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Abstract. Novel coronavirus pneumonia (Corona Virus Disease 2019, COVID-19) is a disease with 
fever, dry cough and progressive dyspnea as the main manifestations. 2019 novel coronavirus 
(2019-nCOV) is transmitted by contact transmission. Sleep disorders are linked to novel coronavirus, 
it not only reduces the life motivation of patients with COVID-19, but increases the burden on the 
family members who care for patients. Sleep disorder is related to the aggravation of COVID-19 to 
some extent. Sleep disorders are a significant factor in advance of COVID-19 into the severe disease, 
and the pathophysiological changes in COVID-19 also contribute to the problem of it. Sleep disorders 
exacerbate the body's psychological stress promoting decreased immune function, while interfering 
with the normal exercise of physiological functions of reactive T cells, which have specific defenses 
against 2019-nCOV can prevent 2019-nCOV from entering the body, so people with sleep disorders 
infected with 2019-nCOV will have more severe symptoms than those who do not suffer from sleep 
disorders. Because the link between COVID-19 and sleep disorders is poorly understood by 
clinicians, this article describes recent research advances on sleep disorders that exacerbate 
COVID-19 disease, patient sleep status, and treatment options. 
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1. Introduction 

Sleep plays a vital role in human beings, as adequate sleep can remove oxygen free radicals and 

metabolic wastes from the body and enhance the immune function [1]. There are many kinds of sleep 

disorders such as Sleep-Disorder Breathing (SDB), circadian rhythm disorders, Sundown Syndrome 

(SS), restless leg syndrome (RLS), Rapid Eye Movement Sleep Behavior Disorder and sleep disorders. 

REM Sleep Behavior Disorder (RBD), Obstructive Sleep Apnea (OSA), etc. Long-term sleep 

deprivation or sleep disorders can prevent the immune system from functioning properly, cause 

cardiovascular diseases, tumors, depression and other diseases, and even reduce cognitive ability to 

induce Alzheimer's disease in advance. It can lead to health problems in the human body [2]. 

Severe COVID-19 infection in some cases can cause pneumonia and lead to death of the patient. 

According to statistics, 36.5 million people have been infected by 2019-nCOV as of October 8, 2020, 

and it has killed more than 1 million people from all around the world, it is spreading rapidly in China 

and has spread to 213 countries worldwide [3]. 

Sleep disorders may make COVID-19 infection more likely to occur, sleep disorders can lead to 

changes the structures of T cells, CD4 and CD8 cells decreased number can also make type 1 T cells 

immune shift, and T cells and CD4 and other cells have a specific immune response to 2019-nCOV, 

after the onset of sleep disorders in because of the reduction in the number of T cells abnormal 

function makes the invasion of the body's 2019-nCOV cannot be rapidly cleared, thus aggravating 

COVID-19. 

In the first part of this passage, I introduce the contemporary sleep status of COVID-19 patients, 

and then I describe the mechanisms by which sleep disorders promote COVID-19 exacerbation, and 

in the last part, we present a summary of the existing treatment modalities for COVID-19 exacerbation 

caused by sleep disorders. By summarizing the link between sleep disorders and COVID-19, this 

paper has clinical implications for future research. Most of the current studies are on sleep disorders 

after 2019-nCOV infection, but there are data suggesting that there is senescent apoptosis of immune 

cells in COVID-19, which have a corresponding link with type 1 T cell immune transfer due to sleep 
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disorders [4]. Therefore, the impact of sleep disturbance on with 2019-nCOV could be investigated 

in the future, and this paper reviews the latest research available on sleep disturbance affecting the 

severity of novel coronaviruses. 

2. Sleep status of patients with novel coronavirus pneumonia 

2.1. Current status of patients with OSA COVID-19 

Sleep disorders include a variety, but the majority of current studies have examined the current 

sleep status of patients with OSASCOVID-19.The prevalence of COVID have an important influence 

on the general population, also especially on patients with OSA.OSA has multiple characteristics, 

and during sleep patients with OSA experience continuous upper airway collapse and intermittent 

hypoxia and reoxygenation, so that the body's heart rate and blood pressure during normal sleep 

decreases are offset by the body's oxygenation cycle, negatively affecting cardiovascular and other 

systems [5]. In the study by Satu Strausz et al. ,severe COVID-19 patients were defined by him as 

patients with COVID-19 who needed to be hospitalized, by extracting hospital discharges, the reason 

of death and the diseases which have some infectious from the population participating in FinnGen 

