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Background: Whether COVID-19 infection continues to affect both self-reported and objective sleep is not clear. This longitudinal
study aims to investigate the impact of COVID-19 infection on self-reported and objective sleep of good sleepers.

Methods: Fifteen good sleepers, with prior COVID infection, completed self-reported and objective sleep assessments at 3 time
points: pre-COVID-19 infection, short-term post-COVID-19 infection for 1 month and long-term post-COVID-19 infection for 6
months. Self-reported sleep quality was assessed with the Pittsburgh Sleep Quality Index (PSQI). Self-reported sleep onset latency
(s-SOL) and sleep efficiency (s-SE) were extracted from the PSQI. Objective sleep was assessed by overnight polysomnography.
Nighttime electroencephalogram (EEG) relative power at central EEG derivations during sleep was calculated.

Results: Total scores of the PSQI (P=0.003), s-SOL (P=0.017) and s-SE (P=0.040) changed across the 3 time points. Specifically,
total PSQI scores (P=0.002) and s-SOL (P=0.011) increased, while s-SE decreased (P=0.019) from the pre-COVID-19 infected period
to the short-term post-COVID-19 infected period. However, there were no significant differences regarding PSQI scores, s-SOL or
s-SE between short-term and long-term post-COVID-19 infected periods, or between pre-COVID-19 and long-term post-COVID-19
infected periods (all P>0.999). The changes in objective sleep were not significant across different periods except shorter o-SOL at the
long-term post-COVID-19 infected period compared to the pre-COVID-19 (P=0.028) and short-term post-COVID-19 infected periods
(P=0.010). Similarly, the changes in EEG relative power were not significant across different periods except the relative alpha EEG
power during REM sleep (P=0.007).

Conclusion: COVID-19 infection has temporary adverse effect on self-reported sleep but no effect on objective sleep of good
sleepers.
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Introduction

The outbreak of a highly contagious, 2019 novel coronavirus (2019-nCoV/SARS-CoV-2), causing respiratory infections
and pneumonia in humans, was observed in China in December 2019. Since then, the coronavirus disease 2019 (COVID-
19) rapidly spread throughout China and worldwide. A meta-analysis revealed that poor sleep quality is associated with
an elevated risk of COVID-19 infection and a greater likelihood of severe disease outcomes.' This suggests that
maintaining good sleep may hold significant preventive value and practical implications for mitigating the impact of
the COVID-19 pandemic and population susceptibility.> A large number of studies have found that the impact of the
COVID-19 pandemic or COVID-19 infection on sleep is widespread.> The study found that for hospitalized patients 6
months after acute infection, COVID-19 survivors mainly presented with fatigue or muscle weakness, sleep difficulty,
anxiety or depression.* Moreover, special populations such as medical staff, patients with COVID-19, patients with
chronic diseases and patients with mental disorders have a higher prevalence of insomnia symptoms during the COVID-
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19 pandemic.’ However, most of the previous reports were cross-sectional studies that based on only self-reported sleep
questionnaires,” while objective sleep (ie, polysomnography [PSG] or actigraphy) for COVID-19 was not common.

From an electrophysiological perspective, in a study of sleep electroencephalogram (EEG) of COVID-19
survivors, abnormal brain waves were very common in COVID-19 survivors in the short term after infection,
which could have similar effects as depression and insomnia.® The study by Sun et al found an increase in low-
frequency EEG activity during wakeful EEG after SARS-CoV-2 infection.” These observations may help further
explore changes in sleep after COVID-19 infection. Furthermore, longitudinal studies are needed to determine
whether these changes are short-term or long-term. Evidence from longitudinal studies using objective sleep
measurement is lacking. Whether COVID-19 infection continues to affect both self-reported and objective sleep
is not clear.

This longitudinal study investigated the impact of post-COVID-19 infection on self-reported and objective sleep in
good sleepers. We examined whether post-COVID-19 infection had adverse effects on self-reported and objective sleep
of good sleepers throughout the short- and long-term post-COVID-19 infected status.

Materials and Methods
Participants

To minimize confounding effects of pre-existing sleep disorders and isolate the specific impact of COVID-19 infection on
sleep, we recruited fifteen good sleepers from a good sleep control group, established before the COVID-19 pandemic, in an
ongoing study comprised of adults (age>18 years) without sleep complaints. The exclusion criteria for good sleepers included:
(1) Chronic medical conditions known to disrupt sleep continuity (eg, chronic pain disorders, cardiopulmonary diseases); (2)
Current major psychiatric condition, including but not limited to major depressive disorder and anxiety disorders; (3) Current
or recent (within 1 month) treatment for insomnia, including pharmacotherapy (sleep medications or herbal medicines) or
cognitive-behavioral therapy; (4) Sleep-disordered breathing (apnea-hypopnea index [AHI] >5 events/hour) confirmed by
PSG or clinically diagnosed comorbid sleep disorders (eg, restless legs syndrome, circadian rhythm disorders). All the
participants were subsequently infected with 2019-nCoV/SARS-CoV-2 between December 2022 and May 2023, and who had
agreed to receive self-reported and objective sleep assessments during short- and long-term post-COVID-19 infection.
Participants were evaluated through a standardized interview conducted by the same attending physician, and none of the
participants were hospitalized for COVID-19. In this study, short-term post-COVID-19 infection follow-up was conducted
around 1 month after their COVID-19 antibody testing became negative. Long-term post-COVID-19 infection follow-up was
conducted 6 months after their COVID-19 antibody testing became negative. Both tests were conducted between
December 2022 to May 2023. COVID-19 infection was confirmed based on the results of the individual’s COVID-19 antigen-
based lateral flow test from a nasopharyngeal swab.® We included adults who had COVID-19 infection between
December 2022 and May 2023 and completed sleep assessments at their pre-COVID-19, short-term and long-term post-
COVID-19 infection periods. We excluded subjects who (1) had a major mental condition (ie major depression) or sleep
disorder (ie, insomnia and sleep apnea) pre-COVID-19; (2) had a central system infection or other major physical disease
during the follow-up; (3) were pregnant or nursing; (4) refused to participate in the study or could not complete the follow-up
surveys. Ultimately, 15 good sleepers were included. Figure 1 depicts the flow of this study. This study was approved by the
Research Ethics Board of the Mental Health Center of Shantou University and informed consent was obtained from each
participant. This study complied with the Declaration of Helsinki.

