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Abstract

Purpose of Review The COVID-19 pandemic has dramatically affected the health and well-being of individuals with move-
ment disorders. This manuscript reviews these effects, discusses pandemic-related changes in clinical care and research, and
suggests improvements to care and research models.

Recent Findings During the on-going COVID-19 pandemic, individuals with movement disorders have experienced worsen-
ing of symptoms, likely due to decreased access to care, loss of social connection, and decreased physical activity. Through
telemedicine, care has moved out of the clinic and into the home. Clinical research has also been significantly disrupted,
and there has been a shift to decentralized approaches. The pandemic has highlighted disparities in access to care and rep-
resentation in research.

Summary We must now translate these experiences into better care and research models with a focus on equitable integration
of telemedicine, better support of patients and caregivers, the development of meaningful digital endpoints, and optimiza-

tion of decentralized research designs.
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Introduction

The COVID-19 pandemic has claimed the lives of over 5
million people [1] and changed the way we practice medi-
cine and conduct research. To mitigate the risk of infection,
a wide range of protective measures, including physical
distancing, masking, closures of businesses and services,
and stay-at-home orders, have been put into place at vari-
ous points during the pandemic. During this tumultuous
and stressful time, many people living with movement
disorders like Parkinson’s disease (PD) have experienced
a decline in their health and have had difficulty accessing
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care. The medical community has responded to this crisis
in management of chronic neurological diseases through
the widespread implementation of telemedicine, a term that
is used here to refer to synchronous, video-based visits for
the provision of medical care. The care of individuals with
movement disorders, who may have difficulty traveling to in-
person visits due to disability, is well-suited to telemedicine.
In contrast to some other neurological disorders, the move-
ment disorders examination is primarily visual in nature.
The research community has responded similarly by moving
research out of the clinic and into the home.

While there are now multiple, highly effective vaccines
[2-5], low vaccination rates in some regions and lack of
availability of vaccines in other regions have prolonged
the pandemic [6]. Neither clinical care nor research have
returned to their pre-pandemic state. Here, we review the
impact of the pandemic on people living with movement
disorders; discuss lessons learned regarding the importance
of social connection, exercise, and access to care; and review
changes in the clinical research landscape. Now is the time
to re-imagine care and research. We propose changes to opti-
mize care and research models to withstand the effects of
current and future pandemics.
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Impact of the pandemic on individuals
with movement disorders

The COVID-19 pandemic has significantly impacted the
daily lives of those with PD, limiting access to medical
care and disrupting routine activities [7e]. Almost over-
night, individuals were unable to attend in-person clinic
visits, support groups, exercise programs, or religious
services and unable to see family members or engage in
social activities. Several studies from across the globe
have demonstrated that individuals with PD have expe-
rienced worsening of symptoms during the pandemic.
Symptomatic worsening was reported by 38.5% in a study
in India (n = 832) [8], by more than 50% in a study in
Brazil (n = 478) [9], and by 65.7% in a study in Spain (n
=568) [10]. In a study with largely US-based respondents
(n = 5249), worsening of motor symptoms was reported by
43% and worsening of non-motor symptoms by 52% [7e].
PD psychiatric symptoms in particular have been noted to
worsen with studies identifying increases in impulse con-
trol behaviors [11], worsening of anxiety and depressive
symptoms [12], and a higher prevalence of anxiety and
depression [13, 14].

Similarly, the pandemic has negatively affected indi-
viduals living with other movement disorders. Reports
describe worsening of motor and non-motor symptoms
among those with multiple system atrophy [15] and those
with dystonia [16, 17]. In a study of individuals with Tou-
rette’s syndrome and chronic tic disorders, there was an
overall reduction in tic severity but increase in psychiatric
symptoms [18]. Interestingly, in two studies, functional
movement disorder motor symptoms did not appear to
worsen although individuals experienced worsening of
mood and sleep symptoms [19, 20]. Contrasting these
findings, others have described a marked increase in new
referrals for functional tic-like behaviors [21].

