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Abstract. Digital health promises to improve healthcare, health, and wellness through the use of digital technologies. The
purpose of this commentary is to review and discuss the field of digital health for Parkinson’s disease (PD) focusing on the
needs, expectations, and wishes of people with PD (PwP). Our analysis shows that PwP want to use digital technologies to
actively manage the full complexity of living with PD on an individual level, including the unpredictability and variability
of the condition. Current digital health projects focusing on PD, however, does not live up to the expectations of PwP. We
conclude that for digital health to reach its full potential, the right of PwP to access their own data needs to be recognised,
PwP should routinely receive personalised feedback based on their data, and active involvement of PwP as an equal partner
in digital health development needs to be the norm.
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INTRODUCTION

Digital health promises to improve healthcare, he-
alth and wellness through the use of digital technolo-
gies. Parkinson’s disease (PD) with its abundance of
symptoms and treatment side effects as well as highly
individualised manifestations and treatment combi-
nations has been identified as a suitable model disease
for technology-based improvements [1–3].

Today, the field of telehealth for PD can be consid-
ered established and reasonably well researched [4,
5]. The field has also been given a boost by the ongo-
ing covid-19 pandemic [6]. Furthermore, technology
is used in delivery of physiotherapy and similar [7–9].
Although helpful to many, we will not focus on these
fields, but rather explore more innovative and PD
specific digital health solutions.
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The rapid technological evolution over the past
two decades is enabling new models of knowledge
exchange. For instance, the number of smartphones
in the world today is estimated to be 3.5 billion (the
world’s population is 7.8 billion) and is forecasted
to keep increasing [10]. This means that an ever-in-
creasing number of people have access to the world’s
collective knowledge, literally at our fingertips. What
does this mean for digital health in PD?

Even though patient engagement has been sug-
gested to have clinical effects on levels comparable to
“blockbuster drugs” [11], the patient perspective of
digital health is rarely discussed, it has even been
reported that physicians are discouraging patients
from using digital solutions [12]. The purpose of this
commentary is therefore to review and discuss the
field of digital health for PD from a patient perspec-
tive, primarily focusing on the needs, expectations,
and wishes of people with PD (PwP). Two of the
authors are PwP with substantial experience of digi-
tal health for PD and their personal perspectives will
be incorporated throughout the article.
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WHAT DO PWP WANT FROM DIGITAL
HEALTH?

Management of any chronic condition is a mix of
healthcare and selfcare. For PD, as emphasised by the
ongoing covid-19 pandemic, selfcare is key to suc-
cessful management [13]. What do PwP hope for and
expect from digital technologies for their selfcare?
Technology, including online tools and services have
been identified as having potential to improve health
and well-being for PwP [14]. In general, PwP often
have access to and feel comfortable using computers,
mobile phones and the Internet [15, 16], although,
similarly to the general population, the use of smart-
phone apps is lower among older PwP compared to
younger [15]. Several recent studies report that PwP
are optimistic that digital technologies will enable
them to improve their abilities to successfully man-
age the progressive nature of PD [17–19]. Our review
of the literature shows that PwP want to use digital
technologies for:

• Actively managing the full complexity of living
with PD on an individual level, including the
unpredictability and variability of the condition
[17–21].

• Tracking functionality and symptoms (motor and
non-motor) in relation to medications (types, do-
ses, and timings), stress, sleep, exercise, and con-
textual factors [17–21].

• Collaborating with their medical team in deci-
sions on symptoms, problem areas, treatments,
short and long term management [17–21].

• Finding information, knowledge, and social sup-
port [22–25].

Active management of the full complexity of liv-
ing with PD requires access to information. It is well-
known that a lot of people in the general public
are finding health information online and one study
reported that 75% of PwP access disease-related in-
formation online [15]. In a different study, 36% of
PwP identified the Internet as their main source of
PD-specific knowledge [16]. The accuracy, releva-
nce, and quality of the information online can how-
ever vary [26] and concerns have been raised both by
clinicians and PwP of the difficulty for PwP to sepa-
rate “hope from hype” [27]. One example is a study of
how DBS is represented in videos on Youtube; as “a
technological fix”, while the more complex impacts
of the procedure are not elaborated on [28]. This can
lead to unrealistic expectations from PwP on what
can be achieved.

