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Abstract

The socio-emotional condition during the COVID-19 pandemic subsidises the (re)
modulation of interactive neural circuits underlying risk assessment behaviour at the
physical, emotional, and social levels. Experiences of social isolation, exclusion, or
affective loss are generally considered some of the most “painful” things that people
endure. The threats of social disconnection are processed by some of the same neu-
ral structures that process basic threats to survival. The lack of social connection can
be “painful” due to an overlap in the neural circuitry responsible for both physical
and emotional pain related to feelings of social rejection. Indeed, many of us go to
great lengths to avoid situations that may engender these experiences. Accordingly,
this work focuses on pandemic times; the somatisation mentioned above seeks the
interconnection and/or interdependence between neural systems related to emotional
and cognitive processes such that a person involved in an aversive social environ-
ment becomes aware of himself, others, and the threatening situation experienced
and takes steps to avoid daily psychological and neuropsychiatric effects. Social
distancing during isolation evokes the formation of social distress, increasing the
intensity of learned fear that people acquire, consequently enhancing emotional and
social pain.
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Trends in Psychology

Introduction
Victims of The Alienist

The discussion regarding the consequences of social isolation on human health
is not a novelty, considering that these factors have been studied since 1987 in
Brazil; that study characterised the beginning of the Psychiatric Reform Move-
ment (Brazilian Health Ministery, 2018). Since the times of the Brazilian Empire,
under the reign of Dom Pedro II, there have been asylum hospitals in which peo-
ple were submitted to long-lasting social isolation due to mental diseases.

These psychiatric hospitals separated patients with mental illnesses from
healthy people, putting together patients considered unsuitable for a social rela-
tionship. According to Saraceno (1999), asylum is a variable independent of the
socioeconomic conditions of the country in which it is situated, as it is a place for
resetting the exchange of social norms.

In asylums, people were hospitalised for several years, sometimes until their
death, as reported by Mauricio Lougon’s experiences (Lougon, 2006) during the
de-institutionalisation of Juliano Moreira Colony, from 1982 to 1985, highlight-
ing the hospitalisation of 2600 patients, the majority of whom were elderly indi-
viduals, who lived years of their lives suffering various kinds of abandonment,
violence and social isolation.

The psychological consequences of long-lasting hospitalisation in asylums,
such as the Juliano Moreira Colony, are the following: (a) a lack of autonomy
of patients regarding the choice of medical treatment and forced familial exclu-
sion and (b) the limitation of the physical spaces and social experiences in soci-
ety, highlighting that the psychiatric hospital becomes the residence of the patient
with mental diseases. In this case, the patient’s life is limited to psychiatric hos-
pital activities, searching for meaning for their lives and daily routines but facing
emotional pain caused by the absence of their family and existing homes (Salles
& Barros, 2013).

In recent decades, the Psychiatric Reform Movement led to better medical care
and more attention being placed the mental health of these patients who have
lived for years under bad sanitary conditions and who were socially isolated
(Lougon, 2006). New approaches were established, such as therapeutical houses,
psychosocial care centres, the Homecoming Programme, acquaintanceship and
cultural centres, and mental health clinics, that allowed patients to develop feel-
ings of autonomy regarding their own life, develop healthy social relationships,
improve their mental health, to have the opportunity to work, and to experience
better living conditions (Salles & Barros, 2013).

Interestingly, as illustrated in The Alienist (de Assis, 1998), in the new world
context of the COVID-19 pandemic, people considered healthy were suddenly
obligated to socially isolate themselves inside their homes, or even in places
far from their familial homes, due to their work requiring them to be beside
potentially infected people. The social isolation caused by the COVID-19 pan-
demic also caused people to exhibit poor affective behaviour as they could not
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participate in traditional social events, such as funerals, weddings, and anniversa-
ries and were isolated from parents infected by the COVID-19 pathogen (Danz-
mann et al., 2020).

The social isolation caused by COVID-19-related quarantine may cause severe
post-traumatic stress disorder, not only due to pandemic fear but also due to unem-
ployment, loss of parents without being able to mourn in the traditional way, and
the risks of traumatic familial experiences, such as those in which children, adoles-
cent and women are forced to isolate themselves from society while coexisting daily
with a potential aggressor in the same environment or experiencing a non-escapable
threatening situation, similar to patients with mental diseases faced abandonment
when they forgotten inside asylums in the past.

Health professionals aiming to prevent additional psychological damage must
carefully manage possible stigmatisation of both infected and healthy people, in
addition to people subjected to experiencing aggressive social interactions inside
their homes, chronic stress, fear, sadness, helplessness, and jitters, may cause
increased serum levels of cortisol and consequently may cause immunological sys-
tem impairment, susceptibility to other diseases and COVID-19 reinfection.

Impact on Physical and Mental Health Caused by Social Isolation

The COVID-19 pandemic is a global public health risk that profoundly affects every
aspect of human life. Due to high transmissibility and the lack of an efficient vac-
cine capable of immunising the population, restrictive measures such as social iso-
lation are implemented and encouraged (Zhai et al., 2020). The current question is
based on the perspective that while the social impacts of isolation meet public health
benefits, psychological and neuropsychiatric problems can be triggered by isolation
(Abad et al., 2020; dos Cardoso et al., 2021; Wang et al., 2017). As a result, social
isolation may be regarded as a risk factor equivalent to the harmful effects caused by
smoking and obesity (Holt-Lunstad et al., 2010), causing a reduced well-being and
an increase in depression (Heikkinen & Kauppinen, 2004; Meléndez et al., 2020),
cognitive decline (Ismail et al., 2021; Wilson et al., 2007), pain (Aslund et al., 2010;
Karayannis et al., 2019) and increased mortality (Patterson & Veenstra, 2010; Step-
toe et al., 2013). This trigger may be more problematic in older people due to their
decreasing economic and social resources, functional limitations, the death of rela-
tives and spouses, and changes in family structures and mobility (Administration on
Aging, 2013).

