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Abstract

The Coronavirus Disease 2019 (Covid-19) pandemic has profoundly affected the quality
of life (Qol) and health of the general population globally over the past 2 years, with a
clear impact on people with Parkinson’s Disease (PwP, PD). Non-motor symptoms have
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been widely acknowledged to hold a vital part in the clinical spectrum of PD, and,
although often underrecognized, they significantly contribute to patients’ and their
caregivers’ QoL. Up to now, there have been numerous reports of newly emerging
or acutely deteriorating non-motor symptoms in PwP who had been infected by the
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), while some of these
symptoms, like fatigue, pain, depression, anxiety and cognitive impairment, have also
been identified as part of the long-COVID syndrome due to their persistent nature.
The subjacent mechanisms, mediating the appearance or progression of non-motor
symptoms in the context of Covid-19, although probably multifactorial in origin, remain
largely unknown. Such mechanisms might be, at least partly, related solely to the viral
infection per se or the lifestyle changes imposed during the pandemic, as many of the
non-motor symptoms seem to be prevalent even among Covid-19 patients without PD.
Here, we summarize the available evidence and implications of Covid-19 in non-motor
PD symptoms in the acute and chronic, if applicable, phase of the infection, with a
special reference on studies of PwP.

1. Introduction

The Coronavirus Disease 2019 (Covid-19), caused by the Severe
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), has pro-
foundly affected the global morbidity and mortality during the past 2 years
with the survival of older individuals and those with chronic conditions, being
particularly vulnerable (Abate, Checkol, & Mantefardo, 2021; Cascella,
Rajnik, Aleem, Dulebohn, & Di Napoli, 2021). Researchers have been
increasingly exploring the interaction of SARS-CoV-2 with pre-existing
conditions, including Parkinson’s Disease (PD), as numerous studies have rev-
ealed newly acquired or a worsening of pre-existent symptoms among people
with PD (PwP) after being diagnosed with Covid-19. It is now widely
acknowledged that non-motor symptoms, although often underrecognized,
constitute a vital part in the multifaceted clinical spectrum of PD, significantly
contributing to patients’ and caregivers’ disability and quality of life (QoL)
(Chaudhuri, Healy, & Schapira, 2006; Martinez-Martin, Rodriguez-
Blazquez, Kurtis, & Chaudhuri, 2011). Many of these symptoms, including
constipation, hyposmia, rapid eye movement (REM) behavior disorder
(RBD), fatigue and depression, might even precede the emergence of motor
symptoms in PD by decades (Chaudhuri, Yates, & Martinez-Martin, 2005).

Our aim is to review and summarize the available evidence exploring the
effect of Covid-19 on non-motor symptoms of PD both in the acute and,
possibly, the chronic phase of the infection, as well as potential mechanisms
that might mediate such effects on PwP (Fig. 1).
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Fig. 1 Summary of the non-motor effects in PwP affected by Covid-19 both in the acute
stage and in the long-term (Covid-19, Coronavirus disease 2019; PD, Parkinson's
Disease; PwP, people with Parkinson’s Disease).

2. Depression

Depression has classically been known to correlate with social isolation
among PwP (Karlsen, Larsen, Tandberg, & Maeland, 1999). Socially isolated
caregivers of PwP have also experienced loneliness, leading to depression
(McRae et al., 2009), which is even more critical in the current setting of
the Covid-19 pandemic (Subramanian, Farahnik, & Mischley, 2020).
Studies have shown that non-motor symptoms of PD, including mood
changes, have generally deteriorated during the pandemic era, presenting
either as part of the Covid-19 symptomatology (Hainque & Grabli, 2020)
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or in the course of the illness per se (Antonini, Leta, Teo, & Chaudhuri,
2020; Xia et al., 2020), leading to decreased QoL during this period
(Suzuki et al., 2021). In the online study Fox Insight, a large cohort of adults
with and without PD (5429 and 1452, respectively), 71% of PwP infected
with SARS-CoV-2 have experienced new-onset or worsening of pre-
existing depression, while the corresponding percentage for the non-
infected PwP was 36.5% (Brown et al., 2020). Interestingly, the PwP mostly
affected were usually women, irrespective of their Covid-19 status, even
when social factors were accounted for (Brown et al., 2020; Picillo et al.,
2021; Suzuki et al., 2021; Xia et al., 2020). Among those diagnosed with
Covid-19, mood outcomes have been largely similar between people with
and without PD (Brown et al., 2020; Suzuki et al., 2021). In a multicenter
series of 27 PwP, depression has also been identified as part of the
long-COVID syndrome, the entity used to describe the long-term sequelae
of Covid-19 (Covid-19-associated symptoms persisting for over 12 weeks,
without another possible explanation), affecting about 7.4% of the patients
(Leta et al., 2021). Moreover, a recent large longitudinal general
population-based cohort, exploring the rates of suicide among PwP (Chen
etal., 2021) over 11 years, has indicated that suicide risk was two times higher
in PwP compared to the general population, similarly to earlier studies
(Eliasen, Dalhoft, & Horwitz, 2018; Erlangsen et al., 2020; Li et al., 2018),
with late-life suicide rates being particularly high in East Asia. PD severity
and co-morbid depression have been highlighted as the main correlates.

Factors associated with mood decline throughout the pandemic, include
interruptions in medical care delivery, in essential daily activities and in reg-
ular exercise, loss of social contacts/activities, and/or self-isolation/
quarantine (Brown et al., 2020; Kitani-Morii et al., 2021; van der Heide,
Meinders, Bloem, & Helmich, 2020). A cross-sectional survey (n=156)
in Brazil has shown that lower physical activity level in PwP was associated
with increased thoughts of death (Haas et al., 2022). Although the effect of
the Covid-19 pandemic on mood changes is still unclear, increased aware-
ness and screening for depression is strongly suggested among PwP, as the
added impact of social distancing, limitations in exercise and PD-related
complications might render patients particularly vulnerable.

