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Purpose: This study aimed to evaluate nocturnal sleep structure and anxiety, depression, and fatigue in patients with narcolepsy type 
1 (NT1).
Methods: Thirty NT1 patients and thirty-five healthy controls were enrolled and evaluated using the Epworth sleepiness scale (ESS), 
Generalized Anxiety Disorder-7, Patient Health Questionnaire-9, Fatigue Severity Scale (FSS), polysomnography, multiple sleep 
latency test, and brain function state monitoring. Statistical analyses were performed using SPSS Statistics for Windows, version 23.0. 
Benjamini-Hochberg correction was performed to control the false discovery rate.
Results: Apart from typical clinical manifestations, patients with NT1 are prone to comorbidities such as nocturnal sleep disorders, 
anxiety, depression, and fatigue. Compared with the control group, patients with NT1 exhibited abnormal sleep structure, including 
increased total sleep time (Padj=0.007), decreased sleep efficiency (Padj=0.002), shortening of sleep onset latency (Padj<0.001), 
elevated wake after sleep onset (Padj=0.002), increased N1% (Padj=0.006), and reduced N2%, N3%, and REM% (Padj=0.007, Padj 

<0.001, Padj=0.013). Thirty-seven percent of patients had moderate to severe obstructive sleep apnea-hypopnea syndrome. And 
sixty percent of patients were complicated with REM sleep without atonia. Patients with NT1 displayed increased anxiety propensity 
(Padj<0.001), and increased brain fatigue (Padj=0.020) in brain function state monitoring. FSS scores were positively correlated with 
brain fatigue (Padj<0.001) and mean sleep latency was inversely correlated with FSS scores and brain fatigue (Padj=0.013, Padj=0.029). 
Additionally, ESS scores and brain fatigue decreased after 3 months of therapy (P=0.012, P=0.030).
Conclusion: NT1 patients had abnormal nocturnal sleep structures, who showed increased anxiety, depression, and fatigue. Excessive 
daytime sleepiness and fatigue improved after 3 months of treatment with methylphenidate hydrochloride prolonged-release tablets in 
combination with venlafaxine.
Keywords: narcolepsy, sleep structure, excessive daytime sleepiness, anxiety, depression, fatigue

Introduction
Narcolepsy is a rare lifelong sleep disorder characterized by excessive daytime sleepiness (EDS), cataplexy, sleep 
hallucinations, and sleep paralysis. The prevalence of narcolepsy is estimated to be between 0.00023% and 0.05% in 
various nations worldwide, with a higher prevalence observed in males.1–4 It can occur at any age, with two peaks at ages 
15 and 35.1,4,5 Early onset narcolepsy, with an onset age before 15 years, accounts for 86% of all cases.6 EDS is 
frequently the initial symptom in younger individuals, whereas cataplexy is more common in individuals over 60 years of 
age.7 In addition, patients with narcolepsy have disrupted sleep structure and are prone to comorbidities with other sleep 
disorders.8 Based on the presence of cataplexy or low or absent hypocretin-1 (Hcrt-1) levels in cerebrospinal fluid (CSF), 
the International Classification of Sleep Disorders, Third Edition (ICSD-3) classifies narcolepsy into Narcolepsy Type 1 
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(NT1) and Narcolepsy Type 2. Selective loss of hypocretin (Hcrt) neurons in the lateral hypothalamus is the characteristic 
pathological change in NT1.9 Current evidence favors NT1 is an autoimmune condition mediated by interactions between 
CD4+ T cells and CD8+ T cells in genetically susceptible individuals carrying HLA-DQB1* 06:02 or HLA-DQB1* 
03:01 alleles, which affects Hcrt neurons and interferes with sleep-wakefulness neural circuits.2,10,11 A study of 9312 
narcolepsy patients conducted by Ruoff et al reported that 25.1% of the patients had anxiety disorder, and younger 
narcolepsy patients (aged 18–24 years) had a higher incidence of anxiety disorder and used more anti-anxiety 
medications.12 Depression, especially suicidal tendencies, is common in NT1.13–16 Based on previous research, narco-
lepsy patients reported experiencing depressive emotions at a frequency ranging from 18%-57%, with a prevalence of 
depression disorder of 32.7%.14,17,18 Some studies have reported the presence of fatigue, with up to 60% of patients with 
narcolepsy reporting fatigue.4 However, the prevalence of anxiety, depression, and fatigue in Chinese patients with 
narcolepsy is still unclear. We hypothesized that anxiety, depression, and brain fatigue may be abnormal in patients with 
NT1. The aim of this study was to evaluate nocturnal sleep structure, anxiety, depression, and fatigue in patients with 
NT1 using questionnaires, such as the Epworth sleepiness scale (ESS), Generalized Anxiety Disorder-7 (GAD-7), Patient 
Health Questionnaire-9 (PHQ-9), and Fatigue Severity Scale (FSS), polysomnography (PSG), multiple sleep latency test 
(MSLT), and brain function state monitoring.