The prevalence of COVID-19 in the community is uncertain because people may
not present symptoms. Therefore, mortality reports may be as low as 0.6% (Wilson
et al., 2020). Older persons have a much higher mortality risk, comprising about
15% than younger persons (Wilson et al., 2020). In fact, the risk increased in people
with comorbidity (de Paiva Teixeira et al., 2020). Persons with hypertension and
diabetes mellitus are at increased risk, possibly due to alterations in the angiotensin-
converting enzyme 2 (ACE 2) receptor produced by ACE 1 inhibitors.

Primary prevention, especially for older patients with comorbidity, consists
mainly of social distancing and, when possible social isolation. For older persons,
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the problem with social isolation could be loneliness (Berg-Weger & Morley, 2020).
Loneliness leads to depression, cognitive dysfunction, disability, cardiovascular dis-
ease, and increased mortality. Prevention also requires regular hand washing and
cleaning of surfaces. Wearing a mask does not protect the individual. Then, the vac-
cine has shown higher protective effects in older adults (Soiza et al., 2021).

Social participation is an excellent stimulus for the elderly. Social events promote
physical activity and the interaction with other elder people, as a putative stimulus to
the sensory system, self-esteem, affectivity, and provide emotional and psychologi-
cal support, consequently improving motor and cognitive functions (Douglas et al.,
2017; Loyola et al., 2017; Seputlveda-Loyola et al., 2020; Tomioka et al., 2015).

Thus it is expected that the elderly population will suffer even more from social
isolation. It is known that social isolation could have a negative impact on men-
tal activity (Croezen et al., 2015, Morley & Vellas, 2020), enhancing the risk of
depression (Courtin and Knapp, 2017), emotional disturbance (Yoon et al., 2016),
stress (DiGiovanni et al., 2004), low mood and irritability (Lee et al., 2005), or
insomnia (Lee et al., 2005), and is also associated with higher rates of suicide in the
elderly population (Yip et al., 2010).

Research shows that social isolation and loneliness have an impact on health.
However, it is interesting to mention that different dimensions (objective or subjec-
tive) are investigated in this construct of social isolation (Cornwell & Waite, 2009;
Valtorta et al., 2016). Objective social isolation is the physical separation from, the
absence of, or the inability to interact with other people. Tools that address partici-
pation in groups, social activities, and events; the frequency and social network have
been investigated (Cornwell & Waite, 2009; Coyle & Dugan, 2012; Valtorta et al.,
2016). Subjective social isolation is characterised by self-perceptions and quality of
the relationships between a given person and members of his/her social networks
and perceived integration and involvement in social networks (Valtorta et al., 2016).

Coyle and Dugan (2012) also showed that both loneliness and objective social
isolation were significantly related to a mental health problem. Notably, both objec-
tive and subjective isolations are correlated but do not have the same constructor
(Shankar et al., 2013). That phenomenon shows that when people have experienced
objective social isolation, they may or may not feel subjectively isolated (Coyle &
Dugan, 2012).

Social Isolation and Pain

Studies suggest that social relationships have an essential role in pain. Individuals
with larger self-reported social group sizes showed higher pain tolerance (Johnson
& Dunbar, 2016). Experimentally induced social exclusion and perceived social
support increase and reduce the severity of acute experimental pain, respectively
(Brown et al., 2003; Eisenberger et al., 2006; Master et al., 2009). Conversely, poor
relationships and self-imposed isolation have been correlated with chronic pain
(Smith & Osborn, 2007; Snelling, 1994).

Hormonal stress responses and anxiety are evoked by social isolation when
occurring in the early life of adult rodents, and social support can play a role as a
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buffer against stress (DeVries et al., 2003). Moreover, there is evidence that social
distress potentiates sensitivity to physical pain (Aslund et al., 2010). Eisenberger
et al. (2006) also showed that socially excluded individuals displayed lower pain
thresholds to unpleasant heat stimuli. In addition, pain coping and social sup-
port during early rheumatoid arthritis (AR) can beneficially influence long-term
outcomes in AR (Evers et al., 2003). In addition, chronic musculoskeletal pain is
associated with perceived social support and pain interference (Ferreira-Valente
et al., 2014).

Biopsychosocial factors are also frequently regarded as significant factors that
can increase the risk of poor prognosis of low back pain, but the “social” component
in the biopsychosocial model has received little attention. Perceived social isolation
is prevalent in patients with low back pain of any duration (Hawthorne et al., 2013),
and this can be a crucial but underinvestigated prognostic factor for that condition.
The point prevalence of patients who perceive at least some social isolation is 43%
when they have low back pain, 24% higher than the general population (Hawthorne
et al., 2013).

Che et al. (2018) suggest that the impact of social support on pain is context-
dependent, with the verbal communication of support and intimate relationships
being of particular importance. Interpersonal touch and social support can influence
physical health, mental well-being, and pain. In addition, social support can reduce
pain by changing the value of nociceptive signals. This reduction may be moderated
by interpersonal synchrony and relationship dynamics (Reddan et al., 2020).

Social support has modulated pain and pain-related arousal for several decades.
However, it may impact physiological arousal, the mere presence of another person.
In fact, social support decreases pain when it is more clearly expressed, as verbal
communication and handholding. Shreds of evidence further highlight the signifi-
cance of intimate relationships in emotion communication and pain reduction, con-
sidering that social support can decrease pain (Che et al., 2018).

Pain in subjects undergoing confinement is persistent, with varying intensity
and frequency based on age, gender, physical activity, and work status. In any of
these conditions, the quality of life of the subjects in confinement has been severely
affected, which creates a severe public health problem (Iglesias-Lépez et al., 2021).

