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Introduction
A tremendous surge of pneumonia-like illness was first reported 
in Wuhan city of Hubei Province in China, December 2019.1 
The global burden of this disease has quickly spread across the 
globe, and it caused a life-threatening infectious disease named 
Coronavirus disease 2019 (Covid-19) named by World Health 
Organization (WHO) in January 2020.2 The outbreak of 
Covid-19 has been declared by WHO as a public health emer-
gency of international concern (PHEIC) on 11th March 2020.1 
Subsequently, the origin and speedy spread of Covid-19 has 
become largely indefinite. Presently, no approved vaccine or 
drugs to potentially inhibit Covid-19 are available.3 Globally, 

physical distancing and avoiding the public gatherings including 
sport events, family functions, schools, and other events are rec-
ommended by default to prevent the spread of the severe acute 
respiratory syndrome virus (SARS CoV-2). The non-availability 
of sophisticated defensive measures is considered as one of the 
major issues among medical and healthcare personnel. Poor 
healthcare infrastructures can cause worry in highly populated 
countries like India and some level of panic also resides in people 
due to insufficient fundamental health protection measures.4

The Covid-19 has strongly affected the global population 
irrespective of gender, age, functional difference (normal or 
disabled) and created intense economic, mental, and social 
impacts worldwide.5,6 The impact of Covid-19 affected the 
routine life of all walks of life.7-11 Fear, uncertainty, and stig-
matization are some of the major challenging factors of this 
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pandemic, limiting access to suitable clinical and psychologi-
cal interventions. Based on the previous global novel viral out-
breaks and the collapse of the socio-psychological setting, it is 
highly crucial to implement mental health assessment, sup-
port, treatment, and services for the better health response 
against Covid-19.12 Globally, the threat of the virus and pan-
demic diseases raising the concerns about widespread anxiety, 
stress, worries, fears, panic attacks in individuals and also an 
increased the risk of developing brief stress-related psycho-
ses.13-15 The extreme level of psychiatric disorders and psycho-
logical disturbances could lead to the different types of suicidal 
behaviors, including actual suicide, suicide attempts, and sui-
cidal ideation.16 Suicide is a social, spiritual and cultural issue 
irrespective of age, sex, gender or race and till now our society 
has not done sufficient endeavor to assist those people with 
these kind of psychiatric disorders.17 Suicide is a complex 
behavior and neglected global public health issue which 
includes the order of process from suicidal ideation, planning 
and finally executing it.18 Environmental, socio-economic fac-
tors (such as social cohesion, economic status) and meteoro-
logical factors are reported to be the chief culprits for suicidal 
thoughts and execution.19

Multiple constituents of psychological interventions 
including panic, depressive disorder, social anxiety and alco-
hol consumption are considered as major underlying causes 
for acute suicidal affective disturbance. Several psychological 
distresses such as anxiety, depression and hazardous drinking 
are believed to be correlated with greater suicidal risk. Among 
them, depression and social anxiety are said to highly associ-
ate with suicidal ideation, suicide attempts, and suicide 
deaths.20 The reports of psychological autopsy studies showed 
that the relationship between physical illness, functional dis-
ability and suicide. Individuals with serious physical condi-
tion are found to be associated with high and constant suicidal 
thoughts. Of these increased odds of suicide were found 
among older adults with multiple physical illnesses.21 Over 
90% of the people who have attempted suicide faced psychi-
atric distress in their last 6 months of their life.22 Socio-
demographic factors, mainly poor education, unemployment, 
and low income are often considered to be the major triggers 
of suicide, including acute stress and demoralization by public 
humiliation or social rejection or no support from kith and 
kin.23 Moreover, either active or passive suicidal thoughts 
recurrently associated with depressed mood and is part of 
natural history of major depressive disorder.23 In addition, 
other factors like the impaired regulatory function of the 
immune system and systemic inflammation were also consid-
ered as other major contributing factors for the suicidal 
behavior.24 The nosology of depressive symptoms signifi-
cantly change a person’s problem-solving capacity thusly 
become precipitants of suicidal crises among the victims.22

As per WHO report 793 000 people were died by suicide 
across the globe in 2016, and reports from the Centers for 

Disease Control and Prevention (CDC) indicates that over 
47 000 people were died by suicide in the USA in 2017.25 
About 40.1% increase in suicidal deaths was observed in 2016 
when compared with suicides in 1990 as per the reports of 
National Crime Records Bureau (NCRB) of India.26 Across-
national study by Nock et al27 found that mood disorders are 
predominantly strong as well as independent predictors of sui-
cide ideation [Odd Ratio (OR)]: 3.4-4.7) and attempts (OR: 
4.7-5.9). Even though suicidal ideation is debatably more com-
mon than suicide attempts (lifetime prevalence: 9.2% and 
2.7%), it was shown that 29% of individuals have an idea of 
suicide but 59% have made definite plans to execute.28

Compared to suicide rates of previous years 1996 to 2001, 
female suicidal attempts were reported to be significantly 
higher in Hong Kong during the epidemic situation in 2003 
due to the spreading of severe acute respiratory syndrome 
(SARS). Suicide among the elderly women was increased to 
1.4162 incident rate ratio (IRR) in 2003, with an IRR of 
1.2013 and 1.1769 in 2000 and 2001, respectively.29 Another 
study of psychological effects during the SARS outbreak 
among 129 Canadians indicated the existence of 28.9% of 
post-traumatic stress disorder (PTSD) and 31.2% of depres-
sion within the group. Similar psychosocial patterns were also 
observed among people during the Ebola outbreak.30 Public 
health facility, socio-cultural practices and demographic distri-
bution vary among countries which in turn impacts the suicide 
rates accordingly and economically poor countries tend to 
experience the very worst effects.31 Apart from the “parallel 
epidemic” of depression, anxiety, and fear in the general com-
munity, the Covid-19 and other pre-existing injuries or dis-
eases in aged people further contribute to higher rate of suicidal 
risks and mental health problems.32 Likewise, many suicide 
attempt cases are reported in countries across the globe includ-
ing India due to Covid-19 pandemic. This work is aimed to 
illustrate few of the suicidal cases reported in India due to the 
fear related to Covid-19 and explain the possible involvement 
of behavior, kynurenine (KYN) pathway and inflammatory 
responses in the brain.

Methods
The electronic literature search was conducted through data-
bases like Google Scholar, Scopus, and PubMed. The follow-
ing combination of search terms such as Covid-19, suicide, 
anxiety, inflammatory cytokines, behavioral health, psychologi-
cal distress, quarantine, healthcare workers, and neurobiology 
were prominently used in our search. The papers published in 
English were used in the study. The suicidal cases among India 
and international countries during the pandemic between the 
periods of 19 March to 2 May, 2020 were reported in this 
review. Based on the collected articles, a narrative review was 
structured with major topics: (1) suicidal case studies during 
Covid-19, (2) behavioral health, (3) molecular basis of suicidal 
brain, and (4) role of inflammation in suicide.
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Suicidal Cases
Globally, India is ranked second having least number of psychi-
atric healthcare professionals. Thus, approaching the individuals 
with mental distress due to Covid-19 by psychiatric profes-
sional becomes difficult. Therefore, psychiatric distress, financial 
status, healthcare work related stress issues and unemployment 
due to the lockdown might contribute to some percentage of 
people to commit suicide in India.33 Since domestic violence, 
manifested by alcohol consumption and other social factors 
because of lockdown, becomes an additional trigger of suicide 
during the current pandemic.31 In India, more than 300 deaths 
were reported due to psychological distress due to imposed 
nationwide lockdown and in this almost 30% of people (80 out 
of 300) took their own life due to loneliness and fear of being 
tested positive for the Covid-19.34 Moreover, until now the 
causes of suicides or those due to Covid-19 collectively have not 
been reported in India. Therefore, we briefly investigated the 
suicidal deaths that occurred in India during this pandemic 
with few examples to demonstrate interconnection.