3. Anxiety

It is widely acknowledged that PwP are at high risk of suffering from
anxiety (Broen, Narayen, Kuijf, Dissanayaka, & Leentjens, 2016), and may
be particularly susceptible to external stressors (Helmich & Bloem, 2020;
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van Wamelen, Wan, Ray Chaudhuri, & Jenner, 2020). Symptoms of both
PD and anxiety, as well as the stress-related responses, have been thought to
be involved in the cascade of dopaminergic, serotoninergic, and adrenergic
pathways (Godoy, Rossignoli, Delfino-Pereira, Garcia-Cairasco, & de Lima
Umeoka, 2018; Kano et al., 2011; van Wamelen et al., 2020).

It should, thus, come as no surprise that global converging evidence has
indicated an increase in anxiety and stress among PwP infected with
SARS-CoV-2 compared to healthy controls (Brown et al., 2020; Cilia
et al., 2020; Shalash et al., 2020; Suzuki et al., 2021), although anxiety
was the only significant predictor of worsening stress in PwP during the
early days of the pandemic (Salari et al., 2020). A subjective worsening
of anxiety, along with cognitive symptoms (with a mean Mini Mental
State Examination score (MMSE) drop of 0.5 points), have been reported
by 28 PwP in Pisa, Italy, throughout the course of lockdown (Palermo
et al., 2020). In Rome, another study of 162 PwP has revealed that half
of non-infected patients had experienced a worsening in their motor symp-
toms, with 25% of them reporting augmented anxiety during the pandemic
(Schirinzi et al., 2020). A subsequent case-controlled survey in Tuscany has
shown that 29.6% of non-infected patients in a PD cohort (#=733) had
experienced exacerbation of their motor symptoms with similar worsening
of mood (24.7%), anxiety (25%), and poor sleep (22.2%) (Del Prete et al.,
2021). An online survey exploring the impact of the pandemic on 358 PwP
has shown that the pre-pandemic presence of neuropsychiatric symptoms,
as well as cognitive dysfunction, was associated with increased levels of psy-
chological distress within the pandemic (van der Heide et al., 2020).

Being home-bound and the loss of social contacts remained the com-
monest stressors among PwP (Zipprich, Teschner, Witte, Schonenberg, &
Prell, 2020); others included reduced access to non-pharmacological treat-
ments, such as physiotherapy and psychotherapy (Antonini et al., 2020;
Song et al., 2020; Sulzer et al., 2020). Concurrent anxiety, stress, isolation,
and physical inactivity have been found to be a particularly deleterious
combination for PwP (Helmich & Bloem, 2020; Krzyszton et al., 2021).

In some countries with mandated lockdowns, the impact of anxiety
among PwP appeared bleaker, with 25.5%—43.8% of them recording severe
anxiety compared to controls, and more than half of PwP caregivers also
reporting heightened anxiety (Oppo et al., 2020; Salari et al., 2020; Shalash
et al., 2020). Specific contributing factors were mainly fear of the patient
or the loved ones contracting SARS-CoV-2 (Krzyszton et al., 2021;
Montanaro et al., 2022; Salari et al., 2020; Zipprich et al., 2020) and fear
of limited drug availability (Guo et al.,, 2020; Montanaro et al., 2022;
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Salari etal., 2020; Shalash et al., 2020; Xia et al., 2020). In contrast, during the
same time period in India, a telephone survey reported that patients and care-
givers were “well-informed and coping well,” with only 11% of patients
having experienced a worsening of their motor and non-motor symptoms
(Prasad et al., 2020). This incongruity has been attributed to be due to the fact
that considerably fewer people (n=156) had died in India due to Covid-19 in
the period immediately preceding the published article compared to other
countries (World Health Organization, 2022).

A large, prospective cohort study had shown that anxiety levels before
the pandemic, along with other motor and non-motor features, may predict
future development of treatment-related motor complications (Kelly et al.,
2019). This notion was reflected in a study taking place in March 2020
(De Micco et al., 2021), which revealed that the increased psychological
impact of a 40-day quarantine in 94 PwP was significantly associated with
a high pre-lockdown degree of anxiety, treatment-related PD motor com-
plications, as well as the number of lockdown hours per day. PwP have
reported markedly increased irritability, related to frequent thoughts of
the lockdown, despite efforts not to think about it. There was no observed
association noted between disease duration and severity with psychological
well-being.

In a telephone survey of 100 individuals with advanced PD, Montanaro
and colleagues have shown that anxiety and depression (as evaluated via the
Hospital Anxiety and Depression Scale (HADS)) occurred in more than 30%
of the participants and were significantly correlated with the type of PD
treatment (Montanaro et al., 2022); patients on standard medical therapy
and levodopa/carbidopa intestinal gel (LCIG) infusion exhibited the highest
anxiety rates. Similarly to aforementioned studies (De Micco et al., 2021),
no association was found with disease duration. The study also demonstrated
that 40% and 21.7% of caregivers experienced anxiety and depression
respectively (Montanaro et al., 2022).

Contrary to the majority of studies stating that the Covid-19-related life-
style changes have led to negative outcomes in PwP, there has been some
evidence that reduced external demands and activity levels may have been
a relief to those that constantly had to adapt to disease-related changes or
experience social pressure, thus reducing stress levels (Corti et al., 2018;
H@rmann Thomsen, Wallerstedt, Winge, & Bergquist, 2021). A recent
study has shown that the immediate eftects of the Covid-19 period may have
not been as disruptive as expected, with patients ratings and free-text
descriptions suggesting that, despite the admittedly increased anxiety, the
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pandemic and the related changes in society have been associated with
improvement in health-related QoL, improved sleep, and an overall feeling
that the “pressure” is gone (H@rmann Thomsen et al., 2021). Another study
in Morocco has shown that a 6-week confinement had not significantly
affected the overall anxiety and depression scores of PwP (n=50). It has
been postulated that the unexpected improvement in mood and anxiety
scores of a few patients may have been due to the regular presence of family
members and an increased family support during the lockdown (EI Otmani
et al.,, 2021). The discrepant findings could be due to disparities in the
socio-cultural framework across the different countries. Emergent PD anx-
iety may be secondary to an amalgamation of environmental vulnerability,
dysfunctional coping strategies, as well as predisposing personality traits
(Corti et al., 2018), factors likely to come to fore within the context of a
crisis, like the Covid-19 pandemic.

