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Background: The COVID-19 pandemic and related restriction measures have affected our daily life, sleep,
and circadian rhythms worldwide. Their effects on hypersomnolence and fatigue remain unclear.
Methods: The International COVID-19 Sleep Study questionnaire which included items on hypersom-
nolence such as excessive daytime sleepiness (EDS), and excessive quantity of sleep (EQS), as well as
sociodemographic factors, sleep patterns, psychological symptoms, and quality of life was distributed in
15 countries across the world from May to September in 2020.
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Results: Altogether responses from 18,785 survey participants (65% women, median age 39 years) were
available for analysis. Only 2.8% reported having had COVID-19. Compared to before the pandemic, the
prevalence of EDS, EQS, and fatigue increased from 17.9% to 25.5%, 1.6%e4.9%, and 19.4%e28.3% amid the
pandemic, respectively. In univariate logistic regression models, reports of having a COVID-19 were
associated with EQS (OR 5.3; 95%-CI 3.6e8.0), EDS (2.6; 2.0e3.4), and fatigue (2.8; 2.1e3.6). In adjusted
multivariate logistic regression, sleep duration shorter than desired (3.9; 3.2e4.7), depressive symptoms
(3.1; 2.7e3.5), use of hypnotics (2.3; 1.9e2.8), and having reported COVID-19 (1.9; 1.3e2.6) remained
strong predictors of EDS. Similar associations emerged for fatigue. In the multivariate model, depressive
symptoms (4.1; 3.6e4.6) and reports of having COVID-19 (2.0; 1.4e2.8) remained associated with EQS.
Conclusions: A large increase in EDS, EQS, and fatigue occurred due to the COVID-19 pandemic, and
especially in self-reported cases of COVID-19. These findings warrant a thorough understanding of their
pathophysiology to target prevention and treatment strategies for long COVID condition.
© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The COVID-19 pandemic caused by the SARS-CoV-19 virus has
enormously impacted us. As of October 2022, there have beenmore
than 623 million confirmed COVID-19 cases and 6.5 million deaths
documented globally [1]. Measures aiming to prevent the spread of
the disease, especially in the beginning of the pandemic in 2020,
such as social distancing, confinements, lockdowns, and remote
working, have caused major changes in our daily lives, including
alterations in sleep and circadian rhythms [2e7].

Several studies have documented the impact of the COVID-19
pandemic on insomnia, social jetlag, dream content, and symp-
toms of anxiety, and depression, with a meta-analysis confirming
its large impact on sleep alterations and impaired sleep quality
[6e9]. In contrast, only a few studies have focused on the direct and
indirect consequences of the COVID-19 pandemic on daytime
functioning related to sleep problems [4,9]. This is surprising since
sleep disturbance, fatigue, and hypersomnolence are increasingly
recognized as public health concerns [10e12].

Hypersomnolence refers to a difficulty staying awake during the
daytime, i.e. excessive daytime sleepiness (EDS) and/or increased
need for sleep associated with daytime impairment [11,13]. Sleep
duration exceeding 9 h per night in adults is generally considered as
long sleep. Excessive quantity of sleep (EQS) as � 9 h night sleep is
associated with problems with impaired vigilance or daytime
functioning [14]. Excessive need for sleep indicates as a total sleep
duration of at least 10 h per 24 h period and at least 9 h nocturnal
sleep with impaired vigilance [13].

The clinical presentation of hypersomnolence may vary greatly
from one subject to another as well as for the same subject with
time, in terms of frequency, severity, cause, and consequence [11].
Separating the frequency from the intensity of EDS can be chal-
lenging; however several questionnaires have assessed these
differentmarkers of the severity of hypersomnolence in the general
population [15,16]. The reported prevalence of EDS is wide-ranging,
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from 2.5% to 33% in the general population [11], with aworsening in
16% of cases in the context of the COVID-19 pandemic [4]. Risk
factors and causes of such an increase remain unclear. EDS may be
the consequence of behavioural issues leading to insufficient or
disrupted sleep, sleep and circadian disorders, other medical or
psychiatric disorders/diseases, or side effects of medications.
Additionally, EDS can be comorbid with long sleep and also with
taking several long naps during daytime [11]. EQS is also frequent in
the general population, with a reported prevalence of 8.4% and 1.6%
when associated with distress or impairment in daytime func-
tioning [14]. EQS is frequently associated with poor health status,
including depression, diabetes, hypertension, obstructive sleep
apnea, obesity, inflammation, and sometime also direct damage to
wake-promoting neural networks [17]. Hypersomnolence may also
be associated with daytime fatigue defined as an overwhelming
sense of tiredness, lack of energy, and a feeling of exhaustion,
associated with impaired physical and/or cognitive functioning
[14]. The different components of hypersomnolence and their re-
lationships with fatigue remain underexplored in the context of the
COVID-19 pandemic.