The first suicide in India occurred on 12th February 2020 
from the State of Andhra Pradesh due to Covid-19. A 
50-year-old man, wrongly correlated the symptoms of some 
other viral infection with Covid-19 and died by suicide.35 On 
23rd March 2020, 2 younger persons attempted suicide in 
Uttar Pradesh, India as they confused flu symptoms with 
Covid-19.36 Another victim was a 60-year-old man from 
Arakkattalai, Tamil Nadu, India worked as a daily wager in 
neighboring state Kerala. After he returned from Kerala he 
was admitted to Ariyalur government hospital due to fever. 
The local people said he was suffering from kidney disease 
and his sample was sent to Mahatma Gandhi Government 
Medical College Hospital, Tiruchirappalli for the Covid-19 
diagnostic test. But unfortunately, he engaged in suicide while 
being in isolation before the test results came back negative.37 
Yet another 40 year old male was brought to the intensive unit 
after he attempted suicide, because he was in interaction with 
a foreign couple and in the fear of acquiring the infection, he 
self-isolated himself from his family. Later, due to the occur-
rence of Covid-19 infection like symptoms such as fatigue, 
abdominal pain, throat dryness, he developed sever anxiety 
which led him to commit suicide. During treatment, it was 
identified that he was suffering from adjustment disorder 
versus severe depressive episode without any psychotic symp-
toms antidepressant and supportive psychotherapy were pre-
scribed.38 Moreover, the governments announced series of 
lockdown and restricted the movement of people, as part of 
efforts to tackle the spread of Covid-19. This produced a 
chance of unintended consequences, including crimes. For 
example, increased time spent at the home might be expected 
to raise the opportunities for child abuse and domestic vio-
lence as the potential victims are spending more time 
together.39 The list of nation-wide lock-down deaths in India 
during Covid-19 pandemic is presented in Table 1.

Sleep disturbances, distress, anxiety, depression, and suicides 
were also reported in other Asian countries, Africa, Australia, 
Europe, North and South America due to Covid-19.40 The psy-
chiatric effect of Covid-19 poses increased the risk of suicide and 
other distress for months and years ahead. In the USA, the 10th 
leading cause of death occurred by suicide commitment in every 
12 minutes, and for each successful suicide, there are 25 suicide 
attempts. Since March 2020, the inspiration of suicide attempts 
and completion of suicidal acts appears to happen due to pan-
demic state and has become a worrisome sign. As the USA 
comes at top on Covid-19 infected cases, different media sources 
predict that Covid-19 related suicides will increase 1.6% for each 
1% rise in unemployment.41 There are 90 000 estimated health-
care employees who suffered and 260 nurses who died from 
Covid-19 infection. Considering the Covid-19 crisis and con-
tinuous risk of exposure in medical facilities this could raise 
stress to an unprecedented levels for nurses or other workers 
which could eventually trigger the suicide thoughts and execu-
tion.42 WHO reported that a lot of suicides arise during this 
pandemic crisis and causative factors includes loneliness, finan-
cial issues, discrimination, and psychological problems are pro-
voked due to Covid-19 pandemic. This pandemic is said to 
promote mental illnesses and to raise suicide rates.43 While 
clinical treatment of people with Covid-19 exist, the assets to 
treat the subsequent and related mental effects are insufficient. 
The physical infection can be seen, however, the mental effects 
are frequently not seen until it is too late.44 Though, the suicidal 
cases due to Covid-19 fear occurs all over the world, here, we 
report few examples of suicidal related deaths with respect to 
Bangladesh, UK, Italy, and Germany.

Table 1.  Lock-down deaths in India during Covid-19 pandemic (19, 
March to 2, May, 2020).

S. No Reason for death Death 
toll

1 Loneliness or fear of testing +ve for 
Covid-19

80

2 Accidental death of migrant workers on 
their way to home

51

3 Deaths related to withdrawal symptoms 45

4 Starvation and financial distress 36

5 Physical exhaustion from long-distance 
walking (no transport)

24

6 Police atrocity/state violence 11

7 Lock-down related crimes 12

8 Denial of medical care 38

9 Un-specified death 41

  Total 338

Source: Suicide leading cause for over 300 lockdown deaths in India: Study.34
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After returning from Dhaka, a 36 years old man attempted 
suicide due to misdiagnosing symptoms like cold, fever, and 
weight loss, which made him and his neighbors believe that he 
was suffering from Covid-19 infection. His autopsy report 
showed that the suspect was Covid-19 (−ve).5 A 19-year-old 
British girl, expired in a hospital located in King’s Lynn on 
29th March 2020. Previously, she attempted suicide fearing 
Covid-19 and she was transferred to the hospital in a critical 
condition. Later, her relatives decided to remove her from life 
support and permit the doctors to collect her organs for dona-
tion.45 A 34 year old Italian nurse, who was supporting the 
treatment of Covid-19 patients in an intensive care unit (ICU) 
took her own life after she diagnosed Covid-19 positive.46 One 
more healthcare person in King's College Hospital in London, 
a nurse in her 20s, took her own life, since 8 of her patients have 
died because of Covid-19.47 Another 54 year old German 
finance minister from the State of Hesse, was found dead in 
the railway station on Saturday, 28th March 2020. It was 
reported that he did suicide after being profoundly concerned 
and worried about his State's financial aid and growing con-
cerns of the Covid-19 pandemic.48

In conclusion, the above mentioned case studies have 
implied the increased psychological distress among healthy 
people and healthcare workers are owing to the increased anxi-
ety of Covid-19. Across the globe, both Covid-19 positive, 
negative cases and healthy people have also attempted suicide 
in different ways and also fewer people were engaged in suicide 
due to inaccessibility to alcohol during this pandemic situation. 
Therefore, there is an urgent need for psychiatric healthcare 
advice, support and awareness to help the common public with 
the assistance of local and international media.

Behavioral Health
The need of studying behavioral health

The implementation of unfamiliar measures especially when 
imposed on personal freedom leads to emotional distress, which 
is noticeable during pandemic times. Fear or anxiety, confusion, 
irritation, frustration, boredom, and self-isolation could make the 
people emotionally unstable ergo, focus should be on the mental 
health condition of people as a high priority during pandemic 
situations.29 During a pandemic like Covid-19, one of the signifi-
cant precautions is social distancing in order to prevent further 
transmission and the implementation of lockdown caused the 
loss of routine/decreased social contact that could increase frus-
tration among people. The major factors such as fear about get-
ting infected, the length of quarantine period, lack of essential 
supplies and poor knowledge about quarantine and associated 
guidelines results in the development of stress among peoples.49 
One of the major characteristic features of pandemic disasters 
compared with other disasters is that, it insists on isolation and 
quarantine of the victims that affects the relational functioning in 
the families. A survey among 398 parents and their children in 
various containment areas who experienced quarantine or self 

isolation showed characteristic of PTSD by 25% and 30%, 
respectively.50 During and post-pandemic times, there is a need 
to implement behavioral health strategies to overcome fear, anxi-
ety, and suicidal ideation. As the countries are working to reduce 
the transmission rate of Covid-19, it is necessary to reduce the 
individual worries to accomplish a healthy Covid-19 fear free 
society.14 Indeed, mentally some people may recover quickly 
while others may become vulnerable and may not overcome the 
emotional stress (such as fear and anxiety). Paramount, the pri-
mary focus should be on people who are having psychological 
disorders as they are prone to suicidal ideation easily. There are 
reports from Iran showing that people are anxious when thinking 
about corona virus, and many of them were not able to sleep due 
to this thought.14 Worries about life, family, financial crisis, lone-
liness, self-isolation, and fear about social behavior even after the 
recovery of the disease could increase the mental distress and ulti-
mately form as a base for suicidal ideation. One family affected by 
MERS conveyed that people started avoiding them when they 
heard about a MERS infected person in their family, and shop-
keepers started to throw things at them and shouted against them 
to leave. Even after recovering from the disease, people still 
believed in discrimination and rumors,51 which certainly would 
be applicable to other epidemics or pandemics.

