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ABSTRACT

Background: Fear, anxiety, and stress are natural reactions of the human body to unpredictable
¢ and potentially threatening conditions. Currently, individuals are encountering Coronavirus
Received: 14 Feb 2021 Disease 2019 (COVID-19) pandemic; it is caused by a virulent, partially unknown pathogen
First Revision: 24 Mar 2021 ¢ with high transmissibility, recognized as Severe Acute Respiratory Syndrome Coronavirus 2
Accepted: 3 Apr 2021 : (S.ARS-COV-.Z). Itis conceiyable .to expel.ience cfmxiety, é.tress, an.d subsequent mental he.:alth
¢ disorders during the pandemic. This narrative review provided a brief overview of mechanisms
Published: 18 Jul 2021 involved in COVID-19 and mental health disorders as well as the bidirectional association
i between them.

Article info:

Methods: Scientific electronic databases, such as PubMed, Scopus, Web of Science, and
Google Scholar were thoroughly searched, based on different keywords in this study.

Results: Lifestyle changes and isolation for breaking the chain of infection facilitate mental
health disorders development more than before. Since the onset of the pandemic, the prevalence

Keywords: of mental health disorders has significantly increased. Moreover, studies suggested that the
Coronavirus Disease 2019 i incidence of COVID-19 and the progression of the disease to a severe and life-threatening
(COVID-19), Severe Acute i stage is higher in individuals with a history of mental health disorders. Inflammation is caused
Respiratory éyndrome i by, also may cause mental health disorders. Besides, COVID-19 is associated with cytokine
Coronavirus 2 (SARS-CoV-2) storm and subsequent inflammation.

Mental disorders, Cytokine Conclusion: There seems to be a bidirectional association between COVID-19 and mental
release syndrome, Inflammation | health disorders, in which inflammation acts as an adaptor.
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1. Introduction

t has been more than 10 months since Coronavi-

rus Disease 2019 (COVID-19) was announced

as a global health issue by the World Health

Organization (WHO); however, no definite

pharmacotherapy method has been developed

in this regard [ 1, 2]. As the Severe Acute Respi-
ratory Syndrome Coronavirus 2 (SARS-CoV-2) spreads
savagely, its associated high mortality and morbidity
rates have led to great concern, worldwide [3, 4]. The se-
verity of the disease and the mortality rate among the pa-
tients afflicted with COVID-19 depends on various fac-
tors, such as gender, age, underlying diseases, and even
ethnicity [5-8]. Moreover, various definitions of CO-
VID-19 cases exist in different countries. There might
be difficulties in detecting positive cases and focusing
more on symptomatic patients. Accordingly, it is not far
from expectation to overestimate or underestimate the
COVID-19 Case Fatality Ratio (CFR) [5]. Thus, in this
stage, the naive estimation of the CFR of SARS-CoV-2
is hard to determine; however, the range of current esti-
mates widely varies from <0.1% to >25% [5]. Moreover,
SARS-CoV-2 has a high level of transmissibility and ap-
proximately 15%-20% of cases would develop the se-
vere and life-threatening form of COVID-19 [9]. These
characteristics of the COVID-19 pandemic along with
socioeconomic concerns and prolonged isolation could
result in triggering Mental Health Disorders (MHDs)
[10, 11]. Surveys revealed significant increases in the oc-
currence of MHDs worldwide. Based on the literature,
the COVID-19 pandemic caused depressive symptoms
in 16.5%-43.8% and anxiety disorders in 21.6%-45.1%
of the studied populations [12]. Generally, it was report-
ed that the prevalence of MHDs increased from 18.9% to
27.3% in Europe. Furthermore, the incidence of anxiety
and depressive symptoms almost tripled in the USA in
2020, compared to 2019 [12].

