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Abstract
COVID-19 lockdowns can influence the sleep quality and daytime condition of patients with narcolepsy. Using data from 
our cohort study, we investigated changes in the quality of life and the symptom severity of patients with narcolepsy during 
Taiwan’s 2021 lockdown and investigated differences by narcolepsy subtype, sex, and age. Patients with type 1 and type 2 
narcolepsy (NT1 and NT2, respectively) aged 6–40 years were retrospectively recruited from our narcolepsy cohort study. 
These patients were regularly evaluated using the Short Form 36 Health Survey questionnaire (SF-36), the Epworth Sleepi-
ness Scale (ESS), the visual analog scale (VAS) for hypersomnolence, the VAS for cataplexy and sleep diary. We compared 
the differences between the lockdown and the prelockdown periods by narcolepsy subtype, sex, and age. We used a paired 
t test analysis to compare differences in the SF-36, ESS, VAS scores and data of sleep diary between the prelockdown and 
lockdown periods (p1), and an independent t test analysis was used to compare the changes in different subgroups between the 
prelockdown and lockdown periods (p2). A total of 120 patients with narcolepsy were recruited (mean age 24.22 ± 6.87 years; 
58% male); 80 of the patients had NT1 (mean age 25.25 ± 6.79 years; 60% male) and 40 had NT2 (mean age 22.16 ± 6.64, 
53% male). During the lockdown period, the ESS score of total patients was decreased (p = 0.039) and body mass index 
was increased (p = 0.02). The NT1 group decreased significantly (p1 = 0.017), especially in men (p1 = 0.016) and adults 
(p1 = 0.04); scores for the VT domain of the SF-36 increased significantly in male and adult patients with NT2 (p1 = 0.048 
and 0.012). Additionally, male patients with NT2 exhibited significantly decreased scores in the physical and emotional 
role functioning domains (p1 = 0.028, 0.024). The children and adolescents with NT1 had significantly decreased scores in 
the general health domain of the SF-36, but no significant change was noted in that of adults (p1 = 0.027, p2 = 0.012). We 
observed both negative and positive impacts of Taiwan’s 2021 lockdown on patients with narcolepsy. A more flexible but 
structured daily routine with adequate sleep time should be considered for this population during lockdown and nonlock-
down periods.

Keywords  COVID-19 · Lockdown · Narcolepsy · Daytime sleepiness · Quality of life

Introduction

After being declared a public health emergency by the World 
Health Organization (WHO) [1, 2], the novel coronavirus 
spread globally. As of October 2022, 623 million people 
were infected, and the virus caused more than 6 million 
deaths [3]. Various measures have been implemented to 
contain the spread of infection, including mask-wearing, 
quarantine, isolation, and social distancing; even stricter 
measures, such as the closure of schools and the suspen-
sion of production and commercial activities, have also 
been adopted. These measures can negatively affect people’s 
daily life in terms of work, health, and educational activi-
ties [4]. Compared with the general population, vulnerable 
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populations, such as older people and those with chronic 
diseases or mental health problems, are at a higher risk of 
death from COVID-19 [5, 6] and experience more nega-
tive consequences on their psychosocial well-being, such as 
psychological decompensation and exacerbation of previous 
mental illness [7]. Studies have documented increased inci-
dences of sleep disturbance, anxiety, and depression as well 
as increased an suicide risk during the pandemic [8–11], 
highlighting the elevated need for mental health care and the 
importance of monitoring high-risk populations.

Sleep quality is of particular concern during public health 
emergencies, and a new term, COVID-somnia, was coined to 
describe sleep problems that are directly or indirectly related 
to COVID-19 [12]. Patients with previously diagnosed sleep 
disorders can be more vulnerable to the effects of COVID-
19, such as those with narcolepsy are thus a potentially 
vulnerable population during the pandemic. Narcolepsy is 
a chronic central hypersomnia disorder. Hypocretin regu-
lates the feeding and sleep–wake cycle and plays a key role 
in the pathophysiology of narcolepsy [13]. On the basis of 
this fundamental marker, patients with narcolepsy can be 
categorized as type 1 (NT1) or type 2 (NT2) according to 
the International Classification of Sleep Disorders, Third 
Edition (ICSD-3) [14]. Patients with NT1 have cataplexy 
(sudden muscles weakness often triggered by strong emo-
tions) and/or a low or unmeasurable hypocretin-1 level in 
cerebrospinal fluid (CSF), whereas those with NT2 do not 
have cataplexy and their CSF hypocretin level is > 110 pg/
mL or unmeasurable. Studies have revealed that those with 
narcolepsy not only have sleep or wake-related problems, 
such as hypersomnia and excessive daytime sleepiness, but 
also have poorer quality of life [15–22] and more physical 
and psychiatric comorbidities (e.g., obesity, sleep apnea, 
depression, and anxiety), than general population [23–25]. 
Other narcoleptic symptoms can result in considerable dis-
tress and increased vulnerability, including cataplexy, hyp-
nogogic or hypnopompic hallucination (hallucinatory expe-
rience when falling asleep or waking up), sleep paralysis (the 
inability to move or speak when falling asleep or waking up), 
and disturbed nighttime sleep [26]. Thus, compared with the 
general population, the increased need for sleep, high phys-
ical and psychiatric comorbidities, as well as the distress 
and function impairment related to narcolepsy symptoms, 
can results in the peculiarity of influence of lockdown for 
patients with narcolepsy.

