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Objective: We evaluate the association between depression symptoms, clinical features 
(disease onset-age, disease duration, sleep-related hallucination), sleepiness, and polysomno-
graphy parameters in adolescent narcolepsy type 1 patients.
Methods: Eighty-three adolescent narcolepsy type 1 patients were involved in this cross- 
sectional study. Patients completed questionnaires evaluating depression symptoms (Center 
for Epidemiologic Studies Depression Scale) and sleepiness (Epworth Sleepiness Scale). 
Parameters from polysomnography and multiple sleep latency test were also collected.
Results: Patients with depression symptoms (62.7%) have later disease onset-age. 
Depression symptoms were associated with sleep-related hallucination (OR = 2.75). Six 
independent variables were associated with sub-dimensional depression symptoms, including 
sleep latency, sleep efficiency, sleep-related hallucination, Epworth sleepiness scale, disease 
duration, and disease onset-age.
Conclusion: Sleep-related hallucination is associated with total depression symptoms in 
adolescent narcolepsy. Subjective sleepiness is associated with depressed affect, somatic 
symptoms, and interpersonal problems. Lower sleep efficiency is associated with a lack of 
positive affect.
Keywords: narcolepsy, adolescents, depression symptoms, hypnagogic/hypnopompic 
hallucination

Introduction
Narcolepsy type 1 is a central sleepiness disorder, which is characterized by 
excessive daytime sleepiness, cataplexy, hypnagogic/hypnopompic hallucination 
(or sleep-related hallucination), and sleep paralysis. Hypocretin deficiency in the 
hypothalamus due to autoimmune response is thought to be the pathophysiology of 
narcolepsy type 1. Depression is a common but serious mental disorder in 
narcolepsy.1 A follow-up study found that depression symptoms can interfere 
with health-related quality of life in narcolepsy patients.2 The high presence of 
depression symptoms/moods in narcolepsy has been reported in many studies, but 
the exact incidence of depression or depression symptoms in narcolepsy is not clear 
and still controversial.3–7 Moreover, due to the overlap between depression symp-
toms and narcolepsy, it is difficult to separate depression symptoms into indepen-
dent clinical entities. Several studies have suggested that narcolepsy and depression 
can interact and influence each other.8,9 It is supposed that some narcolepsy patients 
are recognized as depression symptoms before narcolepsy, while depression 
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symptoms may come along with narcolepsy diagnosis. 
Medical treatment also has mood-modifying effects.10 

A cross-sectional study showed that narcolepsy patients 
treated with stimulants and anti-cataplectic drugs reported 
more depression symptoms and poor quality of life than 
those treated with stimulants alone.11

Depression symptoms typically begin during adoles-
cence, which is an important stage in growth and devel-
opment. If left ignored, depression symptoms may have 
serious consequences such as poor school performance,12 

obesity,13,14 and suicide.15,16 Even more significant is that 
sub-dimensions in depression symptoms, such as lack of 
positive affect and interpersonal problems, may be one of 
the most prominent manifestations in adolescent depres-
sion. Therefore, evaluating factors associated with depres-
sion symptoms in adolescent narcolepsy is significant for 
clinical practice to optimize patients’ outcomes. Factors 
that may be associated with depression symptoms include 
onset-age, sleepiness severity, disease duration, and 
obesity.17 In this study, the impact and significance of 
factors on depression and sub-dimensional symptoms 
were evaluated in adolescent narcolepsy type 1 patients.

Methods
Participants
Eighty-three drug-naïve adolescent narcolepsy type 1 
patients were recruited from the Sleep Medicine Center 
at Peking University People’s Hospital. All narcolepsy 
type 1 patients were 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 (<110 pg/mL) in cerebral spinal 
fluid. All the patients had cataplexy and carried HLA- 
DQB1*06:02 gene. All participants or their parents or 
legal guardians were provided written informed consent, 
and this study was conducted in accordance with the 
Declaration of Helsinki. This study was approved by the 
ethics committees of Peking University People’s Hospital.