Moreover, individuals who experienced intense pain during COVID-19 infec-
tion have higher fear of pain and lower quality of life. In addition, as the fear of
pain increases, the quality of life of individuals decreases (Korkut & Ulker, 2021).
Multidisciplinary biopsychosocial rehabilitation interventions are more effective
than usual care (moderate-quality evidence) and physical treatments (low-quality
evidence) in decreasing pain and disability in people with chronic low back pain.
For work outcomes, multidisciplinary rehabilitation seems to be more effective than
physical treatment but not more effective than usual care (Kamper et al., 2015).

Thus, most of the included studies showed a link between multimorbidity and
increased loneliness. However, there is a lack of studies examining the association
between multimorbidity, social isolation, and social frailty. Future studies are neces-
sary to shed light on these crucial associations. Naturally, it is essential in times of
the COVID-19 pandemic.
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Recurrent pain episodes have also been associated with a lack of understanding of
endometriosis symptoms and women’s resignation during social isolation (Mellado
et al., 2016). The inflammatory and immunologic factors are modified during endo-
metriosis, and social isolation may also change these conditions. In fact, social isola-
tion can interfere with endometriosis through these factors (Cacioppo et al., 2011).

The sequelae of perceived social isolation associated with chronic pain include
maladaptive responses, work loss, and financial security, being anxious with oth-
ers, experiencing loss of traditional family roles, losing care and concern for others,
sexual dysfunction, depression, anxiety, and realising that others do not understand
the life lived with low back pain (Bowman, 1994; Schwartz & Slater, 1991).

Depressive symptoms are essential to consider when interpreting the link
between social and physical health. Individuals with low back pain and higher base-
line depression experienced a slower recovery process (Melloh, Elfering, Stanton,
et al., 2013b). Individuals with depressive symptoms and acute and subacute epi-
sodes of low back pain (LBP) were more likely to have persistent pain in a 6-month
follow-up (Melloh, Elfering, Késer, et al., 2013a).

In laboratory animals, the social isolation altered the neurochemical systems, for
example enhancing presynaptic dopaminergic function in the nucleus accumbens
and the prefrontal cortex, presynaptic serotonergic function, and cause an imbal-
ance in dopamine and 5-hydroxytryptamine (5-HT) in the frontal cortex (Crespi
et al., 1992; Fone et al., 1996; Jones et al., 1992). Animals isolated during infancy
display a long-lasting effect on acute heat pain sensitivity, primarily disturbing
C-fiber-related pain pathways, suggesting a selective disruption in the ascending
anterolateral spinal-thalamic pathways (Tuboly et al., 2009). Moreover, the housing
conditions are a critical factor evoking modifications in pain perception in animals,
and it was also shown that isolation of juvenile animals caused significant changes
in pain sensitivity, which might be due to changes mainly in the number and activity
of p-opioid receptors (Defeudis et al., 1976; Van Den Berg et al., 1999).

Multiple faces of pain pathways: from nociception to pain perception

According to the International Association for the Study of Pain (JASP), nocicep-
tion is referred as “activity that occurs in the nervous system in response to a nox-
ious stimulus,” whereas pain is “an unpleasant sensory and emotional experience
associated with or resembling that associated with, actual or potential tissue dam-
age” (Raja et al., 2020). Nociception thus includes the mechanisms by which nox-
ious stimuli are detected by the peripheral nervous system, encoded, transferred, and
unconsciously processed by the central nervous system structures.

Sensitisation of sensitive fibres, including nociceptive fibres, a key-phenomenon
after injury or inflammation, which results in the release of chemical mediators by
different cells. The released chemical mediators act by directly activating the nocic-
eptors or sensitising them (Julius, 2001; Kandel et al., 2000).

Chemical mediators can activate or sensitise nociceptors, which are free nerve
endings of pseudo-unipolar neurons dendrites, whose cell bodies are found in the
ganglia of the dorsal root of the spinal nerve and trigeminal nerve sensory ganglion
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that process these traumatic or inflammatory stimuli (Kandel et al., 2000; Le Bars
et al., 2001; Messlinger, 1997; Millan, 1999). The axons of these pseudo-unipolar
neurons, called primary afferent fibres, carry nociceptive information to the central
nervous system.

Three types of receptors for free nerve endings are associated with two types of
primary afferent nerve fibres. Considering a functional criterion, they are (a) mecha-
nosensitive nociceptors with Ad low myelinated and medium diameter fibres, with
conduction speeds of 5 to 30 m/s; (b) mechanothermal nociceptors with AS fibres,
and (c) polymodal nociceptors with not myelinated C fibres of small diameter with a
conduction speed of about 1 m/s, which respond to thermal, mechanical and chemi-
cal stimuli (Julius, 2001; Millan, 1999).

The nociceptive stimulus recruits peripheral nociceptors that carry the nocicep-
tive signal to the first somatosensory neuron located in the dorsal root ganglion of
the spinal nerve, which connects with the second-order neuron located in the dorsal
horn of the spinal cord. It is precisely situated on II, III, and V Rexed’s laminae, of
the dorsal horn of the spinal cord, in which the primary afferent neuron makes the
first synapse with the second neuron (Fig. 1). The second neuron sends axons that
will form the neospinal-thalamic and paleospinal-thalamic tracts after crossing the
median plane of the spinal cord and sends afferent ascending projections to the great
supraspinal centres, such as the reticular formation, the limbic system, the poste-
rolateral ventral nuclei (neospinal-thalamic pathway-related nucleus) and intralami-
nar nuclei (paleospinal-thalamic pathways) of the dorsal thalamus (Marchand, 2012)
(Fig. 1).