Measures

Clinical History and Physical Examination

All subjects completed a medical history and physical examination at their pre-COVID-19 infection period and at each
post-COVID-19 infection follow-up in the sleep laboratory using a semi-structured questionnaire and a battery of clinical
tests. Body mass index (BMI) was calculated based on weight (kg)/height® (m?).
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Final analysis (N=15)

Figure | Study procedure.
Abbreviations: EEG, electroencephalogram; ESS, Epworth Sleepiness

Self-Reported Sleep Assessments

Scale; PSG, polysomnography; PSQI, Pittsburgh Sleep Quality Index.

The Pittsburgh Sleep Quality Index (PSQI) was used to assess self-reported sleep (https://www.sleep.pitt.edu/psqi).

Higher PSQI scores indicate worse self-reported sleep quality.” The self-reported sleep onset latency (s-SOL), total sleep

time (s-TST) and sleep efficiency (s-SE) were calculated based on PSQI questions 1. During the past month, what time

have you usually gone to bed at night? 2. During the past month, how long (in minutes) has it usually taken you to fall

asleep each night? 3. During the past month, what time have you usually gotten up in the morning? 4. During the past
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month, how many hours of actual sleep did you get each night?'® The Epworth Sleepiness Scale (ESS) was used to assess
daytime sleepiness and the license was obtained. Higher ESS scores indicate more severe daytime sleepiness.'' We used
simplified Chinese version of the PSQI and ESS scale, which has been widely used and has achieved good internal
consistency in our previous cross-sectional study with large sample (PSQI: Cronbach’s a=0.74, ESS: Cronbach’s
0=0.82)."?

Polysomnography

All subjects underwent overnight PSG monitorings in the sleep laboratory to assess their objective sleep at their
pre-COVID-19 infection period and at each post-COVID-19 infection follow-up. Each subject could sleep accord-
ing to their habitual sleep time, with the recording time ranging from 22:00-23:00 to 6:00—7:00. Subjects were
continuously monitored with 16-channel polygraphs, including EEG, electrooculogram, electromyogram, and
electrocardiogram. Respiration was monitored by use of thermocouples and a nasal pressure transducer at the
nose and mouth and thoracic strain gauges throughout the night. Peripheral oxygen saturation was obtained with an
oximeter attached to the finger. The sleep records were scored by a senior technician who was blind to the study, as
according to the American Academy of Sleep Medicine Manual for the Scoring of Sleep and Associated Events
version 2.3."3

EEG Spectral Analyses

We also used EEG spectral analyses to assess objective sleep. Consistent with our previous studies, spectral analyses of
EEG power were performed on central EEG derivations (C3-M2 and C4-M1) during non-rapid eye movement (NREM)
and rapid eye movement (REM) sleep from the nighttime PSG.'*'> After automatically eliminating epochs encompass-
ing movements, arousals and poor electrode contact, we used artifact-free epochs of NREM and REM sleep for spectral
analysis. In the spectral analysis, NREM sleep was defined as any period of NREM sleep persisting for at least
15 minutes, and REM sleep was characterized as any period of REM sleep lasting for at least 5 minutes.'® We utilized
sleepFFT software (Biosoft Studio), the fast Fourier transform (FFT) algorithm, to calculate relative spectral EEG power.
The spectral resolution was set at 0.50 hz. After applying the Hann window, the power spectrum was calculated for each
FFT window within the data. The averaged C3-M2 and C4-M1 relative EEG power of each frequency band (delta
[0.5-4.0 hz], theta [4.5-8.0 hz], alpha [8.5-11.0 hz], sigma [11.5-15.0 hz], beta [15.5-30.0 hz]) and gamma [30.5—
49.5 hz] were used for analyses in this study.

Statistical Analysis

Data are presented as the mean + standard deviation for continuous variables. One-way repeated measures analysis of
variance was used to compare the changes across pre-COVID-19 infected periods, and the short- and long-term post-
COVID-19 infection periods. Bonferroni correction was used to correct for multiple post hoc comparisons. These models
were not adjusted for covariables such as sex because their interaction with time-effect were not significant (all P>0.221)
and our sample size was small. All analyses were performed using SPSS 26.0 (IBM Corp., Armonk, NY, USA). The
G*Power 3.1.9.2 program was used for power calculation.'” Among the detections for significant change in self-reported
and objective sleep indicators, we obtained a power of at least 8§1.83% using “Post hoc: Compute achieved power - given
a, sample size, and effect size” with an o of 0.05.

