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disorders with possible mechanisms

Sworadip CHOWDHURY (%), Hoimonti DEBI ! (L) Mohammad Tohidul AMIN 1(£), Sujan BANIK 2
Fahad HUSSAIN ! (), Mohammad Salim HOSSAIN 1*

1 Department of Pharmacy, Noakhali Science and Technology University, Noakhali-3814, Bangladesh.
2 Laboratory of Biopharmacy, School of Pharmaceutical Sciences, University of Shizuoka, 52-1 Yada, Suruga-ku,

Shizuoka 422-8526, Japan.
*  Corresponding Author. E-mail: pharmasalim@yahoo.com (M.S.H); Tel. +88-017-1120 04 10.

Received: 10 April 2021 / Revised: 24 July 2021/ Accepted: 25 July 2021

ABSTRACT: The current coronavirus pandemic is one of the most wrecking occasions in ongoing history, and it has
an impact on mental health, especially in sleep disorder and anxiety. This review aimed to find an association between
COVID-19 and psychological disorders like sleep disorder and anxiety by exploring its influential factors. COVID-19
patient has greater susceptibility to having anxiety and sleep disorder-related complications including post-traumatic
stress disorder, obsessive-compulsive disorder (OCD), obstructive sleep apnea by infecting severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) to the central nervous system through the olfactory lobe. Although the
mechanism of COVID-19 induced sleep disorder and anxiety-related complications have not been reported yet, the
investigated data suggested that sleep disorder and anxiety-related complications are arising due to increasing cortisol,
norepinephrine levels in the blood and decreasing glucocorticoid receptor signaling. Further examination and clinical
studies are critically required to investigate the influential factors of COVID-19 patients' susceptibility to sleep disorder,
anxiety for affirming speculation, and better treatment.
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19) outbreak during November 2019 grew up in Wuhan, China,
which caused global attention [1]. As of November 5, 2020, 47,362,304 confirmed cases around the world and
1,211,986 death reported in 218 countries, according to the World Health Organization (WHO) [2]. There was
an immense strain on the medical staff, including a high risk of infection, inflammation through the
arachidonic acid cascade, alienation, patient with negative emotions, and overwork. The extreme condition
triggers mental health issues such as anxiety, depressive symptoms, insomnia, apprehension, and the mental
health of adult care staff has gained widespread attention during the COVID-19 outbreak [3, 4].

A research group examined human value by evaluating the Personal Social Capital Scale 16 (PSCI-16)
and sleep patterns in self-isolated adolescents during the pandemic of COVID-19 [5]. The investigation found
that stress and reduced sleep quality are associated with anxiety, and the combination of stress and anxiety
decreased the positive impacts of social resources on sleep habits. The research also found that isolated
individuals had high levels of anxiety and stress. In China, scientists likewise inspected a condition of
emotional wellness of about 1250 human services experts treated as coronavirus patients [6]. They reported
that 50.4% of members effected by depression, 44.6% anxiety, 34.0 % sleep deprivation, and 71.5% distress.
Anxiety, depression, and suicidal behavior are associated with sleep disturbances. Sleep disruption triggers
the stand-alone risk factor for suicidal thoughts, suicide attempts, and suicide fatality [7]. Considering the
above facts, the current study was undertaken to view the association of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection in individuals with anxiety, sleep disorder, and related complications.

