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ABSTRACT

Background: The novel coronavirus 2019-nCoV caused by SARS-CoV-2, has caused global, large and major public health
issues. During the pandemic, different public health strategies were implemented in order to reduce the spread of this virus.
These strategies consisted on increasing the frequency of hand-washing, using personal protection equipment, social distancing
and restricting movements cities along with sealing national borders. During this crisis, Health Systems undergo important
pressure and remarkable efforts were implemented to provide an efficacious reaction to this emergency. However, the actual
global policy of diverting the attention exclusively to the COVID-19 pandemic and overshadowing other clinical conditions
may have substantial negative implications. There are particular concerns around the increased vulnerability of patients living
with a chronic disease, and this also includes neurological conditions like Parkinson’s disease (PD). Aims: This review
discusses the different outcomes of social distancing on PD patients and summarizes the circuitry of social behaviour in the
context of PD. We consider the possible psychological and behavioral outcomes of quarantine and social isolation as part of
national policies to limit the spread of the virus. Conclusion: In total, this evidence suggests that the drastic COVID19
pandemic measures could result in affective, cognitive and psychological alterations in these patients. Given this we suggest
that patients with PD should be accompanied by their caregivers and encouraged to interact virtually with other family members
and friends using different communication technologies. We also recommend healthcare providers to adopt telemedicine for
outpatients visits and display educational programs for the patients.
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INTRODUCTION

Parkinson's disease (PD) is one of the most common
pathologies in the elderly, affecting 1 to 2% of the
population over 50 years of age; it is also the second most
common neurodegenerative disease in the world, after
Alzheimer's.[1] PD was mainly identified by three cardinal
motor signs: tremor, akinesia and rigidity. In the last
decades, research has described a new cluster of symptoms
called Non-Motor Symptoms (NMS). They include
sensory alterations, signs of dysautonomia , sleep and

neuropsychiatric/mood disorders.[2] The most common
psychiatric perturbations reported in most
neurodegenerative diseases are depression and anxiety,
which can both occur early before the onset of motor
symptoms.[3]

In December 2019, a new coronavirus (SARS-CoV-2)
appeared, causing an outbreak of acute respiratory
syndrome (COVID-19) in humans.[4] SARS-CoV-2 has
rapidly spread across the globe; as a result, the World
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Health Organization (WHO) declared the associated
disease a pandemic on March 11" 2020. Until the
completion of writing this paper, the COVID-19 is
affecting 213 countries and territories. SARS-CoV-2 has
infected 4,654,991 people and has caused 309,133
deaths.[5] In the absence of treatment, governments in
collaboration with WHO have established strategies to
limit the spread of the virus and protect Human life, one of
the core measures that were implemented were social
distancing and health containment.

Meanwhile, applying these measure for longer periods
could result in serious psychological impacts such as
anxiety, insomnia, panic behavior, fear, stress and
hopelessness.[6]

The COVID-19 pandemic represents a worldwide major
public health emergency, not only due to its high potential
to spread and lethality, but also because of its potential
consequences for public health in the medium and long
term. The psychological Impact of the pandemic on the
Parkinson's patients is the focus of the present review. We
discuss the hypothesis that SARS CoV-2 infection could
exacerbate the affective and cognitive symptoms of the
disease, then we analyse its possible impact on the disease
progression.

We think that the outcomes of social distancing and cities
lockdown would exacerbate both motor and non-motor
symptoms via increasing stress levels, anxiety and
depression and reducing the physical activity of PD
patients. Interestingly, it has been described that cognitive
stress reduces the efficacy of dopaminergic medications on
Parkinson's tremor .[l Physical activity (PA) is widely
advised as an adjunct intervention to improve PD
symptoms and treatment efficiency.[8] Hence, Being stuck
at home because of the confinement, may increase the
severity of both the motor and non-motor PD symptoms.
The purpose of this study, also, was to describe the
neuronal pathways underlying social behavior in the
context of PD.