The International COVID-19 Sleep Study (ICOSS) was designed to
evaluate direct and indirect effects of the first wave of the COVID-19
pandemic on different aspects of sleep and circadian rhythms in
adults in several countries across four continents. The main results
showed increased sleep problems, fatigue, and EDS during the first
phase of the COVID-19 pandemic [4,16]. The aim of this study was
to assess the prevalence, the changes, and the factors associated
with the frequency and intensity of EDS, EQS, and fatigue before
and during the COVID-19 pandemic across different countries.

2. Methods

2.1. Study design

Altogether 15 countries/areas took part in the first ICOSS study
with a cross-sectional survey collecting data online in each country
in their native language between May and August 2020. The
methods of the first ICOSS and the development of the question-
naire have been described elsewhere [4,16,18]. Briefly, the first
ICOSS questionnaire comprised 106 items (50 questions) on soci-
odemographic variables, sleep patterns, sleep disorders, psycho-
logical symptoms and quality of life [16]. The surveywas completed
anonymously on a web survey platform on a University website or
in the public domain. Information relating to the questionnaire was
distributed via local and social media, departmental newsletters,
and websites of different sleep societies. The study protocol was in
accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki

http://creativecommons.org/licenses/by/4.0/


Table 1
Demographic distributions of the study population (N ¼ 18,785).

Reported a COVID-19
infection

P-value

No Yes

n % n %

Number of respondents 18,266 97.2 519 2.8
Gender .446
Women 11,805 64.6 327 2.7
Men 6461 35.4 192 2.9

Age-groups <.001
< 25 y 2887 15.7 65 2.2
25e34 y 4695 25.9 167 3.4
35e44 y 3355 18.5 121 3.5
45e54 y 3009 16.4 74 2.4
55e64 y 2326 12.7 62 2.6
> 65 y 1994 10.8 30 1.5

BMI, kg/m2 <.001
< 25 12,422 67.6 273 2.2
25e29.9 3944 21. 152 3.7
30e34.9 1302 7.2 60 4.4
� 35 598 3.4 34 5.4

Ethnicity <.001
Caucasian 7248 40.3 321 4.2
Asian 8463 45.4 71 0.8
African 284 1.7 41 12.6
Hispanic 672 3.9 53 7.3
Other/indigenous 1599 8.7 33 2.0
Living area .003
Urban 16,160 88.4 437 2.6
Rural 2106 11.6 82 3.7
Education <.001
Primary/secondary, high school 4275 23.2 80 1.8
Vocational training 2007 10.9 47 2.3
University Bachelor's or equivalent 7570 41.4 196 2.5
Master or Doctoral level 4148 23.1 195 4.5
Other/not given 266 1.4 1 0.4
Working during pandemic <.001
Student 2509 13.6 49 1.9
Regular day work 607 46.9 274 3.1
Irregular day work/freelancer/artist 1525 8.4 49 3.1
Shift/night work 896 5.0 47 5.0
Unemployed 751 4.1 27 3.5
Retired 1474 8.0 24 1.6
At home (no salary) 1654 8.9 20 1.2
Temporary laid off 319 1.8 13 3.9
Lost job due to pandemic 201 1.1 10 4.7
Other 401 2.2 6 1.5
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declaration and its later amendments or comparable ethical stan-
dards. The anonymous online survey made re-identification of the
respondents impossible. Subjects gave their implied consent by
agreeing to participate in the survey.

