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Purpose: Sleep disturbance has been implicated in poor prognosis of coronavirus disease 2019 (COVID-19), but less is known about
the influence of short sleep duration on COVID-19 outcomes. We aim to investigate whether short sleep duration is associated with
prolonged virus shedding duration in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron-infected patients.
Patients and Methods: A total of 270 patients with a laboratory confirmed COVID-19 diagnosis during SARS-CoV-2 Omicron-
predominant period were recruited. Self-reported sleep duration of the patients was collected. The two-way analysis of variance
(ANOVA) was used to determine the interactions between sleep duration and variables, and multivariate logistic regression analysis
was used to analyze the effect of independent variables on longer virus shedding duration.

Results: The two-way ANOVA revealed a significant sleep duration x snoring interaction effect for virus shedding duration, and a
sleep duration X sex interaction effect for virus shedding duration. Multivariate logistic regression model illustrated that patients
sleeping <6 h were at greater risk of prolonged virus shedding duration compared to those sleeping >6 hours (OR = 1.80, 95% CI =
1.01-3.26), independent of age, sex, co-existing diseases, vaccination condition, and antiviral treatment.

Conclusion: Short sleep duration (<6 h) was associated with increased virus shedding in SARS-CoV-2 Omicron-infected patients.
Keywords: sleep duration, SARS-CoV-2 Omicron, COVID-19 pandemic

Introduction

Pandemic coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has lasted for more than 2 years and led to unprecedented public health and socioeconomic crisis. SARS-CoV-2
Omicron, which is a predominately prevalent strain, is responsible for the resurgence of outbreaks in the world due to its
dramatically increased transmissibility." Omicron causes a high rate of asymptomatic infection and mild COVID-19,?
however, some asymptomatic or mild COVID-19 patients showed a prolonged virus shedding duration. Factors influen-
cing virus shedding duration in SARS-CoV-2 Omicron-infected patients remain largely unknown.

Sleep plays a critical role in maintaining immune system homeostasis and host defense.® Poor sleep is believed to
increase susceptibility to infection.* A high prevalence of COVID-19 patients complaint of sleep disturbance,” which in
turn, is associated with a slower recovery from lymphopenia, longer hospitalization, and an increased need for intensive
care unit (ICU) care in COVID-19 patients.® Sleep is also related to persistent COVID-19 symptoms.” Compared with
the short COVID-19 patients, the long COVID-19 patients experienced more sleep alterations, including insomnia, sleep
quality, daytime sleepiness, nightmares, and sleep apnea.® Apart from sleep disturbance, short sleep could impair immune
function. Short sleep may deregulate immune responses with increased pro-inflammatory signaling, which contributes to
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an increased risk of onset and/or worsening of infection.* Compared with individuals sleeping for 7-8 h, those sleeping
<5 h are more likely to report a head or chest cold” and pneumonia.'® After an experimental rhinovirus challenge,
individuals sleeping <6 h are at greater risk of developing the cold.'' Moreover, a systemic review demonstrated that
individuals sleeping less than 7 h are more prone to have upper airway respiratory tract infections.'? A link between sleep
duration and increased COVID-19 susceptibility is shown using multivariable Mendelian randomization."® Indeed,
extremes of sleep duration are associated with greater odds of COVID-19 infection in a general population.'®
However, whether short sleep affects the outcomes of COVID-19 is still unknown. In this study, we aimed to investigate
the association between sleep duration and virus shedding duration in SARS-CoV-2 Omicron-infected patients.

Obstructive sleep apnea (OSA) is a common sleep disorder. Patients with OSA experience approximately 8-fold
greater risk for COVID-19, and in COVID-19 patients, OSA increases the risk of hospitalization and developing
respiratory failure.'® Preexisting sleep apnea is also associated with elevated risk for long COVID-19.'® Evidence has
shown that sleep duration and OSA could have additive or synergistic effects on brain health and cardiovascular
consequences.'”'® Loud snoring during sleep could be an indicator of OSA. In this study, we evaluated the association
between sleep duration and virus shedding duration in SARS-CoV-2 Omicron-infected snorers and non-snorers, and
determined whether snoring is an exacerbating factor in any demonstrated relationship between sleep duration and virus
shedding duration.

