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Abstract. Digital health technologies are growing at a rapid pace and changing the healthcare landscape. Our current
understanding of digital health literacy in Parkinson’s disease (PD) is limited. In this review, we discuss the potential
challenges of low digital health literacy in PD with particular attention to telehealth, deep brain stimulation, wearable
sensors, and smartphone applications. We also highlight inequities in access to digital health technologies. Future research
is needed to better understand digital health literacy among individuals with PD and to develop effective solutions. We must
invest resources to evaluate, understand, and enhance digital health literacy for individuals with PD.
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INTRODUCTION

Health literacy refers to “the degree to which indi-
viduals have the ability to find, understand, and use
information and services to inform health-related
decisions and actions for themselves and others” [1].
Among older adults, low health literacy is associ-
ated with worse health outcomes, including increased
risk of hospitalization and mortality [2]. With the
advent of new technology emerged the concept of
eHealth literacy, which was originally defined as
the ability to obtain, critically appraise, and apply
health information from electronic sources [3]. How-
ever, this definition reflects a time when the primary
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health application of technology for the individual
was the use of the internet to access health infor-
mation. It does not adequately capture the current
state of technology or the growth of the digital health
space. In today’s increasingly digital world, individ-
uals have access to a wide array of digital health
technologies; these include online platforms that sup-
port synchronous telehealth visits and asynchronous
communication with health teams, and smartphone
applications and sensors that support remote mon-
itoring, facilitate treatment interventions, and assist
in self-management. In this changing world, digi-
tal literacy plays an increasingly important role in
accessing health services and is recognized as a
social determinant of health [4]. A new definition of
digital health literacy that encompasses the ability
to generate health information (e.g., by complet-
ing patient-reported outcome measures digitally) [5],
capture health data (e.g., using activity trackers to
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monitor physical activity), exchange health infor-
mation (e.g., through telehealth visits) [6], and
administer and adjust treatment (e.g., by changing
settings for portable medication pumps) is needed to
reflect our changing environment.

Digital health technologies are increasingly used
in Parkinson’s disease (PD) and have the potential to
improve care and expand access to care. Yet, little
is known about digital health literacy in PD, where
motor and cognitive impairment might be expected to
present additional challenges. In this review, we dis-
cuss what is known about digital health literacy in PD,
review the potential challenge of low digital health
literacy in PD with particular attention to telehealth,
deep brain stimulation, wearable sensors, and smart-
phone applications, highlight inequities in access to
digital health technologies, and explore future direc-
tions.

DIGITAL HEALTH TECHNOLOGY USE
AND LITERACY AMONG OLDER ADULTS

In the United States, 93% of adults use the internet
and 77% of adults have home broadband internet ser-
vice [7]. However, access to home broadband varies
widely by demographics—only 71% of Black adults,
65% of Hispanic adults, 64% of older adults, 57%
of adults from low-income households, and 46%
of adults with less than a high school education
have home broadband. Technology adoption is lower
among low income versus high income households;
23% of adults from low income households report
having broadband service, a smartphone, a computer
and a tablet, compared to 63% of adults from high
income households [8]. Differences in access to tech-
nology influence the accessibility of healthcare. For
example, 63% of Black adults compared to 49% of
white adults agree that not having high-speed inter-
net produces a disadvantage in accessing healthcare
providers [9].

Among older adults, surveys suggest that low digi-
tal health literacy is commonplace. In a recent survey
of 200 predominantly low-income, community-
dwelling older adults, 73% had low digital health
literacy [10]. In a survey of nearly 300 hospitalized
adults (median age 58 years old), 34% had low digi-
tal health literacy [11]. Both studies used the eHealth
Literacy Scale (eHEALS), which only assesses an
individual’s perception of their ability to obtain, crit-
ically appraise, and apply health information from
the internet [12], to assess digital health literacy and

therefore likely underestimate the prevalence of low
digital health literacy. Adequate digital health liter-
acy is associated with higher levels of education,
younger age, digital device ownership, and home
internet access [11, 13].