( A large biological sample bank), including two types of biospecimen repositories) registries of 

people with OSA prevalence and COVID-19 infection using multivariate regression models to 

examine the association between the two concluded that the risk of developing COVID-19 was 

essentially the same for healthy people and people with OSA, but the OSA was a separate risk factor 

for those who have severe COVID-19 people [6]. On the one hand, the pathogenesis of COVID-19 

and OSA are similar in the sense that both are pro-inflammatory states. On the other hand, angiotensin 

2 receptor can bind to 2019-nCOV in human body, promoting novel coronavirus to enter human cells, 

and the expression of this receptor in obese people will be higher than that in healthy people., This 

suggests that obese OSA patients may be more likely to promote the aggravation of COVID-19. Some 

symptoms of COVID-19 related cardiac disease include heart failure, myocardial infarction, and 

myocarditis, and OSA is a significant factor for arrhythmia, heart failure, and hypertension. Therefore, 

those patients who are infected with COVID-19 and have OSA may have more serious symptoms 

than those who are infected with COVID-19but do not have OSA. The occurrence of OSA is 

accompanied by hypoxemia and altered hemodynamics, both of which can increase blood viscosity 

in humans and aggravate the hypercoagulable state of blood in COVID-19 patients [5]. Based on 

these two studies, it can be inferred that OSA is one of the important causes of COVID-19 from light 

to heavy, so treating OSA may help the recovery process of COVID-19 patients. 

2.2. Status of patients with other sleep disorders COVID-19 

The study by Mo Saying et al. evaluated and analyzed the patients' sleep status by taking 183 cases 

of COVID-19 light patients from February 10-February 28, 2020, by using a questionnaire, Pittsburgh 

Sleep Quality Interview (PSQI), and Self-Assessment Scale of Anxiety (SAS) from the Fangcao 

Hospital in Wuhan, Hubei Province. The results of this study showed that COVID-19 patients had 

some sleep problems (e.g., poor sleep quality and inefficient sleep) and psychological problems (e.g., 

fear of family infection and excessive worry about prognosis) during isolation, and that the PSQI was 

lower in those who exercised regularly and never smoked, and the SAS was lower in those who never 

exercised and former smokers. Also, this study found a positive correlation between patients' exercise 

habits and sleep quality, and a negative correlation between smoking and sleep quality [7]. Based on 

this study, it can be concluded that there is often a link between the decrease in sleep quality and the 

surrounding environment, self-factors, and psychological state. 
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3. Contribution of sleep disorders to the development of novel coronavirus 

pneumonia 

Sleep is an important physiological process for the human body. Sleep disorders lead to immune 

problems in the human body, where sleep disorders lead to immune transfer of type 1 T helper cells, 

which have a corresponding immune effect on 2019-nCOV, and research has shown that the levels 

of reactive immune cells are lower than normal in patients with novel coronaviruses, and the level of 

cytotoxic somatic cells is even lower in patients with concomitant sleep disorders [8]. Therefore, there 

is a link between sleep disorders, the immune system, and novel coronaviruses. 

3.1. Modulation of immunity by sleep 

Sleep has a significant character in the maintenance of immunity. At social settings, likes during 

the COVID-19 pandemics, psychological stress increases significantly and promotes the development 

of anxiety, and therefore sleep is affected, leading to inflammation and a decrease in the immune 

response to the virus [9]. Normal sleep and circadian rhythms are required for the maintenance of 

many immune functions. Sleep disorders promote immune diversion of type 1 T cells (TH1) and 

suppress the functioning of immune cells, especially T lymphocytes [1, 8]. A study in healthy adult 

men showed that after two nights of total sleep deprivation CD4+ T cells and neutrophils were 

increased, and after three nights of sleep recovery time, CD4+ levels still did not return to normal 

levels, and a similar condition was found in OSA patients [10, 11]. Sleep regulates the immune system 

as well as the sympathetic nervous system and the hypothalamic-pituitary-adrenal axis. During SWS 

sleep, lower levels of cortisol promote the immune response to viruses, and when the binding of 

glucocorticoid receptors to the former is blocked, the secretion of both CD4 and CD8T cells is 

increased. In case of chronic sleep disorders, it leads to prolonged activation of HPA and consequently 

to glucocorticoid resistance of immune cells [1]. The above-mentioned elements can be represented 

by Figure 1. 

