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Abstract: (1) Background: In the context of the HIN1 pandemic and the Pandemrix vaccination
campaign, an increased number of narcolepsy cases were noted in several countries. In Sweden, this
phenomenon was attributed to the effect of the Pandemrix vaccination in the first place. Studies
from China indicated that narcolepsy could occur as a consequence of the HIN1 infection itself.
We performed an analysis of the increase, with a specific interest in age and sex distribution. We
also aimed to validate the origin of the excess cases, post hoc. (2) Methods: Data for narcolepsy
patients (ICD code G 47.4, both type 1 and type 2) distributed by sex and age at 5-year intervals,
annually between 2005 and 2017, were retrieved from the National Patient Register. Information on
the total population was collected from the Swedish Population Register. (3) Results: The number
of narcolepsy cases increased markedly from 2009 to 2014 compared to the period before 2009.
A particular increase in 2011 among children and teenagers was observed. The sex ratio did not
change significantly during the study period. (4) Conclusions: Our results support an association
between the increased prevalence of narcolepsy cases and Pandemrix vaccination, but the effect of
the virus itself cannot be ruled out as a contributing factor.
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1. Introduction

Narcolepsy is a chronic neurological disorder affecting rapid eye movement (REM)
sleep. It is characterized by extended daytime sleepiness, fragmented sleep, nightly hal-
lucinations, and sleep paralysis [1,2]. A key symptom is cataplexy, a loss of muscle tone
elicited by emotions, especially humor, and jocularity [3]. Cognition is frequently affected
and the condition has severe socioeconomic consequences [4-7]. Narcolepsy is categorized
into two types. Narcolepsy with associated cataplexy is classified as narcolepsy type 1;
narcolepsy without cataplexy is type 2 [8]. Patients with narcolepsy type 1 have decreased
hypocretin neurons in the lateral hypothalamus, providing a pathogenetic explanation, as
hypocretin plays an important role in the human sleep and metabolic system [9,10].

Publications on the prevalence of narcolepsy report diverse rates and are difficult to
compare. A global review reported a mean prevalence of 30/100,000, with ranges between
4 and 56/100,000 inhabitants and even up to 160/100,000 in Japanese children [11,12]. This
large variation is explained by the disparity between populations of different ethnicities,
age groups, and methodologies. In Sweden, a recent study mentioned an unexpectedly low
crude prevalence of 21.7/per 100,000 inhabitants in 2016, restricted to healthcare-associated
cases, retrieved from the National Patient Register (NPR) and pharmaceutical registries [6].
Studies on the general incidence of narcolepsy have shown variable numbers as well, with
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peaks in childhood /adolescence but also later in life [13,14]. A previous review concerning
Sweden estimated higher numbers, i.e., an incidence rate of 0.3-0.6/100,000/year, suggest-
ing an estimated number of 30-60 cases/year [15]. A study by Wijnans et al. described the
morbidity of narcolepsy in Europe before the influenza A (H1N1) pandemic and shortly
after, with a pooled incidence in Sweden of 1/100,000 [16].

Sex ratio has shown varying distributions, and a large international study that charac-
terized clinical presentations of narcolepsy in different ethnicities showed no difference in
sex ratio across ethnicities [17]. A US healthcare claims database, from 2008 to 2010, showed
a 50% greater prevalence and incidence among women compared to men across most age
groups [18]. Another population-based study of narcolepsy incidence from 2004 to 2013
in the US also estimated a higher rate among women [19]. On the other hand, a Chinese
study analyzing 162 patients with narcolepsy found that narcolepsy occurred 1.73-times
more frequently in men than women [20]. A recent study by the National Patient Register
found a sex ratio of 1.3 (women/men), i.e., a slight dominance of women in Sweden [6].

The causes of narcolepsy are multifactorial, with genetic susceptibility through a
strong association with the human leucocyte receptor (HLA) DR2 [21,22] and several
environmental factors of importance [23].

Infections such as streptococcal infections and influenza A have been reported to
precede the debut of narcolepsy [24,25]. Subsequently, there has been strong evidence for
narcolepsy being an autoimmune disorder, even though no useful auto-antibodies have
been identified in clinical settings [26,27].