The trigeminal component of the anterolateral system has its first-order neurons
in the Gasser’s semilunar ganglion, which establishes synapses in the spinal nucleus

PFC
t
Anterior Cingulate Cortex
s Insular Cortex
*
Paleospinothalamic Pathway Neospinothalamic Pathway
PAG Somatosensory Cortex

Limbic Structures

Fig. 1 Pain pathways from nociception to sensory discriminative perception and emotional pain

@ Springer



Trends in Psychology

of the trigeminal nerve, where the second-order neurons of the pathway are located;
the axons of these second-order neurons cross the midline and comprise the trigemi-
nal lemniscus, which enters the posteromedial ventral nucleus of the dorsal thala-
mus. Spanning from the dorsal thalamus, through the corona radiata, third-order
neurons connect with the somesthetic cortex, spreading somatotopically (Marchand,
2012).

It is important to emphasise that second-order neurons can connect with dif-
ferent brain stem nuclei, including the periaqueductal grey matter (PAG) and the
nucleus raphe magnum (NRMg), which are areas involved in the endogenous down-
ward modulation of the pain system. The primary (S,) and secondary (S,) soma-
tosensory cortexes, which receive afferents from the dorsal thalamus, are involved
in the quality of the sensory perception of pain, which includes the location, dura-
tion, and intensity of pain. Tertiary neurons also project to limbic structures, includ-
ing the anterior region of the cingulate gyrus cortex (Cg;) and the insula, which are
involved with the affective and emotional components of pain (Marchand, 2012), as
well as the hypothalamic nuclei, parabrachial area and amygdaloid complex (Ham-
mond, 1989). These connections emphasise that pain is more than the activation of
sensory components. The anterior cingulated cortex also sends glutamatergic inputs
to the posterior hypothalamic nucleus, modulating the perception of painful stimuli
in a threatening situation (Falconi-Sobrinho et al., 2017).

Additionally, the perception of pain is mediated by perceptual processes; depend-
ing on how the stimulus is perceived, the pain sensation may vary (Lucchelli et al.,
1978; Schapira et al., 1970). In addition, several studies have shown that the physical
form of drugs and their appearance placebo-like effect can alter their effect in cases
of pain treatment (Bar & Neta, 2006, 2007; RE and LW 1984; Silvia & Barona,
2009; Westerman et al., 2012). Moreover, it has even been shown that stimuli asso-
ciated with pleasure, liking, and disgust are also related to changes in the perception
of the effect of medication (Wan et al., 2015).

Emotional Aspects of Pain

According to IASP, approximately one in five people suffer from chronic pain
worldwide. The effects on quality of life are devastating. A study published in
2006 analysed 126 patients with chronic pain and found that the group had several
affective and cognitive impairments, such as insomnia (60%), difficulty concentrat-
ing (36%), depression (33%), and anxiety (27%). Even the professional lives of the
affected people seemed to be affected; more specifically, 52% of the participants had
losses at work due to pain (Breivik et al., 2006).

Over the past few decades, the influence of anxiety on pain perception has been
extensively investigated. Anxiety is accepted as one of the determining psychologi-
cal factors in the subjective experience of pain (Tang & Gibson, 2005). Asmund-
son et al. (1996) pointed out a link between anxiety disorder and pain, demonstrat-
ing that the prevalence of anxiety is higher in people who suffer from chronic pain.
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Furthermore, 45% of chronic pain patients also had an anxiety disorder (Asmundson
& Katz, 2009).

Knaster et al. (2012) showed that the diagnosis of anxiety disorder precedes the
onset of pain in more than 75% of individuals. Similarly, Shaw et al. (2010) revealed
that patients who suffered from low back pain were 2.45 times more likely to
develop chronic low back pain when diagnosed with a generalised anxiety disorder.

There is a high association of comorbidity between anxiety and chronic pain, and
some researchers postulate that this type of pain may be an expression of chronic
post-traumatic stress disorder (Grande et al., 2004; Otis et al., 2003). There are func-
tional and metabolic similarities between neuropathic pain and post-traumatic stress
disorder, with the mPFC playing a key role in integrating the disorder and comor-
bidities (Feldman, 2004). There are reports in the literature showing in both human
patients and laboratory animals that the presence of chronic pain causes changes in
functional reorganisations in cortical and subcortical structures, including the mPFC
(Apkarian et al., 2009; Baliki et al., 2006; Medeiros et al., 2019a, b, c; Malvestio
et al., 2021; Metz et al., 2009), dorsal thalamus (Apkarian et al., 2004), amygdaloid
complex (Han et al., 2005; Ji et al., 2010), and anterior cingulate cortex (ACC) (Li
et al., 2010).

Considering the pain pathways, nociceptive stimuli elicit action potentials that
pass through the anterolateral system and the neospinothalamic tract, an essential
spinal-thalamic tract, and reach the primary somatosensory cortex through the spe-
cific thalamus-cortical system; these stimuli are involved in the physical sensation
of pain (Lumley et al., 2011). The affective experiences of pain-related connec-
tions reach supraspinal brain structures through the paleospinothalamic tract, which
recruits the periaqueductal grey matter, amygdaloid complex, parabrachial area,
hypothalamus, and insula (Hammond, 1989; Lumley et al., 2011; Vogt et al., 1993)

Information from these pathways comes together in the ACC and insular cortexes.
Thus, the combination of nociceptive and affective inputs to these areas elicited by
the same stimulus influences interoceptive homeostasis (Craig, 2003) and response
prioritisation (Lumley et al., 2011; Price, 2000a). Hence, both types of information
about pain contribute to our subjective experience and, ultimately, our response to
it. From this theory, we seek to establish the anatomical links between emotions and
pain (Fig. 1).

