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ORIGINAL ARTICLE
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Dominique Salmone,f and Damien Legera,b
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unit�e INSERM U933, Paris, France; eUniversit�e de Paris Cit�e, Paris, France; fService Maladies Infectieuses et Tropicales, Hôpital Cochin
Hôtel Dieu, AP-HP, Paris, France

ABSTRACT
Introduction: While COVID-19 is predominantly considered to be an acute self-remitting dis-
ease, it has been pointed out that a variety of symptoms can linger for several months, a phe-
nomenon identified as long-COVID. Insomnia is particularly prevalent in long-COVID. In the
present study, we aimed at confirming and characterising insomnia in long-COVID patients
through polysomnography and to identify whether its parameters differ from patients with
chronic insomnia and no long-COVID history.
Materials and methods: We conducted a case-control study, including 17 long-COVID patients
with insomnia symptoms (cases), and 34 2:1 matched controls with a diagnostic of chronic
insomnia and no history of long-COVID. All underwent a one-night polysomnography (PSG).
Results: First, we observed that long-COVID patients with insomnia complaints have altered
PSG parameters, in favour of the diagnosis of chronic insomnia. Second, we show that insomnia
related to long-COVID PSG parameters was not significantly different from regular chronic
insomnia PSG parameters.
Discussion: Our results indicate that even though it is one of the most prevalent symptoms of
long-COVID, its related insomnia resembles typical chronic insomnia, based on PSG studies.
Even though additional studies are warranted, our results suggest that the pathophysiology and
therapeutic options should be similar to those recommended for chronic insomnia.

ARTICLE HISTORY
Received 5 January 2023
Revised 19 March 2023
Accepted 2 June 2023

KEYWORDS
Long-COVID; sleep;
insomnia; polysomnography

Introduction

A novel coronavirus (SARS-CoV-2) was initially reported
in China in December 2019, and its associated disease
(COVID-19) was declared a Public Health Emergency of
International Concern on 30 January 2020 by the
World Health Organisation (WHO). As of 16 December
2022, 656,566,334 cases have been reported globally,
with 6,668,035 deaths (COVID Live-Coronavirus
Statistics-Worldometer n.d.).

In addition to the acute phase, numerous clinical
manifestations have been reported in the weeks fol-
lowing COVID-19 infection, a phenomenon some
authors called long-COVID, or post-acute sequelae of
COVID-19 (PASC) (Barh et al. 2021). The World Health
Organisation defines long-Covid as the continuation or
development of new symptoms 3 months after the ini-
tial SARS-CoV-2 infection, with these symptoms lasting

for at least 2 months with no other explanation
(Soriano et al. 2022). The clinical symptoms observed
in long-COVID are varied and affect different systems,
including the nervous system (anosmia, headaches,
ataxia, confusion, etc.), the skeletomuscular system
(psoriasis, polyarthralgia), the gastrointestinal system
(abdominal pain, nausea, diarrhoea, constipation, acid
reflux, loss of appetite), the cardiovascular and pul-
monary systems (myocardial hypertrophy, coronary
artery disease, pulmonary thromboembolism, respira-
tory failure, pulmonary fibrosis), as well as mental
health disorders (depression, anxiety, or insomnia).
Symptoms most commonly reported are shortness of
breath, fatigue, and cognitive dysfunction/brain fog
(Al-Aly et al. 2021; Soriano et al. 2022).

Recently, the international COVID Sleep Study-II
(ICOSS-II) aimed at evaluating sleep and wake
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disturbances in long-COVID (Merikanto et al. 2022).
Merikanto et al. found that insomnia symptoms,
fatigue, and excessive daytime sleepiness were among
the most common complaints in long-COVID. Besides,
there was a correlation between the prevalence of
those symptoms and acute COVID-19 severity (Sudre
et al. 2021).

Other studies on sleep disturbances in long-COVID
were similarly based on subjective form-based data
(Premraj et al. 2022; Young 2022). However, in long-
COVID, there has been shown to be no correlation
between subjective symptoms and functional limita-
tions, hence the need for objective analyses (Ladlow
et al. 2022). A recent study showed that chronic
insomnia was the most common sleep-related com-
plaint in long-COVID (Moura et al. 2022).

