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Abstract

Purpose of Review We performed a literature search to generate incidence and prevalence rates of narcolepsy in diverse
populations based on current available data.

Recent Findings With an onset in childhood, narcolepsy often has a delayed diagnosis due to symptoms of excessive
daytime sleepiness not being recognized or being misdiagnosed. Clinical, electrophysiological, and biological tests are
needed in order to diagnose narcolepsy. At the same time, the discovery of the link with the immunoregulatory human
leukocyte antigen complex and the adverse events in relation to the HIN1 pandemic vaccines have shuffled the
epidemiological numbers.

Summary In this meta-review, we pooled incidence rates and prevalence rates reported in 30 countries or from 209 sets of data.
Findings are reported per age, continent, and proxy race/ethnicity as well as period (i.e., before/after the pandemic). This meta-
review showed that narcolepsy occurs in 0.87-1.21 of the world population, with specifically NT1 being investigated. Its pooled
incidence rate in vaccinated samples is 1.58. There is furthermore an underreporting of narcolepsy in ethnic/race and gender
minorities, of childhood narcolepsy type 2 and potential comorbid conditions masking the clinical complaints and hence timely

diagnosis.

Keywords Narcolepsy - Excessive daytime somnolence - Prevalence - Incidence

Introduction

Narcolepsy is a chronic sleep disorder characterized by
excessive daytime sleepiness with or without cataplexy,
or episodes of muscle weakness triggered by strong
emotions: narcolepsy type 1 (NT1) and narcolepsy type
2 (NT2), respectively [1]. Both genetic and epidemio-
logical evidence suggest an autoimmune mechanism in
the destruction, or a highly specific loss, of orexin/
hypocretin neurons, while influenza A infection and im-
munization have been proposed as the highest environ-
mental risk factors [2e, 3].

Overnight polysomnography and the multiple sleep la-
tency test (MSLT) reveal short sleep latencies and rapid
eye movement (REM) periods characterizing the sleep

This article is part of the Topical Collection on Sleep and Health
Disparities

D4 Karen Spruyt
karen.spruyt@inserm.fr; karen.spruyt@univ-lyonl.fr

' School of Medicine, INSERM, University Claude Bernard,
Lyon, France

architecture of individuals with narcolepsy [1]. Human
leukocyte antigen (HLA) typing has been suggested as a
useful test to screen familial risk [4¢°]; however, suscep-
tibility for a number of neurodegenerative diseases, for
example, Alzheimer disease, equally associates to this im-
munoregulatory complex.

To date, the diagnosis of narcolepsy is still secured by
clinical, electrophysiological, and biological evaluations
often leading to a delayed diagnosis, e.g., 8.7 to 22.1 years
[5], at risk of misdiagnosis [6]. In 2010, Sweden and
Finland flagged adverse events to the HIN1 pandemic
vaccinations as narcolepsy [7]. At the same time, two up-
surges are noticed in the scientific literature: studies apply-
ing the Brighton Collaboration case definitions towards
narcolepsy diagnosis, and alternatively, studies debating
the roles of HLA [8] and HIN1 [9] in narcolepsy.
Consequently, both issues suggest that the year 2009 is a
turning point for narcolepsy research.

In an era of increased sleepiness complaints at societal
level; a new pandemic, COVID-19; and personalized
medicine, we aim to systematically review the literature
concerning the presentation of narcolepsy in diverse
populations.
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Methods
Procedure

A systematic literature search in PubMed, Scopus, and Web of
Science was executed. The terms narcolepsy combined with
ethnicity, race, neurodevelopmental disorder, neurologic dis-
order, psychopathology, sleep disorder, and epidemiology
were used, and studies were selected per PRISMA guidelines
(Fig. 1). Because a substantial amount of studies “hit” on
“gender” due to, for instance, matching on gender of study
samples, we searched narcolepsy with “gender” in title sepa-
rately. The search was limited to 2017 up until 31 August
2020. All types of study designs were allowed.

Statistical Analyses

Statistica (TIBCO version 13) will be used for descriptive
analyses. Means with standard deviations (SD) or percentages
when applicable will be printed. Comprehensive meta-
analysis software (version 3.3.070) was used for the meta-
analyses.

