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A B S T R A C T

Objectives: In this multi-center cross-sectional study, we compared substance use patterns (SUPs) between pa
tients with narcolepsy type 1 (NT1) and controls, and investigated, among patients, factors associated with the 
consumption of the main psychoactive substances.
Methods: Adult patients with NT1 and controls completed questionnaires about tobacco, alcohol, and cannabis 
use patterns. Unadjusted bivariable then multivariate analyses (adjusted for sex, age, education, family status, 
and depression) were performed to compare SUPs between controls and patients, and to explore socio- 
demographic, psycho-behavioral, and clinical determinants of consumptions.
Results: We included 235 patients (63.8 % women, 36.4 ± 14.7 years) and 166 controls (69.9 % women, 40.3 ±
14.4 years). Substances co-consumptions were frequent in both groups. Patients with NT1 were more frequently 
current smokers (32.3 % vs. 20.1 %, p < 0.01) or e-cigarettes users (12.1 % vs 2.4 %, p < 0.001) than controls, 
while no difference was observed for cannabis use and alcohol misuse. Only the increased likelihood of vaping 
remained significant in adjusted analysis. Among NT1 patients, smoking was associated with disrupted nighttime 
sleep (OR[95%CI] = 2.28[1.02–5.12], p < 0.05) and less obesity (OR = 0.24[0.09–0.59], p < 0.05). Alcohol 
misuse was associated with sleep paralysis (OR = 2.11[1.13–3.91], p < 0.05) and treatments (modafinil: OR =
2.14[1.15–4.01], p < 0.05; sodium oxybate: OR = 0.41[0.17–0.97], p < 0.05). Tobacco and cannabis con
sumptions were associated with lower physical activity (OR = 0.46 [0.24–0.87], p < 0.05 and OR = 0.25 
[0.10–0.66], p < 0.01). Alcohol misuse and cannabis use were associated with rule breaking behaviors (OR =
5.89[1.61–21.60], p < 0.05 and OR = 8.52[1.79–40.48], p = 0.01).
Conclusion: Patients with NT1 do not seem less vulnerable to psychoactive substance use/misuse. Consumptions 
patterns are associated with multiple dimensions of the disease including sleep-related symptoms, comorbidities, 
treatments, and psycho-behavioral factors.

1. Introduction

Narcolepsy type 1 (NT1) is a neurological disease affecting 
0.025–0.05 % of the population, caused by an acquired deficiency in 
orexin/hypocretin, a hypothalamic neurotransmitter involved in the 
regulation of sleep/wake states [1–3]. The main symptoms of NT1 are 
hypersomnolence, disrupted nighttime sleep, and manifestations related 
to rapid-eye-movement (REM) sleep dysregulation, i.e., cataplexy, sleep 
paralysis, and hallucinations [1,2]. Patients with NT1 also experience 
various comorbidities including sleep-related (REM sleep behavior dis
order, sleep apnea, periodic limb movements and restless leg syndrome) 
and sleep-unrelated conditions [4] such as metabolic, digestive and 
cardiovascular diseases, along with neurocognitive and psychiatric 
disorders. These include anxiety, depression, attention deficit hyperac
tivity disorder (ADHD), emotional dysregulation, and executive 
dysfunction despite normal or high level global intellectual quotient 
[5–13]. The determinism of these psycho-cognitivo-behavioral disorders 
is likely multifactorial, involving an indirect effect of sleep-related 
symptoms and the disability resulting from living with a chronic dis
ease, as well as a direct effect of orexinergic pathways dysfunction [3,
14–16].

Among psychiatric comorbidities in patients with NT1, substance use 
disorders (SUDs) have received limited attention, despite extensive data 
from animal and human studies highlighting the role of orexin in 
motivation and reward system modulation [17–19]. Orexin neurons 
project not only on wake-promoting regions but also on 
reward-associated brain structures such as the nucleus accumbens and 
the ventral tegmental area [20,21]. Orexin signaling was described as a 
driver of “motivational activation” involved in situations of high moti
vational relevance [19,22], and it was proposed that orexin receptors 1 
and 2 might be involved in different aspects of addictive behaviors, 
including “hedonic” motivation (positive reward-seeking) versus stres
s/arousal (negative relief-seeking) dimensions respectively, though 
there is clearly some overlap between these systems [23].

Sleep disorders and SUDs share a complex relationship, marked by 
multiple interconnections [24–26]. Psychoactive substances may pro
vide temporary relief from sleep disturbances, while they tend to pro
foundly disrupt sleep quality and architecture on the long run. As a 
result, SUDs are highly prevalent in sleep disorders, such as insomnia 
[27]. Moreover, sleep disorders, particularly NT1, are strongly related to 
psychiatric conditions, including anxiety and mood disorders, which 

may also pave the way for substance abuse and SUDs [28]. The direct 
role of the orexin system dysfunction has also been pointed out in the 
development of sleep disorders in SUDs, as the increased orexin activity 
observed in drug taking and withdrawal promotes stress-elicited 
drug-seeking, arousal and sleep disruption [29]. This makes orexin re
ceptor antagonists, which aim to reduce orexin hypersignaling, a 
promising treatment approach for SUDs [29].

In NT1, reduced orexin signaling in the mesolimbic pathway could 
impact reward seeking behavior, and thus possibly affect the prevalence 
or clinical expression of SUDs [19,30]. However, Dimitrova et al. found 
no difference between patients with narcolepsy with (N = 30) vs without 
cataplexy (N = 15) vs 32 controls for the Alcohol Use Disorders Iden
tification test, Consumption part (AUDIT-C). To note, the authors 
excluded participants with prior history of addiction, substance abuse, 
or psychiatric illness [31]. Accordingly, in a phone-interview survey, 
Ohayon et al. reported no difference in alcohol dependance between 
patients with narcolepsy (N = 320, 0.6 %) and controls matched on age, 
gender and body mass index (BMI) (N = 1464, 0.9 %) [32]. The largest 
study on the topic (N = 243 patients with NT1, 116 with narcolepsy type 
2 (NT2), 91 with idiopathic hypersomnia (IH), and 710 controls) showed 
extremely rare abuse of amphetamine-like stimulants prescribed to 
alleviate sleepiness, a very low level of excessive illicit drug use or 
abuse, and a lower level of excessive alcohol consumption in NT1 vs 
controls after adjustment for age, gender, educational level, body-mass 
index (BMI) and depression score [33]. However, in this study, the 
prevalence of regular alcohol (>4 drinks/week) and tobacco (>10 cig
arettes/day) use was higher in patients with NT1 than in controls (19.7 
% vs 7.2 % and 22.7 % vs 4.2 % respectively, p < 0.0001). In total, 37.2 
% NT1 vs 21.7 % controls were current smokers. The prevalence of to
bacco consumption (>10 cigarettes/day) was also higher in NT1 (22.7 
%) than in NT2 (8.7 %) and IH (10.0 %) (p = 0.0004), with the model 
described above plus additional adjustment for ESS and drugs intake at 
the evaluation. Interestingly, several other reports either based on 
clinical series or on large registry surveys, have consistently reported 
higher rates of tobacco consumption in patients with NT1. Thus, in a 
Czech series of 87 patients with NT1, 43.7 % were regular smokers (to 
note, the rate of active regular smokers in general population was 23.5 % 
in the Czech Republic at that time), 19.5 % were former smokers, and 
72.2 % of smokers had started smoking prior to the first symptoms of 
narcolepsy [34]. In a study about nocturnal compulsive behaviors in 75 
NT1 and 65 controls, Palaia et al. also reported increased prevalence of 

L. Peter-Derex et al.                                                                                                                                                                                                                            Sleep Medicine 129 (2025) 148–166 

149 



smoking, reaching 46.2 % (vs 21.5 % of controls, p = 0.003) while no 
difference was observed for alcohol consumption. An increase in tobacco 
consumption was also found in the 437 patients with narcolepsy from 
the US National Health and Wellness Survey vs controls (current 
smokers: 32.3 % vs 17.9 %, p < 0.001) with no difference for alcohol 
consumption [35]. All in all, these data suggest that the relationship 
between orexin deficiency and addiction in NT1 is complex, especially 
regarding nicotine dependency, and might involve modulators (such as 
sleep-related symptoms or emotional dysregulation), as well as a 
possible individual vulnerability.

This question is of high interest, not only to understand the role of 
orexin in reward in humans but also to better assess, prevent, and 
manage SUDs in patients with NT1 as such disorders contribute to 
psychiatric and cardiovascular comorbidities [12,36]. The NarcoScol 
NarcoVitae is a national French multicenter cross-sectional study which 
aimed to investigate psychosocial and clinical characteristics as well as 
the academic and occupational paths of patients with NT1, compared to 
a population of matched healthy controls [37]. In this context, the 
patterns of use of the main psychoactive substances, i.e., tobacco, 
alcohol, and cannabis, were assessed. Here, we aimed to: (1) compare 
the substance use patterns of patients with NT1, relative to healthy 
controls; and (2) explore, within patients with NT1, the main socio
demographic and clinical features of individuals with a positive 
screening for tobacco or cannabis use, and alcohol misuse.

2. Methods

2.1. Type of study

NarcoScol NarcoVitae is a national multicenter comparative cross- 
sectional study conducted in 18 Reference and Competence Centers 
for Orphan Diseases, Narcolepsy and Rare Hypersomnia Network in 
France, between Feb 2020 and Feb 2023. Details on the recruitment 
process are provided [37]. Briefly, patients with NT1 were notified 
about the study via letter by the sleep physician from the Center where 
they were usually followed up. They were encouraged to complete on
line questionnaires and to identify individuals among their close re
lations and invite them directly to participate in the study as controls.

2.2. Study population

Patients with NT1 consisted of 235 individuals regularly followed up 
in participating centers, who met the following inclusion criteria: (1) 
being aged of 18 years or more, and (2) meeting the international 
diagnostic criteria for NT1 at the time of the study (ICSD3-2014), that is, 
an excessive daytime time sleepiness over the last 3 months + either 
(cataplexy + a positive multiple sleep latency test [i.e., sleep latency ≤8 
min and >1 REM sleep period within 15 min of sleep onset]), OR a low 
orexin-A cerebrospinal fluid level (<110 pg/mL) [38]. The diagnosis of 
narcolepsy was conducted by physicians specialist in sleep medicine in 
Rare Disease Reference and Competence Centers in France. These cen
ters, established under the National Plan for Rare Diseases, combine 
national expertise with localized care to enhance diagnosis, treatment 
access, and research through coordinated efforts. We focused on nar
colepsy type 1 to ensure a homogeneous population, as its diagnosis is 
notably clearer and more consistent over time compared to narcolepsy 
type 2 or idiopathic hypersomnia [39]. Exclusion criteria were as fol
lows: insufficient knowledge of the French language, cognitive impair
ment inconsistent with questionnaire completion, and refusal to 
participate.

The control group consisted of 166 individuals selected by NT1 
participants from within their close circle, who were acquaintances (but 
no relatives) of the same sex and age (±5 years) willing to complete the 
same questionnaires than the NT1 participants, except for those specific 
to narcolepsy.

2.3. Measurements and data preprocessing

The following characteristics were collected in both groups with 
online questionnaires: (1) sociodemographic measures, i.e., age (in 
years), gender (male or female), occupational status (employed, unem
ployed, retired, or student), socio-professional category, level of study 
according to the international standard classification of education 
(ISCED [40]), marital status (married or in couple, single, separated, 
divorced, or widowed), and having children (yes or no); (2) sleep and/or 
NT1 features, i.e., age at NT1 onset and at diagnosis, previous episodes 
of cataplexy (yes or no), current episodes of (yes or no for each) cata
plexy, sleep paralysis, hallucinations, night awakening or insomnia, 
morning sleep inertia, irresistible daytime sleep attacks, preventive naps 
(yes or no) and number of naps per day (less than daily, regular napping 
(>1/day)), Epworth sleepiness scale (ESS [41]); Narcolepsy Severity 
Scale (NSS [42]); (3) substance use and misuse, using the past-month 
tobacco smoking status (current smoker, past smoker, or never 
smoker, and quantification of nicotine dependance with the Heaviness 
of Smoking Index (HSI) [43], a score ranging from 0 i.e. no dependance 
to 6, i.e. high dependance), past-month e-cigarette vaping status (yes or 
no), cannabis use over the past six month (yes or no, and quantification 
of the frequence of consumption from never (score 0), ≤1 time/month 
(score 1), 2–4 times/month (score 2), 2–3 times/week (score 3) and ≥4 
times/week (score 4)), and the AUDIT-C [44,45]; and (4) other clinical 
parameters, that is, the BMI, previous depressive episode requiring 
pharmacotherapy or psychotherapy (yes or no), current physical activity 
(yes or no), Beck Depression Inventory version 2 (BDI-II [46]) ques
tionnaire, the Euro Quality of Life 5 dimensions Y (EQ-5D-Y [47]) 
questionnaire, and the Adult Self Report (ASR), a component of the 
Achenbach System of Empirically Based Assessment designed to eval
uate behavioral, psychosocial and adaptive functioning in adults [48]. In 
addition, data about current medications used for NT1, either as 
wake-promoting or anti-cataplectic drugs were collected (yes or no), 
within the following list: modafinil, methylphenidate, pitolisant, dex
amphetamine, clomipramine, venlafaxine, fluoxetine, and sodium oxy
bate (note that solriamfetol was not available in France at the time of the 
study).