The study presented here is the first to our
knowledge to use objective parameters from polysom-
nography to evaluate patients with long-COVID and
sleep-related complaints. Additionally, we compared
them to those of insomniac patients without any
history of long-COVID, aiming to identify long-COVID-
specific polysomnographic signs.

Materials and methods

Ethics

The survey has been approved by the Ethic committee
(CPP Ile de France 2) under the reference 2018-05-06-
RIPH 2� and the data were protected and anonymized
according to the recommendations of the CNIL
(Comission Nationale Informatique et Libert�e).

Protocol

A monocentric case-control survey with a double
purpose:

1. Assessing objective sleep parameters in long-
COVID patients with insomnia complaint (cases)
by conducting polysomnographic studies,

2. Analysing whether polysomnographic parameters
in insomniac long-COVID patients were significantly
different from those in non-long-COVID patients
with a diagnostic of chronic insomnia (controls)
from the same sleep centre (Hôtel-Dieu, APHP,
Sleep and Vigilance Sleep Centre, Paris, France).

Subjects

Cases were 17 long-COVID patients with a complaint
of chronic insomnia referred from the
Infectious Diseases department to the Sleep

department (Hôtel-Dieu, Paris, France), 6–18 months
after an acute COVID infection. The diagnosis of
chronic insomnia was also confirmed by a physician
sleep specialist of the centre, according to the defini-
tions of ICSD-3 and DSM-5 classifications of insomnia
(APA 2013; International Classification of Sleep
Disorders–Third Edition (ICSD-3) (Online)-American
Academy of Sleep Medicine n.d.). Patients did not pre-
sent with signs of other sleep disorders, such as sleep
apnoea, periodic leg movements, or hypersomnia.
None was night or shift worker, and none was on
drugs affecting the central nervous system.

We documented the signs and symptoms pre-
sented by long-COVID patients in acute and chronic
phase in Supplementary Table S1 and biological
markers in Supplementary Table S2.

Controls (n ¼ 34) were selected at the same period
from the sleep department’s data file of insomniac
patients who underwent a PSG around the same time
period. Two controls were included for each case (2:1)
and matched on age, sex, and body mass index. In
our centre, we systematically record PSG in subjects
with chronic insomnia according to the ICSD-DSM-5
criteria who consulted one of the sleep physicians of
the centre.

Polysomnography

PSG was performed according to the AASM guidelines
and included: (i) at least three and usually six electro-
encephalographic (EEG) derivations at frontal (F3/F4),
central (C3/C4), and occipital (O1/O2) sites and refer-
enced to the contralateral mastoid, (ii) two electroocu-
lography (EOG) derivations, and (iii) three
electromyographic (EMG) derivations placed on the
chin (n ¼ 1) and legs (n ¼ 2) (Sateia 2014). Respiratory
parameters (respiratory flow, thoracic and abdominal
bands, oxygen saturation), as well as body movements
(position sensor and the two leg EMG derivations
placed on the left and right tibial muscles), were also
recorded to screen for obstructive sleep apnoea and
periodic limb movement syndromes.

Classical scoring was performed first by a sleep
physician and then by a sleep technician with more
than 5 years of scoring experience, in accordance with
the American Academy of Sleep Medicine (AASM) rec-
ommendations. The classification includes one wake
stage (W) and four sleep stages: stage 1 (N1), stage 2
(N2), stage 3 (N3), and REM sleep (REM). Scoring is
based on the visual analysis of 30-s periods of EEG,
EMG, and EOG. Arousals are analysed as 3–15 s of
acceleration of the EEG signals. Respiratory events
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included apnoea (90% respiratory flow decrease for
more than 10 s) and hypopnoea (30–90% respiratory
flow decrease associated with an arousal or oxygen
desaturation of more than 3% and for more than 10 s).
The central, obstructive, or mixed nature of the
respiratory events was determined from the thoracic
and abdominal bands signals. Periodic movement of
the legs was scored based on four leg movements
over a period of 1 min 30 s.

The following polysomnographic parameters of
interest were considered: total sleep time (TST), sleep
onset latency (SOL), wake after sleep onset (WASO),
sleep efficiency (the ratio between total sleep time
and total sleep period, expressed in percentage),
rapid-eye-movement (REM) latency, duration of REM
(expressed as a percentage of total sleep time), dur-
ation of N3 (expressed as a percentage of total sleep
time), Apnoea Hypopnoea Index (AHI), Oxygen desat-
uration index (ODI).