 

Figure 1. Regulation of the immune system by sleep 

3.2. Role of immune cells for 2019-nCOV 

As we all know, the immune system plays an immeasurable role in preventing viruses from 

entering the human body, and it can also protect people's healthy growth, and Jun Chen et al. showed 

that in old BALB/c mice, the slow clearance of 2019-nCOV upon entry into BALB/c mice due to T-

cell depletion led to an increased prevalence of COVID-19, and in healthy mice when 2019-nCOV 

invaded In healthy mice, 2019-nCOV is cleared in a timely manner to prevent infection, while in 

BALB/c mice, infection and disease increase because of abnormal immune cell function that does not 

clear 2019-nCOV in a timely manner, Compared with the immune cells in healthy people, the 

proportion of T cells and neutrophils in total immune cells in suffering from severe COVID-19 

increased [12]. The research of Sara De Biasi et al suggests that a controlled trial with a healthy 

population resulted in structural changes in T cells, and lymphocytes in COVID-19 patients, with a 

significant increase in activated T cells and a significant increase in the production of interleukin IL-

17 in vitro by CD4+ or CD8+, and such changes activate neutrophils. In addition, studies have found 

that many changes have taken place in T cells of patients with COVID-19, such as the increase in the 

production of aging, activation and failure markers, at the same time, the distinguish subtype of T 

cells has changed, the number of circulating cells in the lung and other organs has decreased, and the 

number of neutrophils has decreased [4].The study by Min Kyung Jung and Eui-Cheol Shin also 

showed that in COVID-19 patients body the 2019-nCOV-specific T cells were fully activated and 
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also showed that in animal models T cells are contributing to host defense against 2019-nCOV and 

CD+ cells promote to virus elimination. CD4+ and CD8+ cells can exert their cytotoxic activity by 

producing effector cytokines to neutralize antibodies, and this way they directly interfere with viral 

invasion of host cells [13]. What was described above can be represented by Figure 2. 

 

Figure 2. Modulation of COVID-19 by the immune system. 

3.3. Modulation of COVID-19 by sleep 

According to statistics, the combined prevalence of all patients suffering from sleep disorders is 

35.7% worldwide, while the prevalence of COVID-19 patients suffering from sleep disorders is 74.8% 

[14]. Beatrice Ragnoli et al. reported that there is a link between sleep, COVID-19 infection and the 

immune system. One of the important reasons for novel coronavirus to develop into severe disease is 

the occurrence of sleep disorder, which has been proposed. Reduced sleep problem can promote viral 

infection has been demonstrated in mice, and reduced sleep affects immune cells leading to 

dysfunctional T-lymphocytes, CD4+ and CD8+ T-lymphocytes with diminished defense against 

2019-nCOV, mechanisms that have been observed in partial sleep deprivation (SD) [15]. Also, by 

the introduction of the first and second sections, it can be understood that sleep disorders affect some 

specific immune cells, which are structurally or functionally altered in COVID-19 patients. In 

summary, it can be clearly seen from the second paragraph that sleep disorder can promote the 

aggravation of COVID-19 by affecting the immune cells of the immune system. The above-

mentioned elements can be represented by Figure 3. 

 

Figure 3. Modulation of COVID-19 by sleep 

4. Treatment of sleep disorders in patients with COVID-19 

With the increase of patients not only suffering from sleep disorders but also from COVID-19, 

how to treat them has become an important problem. Since COVID-19 patients often have sleep 

disorders, COVID-19 can be attenuated by regulating T-cell abnormalities due to sleep disorders, 

indirectly by regulating sleep-related melatonin, or by reducing the severity of COVID-19 through 

other therapies such as humane care. 

4.1. Treatments for sleep disorders causing T-cell damage 

Since sleep disorders cause immune cell damage leading to exacerbation in COVID-19 patients, 

the severe disease can be reduced by enhancing immune function. Salman M. Toor et al. showed that 

the immune response of T cells is highly specific and also has an essential role in fighting against 

viral invasion. T cells can recognize 2019-n-COV, because the interaction between T cells and 2019-

nCOV has been described above, and will not be described in detail here. The first therapeutic 

approach is to cure COVID-19 patients who accompanied with sleep disorders by extracting T cells 

specific for 2019-nCOV from recovered COVID-19 patients. A second approach to treating patients 
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with COVID-19 is to inject a small amount of recombinant IL-2 to mitigate lymphopenia and 

normalize the recovery of the t-cell count. Because T cell senescence in COVID-19 patients leads to 

the loss of T cell function and the failure of viral clearance, and also 2019-nCOV may increase 

suppressive immune checkpoints (IC) so the third treatment is targeting IC, which may be effective 

in COVID-19 patients [16]. 

4.2. Melatonin treatment of the immune system 

Melatonin is a derivative of tryptophan, mostly synthesized in the pineal gland, which is 

synthesized with regularity and its concentration reaches a maximum in the plasma during the night. 

