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Abstract

The pandemic caused by the SARS-COV-2 virus in the years 2020-2022 altered the emotional behavior of humans. The
restrictive feeling caused by the isolation and the change of life habits that demanded a social separation promoted anxiety,
distress, apathy, domestic violence, educational problems, and economic instability, among other aspects. Erroneous statistics,
and social media information about the number of people infected by the coronavirus SARS-COV-2, aggravated human
anxiety and depression. This review compares the main psychological effects caused by pandemic isolation compared to
other isolated social contexts. We studied the primary central nervous system areas involved in human reactive aggressive-
ness behavior. We examine this behavior in relationship with catecholamines and hormones during social isolation. We do
not measure or analyze any hormone in our laboratory and only describe the circuits involved in the neuroendocrine response
to the aggressive behavior.

Keywords: COVID-19. Isolation. Aggression. Stress.

La respuesta psiconeuroendocrina de la agresion debido al aislamiento social por Covid 19

Resumen

La pandemia causada por el virus Sars-Cov-2 durante los afios 2020 a 2022, alterd la conducta emocional de los humanos.
El sentimiento de restriccion causado por el aislamiento y el cambio de habitos de vida que demandaron una separacion
social promovieron: ansiedad, estrés, apatia, violencia doméstica, problemas educativos e inestabilidad econdmica, entre otros
aspectos. Estadisticas erroneas y de los medios de informacion acerca del nimero de personas infectadas por el Coronavi-
rus Sars-Cov-2 agravaron la ansiedad y la depresion humana. Esta revision compara los principales efectos psicolégicos
causados por el aislamiento durante la pandemia comparado con otros contextos de aislamiento social. Nosotros estudiamos
las dreas primarias involucradas en la conducta de agresion reactiva en los humanos y analizamos esta conducta en relacion
con las catecolaminas y hormonas durante el aislamiento social. No medimos ni analizamos ninguna hormona en nuestro
laboratorio solo describimos los circuitos involucrados en la respuesta neuroendocrina a la conducta agresiva.
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Introduction

The term “social isolation” can be defined as a mul-
tidimensional construction that refers to the inadequate
amount and quality of interactions with others. It occurs
either in individual groups or at community levels'. The
psychological impact on people subjected to enforced
social isolation by COVID-19 during a long period
induced anxiety, depression, distress, anger, apathy,
sleep problems, loneliness, boredom, or aggressive-
ness®*. Nonetheless, mental health significantly impacts
life quality, as it influences interpersonal and intraper-
sonal interaction. Few studies are related to the nega-
tive psychological impact on human emotions due to
prolonged periods of isolation. Different factors involve
the emotional response to the pandemic state in peo-
ple, such as socioeconomic status, education, age,
knowledge, or uncertainty about the disease.

Anxiety, depression, insomnia, and stress are com-
mon effects in individuals during centralized and home
quarantine periods®”. The scenario shown by the evi-
dence suggests a psychological and hormonal influ-
ence provoked by the pathophysiological processes
involved in response to social isolation. This review
presents a synergy among hormonal factors, brain cir-
cuits, and social isolation derived from the COVID-19
pandemic on aggressive human behavior.

The social context in an aggressive
reaction

Social isolation has been present in historical
moments since the early records of human civilization,
such as yellow fever and Spanish influenza. The SARS-
CoV-2 virus outbreak has significantly impacted the
world’s population since its declaration as a sanitary
emergency in 2020 and current times. An important risk
factor for aggressive behavior due to COVID-19 is how
each individual copes with the different restrictive rec-
ommendations. They function to keep the virus from
spreading and living with uncertainty during a pan-
demic. The main one is home quarantine to prevent
infection for themselves and others. An examination of
Turkish people’s experience during this type of isolation
revealed that most of the population experiences bad
feelings (anxiety, distress, and depression), which
increases when there is a diagnosed case of SARS-
COV-2 infection in their household?.

