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REVIEW ARTICLE - A SYSTEMATIC REVIEW

Unraveling Narcolepsy: A PRISMA-Compliant Systematic
Review on Definitions, Epidemiology, Pathophysiology,
and Future Perspectives

Alberto Labra’

ABSTRACT @ oPEN ACCESS

Introduction: Narcolepsy is a long-lasting neurological disorder that affects millions of individuals
worldwide. It causes excessive sleepiness during the day and cataplexy. Even though we know more
about its etiology and how to treat it, there are still many diagnostic and therapeutic challenges. This
review looks at what we know about narcolepsy. It covers what it is, how it is grouped, how common
it is, how it works in the body, how we find it, how we treat it, and what might happen in the future.

Methods: We searched the PubMed, Scopus, and Google Scholar websites for papers. We used words
like narcolepsy, diagnosis, cause, and treatment. We found 56 papers at first. After removing repeats
and papers that did not fit, we kept 48 papers. We followed the PRISMA rules for choosing articles.

Results: Narcolepsy type 1 is related to the loss of 85 to 95% of orexin-producing neurons in the lateral
hypothalamus. This happens because the immune system attacks these cells. This happens in people
who have a gene called HLA-DQB1*06:02. Around the world, its prevalence is 25 to 50 individuals
out of 100,000, but there are important variations in different Countries. Its diagnosis is made based
on polysomnography, multiple sleep latency tests, and measurement of hypocretin-1 in spinal fluid.
Treatment includes medication like modafinil, sodium oxybate, and pitolisant. Orexin receptor
agonists represent a promising future therapy.

Conclusions: Narcolepsy is an autoimmune neurodegenerative disorder with significant systemic
impact. Finding it early and using different treatments helps people feel better. Future work will look

at treatments that fix the cause and use computer tools to help find narcolepsy.
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1. Introduction

Narcolepsy is a serious chronic neurological disorder that affects millions around the world. It greatly reduces
daily functioning due to extreme daytime sleepiness and other symptoms, including cataplexy. It remains a
medical mystery. A full description of narcolepsy is needed to explain its definition, classification,
prevalence, possible causes, symptoms, diagnosis, treatment, and future research directions. Although
some aspects of narcolepsy are known, interest in this topic has grown recently, with important progress in
understanding its causes and treatments.

According to the International Classification of Sleep Disorders, third edition (ICSD-3) published in 2014,
narcolepsy is described as a main disorder of the central nervous system. It causes unstable changes
between sleep and wakefulness.” This disorder mainly shows as excessive daytime sleepiness (EDS) and
unusual REM sleep features like cataplexy, vivid hallucinations when falling asleep, and sleep paralysis. The
2014 classification splits narcolepsy into two types: Type 1 and Type 2.%?

1. Narcolepsy Type 1
Formerly called narcolepsy with cataplexy, narcolepsy type 1 (NT1) is mainly linked to a lack of the brain
chemical hypocretin (or orexin) in the hypothalamus. For diagnosis under ICSD-3, these criteria must be met:**
e Presence of EDS: The patient must have daily episodes of an uncontrollable need to sleep or daytime
sleep attacks lasting at least 3 months."?
e Meeting at least one of the following:
1. Cataplexy (sudden muscle weakness triggered by emotions) with a mean sleep latency of 8 minutes
or less and at least 2 sleep-onset REM periods (SOREMPs) on a multiple sleep latency test (MSLT). A
SOREMP on the previous night's sleep study may count as one of the SOREMPs on the MSLT.
2. Low levels of hypocretin-1 in the cerebrospinal fluid (< 110 pg/mL or less than one-third of normal values).

3,5,6,7

Narcolepsy Type 2

The former narcolepsy without cataplexy, is now called narcolepsy type 2 (NT2). This type is less understood
and its cause remains unknown. Its diagnosis requires stricter exclusion of other causes: *

e Daily episodes of an uncontrollable need to sleep or daytime sleep attacks lasting at least 3 months. 3°

¢ Confirmation by MSLT: A mean sleep latency of 8 minutes or less and at least 2 SOREMPs on the MSLT.
Like Type 1, a SOREMP on the previous night’s sleep study may count as one of them. 3’

¢ No cataplexy. *’

¢ Normal or not measured hypocretin levels: If measured, cerebrospinal fluid hypocretin-1 must be > 110
pg/mL. 33

e Exclusion of other causes: Symptoms and test results should not be better explained by things like sleep
deprivation, obstructive sleep apnea, circadian rhythm disorders, or effects of drugs/substances. **

It is important to keep in mind that according to ICSD-3, if a patient first diagnosed with Type 2 later
develops cataplexy or their hypocretin levels drop, the diagnosis should be changed to Narcolepsy Type 1.>¢

This condition is often overdiagnosed, and the term is sometimes used as a synonym for excessive
sleepiness, even though narcolepsy has specific diagnostic criteria and is not the only or most common
cause of sleepiness.

This review aims to cover this complex disorder fully by using a systematic review method following PRISMA
guidelines to identify published studies and critically analyze the current evidence about narcolepsy. The
goal is to present a complete overview of what narcolepsy is, in a comprehensive manner.