We will report only the point estimate with 95% confidence
intervals (95% CI) or standard error, and the number of
datasets (k) included. Given that rates will be mainly popula-
tion-based, i.e., huge ns, they will not be printed. The /-square
(12) with thresholds of 25%, 50%, and 75% will be considered
low, moderate, and high heterogeneity, being the percentage

Fig. 1 Flowchart of selected

of true observed total variance across studies. A two-tailed P
value < 0.05 was applied as statistically significant.

Data Management: Continent, Race/Ethnicity, Age,
and Pandemic Information

From the literature, we extracted when possible the event and
sample size to (re)calculate the point estimate and its 95% CI
such that rounding errors of reported rates would not jeopar-
dize further statistical analysis. In addition, when possible, we
(re)calculated incidence to prevalence rates, and vice versa.
Population-based data were divided into continents and
ethnicity/race groups. Countries encountered were European
continent: Czech-Republic, Denmark, Finland, France,
Germany, Ireland, Italy, Norway, Slovakia, Spain,
Switzerland, and the UK; North America: Brazil, Canada,
Mexico, and the USA; and Asia: China, India, Iran, Israel,
Japan, Kuwait, Korea, Saudi-Arabia, Singapore, Taiwan,
and Turkey. Unless specifically reported, the ethnicity/race
was inferred from the country/continent, that is, Amerindian:
North, South, and Central America; Asian: Far East and South
East Asia, Indian subcontinent, China, India, Japan, and
Korea; Black: data were from the USA; and White/
Caucasian: Europe, Middle East, and North Africa. This cat-
egorization is based on the National Institute of Health
Diversity Programs definitions (see NOT-OD-15-053). Also,
regarding age, we applied a categorization when possible:
children < 19 years, adults > 19 years, and all-encompassing
the child-adult age range as well as a combination of these
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three categories as a total age group (excluding overlaps of
equivalent sets of data). Of note, the child-adult age range
category reflects sets of data including ages below and above
19 years old that could not be split into children/adults sepa-
rately. When reported, we also extracted data specific to NT1
and NT2. Lastly, we categorized data based on reports before
the pandemic (i.e., roughly <2009), during/after (i.e., period
of the influenza and/or vaccinations, > 2009), and the mixture
(i.e., including data from before and after 2009). Of note,
studies will be used within their proper categorization for in-
stance; we did not compile data from children and adult stud-
ies together to generate studies reporting child-adult age
ranges.

Results

Review Papers Published on Diverse Narcolepsy
Populations Since 2017

In total, 17 review papers have been published (Table 1): a
majority are narrative reviews, but there are also three system-
atic reviews and two meta-reviews. The meta-analyses fo-
cused on the role of HLA-DQB1*06:02 [4¢¢] and the HIN1
pandemic [17¢¢]. The remainder showed a nearly equal dis-
tributed objective, i.e., reviews with a general aim [3, 10, 11,
15, 16]; a health focus [12, 14, 19-22]; and a focus on asso-
ciations with cognitive, behavioral, and emotional functioning
[13, 18, 23e, 24]. Particularly, those with an interest in health-
related issues often started from, or are published with, a case
report. From Dodd et al. [11], data was extracted to calculate
pooled effect sizes.

Incidence—Prevalence Rates in Diverse Populations

In our endeavor, to be complete, we extracted data from two
papers published before 2017 reporting epidemiological data
(Fig. 1) and scattered literature reports if the data was not yet
included: Longstreth et al. [25] and Wijnans et al. [26]. Our
PRISMA search generated 11 new papers from which data
was used. Table 2 and Table 3 show the different rates extract-
ed from that literature collection approach. Ultimately, a total
of 209 sets of data were analyzed with > 5% of the data ex-
tracted representing samples of Sweden, Netherlands,
Finland, the UK, Spain, Korea, Denmark, the USA, Canada,
and Taiwan.

Pooled Incidence Rates of Narcolepsy

Given that data were population-based, pooled sample sizes
are substantial (hence not reported), and also, heterogeneity
rapidly inflated as the number of countries (databases) in-
creased (Table 2, but also the other tables).