No studies have directly assessed digital health lit-
eracy in PD. Results from studies that assessed health
literacy, use of technology, and comfort with tech-
nology provide some insights. Among a sample of
individuals with PD without dementia, 30% had low
health literacy.[14] In a small survey-based study,
21% of individuals with PD rated their technology
skills as absent or poor.[15] In a qualitative study,
individuals with PD and their care partners identi-
fied lack of adequate digital skills as a barrier to use
of digital health resources [16]. Individuals with PD
from underrepresented groups view digital literacy
as a barrier to using digital health for their disease
management [16]. In another survey-based study of
individuals with PD, usage of a smartphone decreased
with advancing age and was influenced by motor
impairment [17].

DIGITAL HEALTH APPLICATIONS IN
PARKINSON’S DISEASE

Telehealth

Telehealth, which encompasses the use of real-
time audio-visual technology to examine, monitor,
and provide medical care, is well-suited for PD given
the predominantly visual nature of the exam as well
as the progressive disability experienced by individ-
uals with PD that may impede travel to in-person
appointments. Research has demonstrated the short-
and long-term feasibility [18–21], patient/provider
satisfaction [22–24], cost savings [18, 25, 26], and
validity [27] of telehealth visits in PD. Successful
management of PD requires multidisciplinary care,
and prior research has demonstrated the ability to
deliver rehabilitative therapy services and other treat-
ments (Fig. 1). For example, virtual delivery of the
Lee Silverman Voice Treatment (LSVT) has proven
effective [28], being noninferior to in-person therapy
[29]. Successful remote physical therapy assess-
ments and exercise programs have been reported
[30, 31], including a 7-week virtual therapy program
that resulted in a significant improvement in physi-
cal performance [31]. A randomized controlled trial
of telephone-based cognitive behavior therapy for
depression in PD resulted in a significant reduction in
depressive symptoms compared to community-based
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Fig. 1. Uses of digital health technologies in Parkinson’s disease care.

in-person treatment [32]. With an expansion in ser-
vices available through telehealth, it is increasingly
important that individuals with PD possess the nec-
essary digital health literacy to access these essential
services.

The COVID-19 pandemic led to a significant
surge in telehealth visits for PD in early 2020. The
proportion of individuals with PD participating in
telehealth rose from 10% before the pandemic to
64% during its initial stages [33]. A global survey
sponsored by the International Parkinson and Move-
ment Disorder Society Telemedicine Group in 2020
confirmed the widespread increase in telehealth uti-
lization [34]. However, despite its rapid expansion,
a survey revealed that telehealth usage was highest
among individuals with PD who had higher incomes,
higher levels of education, and who were white [33].
An academic movement center observed that Black
individuals were less likely to engage in telehealth
compared to white individuals [22].

Despite the substantial growth and potential advan-
tages of telehealth in PD care, there are still notable
challenges that must be addressed. A cohort study
involving 258 individuals with PD who completed
follow-up telehealth visits found that only approxi-
mately 30% of participants agreed that video visits
were “better overall,” and even fewer felt they
received “better care” [20]. Although telehealth vis-

its became necessary during the pandemic, not all
patients expressed a desire to continue with such
visits post-pandemic; one study reported that only
26–48% of individuals with PD planned to continue
with telehealth visits [35]. In a single-center study of
over 60,000 telehealth visits conducted across various
disciplines during the COVID-19 pandemic, visits
with poor connectivity, extended wait times, or diffi-
culties being seen, examined, or understood by the
provider were associated with lower patient satis-
faction [36]. Low digital health literacy may be one
important driver of dissatisfaction with telehealth vis-
its.

While telehealth visits have ebbed as the pandemic
has receded, they are here to stay. We must con-
sider the challenges posed by telehealth visits and
ensure that individuals with PD have the necessary
level of digital health literacy to make proper use
telehealth visits when appropriate. Individuals must
possess several different technological skills to suc-
cessfully complete a telehealth visit and exchange
health information. For example, individuals with
PD must successfully navigate one of a myriad
of videoconferencing platforms [37], troubleshoot
any technological problems that arise, successfully
adjust their camera to facilitate examination, and
navigate an online patient portal system in order to
obtain a visit summary. And the process is likely to
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differ from healthcare system-to-healthcare system
and even provider-to-provider, placing an even higher
burden on individuals with PD. Concerns persist
regarding limited digital literacy among individu-
als with PD [34, 38]. Robust educational outreach
efforts and technical resources are needed to improve
digital health illiteracy, foster engagement and par-
ticipation in the exciting growing field of telehealth,
and improve clinical outcomes in PD care.