Data were pre-processed as follows. Age, as a continuous variable, 
was transformed into a 5-category variable, that is, 24 years or less, 
25–34 years, 35–44 years, 45–50 years, and 55+ years. Marital status 
was transformed into a binary variable, consisting of either in couple (i. 
e., married, or having a partner), or not in couple (i.e., single, separated 
or divorced, or widowed). BMI was transformed into a 3-category var
iable, i.e., normal or subnormal (less than 25 kg/m2), overweight (25 or 
more but less than 30 kg/m2) and obesity (more than 30 kg/m2). Nar
colepsy onset and diagnosis age were considered as two variables and 
also compiled into three groups, that is, (1) NT1 onset and diagnosis <18 
years, (2) NT1 onset <18 and diagnosis ≥18 years, and (3) NT1 onset 
≥18 years). The ESS was considered as a continuous variable and 
transformed into a binary variable, i.e., normal (score of ≤10), or 
excessive sleepiness (score >10). The NSS score was also considered as a 
continuous and as a 4-item categorical variable (0–14; 15–28, 29–42; 
and 43–57 [49]). The AUDIT-C score was transformed into a binary 
variable, i.e., (1) alcohol misuse (abnormal threshold ≥4 for men, and 
≥3 for women), and (2) no alcohol misuse (below these cut-offs). 
Alcohol, tobacco and cannabis consumption were considered as binary 
variables (use vs no or former use) and as quantitative variables (score 
AUDIT-C for alcohol, score HIS for tobacco and frequency of consump
tion score for cannabis). The BDI-II score was compiled into a four-item 
variable, i.e., no depression (score of 9 or less), minor depression (score 
between 10 and 18), moderate depression (score between 19 and 29), 
and severe depression (score of 30 or more). Syndromes scales and DSM 
IV oriented scale derived from the ASR questionnaire were classified in 
three groups (clinical range, limit range, normal range). Treatments 
were considered either individually, or as a group for psychostimulant 
medications (including modafinil, methylphenidate, mazindol and 
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dexamphetamine).

2.4. Statistical analyses

Descriptive statistics were presented as frequency and percentage for 
categorical variables and as mean ± std, median, Q1, Q3 for continuous 
variables.

Comparison between patients with NT1 and healthy controls were 
performed with Chi-squared test for ≥2 modality nominal variables or 
Fisher test if chi squared test was not applicable and with T-test test for 
quantitative variable or Wilcoxon when T-test was not applicable (small 
group size). Logistic regressions were performed in order to calculate 
odds ratio. Univariate analyses were performed first. Then multivariable 
analyses were performed in order to adjust (1) first, for sex, age, 
educational level and family status (Model 1) (2) secondly, for the same 
demographics variables plus the BDI score and previous depressive 
episode requiring pharmacotherapy or psychotherapy (Model 2).

For the group of patients with NT1, further analyses were performed, 
aiming to analyze the relationships between the main sociodemographic 
and clinical as well as psychobehavioral features of individuals and a 
positive screening for tobacco or cannabis use, and alcohol misuse. 
Univariate and multivariable analyses were performed. Variables of 
adjustment were first sex, age, educational level and family status 
(Model 1), and secondly the same demographics variables plus the BDI 
score and previous depressive episode requiring pharmacotherapy or 
psychotherapy (Model 2). A p-value ≤0.05 was considered as statisti
cally significant. Analyses were performed with SAS software (version 

9.4).

2.5. Standard protocol approvals, registrations and patient consents

The study was performed in accordance with the principles of good 
clinical practice and the Declaration of Helsinki. The trial was approved 
by the Ethic Review Board (CPP Nord-Ouest I, N◦ 2018-A01586-49), and 
by the National Commission for Data Protection. All participants pro
vided informed consent. The trial was registered at ClinicalTrials.gov
(NCT 03765892).

3. Results

Descriptive variables of the two groups, and comparisons between 
patients with NT1 and controls are displayed in Table 1 for consumption 
variables, Table 2 for sociodemographic variables and Supplementary 
Table 1 for psychobehavioral variables from ASR. A total of 235 patients 
with NT1 (63.8 % women) and 166 controls (69.9 % women, most 
controls being friends of the patients) completed the questionnaires. 
Patients were younger (36.4 ± 14.7 vs 40.3 ± 14.4 years, p < 0.01). The 
two groups differed also for marital status (less patients were in a couple, 
37.8 % vs 61.5 %, p < 0.0001), physical activity (less frequent in pa
tients: 55.2 % vs 67.1 %, p = 0.02), depression (BDI II score 13.1 ± 10.1 
vs 8.3 ± 6.9, p < 0.0001), sleepiness (ESS: 16.3 ± 4.0 vs 8.3 ± 4.9, p <
0.0001) and quality of life (ED5Q: 69.6 ± 17.2 % vs 80.0 ± 13.6 %, p <
0.0001). Regarding psychobehavioral variables, patients rated higher 
for almost all of syndrome scales (anxious/depressed, withdrawn, 

Table 1 
Substance use in patients with narcolepsy type 1 and controls.

Patients with 
NT1

Healthy 
controls

Model 1 Model 2

n % n % p-valuea Ajusted OR 95 % CI p-value Ajusted OR 95 % CI p-value

Alcohol misuse (AUDIT-C) ​ ​ ​ ​ 0.07 ​ ​ 0.2 ​ ​ 0.5
No (Score men<4 and Score women <3) 137 59.3 82 50.0 ​ 1 – ​ 1 – ​
Yes (Score men≥4 and score women≥3) 94 40.7 82 50.0 ​ 0.73 0.48–1.12 ​ 0.85 0.54–1.35 ​

Score Audit-C ​ ​ ​ ​ 0.2 0.93a 0.84–1.03 0.2 0.95a 0.86–1.06 0.4
Mean (std) 2.62 (2.25) 2.90 (2.19) ​ ​ ​ ​ ​ ​ ​
Median (Q1-Q3) 2 (1–4) 3 (1–4) ​ ​ ​ ​ ​ ​ ​

Tobacco smoking status (QP39Recode2Cat) ​ ​ ​ ​ 0.007 ​ ​ 0.06 ​ ​ 0.1
No smoker/Past smoker 157 67.7 131 79.9 ​ 1 – ​ 1 – ​
Current smoker 75 32.3 33 20.1 ​ 1.60 0.98–2.62 ​ 1.51 0.89–2.54 ​

HSI score ​ ​ ​ ​ 0.04 0.91b 0.65–1.26 0.2 0.86b 0.61–1.21 0.4
Mean (std) 0.49 (1.12) 0.28 (0.88) ​ ​ ​ ​ ​ ​ ​
Median (Q1-Q3) 0 (0–0) 0 (0–0) ​ ​ ​ ​ ​ ​ ​

​ n % n % ​ ​ ​ ​ ​ ​ ​
Past-month vaping status ​ ​ ​ ​ 0.0005 ​ ​ 0.0008 ​ ​ 0.002
No 203 87.9 159 97.6 ​ 1 – ​ 1 – ​
Yes 28 12.1 4 2.4 ​ 6.51 2.17–19.49 ​ 5.81 1.89–17.90 ​

Cannabis use over the past six months ​ ​ ​ ​ 0.1 ​ ​ 0.5 ​ ​ 0.7
No 199 85.4 149 90.9 ​ 1 – ​ 1 – ​
Yes 34 14.6 15 9.1 ​ 1.23 0.62–2.44 ​ 1.17 0.53–2.54 ​

Cannabis consumption frequency ​ ​ ​ ​ 0.09 1.08c 0.82–1.42 0.6 1.02c 0.74–1.42 0.9
Mean (std) 0.30 (0.89) 0.19 (0.71) ​ ​ ​ ​ ​ ​ ​
Median (Q1-Q3) 0 (0–0) 0 (0–0) ​ ​ ​ ​ ​ ​ ​

Model 1: Adjusted for sex, age, level of graduation, marital status.
Model 2: Adjusted for sex, age, level of graduation, marital status, BDI score, previous depressive episode requiring pharmacotherapy or psychotherapy.
aChi-squared or Fisher test/Student or Wilcoxon test.

a OR associated to patients with NT1 for an increase of 1 point of AUDIT-C score.
b OR associated to patients with NT1 for an increase of 1 point of the HSI score.
c OR associated to patients with NT1 for an increase of cannabis consumption frequency.
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Table 2 
Description of factors used in adjusted models (sociodemographic characteristics, depression).

Patients 
with NT1

Controls Patients with NT1

Alcohol 
misuse (n 
= 94)

No alcohol 
misuse (n 
= 137)

Current 
smoker (n 
= 75)

No smoker/ 
Past smoker 
(n = 157)

Cannabis 
use (n =
34)

No cannabis 
use (n =
199)

n % n % p-valuea n % n % p- 
valuea

n % n % p- 
valuea

n % n % p- 
valuea

Sex ​ ​ ​ ​ 0.2 ​ ​ ​ ​ 0.06 ​ ​ ​ ​ 0.09 ​ ​ ​ ​ 0.03
Men 85 36.2 50 30.1 ​ 40 42.5 42 30.7 ​ 33 44.0 51 32.5 ​ 18 52.9 66 33.2 ​
Women 150 63.8 116 69.9 ​ 54 57.5 95 69.3 ​ 42 56.0 106 67.5 ​ 16 47.1 133 66.8 ​

Age ​ ​ ​ ​ 0.03 ​ ​ ​ ​ 0.2 ​ ​ ​ ​ 0.1 ​ ​ ​ ​ 0.2
≤24 years 61 26.0 27 16.3 ​ 24 25.5 37 27.0 ​ 12 16.0 49 31.2 ​ 7 20.6 54 27.1 ​
25–34 years 63 26.8 37 22.3 ​ 30 31.9 31 22.6 ​ 21 28.0 41 26.1 ​ 9 26.5 53 26.6 ​
35–44 years 46 19.6 33 19.9 ​ 19 20.2 26 19.0 ​ 20 26.7 26 16.6 ​ 11 32.3 35 17.6 ​
45–54 years 40 17.0 45 27.1 ​ 10 10.6 30 21.9 ​ 14 18.7 25 15.9 ​ 6 17.7 34 17.1 ​
≥55 years 25 10.6 24 14.4 ​ 11 11.7 13 9.5 ​ 8 10.6 16 10.2 ​ 1 2.9 23 11.6 ​

Marital status ​ ​ ​ ​ <0.0001 ​ ​ ​ ​ 0.5 ​ ​ ​ ​ 0.9 ​ ​ ​ ​ 0.01
Single 145 62.2 64 38.5 ​ 60 64.5 82 60.3 ​ 46 62.2 98 62.8 ​ 27 81.8 117 59.1 ​
Couple 88 37.8 102 61.5 ​ 33 35.5 54 39.7 ​ 28 37.8 58 37.2 ​ 6 18.2 81 40.9 ​

Level of graduation (Isced) ​ ​ ​ ​ 0.4 ​ ​ ​ ​ 0.01 ​ ​ ​ ​ 0.06 ​ ​ ​ ​ 0.8
Level 2 37 16.2 18 11.0 ​ 10 10.6 27 20.1 ​ 18 24.7 18 11.6 ​ 6 17.7 31 15.9 ​
Level 3 58 25.4 35 21.3 ​ 17 18.1 41 30.6 ​ 12 16.4 46 29.7 ​ 6 17.7 52 26.7 ​
Level 5 35 15.4 25 15.2 ​ 17 18.1 18 13.4 ​ 12 16.4 23 14.8 ​ 6 17.7 29 14.9 ​
Level 6 41 18.0 34 20.7 ​ 18 19.2 23 17.2 ​ 13 17.8 28 18.1 ​ 6 17.7 35 17.9 ​
Level 7–8 57 25.0 52 31.7 ​ 32 34.0 25 18.7 ​ 18 24.7 40 25.8 ​ 10 29.4 48 24.6 ​

