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Abstract.

Background: Due to the COVID-19 pandemic, beneficial physical intervention classes for individuals with Parkinson’s
disease (PD) were cancelled.

Objective: To understand effects of the COVID-19 stay-at-home mandate and the inability to participate in recommended
and structured physical interventions as a consequence of these mandates, specifically designed mobile assessments were
used that collected both self-reporting information and objective task-based metrics of neurocognitive functions to assess
symptom changes for individuals with PD.

Methods: Self-reporting questionnaires focusing on overall quality of life (e.g., when individuals typically feel at their
best, changes in activity levels, and symptom progression) were given to all individuals (r =28). In addition, mobile-based
neurocognitive assessments were administered to a subset of the population (n=38) to quantitatively assess changes due to
COVID-109 restrictions.

Results: The highest self-reported factors in which individuals denoted feeling their best were after exercise (67.86%)
and being in a comfortable and supportive environment (60.71%). Objective measures found overall duration of physical
activity during the stay-at-home mandate decreased significantly (p=0.022). With the lack of overall activity, 82.14% of
individuals self-reported having at least one symptom that worsened moderately or higher. Further testing, using mobile-based
assessments, showed average completion times of functional tasks increased, taking about 2.1 times longer, while accuracy
metrics showed overall degradation.

Conclusion: Although the COVID-19 stay-at-home mandate was intended to help protect individuals at high risk from coming
into contact with the virus, it also prevented individuals from receiving recommended supervised exercise interventions
resulting in significant negative effects in social well-being and across motor and speech neurocognitive tasks for individuals
with PD.
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INTRODUCTION

As individuals age there is the progressive decline
*Correspondence to: John Michael Templeton, MSc, Depart-

ment of Computer Science and Engineering, University of Notre of many phys1010glcal functions and an increased

Dame, 384 Fitzpatrick Hall, Notre Dame, IN 46556-5637, USA. susceptibility to certain diseases [1]. The neurodegen-
Tel.: +1 480 296 8562; E-mail: jtemplet@nd.edu. erative association between aging and Parkinson’s

ISSN 1877-7171/$35.00 © 2021 — IOS Press. All rights reserved.


mailto:jtemplet@nd.edu

1068 J.M. Templeton et al. / Impact of Stay-At-Home Mandates

disease (PD) has been recognized for several dec-
ades [2]. Neurodegenerative diseases present with
progressive degeneration of neurons and neural struc-
tures and this degeneration in PD can ultimately
lead to both movement disorders and neurological
and/or cognitive disorders [3]. Neurological disor-
ders in PD manifest when regions in the brain that
play a key role in movement are affected, which
may lead to symptoms such as tremors, muscle
stiffness, impaired speech production, lack of facial
expressions, and freezing of gait [4-6]. Cognitive dis-
orders occur when regions responsible for mental
functions, including memory, judgement, planning,
and behavior, undergo degeneration [7, 8]. Combi-
nations of these motor and cognitive disorders can
have dependencies on the individual, their age, gen-
der, socioeconomic background, as well as the stage,
severity, and progression of the disease [9]. Any or
all of the aforementioned symptoms, experienced by
these individuals, can significantly deteriorate their
overall quality of life.

PD is often described as a “designer disease”,
meaning no two people diagnosed manifest the exact
same symptoms [10]. Frequently, the definitive diag-
noses of PD usually come after a prolonged period
of time due to vague, initial symptoms [11]. By
the time some individuals are diagnosed with PD
they likely have already experienced limitations in
activities of daily living and thus are in need of imme-
diate rehabilitation [11]. The recommendations of
both pharmacological and therapeutic treatments are
intended to combat the continued progression of the
disease. While there are now many different therapy
options available for diagnosed populations, physi-
cal activity is the most effective non-pharmacological
aid to individuals with PD [4]. Even in the case
of pharmacological interventions, physical activity
is increasingly advocated as an adjunct intervention
[12]. The majority of these physical rehabilitation
activities are conducted outside the home in super-
vised settings (e.g., non-contact boxing programs,
supervised aerobic or functional strength activities,
and yoga) even though many activities are suitable
for at home completion [11]. Programs, that can
include flexibility, balance, functional movement and
strength, and aerobic exercise, can be individually tai-
lored and/or administered in group settings to help
individuals with PD engage in beneficial physical
activities [11, 13].