2. COVID-19 AND ANXIETY

Anxiety, a psychological disorder, can induce a sequence of physiological events and cause immunity
to decline [8]. While significant attention has been paid to initiatives to identify people with the coronavirus
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infection, recognizing people's mental health needs affected by this pandemic has been overlooked relatively
[3]. For instance, in a recent large-scale survey on Chinese medical workers who are highly susceptible to
infection with coronavirus, the incidence of traumatic stress at an unprecedented 73.4%, depression at 50.7%,
pervasive anxiety at 44.7%, and insomnia at 36.1% [9]. Patients with confirmed or suspected COVID-19 may
be fearful of the effects of a potentially lethal new virus infection, and those in the quarantine may feel fatigued,
lonely, and anger. The infection symptoms include fever, hypoxia, cough, and adverse treatment effects such
as corticosteroid-induced insomnia, which may worsen anxiety and mental distress. Mandatory
communication monitoring and 14-day quarantine, which are part of the response to the SARS-CoV-2
pneumonia outbreak, may increase patient anxiety and guilt about the effect of infection, quarantine, and
stigma to family and friends of their own [3]. Recently, a descriptive cross-sectional longitudinal analysis was
performed on 144 patients with confirmed COVID-19 who admitted to Huoshenshan Hospital (Wuhan,
China) during the COVID-19 epidemic from February 23 to March 13, 2020. The study data revealed that 50
(34.72%) and 31 (28.47%) participants had a sign of anxiety and depression, respectively, regarding the
Hospital anxiety and depression scale (HADS). Another study was used to assess the psychological effects of
COVID-19 on a total of 2737 healthcare workers by using a two-dimensional code shared online between
March 4 and March 9, 2020, and this investigation indicates about 61.6 percent of the respondents reported
sleep disturbance, 22.6 percent experienced anxiety, and 35 percent exhibited depression symptoms [10]. They
also revealed that less social care was associated with more anxious and depressive symptoms [11]. COVID-
19 had a median survival of 36 days for those with a base concentration of cortisol equal to or below 744
nmol/L, (268 patients;67%), [95% CI 24 not established]; while the COVID-19 had a median survival of 15 days
with cortisol of more than 744 nmol/L (135% of patients; 33% of patients) [12].

3. POSSIBLE MECHANISM PATHWAY OF COVID-19 AND ANXIETY
3.1. ACE2 induce anxiety in COVID-19

The SARS-CoV-2 has stronger pathogenicity and transmissibility than SARS-CoV and MERS-CoV
because SARS-CoV-2 has a substantial binding capacity with angiotensin-converting enzyme 2 (ACE2) [13].
ACE2 is a cardiovascular protective factor found in various organs, including the nervous system and skeletal
muscles, which play a key role in regulating blood pressure and mechanisms to combat atherosclerosis [14].
Meanwhile, ACE2 is also a significant target for different CoV and strains of influenza [15]. The SARS-CoV-2
spike protein can interact with ACE2 expressed in capillary endothelium binding to ACE2 receptors; the virus
can also weaken the blood-brain barrier (BBB) and penetrate the CNS by targeting the blood vessels [16].
Under this situation, the stressor-dependent corticotrophin-releasing hormone (CRH) in susceptible
individuals release from the hypothalamic paraventricular nucleus (PVN) neurons. The hyperactivity of the
hypothalamic-pituitary-adrenal (HPA) axis is further triggered by binding to the CRH receptors in the anterior
pituitary gland to induce the production of the adrenocorticotropic hormone (ACTH) [17]. ACTH is
transmitted through the blood to the adrenal cortex of the adrenal gland, where it activates the biosynthesis
of a glucocorticoid such as cortisol [18, 19], which was responsible for stress-induced anxiety. A high
concentration of cortisol was also involved with increased morbidity and decreased median survival [12]. In
this situation, the HPA axis may not produce a sufficient amount of corticosteroids in critically ill patients,
leading to illness-related corticosteroid insufficiency [18].

3.2. Glucocorticoid receptor (GR) resistance and FKBP5 gene induced anxiety with COVID-19

Neurotropic coronavirus is generally assumed to enter the CNS through olfactory neurons and then
spread to other sites in the brain or reach the brain from the bloodstream [20]. The stress protein FKBP5 was
initially introduced to biological psychiatry due to its effect on the glucocorticoid receptor (GR) [21, 22]. Several
lines of evidence suggest that a crucial functional regulator of the GR complex is the FK506 binding protein
51, a 51kDa. These proteins are encoded by the gene FKBP5, located on the short arm of human chromosome
6 (chromosome 6p21.31) [23, 24]. FKBP5 binds to hsp90 through a TPR (tetratricopeptide repeat protein)-
domain during maturation of the GR complex that serves as a docking station for some different co-
chaperones. The receptor complex in this structure has a lower affinity to cortisol [25]. FKBP5 may also
encourage the nuclear translocation of the GR's non-active beta-isoform, thereby reducing overall GR
signaling [26]. Impaired GR signaling leading to impaired negative feedback control, and thus, partial
glucocorticoid tolerance tends to be one of the most significant biological abnormalities in mood disorder [27].
Higher levels of anxiety among females are given by a form of halogen vulnerability, including short alleles
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of seven common FKBP5 SNPs (rs9470080, rs3800373, rs7748265, rs1360780, rs9296158, rs9394309, and
rs4713916) [28] (Figure 1).
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Figure 1. Possible mechanism pathway of anxiety after invading SARS-CoV-2.