The main purpose of this review is to map current research on narcolepsy and give a clear and critical
summary of what is known. This should help doctors, researchers, and policy makers. To do this, we will
follow the PRISMA statement. The key objectives are to present an overview of current evidence on all parts
of narcolepsy and to find gaps in the research that need more study.
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Methods

In this study, we present a review of the available scientific literature on sleep disorders in older adults,
describing their types, prevalence, associated risk factors, diagnosis, and treatment. A systematic search
was conducted for articles published in English in the electronic databases PubMed, Scopus, and Google
Scholar using combinations of the following terms: narcolepsy, diagnosis, pathophysiology, and treatment.
Initially, 56 publications were identified. After removing duplicates and excluding publications that were not
relevant to the research questions posed, the selection process resulted in 48 publications that met the
inclusion criteria. Based on the information identified in these sources, we also sought to answer the
following questions:

* What is the biochemistry and pathophysiology of narcolepsy?

* What are the neural mechanisms underlying the generation of sleepiness and cataplexy?

* What are the epidemiological characteristics of narcolepsy?

* What are the clinical features of narcolepsy?

* What is the sleep architecture in patients with narcolepsy?

* What are the modern diagnostic tools for narcolepsy?

* What are the radiological findings in narcolepsy?

* What is the differential diagnosis of narcolepsy?

* What is the current treatment for narcolepsy?

* What is the prognosis of a narcoleptic patient?

* What are the future clinical perspectives in the diagnosis and management of narcolepsy?

The study selection process is presented using a flow diagram (Figure 1).

56 full-text articles identified:
PubMed

Google Scholar

Scopus

> 5 duplicated articles removed

v

51 full-text articles assessed for eligibility

3 articles excluded:
1in Spanish

1 in Danish

1in Japanese

v

48 articles included in systematic review

Figure 1: Flow diagram presenting the articles selection process
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1.Inclusion criteria.

* Peer-reviewed studies published in scientific journals.

¢ Studies published in the English language.

e Studies addressing the pathophysiology, diagnosis, or treatment of narcolepsy.
e Studies indexed in PubMed, Scopus, or Google Scholar.

2. Exclusion criteria.

* Duplicate records identified across different databases.
¢ Studies published in other languages.

e Studies that could not be obtained as full text.

What is The Biochemistry and Pathophysiology Of Narcolepsy?

Narcolepsy type 1 pathophysiology is related to a deficiency of a regulatory system in the brain.

The Orexin System

Narcolepsy is related to the loss of orexin-producer neurons (also called hypocretin).
e Origin and Structure: These neurons are in the side and front parts of the hypothalamus. There are about
70,000 to 100,000 of these cells, and they send projections to most parts of the central nervous system. 01
e Orexin Types and Receptors: There are two types: orexin A (hypocretin-1) and orexin B (hypocretin-2).
They work on two receptors called OX1R and OX2R. '1213

e Normal Function: Orexin helps keep us awake. It activates brain parts that make chemicals like

norepinephrine, serotonin, dopamine, and histamine. These keep us alert and help control sleep and wake
3,12,13,14

1,278

times. Orexin also helps control how we eat, feel reward, and manage body functions.
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Hypocretin neurons in the lateral hypothalamus coordinate arousal, reward,
neuroendocrine and autonomic functions by projecting to multiple brain regions.
Through these widespread connections, hypocretin signaling stabilizes wakefulmess,
promotes motivated behaviors and integrates homeostatic and stress responses

Figure 2: Orexins interactions in the Hypothalamus
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Pathophysiology of Narcolepsy Type 1
In NT1, most (85% to 95%) orexin-producing neurons are lost.?>'31

¢ Autoimmune Hypothesis: This loss seems to be mediated by an autoimmune attack to these neurons in
genetically predisposed patients.®’
e There is a strong association with the HLA-DQB1*06:02 allele, present in more than 98% of patients
with NT1.16"
e T cells (CD4+ and CD8+) that attack orexin neurons have been found. 71418

¢ Enviromental Factors: Infections like influenza (H1N1) or streptococcus and some vaccines (like Pandemrix)
may trigger the immune attack by a mechanism of molecular mimicry, whereby the immune system confuses
viral fragments with orexin neurons.?#%1¢

Mechanisms of Symptoms
Orexin deficiency leads to a destabilization of the control mechanisms of states of consciousness:

o Daytime Sleepiness: The lack of constant excitation of wake-promoting systems results in inconsistent
activity in these regions, causing frequent and involuntary lapses into sleep. This resembles an unstable
sleep-wake “switch” (flip-flop model).**

e Cataplexy and REM Sleep Intrusions: Orexin inhibits parts of REM sleep during waking. Without it, muscle
paralysis from REM sleep happens while awake. Strong emotions, like laughter, can cause sudden muscle
weakness, activating pathways in the amygdala and prefrontal cortex.

Narcolepsy Type 2
Pathophysiology of NT2 is less understood. People with NT2 usually have normal orexin levels and do not
have cataplexy. It might happen because they lose fewer orexin neurons or because of other unknown

reasons.?>1%20

What are the Neural Mechanisms for the Generation of Somnolence and Cataplexy?

Somnolence and cataplexy are related to the loss of orexin neurons in the lateral hypothalamus. This system
usually controls alertness and REM sleep. When it is gone, these controls fail.#*'

Sleepiness in narcolepsy is explained by the instability of sleep and wakefulness. The details are:*#¢714

e Loss of Arousogenic Signals: Orexin neurons normally send signals to brain areas that promote wakefulness.
These areas include the locus coeruleus (norepinephrine), the raphe nuclei (serotonin), the tuberomammillary
nucleus (histamine), the ventral tegmental area (dopamine), and the basal forebrain (acetylcholine).

e Inconsistent Activity: Without orexin, these brain areas work less steadily. This causes sleep attacks, or
sudden sleeping.

e Unstable Sleep-Wake Switch: The control of sleep and wakefulness resembles a switch in which the
regions promoting each state mutually inhibit one another to prevent intermediate states. Orexin stabilizes
this switch by reinforcing the wake state; without it, the switch becomes extremely sensitive to minor
perturbations, causing rapid and repeated transitions between sleep and wakefulness.