It was suggested that inflammatory cytokines are caus-
ative factors in the pathophysiology of COVID-19 and
MHDs development [13-15]. The present review aimed
to illustrate the association between pre-existing or con-
current mental disorders and COVID-19 focusing on
the involved mechanism and cellular signaling pathway.
First, the intertwining of neuropsychiatric disorders with
inflammation was demonstrated. Then, inflammatory re-
actions in COVID-19 were described. Finally, the bidirec-
tional association between COVID-19 and MHDs as well
as underlying inflammatory mechanisms were discussed.
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2. Materials and Methods

The necessary data were collected from the published
articles in PubMed, Scopus, Web of Science, and Google
Scholar databases. For evaluating the association be-
tween COVID-19 and MHDs, we limited the publication
date from 2020 to 2021. However, we have set no limi-
tation on the date of publication to assess the involved
mechanisms and the prevalence of MHDs in previ-
ous epidemics, such as Severe Acute Respiratory Syn-
drome (SARS) and Middle East Respiratory Syndrome
(MERS). Moreover, the results of our published and con-
ducted investigations were included. Related keywords
and MeSH terms included the following: “COVID-19”,
“SARS-CoV-2”, “mental disorders”, “mental health”,
“depression”, “anxiety”, and “pandemic”. After screen-
ing the records, 56 relevant studies were identified; from
which, 35 articles met the inclusion criteria of the study.
The inclusion criteria were published articles in English,
matching between article’s topic and research goals (the
association between COVID-19 pandemic & MHDs).

MHDs and inflammatory cytokines

MHDs (especially mood disorders) and inflammation
are closely linked. Inflammation and MHDs, through a
bidirectional association, potentiate each other [16]. In-
flammation seems to be a precursor for MHDs [16, 17];
MHDs in turn, caused the activation of an inflammatory
signaling pathway [18, 19]. MHDs and inflammation
crosstalk occur through different signaling pathways.

Numerous conditions could be considered as the pre-
cursor of MHDs. Some examples include anxiety, social
anxiety disorder, chronic insomnia, childhood sexual
abuse, and stroke [20-24]. These stressors, as sterile stim-
uli, resulting in the activation of inflammatory pathways
via Damage-Associated Molecular Patterns (DAMPs)
[16]. During tissue damage and cellular stress induced
by mentioned stressors, DAMPs are released to activate
repair mechanisms [25]. However, excessive DAMPs
production is detrimental. Accordingly, studies revealed
that DAMPs-induced chronic sterile inflammation may
be associated with some MHDs, such as depression
or Alzheimer’s disease [25, 26]. The major DAMPs
released from injured tissue are Heat Shock Proteins
(HSPs), High Mobility Group Box 1 (HMGB1), S100b,
extracellular ATP, and oxidized molecules [16, 26].
These molecular patterns are sensed by Pattern Recog-
nition Receptors (PRRs), expressed on various immune
and nonimmune cells [27]. Toll-Like Receptors (TLRs)
are a class of PRRs that recognize DAMPs and activate
protective mechanisms. However, in the setting of pro-
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longed stress-related events, the post-translation process
of TLRs signaling pathway is altered; this process may
result in increased vulnerability to MHDs [28]. Different
TLRs are involved in sterile inflammation consequent to
prolonged stressors exposure. Some examples include
cell surface TLRs, including TLR1,2.4,5,6, or endosom-
al TLRs, including TLR3,7,9 (Figure 1). Among them,
TLR4 has been widely studied in MHDs [26]. TLR4 has
two main signaling pathways; Myeloid differentiation
primary response protein 88 (MyD88)-dependent path-
way and MyD88-independent pathway. These signaling
pathways end up with the entrance of transcription fac-
tors, such as Nuclear Factor kB (NF-kB) and Interferon
Regulatory Factor 3 (IRF3) into the nucleus; in turn,
they regulate the expression of pro-inflammatory protein
and cytokine, such as inducible Nitric Oxide Synthase
(INOS), Cyclooxygenase 2 (COX-2) enzyme, IL-1p,
IL-6, TNF-a, IFNa, IFNf, and IFNy-inducible protein
(Figure 1) [28, 29]. It is well documented that elevated
levels of inflammatory cytokine may be associated with
increased risks of MHDs [26]. According to preclinical
reports, knocking out of the TLR4 gene in mice results
in less susceptibility to MHDs [30]. Moreover, the up-
regulation of TLR4 signaling pathway elements and fi-
nal products (i.e., pro-inflammatory cytokine) were ob-
served in patients with MHDs [31-34].