Score BDI ​ ​ ​ ​ <0.0001 ​ ​ ​ ​ 0.5 ​ ​ ​ ​ 0.3 ​ ​ ​ ​ 0.9
Mean (std) 13.07 

(10.20)
8.13 (6.90) ​ 12.29 

(9.40)
13.35 (10.59) ​ 11.89 (8.80) 13.54 (10.78) ​ 13.15 (8.14) 12.99 (10.48) ​

Median (Q1-Q3) 11 (6–18) 7 (2–12) ​ 10 (6–18)11 (6–18) ​ 11 (5–17) 10 (6–18.5) ​ 12.5 (6–19) 10 (5.5–17.5) ​

Previous depressive episode requiring pharmacotherapy or 
psychotherapy

​ ​ ​ ​ 0.1 ​ ​ ​ ​ 0.1 ​ ​ ​ ​ 0.1 ​ ​ ​ ​ 0.3

No 173 74.9 136 81.9 ​ 75 79.8 96 71.1 ​ 61 81.3 112 72.3 ​ 28 82.4 145 73.6 ​
Yes 58 25.1 30 18.1 ​ 19 20.2 39 28.9 ​ 14 18.7 43 27.7 ​ 6 17.6 52 26.4 ​

a Chi-deux or Fisher/Student or Wilcoxon.
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somatic complaints, thought problems, attention problems, aggressive 
behaviors, rule-breaking behavior, and intrusive behaviors) and most 
items of DSM IV-oriented scales (depressive problems, anxiety problems, 
somatic problems, avoidant personality problems, attention disorders/ 
hyperactivity-impulsivity problems) (Supplementary Table 1). In pa
tients with NT1, the mean ± sd NSS score was 27.4 ± 10.3; 69.8 % of 
patients reported cataplexy at the time of the survey, while 91.8 % had 
presented cataplexy in the past, 87.3 % had sleep attacks, 46.3 % had 
sleep paralysis, 52.4 % had hallucinations, 74.5 % had disrupted 
nighttime sleep, and 47.0 % had sleep inertia. Concurrent medications 
were as follows: Modafinil (40.4 %), Methylphenidate (30.9 %), Pitoli
sant (20.9 %), Dexamphetamine (0.9 %), Sodium oxybate (16.5 %), 
Venlafaxine (22.6 %), Fluoxetine (5.7 %) and Clomipramine (5.7 %), 
with 86.5 % of patients taking at least one wake-promoting and/or anti- 
cataplectic medication. Childhood onset of the disease was reported in 
66.4 % of patients among whom 53.9 % were diagnosed before 18 years. 
The diagnosis delay was >5 years in 23.3 % of patients.

3.1. Comparisons of substance use between patients with NT1 and healthy 
controls

Unadjusted bivariable analyses found that, relative to healthy con
trols, patients with NT1 were more frequently current smokers (32.3 vs. 
20.1 %; p < 0.01, with overall increased HSI score: 0.49 ± 1.12 vs 0.28 
± 0.88, p = 0.04)) or users of e-cigarettes (12.1 vs 2.4 %; p < 0.001) 
(Table 1) (Fig. 1). Other comparisons were not found statistically 
different. In patients with NT1, the mean ± sd AUDIT-C score was 2.62 
± 2.25 and in healthy controls 2.90 ± 2.19. The difference in tobacco 
use tended to persist (p = 0.06) after adjustment for sociodemographic 
features, but not after adjustment for both sociodemographic and psy
chiatric features. By contrast, the likelihood of vaping was still found 
statistically higher in NT1 subjects in the most stringent model.

3.2. Factors associated with alcohol misuse among patients with NT1

In particular, after adjustment for sociodemographic and psychiatric 
features (Table 3), patients with vs without alcohol misuse were more 
likely to be current tobacco (OR 2.50; 95%CI[1.29–4.83], p < 0.01) and 
cannabis (OR 2.62; 95%CI[1.04–6.58], p < 0.05) smokers, to be retired 
(OR 15.61; 95%CI[2.58–94.47], p < 0.05), and to be currently treated 

with modafinil (OR 2.14; 95%CI[1.15–4.01], p < 0.05). By contrast, 
they were less likely to have a current sodium oxybate treatment (OR 
0.41; 95%CI[0.17–0.97], p < 0.05). Regarding sleep-related symptoms, 
alcohol misusers exhibited more sleep paralysis (OR 2.11; 95%CI 
[1.13–3.91], p < 0.05), and a trend was observed for hallucination (p =
0.1), sleep attacks (p = 0.09) and current cataplexy (0.08). Finally, they 
showed less withdrawn behavior (OR 0.52; 95%CI[0.19–1.43], p <
0.05), more attention disorders (OR 4.52; 95%CI[1.47–13.91], p <
0.05), and more rule breaking behaviors (OR 5.89; 95%CI[1.61–21.60], 
p < 0.05). No significant predictor was found in DSM IV oriented scales 
(Supplementary Table 2).

3.3. Factors associated with current tobacco smoking among patients with 
NT1

After adjustment for sociodemographic and psychiatric features 
(Table 4), patients with NT1 with current tobacco smoking were more 
likely to exhibit concurrent alcohol misuse (OR 2.50; 95%CI 
[1.29–4.83], p = 0.007), as well as concurrent e-cigarette (OR 5.61; 95% 
CI[2.03–15.52), and cannabis (OR 15.19; 95%CI[4.95–46.60], p <
0.0001) use. They were also more likely to have children (OR 3.74; 95% 
CI[1.37–10.16], p < 0.01), and less likely to have an obesity (OR 0.24; 
95%CI[0.09–0.59], p > 0.01), compared to a normal BMI or an over
weight. They reported a less frequent physical activity (OR 0.46; 95%CI 
[0.24–0.87], p < 0.05). Regarding the NT1 profile, current smokers had 
more disrupted nighttime sleep (OR 2.28; 95%CI[1.02–5.12], p < 0.05), 
and a trend toward a more frequent adult onset of symptoms (OR 3.24; 
95%CI[1.21–8.67], p = 0.07) as well as a trend for more sleep attack 
(OR 2.29; 95%CI[0.95–5.55], p = 0.07). Tobacco users did not differ 
from non-users for psycho-behavioral features assessed by the ASR 
(Supplementary Table 2).

3.4. Factors associated with cannabis use among patients with NT1

After adjustment for sociodemographic and psychiatric features 
(Table 5), patients with NT1 with current cannabis use were more likely 
to exhibit concurrent alcohol misuse (OR 2.66 95%CI[1.04–6.82], p >
0.05), as well as concurrent tobacco (OR 15.36; 95%CI[4.99–47.22], p 
< 0.0001), and e-cigarette (OR 5.96; 95%CI[1.78–19.95], p < 0.01) use. 
They were also less likely to report regular physical activity (OR 0.25; 
95%CI[0.10–0.66], p < 0.01). Regarding the NT1 profile, a trend toward 
more frequent sleep disruption (OR 3.57; 95%CI[0.94–13.57], p = 0.06) 
was observed. Finally, patients showed more rule breaking behavior (OR 
8.52; 95%CI[1.79–40.48], p = 0.01). No significant predictor was found 
in DSM IV oriented scales (Supplementary Table 2).

3.5. Factors associated with SUDs in controls

Factors associated with substance use and abuse are presented in 
details in Supplementary Tables 3, 4, 5 and 6. Briefly, as in patients with 
NT1, co-consumptions were frequent with a significant association be
tween alcohol misuse and tobacco (OR 3.42; 95 %[CI1.37–8.55], p <
0.01) and well as cannabis (OR 4.23; 95%CI[1.00–17.81], p < 0.05) 
smoking. Alcohol misusers had more pain issues (OR 3.43; 95%CI 
[1.43–8.20], p < 0.01), and a trend was observed for more sleepiness 
(mean ESS 8.77 ± 4.36 vs 7.23 ± 4.48, p = 0.051) and less unemploy
ment (OR 0.19; 95%CI[0.05–0.69], p = 0.06). A younger age (p <
0.001), being single (p < 0.01), depression (mean BDI II 11.19 ± 8.03 vs 
7.4 ± 6.38, p < 0.01) and practicing less physical activity (OR 0.41; 95% 
CI[0.17–1.03], trend: p = 0.06) were associated with smoking. A 
younger age (mean age 29.33 ± 9.49 vs 41.27 ± 14.37, p < 0.01), being 
single (p < 0.01), and having less children (p < 0.05) were associated 
with cannabis consumption. After adjustment, no psycho-behavioral 
feature assessed by the ASR remained significantly associated with 
SUDs in controls.

Figure. Prevalence of psychoactive substance consomptions in patients 
with narcolepsy type 1 (NT1) and controls 
Prevalence of smoking (current vs past or never), vapping (past month), 
cannabis use (at least once over the 6 past months) and alcohol misuse (AUDIT- 
C score ≥4 for men and ≥3 for women) are presented in patients with NT1 and 
controls. 
Smoking and vaping are increased in patients with NT1 but only vaping re
mains significant after adjustment for sociodemographic and psychiat
ric factors.
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Table 3 
Factors associated with alcohol misuse in patients with narcolepsy type 1.

Alcohol 
misuse (n 
= 94)

No alcohol 
misuse (n =
137)

Model 1 Model 2

n % n % p- 
valuea

Ajusted 
OR

95 % CI p- 
value

Ajusted 
OR

95 % CI p- 
value

Tobacco smoking status (QP39Recode2Cat) ​ ​ ​ ​ 0.002 ​ ​ 0.001 ​ ​ 0.007
No smoker/Past smoker 53 56.4 103 75.7 ​ 1 – ​ 1 – ​
Current smoker 41 43.6 33 24.3 ​ 2.85 1.53–5.33 ​ 2.50 1.29–4.83 ​

HSI score ​ ​ ​ ​ 0.5 1.18b 0.89–1.55 0.3 1.14b 0.84–1.55 0.4
Mean (std) 0.53 (1.08) 0.44 (1.11) ​ ​ ​ ​ ​ ​ ​
Median (Q1-Q3) 0 (0–0) 0 (0–0) ​ ​ ​ ​ ​ ​ ​

Past-month vaping status ​ ​ ​ ​ 0.8 ​ ​ 0.6 ​ ​ 0.7
No 82 87.2 119 88.2 ​ 1 – ​ 1 – ​
Yes 12 12.8 16 11.8 ​ 1.30 0.54–3.10 ​ 1.21 0.46–3.17 ​

Cannabis use over the past six months ​ ​ ​ ​ 0.002 ​ ​ 0.007 ​ ​ 0.04
No 72 76.6 125 91.2 ​ 1 – ​ 1 – ​
Yes 22 23.4 12 8.8 ​ 3.16 1.38–7.23 ​ 2.62 1.04–6.58 ​

Cannabis consumption Frequency ​ ​ ​ ​ 0.005 1.35c 0.97–1.88 0.08 1.22c 0.86–1.73 0.5
Mean (std) 0.44 (1.03) 0.21 (0.77) ​ ​ ​ ​ ​ ​ ​
Median (Q1-Q3) 0 (0–0) 0 (0–0) ​ ​ ​ ​ ​ ​ ​

Body-mass index (BMI) ​ ​ ​ ​ 0.005 ​ ​ 0.06 ​ ​ 0.03
Underweight or Normal range (≤24.9) 46 48.9 44 33.1 ​ 1 – ​ 1 – ​
Overweight (25.0–29.9) 33 35.1 43 32.3 ​ 0.70 0.36–1.35 ​ 0.74 0.37–1.48 ​
Obese (≥30) 15 16.0 46 34.6 ​ 0.40 0.19–0.86 ​ 0.33 0.15–0.75 ​

Current sport activity ​ ​ ​ ​ 0.7 ​ ​ 0.5 ​ ​ 0.5
No 41 43.6 63 46.0 ​ 1 – ​ 1 – ​
Yes 53 56.4 74 54.0 ​ 0.82 0.46–1.46 ​ 0.80 0.44–1.46 ​

Occupational status ​ ​ ​ ​ 0.4 ​ ​ 0.04 ​ ​ 0.03
Employed 63 70.0 90 69.8 ​ 1 – ​ 1 – ​
Unemployed 9 10.0 17 13.2 ​ 1.01 0.39–2.62 ​ 0.85 0.31–2.32 ​
Retired 9 10.0 6 4.6 ​ 9.68 1.94–48.40 ​ 15.61 2.58–94.47 ​
Student 9 10.0 16 12.4 ​ 0.52 0.17–1.58 ​ 0.59 0.19–1.87 ​

