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Background: Autoimmunity has been proposed as a cause of narcolepsy. A few studies

have assessed comorbid autoimmune diseases in patients with narcolepsy, with conflicting

results; however, no study has assessed autoimmune diseases in Arab narcolepsy patients.

This study aimed to assess the coexistence of immune-mediated conditions such as allergies,

autoimmune diseases, and autoinflammatory diseases in patients with narcolepsy type 1 (with

cataplexy) (NT1) and narcolepsy type 2 (without cataplexy) (NT2).

Methods: Personal and family history of autoimmune/autoinflammatory and allergic dis-

orders was collected using a questionnaire in 80 consecutive Saudi patients with narcolepsy

(46 NT1 and 24 NT2), who were diagnosed according to the International Classification of

Sleep Disorders, Third Edition. The control group comprised 222 adults from the general

population.

Results: Comorbid autoimmune/autoinflammatory diseases were reported by 21.4% of the

NT1 patients, and 12.2% of the controls, with no significant difference between cases and

controls in a model adjusted for confounding covariates. However, allergic disorders were

significantly more prevalent among NT1 patients. Both comorbid autoimmune/autoinflam-

matory and allergic disorders were significantly more prevalent among NT2 patients

compared to controls. No differences in demographic and clinical characteristics were

detected between narcolepsy patients with and without autoimmune/autoinflammatory

diseases.

Conclusion: NT1 is not associated with increased comorbid autoimmune diseases in the

studied sample of Saudi patients. However, autoimmune diseases are associated with NT2,

and allergic disorders are associated with both NT1 and NT2. These findings suggest the

existence of dysregulation in the immune system of narcolepsy patients that requires further

research.
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Introduction
Narcolepsy is a lifelong disabling sleep disorder, caused by the selective degenera-

tion of hypocretin (orexin)-producing neurons in the lateral hypothalamus.1

Hypocretin is involved in many physiological functions such as the sleep–wakeful-

ness cycle, appetite, autonomic regulation, and neuroendocrine homeostasis.2

Narcolepsy is characterized by irresistible attacks of sleep. In addition, other

symptoms can be present such as cataplexy, hypnagogic or hypnopompic hallucina-

tions, sleep paralysis, and sleep-maintenance insomnia.3 Narcolepsy can be divided

into two types, narcolepsy type 1 (with cataplexy) (NT1) and narcolepsy type 2

(without cataplexy) (NT2). Narcolepsy affects around 0.02% of the adults
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worldwide, with huge variations in prevalence attributed to

differences in genetic background.4

NT1 is deeply associated with two HLA-DQ loci—

DQA1*01:02, and DQB1*06:02.5 DQB1*06:02 is found in

76–95% of the patients with NT1 and 40–60% of the patients

with NT2, but only in 12–38% of the general population.6,7

Other HLA alleles, such as DQB1*03:01 and DQA1*06, are

also related to narcolepsy, but to a lesser extent. Using

a genome-wide association (GWA) analysis among different

ethnic groups, an association was found between polymorph-

isms in the TCRα (T-cell receptor alpha) locus and

narcolepsy.8 The TCR has a critical role in the recognition

of antigens bound to HLA molecules. HLA class II mole-

cules (eg, DQB1*06:02) present antigenic peptides to CD4+

T cells, a fact that may indicate a similarity to diabetes and

celiac disease, which are T-cell-mediated autoimmune dis-

eases. The fact that the concordance rate of narcolepsy

among monozygotic twins is 25–31% implies that other

important mechanisms such as environmental factors have

a crucial role in the development of the disease.

Although the exact cause of NT1 is not known, the

leading hypothesis involves autoimmunity.9 However, it

has been shown that autoimmune disease rates are affected

by race, ethnicity, socioeconomic status, occupation, and

geographic location.10,11 On the other hand, our under-

standing of the pathophysiology of NT2 and other hyper-

somnolence disorders with normal hypocretin levels is

limited.12

Autoimmune diseases tend to coexist with a prevalence

higher than anticipated rates by chance.13 GWA studies

have demonstrated that some loci are associated with more

than one autoimmune disorder.14 This could be related to

shared pathways for T-cell and B-cell activation and cyto-

kine signaling.14 It is possible that certain subgroups of

autoimmune diseases share etiological similarities and

underlying mechanisms of disease.14 Therefore, autoim-

mune disorders may co-occur in the same individual,

which has led researchers to consider different terms

such as autoimmune diathesis or kaleidoscope of autoim-

munity, both of which point to a common genetic back-

ground of autoimmune disorders.15 A few studies have

assessed comorbid autoimmune diseases in patients with

narcolepsy, with conflicting results;16–18 however, no study

has assessed autoimmune diseases in Arab narcolepsy

patients. We hypothesized that autoimmune diseases will

be higher in Saudi Arabian patients with narcolepsy.