Results

Among 45 subjects from a good sleeper control group, 17 subjects were initially enrolled and completed the short-term
post-COVID-19 infected follow-up. Among these 17 subjects, 2 subjects were excluded because one refused to do the long-
term follow-up visit, and the other had a viral meningitis infection, that was not associated with 2019-nCoV/SARS-CoV-2,
between the short- and long-term post-COVID-19 infection periods. Ultimately, our study included 15 subjects with a mean
age of 25.33 + 3.06 years and a mean BMI of 20.45 £ 2.91 kg/mz’ and 66.7% were females (Supplementary Table A.1).
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Table | Self-Reported Sleep Across Different COVID-19 Infection Periods

Item Pre-COVID-19 Short-Term Post- Long-Term Post- F Time 32, Po.; © Po.; ¢ P.,°
Infection COVID-19 Infection COVID-19 Infection effect P

PSQI scores 3.87+1.46 5.20+1.42 4.33+1.84 9.738 0.003 0.600 | 0.002 | >0.999 | 0.397

s-SOL (min) 20.33£10.08 27.67+12.23 23.40%14.61 5.688 0.017 0.467 | 0.011 | >0.999 | >0.999

s-TST (min) 398.00+44.59 378.00+50.46 404.00+59.86 1.989 0.176 0.234 | 0.196 | >0.999 | 0.866

s-SE (%) 86.2248.23 80.77+6.05 85.85+8.04 3.891 0.040 0.218 | 0.019 | >0.999 | 0.162

ESS scores 5.93+2.87 5.27+4.27 4.20+2.62 1.448 0.253 0.094 | >0.999 | 0597 | >0.999

Notes: Data are presented as mean  standard deviation. F-values, P-values and /72, were derived from univariate repeated-measures analysis. °. P-values were adjusted for multiple
tests with use of the Bonferroni correction. Py.,, p-value for pre-COVID-19 infection vs short-term post-COVID- 19 infection; Py.,, p-value for pre-COVID- 9 infection vs long-term
post-COVID-19 infection; P, p-value for short-term post-COVID-19 infection vs long-term post-COVID-9 infection. All P < 0.05 are indicated in bold.

Abbreviations: ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; s-SE, self-reported sleep efficiency; s-SOL, self-reported sleep onset latency; s-TST,
self-reported total sleep time.

Changes in Self-Reported Sleep

As shown in Table 1, the total PSQI scores (P=0.003), s-SOL (P=0.017), and s-SE (P=0.040) changed across the pre-
COVID-19, short- and long-term post-COVID-19 infection periods. Specifically, the total PSQI scores (Figure 2A,
P=0.002) and s-SOL increased (Figure 2B, P=0.011), and s-SE decreased (Figure 2C, P=0.019) for the short-term post-
COVID-19 infection period compared to the pre-COVID-19 infection period. However, no significant differences were
observed between pre-COVID-19 infection and long-term post-COVID-19 infection periods (all P>0.597), or short- and
long-term post-COVID-19 infection periods (all P>0.162). We did not find any significant changes in s-TST across the
different periods (P=0.176).

Changes in Objective Sleep

As shown in Table 2, significant change was observed in objective SOL (0-SOL, P=0.010) from pre-COVID-19 infection
to long-term post-COVID-19 infection. Specifically, o-SOL was decreased at the long-term post-COVID-19 infection
period compared to the pre-COVID-19 infection (P=0.028) and short-term post-COVID-19 infection periods (P=0.010).
No differences were observed regarding other objective sleep parameters across the different periods (all P>0.155).

Changes in EEG Power

As shown in Table 3, the relative alpha EEG power during REM sleep changed (P=0.007) across the pre-COVID-19
infection through long-term post-COVID-19 infection periods. However, in the post hoc analyses, no significant
difference was observed between each period (all P~0.167). No significant changes were observed in other EEG relative
power during NREM or REM sleep across all three infection periods (all P>0.112).

Discussion

This is the first study to investigate the changes in self-reported and objective sleep across different post-COVID-19
infected periods. Our results suggest that COVID-19 infection has adverse effects on self-reported sleep, but not
objective sleep during the short-term post-COVID-19 infection period. In the long term, COVID-19 infection appears
to have no effect on either self-reported or objective sleep for good sleepers.