Sleep and/or NT1 features
Age at NT1 diagnosis ​ ​ ​ ​ 0.2 ​ ​ 0.6 ​ ​ 0.8
<10 years 5 5.3 12 8.8 ​ 0.77 0.19–3.06 ​ 1.02 0.24–4.36 ​
11–14 years 10 10.6 14 10.2 ​ 0.82 0.24–2.79 ​ 0.89 0.24–3.38 ​
15–18 years 17 18.1 25 18.2 ​ 1.08 0.40–2.93 ​ 1.29 0.43–3.88 ​
18–25 years 37 39.4 36 26.3 ​ 1.53 0.69–3.42 ​ 1.57 0.66–3.73 ​
>25 years 25 26.6 50 36.5 ​ 1 – ​ 1 – ​

Age at NT1 onset ​ ​ ​ ​ 0.5 ​ ​ 0.6 ​ ​ 0.2
<10 years 12 12.8 26 19.0 ​ 0.63 0.22–1.83 ​ 0.97 ​ ​
11–14 years 29 30.8 30 21.9 ​ 1.23 0.46–3.33 ​ 1.39 ​ ​
15–18 years 22 23.4 34 24.8 ​ 0.87 0.34–2.24 ​ 1.06 ​ ​
18–25 years 15 16.0 19 13.9 ​ 1.26 0.46–3.46 ​ 1.52 ​ ​
>25 years 16 17.0 28 20.4 ​ 1 – 1 1 – ​

Delay between NT1 onset and diagnosis ​ ​ ​ ​ 0.4 ​ ​ 0.4 ​ ​ 0.7
<1 year 36 38.3 44 32.1 ​ 1 – ​ 1 – ​
1–5 years 35 37.2 62 45.3 ​ 0.73 0.37–1.42 ​ 0.72 0.35–1.45 ​
5–10 years 16 17.0 17 12.4 ​ 1.30 0.54–3.15 ​ 1.16 0.46–2.94 ​
>10 years 7 7.5 14 10.2 ​ 0.54 0.17–1.66 ​ 0.71 0.22–2.31 ​

Age at NT1 onset and age at diagnosis ​ ​ ​ ​ 0.8 ​ ​ 0.6 ​ ​ 0.8
NT1 onset and diagnosis <18 years 32 34.0 51 37.2 ​ 1 – ​ 1 – ​
NT1 onset <18 and a diagnosis onset ≥18 years 31 33.0 39 28.5 ​ 1.40 0.65–3.00 ​ 1.24 0.55–2.83 ​
NT1 onset and diagnosis ≥18 years 31 33.0 47 34.3 ​ 1.55 0.66–3.63 ​ 1.29 0.52–3.24 ​

Previous episodes of cataplexy (Yes vs. No) 86 91.5 126 92.0 0.9 0.94 0.34–2.63 0.9 0.98 0.33–2.90 0.9

(continued on next page)
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Table 3 (continued )

Alcohol 
misuse (n 
= 94) 

No alcohol 
misuse (n =
137)  

Model 1   Model 2  

n % n % p- 
valuea

Ajusted 
OR 

95 % CI p- 
value 

Ajusted 
OR 

95 % CI p- 
value

Current episodes of cataplexy (Yes vs. No) 65 73.9 85 67.5 0.3 1.63 0.85–3.14 0.1 1.89 0.93–3.85 0.08

Sleep paralysis 54 57.5 52 38.2 0.004 2.17 1.23–3.83 0.008 2.11 1.13–3.91 0.02
Hallucinations 56 59.6 64 47.1 0.06 1.70 0.97–2.99 0.07 1.61 0.88–2.96 0.1
Disrupted nighttime sleep insomnia 68 72.3 103 75.7 0.6 0.94 0.49–1.82 0.9 0.81 0.40–1.64 0.6
Sleep inertia 41 43.6 66 48.9 0.4 0.75 0.42–1.32 0.3 0.81 0.42–1.55 0.5
Sleep attack 81 86.2 105 77.8 0.1 1.85 0.86–4.01 0.1 2.06 0.90–4.69 0.09
Regular napping (>1/day) 60 63.8 91 66.9 0.6 0.93 0.52–1.68 0.8 1.04 0.55–1.95 0.9
Preventive naps 72 81.8 94 71.2 0.07 1.93 0.96–3.87 0.06 1.90 0.92–3.92 0.1

Epworth
Excessive sleepiness (ESS>10) sommeil≤10 86 94.5 113 90.4 0.3 2.24 0.71–7.08 0.2 2.18 0.67–7.09 0.2

Score Epworth ​ ​ ​ ​ 0.9 1.02d 0.95–1.09 0.6 1.02d 0.94–1.11 0.6
Mean (std) 16.11 

(3.75)
16.14 
(4.13)

​ ​ ​ ​ ​ ​ ​

Median (Q1-Q3) 17 (14–19) 16 (13–20) ​ ​ ​ ​ ​ ​ ​

NSS score ​ ​ ​ ​ 0.8 ​ ​ 0.7 ​ ​ 0.7
0–14 8 9.5 13 11.6 ​ 1 – ​ 1 – ​
15–28 35 41.7 53 47.3 ​ 1.70 0.58–4.93 ​ 1.67 0.57–4.91 ​
29–42 35 41.7 39 34.8 ​ 1.84 0.64–5.32 ​ 1.91 0.64–5.70 ​
43–57 6 7.1 7 6.3 ​ 2.24 0.49–10.31 ​ 2.37 0.46–12.08 ​

NSS score ​ ​ ​ ​ 0.1 1.02e 0.99–1.05 0.2 1.02e 0.99–1.05 0.2
Mean (std) 27.88 

(9.60)
26.53 
(10.82)

​ ​ ​ ​ ​ ​ ​

Median (Q1-Q3) 28 
(21.5–35.5)

25 
(18–35.5)

​ ​ ​ ​ ​ ​ ​

Total number of NT1 symptoms ​ ​ ​ ​ 0.1 1.24f 0.92–1.67 0.2 1.27f 0.93–1.75 0.1
Mean (std) 4.17 (0.98) 3.94 (1.04) ​ ​ ​ ​ ​ ​ ​
Median (Q1-Q3) 4 (4–5) 4 (3–5) ​ ​ ​ ​ ​ ​ ​

Current medications used for NT1
Wake-promoting drugs
Modafinil# 47 50.0 46 34.1 0.01 2.32 1.23–4.04 0.008 2.14 1.15–4.01 0.02
Methylphenidate# 22 23.4 48 35.6 0.04 0.54 0.28–1.02 0.06 0.52 0.26–1.03 0.06
Pitolisant 21 22.3 27 20.0 0.7 1.06 0.52–2.12 0.9 1.14 0.55–2.37 0.7
Dexamphetamin# 0 0 2 1.2 NA ​ ​ NA ​ ​ NA
Psychostimulant (present) # 67 71.3 94 69.6 0.8 1.23 0.58–2.62 0.6 1.19 0.55–2.58 0.7
Psychostimulant (past) # 74 79.6 121 89.6 0.04 0.45 0.17–1.19 0.6 0.6 0.16–1.11 0.08
Anti-cataplectic drugs treatments
Clomipramine 6 6.4 7 5.2 0.7 1.14 0.35–3.77 0.8 1.12 0.35–3.83 0.8
Venlafaxine 20 21.3 32 23.7 0.7 0.90 0.45–1.80 0.8 0.89 0.43–1.88 0.8
Fluoxetine 4 4.3 4 3.0 0.7 2.20 0.48–10.02 0.3 1.96 0.41–9.26 0.4
Sodium oxybate 9 9.6 29 21.5 0.02 0.43 0.18–0.99 0.04 0.41 0.17–0.97 0.04
Any of 3 treatments Clomipramine/Venlafaxine/ 

Fluoxetine
30 31.9 43 31.8 0.9 1.09 0.58–2.03 0.8 1.08 0.55–2.09 0.8

EQ-5D-Y dimension
Mobility: At least one problem 10 12.3 22 21.4 0.1 0.64 0.27–1.52 0.3 0.60 0.22–1.64 0.3
Self-Care: At least one problem 2 2.5 6 5.8 0.5 0.40 0.07–2.30 0.3 0.37 0.05–2.53 0.3
Usual Activities: At least one problem 46 56.8 57 55.3 0.8 1.16 0.62–2.17 0.6 1.39 0.69–2.78 0.4
Pain/Discomfort: At least one problem 38 46.9 58 56.3 0.2 0.83 0.44–1.58 0.6 0.92 0.47–1.80 0.8
Anxiety/Depression: At least one problem 54 66.7 73 70.9 0.5 0.94 0.47–1.86 0.8 0.99 0.45–2.19 0.9

Adult Self Report - Syndromes Scales
Anxious-Depressed ​ ​ ​ ​ 0.2 ​ ​ 0.2 ​ ​ 0.1
Clinical range 14 19.7 24 23.5 ​ 1.18 0.51–2.73 ​ 1.42 0.46–4.45 ​
Limit range 16 22.5 13 12.8 ​ 2.36 0.96–5.81 ​ 2.63 0.99–7.00 ​
Normal range 41 57.8 65 63.7 ​ 1 – ​ 1 – ​

Withdrawn ​ ​ ​ ​ 0.01 ​ ​ 0.05 ​ ​ 0.03

(continued on next page)
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4. Discussion

The main objectives of this prospective comparative cross-sectional 
study were to compare the substance use patterns of patients with 
NT1, relative to healthy controls, and to explore, within the NT1 pop
ulation, the main features of individuals with a positive screening for 
tobacco, alcohol misuse, or cannabis use. We found that smoking and 
vaping were increased in patients with NT1, but only vaping remained 
significant after adjustment for sociodemographic and psychiatric fac
tors. Variables associated with substance use/misuse in patients 
involved demographic (sex), habits (physical activity), cognitive- 
behavioral (withdrawal, attention disorders, rule breaking behaviors), 
social (graduation, marital, employment status), and clinical (BMI, age 
at narcolepsy onset, sleep-related symptoms, narcolepsy treatments) 
dimensions.

4.1. An increased prevalence of smoking and vaping in patients with NT1

Our findings regarding the prevalence of smoking in patients with 
NT1 (32.3 %) are in line with data from previous literature ranging from 
22.7 to 46.2 % [33–35,50]. However, the difference for tobacco use 
between patients and controls did not remain significant after adjust
ment for demographic factors and depression, which is consistent with 
high rates of depression in narcolepsy [5,51], and with factors associ
ated with smoking in the general population, in whom tobacco con
sumption is associated with lower socioeconomic status, as well as 
depression [52,53]. Interestingly, the prevalence of vaping remained 
higher in patients in all models. An inverse relationship between vaping 
and smoking has been reported in young populations [54]. This could 
also apply to patients with NT1 whose regular medical follow-up in
cludes smoking prevention measures, and who could therefore adopt or 

Table 3 (continued )

Alcohol 
misuse (n 
= 94) 

No alcohol 
misuse (n =
137)  

Model 1   Model 2  

n % n % p- 
valuea

Ajusted 
OR 

95 % CI p- 
value 

Ajusted 
OR 

95 % CI p- 
value

Clinical range 11 15.5 20 19.6 ​ 0.68 0.28–1.67 ​ 0.52 0.19–1.43 ​
Limit range 9 12.7 30 29.4 ​ 0.33 0.14–0.81 ​ 0.27 0.10–0.72 ​
Normal range 51 71.8 52 51.0 ​ 1 – ​ 1 – ​

Somatic complaints ​ ​ ​ ​ 0.8 ​ ​ 0.3 ​ ​ 0.3
Clinical range 15 21.1 26 25.5 ​ 1.21 0.51–2.87 ​ 1.25 0.46–3.39 ​
Limit range 21 29.6 27 26.5 ​ 1.95 0.84–4.52 ​ 1.97 0.82–4.75 ​
Normal range 35 49.3 49 48.0 ​ 1 – ​ 1 – ​

Thought problems ​ ​ ​ ​ 0.6 ​ ​ 0.6 ​ ​ 0.5
Clinical range 3 4.2 6 5.9 ​ 0.99 0.22–4.39 ​ 0.8 0.15–4.21 ​
Limit range 9 12.7 18 17.6 ​ 0.62 0.25–1.56 ​ 0.55 0.20–1.51 ​
Normal range 59 83.1 78 76.5 ​ 1 – ​ 1 – ​