Although restrictions are necessary to fight COVID-19, 
more restrictive methods have greater impacts on people’s 
psychosocial well-being. The most extreme approach, 
namely lockdowns and prolonged home confinement, can 
increase stress related to social isolation [27] and decrease 
people’s physical activity and sunlight exposure [28]. Stud-
ies have also demonstrated the impacts of lockdown and the 
pandemic on sleep and wake schedules [29], with examples 

including delayed bedtime and wake time during lockdowns 
[30], poor sleep quality, insomnia, or frequent awakenings 
[31]. These effects can trigger further mental or health 
problems [32], inevitably affecting quality of life. Although 
studies have highlighted the impacts of lockdown and the 
COVID-19 pandemic on the general population, few stud-
ies have examined the effect of lockdowns on patients with 
narcolepsy; limited data are available on these patients’ sleep 
and wake conditions as well as quality of life during the 
COVID-19 pandemic.

An online survey study revealed that patients with hyper-
somnia disorder had delayed schedules, longer nighttime 
sleep, less daytime sleepiness, less fatigue, fewer sleep 
attacks, and better attention during the pandemic [12, 33]; 
however, COVID-somnia can still occur in such patients. 
Autoimmune reactions related to the virus can also trigger 
hypersomnia symptoms [34] and even aggravate previous 
hypersomnia disorder, as indicated in case reports [35, 36]. 
One study revealed that during lockdowns, those with NT1 
and NT2 exhibited a disturbed circadian rhythm, more frag-
mented sleep, increased daytime sleepiness and napping, 
and poorer quality of life; however, other narcoleptic symp-
toms such as cataplexy, sleep paralysis, and hypnagogic 
and hypnopompic hallucinations remained unchanged [37]. 
In another study, more than 50% of such patients had less 
severe cataplexy, one-third exhibited no change in cataplexy, 
and one-fifth had more severe cataplexy during lockdown 
[12]. Finally, under lockdown, the daytime sleepiness, sleep 
fragmentation, and other narcoleptic symptoms of patients 
with NT1 was reported to have improved [38]. Overall, 
related studies have yielded inconsistent findings; however, 
evidence suggests that during the COVID-19 pandemic, the 
need for medical services can increase in patients with nar-
colepsy and that these needs differ by subgroup, such as 
those with NT1 and NT2 as well as different age groups 
(e.g., children, adolescents, and adults). A greater under-
standing of the real-life condition of patients with narcolepsy 
during COVID-19 lockdowns and the pandemic period in 
general can help us to provide timely and appropriate help.

Taiwan was initially able to effectively contain COVID-
19 outbreaks; nevertheless, a lockdown was implemented in 
Taipei on May 15, 2021 [39], and was subsequently extended 
nationwide on May 17, 2021. The lockdown remained in 
effect for more than 2 months. During this period, most 
adults had to work from home or off-site or take turns to 
work in offices, with all schools being closed and children 
and adolescents having to attend classes online. In a previous 
retrospective study, we reported that the lockdown in Taiwan 
significantly affected children and adolescents’ sleep and 
functioning, and we observed trends of increased problems 
related to emotion, behavior, and attention [40]. Patients 
with narcolepsy exhibit not only daytime hypersomnolence 
but also disturbed nighttime sleep, and the lockdown can 
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affect both their daytime and nighttime conditions, includ-
ing sleep and quality of life. For vulnerable populations, the 
stress experienced during lockdowns can negatively affect 
their emotions. Additionally, we observed that narcolepsy 
subtypes were significantly correlated with symptom sever-
ity and quality of life [16]; patients with NT1 and NT2 may 
thus react differently to lockdowns. In the present study, we 
analyzed the data of our cohort of patients with narcolepsy 
to investigate changes in the quality of life and symptom 
severity of patients with NT1 and NT2 during a period of 
lockdown. We also examined subgroup differences in terms 
of sex and age.

Materials and methods

Participants

We retrospectively recruited participants with NT1 and NT2 
between age 6 and 40 years from our narcolepsy cohort to 
investigate the impact of a COVID-19 lockdown on day-
time sleepiness, cataplexy, and quality of life. These patients 
received regular follow-up at the sleep medicine clinic of 
Chang Gung Memorial Hospital, Linkou branch [16], and 
they completed the following questionnaires every 6 months: 
the Short Form 36 Health Survey questionnaire (SF-36; to 
evaluate their quality of life), the Epworth Sleepiness Scale 
(ESS) and the visual analog scale for hypersomnolence 
(VAS-H), and the visual analog scale for cataplexy (VAS-
C). With these follow-up data, we compared the differences 
between the period from June to August 2021 (that is, the 
full lockdown period—3 months from 17 May 2021) with 
the period from June to September 2020 (the prelockdown 
period); those with follow-up data for both periods were 
included. Participants were divided into subgroups by nar-
colepsy subtype (NT1 and NT2), sex, and age (i.e., a group 
of children and adolescents [< 18 years] and an adult group 
[≥ 18 years]).

Narcolepsy was diagnosed by experienced sleep medicine 
doctors on the basis of polysomnography (PSG), multiple 
sleep latency test (MSLT), actigraphy, and human leuko-
cyte antigen (HLA) typing, according to the diagnostic cri-
teria of ICSD-3 [14]. Some patients also underwent a CSF 
hypocretin test. The exclusion criteria were as follows: hav-
ing other sleep disorders that can lead to daytime sleepi-
ness (e.g., obstructive apnea or circadian rhythm disorder); 
working shifts; having a severe neurological disease (e.g., 
epilepsy and stroke), having a severe medical condition 
(e.g., severe cardiovascular and renal diseases), and having 
mental illness, such as intellectual disability, which limits 
their participation in the study. The study was approved by 
the Institutional Review Board of Chang Gung Memorial 
Hospital (202201680B0). All participants and their legal 

representatives received a detailed explanation of the study, 
and participants provided written informed consent prior to 
participating in this study.

Medication

All participants received medication treatment—modafinil 
200 mg and/or methylphenidate 10 mg two to three times 
per day—for hypersomnolence after initial evaluation and 
work-up. Antidepressants were prescribed to treat cataplexy 
according to each doctor’s clinical judgment.