Therefore, this case–control study aimed to assess the

coexistence of immune-mediated conditions such as

allergies, autoimmune diseases, and autoinflammatory dis-

eases in patients with narcolepsy (NT1 and NT2).

Methods
Study design
An observational case–control study was conducted at the

University Sleep Disorders Center (USDC) of King Saud

University Medical City. Narcolepsy patients and controls

were matched for age, sex, and body mass index (BMI).

Both written and informed consent was obtained from

all participants, and ethics approval was obtained from the

Institutional Review Board in the College of Medicine at

King Saud University. The study was conducted in accor-

dance with the Declaration of Helsinki.

Participants
The study included 80 consecutive patients (84% male),

with a mean age of 34.6±1.6 years, attending the narco-

lepsy clinic in the USDC of King Saud University Medical

City between September 2016 and December 2017.

A control group of 222 subjects matched for sex, age,

and BMI was recruited from the general population, from

public places, during the same period. Table 1 presents the

demographics on cases and controls.

Narcolepsy was diagnosed based on the International

Classifications of Sleep Disorders-third edition.19 All patients

underwent full polysomnography (PSG) followed by

a multiple sleep latency test (MSLT).19 In addition to irresis-

tible attacks of sleep, NT1was diagnosed by amean latency of

<8 mins on the MSLTwith evidence of sleep-onset rapid eye

movement periods (SOREMPs) and clear cataplexy (“more

than one episode of generally brief (<2 mins), usually bilater-

ally symmetrical, sudden loss of muscle tone with retained

Table 1 Demographics of narcolepsy patients and controls

Variable Mean ± SE/n (%) p-Value

Case
(n=80)

Control
(n=222)

Age (years) 34.6±1.6 36.6±0.9 0.143

Age groups (years)

18–30 32 (40) 89 (40.1) 0.781

31–40 19 (23.8) 61 (27.5)

41–50 10 (12.5) 25 (11.3)

>50 12 (15) 36 (16.2)

Sex (males) 67 (84) 158 (71.2) 0.107

Body mass index (kg/m2) 28.6±0.7 27.7±0.4 0.187
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consciousness”).19 NT2 was diagnosed by a mean latency of

<8 mins on the MSLT and two SOREMPs (or one SOREMP

on PSG and one or more on MSLT), but without cataplexy.19

Data collection
The investigators interviewed the participants using

a prestructured questionnaire. The questionnaire items

were formulated to evaluate comorbidities chosen on the

basis of previous studies.16–18,20–24 Specifically, the ques-

tionnaire was used to assess personal or family history of

autoimmune diseases and allergic disorders. Additionally,

past medical history and the medical reports from other

specialists were reviewed. The search included the follow-

ing autoimmune/autoinflammatory diseases: diabetes mel-

litus type 1, alopecia areata, Crohn’s disease, primary

biliary cirrhosis, autoimmune hepatitis, polymyositis/der-

matopolymyositis, myasthenia gravis, Guillain–Barré syn-

drome, pemphigus, rheumatoid arthritis, systemic lupus

erythematosus, Sjögren’s syndrome, autoimmune thyroidi-

tis (Hashimoto’s disease), Addison disease, acute anterior

uveitis, Behçet disease, and arthritis. Allergic disorders

included asthma, allergic rhinitis, atopic dermatitis, and

eczema. Family (first and second degree) history of auto-

immune/autoinflammatory diseases and allergic disorders

was obtained as well.

Pilot study
A pilot study with 10 patients was conducted to test the

clarity of the questions and to estimate the interview time.

The interview mean time was 15 mins, and none of the

subjects in the pilot group had difficulty understanding the

questions.

Statistical analysis
Data were expressed as means±standard error for continu-

ous data and percentages for categorical data. For compar-

ing groups, Pearson’s Chi-squared or two-sided Fisher’s

exact test was used for categorical variables, and Student’s

t-test for continuous variables with normal distribution. If

the normality test failed, we used the Mann–Whitney U test

for continuous variables.