Melatonin has unique efficacy in the treatment of sleep disorders. in a report by Adam Wichniak et 

al. it is noted that melatonin has the potential to inhibit the developmental process of COVID-19 and 

that melatonin can inhibit the risk of 2019-nCOV entry into cells. It may also reduce the activation 

of immune cells and the occurrence of uncontrolled excessive inflammation, because free radicals 

can attack human organs and some tissues while melatonin inhibiting its activity suppresses multiple 

organ failure and tissue cell damage, and increase the preventive function of COVID-19 vaccine. 

Because melatonin has some degree of anti-inflammatory capacity, melatonin may reduce 

inflammation triggered by 2019-nCOV infection. In addition, treating COVID-19 patients with 

melatonin is still a safe treatment with no side effects. In the current study, clinicians are using 

melatonin not only as an important treatment for sleep disorders, but also as an important adjunct to 

COVID-19 treatment. As mentioned above, the angiotensin receptor (ACE2) can bind to the 2019-

nCOV to facilitate its entry into the host cells, which would explain why 2019-nCOV would damage 

organs with high ACE2 content (e.g., liver, cardiovascular system, etc.) and melatonin happens to 

interact with the renin-angiotensin system, where melatonin the expression of ACE2 will be limited 

by melatonin, thus reducing the risk of 2019-nCOV entry into cells. Because 2019-nCOV can 

promote free radical production by promoting inflammation, melatonin as an antioxidant can 

scavenge some free radicals, and therefore melatonin can also have a therapeutic effect on COVID-

19 [17,18]. By elaborating above, it can be understood that melatonin is a significant treatment to 

COVID-19 patients. 

4.3. Other 

Many patients with COVID-19 patients are placed in ICU, and they are often accompanied by 

sleep disorders, which has become a problem that cannot be ignored, so it is especially important for 

the therapists of patients with severe COVID-19. Humanized care is a special type of clinical care, 

Ma Qingyun by collecting a total of 33 cases of ICU COVID-19 with sleep disorders in Wuhan 

Xinzhou District People's Hospital in Hubei Province from January 2020 to March 2020, a controlled 

trial was taken to divide the patients into two parts, the observation group used conventional care and 

humanized care including psychological care, discomfort relief, environmental care and The 

observation group used conventional care and humanized care including psychological care, 

discomfort relief, environmental care and medication guidance, while control group used only 

conventional care and evaluated and analyzed the patients' sleep through the Sleep Quality Inventory 

and PSQI. The results of his study showed that humanized care measures given to patients with 

COVID-19 sleep disorder in ICU could enhance the sleep quality of patients [19]. According to this 

study, a good psychological state and appropriate medication can be given to patients in the therapy 

of COVID sleep disorders, which could enhance the mental health and relieve pain of the disease. 

Also, good dietary nutrition can enhance the quality of sleep to reduce the degree of sleep disorders 

[20]. 

5. Conclusion 

In summary, the regulatory mechanism of sleep disorder for COVID-19 is complex, because sleep 

has an important regulatory role for immunity, sleep disorder will lead to type 1 T-cell immune 
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proliferation, abnormal CD4 and CD8 T-cell function, T-cell content and function changes will cause 

damage to the human immune system, and because T cells have an important defense role for 2019-

nCOV, so sleep disorder may cause the body to fail to respond normally to 2019-nCOV invasion, 

causing immune dysfunction, which further may make COVID-19 patients' symptoms more severe, 

and sleep disorders and COVID-19 together affect the daily life of COVID-19 patients and increase 

the burden of caregivers. Numerous data suggest that sleep disorders and COVID-19 are interlinked. 

What can be concluded is that the immune system's defense against COVID-19 is weakened due to 

sleep disorders. Secondly, factors such as temperature, feeding, light, socialization, and medications 

also contribute to the development of sleep disorders. 

Most of the current studies have focused on the development of sleep disorders after COVID-19 

illness, and future studies need to further define the relationship between COVID-19 and sleep 

disorders, because sleep has some relationship with nerves, thus the relationship both sleep disorders 

and nervous system can be inquired into determine the severity of COVID-19 and sleep disorders, or 

to explore whether it is possible to enhance the immune system by reducing the degree of sleep 

disturbance and thus the probability of reducing the severity of COVID-19. Thus, professionals 

studying sleep and COVID-19 can investigate preventive measures for sleep disorders, which can 

help prevent and treat both diseases, and further understand the relationship between the two, which 

can promote the mental health of patients and reduce the burden on caregivers. In an era of high-tech 

precision medicine that strives for full personalization, a deeper understanding of the relationship 

between sleep disorders and COVID-19 can help provide more effective and safe ways to treat 

COVID-19, as well as explore new drug and non-drug therapeutic targets. 
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