A few studies have reported impaired self-reported sleep during the COVID-19 pandemic,'® especially for short-term
post-COVID-19 infection.'® In the current study, we found that self-reported sleep quality and s-SE were decreased, and
s-SOL was increased during the short-term post-COVID-19 infection period, which is consistent with most previous
studies.'”?® Several factors may contribute to this association. First, physiological stress and immune response associated
with viral infections can disrupt sleep homeostasis and lead to self-reported sleep impairment.>'** COVID-19 infection
may trigger excessive activation of the immune system and induce cytokines within the body, leading to an amplified
immune response in brain tissue.”>** These consequent events can present as neuropsychiatric symptoms and sleep
impairment.”> Second, the psychological burden of the illness may exacerbate sleep complaints.”>® Interestingly, we
found that self-reported sleep quality at 6 months post-COVID-19 infection improved to pre-COVID-19 levels,
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Figure 2 Changes in self-reported sleep. (A) Changes of PSQI scores across different COVID-19 infection periods. (B) Changes in s-SOL across different COVID-19

infection periods. (C) Changes in s-SE across different COVID-19 infection periods.
Notes: Time effect p-values are derived from univariate repeated-measures analysis with Bonferroni correction for multiple comparisons.
Abbreviations: FU, follow-up; PSQI, Pittsburgh Sleep Quality Index; s-SE, self-reported sleep efficiency; s-SOL, self-reported sleep onset latency.

suggesting that COVID-19 infection does not have long-term effects on self-reported sleep. Although there is no previous
study to examine the long-term effect COVID-19 infection on sleep, our findings are consistent with previous studies in
other viral infections, such as influenza.*>*® The improvement in self-reported sleep may be associated with the
resolution of acute physiological and psychological stressors as the body recovers from viral insult.*' Furthermore,
other potential factors may interpret the long-term recovery of sleep following COVID-19 infection, including the
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Table 2 Polysomnography Parameters Across Different COVID-19 Infection Periods
Item Pre-COVID Short-Term Post- Long-Term post- F Time effect 7 » Po., Py © P.°
-19 Infection COVID-19 Infection COVID-19 Infection P
0-SOL (min) 13.85+9.30 18.34+12.51 6.37+3.72 6.407 0.010 0314 0.875 0.028 0.010
o-TST (min) 432.19+44.98 428.39+30.25 436.05+£29.64 0.178 0.832 0.013 | >0.999 | >0.999 | >0.999
o-SE (%) 89.59+7.72 90.49+4.45 93.50£3.60 2.068 0.155 0.129 | >0.999 0.257 0.271
WASO (min) 30.23+31.18 26.85+15.81 23.97+17.41 0.256 0.729 0.018 | >0.999 | >0.999 | >0.999
NREM sleep stage | (%) 8.44+2.97 8.67+4.36 11.61£7.49 1.933 0.176 0.121 >0.999 0.485 0.425
NREM sleep stage 2 (%) 48.99+9.03 52.15+7.42 48.13+5.41 1.785 0.196 0.113 0.628 >0.999 0.055
NREM sleep stage 3 (%) 21.1848.17 18.52+5.88 19.87+6.18 0.724 0.481 0.049 0.711 >0.999 | >0.999
REM sleep (%) 21.27+4.09 20.61+4.72 20.39+3.57 0.247 0.781 0.017 | >0.999 | >0.999 | >0.999
AHI (events/hour) 2.01£2.02 1.77+1.32 2.14£1.79 0.192 0.814 0.014 [ >0.999 | >0.999 | >0.999
PLMI (events/hour) 1.42£1.99 1.27£2.11 2.71+4.43 0.657 0.535 0.092 | >0.999 0.897 0.766

Notes: Data are presented as mean * standard deviation. F-values, P-values and 72, were derived from univariate repeated-measures analysis. °. P-values were adjusted for
multiple tests with use of the Bonferroni correction. Py, P for pre-COVID-19 infection vs short-term post-COVID-19 infection; Py.,, P for pre-COVID-9 infection vs long-
term post-COVID- 19 infection; P, P for short-term post-COVID-19 infection vs long-term post-COVID-19 infection. All P < 0.05 are indicated in bold.
Abbreviations: AHI, apnea-hypopnea index; NREM, non-rapid eye movement; PLMI, periodic limb movement index; o-SE, objective sleep efficiency; o-SOL, objective sleep
onset latency; o-TST, objective total sleep time; REM, rapid eye movement; WASO, wake after sleep onset.

Table 3 Indicators of EEG Power Across Different COVID-19 Infection Periods

EEG Power Pre-COVID-19 Short-Term Post- Long-Term Post- F Time 7’ » Po., Py © P,
Infection COVID-19 Infection COVID-19 Infection effect P
NREM-Delta (%) 76.64+3.24 77.13£3.11 75.66+3.82 0.782 0.458 0.053 | >0.999 | >0.999 | 0.543
NREM-Theta (%) 11.34x1.79 11.29+1.35 12.15+1.62 1.333 0.278 0.087 | >0.999 0.770 0.170
NREM-Alpha (%) 4.36%1.02 4.46x1.20 492+1.52 1.009 0.371 0.067 | >0.999 0.741 0.966
NREM-Sigma (%) 5.70£1.90 4.99+1.62 5.10£1.79 0.642 0.502 0.044 0.966 >0.999 | >0.999
NREM-Beta (%) 1.924+0.71 2.08+0.81 2.12+0.84 0.380 0.679 0.026 | >0.999 | >0.999 | >0.999
NREM-Gamma (%) 0.05+0.03 0.05+0.02 0.05+0.02 0.210 0.786 0.015 | >0.999 | >0.999 | >0.999
REM-Delta (%) 65.13+6.09 68.301+4.72 66.68+5.15 2.353 0.126 0.144 | 0.180 | >0.999 | 0.452
REM-Theta (%) 18.78+4.27 17.14+3.50 17.64+3.33 0.843 0.422 0.057 | 0.641 >0.999 | >0.999
REM-Alpha (%) 6.47+1.46 5.98+1.06 6.611£2.04 7.552 0.007 0.537 0.803 >0.999 0.167
REM-Sigma (%) 3.95+0.95 3.79+1.29 4.03+1.38 0.166 0.836 0.012 [ >0.999 | >0.999 | >0.999
REM-Beta (%) 5.51+£2.05 4.67+1.88 4911223 1.413 0.260 0.092 0.433 0.799 >0.999
REM-Gamma (%) 0.17£0.10 0.12+0.07 0.13£0.09 2.488 0.112 0.151 0.207 0.552 >0.999