In this period, PwP with high perceived stress levels have experienced
more anxiety, ruminations, and neuroticism, scoring lower on cognitive
abilities, social support, trait resilience, optimism, and positive appraisal style
(van der Heide et al., 2020). Similarly to depression, those affected by anx-
iety were more frequently women (Picillo et al., 2021; Suzuki et al., 2021).
Understanding the coping mechanisms and determinants of resilience for
PwP, which may serve as prognostic factors (Weems, Costa, Dehon, &
Berman, 2004; Whitworth et al., 2013), may be crucial in surviving a crisis,
such as the Covid-19 pandemic.

However, the lack of consistent data on the risk of PwP developing
Covid-19 (Artusi et al., 2020) has perpetuated the feelings of doubts and
uncertainty, hence, increasing the level of anxiety; indeed, recent studies
have recommended the critical requisite of correct and consistent informa-
tion during the outbreak (Montanaro et al., 2022; Schirinzi et al., 2020).
This highlights the key need for interventional planning during the
post-lockdown phase (e.g., telemedicine services), aiming at bolstering
the resilience of PwP toward a rapid resolution of potential mental health
issues, triggered from this particularly stressful experience (De Micco
et al., 2021).

4, Cognitive impairment

Acute viral central nervous system (CNS) infections, including cyto-
megalovirus (CMV), Epstein-Barr virus (EBV), human immunodeficiency
virus (HIV), herpes viruses, varicella zoster virus (VZV) and hepatitis C virus
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(HCV), have been suggested to contribute to the subsequent development
of cognitive impairment, even in previously healthy individuals, either via a
direct viral insult of the nervous system or indirectly through promoting
inflammation, epigenetic changes or a hypercoagulable state, which might
alter brain structure and function (Damiano et al., 2021). An analysis of a
large cohort of older individuals, who had been cognitively intact at base-
line, has shown that acute care and critical or non-critical illness hospitali-
zations were associated with a higher risk of cognitive impairment during
the following years (Ehlenbach et al., 2010). For older patients, who had
been hospitalized due to acute systematic infections, a 1-year follow-up
study has shown that premorbid dementia and delirium during hospitaliza-
tion constituted risk factors for subsequent cognitive deterioration (Silva
et al., 2021). Furthermore, a large recent cohort study of elderly nursing
home residents has found that infection-related hospitalization was linked
to an immediate and sustained cognitive decline, with older patients being
more vulnerable (Gracner et al., 2021), while preliminary evidence supports
that hospitalization per se due to an acute illness might precipitate cognitive
impairment in older adults (Chinnappa-Quinn et al., 2020).

Recent data suggests that Covid-19, even when asymptomatic, might
have both short- and long-term effects on patients’ cognition (Damiano
et al., 2021). A population-based study of 153 Covid-19 cases has revealed
that 4% presented with a new-onset dementia-like syndrome during the
acute phase of Covid-19 (Varatharaj et al., 2020). Small case series of
Covid-19 patients, assessed using standardized neuropsychological tools,
have revealed a decline in cognition detected about 2—4 weeks after infec-
tion with their attention being mostly impaired (Negrini et al., 2021; Zhou
et al., 2020). In a cohort of 57 patients on rehabilitation after Covid-19 the
vast majority has exhibited cognitive decline with attention and executive
function being the most commonly affected domains (Jaywant et al.,
2021). A large cross-sectional study in China has shown that Covid-19
was associated with long-term impairment in cognitive performance (assess-
ment at 6 months) among patients older than 60, with severe Covid-19 and
delirium being risk factors (Liu et al., 2021). A small sample size study has
shown that younger Covid-19 patients with mild to moderate symptoms
had persistent subclinical cognitive impairment, mostly affecting short-term
memory, attention and concentration; these findings were not correlated to
depressed mood or fatigue (Woo et al., 2020). Importantly, a recently pub-
lished study, assessing brain changes in a sample of 785 UK Biobank par-
ticipants (401 Covid-19-positive individuals and 384 controls), who had
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undergone a brain scan before and after being infected with SARS-CoV-2,
has revealed a significant reduction in global brain size and in gray matter
thickness and tissue-contrast in the orbitofrontal cortex and para-
hippocampal gyrus, along with a decrease in the average cognitive perfor-
mance before and after Covid-19 (Douaud et al., 2022). Although the
authors could not conclude on the reversibility of these findings, they have
highlighted the neurodegenerative potential of the virus.

A recent study assessing mice models and individuals with a mild
SARS-CoV-2 infection has found a sustained elevation of CCL11, a circu-
lating chemokine which has been associated with cognitive impairment and
suspension of neurogenesis (Fernandez-Castafieda et al., 2022). According
to the authors, humans suffering from long-COVID, including cognitive
symptoms, had higher levels of CCL11 compared to those with long-
COVID, but without any cognitive complaints. What is more, affected mice
have exhibited a persistent impairment in hippocampal neurogenesis, plus
myelin loss in subcortical white matter. These pathophysiological changes
might contribute to significant neurological sequelae, even after mild
Covid-19.