Questionnaires

SF‑36

We used the SF-36 to evaluate the quality of life of patients 
with narcolepsy. The following eight domains (four physical 
and four psychological) of quality of life were assessed using 
36 questions [41]: (1) physical restriction caused by narco-
lepsy (physical functioning), (2) occupational role restriction 
caused by narcolepsy (role functioning-physical [RP]) (3) 
severity of pain (bodily pain), (4) subjective health condi-
tion (general health [GH]), (5) subjective vitality (vitality 
[VT]), (6) social function restrictions caused by narcolepsy 
(social functioning), (7) occupational role restriction due to 
emotional problems (role functioning-emotional [RE]), and 
(8) subjective mental health condition (mental health). The 
Cronbach’s alpha coefficient for the eight domains ranged 
from 0.71 to 0.98, and all item–scale correlations exceeded 
the 0.40 standard [42]; an Australian validation study 
obtained similar results: the Cronbach’s alpha coefficients 
in that study ranged from 0.81 to 0.92 [43]. With reference 
to a validation study conducted in Taiwan, our Cronbach’s 
alpha coefficients were acceptable (all domains ≥ 0.7) [44]. 
Higher scores on the SF-36 indicate less restriction related 
to narcolepsy and suggest more favorable quality of life.

ESS

The ESS was developed by Johns to evaluate the severity of 
daytime sleepiness [45]. It is a self-administered question-
naire with eight questions rated on a 4-point scale (0–3), 
yielding a maximum score of 24. We used the ESS and the 
VAS to evaluate daytime sleepiness and changes during our 
follow-up period. Higher scores suggest more severe day-
time sleepiness. The internal consistency was favorable, and 
the Cronbach’s alpha coefficients varied between 0.73 and 
0.90 [46, 47]. The test–retest reliability was also fair, and the 
intraclass correlation coefficient varied between 0.81 and 
0.93 [48–50].
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VAS‑H and VAS‑C

We used visual analog scales to evaluate the severity of 
both hypersomnolence and cataplexy. A VAS can measure 
subjective symptoms ranging across a continuum of values 
and is often used in clinical research to measure the inten-
sity or frequency of symptoms. Relative to the Likert scale, 
the VAS is more effective at limiting the ceiling effect and 
bias from confounding [51]. The scores for the VAS-H and 
VAS-C ranged from 0 to 10, with higher scores suggesting 
more severe hypersomnolence and cataplexy.

Sleep diary

We used sleep diary to evaluate participants’ sleep pattern. 
Participants were asked to continuously record their bed-
time, falling asleep time, wake-up time, number and time 
of awake during sleep, and daytime napping for at least 7 
days. With these data, total sleep time (TST), total awake 
time (TAT), sleep efficiency (SE), awake number, daytime 
sleep time (DST) and whole day sleep time (WDS) were 
calculated.

Statistical analyses

We used SPSS 22.0 to analyze our data. The demographic 
data of patients with NT1 and NT2 are presented as num-
bers, means, percentages, and standard deviations. The two 
subtype groups, NT1 and NT2, were further compared using 
subgroups for sex and age. We used paired t test analysis to 
compare differences in the results of the SF-36, ESS, and 
VAS between the prelockdown and lockdown periods (p1), 
and an independent t test analysis was used to compare the 
changes between the prelockdown and lockdown periods of 
different subgroups (subtype, sex, and age groups) (p2). A 
p value of < 0.05 was considered significant.

Results

Table 1 lists the baseline demographic data and ESS, VAS-
H, VAS-C and body mass index (BMI) during the prelock-
down period of our participants. A total of 120 patients with 
narcolepsy were enrolled (mean age: 24.22 ± 6.87 years; 
58% male), with 80 of them having NT1 (mean age 

Table 1   Demographic data of 
participants with type 1 and 
type 2 narcolepsy

REM rapid eye movement, ADHD attention-deficit/hyperactivity disorder, MSLT multiple sleep latency 
test, SOREM sleep onset rapid eye movement, ESS Epworth sleepiness scale, VAS visual analogue scale, H 
hypersomnolence, C cataplexy, BMI body mass index
*p value < 0.05; p values were calculated using independent t test for those with type 1 and type 2 narco-
lepsy

Total (n = 120) Type 1 (n = 80) Type 2 (n = 40) p value

Current age 24.22 ± 6.87 25.25 ± 6.79 22.16 ± 6.64 0.019*
Gender Male: 69 (58%) Male: 48 (60%) Male: 21 (53%) 0.442

Female: 51 (43%) Female: 32 (40%) Female: 19 (48%)
Hypersomnolence Yes: 120 (100%) Yes: 80 (100%) Yes: 40 (100%) –
Cataplexy Yes: 80 (67%) Yes: 80 (100%) Yes: 0 (0%) < 0.001*
Hypnagogic and hypnop-

ompic hallucination
Yes: 77 (64%) Yes: 62 (78%) Yes: 15 (38%) < 0.001*

Sleep paralysis Yes: 79 (66%) Yes: 61 (76%) Yes: 18 (45%) < 0.001*
Parasomnia Yes: 71 (59%) Yes: 56 (70%) Yes: 15 (38%) 0.001*
REM behavior symptoms Yes: 10 (8%) Yes: 8 (10%) Yes: 2 (5%) 0.493
Disturbed nighttime sleep Yes: 36 (30%) Yes: 28 (35%) Yes: 8 (20%) 0.138
Depression Yes: 33 (28%) Yes: 24 (30%) Yes: 9 (23%) 0.516
ADHD Yes: 22 (18%) Yes: 11 (14%) Yes: 11 (28%) 0.082
Obesity Yes: 37 (31%) Yes: 31 (39%) Yes: 6 (15%) 0.011*
Anxiety Yes: 8 (7%) Yes: 4 (5%) Yes: 4 (10%) 0.438
HLA-DQB1 0602 Yes: 90 (75%) Yes: 77 (96.3%) Yes: 13 (32.5%)  < 0.001*
MSLT
 Mean sleep latency (min) 3.52 ± 2.88 2.96 ± 2.83 4.71 ± 2.62 0.002*
 SOREMs (times) 3.82 ± 1.33 3.99 ± 1.25 3.46 ± 1.43 0.046*