Polysomnography
All narcolepsy patients underwent one overnight polysom-
nography (PSG, Respironics LE-Series Physiological 
Monitoring System, Alice 6 LE, FL, USA) with recording 
starting from 10pm to 6am the next morning. Following 

the guideline of the American Academy of Sleep Medicine 
(AASM), standard electroencephalogram derivations, chin 
electromyogram, electro-oculogram, and electrocardio-
gram were recorded. 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 and Associated Events19 by assigning one 
of five stages (N1, N2, N3, REM, or Wake) to every 30-s 
epoch of the data. Obstructive apnea was defined as 
a reduction in airflow ≥90% lasting at least 10 s and 
associated with persistent respiratory effort; hypopnea 
was defined as a reduction in airflow ≥30% lasting at 
least 10 s and accompanied by a 4% or greater oxygen 
desaturation. The apnea-hypopnea index (AHI) was calcu-
lated as the average of the total number of apnea and 
hypopnea events experienced per hour of sleep.

Multiple sleep latency test (MSLT) was performed on 
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-s epoch scored as sleep. Each MSLT was ended 20 min 
after the onset of sleep or after 20 min of wakefulness. The 
average sleep latency from the five naps was calculated.

Periodic leg movement in sleep (PLMS) was defined 
and scored using standard criteria from the AASM manual 
for Scoring Sleep and Associated Events:19 a series of four 
consecutive leg movements lasting 0.5–5 s with an ampli-
tude ≥8μv above the resting baseline and separated by 
intervals of 5–90 s. Leg movement was not scored if it 
occurred during a period from 0.5 s preceding apnea, 
hypopnea, or respiratory event-related arousal to 0.5 
s following such an event. The PLMS index (PLMSI) 
was quantified as the frequency of PLMS per hour of 
sleep. In this study, patients were divided into two groups 
based on the presence or absence of PLMS according to 
the ICSD −3 in adolescents:18 with PLMS (PLMI > 5) and 
without PLMS (PLMI ≤ 5).

Questionnaires and Clinical Data
Information about age, gender, body mass index (BMI), 
age at narcoleptic symptom onset (or disease onset-age), 
disease duration, hypnagogic/hypnopompic hallucinations, 
and Epworth Sleepiness Score (ESS) were collected from 
narcolepsy patients. The Center for Epidemiologic Studies 
Depression Scale (CES-D) of Chinese version was used to 
measure depression symptoms in adolescent narcolepsy 
patients.20 CES-D is a 20-item scale and there are 
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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 disorder or depression 
feelings/symptoms.21 Moreover, a total of four sub- 
dimensional depression symptoms, including depressed 
affect, lack of positive affect, somatic symptoms, and 
interpersonal problems, can be identified in the CES-D 
score.20 Therefore, two kinds of depression symptoms 
measurements were used in our study: one is the cut-off 
point for depression symptoms (CES-D score ≥20) and the 
other is four sub-dimensional depression symptoms.

Statistical Analysis
The convergence and dispersion trends for quantitative vari-
ables were expressed as mean ± SD deviation and qualitative 
variables were expressed as frequencies and percentages. 
First, the demographic variables and PSG parameters were 
compared between patients with and without depression 
symptoms. Continuous variables were compared using the 
two independent-samples t-test. Categorical variables were 
compared using χ2 test. Spearman correlation coefficients 
were then performed to investigate the correlation between 
the four sub-dimensional CES-D scores, demographic vari-
ables, and PSG parameters.

To determine the associated factors in adolescent narco-
lepsy patients’ total depression symptoms, multiple logistic 
regression with backwards stepwise selection was conducted 
first, where the total CES-D score was transformed as 
a binary variable (according to the cut-off point ≥20). 
Then, four separate multiple linear regressions using step-
wise backward selection were performed to evaluate the 
association between the four sub-dimensional CES-D scores 
with demographic variables and PSG parameters. Statistical 
tests were two-tailed and the significance level was set at P < 
0.05. The Durbin–Watson test was used to examine the 
normality assumption for each model. All statistical analyses 
were conducted using SPSS (Version 23).