We compared personal and family history of auto-

immune diseases and allergies, between controls and

each narcolepsy type, NT1 and NT2. A univariate logis-

tic regression analysis was used to compare between

cases and controls (or NT1 and NT2) for immune-

based disease exposure variables. The results of logistic

regression analysis were expressed by odds ratios (OR)

and their 95% CIs. Adjustments for covariates were

performed based on the results of variable comparisons:

the adjustments were done only if the univariate analy-

sis showed significant differences. Specifically, for the

comparison of NT2 vs NT1, we defined a “model 0” as

crude associations and “model 1” adjusted for age and

BMI. For the comparison between NT1 and controls,

we defined a “model 1” adjusted for age and a

“model 2” adjusted for age and BMI. In all compari-

sons, “model 0” reported only the crude associations.16

The analysis was performed using the Statistical

Package for Social Sciences software version 22.0

(SPSS Inc., Chicago, IL, USA). p-Values <0.05 were

considered significant.

Ethics statement
Participants were informed about the research aims, objec-

tives, and the mean time of the interview. Both written and

informed consent was taken from all participants before

beginning the interview. Anonymity was preserved. Ethics

approval was obtained from the Institutional Review

Board in the College of Medicine at King Saud

University. The study was conducted in accordance with

the Declaration of Helsinki.

Results
NT1 patients were 56 patients and NT2 were 24 patients.

Sleep latency was 2.4±0.1 mins in NT1 patients and 2.8±0.1

mins in NT2 patients (p-value=0.2), and SOREMs occurred

in 3.1±0.1 of NT1 patients and 2.8±0.1 of NT2 patients

(p-value=0.20).

There were no differences between narcolepsy

(NT1+NT2) patients and controls regarding age, sex, and

BMI (Table 1). However, when narcolepsy patients were

divided into NT1 and NT2, there were some differences

between controls and NT1 in age and BMI (Table 2). The

mean age at onset of narcolepsy was 19.8±1.1 years.

Comorbid autoimmune diseases in

patients with NT1
Table 3 presents the number of autoimmune/autoinflam-

matory diseases and allergic disorders in patients with

NT1, NT2, and controls. History of autoimmune/autoin-

flammatory diseases and allergic disorders was reported by

21.4% and 55.4% of the NT1 patients and 12.2% and

27.5% of the controls, respectively. Compared with con-

trols, patients with NT1 were older and had higher BMI.
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After adjusting for age and BMI, allergic disorders were

significantly more prevalent among patients with NT1 in

the crude and adjusted analysis (OR 3.208, 95% CI

1.724–5.97, model 2) (Table 4). With regard to autoim-

mune disease comorbidity, after adjusting for age and

BMI, there was no significant difference between NT1

patients and controls. However, family history of autoim-

mune diseases and allergic disorders was significantly

more prevalent in patients with NT1 in both the crude

and the adjusted analysis.

Comorbid autoimmune diseases in

patients with NT2
Among patients with NT2, autoimmune/autoinflammatory

diseases were reported by 33.3% and allergic disorders in

45.8% of the cases (Table 2). Compared with controls,

history of autoimmune/autoinflammatory diseases, history

of allergic disorders, family history of autoimmune/auto-

inflammatory diseases, and family history of allergic dis-

orders were all significantly associated with NT2.

Comparison between narcolepsy patients

with and without autoimmune disorders
Table 5 presents a comparison between narcolepsy patients

with and without autoimmune disorders. No significant

differences were found regarding sex, BMI, or the pre-

sence of cataplexy.

Discussion
Patients with NT2 showed significantly higher prevalence of

allergies and autoimmune/autoinflammatory diseases com-

pared to controls, and NT1 patients showed higher preva-

lence of allergic disorders compared to controls. However,

after adjusting for age and BMI, there was no association

between NT1 and autoimmune/autoinflammatory diseases.