Individuals watching the Covid-19 news may feel anxious 
because the media gives update about the mortality rate, criti-
cal situation, non-availability of treatment options for Covid-
19, and quarantine. The individual may feel overwhelmed with 
such kind of information when such a person is tested Covid-
19 positive and kept under self-isolation leading to the chances 
of elevated emotional distress.52 A study in Wuhan during 
Covid-19 times reported the impact of social media exposure 
on mental health in individuals and showed that 82% of the 
participants were exposed to social media developed higher 
prevalence of anxiety and depression.53 One of the significant 
characteristic features of an infectious disease is fear and trans-
mission rate and fear by itself can amplify the psychological 
damage.52 The development of fear could alter the person’s 
behavior and most of the people who have attempted suicide 
have compared their symptoms to Covid-19 and died by sui-
cide even without testing. People who are having psychological 
disorders, especially with stress, anxiety, and depression, are 
prone to suicide ideation and it was reported that 25% of the 
SARS survivors showed PTSD, and 15.6% have depression. 
This insists the need of studying the emotional distress among 
infected people, along with Covid-19 treatment and as the 
authors suggest that increase in preparedness of healthcare pro-
fessionals to find and manage people’s psychological behavior 
during these kind of infectious outbreaks.54

Emotional distress in health care workers

The levels of emotional stress in healthcare individuals are 
seem to be higher than common public and the psychological 
distress that developed by health care workers (HCWs) during 
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SARS time sustained even after a year and hence remaining as 
a major concern.55 Medical practitioners who worked in high-
risk locations, and people who contacted SARS patients were 
susceptible to develop post traumatic symptoms (PTS). The 
likelihood rate was 2 to 3 times higher than healthy individu-
als.56 Koh et al57 also reported that the anxiety level in >50% 
of medical practitioners was higher during SARS time and 
around 18% to 57% of medical professionals experienced emo-
tional distress during SARS period.

The reported levels of anxiety, depression, stress, and 
PTSD in HCWs across the globe during Covid-19 are men-
tioned in Table 2. The psychological impact of Covid-19 on 
healthcare personnel in Singapore showed that the level of 
psychological distress is more than non-medical healthcare 
professionals,58 which shows that HCWs are under huge 
amount of psychological pressure. The stress level of HCWs 
in Singapore and India seemed to be on the lower side when 
compared to other developed countries (such as USA and 
China), which may be explained by job demand and extended 
unreasonable working hours. Further, HCWs professionals in 
India are well experienced with taking care of large number of 
patients even during non-pandemic times. These kinds of 
past experiences could have helped to lower the panic associ-
ated with a pandemic to certain extent.59

As discussed previously, there have been reports of suicidal 
deaths associated with Covid-19 fear by HCWs in Italy and 
Britain. HCWs, in addition to risk of developing anxiety disor-
ders, depressive mood and post-traumatic stress disorders, also 

have an increased likelihood of experiencing brief psychotic 
symptoms during the current COVID-19 pandemic.65 The 
major reasons behind the development of adjustment disorders 
in HCWs is due to the asymptomatic nature of Covid-19 
transmission, work pressure, fear of the viral spread by them to 
their families/friends, behavior of patients who do not follow 
the medical measures or quarantines, non-availability of per-
sonal protective equipment (PPEs), sleeplessness and lack of 
training to face pandemic situations.63,66 The lessons learned 
from epidemics like SARS and MERS will help us develop a 
potential strategy to reduce the psychological and emotional 
distress among the individuals that improve their wellbeing.67

Measurement of psychological distress

It is necessary to conduct epidemiological studies that evaluate 
the level of fear, anxiety, depression, and other mental health 
problems associated with Covid-19.5 The emotional states can be 
identified based on the answers to questionnaires by assigning a 
score from which we can identify mild, moderate, or severe disor-
ders.68 Nearly half of the patients affected by MERS and SARS 
displayed psychological distress.13 For successful Covid-19 psy-
chological distress management it is necessary to include com-
mon people as well as patients who are vulnerable during such 
pandemic times. Emotional states of an individual can be meas-
ured by framing various questionnaires to identify the level of 
distress which can be filled by the patients and or by practition-
ers/HCWs. The widely used psychological scale is depression 

Table 2.  The comparison of prevalence rate of anxiety, depression, stress, and PTSD among HCWs from various countries.

Category Country Anxiety 
(%)

Depression 
(%)

Stress 
(%)

PTSD (%) Mode of study Reference

HCWs* Singapore 10.8 5.2 6.4 5.7 Self-administered 
questionnaire

Tan et al58

Non-medical 
HCWs*

Singapore 20.7 10.3 6.9 1.9 Self-administered 
questionnaire

Tan et al58

HCWs China (Wuhan) 24.1 13.5 29.8 Questionnaire Zhu et al60

Nurses and 
physicians

China (Wuhan) 41.1 46.9 69.1 Online survey through 
social media

Lin et al55

Nurses and 
physicians

China (Wuhan) 44.6 50.4 71.5 Questionnaire Lai et al61

HCWs China (Wuhan) 20.1 12.7 59 Electronic survey Du et al62

HCWs USA (New York) 33 48 57 Electronic survey Shechter et al63

HCWs Singapore 14.4 9 6.5 7.5 Self-administered 
questionnaire

Chew et al64

HCWs India 17.1 12.4 3.8 7.3 Self-administered 
questionnaire

Chew et al64

HCWs India 17.7 11.4 3.7 Online questionnaire Wilson et al59

*All studies are cross-sectional in nature.
*HCWs include physicians, nurses and allied professionals including clinical technicians and others who were actively involved in health care sectors.
*Non-medical HCWs include allied health professionals, pharmacists, technicians, administrators, clerical staff, and maintenance workers.
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anxiety stress scales (DASS-21) by which all psychological symp-
toms can be obtained from a common scale, which can be further 
analyzed to get severity of symptoms to classify that state into 
mild, moderate or severe. Impact of events scale-revised (IES-R) 
instrument is also used to calculate the emotional distress associ-
ated with the outburst of Covid-19.64 The widely used scales to 
measure anxiety includes Beck anxiety inventory (BAI), general-
ized anxiety disorder scale (GAD) while depression can be evalu-
ated based on Beck depression inventory-II (BDI-II).61,62 
Questionnaire based on public health are also employed as psy-
chological screening tests and the stress severity is assessed by 
perceived stress scale (PSS10).62,63 In most of the studies, the data 
are collected via a link, surveys or via social media through various 
working institutions or via the web then evaluated via various sta-
tistical tools by assigning scores which are analyzed to understand 
the psychological distress among the individuals.60,61,63 Ahorsu 
et al14 developed and validated (among 717 Iranians) a psycho-
metric instrument/scale named Fear of Covid-19 Scale (FCV-
19S) to capture individuals’ fear of Covid-19. Further, they 
reported the severity of fear indicated among the individuals 
using FCV-19S and that this instrument aided them in reducing 
social stigma and fear associated with Covid-19.

The Molecular Basis of the Suicidal Brain
Suicide is considered as a universal health concern accounting 
for a minimum of 800 000 deaths occurs per year. It takes 
serious toll for people ages from 15 to 44 on worldwide due 
to several reasons. Over the last decades, the rate of suicide is 
quite alarming across the globe and especially very high in 
Europe and United States, which disrupts the socio-economic 
and country status. Several models have been proposed that 
differ in their prominence on the role of psychological, psy-
chiatric, neurobiological and social factors in explaining the 
suicide risk.69,70 The post-mortem reports of the brain, 
genomic and neuroimaging (in vivo) studies clearly signify a 
biological basis for diathesis, suggesting relevance of both 
neurobiological screening and interventions.71,72 The neuro-
biology of suicide is a vast field, ranging from initial candi-
date gene studies to recent miRNA expression. Also, the 
genetic relation among suicide and polymorphisms of the 
HPA-axis, serotonin system, noradrenergic system and poly-
amines have been well established.73 Early-life adversity and 
epigenetic mechanisms may justify the association among 
suicide risk, brain circuitry as well as abnormality in neuro-
chemistry.71 The public normality and restrictions often make 
it complicated for the people who experience either suicidal 
ideation or any aspects of suicidal behavior to get help before 
it is overdue. Thus, a clear understanding on the suicide neu-
robiology is essential so that the suicidal mortality can be 
avoided through appropriate treatment. Extensive neuro and 
cognitive psychological studies helped us to understand the 
various aspects of suicidal behavior. It further determined 
how brain anatomy would contribute specific trait-like char-
acteristics that constitute the suicidal behavior vulnerability. 