With the ongoing COVID-19 pandemic, health
authorities (e.g., the Centers for Disease Control and
Prevention) warned older populations that they were

at a higher risk of more serious and possible fatal
illness associated with COVID-19 [14]. The global
recommendation for these older populations included
social isolation (e.g., staying at home and avoiding
social contact with family members and friends, for
extended periods of time). However, these recom-
mendations can have serious consequences for all
older individuals, but particularly for individuals with
PD, who are at risk for increased disease progression
due to limited physical, social, and mental activi-
ties. The objective of this paper is to address the
impacts of the COVID-19 stay-at-home mandates on
individuals with PD due to the restrictions enforced
by the pandemic. An understanding of individuals’
symptom progression, due to the COVID-19 stay-at-
home mandate, is of interest. Symptom progression
should be obtained in the form of both self-reported
symptoms and objective measures from neurocogni-
tive assessments. This paper focuses on self-reported
physical activity levels of individuals with PD as well
as qualitative changes in their neurocognitive symp-
toms. Further focus is placed on the collection and
analysis of quantitative metrics, gathered from neu-
rocognitive assessments, to understand the accuracy
of individuals’ self-reported symptoms.

Related work

Interventions

Previous studies suggest that individuals with PD
should interact with physical intervention activities as
an adjunct intervention to pharmacological therapies
[4, 12]. Structured intervention programs also include
natural and beneficial aspects of social engagement
that group exercise programs can provide [15, 16].
Recent social engagements for individuals with PD
are also associated with better global cognition,
whereas low levels of social engagement were associ-
ated with an increased risk of dementia [17]. Further,
interventional programs that enhance social support
for older people may decrease mortality and produce
public health benefits [18]. Due to the COVID-
19 pandemic, and subsequent stay-at-home orders,
beneficial physical intervention classes and social
engagement opportunities for individuals with PD
were cancelled due to the higher risk associated with
COVID-19 [14]. Public health emergencies, such as
COVID-19, can also affect the well-being of individ-
uals (e.g., emotional isolation and deficient medical
resources). Further, groups such as the elderly and
people with preexisting medical conditions like PD
may be at increased risk for adverse psychosocial
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outcomes including stress, depression, insomnia,
fear, and confusion [16, 19].

Self-reporting

Self-reporting is a common way to monitor short-
term (e.g., day to day) changes, but can also lead to
improved disease management by allowing the indi-
vidual to recognize and understand their condition
and to be aware of their symptoms and triggers [20].
Exploratory analyses show that high self-reported
physical activity is associated with less disease pro-
gression of individuals with PD and suggests that
especially in the early stages of PD, could potentially
have a positive impact on the disease course [21].

Functional assessments

Self-reporting should be supplemented by objec-
tive measures (e.g., functional assessments) to further
understand individuals’ symptoms, neurocognitive
capabilities, and the individuals’ awareness and accu-
racy of the disease progression. These self-reporting
and functional assessments should occur across all
functional areas of neurocognition (e.g., motor, mem-
ory, speech, language, executive function, sensory,
behavioral and psychological state, sleep, and auto-
nomic function [9]. While there are many screening
(e.g., Montreal Cognitive Assessment, Mini-Mental
State Examination, and the Menu Task Assessment)
and comprehensive assessments (e.g., Boston Dia-
gnostic Aphasia Examination, Dean-Woodcock
Neuropsychological Assessment System and Neu-
robehavioral Functioning Inventory), mobile-based
neurocognitive assessments, utilizing the same func-
tional tasks, provide many benefits [22-27]. Mobile
versions of functional assessments can be highly ben-
eficial for both users and clinicians in the reduction
of subjective biases due to the collection of objective
measures. The collection of objective metrics, using
mobile devices, were utilized to confirm self-reported
symptoms, and are intended to aid in the formation
of enhanced, objective datasets [9].

METHODS
Self-reporting

To minimize interpersonal interactions due to
COVID-19 mandates, questionnaires were utilized to
gain an understanding of individuals’ quality of life.
Questions included the times of day in which individ-
uals typically feel at their best, their activity levels
prior to their diagnosis, after their diagnosis, and