Materials and Methods
Participants
Thirty patients with NT1 were enrolled from the sleep center of the First Hospital of Jilin University as the study group. 
All patients had persistent uncontrollable sleepiness lasting more than 3 months and met one or two of the ICSD-3 
diagnostic criteria: (1) cataplexy, with a mean sleep latency ≤8 min, and the occurrence of two or more sleep onset rapid 
eye movement periods (SOREMPs) in MSLT; (2) CSF concentration of Hcrt-1 ≤110 pg/mL or less than 1/3 of the mean 
value for the normal population. Thirty-five healthy controls were enrolled from the health examination center of the 
same hospital. All participants in both groups were evaluated using PSG, ESS, GAD-7, PHQ-9, FSS, and brain function 
state monitoring at the time of initial diagnosis. NT1 patients also underwent MSLT at initial diagnosis, and the ESS and 
brain function state monitoring were re-evaluated after one and three months of treatment with methylphenidate 
hydrochloride prolonged-release tablets in combination with venlafaxine, respectively. However, the control group did 
not receive MSLT and re-evaluation. These examinations were performed by well-trained professional doctors who were 
unaware of the diagnosis of the participants. The study complies with the Ethics Committee of the First Hospital of Jilin 
University (Approval No: 2019–363) and followed the guidelines of the Declaration of Helsinki (1964).19 And all 
participants provided informed consent prior to being enrolled in this study.

Scales Evaluation
The validated Chinese version of ESS was developed to assess the degree of daytime sleepiness through the performance 
of eight scenes.20,21 A total score >6 indicates the presence of sleepiness, a score >11 indicates excessive sleepiness, and 
a score >16 indicates dangerous sleepiness.20,22

The Chinese version of the GAD-7 is a commonly used scale for evaluating generalized anxiety disorders.23,24 It 
consists of seven questions that assess the frequency and severity of anxiety symptoms in the past two weeks, with a total 
score of 0–4 indicating no anxiety, a score of 5–9 indicating mild anxiety, a score of 10–14 indicating moderate anxiety, 
and a score of 15–21 indicating severe anxiety.25

The Chinese version of the PHQ-9, derived from the depression module of the Patient Health Questionnaire edited by 
Spitzer et al, is an internationally recognized depression detection scale.26,27 The scale is a 9-item self-assessment of 
feelings over the preceding two weeks. A total score of 0–4 indicates no depression, a score of 5–9 indicates mild 
depression, a score of 10–14 indicates moderate depression, a score of 15–19 indicates moderate to severe depression, 
and a score of 20–27 indicates severe depression.28
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The Chinese version of the FSS was used to measure the level of fatigue and its impact on activities of daily 
living.29,30 The scale consists of nine questions, each rated from 1 to 7 (1 = strongly disagree and 7 = strongly agree). The 
higher the score, the greater the degree of fatigue.30

Nocturnal PSG
All subjects underwent at least 8 h of PSG (Compumedics, Abbotsford, Australia) monitoring at the sleep center of the First 
Hospital of Jilin University, which had passed clinilabs certification. PSG results were analyzed by two registered polysomno-
graphic technologists with reference to the revised interpretation criteria for sleep stages and related events published by the 
American Academy of Sleep Medicine, version 2.6.31 The sleep structure parameters we analyzed included total sleep time 
(TST), sleep efficiency (SE), sleep onset latency (SOL), wake after sleep onset (WASO), and percentage of each sleep stage 
(N1%, N2%, N3%, and REM%). We also analyzed other sleep disorders comorbidities, such as obstructive sleep apnea- 
hypopnea syndrome, REM sleep without atonia, and restless legs syndrome.