Notes: Data are presented as mean * standard deviation. F-values, P-values and ;72p were derived from univariate repeated-measures analysis. . P-values were adjusted for
multiple tests with use of the Bonferroni correction. Py, P for pre-COVID- 19 infection vs short-term post-COVID- 9 infection; Po.,, P for pre-COVID-19 infection vs long-
term post-COVID-19 infection; P, P for short-term post-COVID-19 infection vs long-term post-COVID-19 infected period. Delta: 0.5-4.0 hz; theta: 4.5-8.0 hz; alpha:
8.5-11.0 hz; sigma: 11.5-15.0 hz; beta: 15.5-30.0 hz. All P < 0.05 are indicated in bold.

Abbreviations: EEG, electroencephalogram; NREM, non-rapid eye movement; REM, rapid eye movement.

rebound of sleep homeostasis and adaptation of emotional responses.’”** In a study on sleep vulnerability, it was
observed that individuals whose sleep was susceptible to stress demonstrated a compensatory mechanism that prevented
acute sleep disturbances from developing into chronic issues.** This finding contributes to the understanding of the
stress-compensation process.”* In our study, this process can be used to explain changes in self-reported sleep as
a stressor in the context of COVID-19.

Regarding objective sleep, this is the first PSG-based longitudinal study to examine the short- and long-term changes
after COVID-19 infection. In our study, despite the adverse short-term impact of COVID-19 infection on self-reported
sleep, most indicators of PSG and EEG relative power during sleep were not affected, suggesting that good sleepers had
good objective sleep stability in response to the COVID-19 infection. EEG power indicators have been noted to be
biomarkers for blood-brain barrier (BBB) leakage.>> As evidenced by our results showing no changes in EEG relative
power after COVID-19 infection, the BBB may not be affected in good sleepers due to their stable objective sleep.
Furthermore, shortened o-SOL was observed during the long-term post-COVID-19 infection period compared to pre-
COVID-19. However, it could not be associated with excessive sleepiness, since their self-reported daytime sleepiness
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did not change, as measured by ESS. In addition, we found that objective parameters for sleep-related breathing disorder
(ie, AHI) or periodic limb movement disorder (ie, periodic limb movement index) did not change across different pre-
and post-infection periods, suggesting that COVID-19 infection may not affect sleep-related breathing or periodic limb
movement disorders.

Previous studies with objective sleep assessment to examine the impact of COVID-19 on sleep were cross-sectional

studies. Rouen et al*®

found no significant difference in objective sleep between COVID-19 patients with insomnia and
those with chronic insomnia without COVID-19 infection, but cross-sectional studies limited the causal inferences about
the effect of COVID-19 infection on sleep. Although altered sleep architecture was found in long COVID-19 patients
compared with non-COVID-19 patients in another study,’’ that study lacked EEG-related information and had no
baseline data. Findings of these cross-sectional studies showed that patients during COVID-19 infection or with long
COVID-19 had shorter TST*® and deep sleep duration,’” as well as increased awakenings.*® The inconsistent findings
with our study could be interpreted by inclusion of different study subjects (ie, subjects with COVID-19 infection vs
post-COVID-19 infection status).

The discrepancy between self-reported and objective sleep has been observed in various clinical populations,
particularly patients with insomnia.*>** Our discrepancy between self-reported and objective sleep may be interpreted
as paradoxical insomnia during the short-term post-COVID-19 infection period, where the proportion of subjects with
PSQI scores >5 was increased from 13.33% to 26.67%.

The current study has several strengths. This is the first study examining both self-reported and objective sleep across
the pre-COVID-19 infection, and short- and long-term post-COVID-19 infection periods. The EEG relative power
analysis in addition to PSG collectively suggest that COVID-19 infection does not affect objective sleep of good sleepers.
Some limitations also need to be acknowledged. First, the sample size was relatively small. However, the power
calculation showed good statistical significance with at least 81.83% power to detect changes in the 15 subjects.
Second, due to the restricted access of COVID-19 positive patients to sleep laboratories during the pandemic and
potential ethical issues, no data were obtained in the acute phase of COVID-19 infection. However, considering the long-
term effects of COVID-19 infection, the results of this study provide a reference for future research. Third, our subjects
were predominantly young female. Although the interaction effect of gender and time-effect was not significant, our
results should be interpreted cautiously in those with older age or medical conditions. Future studies including larger
populations with different medical conditions are needed.

Conclusions

In conclusion, COVID-19 infection may have adverse impacts on self-reported sleep but not objective sleep during the
short-term period. Over an extended duration, no observable influence of COVID-19 infection was detected on either
self-reported sleep or objective sleep.