Epidemiological Characteristics
Narcolepsy shows different patterns according to geographic region and disease subtype. But we see similar
patterns regarding age of onset and overall distribution.

1. Prevalence and Incidence: Narcolepsy is rare in most parts of the world.

¢ Prevalence: Around the world, about 25 to 50 people out of 100,000 have narcolepsy. That is about 1 in
2,000 people.' 22235

e Incidence: Studies in places like Olmsted County in the USA show about 1.37 new cases per 100,000
people each year. In Nordic countries, it is about 0.74 new cases per 100,000 people each year.*?4%
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2. Geographic and Population Variations: We found important differences in the prevalence of narcolepsy in
different ethnic groups and countries. This is mostly linked to the gene called HLA-DQB1*06:02.3

e Japan: Japan has the highest prevalence, with 160 to 180 patients with narcolepsy out of 100,000
individuals.'#1%:%

e Israel and Saudi Arabia: These Countries have the fewest cases. They have less than 10 people with
narcolepsy out of 100,000. Some Jewish groups have as few as 0.14 cases per 100,000.%'>%

e Other groups: In Europe and North America, about 30 to 50 out of 100,000 have narcolepsy. For African
Americans, it is about 42 out of 100,000.32¢

3. Age of Onset: Narcolepsy usually starts early in life. But it often takes 8 to 15 years to get a diagnosis.*?#?
e Common age: Symptoms usually start between ages 10 and 25.">%

¢ Two peaks: Most cases start around age 15. The second peak starts near age 35.""12%

In children: About 10 to 15% start before age 10. Some rare cases start as early as 2 or 3 years old.'%2"2

4. Gender: There is some debate about how narcolepsy affects men and women.
General equity: Many studies show men and women get narcolepsy at about the same rate.
Men predominance: Some studies show men may be more affected. The ratio is about 1.6 to 1.8 men for

19,21,26

every woman.'®
¢ Narcolepsy Type 2: Data from the USA show that women may get this type more often.®
« Diagnosis delay: Women often wait longer for the right diagnosis. They also get wrong diagnoses more at first.>"

Clinical Features of Narcolepsy

Although narcolepsy frequently presents with excessive daytime sleepiness, there are some other signs and
symptoms defined by instability in sleep-wake transitions. This leads to a number of symptoms known as
the classic pentad, in addition to various comorbidities and automatic behaviors.##1328

1. The Classic Symptom Pentad: In the classic literature a tetrad was traditionally described but now, a pentad
of core symptoms is recognized:*"

o Excessive Daytime Sleepiness (EDS): This is the most common symptom and it is typically the first to
appear. It is an irresistible need to sleep and “sleep attacks” occurring throughout the day, even during
active activities such as talking or eating. Patients often feel refreshed after a brief nap, although sleepiness
recurs within a few hours.'*??

e Cataplexy: This is a very specific symptom and is pathognomonic for narcolepsy type 1. It appears as
sudden, brief episodes of partial or complete loss of voluntary muscle tone, triggered by intense emotions,
primarily positive ones such as laughter or surprise. The patient remains totally conscious during the
episode.>" %3

e Sleep Paralysis: A temporary inability to move or speak occurring during transitions between sleep and
wakefulness. Episodes generally last few minutes and may be very distressing for the patient.'’ %%

e Sleep-Related Hallucinations: Vivid, terrifying, dream-like experiences that occur during sleep onset
(hypnagogic) or upon awakening (hypnopompic). They reflect the intrusion of rapid eye movement (REM)
sleep elements into the waking state.®?*??

e Fragmented Nighttime Sleep (DNS): Despite daytime somnolence, patients are unable to maintain

continuous sleep during the night, presenting frequent and brief awakenings.'#2>3°

2. Other Symptoms and Clinical Signs

¢ Automatic Behaviors: Patients may unconsciously continue performing tasks (like writing or driving) while
appearing awake, with no subsequent recall of the events.'?"

e Weight Gain and Obesity: A tendency to weight gain is observed, particularly at the beginnig of
symptoms. In children, a rapid weight increase of 9 to 18 kg has been documented at symptom onset.?"*!
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¢ Cognitive Dysfunction: Impairments in attention and concentration, as well as a subjective sensation of
“mental fog” or memory lapses.'?133

e Autonomic Dysregulation: Nocturnal sweating, syncope, cold extremities, erectile dysfunction, and
alterations in heart rate variability.*'33

3. Neuropsychiatric and Medical Comorbidities: This disease frequently occurs along with other conditions,
complicating the clinical picture:

¢ Mood Disorders: Depression and anxiety are common, present in approximately one-third of patients.
e Attention-Deficit/Hyperactivity Disorder: Attention-deficit/hyperactivity disorder (ADHD) is common,
affecting up to 15-30% of children with narcolepsy.®'

e Other Sleep Disorders: Increased prevalence of obstructive sleep apnea, periodic limb movement
disorder, and REM sleep behavior disorder (RBD) has been reported.281>32

1,26,31

4. Age-Related Differences: In children and adolescents, the clinical presentation may be different.*"”

e Paradoxical hyperactivity or irritability may occur instead of somnolence.