Decreased access to medical care may provide a partial
explanation for the worsening of symptoms experienced
by individuals with movement disorders. In a large, sur-
vey-based study, the majority of people with PD (64%)
reported disruptions in their medical care during the
pandemic [7e]. During the early phase of the pandemic,
there was decreased access to care for management of
deep brain stimulation [22], botulinum toxin injections
[17], and initiation of levodopa-carbidopa intestinal gel
and continuous subcutaneous apomorphine infusion [23].
These disruptions extended to rehabilitative therapies; in
one survey-based study, 60% of individuals with PD lost
their access to rehabilitative care [12]. In a qualitative
study, many individuals with PD reported feeling alone
and unsupported during the pandemic due to limited com-
munication with their providers [24]. Access to treatment
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was not uniformly disrupted. Non-white individuals and
those from lower socioeconomic status reported more dif-
ficulty in obtaining PD medications [7e]. Similar trends
were seen when comparing high-income countries to low-
income countries; 89% of movement disorders providers in
low-income countries reported that their patients with PD
had difficulty accessing medications during the COVID-19
pandemic versus 23% of providers in high-income coun-
tries [25].

These disruptions in care impacted well-being. Those
who had disruptions in their PD care or access to medica-
tions were more likely to experience symptomatic decline
or increased disability [7e, 25]. Patient-reported difficul-
ties with deep brain stimulation devices predicted wors-
ened symptoms [22]. In another study, one-third of those
who reported worsening of PD symptoms associated this
with loss of rehabilitative care [12]. However, disrup-
tions in medical care do not provide a full explanation for
changes in well-being. Multiple other reasons have been
postulated including psychological distress, decreased
physical activity, fewer social contacts, loneliness, and iso-
lation [7e, 24, 26, 27¢]. Loneliness and isolation are asso-
ciated with increased PD symptom severity and decreased
quality of life [27¢]. Pandemic-related restrictions have
made it more difficult to maintain social connections. The
need to isolate or quarantine, prolonged home confine-
ment, insufficient home support, and disruptions in social
activities during the pandemic have been associated with
worsening or emergence of PD symptoms [7e, 8]. In a ret-
rospective analysis (n = 264), worsened motor progression
was observed during a period of lockdown during which
the mean levodopa equivalent dose was unchanged; the
authors hypothesized that social isolation and decreased
physical activity were responsible [28]. Several studies
have identified an association between reduced levels of
physical activity and worsening of a variety of PD symp-
toms [7e, 9, 26, 29¢, 30]. In a study in India, maintaining
an adequate level of physical activity was associated with a
lower likelihood of new or worsened sleep problems [31].

Caregivers have also been impacted by the pandemic,
in part due to decreased access to community-based pro-
grams and home health services [32]. In one study, 26%
of caregivers for individuals with PD reported increased
caregiver burden in the setting of the COVID-19 lock-
down [33]. In another study, more than 50% of caregivers
for individuals with PD reported worsened stress levels in
the setting of pandemic-related home confinement [30].
Similarly, among caregivers for individuals with multiple
system atrophy, anxiety has been commonly reported dur-
ing the pandemic [15]. During the pandemic, increased
caregiver strain was associated with higher burden of non-
motor symptoms [30] and higher levels of disability [34]
in individuals with PD.
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Changes in care in response to the pandemic