Several areas are activated in PET and fMRI studies when pain is involved. The
second somatosensory (S,) and insular cerebral regions and the ACC are the cortical
areas most consistently activated during the experience of pain (Cauda et al., 2012;
Peyron et al., 2000). The thalamus is often activated as an intermediate diencephalic
interface regarding the somatosensory ascending neural pathways. These areas
reflect the activation of the anterolateral system, especially where the spinal-tha-
lamic tracts converge on the insula and ACC. Meta-analytic connectivity modeling
was utilised to identify active areas across multiple types of stimuli, as well as atten-
tional, emotional, and reward tasks (Cauda et al., 2012) (Fig. 1).

The insula, dorsal ACC, and thalamus were again consistently activated. The neu-
ral activity in these structures reflects both external inputs of pain and the inter-
nal reflection on pain, much in line with Melzack and Casey’s two-stage theory of
pain described previously in brief (Melzack & Casey, 1968). The ACC appears to
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be particularly important in the affective interpretation of pain. Some investigations
dissociated the circuitry involved in the emotional and attentional modulation of
pain and showed that the ACC was the largest modulator of mood and influenced
pain unpleasantness but not pain intensity. Attentional modulation associated with
pain intensity was not robust but activated the anterior insular cortex (Villemure &
Bushnell, 2009).

ACC likely acts as a mediator between cognition and emotion, with connections
to the limbic system structures (Falconi-Sobrinho et al., 2017) and prefrontal cortex
(PFC), as well as to somatosensory areas (Stevens et al., 2011). Because the ACC
is closely linked with affective processing and is consistently activated during the
experience of pain, the ACC likely plays a role in affective regulation during the
experience of pain (Zugaib et al., 2014; Zugaib & Menescal-de-oliveira, 2017). Both
emotional and physical pain elicit activity in these common areas, and conditions
that affect one system (e.g., drugs, neural plasticity) may affect the function of the
other, ultimately altering the experience of pain. Finally, we might consider other
neural pathways, limbic and paralimbic structures as putative neural substrates for
fear-related reactions and pain control during threatening situations, such as dience-
phalic and midbrain structures and connections (Freitas et al., 2009; de Freitas et al.,
2013; Ullah et al., 2015; Almada and Coimbra, 2015).

Neurobiological Aspects of Social Pain

Due to this close link, emotional pain appears to mimic certain aspects of physical
pain in terms of brain activity and pain perception. For example, social rejection
elicits similar activation in the same areas as physical pain, and greater sensitivity to
physical or social pain is associated with greater sensitivity to physical pain. Social
organisation is not an exclusive characteristic of human beings; social ties are essen-
tial for the well-being and survival of mammals (Baumeister & Leary, 1995).

Due to the impossibility of self-care after birth and during the postnatal period,
mammals need the support of a caregiver. Thus, this lengthy period could have facil-
itated a “system of social ties.” This system, in turn, could use aspects of the physi-
cal pain system to “alert” us when we have lost a social bond. The distance from a
caregiver is a threat to survival. Feeling “hurt or anguished” with this separation
leads the threatened person to develop adaptive strategies to avoid such distances
(Panksepp, 1998).

Social ties are essential for survival. Thus, using a social attachment system and
the physical pain system will capture attention and alert us to real or potential dam-
age in social relationships (Panksepp, 1998). In this sense, social isolation, like what
we live in due to quarantine measures during the COVID-19 pandemic, can cause
unpleasant experiences, described as pain, and recruits at least part of the same neu-
robiological substrates that underlie experiences of physical pain. Multiple ascend-
ing pathways carry physical pain information to supraspinal structures, adding
aspects of autonomic system activation, escape, motor orientation, arousal, and fear
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Neural Correlates
@ Fhysical Pain
. Emotional Pain
. Social Pain

Fig.2 Brain areas that have been shown to be related to physical pain, emotional pain, and social pain.
S1: Primary somatosensorial cortex; S2: Secondary somatosensorial cortex; ACC: anterior cingulate
cortex; PFC: prefrontal cortex; Al: anterior area of the insula; PI: posterior area of the insula

(Price, 2000). The integration between somatosensory inputs and cognitive aspects
also occurs in posterior parietal cortical areas (Friedman et al., 1986).

Nociceptive information pathways that integrate structures such as the insu-
lar cortex and amygdaloid complex converge at the level of the ACC, a mecha-
nism by which somatic perceptual and cognitive characteristics of pain would be
integrated with rudimentary attentional and emotional mechanisms (Price, 2000)
(Fig. 2). Thus, the ACC coordinates the association of somatosensory character-
istics of pain with prefrontal brain mechanisms involved in the association of sig-
nificance and long-term implications for pain (Fig. 2).

Studies show the involvement of these areas in the processing of physical
pain and social pain. Social pain is defined as an unpleasant experience that is

@ Springer



Trends in Psychology

associated with actual or potential damage to one’s sense of social connection
or social value; such unpleasant experiences include social rejection, exclusion,
negative social evaluation, or loss (MacDonald & Leary, 2005). An analysis of
neuroimaging data has shown the activation of structures such as the dorsal part
of the ACC (dACC) and anterior area of the insula (AI) in individuals who have
experienced social exclusion (Eisenberger, 2012a). These regions are known to
play a role in the distressing experience of physical pain. Moreover, the dACC
and Al may have a modulatory role in the links between social rejection and
inflammatory activity and depression. Concerning the sensory-discriminative and
affective-motivational components of pain, the latter is related to aspects of emo-
tion, arousal, and behavioural programming (Treede et al., 1999) (Fig. 2).

In this way, the processing of social suffering is dependent on the activity of
brain regions associated with the affective component of pain, involving the pre-
vention of damaging social outcomes and serving as a punishment-based rein-
forcement to teach organisms to avoid threatening stimuli in the future.