e Cataplexy may be atypical, manifesting as a “cataplectic facies” (open mouth, tongue protrusion) rather
than complete collapses.™

e Precocious puberty is commonly observed, related to hypothalamic involvement.*

5. Findings on Diagnostic Tests: Objective data are required for a definitive diagnosis:

¢ Polysomnography (PSG): Shows a short REM sleep latency (<15 minutes), sleep fragmentation, and
frequent awakenings.>%*

o Multiple Sleep Latency Test (MSLT): A mean sleep latency of <8 minutes and the presence of =2 sleep-
onset REM periods (SOREMPs).?>17

¢ Hypocretin (Orexin) Levels: In narcolepsy type 1, cerebrospinal fluid orexin levels are low or undetectable
(<110 pg/mL).5"

¢ Genetics: Over 98% of patients with type 1 narcolepsy are positive for the HLA-DQB1*06:02 allele.?3*

How is the Sleep Architecture in Patients with Narcolepsy?

It is characterized by a general instability of wakefulness and sleep states, resulting in fragmentation of both,
nocturnal sleep and daytime alertness. Individuals with narcolepsy show abnormally rapid state transitions,
with frequent intrusions of rapid eye movement (REM) sleep elements into wakefulness and vice versa.'?3

1. Sleep Onset and REM Latency

e Short sleep latency: Patients fall asleep rapidly, often in less than 8 minutes, both during daytime tests and
at night onset.”®

e Sleep-onset REM periods (SOREMPs): They are the electrophysiological hallmark of this condition, defined
by the occurrence of REM sleep within the first 15 minutes of sleep onset. In healthy individuals, REM sleep
appears after approximately 90 minutes of non-REM (NREM) sleep.™ %213

¢ Reduced REM latency: Even in the absence of an immediate SOREMP, the average time to the first REM
episode is clearly shorter than in the general population (approximately 31 minutes vs. 93 minutes).™

2. Sleep Organization and Stages (NREM and REM)

e Increased Stage 1 (N1): There is an increase of light sleep (N1), contributing to the perception of non-
restorative sleep.?1230

¢ Instability of Stages N2 and N3: Slow-wave sleep (N3) is frequently fragmented and decreases after the
first few sleep cycles, particularly in narcolepsy type 1.3%%

e Fragmented REM sleep: Although total REM duration is tnormal, this stage is divided into shorter, more
frequent episodes across the 24-hour period.™"”

3. Fragmented Nocturnal Sleep (DNS)
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e Frequent awakenings: Despite daytime sleepiness, patients tend experience considerable difficulty
maintaining continuous sleep during the night. They present a number of brief awakenings and arousals,
with a microarousal index higher than normal.?2>%

e Increased stage transitions: An unusually high number of shifts between sleep stages (e.g., from REM to
wakefulness or from N2 to N1) is observed.’'

4. Total Sleep Time and Efficiency

¢ Normal total sleep time: Interestingly, over a 24-hour period, the total amount of sleep accumulated by an
adult with narcolepsy is generally within normal limits, but distributed dysfunctionally between day and night." %%
e Low sleep efficiency: Owing to awakenings and time spent awake after sleep onset (WASO), nocturnal
sleep efficiency is notably lower than that of healthy individuals.'’?33°

5. State Dissociation

Sleep architecture in narcolepsy shows what has been called “loss of state boundary control”. This indicates
that the boundaries between wakefulness, NREM sleep, and REM sleep are blurred, allowing phenomena
such as REM-related muscle atonia to occur during wakefulness (cataplexy) or dream-like activity to manifest
upon awakening or falling asleep (hallucinations).?**

Current Diagnostic Tools for Narcolepsy

The diagnosis of narcolepsy has evolved from a purely clinical assessment to the integration of biological
and technological tools. Modern diagnostic modalities range from the electrophysiological gold standard
to artificial intelligence applications and molecular biomarkers.

1. Standard Diagnostic Tools (Gold Standard)

Although traditional, these are still the cornerstone of current diagnosis according to the ICSD-3-TR:"2"

¢ Nocturnal Polysomnography (PSG): Performed to exclude other sleep disorders and to detect sleep-onset
rapid eye movement periods (SOREMPs) occurring within less than 15 minutes of sleep onset.?®

e Multiple Sleep Latency Test (MSLT): Assesses daytime sleep propensity through five scheduled nap
opportunities. A positive diagnosis requires a mean sleep latency of < 8 minutes and the presence of at
least two SOREMPs. ™72

2. Biological and Genetic Biomarkers

These modern tools allow us to have a definitive diagnosis, particularly for narcolepsy type 1 (NT1):

¢ Cerebrospinal Fluid (CSF) Hypocretin-1 (Orexin-A) Levels: Measurement via radioimmunoassay (RIA)
represents the most reliable biological marker. Levels < 110 pg/mL are diagnostic of NT1.33

¢ HLA Typing: Detection of the HLA-DQB1*06:02 allele serves as a supportive tool, as it is present in over
95% of patients with NT1. Its absence renders a diagnosis of NT1 highly unlikely.?'¢?’