Long-Lasting exposure to stressor activates the stress
system. This process leads to elevated plasma levels of
Glucocorticoids (GCs), Norepinephrine (NP), and epi-
nephrine. In healthy physiological conditions, exposure
to acute stress results in cortisol secretion; subsequently,
it binds to Glucocorticoid Receptors (GRs) and regulates
the immune system and the Hypothalamic—Pituitary—
Adrenal (HPA) axis. Upon activation, GRs translocates
into the nucleus and cause anti-inflammatory cytokine
upregulation and inflammatory pathway inhibition. This
is achieved by suppressing the pro-inflammatory cy-
tokines transcription factors (i.e., NF-kB). In contrast,
chronic exposure to Stressors leads to the constant pro-
duction of cortisol. Chronic exposure to cortisol results
in steroid resistance. Persistent TLRs signaling may
decrease the capacity of the glucocorticoid receptor to
inhibit NF-xB, which may contribute to glucocorticoid
resistance (Figure 2) [35]. In other words, the frequency
of GRs reduces in the setting of steroid resistance. GRs
shortage results in enhanced inflammation and the risk of
generating MHDs [35, 36]. In a study, the resistance of
lymphocytes to the inhibitory effects of dexamethasone
in patients with Major Depressive Disorder (MDD) pa-
tients was reported in vitro [37]. A majority of studies on
MDD revealed partial resistance to glucocorticoids and
elevated pro-inflammatory cytokine [38].
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Peripherally circulating cytokines may reach the Cen-
tral Nervous System (CNS) via active cytokine transport
across the Blood-Brain Barrier (BBB) (humoral route);
they may also bind to receptors expressed on the affer-
ent fiber, especially the vagus nerve, and affect the CNS
(neural route) [39]. The metabolism and production of
mood-regulating neurotransmitters, such as serotonin,
glutamate, and dopamine may alter by an elevated level
of pro-inflammatory cytokine. For example, inflamma-
tory cytokines could alter tryptophan metabolism by
activating Indoleamine 2,3-Dioxygenase (IDO). Tryp-
tophan, as a serotonin precursor, is catabolized by IDO
into kynurenine. Kynurenine in turn is metabolized into
3-Hydroxykynurenine (3-HK), Quinolinic Acid (QA),
and Kynurenic Acid (KA). QA is an N-Methyl-D-As-
partate (NMDA) receptor agonist, KA is an NMDA re-
ceptor antagonist, and 3-HK is an oxidative stressor. In
the setting of the elevated pro-inflammatory cytokine,
the metabolism of kynurenine is in favor of QA pro-
duction [40]. Thus, besides oxidative stress induced by
3-HK and the diminished production of serotonin due
to the breaking down of tryptophan into kynurenine,
QA overproduction and its agonistic effect on NMDA
receptor; consequently, it results in increased glutamate
release and decreased glutamate reuptake. Increased
glutamate along with oxidative stress may lead to exci-
totoxicity and neurodegeneration and enhanced risk of
MHDs (Figure 3) [41]. Previous studies suggested that
depression-like behavior in mice could be disappeared
by the inhibition of NMDA receptor or IDO activation
[42, 43]. Moreover, Rasion et al. reported a strong cor-
relation between increased Cerebrospinal Fluid (CSF)
concentration of kynurenine and quinolinic acid and de-
pressive symptoms in patients [44].

COVID-19 and cytokine storm

The exact pathology of COVID-19 remains unidenti-
fied. However, the immune-mediated injury seems to be
the main causative event. It was suggested that Acute Re-
spiratory Distress Syndrome (ARDS), as the main mani-
festation of COVID-19, is developed due to cytokine
storm [45]. Different medical conditions may contribute
to the development of cytokine storms, such as infection,
rheumatic disease, malignant tumor, immunotherapeutic
pharmacotherapy, and iatrogenic injury [44]. Among
them, infection is the most common cause [46]. Cyto-
kine storms might play a crucial role in SARS-CoV-2
pathogenesis [47, 48]. Furthermore, scholars indicated
that cytokine storm is involved in the pathophysiology
of other infectious diseases (e.g. influenza, SARS-CoV,
MERS) [49-52].
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Figure 1. TLRs signaling pathway
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DAMPs released from damaged tissue recognized by TLRs which result in increased inflammatory cytokine production. Cell
surface TLRs (TLR1,2/4,5,6) or endosomal TLRs (TLR3,7,9) activation leads to transcription factors (NF-xB and IRF3) induction;

in turn, it upregulates inflammatory markers expression.