The cases’ polysomnographic parameters are pre-
sented against normal values established for the adult
population in a recent comprehensive meta-analysis
(Boulos et al. 2019). These parameters are presented in
a descriptive manner, without formal statistical analysis.

Visual inspection of the data with a Q–Q plot
revealed obvious deviation from normality for all poly-
somnography parameters, except total sleep time and
duration of REM. Non-parametric Wilcoxon signed-rank
test and parametric t-test were used, accordingly, to
compare polysomnography parameters between cases
and controls.

Statistics

All statistical analyses and data visualisation were per-
formed with R (version 1.2.5019, R Development Core
Team) (R Development Core Team 2012).

Unless otherwise specified, values are reported as
mean and range (minimum–maximum), and p-values
<0.05 were considered significant.

Results

On first glimpse, the 17 long-COVID patients’ PSG
exhibited parameters indicative of insomnia (see
Table 1): a short total sleep time >6 h (352 min), a nor-
mal sleep-onset latency (SOL <30 min), an important
wake after sleep onset (WASO) of 83,2 min indication
sleep maintenance insomnia (>30 min), a low sleep
efficiency (SE), a high REM latency (>90 min) (with a
normal REM duration), and a normal duration and pro-
portion of slow wave sleep (stage N3). AIH values
ranged between 0.8 and 38.9/h, with one only subject
with results compatible with OSA.

Compared to the control group of chronic insom-
niacs which was matched with the long-covid patients,
we found no statistically significant difference between
the groups for any of the PSG parameters (TST, SOL,
WASO, REM latency, REM percentage), except for the
percentage of N3 which was higher in controls and the
average AHI which was higher in subjects (Table 1).

Figure 1 provides details with box and whisker pol-
ysomnographic results for long-COVID patients with a
complaint of insomnia (cases, n ¼ 17) and controls
with a diagnostic of chronic insomnia without a his-
tory of long-Covid (cases, n ¼ 34).

Discussion

Almost three years after the start of the COVID-19
pandemic, the persistence of symptoms in some
patients long after contagion has raised interest.
While, in most cases, COVID-19 is an acute disease, it
quickly appeared that it could also be chronic, a phe-
nomenon called long-COVID (or post-acute sequalae
of COVID-19) (Callard and Perego 2021). Interestingly,
similar post-viral syndromes were observed with other
coronaviruses, such as severe acute respiratory syn-
drome (SARS) and Middle East respiratory syndrome
(MERS) (Lam et al. 2009; Das et al. 2017).

The pathophysiology of long-COVID remains elu-
sive. One possible mechanism is long-term tissue

Table 1. Polysomnography results for long-COVID patients with a complaint of insomnia (cases, n ¼ 17) and
patients with a diagnostic of chronic insomnia without a history of long-COVID (results with p<0.05 are considered
statistically significant).

Insomniac long-COVID cases Insomniac controls
p-ValueMean (min–max) Mean (IC 95%)

Total sleep time (min) 352.5 (179.0–518.0) 334.5 (132.0–525.0) 0.46
Sleep latency (min) 26.7 (2.0–74.6) 32.7 (2.5–101.3) 0.52
Wake after sleep onset (min) 83.2 (25.0–198.5) 98.2 (9.4–305.5) 0.73
Sleep efficiency (%) 76.5 (48.5–93.2) 72.7 (30.2–96.3) 0.55
REM latency (min) 129.4 (58.0–238.0) 149.1 (0.0–416.5) 0.83
Duration of REM (percentage of total sleep time) 18.5 (3.3–38.2) 15.6 (0.0–32.1) 0.25
Duration of N3 (percentage of total sleep time) 21.1 (12.9–48.8) 25.8 (9.0–51.5) 0.05
Apnoea hypopnoea index (AHI) 8.9 (0.8–38.9) � 4.3 (0.0–11.6) 0.01
Oxygen desaturation index (ODI) 5.9 (0.4–38.5) 4.4 (0.0–31.6) 0.65
� ¼ statistically significant.
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damage. Indeed, radiological lung lesions and reduced
long diffusion capacity are found in a large proportion
of COVID-19 survivors, three months after contagion
(Zhao et al. 2020; van den Borst 2021). However, long-
COVID has been noted in patients with normal lung
radiological aspect and function (Arnold et al. 2021).
In addition to lungs, similar findings have been evi-
denced for brain radiological aspect and metabolism
three months after acute COVID-19 (Lu et al. 2020).
Another hypothesis is sustained pathological inflam-
mation. Some patients remain positive for SARS-CoV-2
by polymerase chain reaction (PCR) for extended dura-
tions, up to four months (Li et al. 2020; Hirotsu et al.
2021).

