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Objective: To detect the factors associated with total and subscales impulsivity scores in narcolepsy and further explore the non- 
linear relationship between these factors and impulsivity score.
Methods: One hundred and fifty-eight narcolepsy type 1 (NT1) patients were involved in this cross-sectional study. Patients 
completed questionnaires evaluating impulsivity symptoms (Barratt impulse scale-11, BIS-11), depression symptoms (Center for 
Epidemiologic Studies Depression Scale for Children, CES-DC or Self-Rating Depression Scale, SDS) and sleepiness (Epworth 
Sleepiness Scale, ESS). Parameters from polysomnography and multiple sleep latency test were also collected. Linear regression 
analysis was performed to detect the factors associated with total and subscales impulsivity scores. Then, generalized additive models 
and smooth curve fitting were performed to explore the non-linear relationship between chronological age and impulsivity scores.
Results: Factors associated with higher total impulsivity score were higher ESS, older onset and adolescents. Factors associated with 
higher attentional impulsivity score were higher ESS, older onset and adolescents. Factors associated with higher motor impulsivity 
score were higher ESS, younger onset and depression symptoms. Factors associated with higher non-planning impulsivity score were 
adolescents, older onset and depression symptoms. A non-linear relationship between age and impulsivity scores (total impulsivity 
score, attentional impulsivity score and non-planning impulsivity score) was detected in NT1 patients.
Conclusion: Not only excessive daytime sleepiness but also onset-age, depression symptoms and chronological age were associated 
with impulsivity in NT1 patients. The non-linear relationship between age and impulsivity scores suggested brain and mental 
development alterations in NT1 patients.
Keywords: narcolepsy, impulsivity, excessive daytime sleepiness, depression, smooth curve fitting

Introduction
Narcolepsy type 1 (NT1) is a central sleepiness disorder due to hypocretin deficiency in the hypothalamus, which is characterized 
by excessive daytime sleepiness, cataplexy, hypnagogic/hypnopompic hallucination and sleep paralysis. Recent research findings 
suggested that disturbed nocturnal sleep (DNS) is considered a specific symptom that is independent of other symptoms in 
narcolepsy.1 DNS in narcolepsy is characterized by patients’ complaints of frequent awakenings, increased N1 sleep and 
decreased sleep efficiency.1 DNS may be primary or secondary to comorbid sleep disorders including insomnia or sleep apnea 
in narcolepsy.1 Approximately 20–30% of narcolepsy patients reported sleep apnea, which is associated with age, body mass 
index (BMI) and male sex.2,3 Limited studies have demonstrated that narcolepsy itself rather than sleep apnea may play a greater 
role in the pathogenesis of daytime sleepiness,2 although sleep apnea can exacerbate the DNS in narcolepsy.
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Impulsivity is a feature of actions out of spontaneous impulses without thinking about consequences.4 Impulsivity is 
a heterogeneous personality and behavioral construct, presenting in the general population and several psychiatric disorders.4,5 

It should be noted that greater impulsivity is a known risk factor for the development of addiction and substance abuse.6 

Insufficient nocturnal sleep has been associated with poor impulsivity control and emotional dysfunction,7 possibly due to the 
interaction between sleep deprivation and the lack of inhibitory brain control.8,9 Based on this link, many studies have 
demonstrated that sleepiness produced by sleep deprivation or fatigue was associated with impulsivity by neuropsychological 
tasks.10 Another study demonstrated that both poor sleep quality and chronic insomnia were significantly associated with high 
self-rated impulsivity.11 Pediatric sleep apnea can increase impulsivity and risk-taking behaviors similar to sleep deprivation in 
children.12,13