DAMPs: Damage-associated molecular patterns; TLRs: Toll-like receptors; MyD88: Myeloid differentiation primary response
88; TRIF: TIR-domain-containing adapter-inducing interferon-f; NF-xB: Nuclear factor-kappa B; IRFs: Interferon regulatory

factors (image created with BioRender.com).

Researchers have found that SARS-CoV-2 infec-
tion leads to cytokine storms through some conjecture
mechanisms. Additionally, cytokine storms may be in-
duced by the direct effect of SARS-CoV-2 [53]. The
virus attaches to a specific receptor, called Angiotensin-
Converting Enzyme 2 (ACE2) through Spike (S) protein
in nasal and bronchial epithelial cells and pneumocytes
[54]. ACE2 is a single-pass type I membrane protein that
converts vasoconstrictor angiotensin II to vasodilator an-
giotensin 1-7. The obtained data revealed that binding
of the SARS-CoV-2 to its receptor (i.e., ACE2) results
in ACE2 down-regulation; subsequently, it increases an-
giotensin II levels and decreases angiotensin 1-7 levels.
Then, angiotensin II by binding to Angiotensin Recep-
tor 1 (AT1R), plays its role as a pro-inflammatory cyto-
kine. Accordingly, angiotensin II induces the activation
of pro-inflammatory transcription factor NF-kB and
STAT?3 activation; through which measures, it regulates
the expression of inflammatory cytokine resulting in a

hyperinflammatory state and increased pulmonary vas-
cular permeability (Figure 4) [53, 55, 56].

Moreover, after the infection of pulmonary capillary
cells, these cells promote immune system responses.
This is achieved through the secretion of pro-inflam-
matory cytokines, such as IL-1, TNF- a, and IL-6 [57].
Infected alveolar capillary endothelial cells are targeted
by the immune system. The number of T lymphocytes
is also declined due to infection by the virus and sub-
sequent apoptosis [58]. Studies revealed the reduction
of CD4+ and CD8&+ T cells frequencies along with their
over-activated status in COVID-19. This over-activation
is characterized by a high concentration of cytotoxic
granules in CD8+T cells and an increased number of in-
flammatory Th17 cells; eventually, this procedure results
in severe immune injury in patients with COVID-19 [59,
60]. Furthermore, hype-inflammatory response of the
immune system results in elevated production of Reac-
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Figure 2. Hypothalamic-pituitary-adrenal axis dysregulation in chronic stress
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Normally, stressor caused cortisol release which binds to GR and inhibits inflammation. Chronic stress caused glucocorticoid
negative feedback attenuation and glucocorticoid resistance. In the setting of glucocorticoid resistance, the GRs decreased,; thus,
the inhibitory effect of cortisol on NF-kB was disrupted and caused an increase in the production of inflammatory cytokines.

CRH: Corticotropin-releasing hormone; Adrenocorticotropic hormone: Adrenocorticotropic hormone; GR: Glucocorticoid re-
ceptors; NF-kB: Nuclear factor-kappa B (image created with BioRender.com).

tive Oxygen Species (ROS) in infected epithelial cells.
Increased ROS production is associated with the induc-
tion and activation of NF-kB; consequently, it upregu-
lates the inflammatory cytokine expression [61].

High concentrations of circulating inflammatory cyto-
kine derived from SARS-CoV-2 infection may disrupt
the BBB [62]; thus, the cytokine network of the immune
system and the cytokine network of the CNS crosstalk
occurs. Peripheral inflammatory cytokine may cross
through the disrupted BBB and activate microglia and
astrocytes. Activated microglia and astrocytes can cause
increased production of ROS and inflammatory cytokine
in the CNS, leading to neuroinflammation. The CNS cy-

tokine network activation, in turn, causes cytokine storm
amplification (Figure 4) [61, 63].