after 4 months (Early March - Late July) of stay-at-
home mandates and in-person intervention program
restrictions. Questions were also included that asked
about the individual’s symptoms and their subsequent
progression before and after these restrictions. The
questionnaire is included in Supplementary Table 1.
Self-reporting questionnaires were collected from 28
individuals with PD between the ages of 52 and 84.
About half (n=15 or 53.57%) of the population was
female, and the average disease duration across the
population was 6.07 years. All reporting individu-
als participated regularly (e.g., at least twice a week)
in structured in-person intervention programs led by
certified fitness instructors prior to the COVID-19
stay-at-home mandates. The in-person intervention
programs have been set up specifically for individu-
als with PD and they occur at local health and fitness
centers with access to a variety of training and exer-
cise equipment. A subset of these individuals also
completed physical exercise either at home or outside
these structured intervention programs. Individuals
were recruited to participate in this IRB approved
study via advertisement through the structured inter-
vention programs, physician and clinician referrals,
and prior studies from our laboratory. Given the mean
age of onset for PD in the Western world is early-to-
mid 60s [28], we limited our recruitment efforts to
diagnosed individuals age 50 years or older. Partic-
ipants were excluded from the current study if they
were unable to provide written informed consent. All
participants were local to the Midwest of the United
States of America in both Indiana and Michigan and
therefore were subject to the local mandates of those
respective states and counties. All individuals were
required to denote their activity levels by the number
of active days per week, the average duration of activ-
ity per day, and the activities they complete. Further
they were asked to self-report and evaluate changes
across common PD symptoms (e.g., fatigue, impaired
handwriting, quiet speech, tremor, forgetfulness, etc.)
Changes in common PD symptoms were denoted on
a Likert scale of 1-5, with 1 indicating no change in
the symptom and 5 indicating very severe changes.

Mobile application testing

To gain a quantitative measurement of symptoms,
a subset of the 28 diagnosed individuals (n =8) com-
pleted a mobile-based neurocognitive assessment,
which occurred approximately 5 months after the
start of the stay-at-home mandate (e.g., August).
A subset of the population was used as not all
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participating individuals were able to or had returned
to in-person physical intervention classes follow-
ing the stay-at-home mandates. This was due either
to additional restrictions set by state departments,
regarding the opening of various facilities, or indi-
viduals maintaining distancing protocols as they are
notably at higher risk due to comorbidities. The obj-
ective metrics collected from this assessment tool
were compared to their last screening, using the mob-
ile-based neurocognitive assessment, which occurred
prior to the COVID-19 stay-at-home mandate (late
February to early March) as part of a regularly
scheduled data collection. The collection of objec-
tive metrics, gathered from a designed, mobile-based
neurocognitive assessment tool, was completed to
understand the accuracy of individuals’ self-reported
symptoms. This assessment tool was specifically
designed for individuals with PD that focused on
user-device interactions for the collection of objective
measures [29]. All functional assessments and self-
reporting were either administered or input on the
mobile device that provided the data. Functional tasks
included in the mobile-based neurocognitive assess-
ment included motor, memory, speech, and executive
function tasks. All participants were required to com-
plete mobile versions of functional tasks (e.g., tracing
shapes, apraxia tests, reflex tasks, card matching, trail
making, and speech-based assessments). For a fine-
motor tracing task the individual is instructed to use
their index finger to trace a depicted shape, in a clock-
wise motion starting from the left. In a gross-motor
task the user was to manipulate the mobile device
to “air’-trace a prompted shape (e.g., a square). For
reflex tasks, the user is intended to tap on the screen
to interact with a set of targets. For a memory task
the user is to tap on depicted cards until all cards
have been matched in pairs. In a trail making task
the user is intended to draw a line using their index
finger to connect the shapes in increasing numeri-
cal order. For a set of speech-based tasks, the user
is instructed to read a sentence out loud or name
prompted objects. Finally, a set of tasks also imple-
ment dual-task interference for the understanding of
how these individuals interact in multifunctional task
approaches. Examples of dual-tasks include both fine
(e.g., tracing an object) and gross (e.g., manipulating
the mobile device) motor tasks paired with a non-
automatic speech task (e.g., listing the months of the
year, aloud, in reverse order; December to January).
Additionally, executive functional tasks are also dual-
task by nature as the individual must “put into action”
their necessary ‘executive functions’. This is seen in

the Stroop Word Color Test (SWCT) as the user is
required to discern the difference between prompted
colors and words and then speak the correct response.

Standard protocol approvals

This work presented in this manuscript is part of an
IRB approved study. Written informed consent was
collected from all participants included in this study.
The collected data was authorized for disclosure as
part of published works.

Data availability statement

Individual de-identified participant data will not be
shared at this time. The data collected for this work
is part of a larger dataset for concurrent projects on
mobile based neurocognitive assessments for individ-
uals with PD.