Higher prevalence of impulsivity and impaired reward processing have been reported in previously published reports about 
narcolepsy.14,15 Moreover, some studies found that medication treatment (psychostimulants) might increase the risk of 
impulsivity even mania in narcolepsy patients.16,17 To further explore the role of daytime sleepiness, sleep apnea and DNS 
in narcolepsy impulsivity, this study was designed to collect data about sleepiness (questionnaire and polysomnography), sleep 
apnea and DNS (arousal index, sleep efficiency, sleep stage percentage)1 and other sleep-related parameters in narcolepsy. We 
hypothesized that daytime sleepiness and other factors, including depression symptoms, onset-age and chronological age, may 
independently associate with impulsivity in NT1 patients. In addition, among NT1 patients, taking into account the differences 
in clinical manifestation and severity of illness between adolescents and adults, there may be a nonlinear relationship between 
chronological age and impulsivity in NT1 patients. Therefore, we performed an analysis to explore other factors associated 
with impulsivity and the specific relationship between chronological age and impulsivity in NT1 patients.

Methods
Participants
In total, 158 drug-naïve NT1 patients were recruited from the Sleep Medicine Center in Peking University People’s Hospital. The 
inclusion/exclusion criteria of this study are as follows: 1) all narcolepsy patients were newly diagnosed according to the 
International Classification of Sleep Disorders −3 (ICSD-3)18: the presence of daytime sleepiness lasting at least 3 months, 
typical cataplexy, with mean sleep latency ≤8 minutes and 2 or more sleep-onset REM periods (SOREMPs) on the Multiple 
Sleep Latency Test (MSLT). Or lower levels of orexin (<110pg/mL) in cerebral spinal fluid; 2) all narcolepsy patients did not 
have any psychostimulants treatment before; 3) all subjects must have normal intelligence and cognitive function; 4) patients with 
mental disorders (including ADHD) or family history of mental illness and substances/alcohol abuse were excluded; 5) patients 
with other serious disease or trauma were excluded. Another 42 group-matched on age and gender healthy controls (ranging from 
9 to 46 years old, with 8 adolescents and 34 adults) with no known significant healthy and sleep problems were recruited from the 
community by advertisement. All participants were provided written informed consent, and this study was conducted by the 
Declaration of Helsinki. This study was approved by the ethics committees of Peking University People’s Hospital.

Polysomnography for Narcolepsy
All NT1 patients underwent one overnight polysomnography (PSG, Respironics LE-Series Physiological Monitoring 
System, Alice 6 LE, FL, USA) with recording starting from 10 pm to 6 am the next morning. Following the guideline of 
the American Academy of Sleep Medicine (AASM), the standard electroencephalogram derivations, chin electromyo-
gram, electrooculogram and electrocardiogram were recorded. The oral and nasal airflow, snoring, chest and abdominal 
breathing, oxygen saturation and body position were also recorded. The PSG recordings were visually scored according 
to the AASM Manual for Scoring Sleep to every 30-second epoch of the data. The apnea–hypopnea index (AHI) was 
calculated as the average of the total number of apnea and hypopnea events experienced per hour of sleep. The PLMS 
index was also recorded as the frequency of PLMS (Periodic leg movement in sleep) per hour of sleep. PLMS was 
defined and scored using standard criteria from the AASM manual for Scoring Sleep and Associated Events: a series of 4 
consecutive leg movements lasting 0.5–5s with an amplitude ≥8μv above the resting baseline and separated by intervals 
of 5–90s. A leg movement was not scored if it occurred during a period from 0.5s preceding an apnea, hypopnea or 
respiratory event-related arousal to 0.5s following such an event.
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Multiple sleep latency test (MSLT) was performed the next day after the overnight PSG. A total of five naps were 
scheduled at 2-h intervals. Sleep latency was defined as the time that elapsed from the start of the test to the first 30- 
second epoch scored as sleep. Each MSLT was ended 20 minutes after the onset of sleep or after 20 minutes of 
wakefulness. The average sleep latency from the 5 naps was calculated.