Cognitive dysfunction is quite prevalent in PD with up to 83% of PwP
presenting with some degree of cognitive impairment at some point of the
disease course, usually at the advanced stages, and might be accompanied
by psychosis and hallucinations (Schapira, Chaudhuri, & Jenner, 2017).
However, mild or subclinical cognitive deficits, usually presenting as exec-
utive dysfunction or visuospatial impairment, can be diagnosed even in
earlier PD stages (Aarsland et al., 2021). It is also of interest that, due to
nigrostriatal dopamine depletion, PwP might experience cognitive inflexi-
bility and decreased ability to cope with new circumstances, like the new
daily routine imposed during the Covid-19 pandemic, a deficit that may also
be associated with a sense of loss of control and psychological stress
(Douma & de Kloet, 2020; Robbins & Cools, 2014). In the Covid-19 con-
text, cognitive impairment might result either from direct disruption and
damage of the virus on the CNS and the harmful sequalae (inflammation,
hypercoagulation, hypoxia) or could be a secondary effect due to depression
(Rock, Roiser, Riedel, & Blackwell, 2014), anxiety (Potvin, Hudon, Dion,
Grenier, & Préville, 2011) or fatigue (Neu et al., 2011), as a result of the gen-
eral psycho-social stress, isolation, social deprivation and routine changes
accompanying the pandemic. Depression, anxiety and fatigue are also quite
common non-motor symptoms in PD, and need to be considered and prop-
erly addressed whenever cognitive deficits are revealed (Schapira et al., 2017).



10 Silvia Rota et al.

In a small, multicenter, 12-week study of 27 PwP with a Covid-19
diagnosis, new-onset cognitive disturbances appeared in 22.2% of patients,
including “brain fog,” concentration impairment and memory deficits (Leta
et al., 2021). In an online survey of 46 PwP and Covid-19, intellectual
impairment has been detected in 48% of patients, although in this occasion
no previous examinations had been available (Xu et al., 2021). In one
community-based case-control study comparing PwP with and without
Covid-19, cognitive performance has only been marginally affected (Cilia
et al., 2020). In a group of 10 advanced PwP with Covid-19, cognition
has been found to worsen during the infection (Antonini et al., 2020). In
an [talian Movement Disorders Outpatient Clinic, 28 PwP have been diag-
nosed with new-onset cognitive disturbances and higher anxiety scores after
the lockdown period, without being previously infected by SARS-CoV-2,
thus, highlighting the effect of isolation on cognition (Palermo et al., 2020).
However, these results have not been confirmed in a group of mild to mod-
erate PD severity (Luis-Martinez et al., 2021). Researchers have attributed
these new-onset clinical phenomena to a combination of factors, including
the negative impact of the prolonged lockdown, the limited access to
healthcare and rehabilitation services, the effect of the infection per se
and the natural course of the disease. However, most of these studies have
significant methodological flaws, like small sample sizes, lack of a control
group or baseline assessments, so their results should be examined with cau-
tion. Interestingly, in a phone-based study of 568 Spanish PwP, it has been
found that patients who had not reported a prior Covid-19 diagnosis were
more likely to experience motor fluctuations (61% vs 35.7%, P=0.052) and
hallucinations (23.4% vs 0%, P=0.025), and there was a tendency towards
cognitive impairment and behavioral problems compared to those who had
contracted a SARS-CoV-2 infection (Santos-Garcia et al.,, 2020). The
authors have suggested that stricter prevention measures, that might have
prevented PwP from contracting Covid-19, might have also led to the above
complications. However, the Covid-19-positive group in the above PD
cohort was relatively small (2.6% of the total sample).

5. Psychosis

Psychosis is encountered in up to 40% of PwP, usually later in the disease
course and typically manifests gradually, allowing for step-by-step approaches
(Schapira et al., 2017; Simonet, Tolosa, Camara, & Valldeoriola, 2020). All
dopaminergic medication can induce psychosis; levodopa in a lesser degree
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(Simonet et al., 2020). On the other hand, psychotic features can emerge sec-
ondarily due to other medication, like antidepressants, pain-killers or steroids,
alcohol abuse or withdrawal, systematic or CNS infections, including
Covid-19, CNSlesions, acute vascular events, or they can be part of the clinical
spectrum of delirium, especially in elderly hospitalized patients (Dubovsky,
Arvikar, Stern, & Axelrod, 2012; Parra et al., 2020; Saldanha, Menon,
Chaudari, Bhattacharya, & Guliani, 2013; Webster & Holroyd, 2000). In
the Covid-19 context, incident psychosis has not been very common,
although more findings have been based on case reports and case series.
According to a recent review of December 2021 summarizing the known
published cases, delusions were the most typical sign of new-onset
Covid-19 psychosis, and most patients had a favorable outcome, although
69% required hospitalization and 33% had to be admitted in a psychiatric facil-
ity (Smith etal., 2021). However, concurrent delirium was not excluded in the
majority of cases and the possibility of bias was considered high in almost one
out of three patients, either due to a history of substance abuse, psychiatric dis-
orders or other medical conditions, which might be related to secondary psy-
chosis (Smith et al., 2021). In the case-series of 10 advanced PwP diagnosed
with Covid-19, no new-onset cases of psychosis was described, but psychotic
features, which had been present prior to Covid-19, were reported to worsen
during the infection (Antonini et al., 2020).

6. Delirium

Of note, delirium, an often life-threatening emergency, constitutes a
common complication of Covid-19, especially in critically ill patients, and
has been associated with a poor outcome (Ticinesi et al., 2020). Psychotic
symptoms have been found to appear in almost half of the aftlicted patients
(Paik, Ahn, Min, Park, & Kim, 2018; Webster & Holroyd, 2000).
Hospitalization per se can be a risk factor for the elderly, as delirium has
been found to complicate the clinical course of one-third of the older gen-
eral medical patients (Marcantonio, 2017). For those under mechanical
ventilation admitted in the ICU this percentage has been found to exceed
75% (Ely et al., 2004). Decreased functional status, cognitive impairment,
depression and comorbidities are typical predisposing factors, while subja-
cent infections, pain, anemia, anesthesia and drugs might act as precipitating
factors (Kalimisetty, Askar, Fay, & Khan, 2017; Marcantonio, 2017
Waketield, 2002). For Covid-19 patients, lack of visitation due to safety
regulations imposed by the healthcare systems has also been identified as
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a risk factor (Pun et al., 2021). In two small sample size case-series of PwP
with Covid-19, delirium has been found in 7-10% of patients (Antonini
et al., 2020; Leta et al., 2021). Evidence suggests that PwP are more vul-
nerable to delirium while admitted in the hospital and treating physicians
should be vigilant to acknowledge and timely manage any early sings of agi-
tation, confusion or cognitive deterioration (Vardy, Teodorczuk, &
Yarnall, 2015).