In the context of the HIN1 pandemic and the Pandemrix vaccination campaign in
2009-2010, an increased number of narcolepsy cases were noted in several countries [28].
Children affected by narcolepsy after the vaccination were reported to have a more sudden
onset of the disease compared to previously known cases. Sweden had a high vaccination
rate of around 60% of the population, and the subsequent increase in narcolepsy was
eventually interpreted as an effect of the extensive Pandemrix vaccinations [29-32]. Notably,
in China, where no vaccinations were performed, studies also indicated an increase in
seasonal narcolepsy incidence, most likely due to the HIN1 infection [33]. Furthermore, in
Denmark, a country with a low vaccination rate, an increasing number of patients with
narcolepsy were identified during the period after the HIN1 infection [34]. Consequently,
the correlation between the swine flu virus HIN1 infection and/or Pandemrix vaccination
and the growing incidence rate of narcolepsy is of interest in both cases.

The background to this article was neurologists’ recent clinical impression that narcolepsy
patients in the adult neurology outpatient clinics were getting steadily younger. This seemed
to be supported by regional data in the Swedish Narcolepsy Registry (NARKREG), a sub-
registry of the national Neuroregistry launched in 2012 that collects narcolepsy cases at
specialized care clinics.

The purpose of NARKREG is to support good and equal quality of care for narcolepsy
patients in our country by monitoring clinical variables, treatment, and outcome measures
(www.neuroreg.se, (accessed on 18 January 2024)). Here, statistical instruments along with
digital visualization platforms are used to demonstrate the quality of narcolepsy health
care, including treatments and outcome measures that can be compared between different
regions, with the specific aim of developing equal health care.

Our aim was to analyze the increase in narcolepsy cases in Sweden after the HIN1
pandemic and Pandemrix vaccination, with a focus on age and sex distribution by using the
National Patient Register (NPR). We aimed to post hoc validate the origin of the excess cases.

2. Materials and Methods

Data on narcolepsy patients were extracted from the NPR (https:/ /socialstyrelsen.se
accessed on 22 May 2019). The dataset included the number of individuals with narcolepsy
type 1 and type 2 (ICD code G47.4) annually from 2005 to 2017, categorized by sex and age
groups spanning five years, and this period covered four years before and eight years after
the HIN1 Pandemic. The application of the ICD code has been the same since 1998. Data
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were grouped into five age groups (0-19, 20-39, 40-59, 60-79, and >80). The prevalences
in these age groups were calculated by dividing the number of cases of narcolepsy by the
population for each age group.

Since 1968, the NPR has collected data on all inpatient visits to the hospital in a
mandatory manner, and after 2001 this was expanded to include all outpatient specialist
care visits. Accordingly, all patients followed by specialists in hospitals are included.
However, primary health care is not included in this register.

The Swedish Total Population Register (TPR) collects and provides information on all
persons born in 1932 or later in Sweden. For the prevalence calculation, the information
obtained on the number of individuals was divided into sex and age groups annually from
2005 to 2017 in Sweden (https://www.scb.se (accessed on 15 March 2021)).

Stata v17 (StataCorp LLC, College Station, TX, USA) was used for the statistical
analysis of the trend in the prevalence over the years, using a score test to determine the
trend of odds.

In a post hoc analysis, the excess cases were calculated using a stipulated incidence
rate of 0.7/100,000/year, corresponding to a crude number of about 70 cases/year in
Sweden; a natural incidence calculated from data published by Wijnans et al. [16]. Their
study included the year after the swine flu and the Pandemrix vaccination. We therefore
extracted the number of cases forming the incidence before September 2009 from the
material published in their article [16]. We considered that the long observation time from
2000 to September 2008 was sufficient for calculating a mean incidence of 0.7/100,000 in
our country before the pandemic.

The study was approved by the Institutional Review Board in Linkoping (Dnr 2014/129—
31, approved on 26 March 2014), (Dnr 2020-02594, approved on 16 July 2020).

3. Results

Calculations from the Swedish narcolepsy registry (NARKREG) in the period between
2005 and 2017 revealed 950 patients with both a low mean age (37.4 years) and a low
median age (31 years) of narcolepsy patients treated in specialist care, supporting the
clinical impression of a decrease in age.

The data extracted from the NPR showed that the number of narcolepsy cases in
the study cohort in 2005 consisted of 637 individuals (375 women; 262 men), yielding
a crude prevalence of 7.04 per 100,000 inhabitants (women 8.2; men 5.8). The number
of narcolepsy patients increased significantly between 2009 and 2014 compared to the
period before 2009. The most significant increase was seen in 2011, with a total number of
1341 patients (763 women; 578 men), corresponding to a prevalence of 14.1 per 100,000 in-
habitants (women 16.0; men 12.2). In 2017, the total number of narcolepsy patients was 2044
(1169 women; 875 men), with a total prevalence of 20.2/100,000 (women 23.2; men 17.2)
(Table 1).