Materials and Methods

Participants and Data Collection

A total of 270 patients with a laboratory confirmed COVID-19 diagnosis (positive SARS-CoV-2 polymerase chain
reaction for throat-swab specimens) who were admitted to Ruijin Hospital Cancer (Proton) Center during SARS-CoV-2
Omicron-predominant period (from April 1st 2022 to May 15th 2022) were recruited in the study. The inclusion criteria
included: (1) Patients aged between 18 and 65 years; (2) Patients conform to the diagnosis of COVID-19 and were
clinically classified as mild type according to the Novel Coronavirus Diagnosis and Treatment Protocol for Pneumonia
(Trial Edition 9). The exclusion criteria included: (1) Patients with a history of mental illness and a prior cancer
diagnosis; (2) Patients with a history of immune deficiency disease, or use of immunosuppressants or glucocorticoids
in the last 3 months; (3) Pregnant or lactating women. The demographic data on age, sex, body mass index (BMI),
coexisting diseases, and COVID19 vaccination status were collected upon admission. Additionally, data on symptoms at
disease onset, treatment, and blood routine parameters within 24 h of admission were obtained. Virus shedding duration
was defined as the period between the date of diagnosis or symptom onset and the date when Ct values of N gene and
ORF gene determined by reverse transcription-polymerase chain reaction test (RT-PCR) were reported to be >35 twice
consecutively on nasopharyngeal swabs (sampling interval being at least 24 h). The protocol for the study was approved
by the ethics committee of Ruijin Hospital and complied with the Declaration of Helsinki. Informed consent was
obtained from all patients prior to inclusion.

Assessment of Sleep Habits

All patients were asked to report their average sleep duration in the past 6 months with the following choices to pick: <6
h, >6 h to <7 h, >7 h to <8 h, >8 h. Daytime sleepiness was assessed using Epworth Sleepiness Scale (ESS), which is
a self-reported questionnaire of eight questions. The score ranging from 11 to 15 indicates moderate daytime sleepiness,
and the score ranging from 16 to 24 refers to severe daytime sleepiness.'” The probability of obstructive sleep apnea
(OSA) was assessed using STOP-Bang score, which consists of eight questions, including snoring, daytime tiredness,
observed apnea, hypertension, BMI > 35kg/m?, age >50 years old, neck circumference >40 cm, and male, and is scored
ranging from 0 to 8. In addition, patients were asked “Do you snore during sleep?”.

Statistical Analysis
Statistical analysis was performed using R software (Version 4.2.0). Continuous variables were described using mean and
standard error of mean (SEM). The differences between the two groups were compared using Student’s #-test. Two-way
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ANOVA was used to determine the interactions between sleep duration and variables including age, sex, snoring,
coexisting disease, COVID-19 vaccination, and antiviral treatment. Categorical variables were described as number
and percentage, and the percentages of categorical variables among groups were compared using Chi-square test. The
average virus shedding duration was 14.23 days. Binary logistic regression analysis was used to analyze the effect of
independent variables on longer virus shedding duration (>14 days = “1”, <14 days =“0"). We initially used a univariate
binary logistic regression model to examine the independent variables, including age, sex, snoring, coexisting disease,
COVID-19 vaccination, and antiviral treatment, related to longer virus shedding duration. Variables without collinear
problems were added into the multivariate binary logistic regression model. Odds ratios (ORs) and 95% confidence
intervals (95% ClIs) were calculated to determine the association between long virus shedding duration and potential
factors. The p value <0.05 was considered significant.

Results

A total of 270 patients were recruited in the study. According to National Sleep Foundation’s sleep time duration
recommendations, 7-9 h are recommended for young adults and adults, while <6 h or >10 h are inappropriate sleep.?’
A cutoff of 6 h of sleep has been shown to be associated with significant morbidity and mortality.''**** Thus, we
categorized the patients into two groups: <6 h (n=77) and >6 hours (n=193). Demographic characteristics of the patients
are shown in Table 1. Patients sleeping >6 h were slightly younger than those sleeping <6 h. No difference was observed
in sex, BMI, percentage of snorers, average ESS scores, coexisting diseases (hypertension and/or diabetes), rate of
COVID19 vaccination, rate of asymptomatic infection, and percentage of antiviral treatment between the two groups.
Patients sleeping <6 h presented with a slightly higher neutrophil count and a lower lymphocyte percentage than those
sleeping >6 h. No difference was detected in the other blood routine parameters.