After gathering data on important sociodemographic variables
(i.e. age, gender, marital status, ethnicity, education, profession,
working status, confinement, and economic situation), the survey
included questions on EDS, EQS, and fatigue. EDS and fatigue were
defined by answering “at least three days per week” to the
following questions originally from the Basic Nordic Sleep Ques-
tionnaire, respectively: “Did/do you feel excessively sleepy during
daytime?” and “Did/do you feel fatigued/exhausted at daytime?“,
respectively [19]. The survey also asked about the intensity of EDS
using a single question derived from the UK Biobank questionnaire
(i.e., “How likely was/is it, that you would fall asleep during the
daytime without intending to, or that you would struggle to stay
awake while you were doing things?”). Having a moderate or high
chance of falling asleep indicated an extensive tendency to fall
asleep (ETFS) [15]. The perception of total night sleep duration was
assessed using the questions “How many hours per night did/do
you sleep on average?”with a cut point for long sleep set to 9 h per
night [11]. In addition, EQS was defined as long sleep with either
EDS or fatigue (or both). The presence and severity of these four
symptoms were asked retrospectively at one time point “before”
and “during” the pandemic period. The increase, decrease, and
stability of these symptoms during the pandemic was computed by
subtracting the response during the pandemic by the prepandemic
value. Only those respondents with complete answers to these four
questions were included to the analytic sample and no imputations
for missing data were used.

The following information was also collected with estimates for
the periods before and during the pandemic: The use of sleeping
pills (hypnotics by prescription)”, the quality of life and health
using the 5-item World Health Organization Well-Being Index
(WHO-5) [20], and depressive and anxiety symptoms by the Patient
Health Questionnaire-4 (PHQ-4) [16,21,22]. Sleep deprivation was
assessed by subtracting reported sleep need per 24 h from the time
slept per 24 h. The lower limit of ‘sleep deprivation’ was defined as
there being a greater than 1 h difference between reported need
and actual sleep durations, and likewise the threshold for ‘excessive
sleeping’ as being more than 1 h of sleep duration greater than
needed. The wordings of asking for confinement and financial
suffering have been described in details previously [16]. Another
question focused on whether the participant had been infected
with coronavirus and been tested positive for the virus. A few
questions were asked about the sense of smell and the risk of
obstructive sleep apnea (OSA) using the four-item STOP question-
naire [23]. Finally, the metabolic equivalent task values were
calculated according to the Compendium of Physical Activities.
Metabolic equivalent task were reported rounded in metabolic
equivalent task -classes of <100, 100 to 399, 400 to 1,199, and 1200
or more metabolic equivalent task -minutes per week.

2.2. Statistical analysis

The normality of the distributions were tested using the
Shapiro-Wilk test. Means and standard deviations are given for the
normally distributed variables and medians and interquartile
ranges are reported for non-parametric variables. Meta-analyses
were used to compute occurrences of EDS, ETFS, EQS, and fatigue
in different countries. To strengthen the results, we used random-
effects models in all tests. For occurrences and rates, the 95% con-
fidence limits are given. Logistic regression analyses were con-
ducted by weighting of data by the number of inhabitants in the
country/area of interest and by the number of responders in that
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country. Different countries were used as strata. Observations were
used as sampling units and non-parametric statistics were applied
with proportions, and 95% confidence intervals were calculated. For
the differences by groups, the KruskaleWallis equality-of-
populations rank test was used if the distributions were not
normal. For the paired differences in occurrence before and during
the pandemic, the Wilcoxon signed-rank test was used. Kendall's
Tau-b rank correlation coefficients were computed to search for
associations between the changes during the pandemic of the
outcome variables (i.e. EDS, ETFS, EQS, and fatigue). Logistic
regression analyses were used to assess the influence of the
explanatory variables on EDS, ETFS, EQS, and fatigue (see the var-
iables on Table 2). The linear assumption for the logistic regression
was analysed using Box-Tidwell test. The different logistic models
were compared using the Bayesian information criteria for un-
weighted data. Fitness of the logistic models was estimated by
McFadden's pseudo-R2 [24]. A McFadden's pseudo-R2 value of
0.2e0.4 was considered to be a good fit. Values between 0.1 and 0.2
were considered to be mediocre. To allow comparability between
different rates andmodels, the samematrix of variables was used in
all regression models. All statistical computations were conducted



Table 2
Predictors of excessive daytime sleepiness during COVID-19 pandemic (significant predictors are highlighted in red).