The prevalence was higher among women than men. The sex ratio in the total cohort
2017 was 1.3 (w/m), p < 001. Notably, the sex ratio remained unchanged during the study
period and was approximately the same after the HIN1 pandemic and the Pandemrix
vaccination campaign (Table 1).

The overall prevalence of narcolepsy cases increased significantly between 2005 and
2017 (p < 0.01) Table 1. An increasing prevalence was particularly noted in the younger
age groups (0-19 years), starting in 2010, with a prevalence of 8.3/100,000 inhabitants
and an annual increase to 28.0 in 2014. In the age group 20-39 years, the prevalence was
15.5/100,000 inhabitants in 2011, with a further increase to 32/100,000 inhabitants in 2017,
(p < 0.01), Figure 1 and Supplementary Table S1.
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Table 1. The annual number of narcolepsy patients, prevalence, and sex ratio from the year 2005 to

2017 in the Swedish population.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Women
Cases (nr.) 375 349 361 408 432 487 763 852 949 1042 1104 1136 1169
Inhabitants 4,561,202 4,589,734 4,619,006 4,652,637 4,691,668 4725326 4,756,021 4,789,988 4,830,507 4,875,115 4,920,051 4,981,806 5,037,580
P;%glggge 8.22 7.60 7.82 8.77 9.21 10.31 16.04 17.79 19.65 21.37 2244 22.80 2321
Men
Cases (nr.) 262 225 259 266 271 354 578 664 717 819 818 843 875
Inhabitants 4,486,550 45523523 45563921 4,603,710 4,649,014 4,690244 4726834 4765905 4,814,357 4,872,240 4,930,966 5013347 5,082,662
Prevalence 5.84 497 5.67 5.78 5.83 7.55 12.23 13.93 14.89 16.81 16.59 16.82 17.22
/100,000
All
Cases (nr) 637 574 620 674 703 841 1341 1516 1666 1861 1922 1979 2044
Inhabitants 9,047,752 9113257 9,182,927 9,256,347 9,340,682 9415570 9,482,855 9555893 9,644,864 9,747,355 9,851,017 9,995,153 10,120,242
Prevalence 7.04 6.30 6.75 7.28 7.53 8.93 14.14 15.86 17.27 19.09 19.51 19.80 20.20
/100,000
Sex ratio
Woren/Men 14 15 14 15 16 14 13 13 13 1.3 14 14 13
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Figure 1. Annual study cohort extracted from the National Patient Register (NPR), showing the

prevalence of narcolepsy for different age groups from 2005 to 2017 in Sweden.

4. Discussion

The number of patients diagnosed with narcolepsy in Sweden increased significantly
after the HIN1 pandemic and the Pandemrix vaccination in 2009-2010, which is confirmed
by our data. This was especially evident in children and teenagers, as visualized in Figure 1
and demonstrated by previous studies and other methods, including our report on children
in Ostergotland county in Sweden, which showed an odds ratio as high as 17.7 (95% CI:
2.7-147.5; p = 0.0036) [29]. In Sweden, however, only 450 persons with narcolepsy have
received economic compensation for these side effects of the Pandemrix vaccination. In
addition, our clinical impression was that vaccinated narcolepsy cases tended to dominate
in the Swedish narcolepsy polyclinic, with or without approved compensation. This
prompted us to analyze the increase more thoroughly, focusing on age and sex.

4.1. The National Patient Register (NPR)

The observed increase in the number of narcolepsy patients started from an unexpect-
edly low level, about 800 (2005-2009), which may be explained by the register’s recent
inclusion of specialist open care. The NPR register did not include patients from open visits
in neurology until 2001; i.e., only four years before the first data in the present study. Im-
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portantly, patients with a previous narcolepsy diagnosis who were neither actively seeking
care nor using pharmacotherapy were excluded. Patients attending primary health care
were also left out, since these visits are not registered in the NPR. However, we believe that
this number should be small, since general practitioners usually do not diagnose or treat
patients with narcolepsy and typically do not possess the required license for prescribing
the drugs that are used to treat narcolepsy. The rather stable baseline prevalence before
the pandemic in the period 20092010 incentivized us to use the NPR data for comparison
when analyzing the increase in narcolepsy patients.