In investigations using laboratory animals, damage in ACC dorsal and/or ven-
tral areas reduces anguish-related vocalisations, which are behaviours related to
social separation in non-human mammals. In experiments of isolation and mater-
nal separation, the PAG is another encephalic area involved in suffering process-
ing (Hadland et al., 2003).

In human beings, cingulotomy induces decreased self-awareness, together with
reduced concern for other people’s opinions or social judgments (Tow & Whitty,
1953). Associated with cingulotomy, patients can still feel and localise pain sen-
sations (sensory component intact), but the pain no longer “bothers” them (Foltz
& White, 1968). In addition, individuals with more social support or who spend
more time with friends show reduced activity in the dACC and insula in response
to social exclusion (Eisenberger, Taylor, et al., 2007b). In contrast, more significant
self-reported social disconnection during real-world social interactions is associated
with more significant activity in the dACC and PAG in response to social exclusion
(Eisenberger, Gable, & Lieberman, 2007a). In this sense, there is support in the lit-
erature for the critical role played by the ACC in processing the distress associated
with social separation or disconnection.

Another aspect that can be changed due to social isolation is the inflamma-
tory process and changes in the transcriptional activity of the human genome. The
increased activity of pro-inflammatory transcription controls neural pathways with
glucocorticoids responsible for the high risk of inflammatory disease in individuals
who experience chronically high levels of subjective social isolation (Wager et al.,
2009). Furthermore, the increased activity of the dACC and Al in a stressful situ-
ation and/or social isolation can contribute to an increase in inflammatory activity
(Wager et al., 2009). The increased circulation of pro-inflammatory cytokines, such
as IL-6, mediates the relationship between social exclusion and depression and is
related to the intensity of pain in some populations (Sturgeon & Zautra, 2016).

From a neurochemical perspective, opioids have already been shown to affect
emotional behaviour of laboratory animals submitted to the elevated plus maze test
of anxiety (Anseloni et al., 1999) and reduce the distress associated with separation
(Eisenberger, 2012a). The endogenous opioid system is associated with regulating
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the distress caused by the physical pain-inducing neurochemical regulation of the
distress associated with social separation. In animals, low doses of exogenous opi-
ates reduced distress-induced vocalizations of socially isolated puppies as well as
the pleasure associated with social connections (Panksepp et al., 1978). Accord-
ing to Way et al. (2009), individuals with the G allele showed greater reactivity to
social rejection in encephalic structures (AACC and Al) previously demonstrated to
be involved in social and physical pain processing. Thus, the dACC is considered
a critical place for the influence of opioids on social pain. The authors suggest that
the A118G polymorphism, specifically related to the p-opioid receptor, is generally
involved in both social and physical pain (Way et al., 2009).

In rodents, social isolation is associated with a decrease in neurogenesis in the
hippocampus, increased cortisol levels (indicative of stress), and anxiety-like behav-
iour (Cinini et al., 2014). Among puppies, it has been shown that early life stress
can permanently impair hippocampus-dependent learning and memory, in addition
to increasing susceptibility to depression by reducing adult neurogenesis in the hip-
pocampus (Karten et al., 2005).

Social isolation causes neurological changes that can induce social pain.
Although neuroimaging studies show the activation of the dorsal anterior cingulate
cortex and anterior insula in situations in which a person experiences physical and
social pain, there is evidence that these same areas are activated in other stressful
situations (Eisenberger, 2012b; Sturgeon & Zautra, 2016). Thus, the anterior cin-
gulate cortex and the anterior insula may have a broader role as a neural alarm sys-
tem for survival (Eisenberger, 2012¢). Almeida-Santos et al. (2019) demonstrated
that animals in social isolation had alterations in glutamatergic neurotransmission in
the olfactory bulb and the dorsal hippocampus, a neurochemical phenomenon that
the authors associated with a deficit of social memory in addition to compromising
communication between areas.

Interestingly, daily administration of acetaminophen compared to placebo in two
studies showed reduced self-reports of social pain and reduced activity in both the
dACC and AI when experiencing social exclusion (DeWall et al., 2010).

The Treatment of Pain in the Period After the COVID-19 Pandemic

The return to clinical pain management will have to address the biopsychosocial
requirements related to period after the COVID-19 pandemic. The resumption of
clinical pain management will have to address the biopsychosocial requirements
of the period after the COVID-19 pandemic. Health care professionals will have to
face the challenge of dealing with the overlap of physical and emotional pain and
the possible process of catastrophic pain triggered or aggravated by the COVID-19
pandemic.

Beyond the typical challenges of self-managing a chronic disease, disease man-
agement has become significantly more complex with the implementation of social
distancing, including individuals limiting unnecessary health care visits. It has led
to confusion about how patients with chronic diseases should manage their disease
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and reduce the infection risk. This adaptative process directly impacts clinical symp-
toms, especially pain (Michaud et al., 2020).

The exposure of the population to traumas, such as witnessing and caring for seri-
ously ill people, perceived life threats, mortality and mourning, and deaths of health
professionals, can impair the mental health of individuals in the population and con-
sequently increase the risks of developing psychological distress and progressing to
have psychopathological disorders, including post-traumatic stress disorder (Neria
& Sullivan, 2011; Schultz & Engelhardt, 2014).

Concerning the comprehension or elimination of pandemic-associated stigma,
it is necessary to create strategies to address the psychological stress of the post-
pandemic period (Wang et al., 2020) and to identify its possible implications for the
rehabilitation process and management of pain. In fact, there is evidence that shows
increased levels of distress in response to suffering in people living in countries sig-
nificantly affected by COVID-19 (Wang et al., 2020; Xiang et al., 2020).