Attention problems ​ ​ ​ ​ 0.1 ​ ​ 0.06 ​ ​ 0.03
Clinical range 18 25.7 14 13.7 ​ 2.91 1.20–7.08 ​ 4.52 1.47–13.91 ​
Limit range 10 14.3 14 13.7 ​ 1.61 0.61–4.20 ​ 2.15 0.76–6.07 ​
Normal range 42 60.0 74 72.6 ​ 1 – ​ 1 – ​

Aggressive behavior ​ ​ ​ ​ 0.4 ​ ​ 0.4 ​ ​ 0.3
Clinical range 2 2.8 7 6.9 ​ 0.6 0.11–3.15 ​ 0.54 0.09–3.26 ​
Limit range 7 9.9 7 6.9 ​ 2.09 0.65–6.39 ​ 2.13 0.63–7.18 ​
Normal range 62 87.3 88 86.2 ​ 1 – ​ 1 – ​

Rule-breaking behavior ​ ​ ​ ​ 0.03 ​ ​ 0.01 ​ ​ 0.006
Clinical range 10 14.1 4 3.9 ​ 5.89 1.61–21.60 ​ 7.22 1.87–27.86 ​
Limit range 6 8.4 5 4.9 ​ 3.23 0.81–12.94 ​ 3.85 0.93–15.93 ​
Normal range 55 77.5 93 91.2 ​ 1 – ​ 1 – ​

Intrusive ​ ​ ​ ​ 0.5 ​ ​ 0.4 ​ ​ 0.4
Clinical range 4 5.6 2 1.9 ​ 3.78 0.59–24.46 ​ 3.90 0.59–25.59 ​
Limit range 10 14.1 17 16.7 ​ 1.02 0.40–2.59 ​ 1.08 0.42–2.76 ​
Normal range 57 80.3 83 84.4 ​ 1 – ​ 1 – ​

Adult Self Report – Critical items ​ ​ ​ ​ 0.9 ​ ​ 0.7 ​ ​ 0.8
Clinical range 8 11.3 14 13.7 ​ 0.91 0.33–2.52 ​ 0.81 0.21–3.06 ​
Limit range 11 15.5 14 13.7 ​ 1.50 0.59–3.78 ​ 1.28 0.45–3.64 ​
Normal range 52 73.2 74 82.6 ​ 1 – ​ 1 – ​

Model 1: adjusted for sex, age, level of graduation, marital status.
Model 2: adjusted for sex, age, level of graduation, marital status, BDI score, past depression requiring pharmacotherapy or psychotherapy.
NA: Model not applicable.

a Chi-squared or Fisher test/Student or Wilcoxon test.
b OR associated to alcohol misuse for an increase of 1 point of the HSI score.
c OR associated to alcohol misuse for an increase of cannabis consumption frequency.
d OR associated to alcohol misuse for an increase of 1 point of the Epworth score.
e OR associated to alcohol misuse for an increase of 1 point of the NSS score.
f OR associated to alcohol misuse for an increase of 1 NT1 symptom.
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Table 4 
Factors associated with current tobacco smoking in patients with narcolepsy type 1.

Current 
smoker (n 
= 94)

No smoker/ 
Past smoker (n 
= 137)

Model 
1

Model 2

n % n % p-valuea Ajusted 
OR

95 % CI p-value Ajusted 
OR

95 % CI p-value

Alcohol misuse (AUDIT-C) ​ ​ ​ ​ 0.002 ​ ​ 0.001 ​ ​ 0.007
No (Score men<4 and Score 

women <3)
33 44.6 103 66.0 ​ 1 – ​ 1 – ​

Yes (Score men ≥4 and score 
women ≥3)

41 55.4 53 34.0 ​ 2.83 1.52–5.28 ​ 2.48 1.28–4.81 ​

Score Audit-C ​ ​ ​ ​ 0.2 1.33b 1.15–1.54 0.0002 1.31a 1.11–1.54 0.001
Mean (std) 3.43 (2.38) 2.26 (2.08) ​ ​ ​ ​ ​ ​ ​ ​ ​
Median (Q1-Q3) 3 (2–5) 2 (0.5–3.5) ​ ​ ​ ​ ​ ​ ​ ​ ​

Cannabis use over the past 
six months

​ ​ ​ ​ <0.0001 ​ ​ <0.0001 ​ ​ <0.0001

No 47 62.7 151 96.2 ​ 1 – ​ 1 – ​
Yes 28 37.3 6 3.8 ​ 16.56 6.14–44.67 ​ 15.19 4.95–46.60 ​

Cannabis consumption 
frequency

​ ​ ​ ​ <0.0001 4.20c 2.07–8.50 <0.0001 3.53c 1.81–6.87 0.0002

Mean (std) 0.83 (1.34) 0.06 (0.36) ​ ​ ​ ​ ​ ​ ​ ​ ​
Median (Q1-Q3) 0 (0–1) 0 (0–0) ​ ​ ​ ​ ​ ​ ​ ​ ​

Body-mass index (BMI) ​ ​ ​ ​ 0.06 ​ ​ 0.02 ​ ​ 0.004
Underweight or Normal range 

(≤24.9)
36 49.3 53 34.2 ​ 1 – ​ 1 – ​

Overweight (25.0–29.9) 23 31.5 54 34.8 ​ 0.52 0.26–1.05 ​ 0.40 0.19–0.86 ​
Obese (≥30) 14 19.2 48 31.0 ​ 0.31 0.13–0.72 ​ 0.24 0.09–0.59 ​

Current sport activity ​ ​ ​ ​ 0.01 ​ ​ 0.02 ​ ​ 0.02
No 42 56.8 61 38.8 ​ 1 – ​ 1 – ​
Yes 32 43.2 96 61.2 ​ 0.48 0.26–0.88 ​ 0.46 0.24–0.87 ​

Occupational status ​ ​ ​ ​ 0.2 ​ ​ 0.4 ​ ​ 0.6
Employed 50 73.5 102 67.5 ​ 1 – ​ 1 – ​
Unemployed 10 14.7 17 11.3 ​ 1.18 0.48–2.87 ​ 1.20 0.44–3.22 ​
Retired 5 7.4 10 6.6 ​ 0.63 0.14–2.98 ​ 1.04 0.19–5.59 ​
Student 3 4.4 22 14.6 ​ 0.40 0.10–1.62 ​ 0.40 0.09–1.69 ​

Sleep and/or NT1 features
Age at diagnosis ​ ​ ​ ​ 0.06 ​ ​ 0.1 ​ ​ 0.07
<10 years 2 2.7 15 9.6 ​ 0.12 0.02–0.69 ​ 0.11 0.02–0.65 ​
11–14 years 7 9.5 17 10.8 ​ 0.44 0.13–1.56 ​ 0.37 0.09–1.49 ​
15–18 years 10 13.5 32 20.4 ​ 0.33 0.11–0.95 ​ 0.20 0.06–0.70 ​
18–25 years 23 31.1 51 32.5 ​ 0.53 0.23–1.22 ​ 0.44 0.18–1.01 ​
>25 years 32 43.2 42 26.7 ​ 1 – ​ 1 – ​

Age at NT1 onset ​ ​ ​ ​ 0.01 ​ ​ 0.08 ​ ​ 0.1
<10 years 8 10.8 31 19.8 ​ 0.21 0.07–0.65 ​ 0.24 0.07–0.80 ​
11–14 years 16 21.6 43 27.4 ​ 0.32 0.11–0.88 ​ 0.22 0.07–0.71 ​
15–18 years 17 23.0 39 24.8 ​ 0.42 0.16–1.08 ​ 0.36 0.13–1.05 ​
18–25 years 10 13.5 24 15.3 ​ 0.35 0.12–1.00 ​ 0.36 0.12–1.08 ​
>25 years 23 31.1 20 12.7 ​ 1 – ​ 1 – ​

Delay between NT1 onset 
and diagnosis

​ ​ ​ ​ 0.2 ​ ​ 0.2 ​ ​ 0.6

<1 year 25 33.8 56 35.7 ​ 1 – ​ 1 – ​
1–5 years 30 40.5 66 42.0 ​ 0.97 0.48–1.94 ​ 1.09 0.52–2.28 ​
5–10 years 15 20.3 18 11.5 ​ 1.96 0.81–4.77 ​ 1.62 0.62–4.22 ​
>10 years 4 5.4 17 10.8 ​ 0.45 0.13–1.62 ​ 0.64 0.17–2.44 ​

Age at NT1 onset and age at 
diagnosis

​ ​ ​ ​ 0.03 ​ ​ 0.1 ​ ​ 0.07

NT1 onset and diagnosis <18 
years

19 25.7 64 40.8 ​ 1 – ​ 1 – ​

NT1 onset <18 and a 
diagnosis onset ≥18 years

22 29.7 49 31.2 ​ 1.72 0.77–3.8 ​ 1.98 0.80–4.89 ​

(continued on next page)
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Table 4 (continued )

Current 
smoker (n 
= 94) 

No smoker/ 
Past smoker (n 
= 137)  

Model 
1   

Model 2    

n % n % p-valuea Ajusted 
OR 

95 % CI p-value Ajusted 
OR 

95 % CI p-value

NT1 onset and diagnosis ≥18 
years

33 44.6 44 28.0 ​ 2.64 1.09–6.37 ​ 3.24 1.21–8.67 ​

Previous cataplexy 67 90.5 145 92.4 0.6 0.78 0.28–2.17 0.6 0.87 0.29–2.60 0.8

Current cataplexy 44 64.7 105 71.9 0.3 0.75 0.39–1.43 0.4 0.9 0.44–1.86 0.8

Sleep paralysis 32 43.2 75 48.1 0.5 0.83 0.47–1.49 0.5 0.99 0.52–1.90 0.9
Hallucinations 40 54.1 80 51.3 0.7 1.17 0.65–2.08 0.6 1.20 0.64–2.27 0.6
Disrupted nighttime sleep 60 81.1 111 71.2 0.1 1.82 0.88–3.76 0.1 2.28 1.02–5.12 0.04
Sleep inertia 30 40.5 78 50.3 0.2 0.74 0.41–1.33 0.3 0.99 0.50–1.97 0.9
Sleep attack 64 86.5 122 78.7 0.2 1.81 0.81–4.06 0.1 2.29 0.95–5.55 0.07
Regular napping (>1/day) 49 66.2 101 64.7 0.8 0.99 0.53–1.82 0.9 1.11 0.57–2.16 0.8
Preventive naps 51 72.9 116 76.8 0.5 0.90 0.45–1.78 0.8 1.05 0.50–2.19 0.9

Current medications used for NT1
Wake-promoting drugs
Modafinil# 27 36.5 65 41.9 0.4 0.77 0.42–1.41 0.4 0.69 0.35–1.29 0.2
Methylphenidate# 24 32.4 47 30.3 0.7 1.12 0.59–2.13 0.7 1.24 0.62–2.47 0.5
Pitolisant# 20 27.0 28 18.1 0.1 1.41 0.70–2.84 0.3 1.62 0.76–3.44 0.2
Dexamphetamine 0 0 2 1.9 NA ​ ​ NA ​ ​ NA
Psychostimulant (present) 

#
50 67.6 111 71.6 0.5 0.79 0.42–1.48 0.5 0.76 0.38–1.53 0.4

Psychostimulant (past) # 65 89.0 129 83.2 0.3 1.60 0.66–3.87 0.3 1.38 0.55–3.47 0.5
Anti-cataplectic drugsrowhead
Clomipramine 7 9.5 6 3.9 0.1 2.70 0.84–8.68 0.1 2.67 0.81–8.78 0.1
Venlafaxine 19 25.7 33 21.3 0.5 1.15 0.57–2.32 0.7 1.35 0.63–2.89 0.4
Fluoxetine 2 2.7 6 3.9 0.9 0.52 0.09–2.94 0.5 0.62 0.10–3.80 0.6
Sodium oxybate 12 16.2 26 16.8 0.9 0.77 0.34–1.74 0.5 0.78 0.33–1.81 0.6
Any of 3 treatments 