4.2. Persisting Increase in the Prevalence of Narcolepsy

The increase in the prevalence of narcolepsy was most prominent between 2009 and
2014, but even later in 2017 the prevalence of narcolepsy in Sweden was slowly increasing
and had not yet reached a plateau. Notably, to receive economic compensation from
Swedish Pharmaceutical Insurance and the Swedish authorities, the onset of narcolepsy
must have been documented within two years after the patient’s Pandemrix vaccination,
i.e.,, around 2012. However, the prevalence has continued to increase long after that
time. Delayed diagnosis, a well-known phenomenon, has contributed to this trend. One
example is that hypersomnia in teenagers is often mistaken as a natural phenomenon and
a narcolepsy diagnosis is therefore not considered [35]. This is a well-known occurrence
and can explain many “late cases” [30].

4.3. Ad Hoc Analysis

The observed increase in narcolepsy cases, as seen in our data, was greater than
expected when considering the small number of patients receiving approved compensation
due to Pandemrix-vaccination-related effects.

The number of cases that received financial compensation was only 450. Notably, The
Medical Product Agency of Sweden (MPA) 2020 communicated a new evaluation of the num-
ber of Pandemrix-associated cases—a reduced number of 150-200 individuals. This was calcu-
lated by subtracting the estimated natural occurrence from the reported cases, (n = 394 at the
end of 2020), thereby adjusting for “natural incidence”. https://www.lakemedelsverket.se/
sv/behandling-och-forskrivning /vaccin/risker-med-vaccin/svininfluensan-pandemrix-och-
narkolepsi (accessed on 19 January 2024).

Considering this new evaluation from MPA, we made a crude calculation of the
possible excess cases taken from our data, post hoc: Table 1 illustrates that more than
1000 new cases were registered between 2009 and 2014 (five years). With an estimated
“natural” incidence of around 70/year as recalculated from data by Wijnans et al. [16],
only 350 cases would be expected to occur. Subsequently, if deaths are not considered,
a conservative estimation would indicate 600-700 excess cases in our data from this period.
Thus, even if those 450 patients who have received compensation for vaccination side
effects are subtracted, hundreds of excess cases remain.

A potential explanation may be that the HIN1 influenza also increased the risk of
narcolepsy because of changes to the immune system, as demonstrated by the increased
morbidity of narcolepsy during the HIN1 pandemic in China affecting people who did
not receive the Pandemrix vaccination [36]. The co-occurrence of subclinical infection and
vaccination is also of interest in this respect. Such a phenomenon has been mentioned as
a possible cause of the suspected geographic gradient of post-Pandemrix narcolepsy in
Sweden: the vaccinations started from the north, and the infection entered the country
from the south [6]. This resulted in early infections and late vaccinations in the southern
part of the country, where the majority of vaccinated cases seemed to be located. There
may also have been a previous under-diagnosing of narcolepsy, especially among children
and teenagers. Narcolepsy among children was very rare before 2009, and poor knowledge
may have diminished the chance of a correct diagnosis. The increased attention given to
narcolepsy supported by the media may have finally increased the awareness of narcolepsy
among the public, leading to more healthcare contacts in the affected group and introducing
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a bias into the study. However, the fact that children and teenagers mainly constituted the
increased prevalence contradicts that overdiagnosis of narcolepsy could be a major cause.
Such a bias would most probably affect all age groups similarly.

The magnitude of excess narcolepsy cases in Sweden and Finland after the pandemic
is probably related to the extreme frequency of vaccination in the population, a true
mass vaccination situation. The vulnerability allele HLA DQB1*0602, present in almost
all vaccine-related cases, is to our knowledge not especially common in our country:
The frequency of HLA DR15 was estimated to be 30% in Swedish general population
controls [37].

Finally, the sex ratio deserves attention; for example, concerning the rapidly increasing
quotient of women in the sex ratio of multiple sclerosis, another autoimmune disorder [38].
Environmental factors such as obesity, smoking, and shortage of vitamin D have been men-
tioned as possible causes [39]. In narcolepsy, on the other hand, we cannot yet state a similar
sex-related development until a systematic evaluation of sex differences is performed in
the future.

It is important to note the limitations in the present study, there is no information on
the vaccination rate among narcolepsy cases, so the number of patients who did not receive
the Pandemrix vaccination but who were still diagnosed with narcolepsy is unknown.
Additionally, there is no information on concurrent swine flu in our material.