MSLT
The MSLT was performed on the day after nocturnal PSG according American Academy of Sleep Medicine manual, 
provided that the TST was >6 h.32 The MSLT consisted of five nap tests with a two-hour interval. The first nap test was 
conducted within 1.5 to 3 h after the end of PSG. If a test lasted for 20 min without falling asleep after turning off the 
lights, the test ended and the sleep latency was recorded as 20 min. And the test would continue for 15 min after the first 
epoch of sleep to determine whether SOREMP (REM period occurring within 15 min of sleep onset) occurred, if patients 
fell asleep within 20 min.33

Brain Function State Monitoring
EEG recording electrodes were placed at Fpz, Fp1, Fp2, A1, and A2 according to the international 10/20 system for EEG 
recording. Prefrontal cortex EEG activity of subjects with normal body temperatures was recorded in a quiet, relaxed state for 
6 min. During EEG signal acquisition, patients were required to complete actions such as closing, opening, and staring 
according to system prompts. Two channels of EEG data were recorded and analyzed using an HXD-I monitor (Beijing 
Easymonitor Technology Co., Ltd., Beijing, China), and specific EEG data vectors were computed using algorithms such as 
wavelet analysis, spectral analysis, multiple regression, and pattern recognition to obtain a series of intermediate variables 
(metadata). At the same time, a “two compartment” model between the left and right cerebral cortex and subcortical region 
was established, dynamic and static coordination relationships between the left cortex, left subcortex, right cortex and right 
subcortex were calculated, and a set of feature indices to reflect emotions, sleep, and cognitive functions were obtained. We 
analyzed anxiety propensity and brain fatigue indices. The computational formulae are as follows:

Anxiety propensity ¼ a1; a2 � � � � anf g& i 10; i 22; i 24; i 35; i 48; i 77f g,
Brain fatigue ¼ ∑ i 22; i 24ð Þ þ∑ i 35; i 45ð Þ.
Where the calculation window is n, i_10, i_22, i_23, i_24, i_35, i_45, i_48, i_52, i_66, i_77 are the metadata 

calculated through a specific algorithm combination, and a1, a2, ······, an are multiple regression weighted coefficients.

Statistical Analysis
Statistical analyses were performed using SPSS Statistics for Windows, version 23.0. Group differences were analyzed 
using chi-square test and multivariable logistic regression analysis to correct sex, age, and body mass index (BMI). 
Spearman’s rank correlation was performed for correlation analysis and paired Wilcoxon signed rank test was performed 
to compare changes before and after treatment. To control the false discovery rate, P values were adjusted using the 
Benjamini-Hochberg correction for multiple testing. Statistical significance was set at P-values <0.05.
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Results
General Data and Clinical Symptoms in Patients with NT1
There was no significant difference in age or sex between the study and control groups (Table 1). The NT1 group 
consisted of 21 males (70%) and 9 females (30%), with a median age of 24.5 (17.0, 36.0) years and a male-to-female 
ratio of 2.3:1. The median age of onset was 16.5 (13.0, 34.3) years, with half of the cases occurring between the ages of 
10 and 19. The time from disease onset to NT1 diagnosis in these patients range from 8 months to 7 years. The BMI of 
the patients did not differ from that of the controls (Table 1). Thirty-seven percent of the patients were overweight 
(24.9 kg/m2<BMI<30 kg/m2), and one-tenth were obese (BMI≥30 kg/m2).

All patients in the study group underwent cerebral magnetic resonance imaging, and none showed any significant 
abnormalities. Among the 30 patients, 29 (96.7%) experienced EDS, 26 (86.7%) experienced cataplexy, 19 (63.3%) 
experienced sleep paralysis, and 12 (40.0%) experienced sleep hallucinations. Seven patients (23.3%) had all four clinical 
manifestations.