Self-tracking is “a process of deliberately collect-
ing and structuring observations about one’s own
life” [29] and it can be used by PwP both in col-
laboration with clinicians and researchers, and on
their own, as patient-initiated self-tracking. To the
best of our knowledge, the only peer-reviewed aca-
demic work on patient-initiated self-tracking in PD
has been conducted by the first author of this paper
(SR) and includes two single subject studies where
SR used herself as the research participant. In the first
study, SR explored how the effects of her PD medica-
tion varied across the day by capturing finger tapping
performance with a smartphone app [30]. In the sec-
ond study, the effect of nicotine from an e-cigarette
on levodopa-induced dyskinesias was examined [31].
The main conclusion from these two studies is that
self-observation and symptom tracking potentially
can enable PwP to better understand their own per-
sonal condition and to improve treatment, both with
and without clinical support. Evaluation of a self-
management programme for PwP and care partners
confirms that such effects are possible [32].

Daily feedback to PwP of their data from wearable
sensor technology has been shown to elicit positive
effects on individual mobility compared to PwP wear-
ing the sensors without feedback [33].

CURRENT STATE OF DIGITAL HEALTH
FOR PD

Digital technologies have been used for more than
a decade to assist clinicians in assessments of PD. Set
against this backdrop, to what extent do current digi-
tal technologies match patient expectations or hopes?
Below we will present a few illustrative examples
from the clinical/research communities in PD and
consumer device industry.

Over the last few years, there have been a number
of initiatives and projects using wearable technology
to track different aspects of PD. To date, only a few
are generally available, and then mostly to clinicians
only. One such example is the Personal Kinetigraph
(PKG); a device worn on the wrist, collecting data
on movements (tremor, bradykinesia, and dyskine-
sia) and providing reminders for medication intakes.
The patient receives a device, pre-programmed by
a clinician and wears it for six consecutive days. A
report is generated and used by the physician in dis-
cussions with the patient. A recent study reported that
physicians found that using the device could improve
patient dialogue and that patients found that it could
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provide valuable impact on their care [34]. The PKG
cannot be acquired directly by PwP and the report
that is generated is also not available to PwP.

A prototype version of a wearable device aiming
to improve monitoring of PD on/off states using a
single sensor was developed in an EU-funded project
between 2011 and 2015. The system, called REM-
PARK, consists of a sensor worn in a belt and a
smartphone app and is designed to record the move-
ment of PwP and provide cues to improve walking
as well as nudges to fill out questionnaires on non-
motor symptoms. A multi-center five day validation
study indicated that the system was able to correctly
detect on/off state in a study of 33 PwP, comparing
data from the sensor with PwP self-reported on/off
states [35]. The system enables clinicians to moni-
tor PwP online, PwP do not have access to the data
generated.

A smartphone app for PD that has received a lot of
attention is mPower. It was launched as part of Apple
Research Kit in March 2015 with the aim of a better
understanding of the variations of PD and potential
modulators as well as providing real-time feedback
to the participants [36]. Although the mPower app
was initially downloaded 48,104 times, only 0.3%
(n = 150) of users were PwP who contributed data on
five separate days or more [37]. Publications using
mPower data show interesting results but as far as we
can understand, the intended real-time feedback to
participants has not yet been implemented.

Devices not specifically intended for PD may also
be useful. Spire® is a wearable device for tracking
breathing, heart rate and activity. It can be acquired by
clinicians and is used for monitoring patients, mainly
with COPD. A small (n = 13) randomised study evalu-
ating the device in the context of mindfulness training
for anxiety in PD reported challenges with study
recruitment and retention, acceptability of the device,
and technical difficulties [38]. The conclusion was
that in future studies, PwP need to be involved already
in the early planning stages.

Parkinson@Home is a recent project with the
objective of investigating the use of technology for
PwP in their daily lives by using a smartwatch
together with a smartphone and an app combined
with a cloud storage environment [39]. A recently
published validation study (n = 42) demonstrated that
using a single sensor to analyse gait in the homes of
PwP is feasible [40].