Impulsivity Questionnaire
The degree of impulsivity was measured using the Barratt impulse scale (BIS)-11, which is revised by Patton and the 
most widely used.19 The Chinese version of BIS-1120,21 has been proved to have good reliability and validity in children, 
adolescents and adults.22,23 The whole scale is composed of 30 items, using a 5-point Likert scale for each item, with 
a higher total score meaning higher impulsivity. The scale includes three independent subscales: “attentional impulsivity” 
measures the difficulty in focusing and paying attention on a task, such as attention deficiency, having extraneous 
thoughts when thinking; “motor impulsivity” measures the tendency to act rashly without any forethought, such as 
making a decision quickly, lack of perseverance; and “non-planning impulsivity” measures the inability to an adequate 
plan, such as low self-control.

Depression Symptoms
The Center for Epidemiologic Studies Depression Scale for Children (CES-DC) of Chinese version was used for 
measuring the depression symptoms in adolescent NT1 patients.24,25 CES-DC is a 20-item scale and there are 4-point 
response options (0–3 points) for each item. Total scores range from 0 to 60 and higher scores indicate increasing levels 
of depression symptoms, with a cut-off score ≥20 suggesting depression symptoms.26 The Self-Rating Depression Scale 
(SDS) was used for assessing the depression symptoms in adult NT1 patients.27 The SDS comprises 20 items. Each item 
is scored on a 4-point scale, and the total score for each questionnaire is multiplied by 1.25 to convert it into 
a standardized score, with a cut-off ≥53 suggesting depression symptoms.28

Other Variables
Other variables include demographic variables about age, gender, body mass index (BMI), narcolepsy-related informa-
tion including age at narcolepsy onset (namely disease onset-age), hypnagogic/hypnopompic hallucinations and sleep 
paralysis. Excessive daytime sleepiness was measured by the Epworth Sleepiness Score (ESS). Parameters about PSG, 
including sleep efficiency, percentage of sleep stage (N1+N2, N3, REM), arousal index and mean sleep latency from 
MSLT, are also involved as other variables.

Statistical Analysis
The continuous variables were expressed as mean ± SD deviation or quartiles and qualitative variables were expressed as 
frequencies and percentages. We used Χ2 (categorical variables) or two-sample t-test (normal distribution) to test for 
differences between NT1 patients and healthy controls. Partial correlation analysis was used to detect the relationship 
between age and total impulsivity score in healthy controls after adjusting for ESS. These statistical tests were performed 
using SPSS Statistics version 23. The level of significance was set at P<0.05.

Factors Associated with Impulsivity in NT1 Patients
The questionnaire score for depression symptoms was transformed as a binary variable (with or without depression 
symptoms) according to the cut-off point. Chronological age was transformed as a binary variable (adolescents or adults) 
according to the cut-off point (age ≥18 as adults and age ≤17 as adolescents). Multiple linear regression with forward 
stepwise selection was conducted to identify factors associated with total and the subscales impulsivity score in NT1 
patients. Variables with P < 0.05 were considered statistically significant. Demographic characteristics such as age, 
gender, BMI and disease-related information such as disease onset-age, hypnagogic/hypnopompic hallucinations, sleep 
paralysis, ESS and parameters in PSG were involved as independent variables. The regression statistical analysis was 
conducted using SPSS Statistics version 23.
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Nonlinear Relationship Between Age and Impulsivity in NT1 Patients
We further explored the nonlinear relationship between age and impulsivity scores (total impulsivity score, attentional 
impulsivity score and non-planning impulsivity score) using generalized additive models (GAM) and smooth curve 
fitting (penalized splines). If the nonlinear relationship is detected, the inflection point was computed in which the 
relationship between age and impulsivity scores began to change and became notable using a trial method. The trial 
inflection point was moved along a predefined interval and detected the inflection point that gave the maximum model 
likelihood. Then, a piecewise linear regression model was built on both sides of the inflection point. The GAM and 
smooth curve fitting were performed using R (http://www.R-project.org).