Persistent viral replication could hypothetically trig-
ger an immune activation which could be associated
with long-COVID symptoms. Numerous studies have
shown signs of immune alteration in COVID-19 or
long-COVID: T-cell dysfunction, B-cell dysfunction, lym-
phopenia, and elevated pro-inflammatory markers,
such as interleukin-6, ferritin, or D-dimer (Fathi and
Rezaei 2020; Karlsson et al. 2020; Zuo et al. 2020;
D’Amato et al. 2021). One last pathophysiological

explanation is gut microbiome disruption, or gut dys-
biosis (Yeoh et al. 2021).

Sleep disturbances and insomnia have been
reported in both acute phase COVID and long-COVID.
In a web-based study in China, 18.1% of participants
reported poor sleep during the outbreak (Huang and
Zhao 2020). This was reported as well by health-care
professionals (Zhang et al. 2021). Another study in
China found a 70% prevalence of insomnia symptoms
at least once a week (Xue et al. 2020). Other reports
have shown increased sleep disturbances during the
COVID-19 outbreak (Xiao et al. 2020; Targa et al.
2021). Our group carefully surveyed the general popu-
lation of France at the beginning of the lockdown as
part of the COCONEL survey (L�eger et al. 2020; Beck
et al. 2021a, 2021b). It was observed at the beginning
of the pandemic that a high prevalence of sleep disor-
ders in the first sample of 1005 subjects (Beck et al.
2021a). For 62% of the people reporting sleep disor-
ders in the survey, poor sleep was associated with
some daytime impairment of daily activities. Such
impairment mostly affected young people, most disad-
vantaged households, and the unemployed.

Figure 1. Polysomnographic parameters (box and whisker), for subjects and controls. The only statistically significant result
(p ¼ 0.01) is that of AHI, with higher values in subjects compared to controls.
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Sleep impairments, fatigue, and insomnia have
been described in long-COVID but studies so far
have focussed on qualitative and subjective analyses.
A meta-analysis revealed a 31% prevalence of insom-
nia among long-COVID patients (Premraj et al. 2022).
A case-series from Germany evidenced an association
between insomnia and long-COVID in four patients
(Young 2022). Recently Merikanto et al. confirmed
that insomnia, fatigue, and excessive daytime sleepi-
ness were among the most commonly reported
symptoms in long-COVID, especially in patients with
a history of severe acute COVID-19 (Merikanto et al.
2022).

Most studies so far on sleep and long-COVID were
based on subjective parameters, with the exception of
one study by Mekhael et al. using wearables (Mekhael
et al. 2022). They showed, in patients with a history of
COVID, decreased ‘light sleep’ and ‘deep sleep’, based
on parameters, such as heart rate, heart rate variabil-
ity, respiratory rate, and oxygen saturation.

The present study is the first to our knowledge to
evaluate long-COVID patients by polysomnography,
which is the current gold standard for sleep analysis.
Polysomnography allows one to study sleep architec-
ture, including the evaluation of the different sleep
stages, as well as to evaluate the presence of sleep-
related breathing disorders or abnormal movements
(periodic limb movement disorder).

First, we analysed polysomnographic parameters of
long-COVID patients and compared them to normal val-
ues (Boulos et al. 2019). The altered results are consist-
ent with chronic insomnia in terms of short sleep
duration, poor sleep efficiency, and high WAS indicating
sleep maintenance insomnia. We, therefore, confirm the
existence of objective insomnia in all the patients who
complain of insomnia. It has been suggested that neu-
rocognitive disorders associated with long-COVID could
be related to a ‘brain fog’ phenomenon, which is seen
in other conditions (Kverno 2021). In our group, 76% of
patients complained of poor concentration and 53% of
memory loss. Brain fog has been associated with abnor-
mal REM sleep (REM-sleep without atonia) (Gagliano
et al. 2021). Similar phenomena were not evidenced in
our cohort, with normal REM sleep duration, proportion,
and normal associated atonia.