Abbreviations

AHI, apnea-hypopnea index; BBB, blood-brain barrier; BMI, body mass index; EEG, electroencephalogram; ESS,
Epworth Sleepiness Scale; FFT, fast Fourier transform; NREM, non-rapid eye movement; PSG, polysomnography;
PSQI, Pittsburgh Sleep Quality Index; REM, rapid eye movement; SE, sleep efficiency; SOL, sleep onset latency; TST,
total sleep time.

Data Sharing Statement

Data and protocols are available upon reasonable request from the corresponding author.

Ethics Approval and Informed Consent

This study was approved by the Research Ethics Board of the Mental Health Center of Shantou University (Approval
No. 202303) and informed consent was obtained from each participant. This study complied with the Declaration of
Helsinki.

1428 https: Nature and Science of Sleep 2025:17



Wu et al @

Acknowledgments

This study has obtained the license from Mapi Research Trust to use the Chinese-translated ESS and Insomnia Severity
Index (ISI). We have also received permission from Pearson to use the Beck Anxiety Inventory (BAI) and Beck
Depression Inventory (BDI). The authors thank the sleep technicians and staff of Department of Sleep Medicine,
Mental Health Center of Shantou University, for their support to this project.

Author Contributions

Jun Wu: Methodology, Writing- Original draft preparation, Formal analysis, Visualization, Investigation; Baixin Chen:
Formal analysis, Project administration, Writing - Review & Editing; Qingsong Qin: Visualization, Investigation,
Writing - Review & Editing; Yanyuan Dai: Data Curation, Visualization, Writing - Review & Editing; Le Chen:
Data Curation, Visualization, Writing - Review & Editing; Dandan Zheng: Data Curation, Visualization, Writing -
Review & Editing; Jiansheng Zhang: Data Curation, Visualization, Writing - Review & Editing; Yun Li:
Conceptualization, Writing - Review & Editing, Supervision. All authors contributed significantly to the work reported
whether in conception, study design, execution, data acquisition, analysis and interpretation, or in all of these areas. All
authors contributed to drafting or writing, or substantively revised or critically reviewed the article. All the authors have
reached consensus on the article will be submitted to the journal. All authors agree to review all versions of the article
prior to submission, during revision, acceptance of the final version for publication, and any significant changes
introduced during the proofreading phase, and to be responsible for the content of the article.

Funding
This study was supported by the 2020 Li Ka Shing Foundation Cross-Disciplinary Research Grant (2020LKSFGO05B).

Disclosure
All authors report no potential conflicts of interest for this work.

References

1. Shafiee A, Jafarabady K, Rajai S, Mohammadi I, Mozhgani SH. Sleep disturbance increases the risk of severity and acquisition of COVID-19:
a systematic review and meta-analysis. Eur J Med Res. 2023;28(1):442. doi:10.1186/s40001-023-01415-w
2. Wang S, Huang T, Weisskopf MG, Kang JH, Chavarro JE, Roberts AL. Multidimensional sleep health prior to SARS-CoV-2 infection and risk of
post-COVID-19 condition. JAMA Network Open. 2023;6(5):¢2315885. doi:10.1001/jamanetworkopen.2023.15885
3.LiY, Chen B, Hong Z, et al. Insomnia symptoms during the early and late stages of the COVID-19 pandemic in China: a systematic review and
meta-analysis. Sleep Med. 2022;91:262-272. doi:10.1016/j.sleep.2021.09.014
4. Huang C, Huang L, Wang Y, et al. 6-month consequences of COVID-19 in patients discharged from hospital: a cohort study. Lancet. 2023;401
(10393):e21-€33. doi:10.1016/50140-6736(23)00810-3
5. Jackson C, Stewart ID, Plekhanova T, et al. Effects of sleep disturbance on dyspnoea and impaired lung function following hospital admission due
to COVID-19 in the UK: a prospective multicentre cohort study. Lancet Respir Med. 2023;11(8):673-684. doi:10.1016/52213-2600(23)00124-8
6. Goyal A, Saxena K, Kar A, et al. Sleep EEG signatures in COVID-19 survivors. Sleep Vigil. 2021;5(2):281-288. d0i:10.1007/s41782-021-00174-0
7. Sun Y, Sun J, Chen X, Wang Y, Gao X. EEG signatures of cognitive decline after mild SARS-CoV-2 infection: an age-dependent study. BMC Med.
2024;22(1):257. doi:10.1186/s12916-024-03481-1
8. Cucina A, Contino F, Brunacci G, et al. The suitability of RNA from positive SARS-CoV-2 rapid antigen tests for whole virus genome sequencing
and variant identification to maintain genomic surveillance. Diagnostics. 2023;13(24). doi:10.3390/diagnostics13243618
9. Mollayeva T, Thurairajah P, Burton K, Mollayeva S, Shapiro CM, Colantonio A. The Pittsburgh sleep quality index as a screening tool for sleep
dysfunction in clinical and non-clinical samples: a systematic review and meta-analysis. Sleep Med Rev. 2016;25:52-73. doi:10.1016/j.
smrv.2015.01.009
10. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep quality index: a new instrument for psychiatric practice and
research. Psychiatry Res. 1989;28(2):193-213. doi:10.1016/0165-1781(89)90047-4
11. Li Y, Vgontzas A, Kritikou I, et al. Psychomotor vigilance test and its association with daytime sleepiness and inflammation in sleep apnea: clinical
implications. J Clin Sleep Med. 2017;13(9):1049-1056. doi:10.5664/jcsm.6720
12. Mao Y, Xie B, Chen B, et al. Mediating effect of sleep quality on the relationship between electronic screen media use and academic performance
among college students. Nat Sci Sleep. 2022;14:323-334. doi:10.2147/nss.S346851
13. Berry RB, Budhiraja R, Gottlieb DJ, et al. Rules for scoring respiratory events in sleep: update of the 2007 AASM manual for the scoring of sleep
and associated events. deliberations of the sleep apnea definitions task force of the American Academy of sleep medicine. J Clin Sleep Med. 2012;8
(5):597-619. doi:10.5664/jcsm.2172
14. Fernandez-Mendoza J, Li Y, Vgontzas AN, et al. Insomnia is associated with cortical hyperarousal as early as adolescence. Sleep. 2016;39
(5):1029-1036. doi:10.5665/sleep.5746