Before the HIN1 pandemic, the pooled incidence rates (IR)
ranged from 0.36 to 1.37 across diverse populations, with a
global pooled IR of 0.87 (95% CI: 0.66-1.09) based on 20
datasets. The highest pooled IR upper boundary can be seen in
European children (upper 95% CI: 1.87). During/after the
HINI pandemic in unvaccinated populations, i.e., data col-
lected in and after 2009 with varying time limits applied, the
pooled IR ranged from 0.69 to 1.58 across diverse popula-
tions, with a global pooled IR of 0.98 (95% CI: 0.87-1.08)
based on 40 datasets. An outlier is the hazard ratio of 4.39 in
Norway covering child-adult age ranges [27]. During/after the
influenza period, however, the highest upper boundary is seen
for adults in Asia(n) (upper 95% CI: 2.51). Overall, the pooled
IR between these two periods (Table 2 A versus B) in the
world are comparable (p value = 0.823).

During/after the HIN1 pandemic in vaccinated popula-
tions, the world pooled IR almost doubled, but is not signifi-
cantly different from the other periods (Table 2 A: p value =
0.4935 and B: p value=0.4971). The lowest and highest
pooled IR were reported in children, and in Asia(n) (pooled
IR: 0.13) and in Europe (Caucasian) (pooled IR: 8.82) for this
period, respectively.

About 20 sets of data generated IR overarching the before-
after HIN1 pandemic period in unvaccinated samples
(Table 2 D). Asia demonstrated the lowest and highest pooled
IR depending on the age of the population, respectively, a
pooled IR of 0.29 (95%CI: 0.27-0.32) when reflecting
child-adult age ranges and a pooled IR of 1.37 (95% CI:
1.27-1.48) for children only. Korea [28] is an outlier here by
reporting a crude incidence rate (adult pooled IR: 8.15). No
significant differences were found upon comparing to the oth-
er world pooled IR in the other periods (p values for compar-
isons versus A =0.7247, B=0.7847, and C =0.7356).

Pooled Prevalence Rates of Narcolepsy

Only a handful more studies reported prevalence rates. These
studies, in contrast to those reporting incidence rates, often
involve smaller sample sizes. In addition, we pooled data from
case reports to enlarge the dataset for that population when
possible (e.g., Ray et al. [16]). Based on 37 databases, a world
pooled prevalence rates (PR) of 2.06 (95% CI: 1.92-2.19)
before the HIN1 pandemic was found. The highest prevalence
rate should be interpreted with caution since selection criteria
applied in the county also included “doubtful” narcolepsy
[29]. Nevertheless, higher prevalence rates can be noted in
childhood.

The pooled PR of the world almost tripled during/after the
HINTI pandemic in unvaccinated populations at 6.13 (95% CI:
5.43-6.83) (Table 3 A versus B: p value =0.0004). The two
largest pooled PRs reflect populations [27, 30] where the se-
lection criteria and sampling may have skewed percentages.
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Table 1 Review papers on narcolepsy retrieved based on our search terms

Author

Year

Aim

Conclusion

Pillen et al. [10¢]

Capittini et al. [4¢]

Dye et al. [3]

Dodd et al. [11]

Kallweit et al. [12]

Ludwig et al. [13]

Maia Palhano et al. [14]

Plazzi et al. [15]

Ray et al. [16]

Sarkanen et al. [17¢]

Schiappa et al. [18]

Weil et al. [19]

Gohil et al. [20]
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2017

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

2019

Narrative review with focus on the
diagnosis and management of
cataplexy

Meta-review of genetic test in four
major ethnic groups: Asians,
Afro-Americans, Amerindians,
and Caucasians

Narrative review of epidemiology
and pathophysiology of
childhood narcolepsy

*Systematic review of incidence
rates of diagnosed narcolepsy for
periods defined by influenza virus
circulation and vaccination
campaign dates

Narrative review, including six cases
on multiple sclerosis (MS)

Systematic review on the effect of
narcolepsy (and idiopathic
hypersomnia) on intellectual
functioning, academic
achievement, behavior, and
emotion

Narrative review with focus on
precocious puberty and obesity

Narrative review with focus on
burden of illness

Narrative review with cases from a
sleep clinic at a tertiary care center

Meta-review on the incidence of
narcolepsy after HINT1 influenza

Narrative review with focus on the
emotional experience/emotional
brain circuits

Narrative review and a case study
with focus on hypothalamic
region tumors

Narrative review and a case study
with focus on growth hormone
(GH) deficiency

The diagnosis of cataplexy is made almost solely on clinical
grounds, based on history taking and (home) videos.
Cataplexy shows remarkable differences in childhood
compared to adults, with profound facial hypotonia and
complex active motor phenomena.