Relationship Between Age and Other Variables in NT1 Patients
To get a better understanding of the nonlinear relationship between age and impulsivity scores in NT1 patients, it is 
necessary to illustrate how other variables, such as excessive daytime sleepiness, sleep apnea, sleep efficiency and 
depression, vary with age. GAM and smooth curve fitting were also used to detect the relationship between age and these 
variables in NT1 patients. The GAM and smooth curve fitting were performed using R (http://www.R-project.org).

Results
Subjects Characteristics
Overall, 158 narcolepsy patients (103 male and 55 female, aged from 5 to 61, with 83 adolescents and 75 adults) were recruited 
for this study. Among this sample, 46.2% of the patients (n = 73) reported hypnagogic/hypnopompic hallucination, 46.8% of the 
patients (n = 74) reported sleep paralysis, 36.1% of the patients (n = 57) had sleep apnea (snoring or other symptoms with AHI 
≥ 5) comorbidity, and 52.5% of the patients (n = 83) had depression symptoms comorbidity. Moreover, 15.7% of the adolescent 
NT1 patients had sleep apnea comorbidity, while 58.7% of the adult NT1 patients had sleep apnea comorbidity (P < 0.001). 
Descriptive analysis of other variables is shown in Table 1.

Table 1 Demographic, Clinical Characteristics and Polysomnography Parameters in NT1 Patients

Total Patients Adolescents Patients Adults Patients P value

Male/Female 103/55 53/30 50/25 0.711

Age 17 (14, 26.3) 14 (11, 16) 28(21, 41) <0.001*

Disease onset-age 11 (7, 16) 7 (6, 11) 15.7 (12.2, 31.7) <0.001*
BMI 25.6±4.9 24.3±5.3 27.1±3.8 <0.001*

Hallucination% 46.2 44.6 48 0.667

Sleep paralysis% 46.8 30.1 65.3 <0.001*
Sleep efficiency 88.2±9 88.3±10.2 88.1±7.4 0.886

N1% 16.8 (10.5, 25.8) 14 (7.5, 18.3) 21.5 (15.4, 35.4) <0.001*

N2% 39.9 (33.3, 48.1) 39.2 (30.6, 47.6) 41.6 (36.3, 50.7) 0.042*
N3% 16.1 (8.3, 22.6) 21.4 (16.2, 26.3) 9.1 (3.9, 15.1) <0.001*

R% 22.3 (17.5, 27.9) 22.7 (17.8, 28) 20.8 (17, 27.4) 0.355

Arousal index 13.1 (8.7, 19.3) 11.6 (8.5, 16.3) 15.1 (9.7, 23.6) 0.001*
PLMI 1.8 (0, 9.3) 1.5 (0, 9.2) 1.9 (0, 9.7) 0.269

Sleep latency 1.2 (0.4, 2.9) 1.7 (0.4, 3.1) 0.8 (0.4, 2.1) 0.084

Sleep apnea% 36.1 15.7 58.7 <0.001*
ESS 17.8±5 16.1±4.2 19.7±5.1 <0.001*

Depression% 52.5 56.6 48 0.278

Total BIS 89.2±14 89.9±12 88.2±15.8 0.433
Attentional impulsivity score 30.8±6.6 31.5±6 30±7 0.121

Motor impulsivity score 27.4±6.9 27.5±7.1 27.3±6.6 0.891

Non-planning impulsivity score 30.9±7.5 31±7.5 31±7.5 0.985

Note: *P < 0.05. 
Abbreviations: BMI, body mass index; ESS, Epworth Sleepiness Scale; PLMI, Periodic Limb Movement Index; BIS, Barratt Impulse Scale.
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As shown in Table 2, NT1 patients reported higher impulsivity scores in total and three subscales of impulsivity 
compared with healthy controls. There was a non-significant relationship between age and total impulsivity score in 
healthy controls after adjusting for ESS (r = −0.151, P = 0.34, Figure 1A).