Secondly, we compared polysomnographic results
of long-COVID patients to those of matched insomniac
controls. Those controls were initially consulted for
chronic insomnia and may or may not have a history
of acute COVID, but did not present with signs and
symptoms consistent with long-COVID. We show that
insomnia related to long-COVID is not different, on

polysomnographic grounds, than chronic insomnia of
controls (except for apnoea hypopnoea indexes, with
however similar oxygen desaturation indexes) and
with a lower percentage of N3. This could have several
implications: (1) On pathophysiological level, those
results suggest a common mechanism for ‘common’
chronic insomnia and long-COVID insomnia; (2) on a
therapeutic level, those findings suggest that insomnia
related to long-COVID should be treated like
‘common’ insomnia. The first line treatment for
chronic insomnia is cognitive behavioural therapy
(Riemann et al. 2017). In the case of insomnia symp-
toms associated with other medical conditions (such
as depression or other chronic diseases), it is recom-
mended to treat both, as the causal association and
direction of the relationships are difficult to detangle.

Additionally, we performed more in-depth data
regarding PSG parameters and clinical signs or symp-
toms, concerning both acute COVID and long-COVID.
Owing to the relatively low number of subjects, most
of the results were not statistically significant (data
not shown). We did however show a positive associ-
ation between the presence of arthralgias/enthesopa-
thies in long-COVID and a shorter total sleep time
(301 min ± 66.5 vs. 389 ± 62.5, p ¼ 0.016). This is likely
to be related to pain-induced impaired sleep. Besides,
we show a positive association between memory loss
in long-COVID and a decreased proportion of REM
sleep (13.9% ± 5.7 vs. 23.8% ± 8.6, p ¼ 0.017). This
might be explained by the role of REM in memory
acquisition and processing.

Besides physio pathological hypotheses, several
simplest causes may have promoted insomnia associ-
ated with the changes in sleep habits and sleep
hygiene linked to chronic diseases, like long-covid:
lack of exercise, extended time in bed, increased time
facing medias (Riemann et al. 2017).

We recognise several limitations to our findings:
first, the small group of subjects limits the possibility
of discussion. Second, we did not perform at this step
micro or spectral analyses of PSG.

However, we emphasise that behind the complaints
of poor sleep claimed by the patients with long-covid,
it may have authentic and objective insomnia patients
that have to be followed by sleep specialists.

Acknowledgements

None.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

DIALOGUES IN CLINICAL NEUROSCIENCE 47



Funding

The research received no specific grant or funding.

References

Al-Aly Z, Xie Y, Bowe B. 2021. High-dimensional characteriza-
tion of post-acute sequelae of COVID-19. Nature.
594(7862):259–264. doi:10.1038/s41586-021-03553-9.

[APA] American Psychiatric Association. 2013. Diagnostic and
statistical manual of mental disorders: DSM-5TM. 5th ed.
Arlington (VA): American Psychiatric Publishing, Inc.;
p. xliv, 947.

Arnold DT, Milne A, Samms E, Stadon L, Maskell NA,
Hamilton FW. 2021. Symptoms after COVID-19 vaccination
in patients with persistent symptoms after acute infection:
a case series. Ann Intern Med. 174(9):1334–1336. doi:10.
7326/M21-1976.

Barh D, Tiwari S, Andrade BS, Weener ME, G�oes-Neto A,
Azevedo V, Ghosh P, Blum K, Ganguly NK. 2021. A novel
multi-omics-based highly accurate prediction of symp-
toms, comorbid conditions, and possible long-term com-
plications of COVID-19. Mol Omics. 17(2):317–337. doi:10.
1039/d0mo00189a.

Beck F, Leger D, Cortaredona S, Verger P, Peretti-Watel P.
2021a. Would we recover better sleep at the end of
Covid-19? A relative improvement observed at the popu-
lation level with the end of the lockdown in France. Sleep
Med. 78:115–119. doi:10.1016/j.sleep.2020.11.029.

Beck F, L�eger D, Fressard L, Peretti-Watel P, Verger P. 2021b.
Covid-19 health crisis and lockdown associated with high
level of sleep complaints and hypnotic uptake at the
population level. J Sleep Res. 30(1):e13119. doi:10.1111/jsr.
13119.