Univariate logistic regression Multivariate logistic regression using backward selection

OR P Lower 95% CI Upper 95% CI OR P Lower 95% CI Upper 95% CI

Fatigue 18.01 < .001 15.69 20.71 e e e e

ETFS 8.66 < .001 7.53 9.96 e e e e

Woman gender 1.17 .007 1.04 1.31 e e e e

Age group, years
< 25 1.39 < .001 1.180 1.65 1.10 .315 0.91 1.33
25-34 1.22 .013 1.04 1.44 0.89 .223 0.74 1.07
35-44 1.24 .011 1.05 1.48 0.88 .205 0.73 1.07
45-54 1.04 .687 0.87 1.23 0.77 .010 0.64 0.94
55-64 0.96 .753 0.76 1.22 0.76 .044 0.58 0.99
� 65 1 1 . . .

BMI groups, kg/m2

< 25 1 1 . . .
25e29.9 1.10 .119 0.98 1.25 0.99 .870 0.86 1.13
30e34.9 1.71 < .001 1.43 2.05 1.33 .007 1.08 1.64
� 35 2.22 < .001 1.78 2.77 1.40 .010 1.09 1.81

Ethnicity e e e e

Caucasian/White 1.45 < .001 1.31 1.60 e e e e

Asian 1 e e e e

Other 1.58 < .001 1.28 1.91 e e e e

COVID-19 infection 2.63 < .001 2.00 3.45 1.85 < .001 1.31 2.61
Smell loss 1.80 < .001 1.39 2.33 e e e e

Confinement 1.41 < .001 1.25 1.57 e e e e

Financial suffering 1.74 < .001 1.42 2.12 e e e e

Snoring 1.64 < .001 1.46 1.83 1.410 < .001 1.24 1.61
Apneas 1.70 < .001 1.45 1.98 e e e e

High blood pressure 1.23 .004 1.07 1.42 e e e e

TST per night e e e e

< 6 h 3.06 < .001 2.67 3.51 e e e e

6e8.9 h 1 e e e e

> 9 h 1.74 < .001 1.49 2.02 e e e e

Sleep duration vs. sleep need
TST > sleep need 1.62 < .001 1.40 1.89 1.41 < .001 1.21 1.64
0e0.9 h sleep deprivation 1 1
1e1.9 sleep deprivation 2.07 < .001 1.81 2.37 1.88 < .001 1.64 2.16
> 2 h sleep deprivation 5.31 < .001 4.55 6.19 3.88 < .001 3.21 4.70

METs e e e e

0-99 1.13 .062 0.99 1.29 e e e e

100-400 1.16 .085 0.98 1.37 e e e e

400-1200 1.10 .191 0.95 1.27 e e e e

> 1200 1 e e e e

Anxiety 3.98 < .001 3.56 4.45 e e e e

Depression 4.46 < .001 3.99 4.99 2.99 < .001 2.64 3.39
WHO-5 0.97 < .001 0.96 0.97 e e e e

Hypnotic use (�1 night per wk) 3.541 < .001 3.00 4.18 2.25 < .001 1.87 2.71

ETFS, Excessive tendency to fall asleep; TST, total sleep time; MET, metabolic equivalent of task; World Health Organization Well-Being Index; -, not included in the model.
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using STATA version 17.0 (StataCorp, College Station, USA). P-values
<.05 were considered statistically significant (two-sided tests).
Fig. 2 was produced using R and ggplot2 package.
3. Results

A total of 20,598 subjects from 15 different countries/areas
participated in the survey (see Table 1). Altogether 18,785 subjects
(91.3%) answered all demographic questions and items on fatigue,
EDS, EQS, ETFS, long sleep, and life habits. Most participants were
women (65%), and the median age was 39 years. Of note, 519 re-
spondents (2.8%) reported having had a COVID-19 infection. COVID-
19 was associated with being older (median ¼ 39, interquartile
ranges ¼ 28e54 vs 36; 28e48 years, p ¼ .0012), and with higher
BMI than those without infection (24.6; 21.6e28.6 vs 22.9;
111
20.5e26.1 kgm�2, p < .001). Most subjects lived in urban areas, had
postsecondary education, and were working or studying. Many
responders (7666; 40.8%) had been in confinement during the
pandemic because of COVID-19 (n ¼ 420, 5.5%) or for some other
reason for restriction (n ¼ 7,246, 94.5%). At least moderate financial
suffering was experienced by 2415 (12.9%) participants, being more
common in those with COVID-19 (n ¼ 110, 4.6%) compared to
subjects without (n ¼ 409, 2.5%, p < .001).