7. Hyposmia

Olfactory dysfunction constitutes one of the most commonly encoun-
tered symptoms in Covid-19 (Guerrero et al., 2021), although the majority
of patients are expected to recover within a month (ID’Ascanio et al., 2021).
It 1s so typically connected to Covid-19, that a recent meta-analysis has
shown it could be used as a good predictor of a SARS-CoV-2 infection
(Hartyanto, Rizki, & Kurniawan, 2021). The olfactory epithelium is rich
in common putative molecular site entries for SARS-CoV-2, like the
Angiotensin Converting Enzyme-2 (ACE2) and Neuropilin 1 (NRP1),
while the olfactory bulb is not protected by the blood—brain barrier (BBB),
constituting theoretically an easier target for SARS-CoV-2 or other airborne
viruses (Cantuti-Castelvetri et al.,, 2020; Wan et al., 2021). Reverse-
transcription polymerase chain reaction (RT-PCR), in situ hybridization
and immunohistochemical staining techniques have, indeed, revealed an
increased SARS-CoV-2 viral load in the nasal epithelium (Meinhardt
et al., 2021).

Impaired sense of smell is a highly prevalent non-motor symptom
in PD as well, appearing in approximately 90% of PwP in the early or
premotor prodromal stage, occasionally preceding the emergence of motor
symptoms by years (Haehner, Hummel, & Reichmann, 2011; Xiao,
Chen, & Le, 2014). Hyposmic PwP have been found to exhibit worse
motor and cognitive progression, lower QoL scores and requiring higher
levodopa equivalent doses (LED) compared to normosmic ones (Gjerde
etal., 2018; He et al., 2020). The high percentage of olfactory dystunction
both in the PD and the Covid-19 population has recently given rise to
concerns about SARS-CoV-2 infection being the “perfect storm” of a
subsequent rise in parkinsonism cases (Brundin, Nath, & Beckham,
2020; Krey, Huber, Hoglinger, & Wegner, 2021), although such notions
remain highly speculative.
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8. Gastrointestinal dysfunction

Gastrointestinal (GI) symptoms might affect up to three out of five
patients with Covid-19 (Kariyawasam, Jayarajah, Riza, Abeysuriya, &
Seneviratne, 2021). They are mostly mild and self-limited, and they might
be prevalent even from the early stages of the infection (Kariyawasam et al.,
2021; Villapol, 2020). Common symptoms include diarrhea, aftecting about
10.4-11.5% of Covid-19 patients, followed by nausea and vomiting, which
range from 6.3% to 10.5%, but more generic manifestations like anorexia or
abdominal discomfort are often present (Andrews, Cai, Rudd, & Sanger,
2021; D’Amico, Baumgart, Danese, & Peyrin-Biroulet, 2020; Silva et al.,
2020). Although subjacent acute causes from the GI system, including
inflammatory or ischemic conditions, should be excluded, SARS-CoV-2
per se has been considered to insult the digestive tract, either directly or
via a local or systemic inflammatory response to the virus. More particular,
ACE2 and Transmembrane Serine Protease 2 (TMPRSS2), which suppos-
edly constitute major cell entry receptors for SARS-CoV-2 (Hoftmann
et al., 2020), are highly expressed in the intestinal endothelial cells of ileum
and colon (Kariyawasam et al., 2021), where the virus is thought to disrupt
the intestinal mucosal barrier and promote inflammation (Ye, Wang,
Zhang, Xu, & Shang, 2020). SARS-CoV-2 RNA has, indeed, been
detected in biopsy specimens of esophagus, stomach, duodenum and rec-
tum from Covid-19 patients with clinically confirmed GI symptoms
(Lin et al., 2020), while histopathological studies have revealed varying
degrees of degeneration, necrosis and inflammation of the GI mucosa in
post-mortem Covid-19 cases (Deshmukh, Motwani, Kumar, Kumari, &
Raza, 2021). All the above indications have fueled speculations that the
GI tract is a potential entry site and target organ for the virus.

During the last two decades a growing body of evidence has highlighted
the role of the GI system in PD (Menozzi, Macnaughtan, & Schapira, 2021).
GI dysfunction is quite common among PwP and all levels of the digestive
tract can be affected, causing a range of symptoms, such as drooling, dyspha-
gia, nausea, reduced gastric motility, constipation and impaired defecation
(Schapira et al., 2017). The pathology underlying these manifestations is
not quite clear yet, although a-synuclein aggregates, the pathological trade-
mark of PD (Poewe et al., 2017), have been detected in the myenteric and
submucosal plexuses of the enteric nervous system with a distinct rostro-
caudal pattern of deposition (Fasano, Visanji, Liu, Lang, & Pfeiffer, 2015).
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These neurons originate centrally in the dorsal motor nucleus of the vagus
nerve, which is also anatomically connected to the respiratory system. This
has led researchers to assume that the dorsal vagal complex of the brainstem,
which is highly enriched in ACE2, can be reached by SARS-CoV-2 through
the vagus nerve from the periphery, allowing an entrance of the virus to the
CNS (Rangon, Krantic, Moyse, & Fougere, 2020). Past experiments in mice
have confirmed the transvagal transmission of Influenza A virus from the
respiratory mucosa to the basal ganglia (Matsuda et al., 2004), while researchers
have confirmed the potential interaction of the SARS-CoV-2 proteins with
the intestine microstructure based on mice models (Monkemuller, Fry, &
Rickes, 2020). Interestingly, according to the dual-hit hypothesis of PD path-
ogenesis, a neurotropic pathogen, like a virus, has been speculated to enter the
CNS through the nasal or gastric pathway, both of which appear to constitute
sites of early pathology in PD (Hawkes, Del Tredici, & Braak, 2007;
Klingelhoefer & Reichmann, 2015).