Remote programming in deep brain stimulation

Deep brain stimulation (DBS) therapy is a well-
established surgical treatment for select individuals
with PD. The consultation process for DBS typically
involves multi-disciplinary screening evaluations to
identify optimal candidates for improved outcomes,
along with extensive patient education. Patient edu-
cation materials for DBS are often accessed through
internet-based resources, which may be challenging
for those with lower digital health literacy. Addition-
ally, available patient education materials for DBS
are often written above the recommended sixth-grade
educational level set by the National Institutes of
Health and American Medical Association [39–41].
This is compounded by patients often lacking under-
standing of basic brain structure and function, which
further hinders their ability to make informed deci-
sions about their health. In a recent randomized
controlled study, the use of a 3D printed brain model
during patient education for DBS surgery consulta-
tion was shown to improve patient confidence and
understanding of the therapy compared to patient
education alone, thus enhancing health literacy [39].

The efficacy of DBS treatment is highly depen-
dent not only on the selection of ideal candidates
but on proper programming [42] and telehealth can
play a role in both. Remote evaluation for deep
brain stimulation candidacy has been shown to be
both feasible and economical [43]. Asynchronous
and synchronous remote programming are available
for DBS management. With asynchronous program-
ming, a schedule of programming adjustments may
be prescribed and communicated through electronic
medical record (EMR) messages. In addition, patient
programmer settings can be set to allow for pre-
determined adjustments, which can be implemented
by the individual or an experienced caregiver under
the guidance of a DBS specialist during a video-based
telehealth session.

Synchronous remote programming enables real-
time adjustments during telehealth visits. Remote

DBS programming has been available in China since
2017 with two manufacturers, PINS Medical and
SceneRay Corporation, Ltd., and more recently in the
US with the introduction of Abbott’s Neurosphere™
Virtual Clinic in 2021. Research has demonstrated
that remote DBS programming is safe and effective
[44], and saves significant travel time and reduces
costs [45–47]. A recent survey reported patient satis-
faction with the Abbott DBS programming interface,
and the majority of respondents felt that the visits
were comparable to in-person visits [48]. Remote
DBS programming may be particularly helpful in cer-
tain cases, such as when frequent adjustments are
required or to address stimulation side effects that
were not seen during the programming session [49].
Despite these exciting advances, not all patients are
comfortable with this technology or possess the dig-
ital health literacy to properly adjust treatment, and
may have cognitive, motor, or psychiatric impairment
which can pose further challenges for remote DBS
care. To provide equitable access to such advanced
technology, we must ensure that individuals with PD
are able to appropriately evaluate the pros and cons
of such technology and navigate the programmers.

In June 2020, Medtronic introduced the first brain
signal sensing DBS system, Percept PC™. The
Percept™ system utilizes Brainsense™ technology,
which enables sensing and recording of local field
potentials through the contacts adjacent to the active
stimulation contact [50]. While this device is not
capable of real-time remote programming as pre-
viously described, it can be configured so patients
can track different “events.” This information can be
reviewed by the clinician at a follow-up visit and
potentially provide guidance for a more optimal pro-
gramming configuration. BrainSense™ technology is
a preliminary step towards developing a commercial-
ized system that can deliver adaptive (closed-loop)
stimulation, which may eventually enable the DBS
system to modify settings without the need for a clin-
ical intervention [49]. Ultimately, this may be a more
viable option for individuals with PD with limited
digital health literacy, providing even more opportu-
nities for this subgroup.

A disparity in access to DBS already exists and as
DBS technology advances, we must prioritize inclu-
sivity. According to one study, white individuals with
PD are five times more likely than Black individu-
als to undergo DBS [51]. Asian individuals, Black
individuals, women and individuals from a socioe-
conomically marginalized group are less likely to
undergo DBS [52]. In a recent study of remote DBS
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programming, participants were required to be fluent
in English and 91% of those assigned to remote DBS
programming were white [53]. To achieve health
equity, future studies should show a commitment to
be inclusive of individuals from underserved groups,
non-English speakers, and those with less access to
technology.