Consumer devices may also be of interest. A device
intended for PD that has been discussed a lot among
PwP during the last few years is the “Emma Watch”,

a vibrating device worn on the wrist intended to com-
pensate for hand tremor. The project was funded by
Microsoft and involved a team lead by an innovation
director at the company and a PwP with young onset
[41]. As can be seen from the + 26 000 Google search
hits and + 400 000 views on Youtube, the project
received worldwide attention, yet there is no indica-
tion that the device has been developed further since
2017.

DISCUSSION

Digital health holds significant potential of trans-
forming health, healthcare, and research. We have
reviewed the literature with a specific focus on the
needs, expectations, and wishes of people with PD
(PwP) [17–25]. In Table 1 the future development
aims of digital technologies according to our analysis
of the aspirations of PwP are summarised.

When comparing these development aims with the
solutions presented in the previous section, it is appar-
ent that the field of digital health in PD has not come
very far. Consumer products have so far also failed
to make it beyond laboratory or pilot settings. PwP
cannot access the generated data in any of the solu-
tions presented above which means that PwP cannot
themselves learn directly from the data they gener-
ate. To date, the majority of studies conducted in
digital health for PD focus on assessments in the
clinic despite the fact that the overwhelming major-
ity of PwP’s time is spent outside of the clinic [42].
Notable exceptions are the mPower smartphone app
and the Parkinson@Home study, which are both col-
lecting data from PwP in their everyday lives. The two
projects have however yet to deliver tangible results
for the larger PwP community. Publications using
mPower data show interesting results but as far as
we can understand, the intended real-time feedback
to participants has not yet been implemented, which
could be one explanation for the very high attrition
rates. Another important issue is the lack of person-
alised feedback to PwP since meaningful feedback to
PwP has been shown to increase motivation [33].

Conventional studies often attempt to identify
markers to predict the onset and progression of PD
by observing and collecting data from individuals and
draw conclusions on a group level. This is of course
of interest to PwP but considering the extreme indi-
viduality of PD, such an effort may take a very long
time to produce any tangible results available to PwP
or even fail completely. Of higher priority to PwP is
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Table 1
Future development aims of digital technologies according to aspirations of PwP

Domain Future development aims

To meet the aspirations of PwP, . . . digital technologies should
Availability . . . be available to PwP directly, and not only via clinicians.
Functionality . . . work for both motor and non-motor symptoms.

. . . support both short term hour-by-hour management of medication
and long-term monitoring of year-by-year progression of disease.

. . . support collaboration between PwP and their medical team.
Data . . . provide PwP with access to data collected.

. . . give PwP personalised feedback based on the data.

probably to use their own data to improve their own
PD.

The development aims in Table 1 can be seen
as building blocks for personal science, which is
“the practice of using empirical methods to explore
personal questions” [29, 43]. Personal science and
patient-initiated self-tracking offer a framework for
structured self-observation that can be supported by
the use of technology but can also be applied without
digital tools.

THE PAST, PRESENT, AND FUTURE OF
DIGITAL HEALTH FOR PD

We have summarised our view of how the roles
of PwP, clinicians and researchers in the design and
use of digital health for PD are evolving in Fig. 1.
In the past, PWP involvement in digital health devel-
opment has been small and mainly in the context of
technological research. This resulted in many “solu-
tions looking for a problem” rather than developing
solutions based on actual needs of PwP. At present,
there is more interaction generally and it is with both

Fig. 1. The past, present, and future of digital health for PD.

researchers and clinicians, although the role of PwP
is often significantly smaller than that of researchers
and clinicians. One explanation can be that clinicians
are not always comfortable with the way PwP use or
want to use technology [21].

In the future it is to be hoped that patient
involvement will increase substantially and in equal
partnership with researchers and clinicians.

By weighing together our review of the literature
with our personal experiences, we conclude that for
digital health for PD to reach its full potential, a num-
ber of challenges need to be addressed:

1) The right of PwP to access their own data needs
to be recognised

2) PwP should routinely receive personalised feed-
back based on their data, and

3) Active involvement of PwP as an equal partner in
digital health development needs to be the norm,
and if necessary mandated and/or incentivised.
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