Compared with patients sleeping >6 h, patients sleeping <6 hours showed a longer virus shedding duration (Table 1). The
two-way ANOVA revealed a significant sleep duration X snoring interaction effect (p = 0.010, Table 2) and a sleep duration
effect (p = 0.046) for virus shedding duration. The average STOP-Bang score in snores was 3.55 + 0.15 with 73.12% scoring
>3 and was significantly higher than that in non-snorers (1.28 4+ 0.08 with 10.01% scoring >3), indicating a high frequency of

Table | Demographic Characteristics and Blood Routine Parameters on Hospital Admission of

Patients
Sleep Duration < 6h Sleep Duration > 6h P
(n=177) (n=193)
Age, yrs 46.27 + 1.23 41.96 + 0.88 0.005*
Female, n (%) 37 (48.06) 86 (44.56) 0.700
BMI, kg/m? 24.20 + 0.40 23.77 £ 0.27 0.380
Snoring, n (%) 30 (38.96) 81 (41.97) 0.752
ESS 8.16 = 0.55 7.18 £0.33 0.130
Coexisting diseases, n (%) 21 (27.27) 31 (14.42) 0.052
COVID-19 vaccination, n (%) 64 (83.12) 169 (87.57) 0.445
Being asymptomatic, n (%) 20 (25.97) 51 (26.42) 1.000
Antiviral treatment, n (%) 21 (27.27) 68 (35.23) 0.266
Virus clearance duration, ds 14.96 + 0.44 13.94 + 0.28 0.054
WBC, x10°/L 543 £0.17 5.09 £0.12 0.094
Neutrophils, x 10%/L 3.17+0.14 2.82 + 0.09 0.040%*
Neutrophils percentage, % 5748 + 1.22 55.25 + 1.4] 0.233
Lymphocytes, x 10%/L 1.64 + 0.07 1.67 + 0.05 0.727
Lymphocytes percentage, % 30.80 = 1.09 34.09 + 0.88 0.020*
Monocytes, x10°/L 0.46 + 0.02 0.47 + 0.02 0.624
Monocytes percentage, % 843 + 0.36 9.30 + 0.27 0.053

Notes: *p < 0.05.
Abbreviations: ESS, Epworth sleep scores; WBC, white blood cells.
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Table 2 Comparisons of Virus Clearance Duration Among Groups

Sleep Duration < 6h | Sleep Duration > 6h p? p° P
Age 0.001** 0.147 0.067
245 yrs 14.98+0.53 15.05+0.42
<45 yrs 14.93+0.79 13.06£0.36
Sex 0.074 0.045* 0.038*
Female 13.70£0.57 13.80+0.38
Male 16.12+0.61 14.06+0.41
Snoring 0.168 0.046* 0.010*
Yes 14.17£0.65 14.79£0.47
No 15.47+0.58 13.33+£0.34
Coexisting diseases 0.081 0.081 0.092
Yes 14.65+0.66 15.40£0.73
No 15.07£0.55 13.67£0.30
COVID-19 vaccination 0.032* 0.069 0516
Yes 14.8310.46 13.73£0.30
No 15.62+1.27 15.46+0.82
Antiviral treatment 0.063 0.067 0.945
Yes 14.30£0.84 13.39£0.35
No 15.2440.52 14.25£0.39

Notes: °p value for the indicated effect including age, sex, snoring, coexisting diseases, COVID-19 vaccination, and antiviral treatment;
®p value for sleep duration effect; °p value for interaction effect of sleep duration and the indicated factor; *p < 0.05; *p < 0.01.

co-existing OSA in the snoring subgroups. LSD post-hoc tests indicated that non-snorers sleeping <6 h had a longer virus
shedding duration than non-snorers sleeping >6 h (p = 0.002), while in patients sleeping >6 h, snores showed a prolonged
virus shedding compared to non-snores (p = 0.010). A significant sleep duration x sex interaction effect (p = 0.038) and a
sleep duration effect (p = 0.045) were also found for virus shedding duration. Post hoc analysis showed that sleeping <6
h prolonged virus shedding duration in males (p = 0.004), and in patients sleeping <6 h, males presented with a longer virus
shedding duration than females (p = 0.006). Moreover, a significant age effect was detected for virus shedding duration (p =
0.001, Table 2). Post hoc analysis revealed that sleeping <6 h delayed virus shedding in patients aged younger than 45 years
(<6 h vs >6 h, p = 0.020), and in patients sleeping >6 h, those aged older than 45 years presented with longer virus shedding
(p <0.001). A significant effect of vaccination status was also detected for virus shedding duration (p = 0.032, Table 2), and
post hoc analysis showed a longer virus shedding duration in unvaccinated patients than those vaccinated in sleeping >6
h group (p = 0.042).