NEUROLOGICAL MANIFESTATIONS OF
COVID19

From previous studies on SARS-CoV, it has been shown
that this virus infected the brain, including the brainstem,
in both patients and experimental animals.[9] Following
intranasal virus inoculation in mice, SARS-CoV or
MERS-CoV entered the CNS, possibly through the
olfactory nerves, and, importantly, the viruses were
detected in the brain, but not in the lung, suggesting direct
transfer to the CNS by olfactory nerves.[10] However,
detection of high viral load in the brainstem after SARS-
CoV infection is also indicative of infection spreading to
the CNS from the respiratory tract, which is connected
primarily by the vagus nerves to the ambiguous and
solitary tract nuclei in the brainstem. Involvement of this
brain region may also suggest that the cardiorespiratory
center contributes to the severe respiratory distress caused
by COVID-19.[11] Importantly, the extent of SARS-CoV-
2 invasion of the CNS, and its role in the respiratory
distress and failure needs further investigation. A single
study has reported enhanced antibody responses against
different forms of coronaviruses in the cerebrospinal fluid

of patients with PD compared to other neurological
diseases and healthy controls. [12]

NON-MOTOR SYMPTOMS OF PARKINSON’
DISEASE

In recent years, non-motor disorders have attracted
increasing interest. [13, 14] However, a study showed that
people with PD tend to exhibit more non-motor symptoms
compared to normal controls (estimated at an average of
8.4 vs. 2.8). These non-motor symptoms, in affected
individuals, tend to be more frequent, more bothersome
and more severe than the classic triad which is the motor
symptoms.[15] Therefore, Behavioural disturbances are
frequently observed in PD, including mood and anxiety
disorders. With a prevalence of 40%, the depression is the
most common psychiatric disturbance reported in PD. [16]
As a consequence there are many and serious human,
social and health care impacts associated with the onset of
depression in PD patients, mainly: anhedonia, desperation,
social isolation, self-deprecation, dysphoria, irritability,
symptoms of anxiety, which can aggravate into suicidal
ideation and death. [17] However, PD related depression
remain potentially untreated, despite that it may also result
in a poor prognosis and predict a more rapid deterioration
of cognitive and motor functions.[18]

SOCIAL COGNITION DYSFUNCTIONS IN
PARKINSON’S DISEASE: NEUROANATOMICAL
CORRELATES AND CLINICAL IMPLICATIONS
SOCIAL cognition is defined as a wide range of cognitive
capacities elicited by, about, and directed towards other
people.[19] In particular, these skills allow humans to both
understand themselves end engage in interactions with and
understand others, and develop appropriate goal-directed
behaviors.[19] Given that social cognition may play a
prominent role in clinical care of most psychiatric and
neurological illnesses,[20] recent studies addresses the
neurobiological processes underlying social interactions
and the behavioral correlates of the disruption of these
processes. Indeed, growing evidence suggests that
neurodegenerative diseases (NDs) such as PDs are
associated with social impairments leading to the
disruption of interpersonal relationships, thereby
eliminating the benefits that social interactions may have
for patients with other cognitive impairments.
In this chapter, we discuss the basic components of social
cognition referring to recent hypotheses derived from
network-based approaches, and the clinical manifestations
of social cognitive dysfunctions in PDs.

SOCIAL COGNITION, SOCIAL BEHAVIOR, AND
SOCIAL FUNCTIONING

According to the theory of mind (ToM) higher-order
functions, such as interpreting other people’s mental
states, regulating emotions and feelings, and experiencing
complex affective behaviors require processing a specific
set of stimuli (social stimuli) including facial and/or vocal
emotional expressions, body posture.[19, 21, 22] “Social
cognition” implies any cognitive processing (e.g.,
perception, reasoning, memory, attention, motivation, and
decision-making) in the context of social domain. It causes
“social behavior” that comprises the readily observable
interactions between different individuals, while “social
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functioning” consists in the long-term and contextualized
ability of an individual to interact with other people.[23]

NETWORK-BASED APPROACH TO SOCIAL
COGNITION

Data from Functional Resonance Imaging (fMRI) studies
and neurological and psycho-affective disorders provided
insights about the brain structures and networks implicated
in social processing and behavior (i.e., ventromedial and
dorsomedial prefrontal cortex, temporoparietal junction
and superior temporal cortex, insula, and fusiform
gyrus).[19, 24] However, we should point out that no
social process can be attributed to a single structure but
rather to a distributed interconnected.

