 45.6%) [22]. Moreover, the incidence of
sleep comorbidities is not exclusive to adults; a
retrospective cross-sectional study demon-
strated that pediatric patients with narcolepsy
also had a significantly higher prevalence of
other sleep disorders, such as insomnia, sleep-
related movement disorders, sleep apnea, and
circadian rhythm sleep-wake disorders com-
pared with children without narcolepsy [62].
Consequently, physicians may recognize the
comorbid disorder but miss the underlying
narcolepsy in both adults and children
(4, 20, 62].

Psychiatric Disorders

Several studies have demonstrated an increased
prevalence of mood disorders, depression, and
anxiety among patients with narcolepsy
[22, 66]. A meta-analysis of 31 studies (includ-
ing 6 studies in children and adolescents) found
that 32% of patients with narcolepsy had
comorbid depression [67], and a survey study
found that patients with narcolepsy and

I\ Adis



230

Adv Ther (2022) 39:221-243

Table 2 Conditions to consider in the differential diagnosis of narcolepsy [4, 63]

Disorder type

Specific disorder

Sleep disorders

Psychiatric disorders

Neurologic disorders

Other medical disorders

Idiopathic hypersomnia
Insufficient sleep/poor sleep hygiene
Obstructive sleep apnea

REM sleep behavior disorder
Delayed sleep phase disorder
Shift-work sleep disorder
Insomnia

Depression

Anxiety

Psychosis (if sleep-related hallucinations are present)
Autism

Benign childhood epilepsy

Front lobe epilepsy

Periodic limb movement disorder
Transient global amnesia
Absence seizures

Complex partial seizures

Use of sedating medications
Syncope

Prader-Willi syndrome
Niemann-Pick disease type C

REM rapid eye movement

comorbid depression had worse quality of life
than patients with narcolepsy and without
comorbid depression [67]. EDS may be ascribed
to depression, especially an atypical depression,
or it may be masked by the medications taken
for depression, without further investigation to
determine a potential narcolepsy diagnosis
[4, 20, 45, 46].

Cardiovascular Disorders

The aforementioned retrospective analysis of
comorbidities in patients with narcolepsy in the
USA also showed that there is a higher

prevalence of cardiovascular system disorders
(16.6%) in these patients [22]. These data are in
line with another US study that used data from
the Rochester Epidemiology Project database,
which found that patients with narcolepsy were
significantly more likely to have obesity,
hypertension, and hyperlipidemia at diagnosis
compared with individuals without narcolepsy
[66].

The relationship between cardiovascular
disease and narcolepsy is possibly related to the
effect of the orexin system on autonomic car-
diovascular function. Studies in orexin-
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Table 3 Patients within dataset of specific conditions previously associated with narcolepsy: control subjects versus subjects

with narcolepsy [22]

CCS category or ICD-9 diagnosis code Patients with Excess pvalue®  Odds ratio®
comorbidity, 7 (%) prevalence (95% CI)
Control Narcolepsy
N = 46,559 N = 9312
Anxiety disorders (651) 5554 (11.9) 2333 (25.1) 132% < 0.0001 2.5 (2.4, 2.7)
Diabetes (49, 50) 8835 (19.0) 2635 (28.3) 9.3% <00001 18 (17, 1.8)
Headache/migraine (84) 8424 (18.1) 3548 (28.3) 20% < 0.0001 2.9 (2.8, 3.1)
Mood disorders (657) 6407 (13.8) 3525 (37.9) 24.1% < 0.0001 4.0 (3.8, 4.2)
Obesity (3.11.2) 3933 (84) 1609 (17.3) 8.8% < 00001 23 (22, 2.5)
Periodic limb movement disorder (327.51) 2675 (5.8) 369 (4.0)  3.7% < 0.0001 14.8 (12, 18.1)
Sleep apnea (327.20, 32721, 327.23, 327.27, 2675 (58) 4787 (514) 45.6% <0.0001 187 (17.5, 20.0)
and 3327.29)
REM behavior disorder (327.42) 5 (0) 44 (0.5) 0.5% < 0.0001 44 (174, 111)
Restless leg syndrome (333.94) 307 (0.7) 517 (5.6)  4.9% < 0.0001 8.9 (7.7, 10.3)

Reproduced with permission from Black et al. [22]

CCS Clinical Classification Software, REM rapid eye movement

*Conditional chi-squared test; accounts for matching
b . .
Odds ratios interpreted as narcolepsy versus control

knockout mice and in patients with NT1 found
that heart rate was higher than normal during
sleep time in orexin-knockout mice compared
with wild-type mice and in most patients with
NT1 compared with individuals without NT1.
Further, in patients with NT1, there was a
blunted fall in the arterial blood pressure from
wakefulness to sleep compared with individuals
without NT1 [30]. This dysregulation of blood
pressure during the sleep-wake cycle was
hypothesized to be due to low orexin levels,
resulting in dysregulation of the orexin-medi-
ated sympathoexcitatory signals that modulate
autonomic cardiovascular activity during sleep,
and particularly during wakefulness before sleep
[30, 68].