RESULTS
Self-reporting

Quality of life

Figures 1 and 2 show the responses from the
self-reporting surveys for different factors in which
diagnosed individuals with PD feel at their best. Indi-
viduals were able to report factors based on both
the time of day and typical daily events or settings
that contributed to them feeling at their best. Cate-
gories based on the time of day include: early morning
to late morning (EM-LM), late morning to midday
(LM-MD), midday to mid afternoon (MD-MA), mid
afternoon to evening (MA-EV), and evening to before
bed (EV-BB), as seen in Fig. 1.

Additional factors are seen in Fig. 2, which include
after eating (AE), after taking their prescribed med-
ications (AM), after physical activity or exercise
(AEX), and being in a comfortable environment (CE).
Both timing and additional factors were included to
gain valuable insights on the individuals’ quality of
life. In Fig. 1, the highest reported instances overall
show individuals feeling at their best earlier in the day,
then trending down in the evening. However, the high-
est reported instances of individuals feeling at their
best were after exercise and being in a comfortable
environment (Fig. 2).

Activity
Table 1 shows the activity levels of individuals
diagnosed with PD prior to their diagnosis (BD), after
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Table 1
Individuals’ activity levels prior to their diagnosis, following their
diagnosis, and during the COVID-19 stay-at-home mandate

Metric BD AD SaHM
Number of Active Days
Male 4.2 4.62 4.62
Female 3.2 3.73 3.4
All 3.78 4.14 3.96
Number of Active Minutes
Male 62.69 75.77 48.46
Female 37.86 43.21 30.71
All 49.81 58.89* 39.26*
Number of Activities
Male 11 14 8
Female 13 14 6
All 17 18 11

BD, before diagnosis with Parkinson’s disease; AD, after diagnosis
with Parkinson’s disease; SaHM, after the COVID-19 stay-at-
home mandate.

their diagnosis (AD), and after the 4-month stay-at-
home mandate and program restrictions put into place
for COVID-19 (SaHM). Individuals reported mini-
mal change in the number of active days per week;
however, both the number of active minutes per day
and the number of total activities showed a notable
decrease due to the COVID-19 restrictions.

Symptoms

Table 2 shows changes in the symptoms of indi-
viduals diagnosed with PD since the stay-at-home
mandate and program restrictions were put into place
for COVID-19. The top portion of Table 2 depicts the
number of individuals who had at least one symp-
tom change moderately or higher, whereas the bottom
portion shows the number of individuals who had
multiple symptoms worsen moderately or severely.
The lower portion of Table 2 is a subset of the upper
responses.

A depiction of the extent individuals reported
changes of symptoms across neurocognitive areas of

Table 2
Number of individuals with changes in symptom(s) since the stay-
at-home mandate based on a Likert Scale of 1-5. ‘Moderate + is
indicated by a Likertresponse of 3 or higher. ‘Severe +’ is indicated
by a Likert response of 4 or higher

Group Moderate + (%) Severe + (%)
At Least One Symptom
Male 10 (76.92%) 6 (46.15%)
Female 13 (86.67%) 10 (66.67%)
All 23 (82.14%) 16 (57.14%)
Multiple Symptoms
Male 9 (69.23%) 5 (38.46%)
Female 10 (66.67%) 7 (46.67%)
All 9 (67.86%) 12 (42.86%)

interest are seen in Fig. 3. The reported symptoms
for each group (e.g., male, female, and overall) were
based on average self-reporting metrics from a Lik-
ert scale of 1-5, with 1 indicating no change in the
symptom and 5 indicating very severe changes. The
highest reported symptoms that worsened for the rep-
resentative population included autonomic function,
speech, and motor function. Women also indicated
sleep changes as a largely and negatively impacted
symptom. Figure 3 gives average self-reporting val-
ues of each group, for all functional categories of
neurocognition. On average, all neurocognitive func-
tions of interest worsened for the overall population
as Likert values were all greater than 1 (Fig. 3).