In the case of children, UNICEF reported that the
closure of schools increased abuse and physical

violence against children during the Ebola epidemic
from 2014 to 2016°.

A similar situation has presented for women in the
CQOVID-19 pandemic. A study in Tunez, Africa, showed a
higher number of women experiencing violence (78% of
the patients were de novo) during social isolation. Women
who suffer from domestic abuse have more propensity to
develop mental conditions, one of which is depression®.

Elderly adults have been one of the most studied
social groups due to the relationship between loneli-
ness and vulnerability present in their lives. Further-
more, associated with one or more comorbidities, their
behavior becomes more aggravated depending on their
surroundings. Living alone and having a low income of
money can have a considerable impact on their well-
being. These factors can lead to a depletion in the
immune system, inducing more harm than smoking,
obesity, cardiovascular conditions, and cancer' 2,

Young adults, women, people who lived alone, indi-
viduals with a low level of school education, low
incomes, urban residents, and limited ethnic groups
presented high levels of loneliness before and during
the pandemic in the United Kingdom'3. Furthermore,
people with constant social isolation present a higher
level of dissatisfaction with their home, nutrition, work,
government, and other institutions. They can also show
less connection to the people surrounding them and an
increase in the consumption of illicit substances' .

A study on inmates in social confinement (defined as
an individual placed in social isolation in a cell for 24 h)
had various physical problems such as gastrointestinal,
urinary, insomnia, diaphoresis, migraines, and weak-
ness. They also had psychological symptoms, and the
most recurring was mental rumination. Inmates pre-
sented too revenge acts, hostile behavior, irritability,
rage, physical and verbal violence toward another indi-
vidual, objects, or even themselves. In the long run, the
effects can be damaging because the inmate can get
familiarized with social isolation. It can complicate their
reintegration into society because they can bring the
manners they had while in social confinement'*. Poor
mental health conditions increased the incidence of
violence against women, children, seniors, and vulner-
able groups during the lockdown. It suggests having a
relation with the stress a person suffers as a conse-
quence of the situations presented in the global emer-
gency. People losing their job or family member
experimented constant exposure to frustration. It
increases alcohol abuse or any other illicit substance.
It promoted more consumption inside their home,
increasing mental diseases®.
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Neuroendocrine mechanisms and reactive
aggression due to social isolation

Reactive aggression refers to acts committed in nega-
tive affective states, such as anger, frustration, or in
response to provocation's. The frustration-aggression
model postulates that an obstacle to goal attainment
leads to frustration and may lead to an attack. It is a
defensive response to perceived or actual provocation
characterized as anger, affective instability, disinhibition,
and impulsive behavior named “hot-blooded”"”. In reactive
aggressiveness, several axes were studied. We describe
the specific neuronal regions and their connectivity to
nuclei to detect a stimulus or a process of hostility®. The
different circuits in this section are the core aggression
circuit (CAC), the hypothalamus-pituitary-adrenal (HPA)
axis, the locus coeruleus system, and the mesolimbic
dopamine pathway (MDP). We hypothesize that these
circuits conform a system that induces, contrasts, and
exhibits reactive aggression.

CAC

Multisensory stimuli must overpass the CAC to pro-
duce a chemical imbalance that leads to aggression'.
It can be unleashed and blocked through this circuit
from the following brain regions: the medial amygdala
(MeA), the bed nucleus of the stria terminalis (BNST),
the ventrolateral portion of the ventromedial hypothal-
amus (VMHvI), and the ventral premammillary nucleus
(PMv) by sending multiple catecholamines to generate
a positive or negative feedback stimulus, depending on
the reactive-aggression cue that is present in the
environment?C.

The CAC controls the reaction by capturing serotonin;
this stimulates the hippocampus-lateral striatum path-
way and the medial prefrontal cortex (mPFC)?':22, Low
levels of serotonin generated by isolation by the COVID-
19 pandemic inhibit the connectivity between CAC and
mPFC and the limbic system pathway, inducing uncon-
trolled reactive aggression.

