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Abstract. Digital therapeutics, treatments delivered remotely and enabled by modern technology, facilitate the provision of
personalized, evidence-based, interdisciplinary interventions to manage the complexities associated with Parkinson’s disease.
In the context of the COVID-19 pandemic, the need for digital therapeutics has arguably never been greater. However, despite
new advances in technology and a heightened interest due to the pandemic, digital therapeutics remain underdeveloped and
underutilized. In this paper, we briefly review practical applications and emerging advances in digital therapeutic platforms
that target motor and non-motor signs and healthy lifestyle behaviors such as regular exercise, a healthful diet and optimal
sleep hygiene habits. Future applications which could transform personalized self-management and patient care are presented.
Opportunities, drawbacks and barriers to access are discussed.
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INTRODUCTION

Parkinson’s disease (PD) is a multifaceted condi-
tion that may include a host of motor and non-motor
symptoms. Given the complexities of the condition,
it is widely recognized that an integrated, interdis-
ciplinary approach to treatment is warranted to live
optimally with PD [1]. However, despite evidence
regarding the beneficial effects of many therapeutic
approaches, access to these approaches is restricted
for many reasons including lack of transportation,
limited numbers of trained specialists in one’s vicin-
ity and, more recently, the COVID-19 pandemic.

*Correspondence to: Terry D. Ellis, PT, PhD, FAPTA, Depart-
ment of Physical Therapy & Athletic Training; Center for
Neurorehabilitation, College of Health and Rehabilitation Sci-
ences: Sargent College, Boston University; 635 Commonwealth
Avenue, Boston, MA 02215, USA. Tel.: +1 617 353 7571; E-mail:
tellis@bu.edu.

Furthermore, treatment administered by healthcare
professionals is typically provided in a clinical set-
ting at a discrete point in time when the symptoms
or challenges faced by patients may not be manifest-
ing. Digital therapeutics offer a scalable mechanism
to overcome the barriers and shortcomings associ-
ated with traditional in-clinic care by delivering per-
sonalized evidence-based treatment remotely at a
time and place most convenient and beneficial to the
patient. Digital therapeutics are distinct from other
digital health approaches in that their primary func-
tion is to deliver software-generated therapeutic
interventions directly to patients to prevent, manage
or treat a medical condition [2, 3]. Approaches may be
used independently or in conjunction with clinician-
delivered treatment. Digital therapeutics can also be
integrated with mobile health platforms and may be
paired with devices, sensors or wearables, allowing
more robust functionalities [3]. The need for digital
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therapeutics has arguably never been greater, and
these approaches are currently underdeveloped and
underutilized [4]. This paper focuses on recent and
emerging evidence for the use of digital therapeu-
tics to facilitate lifestyle changes and to address both
motor (e.g., walking) and non-motor (e.g., sleep, anx-
iety) aspects of PD with the goal of improving patient
outcomes.

ARTIFICIALLY INTELLIGENT VIRTUAL
COACHES TO PROMOTE HEALTHY
LIFESTYLE BEHAVIORS

Advances in digital therapeutics provide numer-
ous options to foster engagement in healthy lifestyle
behaviors such as regular exercise, a healthful diet and
optimal sleep hygiene habits. Despite the known ben-
efits of these healthy lifestyle practices, making and
sustaining lifestyle modifications is tremendously
challenging, particularly in the context of motor and
non-motor signs associated with PD. Many approa-
ches using digital therapeutics encompass strate-
gies, grounded in cognitive behavioral change theory,
known to be effective in fostering changes in behav-
ior [5]. These strategies may consist of goal setting,
action planning, self-monitoring as well as the pro-
vision of social support, positive feedback and rew-
ards. All of these aspects can be addressed through
use of relational agents which are computational arti-
facts designed to establish long-term social-emot-
ional relationships with users, fostering a therapeutic
alliance in an automated fashion. In an early study
in PD, a relational agent took the form of an anima-
ted virtual coach that had face-to-face conversions
with users who “talked” to the character through a
touch screen on a tablet computer in their homes [6].
Five-minute daily counseling sessions over one mo-
nth were designed to establish a social bond with
users and improve motivation and self-efficacy thr-
ough employing behavioral change strategies with the
goal of increasing daily walking. Participants inter-
acted with the virtual exercise coach 25.4 days out
of the recommended 30 days, mean adherence to
daily walking was 85% and gait speed and walking
capacity improved. However, this form of a virtual
coach only allowed users to respond to agent-directed
questions which encompassed a fixed set of multi-
ple choice responses and users were not able to ask
questions.