Wearables and smartphone applications

Sensor-based digital health technologies, such as
smartphones and wearables, are increasingly being
recognized as means to provide comprehensive,
objective, real-world assessment of individuals with
PD and improve care. Such technology is already
readily available. Approximately 85% of U.S. adults
own a smartphone [54], and 20% wear a smart
watch or fitness tracker [55]. Research studies sug-
gest that digital health technologies can be used to
measure specific PD motor constructs [56], assess
gait [57–59], track physical activity [60], measure
sleep parameters [61], monitor response to medica-
tions [62, 63], detect motor fluctuations [62, 63], and
predict meaningful events [64]. While for the most
part this research has not yet translated to clinical
practice, there are many commercially available fit-
ness trackers and PD-specific digital products [65,
66], and the time is quickly approaching. Individu-
als with PD are beginning to expect a certain amount
of familiarity with these approaches on the part of
their healthcare team. In turn, healthcare teams are
beginning to consider use of these digital health tech-
nologies to inform clinical management.

The use of sensor-based digital health technologies
to capture personal health data requires an under-
standing of how to select the appropriate device
for the intended use, the ability to perform a range
of different digital skills (e.g., proper wear, charg-
ing, completion of health assessments, uploading
and transmission of health data), and an understand-
ing of how to interpret the data. While no studies
have specifically examined digital health literacy in
PD, much less with specific emphasis on sensor-
based digital health technologies, usability studies
that examine the ease of use of digital health tech-
nologies may inform our understanding. One study
examined the usability of a digital health system
(smartwatch, smartphone and wearable inertial mon-
itoring unit) among individuals with PD over a 7-day
monitoring period and found a high median usability
score that inversely correlated with age [67]. In a sep-
arate qualitative study, individuals with PD identified

wearable device design (e.g., need for battery replace-
ment) as a potential barrier to use [68]. In another
study, usability of a camera system was influenced
by age and motor impairment while the usability of a
tablet-based application was influenced by cognitive
status and digital health literacy [69]. These results
need to be interpreted with caution as individuals
who participate in such studies are a self-selected
group likely to have more familiarity with digital
health technologies than the general PD population.
However, such work highlights that digital solutions
need to be tailored to the specific population and that
successful use of digital health technologies may be
dependent on age and/or disease stage.

FUTURE DIRECTIONS

The growth in digital health technologies has
changed the face of healthcare. It is easy to imagine a
world, in the not-too-distant future, where healthcare
services are more easily accessible online than in-
person, wearable and ambient sensors are routinely
used to monitor health and adjust treatment remotely,
autonomous optimization of DBS settings is the stan-
dard, and digital health technologies are routinely
used to deliver treatments for a range of motor and
non-motor symptoms. To prepare for such a world,
we must invest in digital health literacy.

Future research should determine the prevalence of
digital health literacy among individuals with PD. It
is important to note that digital health literacy is not a
fixed trait and can be improved over time. Accurately
identifying individuals with low digital health liter-
acy is a critical step in determining how to allocate
targeted resources and implementing effective inter-
ventions. Routine screening for digital health literacy
during healthcare visits may be instrumental in iden-
tifying those in need of support. Integrating digital
health literacy into social determinants of health doc-
umentation within EMR systems can facilitate this
process.

Evidence-based strategies for enhancing digital
health literacy need to be developed. One potential
intervention to improve digital health literacy is the
implementation of educational programs and tech-
nology assistance initiatives (Table 1), which should
be made available to patients and their caregivers
at little to no cost [4]. We must devote appropriate
healthcare system resources towards the improved
education of individuals with PD and their caregivers
on the use of EMR systems, telehealth, remote DBS
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Table 1
Digital health literacy existing challenges and potential solutions

Existing Challenges Potential Solutions

Lack of access to high-speed broadband internet
connection

• Advocate for expansion of affordable high-speed broadband/wireless
services

Difficulty with independent Patient Portal login, access,
and use

• Programs and aids to educate and assist patients with navigation of
electronic medical record technologies

Obstacles to initiate and conduct a telehealth visit • Accessible training materials in a variety of formats (e.g., written
web-based instructions, video demonstrations)