5. Conclusions

Our retrospective analysis of the data extracted from the NPR register in 2019 confirms
the increase in narcolepsy. Since the Pandemrix vaccination status of the patients is not
known, we could only crudely estimate the impact of the vaccination. Regardless, the
apparent escalation seems to be greater than the 450 cases approved for compensation due
to the onset of narcolepsy within two years. This represents a basis for looking for other
reasons; for example, a prolonged latency before clinical onset or narcolepsy cases initiated
by the HINT1 virus itself, through overt or subclinical infection. In addition, the impact
of the infection and vaccination in combination should be considered. The prominent
increase in children, adolescents, and young adults among the cases after 2009/2010, as
demonstrated in our data, fits well with impressions of the recent situation in the narcolepsy
polyclinic, where young patients tend to dominate in terms of frequency and also often
the severity. This is of great concern, since an early onset of such a disease, affecting
energy, concentration ability, and cognition, may be an obstacle to future personal and
social development and consequently requires corresponding efforts from social and health
care authorities.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm13030652/s1, Table S1. Annual number of narcolepsy patients,
population, and prevalence, divided into five age groups during the years 2005 to 2017 in the
Swedish population.

Author Contributions: Conceptualization: A.-M.L., LB., H.G. and S.G.B.; Methodology: H.G., LB.,
M.F, AK. and A.-M.L.; Formal Analysis: I.B., M.E,, A.-M.L. and H.G.; Investigation: A.-M.L., L.B. and
H.G.; Resources: A-M.L., L.B.,, M.F. and A.K,; Data curation: I.B.,, M.F. and H.G.; Writing—original
draft preparation: H.G., I.B., AK,, S.G.B., A.-M.L. and M.F;; Writing-review and editing; H.G., I.B,,
S5.G.B., M.F. and A.-M.L,; Supervision: S.G.B., A.-M.L., LB. and H.G.; All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the institutional review Board in Linkoping in 2014 and 2020 (Dnr
2014/129-31, approved on 26 March 2014), (Dnr 2020-02594, approved on 16 July 2020).

Informed Consent Statement: Patient consent was waived due to the registry-based nature of
the study.


https://www.mdpi.com/article/10.3390/jcm13030652/s1
https://www.mdpi.com/article/10.3390/jcm13030652/s1

J. Clin. Med. 2024, 13, 652 70f8

Data Availability Statement: Data supporting the reported results are available upon reasonable
request from the first authors.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Kornum, B.R.; Knudsen, S.; Ollila, HM.; Pizza, F.; Jennum, PJ.; Dauvilliers, Y.; Overeem, S. Narcolepsy. Nat. Rev. Dis. Primers.
2017, 3, 100. [CrossRef] [PubMed]

2. Bassetti, C.L.A.; Adamantidis, A.; Burdakov, D.; Han, E; Gay, S.; Kallweit, U.; Khatami, R.; Koning, F; Kornum, B.R.; Jan
Lammers, G.; et al. Narcolepsy—Clinical spectrum, aetiopathophysiology, diagnosis and treatment. Nat. Rev. Neurol. 2019, 15,
519-539. [CrossRef] [PubMed]

3. Schiappa, C.; Scarpelli, S.; D'atri, A.; Gorgoni, M.; De Gennaro, L. Narcolepsy and emotional experience: A review of the literature.
Behav. Brain Funct. 2018, 14, 19. [CrossRef] [PubMed]

4. Witt, S.T.; Drissi, N.M.; Tapper, S.; Wretman, A.; Szakdcs, A.; Hallbook, T.; Landtblom, A.-M.; Karlsson, T.; Lundberg, P.; Engstrom,
M. Evidence for cognitive resource imbalance in adolescents with narcolepsy. Brain Imaging Behav. 2018, 12, 411-424. [CrossRef]

5.  Drissi, N.M.; Szakacs, A.; Witt, S.T.; Wretman, A.; Ulander, M.; Stahlbrandt, H.; Darin, N.; Hallb6ok, T.; Landtblom, A.-M.;
Engstrom, M. Altered Brain Microstate Dynamics in Adolescents with Narcolepsy. Front. Hum. Neurosci. 2016, 10, 369. [CrossRef]

6.  Gauffin, H,; Fast, T.; Komkova, A.; Berntsson, S.; Bostrom, I.; Landtblom, A. Narcolepsy treatment in Sweden: An observational
study. Acta Neurol. Scand. 2022, 145, 185-192. [CrossRef]