In contrast, more recent developments in virtual
coach technology allow recognition of free-written

or spoken language (natural language processing),
enabling user-directed, personalized communication
with more humanistic qualities [7]. Advances in mac-
hine learning, particularly in neural networks, have
allowed for more complex dialogue management me-
thods and conversational flexibility [7]. Applications
to healthcare, particularly behavioral change inter-
ventions, are emerging. In a 12-week single-arm
pre-post study focused on increasing physical activity
and fostering adoption of a Mediterranean-style diet
in inactive community-dwelling adults aged 45-75
(N'=81), an artificially intelligent virtual coach was
deployed on a cloud-based instant messaging plat-
form and downloaded on users’ personal devices
[8]. The virtual coach guided participants through an
introductory educational session, 11 weekly check-
ins regarding daily step counts and dietary patterns,
assisted users with setting personalized step and diet
goals and was available 24/7 to answer questions.
Participants increased physical activity by a mean of
109.8 minutes per week and experienced significant
weight loss over 12 weeks. Feasibility was excellent
in terms of recruitment, retention (90% at 12 weeks)
and safety [8]. Limitations of this study include a lack
of a control condition and a relatively short follow-
up period. Well controlled trials in PD are needed
to determine the effectiveness of this approach over
the long-term. With advances in artificial intelligence
(AI), virtual coaches have tremendous potential to
promote self-management of the condition across
multiple domains (e.g., physical activity, diet, sleep).

DIGITAL THERAPEUTICS TO IMPROVE
WALKING OUTCOMES

A digital therapeutic platform (MedRhythms Inc.)
has been designed to improve walking outcomes by
digitizing a well-established, evidence-based inter-
vention known as Rhythmic Auditory Stimulation
(RAS). RAS is an approached used in rehabilita-
tion in which external auditory cues (e.g., beat of
a metronome) are applied to facilitate entrainment
or the ability to synchronize movements (i.e., walk-
ing) to a beat [9]. Several studies reveal the beneficial
effects of RAS in improving spatiotemporal param-
eters of gait in PD [10], but translation of this
approach into digital therapeutics is just beginning.
The MedRhythms digital therapeutic platform is a
closed loop system that (see Fig. 1) consists of an
inertial sensor that monitors a patient’s real time
walking cadence, a Bluetooth low-energy radio chip
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Fig. 1. Digital Closed Loop Gait Training Therapeutic In the top portion of the figure, a sensor is worn on the shoe to collect real-time
walking cadence. A smartphone (lower right) houses the music playlist and delivers the acoustic signals through headphones worn (lower
left) by the patient. Algorithms time shift the music to match the patient’s cadence and modulate according to entrainment outcomes.

with near field communication and a floating-point-
on-board processor. A smartphone houses the music
playlist and delivers the acoustic signals through
bone-conducting headphones. Automatic decision
processing occurs that adapts auditory stimuli based
on preferred cadence as well as their synchronization
performance. As synchronization improves, tempo
of the music is increased to further challenge walk-
ing. This approach was recently applied to persons
with stroke in a proof-of-concept study [11]. Results
revealed that a single, fully automated training visit
resulted in significant increases in comfortable and
fast walking speeds. No trips or falls occurred dur-
ing the training. All users reported the device helped
them walk faster and 70% indicated they would use
it most or all of the time at home [11]. Though these
results are limited to one session of training, this
approach has much potential for application in PD

and could allow access to a home-based approach to
gait training to enhance quality and quantity of walk-
ing and extend the benefits of in-person training with
a physical therapist.

