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Abstract
Objective: In an era where digital devices become increasingly available, passive and active capturing of patient data
during their everyday life becomes possible. However, it is still unclear to what extent people with chronic diseases
are willing to use digital health technology (DHT) to assess study-relevant endpoints. The aim of the present study
was therefore to determine such acceptance rates for clinical studies and which type of DHT patients prefer.
Methods: A survey with 492 people with Parkinson’s disease (64± 11 years, 41% female) and 75 people with an
immune-mediated inflammatory disease (58± 15 years, 99% female) was conducted.
Results: The vast majority of people (93%) were willing to use at least two devices simultaneously during a clinical study.
Two-thirds indicated that they would use DHT for ≥6 days following a visit in the context of a study. The appearance of
the device turned out to be important as the most popular devices were smartwatches, whereas more complex DHT,
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clearly recognisable as medical-grade were least popular. The effects of gender, age and disease could be detected, such
as, for example, a tendency for men to be willing to use more devices simultaneously than women.
Conclusion: Overall, our findings suggest a willingness among individuals with Parkinson’s disease and immune-mediated
inflammatory disease to engage in clinical studies involving DHT. It is also evident that elderly patients can be integrated
into these studies provided that the participation demands are aligned with clinical imperatives and the devices are user
friendly.

Keywords
Acceptance rates, device preferences, immune-mediated inflammatory disease, Parkinson’s disease, user friendliness,
wearable devices
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Introduction
Modern technologies, and especially mobile digital health
technology (DHT), enable the passive and active capturing
of patient data during their everyday life. Data collected by
DHT can be used as a clinical endpoint or surrogate marker
in clinical studies and support diagnosis, treatment decisions
and could serve as assessments of therapeutic efficacy. The
use of DHT in clinical trials has increased in the last years
in accordance with the fast progression in technology devel-
opment.1–3 With the evolution of technology, its application
in clinical trials also evolves. A range of technologies is uti-
lised to gather multimodal data, with capabilities in capturing
diverse data types concurrently.2 While the use of DHT in
clinical studies is growing in recent years, its use is heteroge-
neous: Some clinical studies are carried out for DHT verifi-
cation purposes (the “hardware”) or the validation of novel
biomarkers or endpoints (the “software”), others apply
already available DHT biomarkers or endpoints.2 Recently,
the U.S. Food and Drug Administration has launched recom-
mendations for sponsors, investigators, and other stakeholders
on the use of DHT for remote data acquisition from partici-
pants in clinical investigations that evaluate medical pro-
ducts.4 However, whereas Chandrasekaran et al.5 asserted in
2020 that up to 70% of clinical trials would incorporate
DHT by 2025, the deployment of DHT in clinical research
is currently surprisingly limited. One of the main reasons is
the fear that the use of DHT is too much burden for study par-
ticipants, which could have an impact on data quality.6 The
Electronic Clinical Outcome Assessment consortium7 empha-
sizes the importance to select DHT that have good usability
properties with the specific population in mind.6

There is still little evidence on how willing people with
chronic diseases are to use DHT for research purposes in their
daily life. It may depend on several factors. A motivating fac-
tor is a possible diagnostic or therapeutic benefit for the par-
ticipants and loved ones through the study participation.8

Negative factors are the burden of participation and concerns
about data protection and privacy.8–11 In a survey, site staff
said that participants’ willingness to use DHT depends on

age, disease severity, frequency of data collection, previous
experience with healthcare technology and problems to connect
devices. The effort required to learn how to use the technology
in the study and the burden of carrying an additional device
were also cited as demotivating factors.11 Finally, another key
point in prior literature was that the use of this technology is
not usually sustained.12,13

There is little prospective research regarding practical
matters such as the time patients are willing to dedicate to
research studies with DHT and which type of DHT they
would prefer. A recent study found that key factors that
determine the acceptability of medical devices for home
use include low effort of use, minor disruptions to daily
live and good support from the study team.14 An inter-
national survey collecting patient perspectives on DHT in
care and clinical trials performed with people suffering
from motor neuron disease investigated patients’ prefer-
ences for the number of apps/devices to use and frequency
for home monitoring. Patients stated that they find a max-
imal number of three to four devices or assessments to
use at home acceptable and that the highest acceptable
frequency is weekly.15 Table 1 shows a summary of the
current state of knowledge concerning this topic.