Three recent studies have evaluated the association

between narcolepsy and autoimmune diseases.16–18 Our

findings concur with those by Barateau et al and are in

contrast with those by Martínez-Orozco et al.16–18 In

a French case–control study, Barateau et al compared the

frequencies of personal and family history of autoimmune

diseases and allergies in consecutive patients, adults and

children, with NT1, NT2, and idiopathic hypersomnia, and

healthy controls.16 The results demonstrated that NT1 is

not associated with increased risk of autoimmune disor-

ders. However, similar to our data, the investigators

reported higher frequency of autoimmune diseases in

NT2 patients compared to controls.16 In their first retro-

spective study, Martínez-Orozco et al reviewed the past

medical history and the medical reports of patients with

narcolepsy.18 They did not divide the study group into

NT1 and NT2. The investigators reported that narcolepsy

patients are more predisposed to immunopathological dis-

eases (autoimmune diseases and allergies).18 In the studied

sample, 16% of the patients had at least one immunopatho-

logical disease, with the predominance of allergic disor-

ders over autoimmune conditions.18 However, the study

had no control group. In their second observational retro-

spective case–control study, Martínez-Orozco et al studied

158 Caucasians NT1 patients with associated autoimmune

diseases and those without any association within the same

series, and 151 control subjects matched by gender and

age.17 Thirty out of 158 patients had one or more

Table 3 Number of autoimmune/autoinflammatory diseases and

allergic disorders in NT1, NT2, and control groups

Variablea n (%)

NT1
(n=56)

NT2
(n=24)

Control
(n=222)

Autoimmune and autoin-

flammatory diseases

Alopecia areata 8 (14.3) 3 (12.5) 9 (4.1)

Psoriasis 2 (3.6) 1 (4.2) 2 (0.9)

Autoimmune thyroid disease

(Hashimoto)

3 (5.4) 2 (8.3) 2 (0.9)

Type 1 diabetes mellitus 0 (0) 0 (0) 2 (0.9)

Sjogren’s syndrome 0 (0) 0 (0) 1 (0.5)

Ankylosing spondylitis 0 (0) 0 (0) 2 (0.9)

Multiple sclerosis 0 (0) 0 (0) 1 (0.5)

Systemic lupus

erythematosus

0 (0) 0 (0) 1 (0.5)

Graves’ disease 0 (0) 0 (0) 1 (0.5)

Vitiligo 0 (0) 1 (4.2) 6 (2.7)

Celiac disease 0 (0) 2 (8.3) 1 (0.5)

Rheumatic fever 0 (0) 1 (4.2) 0 (0)

Rheumatoid arthritis 2 (3.6) 0 (0) 0 (0)

Allergic disorders

Drug allergy 0 (0) 0 (0) 3 (1.4)

Food allergy 4 (7.1) 3 (12.5) 8 (3.6)

Allergic conjunctivitis 2 (3.6) 1 (4.2) 1 (0.5)

Skin allergy 6 (10.7) 1 (4.2) 6 (2.7)

Asthma 5 (8.9) 4 (16.7) 23 (10.4)

Allergic rhinitis 14 (25) 8 (33.3) 17 (7.7)

Eczema 9 (16.1) 2 (8.3) 13 (5.9)

Note: aPatients may have more than one disease.

Abbreviations: NT1, narcolepsy type 1 (with cataplexy); NT2, narcolepsy type 2

(without cataplexy).
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coexisting autoimmune diseases. Analysis of data revealed

a higher frequency of autoimmune diseases in NT1

patients compared with controls (OR 3.17; 95%

CI: 1.01–10.07; p=0.04).17 The differences between these

studies may reflect genetic and racial differences between

the populations. Additionally, there is growing evidence

suggesting that autoimmune diseases likely result from

interactions between genetic and environmental factors,

and that environmental factors may significantly contribute

to the risk of disease initiation and propagation.25

The exact cause of NT1 is not clear; however, current

indirect evidence suggests that an autoimmune mechanism

is the likely cause.26 Our results concur with those of

Barateau et al, suggesting that NT1 may not have the

same risk and susceptibility as other autoimmune

diseases.16 It is possible that NT1 has a unique pathophy-

siology that is not associated with an increased risk of

other autoimmune diseases.16 Nevertheless, family history

of autoimmune diseases was higher in NT1 patients than

in controls, pointing to a possible increase in family sus-

ceptibility to autoimmune diseases that could be related to

the HLA genotype.16 The association between NT2 (a

disorder with unknown underlying pathophysiology) and

autoimmune diseases in our study and in that by Barateau

et al suggests a propensity to activate the immune system

in NT2.16,27 More studies from different parts of the world

are needed to confirm these findings and to explore the

underlying mechanisms.