Data support the preponderant role of HLA-DQB1#06:02 in
susceptibility to NT1/NT2 across all ethnicities.
HLA-DQB1*#06:02 negativity should make clinicians
cautious in excluding other diagnoses.

Both genetic and environment factors play a crucial role in the
pathophysiology of narcolepsy. Increased cases of narcolepsy
in children and adolescents were observed after the HIN1
pandemic. Potential role of autoimmune-mediated processes
in the loss of hypocretin neurons

Simulations showed that the individual-level relative risk of
narcolepsy was underestimated using ecological methods
comparing post- versus pre-vaccination periods; this effect
was attenuated with higher vaccine coverage and a shorter
interval from disease onset to diagnosis.

Narcolepsy and MS are rarely associated. In addition to NT2
secondary to hypothalamic demyelination, some patients
present a coexistence of MS with NC without detectable
hypothalamic lesions.

The variability in results suggests that further research using
standardized and validated assessment instruments is
required to determine if there is an association. Behavior
and emotion appear to be significantly affected by
narcolepsy.

The incidence of overweight or obesity ranges from 25% to
74% in patients with narcolepsy type I, while precocious
puberty is present in 17% of children with narcolepsy with
cataplexy. However, the mechanisms involved in the
association of narcolepsy with obesity and precocious
puberty have not been fully elucidated yet.

Pediatric narcolepsy is also associated with comorbidities
including rapid weight gain, precocious puberty, and
attention deficit hyperactivity disorder, and increased risk
for deficits in social functioning, depression, and anxiety.
School performance is also typically impaired, requiring
special education services.

Narcolepsy, although rarely reported from India, should be
suspected in young non-obese patients complaining of
EDS and confirmed by performing MSLT following
overnight PSG.

During the first year after vaccination, the relative risk of
narcolepsy was increased 5- to 14-fold in children and
adolescents and 2 to 7-fold in adults.

Neurophysiological and neurochemical findings support the
hypothesis of the involvement of the limbic system in the
physiopathology of cataplexy

Overall 26 cases: most symptomatic narcolepsy cases were
reported in children (70%). Half of the patients (13 of 25,
52%) developed narcolepsy after surgery, whereas 11 patients
(44%) were symptomatic at the time of the tumor diagnosis.

The siblings developed increased sleepiness following
initiation of GH therapy; the authors propose that
hypothalamic dysfunction may be the link between GH
deficiency and sleep disorders in these children.
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Table 1 (continued)

Author Year Aim

Conclusion

Hershner et al. [21] 2019

perioperative risk

Antelmi et al. [22] 2020 Narrative review with focus on REM
sleep behavior disorder (RBD)

BaHammam et al. [23¢] 2020 Narrative review with focus on
neuropsychiatric correlates

Kim et al. [24] 2020 A systematic review on ADHD

Narrative review with focus on

The evidence is sparse and based on case reviews, case series,
and retrospective reviews.

RBD reportedly affects 30%—60% of patients with
Narcolepsy type 1 (NT1), but it may be seen also in
Narcolepsy type 2 (NT2).

Comorbid neuropsychiatric manifestations in patients with
narcolepsy include depression, anxiety, psychosis, rapid
eye movement (REM) sleep behavior disorder, and
cognitive impairment.

The prevalence of ADHD symptoms was > 30%, making it
an important comorbidity of narcolepsy

Likely, due to the retrospective nature of data collec-
tion, fewer individual studies reported on vaccinated
samples, contrary to, for instance, adverse event registries
following pharmacological treatment. The pooled PR
during/after the HIN1 pandemic in vaccinated popula-
tions for the world was 4.22 (95% CI: 3.49-4.94).
Although the world pooled PR doubles in vaccinated
populations, the 95% CI remains within the before
HIN1 pandemic boundaries (Table 3 A versus C: p=
0.076). Also, high pooled PRs are noted in European/
Caucasian children. The world PR in vaccinated and un-
vaccinated was found to be comparable (Table 3 B ver-
sus C: p=0.1567) during the same period, i.e., >2009.