Moreover, it is suggested that patients with suspected or confirmed SARS-CoV2
infection may experience fear and anxiety about the consequences of COVID-19,
including death and severe physical disability. In addition, boredom, loneliness, and
anger can be experienced by quarantined individuals. It is also suggested that the
symptoms of anxiety and distress can be aggravated in these people; these symp-
toms can also occur in those in social isolation (Jahanshabhi et al., 2020).

Studies show that individuals with severe illness or multiple comorbidities have
higher psychological symptoms when faced a crisis. The impact of the COVID-
19 pandemic in Spain was assessed, and it was demonstrated that individuals who
reported chronic illnesses had higher average levels of stress, anxiety, and depres-
sion compared to participants who did not report such illnesses (Ozamiz-Etxebarria
et al., 2020). In this sense, post-pandemic patients may become more vulnerable to
the frustrations and disabilities resulting from the disease and its physical symp-
toms, particularly pain. People with chronic pain, such as those with orthopaedic
or rheumatic pathologies, often tend to manifest emotions of revulsion, anger, anxi-
ety, or even depressive symptoms, which are not only reflected in the interaction
with others but can also influence adverse symptomatology and disease progression
(Ozamiz-Etxebarria et al., 2020).

In a study that evaluated patients’ experiences with rheumatic diseases in the
USA during the COVID-19 pandemic (Michaud et al., 2020), the most commonly
reported emotions were anxiety, nervousness, worry, and fear. Some observed that
anxiety/stress seemed to worsen their arthritis symptoms.

Approximately half of the patients in a North American cohort described sig-
nificant disruption in their rheumatology care, including disrupted or postponed
appointments and self-imposed or physician-suggested changes to medications
(Sirotich et al., 2020). A change or interruption of treatment can cause worse chronic
pain due to treatment failure and the psychic symptoms of the post-pandemic period.

The perceived intensity of painful symptoms is thus exacerbated by symptoms of
disability, anxiety, depression, sleep disorders, poor quality of life, and health costs.
Likewise, psychological distress has been identified as a possible way an episode
of pain influences the development of persistent disabling symptoms (Park & Park,
2020). Thus, health professionals may encounter the challenge of dealing with an
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increase in painful symptoms and the difficulty of reducing the levels of physical
disability in patients. An excellent way to assess this intensity of pain perception is
to adopt assessment instruments that evaluate broader aspects of pain.

Increasing evidence has shown that pain science education positively affects pain,
disability, pain catastrophisation, movement limitations, and general health costs.
For this, subjective and objective physical assessments must embrace a biopsycho-
social approach instead of just a biomedical procedure. Patients with chronic pain
suffer from severe fear, which should allow us to develop a treatment strategy that
directly reduces aversive-stimulus-related emotions, thus improving these patients’
physical and psychosocial well-being (Hall et al., 2011).

From a biopsychosocial view, psychological factors play an essential role in the
onset and progression of chronic pain. The cognitive-behavioural model of avoiding
fear in cases of chronic pain suggests that pain-related fear contributes to the devel-
opment and maintenance of pain-related disability (Diener et al., 2016). Therefore,
addressing the beliefs, cognitions, and behaviours associated with patients’ pain
symptoms has become a crucial issue for consideration during treatment, particu-
larly during the treatment of chronic pain. These overlapping strategies impact pain
surveillance, which can also lead to increases in the perception of pain severity.

Another point to be considered by the physician and physiotherapist in the
post-pandemic period is the process of catastrophising pain, which worsens in
the face of psychological suffering, whether linked to pain or not, maybe present
or not even increase. According to Severeijns et al. (2001), patients with chronic
pain who catastrophised reported greater pain intensity, felt more incapacitated
by their pain problem, and experienced more psychological suffering. Catastro-
phisation was a powerful predictor of pain intensity, disability, and psychological
distress, even when controlled by physical impairment. Thus, we can conclude
that catastrophisation plays a crucial role in the experience of chronic pain, con-
tributing significantly to the variation in pain intensity, pain-related disability,
and psychological suffering.

There is growing evidence that when pain neuroscience education is provided to
patients with chronic musculoskeletal pain, it can decrease pain, decrease pain cata-
strophisation, decrease disability, and improve physical performance (Puentedura &
Flynn, 2016; Wijma et al., 2016). Pain neuroscience education is increasingly used
as part of a physiotherapeutic treatment in patients with chronic pain. A thorough
clinical biopsychosocial assessment is recommended before pain neuroscience edu-
cation to allow an adequate explanation of pain neurophysiology and biopsychoso-
cial interactions in an interactive and patient-centred manner.

A broader analysis of pain should evaluate the somatic, cognitive, emotional,
behavioural, and social factors and try to establish the most dominant mechanism
of pain, as well as assess the provocative and disturbing biopsychosocial factors in
patients with chronic pain. That approach allows the clinician to specifically clas-
sify patients and adapt the treatment plan (Wijma et al., 2016). Concerning that
approach, a physiotherapist will understand the processes of pain in the post-pan-
demic period, observe its clinical implications, and evaluate and outline the most
assertive behaviours.
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Inpatient consults will also require new approaches. For example, many con-
sultations could occur in a nonessential way, without the need to see the patient in
person, with most of the history being gathered via telephone or videoconference
with the primary team members. The primary approach would be to assemble the
patient’s history, review the data, write notes, discuss the case, formulate a differ-
ential diagnosis, and recommend a treatment plan (Koumpouras & Helfgott, 2020).

That procedure, initiated on an emergency basis for a pandemic period, can be
implemented in the clinical monitoring of the patient between consultations and
serve as a tool for interaction between the different health professionals involved
in the treatment of pain (Koumpouras & Helfgott, 2020). Examples of interven-
tions that can effectively be delivered over the internet for patients with chronic pain
include managing stress, addressing sleep disturbances, teaching mindfulness prac-
tices, cognitive strategies, pacing activities, social support programs, simple physi-
cal exercises, and observing a healthy lifestyle (Shanthanna et al., 2020).