Thus, evidence collected from resting state fMRI (rs-
fMRI) studies helped developing a recent network-based
approach. [19, 24, 25] Research showed that the amygdala
plays a pivotal role in triggering emotional responses,
detecting socially salient stimuli and performing social
affiliative behaviors.[22, 26] The neuroanatomy supports
the position of the amygdala as a core component of the
social network.[22, 27] This network comprises most
structures of the social brain (i.e., medial prefrontal cortex
(PFC), orbitofrontal cortex (OFC), anterior cingulate
cortex, temporoparietal junction, inferior frontal gyrus,
and superior temporal sulcus). A second network involved
in social cognition is the so-called “mentalizing” network,
which includes the right temporoparietal junction as a key
region,[28] found to be activated in the case of moral
judgements.[29-31] The empathy network, the third circuit
implicated in social cognition and behavior, includes the
cingulo-insular structures.[32] Finally, the so-called
“mirror neuron system”, mainly involving the inferior
frontal gyrus, the inferior parietal lobule, the fusiform face
area, and the superior temporal sulcus,[32, 33] is activated
during the observation of the actions of others, including
emotion recognition. [34, 35]

SOCIAL COGNITION ABNORMALITIES IN
PARKINSON’S DISEASE AND IN PARKINSONISM
Several studies revealed deficits in emotion recognition in
PD patients with respect to healthy controls.[36-38]
However, other studies failed to confirm these deficits.[39,
40] A meta-analytic review,[41] investigated facial and
vocal emotion recognition of PD patients, revealed
significant and modest alterations of this ability
independently from the level of motor symptoms.
Moreover, it has been reported that PD patients were more
impaired in recognizing negative emotions (anger, disgust,
fear, and sadness) than positive ones (happiness,
surprise),[42] while other studies suggested that the
recognition of negative emotions may be impaired mainly
in the early stages of PD and, then, this impairment has
been shown to mainly affect the positive ones. [43]
Interestingly, impairments of facial emotion recognition in
PD patients were found to be independent of depressive
symptoms, executive deficits, and clinical aspects (i.e.,
disease duration and severity).[44-46] Moreover, some
studies revealed that emotion recognition abnormalities
may occur after subthalamic nucleus stimulation, [47, 48]
[49] probably due to alterations of projections to cortical
areas, particularly the OFC, which has been already
implicated in emotion recognition.[21] However, the study
of Albuquerque et al. (2014) did not confirm these findings
in advanced PD.[50]

NEUROANATOMICAL BASES OF SOCIAL
COGNITION IMPAIRMENT IN PD AND
PARKINSONISM

Concerning the structural neural bases of the deficits in
facial emotion recognition, Ibarretxe-Bilbao et al.
(2009)[51] revealed an association between these deficits
and the degeneration of OFC and amygdala. More
recently, Baggio et al. (2012)[52] confirmed that insults in
one of these areas may underlie the impairment of facial
emotion recognition.

Previous neuroimaging studies, focusing on functional
changes associated with the impaired recognition of
emotions in PD patients, revealed that the impaired
emotional facial recognition network was characterized by
a decreased metabolism within the bilateral posterior
cingulate gyrus (BA 31), right superior frontal gyrus (BAs
10, 9, and 6), and left superior frontal gyrus (BAs 10 and
11). [53] Furthermore, Wabnegger et al. (2015) found that,
when compared to healthy subjects, PD patients showed a
stronger activation in somatosensory cortices, which are
involved in decoding emotional states by internally
generating somatosensory representations that simulate
how we feels when displaying a certain facial expression
and, therefore, may be substantially involved in emotion
recognition.[54]

With regard to parkinsonisms, impaired emotion
recognition in PSP patients have been associated with gray
matter atrophy in the right inferior frontal gyrus.[55] PSP
patients have been proven to exhibit mild but significant
focal deficits in social cognition,[56] which is consistent
with evidence showing that they may often manifest
behavioral and personality changes, hypothesized to occur
as a result of a disconnection between subcortical
structures and the prefrontal cortex .[57, 58]

PSYCHOLOGICAL OUTCOMES OF SOCIAL
DISTANCING AND HEALTH CONTAINMENT:
THE GENERAL POPULATION

The Public health emergencies can affect the health, safety
and well-being of individuals (causing, for example,
insecurity, confusion, emotional and social isolation).[59]
The Covid-19 Pandemic, similar to other public Health
emergencies, had alarming consequences for both
individual and community health and emotional and
behavioural outcomes. The pandemic situation caused by
the outbreak of the coronaviruses disease 2019 (Covid-19)
is a source of stress and anxiety for many people around
the world. In china, more than half participants in a survey
have rated moderate-to-severe psychological impact of the
outbreak.[60]