7. Jennum, P; Ibsen, R,; Petersen, E.R.; Knudsen, S.; Kjellberg, ]J. Health, social, and economic consequences of narcolepsy:
A controlled national study evaluating the societal effect on patients and their partners. Sleep Med. 2012, 13, 1086-1093. [CrossRef]

8. Nishino, S.; Ripley, B.; Overeem, S.; Lammers, G.J.; Mignot, E. Hypocretin (orexin) deficiency in human narcolepsy. Lancet 2000,
355, 39-40. [CrossRef]

9.  Thannickal, T.C.; Moore, R.Y.; Nienhuis, R.; Ramanathan, L.; Gulyani, S.; Aldrich, M.; Cornford, M.; Siegel, ].M. Reduced Number
of Hypocretin Neurons in Human Narcolepsy. Neuron 2000, 27, 469-474. [CrossRef]

10. Drissi, N.M.; Warntjes, M.; Wessen, A.; Szakacs, A.; Darin, N.; Hallbook, T.; Landtblom, A.M.; Gauffin, H.; Engstrém, M.
Structural anomaly in the reticular formation in narcolepsy type 1, suggesting lower levels of neuromelanin. Neuroimage Clin.
2019, 23, 101875. [CrossRef]

11. Partinen, M.; Kornum, B.R.; Plazzi, G.; Jennum, P; Julkunen, I.; Vaarala, O. Narcolepsy as an autoimmune disease: The role of
HINT1 infection and vaccination. Lancet Neurol. 2014, 13, 600-613. [CrossRef] [PubMed]

12.  Longstreth, W, Jr.; Koepsell, T.D.; Ton, T.G.; Hendrickson, A.F,; van Belle, G. The Epidemiology of Narcolepsy. Sleep 2007, 30,
13-26. [CrossRef] [PubMed]

13.  Ohayon, M.M.; Thorpy, M.]J.; Carls, G.; Black, J.; Cisternas, M.; Pasta, D.J.; Bujanover, S.; Hyman, D.; Villa, K.E. The Nexus
Narcolepsy Registry: Methodology, study population characteristics, and patterns and predictors of narcolepsy diagnosis. Sleep
Med. 2021, 84, 405-414. [CrossRef] [PubMed]

14. Silber, M.H,; Krahn, L.E; Olson, E.J.; Pankratz, V.S. The Epidemiology of Narcolepsy in Olmsted County, Minnesota: A Population-
Based Study. Sleep 2002, 25, 197-202. [CrossRef]

15. Hallbook, T.; Szakacs, A.; Bialek, F.; Feltelius, N.; Landtblom, A.M.; Malmgren, K. Narcolepsy-rare disease that has received
increased attention. Pandemrix vaccination caused a higher incidence among children and adolescents. Lakartidningen 2014, 111,
1770-1773. [PubMed]

16. Wijnans, L.; Lecomte, C.; de Vries, C.; Weibel, D.; Sammon, C.; Hviid, A.; Svanstrom, H.; Melgaard-Nielsen, D.; Heijbel, H.;
Dahlstrom, L.A; et al. The incidence of narcolepsy in Europe: Before, during, and after the influenza A(HI1N1) pdm09 pandemic
and vaccination campaigns. Vaccine 2013, 31, 1246-1254. [CrossRef]

17. Kawai, M.; O'Hara, R; Einen, M.; Lin, L.; Mignot, E. Narcolepsy in African Americans. Sleep 2015, 38, 1673-1681. [CrossRef]

18. Scheer, D.; Schwartz, S.W.; Parr, M.; Zgibor, ].; Sanchez-Anguiano, A.; Rajaram, L. Prevalence and incidence of narcolepsy in a US
health care claims database, 2008-2010. Sleep 2019, 42, zsz091. [CrossRef]

19. Lee, R.U.; Radin, ].M. A population-based epidemiologic study of adult-onset narcolepsy incidence and associated risk factors,
2004-2013. J. Neurol. Sci. 2016, 370, 29-34. [CrossRef]

20. Wu, H.; Zhuang, J.; Stone, W.S.; Zhang, L.; Zhao, Z.; Wang, Z.; Yang, Y,; Li, X; Zhao, X.; Zhao, Z. Symptoms and occurrences
of narcolepsy: A retrospective study of 162 patients during a 10-year period in Eastern China. Sleep Med. 2014, 15, 607-613.
[CrossRef]