Various studies have reported that the dysfunction of brain is 
also considered as one of the contributing factors causing sui-
cidal behavior.74 Neurobiological factors that contribute to 
suicide are broadly classified into distal and proximal risk fac-
tors. The distal factors tend to enhance early disposition to 
suicide, while proximal factors precipitate an act of suicide. 
Proximal factors show a strong relationship between psycho-
pathology, most conspicuously major depressive disorder 
(MDD), and suicide risk.23

Distal factors

Depression and anxiety disorders have genetic predispositions 
as major risk factor. Suicide/depression often occurs because of 
the incapability of brain to take correct responses to the exter-
nal stimuli due to the damage of synaptic and neuronal plastic-
ity. Neurotrophins are interrelated members of the nerve 
protein nerve growth factor (NGF). The family of neurotrophic 
factors besides NGF include brain-derived neurotrophic factor 
(BDNF), Neurotrophin-3 (NT-3), and NT-4/5, that all have a 
critical function in neuronal survival, differentiation, plasticity 
throughout development and adulthood.75 Reports revealed 
the involvement of BDNF in the physiological functions of 
mood disorders.76 The level of BDNF expression is lower in 
platelets or lymphocytes of both depressed individuals and sui-
cide attempters than healthy normal individuals.77 The studies 
on the human model support the function of both BDNF and 
NT-3 within the pathophysiology of stress and depression. 
Studies on genetics strengthened the functioning of neurotro-
phins in mood related disorders since it was previously found 
that either BDNF or its low-affinity receptor, pan 75 neurotro-
phin receptor (p75NTR), gene polymorphisms could couple to 
depressive disorder and suicidal thoughts.75

One of the significant candidate genes is BDNF and has 
major function in growth, neuronal survival, differentiation, 
and synaptic plasticity.78,79 BDNF can mediate stress responses 
in the brain region, even though its effect is possibly complex, 
dynamic, and non-linear.23 BDNF belongs to neurotrophin 
family and is located on chromosome 11p13. The missense 
mutation in the precursor BDNF (pro-BDNF) could result in 
the development of single nucleotide (G196A) polymorphism 
(SNP) at codon 66 that forms methionine (Met) instead of 
valine (Val). SNP (SNP ID: rs6265) is believed to reduce the 
release of BDNF protein in the central nervous system (CNS) 
that results in lowered BDNF activity which is correlated to 
neurodegenerative diseases like Parkinson’s disease, Alzheimer’s 
disease and other psychiatric disorders as well.80 In healthy 
individuals, the BDNF Val66Met polymorphism is directly 
associated with anxiety as well as cognitive activities and both 
are connected to suicidal thoughts. Pro-BDNF in the mam-
malian brain undergoes proteolytic cleavage to form a mature 
BDNF. The BDNF can binds to its higher affinity receptor 
tropomyosin related kinase B (TrkB) and mediates neuropro-
tective functions, nerve growth, neural transmission, synaptic 
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plasticity, and other events.80 The neurotrophic factors includ-
ing BDNF are produced constitutively or via regulated path-
ways in non-neural tissues.81 SNP alters the activity dependent 
secretion of BDNF which results in reduced BDNF produc-
tion also it binds with lower affinity to receptor named-
p75NTR.82-84 The Met allele or SNP was reported to damage the 
intercellular trafficking of BDNF with a nearly 30% reduction 
of activity dependent secretion of BDNF.84 Lowered expres-
sion of neurotrophins, along with low expression and activation 
of TrK and concomitant enhanced expression of p75NTR repre-
sents the abnormalities in suicidal brain. The ratio of expres-
sion levels as well as activation of TrK receptors and p75NTR is 
significant in neurotrophin-assisted process.85 The binding of 
neurotrophic factors with Trk activates signaling pathways 
such as phosphatidylinositol 3-kinase (PI3K), mitogen-acti-
vated protein kinase (MAPK), and phospholipase C-γ (PLC-
γ) which are required for the proper synaptic functioning 
including cell survival. While binding of NGF with p75NTR 
could activate the nuclear factor kappa B (NF-κB) or c-Jun 
N-terminal kinase which causes apoptosis and excessive activa-
tion/binding results in neurodegeneration and stress related 

issues. The balancing of these signaling pathways by proper 
receptor binding is highly important in order to maintain the 
synaptic functioning and to manage stress as well.80,86 Lower 
BDNF expression is likely to be associated with the pathogen-
esis of depression and the administration of antidepressants 
may enhance BDNF production.74 In general, the alternations 
in the BDNF signaling pathway could be considered as a sig-
nificant biological risk factor in both the etiology and develop-
ment of suicidal acts.84 The distal risk factors for suicidal 
commitment are illustrated in Figure 1.

Proximal factors

Serotonergic alterations.  The serotonergic system has been 
extensively studied since 1948 by the discovery of serotonin 
from beef serum and shortly afterwards serotonin in the mam-
malian brain was demonstrated by Twarog and Page. Serotonin, 
a monoamine neurotransmitter is synthesized by hydroxylation 
of the amino acid, tryptophan (TRP) by the enzymes trypto-
phan hydroxylase 1 and 2 (TPH1 and TPH2).87 The dysfunc-
tion of the serotonin biosynthesis pathway is an established 

Figure 1.  Role of distal factor in suicidal behavior. Distal risk factor predisposition to suicide. Brain-derived neurotrophic factor (BDNF) is synthesized as 

a precursor known as proBDNF, which later undergoes proteolytic cleavage to form a mature BDNF. The proBDNF preferentially binds to p75NTR and 

mature BDNF to TrkB. The binding of BDF with high affinity receptor TrkB activates various signaling pathways such as P13K, MAPK and PLC-γ, which 

are required for proper synaptic functioning, cell survival and maintaining neural plasticity. A single nucleotide (G196A) polymorphism (SNP) of BDNF 

gene produce Val to Met substitution in the proBDNF protein at codon 66 (Val66Met). This SNP (SNP ID: rs6265) decreases the activity dependent 

secretion of BDNF protein in the brain and results in lower trafficking of BDNF. In addition, the BDNF actively binds with lower affinity receptor p75NTR that 

activates NF-κB and c-Jun N-terminal kinase pathways and it induces apoptosis. The presence of excess levels results in neurodegeneration and mood 

disorders that can cause suicidal behavior. The abnormality in BDNF signaling pathway function is considered a vital biological risk factor in the 

pathological process of suicide.
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perception for suicidal behavior, which is mediated by increased 
aggressiveness in the case of mood disorders.88 In 1976, Asberg 
and colleagues,89 for the first time, demonstrated changes in the 
serotonergic system in the brain of suicide attempters. Here, 
5-hydroxyindoleacetic acid (5-HIAA), the major metabolite of 
serotonin is detected in lesser amounts in the cerebrospinal fluid 
(CSF) of patients affected with depression.90 Reduced level of 
serotonin and 5-HIAA and change in the kinetics of serotonin 
as well as its receptor interaction was reported in the brain of 
suicide attempters compared with healthy individuals.91 The 
post-mortem reports of suicide subjects point out a localized 
decline in serotonin transporter binding in the anterior cingu-
lated and ventro medial prefrontal cortex. Impaired serotonin 
input into this brain region may result in impaired decision-
making, which ultimately leads to the risk of suicidal behavior. 
Altered level of serotonin uptake into different parts of the 
brain including the dorsal lateral prefrontal cortex, subgenual 
prefrontal cortex, and the amygdala is also associated with mood 
disorders, depression, and suicidal ideation.92

Glutamatergic and GABAergic alterations.  Glutamate and 
gamma aminobutyric acid (GABA) are the 2 major excitatory 
and inhibitory, neurotransmitters in the CNS, respectively. 
Reports suggest that the changes in these neurotransmitter 
systems are associated with pathophysiology of depression.93 
Glial glutamate transporter (GLT) is involved in the uptake of 
glutamate and metabolism and the glutamine, which is synthe-
sized from glutamate is released from the astrocytes to the 
extracellular space and it is further converted back to glutamate 
or GABA in neurons. In suicide victims with major depression, 
decrease in glutamine synthetase (GS) was observed in pre-
frontal and parietal regions of the brain, but suicide victims 
without mood disorders or depression exhibited normal levels 
of GS. This suggests that depression is coupled with impaired 
glutamate recycling, which further results in dysregulated glu-
tamatergic and GABAergic neurotransmission.94,95

Alteration in the GABAergic modulators is speculated to 
be involved in triggering the suicide and increased expression 
of genes encoding GABAergic proteins in anterior cingulate 
cortex (ACC) and differential dorso lateral prefrontal cortex 
(DLPFC) were observed in suicide victims. Hypermethylation 
were detected in dysregulated GABA-A receptor subunits 
and promoter in suicide victims and most of the elevated 
GABA-A receptor were detected in depressed people follow-
ing suicidal accomplishment.96 Abnormalities in GABA A 
receptor trafficking triggers GABAergic dysfunction in a 
number of brain pathological conditions that includes most 
of the neuropsychiatric and neurodegenerative diseases.97 
Some other genes associated with GABAergic neurotrans-
mission (GABARB3, GABARA4, GABARA3, GABARR1, 
GABARG2, and GAD2) were observed to be involved in the 
suicide cases, and it showed a prominent association between 
miRNA-mediated GABAergic deficits and locus coeruleus 