Bidirectional association between COVID-19 and
MHDs

MHDs are developed in a significant number of patients
with COVID-19. Yanyu Hu et al. reported that a high fre-
quency of patients infected with SARS-CoV-2 encoun-
tered insomnia (54.1%), depression (45.9%), and anxiety
(38.8%) [9]. Furthermore, a study conducted on 62354
patients with COVID-19 revealed that in the setting of
SARS-CoV-2 infection, the risk of MHDs is considerably
high, compared to influenza, or other respiratory tracts, or
skin infections, urolithiasis, and cholelithiasis [64].
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Figure 3. Inflammation-Induced excitotoxicity through the kynurenine pathway
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Pro-inflammatory cytokines stimulate IDO in peripheral macrophages, resulting in the production of KYN, which crosses
the blood-brain barrier. Microglia convert KYN to OA, KA, and 3-HK. In elevated pro-inflammatory cytokine conditions, the
metabolism of kynurenine is in favor of QA production.3-HK is an oxidative stress inducer. QA exerts possible neurotoxic
effects, by activating NMDA receptors and decreasing glutamate reuptake, which increases glutamate release to potentially
excitotoxic levels. Besides, Trp metabolism toward serotonin production disrupts which triggers depression.

NMDA: N-methyl-D-aspartate; IDO: Indoleamine 2,3-dioxygenase (IDO); Trp: Tryptophan; KYN: Kynurenine; BBB: Blood-
brain barrier; QA: Quinolinic acid; 3-HK: 3-hydroxykynurenine; KA: Kynurenic acid (image created with BioRender.com).

The obtained data indicated that patients with a history
of MHDs are more prone to SARS-CoV-2 infection.
Moreover, the risk of COVID-19 infection is 65% more
in patients with underlying MHDs, compared to men-
tally healthy subjects [64]. Wang et al. argued that the
death rate in patients with COVID-19 and an underlying
MHD (e.g. depression, schizophrenia) was higher than
that of patients who were mentally healthy (8.5% vs.
4.7%). Besides, 27.4% of patients with COVID-19 and
history of MHDs underwent hospitalization; however,
only 18.6% of patients with COVID-19 without mental
health problems were hospitalized [65].

Therefore, in addition to the poor prognosis of mentally
ill COVID-19 patients, the development of MHDs, also
the augmentation of MHDs in patients with an underly-
ing MHD were observed in the setting of COVID-19 in-
fection. In addition to the socioeconomic impact of CO-
VID-19 following prolonged quarantine, teleworking,
permanent, or temporary unemployment and restriction
in social activities [66, 67] may lead to the generation
of MHDs. Accordingly, studies revealed that direct bio-
logical factors related to SARS-CoV-2 (e.g. consequent
immune response, a load of the virus, or breathlessness)
may play crucial roles in the aggravation or development
of MHDs [14, 68, 69]. Thus, there seems to be a bidi-
rectional association between COVID-19 and MHDs.

However, the exact mechanism accounting for this as-
sociation remains undiscovered.

Cytokine storm is a situation of a sudden release of
pro-inflammatory cytokines and interferon in a circulat-
ing system. This process could trigger the immigration
of immune cells, such as macrophages, neutrophils, and
T cells to the site of infection [60]. The invasive and
dysregulated immune system reactions would destroy
human organs (multi-organ failure) especially the lung
[70]. Inflammatory markers infiltration and edema fol-
lowed by ARDS in the late stages of the disease are the
consequences of cytokine storm in pulmonary capillary
cells; they would be lethal by decreasing the oxygen
saturation levels [60]. Delirium, depression, anxiety, and
insomnia are crucial mental health disturbances that may
precipitate in some patients with COVID-19 [71]. More-
over, cytokine storm is involved in brain injuries and
would prompt neuro-inflammation [72]. Additionally,
these psychopathological hallmarks could be induced as
a result of the viral infection of the CNS [73]. High-risk
behaviors in mentally ill patients, including forgetting or
rejecting to wear masks, not maintaining social distance,
neglecting self-care or medical care, tobacco smoking,
and substance abuse may put them at high risk for CO-
VID-19 infection [74]. Some medications prescribed to
patients with MHDs may increase the risk of coronavi-
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Figure 4. Coronaviruses are RNA viruses, some of which can infect human lung epithelium via the receptor ACE2

Viral RNA activates endosomal TLR3,7. These receptors activate IRFs and NFkB to induce inflammatory cytokines. The an-
tigen is presented on the surface of infected lung epithelial cells and CD8+ T cells induce apoptosis after the recognition of
antigen on infected cells. Virus binding to ACE2 results in down-regulation of ACE2, which in turn caused increased levels of
AngII. Ang Il by binding to AT1R plays its role as a pro-inflammatory cytokine. Inflammatory cytokine caused BBB disruption

and microglial activation and finally ROS production.