At the beginning of the COVID-19 pandemic, clinics quickly
transitioned from in-person visits to telemedicine and there
was a global increase in the use of telemedicine in movement
disorders [35]. The rapid implementation and widespread
shift to telemedicine represented a major change in health-
care delivery in movement disorder clinics. In the USA, this
was facilitated by policy changes that eased existing tele-
medicine restrictions, introduced pay parity, and allowed for
flexibility in platform selection [36]. Professional organiza-
tions, including the Movement Disorder Society and Ameri-
can Academy of Neurology, released guidelines to facilitate
the transition to telemedicine [37, 38]. Telemedicine use
among individuals with PD increased from 9.7% prior to
the pandemic to 63.5% during the pandemic [39¢]. Even
management of advanced therapies [40] and evaluation of
candidacy for deep brain stimulation shifted to telemedi-
cine [41]. In response to the need, telerehabilitation simi-
larly expanded with virtual physical therapy visits, recorded
on-demand exercise classes, and smartphone applications
[24, 42e]. One group even noted an unexpected increase in
recruitment for their PD virtual exercise program during the
pandemic [43]. As a community, we quickly learned that
many aspects of care for individuals with movement disor-
ders can be delivered remotely.

The COVID-19 pandemic also served to highlight dispar-
ities in care among underserved populations. Substantial dis-
parities in neurologic healthcare access and utilization exist
in the USA. Prior to the COVID-19 pandemic, one study
found that Hispanic patients were 40% less likely and Black
patients 30% less likely than white patients to see an out-
patient neurologist [44]. Similarly, minorities with PD had
lower rates of referrals to a specialist compared to white men
[45]. Before the pandemic, newly diagnosed Black patients
were four times less likely than white patients to receive
treatment after initial diagnosis (12% vs 38%) [46]. The shift
to telemedicine has exacerbated disparities in access to care.
In a survey of individuals with PD, telemedicine use was
highest among those with higher incomes, those with higher
levels of education, and white individuals [39e]. Similarly,
an academic movement disorders center found that the per-
centage of telemedicine visits compared to in-person vis-
its prior to the pandemic increased for white patients and
decreased for Black patients suggesting decreased uptake
of telemedicine among Black patients [47].

Other changes in care focused on the need to bolster sup-
port for individuals, provide opportunity for social connec-
tion, and encourage exercise. For example, one clinic sought,
in conjunction with a PD advocacy organization, to tackle
the social isolation and strain on caregivers with virtual
support groups [48e]. At the University of Rochester, we
successfully transitioned our Huntington’s disease support

groups and educational events to a virtual format. Another
clinic developed a targeted COVID-19 outreach program for
their homebound patients with advanced parkinsonism [49].
In the setting of the closure of physical exercise spaces and
classes, patients found alternative means of activity, includ-
ing walking around their communities, home DVD exercise
programs, and virtual exercise classes. Non-profit organiza-
tions, like the Parkinson’s Foundation, helped fill resource
gaps by bolstering existing and creating new virtual pro-
grams [50].

Future directions in clinical care

The COVID-19 pandemic has exposed the flaws in our medi-
cal systems and forced us to re-consider the way that we
practice medicine. Now is the time to re-imagine the way
that we provide care (Table 1). Telemedicine has become
integral to the care of individuals with movement disor-
ders. Flexibility in visit type represents a patient-centered
approach to providing care and should be maintained. To
ensure the long-term viability of telemedicine, we must opti-
mize care models, enact permanent policy changes to mini-
mize regulatory and reimbursement barriers, and address
disparities in telemedicine use. More work is needed to iden-
tify the best models for the delivery of coordinated interdis-
ciplinary care that incorporates telemedicine and optimizes
the experience of telemedicine. Additionally, the pandemic
has highlighted the need for more readily available technol-
ogy to support remote deep brain stimulation programming
[40, 57], an option that only recently became available in the
USA, and remote options for the management of medication
pumps.

While telemedicine has helped many patients with move-
ment disorders receive care during the pandemic, the shift to
telemedicine has also amplified existing health disparities.
Disparities in access to care are driven in part by the pres-
ence of a digital divide. The digital divide is the gap between
individuals who have access to digital technologies and the
necessary digital literacy to use them and those who do not.
In the USA, approximately 18 million Americans do not
have Internet access according to the Federal Communica-
tions Commission [58] and about 25% of Americans may not
have digital literacy skills [59ee]. Only 57% of adults with
lower incomes have home broadband services compared to
93% of adults with higher incomes [60]. According to a 2021
Pew Research Center survey, Black and Hispanic individu-
als in the USA are less likely to own a computer and have
home broadband access [61]. The survey found that 80%
of white individuals have a broadband connection at home
compared to 71% of Black individuals and 65% of Hispanic
individuals [61].