Digital therapeutics can also be integrated with
mobile health applications (“apps”). Mobile health
(mHealth) offers a remote platform to increase access
to physiotherapists (and other healthcare profession-
als) with expertise in PD. The delivery enhancement
of lifestyle interventions through mHealth “apps”
provides a mechanism to provide ongoing, rather than
episodic, goal setting; provision of real-time, rather
than delayed, feedback to reinforce positive behav-
ioral change; more frequent adjustments of individu-
ally tailored programs; and ongoing connections with
healthcare professionals through messaging features
[12, 13]. Digital therapeutics provided through mob-
ile health apps allow physiotherapy interventions to
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be more readily scaled, providing access to greater
numbers of people who may not otherwise have acc-
ess. These approaches can be seamlessly integrated
into everyday life thereby allowing greater flexi-
bility, adaptability, and relevance to the individual.
In a single-blinded comparative effectiveness RCT,
changes in walking activity were compared in an
mHealth-mediated exercise program and an active
control over one year in persons with mild to mod-
erate PD [14]. At an initial clinic visit, participants
were instructed in individually tailored exercises
which were video-recorded and uploaded to the app
(Wellpepper, Inc.) on a tablet. Participants accessed
the exercises at home via the mobile app and ent-
ered data on adherence, pain and level of difficulty
which was monitored remotely by the physiothera-
pist. This store-and-forward approach allowed data
to be collected and viewed asynchronously by a
physiotherapist remotely. Participants could also
message the physiotherapist with questions, allowing
troubleshooting and motivational encouragement.
Exercises were progressed and adapted remotely
by the physiotherapist based on the data reviewed.
Increases in daily steps and moderate intensity min-
utes were observed in both groups over one year;
however, changes were clinically meaningful only
in the less active subgroup receiving the mHealth
mediated intervention. The digital exercise interven-
tion appeared to differentially benefit more sedentary
participants, suggesting a target population that may
profit most from the added mHealth support [14].
Limitations of this study included enrollment of a
highly educated sample which was lacking in racial
and ethnic diversity. This may influence the gener-
alizability of the findings to the broader population
with PD.

DIGITAL THERAPEUTICS TO IMPROVE
NON-MOTOR OUTCOMES

Digital therapeutics need not be limited to appr-
oaches utilizing exercise or to those aimed to address
motor aspects of the disease. Non-motor aspects of
PD can also be addressed effectively via digital me-
ans. One of the most widely studied approaches in this
realm is cognitive-behavioral therapy (CBT) deliv-
ered remotely [15]. Most recently, two relatively la-
rge RCTs in PD showed that remotely delivered CBT
was superior to standard medical treatment in improv-
ing anxiety, depression, insomnia and quality of life
[16, 17]. These interventions were telephone-based

or internet-based static educational modules. A digi-
tal CBT therapeutic in PD could offer automated, yet
personalized and interactive treatment delivered at a
time when the intervention is needed to address the
symptoms of most concern. For example, in a single-
blind RCT of 1711 community dwelling adults with
probable DSM-5 insomnia disorder, digital CBT was
delivered using web and/or mobile channels via
the Sleepio programme and associated app (https://
www.bighealth.com/ sleepio and Sleepio App) and
compared to sleep hygiene education [18]. The
6-session program was fully automated and its under-
lying algorithms fed the delivery of information,
support and advice tailored to the needs of the
individual based on goals set by the participant at
the outset of the program and sleep diary data pro-
vided by the patient daily. The program was highly
interactive and content was presented by an animated
virtual therapist. Treatment consisted of a behavi-
oral component (i.e., sleep restriction, relaxation), a
cognitive component (i.e., cognitive restructuring,
mindfulness) and an educational component (i.e.,
sleep hygiene). Participants could view their pro-
gress, treatment strategies, sleep schedule and educa-
tional materials via the platform at their convenience.
This digital CBT approach resulted in a small imp-
rovement in functional health and psychological
well-being with a large improvement in sleep-related
quality of life compared with sleep hygiene edu-
cation after four weeks and 24 weeks. A large
improvement in insomnia mediated these outcomes
[19]. These results suggest the potential benefits
of digitally applied CBT to improve sleep and
present opportunities for application to PD. Sim-
ilar digital therapeutic approaches to CBT have
the potential be applied to reduce worry and anxi-
ety (https://www.bighealth.com/daylight); however,
studies are needed to determine efficacy in PD. If
found to be efficacious in PD, this digital approach
to administering CBT interventions targeting various
non-motor signs could be “prescribed” by physicians,
allowing patients to access CBT at low cost in their
own time and at their own pace.