4. COVID-19 AND SLEEP DISORDER

Coronavirus affects the respiratory system and affects the central nervous system (CNS), which is
detected by virus availability in the cerebrospinal fluid in COVID-19 patients [29, 30]. COVID-19 is possibly
related to interrupted neurological manifestations, and patients with multiple general symptoms were most
commonly recognize [31]. It commonly occurred at any time during infection. Growing evidence indicates
that SARS-CoV-2 can inflict CNS, showing that 214 hospitalized patients have acute brain disorders,
consciously disturbing and muscle damage, and neurological manifestations, of 36.5 percent in Wuhan, China
found induction of SARS-CoV-2 [29]. Furthermore, cardiovascular complications such as hypertension, heart
failure, coronary artery disease, cerebrovascular diseases, diabetes mellitus, and obesity are also risk factors
for severe outcomes in COVID-19 are commonly seen in sleep disorder patients [32, 33]. However, the
mechanism associated between COVID-19 and sleep disorder has not been reported yet.

5. POSSIBLE MECHANISM PATHWAY OF SLEEP DISORDER AFTER INVADING SARS-CoV-2

SARS-CoV-2 is a coronaviridae enveloped RNA virus, having 29,891 nucleotides in size encoded with
9860 amino acids [34]. A study demonstrates that ACE-2 is expressed abound in human organs and CNS and
acts as a target of SARS-CoV-2 infection with transmembrane serine protease -2 (TMPRSS2) [35, 36]. The
SARS-CoV-2 invasion is caused by the binding of host cells ACE-2 receptors, leading to infected host cells and
spreading [13]. After crossing, the BBB virus gains entry to the CNS and affects the paraventricular nucleus
(PVN) [37]. Corticotropin-releasing (CRH) hormone secreted from PVN, causing the hyperactivation of the
HPA axis. CRH receptors in the anterior pituitary stimulate to release of ACTH into the blood. ACTH operates
on the adrenal cortex, generates and releases cortisol into the blood, and maintains body-wide homeostasis
[17, 38-40]. Increasing cortisol levels in the blood cause sleep disorder, including low sleep quality and shorter
sleep duration [41] (Fig. 2). CRH additionally actuates the locus ceruleus (LC), which can use norepinephrine
(NE) and creates additional incitement of the PVN, and that prompts the arrival of CRH. Elevated NE and
CRH levels lead to implicated sleep disorders, including primary insomnia [42, 43]. HPA hyperactivity harms
sleep, including the fragmentation of sleep, slow-wave sleep, and shortened sleep time, leading to a worsening
sleeping cycle [43] (Figure 2).
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Figure 2. Possible mechanism pathway of sleep disorder after invading SARS-CoV-2.