Compared with those sleeping >6 h, patients sleeping <6 h showed a higher percentage of patients with longer virus
shedding duration (>14 days) (<6 h vs >6 h, 54.55% vs 40.93%, P = 0.042). The association between potential influence
factors and long virus shedding duration is shown in Table 3. The univariate logistic regression showed that age >45
years, sleeping <6 hours, being COVID-19 vaccinated, and antiviral treatment were associated with long virus shedding
duration. Sex (p = 0.088), snoring, and coexisting disease did not significantly affect virus shedding duration.
Considering the sex disparity of COVID-19-related morbidity and mortality,”* sex was included in the multivariate
logistic regression model. We also entered sleep duration x snoring interaction and sleep duration x sex interaction in the
models, but the interactions did not show any significant association with virus shedding duration >14 days. Thus, neither
sleep duration x snoring interaction nor sleep duration x sex interaction was included in the multivariate logistic
regression model. Sleeping <6 h was an independent predictor for long virus shedding duration (OR = 1.80, 95% CI
=1.01-3.26, P = 0.047), while being female (OR = 0.58, 95% CI = 0.34-0.97, P = 0.039), being vaccinated (OR = 0.36,
95% CI = 0.15-0.80, P = 0.016), and having received antiviral treatment (OR = 0.46, 95% CI = 0.27-0.79, P = 0.005)
were protective factors against prolonged virus shedding duration.
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Table 3 Risk Factors for Longer Virus Shedding Duration (>14 Days) Using Univariate
and Multivariate Analysis

Variables Univariate Analysis Multivariate Analysis
OR (95% CI) P OR (95% CI) P

Age
245 1.62 (0.48-1.00) 0.049* 1.75 (1.04-2.97) 0.058
<45 Ref. Ref.

Sex
Female 0.66 (0.40—1.06) 0.088 0.58 (0.34-0.97) 0.039*
Male Ref. Ref.

Sleep duration
< 6h 1.98 (1.15-3.47) 0.015* 1.80 (1.01-3.26) 0.047*
2 6h Ref. Ref.

COVID-19 vaccination
Yes 0.34 (0.14-0.72) 0.007%** 0.36 (0.15-0.80) 0.016*
No Ref. Ref.

Antiviral treatment
Yes 0.45 (0.27-0.74) 0.002%* 0.46 (0.27-0.79) 0.005%*
No Ref. Ref.

Notes: *p < 0.05; **p < 0.01.

Discussion

In this study, we illustrated an association between sleep duration and virus shedding duration in SARS-Cov-2 Omicron-
infected patients. Logistic regression analysis revealed that short sleep is an independent risk factor for long virus
shedding duration. There were also significant interactions between sleep duration and snoring and between sleep
duration and sex for virus shedding duration.

Insufficient sleep is believed to increase the risk of infection. Individuals sleeping <7 h in the weeks preceding an
exposure to a rhinovirus is 2.94 times more likely to develop a cold than those sleeping >8 h.>> A recent meta-analysis
also demonstrated that sleeping for less than 7-9 h is associated with increased upper respiratory tract infections.'? In
a prospective cohort study of female nurses, sleeping <5 h and >9 h both increase the risk of pneumonia.'® Adolescents
with short sleep (around 6 h) reported more common illness bouts (cold, flu-like, gastroenteritis, and menstrual pain) than
those with long sleep (around 7 h).?® Few studies have reported the association between sleep duration and the outcomes
of infectious diseases. A study using the UK Biobank showed that the ORs of long or short sleep duration (compared to
normal sleep) are greater than one, although not significant, for mortality after COVID-19.” Also, persistent short
nighttime sleep <6 h is associated with increased long COVID-19 risk.”® In the study, we observed that SARS-CoV-2
Omicron-infected patients sleeping <6 h had longer virus shedding duration than those sleeping >6 h. Compared to those
sleeping >6 h, patients sleeping <6 h were 1.80 times more likely to have longer virus shedding when considering
potential factors. We were unable to analyze the effects of long sleep on virus shedding because of the low frequency of
responses to >8 h in the cohort. We also noticed that patients sleeping <6 h were sleepier than those sleeping >6 h during
the day, which could be a sign of chronic insufficient sleep. Daytime sleepiness is also found to be a risk for COVID-19
hospitalization.?