Results
Subjects Characteristics
For 83 narcolepsy patients in this study, 62.7% of them (n = 
52) reported depression symptoms (CES-D score ≥20) and 
45.8% of narcolepsy patients (n = 38) reported hypnagogic/ 
hypnopompic hallucination and 30% of narcolepsy patients 
(n = 30) had sleep paralysis (Table 1). Hallucinations in 
narcolepsy are sleep-related, which occur at the onset of 

sleep, are defined as hypnagogic hallucinations, and those 
that occur during awakening are referred to as hypnopompic 
hallucinations. A typical hallucination in narcolepsy is the 
sense that a threatening stranger is in the bedroom or that 
one is being attacked by animals. 27.7% of narcolepsy 
patients (n = 23) had PLMS according to the ICSD-3 criteria 
(Table 1). Although patients with depression symptoms 
seemed to have higher hypnagogic/hypnopompic hallucina-
tion percentage and more severity subjective sleepiness 
(namely, higher ESS) than those without depression symp-
toms, these differences were not statistically significant 
(Table 1). All patients showed three peaks of disease onset- 
age, with one peak around 6–8 years, the second peak 
around 10 years, and the other peak around 12–13 years 
(Figure 1A). However, patients with depression symptoms 
had more subjects with onset-age around 6–8 years and 
a much later onset-age around 10–15 years than those with-
out depression symptoms (Figure 1B).

Determinants of Total Depression 
Symptoms in Narcolepsy Patients
As a result of group differences between patients with 
depression symptoms and patients without depression 
symptoms, variables achieving significance at a level of 
P < 0.15 were entered into the logistical regression. A total 
of six independent variables were adjusted in the logistical 
regression model, including age, disease duration, educa-
tion level, hypnagogic/hypnopompic hallucination, apnea- 
hypopnea index, and ESS. Multivariate analysis showed 
that only hypnagogic/hypnopompic symptoms were asso-
ciated with total depression symptoms in adolescent nar-
colepsy patients (Table 1).

Determinants of Sub-Dimension 
Depression Symptoms in Narcolepsy 
Patients
Results from four separate multiple linear regression mod-
els with sub-dimensional CES-D scores (depressed affect, 
lack of positive affect, somatic symptoms, and interperso-
nal problems) as the dependent variables are shown in 
Table 2. Variables that are correlated with sub- 
dimensional CES-D scores at a significant level of P < 
0.2 (Supplementary Table 1) and the binary variables with 
or without hypnagogic/hypnopompic hallucination were 
included in the linear regression model.

A total of seven independent variables were adjusted in 
the multiple linear regression model for depressed affect 
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scores, including hypnagogic/hypnopompic hallucination, 
ESS, disease onset-age, BMI, education level, sleep latency, 
and disease duration. Five independent variables were 
adjusted in the multiple linear regression model for lack of 
positive affect scores, including hypnagogic/hypnopompic 
hallucination, sleep efficiency, disease duration, arousal 
index, and BMI. Four independent variables were adjusted 
in the multiple linear regression model for somatic symptom 
scores, including hypnagogic/hypnopompic hallucination, 
education level, ESS, and sleep latency. Seven independent 
variables were adjusted in the multiple linear regression 
model for interpersonal problem scores, including hypnago-
gic/hypnopompic hallucination, education level, ESS, dis-
ease duration, sleep efficiency, AHI, and BMI.

Patients with hypnagogic/hypnopompic hallucination 
showed significantly more severity in somatic symptoms 
than those without hypnagogic/hypnopompic hallucination 

(Figure 2). More severe subjective sleepiness (namely, 
higher ESS) is associated with depressed affect, somatic 
symptoms, and interpersonal problems (Table 2). 
Additionally, longer disease duration is associated with 
higher depressed affect score and interpersonal problems 
(Table 2). Moreover, patients with later disease onset-age 
and shortened sleep latency seem to have higher depressed 
affect score (Table 2). Lower sleep efficiency is associated 
with a lack of positive affect (Table 2).

Discussion
This study evaluated factors associated with depression 
symptoms in adolescent narcolepsy. We found that patients 
with hypnagogic/hypnopompic hallucination were more fre-
quent in total depression symptoms. ESS, disease duration, 
disease onset-age, sleep latency, and sleep efficiency were 
associated with sub-dimensional depression symptoms.