ESS (prelockdown) 13.34 ± 4.59 14.28 ± 4.06 11.48 ± 5.05 0.001
VAS-H (prelockdown) 54.70 ± 19.36 54.86 ± 18.51 53.06 ± 22.16 0.599
VAS-C (prelockdown) 37.93 ± 27.76 37.93 ± 27.76
BMI (kg/m2) (prelockdown) 27.88 ± 6.00 29.46 ± 5.71 24.20 ± 5.12 0.002*
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25.25 ± 6.79 years and 60% male) and 40 having NT2 (mean 
age 22.16 ± 6.64 and 53% male). In terms of comorbid psy-
chiatric conditions, 28% of the patients had depression, 7% 
had anxiety, 18% had attention-deficit/hyperactivity disor-
der, and 6% had schizophrenia; 31% of the patients were 
obese. Relative to those with NT2, patients with NT1 were 
older (p = 0.019) and had more severe narcoleptic symptoms, 
including cataplexy (p < 0.001), hypnogogic or hypnop-
ompic hallucination (p < 0.001), sleep paralysis (p < 0.001), 
and parasomnia (p = 0.001); the patients with NT1 also 
had more positive HLA typing (p < 0.001), a shorter mean 
sleep latency (p = 0.002), and more sleep-onset rapid eye 
movement periods in the MSLT (p = 0.046) than did those 
with NT2. The ESS scores of narcolepsy patient in the 
prelockdown period were still above the cut off value of 8 
(13.34 ± 4.59) with medication treatment. Daytime sleepi-
ness of participants with NT1 were significantly more severe 
than those with NT2 (p = 0.001) and the NT1 group also had 
significantly higher BMI (p = 0.002). There was no signifi-
cant difference in VAS-H and sleep diary data between two 
subtypes.

Table 2 presents the difference in the scores of the ESS, 
VAS-H, VAS-C, SF-36 and sleep diary of total patients 
with narcolepsy between the prelockdown and lockdown 
periods. The ESS scores of total patients with narcolepsy 
decreased significantly (p = 0.039) and they also had signifi-
cantly decreased RE scores (p = 0.014) and increased BMI 
(p = 0.002). Table 3 presents the difference in the scores of 
the ESS, VAS-H, VAS-C, SF-36 and sleep diary of patients 
with NT1 and NT2 between the prelockdown and lockdown 
periods. The ESS scores of the NT1 group decreased signifi-
cantly (p1 = 0.017), but no significant change was observed 
in the NT2 group. There was no significant change of sleep 
diary or BMI in both groups between the prelockdown and 
lockdown periods, but we found significant group difference 
in the changes of BMI (p2 < 0.001).

Tables 4 and 5 present the differences by sex for those 
with NT1 and NT2, respectively, between the prelockdown 
and lockdown periods. The ESS scores of male patients 
with NT1 decreased significantly during the lockdown 
period (p1 = 0.016) (Table 4). Additionally, male patients 
with NT2 had significantly decreased scores for the RP and 
RE (p1 = 0.028, 0.024) domains and significantly increased 
scores for the VT domain on the SF-36 (p1 = 0.048; Table 5).

Tables 6 and 7 summarize the differences between the 
children/adolescents and adults with NT1, respectively, 
between the prelockdown and lockdown periods. The 
ESS scores of adults with NT1 decreased significantly 
(p1 = 0.04), and the children and adolescents with NT1 
exhibited significantly decreased scores for the GH domain 
of the SF-36, while no significant change was noted in adults 
(p1 = 0.027, p2 = 0.012) (Table 6). The adults with NT2 
exhibited significantly increased scores in the VT domain of 

the SF-36, while those of children and adolescents decreased 
nonsignificantly (p1 = 0.012, p2 = 0.024) (Table 7).

Discussion

Taiwan is known for its excellent initial containment of 
COVID-19, and this is the first study investigating the 
impacts of a lockdown on patients with narcolepsy in Tai-
wan. We included 120 patients with narcolepsy in this study 
and adopted various subjective measurements, namely the 
ESS, VAS, and SF-36. Our cohort design enabled us to 
evaluate the symptoms and quality of life of these patients 
for the periods before and during Taiwan’s 2021 lockdown. 
Thus, our results can help elucidate the real-life condition of 
patients with NT1 and NT2 during the lockdown; such data 
are of considerable value because of the dearth of related 
studies and inconsistent findings. However, our study has 

Table 2   Comparison of ESS, VAS-H, VAS-C, SF-36 and sleep diary 
data of total participants with narcolepsy during the lockdown and 
prelockdown periods

ESS Epworth sleepiness scale, VAS visual analogue scale, H hyper-
somnolence, C cataplexy, PF physical functioning, RP role function-
ing-physical, BP body pain, GH general health, VT vitality, SF social 
functioning, RE role functioning-emotional, MH mental health, TST 
total sleep time, TAT​ total awake time, SE sleep efficiency, DST day-
time sleep time, WDS whole day sleep time, BMI body mass index
*p value < 0.05; p values were calculated using paired t test for those 
with type 1 and type 2 narcolepsy

Total (n = 120) pre-
test (pre-lockdown)