In order to optimize the use of telemedicine among under-
served groups and ensure equitable access, we need to make
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Table 1 Recommendations for optimizing the care of individuals with movement disorders

Goal Benefits

Barriers

Integration of telemedicine into care models e Improves access to care [51]
o Increases convenience and comfort [52]
e Reduces risk of communicable disease
e Enables continuity of care
e Reduces geographic barriers
e Enables care partners and family members to participate
e Improves access to rehabilitative therapies [43]
e Potential to reach underserved populations [53]

Holistic support of patients
outcomes [54]

e Exercise improves symptom management [42]
o Social connection may improve health outcomes [27]
o Self-management skills enhance quality of life [55]

Robust support for care partners
disorders [56]

e Reduces caregiver burden [30]

e Connection with needed social services improves health

e Improves quality of life for individuals with movement

e Licensing restrictions

e Absence of regulations guaran-
teeing permanent payment parity

e Need for new support roles
within the medical system

e Disparities in access

o Lack of widespread affordable
broadband internet

e Lack of device ownership

o Limited digital literacy

o Inability to manage advanced
therapies

e Absence of appropriate financial
models to support this work

e Insufficient community resources

e Need for research on effective
models

e Lack of financial support

e Caregiver burnout

e Insufficient community resources

o Reduces strain on healthcare system

a unified effort to dismantle barriers. At the department and
institution level, we recommend systematically tracking use
of telemedicine to identify disparities in use, developing and
implementing targeted strategies to address any identified
disparities, and assessing the impact of these interventions.
Strategies may include the development or strengthening
of community partnerships, education and training, and
improved access to language services [59ee]. For exam-
ple, establishing partnerships with community centers that
can provide computers, Internet connections, and private
locations may facilitate access and improve patient com-
fort with telemedicine visits. The distribution of written or
online materials, direct engagement by clinical staff, and
education of family members may improve digital literacy
and help ensure successful telemedicine visits. For patients
where English is not their primary language, it is important
to provide health services in their language. This can be
done by connecting patients with clinicians that also speak
their language or by using interpreter services. For exam-
ple, one of the authors opened a Spanish language neurol-
ogy clinic to improve access to quality neurologic care to
the Hispanic community in the surrounding region. Policy
changes are also critical to address disparities in access. We
recommend on-going advocacy for affordable, home broad-
band access for all. We also recognize the value of audio-
only (telephone) visits as an adjunct to in-person care for
those unable to complete telemedicine visits and recommend
on-going advocacy for pay parity for these visits.

Our care of patients does not end when they leave
the office (or the video visit). Nor should it be limited to
addressing medical issues. The pandemic has highlighted
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the importance of social connection and physical activity
in overall well-being. As clinicians, we must be at the fore-
front of helping patients maintain connection, remain physi-
cally active, and access needed social services [32]. Social
prescribing, which involves connecting individuals with
non-medical services, represents one strategy for improv-
ing overall health [54]. Examples of social prescribing that
may help to improve social connection include programs
such as the Togetherness Program at CareMore and the Vet-
eran’s Administration Compassionate Contact Corps Pro-
gram, which involve proactive phone calls/visits to isolated
patients [27e]. We must support research into social pre-
scribing and advocate for policy changes to ensure adequate
community supports. Additionally, optimization of virtual
support groups may help to improve social connection of
patients and caregivers. We must also help patients and car-
egivers build their armamentarium of self-management tools
and skills. This may include developing programs to help
patients strengthen coping strategies, manage anticipatory
grief [62], adapt their lifestyles to changes from PD, enhance
adherence to medical treatment, and process emotions result-
ing from living with a chronic disease [12]. Targeted educa-
tion for caregivers may improve self-management and self-
efficacy, as well [55].