Nocturnal PSG in Patients with NT1
Compared with the control group, patients with NT1 had an increased TST (Padj=0.007), decreased SE (Padj=0.002), 
a reduction in SOL (Padj <0.001), an increase in WASO (Padj=0.002), an increase in N1% (Padj=0.006), and a decrease in 
N2% (Padj=0.007), N3% (Padj <0.001), and REM% (Padj=0.013) (Table 2). In NT1 group, eleven patients (36.7%) had 
moderate to severe obstructive sleep apnea-hypopnea syndrome. In addition, 18 cases (60.0%) were complicated with 
REM sleep without atonia, eight cases (26.7%) had REM sleep behavior disorder, and seven cases (23.3%) exhibited 
sleep talking. Restless legs syndrome occurred in one patient (3.3%), and five individuals (16.7%) had periodic limb 
movement disorder.

Table 1 Comparison of General Data Between Patients with NT1 and 
the Control Group

NT1 (n=30) Control (n=35) χ2/Z P

Sex, n (%)

Male 21 (70.0) 21 (60.0) 0.707 0.401
Female 9 (30.0) 14 (40.0)

Age (year) 24.50 (17.00, 36.00) 32.00 (20.00, 45.00) −1.292 0.196

BMI (kg/m2) 24.40 (22.83, 27.73) 23.20 (20.48, 25.00) −1.895 0.058

Abbreviations: NT1, Narcolepsy type 1; BMI, body mass index.

Table 2 Comparison of PSG Parameters Between Patients with NT1 and the Control Group

Factors NT1 (n=30) Control (n=35) Waldχ2 P Padj

TST (min) 458.25 (415.63, 484.75) 412.21 (386.83, 442.50) 7.676 0.006 0.007*
SE (min) 74.75 (60.80, 84.78) 87.70 (77.20, 93.30) 10.982 0.001 0.002*

SOL (min) 2.65 (1.00, 8.23) 15.79 (13.50, 18.20) 17.930 <0.001 <0.001**

WASO (min) 127.90 (59.50, 289.00) 42.76 (17.06, 99.35) 10.735 0.001 0.002*
N1 (%) 24.15 (12.58, 31.00) 4.40 (3.70, 5.40) 8.209 0.004 0.006*

N2 (%) 44.75 (38.38, 51.15) 52.10 (48.50, 53.80) 7.763 0.006 0.007*

N3 (%) 7.35 (0.35, 20.05) 21.20 (19.70, 23.30) 13.190 <0.001 <0.001**
REM (%) 18.10 (14.13, 25.90) 21.80 (19.10, 25.30) 6.289 0.012 0.013*

Notes: Multivariable logistic regression analysis was used to correct sex, age, and BMI, and Benjamini-Hochberg 
correction was used to adjust P values to control for false discovery rate. *Represents statistical difference (Padj <0.05), 
**represents statistically significant difference (Padj <0.001). 
Abbreviations: PSG, polysomnography; NT1, Narcolepsy type 1; TST, total sleep time; SE, sleep efficiency; SOL, sleep 
onset latency; WASO, wake after sleep onset; REM, rapid eye movement.
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Evaluation of Sleepiness in Patients with NT1
Patients with NT1 scored higher on the ESS than those in the control group (17.00 [11.75, 19.00] vs 3.00 [1.00, 4.00], 
Waldχ2=9.707, Padj=0.003) (Table 3). The mean sleep latency in the MSLT was 2.70 (1.48, 5.45) minutes. Seven cases 
(23.3%) exhibited SOREMPs in PSG, and the average number of SOREMPs was 3.00 (2.00, 4.00) in the MSLT.

Evaluation of Anxiety and Depression in Patients with NT1
Patients with NT1 scored significantly higher than controls on the GAD-7 (7.00 [4.00, 8.25] vs 2.00 [1.00, 3.00], 
Waldχ2=16.951, Padj<0.001) and PHQ-9 (11.50 [8.00, 15.25] vs 2.00 [1.00, 4.00], Waldχ2=11.818, Padj=0.002) (Table 3). 
They also demonstrated an increase in anxiety propensity (27.50 [15.00, 45.50] vs 7.00 [0.00, 14.00], Waldχ2=14.637, 
Padj<0.001) (Figure 1).