Total (n = 120) 
post-test (lock-
down)

p value

ESS 13.34 ± 4.59 12.58 ± 4.25 0.039*
VAS-H 54.33 ± 19.57 52.52 ± 19.00 0.178
VAS-C 32.32 ± 28.24 32.41 ± 27.26 0.962
SF-36
 PF 87.48 ± 16.85 88.60 ± 15.44 0.358
 RP 45.34 ± 42.32 47.06 ± 41.97 0.456
 BP 16.81 ± 19.61 16.46 ± 18.42 0.802
 GH 51.17 ± 9.56 50.42 ± 11.35 0.432
 VT 52.72 ± 11.50 53.02 ± 11.36 0.775
 SF 43.17 ± 10.26 43.28 ± 10.27 0.926
 RE 54.60 ± 43.39 48.89 ± 45.07 0.014*
 MH 56.50 ± 14.47 56.75 ± 14.92 0.801

Sleep diary
 TST (min) 465.62 ± 124.33 465.79 ± 133.14 0.991
 TAT (min) 32.72 ± 52.28 27.88 ± 42.19 0.387
 SE (%) 92.36 ± 11.11 92.67 ± 9.41 0.786
 Awake (n) 2.20 ± 11.35 1.58 ± 7.92 0.673
 DST (min) 44.44 ± 59.24 45.11 ± 63.75 0.936
 WDS (min) 510.06 ± 134.35 507.36 ± 138.97 0.874

BMI (kg/m2) 27.88 ± 6.00 29.46 ± 5.71 0.002*
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Table 3   Comparison of ESS, VAS-H, VAS-C, SF-36 and sleep diary data of participants with type 1 and type 2 narcolepsy during the lockdown 
and prelockdown periods

ESS Epworth sleepiness scale, VAS visual analogue scale, H hypersomnolence, C cataplexy, PF physical functioning, RP role functioning-physi-
cal, BP body pain, GH general health, VT vitality, SF social functioning, RE role functioning-emotional, MH mental health, TST total sleep time, 
TAT​ total awake time, SE sleep efficiency, DST daytime sleep time, WDS whole day sleep time, BMI body mass index
*p value < 0.05; p1 values were calculated using a paired t test; p2 values were calculated using an independent t test

Type 1 (n = 80) Type 2 (n = 40) p2

Pre-test (pre-lockdown) Post-test (lockdown) p1 Pre-test (pre-lockdown) Post-test (lockdown) p1

ESS 14.28 ± 4.06 13.19 ± 4.11 0.017* 11.48 ± 5.05 11.38 ± 4.33 0.873 0.200
VAS-H 54.86 ± 18.51 52.59 ± 18.94 0.176 53.06 ± 22.16 52.35 ± 19.46 0.747 0.596
VAS-C 37.93 ± 27.76 39.67 ± 26.10 0.467
SF-36
 PF 86.64 ± 16.63 87.88 ± 15.36 0.405 89.08 ± 17.39 90.00 ± 15.68 0.678 0.904
 RP 33.46 ± 39.10 38.46 ± 41.71 0.096 66.22 ± 40.06 62.16 ± 38.47 0.245 0.057
 BP 18.22 ± 18.81 18.90 ± 18.60 0.705 14.25 ± 20.99 12.00 ± 17.42 0.323 0.322
 GH 51.56 ± 10.14 50.31 ± 11.97 0.255 50.38 ± 8.35 50.63 ± 10.14 0.893 0.460
 VT 53.73 ± 11.81 53.23 ± 10.95 0.710 50.54 ± 10.66 52.57 ± 12.34 0.204 0.264
 SF 42.88 ± 10.34 42.56 ± 10.88 0.820 43.75 ± 10.21 44.69 ± 8.90 0.628 0.599
 RE 47.42 ± 43.88 42.72 ± 44.79 0.058 69.61 ± 38.81 61.77 ± 43.53 0.118 0.520
 MH 57.17 ± 14.84 56.11 ± 14.81 0.388 55.30 ± 13.88 57.90 ± 15.24 0.124 0.077

Sleep diary
 TST (min) 457.54 ± 121.94 465.15 ± 124.1 0.676 487.50 ± 130.69 467.50 ± 157.80 0.527 0.437
 TAT (min) 35.55 ± 51.11 31.48 ± 40.23 0.585 25.04 ± 55.70 18.13 ± 46.60 0.175 0.751
 SE (%) 91.65 ± 11.42 91.63 ± 9.39 0.989 94.29 ± 10.20 95.50 ± 9.08 0.333 0.637
 Awake (n) 1.52 ± 7.41 2.05 ± 9.24 0.717 4.04 ± 18.32 0.33 ± 0.64 0.300 0.362
 DST (min) 42.85 ± 57.70 46.46 ± 65.56 0.720 48.75 ± 64.29 41.46 ± 59.74 0.626 0.564
 WDS (min) 500.38 ± 135.79 509.08 ± 131.21 0.660 536.25 ± 129.51 502.71 ± 161.12 0.289 0.272

BMI (min) 29.46 ± 5.71 29.75 ± 6.00 0.507 24.20 ± 5.12 23.87 ± 5.17 0.443 < 0.001*

Table 4   Comparison of ESS, VAS-H, VAS-C, and SF-36 scores between male and female patients with type 1 narcolepsy during the lockdown 
and prelockdown periods

ESS Epworth sleepiness scale, VAS visual analogue scale, H hypersomnolence, C cataplexy, PF physical functioning, RP role functioning-physi-
cal, BP body pain, GH general health, VT vitality, SF social functioning, RE role functioning-emotional, MH mental health
*p value < 0.05; p1 values were calculated using a paired t test; p2 values were calculated using an independent t test

Type 1 (n = 80)

Male (n = 48) Female (n = 32) p2

Pre-test (pre-lockdown) Post-test (lockdown) p1 Pre-test (pre-lockdown) Post-test (lockdown) p1