Caregivers in the USA provided approximately $470
billion worth of unpaid services in 2013, averaging 20 h
of caregiving per week [63]. Caregivers have a positive
impact on individuals with PD, who experience improved
quality of life and reduced spiritual distress, both vital dur-
ing situations like the COVID-19 pandemic [56, 64]. We
must provide better support for unpaid caregivers. Expansion
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of programs such as the National Family Caregiver Sup-
port Program and state-run consumer-directed home care
programs, which strive to help individuals remain in their
homes with additional supportive services including pay for
family caregivers [63, 65], may help to reduce caregiver bur-
den and improve patient quality of life.

Research

Long before the global COVID-19 pandemic, it was clear
that new research models were needed as few drugs that
entered phase I trials for central nervous system disorders
ultimately obtained regulatory approval [66]. One of the
barriers to successful and efficient drug approval is clinical
trial recruitment, and many clinical trials fail to meet enroll-
ment targets on time [67]. Barriers to research participation
are numerous and include burdensome financial, travel, and
caregiver requirements [68] that may be particularly prob-
lematic for individuals with progressive neurodegenerative
disorders characterized by mobility difficulties and cognitive
impairment.

At the start of the pandemic, non-COVID-19 clinical
research in many regions was suspended [69]. In a survey of
a large PD research network in North America, the majority
of respondents reported significant disruptions in research
activities; 90% reported disruptions in recruitment, 79% sus-
pension of new studies, and 35% closure of their research
center [70e]. The US Food and Drug Administration [71]
and the European Medicines Agency [72] issued guidance
documents on the safe conduct of clinical trials during the
COVID-19 pandemic that covered such topics as the use
of remote (telephone or video-based) visits, home delivery
of study drug, and remote data collection. While clinical
research has since re-started, it continues to be impacted
by the cycle of restrictions and easements that has typified
this pandemic, and by downstream effects of the pandemic,
such as staffing shortages [73]. We are now faced with the
challenge of re-designing clinical research to mitigate the
effects of current and future pandemic-related disruptions.
In doing so, we also have the opportunity to re-center the
patient in clinical research and improve the clinical research
process (Fig. 1).

Decentralized studies flip the traditional research struc-
ture and move the conduct of research out of the clinic
and into the home. This may involve, for example, remote
assessment via real-time video-conferencing (video vis-
its), obtainment of real-world data using digital devices,
in-home safety assessment or collection of biological
specimens, or home delivery of study drug. During the
pandemic, remote observational studies of LRRK?2 carri-
ers and PD clinical trial participants continued without
interruption [74, 75]. These studies utilized a small team

Return of
Individual
Video Results Home Safety
Visits Assessments
000
Direct Drug Phone Safety
Delivery Assessments
Home Collection of Online PROs
Biospecimens
Active Digital ~ Passive Digital

Assessments Assessments

Fig. 1 Participant-centered clinical research

of coordinators and investigators to enroll and character-
ize participants from across the USA, irrespective of their
proximity to specialized research centers, by using video
visits and common outcome measures [76]. Such video
visits are well-liked by participants, offering comfort and
convenience, as they eliminate the need for travel and
reduce the burden on participants [77]. However, simply
replicating what we do with in-person visits fails to realize
the potential of video visits [68], which may enable new,
previously unmeasurable insights.

Digital devices, such as smartphones and wearable sen-
sors, enable the real-world collection of massive amounts
of data and can provide unique insights into the lived expe-
rience. Digital devices can be used to measure a variety of
motor constructs, including gait [78], tremor [79], brad-
ykinesia [80], and chorea [81] outside of the clinic. They
can detect change in response to PD medication treatment
[82], be used to monitor falls [83], and may be able to
predict future clinical outcomes [84]. While the digital
assessment of non-motor features is less developed, digital
devices can, for example, capture sleep parameters [85],
skin temperature [86], and blood pressure [87]. During
the pandemic, smartphone applications have successfully
been used to remotely monitor patients with PD [88] and
remotely capture clinical trial outcomes [89]. Yet few
clinical trials use digital endpoints [90], and more work is
needed to create holistic, patient-centered, and clinically
meaningful measures. Highlighting the need for clinically
relevant digital endpoints, the US FDA recently rejected
applications for the MC10 BioStamp nPoint® Hunting-
ton’s disease gait assessment and the Verily Study Watch
Parkinson’s disease motor assessment raising questions
regarding the ability for these tools to assess meaningful
functional change [91, 92].
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Future Directions in Research