The highest pooled PR for the world was found for the
period overarching before and after the HIN1 pandemic,
namely 9.66 (95% CI: 7.01-12.31) based on 21 datasets of
unvaccinated samples. This pooled PR was also significantly
different from the others (Table 3 D versus A =p <0.00001,
B=0.0033, C=0.0001). While the pooled PRs before 2009
tend to be high in childhood, a shift can be noted towards
adulthood as regards data collected over the mixture of time
periods.

Caution is needed in interpreting these pooled rates, be-
cause the year 2009 (or HIN1 pandemic circulation) is a crude
time point applied in different ways throughout the literature,
particularly in combination with the recollection of the onset
of symptoms of narcolepsy. Data generated from vaccinated
samples however were often provided through census data
and/or registries for adverse events.

Prevalence Rates of Narcolepsy Type 1 and Narcolepsy Type 2
in Narcolepsy Samples

Fewer studies explicitly detailed on NT1 (maximum k=
13, Table 4) and NT2 (maximum k=6, Table 5) in
samples characterized by narcolepsy (Fig. 2). In samples
exhibiting narcolepsy symptomatology before the HIN1

pandemic, the pooled PR of the world was 46.02+3.5
(k=13) for NT1 and 14.22+2.91 (k=6) for NT2, espe-
cially the first pooled PR might be biased by doubtful
selection criteria applied before 2009. Yet this pooled
PR remains high also for data reflecting the >2009
period in unvaccinated samples: 53.86+13.63 (k=8)
for NT1 and 38.27+18.76 (k=5) for NT2. Data
reporting before as well as after 2009 prevalence rates
in narcolepsy samples, pooled as 49.52+31.26 (k=3)
for NT1 and 16.58 £9.25 (k=3) for NT2 in the world.
In a vaccinated sample of people presenting narcolepsy
symptomatology across the world, NT1 (only Europe)
was reported in 4.27+£0.51 (k=3).

Given that study samples rather report the PR as
found in a convenience sample, contrary to PRs gener-
ated from epidemiological studies, extreme caution is
warranted in interpreting these pooled PR of NT1 and
NT2. However, several tendencies become clear when
looking at Tables 4 and 5, that is, an underreporting
of specific PR in children and minorities, or alternative-
ly an overreliance on adult and “white” samples. More
studies are needed in NT2 samples in general, and sim-
ilarly in children and minorities. Contrary to NTI
pooled PRs, the HINI1 pandemic may have boosted
the NT2 prevalence, or narcolepsy without cataplexy
symptomatology.

Discussion

This meta-review showed that narcolepsy occurs in 0.87-1.21
of the world population, with specifically NT1 being investi-
gated. There is furthermore an underreporting of narcolepsy in
minorities and of NT2 in children. This meta-review reported
pooled IR and PR rates within the range of previously pub-
lished epidemiological studies. The upper-boundaries in
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Fig. 2 World Pooled Prevalence rate for narcolepsy type 1 and
narcolepsy type 2. NT1, narcolepsy type 1 (black bar); NT2, narcolepsy
type 2 (gray bar). Striped bar: only NT1

particular may have clinical relevance towards concerted ef-
forts improving timely diagnosis and management.

Narcolepsy is a life-long, severe, multifaceted disease often
arising in childhood or adolescence as characterized by exces-
sive daytime sleepiness. Although hypersomnia is not uncom-
mon in the general population, the complex series of tests and
the detailed history taking towards diagnosis of the specific
types of narcolepsy [1, 31, 32] may jeopardize epidemiologi-
cal “numbering.” That is, between the age of diagnosis and the
age of onset, there is the patient’s recollection, complaints,
and subjectivity of excessive somnolence, which, in the ab-
sence of cataplexy, may make the diagnosis challenging. As a
consequence, diagnosis may occur 10-16 years later [33].

More recently, the HIN1 pandemic [28, 34] and/or AS03-
adjuvanted vaccines [35, 36] may have shifted some numbers
[17, 37]. Our pooled data confirms these aspects. Firstly, a
high preponderance in childhood was demonstrated.
Secondly, mirroring the inconsistency in the literature, a dou-
bling or tripling was shown alongside the 2009 influenza cir-
culation and/or vaccinations. These vaccines, and their timed
campaigns, however differed across countries, and conse-
quently, their adverse events may or may not have reached
registries or other databases.