This study seeks to address key questions concerning the
acceptance of DHT by persons with chronic conditions.
Specifically, we aim to determine which types of DHT these
people are most willing to use, for what duration and under
what conditions they find such technologies acceptable.
Additionally, we investigate how demographic factors,
such as age and disease type, influence DHT preferences
and potential adherence in clinical research settings.

Methods

Participants
Patients with either Parkinson’s disease (PD), Huntington’s
disease (HD) or at least one immune-mediated inflamma-
tory disease (IMID; rheumatoid arthritis [RA], systemic
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lupus erythematosus [SLE], Primary Sjögren’s Syndrome
[PSS], or inflammatory bowel disease) were invited to par-
ticipate in this online survey. The only inclusion criterion
was the presence of one of these diseases, and there were
no exclusion criteria. Clinical confirmation of the diagnosis
and having already experience with DHT was not required.

Survey
This survey was developed with the aim of gathering
anonymous feedback from people affected by these diseases
to help design a large multicentre observational study and to
understand what patients would deem acceptable in terms of
study design. Therefore, questions regarding the preferences
people have concerning clinical study participation in general
and DHT use in particular were included. The questions were
developed by IDEA-FAST (Identifying Digital Endpoints to
Assess Fatigue, Sleep and activities of daily living in Neuro-
degenerative disorders and Immune-mediated inflammatory
diseases) consortium partners including patient specialists.
No copyright permissions are needed. The survey was set
up with Lime Survey (LimeSurvey GmbH, Hamburg,
Germany). Data were stored on a server by Alfahosting,16

all located in Germany. Questions were first developed in
English, then translated into French, German, Italian and
Spanish using DeepL17 and proofread by native speaking
study staff for each language. The survey design was adapted
from other initiatives.18–20

Ethics approval for the survey design and content were
received by the ethics committee of the medical faculty of
Kiel University prior to study start (D 547/21). The aim was
to collect information for the design of this study, which
uses DHT in these patient groups. The link of the survey
was sent out via email to the following organizations and
patient groups for further distribution: European
Federation of Crohn’s & Ulcerative Colitis Associations,
Asociación Parkinson Madrid, Parkinson’s UK, Lupus UK,
Sjogren Europe, European Huntington Association, and
University of Newcastle. It was also made available to patients
in France, Germany, Italy, Spain and the United Kingdom,
especially to those patients who were involved in the

IDEA-FAST feasibility study (N= 14521,22). It was available
for completion 147 days from 10 August 2021 to 1
February 2022 and was available only online. Before potential
responders could start filling out the survey, they were
informed in writing about the content of the survey and how
obtained data will be processed. They had to actively agree
to participate by clicking their mouse. Otherwise, the process
stopped, and no data were stored. Participation in the survey
was voluntary, and participants did not receive any compensa-
tion for completing it.

The survey contained two major sections. In the first sec-
tion, participants answered 15 questions regarding technol-
ogy, its use and use duration. In the second section, 10
questions gathered basic demographic data such as, for
example, age, gender, country of residence, disease dur-
ation and the current condition of the disease-related symp-
toms such as fatigue and sleep disorders, the main topics of
the study to design. The completion of the survey took
about 10 min. The full survey is available in the supplemen-
tary material.

Selected questions about device use
The focus of this analysis was on the following questions
concerning device use.

• Question 5 (Q5): “If you were asked to wear two
devices that were simple to use, for how many
days would you be happy to wear them together?
This could be a smartwatch and a movement sensor
at your lower back as indicated in the photo below,
which can be worn hidden from view under your
clothes. The devices have to be worn continuously
24h per day and should only be removed from the
body during showers, and so on. Correct placement
needs to be checked daily and the devices may
need to be recharged once or twice per week,” with
the following possible answers: “2 days or less; 3–
5 days; 6–7 days; 8–14 days; 15 days or longer”
(see Appendix figure A1).