Factors Associated with Impulsivity in NT1 Patients
Based on multiple linear regression analysis (Table 3), factors associated with higher impulsivity score were higher ESS 
(P < 0.001), older onset (P = 0.027) and adolescents (P = 0.002). For impulsivity subscales, factors associated with 
higher attentional impulsivity score (Table 3) were higher ESS (P = 0.016), older onset (P = 0.029) and adolescents (P = 
0.001). Factors associated with higher motor impulsivity score (Table 3) were higher ESS (P < 0.001), younger onset 
(P = 0.014) and depression symptoms (P = 0.011). Factors associated with higher non-planning impulsivity score 
(Table 3) were adolescents (P = 0.007), older onset (P < 0.001) and depression symptoms (P = 0.026).

Nonlinear Relationship Between Age and Impulsivity in NT1 Patients
It is speculated that the relationship between age and impulsivity score (total impulsivity score, attentional impulsivity 
score and non-planning impulsivity score) in narcolepsy patients may be nonlinear, as indicated by the regression results 
and scatter plot of the relationship between age and impulsivity. The results of multiple linear regression showed that the 
binarized age variable (adolescents or adults) was statistically significant. This result indicated that there may be 
a nonlinear relationship between age (as a continuous variable) and impulsivity score for NT1 patients. Through the 
GAM and smooth curve fitting (adjusting for ESS and disease onset-age), we observed a nonlinear relationship between 
age and total impulsivity score in NT1 patients (Figure 1B). We also observed a nonlinear relationship between age and 
attentional or non-planning impulsivity score in NT1 patients (Figure 1C and D).

Relationship Between Age and Other Variables in NT1 Patients
Both ESS and AHI increase gradually with age in NT1 patients (Supplementary Figure S1A and S1B). A nonlinear 
relationship between age and sleep efficiency or depression was also observed in NT1 patients (Supplementary Figure 
S1C and S1D).

Table 2 Demographic and Barratt Impulse Scale Score Between NT1 Patients and Healthy Controls

NT1 Patients Healthy Controls P value

Male/Female 103/55 23/19 0.213
Age 21.7±12.2 25.4±8.8 0.073

ESS 17.8±5 5.7±1.7 <0.001*

Total BIS 89.9±12 63.7±13.2 <0.001*
Adolescents 90±12 69±11.8 <0.001*

Adults 88.2±15.8 62.4±13.3 <0.001*

Attentional impulsivity score 31.5±6 19.3±6 <0.001*
Adolescents 31.5±6 23±6.5 <0.001*

Adults 30±7.1 18.4±5.6 <0.001*

Motor impulsivity score 27.5±7.1 21.5±4 <0.001*
Adolescents 27.5±7.1 20.6±4.7 0.009

Adults 27.3±6.6 21.7±3.9 <0.001*
Non-planning impulsivity score 31±7.5 24.9±6.1 <0.001*

Adolescents 31±7.5 25.4±4.7 0.042

Adults 31±7.5 24.8±6.5 <0.001*

Note: *P < 0.05. 
Abbreviation: BIS, Barratt Impulse Scale.
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Discussion
This study evaluated factors associated with impulsivity in drug-naïve NT1 patients: We found that higher ESS, older 
onset-age and adolescents may have higher total impulsivity score. Comorbid depression symptoms can increase the 
motor impulsivity score, but decrease the non-planning impulsivity score. Older onset-age can increase both the 
attentional and non-planning impulsivity score, whereas younger onset-age can increase the motor impulsivity score. 
A non-linear relationship between age and impulsivity scores (total impulsivity score, attentional impulsivity score and 
non-planning impulsivity score) was detected. These results support our hypothesis that not only excessive daytime 
sleepiness but also onset-age, chronological age and depression symptoms exert detrimental effects on drug-naïve NT1’s 
impulsivity.