(LC) based noradrenergic activity. Changes in the production 
of GABA receptor subtypes such as α3, γ2, β1/3, and ε in the 
brain samples of depressed individuals were also detected. 
Moreover, signaling regulator proteins such as protein kinase 
A (PKA), glucocorticoid, neurotrophins, phospholipase C 
(PLC), mitogen-activated protein kinase extracellular signal-
regulated kinase (ERK/MAPK), glycogen synthase kinase-3 
beta (GSK3-ß), monoamine oxidase (MAO), corticotropin-
releasing hormone (CRH) were proved to be involved in 
LC-based neuropathological mechanism of suicide. Taken 
together, all these signaling components play vital roles in 
both mood disorders and suicide.98

Glial cells dysfunction.  The clinical findings and cellular evi-
dences have strongly documented the role of gliogenesis and 
glial pathology is associated with depression. Loss of glial cells 
within the regions of the ACC, DLPFC, and orbitofrontal 
cortex which are associated with MDD in postmortem tissue 
was described.99 Astrocytes are among the predominant glial 
cell types and approximately 20% of the cell volume of gray 
matter is occupied by astrocytes, which are recognized by the 
expression of glial fibrillary acidic protein (GFAP).100 Altered 
synaptic plasticity is a characteristic of depression wherein 
depression and anxiety disorder are likely to be influenced by 
tripartite synapses components. In addition, neurotrophic fac-
tors such as BDNF and glial cell-derived neurotrophic factor 
(GDNF) originated from the astrocytes and a reduction of 
these factors may be a reason for mood disorders associated 
with astrocyte dysfunction.101 Astrocytes are also involved in 
many essential neural circuit and metabolic functions and 
their functional alterations were observed in patients with 
schizophrenia and MDD. Also, myelin basic protein which is 
considered as one of the markers of the oligodendrocytic glial 
population is lowered completely within the prefrontal cortex 
of MDD and schizophrenic individuals who attempted sui-
cide.102 The post-mortem reports showed that changes in 
expression of the GFAP, GS, and glial-specific excitatory 
amino-acid transporters (EAATs) in brain tissue from people 
with MDD, confirmed that the possible impairment in glial 
cell alters its function.103 Accumulation of glutamate also acti-
vates N-methyl-D-aspartate (NMDA) which inhibits the 
BDNF pathway.101 Studies reported a lowered expression of 
both GFAP mRNA and protein as well as a low density of 
GFAP-immunoreactive (IR) astrocytes in the LC in MDD. 
Different astrocyte-associated genes were conjointly dysregu-
lated in MDD in astrocytes which were laser-dissected from 
LC.104 The proximal risk factors for suicidal commitment 
illustrated in Figure 2.

Inflammatory factors.  There is a growing prima facie case for 
inflammation being linked with suicide and changes in periph-
eral cytokine levels accompany suicidal behavior.105 Shreds of 
evidence suggest that the patients with suicidal ideation and 
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Figure 2.  An overview of the proximal contributors to suicidal behavior: (A) Under normal condition, serotonin (a monoamine neurotransmitter) is 

synthesized from the hydroxylation of tryptophan (TRP) by the enzymes TPH1 and TPH2. However, increased inflammatory cytokines deviates the 

tryptophan pathway to produce kynurenine (KYN) hindering the serotonin biosynthesis. Reduced level of serotonin and 5-hydroxyindoleacetic acid 

(5-HIAA), and changes in the kinetics of serotonin and its receptor interaction leads to impaired decision making which results in suicidal ideation, (B) 

Suicidal ideation and behavior have pronounced inflammatory changes in both blood and cerebrospinal fluid (CSF). In suicide attempters the levels of 

plasma IL-6 and TNF- α are increased and IL-2 level is decreased, (C) The impaired glutamate recycling results in dysregulated glutamatergic and/or 

GABAergic neurotransmission, which leads to mood disorders and suicide. Under normal conditions, the glutamate that is released into the pre synaptic 

cleft is taken up by the surrounding astrocytes. GS present in the astrocytes plays a major role in glutamate re-uptake from the synaptic cleft. The 

dysfunction of glial cells results in the down regulation of GS that result in the deposition of glutamate in the presynaptic cleft. This activates the NMDA 

receptor consequently resulting in cell death. In addition, it inhibits the BDNF pathway leading to suicidal behavior. (Red arrow indicates inhibition, while 

green indicates activation), and (D) Altered expression of glial fibrillary associated protein (GFAP), glial-specific excitatory amino-acid transporters (EAATs) 

in tissue, suggests that the glial cell abnormalities include changes in astrocytic cell functions of depressed individuals who engaged in suicidal activities.
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behavior have pronounced inflammatory reactions in both CSF 
and blood.106 A comparative study between suicide attempters 
and non-suicidal depressed individuals showed higher levels of 
inflammatory factors like IL-6 and TNF- α and declined IL-2 
levels in the former.107,108 The inflammatory mediators contrib-
utes a vital function in the pathogenesis of depression and stud-
ies implicate that vascular endothelial growth factor (VEGF) 
and KYN levels could be involved in the pathophysiology of 
suicide.109 Inflammatory cytokines will either be generated 
within the CNS or it may pass through the brain from the 
periphery via the blood-brain barrier (BBB). Studies reported 
that the suicidal patients have a higher permeability of BBB, 
along with higher CSF levels of hyaluronic acid (glycosamino-
glycan), which is a ligand for CD44 and is an indication of 
hyperbolic neuro-inflammation. The activation of toll-like 
receptors (TLRs) enhances the level of inflammatory cytokines, 
which said to play a crucial function in regulating innate immune 
responses. Brundin et al24 reported that other than psychiatric 
diagnoses, protein levels of TLR3 and TLR4 and mRNA were 
systematically dysregulated in both depressed and non-depressed 
suicide victims. An acute-phase inflammatory protein, C-reac-
tive protein (CRP) of liver kupffer cells induces other cells to 
disintegrate through complement system which is produced 
during increase in IL-6 in the serum and thereby CRPs also 
believed to contribute to suicidal behavior.108

Most of the viruses that belong to family Coronaviridae 
show parallel structures as well as infection pathways. Recent 
research reveals that coronaviruses not only affect respiratory 
tract but also the CNS that ends up in both neuro-invasion and 
neurotropism as general characteristics.110 SARS and MERS 
also displayed neurological complications (CNS) with a preva-
lence rate of 0.04% and 0.20%, respectively. Based on these 
data which is being extrapolated to Covid-19 reports (4.8 mil-
lion cases globally), nearly 1805 to 9671 patients are having 
neurological complications. As Covid-19 cases are exponen-
tially increasing, there showed rise in the neurological and psy-
chological complications which will increase the burden of the 
disease.111 It can be either direct effects of the alteration of host 
cell by viral invasion, or cytokine storm due to excessive viral 
load that in turn induce the excessive production of pro-
inflammatory cytokines further damaging various organs and 
further leads to death.112 It can also be post infectious medi-
tated by cellular, immune sickness and neurological complica-
tions associated with systemic effects of Covid-19.111 The UK 
based surveillance study of 125 patients with Covid-19 reported 
the presence of, neurological or psychiatric diseases over 21 
days (31% patients had distorted mental status, in which 13% 
with encephalopathy (of whom 6% had encephalitis), and 18% 
with a diagnosis of neuropsychiatric symptoms, including 8% 
with psychosis, 5% with neurocognitive (dementia-like) syn-
drome, and 3% with an affective disorder).113 The immuno-
pathological mechanism of brain damage within the SARS 
patients were observed an increased level of monokine induced 

by IFN-γ (Mig), a member of CXC chemokine family and it 
gliocytes could be responsible for Mig production. Moreover, 
CT scanning indicates the brain damage whereas, pathologic 
examination revealed gliocytes hyperplasia, neuronal denatura-
tion, and necrosis combined with a striated encephalomalacia, 
symptomatic of chronic progressive viral cerebritis.114