It will be necessary to assess the impacts of COVID-19 on patients with chronic
pain based on multidimensional and multi-professional information for better deci-
sion-making and for conducting rehabilitation processes. The acceleration of ongo-
ing processes caused by pandemics can also lead to improvements in medical pro-
cedures and protocols, as well as improvements in the current understanding of the
need for more suitable conduct based on the individual as a human being and not
only focusing on the clinical symptoms of his/her health conditions, including pain.

Neuroscience Evidence Related to Emotional and Social Pain During
the COVID-19 Pandemic

Emotion comes from the Latin words “ex + movere”, which means “to move
out”. In a stressor event, such as the COVID-19 pandemic, this movement can be
related to neuroplasticity (Orru et al., 2020). Neuroplasticity-associated emotions
are inherent to the social process of sensitisation (Garland et al., 2010). Regard-
ing that point of view, it is apparent that the pandemic outbreak experienced by
people in several regions of the world has had a crucial effect on the activity of
neural pathways, as it can decrease conscious actions and hinder decision-making
behaviours (O’Callaghan et al., 2017). Stressor-related processes, therefore, pro-
mote brain changes coming from scientific education, which happens to produce
and preserve factors that have a social and emotional burden (Lupien et al., 2018).

In fact, the encephalon is sensitised by the external environment (Agorastos
et al., 2018). Awareness comes from a critical and reflective process that results in
experiences beyond the subject being merely informed. This perspective enables
a broader understanding of human behaviour in the face of synaptic strengthening
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and weakening in emotional situations (Padilla et al., 2016), such as the COVID-
19 pandemic.

The pain arising from this phenomenon involves neural networks that affect
memory, attention, self-regulation (risk assessment behaviours), and execu-
tive functions (decision making, planning, logical reasoning, and others) (Che-
did, 2007; Cosenza, 2008; Guerra et al., 2004; Houzel, 2012; Ribeiro, 2013).
Emotional and social pain can trigger adaptative responses during an organism-
environment interaction and exert influence on limbic neural systems underlying
behaviour; modifying neural connectivity, neuroplasticity, and coding; and the
modulation of behavioural responses related to perception, attention, memory,
reasoning, and problem solving (Tyng et al., 2017).

The threat of the COVID-19 pandemic may also influence the development
of the human brain, as it may influence cerebral neuroplasticity, with different
peaks of synaptic density coming from environmental stimuli that occur during
life (Blakemore & Choudhury, 2006). Emotional pain comes from the possible
cognitive “shake” that the COVID-19 pandemic can cause, reflecting on the neu-
roplastic capacity of the individual and, consequently, his/her social behaviour. In
the upcoming post-pandemic period, the relationship between neuroplasticity and
emotional pain experienced during the COVID-19 pandemic can be characterised
by the involvement of health in its broad sense, encompassing physical, social,
and mental aspects.

The impact of COVID-19 on behaviour and the development of the central
nervous system involves the need for adaptive strategies of improved socioemo-
tional and cognitive control capacity during life to avoid consequences such as
pain (Compare et al., 2014). Thus, the neuroplasticity of emotion-related struc-
tures is currently under the threat stimuli represented by the COVID-19 pan-
demic. More specifically, the integrated activity of neural networks modulates
autonomic responses and somatosensitivity (Christensen et al., 2020).

In this context, the limbic system, which, according to recent advances in neu-
roimaging, acts as the neuroanatomical basis of emotional behaviour, is high-
lighted as one of the systems possibly affected by the SARS-Cov2 virus. Moreo-
ver, limbic system involvement supports the concept that most of the ascending
reticular activating system (ARAS) neurons situated in the brainstem will criti-
cally influence the activation of the cerebral cortex during pain suffering, elabora-
tion of emotions, and threatening social situations (Venkatraman et al., 2017).

With socioemotional consideration and the consequent emotional pain in the
face of the COVID-19 pandemic, it is possible to think about the direct influence
on the emotions that people experience in the face of the prophylactic measure
of social isolation, probably due to the importance of modulating the connec-
tion between the ventral striatum and the motor cortex through the nigrothalamic
pathway (Aoki et al., 2019).

The COVID-19 pandemic, therefore, involves synaptic changes and the forma-
tion of new patterns of neural activity. The investigation of neuroplasticity has
been constant in the scientific environment, primary investigations that seek a
multisensory understanding (Oby et al., 2019).
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Notably, the number of publications involving emotional and social pain is
growing; however, significant contributions are still small. Associated with the
new context that the COVID-19 pandemic has imposed on daily life, directly
influencing the emotional and cognitive aspects of human behaviour. Interac-
tion with the social environment in which people live would be advantageous to
improve our present understanding of human behaviour and the emotional pain
arising from adaptation in a threatening situation. Neuroscientific investiga-
tions that improve the present understanding of human brain activity during the
COVID-19 pandemic will contribute to new paths for a broader understanding
of human behaviour during social isolation, highlighting the physical, emotional,
and social pain experienced during the COVID-19 pandemic.

Summarising, considering the psychological impact of life, this review shares
some recommendations. There are proposed different activities to improve men-
tal and physical health at home, as seen in Table 1. In conclusion, the quarantine
implied a radical change in the lifestyle of people. There was a reduction of social
interaction, participation in exercise, and other practices, as religious or spirit-
ual, which have negatively affected this population’s mental and physical health
(Vahia et al., 2020). Moreover, maintaining an active lifestyle at home is essential
for health, especially for chronic diseases and comorbidities.
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