Table 3 Comparison of ESS, GAD-7, PHQ-9, and FSS Scores Between Patients 
with NT1 and the Control Group

Scale Score NT1 (n=30) Control (n=35) Waldχ2 P Padj

ESS 0–6 2 (6.67%) 34 (97.14%) 9.707 0.002 0.003*

7–11 5 (16.67%) 1 (2.86%)

12–16 7 (23.33%) 0
17–24 16 (53.33%) 0

GAD-7 0–4 8 (26.67%) 31 (88.57%) 16.951 <0.001 <0.001**

5–9 16 (53.33%) 4 (11.43%)
10–14 5 (16.67%) 0

15–21 1 (3.33%) 0
PHQ-9 0–4 3 (10.0%) 34 (97.14%) 11.818 0.001 0.002*

5–9 9 (30.0%) 1 (2.86%)

10–14 10 (33.33%) 0
15–19 5 (16.67%) 0

20–27 3 (10.0%) 0

FSS 0–63 30 35 9.426 0.002 0.003*

Notes: Multivariable logistic regression analysis was used to correct sex, age, and BMI, and Benjamini- 
Hochberg correction was used to adjust P values to control for false discovery rate. *Represents 
statistical difference (Padj <0.05), **represents statistically significant difference (Padj <0.001). 
Abbreviations: ESS, Epworth sleepiness scale; GAD-7, Generalized Anxiety Disorder-7; PHQ-9, 
Patient Health Questionnaire-9; FSS, Fatigue Severity Scale; NT1, Narcolepsy type 1.

Figure 1 Comparison of anxiety propensity and brain fatigue between patients with NT1 and the control group (Ranks plot). (a) Comparison of anxiety propensity between 
NT1 patients and the control group; (b) Comparison of brain fatigue between NT1 patients and the control group. 
Notes: *Represents statistical difference (Padj < 0.05), **represents statistically significant difference (Padj < 0.001). 
Abbreviation: NT1, Narcolepsy type 1.
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Evaluation of Fatigue in Patients with NT1
According to statistical analysis, patients with NT1 had higher FSS scores than the control group (32.00 [29.00, 40.25] vs 
28.00 [26.00, 29.00], Waldχ2=9.426, Padj=0.003) (Table 3). Brain fatigue was also higher than that of the control group 
(29.00 [15.00, 55.00] vs 16.00 [10.00, 23.00], Waldχ2=5.425, Padj =0.020) (Figure 1).

Correlation Between PSG Parameters, ESS, GAD-7, PHQ-9, and FSS Scores, MSLT, 
and Brain Function State Monitoring Indices in Patients with NT1
We analyzed the correlation between PSG parameters (TST, SE, SOL, and WASO) and brain function state monitoring 
indices (anxiety propensity and brain fatigue) in patients with NT1 (Supplementary Table 1). There was no significant 
correlation after Benjamini-Hochberg correction. According to the correlation analysis between ESS, GAD-7, PHQ-9, 
and FSS scores, and brain function state monitoring indices (Supplementary Table 1), there was a positive correlation 
between FSS scores and brain fatigue (ρ=0.866, Padj<0.001) (Figure 2). GAD-7 scores were positively correlated with 
anxiety propensity in NT1 group before correction (ρ=0.456, P=0.011), but the correlation became less precise after 
Benjamini-Hochberg (Padj=0.059). In the correlation analysis between MSLT parameters (mean sleep latency and 
SOREMP) and brain function state monitoring indices (Supplementary Table 1), we found that the mean sleep latency 
was negatively correlated with brain fatigue (ρ=−0.513, Padj=0.026) (Figure 2). Based on the positive correlation of brain 
fatigue with FSS scores, and the negative correlation of brain fatigue with mean sleep latency, further analysis revealed 
that FSS scores were negatively correlated with mean sleep latency (ρ=−0.567, Padj=0.011) (Figure 2).