ESS 15.04 ± 4.01 13.58 ± 4.18 0.016* 13.10 ± 3.92 12.58 ± 3.99 0.457 0.305
VAS-H 57.51 ± 18.00 53.23 ± 20.11 0.076 50.50 ± 18.83 51.54 ± 17.13 0.603 0.088
VAS-C 38.30 ± 27.78 41.30 ± 26.11 0.363 37.27 ± 28.26 36.77 ± 26.34 0.876 0.482
SF-36
 PF 87.67 ± 18.05 90.33 ± 14.04 0.132 85.00 ± 14.21 83.93 ± 16.80 0.685 0.219
 RP 40.13 ± 42.53 43.42 ± 43.76 0.431 24.07 ± 32.14 31.48 ± 38.35 0.088 0.498
 BP 18.44 ± 18.58 19.56 ± 20.11 0.640 17.86 ± 19.50 17.86 ± 16.18 1.000 0.767
 GH 51.56 ± 10.06 50.00 ± 10.57 0.261 51.56 ± 10.43 50.78 ± 13.98 0.669 0.728
 VT 54.57 ± 13.01 52.77 ± 12.19 0.370 52.50 ± 9.84 53.91 ± 8.96 0.384 0.247
 SF 42.71 ± 9.59 42.71 ± 12.59 1.000 43.15 ± 11.56 42.34 ± 7.69 0.662 0.779
 RE 55.04 ± 45.94 51.16 ± 46.20 0.229 35.71 ± 38.41 29.76 ± 39.90 0.134 0.680
 MH 58.18 ± 15.99 55.46 ± 15.13 0.086 55.57 ± 12.94 57.14 ± 14.52 0.410 0.085
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some limitations. First, our study was retrospective and we 
adopted subjective measurements because sleep studies such 
as PSG and MSLT were also restricted during the lockdown 
to limit disease spread. Second, our study only included 
17 children and adolescents (age < 18 years) because par-
ents were afraid of taking their children to the clinic dur-
ing the lockdown; thus, our results regarding the impacts of 
the lockdown on children and adolescents with narcolepsy 

should be interpreted with caution. Third, we did not track 
the daily schedule of patients with narcolepsy by actigraphy. 
Although the sleep diary data showed increased sleep time 
in the NT1 group and decreased sleep time in the NT2 group 
during lockdown period, no significant change was found. 
The causal relationship between reduced daytime sleepi-
ness and lifestyle changes related to the lockdown could not 
be confirmed. Last, we could not confirm the medication 

Table 5   Comparison of ESS, VAS-H, VAS-C, and SF-36 scores between male and female patients with type 2 narcolepsy during the lockdown 
and prelockdown periods

ESS Epworth sleepiness scale, VAS visual analogue scale, H hypersomnolence, C cataplexy, PF physical functioning, RP role functioning-physi-
cal, BP body pain, GH general health, VT vitality, SF social functioning, RE role functioning-emotional, MH mental health
*p value < 0.05; p1 values were calculated using a paired t test; p2 values were calculated using an independent t test

Type 2 (n = 40)

Male (n = 21) Female (n = 19) p2

Pre-test (pre-lockdown) Post-test (lockdown) p1 Pre-test (pre-lockdown) Post-test (lockdown) p1

ESS 10.57 ± 5.69 10.29 ± 4.51 0.778 12.47 ± 4.17 12.58 ± 3.88 0.886 0.757
VAS-H 49.33 ± 24.85 45.67 ± 20.86 0.274 56.56 ± 19.47 58.63 ± 16.26 0.485 0.194
SF-36
 PF 90.50 ± 13.56 94.25 ± 8.32 0.211 87.50 ± 21.16 85.28 ± 20.33 0.505 0.178
 RP 75.00 ± 37.17 65.00 ± 37.52 0.028* 55.88 ± 41.95 58.82 ± 40.45 0.579 0.059
 BP 14.29 ± 21.35 10.95 ± 17.29 0.375 14.21 ± 21.17 13.16 ± 17.97 0.682 0.619
 GH 46.43 ± 5.95 50.00 ± 8.80 0.155 54.74 ± 8.58 51.32 ± 11.65 0.213 0.058
 VT 49.25 ± 9.07 53.00 ± 11.96 0.048* 52.06 ± 12.38 52.06 ± 13.12 1.000 0.238
 SF 44.64 ± 10.13 45.83 ± 8.23 0.649 42.76 ± 10.47 43.42 ± 9.65 0.826 0.892
 RE 77.78 ± 34.30 61.11 ± 47.49 0.024* 60.42 ± 42.55 62.50 ± 40.14 0.751 0.054
 MH 54.10 ± 13.54 58.48 ± 13.88 0.082 56.63 ± 14.50 57.26 ± 16.97 0.782 0.263

Table 6   Comparison of ESS, VAS-H, VAS-C, and SF-36 scores between children/adolescents and adults with type 1 narcolepsy during the lock-
down and prelockdown periods

ESS Epworth sleepiness scale, VAS visual analogue scale, H hypersomnolence, C cataplexy, PF physical functioning, RP role functioning-physi-
cal, BP body pain, GH general health, VT vitality, SF social functioning, RE role functioning-emotional, MH mental health
*p value < 0.05; p1 values were calculated using a paired t test; p2 values were calculated using an independent t test

Type 1 (n = 80)

< 18 years old (n = 7) ≧18 years old (n = 73) p2

Pre-test (pre-lockdown) Post-test (lockdown) p1 Pre-test (pre-lockdown) Post-test (lockdown) p1