Clomipramine/ 
Venlafaxine/Fluoxetine

28 37.8 45 29.0 0.2 1.36 0.72–2.57 0.3 1.64 0.82–3.28 0.2

EQ-5D-Y dimension
Mobility: At least one problem 9 15.0 23 18.4 0.6 0.58 0.22–1.50 0.3 0.75 0.25–2.21 0.6
Self-Care:At least one problem 1 1.7 7 5.6 0.4 0.24 0.03–2.25 0.2 0.35 0.03–3.94 0.4
Usual Activities: At least one 

problem
33 55.0 71 56.8 0.8 0.91 0.47–1.77 0.8 1.19 0.57–2.50 0.6

Pain/Discomfort: At least one 
problem

32 53.3 65 52.0 0.9 0.92 0.46–1.84 0.8 1.06 0.51–2.19 0.9

Anxiety/Depression: At least 
one problem

40 66.7 88 70.4 0.6 0.92 0.45–1.90 0.8 1.30 0.55–3.04 0.6

Epworth
Excessive sleepiness (ESS>10) 

sommeil≤10
67 94.4 132 91.0 0.4 1.64 0.49–5.44 0.4 1.74 0.50–6.06 0.4

Score Epworth ​ ​ ​ ​ ​ 1.01d 0.93–1.08 0.9 1.03d 0.95–1.12 0.5
Mean (std) 16.14 

(3.85)
16.12 (4.03) ​ ​ ​ ​ ​ ​ ​ ​ ​

Median (Q1-Q3) 16 (13–19) 17 (14–19) ​ ​ ​ ​ ​ ​ ​ ​ ​

Score NSS ​ ​ ​ ​ 0.9 ​ ​ 0.8 ​ ​ 0.8
0–14 6 9.2 15 11.4 ​ 1 – ​ 1 – ​
15–28 31 47.7 57 43.2 ​ 1.60 0.53–4.87 ​ 1.64 0.53–5.09 ​
29–42 24 36.9 51 38.6 ​ 1.33 0.44–4.04 ​ 1.58 0.50–5.04 ​
43–57 4 6.2 9 6.8 ​ 0.94 0.18–4.85 ​ 1.37 0.24–7.83 ​

Score NSS ​ ​ ​ ​ 0.8 1.01e 0.97–1.03 0.9 1.01 0.98–1.05 0.4
Mean (std) 27.35 

(9.87)
27.05 (10.55) ​ ​ ​ ​ ​ ​ ​ ​ ​

Median (Q1-Q3) 26 (21–36) 27 (19–35) ​ ​ ​ ​ ​ ​ ​ ​ ​

Total number of NT1 
symptoms

​ ​ ​ ​ 0.4 1.11f 0.81–1.51 0.5 1.24f 0.89–1.73 0.2
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convert to vaping. For alcohol misuse and cannabis use, no difference 
was found in our population, which echoes previous studies in the field 
[31–33]. Importantly, we observed frequent substances co-consumption 
both in patients and controls, which has already been highlighted in 
epidemiological studies and might be related not only to social and 

psychiatric but also to neurobiological factors [55,56]. No difference 
between patients and controls was observed for cannabis use and 
alcohol misuse, for which prevalence was high in both groups. The scale 
used (AUDIT-C) was validated in French in its complete version, with no 
evidence of cultural specificity in the thresholds [57].

Table 4 (continued )

Current 
smoker (n 
= 94) 

No smoker/ 
Past smoker (n 
= 137)  

Model 
1   

Model 2    

n % n % p-valuea Ajusted 
OR 

95 % CI p-value Ajusted 
OR 

95 % CI p-value

Mean (std) 4.12 (1.07) 4.00 (1.00) ​ ​ ​ ​ ​ ​ ​ ​ ​
Median (Q1-Q3) 5 (3–5) 4 (3–5) ​ ​ ​ ​ ​ ​ ​ ​ ​

Adult Self Report - Syndromes Scales
Anxious-Depressed ​ ​ ​ ​ 0.1 ​ ​ 0.04 ​ ​ 0.1
Clinical range 7 13.0 32 26.7 ​ 0.31 0.11–0.85 ​ 0.31 0.08–1.18 ​
Limit range 11 20.4 18 15.0 ​ 1.26 0.51–3.11 ​ 1.29 0.48–3.48 ​
Normal range 36 66.7 70 58.3 ​ 1 – ​ 1 – ​

Withdrawn ​ ​ ​ ​ 0.4 ​ ​ 0.5 ​ ​ 0.8
Clinical range 9 16.7 23 19.2 ​ 0.69 0.26–1.80 ​ 0.86 0.30–2.50 ​
Limit range 9 16.7 30 25.0 ​ 0.6 0.24–1.48 ​ 0.74 0.28–1.96 ​
Normal range 36 66.6 67 55.8 ​ 1 – ​ 1 – ​

Somatic complaints ​ ​ ​ ​ 0.09 ​ ​ 0.09 ​ ​ 0.2
Clinical range 7 13.0 34 28.3 ​ 0.4 0.15–1.07 ​ 0.49 0.16–1.51 ​
Limit range 17 31.5 31 25.8 ​ 1.27 0.55–2.95 ​ 1.33 0.55–3.23 ​
Normal range 30 55.5 55 45.8 ​ 1 – ​ 1 – ​

Thought problems ​ ​ ​ ​ 0.3 ​ ​ 0.1 ​ ​ 0.3
Clinical range 3 5.5 7 5.8 ​ 0.52 0.09–3.00 ​ 0.64 0.09–4.29 ​
Limit range 5 9.3 22 18.3 ​ 0.35 0.12–1.05 ​ 0.41 0.12–1.33 ​
Normal range 46 85.2 91 75.8 ​ 1 – ​ 1 – ​

Attention problems ​ ​ ​ ​ 0.9 ​ ​ 0.6 ​ ​ 0.6
Clinical range 9 16.7 24 20.2 ​ 0.65 0.25–1.68 ​ 0.74 0.24–2.33 ​
Limit range 8 14.8 16 13.4 ​ 1.16 0.44–3.08 ​ 1.39 0.49–3.94 ​
Normal range 37 68.5 79 66.4 ​ 1 – ​ 1 – ​

Aggressive behavior ​ ​ ​ ​ 0.4 ​ ​ 0.4 ​ ​ 0.4
Clinical range 1 1.8 8 6.7 ​ 0.25 0.03–2.21 ​ 0.34 0.03–3.52 ​
Limit range 5 9.3 9 7.5 ​ 1.37 0.39–4.74 ​ 1.79 0.48–6.71 ​
Normal range 48 88.9 103 85.8 ​ 1 – ​ 1 – ​

Rule-breaking behavior ​ ​ ​ ​ 0.3 ​ ​ 0.3 ​ ​ 0.1
Clinical range 7 13.0 7 5.8 ​ 2.37 0.73–7.69 ​ 3.54 0.99–12.56 ​
Limit range 4 7.4 8 6.7 ​ 0.93 0.22–3.83 ​ 1.17 0.26–5.27 ​
Normal range 43 79.6 105 87.5 ​ 1 – ​ 1 – ​

Intrusive ​ ​ ​ ​ 0.9 ​ ​ 0.6 ​ ​ 0.5
Clinical range 2 3.7 4 3.3 ​ 1.80 0.30–10.75 ​ 2.07 0.34–12.76 ​
Limit range 8 14.8 19 15.8 ​ 1.49 0.56–3.96 ​ 1.65 0.61–4.46 ​
Normal range 44 81.5 97 80.8 ​ 1 – ​ 1 – ​

Adult Self Report – Critical 
items

​ ​ ​ ​ 0.8 ​ ​ 0.5 ​ ​ 0.9

Clinical range 6 11.1 17 14.2 ​ 0.50 0.16–1.55 ​ 0.71 0.17–2.96 ​
Limit range 7 13.0 18 15.0 ​ 0.93 0.33–2.59 ​ 0.95 0.29–3.05 ​
Normal range 41 75.9 85 70.8 ​ 1 – ​ 1 – ​

Model 1: Ajusted for sex, age, level of graduation, marital status.
Model 2: Ajusted for sex, age, level of graduation, marital status, BDI score, previous depression requiring pharmacotherapy or psychotherapy.
NA: Model not applicable.

a Chi-squared or Fisher test/Student or Wilcoxon test.
b OR associated to current tobacco smoking for an increase of 1 point of AUDIT-C score.
c OR associated to current tobacco smoking for an increase of cannabis consumption frequency.
d OR associated to current tobacco smoking for an increase of 1 point of the Epworth score.
e OR associated to current tobacco smoking for an increase of 1 point of the NSS score.
f OR associated to current tobacco smoking for an increase of 1 NT1 symptom.
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Table 5 
Factors associated with cannabis use in patients with narcolepsy type 1.

Cannabis 
misuse (n 
= 34)

No cannabis 
misuse (n =
137)

Model 1 Model 2

n % n % p-valuea Ajusted 
OR

95 % CI p-value Ajusted 
OR

95 % CI p-value

Alcohol misuse (AUDIT-C) (auditpositif) ​ ​ ​ ​ 0.002 ​ ​ 0.006 ​ ​ 0.04
No (Score men<4 and Score women <3) 12 35.3 125 63.5 ​ 1 – ​ 1 – ​
Yes (Score men ≥4 and score women ≥3) 22 64.7 72 36.5 ​ 3.31 1.42–7.72 ​ 2.66 1.04–6.82 ​

Score Audit-C ​ ​ ​ ​ <0.0001 1.37a 1.14–1.63 0.0006 1.31a 1.07–1.60 0.008
Mean (std) 4.09 

(2.52)
2.37 (2.11) ​ ​ ​ ​ ​ ​ ​

Median (Q1-Q3) 4 (2–6) 2 (1–4) ​ ​ ​ ​ ​ ​ ​

Tobacco smoking status (QP39Recode2Cat) ​ ​ ​ ​ <0.0001 ​ ​ <0.0001 ​ ​ <0.0001
No smoker/Past smoker 6 17.6 151 76.3 ​ 1 – ​ 1 – ​
Current smoker 28 82.4 47 23.7 ​ 17.31 6.31–47.49 ​ 15.36 4.99–47.22 ​

HSI score ​ ​ ​ ​ <0.0001 2.06b 1.44–2.94 <0.0001 1.78b 1.20–2.63 0.004
Mean (std) 1.38 

(1.58)
0.44 (0.94) ​ ​ ​ ​ ​ ​ ​

Median (Q1-Q3) 1 (0–2) 0 (0–0) ​ ​ ​ ​ ​ ​ ​

Past-month vaping status ​ ​ ​ ​ 0.0004 ​ ​ 0.0002 ​ ​ 0.004
No 22 66.7 181 91.4 ​ 1 – ​ 1 – ​
Yes 11 33.3 17 8.6 ​ 7.05 2.50–19.87 ​ 5.96 1.78–19.95 ​

Body-mass index (BMI) ​ ​ ​ ​ 0.4 ​ ​ 0.4 ​ ​ 0.3
Underweight or Normal range (≤24.9) 13 39.4 77 39.3 ​ 1 – ​ 1 – ​
Overweight (25.0–29.9) 14 42.4 63 32.1 ​ 1.48 0.61–3.61 ​ 1.55 0.57–4.24 ​
Obese (≥30) 6 18.2 56 28.6 ​ 0.77 0.25–2.32 ​ 0.59 0.16–2.18 ​

Current sport activity ​ ​ ​ ​ 0.01 ​ ​ 0.003 ​ ​ 0.005
No 22 64.7 82 41.4 ​ 1 – ​ 1 – ​
Yes 12 35.3 116 58.6 ​ 0.28 0.12–0.66 ​ 0.25 0.10–0.66 ​

Occupational statusb ​ ​ ​ ​ 0.3 ​ ​ 0.1 ​ ​ 0.1
Employed. Student 23 74.2 155 82.0 ​ 1 – ​ 1 – ​
Unemployed. Retired 8 25.8 34 18.0 ​ 2.31 0.81–6.52 ​ 2.59 0.80–8.42 ​

Sleep and/or NT1 features
Age at diagnosis ​ ​ ​ ​ 0.3 ​ ​ 0.4 ​ ​ 0.2
<10 years 1 2.9 16 8.1 ​ 0.24 0.02–2.51 ​ 0.20 0.02–2.75 ​
11–14 years 6 17.7 18 9.1 ​ 1.32 0.29–6.08 ​ 1.15 0.20–6.72 ​
15–18 years 4 11.8 38 19.2 ​ 0.45 0.10–2.05 ​ 0.17 0.02–1.26 ​
18–25 years 13 38.2 61 30.8 ​ 1.16 0.37–3.62 ​ 0.80 0.21–3.02 ​
>25 years 10 29.4 65 32.8 ​ 1 – ​ 1 – ​