Figure 2 Correlation between FSS scores, mean sleep latency, and brain fatigue in patients with NT1. (a) Correlation between FSS scores and brain fatigue in patients with 
NT1; (b) Correlation between mean sleep latency and brain fatigue in patients with NT1; (c) Correlation between FSS scores and mean sleep latency in patients with NT1. 
Abbreviations: FSS, Fatigue Severity Scale; NT1, Narcolepsy type 1.

Figure 3 Changes in ESS scores and brain fatigue before and after drug treatment. (a) Changes in ESS scores before and after treatment; (b) Changes in brain fatigue before 
and after treatment. 
Notes: *Represents statistical difference (P<0.05). 
Abbreviation: ESS, Epworth sleepiness scale.
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Changes in ESS Scores, Anxiety Propensity, and Brain Fatigue Before and After 
Treatment
After one month of treatment, 11 patients actively cooperated with the follow-up and were re-examined with the ESS and 
brain function state monitoring, while the remaining 19 patients were lost to follow-up for various reasons. There were no 
significant changes in ESS scores, anxiety propensity, and brain fatigue (−2.00 [−5.00, 2.00], Z=−0.939, P=0.348; −4.00 
[−16.00, 19.00], Z=−0.089, P=0.929; −16.00 [−40.00, 29.00], Z=−0.357, P=0.721).

After 3 months of treatment, only 8 patients cooperated with follow-up and were re-examined. ESS scores decreased 
(−4.00 [−11.75, −1.25], Z=−2.524, P=0.012), and brain fatigue decreased (−46.50 [−69.00, −7.75], Z=−2.176, P=0.030) 
compared to baseline (Figure 3). There were no significant changes in anxiety propensity (11.00 [−15.25, 20.50], Z=−0.491, 
P=0.623).

Discussion
Narcolepsy is a rare, lifelong, sleep-increasing disease characterized by EDS, cataplexy, sleep hallucinations, and sleep 
paralysis. We found that NT1 occurs in males mostly (70%), with the age of onset concentrated between 10 and 19 years 
old. The time from disease onset to NT1 diagnosis in these patients range from 8 months to 7 years, which was 
significantly shorter than 8 years previously reported for narcolepsy.3 We considered that this may be due to the fact that 
our research subject was NT1. And they were in their most stressful secondary school years, receiving more attention 
from teachers and parents and being diagnosed earlier. In addition, it may benefit from the popular science propaganda 
and diagnostic level of our sleep center. Almost all of our patients experienced EDS and cataplexy, approximately two- 
thirds had sleep paralysis, two-fifths had sleep hallucinations, and one-quarter had all four of these clinical manifesta-
tions. The absence of Hcrt neurons in patients with narcolepsy may mean that the activity of these wakefulness- 
promoting neurons is less sustained, leading to EDS and a rapid transition to sleep. Hcrt neurons inhibit REM sleep, 
and the reduction of Hcrt signals in narcolepsy exhibit REM sleep dysregulation characterized by poor circadian rhythm 
of REM sleep, rapid transition to REM sleep, and physiological disturbances of REM sleep.2 In healthy individuals, the 
activation of Hcrt neurons on REM sleep-suppressing regions (such as the ventral lateral periaqueductal grey and lateral 
pontine tegmentum, dorsal raphe, and locus coeruleus) is balanced by the inhibition of the amygdala on these regions. 
However, in patients with narcolepsy, the excitatory drive of Hcrt neurons is absent and signals from the amygdala inhibit 
these REM sleep-suppressing regions, thereby inhibiting the sublaterodorsal nucleus and activating GABAergic premotor 
neurons that inhibit motor neurons, resulting in cataplexy.2