21. Mignot, E.; Thorsby, E. Narcolepsy and the HLA System. N. Engl. |. Med. 2001, 344, 692. [CrossRef] [PubMed]

22. Juji, T.; Satake, M.; Honda, Y.; Doi, Y. HLA antigens in Japanese patients with narcolepsy. All the patients were DR2 positive.
Tissue Antigens 1984, 24, 316-319. [CrossRef] [PubMed]

23.  Mignot, E. Genetic and familial aspects of narcolepsy. Neurology 1998, 50 (Suppl. 1), S16-S22. [CrossRef] [PubMed]

24. Aran, A; Lin, L.; Nevsimalova, S.; Plazzi, G.; Hong, S5.C.; Weiner, K.; Zeitzer, J.; Mignot, E. Elevated Anti-Streptococcal Antibodies
in Patients with Recent Narcolepsy Onset. Sleep 2009, 32, 979-983. [CrossRef] [PubMed]

25.  Picchioni, D.; Hope, C.R.; Harsh, J.R. A Case-Control Study of the Environmental Risk Factors for Narcolepsy. Neuroepidemiology

2007, 29, 185-192. [CrossRef] [PubMed]


https://doi.org/10.1038/nrdp.2016.100
https://www.ncbi.nlm.nih.gov/pubmed/28179647
https://doi.org/10.1038/s41582-019-0226-9
https://www.ncbi.nlm.nih.gov/pubmed/31324898
https://doi.org/10.1186/s12993-018-0151-x
https://www.ncbi.nlm.nih.gov/pubmed/30587203
https://doi.org/10.1007/s11682-017-9706-y
https://doi.org/10.3389/fnhum.2016.00369
https://doi.org/10.1111/ane.13532
https://doi.org/10.1016/j.sleep.2012.06.006
https://doi.org/10.1016/S0140-6736(99)05582-8
https://doi.org/10.1016/S0896-6273(00)00058-1
https://doi.org/10.1016/j.nicl.2019.101875
https://doi.org/10.1016/S1474-4422(14)70075-4
https://www.ncbi.nlm.nih.gov/pubmed/24849861
https://doi.org/10.1093/sleep/30.1.13
https://www.ncbi.nlm.nih.gov/pubmed/17310860
https://doi.org/10.1016/j.sleep.2021.06.008
https://www.ncbi.nlm.nih.gov/pubmed/34304148
https://doi.org/10.1093/sleep/25.2.197
https://www.ncbi.nlm.nih.gov/pubmed/25699322
https://doi.org/10.1016/j.vaccine.2012.12.015
https://doi.org/10.5665/sleep.5140
https://doi.org/10.1093/sleep/zsz091
https://doi.org/10.1016/j.jns.2016.08.026
https://doi.org/10.1016/j.sleep.2013.12.012
https://doi.org/10.1056/NEJM200103013440918
https://www.ncbi.nlm.nih.gov/pubmed/11229347
https://doi.org/10.1111/j.1399-0039.1984.tb02144.x
https://www.ncbi.nlm.nih.gov/pubmed/6597978
https://doi.org/10.1212/WNL.50.2_Suppl_1.S16
https://www.ncbi.nlm.nih.gov/pubmed/9484418
https://doi.org/10.1093/sleep/32.8.979
https://www.ncbi.nlm.nih.gov/pubmed/19725248
https://doi.org/10.1159/000111581
https://www.ncbi.nlm.nih.gov/pubmed/18043003

J. Clin. Med. 2024, 13, 652 8of8

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lind, A.; Salami, F; Landtblom, A.M.; Palm, L.; Lernmark, A.; Adolfsson, J.; Elding Larsson, H. Immunocyte single cell analysis
of vaccine-induced narcolepsy. Eur. J. Immunol. 2021, 51, 247-249. [CrossRef]

Hallberg, P.; Smedje, H.; Eriksson, N.; Kohnke, H.; Daniilidou, M,; Ohman, L; Yue, Q.-Y.,; Cavalli, M.; Wadelius, C.;
Magnusson, PK.; et al. Pandemrix-induced narcolepsy is associated with genes related to immunity and neuronal survival.
EBioMedicine 2019, 40, 595-604. [CrossRef]

Partinen, M.; Saarenp&a-Heikkild, O.; Ilveskoski, I.; Hublin, C.; Linna, M.; Olsén, P.; Nokelainen, P.; Alén, R.; Wallden, T,
Espo, M.; et al. Increased Incidence and Clinical Picture of Childhood Narcolepsy following the 2009 HIN1 Pandemic Vaccination
Campaign in Finland. PLoS ONE 2012, 7, e33723. [CrossRef]

Bostrom, I.; Berntsson, S.G.; Zheliba, N.; Gauffin, H.; Kristoffersson, A.; Niemeld, V.; Landtblom, A. Narcolepsy as a side effect of
swine flu vaccination. J. Neurol. Sci. 2017, 381, 189. [CrossRef]

Bostrom, I.; Lindberger, O.; Partinen, M.; Landtblom, A.-M. Vaccination against swine flu caused narcolepsy in several European
countries. Health Risk Anal. 2020, 3, 180-185.