ESS 14.00 ± 5.39 11.43 ± 5.32 0.241 14.31 ± 3.96 13.36 ± 3.98 0.040* 0.303
VAS-H 57.50 ± 16.66 62.50 ± 8.80 0.377 54.63 ± 18.76 51.71 ± 19.37 0.099 0.196
VAS-C 53.00 ± 27.75 57.00 ± 20.49 0.684 36.81 ± 27.64 38.37 ± 26.13 0.529 0.796
SF-36
 PF 84.29 ± 13.05 83.57 ± 10.69 0.846 86.89 ± 17.02 88.33 ± 15.77 0.369 0.670
 RP 46.43 ± 33.63 53.57 ± 50.89 0.522 31.90 ± 39.68 36.64 ± 40.61 0.132 0.804
 BP 11.43 ± 16.76 15.71 ± 16.18 0.573 18.94 ± 18.98 19.24 ± 18.92 0.871 0.519
 GH 50.71 ± 6.73 40.71 ± 13.05 0.027* 51.64 ± 10.44 51.23 ± 11.54 0.711 0.012*
 VT 57.14 ± 6.36 58.57 ± 6.90 0.715 53.40 ± 12.18 52.71 ± 11.16 0.633 0.659
 SF 50.00 ± 10.21 48.21 ± 8.63 0.689 42.19 ± 10.16 42.01 ± 10.96 0.907 0.744
 RE 66.67 ± 43.03 61.91 ± 48.80 0.356 45.31 ± 43.79 40.63 ± 44.23 0.083 0.993
 MH 62.00 ± 14.25 63.33 ± 6.89 0.846 56.73 ± 14.92 55.46 ± 15.19 0.295 0.557
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compliance of patients with narcolepsy. Included patients 
of this study can have relatively good compliance since they 
have received regular follow-up in our cohort study and 
returned to the sleep clinic during the lockdown period, but 
their compliance can be poorer during the lockdown, sup-
ported by non-significantly increased cataplexy symptom. 
Thus daytime sleepiness may be improved due to a more 
flexible schedule and increased sleep time, instead of better 
compliance or treatment.

In our cohort, patients with narcolepsy were still sleepy 
despite medication treatment, and those with NT1 were 
more obese, had more comorbidities, had more daytime 
sleepiness, and had more narcoleptic symptoms than 
those with NT2. The ESS scores revealed that the daytime 
sleepiness of patients with narcolepsy improved during 
the lockdown, especially those with NT1. Although some 
studies have reported increased daytime sleepiness dur-
ing lockdowns [37, 52], our findings are consistent with 
other studies [33, 38] that also observed lower daytime 
sleepiness in patients with NT1 during a lockdown. The 
increase of total sleep and whole day sleep time in patients 
with NT1 by sleep diary is non-significant, but lockdowns 
may provide an opportunity for a more suitable accom-
modation of the life schedule of patients with narcolepsy, 
which could in turn reduce their sleepiness. Working or 
studying from home can result in a freer and more flex-
ible schedule, potentially allowing for more naps during 
the day, a decrease in time spent in traffic, and increased 
nighttime sleep [12]. Nigam et  al. (2022) observed a 
reduction in daytime sleepiness in patients with NT2 [12], 
whereas the daytime sleepiness of patients with NT2 in 

our study remained unchanged along with non-significant 
decreased total sleep and whole day sleep time by sleep 
diary. Patients with NT2 can have less daytime sleepiness 
than those with NT1, supported by both subjective ESS 
scores and objective MSLT findings [53]. With a smaller 
patient number and less severe sleepiness, ESS may not 
be sensitive enough to detect the changes in patients with 
NT2.

We only observed non-significant increase in cataplexy 
in patients with NT1, whereas another study reported that 
more than half of patients with NT1 had improved cata-
plexy or that it was completely absent [12]. This disparity in 
results can be attributed to differences in the disease control 
approaches of different countries and study timing. During 
the lockdowns in 2020 worldwide when the aforementioned 
study was conducted, little was known about the novel cor-
onavirus, and limited prevention measures were adopted, 
resulting in the lockdown having a substantial impact on 
human life. The lockdown in Taiwan commenced in May 
2021, and strong disease control had been implemented 
before that time. Although many citizens were still not fully 
vaccinated at that time, COVID-19 vaccinations had already 
been available for some time, and prevention measures 
such as mask-wearing had been widely implemented and 
accepted. Thus, threats and stress from the pandemic might 
not have been considerable during that period; moreover, the 
lockdown period was shorter than previous studies for only 
3 months. The disparity in results could also be related to 
evaluation tool. A VAS may not be sufficiently sensitive to 
detect the impacts of a lockdown, considering that no sig-
nificant changes were observed in the VAS-H and VAS-C.

Table 7   Comparison of ESS, VAS-H, VAS-C, and SF-36 scores between children/adolescents and adults with type 2 narcolepsy during the lock-
down and prelockdown periods

ESS Epworth sleepiness scale, VAS visual analogue scale, H hypersomnolence, C cataplexy, PF physical functioning, RP role functioning-physi-
cal, BP body pain, GH general health, VT vitality, SF social functioning, RE role functioning-emotional, MH mental health
*p value < 0.05; p1 values were calculated using a paired t test; p2 values were calculated using an independent t test

Type 2 (n = 40)

< 18 years old (n = 10) ≧18 years old (n = 30) p2

Pre-test (pre-lockdown) Post-test (lockdown) p1 Pre-test (pre-lockdown) Post-test (lockdown) p1