Boulos MI, Jairam T, Kendzerska T, Im J, Mekhael A, Murray BJ.
2019. Normal polysomnography parameters in healthy
adults: a systematic review and meta-analysis. Lancet Respir
Med. 7(6):533–543. doi:10.1016/S2213-2600(19)30057-8.

Callard F, Perego E. 2021. How and why patients made long
Covid. Soc Sci Med. 268:113426. doi:10.1016/j.socscimed.
2020.113426.

COVID Live-Coronavirus Statistics-Worldometer. n.d. https://
www.worldometers.info/coronavirus/.

D’Amato G, Acanfora L, Delli Paoli L, D’Amato M. 2021.
Preventive home therapy for symptomatic patients
affected by COVID-19 and followed by teleconsultations.
Multidiscip Respir Med. 16:748.

Das KM, Lee EY, Singh R, Enani MA, Al Dossari K, Van
Gorkom K, Larsson SG, Langer RD. 2017. Follow-up chest
radiographic findings in patients with MERS-CoV after
recovery. Indian J Radiol Imaging. 27(3):342–349. doi:10.
4103/ijri.IJRI_469_16.

Fathi N, Rezaei N. 2020. Lymphopenia in COVID-19: thera-
peutic opportunities. Cell Biol Int. 44(9):1792–1797. doi:10.
1002/cbin.11403.

Gagliano A, Puligheddu M, Ronzano N, Congiu P, Tanca MG,
Cursio I, Carucci S, Sotgiu S, Grossi E, Zuddas A. 2021.
Artificial neural networks analysis of polysomnographic
and clinical features in Pediatric Acute-Onset
Neuropsychiatric Syndrome (PANS): from sleep alteration
to “brain fog”. Nat Sci Sleep. 13:1209–1224. doi:10.2147/
NSS.S300818.

Hirotsu Y, Maejima M, Shibusawa M, Amemiya K, Nagakubo
Y, Hosaka K, Sueki H, Hayakawa M, Mochizuki H, Tsutsui T,
et al. 2021. Analysis of a persistent viral shedding patient
infected with SARS-CoV-2 by RT-qPCR, FilmArray
Respiratory Panel v2.1, and antigen detection. J Infect
Chemother. 27(2):406–409. doi:10.1016/j.jiac.2020.10.026.

Huang Y, Zhao N. 2020. Generalized anxiety disorder, depres-
sive symptoms and sleep quality during COVID-19 outbreak
in China: a web-based cross-sectional survey. Psychiatry
Res. 288:112954. doi:10.1016/j.psychres.2020.112954.

International Classification of Sleep Disorders–Third Edition
(ICSD-3) (Online)-American Academy of Sleep Medicine.
n.d. https://learn.aasm.org/Listing/a1341000002XmRvAAK.

Karlsson AC, Humbert M, Buggert M. 2020. The known
unknowns of T cell immunity to COVID-19. Sci Immunol.
5(53):eabe8063. doi:10.1126/sciimmunol.abe8063.

Kverno K. 2021. Brain fog: a bit of clarity regarding etiology,
prognosis, and treatment. J Psychosoc Nurs Ment Health
Serv. 59(11):9–13. doi:10.3928/02793695-20211013-01.

Ladlow P, O’Sullivan O, Houston A, Barker-Davies R, May S,
Mills D, Dewson D, Chamley R, Naylor J, Mulae J, et al.
2022. Dysautonomia following COVID-19 is not associated
with subjective limitations or symptoms but is associated
with objective functional limitations. Heart Rhythm. 19(4):
613–620. doi:10.1016/j.hrthm.2021.12.005.

Lam MH-B, Wing Y-K, Yu MW-M, Leung C-M, Ma RCW, Kong
APS, So WY, Fong SY-Y, Lam S-P. 2009. Mental morbidities
and chronic fatigue in severe acute respiratory syndrome
survivors: long-term follow-up. Arch Intern Med. 169(22):
2142–2147. doi:10.1001/archinternmed.2009.384.

L�eger D, Beck F, Fressard L, Verger P, Peretti-Watel P, Peretti-
Watel P, Seror V, Cortaredona S, Fressard L, Launay O,
et al. 2020. Poor sleep associated with overuse of media
during the COVID-19 lockdown. Sleep. 43(10):zsaa125. doi:
10.1093/sleep/zsaa125.