Studies have found that narcolepsy patients exhibit abnormal sleep structures: fragmented sleep, prolonged WASO, 
increased conversion frequency between NREM and REM sleep, reduced SE, reduced SOL, increased N1%, and reduced 
N2%.34–36 A recent meta-analysis of narcolepsy concluded that the TST increased, the N3% decreased considerably, and 
the REM% did not change significantly.37 However, further analysis revealed that the REM% was significantly decreased 
in NT1.37 Our results align with those of previous studies, confirming characteristic sleep structures in NT1 patients, 
including increased TST, decreased SE, reduced SOL, increased WASO, increased N1%, decreased N2%, reduced N3%, 
and diminished REM%. The mean sleep latency in the MSLT was significantly shorter than normal level. Approximately 
a quarter of the patients exhibited SOREMP in PSG, and the average number of SOREMPs was three in the MSLT. 
Therefore, some studies have suggested that narcolepsy is a disorder of state boundaries, including but not limited to 
REM sleep and wakefulness.38 This may be a consequence of disrupted sleep/wake-stabilizing mechanisms owing to the 
loss of Hcrt neurons in the hypothalamus. In addition to an abnormal sleep structure, patients with narcolepsy often 
comorbided other sleep disorders, including REM sleep without atonia, REM sleep behavior disorder, obstructive sleep 
apnea-hypopnea syndrome, and periodic limb movement disorder. According to previous research, NT1 patients are more 
likely to have REM sleep without atonia and a greater symptom severity.39 The incidence of REM sleep behavior 
disorder in the population with narcolepsy ranges from 36.4% to 63.5%. Patients with comorbid REM sleep behavior 
disorder are more likely to experience cataplexy and severe EDS.8,40,41 Sleep apnea affects 24%–33.8% of patients, 
which is significantly higher than the prevalence in the general population, and is linked to advancing age and an elevated 
BMI.13,42–45 Dauvilliers et al found that patients with narcolepsy have a higher risk of developing periodic limb 

Nature and Science of Sleep 2024:16                                                                                               https://doi.org/10.2147/NSS.S452665                                                                                                                                                                                                                       

DovePress                                                                                                                         
731

Dovepress                                                                                                                                                                Yu et al

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

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


movement disorder than the general public.46 In our study, a greater variety of other sleep disorders was showed. More 
than half of the patients had complications of obstructive sleep apnea-hypopnea syndrome or REM sleep without atonia, 
and more than a quarter of the patients had REM sleep behavior disorder. Additionally, restless legs syndrome, periodic 
limb movement disorder, and sleep talking were identified. However, except for obstructive sleep apnea-hypopnea 
syndrome, the prevalence of REM sleep behavior disorder, REM sleep without atonia, restless legs syndrome, and 
periodic limb movement disorder was slightly lower than that previously reported.8,39,41,47 The differences may be due to 
the fact that the younger age of the patients with narcolepsy in our study resulted in a lower prevalence of sleep disorders 
related to advanced age.48

Anxiety and depression are associated with a decrease in Hcrt-1 levels. Hcrt stimulates noradrenergic neurons in the 
locus coeruleus, and serotonergic neurons in the dorsal raphe nucleus. In addition, the activation of GABA neurons in the 
basolateral amygdala and intercalated region of the amygdala by Hcrt can inhibit anxiety and depression.49 Furthermore, 
dopamine, serotonin (5-HT), and norepinephrine (NE) are structurally connected to the amygdala, which regulates 
mood.50,51 The decrease in Hcrt levels in NT1 would result in decreased amounts and activities of dopamine, 5-HT, and 
NE, decreased binding of Hcrt to GABA neurons, and susceptibility to anxiety and depression.52 In addition, cortico-
tropin-releasing hormone (CRH) may be associated with negative emotions. Recent studies had found a reduced number 
of neurons expressing and hyperactivity of the remaining CRH neurons in the paraventricular nucleus (PVN) of the 
hypothalamus in patients with NT1.53,54 CRH increased the rate-limiting enzymes of biosynthesis for NE and 5-HT, 
which in turn inhibited the activation of NE and 5-HT.55 Antagonists of CRH1 receptors showed antidepressant-like 
effects, confirming the relationship between CRH and anxiety and depression.56,57 We found NT1 patients had higher 
GAD-7 and PHQ-9 scores and anxiety propensity than the control group. Their scores showed that approximately 73% 
(22/30) of the NT1 patients had varying degrees of anxiety: 53.3% (16/30) had mild anxiety, 16.7% (5/30) had moderate 
anxiety, and 3.3% (1/30) had severe anxiety. In addition, 60% (18/30) of patients might have experienced moderate or 
severe depression. We have previously reported higher rates of anxiety and depression in NT1 patients.47 We speculated 
that patients with NT1 may have experienced more severe mood disorders and received anti-anxiety and antidepressant 
treatments prior to the initial diagnosis of narcolepsy. However, the correlation between anxiety propensity and GAD-7 
scores became less precise after Benjamini-Hochberg correction. We believe the correlation may become more reliable in 
larger sample sizes.