• Question 6 (Q6): “Which sort of devices would you
be willing to use [you can choose more than one
option]? The devices can be worn hidden from
view under your clothes,” with the following possible
answers (including picture of device): “a. Smartwatch
(wrist band with display)*; b. Wrist band without dis-
play (otherwise similar to a.)*; c. Waist belt*; d. Arm
band*; e. A patch that sticks to your chest*; f. A
head band that you wear at night**; g. A mat that
you place under your mattress**; h. A small box placed
on your bedside**; i. Any device that is safe for use
(e.g., with a security certificate); j. None. (explications:
* Devices that measure mobility and/or physiological
function, such as steps and heart rate, **Devices that
measure your sleep).”

Table 1. Literature-based factors influencing the willingness to
use of digital health technology.

Motivating factors Demotivating factors

- Possible diagnostic or
therapeutic benefit8

- Good support from
study team14

- Burden of participation: high
effort of use14 and time
commitment9,10

- Concerns about data protection
and privacy15

- High frequency of active data
collection15

- Disruption of daily life14

Maetzler et al. 3



• Question 7 (Q7): “We are considering asking people
to use more than one device in order to be able
to collect a broader range of measures. How many
devices would you be willing to use (together)?”
with the following possible answers: “1; 2; 3; 4; 5
or more.”

• Question 8 (Q8): “Would you prefer stationary or
wearable devices (please choose “0” if you don’t
have any preference)?” where people should indi-
cate their preference on a scale from −5 (strongly
prefer stationary device) to 5 (strongly prefer
wearable).

• Question 13 (Q13): “Would you be willing to enter
these data (on your fatigue, sleep and health) into
an app installed on your own smartphone? The study
team could assist in installing the app if needed,”
with the following possible answers: “Yes; No,
because I would be concerned about the app acces-
sing data from my phone; I do not own a
smartphone.”

• Question 14 (Q14): “How regularly would you like
feedback about the data collected by the devices
you are using for the study, if this is possible?”
with the following possible answers: “Every day;
After each visit in connection with the use of digital
devices; Once, at the end of the study; I do not want
to get any feedback from the digital devices.”

Statistical analysis
JASP (Version 0.18.3, JASP Team, 2024) was used for ana-
lysis, and JASP and Excel (Version 16.0.4266.1001,
Microsoft Corporation, 2016) for visualisation of results.
Variables are presented as mean (±standard deviation) or
frequency (%). To compare different age groups, the data
were split into the following four quartiles:≤ 55 years,
56–63 years, 64–71 years, and ≥ 72 years. An α level
<.05 was considered statistically significant. In general,
chi square tests were performed, as the data were categor-
ical. For question 8 a Mann-Whitney U test was performed,
as the data were categorical and not normally distributed.
For question 6, multiple chi square tests were performed
and Bonferroni corrected.

Results

Demographics
In total, 1439 participants started and 631 of those com-
pleted the survey (44%). Eight hundred and eight survey
takers accessed the link to the survey but did not make
any entries. As the survey was anonymous, it is not possible
to determine whether there were any participants who later
completed the survey. Of those 567 were included in the
final analysis, 493 PD patients and 75 patients with at least

one IMID (32 PSS; 19 SLE; 5 IBD; 1 RA; 7 RA and PSS;
7 SLE and PSS; 3 RA and SLE; and 1 RA, SLE and PSS).
We excluded 27 HD patients due to small sample size
(descriptive results presented in the supplementary mater-
ial), 20 patients with both, PD and IMID diagnosis, 9
who did not want to disclose their diagnosis and 8 partici-
pants without any disease. Basic demographics of the PD
and IMID groups are presented in Table 2.

The PD group was older than the IMID group and
included more males. Most PD participants indicated that
their country of origin was Spain, while the majority of
the IMID participants were from the United Kingdom.
For further information, please see Supplementary
Table S1.