Mobile application testing

Eleven functional tasks were completed on a
mobile device for the collection of objective met-
rics across neurocognitive functional areas of interest.
Tasks included tracing shapes, apraxia tasks, reflex
tasks, card matching, trail making, object naming,
and dual-tasks (e.g., completing two tasks simulta-
neously). The metrics considered for all functional
tasks include both temporal and accuracy metrics. All
metrics were compared to the preceding instance for
each user (e.g., the last screening prior to the 4-month
COVID-19 stay-at-home mandate), using statistical
methods (e.g., Student’s t-test). Average temporal
metrics for the subset of individuals (n = 8) are shown
in Fig. 4. The average time to complete functional
tasks increased after the COVID-19 stay-at-home
mandates and interventional program restrictions for
all functional areas (e.g., motor, memory, speech,
executive function, and dual-tasks), taking about
2.1 times longer. Tasks denoted with an asterisk
(*) showed a significant increase (p <0.05) in time
from before the COVID-19 restrictions to after. Fur-
ther, accuracy metrics (e.g., distance from true value
points) for fine motor, executive function, and dual-
task assessments also show degradation due to the
COVID-19 restrictions (Fig. 5). Overall average dis-
tances increased by a factor of 1.55, and in timed
assessments the number of correct responses and
screen interactions for users decreased following the
stay-at-home mandate by a factor of 1.43 (Fig. 5).
Tasks denoted with an asterisk (*) in Fig. 5 indicate
a significant increase (p <0.05) in distances drawn or
moved for fine and gross dual-tasks and a significant
decrease (p <0.05) in the accuracy count for a reflex
test.
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DISCUSSION
Self-reporting

Although individuals reported various timing fac-
tors for when they felt at their best, the highest
reported instance for the population was after exer-
cise (67.86%). Additional insights from collected
questionnaires showed that individuals maintained,
on average, the number of days in which they were
active following the restrictions imposed by COVID-
19 (p>0.05 for all groups). However, the number of
active minutes per day following these restrictions
was significantly less compared to the period before
the stay-at-home mandate (p=0.022). The number
of different activities completed by the population
was also reduced due to the COVID-19 restrictions
(Table 1). Although the majority of individuals felt
at their best after exercising, the changes in activity
levels as well as the type of physical activity (e.g., the
change from structured physical intervention proto-
cols to self-guided activity) during this period of time
prompted a focus on understanding the individuals’
symptom progression due to decreased activity.

While individuals with PD may manifest different
symptoms and at different rates, the overall high-
est reported changes of symptoms were autonomic
function, speech, motor, and sleep (Fig. 3). Pri-
mary manifestations of PD include abnormalities of
movement (e.g., akinesia, rigidity, and tremor) and
variably present manifestations (e.g., dysarthria, dif-
ficulty performing simultaneous actions, and fatigue)
[6]. Any changes in both primary and/or vari-
ably present manifestations would subsequently link
to self-reported changes in functions like motor
and speech. Further, individuals reported symptoms
across all neurocognitive areas of interest (e.g., motor,
memory, speech, language, executive function, sen-
sory, behavioral and psychological state, sleep, and
autonomic function). This can be seen in Fig. 3
as, on average, all values are higher than 1 (e.g.,
which denotes ‘no change’ on the administered Likert
scale).

Of the self-reporting individuals, 82.14% indicated
having at least one symptom that worsened mod-
erately or higher on the Likert scale (e.g., having
one symptom with a Likert value of at least 3), and
67.86% or individuals reported multiple symptoms
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that worsened moderately or higher during the time of
the COVID-19 stay-at-home mandates and in-person
intervention program restrictions. Further, over half
of the self-reporting individuals (57.14%) reported
having at least one symptom worsen severely or very
severely (e.g., one symptom with a Likert value of at
least 4) and 42.86% indicated that they had multiple
symptoms change severely or very severely.

Not only is physical activity beneficial for indi-
viduals with PD, maintaining those structured
interventions in a socially engaging and comfortable
setting is also necessary for minimizing the effects of
disease progression [4, 12, 15].

Information collected from the self-reporting ques-
tionnaire showed that the second most important
factor to individuals with PD in feeling their best was
being in a comfortable and supportive environment
(60.71%). The majority of physical rehabilitation
programs that individuals with PD interact in are con-
ducted outside the home in structured and supervised
group settings. These in-person physical intervention
programs not only provide tailored exercise proto-
cols but also create a supportive environment that
encourages social engagement among participants.
The inherent nature of structured exercise programs
allows for the inclusion of two highly ranked factors

for individuals diagnosed with PD to feel their best
(e.g., after exercise, and being in a comfortable and
supportive environment).

Mobile application testing

A further analysis of quantitative mobile assess-
ments was also completed to give a deeper under-
standing of how individuals symptoms were affected
by the COVID-19 stay-at-home mandates and in-
person intervention program restrictions. This analy-
sis was done by comparing collected functional task
results from an individual’s baseline assessment (e.g.,
prior to the COVID-19 stay-at-home mandate) to an
assessment taken following their return to programs.