In Morocco, the measures taken by the government, social
distancing, and partial health containment, have probably
contributed to the relative deceleration in the propagation
of this pandemic since March 29™, 2020. These measures
are necessary because limiting social contact of affected
people is crucial for the control of COVID-19, as
asymptomatic or mildly symptomatic patients can spread
the virus. However, these public health measures enhance
the probability of adverse psychological consequences in
the population. In addition, anxiety reactions are becoming
more frequent, as people fear falling ill or seeing their
family members falling sick. [61]
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The Social distancing, also called physical distancing,
means to keep a safe distance and limit the close contact
between people, in order to avoid the spread of the
infection. Many instructions have been recommended by
the Centers for Disease Control (CDC) in order to fight the
coronavirus pandemic, the social distancing measure is
one of the best tool we can use to limit the risk of person-
person transmission.[62] Moreover, the impact of the
social distancing may make the mental health even worse,
especially the ones that are psychologically vulnerable. In
2015, after the spread of the Middle East Respiratory
Syndrome (MERS), the people that were isolated for two
weeks due to their contact with MERS patients, expressed
high rates of anxiety and anger, and they suffered mentally
even at four-six months after the isolation.[63]

The social relations are integral part of the human well-
being, and are that are critically involved in the
maintenance of health. It has been suggested that
satisfaction with social relationships influences mental
well-being and depressive symptoms in older adults.[64]
Some research has shown that socially isolated people can
request visits to the doctor, but not for medical reasons, but
to meet their need for interaction and interpersonal
stimulation.[65] However, the research consistently
documents social isolation is have been linked to the
development of morbidity and mortality risk.[66]
Cacioppo and Hawkley.(2020) indicated that a sense of
isolation or loss of social relationships is associated with
declining cognition and mood, along with increased
cortisol levels, deterioration in immune function, sleep
disturbance, and other social problems.[67] In previous
studies, social disconnection has been shown to
independently predict the severity of symptoms of
depression and anxiety.[68]

In addition, the anxiety can emerge also from the fear of
contagion and lack in clarity about the guidelines on social
distancing, and is often exacerbated for less reliable media
sources that increase confusion and fear. [69]

EFFECTS OF SOCIAL DISTANCING ON PD
PATIENTS

The older people and the ones with serious underlying
medical conditions might be at a high risk for severe illness
from coronavirus.[70] A previous study reported that the
chronic  hypertension and other cardiovascular
comorbidities were more common in descent patients
(from Covid-19) than the recovered ones. [71] To the best
of our knowledge, there is no evidence that the patients
with movement disorders are at increased risk covid-19.
However, the persons with neurological affections, are in
general, more susceptible to the risk of the infection.[72]
Perhaps the immune response is more disturbed which
might be a predisposing factor. In addition, patients with
severe infection were more likely to develop neurological
manifestations.[73] These particular concerns around the
vulnerability of the people with neurological disorders to
the infection, creates a stressful situation for this category
that might be more worsen either by receiving a diagnostic
for covid-19, or/and by being quarantined. Certain
populations may be more susceptible than others to the
psychosocial effects of pandemics. People with pre-
existing psychiatric disorders, like Parkinson's patients,
are at increased risks of adverse psychosocial
consequences.

Parkinson’s disease (PD) which is the second most
common neurodegenerative affections, being common in
the elderly, and associated to  pulmonary
complications,[74] make the parkinsonian patients more
susceptible to develop severe forms of COVID19. On the
same line, in a group of patients, PD was associated with a
higher risk of dying from pneumonia than controls from
the general population.[75]