Table 1 Demographic, Clinical Characteristics, and Polysomnography Parameters Associated with Depression Symptoms in 
Adolescent Narcolepsy Patients

Univariate Multivariate

Without Depression Symptoms  
(n = 31)

With Depression Symptoms  
(n = 52)

P value B OR (95% CI)

Male/Female 22/9 29/23 0.169 – –

Age 13 (8, 15) 14 (11, 15) 0.141 – –

Disease onset-age 7 (5.6, 10) 8 (6, 11.8) 0.317 – –

Disease duration (years) 1 (0.4, 9) 4 (1.3, 7) 0.106 – –

BMI 22.6±5.4 23.9±4.9 0.237 – –

Education level (years) 7 (2, 9) 8 (5, 9) 0.147 – –

With hallucination 10 28 0.056 1.01 2.75 (1.1, 7.3)

With sleep paralysis 7 18 0.248

Sleep efficiency 88.2±10.4 86.5±12.2 0.529 – –

N1+N2% 55 (49.4, 62) 53.6 (45.5, 63.3) 0.843 – –

R% 22.4 (18.1, 29.7) 22.2 (16.5, 27.8) 0.77 – –

N3% 22.3 (16.6, 25.8) 21 (14.9, 26.3) 0.873 –

Arousal index 11.6 (8.9, 17.8) 11.2 (7.3, 16.2) 0.44 – –

With PLMS 12 11 0.2 – –

Sleep latency 2.8 (1.8, 3.5) 1.9 (0.9, 4.1) 0.285 – –

AHI 1.3 (0.3, 3.2) 2.1 (1.1, 3.4) 0.087 – –

ESS 16.1±4.5 17.6±3.7 0.093 – –

Notes: Multivariate logistic regression model, adjusted for age, disease duration, education level, hypnagogic/hypnopompic hallucination, apnea-hypopnea index, and ESS. 
Abbreviations: BMI, body mass index; AHI, apnea-hypopnea index; ESS, Epworth sleepiness scale; PLMS, periodic limb movement in sleep; CI, confidence interval.
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The association between total depression symptoms 
and sleep-related hallucination in this study is similar to 
findings in previous adult narcolepsy studies.11,22 There 
are few reports of factors associated with adolescent nar-
colepsy depression symptoms, and especially for sleep- 
related hallucination. Further analysis demonstrated that 
patients with sleep-related hallucination exhibit much 

higher score in depressed affect, lack of positive affect 
and somatic symptoms. One published study revealed 
depression’s relationship to hypnagogic/hypnopompic hal-
lucination can be partially explained by anxiety in adults,23 

but it is difficult to measure the degree of anxiety in 
adolescents, especially for those with hypnagogic/hypno-
pompic hallucination. Therefore, further studies should 

Table 2 Factors Associated with Sub-Dimension Depression Symptoms in Adolescent Narcolepsy Patients

Sleep Latency Sleep Efficiency Hallucination ESS Disease 
Duration

Disease Onset- 
Age

Standard 
Coefficient 95% 

CI

Standard 
Coefficient 95% 

CI

Standard 
Coefficient 95% 

CI

Standard 
Coefficient 95% 

CI

Standard 
Coefficient 95% 

CI

Standard 
Coefficient 95% 

CI

Depressed 

affect

−0.212 (−1.223, 

−0.017)

– 0.244 (0.451, 

5.123)

0.259 (0.083, 

0.646)

0.24 (0.017, 0.729) 0.308 (0.126, 

0.872)

Lack of 

positive affect

– −0.242 (−0.115, 

−0.008)

0.22 (0.047, 2.514) – – –

Somatic 

symptoms

– – 0.305 (0.803, 4.11) 0.266 (0.064, 

0.463)

– –

Interpersonal 

problems

– – – 0.309 (0.05, 0.228) 0.298 

(0.049,0.247)

–

Notes: Model for depressed effect, adjusted for hypnagogic/hypnopompic hallucination, ESS, disease onset-age, BMI, education level, sleep latency, and disease duration. 
Model for lack of positive affect, adjusted for disease duration, BMI, sleep efficiency, arousal index, and hallucination. Model for somatic symptoms, adjusted for hypnagogic/ 
hypnopompic hallucination, education level, ESS, and sleep latency. Model for interpersonal problems, adjusted for hypnagogic/hypnopompic hallucination, education level, 
ESS, disease duration, sleep efficiency, AHI, and BMI. 
Abbreviations: ESS, Epworth sleepiness scale; CI, confidence interval.