ACE2: Angiotensin-converting enzyme 2; Ang: Angiotensin II; AT1R: angiotensin receptor 1; TLR: Toll-like receptor; NF-«B:
Nuclear factor-kappa B; IRFs: Interferon regulatory factors; ROS: Reactive oxygen species; BBB: Blood-brain barrier (image

created with BioRender.com).

rus infection. For instance, patients receiving Tricyclic
or Tetracyclic Antidepressant (TCA/TeCA) presented a
high level of C-reactive protein (CRP; an inflammatory
biomarker) [75]. Moreover, benzodiazepines by activat-
ing GABAA receptors in immune cells cause suscepti-
bility to infection [76].

Based on these findings and our previous study on in-
flammatory markers in patients with depression [77],
inflammatory cytokines seem to be the major causative
factor in the bidirectional association between COV-
ID-19 and MHDs (Figure 5).

The Neutrophil to Lymphocyte Ratio (NLR) and the
level of IL-1B in mentally ill COVID-19 patients was
reported to be higher, compared to their mentally healthy
counterparts [9]. Previous studies also demonstrated an
increase in the levels of Interleukin (IL)-1p, IL-4, IL-6,
IL-10, CRP, Interferon (IFN)-y, CXCL10, and CCL2 in
COVID-19 [49, 78, 79] as well as the levels of IL-1p,

IL-6, IL-10, IFN-y, TNF-a, and transforming growth
factor-f (TGF-f) in MHDs [14, 80-81]. Interestingly,
it was signified that the level of inflammatory markers,
such as CRP in males with MHDs was higher than that
in females; this difference may explain a higher vulner-
ability of men to COVID-19, compared to women [75,
82, 83]. As mentioned earlier, mechanisms involved in
the pathophysiology of MHDs, including peripheral im-
mune cell infiltration into the CNS, microglia activation,
BBB disruption, HPA axis dysfunction, IDO induction,
and neurotransmission impairment results in the up-
regulation of inflammatory cytokine. Besides, immune
responses, in the setting of coronavirus infection leads to
cytokine storm. Therefore, the coincidence of these con-
ditions (i.e., coronavirus infection & MHDs) may trigger
the patient’s therapeutic outcomes.

Talaie H. et al. COVID-19 and Mental Disorders Association. IMTFM. 2021; 11(3):34101.

—
7




Summer 2021, Volume 11, Number 3

Figure 5. The bidirectional association of COVID-19 and MHDs
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COVID-19 results in an increased level of inflammatory cytokine (cytokine storm) which triggers or induces MHDs. MHDs
caused an increased level of inflammatory cytokine, which in turn, facilitates or triggers COVID-19 through immune system
dysfunction. The high-risk lifestyle of mentally ill individuals increases the odds of infection. Changes in lifestyle during pan-
demics (e.g. isolation or unemployment) increases the odds of developing MHDs (image created with BioRender.com).

3. Conclusion

Our findings indicated that the occurrence of pandemics
significantly increased the prevalence of MHDs in society.
There is also an elevated risk of developing COVID-19
in individuals with a history of MHDs. Therefore, pro-
viding the appropriate infrastructure to improve society
members’ mental health in the face of crises, like pandem-
ics is critical. This measure requires adequate funding for
community mental health care. Electronic mental health
(e-mental health) is an online intervention to deliver men-
tal health information, services, and care by which mental
illnesses could be prevented and treated. The sustained
evaluation of mental wellbeing, the early detection of
vulnerable groups, and providing easy access to treatment
for those with mental health issues would help reduce the
incidence of MHDs in times of crisis, like pandemics.
Modifying medications for individuals with MHDs under
the guidance of a psychiatrist may also be considered. Ac-
cording to studies, patients receiving SSRI are less prone
to SARS-CoV-2 infection, compared to patients receiving
TCA or TeCA. Considering anti-inflammatory treatment
with COX-2 inhibitors in patients with MHDs may also
help minimize the risk of developing COVID-19.
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