HPA axis and distress

The hypothalamus induces the adrenocorticotropic
hormone released by the pituitary. This gland sends the
signal to the adrenal cortex to produce cortisol.

The HPA axis has intrinsic activity by maintaining an
underlying 24-h cortisol rhythm stress-dependent
mechanism linked to an activity level as positive feed-
back. In humans, this circadian rhythm consists of high

cortisol levels during the start of the wake cycle (morn-
ing). It decreases through the afternoon and reaches
the lowest level at night-time, at the beginning of the
sleep cycle?.

Glucocorticoids have different affinities for mineralo-
corticoid receptors and glucocorticoid receptors. The
physiological feedback response to circulating gluco-
corticoids induces homeostasis. Maintaining an ade-
quate cortisol rhythm could prevent some affective
disorders®.

The HPA axis reaction to stress reflects the organ-
ism’s response to distress: intense reactions are versa-
tile, but intemperate ones can lead to destructive
impacts. Drawn-out cortisol harmful effects, which may
not be clinically evident, have the potential to serve as
biomarkers of disease susceptibility and aggressive
reactivity?'.22,

Stressful occasions in the early life may have an eti-
ologically critical part in the HPA anomalies as psychi-
atric disorders that include: depression, bipolar disorder,
anxiety disorders, eating disorders, schizophrenia, sub-
stance abuse, dissociative disorder, and post-traumatic
stress disorder, among other mental illnesses®. As a
survival mechanism, cortisol produces an immediate
systemic reaction, stressful situations such as social
isolation cause chronic cortisol overproduction.

Lack of stimulus to the corticosterone receptors can
alter the feedback of cortisol. Cortisol levels measured
through saliva, the cortisol awakening response, or the
diurnal cortisol slope (DCS) can identify any stress or
suicidal behavior pattern. The DCS measures the fluc-
tuation of cortisol levels throughout the day and regis-
ters if there is any abnormality in the cortisol levels.
Any disorder caused by stressful situations, such as
social isolation, can dull and plane the cortisol slope®.

Social isolation is associated with loneliness by con-
sequence, while loneliness refers to the self-perception
of how somebody feels in their relationships. A study
on adults between 25 and 75 during social isolation
evaluated the association between salivary cortisol and
items from psychological scales that determine loneli-
ness. The hormone levels specifically define the differ-
ences between social isolation and loneliness. The
results showed a relationship between a flattened DCS
in social isolation cases, meaning higher late cortisol
levels and dysfunctions in the HPA axis?’. It has been
found that subjects’ response to an aggressive impulse
shows a higher salivary cortisol level, which increases
each time they keep this aggressive behavior?s,

As stress is a fundamental factor in how the COVID-19
virus impacts the body, it is natural to think about how



A.M. Palacios-Delgado et al. Cognitive reserve and dementia in Mexico

stress reduction helps prevent this disease by strength-
ening the immune system and avoiding other illnesses
that can result in comorbidities. Physical activation, social
interaction (including communication through virtual plat-
forms), psychological therapy, hygiene habits, and healthy
routines can help improve the body’s situation and reduce
distress®®. We believe stress reduction might also benefit
patient recovery after COVID-19 infection.

Locus coeruleus - Norepinephrine
system (NE)

The locus coeruleus - NE has a significant role in
arousal, attention, and stress response. Every time
there is a stress response, a signal works in the hypo-
thalamus and HPA axis. The basal forebrain induces
wakefulness to make the body enter alertness and reg-
ulate the autonomous nervous system (fight or flight
response). The thalamus also triggers sleeplessness,
sensory processing, stress detection, and pain modula-
tion. Whenever there is an intense secretion of norepi-
nephrine with the inhibition of the thalamus, the reactive
aggressor feels less pain while being in a fight situation.
The amygdala and the hippocampus get stimulated to
process episodic and emotional memories. In contrast,
all areas work together with the spinal cord, which medi-
ates the motor and sensory functions during the wake-
fulness impulse stimulated by the vagus nerve®.