Sarkanen, T.; Alakuijala, A.; Julkunen, I.; Partinen, M. Narcolepsy Associated with Pandemrix Vaccine. Curr. Neurol. Neurosci.
Rep. 2018, 18, 43. [CrossRef] [PubMed]

Szakacs, A.; Darin, N.; Hallbook, T. Increased childhood incidence of narcolepsy in western Sweden after HIN1 influenza
vaccination. Neurology 2013, 80, 1315-1321. [CrossRef] [PubMed]

Han, F; Lin, L.; Warby, S.C.; Faraco, J.; Li, ].; Dong, S.X.; An, P; Zhao, L.; Wang, L.H.; Li, Q.Y.; et al. Narcolepsy onset is seasonal
and increased following the 2009 HIN1 pandemic in china. Ann. Neurol. 2011, 70, 410-417. [CrossRef] [PubMed]

Thebault, S.; Vincent, A.; Gringras, P. Narcolepsy and HIN1 vaccination: A link? Curr. Opin. Pulm. Med. 2013, 19, 587-593.
[CrossRef] [PubMed]

Landtblom, A.M.; Engstrom, M. The sleepy teenager—Diagnostic challenges. Front. Neurol. 2014, 5, 140. [CrossRef] [PubMed]
Wang, X.; Xiao, F; Wang, Y.; Deng, X.; Chen, Z.; Dong, X.; Wang, W.; Li, C.; Xu, Z.; Wu, H,; et al. Changed epidemiology of
narcolepsy before, during, and after the 2009 HIN1 pandemic: A nationwide narcolepsy surveillance network study in mainland
China, 1990-2017. Sleep 2023, 46, zsac325. [CrossRef] [PubMed]

Masterman, T.; Ligers, A.; Olsson, T.; Andersson, M.; Olerup, O.; Hillert, ]. HLA-DR15 is associated with lower age at onset in
multiple sclerosis. Ann. Neurol. 2000, 48, 211-219. [CrossRef]

Dunn, S.E.; Gunde, E.; Lee, H. Sex-Based Differences in Multiple Sclerosis (MS): Part II: Rising Incidence of Multiple Sclerosis in
Women and the Vulnerability of Men to Progression of this Disease. Curr. Top. Behav. Neurosci. 2015, 26, 57-86.

Alfredsson, L.; Olsson, T. Lifestyle and Environmental Factors in Multiple Sclerosis. Cold Spring Harb. Perspect. Med. 2019,
9, a028944. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/eji.202048633
https://doi.org/10.1016/j.ebiom.2019.01.041
https://doi.org/10.1371/journal.pone.0033723
https://doi.org/10.1016/j.jns.2017.08.539
https://doi.org/10.1007/s11910-018-0851-5
https://www.ncbi.nlm.nih.gov/pubmed/29855798
https://doi.org/10.1212/WNL.0b013e31828ab26f
https://www.ncbi.nlm.nih.gov/pubmed/23486871
https://doi.org/10.1002/ana.22587
https://www.ncbi.nlm.nih.gov/pubmed/21866560
https://doi.org/10.1097/MCP.0b013e328365af97
https://www.ncbi.nlm.nih.gov/pubmed/24048081
https://doi.org/10.3389/fneur.2014.00140
https://www.ncbi.nlm.nih.gov/pubmed/25136329
https://doi.org/10.1093/sleep/zsac325
https://www.ncbi.nlm.nih.gov/pubmed/36595587
https://doi.org/10.1002/1531-8249(200008)48:2%3C211::AID-ANA11%3E3.0.CO;2-R
https://doi.org/10.1101/cshperspect.a028944

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	The National Patient Register (NPR) 
	Persisting Increase in the Prevalence of Narcolepsy 
	Ad Hoc Analysis 

	Conclusions 
	References