Metabolic Disorders

Orexin neurons participate in the regulation of
metabolism, including appetite, energy expen-
diture, and autonomic regulation [69]; conse-
quently, orexin deficiency in narcolepsy

increases the risk for metabolic comorbidities
[70]. Patients with narcolepsy often gain
weight, and the body mass index (BMI) of adults
in this group is approximately 15% higher than
the average BMI [4]. This has been attributed to
orexin-mediated food-seeking behavior [70], a
lower metabolic rate in orexin-deficient indi-
viduals [71], and the effect of the orexin system
on brown adipose tissue functionality, which
could be partly responsible for the impaired
energy homeostasis, potentially resulting in
increased adiposity and weight gain in patients
with NT1 [71]. Compared with individuals
without narcolepsy, patients with narcolepsy
have a higher prevalence of diabetes (by 9.3%)
and obesity (by 8.8%) [22].

Weight gain, obesity, and precocious pub-
erty are more common in children with nar-
colepsy compared with children without
narcolepsy [9]; therefore, children with nar-
colepsy may benefit from a referral to an
endocrinologist. Weight gain and obesity could

I\ Adis



232

Adv Ther (2022) 39:221-243

worsen other comorbid disorders (like diabetes)
and mask narcolepsy symptoms, resulting in
delays in the diagnosis of narcolepsy [3, 6, 46].

TREATMENT OPTIONS

The major goals of treatment for narcolepsy are
to alleviate the main symptoms (such as day-
time sleepiness, cataplexy, and other abnormal
REM sleep phenomena) and improve nocturnal
sleep, so that patients can function as normally
as possible in their day-to-day lives [72].
Although there are both pharmacologic and
non-pharmacologic approaches to managing
narcolepsy, most patients require pharmaco-
logical therapies. Non-pharmacological thera-
pies include scheduled naps, sleep hygiene, and
the avoidance of emotional situations that
might precipitate cataplexy [73].

Before choosing a specific pharmacologic
strategy for each patient, clinicians should
consider lifestyle changes for their patients
[46, 74], including maintaining a regular sleep
schedule and sleep hygiene, planned naps,
limiting intake of sweets/carbohydrates or
alcohol, adding relaxation techniques and
physical activity to their routine, and providing
education and support to help patients, guar-
dians, and caregivers understand and manage
narcolepsy [48, 74, 75]. Some useful behavioral
interventions include counseling and cognitive
behavioral techniques that use sleep satiation to
reduce daytime sleepiness attacks, imagery
rehearsal therapy to reduce and manage sleep-
related hallucinations, and systemic desensiti-
zation or stimulus control to reduce cataplexy
attacks [74, 75]. Patient support and advocacy
groups may also be useful to provide those
affected with narcolepsy with a feeling of con-
trol over their illness and, thus, reduce its neg-
ative impact on their lives [76].

Regarding the pharmacologic strategies
available, the American Academy of Sleep
Medicine (AASM) in 2021 updated its recom-
mendations for narcolepsy treatment because
the previous recommendations were published
in 2007 [72] and new medications for nar-
colepsy have since been approved [77].

Pharmacologic Therapy

Table 4 lists the drugs currently available for
narcolepsy, which are targeted primarily at EDS,
cataplexy/REM-related symptoms, or both.

Treatments for EDS and Cataplexy

Oxybates

Oxybates are the first-line treatment for cata-
plexy and are available in two formulations
[55, 78]: (1) sodium oxybate; and (2) calcium,
magnesium, potassium, and low-sodium oxy-
bate [79, 80].

In general, sodium oxybate is well tolerated
[81]; however, it has a high sodium content,
which needs to be considered in patients with
sodium-sensitive hypertension, renal dysfunc-
tion, or congestive heart failure [82-84]. The
lower-sodium formulation has similar effec-
tiveness but contains 92% less sodium than
sodium oxybate [83], which makes it a better
option for treating patients who benefit from a
low-sodium diet. This formulation was
approved by the US Food and Drug Adminis-
tration (FDA) in 2020 [80]. Both oxybate for-
mulations are approved in the USA for the
treatment of cataplexy or EDS in patients with
narcolepsy [79, 80].