3. Technological and Emerging Tools

Recent research has introduced more precise and less invasive methods:

o Artificial Intelligence and Machine Leaming: Algorithms are used for automated polysomnography scoring,
achieving greater consistency than human technicians. This includes the generation of hypnodensity graphs,
which depict probabilities of sleep states rather than discrete labels, thereby enabling the identification of
“state dissociation” patterns characteristic of narcolepsy within a single night of PSG.>3*

e Actigraphy and Wearable Devices: The use of smartwatches and medical-grade actigraphs allows for the
monitoring of sleep-wake cycles at home over a period of one to two weeks. These are very important for
excluding chronic sleep deprivation or circadian rhythm disorders prior to laboratory-based testing.’’*

¢ Ambulatory and Continuous Polysomnography (D-PSG): Monitoring over 24 to 48 hours under “free-
moving” or home conditions enables the capture of spontaneous daytime SOREMPs in a more natural
setting compared to the MSLT. In children, a single daytime SOREMP in this format has demonstrated high
diagnostic reliability.>’>3
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¢ Automated Video Analysis for Cataplexy: Tools are being developed to document and analyze cataplexy
episodes via video recording, facilitating the differentiation between genuine attacks and simulation or
psychiatric disorders.®’

4. Validated Clinical Scales

Modern screening instruments assist in early detection and referral to specialists:®'
¢ Narcolepsy Severity Scale (NSS): Quantifies disease burden and core symptoms.®'
¢ Swiss Narcolepsy Scale (SNS): Has demonstrated high sensitivity and specificity (approximately 90%) for
identifying narcolepsy with cataplexy.?’2®
e Epworth Sleepiness Scale (ESS) and its Pediatric Version (ESS-CHAD): Standard tools for quantifying
subjective sleepiness.””?

5. Future Directions

¢ Proteomics and Metabolomics: The search for blood biomarkers that may obviate the need for lumbar
puncture.>’

¢ Advanced Neuroimaging: Techniques such as functional MRI (fMRI), positron emission tomography (PET),
and magnetic resonance spectroscopy (MRS) to identify alterations in the hypothalamus and limbic circuits.?*'

What are the Radiological Findings in Narcolepsy?

Radiological studies are not routinely used for the clinical diagnosis of narcolepsy, but they have provided
crucial insights into structural and functional brain alterations, particularly in narcolepsy type 1. MRI, PET,
and single-photon emission computed tomography (SPECT) have shown abnormalities on the hypothalamus
and its projection networks (Figure 3).3'%

Cataplexy - Awake

e N;‘

/4

» 2
o
@ il g

P

Figure 3: Cerebral perfusion changes during cataplexy in narcolepsy patients
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1. Structural Alterations (MRI and Morphometry)

¢ Hypothalamus: Voxel-based morphometry (VBM) studies have demonstrated an important reduction in
gray matter in the hypothalamus. This finding is consistent with the selective loss of orexin-producing
neurons in this region.'

e Other Subcortical Areas: Decreased gray matter volume has been observed in the thalamus, nucleus
accumbens, and basal ganglia.

¢ Hippocampus and Amygdala: Manual volumetry and advanced techniques have identified reduced
hippocampal and amygdalar volumes. In children with secondary narcolepsy, a reduction in the size of the
left amygdala and brainstem has also been documented."4°

¢ Cerebral Cortex: Progressive cortical thinning has been detected in the prefrontal, orbitofrontal, cingulate,
and superior temporal regions. The degree of thinning in prefrontal areas correlates inversely with disease
severity.

2. Functional Findings (PET and SPECT)

¢ Glucose Metabolism (PET): During wakefulness, patients exhibit glucose hypometabolism in the
hypothalamic-thalamic-orbitofrontal pathways. On the other hand, during cataplexy attacks, increased
metabolism has been observed in the primary somatosensory cortex.

e Cerebral Perfusion (SPECT): In the alert state, there is a reduction of blood flow in the anterior
hypothalamus, caudate nucleus, pulvinar nuclei of the thalamus, and the prefrontal and parahippocampal
cortices (Figure 3).26%

e Activation in Cataplexy: During a cataplexy attack, SPECT shows hyperperfusion in the right amygdala,
basal ganglia, thalamus, and brainstem, accompanied by hypoperfusion in the prefrontal cortex. This finding
suggests that cataplexy results from the activation of an amygdala-cortical-basal ganglia-brainstem
circuit.?63137

3. White Matter Integrity (DTI)

e Diffusion Tensor Imaging (DTI): Reductions in fractional anisotropy (FA) have been found, indicating
impaired white matter integrity in the hypothalamus, brainstem, corpus callosum, and fasciculi connecting
the frontal, temporal, and occipital lobes. These alterations are related to both clinical symptoms and
neurophysiological findings.?'*

4. Metabolic Findings (MR Spectroscopy - MRS)
o N-Acetyl/Aaspartate Content: A reduction in the N-acetylaspartate/creatine (NAA/Cr) ratio has been
documented in the hypothalamus, providing in vivo evidence of neuronal damage or loss in this region.?

Although these findings are consistent across research studies, routine brain MRI is generally reported as
normal in patients with idiopathic narcolepsy. Its primary clinical use is to rule out causes of secondary
narcolepsy, such as hypothalamic tumors, demyelination (multiple sclerosis), stroke, or traumatic lesions.?#2

What is The Differential Diagnosis of Narcolepsy?

Differential diagnosis of this condition is broad and complex, as its symptoms -particularly excessive daytime
sleepiness- can be caused by multiple sleep disorders, medical conditions, psychiatric disorders, and
substance use.’?