Angiotensin-converting enzyme 2 (ACE2) is a cardio-cere-
bral vascular protection protein present in nervous system and 
skeletal muscles. It acts as a central target for a variety of influ-
enza and coronaviruses. The viral binding to ACE2 receptors, 
cause exceptionally high blood pressure and the risk of cerebral 
hemorrhage could be elevated. Followed by SARS-CoV-2 
attack, other pathogenic bacteria may also destroy the BBB and 
penetrate the CNS by damaging the vascular system. In severe 
cases of secondary intracranial infections patients experience 
symptoms such as vision impairment, headache, projectile 
vomiting, and limb convulsions.115 The autoimmune disease 
could be either due to excessive self-response or by antigen-
driven immune responses and it is related to infection, genetic 
susceptibility or stress. SARS-CoV-2 infected individual’s pro-
duces autoantibodies against the coronavirus spike protein and 
were found to attack antigens in human epithelial/endothelial 
cells, which results in autoimmune encephalitis and cerebral 
edema.116 The Covid-19 infected people with cerebrovascular 
disease showed hypoxia conditions which lead to lowered cer-
ebral oxygenation and infarcts. The risk of ischemic stroke 
elevates in older patients due to infection, inflammation, and 
hypercoagulable states.117 Covid-19 patients with neuropsy-
chiatric symptoms showed “hematic” CSF tap with 960 cell/µL 
of red and white blood cells and an elevated protein (65 mg/
dL) along with evident of NMDA receptor antibodies that can 
trigger autoantibody production.118

In most patients, high level of CSF protein, lactate or white 
blood cells with negative SARS-CoV-2 polymerase chain reac-
tion (PCR) showed inflammatory changes compatible with 
autoimmune encephalitis. The neurofilament light chain (NfL) 
level (>5000 pg/mL) was noticeably high in CSF of some 
Covid-19 infected, thus exceeding established cut-off values 
(>2500 pg/mL) for rapidly progressing neurodegenerative dis-
eases especially amyotrophic lateral sclerosis (ALS) and multi-
system atrophy. Increased NfL levels may direct tissue damage 
either due to viral replication or inflammatory damage.119 Till 
now there are no reports to put forward that SARS-CoV-2 or 
related coronaviruses are highly neuro-virulent, unlike other 
viruses such as herpes simplex virus, a number of enteroviruses, 
and arthropod-borne viruses, which were proven to cause 
widespread neural damage.111 The above reports suggests that 
Covid-19 patients have notable psychiatric disturbances ought 
to be examine closely for any kind of neurologic manifestations 
of common symptoms or variations in mental status, signs of 
meningitis and dyskinesias as well. Severe infection poses high 
risk for developing neurological squeal which could increase 
the mortality rate. Besides, novel corona viral infection, there 
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should be a strong consideration given on a differential diagno-
sis in psychiatric patients with presentation of sudden onset.

Role of Inflammation in Suicide Among Covid-19 
Pandemic
According to reports, a higher risk of suicide correlates with the 
prevalence of high stress during the Covid-19 pandemic. Stress 
associated with comorbidities makes people even more vulnera-
ble to severe infection of SARS-CoV-2.120 Psychosocial factors 
like over thinking about the outbreak of Covid-19 pandemic, 
health-related anxiety, loneliness, economic stress induces mood 
disorders like depression among the population. People with pre-
existing mental health issues might probably develop worsening 
symptoms, and others might experience new psychiatric issues 
during this pandemic. The correlation of suicidal ideation and 
behavior with inflammatory changes and impaired regulatory 
function of immune system were also reported.106,24 Recent stud-
ies reported the stimulation of enhanced synthesis of TNF-α, 
IL-6,IL-1 receptor antagonist (IL-1Ra) and IFN-γ due to 
stress.121 In addition to the stress linked inflammatory response 
due to Covid-19, external pathogens like viruses can also believe 
to induce inflammation within the glial cells that can mediate 
specific neuro-inflammatory reactions leading to depression and 
suicidal ideation.122 Influenza, corona, HIV, and Hepatitis C 
virus infected patients were shown to have severe mood disorders 
and suicidal ideation.24 Replication of coronavirus in the CNS of 
patients with multiple sclerosis which indicates the possible inva-
sion of the pathogens into the nervous system was also reported.123 
Moreover, in a pathogen-immune-mood disorders connection, it 
is necessary to conceptualize the pathogen, which induces inflam-
matory responses as a stress inducer.124

The inflammatory cytokines induce changes in neuroendo-
crine function, neurotransmitter metabolism, and triggers the 
onset of depressive symptoms like any other physical or psy-
chological stressors.125 Immunological changes are perceived in 
patients with stress, depression, and other psychiatric disorders, 
which indicate the interaction of the immune system with 
CNS.126 Moreover, studies also reveal that receptors of differ-
ent hormones exist on the surface of lymphocytes/monocytes. 
Hence, this endocrine messengers bridges CNS and immune 
system and elicits inflammatory immune response.127 
Dysregulated inflammatory responses (such as reduced level of 
anti-inflammatory IL-10, increased concentration of plasma 
soluble interleukin-2 receptor (S-IL-2R), pro-inflammatory 
cytokines like IL-1, IL-2, IL-6; decreased natural killer cell 
activity and T cell function) are reported in the blood and CSF 
of suicide attempters and or patients with suicide ideation.126 
Several studies described the importance of pro-inflammatory 
cytokines in comprehending the physiological process of stress 
and mood related disorders.

The increased levels of mRNA sequences transcripts of 
anti-inflammatory IL-4 and IL-13 in the orbitofrontal cortex 
of suicide victims were also observed.128 Studies reported that 

an enhanced level of microglia signifying increased inflamma-
tory response among the suicide victims. Besides, a reduced 
level of neuro-protective IL-8 level was reported in suicide 
attempters with high anxiety.129 Reports also indicated that 
there is a significant reduction in chemokines such as CCL1, 
CCL8, CCL13, CCL15, CCL17, CCL19, CCL20, and 
CXCL11 in suicide victims.130 Thereby, studies showed that 
there is a high correlation between altered levels of pro-inflam-
matory cytokines like IL-1β, IL-2, IL-6, TNF-α and anti-
inflammatory cytokines like IL 4, IL 10, and IL-13 and 
depression/suicidal behavior.131

Interlink between inflammation and suicide 
behavior

Researchers have identified several possible mechanisms between 
stress induced inflammation and suicidal behavior. The major 
mechanisms believed to be involved are KYN metabolism, 
hyperactivation of HPA axis, and altered monoamine metabo-
lism. Cytokines found in the peripheral immune cells can pene-
trate the BBB or be synthesized within the CNS by the glial cells 
and could induce neuroinflammation.132 The overall scheme 
representing the mechanisms involved in suicidal behavior due 
to inflammatory responses are depicted in Figure 3.

Kynurenine pathway.  Increased level of inflammatory cytokines 
is present in both CNS and peripheral blood of suicidal 
patients. The pro-inflammatory cytokines are considered as the 
main triggers to initiate the KYN pathway, which drives to the 
synthesis of by-products leading to suicidal behavior.133 In the 
course of increased inflammation, the inflammatory cytokines 
induce the TRP to follow the KYN pathway, the catabolic 
pathway of TRP. The initial step of formation of KYN from 
TRP is mediated by an enzyme indoleamine 2,3-dioxygenase 
(IDO) or tryptophan 2,3-dioxygenase (TDO).24 Pro-inflam-
matory cytokines like IFN-γ, IL-6, IL-1β, and TNF-α are 
potential elicitors of IDO/TDO. The subsequent neuroactive 
metabolites synthesized in the pathway include quinolinic acid 
(QUIN), kynurenic acid (KYNA), picolinic acid (PIC), and 
3-hydroxyanthranilic acid (3-HAA).134 QUIN increases the 
extracellular glutamate level, and the uptake of glutamate is 
reduced. Besides, QUIN also forms ROS when complex with 
iron leading to lipid peroxidation and the effect of QUIN on 
glutamate neurotransmission might be the underlying mecha-
nism for suicidal behavior.135 Serotonin, the happy hormone, 
exhibits a crucial part in the maintenance of circadian rhythm, 
cognition, mood, sexual behavior, appetite, and aggression. 
TRP also acts as a precursor of serotonin biosynthesis.136 It has 
been hypothesized that during intensive inflammatory reac-
tions, TRP availability for serotonin biosynthesis is drastically 
reduced as the amino acid will be catabolized via the KYN 
pathway. Subsequently, reduced serotonin interferes with the 
mood and lead to depression. Studies reported that reduced 
level of 5-HIAA, the primary product of serotonin in CSF of 
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suicide attempters.134 Studies indicate that 300% higher level 
of QUIN in CSF were found in patients who attempted sui-
cide than the healthy individuals. Also, the level of QUIN in 
CSF depends on the IL-6 level, suggesting the initiation of the 
KYN pathway by inflammatory responses.137 Recent studies 
have shown a 40% reduction in the plasma TRP levels and a 
40% rise in KYN in case of suicidal cases with mood disorders 
compared with non-suicidal patients with mood disorders and 
normal individuals.134 The possible involvement of TRP and 
melatonin in Covid-19 was recently reported from our group.138