The amount of tyrosine hydroxylase neurons in the
neocortex is markedly different across species. In
dementia, there is no coexpression of GABA in the
locus coeruleus as it was related to measures of
aggressive behavior. Furthermore, in Alzheimer’s dis-
ease, a decrease in norepinephrine in the temporal
cortex was linked to cognitive impairment®'. Dementia
does not directly correlate to social isolation; we believe
that its presence might aggravate confinement effects.

Reactive aggressiveness

Reactive aggressiveness can be caused by extrinsic
factors and by multiple variables of the mental state. It
affects aggressive expression in modulating the response
and internal communication of the CAC in conjunction with
the HPA axis as well as the Locus Coeruleus system'®.

Aggressive arousal occurs due to a preserved sub-
cortical CAC. As a response to the COVID-19 pandemic,
catecholamines decrease due to a lack of exposure to
the social environment. This situation increases the
basal level of cortisol and serotonin without controlling

aggressive impulses (for this reason, it is called reac-
tive aggressiveness) through the mPFC'6.

The specific axes that modulate and express aggres-
sion of each species direct the stimuli that generate
aggressiveness inside the CAC. The output of these
cues promotes reactive aggressive actions through pro-
jections in the premotor area of the midbrain. It simulta-
neously induces motor actions of aggressive nature
during their lifespans. It happens due to the activation of
the striatum through activation by dopaminergic cells™.

The hypothalamus processes stimuli in and out of the
central nervous system, working in conjunction with the
CAC and the HPA axis (Fig. 1)%%22,

In the HPA-axis response system, cortisol levels
would, then, become maximally elevated due to the
aggressive encounter. Therefore, during early child-
hood, if cortisol levels are measured in a familiar,
non-stressful setting, and low levels of cortisol may be
more likely to predict low levels of aggression?®. How-
ever, if taken in a context where aggressive interactions
are prevalent, high cortisol levels may better indicate
high levels of aggression. According to the frustra-
tion-aggression theory typically applied to reactive
aggression, this form of aggression arises predomi-
nantly among children with a strong orientation toward
negative information during the initial stages of social
interaction processing (SIP). There is a tendency to
interpret this information as threatening or frustrating,
and it can become emotionally aroused due to their
interpretation of the incoming social information®®.

Children experience many situations as frustrating
due to insufficient information-processing capacities,
making them react aggressively. Rheumatoid arthritis
is related explicitly to deviations during the earlier
stages of SIP. Reactive aggression was associated with
an overactive HPA-axis response to two different
stressors, while the proactive attack was unrelated to
stress reactivity®. It is relevant to avoid social isolation
in children and adults to avoid stressful situations
affecting their behavior and wellbeing.

Control mechanisms of reactive
aggressiveness

SEROTONERGIC MEDIATION

Human aggression presents diverse behaviors and
psychiatric disorders categorized in the fifth edition of
the diagnostical and statistical manual of mental disor-
ders®. Aggressiveness plays a significant role in virtu-
ally all living beings as a part of their survival instincts;
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Figure 1. The neuroendocrine pathways involved in reactive aggression.
The Locus Coeruleus - Norepinephrine system (NE); the Core Aggression Circuit (CAC); the Hypothalamus-Pituitary-
Adrenal axis (HPA/HPG); and the Mesolimbic-Dopamine pathway (MLP) interact in conjunction to dispatch and regulate

reactive aggression.

however, it can be harmful when it manifests in exces-
sive ways®.

The serotonin system could be responsible for inhib-
iting aggression, whereas the dopaminergic system ini-
tiates it, and the GABA system modulates the intensity34.
Serotonin hypofunction in the anterior cortex and the
anterior cingulate gyrus is related to aggressive behav-
ior3®. This malfunction reduces control of the dopamine
system leading to hyperactivity®”. Neurons that produce
serotonin are found in the mid and hindbrain projecting
to the rostral and caudal brain areas®®.