A cross-sectional study demonstrated that subjective sleepiness, insomnia, fatigue and modafinil or methylphenidate 
treatment were associated with hyperactive-impulsive symptoms by questionnaire in pediatric narcolepsy.14 One possible 

Figure 1 The relationship between age and total impulsivity score in healthy controls (A) and NT1 patients (B). In healthy controls, there was a non-significant relationship 
between age and total impulsivity score. A nonlinear relationship between age and total impulsivity score was detected in NT1 patients. Also a nonlinear relationship 
between age and attentional and non-planning impulsivity score was detected in NT1 patients (C and D).

https://doi.org/10.2147/NSS.S377372                                                                                                                                                                                                                                  

DovePress                                                                                                                                                        

Nature and Science of Sleep 2022:14 1862

Yang et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


explanation for the connection between narcolepsy and impulsivity is DNS, and impulsivity in ADHD is associated with 
sleep apnea, restless leg syndrome and periodic limb movement during sleep.29,30 Various studies have indicated that 
inattention score in attention deficit hyperactivity disorder (ADHD) patients or total BIS score in non-treatment-seeking 
young adults were associated with ESS,10,31 which linked the hyperactive-impulsive symptoms with sleepiness. Other 
factors, such as sleep apnea, and periodic limb movement, which have been reported associated with impulsivity in 
previous studies,29,30 were non-significant on the condition of ESS in the regression model. Considering excessive 
daytime sleepiness is the main pathology for NT1 patients, which is different from ADHD, sleep apnea or other 
impulsivity disorders patients, our result emphasized the importance of excessive daytime sleepiness in NT1 patients’ 
impulsivity. Psychostimulant treatment is another significant factor in NT1 patients’ impulsivity,14 and all NT1 patients 
in our study were untreated, it is suggested that changes in factors affecting impulsivity before and after psychostimulant 
treatment are wanted in further research.

However, regression analysis showed that chronological age, rather than sleep apnea or arousal index was associated with 
total impulsivity score in our NT1 patients. This may be due to the age composition of the populations in this study. There are 
52.5% of the adolescents in our NT1 patients, while adolescents had less percentage of sleep apnea comorbidity than adults, 
and adults have a higher arousal index than adolescents (Table 1). It is suggested that chronological age should be considered 
as a stratification factor in further studies about NT1 impulsivity. Although age has nothing to do with total impulsivity score in 
healthy controls, a “U”-shaped relationship between age and total impulsivity score was detected in NT1 patients using GAM 
and smooth curve fitting, which demonstrated a special and complicated effect of age on NT1 patients’ impulsivity. Non-linear 
relationship between age and attentional or non-planning impulsivity score was also detected using the same fitting method. 
A linear decline in self-reported impulsivity between ages 10 and 30 has been reported in healthy controls.32 The linear decline 
in impulsivity may be associated with brain maturation from adolescence to the 20s that subserve impulse control and self- 
regulation.33 Improvement in impulsive control continues from childhood to young adulthood. Compared with healthy 
controls, the non-linear relationship between impulsivity and age suggested brain and mental development alterations in 
narcolepsy patients. This should be confirmed by further research.

The 30-item BIS has three oblique factors: attentional, motor and non-planning. The attentional impulsivity measures the 
subject’s toleration for cognitive complexity and persistence, characterized by impatience and lack of flexibility.19 Motor 
impulsivity measures the subject’s tendency to act on impulse.19 The non-planning impulsivity measures the lack of sense of 
the future, or hopelessness, even impulsive suicide.19,34 In the subscales analysis of total BIS, linear regression results showed 
that depression symptoms were associated with both motor and non-planning impulsivity score. Previous reports have 
demonstrated that these three components of impulsivity in BIS were related differentially to affective state, mania or 

Table 3 Multiple Linear Regression Investigating Factors Associated with Total and Subscales Impulsivity in NT1 Patients

Variables Standardized  
β-Coefficients

95% CI P value

Total impulsivity score ESS 0.307 0.403, 1.315 <0.001

Disease onset-age 0.212 0.029, 0.493 0.027

Chronological age (adults as reference) 0.3 3.153, 13.522 0.002
Attentional impulsivity 
score