• Clinic-based telehealth coordinator assistance to prepare patients
prior to visit and assist during visit

Barriers to independently set-up and navigate remote
DBS programmer for adjustments and/or event tracking

• Real-time technical support
• Accessible training materials in a variety of formats (e.g., written

web-based instructions, video demonstrations)
Challenges with wearable sensor selection, use, and
data interpretation

• Advocate for affordable access to digital health technologies
• Clinic-based guidance on the appropriate selection of sensors
• Provide guidance on how to evaluate the adequacy of data privacy

and protections
Difficulty with smartphone navigation and application
use

• Partner with community organizations and schools on digital health
literacy programs

• Conduct in-person classes with student volunteers
Lack of access to materials and support in languages
other than English

• Ensure availability of educational resources in languages other than
English

programming, wearable devices, and other sensors to
optimize their health [53]. Digital health technology
companies also have a role to play; they must ensure
the usability of their products and appropriateness for
individuals with PD.

While technology may improve the care that many
individuals with PD receive, it threatens to amplify
existing health disparities. The digital divide is the
gap between individuals who have access to dig-
ital technologies and the necessary digital literacy
to use them and those who do not [70]. As noted
above, the digital divide primarily affects individuals
with PD from underserved groups and interven-
tions should be appropriately targeted. To dismantle
these health disparities, we need to provide equi-
table access to technology and commit additional
resources towards improving the digital health lit-
eracy of underserved individuals and their families.
One important initiative is to provide patients with
health services in the language they prefer. For exam-
ple, Spanish language clinics could improve Hispanic
patient understanding and adherence to digital health
technology. Strong partnerships with community
organizations will also be needed to improve digi-
tal health literacy. Policy changes are also necessary
to help dismantle disparities in care. For example,
we should advocate for affordable, home broadband
access for all and for policies that ensure equal
and fair reimbursement of telehealth services [71].
Lastly, research studies that evaluate digital health
solutions and strategies for improving digital health

literacy, must prioritize the inclusion of underserved
populations.

Telehealth, wearable sensors, smartphone appli-
cations, and other digital health technologies offer
transformative potential in healthcare. We must invest
not only in the development of new technologies but
the assessment, understanding, and improvement of
digital health literacy. Without this investment, we
will not be able to capitalize on the potential of dig-
ital health technologies and stand to worsen existing
healthcare disparities.
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Menel A, Bloccari L, Valè N, Saltuari L, Tinazzi M, Sma-
nia N (2017) Virtual reality telerehabilitation for postural
instability in Parkinson’s disease: A multicenter, single-
blind, randomized, controlled trial. BioMed Res Int 2017,
796282.

[32] Dobkin RD, Mann SL, Gara MA, Interian A, Rodriguez
KM, Menza M (2020) Telephone-based cognitive behav-
ioral therapy for depression in Parkinson disease: A
randomized controlled trial. Neurology 94, e1764-e1773.

[33] Feeney MP, Xu Y, Surface M, Shah H, Vanegas-Arroyave
N, Chan AK, Delaney E, Przedborski S, Beck JC, Alcalay
RN (2021) The impact of COVID-19 and social distancing
on people with Parkinson’s disease: A survey study. NPJ
Parkinsons Dis 7, 10.

[34] Hassan A, Mari Z, Gatto EM, Cardozo A, Youn J,
Okubadejo N, Bajwa JA, Shalash A, Fujioka S, Aldaajani
Z, Cubo E, the International Telemedicine Study Group,
Adams J, Afshari M, Aldaajani Z, Aldred J, Bajwa JA, Ben-
Pazi H, Bloem B, Browne P, Buesing K, Cardozo A, Chan
B, Chouinard S, Cubo E, Doumbe J, Dekker M, Fujioka S,
Galifianakis N, Gatto E, Goetz C, Guttman M, Hassan A,
Hatcher-Martin J, Katz M, Mari Z, Moukheiber E, Ojo O,
Okubadejo N, Pantelyat A, Prakash N, Shalash A, Spindler
M, Tanner C, Youn J (2020) Global survey on telemedicine
utilization for movement disorders during the COVID -19
pandemic. Mov Disord 35, 1701-1711.

[35] de Rus Jacquet A, Bogard S, Normandeau CP, Degroot
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