As the SARS-CoV-2 virus continues to spread across the
globe, many countries have taken drastic measures to slow
down infection rates. Such drastic policies caused fast
changes on people’s daily life, requiring them to develop
flexible adaptations to the new circumstances.
Interestingly, it has been suggested that the cognitive
processes underlying behavioral adaptability are
dopamine-dependent.[76] Generally, PD is characterized
by destruction of dopaminergic neurons in the substantia
nigra pars compacta (SNpc), and it has been estimated that
the clinical symptoms appear after the depletion of 70-80%
of the striatal dopamine level.[77] Previous studies have
shown that PD patients experience cognitive and motor
inflexibility, as a result of nigrostriatal dopamine
depletion.[78, 79] Thus, the pathophysiology of PD
increased the risk of experiencing chronic stress. we argue
that increased levels of stress during the COVID-19
pandemic may have several short-term as well as long-
term adverse consequences for individuals with PD.
Indeed, it has been hypothesized that the dopamine
deficiency may lead to increased psychological stress
levels and a sense of loss of control in PD.[76] This
explains the high incidence of depression disturbance in
patients with PD (40 to 50%).[80] Certainly, the stress
level is increasing with the current Covid-19 pandemic,
which may make PD patients experience increased levels
of chronic stress. It has been revealed previously that the
exposure a psychological stress increases the severity of
the PD symptoms both in human[81] and animal
model.[82] In fact, psychological stress can temporarily
worsen various motor symptoms, such as tremor, freezing
of gait or dyskinesias,[7, 83, 84] while it has been
suggested that it may reduce the efficacy of dopaminergic
medication [7]. We should also highlight that increased
stress may unmask a latent hypokinetic rigid syndrome,
possibly by depleting compensatory mechanisms.[85, 86]
Moreover, chronic stress exposure along with neurotoxin
induced-neurodegeneration, was shown to result not only
in behavioral disruption but also in exacerbated
degeneration of dopaminergic neurons within the
nigrostriatal pathway.[87]

Physical activity (PA) is increasingly advocated to
individuals with psychological and movement disorders. It
can be seen as a complement to the pharmaceutical
treatment in several disease. A single-blind study showed
that and exercise program could improve the motor,
psychiatric and well-being in patients with Psychogenic
movement disorders. [88] In addition, an adapted activity
program for patients with PD could be an effective
complement therapy to improve the quality of life. [89]
Moreover, several studies have discussed the positive
effect of the PA on people living with PD and its
importance in maximizing the effectiveness of
treatments.[8, 90]

Recent studies have shown that physical exercise may
attenuate clinical symptom progression in PD .[91, 92]
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One recent trial compared a home-based physical aerobic
exercise intervention with an active control condition,[92]
the study reported a between-group longitudinal difference
of 4.2 points on the motor scores of the Unified
Parkinson’s Disease Rating Scale (MDSUPDRS) which
was both significant and clinically relevant. Other studies
showed that the outcomes of the physical activity depend
on the intensity of the exercise; the more intense the
activity was, the better were the outcomes.[91] However,
it is still unclear which mechanisms control these clinical
effects, and in particular whether aerobic exercise can
potentially slow down disease progression of PD, or
whether it is merely a symptomatic effect via stimulation
of compensatory cerebral changes that balance
nigrostriatal cell loss. In the present paper, we urge
healthcare provider to encourage and motivate their PD
patients to practice indoor activities such as mindfulness
yoga programs since they were found to reduce
significantly anxiety and depression levels in PD
patients.[93]

SUMMARY AND FUTURE DIRECTIONS

Finally, this paper supports the idea that this pandemic
would have tremendous long-term outcomes that could
persist even after the end of the outbreak. The entire world
will suffer heavy losses in the health sector, and more
intensively in terms of mental health. Social distancing and
health confinement will have a major impact on the
psychological state of the overall population worldwide.
The psychological disorders (depression and anxiety) in
Parkinson's patients are very likely to develop during the
pandemic which may exacerbate and make their motor
dysfunctions even worse. Being exposed to such chronic
stress, an increasing in the incidence of PD patients may
be expected after this crisis. These outcomes point up the
necessity for the health services to be aware of the mental
health of patients with PD during the COVID-19 epidemic.
Moreover, the reduction of physical exercises may worsen
the movement disorders and also the mental health of the

patients. Even though we are living a hard situation, there
is always something that can be and needs to be done, for
example, clinicians should follow their patients using the
teleconsultation techniques, and give the priority to their
psychological state more than ever before. Moreover, the
PD patients must be encouraged to follow the instructions
recommended by the WHO, but also they need to be
motivated to respect a home-based activity program. The
patient's family and friends are expected to keep their
beloved ones away from the COVID 19 news, since they
are just a source of anxiety or distress for them, and to
avoid as much as possible sharing with them any rumours
or misinformation. These measures may help to minimize
the following psychological disorders and may contribute
in the increasing of the treatment efficacy. After
containment, this literature review must be complemented
with research about the psychological impact of this
pandemic on parkinsonian patients and the evolution of the
motor symptoms.
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