Serotonin is synthesized by 5-hydroxytryptophan; it
works as a modulator of the central nervous system.
Multiple aspects, such as cellular differentiation, prolif-
eration, and migration synaptogenesis, are involved in

the behavioral processes. Serotonin system disorders
can be related to impulsiveness and aggression. The
serotonin axis is related to anxiety, attention deficit,
hyperactivity disorders, and autism spectrum, among
others®®,

Mutations and polymorphisms of metabolic enzymes
are present in the production and degradation of sero-
tonin, carrier proteins in charge of releasing or internal-
izing it34,

The monoamine oxidase enzyme degrades the sero-
tonin into 5-hydroxy indole acetaldehyde (5-HIAL).
Finally, it transforms into 5-hydroxy indole acetic acid
(5-HIAA) by one aldehyde dehydrogenase®®. This
acquired importance when low monoamine oxidase lev-
els were demonstrated in aggressive male criminals by
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Stalenheim in 2004%*. The serotonin neurotransmitter
has been proven to have an essential role in the
aggression mechanisms of animals and humans. Four-
teen existing serotonin receptors are autoreceptors
because they module their serotonergic cell®.

The 5-hydroxytryptamine receptor 1B (5-HT1B) can
be in the axons of serotonergic and non-serotonergic
cells. Both cases work as a so-called heteroreceptor
that regulates cell activity. Serotonin binds and acti-
vates its 5-HT1B receptors.

The serotonin cotransporter protein pumps the extra-
cellular serotonin and avoids overstimulating the post-
synaptic neuron“?. This effect is substantial because,
in rodents, the regulation of the 5-hydroxytryptamine
cotransporter and serotonin receptors reduces the
aggressive response to a stimulus. There is a relation-
ship between suicidal behavior, negative emotions,
poor control of impulsiveness, bold exploits, drug con-
sumption, and decreased food intake with a decrease
in serotonin levels®.

Dorsal Raphe Nuclei lesions have decreased the
threshold in impulsiveness behavior®. The 5-hydroxy-
tryptamine 2A receptor increases the neuron’s activity
and has a prominent expression in impulsiveness®®. Low
levels of 5-HIAA are associated with aggression®!.

The theory of low serotonin metabolites in aggres-
sion is that the low 5-HT cotransporter activity fails to
concentrate serotonin in the cell, so there is a second-
ary depletion. Another possible explanation is that the
presynaptic 5-HTB1 receptor has a lower activation
threshold and initiates recapture sooner than expected,
thereby reducing serotonin concentrations.

The MDP

The MDP controls serotonin cotransporter’s expres-
sion linked to aggressive conduct. Ventral tegmental
nucleus signals from the BNST and hypothalamus are
directed to dopaminergic neurons in the same nucleus.
The posterior BNST is strongly interconnected with the
medial amygdala and likely processes social informa-
tion*2. Uncontrolled signals sent to dopaminergic neu-
rons in the ventral tegmental area can generate
aggressive behavior. Aggressive impulses increase due
to reduced social interactions among persons during
the COVID-19 pandemic.

Conclusion

The alterations in human behavior during social iso-
lation directly influence their social context and how

people react to feeling lonely. COVID-19 quarantine in
the first semester of 2020 promoted anxiety, aggres-
siveness, and stress in many communities surrounding
the world. Important changes in basal cortisol, cate-
cholamines, and serotonin levels induced this behav-
ior. It promoted impulsiveness, reactive aggression,
and frustration. The brain circuits involved in this neg-
ative emotional expression are possibly related to the
CAC and an imbalance among the hormones and neu-
rotransmitters mentioned before. Many studies are
necessary to elucidate the aggressive reactions
implied in human behavior in different social isolation
contexts.
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