ESS 0.206 0.051, 0.491 0.016

Disease onset-age 0.216 0.013, 0.237 0.029

Chronological age (adults as reference) 0.326 1.773, 6.772 0.001
Motor impulsivity score ESS 0.346 0.256, 0.696 <0.001

Disease onset-age −0.201 −0.219, −0.025 0.014
Depression symptoms (without depression symptoms as 

reference)

0.193 0.618, 4.657 0.011

Non-planning impulsivity 
score

Disease onset-age 0.41 0.15, 0.393 <0.001
Chronological age (adults as reference) 0.256 1.079, 6.573 0.007

Depression symptoms (without depression symptoms as 

reference)

0.169 0.311, 4.749 0.026

Abbreviation: ESS, Epworth Sleepiness Scale.
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depression.19,34 Moreover, impulsivity may also be a component of depression.34 In bipolar disorder subjects, it has been 
suggested that mania contributed to motor impulsivity score, whereas depression contributed to non-planning impulsivity 
score.34 An epidemiological study found that impulsive suicide, like non-planning impulsivity, tends to be associated with low 
depression scores.35 In another study about methamphetamine users,36 the results showed that non-planning impulsivity score 
was a protective factor for severe depression, suggesting a negative relationship between non-planning impulsivity and 
depression score. This is similar to our results showing that comorbid depression symptoms can reduce the non-planning 
impulsivity score in NT1 patients. Maybe a questionnaire for mania should be evaluated to further illustrate the relationship 
between mania and non-planning impulsivity in NT1 patients.

The mechanism underlying the relationship between onset-age and impulsivity score may be attributed to disease 
duration and neuropsychological development. Younger onset-age can enhance the motor impulsivity score in NT1 
patients, a similar result has been reported that younger onset-age can increase the risk of having impulsive-compulsive 
behaviors in Parkinson’s disease patients.37 It is easier to understand narcolepsy patients with a younger onset-age during 
development were more vulnerable to sleepiness and other neuropathology in terms of mental behavior, such as impaired 
motor inhibition, represented by motor impulsivity. While older onset-age was positively associated with attentional and 
non-planning impulsivity score. However, we could not find a non-linear relationship between onset-age and three 
components of BIS, and it is difficult to define the cut-off point for “younger” and “older” onset-age. The theory for this 
positive association is still mysterious. The density curve showed that the distribution of onset-age for NT1 patients in 
our study is more concentrated in the teen years (Supplementary Figure S2), which is an important period of brain 
development, hypocretin deficiency in NT1 may impact brain development and maturation via different neurological 
mechanisms in this period,38 resulting in neuropsychiatric disorders. It is suggested that a more widely distributed onset- 
age with large-scale and longitudinal observation is necessary for further exploring the relationship between impulsivity 
score and onset-age in NT1 patients.

Limitations in this study should be mentioned. First, the objective behavioral evaluation for impulsivity should be 
performed. Second, other factors related to impulsivity symptoms in narcolepsy, especially insomnia and fatigue in 
previous reports, should be considered and contributed to analyses. Finally, data about impulsivity symptoms should be 
collected from a larger control population and an epidemiologic survey of NT1 patients. A follow-up study after 
treatment, such as psychostimulants on narcolepsy and continuous positive airway pressure on sleep apnea, should be 
conducted to illustrate the effect of psychostimulants and positive airway pressure on impulsivity behavior in NT1 
patients.

Conclusion
Not only excessive daytime sleepiness but also onset-age, depression symptoms and chronological age were associated 
with impulsivity in NT1 patients. Higher ESS, older onset-age and adolescents may have higher total impulsivity score. 
Comorbid depression symptoms can increase the motor impulsivity score but decrease the non-planning impulsivity 
score. Older onset-age can increase both the attentional and non-planning impulsivity score, whereas younger onset-age 
can increase the motor impulsivity score. A non-linear relationship between age and impulsivity score indicated brain and 
mental development alterations in narcolepsy patients.
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