Our findings concur that the incidence rate of narcolepsy
varies by age, country, and period [11]. Although vaccination
doubled the pooled IR/PR in the world, overall rates were
comparable. We may, however, infer that while originally
European children showed a high occurrence, a shift has oc-
curred over the HIN1 pandemic period towards increased
rates in Asia. Combined with outliers, caution is still warrant-
ed towards overgeneralization or even causality assumptions.
Namely, methods of calculation (e.g., the denominator) and
similarly selection criteria applied vary widely across the stud-
ies—countries—included, as expressed by very high /s. This
applies even more so to the pooled PR findings, since individ-
ual study data often reports frequencies in convenience

@ Springer

samples contrary to epidemiological databases. Alternatively,
such large-scale prevalence studies have to rely on carefully
designed surveys such as Ohayon et al. [38].

The gap in epidemiological data concerning minorities and
gender disparities was striking, as shown in this meta-review.
Hence, our current knowledge and therefore management
strategies represent mainly European and Caucasian samples.
For instance, the first (racist) report in an African-American
sample dates from 1945, and only in the 1990s, some other
data surfaced [25, 39]. A dominance of a handful of countries
correspondingly is apparent. Regarding, the variable “gender”
that is commonly applied for matching purposes in studies
investigating narcolepsy samples, few specific epidemiologi-
cal (or treatment [40]) studies were found. In addition, NT2
populations particularly in childhood seem to be overlooked.
The reviews published since 2017 moreover highlight the gap
in knowledge regarding co-occurrence of disorders that may
mask symptomatology of narcolepsy. Especially given the
associated features of narcolepsy, such as hypnagogic/
hypnopompic hallucinations, sleep paralysis, and obesity,
misdiagnosis might be common [41, 42].

Nonetheless, data reported here, and hence in the literature,
are challenged by several biases towards accurate “number-
ing.” Firstly, the ascertainment and recall bias of excessive
somnolence may affect the reported rates. In other words, in
the absence of a simple (non-invasive) objective test, the data
principally depends on the patient’s complaint. Yet, in the
case of HINI vaccination, the adverse event may have been
“captured.” Secondly, the studies included noticeably have a
selection bias given the age at onset/diagnosis gap, the health
care triage system, and the time periods investigated, that is, the
criteria applied in recruitment varies greatly. Subsequently, a
confirmation bias might be present. We, therefore, agree with
Verstraeten et al. [36] that the HIN1 influenza has certainly
complicated the clinical picture, which is directly observable in
how studies report on their samples or the data collected. The
process of sampling over time, or the unsystematic collection of
data in somnolent samples potentially introduces a sampling bias
as well. While the search for markers such as the HLA gene
complex in an era of an influenza may exemplify a potential
measurement bias. Lastly, the influenza may have introduced a
chronology bias in data. For these reasons, studies and epidemi-
ological reports would become more homogeneous if consensus
criteria for reporting of narcolepsy would be outlined, eventually
advancing its scientific investigation given that the burden of
illness is omnipresent [15, 43].

This meta-review has some limitations to address. Most are
related to the lack of consensus in reporting data, e.g., regard-
ing age at onset, whether a sleep study was performed at some
point, regards comorbidities or treatments, and even the period
under investigation. Consequently, our categorizations remain
crude. Similarly, our race and ethnicity categorization remains
a proxy unless clearly stipulated in the (few) study. Lastly,
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several incidence rates and prevalence rates were difficult to
trace and therefore directly used (i.e., not recalculated) which
may have created some degree of error in our rates.

In conclusion, the HIN1 influenza may have created an
increased risk of narcolepsy as reflected by the rates before/
after 2009 but similarly plausible is that a certain degree of
research bias is present. Nevertheless, though the number of
studies varied, vaccination doubled the rate of narcolepsy oc-
currence and the pooled prevalence rates of narcolepsy and
NT1 are akin suggesting some concurrence. By the same to-
ken, the childhood preponderance shifted along with the
HIN1 influenza period to Asia.
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