Pitolisant

Pitolisant is a first-in-class histamine Hj recep-
tor antagonist/inverse agonist [85]. By blocking
the inhibitory effect of histamine on histamine
release, pitolisant activates histaminergic neu-
rons in the central nervous system, promoting
the release of other sleep-wake regulating neu-
rotransmitters, such as norepinephrine, dopa-
mine, serotonin, and acetylcholine [84, 85].

In the USA, pitolisant was approved for the
treatment of EDS in 2019 and for the treatment
of cataplexy in adult patients with narcolepsy in
2020 [86]. However, although it has a beneficial
effect on sleep paralysis and sleep-related hal-
lucinations, its effect on nocturnal sleep is less
beneficial than that of sodium oxybate [84, 87].
Pitolisant may reduce the efficacy of oral con-
traceptives; thus, alternative methods of con-
traception should be used during treatment and
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Table 4 Currently available treatments for narcolepsy

Drug Indication Mechanism of action Advantages Disadvantages
Modafinil Improve wakefulness in ~ Weak inhibitor of Lower potential for  Interferes with oral
adults with excessive dopamine reuptake abuse than some contraceptives [3]
sleepiness associated [111] other stimulants Drug-induced rash
with narcolepsy, OSA, 3, 111] (3, 76, 93]
or shift-work disorder
(93]
Armodafinil Improve wakefulness in  Indirect dopamine Lower potential for  Interferes with oral

adults with excessive
sleepiness associated
with narcolepsy, OSA,
or shift-work disorder
[112]

Methylphenidate Treatment of ADHD

Amphetamines

Oxybates

and EDS in narcolepsy

(74, 113]

Treatment of EDS in
narcolepsy [3]

Treatment of EDS or
cataplexy in patients
with narcolepsy

(79, 80]

receptor agonist [112]

Increases dopamine and
norepinephrine

transmission [74]

Enhanced release of
dopamine and, to a
lesser extent,
norepinephrine from
presynaptic terminals
and inhibition of their

reuptake [55]

GABAg receptor agonist
in the CNS [74]

abuse than some

other stimulants

(3]

Can be used in
children > 7 years
old [79, 80]

A low-sodium
formulation is

available [80, 84]

contraceptives [3]

Drug-induced rash
[3, 76, 112]

Potential for abuse

[113]
AFs (e.g., irritability,

nervousness, heart
thythm disturbances,
nighttime sleep
disruption) [113, 114]

Potential for abuse

[3, 114]
AFs (e.g., irritability,

overstimulation,
shakiness, CV AEs
[such as tachycardia
and hypertension],
nighttime sleep
disruption) [3, 55]

Potential for abuse

Requires twice-nightly
dosing [3, 74]

Risk of CNS and
respiratory
suppression; risk of
anxiety and other
psychiatric AEs
(79, 80]

I\ Adis



234

Adv Ther (2022) 39:221-243

Table 4 continued

Drug Indication Mechanism of action Advantages Disadvantages
Pitolisant Treatment of EDS or Histamine Hj receptor Low rates of Interferes with oral
cataplexy in adults antagonist/inverse treatment- contraceptives [86]
with narcolepsy [86] agonist [85, 86] emergent AEs [84]
Solriamfetol Improve wakefulness in  Selective inhibitor of the Does not interfere Increases BP and HR
adults with EDS reuptake of dopamine with oral (84, 88]
associated with and norepinephrine; contraceptives May be associated with
narcolepsy or OSA does not promote the (76, 84] psychiatric symptoms
(88] release of monoamines May improve [88]
74, 76
[ ] alertness better than [ o o 1 MAO
other agents [84] inhibitors and
dopaminergic drugs
(88]
SNRIs, Off-label treatment of Selective norepinephrine  Fewer AEs than with AEs (insomnia, mental
venlafaxine cataplexy in narcolepsy ~ reuptake inhibitor [84] TCAs [84] stimulation, reduced

(3, 74]

sexual function)

(3, 115]

Available in
extended-release
formulation [115]  Rebound cataplexy
following withdrawal

[74]

ADHD attention-deficit hyperactivity disorder, AEs adverse events, BP blood pressure, CNS central nervous system, CV
cardiovascular, EDS excessive daytime sleepiness, GABAp gamma-hydroxybutyric acid B, HR heart rate, MAO monoamine
oxidase, OSA obstructive sleep apnea, SNRIs selective norepinephrine reuptake inhibitors, 7CAs tricyclic antidepressants

for at least 21 days after treatment discontinu-
ation [86].