The COVID-19 societal disaster has led to prolonged stress, anxiousness, and sleep deprivation, which
shall emerge as a difficulty of systemic scientific analysis. These apparent elements may additionally harm the
immunity and peoples' potential to avert COVID-19 as different infections. Deprivation of sleep may have a
double role in immune function [44]. Short sleep can harm immunity, while insufficient sleep can also lead to
hormones [45]. There is an increase in pro-inflammatory levels of Interleukin- 6 (IL-6) and TNF-a receptors
and decreased levels of anti-inflammatory Interleukin- 10 (IL-10) [45-47]. It is not surprising that multiple
diseases with chronic inflammation such as metabolic, cardiovascular, cognitive, and other disorders are
associated with sleep deprivation [48] (Figure 3).
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Figure 3. SARS-CoV-2 infects individuals and elevates inflammation, suppressed immune response, and
excessive oxidation stress, leading to cytokine storm activation, which induced sleep disturbance.
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Different impacts of lack of sleep included diminished lymphocyte multiplication following 48-hours
and decreased phagocyte action after 72 hours of lack of sleep [49]. In one investigation, some healthy
volunteers who sleep less than 6 hours for seven days had reduced neutrophil phagocytosis levels, decreased
NADPH oxidase levels, and fewer CD4+T cells. These are crucial for anti-infective protection and proper
immunization response. Even after one week of restored sleep, the NADPH oxidase level remained reduced,
suggesting long-lasting sleep deprivation effects.[50]. Besides, sleep-deprived people immunized against the
influenza-A virus will reduce the number of antibodies relative to those immunized without insomnia [51].
After one night, people with reduced sleep cause a lower immunization and antibody level against the
hepatitis A virus [52]. Suppression of the system leading to sepsis and microbial infection was recorded in
sleep-deprived rats [53]. Oxidative stress reduces the enzyme's antioxidant activity due to sleep deprivation
[54], [55]. Therefore, a long-term lack of sleep results in worsening immune functions and disrupting barrier
mechanisms by suppressing the phagocytosis, falling proliferation, and leukocyte activity, specially CD4+T
cells. On the other hand, elevate T-suppressors, oxidative stress, and pro-inflammatory mounting. So there is
greater susceptibility to infection by infectious diseases with sleep deprivation [56] (Figure 3).

6. ANXIETY AND SLEEP DISORDER RELATED COMPLICATION WITH COVID-19
6.1. Post-traumatic stress disorder

Psychological factors that may increase the risk of suicide among COVID-19 patients include hearing
about their diagnosis, anxiety, depression related to disease symptoms, and stress related to hospitalization
and care in the hospital [7]. Individuals requiring admission to an intensive care unit (ICU) are particularly at
high risk of developing post-traumatic stress disorder, depression, and cognitive impairment [57, 58]. A recent
analysis of the impact of COVID-19 on the CNS indicates that about 25% of patients have neurological
manifestations [30]. A Chinese study found that 96.2 percent of COVID-19 patients had severe symptoms of
post-traumatic stress.

6.2. Obsessive-compulsive disorder (OCD)

Broader research indicates that people with OCD may be more vulnerable to the psychological danger
of viruses and germs due to an already unstable and incoherent identity [59]. In particular, the spike of virus
anxiety fuels existing obsessive contamination fears in some people with OCD and further triggers harmful
compulsive action.

6.3. Obstructive sleep apnea (OSA)

Obstructive sleep apnea is one type of sleep disorder that occurs due to upper airway resistance and
interruption of the airflow accompanied by increased respiratory effort. In OSA, myocardial tissue is affected
due to the increase of catecholamines, leading to elevated blood pressure and tachycardia. Consequently, it
causes oxygen demand and results from myocardial ischemia, facilitating both atrial and ventricular
arrhythmias [60]. In most of the COVID-19 patients having cardiovascular manifestation including myocardial
injury (7.2%) (Involving ACE-2 signaling pathway), systemic inflammation altered (8.7%), myocardial
demand-supply balance (leading to acute myocardial ischemia) (16.7%), and increasing the vulnerability to
various tachyarrhythmias. Besides, COVID-19 patients treated with several drugs, including chloroquine and
hydroxychloroquine, contribute to adverse outcomes in arrhythmias, especially in the presence of long-QT
syndrome or other conduction defects [61]. As a result, patients with OSA have a greater risk of being infected
by SARS-CoV-2. If it occurs, it will lead to a higher incidence of cardiovascular incidences such as arrhythmias,
cardiac ischemia, and hypercoagulability states, leading to an unfavorable clinical progression [62, 63].

7. CONCLUSION

In this study, we highlight the association between psychological disorders with SARS-CoV-2
infections. The development of anxiety-related disorders such as post-traumatic stress disorder (PTSD), OCD,
generalized anxiety disorder, panic disorder, and sleep-related disorders such as insomnia, sleep apnea, and
narcolepsy are significant concerns for COVID-19 patients. Symptoms of the nervous system are considered a
possible predictor of poor prognosis. Therefore, prevention and treatment of CNS symptoms may be necessary
for the recovery of COVID-19 patients. Further, a database and laboratory-based study can be launched
considering the genetic expression of various nervous system biomolecules to develop a clear insight into the
correlation between psychological disorders and COVID-19.
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