A lack of Hcrt reduces excitatory signaling to neurons involved in the synthesis of the wake-promoting neurotrans-
mitters NE, dopamine, 5-HT, and histamine, and may subsequently result in reduced activation of the cortex, basal 
forebrain, hypothalamus, and brainstem.58 Additionally, the PVN and CRH have been found to be associated with arousal 
and consciousness.59,60 PVN is the major site of CRH-containing cell bodies, and cases with lesions of it showed EDS, 
which decreased when the PVN area recovered after treatment.61 Intraventricular injection of Hcrt-1 stimulated the 
pituitary-adrenal axis through activation of CRH neurons and stimulated arousal in rats.60 This explains the significantly 
higher ESS scores in patients with NT1 compared to controls. In our study, we found that NT1 patients were more 
fatigued than healthy controls, as evidenced by higher FSS scores and brain fatigue. Moreover, there was a positive 
correlation between FSS scores and brain fatigue, which increased the credibility of the results. Fatigue should be 
distinguished from EDS, as it is more difficult to treat and can lead to severe functional impairment.62 Some studies 
concluded that fatigue was unrelated to sleepiness, depression, and obesity.63,64 We speculated that shortened mean sleep 
latency, coupled with shortened SOL, decreased SE, and prolonged WASO could indicate more serious sleep distur-
bances and prevented adequate rest and recovery, leading to increased fatigue. This is probably why mean sleep latency 
was inversely related to FSS scores and brain fatigue.

The choice of medication depends on the patient’s symptoms, financial condition and the type of medications 
available. After one month of treatment, ESS scores, anxiety propensity, and brain fatigue did not change significantly. 
However, ESS scores and brain fatigue decreased significantly after 3 months of treatment, reflecting improvements in 
EDS and nocturnal sleep disturbances. Narcolepsy is a chronic sleep disorder. It is not easy to achieve significant 
improvement and better control in the short term. Therefore, long-term adherence to medication is necessary. With the 
development of medication, NT1 patients have more choices. Pitolisant (a reverse agonist of histamine) has been 
approved by the European Medicines Agency, the US Food and Drug Administration (FDA), and Chinese National 
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Medical Products Administration as first-line treatment for EDS and cataplexy of adult narcolepsy; Solriamfetol is 
a selective dopamine and norepinephrine reuptake inhibitor approved by the FDA as first-line treatment for EDS in 
patients with narcolepsy.4 Both of them may cause adverse reactions of anxiety.65,66 The dosage of selective serotonin 
reuptake inhibitors or serotonin norepinephrine reuptake inhibitors used to treat cataplexy is insufficient to control 
anxiety and depression. For NT1 patients with anxiety or depression, higher doses or more types of anxiolytics or 
antidepressants are needed.

This study has several limitations. It was an observational study without in-depth investigation into underlying 
mechanisms. We did not examine PSG+MSLT and the concentration of Hcrt-1 after treatment, which will be refined in 
subsequent studies. In addition, our study was limited by insufficient sample size. Though the rating scales were used 
widely all over the world, which were really subjective and self-influenced. In future research, maintenance of 
wakefulness test and immunology research would be included with larger samples to provide stronger evidence for 
the clinical function assessment of NT1.

Conclusion
NT1 patients exhibit an abnormal sleep structure, including an extended TST, decreased SE, decreased SOL, prolonged 
WASO, increased N1%, and decreased N2%, N3%, and REM%. Patients with NT1 typically comorbid obstructive sleep 
apnea-hypopnea syndrome, REM sleep behavior disorder, and other sleep disorders. They demonstrated higher anxiety, 
depression, and fatigue compared to the healthy controls. ESS scores and brain fatigue decreased simultaneously after 3 
months of treatment.
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