Age at NT1 onset ​ ​ ​ ​ 0.2 ​ ​ 0.3 ​ ​ 0.06
<10 years 5 14.7 34 17.2 ​ 1.14 0.24–5.44 ​ 3.06 0.41–22.99 ​
11–14 years 10 29.4 49 24.8 ​ 1.55 0.36–6.71 ​ 2.44 0.35–17.05 ​
15–18 years 6 17.6 50 25.2 ​ 1.25 0.28–5.48 ​ 1.38 0.17–11.31 ​
18–25 year 9 26.5 25 12.6 ​ 3.70 0.89–15.46 ​ 9.43 1.42–62.40 ​
>25 years 4 11.8 40 20.2 ​ 1 – ​ 1 – ​

Delay between NT1 onset and diagnosis ​ ​ ​ ​ 0.2 ​ ​ 0.2 ​ ​ 0.4
<1 year 9 26.5 72 36.4 ​ 1 – ​ 1 – ​
1–5 years 17 50.0 80 40.4 ​ 2.04 0.80–5.23 ​ 2.14 0.75–6.11 ​
5–10 years 7 20.6 26 13.1 ​ 2.93 0.91–9.45 ​ 2.62 0.69–10.00 ​
>10 years 1 2.9 20 10.1 ​ 0.56 0.06–5.18 ​ 0.98 0.10–9.82 ​

Age at NT1 onset and age at diagnosis ​ ​ ​ ​ 0.8 ​ ​ 0.4 ​ ​ 0.3
NT1 onset and diagnosis <18 years 11 32.4 72 36.4 ​ 1 – ​ 1 – ​
NT1 onset <18 and diagnosis ≥18 years 10 29.4 61 30.8 ​ 1.62 0.58–4.54 ​ 1.61 0.48–5.38 ​
NT1 onset and diagnosis ≥18 years 13 38.2 65 32.8 ​ 2.2 0.71–6.80 ​ 2.95 0.79–11.05 ​

Previous cataplexy 32 94.1 181 91.4 0.9 1.26 0.26–6.14 0.8 2.53 0.29–22.02 0.4

(continued on next page)
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Table 5 (continued )

Cannabis 
misuse (n 
= 34) 

No cannabis 
misuse (n =
137)  

Model 1   Model 2  

n % n % p-valuea Ajusted 
OR 

95 % CI p-value Ajusted 
OR 

95 % CI p-value

Current cataplexy 25 75.8 125 68.7 0.4 1.38 0.56–3.39 0.5 2.35 0.73–7.61 0.2

Sleep paralysis 17 50.0 90 45.7 0.6 1.12 0.52–2.42 0.8 1.27 0.52–3.13 0.6
Hallucinations 21 61.8 100 50.8 0.2 1.66 0.75–3.68 0.2 1.8 0.71–4.57 0.2
Disrupted nighttime sleep 30 88.2 142 72.1 0.04 4.12 1.16–14.62 0.03 3.57 0.94–13.57 0.06
Sleep inertia 16 47.1 92 46.9 0.9 0.97 0.45–2.11 0.9 1.15 0.44–2.97 0.8
Sleep attack irrésistibles (QP72) 30 88.2 157 80.1 0.3 1.91 0.61–5.93 0.3 2.2 0.58–8.34 0.2
Regular napping (>1/day) 21 61.8 130 66.0 0.6 0.90 0.40–2.02 0.8 1.21 0.47–3.10 0.7
Preventive naps 22 73.3 145 75.9 0.8 0.89 0.35–2.25 0.8 1.43 0.46–4.41 0.5

Current medications used for NT1
Wake-promoting drugs
Modafinilb 12 35.3 81 41.3 0.5 0.82 0.36–1.86 0.6 0.81 0.32–2.06 0.7
Methylphenidateb 12 35.3 59 30.1 0.5 1.16 0.50–2.65 0.7 1.35 0.53–3.42 0.5
Pitolisant 11 32.3 37 18.9 0.07 1.79 0.75–4.24 0.2 2.08 0.80–5.42 0.1
Dexamphetamineb 0 0 2 1.0 NA ​ ​ NA ​ ​ NA
Psychostimulant (present)b 23 67.7 139 70.9 0.7 0.81 0.36–1.86 0.6 0.95 0.36–2.50 0.9
Psychostimulant (past)b 28 84.9 167 85.2 0.9 1.04 0.35–3.12 0.9 0.74 0.23–0.38 0.6
Anti-cataplectic drugs
Clomipramine 3 8.8 10 5.1 0.4 2.34 0.55–9.95 0.2 3.3 0.72–15.16 0.1
Venlafaxine 9 26.5 43 21.9 0.6 1.16 0.47–2.87 0.8 1.62 0.59–4.46 0.3
Fluoxetine 0 0 8 4.1 0.6 ​ ​ NA ​ ​ NA
Sodium oxybate 3 8.8 35 17.9 0.2 0.35 0.1–1.29 0.1 0.39 0.10–1.54 0.2
Any of 3 treatments Clomipramine/ 

Venlafaxine/Fluoxetine
12 35.3 61 31.1 0.6 1.16 0.50–2.70 0.7 1.73 0.67–4.48 0.3

EQ-5D-Y dimension
Mobility: At least one problem 3 12.0 29 18.1 0.6 0.76 0.20–2.91 0.7 0.58 0.11–3.03 0.5
Self-Care: At least one problem 1 4.0 7 4.4 0.9 62 0.07–5.81 0.7 0.40 0.03–5.67 0.5
Usual Activities: At least one problem 12 48.0 92 57.5 0.4 0.68 0.28–1.66 0.4 0.69 0.25–1.95 0.5
Pain/Discomfort: At least one problem 8 32.0 89 55.6 0.03 0.42 0.16–1.11 0.08 0.45 0.16–1.32 0.1
Anxiety/Depression: At least one problem 18 72.0 110 68.8 0.7 1.19 0.43–3.26 0.7 0.9 0.28–2.92 0.9

Epworth
Excessive sleepines (ESS>10) sommeil≤10 30 96.8 170 91.4 0.5 3.05 0.38–24.74 0.3 2.45 0.29–20.84 0.4

Score Epworth ​ ​ ​ ​ 0.6 1.02d 0.95–1.09 0.6 1.07d 0.95–1.21 0.3
Mean (std) 16.45 

(3.87)
16.09 
(3.99)

​ ​ ​ ​ ​ ​ ​

Median (Q1-Q3) 16 (13–20) 17 (13–19) ​ ​ ​ ​ ​ ​ ​

Score NSS ​ ​ ​ ​ 0.01 ​ ​ NA ​ ​ NA
0–14 0 0 21 12.1 ​ ​ ​ ​ ​ ​ ​
15–28 8 33.3 80 46.2 ​ ​ ​ ​ ​ ​ ​
29–42 16 66.7 59 34.1 ​ ​ ​ ​ ​ ​ ​
43–57 0 0 13 7.5 ​ ​ ​ ​ ​ ​ ​

Score NSS ​ ​ ​ ​ 0.07 1.03e 0.99–1.08 0.2 1.04e 0.99–1.09 0.1
Mean (std) 30.58 

(6.92)
26.68 
(10.62)

​ ​ ​ ​ ​ ​ ​

Median (Q1-Q3) 31.5 
(25.5–37)

26 (19–35) ​ ​ ​ ​ ​ ​ ​

Total number of NT1 symptoms ​ ​ ​ ​ 0.3 1.25f 0.77–2.01 0.4 1.41f 0.82–2.42 0.2
Mean (std) 4.25 

(0.94)
4.01 (1.03) ​ ​ ​ ​ ​ ​ ​

Median (Q1-Q3) 5 (3.5–5) 4 (3–5) ​ ​ ​ ​ ​ ​ ​

Adult Self Report - Syndromes Scales
Anxious-Depressed ​ ​ ​ ​ 0.5 ​ ​ 0.5 ​ ​ 0.2
Clinical range 3 13.0 36 23.8 ​ 0.42 0.10–1.68 ​ 0.17 0.02–1.29 ​
Limit range 4 17.4 25 16.6 ​ 0.90 0.25–3.32 ​ 0.65 0.16–2.70 ​
Normal range 16 69.6 90 59.6 ​ 1 – ​ 1 – ​

(continued on next page)
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4.2. Factors associated with alcohol misuse in patients with NT1

Regarding alcohol, NT1 patients with misuse had higher level of 
education, and were more often retired. The link between retirement 
and heavy drinking has previously been reported and is thought to be 
attributable to increased leisure time and decreased work-related con
straints on drinking [58]. Interestingly, patients with alcohol misuse 
showed more symptoms related to REM-sleep dysregulation (sleep pa
ralysis, with a trend for hallucinations and cataplexy). This might be 
associated with the disruptive effect of alcohol on sleep, with increased 
stage shifts following the short-term increase in sleep stability after 
ingestion, although this remains speculative as no information was 

available on the relative timing between alcohol consumption and sleep 
symptoms in participants [59,60]. It is however interesting to note that 
hallucinations have been related to rebound of REM sleep during alcohol 
withdrawal [61]. Another explanation might be the lower use of sodium 
oxybate (an anti-cataplectic medication also known to increase sleep 
stability and decrease REM sleep related parasomnia [62]) in these pa
tients, which may result from a prescription bias (such treatment may 
not be proposed to patients with alcohol consumption as it is a 
contra-indication) or from patients behavior (patients using sodium 
oxybate are forbidden to take alcohol). The lower use of methylpheni
date and higher use of modafinil argue for a prescription bias; the 
conditions for prescribing, renewing and dispensing are much more 

Table 5 (continued )

Cannabis 
misuse (n 
= 34) 

No cannabis 
misuse (n =
137)  

Model 1   Model 2  

n % n % p-valuea Ajusted 
OR 

95 % CI p-value Ajusted 
OR 

95 % CI p-value

Withdrawn ​ ​ ​ ​ 0.2 ​ ​ 0.2 ​ ​ 0.2
Clinical range 4 17.4 28 18.5 ​ 0.86 0.24–3.06 ​ 0.65 0.16–2.74 ​
Limit range 2 8.7 37 24.5 ​ 0.25 0.05–1.26 ​ 0.17 0.03–1.08 ​
Normal range 17 73.9 86 57.0 ​ 1 – ​ 1 – ​

Somatic complaints ​ ​ ​ ​ 0.4 ​ ​ 0.2 ​ ​ 0.1
Clinical range 3 13.0 38 25.2 ​ 0.88 0.21–3.74 ​ 1.06 0.19–5.78 ​
Limit range 8 34.8 40 26.5 ​ 2.59 0.79–8.48 ​ 3.26 0.89–11.94 ​
Normal range 12 52.2 73 48.3 ​ 1 – ​ 1 – ​

Thought problems ​ ​ ​ ​ 0.2 ​ ​ 0.1 ​ ​ 0.1
Clinical range 2 8.7 8 5.3 ​ 2.53 0.39–16.33 ​ 2.26 0.25–20.18 ​
Limit range 1 4.3 26 17.2 ​ 0.17 0.02–1.44 ​ 0.15 0.02–1.40 ​
Normal range 20 87.0 117 77.5 ​ 1 – ​ 1 – ​

Attention problems ​ ​ ​ ​ 0.7 ​ ​ 0.6 ​ ​ 0.7
Clinical range 5 21.7 28 18.7 ​ 1.45 0.43–4.92 ​ 1.01 0.20–5.01 ​
Limit range 4 17.4 20 13.3 ​ 1.80 0.48–6.70 ​ 1.74 0.44–6.94 ​
Normal range 14 60.9 102 68.0 ​ 1 – ​ 1 – ​

Aggressive behavior ​ ​ ​ ​ 0.8 ​ ​ NA ​ ​ NA
Clinical range 0 0 9 6.0 ​ ​ ​ ​ ​ ​ ​
Limit range 2 8.7 12 7.9 ​ ​ ​ ​ ​ ​ ​
Normal range 21 91.3 130 86.1 ​ ​ ​ ​ ​ ​ ​

Rule-breaking behavior ​ ​ ​ ​ 0.01 ​ ​ 0.01 ​ ​ 0.01
Clinical range 5 21.7 9 6.0 ​ 6.28 1.54–25.52 ​ 8.52 1.79–40.48 ​
Limit range 3 13.1 9 6.0 ​ 4.28 0.84–21.88 ​ 5.19 0.94–28.63 ​
Normal range 15 65.2 133 88.0 ​ 1 – ​ 1 – ​

Intrusive ​ ​ ​ ​ 0.5 ​ ​ NA ​ ​ NA
Clinical range 0 0 6 4.0 ​ ​ ​ ​ ​ ​ ​
Limit range 2 8.7 25 16.5 ​ ​ ​ ​ ​ ​ ​
Normal range 21 91.3 120 79.5 ​ ​ ​ ​ ​ ​ ​