1. Differential Diagnosis of Excessive Daytime Sleepiness (EDS)
Given that excessive daytime sleepiness is the most common and earliest symptom to appear in narcolepsy,
it is necessary to rule out other conditions that generate hypersomnolence.??'
e Sleep Disorders:
e Sleep deprivation (Insufficient sleep syndrome): This is a common cause of sleepiness. Sleepiness
improves after prolonged periods of rest (weekends or vacations).?*
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e Obstructive sleep apnea (OSA): Its common symptoms are snoring and witnessed breathing pauses
during sleep. Unlike narcoleptic patients, individuals with OSA often wake up feeling tired and their
sleep is non-restorative.””
¢ |diopathic hypersomnia: This is differentiated from narcolepsy by presenting with very prolonged
nocturnal sleep (>10-11 hours), long non-restorative naps, and marked sleep inertia (severe difficulty
awakening).?®3>
e Circadian rhythm sleep-wake disorders: Examples are delayed sleep-wake phase disorder or shift
work disorder, where sleepiness is due to a misalignment of the circadian timing system.??!
¢ Kleine-Levin syndrome: A rare condition presenting as an episodic hypersomnia (lasting days or
weeks) associated with cognitive and behavioral changes (hyperphagia, hypersexuality).’?
¢ Medical and Neurological Conditions: Hypothyroidism, Parkinson’s disease, traumatic brain injury, and
genetic syndromes such as Prader-Willi syndrome or myotonic dystrophy.”?’
e Psychiatric Disorders: Major depressive disorder and bipolar disorder may manifest with sleepiness and
increased time in bed; however, objective testing (MSLT) usually does not show a pathologically short sleep
latency."?
¢ Medications and Substances: Sedating drugs (benzodiazepines, antihistamines, opioids), anticonvulsants,
and alcohol consumption.??'

2. Differential Diagnosis of Cataplexy

Cataplexy is the most specific symptom of narcolepsy type 1, but it can be confused with other paroxysmal
events.2¢

e Syncope and Falls: Unlike cataplexy, syncope involves a loss of consciousness.

e Epilepsy: Particularly akinetic seizures or gelastic seizures (the latter can mimic the laughter that precedes
an attack).®

¢ Pseudocataplexy: These are psychogenic attacks that mimic cataplexy but have variable durations, atypical
triggers, and preserved deep tendon reflexes.®

¢ Normal Phenomena: The sensation of “weakness with laughter” occurs in 5-10% of the healthy population
but is less severe and usually not visible to others.®

¢ Neurological Disorders: Transient ischemic attacks (TIAs), postural hypotension, vestibular disorders, and
motor weakness due to brainstem lesions.>*

3. Differential Diagnosis of REM Phenomena (Sleep Paralysis and Hallucinations)

e General Population: About 20% of healthy individuals may occasionally experience sleep paralysis or
hypnagogic hallucinations, mainly during severe sleep deprivation or stress.?¢

e Schizophrenia: Hallucinations in narcolepsy are typically visual, vivid, and occur at the sleep-wake
transition, but in psychotic disorders, they tend to be unimodal auditory and persistent during full
wakefulness.”#

¢ REM Sleep Behavior Disorder (RBD): In narcolepsy, it may be an intrinsic symptom or a comorbidity; but
in older patients without narcolepsy, it may be a precursor to neurodegenerative diseases.’>?

In rare cases, narcolepsy can be secondary, manifesting as a symptom of a structural lesion in the
hypothalamus (like tumors, sarcoidosis, multiple sclerosis, or stroke). Therefore, in the presence of focal
neurological deficits, evaluation with brain MRI should be considered.?®

What is the Current Treatment for Narcolepsy?

This condition is chronic so its treatment is only palliative, focusing on symptom management to improve
the patient’s quality of life and functional capacity. The ideal approach combines non-pharmacological and
pharmacological strategies tailored to the patient’s age, symptom severity, and comorbidities.>?3

1. Non-Pharmacological and Lifestyle Management: This should always represent an initial or complementary
step to enhance the efficacy of medications.>”
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* Scheduled Naps: Short naps of 15 to 20 minutes during the day can transiently improve alertness and
reduce the need for high doses of stimulants.

* Sleep Hygiene: Maintaining regular sleep and wake times, ensuring sufficient duration of nocturnal sleep.?'>#!
¢ Diet and Exercise: Regular exercise and a balanced diet, often low in carbohydrates, are advised to treat
sleepiness and the weight gain commonly observed in these patients.**?

* Psychosocial Support: Cognitive-behavioral therapy (CBT), counseling, and support groups are vital for
managing the associated emotional impact, depression, and anxiety.”'%'3

2. Symptom-Based Pharmacological Treatment: Drugs are selected based on the predominant symptom
(excessive daytime sleepiness or cataplexy) and in accordance with international guidelines (AASM and
European guidelines).>”'3
Excessive Daytime Sleepiness (EDS)
¢ First-Line Agents:
> Modafinil and Armodafinil: These are atypical stimulants that inhibit dopamine reuptake; they are well-
tolerated and have a low potential for abuse.?**?
> Pitolisant: An antagonist/inverse agonist of the histamine H3 receptor that increases histamine levels
in the brain to promote wakefulness.?*'
> Solriamfetol: A dopamine and norepinephrine reuptake inhibitor with efficacy demonstrated in clinical
trials.

¢ Second- and Third-Line Agents:
o Traditional Stimulants: Methylphenidate and amphetamines (dextroamphetamine). These are potent
but are considered second or third-line options due to their cardiovascular side effects and higher abuse
potential.”"?

Cataplexy

* Oxybates (Sodium Oxybate): The gold standard for the treatment of cataplexy, excessive daytime
sleepiness, and fragmented nocturnal sleep simultaneously. New low-sodium (LXB) and once-nightly (ON-
SXB) formulations are available.’>%?