The emergence of GI symptoms in PwP inflicted by SARS-CoV-2 can
overlap with already existing non-motor symptoms of the PD spectrum,
complicating the patients’ management, causing distress and worsening their
QoL (Lubomski, Davis, & Sue, 2020; Menozzi et al., 2021). Diarrhea or
vomiting in the setting of Covid-19 might impair the pharmacokinetics
of orally administered dopaminergic medication, leading to reduced absorp-
tion of the drug and, consequently, an increased frequency and duration of
OFF episodes. In a community-based case-control study comparing PwP
with and without Covid-19 no statistically significant changes have been
found considering the GI domains of the Non-Motor Symptoms Scale
(NMSS) (Cilia et al., 2020). However, diarrhea has been found to exert a
devasting effect on the pharmacokinetics of dopamine replacement therapy
(particularly levodopa) and has been linked to an aggravation of motor PD
symptoms (Cilia et al., 2020). Furthermore, dehydration due to diarrhea or
reduced water intake in case of anorexia or vomiting, could precipitate or
worsen already existent orthostatic hypotension, another common feature
among PwP with dysautonomic features (Schapira et al., 2017; Simonet
et al., 2020). Treating physicians should be aware that apart from
SARS-CoV-2 per se, newly introduced medication in the context of
Covid-19, like empirically used antibiotics, especially macrolides and
quinolones, or the antiviral agent remdesivir, carry a significant risk of pro-
ducing typical GI side effects, like nausea, vomiting, abdominal pain and
diarrhea (Aleem & Kothadia, 2021; Patel & Hashmi, 2021; Yan & Bryant,
2021). Third-generation cephalosporines and quinolones have also
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been associated with a risk of pseudomembranous colitis, mediated by
Clostridium difficile, a condition that requires special treatment and might
further complicate the absorption and distribution of orally administered
dopaminergic drugs (Arumugham, Gujarathi, & Cascella, 2021; Yan &
Bryant, 2021).

Recent studies have suggested that patients with altered gut microbiota
might experience more severe Covid-19 symptoms (Kim, 2021), while
imbalances in the normal gut microbiota have been speculated to be
involved in PD pathophysiology (Elfil, Kamel, Kandil, Koo, & Schaefer,
2020). A recent meta-analysis has confirmed consistent gut microbiome
alterations among the population of PwP, which might be related to a
pre-inflammatory status linked to the GI symptoms in PD (Romano
et al., 2021). A small intestinal bacterial overgrowth has been observed in
more than 60% of PwP and has been significantly associated with worse
motor outcomes (Tan et al., 2014). Whether this parameter of gut dysbiosis
might mediate part of the aggravation in motor and non-motor symptoms
observed during PwP and Covid-19 needs to be further investigated.

Interestingly, recent reviews analyzing global data have shown that GI
symptoms among Covid-19 survivors, including nausea, vomiting, diarrhea,
anorexia, abdominal pain, acid reflux and constipation, might persist after
their discharge or recovery (Silva Andrade et al., 2021; Yusuf et al., 2021).
In a small, multicenter study with a small sample size of 27 PwP, followed
for more than 12 weeks after a Covid-19 diagnosis, the prevalence of
GI symptoms was low (7.4% for nausea and 3.7% for reduced appetite)
(Leta et al.,, 2021). These prolonged manifestations, often referred to as
long-COVID, might have an impact on patients’ QoL and their pathogenesis
remains to be clarified (Yusuf et al., 2021).

9. Dysautonomia

Orthostatic hypotension is an uncommon symptom in Covid-19
patients, with a frequency of 2.2%, being more prevalent in older individ-
uals, those with concomitant high blood pressure and among beta blocker
users (de Freitas et al., 2021). Despite the startling presentation, orthostatic
hypotension has not been associated with a more severe outcome for
Covid-19 (Oates et al., 2020).

Various pathophysiological mechanisms associated with Covid-19 and
autonomic impairment have been described. The infection of the CNS
nucleus tractus solitarius through the vagus nerve may affect the respiratory



16 Silvia Rota et al.

rhythm, heart rate regulation and blood pressure control. Likewise, the
impairment of vagus nerve functioning, which regulates anti-inflammatory
responses and the sympathetic overstimulation, may result in an increased
release of pro-inflammatory cytokines (Del Rio, Marcus, & Inestrosa,
2020). Invasion of the vagus nucleus, specifically the nucleus ambiguous,
could result in respiratory dysfunction, while excessive sympathetic activity
can lead to cardiac arrhythmias and cathecolaminergic toxicity (Hassani,
Fathi Jouzdani, Motarjem, Ranjbar, & Khansari, 2021). Postural orthostatic
tachycardia syndrome (POTS), has been previously related to viral infec-
tions, such as influenza and EBV, and mainly appears as a post-infectious
condition. In a case series of 20 patients with a prior Covid-19 diagnosis
and evidence of orthostatic intolerance after examination (tilt table test),
75% has been diagnosed with POTS, which, interestingly, has persisted
for 6-8 months after the infection. As POTS has been likely considered
an autoimmune process, it is possible that SARS-CoV-2 might induce
cross-reaction antibodies with autonomic related components, such as auto-
nomic ganglia and nerve fibers, and cardiovascular receptors (Blitshteyn &
Whitelaw, 2021; Diaz, Toledo, Andrade, Marcus, & Del Rio, 2020). Post-
Covid-19 syndrome, as result of an autoimmune response after the initial
SARS-CoV-2 infection, could be a trendsetting topic for future research
with a possible benefit from inmunomodulatory therapies.