Adult Self Report – Critical items ​ ​ ​ ​ 0.6 ​ ​ 0.6 ​ ​ 0.7
Clinical range 4 17.4 19 12.6 ​ 1.73 0.45–6.66 ​ 2.32 0.35–15.21 ​
Limit range 4 17.4 21 13.9 ​ 1.64 0.44–6.12 ​ 1.33 0.27–6.61 ​
Normal range 15 65.2 111 73.5 ​ 1 – ​ 1 – ​

Model 1: Ajusted for sex. Age. Level of graduation. Marital status.
Model 2: Ajusted for sex. Age. Level of graduation. Marital status. BDI score. Previous depression requiring pharmacotherapy or psychotherapy.
NA: Model not applicable.
aChi-squared or Fisher test/Student or Wilcoxon test.
bIn these analyses. Modalities of occupational status have been grouped in because of low frequencies: Employed/Student and Unemployed/Retired.
a OR associated to cannabis use for an increase of 1 point of AUDIT-C score.
bOR associated to cannabis use for an increase of 1 point of the HSI score.
dOR associated to cannabis use for an increase of 1 point of the Epworth score.
eOR associated to cannabis use for an increase of 1 point of the NSS score.
fOR associated to cannabis use for an increase of 1 NT1 symptom.
Figure caption
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constraining for methylphenidate than for modafinil in France. Whilst 
there are many reasons for opting for a particular medication in a spe
cific patient, the fact that both the physician and the patient believe that 
it may be difficult to manage the constraints and possible side effects of 
the treatment (which may be the case in people with alcohol abuse) are 
likely to favor the choice of certain drugs. We also observed a lower BMI 
in alcohol misusers; although alcohol-related calories might contribute 
to weight gain, epidemiological studies show conflicting results 
regarding the link between alcohol intake and obesity, suggesting the 
involvement of a behavioral and social modulation [63]. Finally, pa
tients with alcohol misuse had more attention disorders and rule 
breaking behaviors. Such disorders might be associated with impulsivity 
which has been reported in NT1 and SUDs [31,64,65] but also with 
altered reward processing [66].

4.3. Factors associated with smoking in patients with NT1

Regarding tobacco, NT1 users showed more disrupted nighttime 
sleep and a trend toward more sleep attacks. Nicotine exerts a wake- 
promoting effect, and it is possible that some patients may use it as a 
contra-measure to sleepiness (although data about the efficacy of this 
measure in narcolepsy are inconsistent), with sleep disruption as a side 
effect [67–73]. The increase in sleep attacks among smokers was pre
viously reported in a series of 105 patients with narcolepsy (87 with 
cataplexy); the authors also reported that smoking was associated with 
hallucinations, which was not the case in our cohort, but might also 
reflect sleep disruption [74]. Tobacco users were older at narcolepsy 
onset; one can hypothesize that tobacco use had started before the dis
ease (and thus before orexin deficiency, as emphasized in a previous 
study [34]), and was maybe amplified by the sleepiness at disease onset 
before diagnosis. Given the stimulating effect of nicotine on orexin 
neurons, it is possible that smoking might even delay or mitigate the 
onset of narcolepsy symptoms [75]. For patients whose disease began in 
childhood, early medical management might be accompanied by pre
ventive measures regarding the use of substances, particularly tobacco, 
given the cardiovascular risk associated with this disease [36]. We also 
observed the well-known association between nicotine consumption and 
a lower BMI as well as less physical activity [76,77].

4.4. Factors associated with cannabis use in patients with NT1

Regarding cannabis, NT1 users showed more disrupted night sleep. It 
is possible that some patients may use cannabis to alleviate insomnia 
symptoms although data regarding the efficacy of cannabis in sleep 
disturbances remains conflicting, except in the context of associated 
pain [78,79]; in our cohort, pain level was indeed lower in cannabis 
users. Interestingly, some studies in animals suggest that CBD might 
reduce excessive daytime sleepiness and that THC might inhibit REM 
sleep [80,81], which may be relevant in narcolepsy; no published study 
on the topic in patients with narcolepsy is available to our knowledge. 
Patients with NT1 who used cannabis were less often in a couple, sug
gesting a reduction in substance use associated with social expectation 
of marital role as previously reported [82]. This was also found in the 
our control group. As for alcohol, rule breaking behaviors were associ
ated with cannabis consumption. In addition, a lower physical activity 
level was found in cannabis users; this may be related to tobacco 
co-consumption, as data about cannabis intake and physical activity is 
inconsistent [83,84].

4.5. Relationship between substance use patterns and NT1: a 
multidimensional equation

Our findings highlight the complexity of the relationship between 
substance use patterns and NT1: 1) Orexin deficiency should theoreti
cally protect patients from SUDs, but age at onset is probably a crucial 
factor; notably in adult-onset, SUDs may develop before orexin 

deficiency occurs whereas in childhood-onset, reward brain networks 
may reorganize during neurodevelopment and become partly orexin- 
independent [85] 2) several symptoms of narcolepsy, especially dis
rupted nighttime sleep and sleepiness, are likely to favor the use of 
substances that promote sleep (alcohol, cannabis) or wake (nicotine), 
which in turn can aggravate sleep disturbances. Interestingly, sleepiness 
is associated with impulsivity and the frequent comorbidity between 
ADHD and narcolepsy may play a key role in substance use [86,87] 3) 
the frequent co-morbidities of narcolepsy (depression, anxiety or other 
psycho-behavioral disorders) can indeed influence substance use either 
with the aim to alleviate some symptoms [88] or as a result or behav
ioral disturbances such as emotional dysregulation [89] or impulsivity 
[31,64,65,90] although we did not identify impulsivity as a significant 
determinant of substance use, probably due to lack of power as few 
patients were in the clinical range 4) therapeutic approaches including 
preventive advice regarding substances and the prescription of treat
ments contraindicated with alcohol may also influence substance use 
and misuse.

4.6. Limitations and strenghts of the study

We have to acknowledge several limitations to our study. Firstly, the 
limited size of our sample of patients and controls hindered subgroup 
analyses, and the low proportion of patients who participated in the 
study among those approached probably led to the selection of the least 
severe patients, given the length of the questionnaire [37]. To note, this 
bias likely also applied to the control subjects. However, our results 
regarding the prevalence of SUDs are consistent with those published to 
date, and we did not find that disease severity, as assessed by the NSS, 
was a major determinant of substance use. Second, although the sex 
ratio of the disease is around 1:1, almost two third of participants were 
women, as expected in health research surveys where women are usu
ally more willing to participate [91]. We adjusted our analyses for this 
factor which was indeed associated with cannabis consumption. Third, a 
more detailed investigation of the type of use, particularly problematic 
use for cannabis, would have provided additional insights into its con
sequences (e.g., cognitive, social, etc.). In addition, a more systematic 
assessment of all substances, including psychostimulants and opioids, 
which patients might use to alleviate certain symptoms [33,92,93], 
would have contributed to a more comprehensive understanding of 
substance use in narcolepsy type 1. This would warrant further research 
and could potentially lead to the exploration of innovative therapeutic 
options. Finally, we cannot exclude a possible deliberate under-report, 
although the anonymous online questionnaire probably limited this 
bias. The strength of our study lies in a well-defined NT1 population and 
the presence of a socio-demographically matched control group (con
trols were selected from the patients’ environment) which is crucial in 
studies on SUDs. Detailed questionnaires including narcolepsy symp
toms, drug use, academic and occupational data and psycho-behavioral 
symptoms enabled us to provide an in-depth and comprehensive 
investigation of the determinants of substance use in NT1s and to adjust 
for numerous confounding factors.

5. Conclusion

The relationship between sleep-related symptoms, comorbidities, 
treatments, and SUDs is complex in patients with NT1, who does not 
seem less vulnerable to addictive behaviors. One cannot disentangle the 
specific effect of orexin deficit from other factors involved in SUDs; it 
might be hypothesized that, given the symptoms and comorbidities 
observed in patents with NT1, as well as the prescription of psychosti
mulants, an even higher prevalence of addiction would have been ex
pected, that might be mitigated by orexin deficit. However, another 
study reported that patients with NT1 do not differ from patients with 
NT2 and IH in this respect [33]. This strongly suggests adaptative 
mechanisms within reward networks. In clinical practice, although the 
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issue of SUDs may be overshadowed by the many other disabling 
symptoms reported by patients, considering substance use and misuse is 
crucial as such consumptions are likely to worsen sleep disturbances, 
psychiatric symptoms and the cardiovascular risk. This may involve 1) 
specifically addressing substance use during medical follow-ups for 
narcolepsy, 2) promoting psychoeducation to increase awareness among 
patients about the impact of substance use on physical and mental 
health, and their interaction with narcolepsy symptoms and treatments, 
and 3) offering specialized care and withdrawal support when needed. 
Such strategies may improve patient outcomes by addressing an 
often-overlooked aspect of narcolepsy care.
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Smoking prevalence and its clinical correlations in patients with narcolepsy- 
cataplexy. Prague Med Rep 2016;117:81–9.

[35] Flores NM, Villa KF, Black J, Chervin RD, Witt EA. The humanistic and economic 
burden of narcolepsy. J Clin Sleep Med 2016;12:401–7.

[36] Ben-Joseph RH, Saad R, Black J, Dabrowski EC, Taylor B, Gallucci S, et al. 
Cardiovascular burden of narcolepsy disease (CV-bond): a real-world evidence 
study. Sleep 2023;46.

[37] Peter-Derex L., Fort E., Putois B., Martel N., Ricordeau F., Bastuji H., et al. Effort/ 
reward imbalance and comorbidities burden in academic and professional careers 
of patients with narcolepsy type 1. J Clin Sleep Med. 2025 Feb 13. doi: 10.5664/ 
jcsm.11598. Epub ahead of print. PMID: 39943847.

[38] American Academy of Sleep M. International classification of sleep disorders. third 
ed. 2014. IL: Darien.

[39] Lopez R, Doukkali A, Barateau L, Evangelista E, Chenini S, Jaussent I, et al. Test- 
retest reliability of the multiple sleep latency test in central disorders of 
hypersomnolence. Sleep 2017;40.

[40] Commission regulation (EU) No 317/2013 of 8 april 2013 amending the annexes to 
regulations (EC) No 1983/2003, (EC) No 1738/2005, (EC) No 698/2006, (EC) No 
377/2008 and (EU) No 823/2010 as regards the international standard 
classification of education text with EEA relevance. 2013. p. 1–10.

[41] Johns MW. A new method for measuring daytime sleepiness: the Epworth 
sleepiness scale. Sleep 1991;14:540–5.

[42] Dauvilliers Y, Beziat S, Pesenti C, Lopez R, Barateau L, Carlander B, et al. 
Measurement of narcolepsy symptoms: the narcolepsy severity scale. Neurology 
2017;88:1358–65.

[43] Heatherton TF, Kozlowski LT, Frecker RC, Rickert W, Robinson J. Measuring the 
heaviness of smoking: using self-reported time to the first cigarette of the day and 
number of cigarettes smoked per day. Br J Addict 1989;84:791–9.

[44] Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Development of the 
alcohol use disorders identification test (AUDIT): WHO collaborative project on 
early detection of persons with harmful alcohol consumption–II. Addiction 1993; 
88:791–804.

[45] Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT alcohol 
consumption questions (AUDIT-C): an effective brief screening test for problem 
drinking. Ambulatory Care Quality Improvement Project (ACQUIP). Alcohol Use 
Disorders Identification Test. Arch Intern Med 1998;158:1789–95.

[46] Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring 
depression. Arch Gen Psychiatry 1961;4:561–71.

[47] Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol Group. 
Ann Med 2001;33:337–43.

[48] Achenbach TM, Rescorla L. Manual for the ASEBA adult forms & profiles. 
Burlington, VT: University of Vermont, Research Center for Children, Youth 2003.

[49] Dauvilliers Y, Barateau L, Lopez R, Rassu AL, Chenini S, Beziat S, et al. Narcolepsy 
Severity Scale: a reliable tool assessing symptom severity and consequences. Sleep 
2020;43.

[50] Palaia V, Poli F, Pizza F, Antelmi E, Franceschini C, Moghadam KK, et al. 
Narcolepsy with cataplexy associated with nocturnal compulsive behaviors: a case- 
control study. Sleep 2011;34:1365–71.

[51] Cohen A, Mandrekar J, St Louis EK, Silber MH, Kotagal S. Comorbidities in a 
community sample of narcolepsy. Sleep Med 2018;43:14–8.

[52] Hiscock R, Bauld L, Amos A, Fidler JA, Munafò M. Socioeconomic status and 
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