* Pitolisant: In addition to treating sleepiness, it has been shown to be effective in reducing the frequency
of cataplexy attacks.®'#*’

* Antidepressants (Off-Label Use): SNRIs (like venlafaxine), SSRIs (fluoxetine), and tricyclics (clomipramine)
are frequently used to suppress REM sleep and cataplexy, although they are not specifically approved for
narcolepsy in many countries.?3*"

Fragmented Nocturnal Sleep (FNS) and REM Phenomena: Sodium oxybate is the most effective therapy for
consolidating nocturnal sleep and reducing hallucinations and sleep paralysis.?®2?32

3. Considerations in Special Populations

¢ Children: FDA and EMA have approved sodium oxybate (in children = 7 years) and pitolisant (in children
> 6 years). Modafinil and methylphenidate are commonly used off-label.'>3%42

* Pregnancy: Discontinuation of medication is generally recommended due to potential teratogenic and
cardiovascular risks. If treatment is indispensable due to severe symptoms, the risks and benefits must be
evaluated individually."'32

4. Treatments Under Investigation: The future of treatment points toward therapies targeting the underlying cause:
* Orexin Receptor Agonists: Small molecules (like TAK-925, TAK-861, or oveporexton) that mimic the
function ofs orexins. They have shown promising results in normalizing alertness and reducing cataplexy in
phase 2 trials.?83740

* Immunotherapy: The use of immunoglobulins or steroids near disease onset to prevent the destruction of
orexin neurons is still experimental, with mixed results.'’*03#
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What is the Prognosis for a Patient with Narcolepsy?
Symptoms can be effectively managed in most cases with a combination of pharmacological treatments and
lifestyle modifications. Consequently, the prognosis for these patients is generally favorable.'>”

1. Life Expectancy and Diagnostic Stability

o Life Expectancy: Narcolepsy does not reduce life expectancy, and patients typically have a normal lifespan.
However, some studies have documented a 1.5-fold increase in mortality rate compared to the general
population, which may be linked to comorbidities (such as cardiovascular disease) and an increased risk of
accidents.>"?

o Stability According to Narcolepsy Type: Narcolepsy Type 1 (NT1) is a highly stable diagnosis; more than
95% of patients retain this diagnosis over time. Conversely, Narcolepsy Type 2 (NT2) is a more unstable
diagnosis; between 10% and 20% of these patients may develop cataplexy years after the onset of
sleepiness, resulting in a diagnostic reclassification to Type 1. In other cases of narcolepsy, symptoms may

remit spontaneously.®’*

2. Evolution of Symptoms with Age

Symptoms are not typically progressive in the sense of continuous neurological deterioration; but they do
evolve.®™

¢ Improvement: The severity of excessive daytime sleepiness (EDS) and the frequency of cataplexy tend to
decrease or stabilize with age. Some patients report that hallucinations and sleep paralysis disappear as
they age.?>*

¢ Worsening: Fragmented nocturnal sleep generally worsens with age, due to the emergence of other age-
related sleep disorders, such as sleep apnea.”

3. Impact on Function and Quality of Life

¢ Treatment Response: With appropriate treatment, approximately 80% of patients achieve normal function
in their daily activities. However, residual sleepiness or fatigue may persist; as fewer than half of treated
patients achieve complete normalization of their alertness levels.*?'??

¢ Psychosocial Challenges: The disease imposes a significant burden on academic performance, work
productivity, and social relationships. The risk of traffic accidents is 3 to 5 times higher than in the healthy
population if symptoms are not strictly controlled.?384243

¢ Comorbidities: Long-term prognosis also depends on the management of associated conditions, such as
obesity (particularly pronounced at disease onset), depression, and anxiety. These affect one-third of
patients and can significantly impair quality of life.®*

4. Importance of Early Diagnosis

Prognosis improves considerably with early diagnosis. A prolonged delay is associated with greater
academic failure, low self-esteem, and persistent difficulties in professional and social development that are
difficult to reverse once adult life is established. 384344

What are the Future Clinical Perspectives in the Diagnosis and Management of

Narcolepsy?

Future expectations for narcolepsy are centered on transforming diagnosis toward more precise and less
invasive methods, as well as evolving treatment from symptom control toward therapies that address the
underlying biological cause.

1. Future of Diagnosis. The primary objective is to reduce diagnostic delay and improve differentiation
between narcolepsy subtypes and other hypersomnias.*>#
e Artificial Intelligence (Al) and Machine Leaming.
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* Home Monitoring and Wearables.

e Search for Novel Biomarkers.

* Automated Detection of Cataplexy: The use of automated video analysis via smartphones or clinical
cameras could standardize the diagnosis of cataplexy, helping to distinguish it from its mimics.®’
 Refinement of Clinical Criteria: A revision of the ICSD-3 classification has been proposed to include
diagnostic probability scales and to assign greater weight to clinical phenotypes and molecular biomarkers
over current electrophysiological tests, which often exhibit low reproducibility.>'

2. Future of Management and Treatment: The focus is shifting from only promoting wakefulness to restoring
orexin signaling and immunomodulation.?’/1247.48

* Orexin Receptor Agonists: These are considered the “ideal therapy,” analogous to insulin for type 1
diabetes. Small molecules such as TAK-925, TAK-861, danavorexton, and oveporexton have shown
revolutionary results in phase 2 trials, achieving near-complete normalization of alertness and a great
reduction in cataplexy.>'"

* Precision Immunotherapy: If the autoimmune hypothesis is definitively confirmed, future treatment could
include specific monoclonal antibodies to stop the loss of orexin neurons if administered very close to
symptom onset.>'82

* Gene and Cell Replacement Therapies: Although still in the experimental phase in animal models, gene
transfer to induce other neurons to produce orexin, or the transplantation of neurons derived from induced
pluripotent stem cells (iPSCs), is being explored.