Nature and Science of Sleep 2025:17 heeps: 1429


https://doi.org/10.1186/s40001-023-01415-w
https://doi.org/10.1001/jamanetworkopen.2023.15885
https://doi.org/10.1016/j.sleep.2021.09.014
https://doi.org/10.1016/s0140-6736(23)00810-3
https://doi.org/10.1016/s2213-2600(23)00124-8
https://doi.org/10.1007/s41782-021-00174-0
https://doi.org/10.1186/s12916-024-03481-1
https://doi.org/10.3390/diagnostics13243618
https://doi.org/10.1016/j.smrv.2015.01.009
https://doi.org/10.1016/j.smrv.2015.01.009
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.5664/jcsm.6720
https://doi.org/10.2147/nss.S346851
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.5665/sleep.5746

@ Wu et al

20.

21.

22.

23.

24.
25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

. Cai W, Chen L, Dai Y, Chen B, Zheng D, Li Y. Association between EEG power during sleep and attention levels in patients with major depressive

disorder. Nat Sci Sleep. 2024;16:855-864. doi:10.2147/nss.S464055

. Dai Y, Ma J, Vgontzas AN, et al. Insomnia disorder is associated with 24-hour cortical hyperarousal. Sleep Med. 2024;124:681-687. doi:10.1016/].

sleep.2024.11.002

. Kang H. Sample size determination and power analysis using the G*power software. J Educ Eval Health Prof. 2021;18:17. doi:10.3352/

jeehp.2021.18.17

. Shillington KJ, Vanderloo LM, Burke SM, Ng V, Tucker P, Irwin JD. Not so sweet dreams: adults’ quantity, quality, and disruptions of sleep during

the initial stages of the COVID-19 pandemic. Sleep Med. 2022;91:189-195. doi:10.1016/j.sleep.2021.02.028

. Benitez ID, Moncusi-Moix A, Vaca R, et al. Sleep and circadian health of critical COVID-19 survivors 3 months after hospital discharge. Crit Care

Med. 2022;50(6):945-954. doi:10.1097/ccm.0000000000005476

Shao H, Chen H, Xu K, et al. Investigating the associations between COVID-19, long COVID, and sleep disturbances: cross-sectional study. JMIR
Public Health Surveill. 2024;10:¢53522. doi:10.2196/53522

Dinakaran D, Manjunatha N, Naveen Kumar C, Suresh BM. Neuropsychiatric aspects of COVID-19 pandemic: a selective review. Asian
J Psychiatr. 2020;53:102188. doi:10.1016/j.ajp.2020.102188

Zhang L, Li T, Chen L, et al. Association of sleep quality before and after SARS-CoV-2 infection with clinical outcomes in hospitalized patients
with COVID-19 in China. Excli J. 2021;20:894-906. doi:10.17179/excli2021-3451

Bocek J, Prasko J, Genzor S, et al. Sleep disturbance and immunological consequences of COVID-19. Patient Prefer Adherence. 2023;17:667-677.
doi:10.2147/ppa.S398188

Kumar N, Gupta R. Disrupted sleep during a pandemic. Sleep Med Clin. 2022;17(1):41-52. doi:10.1016/j.jsmc.2021.10.006

Papagiouvanni I, Kotoulas SC, Vettas C, Sourla E, Pataka A. Sleep during the COVID-19 pandemic. Curr Psychiatry Rep. 2022;24(11):635-643.
doi:10.1007/s11920-022-01371-y

Jiang Z, Zhu P, Wang L, et al. Psychological distress and sleep quality of COVID-19 patients in Wuhan, a lockdown city as the epicenter of
COVID-19. J Psychiatr Res. 2021;136:595-602. doi:10.1016/j.jpsychires.2020.10.034

Busch IM, Moretti F, Mazzi M, Wu AW, Rimondini M. What we have learned from two decades of epidemics and pandemics: a systematic review
and meta-analysis of the psychological burden of frontline healthcare workers. Psychother Psychosom. 2021;90(3):178-190. doi:10.1159/
000513733

Simor P, Polner B, Bathori N, et al. Home confinement during the COVID-19: day-to-day associations of sleep quality with rumination,
psychotic-like experiences, and somatic symptoms. Sleep. 2021;44(7). doi:10.1093/sleep/zsab029