Although the prevalence of psoriasis and autoimmune

thyroid disease in the current study was higher in patients

with narcolepsy than in controls, it actually lies within the

prevalence reported in the general Saudi population.28,29 On

the other hand, alopecia areata was common among patients

with narcolepsy (both NT1 [14.3%] and NT2 [12.5%]).

Several case reports have described the coexistence of alo-

pecia areata and narcolepsy.30–32 A recent study reported

a prevalence of alopecia areata in Saudi men and women of

6.750% and 6.375%, respectively.33 The association between

alopecia areata and narcolepsy needs further research to

elucidate the underlying mechanisms.

In the current study, allergic disorders were more common

among NT1 and NT2 patients compared to controls.

A retrospective chart review of childhood narcolepsy pediatric

patients was conducted at three major pediatric sleep centers in

the US, France, and Taiwan and included 468 children with

narcolepsy.34 The investigators reported an increased fre-

quency of allergic disorders.34 Interestingly, the study found

that allergic disorders, particularly asthma and allergic rhinitis,

were markedly lower in NT1 compared to NT2.34 However,

the study had no control group. The authors suggest that

T-helper-2 (Th2) cellular hyperactivation against autoantigens

would cause IgE-mediated allergy.34 The authors also

hypothesize that the presence of a shift toward Th2 in the

Th1:Th2 balance, as indicated by the presence of allergic

conditions, may modify the severity of the disorder in child-

hood narcolepsy, reduce the prevalence of cataplexy in these

patients, and potentially dampen the severity of the disorder

even among the patients with cataplexy.34 Although autoim-

mune and allergic disorders both represent immunological

dysregulations, it remains controversial whether allergies

tend to co-occur with autoimmune diseases.35

The current study has some merits and limitations. The

patients were diagnosed in a major referral central for patients

with central hypersomnolence disorders in the country.

Additionally, this is the first study to report comorbid autoim-

mune diseases and allergic disorders in an Arab population.

Limitations include the fact that the age of onset of autoim-

mune diseases was not documented in this study. Additionally,

HLA typingwas not reported.Moreover, immune diseases and

allergic disorders were self-reported, although we also

reviewed medical records and specialists reports to check for

documented disorders. Previous studies that assessed

Table 5 Comparison between narcolepsy patients with and without autoimmune/autoinflammatory diseases

Variable Total n=80 Mean ± SE/n (%) p-Value

Autoimmune diseases (Yes) (n=20) Autoimmune diseases (No) (n=60)

Age at onset of narcolepsy (years) 23.1±2.5 18.7±1.1 0.052

Sex (male) 19 (95) 48 (80) 0.167

BMI (kg/m2) 28.5±1.5 28.6±0.8 0.511

Presence of cataplexy 12 (60) 44 (73.3) 0.260

Presence of allergic disorders 13 (65) 29 (48.3) 0.196

Family history of allergic disorders 10 (50) 31 (51.7) 0.897
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comorbid autoimmune disorders used a similar method.16–18

Finally, the sample size is relatively small, whichmay not have

adequate power to address differences between the narcolepsy

and control groups.

Conclusions
In summary, this study showed that NT1 was not associated

with increased comorbid autoimmune/autoinflammatory dis-

eases in the studied sample. This finding concurs with a recent

French study and may reflect a unique pathophysiology of

NT1.16 However, larger studies are needed to confirm the

current findings.

On the other hand, autoimmune diseases were associated

with NT2, and allergic disorders were associated with both

NT1 and NT2. This result suggests a dysregulation in the

immune system in narcolepsy patients, which needs further

research to explore the clinical and genetic associations

between narcolepsy and autoimmune and allergic disorders.

Moreover, prospective multiethnic studies from different

geographical regions of the world are needed to explore the

immunophenotype and potential associations with HLAmar-

kers such as DQB1*06:02.

Abbreviation list
NT1, narcolepsy type 1; NT2, narcolepsy type 2; GWA,

genome-wide association; BMI, body mass index; ICSD-3,

International Classifications of Sleep Disorders-third edi-

tion; PSG, polysomnography; MSLT, multiple sleep

latency test; SOREMP, sleep-onset rapid eye movement

period; SD, standard deviation; OR, odds ratio; CI, con-

fidence interval.
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