Figure 1 The distribution of disease onset-age in all adolescent narcolepsy patients (A) and patients with/without depression symptoms respectively (B).
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evaluate the potential relationship between sleep-related 
hallucination and depression symptoms in adolescent nar-
colepsy. However, there were no differences in PSG para-
meters between patients with and without depression 
symptoms in our results. It is speculated that the depres-
sion symptoms may be very mild and did not impact sleep 
architecture.17

Several factors may explain the higher depression 
symptoms reported in narcolepsy. First, hypocretin defi-
ciency can result in mood and mental impairment.24 

Hypocretin neurons widely project throughout the whole 
brain, including frontal lobe, limbic system,25 and orexin 
receptors were involved in the modulation of mood.26 

Moreover, hypocretin deficiency could lead to a similar 
condition of cholinergic-monoaminergic imbalance in 
depression.25 Second, the negative effect of narcolepsy 
itself on life and social activity may induce depression 
disorder or depression symptoms in patients.27

There is rare research reporting factors associated with 
sub-dimensional depression symptoms. Our results 
showed that patients with sleep-related hallucination exhi-
bit higher scores in depressed affect, lack of positive affect 

and somatic symptoms. Subjective sleepiness (ESS) was 
also associated with depression affect and somatic symp-
toms. Both subjective sleepiness and sleep-related halluci-
nation are associated with depressed affect and somatic 
symptoms in narcolepsy patients. Further, patients with 
more severe subjective sleepiness and longer disease dura-
tion may report interpersonal problems, which may be due 
to the negative effect and stigma of narcolepsy.27 This 
should be paid more attention, especially for adolescent 
narcolepsy patients. Interpersonal problems can make the 
subject feel more isolated, having adverse effects on per-
sonality development, and more seriously, exacerbate 
depression feelings, resulting in suicidal thoughts.28 

Although sleep parameters were not related to total depres-
sion symptoms, sleep latency and sleep efficiency were 
associated with depressed and positive affect, respectively. 
Our study shows that sleep latency comes from MSLT at 
the time of narcolepsy diagnosis, which represents the 
objective sleepiness severity in narcolepsy.29 Shorter 
sleep latency combined with higher ESS, which suggests 
more severe sleepiness, is associated with depressed affect. 
Reduced sleep efficiency is commonly detected in 

Figure 2 The mean score for sub-dimension in CES-D depression symptoms (depressed affect, lack of positive affect, somatic symptoms and interpersonal problems) 
between patients with hallucination and patients without hallucination. Only somatic symptoms show significant group differences (*).
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narcolepsy due to nocturnal sleep fragmentation.30 The 
current study indicated that decreased sleep efficiency is 
associated with positive affect deficiency, and research 
suggests that the positive affect is an important treatment 
target in depression.31 Future interventions aimed at 
improving sleep efficiency may be helpful in narcolepsy 
depression symptoms. However, with respect to the impact 
of depression symptoms on disease onset-age, it may be 
more logical to say that patients with depression symptoms 
have later disease onset-age, just as results in Figure 1. 
Patients’ recalling bias and effect of depression symptoms 
on cognition or brain development32 should be considered 
when interpreting this lag in onset-age.

Limitations of this study should be mentioned. First, the 
cross-sectional design of this study was difficult to illustrate 
the long-standing relationship between narcolepsy and 
depression symptoms. Second, we also note that depression 
symptoms were assessed by patient-report measures rather 
than through the gold standard of clinical interviews, espe-
cially for adolescents, thus introducing the potential for 
under- or over-estimation of depression symptoms. Third, 
other factors related to depression symptoms in narcolepsy, 
such as insomnia, fatigue and cataplexy severity, and other 
comorbidities, such as attention-deficit/hyperactivity disor-
der and restless leg syndrome, should be considered and 
contributed with analyses. Finally, we did not collect data 
about depression symptoms from a control population and 
an epidemiologic survey of narcolepsy patients. Bias should 
be considered in more severely affected patients.

Conclusion
Sleep-related hallucination is associated with total depres-
sion symptoms in adolescent narcolepsy. Patients with 
depression symptoms have later disease onset-age than 
those without depression symptoms. For sub-dimensional 
depression symptoms, both sleep-related hallucination and 
subjective sleepiness are associated with depressed affect 
and somatic symptoms. Severe subjective sleepiness and 
longer disease duration may relate to interpersonal pro-
blems. Lower sleep efficiency is associated with a lack of 
positive affect and this may be a potential intervention for 
adolescent narcolepsy depression symptoms in the future.
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