Hyperactivation of HPA axis

Altered regulation or hyperactivity of the HPA axis can influ-
ence suicide in mood-related illness and psychiatric disorders 
like depression and PTSD influenced by elevated 

inflammatory responses.134,139 The modulation of stress 
response is considered to be one of the major functions of HPA 
axis and the activity of HPA axis could be stimulated by the 
secretion of CRH and arginine-vasopressin (AVP) from the 
hypothalamus. This process initiates the production of adreno-
corticotropic hormone (ACTH) from pituitary glands and 
subsequently induces the efflux of glucocorticoids from the 
adrenal gland.140 During a stress response, glucocorticoids act 
as a potent anti-inflammatory factors and could regulate HPA 
axis activity in order to control the level of stress by a negative 
feedback mechanism.139 The enhanced pro-inflammatory 
cytokines disrupt the regular function or hyper-activation of 
the HPA axis at any of its regulatory stages.139,141 HPA axis 
disturbances said to decrease the sensitivity of glucocorticoids 
receptor, thus inhibiting the negative feedback regulation and 
immune system,142 which further leads to the hyper-activation 

Figure 3.  Schematic representation of pathways involved in inflammatory responses causing suicidal behavior. In case of kynurenine (KYN) pathway, 

tryptophan (TRP) is converted to KYN with the help of the enzyme indoleamine 2,3-dioxygenase (IDO) or tryptophan 2,3-dioxygenase (TDO), which is 

activated by the inflammatory cytokines. Further, downstream activations lead to the formation of quinolinic acid (QUIN), which increases the extracellular 

glutamate level resulting in suicidal behavior. Non-availability of TRP for the biosynthesis of serotonin also causes mood related disorders. Increased 

pro-inflammatory cytokines in the CNS can also desensitize glucocorticoid receptor thereby inhibiting the negative feedback mechanism for activation of 

HPA axis leading to hyper-activation of HPA axis.
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of the HPA axis. Studies reported an elevated cortisol level and 
increased concentration of CRH in body fluids of depressive 
individuals. Also, a higher concentration of circulating cortisol 
was observed among patients, which could increase the levels 
of ACTH,143 resulting in enhanced release of glucocorticoids. 
Reports have also revealed that patients undergoing interferon-
α therapy developed depressive symptoms due to the hyperac-
tivity of the HPA axis.144

Furthermore, other mechanisms like altered monoamine 
metabolism, reduced vague nerve activity were reported to be 
involved in the mood disorders due to inflammatory responses. 
In addition, they could also induce the dysregulation of prefron-
tal cortex in the limbic system which further results in suicidal 
behavior.132 Dysregulation of the serotonin system is also con-
sidered a very essential factor underlying suicidal ideation.24 
With this, inflammatory cytokines act as an essential trigger to 
incite the development of mood-related disorders and suicidal 
behavior.124 Studies have reported that the increased level of 
IL-β, IL-6, IL 2R, IL 10, IFN)-γ, granulocyte colony-stimulat-
ing factor (G-CSF), monocyte chemoattractant protein 1 
(MCP1), macrophage inflammatory protein 1 α (MIP1α), 
TNF-α,C-X-C motif chemokine ligand 10 (CXCL10), and 
chemokine (C-C motif ) ligand 2 (CCL2) in the patients 
affected with Covid-19, MERS and SARS which further 
believed to induce the activation of T1 helper cell. However, 
IL-4 and IL2 levels were also high in case of Covid-19 patients 
which is responsible for the T2 helper cell activation.145 The 
occurrence of cytokine storm among the Covid-19 patients 
reported by several studies could be due to the positive feedback 
mechanism induced by inflammatory factors released during 
the infection.146 Collective evidence have clearly explained the 
prominent part of pro-inflammatory cytokines in the undesired 
condition of suicidal behavior and depression states.

Medications
Since the mood disorders are believed to be the major underly-
ing cause for suicide, treating them clinically would reduce the 
risk of suicide. Hence, clinical interventions in the biological 
aspects are highly important factors to be addressed in order to 
prevent suicidal risks. Though both pharmaco-therapy and psy-
chotherapy are considered to be equally effective, studies have 
found that combining antipsychotic drugs along with psycho-
therapy offered better efficacy than individual therapy.147 The 
administration of antidepressants could activate monamines 
including serotonin and also enhance BDNF expression that can 
improve the neurotransmission, synaptic plasticity and the men-
tal status of wellbeing as well.148 Cotinine, an alkaloid obtained 
from leaves of tobacco has anxiolytic, antidepressant, and antip-
sychotic properties and modulates the serotonergic, dopaminer-
gic, and cholinergic systems. In both neurological and psychiatric 
conditions the anti-inflammatory effects of cotinine decreases 
neuroinflammation.149 Additionally, anti-inflammatory drugs 
such as TNF, aspirin, nonsteroidal anti-inflammatory drugs 

(NSAIDs), as well as omega-3 fatty acids were widely used.150 In 
patients suffering from major depression, Riluzole (FDA 
approved drug) is used to up-regulate the receptors of GFAP.151 
Ceftriaxone, a clinically available drug shows an antidepressant 
activity by increasing glutamate transport.152 Mood disorders 
caused due to changes in the regulation of inflammation could 
be treated with anti-inflammatory drugs that could help to bring 
down the inflammation and further to reduce the depressive 
symptoms and suicidal thoughts. Acetylsalicylic acid and 
cyclooxygenase-2 (COX-2) inhibitors can potentially induce 
anti-inflammatory effects by inhibiting one of the mediators of 
inflammation like prostaglandin E2.153 Another drug, 
Tocilizumab could target IL-6 by preventing the interaction of 
IL-6 to its respective receptors thus hindering the subsequent 
inflammatory responses. Lithium, a potential anti-inflammatory 
agent targets the GSK3 which is involved in the increased pro-
duction of pro-inflammatory cytokine.24 Melatonin, a sleep 
regulatory hormone is also being recommended as an additional 
treatment for Covid-19 patients as it is considered to reduce the 
anti-inflammatory cytokines in an efficient manner.154

During this Covid-19 pandemic, it is essential to keep track 
of the psychological behaviors of the patients as stress induced 
elevated inflammation developed during the disease or even 
the infection itself may lead to mood-related disorders and sui-
cide risks. Patients with previous psychological predisposition 
factors are to be keenly observed. Targeting the factors involved 
in the signaling cascade of neuro-inflammation would improve 
the therapeutic implications for psychological and mood-
related disorders.

Possible Prevention Strategies
Mental health problems, prevalence of PTSD more than 
depressive disorder, may be are long-term sequelae of an epi-
demic. The WHO recommends to everyone not to monitor the 
continuous stream of news reports which exacerbates stress and 
they also suggests that there should be specific time intervals for 
getting news update and not to trust the rumors.155 The most 
important measures to improve psychosocial behavior include 
regular exercise, balanced nutrition and sleep. It is also necessary 
that to maintain a strong bonding with families and communi-
ties by any medium that could dramatically increase the positive 
energy and thinking.13 Telemedicine (online) system offers psy-
chological support from health care professionals to interact 
and offer constant support to peoples who are showing suicidal 
behavior (ie, worried, talking about dying, feeling hopeless/
worthless). The necessities of life, such as food and medicine, 
during the lockdown condition should be given to the stressed.5 
Psychiatrists should provide counseling and awareness among 
people, their families about the stress and fear developed during 
pandemic times, and train them to overcome it. Quarantine and 
isolation have a drastic effect on victims and hence, an alterna-
tive mechanism to connect people, primarily through the web, 
might be helpful to reduce the psychological distress and 
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suicidal ideation.156 Studies reported that psychotherapy via 
video-conference also believe to improve the adjustment disor-
ders in individuals. The Covid-19 disease acted as a major cata-
lyst for the execution of online therapy and e-health tools for 
routine medical practices than 2 decades were most of the 
attempts failed in this regard.157 In order to reduce the patient 
visits to hospital as that may enhance the possibility of infection, 
UK and USA recommended to use video consultation. Most of 
the countries do not have administrative systems to approve and 
coordinate telemedicine services under such emergency and or 
pandemic situations.158 Helpline will offer more supports to the 
individuals who are more prone to suicide ideation. Digital 
training should be provided to volunteers who were not having 
enough experience on handling such peoples.31