In random effects meta-analysis, before the pandemic, the
pooled estimate of prevalence of EDS was 17.9% (95% CI 15.2%e
20.7%) and during the pandemic 25.1% (95% CI 20.7e29.5%) (Fig. 1)
The prevalence of ETFS before the pandemic was also high 15.4%
overall (95% CI 12.6%e17.5%), especially in Brazil (25.4%), followed
by Norway (21.9%), and Austria (20.4%) that increased greatly dur-
ing the pandemic in most countries with an overall prevalence of



Fig. 1. Forest plot for prevalence of A. Excessive daytime sleepiness (EDS). B. Fatigue, C. Excessive quantity of sleep (EQS, �9 h sleep per night, associated with EDS or fatigue) and D.
Excessive tendency to fall asleep (ETFS) across participating countries before and during the COVID-19 pandemic.

Fig. 2. Relative change in the occurrence of excessive daytime sleepiness, fatigue,
excessive quantity of sleep (�9-h night sleep associated with EDS or FAT), and
extensive tendency to fall asleep in COVID-19 positive (n ¼ 519) and negative
(n ¼ 18,266) subjects amid the pandemic compared to before the pandemic. ***,
p < .001, as derived from Chi-Square test.
EDS, excessive daytime sleepiness; FAT, fatigue; EQS, excessive quantity of sleep (�9 h
night sleep associated with EDS or FAT); ETFS, excessive tendency to fall asleep; COVID
-, reported not having COVID-19; COVID þ, reported having COVID-19. ***, Chi-Square
test P < .001.
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20.1%. The prevalence of fatigue before the pandemic was similarily
high, ranging from 10.1% in the Jilin region in China to 27.6% in
Brazil, and 19.4% overall (95% CI 16.8%e22.0%). The prevalence of
fatigue also increased to 28.3% (95% CI 24.0%e32.7%) during the
pandemic, especially in the UK and Poland being above 40% in these
countries. The increase in the EQS was proportionally largest, from
pooled estimate of 1.55% (95% CI 1.1e2.0%) before the pandemic to
4.9% (95% CI 3.6%e6.2%) during the pandemic with an increase in
every country, particularly in Brazil, the USA, and Canada.

The frequency of EDS, ETFS, EQS, and fatigue is higher in
112
participants who had a COVID-19 twice as much, on average, as
non-infected participants (Fig. 2). For instance, EDS increased in
22.6% of subjects with COVID-19 compared to 10.6% in those
without (p < .001). The differences in increase in EDS, ETFS, EQS,
and fatigue between subjects with and without COVID-19 were
12.0%, 16.9%, 7.3%, and 16.4%, respectively (p < .001). Decreases in
any of the four symptoms were rare, and did not differ by the
presence or absence of COVID-19 infection.

At the baseline, before the pandemic, we found moderate as-
sociation between EDS and fatigue (tb ¼ 0.520, p < .001), and with
EDS and ETFS (tb ¼ 0.393, p < .001). Fatigue had moderate asso-
ciation with ETFS (tb ¼ 0.342, p < .001). EQS had only a weak as-
sociation with EDS (tb ¼ 0.158), fatigue (tb ¼ 0.163), and ETFS
(tb ¼ 0.086, p < .001 in all comparisons). We found a strong as-
sociation between change in EDS and fatigue during the pandemic
(tb ¼ 0.501), and a moderate association between change in EDS
and ETFS (tb ¼ 0.375), and a moderate association between change
in ETFS and fatigue (tb ¼ 0.346, p < .001 in all comparisons).
Change in EQS had weak correlation with EDS (tb ¼ 0.178), fatigue
(tb ¼ 0.173), and ETFS (tb ¼ 0.0.914, p < .001 in all comparisons).