While decentralized studies eliminate some barriers to
research participation, they have not addressed the critical
problem of underrepresentation in research studies. Without
adequate representation, we cannot fully understand disease
[93e] or the safety and efficacy of treatments [94]. Black and
Hispanic individuals are under-represented in PD clinical
trials [95] and recent PD decentralized studies have failed
to recruit representative samples [76]. While decentralized
studies reduce transportation-related barriers to participa-
tion, they may impose new barriers to research participa-
tion. As noted above, Black and Hispanic individuals are
less likely to have access to home broadband compared to
white individuals [61]. Without concerted action, this digi-
tal divide threatens to worsen the issue of representation in
research. As a research community, we need to prioritize
inclusivity and devote the necessary resources and funds
to tackling this problem. Strategies may include partner-
ing with trusted community organizations and advocates,
providing study materials in languages other than English,
ensuring a diverse research team [68], providing training
on inclusive research practices [93e], educating commu-
nity providers on research opportunities [96], and provid-
ing the technology required for participation. We cannot
assume that recruitment strategies designed for traditional
in-person studies will translate to decentralized studies [76].
Future work should focus on the development of strategies
to enhance diversity and inclusion within decentralized
research studies.

More work is needed to optimize decentralized clinical
research designs and identify meaningful digital endpoints.
The barriers to incorporating digital devices in clinical
research studies are numerous. Among others, the barriers
include the complexity and shear amount of raw data, chal-
lenges in validation, concerns regarding adherence, accept-
ability to regulatory agencies, constantly changing technol-
ogy, and challenges integrating data [97]. Pre-competitive
collaborations, such as those led by the Digital Medicine
Society and Critical Path for Parkinson’s, may help to
streamline and efficiently advance the development of new
digital tools and endpoints [97]. Patient involvement, early
and often, in the development of digital assessments will be
critical to ensure the selection of meaningful outcome meas-
ures. While in many ways less complex than digital devices,
we must not ignore the many other facets of decentralized
clinical research. For example, we must eliminate barriers
to the use of video visits and devote resources towards the
standardization and validation of assessments for video
visits. To reduce barriers to use, regulatory agencies must
align around guidelines for the conduct of video visits and
sponsors must commit the necessary funds and personnel
support [98]. We should also build flexibility (e.g., in regard
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to visit location or method of obtaining informed consent)
into our study designs [99]. Such planned flexibility is more
participant-centric and will allow us to much more readily
adapt to future unexpected challenges in clinical research
conduct. This flexibility should extend to how and where
we capture outcomes. Not all studies will be appropriate
for a fully decentralized approach and hybrid studies that
include in-person assessments may offer the best of both
worlds—the ability to capture real-world outcomes and to
collect biological and neuroimaging data.

Conclusions

The COVID-19 pandemic has dramatically affected those
living with movement disorders, highlighted faults in our
systems, and likely permanently altered the way we provide
care and conduct research. We must now focus on creating
more robust healthcare systems by optimizing interdiscipli-
nary care models that incorporate telemedicine, developing
ways to remotely manage advanced therapies, building clini-
cal programs that foster development of self-management
skills and provide social supports, and expanding support of
caregivers. We should embrace patient-centered decentral-
ized clinical research designs and focus on developing or
optimizing the practices and technologies that make such
research possible. All of these efforts need to be performed
with a focus on equity and inclusivity.
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