* Novel Pharmacological Formulations: The advent of single-nightly-dose oxybates with reduced sodium
content is anticipated, as well as new histamine H3 receptor inverse agonists to improve sleepiness with
fewer side effects.

* Precision Medicine: The use of pharmacogenomics will enable the selection of the ideal medication and
dosage based on each patient’s genetic variants, thereby avoiding adverse reactions and maximizing efficacy.
* Comprehensive and Personalized Care: Future perspectives demand management that extends beyond
sleepiness and cataplexy (the classic pentad) to proactively address metabolic (obesity), psychiatric, and
cognitive comorbidities, incorporating patient-reported outcome measures.

Discussion

Narcolepsy goes beyond about being very sleepy. It is a condition where sleep and wake states mix up. In
type 1 narcolepsy, people lose orexin neurons. This causes sleepiness and makes the switch between sleep
and wake unstable. Because of this, REM sleep presents while awake. This causes symptoms like cataplexy,
hallucinations, and sleep paralysis. We should think of narcolepsy as a disorder of sleep and wake stability,
not just too much sleepiness. This change helps us understand symptoms and pick treatments better. It
takes a long time to diagnose narcolepsy. This delay is a problem, as early diagnosis leads to better academic
and profesional results, fewer accidents, and better life quality. Narcolepsy is, interestingly, both overdiagnosed
and underdiagnosed. Healthcare professionals, as well as the general population, tend to think of narcolepsy
in any case of daytime sleepiness, but on the other hand, we do not have the complete picture of what
narcolepsy is. Some also mistake cataplexy for mental health issues. We need better training for doctors.

This is a condition with systemic impact. Excessive daytime sleepiness, cataplexy, sleep paralysis, hallucinations,
and fragmented sleep constitute the defining symptoms of the clinical picture; however, it must be
recognized that narcolepsy is a multisystemic disorder. It is associated with metabolic comorbidities (rapid-
onset obesity), psychiatric comorbidities (depression, anxiety), and developmental comorbidities (attention-
deficit/hyperactivity disorder and precocious puberty in children), in addition to having a significant
cognitive impact that becomes evident in the patient’s school or work performance, as well as the risk of
traffic accidents due to sleepiness. A critical gap persists, with a delay from symptoms onset to definitive
diagnosis. This delay is more pronounced in women and children, leading to serious consequences for
patients’ academic, professional, and emotional development. The electrophysiological hallmark of the
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disease is the sleep-onset REM period (SOREMP) occurring within less than 15-20 minutes. Despite daytime
sleepiness, nighttime sleep is paradoxically fragmented and of poor quality, characterized by multiple brief
awakenings that prevent consolidated rest.

Narcolepsy patients often have other health problems. Many have obesity, depression, anxiety, or ADHD,
so the clinical context, in many patients, go beyond orexin loss. If we only treat sleep, we miss these issues.
We should care for nutrition, mental health, and thinking skills as well. This will help patients beyond giving
medicine.

Technology can help in diagnosis. Al may score sleep tests automatically. Wearable devices may monitor
sleep at home. Video may spot cataplexy. These tools can make diagnosis faster and easier. For example,
24-hour home monitoring could catch daytime sleep episodes. This might reduce needing expensive sleep
tests, especially in kids. Together with blood tests, these tools could make diagnosing narcolepsy easier.

We know now that there is no cure for narcolepsy. Treatment helps on symptoms control through stimulants
(modafinil, solriamfetol) and agents that stabilize sleep and reduce cataplexy (oxybates, pitolisant). Non-
pharmacological strategies, such as scheduled naps, are essential complements for daily functioning.

Treatment has improved but still mainly helps symptoms. New drugs like pitolisant and solriamfetol give
more choices beyond old stimulants and antidepressants. New low-sodium oxybate forms cause fewer side
effects. The most hopeful treatments are orexin receptor agonists being tested now. They may fix the cause
instead of just symptoms.

Conclusions

Narcolepsy is a disease that, although not highly prevalent, is widely recognized among the general
population. However, it is frequently overdiagnosed in clinical practice, and healthcare professionals continue
to harbor numerous misconceptions regarding its diagnosis, treatment, and, most notably, its prognosis.

The disease is neurodegenerative condition. NT1 is a disorder arising from the selective loss of orexin-
producing neurons in the lateral hypothalamus. This neuronal destruction, which ranges from 85% to 95%,
is likely of autoimmune origin mediated by T lymphocytes in genetically predisposed individuals carrying
the HLA-DQB1*06:02 allele.

We now know that narcolepshy rather than being just an excessive sleep condition, represents a general
instability of the boundaries between wakefulness and sleep. This leads to the classical elements of REM
sleep, such as muscle atonia (reflected in cataplexy) or dream-like activity (manifested as hallucinations),
intrusively infiltrating the wakeful state.

The future of treatment points toward orexin receptor agonists, which aim to restore lost signaling rather
than merely masking symptoms. Likewise, the use of artificial intelligence for automated polysomnography
analysis promises to reduce diagnostic errors and standardize clinical evaluation. It is crucial to remember
that, despite being a disease that can have devastating consequences, when patients are adequately
treated, they can enjoy a normal quality of life and academic and occupational performance.
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