Early reports have suggested a higher frequency of orthostatic hypoten-
sion in PD and Covid-19 (Antonini et al., 2020), while the aforementioned
online study Fox Insight has reported a worsening of dysautonomia in 38%
of participants with Covid-19 and PD (Brown et al., 2020). Urge/inconti-
nence, urine retention and nocturia in PD may be exacerbated after
Covid-19 (Cilia et al., 2020; Xu et al., 2021); this phenomenon could be
attributed to an increased consumption of over the counter drugs, such as anti-
histamine medication with anticholinergic properties used for Covid-19
mild symptoms, as they can aggravate constipation and urinary retention
(Elbeddini, To, Tayefehchamani, & Wen, 2020). Motor fluctuations due
to impaired absorption of dopaminergic drugs during Covid-19 could also
have a deleterious impact on urinary symptoms (Cilia et al., 2020).

10. Pain

Pain is a common feature in both PD and Covid-19. It is present in
around 40% of Covid-19 patients, with a higher prevalence in the female
population (Lechien et al., 2020). In a survey of 46 PwP, who had been
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diagnosed with Covid-19 at the Columbia University Irving Medical
Center, 40% described a worsening of pain and 4% noticed new-onset pain
following the infection (Xu et al., 2021). In a similar trend, pain has been
reported by 76% of PwP infected with SARS-CoV-2 in a cohort of 51
participants in the Fox Insight online study (Brown et al., 2020).

The mechanisms underlying the Covid-19-induced pain are still under
investigation. Weng and colleagues have described difterent pathways associ-
ated with pain in Covid-19 (Weng, Su, & Wang, 2021). The systemic inflam-
mation, which often accompanies Covid-19, implies an elevated release of
cytokines, prostaglandins E1, E2 and bradykinin, and an up-regulation of
interleukin-6 and could be associated with headache and polineuropathy, sore
throat and myalgia. Likewise, elevated inflammatory markers may induce
myocardial damage and retrosternal pain (Weng et al., 2021), while the
increased ACE2 expression in the GI tract could potentially cause abdominal
pain and diarrhea through mucosa inflammation (Lin et al., 2020).

The Covid-19 pandemic has had a negative impact on regular dopami-
nergic drugs intake, especially in non-white and low income individuals
(Brown et al., 2020). Consequently, an increase in OFF periods and
non-motor fluctuations, including pain, is expected (Rukavina et al.,
2019). Systemic illness and inflammation could impair the pharmacodynam-
ics of dopaminergic drugs and, therefore, newly induce or increase pre-
existent pain. Finally, van der Heide and colleagues have found an aggravation
of fatigue and pain in PwP, especially in women, as a result of psychological
distress induced by the pandemic, while anxiety and increased rigidity might
also have contributed (van der Heide etal., 2020). Different forms of pain have
also been described as part of the long-COVID in PwP, including arthralgia
(11.1%), muscular pain (7.4%), headache (18.5%) and peripheral neuropathy
symptoms (11.1%). Less access to rehabilitation services and health centers
during the pandemia, along with social isolation and worsening of motor
and non-motor PD symptoms due to Covid-19, could be related to these
long-term sequelae among PwP (Leta et al., 2021). Regular follow-up assess-
ments of these patients could further enlight us about the impact of Covid-19
on the natural history of PD.

11. Fatigue

Fatigue is one of the most frequently reported symptoms among
Covid-19 patients, aftecting 38.1-63% of individuals with mild to moder-
ate disease (Bhidayasiri, Virameteekul, Kim, Pal, & Chung, 2020;
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Lechien et al., 2020), while it usually persists for more than 12 weeks
(El Sayed, Shokry, & Gomaa, 2021). Fatigue, whose differential diagnosis
and management is at least challenging, constitutes a highly prevalent fea-
ture in PD with a negative impact on QoL of both patients and caregivers
(Lazcano-Ocampo et al., 2020). Several studies have successively reported
fatigue as one of the most frequent, either newly emerging or worsening,
non-motor PD symptoms during a SARS-CoV-2 infection, particularly
affecting women and elderly individuals (Cilia et al., 2020; El-Qushayri
et al., 2021; Lechien et al., 2020). In a small cohort of 27 PwP and
Covid-19 fatigue was one of the most prevalent symptom (47%) identified
in the spectrum of long-COVID, along with motor worsening, cognitive
impairment and sleep disturbances (Leta et al., 2021).

Fatigue in PD is a complex symptom with central and peripheral com-
ponents. Central fatigue has been associated with cytokines released during
the inflammatory response, affecting the basal ganglia and dopamine func-
tion (Felger & Miller, 2012). Moreover, it has been related to high levels of
IL-6 and C-Reactive Protein (CRP) in the cerebrospinal fluid (CSF) and an
elevated production of IL-1p (Lazcano-Ocampo et al., 2020). Interestingly,
high levels of IL-6, IL-1p and CRP have also been detected in Covid-19
patients, as part of the inflammatory response to the virus, supporting the
theory that elevated inflammatory interleukines might cause fatigue, not
only in neurodegenerative diseases, but also in other cronic conditions
(Sulzer et al., 2020). Physical fatigue has been found significantly higher
in a cohort of Covid-19 patients in Turkey and has been associated with
higher levels of CRP and lactate dehydrogenase (LDH) (Tuzun, Keles,
Okutan, Yildiran, & Palamar, 2021). LDH has been linked to raised lactate
levels in muscles, which might induce hypoxia and lead to muscle pain
(Tuzun et al., 2021). Psychological distress and social isolation due to the
pandemic have also been related with the exacerbation of some non-motor
symptoms, such as fatigue and anxiety (van der Heide et al., 2020). Finally,
many researchers would argue that fatigue could be entirely precipitated by
the SARS-CoV-2 per se, and be fully irrelevant to non-motor PD
symptoms in PD (Cilia et al., 2020).