Treatments for EDS

Solriamfetol

Solriamfetol is a phenylalanine derivative that
inhibits dopamine and norepinephrine reup-
take by interacting with dopamine and nore-
pinephrine transporters [76]. It was first
approved in 2019 in the USA for the treatment
of EDS in adult patients with narcolepsy or
obstructive sleep apnea [88]. Solriamfetol was
significantly more effective than placebo in
improving wakefulness in patients with nar-
colepsy in phase 2 and phase 3 clinical trials
[89-91]. In addition, one of the advantages of

solriamfetol is that, unlike other drugs used to
treat daytime sleepiness (such as modafinil,
armodafinil, and pitolisant), it has no adverse
effects on the efficacy of oral contraceptives
[76].

Modafinils (Modafinil, Armodafinil)
Modafinil and armodafinil are non-am-
phetamine stimulants of the central nervous
system. These two agents have very similar
chemical structures; whereas modafinil is the
racemic compound, armodafinil is the (R)-
enantiomer of modafinil. Both agents have the
same pharmacologic properties with no differ-
ence in their efficacy and safety. They both act
as inhibitors of dopamine reuptake, promoting
wakefulness and relieving EDS [92].
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Modafinil is currently only approved for the
treatment of EDS in narcolepsy in the USA [93]
and has no reported effects on cataplexy. It can
be considered a first-line treatment for nar-
colepsy-associated EDS [94]. However, alterna-
tive effective contraceptive options should be
provided to women during and after treatment
with modafinil as it may affect steroidal con-
traceptive efficacy as a result of the induction of
cytochrome P450 (CYP) 3A4/5 [74, 93].

Other stimulants

Stimulants, including various formulations of
methylphenidate and amphetamines, approved
for the treatment of ADHD are used off-label to
treat narcolepsy. There are no data from clinical
trials to support the correct dosing in nar-
colepsy [37]. Currently, methylphenidate is
regarded as a second-line drug for EDS and
amphetamines are regarded as third-line drugs
for EDS [74]. These drugs enhance dopaminer-
gic and noradrenergic neurotransmission,
thereby improving subjective concentration;
however, they may be less effective than mod-
afinil in promoting wakefulness [96]. Moreover,
cardiovascular and mental stimulation, as well
as abuse potential, limit the wuse of
amphetamines and methylphenidate for treat-
ing EDS [3, 53].

Treatments for Cataplexy

Aside from pitolisant and the oxybates, no
agents are approved by the FDA for the treat-
ment of narcolepsy-associated cataplexy. How-
ever, some classes of antidepressants are used
off-label, specifically the selective serotonin
reuptake inhibitors (SSRIs) and selective nore-
pinephrine reuptake inhibitors (SNRIs) [97].

Emerging Treatments

Emerging treatments for narcolepsy include FT-
218, which is a controlled-release, once-nightly
formulation of sodium oxybate for EDS and
cataplexy [98, 99]. This drug has been investi-
gated in a double-blind, randomized, placebo-
controlled, two-arm, multicenter study to assess
its efficacy and safety (NCT02720744) [98], and

is currently before the FDA for approval [99].
TAK-925 is an orexin-2-receptor-selective ago-
nist being developed for the treatment of frag-
mented wakefulness and cataplexy. This drug
has been studied in a phase 1b clinical trial in
sleep-deprived healthy adults and in patients
with narcolepsy (NCT03332784) [100, 101].
Another orexin-2-receptor-selective agonist,
TAK-994, is currently being investigated in a
phase 2 clinical trial for adults with NT1 and
NT2 (NCT04096560) [102, 103]. AXS-12 (re-
boxetine), a norepinephrine reuptake inhibitor,
is currently being investigated in a phase 3
clinical trial for the treatment of cataplexy in
adults with narcolepsy (trial initiation antici-
pated in Q3 2021) [104, 105]. SUVN-G3031,
which is a histamine H; receptor inverse agonist
[105], is also being evaluated for the treatment
of adults with narcolepsy with and without
catalepsy in a phase 2, double-blind, placebo-
controlled, parallel-group, multicenter study
(NCT04072380) [106].