Lasselin J, Ingre M, Regenbogen C, et al. Sleep during naturally occurring respiratory infections: a pilot study. Brain Behav Immun.
2019;79:236-243. doi:10.1016/1.bbi.2019.02.006

Lemcke R, Egebjerg C, Berendtsen NT, et al. Molecular consequences of peripheral Influenza A infection on cell populations in the murine
hypothalamus. Elife. 2023;12. doi:10.7554/eLife.87515

Lin W, Wu B, Chen B, et al. Sleep conditions associate with anxiety and depression symptoms among pregnant women during the epidemic of
COVID-19 in Shenzhen. J Affect Disord. 2021;281:567-573. doi:10.1016/j.jad.2020.11.114

Viana Mendes J, Benedito-Silva AA, Medeiros Andrade MA, et al. Actigraphic characterization of sleep and circadian phenotypes of PER3 gene
VNTR genotypes. Chronobiol Int. 2023;40(9):1244-1250. doi:10.1080/07420528.2023.2256858

Salfi F, Amicucci G, Corigliano D, et al. Poor sleep quality, insomnia, and short sleep duration before infection predict long-term symptoms after
COVID-19. Brain Behav Immun. 2023;112:140-151. doi:10.1016/j.bbi.2023.06.010

Lin YH, Jen CH, Yang CM. Information processing during sleep and stress-related sleep vulnerability. Psychiatry Clin Neurosci. 2015;69(2):84-92.
doi:10.1111/pen. 12206

Semyachkina-Glushkovskaya O, Mamedova A, Vinnik V, et al. Brain mechanisms of COVID-19-sleep disorders. Int J Mol Sci. 2021;22(13):6917.
doi:10.3390/ijms22136917

Rouen A, Taieb J, Caetano G, et al. Polysomnographic parameters in long-COVID chronic insomnia patients. Dialogues Clin Neurosci. 2023;25
(1):43-49. doi:10.1080/19585969.2023.2222714

Mekhael M, Lim CH, El Hajjar AH, et al. Studying the effect of long COVID-19 infection on sleep quality using wearable health devices:
observational study. J Med Internet Res. 2022;24(7):¢38000. doi:10.2196/38000

Tanski W, Tomasiewicz A, Jankowska-Polaniska B. Sleep disturbances as a consequence of long COVID-19: insights from actigraphy and
clinimetric examinations-an uncontrolled prospective observational pilot study. J Clin Med. 2024;13(3):839. doi:10.3390/jcm13030839

Hsiao FC, Tsai PJ, Wu CW, et al. The neurophysiological basis of the discrepancy between objective and subjective sleep during the sleep onset
period: an EEG-fMRI study. Sleep. 2018;41(6). doi:10.1093/sleep/zsy056

Castelnovo A, Ferri R, Punjabi NM, et al. The paradox of paradoxical insomnia: a theoretical review towards a unifying evidence-based definition.
Sleep Med Rev. 2019;44:70-82. doi:10.1016/j.smrv.2018.12.007

Nature and Science of Sleep Dovepress
Taylor & Francis Group

Publish your work in this journal

Nature and Science of Sleep is an international, peer-reviewed, open access journal covering all aspects of sleep science and sleep medicine,
including the neurophysiology and functions of sleep, the genetics of sleep, sleep and society, biological rhythms, dreaming, sleep disorders
and therapy, and strategies to optimize healthy sleep. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/nature-and-science-of-sleep-journal

. Nature and Science of Sleep 2025:17
1430 B X in O P


https://doi.org/10.2147/nss.S464055
https://doi.org/10.1016/j.sleep.2024.11.002
https://doi.org/10.1016/j.sleep.2024.11.002
https://doi.org/10.3352/jeehp.2021.18.17
https://doi.org/10.3352/jeehp.2021.18.17
https://doi.org/10.1016/j.sleep.2021.02.028
https://doi.org/10.1097/ccm.0000000000005476
https://doi.org/10.2196/53522
https://doi.org/10.1016/j.ajp.2020.102188
https://doi.org/10.17179/excli2021-3451
https://doi.org/10.2147/ppa.S398188
https://doi.org/10.1016/j.jsmc.2021.10.006
https://doi.org/10.1007/s11920-022-01371-y
https://doi.org/10.1016/j.jpsychires.2020.10.034
https://doi.org/10.1159/000513733
https://doi.org/10.1159/000513733
https://doi.org/10.1093/sleep/zsab029
https://doi.org/10.1016/j.bbi.2019.02.006
https://doi.org/10.7554/eLife.87515
https://doi.org/10.1016/j.jad.2020.11.114
https://doi.org/10.1080/07420528.2023.2256858
https://doi.org/10.1016/j.bbi.2023.06.010
https://doi.org/10.1111/pcn.12206
https://doi.org/10.3390/ijms22136917
https://doi.org/10.1080/19585969.2023.2222714
https://doi.org/10.2196/38000
https://doi.org/10.3390/jcm13030839
https://doi.org/10.1093/sleep/zsy056
https://doi.org/10.1016/j.smrv.2018.12.007
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Participants

	Measures
	Clinical History and Physical Examination
	Self-Reported Sleep Assessments
	Polysomnography
	EEG Spectral Analyses
	Statistical Analysis

	Results
	Changes in Self-Reported Sleep
	Changes in Objective Sleep
	Changes in EEG Power

	Discussion
	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