12. Sleep impairment

The eftect of the Covid-19 pandemic on sleep quality has not been
unanimous among different studies and subpopulations. According to two
recent systematic reviews and meta-analyses, with the larger one involving
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more than 345,000 participants from 39 countries, disruption of sleep
appears to be quite prevalent during the ongoing pandemic with most of
these problems having been associated with increased psychological distress,
while patients with an active SARS-CoV-2 infection have been found
particularly vulnerable (corrected pooled estimated prevalence of 18% in
the general population and 57% among Covid-19 patients, P<0.05)
(Alimoradi et al., 2021; Jahrami et al., 2021). A great share of such dis-
turbances of the sleep pattern have been attributed to the confinement
regulations imposed during the pandemic. More specifically, a national
cross-sectional study in Italy (n=1515), the first European country applying
a national lockdown for the Covid-19 pandemic, has revealed that 42.2% of
the participants have been experiencing sleep problem during the pandemic,
with 17.4% reporting a moderate to severe insomnia (Gualano, Lo Moro,
Voglino, Bert, & Siliquini, 2020). In a telephone-based survey in Hawai,
assessing 367 participants with chronic neurological conditions, including
PD (3.5%), a percentage of 37.4% has reported sleep disturbances during
the Covid-19 pandemic, irrespective of whether the responders had con-
tracted SARS-CoV-2 or not (Crocker et al., 2022). On the other hand,
researchers argue that the impact of Covid-19 on sleep patterns also depends
on the pre-pandemic quality of sleep, with 25% of participants in an online
survey in the Netherlands mentioning a meaningful amelioration in their
sleep quality during the pandemic and 20% reporting the opposite
(Kocevska, Blanken, Van Someren, & Rosler, 2020). According to the
authors, the former group consisted mostly of individuals with pre-
pandemic severe insomnia symptoms, while in the latter participants had
mentioned no sleep complaints prior to the pandemic, thus, pointing out
the highly heterogeneous nature of sleep problems. Such a trend has also
been confirmed in a Danish/ Swedish cohort of 67 PwP with the majority
of them (88%) reporting less sleep disturbances during the pandemic com-
pared to the pre-Covid-19 period, leading the authors to suggest that the
perceived alleviation in “pressure” and activity level might have been expe-
rienced as a relief for some patients, reflecting in their quality of sleep
(H@rmann Thomsen et al., 2021).

Sleep impairment constitutes a prevalent feature in PD with a gradually
rising frequency as the disease progresses (Schapira et al., 2017). PwP might
be troubled by different kinds of sleep problems, which can be related both
to the disease per se or the relative medication, and include insomnia, RBD,
periodic limb movements, restless leg syndrome (RLS) and akathisia. A
potential aggravation of motor symptoms, which can be expected in PwP
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during the pandemic, especially if they have contracted SARS-CoV-2
(Antonini et al., 2020; Brown et al., 2020; Cilia et al., 2020; Santos-
Garcia et al., 2020), has also been associated with exacerbations in sleep dis-
turbances due to wearing off phenomena (Schapira et al., 2017). On the
other hand, insomnia has been closely associated to depression and anxiety,
which, as we have already mentioned, are quite prevalent both in PD and
Covid-19, with those conditions often found to overlap and reinforce each
other (Oh, Kim, Na, Cho, & Chu, 2019; Taylor, Lichstein, Durrence,
Reidel, & Bush, 2005).

A cross-sectional, questionnaire-based survey in China, including 119
PwP and a control group of 169 sex- and age-matched healthy individuals,
has shown that PwP had a higher prevalence of sleep problems (69.9% vs
44.4%, P<0.001), which were independently associated to an aggravation
of PD symptoms and anxiety, with female patients being particularly vulner-
able (Xia et al, 2020). In an another cross-section, questionnaire-
based study of PwP in India (#=832), new-onset or an aggravation of
pre-existing sleep problems has been mentioned by 23.9% of participants,
with insomnia being the most prevalent issue (51.5%), followed by RLS
worsening (24.7%) and RBD (22.7%) (Kumar et al., 2021). These problems,
which have been related to worst QoL and an overall exacerbation of
motor and non-motor symptoms, were more prevalent among those with
advanced PD and those who had undergone longer periods of home isola-
tion (>60 days) or have been lacking proper family support during confine-
ment. Physical activity and new hobbies during the lockdown have been
found to act as protective factors on sleep impairment. In the online study
of Fox Insight 4.5% and 32% of Covid-19-negative PwP have reported
new-onset or worsening of sleep problems respectively (including insomnia,
fatigue, excessive sleepiness, RBD), with this trend being more potent
among female patients or those who had experienced interruptions in their
PD-related medical care (Brown et al., 2020). Moreover, in a multicenter,
international case series of 27 PwP, 22% has developed sleep disturbances as
part of the long-COVID syndrome, suggesting that long-term sleep-related
sequelae might also be expected (Leta et al., 2021). An online questionnaire
of 417 PwP in Canada, assessing the physical and mental wellbeing, the daily
activities and their PD symptoms, has revealed an aggravation of sleep dis-
orders among those residing in Quebec, but not in other areas, leading the
authors to suggest that some subpopulations might be more sensitive to
social isolation and changes in their routine (de Rus Jacquet et al., 2021).
This localization of results might be related to distinct rates of contracting
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a SARS-CoV-2 infection and different socio-cultural characteristics among
separate regions even in the same country. Conclusively, it seems that sleep
problems might be encountered during the Covid-19 pandemic in the pop-
ulation of PwP, however, a significant portion of these disturbances might
be mediated by indirect factors accompanying the pandemic, and not the
SARS-CoV-2 infection per se. More focused studies with larger sample size
are needed to further explore this association.

13. Conclusion

The Covid-19 pandemic has had a clear impact on PwP and
non-motor symptoms have been specifically affected, as they are both
disease-specific and circumstantial. The unfortunate drawback of Covid-
19-related public health measures, such as the imposed lockdown and
isolation regulations, has had negative effects related to confinement and
physical inactivity, which have been found to lead to worse QoL, stress, anx-
iety and depression (Pantell et al., 2013; Shalash et al., 2020) and many
patients have witnessed a worsening of both motor and non-motor symp-
toms (Fabbri et al., 2021; Helmich & Bloem, 2020). Awareness of this con-
stellation of non-motor symptoms aftected by Covid-19 in PwP is required
to improve and personalize patients’ management.
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