Individuals showed longer completion times on
average for each of the functional tests (e.g., motor,
memory, speech, executive function, and dual-task
assessments) as seen in Fig. 4. Overall results showed
that timing metrics for the group worsened on aver-
age (e.g., taking 2.1 times longer across functional
tasks). Timing for fine motor, gross motor, and motor
dual-task assessments showed a significant decline
following the COVID-19 restrictions (p <0.034) as
denoted by an asterisk (*) in the figure. Similarly,
individuals showed, on average, decreased accuracy.
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In untimed tasks (e.g., fine motor tracing, trail
making tasks, and dual-task assessments) average
distance from true value points increased as did count
measures for speech errors and card matching fol-
lowing the COVID-19 restrictions. In timed tasks
(e.g., reflex, SWCT, and object naming) count mea-
sures decreased following the COVID-19 restrictions
(Fig. 5). Average distance metrics for dual-task fine
motor and gross motor function showed a signif-
icant decline following the stay-at-home mandate
(p<0.044) as did the average count measure for a
reflex-based test (p =0.010) as indicated by an aster-
isk (*).

The testing completed using a mobile-based
assessment allowed for both the comparison and

confirmation of self-reported symptoms from par-
ticipants. Motor function and speech were two of
the highest reported symptoms that changed due to
the COVID-19 stay-at-home mandates and in-person
intervention program restrictions. A quantitative
analysis showed there was a significant difference
with respect to time for task completion of func-
tional tasks involving both of these functions. Motor
tasks (e.g., tracing shapes on the device screen and
manipulating the device in space) showed significant
declines in time (p <0.037) following the COVID-19
restrictions. Similarly, dual-task assessments, which
prompted the user to complete a non-automatic
speech task (e.g., listing the months of the year, aloud,
in reverse order; December to January) in tandem
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with a motor task (e.g., tracing a variety of shapes
on the device screen or manipulating the device in
space), showed significant differences with respect
to the time for task completion (p <0.007).

This research was completed in tandem for con-
current projects on mobile based neurocognitive
assessments for individuals with PD. A major lim-
itation of this work was the limited sample of par-
ticipants. This limitation arose as access to the
intended population, through structured intervention
programs, was discontinued due to stay-at-home
mandates. Limitations continued following stay-at-
home mandates with additional restrictions set by
state departments and individuals maintaining dis-
tancing protocols as they are notably at higher risk
due to comorbidities. Further, all participants in this
study participated in an exercise program prior to
the stay-at-home mandates which presents a sam-
pling bias. Individuals with PD who do not participate
in any structured exercise programs were not repre-
sented, therefore, the following conclusions cannot
be generalized to the entire population of individ-
uals with PD, but rather those who participated in
structured physical activities as a means of recom-
mended adjunct interventions. Further work should
be completed to understand how all diagnosed indi-
viduals’ physical and mental health are affected by
stay-at-home orders. Future work should also be com-
pleted to see how individuals’ symptoms progress
following the re-initiation of structured rehabilitative
interventions. Finally, the continued development and
implementation of mobile-based health monitoring
technology should be prioritized to allow for a higher
quality of user assessment and care in the event of
similar circumstances.

CONCLUSIONS

The COVID-19 stay-at-home mandates and
restrictions were intended to help minimize indi-
viduals, especially those at high risk, from coming
into contact with the virus. However, these mandates
also removed many individuals from participating in
valuable, structured, in-person physical intervention
programs along with natural support systems created
by these group settings. For those with PD, both phys-
ical activity and being in comfortable and supportive
environments are essential to feeling at their best.
The self-reporting of individuals and statistical anal-
yses show that the inability to participate in in-person
intervention programs had direct negative effects on

their activity levels and overall symptom progression,
both of which directly affect the individual’s qual-
ity of life; however, an emphasis needs to be placed
on future work and a larger population. As scien-
tific advances are made for the possibility of future
global pandemics, a strong focus should be placed
on maintaining these recommended and beneficial
programs. Telemedicine based approaches for these
intervention therapies, could allow for the continued
participation and rehabilitation of diagnosed individ-
uals in both a safe and supportive setting. Further,
expanding mobile-based technologies for the purpose
of collecting and assessing additional objective met-
rics for all areas of neurocognition is necessary in the
confirmation of all self-reported symptoms.
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