FUTURE PERSPECTIVES

The potential benefits of digital therapeutics to
patients, healthcare providers, and healthcare sys-
tems are substantial and far-reaching. Advances in
artificial intelligence coupled with the central role of
mobile technology in everyday life has expanded the
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Fig. 2. Proposed Digital Therapeutic Platform Provides Centralized Hub for PD Management: “PD PAL” Artificially Intelligent Digital
Therapeutic Platform provides a centralized hub (“one-stop shop”) for PD management by integrating data from physical activity, sleep,
eating habits, motor (e.g., gait) and non-motor (e.g., mood) symptoms in relationship to medication intake to provide personalized digital
interventions that address the areas of most concern or to achieve pre-determined goals.

application of digital therapeutics to healthcare. Clin-
ical trials in digital therapeutics have increased more
than fivefold over the past five years, and the mar-
ket is expected to grow tenfold in the next three to
five years [20]. This accelerated pace presents chal-
lenges related to how digital therapeutics need to be
regulated, how healthcare providers and patients will
respond and whether/how these technologies will be
reimbursed by 3rd party payers/healthcare systems or
provided through retail outlets. Much work remains
to be done to advance digital therapeutics in PD, as
studies in neurology constitute only 8% of digital
therapeutics trials to date, with studies in rehabili-
tation lagging behind at less than 2% [20].

One vision for the future is to have a central-
ized “hub” which supports patients in managing a
complex chronic condition, such as PD. Using an Al-
driven approach, the platform (e.g., “PD PAL”) could

encompass a virtual coach that tailors care based on
the needs of the individual (see Fig. 2). It would sup-
port all aspects of a patient’s health by providing
a whole-person approach through tracking and ana-
lyzing critical dimensions of health. It would sync
with other data sources (e.g., activity trackers, sleep
trackers, tremor) which could be passively collected
during everyday living. It could prompt patients to
complete periodic brief assessments of non-motor
symptoms (e.g., anxiety, mood, cognition) and motor
status (e.g., gait, balance) which could be integrated
with data on when medications were taken. Relevant
data would be shared and analyzed to enable coach-
ing (e.g., goal setting, action planning, reminders,
rewards) and personalized digital interventions (e.g.,
CBT for anxiety, depression or sleep or digital RAS
for walking) addressing the most troubling symptoms
at a given point in time. Ideally, the platform would
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integrate with various electronic medical record sys-
tems and summary data could be shared across the
healthcare network to designated members of the
interdisciplinary team. This approach would allow
patients a “one-stop” centralized approach to man-
agement of all aspects of their PD.

Implementing a platform such as this will not be
simple, as there are barriers that may limit uptake of
digital therapeutics [21, 22]. Many digital therapeu-
tics are accessed through smartphones. In a survey
of adults (N=2,607) in the US aged 50+ reflect-
ing the demographics for American adults over 50,
smartphone adoption was 86% for those 50-59 but
drops to 62% for those 70 and older [23]. Although
this suggests a relatively high prevalence of smart-
phone use among older adults, about 1/3 of those
over 70 do not use a smartphone, limiting access
to many digital therapeutic options among this sub-
group. A majority of African Americans (94%) and
Hispanic/Latinos (91%) over age 50 use a smart-
phone; however, far fewer own other digital devices
such as a fitness tracker, revealing a reduced adop-
tion of digital devices beyond smartphones. We must
acknowledge the digital divide and the fact that all
digital offerings to date have primarily reached highly
educated, white patients [24]. We must take care not
to widen the gap in access as we move forward.
There is great potential to reach those in underserved
communities, but we are underachieving in this area.
National policy changes are needed to bridge this dig-
ital divide along with local grassroots efforts to reach
those patients who could benefit most.

In addition to these global barriers, there are some
issues specific to PD that could impact adoption of
digital therapeutics. Deficits in fine motor dexterity
may necessitate increased button and icon sizes or
use of a touch-pen. Training in the use of digital ther-
apeutics may also be a challenge, as a recent study
in PD revealed impairments in retention following
fine motor skill training with a touchscreen swiping
task [25]. Cognitive impairments may also interfere
with integrating digital interventions in everyday life
[26], and since many of the studies in PD examin-
ing the benefits of digital therapeutics exclude those
with cognitive impairments it is not clear what cog-
nitive capacity is needed to successfully use these
technologies [6—14].

CONCLUSION

Digital therapeutics combines technology and
evidence-based medicine to transform personalized

patient care in an engaging and meaningful way.
These approaches, although relatively early in their
development, have great potential to improve access
to evidence-based interventions to address unmet and
widespread needs give patients with PD greater con-
trol over their treatment and enable access to the
desired intervention along with progress updates at
a convenient and time and place. Though promising,
much greater advances are needed in PD to develop
and integrate digital therapeutic options into the
healthcare ecosystem. Importantly, engagement from
all stakeholders (e.g., patients, care partners, health-
care providers, industry leaders, software engineers)
is necessary to ensure a feasible, realistic, evidence-
based solutions are generated.
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