TREATMENT DECISIONS

To achieve treatment success and improve
patients’ quality of life, it is important to
include the patients in treatment decisions [3].
This would help physicians to treat the pre-
dominant symptoms of narcolepsy (e.g., EDS,
cataplexy) as well as the symptoms that are of
most concern to patients [3]. In addition to the
clinical details of each individual patient, their
work schedule, caregiving responsibilities, life-
style, and past and current medication pre-
scriptions should be considered when choosing
the treatment for each patient, as shown in
Fig. 2 [3, 82]. The patient’s concomitant medi-
cations should be reviewed for agents that may
exacerbate the symptoms of narcolepsy or dis-
rupt the delicate balance between wakefulness
and sleepiness (e.g., gabapentin, opioids, alpha-
1 agonists) [3, 82]. Also, modafinil, armodafinil,
and pitolisant may interact with oral contra-
ceptives, so women using these agents for birth
control may need to consider an alternative
contraceptive method [3, 86]. Figure 2 shows
treatment considerations that can assist in
decision-making in patients with narcolepsy.
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Assess comorbidities Treatment considerations

Hypertension
Heart failure
Sedative medications
Alcohol consumption

Severe hepatic disease
Oral contraceptives

High CV risk
Glaucoma
Anxiety disorder

Potential for arrhythmias

Renal failure

Sedative medications
Depressive disorder

Psychotic disorder

Avoid sodium oxybate

Avoid modafinil,
armodafinil, and pitolisant

Avoid methylphenidate
and amphetamines

Avoid pitolisant

Avoid sodium oxybate
and solriamfetol

Avoid oxybates,
unless on PAP

Avoid Oxybates

Avoid methylphenidate,
amphetamines, oxybates

Fig. 2 Comorbidities to be considered when prescribing medications for narcolepsy. CV cardiovascular, OSA obstructive

sleep apnea, PAP positive airway pressure

Patient age is an important consideration in
choosing a treatment. Sodium oxybate is the
only anticataplectic medication with an

approved indication for pediatric narcolepsy
(children aged > 7 years) [79, 80]; some of the
methylphenidate and amphetamine stimulants
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approved for ADHD are also approved for nar-
colepsy [3] and, therefore, may be used in chil-
dren with EDS as the predominant symptom
[3, 107]. On the other hand, sodium oxybate
may not be suitable for adults who need to be
alert at night, such as those on-call at night or
those with caregiving responsibilities for young
children or elderly relatives [3]. Patients who
consume alcohol are not candidates for sodium
oxybate because of increased risk of respiratory
depression.

Older patients may have renal or hepatic
dysfunction that affects the clearance of some
drugs, increasing the risk of adverse events
[108]. For example, solriamfetol is largely
excreted in the urine, whereas pitolisant is
mainly metabolized by the cytochrome P450
system in the liver [84, 109]. Sodium oxybate
has a large salt content, which may adversely
affect those with renal dysfunction [3, 84].

Comorbidities, which are common in older
patients, may also affect drug choice (Fig. 2)
[3, 82]. As described earlier, orexin deficiency
blunts the usual drop in blood pressure and
heart rate that occurs during sleep [30], which
may place vulnerable individuals at an
increased risk of cardiovascular events [3].
Careful cardiovascular risk assessment is advis-
able, particularly in older patients or obese
individuals who may have hypertension, dia-
betes, hyperlipidemia, or other cardiovascular
risk factors [3, 82]. Pitolisant may prolong the
QT interval, placing patients at an increased risk
of arrhythmia, so it should be avoided in com-
bination with other agents that prolong the QT
interval [86]. The high sodium content of
sodium oxybate needs to be considered in
patients with cardiovascular conditions, such as
salt-sensitive hypertension or congestive heart
failure [82]; it may be advisable to use the lower-
sodium formulation in these patients [84].
Methylphenidate and amphetamines are con-
traindicated in patients with high cardiovascu-
lar risk or glaucoma [3, 82].

Cognitive impairment can be magnified in
older patients with narcolepsy, so effective
treatment in this age group is important for
both symptomatic relief and for ameliorating
the psychosocial impact of cognitive dysfunc-
tion. Profoundly sedating treatments, such as

oxybates, may increase the risk of falls in older
patients with nocturnal wandering or nocturia
(82, 110].

CONCLUSIONS

Narcolepsy is a frequently under-recognized
chronic disorder associated with significant
burden in the form of reduced quality of life
and productivity, as well as increased healthcare
resource utilization and costs. The discovery of
the loss of orexin neurons in CSF has paved the
way for a greater understanding of narcolepsy
and for the development of targeted therapies.
However, improvements in the recognition and
management of narcolepsy, especially in those
without cataplexy, are needed to reduce the
substantial burden on affected individuals.
Physicians should be alert to the possibility of a
narcolepsy diagnosis in all patients with persis-
tent EDS, especially if it is associated with signs
of REM disruption (such as cataplexy or sleep-
related hallucinations), and refer patients to a
center for sleep medicine for confirmation of
the diagnosis. Treatment decisions should take
into account a patient’s complete clinical and
psychosocial situation, particularly the symp-
toms that are most bothersome to the patient
and importantly the comorbidities that may
affect treatment choices.
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