Li Q, Zheng X-S, Shen X-R, Si H-R, Wang X, Wang Q, Li B,
Zhang W, Zhu Y, Jiang R-D, et al. 2020. Prolonged shed-
ding of severe acute respiratory syndrome coronavirus 2
in patients with COVID-19. Emerg Microbes Infect. 9(1):
2571–2577. doi:10.1080/22221751.2020.1852058.

Lu Y, Li X, Geng D, Mei N, Wu P-Y, Huang C-C, Jia T, Zhao Y,
Wang D, Xiao A, et al. 2020. Cerebral micro-structural
changes in COVID-19 patients–an MRI-based 3-month fol-
low-up study. EClinicalMedicine. 25:100484. doi:10.1016/j.
eclinm.2020.100484.

Mekhael M, Lim CH, El Hajjar AH, Noujaim C, Pottle C, Makan
N, Dagher L, Zhang Y, Chouman N, Li DL, et al. 2022.
Studying the effect of long COVID-19 infection on sleep
quality using wearable health devices: observational study.
J Med Internet Res. 24(7):e38000. doi:10.2196/38000.

Merikanto I, Dauvilliers Y, Chung F, Wing YK, G, L de
Holzinger B, Bjorvatn B, Morin Cm Penzel T, Benedict C,
et al. 2022. Sleep symptoms are essential features of long-
COVID–comparing healthy controls with COVID-19 cases
of different severity in the international COVID sleep study
(ICOSS-II). J Sleep Res. e13754. Epub 2022 Oct 8.

Moura AEF, Oliveira DN, Torres DM, Tavares-J�unior JWL,
N�obrega PR, Braga-Neto P, Sobreira-Neto MA. 2022.
Central hypersomnia and chronic insomnia: expanding
the spectrum of sleep disorders in long COVID syndrome–
a prospective cohort study. BMC Neurol. 22(1):417. doi:10.
1186/s12883-022-02940-7.

48 A. ROUEN ET AL.

https://doi.org/10.1038/s41586-021-03553-9
https://doi.org/10.7326/M21-1976
https://doi.org/10.7326/M21-1976
https://doi.org/10.1039/d0mo00189a
https://doi.org/10.1039/d0mo00189a
https://doi.org/10.1016/j.sleep.2020.11.029
https://doi.org/10.1111/jsr.13119
https://doi.org/10.1111/jsr.13119
https://doi.org/10.1016/S2213-2600(19)30057-8
https://doi.org/10.1016/j.socscimed.2020.113426
https://doi.org/10.1016/j.socscimed.2020.113426
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
https://doi.org/10.4103/ijri.IJRI_469_16
https://doi.org/10.4103/ijri.IJRI_469_16
https://doi.org/10.1002/cbin.11403
https://doi.org/10.1002/cbin.11403
https://doi.org/10.2147/NSS.S300818
https://doi.org/10.2147/NSS.S300818
https://doi.org/10.1016/j.jiac.2020.10.026
https://doi.org/10.1016/j.psychres.2020.112954
https://learn.aasm.org/Listing/a1341000002XmRvAAK
https://doi.org/10.1126/sciimmunol.abe8063
https://doi.org/10.3928/02793695-20211013-01
https://doi.org/10.1016/j.hrthm.2021.12.005
https://doi.org/10.1001/archinternmed.2009.384
https://doi.org/10.1093/sleep/zsaa125
https://doi.org/10.1080/22221751.2020.1852058
https://doi.org/10.1016/j.eclinm.2020.100484
https://doi.org/10.1016/j.eclinm.2020.100484
https://doi.org/10.2196/38000
https://doi.org/10.1186/s12883-022-02940-7
https://doi.org/10.1186/s12883-022-02940-7


Premraj L, Kannapadi NV, Briggs J, Seal SM, Battaglini D,
Fanning J, Suen J, Robba C, Fraser J, Cho S-M. 2022. Mid
and long-term neurological and neuropsychiatric manifes-
tations of post-COVID-19 syndrome: a meta-analysis. J
Neurol Sci. 434:120162. doi:10.1016/j.jns.2022.120162.

R Development Core Team. 2012. R: a language and environ-
ment for statistical computing, Vienna, Austria: R
Foundation for Statistical Computing. http://www.r-pro-
ject.org/.

Riemann D, Baglioni C, Bassetti C, Bjorvatn B, Dolenc Groselj
L, Ellis JG, Espie CA, Garcia-Borreguero D, Gjerstad M,
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