Logistic regression analyses were conducted to assess the factors
associated with EDS, EQS, ETFS, and fatigue during the pandemic.
Some variables (e.g. depressive symptoms, anxiety symptoms and
WHO5 score) were associated in the models but with high multi-
collinearity between them. Based on changes in the Bayesian in-
formation criteria, we decided to keep only the PHQ depression
item in themodels. After a backward stepwise selection of variables
in the final model for EDS during the pandemic, sleep deprivation,
and excessive sleeping, depressive symptoms, use of hypnotics,
COVID-19 infection, higher BMI, age, and snoring were the stron-
gest associated factors. Confinement was in the final logistic
regression model not associated with EDS (Table 2). McFadden's
pseudo-R2 for fitness of the model was 0.13 for EDS during the
pandemic. Similar results with McFadden's pseudo-R2 of 0.12 were
found in the final model for ETFS, with excessive sleeping, sleep
deprivation, depressive symptoms, use of hypnotics, COVID-19
infection, higher BMI, age, confinement and the risk of having
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OSA being the significant factors (Table S3). Woman gender, age,
high BMI, ethnicity, excessive sleeping, sleep deprivation, confine-
ment, depressive symptoms, use of hypnotics, COVID-19 infection
and snoring were associated with fatigue (McFadden's pseudo-
R2 ¼ 0.16) (Table S1). We also found that age, BMI, ethnicity, COVID-
19 infection, depressive symptoms, and use of hypnotics were
associated with EQS (Table S2). McFadden's pseudo-R2 for EQS was
0.112.

4. Discussion

Based on our study assessing the effects of the COVID-19
pandemic on sleep in 18,785 adults, we found an increase in EDS,
EQS, ETFS, and fatigue across the course of the COVID-19 pandemic
in all 15 countries studied. Also, reports of a COVID-19 infection
were associated with a 2- to 3-fold increase in all symptoms of
hypersomnolence and fatigue.

EDS was assessed in the present study via both its frequency and
intensity by responding to two validated items. We were also
interested in the evaluation of EQS and fatigue, symptoms often
associated with EDS [25]. The transition fromwakefulness to sleep
can result from physiological regulation of wakefulness, but
sometimes also from an impaired arousal mechanism as reported
in narcolepsy with orexin deficiency [26]. EDS can also be related to
conditions causing fragmented sleep and unrefreshing sleep such
as OSA, and other medical or psychiatric conditions, or the use of
medications acting on the central nervous system (CNS) [27]. In the
first wave of ICOSS study underlying the present analysis, 4.1% re-
ported having diagnosed OSA, and the prevalence of having a high
risk of OSA was 9.5% [7,28].

Due to large variabilities in the definition proposed, the pre-
pandemic prevalence of fatigue may range from 10% to 30% [10].
In the context of the COVID-19 pandemic, we found that the
prevalence of EDS, ETFS, EQS and fatigue were high (i.e. 25.1%,
20.1%, 4.9%, and 28.3%, respectively), more than doubling compared
to the pre-pandemic period across all the studied countries. Some
differences in the prevalence of hypersomnolence symptoms were
found between countries both before and during the pandemic,
which may be due to epidemiological and stressful conditions at
the time of survey, but also to confinement, ethnicity, financial
hardship, and cultural differences.

We reported several associated factors for EDS, ETFS, EQS and
fatigue during the pandemic, being similar in most of the models,
including sleep deprivation, depressive symptoms, confinement,
use of hypnotics, COVID-19 infection, higher BMI, age, and proxy for
OSA. Such associations have been found in previous epidemiolog-
ical studies, which are often reported along with altered sleep ar-
chitecture and homeostatic sleep regulation [29,30]. In contrast, we
found no association between hypersomnolence symptoms, phys-
ical activities and smell loss. The absence of the latter association is
interesting. In addition to COVID-19, smell loss is often found with
dream-enacting behavior and the so-called REM sleep behavior
disorder, a well-known risk factor of synucleinopathies [31]. EDS is
highly prevalent in synucleionopathies suggesting that similar
neural networks regulate sleepiness, dream-enacting, and olfactory
function. On the other hand, in our previous study we found an
association between COVID-19 infection and dream enactment
behavior that may suggest the involvement of mental factors rather
than central effects of COVID-19 infection [32].