New York, implemented various health care programs such 
as programs of assertive community treatment (PACT) that 
focuses on managing the Covid-19 response protocols includ-
ing housing facilities, mental health support, creating aware-
ness regarding prevention, social distancing and assessing the 
epidemiological risk of Covid-19.159 These kind of monitoring 
programs are highly necessary from community level in order 
to capture the true incidence as self-damage is mostly hid-
den.160 In Brazil, community HCWs mostly in the age of 18 to 
30 years which are less prone to serious consequences are pro-
vided with training for 3 to 4 weeks to promote health care 
activities and awareness among public. Community HCWs are 
recommended to ensure the hygienic conditions and proper 
supply of food and medicines among the patients as well as 
monitoring the psychological health which might help to iden-
tify vulnerable groups especially with weaker mental health.161

While focusing on the health of a country, we should pay 
special attention to mental behavioral health among public, 
medical practitioners and HCWs. The general recommendation 
is to provide constant psychological support, proper information 
about the outbreak, intensive training, availability of PPE, infec-
tion control measures. And also there should be strong consid-
eration need to be given on various factors associated to reduce 
the level of psychological stress among HCWs.57 Several PFA 
models are designed and readily available to reduce the acute 
stress developed during emergencies which are delivered through 
telemedicine.156 A study in which implementation of PFA, 
among HCWs in UK suggested that the usage of the digital 
package could improve the emotional status as well as displayed 
wide usability, practicality, and cost effectiveness.162 A transpar-
ent and constant update regarding the prevalence of epidemic 
among HCWs and updating the status of attending patient 
health is also believed to be highly essential. The higher officials 
should provide constant support to ensure that the HCWs are 
getting sufficient rest (between shifts), nutritious food and keep 
in touch with their loved ones/family through any kind of avail-
able sources including digital platforms. There should be a regu-
lar monitoring of depression, anxiety, post-traumatic stress 
symptoms, psychotic symptoms and suicidal thoughts among 
the suspected, diagnosed patients, and health care professionals 

by mental HCWs. It is necessary to provide psychological assis-
tance as well as value the workers who fall into the category of 
risk group by exposing themselves for the society.65,155,163

During and after pandemic times, the behavioral health 
should be considered as an important factor along with providing 
treatment. To fight against Covid-19 effectively, everyone should 
be aware of the current situation and implemented measures like 
quarantine and social distancing for the betterment of the indi-
vidual and society. The development of psychological distress is 
common during any biological disaster and mental health assess-
ment, proper support, and treatment are deemed to be necessary 
to fight against conditions like Covid-19. Special attention must 
be provided to vulnerable groups such as peoples with psycho-
logical disorders.164,165 Considering the psychological impact 
caused by the current Covid-19, the higher health administration 
should appoint more psychiatric teams and corresponding health 
centers to reduce the emotional distress among public due to pan-
demic. Regular monitoring of the frontline health care workers is 
also very highly essential as they are more prone to psychological 
stress due to the asymptomatic nature of the patients, workload, 
insufficient PPE kits, and lack of support. One of the major con-
cern with Covid-19 is the lack of knowledge on the neuro-inva-
sive nature and neuropsychiatric effects. It will take many more 
years to get substantial knowledge on the post-infectious neu-
ropsychiatric effects of Covid-19.166

Some general guidelines are available but a complete strategies 
or universal protocol to overcome the psychosocial impact to face 
the pandemic situation is still unknown. There is an urgent need 
of mental health policies by mental health professionals to be 
implemented by various organizations in accordance with epi-
demic and pandemic situations.12,167 The advancement of strate-
gies and complete execution of the policies requires a complete 
knowledge on the epidemiology and the association of the dis-
ease with mental health as well as the risk of suicide which are not 
understood yet. Performing good quality research to identify sui-
cide prevention research is a challenging one. The collaboration 
between countries and organization will facilitate a working 
together mechanism and pool up of various protocols and out-
comes of research that may prevent suicidal thoughts and execu-
tions. International Association for Suicide Prevention (IASP) 
collaborates with various organizations such as WHO and pro-
vide the data of timely research regarding suicide and prevention 
protocols globally.168 Pandemic poses great challenges to the soci-
ety as well as public health and the effects are prolonged with a 
major risk factor being suicide. Suicide resulting from the fear of 
Covid-19 is preventable and research should be encouraged on 
these areas and we might need more strategies to face any emer-
gency pandemic situations like Covid-19.

Limitations of the Review
Although this review comprehends the factors involved in suicidal 
behavior, the nature of the review being narrative, the method of 
selecting reference articles was subjective based on the topic. The 
characterization of studies specifying inclusion, exclusion criteria, 
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and other selection criteria is also limited. Mostly, psychological 
measurement studies appear to be cross-sectional and hence we 
face some limitations that arise due to its observational nature as it 
does not permit understanding the causality. Most of these studies 
are conducted via online mode to prevent possible Covid-19 
transmission. Hence, there may be a possibility for some bias. 
Another potential prejudice is the self-administered nature of the 
surveys and data integrity as there is less scope for verification of 
the information.64 Studies comparison to conclude could be dif-
ficult due to the sample size variation and varying generalizations 
among countries to derive assessments of health problems. The 
current knowledge regarding the neurobiology of suicide contin-
ues to be incomplete due to highly complex nature of the nervous 
system and technical limitations. Moreover, the neurobiology field 
is overwhelmed by a lack of unifying theory, thus literature empha-
sized different aspects of similar neural circuits.169 Suicide attempt 
methods, their comorbidities, and pre-medical history differs for 
each and every individual and thereby influencing the inflamma-
tory profile accordingly.109 Patients under medications of inflam-
matory drugs or psychotropic drugs tend to show differences in 
the inflammatory profile. Likewise, the mechanisms of inflamma-
tion-inducing pathways are still not very well explored. Therefore, 
considering these limitations some believe that it may not signifi-
cantly effective to conclude the exact role of inflammatory bio-
markers in suicide.170 The suicide victims normally suffer from a 
variety of psychiatric disorders other than biological abnormalities. 
Therefore, it is important to examine the particular cause of death 
with a specific diagnosis and post-mortem brain samples from 
subjects with that particular diagnosis who died of natural causes. 
Undeniably, post-mortem brain studies tend to give sufficient 
opportunities and insights into the neurobiology of suicide, and 
these studies are likely to grow extensively within the near future.49

Conclusion
Globally, suicide has taken a very heavy toll on our society due to 
various reasons, yet the pandemic related suicides are very new 
trend and not well documented at all. The implementation of 
innovative infection control measures has triggered the develop-
ment of psychological distress among the common public. The 
imbalance of different psychobiological factors believed to accel-
erate the conversion of fear to suicide. Early diagnosis of a psy-
chological crisis may address or avoid unwanted suicidal 
ideations. Therefore, intricate studies of these biological factors, 
along with proper treatment plans, might be able to prevent sui-
cidal deaths. This study further recommends that the behavioral 
and molecular investigation after the post-pandemic period 
could be helpful to reduce suicidal ideation in high-risk indi-
viduals who have experienced enormous stress, fear, and anxiety 
during the pandemic. Understanding and mapping the major 
risk factors might also help to address the psychological health 
issues at earlier stages as this problem is being overlooked. 
Though the suicidal occurrence during the pandemic is increas-
ing at steep and an alarming rate, lack of definite mental wellbe-
ing guidelines to equip the general public, healthcare staff and 
patients during a pandemic disease makes the current status even 

worse. This paper reviewed the factors and the existing preven-
tive suicidal measures, suggesting to handle the psychosocial 
issues of vulnerable population through interdisciplinary 
approaches and to frame effective psychological strategic 
approach specifically for a pandemic situation in order to avoid 
the surge in suicidal deaths. This review also established that the 
alternations in kynurenine (KYN) pathway and imbalance in 
inflammatory cytokines could be the key reasons for the pro-
longed psychological distress and subsequent suicidal act. 
Studying brain-neurological factors may also help us to under-
stand the risk of acquiring suicidal pathophysiology.
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