ESS 11.30 ± 3.89 11.00 ± 4.78 0.883 11.53 ± 5.44 11.50 ± 4.24 0.950 0.855
VAS-H 52.86 ± 13.80 56.43 ± 13.14 0.535 53.13 ± 24.31 51.17 ± 21.03 0.411 0.297
SF-36
 PF 86.00 ± 15.06 89.50 ± 13.01 0.566 90.18 ± 18.28 90.18 ± 16.75 1.000 0.491
 RP 67.86 ± 37.40 60.71 ± 24.40 0.522 65.83 ± 41.25 62.50 ± 41.39 0.354 0.670
 BP 16.00 ± 22.71 20.00 ± 25.82 0.269 13.67 ± 20.76 9.33 ± 13.11 0.119 0.110
 GH 49.00 ± 7.38 46.50 ± 13.34 0.513 50.83 ± 8.72 52.00 ± 8.67 0.592 0.398
 VT 52.78 ± 9.39 47.78 ± 12.28 0.160 49.82 ± 11.10 54.11 ± 12.18 0.012* 0.024*
 SF 42.50 ± 12.08 46.25 ± 10.29 0.434 44.17 ± 9.70 44.17 ± 8.52 1.000 0.405
 RE 57.14 ± 46.00 33.33 ± 33.33 0.182 72.84 ± 37.02 69.14 ± 43.29 0.416 0.097
 MH 54.40 ± 11.96 59.20 ± 15.98 0.168 55.60 ± 14.64 57.47 ± 15.24 0.345 0.450
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Our subgroup analysis further highlighted that sex and 
age both influenced the impacts of a lockdown. Although 
women and children/adolescents exhibited some improve-
ment, the greatest improvement in daytime sleepiness in 
patients with NT1 was observed in men and adults. The 
vitality of men and adults with NT2 also improved. Sex 
differences in patients with narcolepsy have been reported 
in the literature. In related studies of patients with narco-
lepsy, men and women reported similar subjective daytime 
sleepiness on the ESS, but women had more severe objec-
tive sleepiness on measurements such as the MSLT [54, 
55]. Before the May 2021 lockdown in Taiwan, schools 
had already provided a more flexible environment; by 
contrast, work environments for adults with narcolepsy 
can be more challenging. Thus, working from home may 
have greater positive influences than studying from home. 
The small sample size of the children/adolescent group 
can also explain the nonsignificant changes of this sub-
group. Another study using the ESS and actigraphy that 
investigated the sleep and wake schedule of children and 
adolescents with NT1 also found no change in ESS scores 
and total sleep time and sleep quality in this young popula-
tion during lockdown [56]. Therefore, further examination 
is necessary to elucidate why men and adults exhibited 
less sleepiness and improved vitality during the lock-
down, whereas the positive effects on women and younger 
patients with narcolepsy were limited.

Taiwan’s lockdown also had some negative effects on 
patients with narcolepsy. Total patients with narcolepsy had 
significantly decreased emotional role functioning, and there 
was a nonsignificant deterioration in the emotional role func-
tioning of patients with NT1 and physical role functioning 
of patients with NT2. Subgroup analysis revealed a decrease 
in physical and emotional role functioning in men with NT2 
and a deterioration in the GH of children and adolescents 
with NT1. Several studies have also indicated that the qual-
ity of life of patients with narcolepsy decreased during the 
COVID-19 pandemic [37, 52]. Besides, along with increased 
stress, an increased number of children and adolescents with 
eating disorder, irritable bowel syndrome, migraines, tension 
headaches, or orthostatic dysregulation has been reported 
during 2020 [57]. Although one study revealed that work 
and study performance improved in patients with narco-
lepsy during home quarantine [37], another study reported 
that most patients with narcolepsy exhibited deterioration 
in attention, memory, and working efficiency during lock-
down [58]. Patients with narcolepsy may have lost their jobs 
or may have had difficulty catching up with study during the 
lockdown, which may have impaired their sense of role func-
tions. Children and adolescents may worry about COVID-19 
infection, and this anxiety can increase during lockdowns 
[59], potentially explaining the decline in GH observed in 
our study. Not only the narcoleptic symptoms but also the 

quality of life of patients with narcolepsy should be moni-
tored during lockdowns and public health emergencies.

Consistent with previous studies, we observed both nega-
tive and positive lockdown-related consequences in patients 
with narcolepsy. Patients exhibit distinct coping strategies 
and responses to the lockdown; thus, a more flexible sched-
ule and an increase in screen time during the lockdown can 
result in increased or decreased daytime sleep as well as 
advanced or delayed nighttime sleep schedules [58]. Addi-
tionally, the hypersomnolence and quality of life of patients 
with narcolepsy are highly correlated with symptom control 
through medication use [16], and the medication use of these 
patients may have changed during Taiwan’s 2021 lockdown 
[12, 58]. The decline in the incidence of narcolepsy observed 
during the pandemic suggests that these patients had diffi-
culty reaching out for medical services during this period 
[60]; to cope in this scenario, patients may decrease their 
dosage or comply poorly with their medication regimen. 
However, drug adherence can also be improved by a less 
stressful work or study situation and more family supervi-
sion during home confinement. Significantly increased BMI 
was found in total patients with narcolepsy in our study. 
Activities can be restricted and diet habit can be changed 
during the lockdown. Medication adherence can also impact 
both activities and appetite. These factors and the role of 
hypocretin in regulating sleep and feeding highlight the 
importance of monitoring sleep and body weight changes of 
patients with narcolepsy. A study applying telemedicine in 
the treatment of narcolepsy observed decreased ESS scores 
and body mass index [61], highlighting the need for medical 
care to monitor and provide treatment during the pandemic. 
Thus, regular medical treatment and psychoeducation for 
drug adherence may help patients with narcolepsy to limit 
the negative impacts of a lockdown. The improvement of 
daytime sleepiness and vitality during the lockdown also 
suggests that a more flexible but structured daily routine 
with adequate sleep time can be helpful for these patients 
and should be suggested and considered for nonlockdown 
periods as well.

Conclusion

Taiwan’s 2021 lockdown had both negative and positive 
impacts on patients with narcolepsy. Patients with NT1 
exhibited less daytime sleepiness and patients with NT2 had 
improved vitality, especially men and adults. Men with NT2 
exhibited poorer role functioning and children and adoles-
cents with NT1 had poorer GH. Regular medical treatment 
and psychoeducation for drug adherence may help to limit 
the negative impacts of a lockdown. A more flexible but 
structured daily routine with adequate sleep time should be 
considered in lockdown and nonlockdown periods.
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