Early reports suggested that neurotropic effects of SARS-CoV-2
by either direct CNS invasion or an indirect activation of immune
system (i.e. pro-inflammatory cytokines storm, blood biomarkers,
immune cells and autoantibodies) could explain many CNS symp-
toms including hypersomnolence that are related to COVID-19
[33e36]. Disrupted glymphatic flow caused by e.g. glial cell
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inflammation and amyloid accumulation have also been proposed
as a mechanism of fatigue and brain dysfunction caused by COVID-
19 infection [37e39]. However, sleep deprivation and lack of
recuperative sleep may also decrease glymphatic flow [40].
Nevertheless, a German prospective study, albeit with limited
sample size, has shown that the nervous system is rarely directly
affected in patients with post-COVID-19 syndrome [41]. In our
study, we found an association between COVID-19 infection and
symptoms of hypersomnolence and fatigue, but this result needs to
be interpreted with caution as the associations with sleep depri-
vation, depressive and anxiety symptoms, hypnotic use, and OSA
were stronger. It could be that the effect of COVID-19 on hyper-
somnolence symptoms is partially explained by social and psy-
chological effects, which is in line with the German study [41]. In
previous pandemics, short and long-term neurological conse-
quences have often been reported, but inconsistently with severe
sleep symptoms except with the Spanish flu in 1918 with enceph-
alitis lethargica and narcolepsy, and the 2009e2010 H1N1
pandemic, especially the Pandemrix® vaccination against it, with
narcolepsy [42,43]. In contrast, no increased risk of narcolepsy from
COVID-19 or its vaccination has been reported to date; however
during the pandemic patients with narcolepsy presented more
daytime sleepiness with a lower quality of life [44].

Symptoms of hypersomnolence, often associated with each
other, may have other health implications, acting as potential risk
factors for cardiovascular, metabolic, inflammatory, neurological
and psychiatric disorders [45]. Furthermore, fatigue is prevalent in
post-COVID-19 recovery and is one of the most pervasive symp-
toms in long COVID [46e48]. In conclusion, EDS is one of the key
symptoms in long COVID [48]; however, whether EQS constitutes a
common symptom in long COVID remains to be further studied. In
patients with severe COVID-19 necessitating hospital treatment,
prolonged symptoms may be readily understood. They resemble
symptoms of Post Intensive Care Syndrome [49]. Guedj and co-
workers found alterations in brain metabolism by FDG-PET in long
COVID, but the subjects in that study had in fact a severe disease
[50]. For mild acute COVID-19, treated at home, the cause of the
long COVID remains unclear. It may be important to differentiate
these two phenotypes (i.e., severe COVID-19 with hospital treat-
ment versus mild COVID-19 treated at home) from each other; the
latter phenotype may be self-sustaining long-lasting symptoms by
psychosocial factors confirming our earlier results [4]. However, the
cross-sectional nature of the present analsyis preclude further
speculation on potential mechanisms linking EDS, EQS and fatigue
in the context of COVID-19.

4.1. Limitations

There are limitations to our study. Firstly, measuring EDS and
fatigue are challenging and we could not use objective sleepiness
measures such as the Multiple Sleep Latency Test. In addition, there
are no adequately validated objective tests to quantify fatigue, so
we had to rely on questionnaires. Existing comprehensive sleepi-
ness and fatigue measurement tools, e.g. Epworth Sleepiness Scale
and Fatigue Severity Scale, were not included in the survey.
Therefore, we used only single questions from the Basic Nordic
Sleep Questionnaire and UK Biobank. Secondly, due to the anony-
mous survey design and the size of our study, we could not collect
the respondents' clinical data. Therefore, we could not confirm the
infection status from health records. However, the subjects were
asked if they were tested positive for COVID-19 in addition to just
reporting the presumed infection. Thirdly, there is a risk for recall
bias when asking about information before the pandemic. The
survey was conducted relatively early in the pandemic resulting in
a limited number of subjects with COVID-19, thus underpowering
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to compare risk factors associated with COVID-19 pandemic vs. the
infection per se. Finally, the study was introduced as a sleep
investigation which may have introduced a bias by recruiting a
population with increased such problems, as compared to the
general public.

4.2. Conclusion

In conclusion, we found a large increase in EDS, ETFS, EQS, and
fatigue during the COVID-19 pandemic in all the studied countries,
and especially in participants with previous COVID-19. These
findings warrant a thorough understanding of their pathophysi-
ology to target prevention and treatment strategies for long COVID
condition.
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