The mechanism underlying the link between short sleep and prolonged virus shedding in SARS-CoV-2 Omicron-
infected patients is still unknown. One plausible mechanism could be the adverse effect of insufficient sleep on immune
system. Sleep deprivation suppresses the differentiation and immune activity of cytotoxic cells, restrains monocyte
differentiation, and upregulates several inflammatory genes.>® Sleep duration is inversely associated with levels of

5,31—33

circulating cytokines including CRP, IL-6 an IL- indicating a pro-inflammatory status in short sleepers. The effect
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of short sleep on immune cell counts remains controversial. A study showed an increase in total WBC and neutrophil and
monocyte counts,”’ while another study reported no association between sleep duration and total WBC counts.*” In the
study, we detected a slightly higher neutrophil count and a lower lymphocyte percentage in patients who slept <6 h than
in patients sleeping >6 h. Another possible mechanism could be that short sleep duration is associated with reduced
clinical protection after vaccination against viral infections.>**> Short sleep duration lowers specific antibody titers'

1°° and hepatitis B viruses.?” In this study, we observed that COVID-19 vaccination

response to vaccination against HIN
accelerated virus shedding in SARS-CoV-2 Omicron-infected patients. Vaccinated patients sleeping <6 h had a longer
duration of virus shedding than those sleep >6 h, indicating a possible impact of short sleep on efficacy of COVID-19
vaccination. However, future research that analyzes the association between sleep duration and antibody titers after
COVID-19 vaccination and control for factors including vaccination shots and post-vaccination duration should be
conducted to clarify the effects of short sleep on efficacy of COVID-19 vaccination.

Snoring is one of the major symptoms of OSA, and more than two-third snorers in the study reporting a Stop-bang
score >3 indicated a high frequency of co-existing OSA in the snoring subgroups. OSA is considered to be a risk factor
for COVID-19 infection and worse outcomes.'>>® In this study, we detected significant interactions between sleep
duration and snoring for virus shedding duration. Snoring delayed virus shedding in patients sleeping >6 h, and in non-
snorers, patients sleeping <6 h had a longer duration of virus shedding than those sleep >6 h. Co-existing with OSA in
snoring subgroups may weaken the potential protective effect of longer sleep and prolong virus shedding in SARS-CoV-2
Omicron-infected patients, possibly through dysregulating immune function and inflammatory response.*”

Sex differences have been reported in the associations between sleep duration and adverse health consequences,
which may be attributed to sex-specific hormonal and behavioral differences.*™*! In this study, we detected significant
interactions between sleep duration and sex for virus shedding duration. Sleeping <6 h prolonged virus shedding duration
in males but not in females, and in patients sleeping <6 h, males presented with a longer virus shedding duration than
females. The results indicated that the impact of short sleep on virus shedding is more pronounced in males than in
females. One explanation is the greater biological need for males than for females.** Lack of sleep may be more likely to
cause adverse health outcomes in males.*> Another explanation could be sex differences in innate and adaptive immune
responses, with males generally more susceptible to infections than females.** Indeed, recent studies have reported the
sex disparity of COVID-19-related morbidity and mortality, with a male-to-female case fatality ratio ranging from 1.6 to
2.8.%* Short sleep may intersect with sex to worsen the COVID-19—related outcomes.

There were several limitations. Firstly, this was a cross-sectional study, which made us unable to determine the
causality. Secondly, sleep duration of the patients was self-reported using a single question, which could induce report
bias in the variable. Some prospective measures (sleep diaries/sleep log) were also lacking in the study. Thirdly, no
information was provided on daytime and night-time sleep, sleep efficiency, sleep quality, nor psychological variables
that can modulate sleep parameters. These sleep and psychological characteristics, other than sleep duration, may affect
virus shedding in patients. We did not have information on circadian preference (eg chronotype and the regularity of
circadian rhythm), which has been shown to be important in the COVID-19-related health consequences.*>*¢ Fourthly,
we could not determine whether short sleep of the patients occurs as a result of changes in lifestyle during COVID-19
pandemic or just as a trait-like feature of sleep behavior. Moreover, future studies with a larger sample size and
a longitudinal design should be conducted to determine the association between sleep duration and long-term prognosis
of Omicron-infected patients.

Conclusion
We showed that short sleep (<6 h) was associated with increased virus shedding in SARS-CoV-2 Omicron-infected
patients after controlling for age, sex, co-existing diseases, vaccination condition, and antiviral treatment.

Abbreviations
COVID-19, Corona Virus Disease 2019; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; ICU,
Intensive Care Unit; BMI, Body Mass Index; RT-PCR, Reverse Transcription-Polymerase Chain Reaction Test; ESS,

552 https: Nature and Science of Sleep 2023:15

Dove!


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

Dove Lin et al

Epworth Sleepiness Scale; OSA, Obstructive Sleep Apnea; ORs, Odds Ratios; 95% Cls, 95% Confidence Intervals;
ANOVA, Analysis of Variance.
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