A high percentage of the survey completers had the
above-mentioned diseases for ≥2 years or longer: Almost
90% of respondents indicated that the onset of the disease
was at least 2 years ago and more than half indicated that
it was at least 5 years ago. The majority of IMID partici-
pants indicated that they suffered from the disease for
more than 10 years.

Survey answers
Table S3 gives an overview of group-specific differences.
In the following the results of the survey questions are
presented.

Time respondents would be willing to use two devices at the
same time (question 5). All respondents said they would
use two devices at the same time for up to 2 days, 88%
would be willing to wear them for up to 5 days, 66% for
up to 7 days, 46% for up to 14 days and 37% would be will-
ing to wear them for 15 days or more (Figure 1B). Older age
was associated with shorter periods the survey takers would
be willing to use DHT (p= .004). No significant differences
between disease groups and gender were observed
(Supplementary Table S2).

Type of device respondents prefer to use (question 6).
Smartwatches were deemed most acceptable by respon-
dents (74% were willing to use this device), while the chest
patch (34%; e.g., for collection of physiological data) and
the head band (e.g., for the nighttime collection of electro-
encephalograms (EEG); 24%) were rated least acceptable.
People with an IMID were more likely to indicate their will-
ingness to use the chest patch, the bed mat, the wrist band
without display, the arm band and the box at the bedside
compared to people with PD. The younger age groups indi-
cated a greater willingness to use the head band and the
chest patch than participants from the older age groups.
More female participants were willing to use the bed mat,
the wrist band without display and the box at the bedside
compared to male participants (Figure 2).
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Number of devices respondents would be willing to use
(question 7). All respondents said they would accept a
digital device for data collection in their usual environment.
When the only option was to wear more than one device,
93% of the respondents were willing to wear two devices,
56% three devices, 30% four devices, and 22% five or
more devices. Men were more open to wearing more than
one device simultaneously than women (p< .001). There
were no significant differences in this question between the
diseases studied or any association with age (Figure 1C).

Preferences of respondents concerning stationary or wearable
devices (question 8). The majority (57%) did not show a
preference, while 14% showed a strong preference for wear-
ables and 6% showed a strong preference for stationary
DHT (Figure 3). Older age was associated with a preference
for stationary devices (p= .027). There was no significant
association in preference in disease groups (p= .207) or
per gender (p= .353).

Willingness of respondents to install and use a (diary) app for
study purposes on their own smartphone (question 13). Most
respondents (81%) were willing to install and use an app on
their own smartphone for study purposes. Only 8% were not
willing to do so, while 11% said they did not own a smart-
phone. Younger age (p < .001) and male gender (p= .021)
were associated with greater willingness to install and use
an app on their personal smartphone for a study. There
was no significant association for disease groups (p=
.806; data not shown).

Feedback frequency of device data desired by respondents
(question 14). When asked how often they would like to
receive feedback about the data collected by the DHT
(e.g., time spent in vigorous or moderate activity, or sleep
duration) about 99% of respondents indicated that they
would like to receive it. Most respondents (47%) indicated
a preference for receiving feedback after each technology
use period, while 29% indicated a preference for feedback
at the end of the study, 24% were in favour for daily feed-
back, and 1% for no feedback at all. Technology use period
describes the period of time during which a subject wears/
uses DHT. More people with PD wanted to receive daily
feedback (PD: 25%, IMID: 12%), while more people with
an IMID wanted to receive feedback only once (PD: 27%,
IMID: 40%; p= 0.022). Age group (p= .091) and gender
(p= .113) did not show a significant effect (Figure 1A).

Discussion
DHTs are increasingly used in clinical trials.2,3,5,23–25 The
Clinical Trials Transformation Initiative lists five points
they would like to see changed in clinical trials by 2030.
One of them covers the selection of DHT for clinicalT
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research.26 The hope is that DHT can collect a maximum of
study data passively and non-invasively minimizing the
manual collection of trial-specific data. One of the most
important advantages of DHT is that they can capture
patients’ data in a more realistic, i.e. everyday life, environ-
ment.27,28 Another advantage is that mobile technologies
can reduce the burden of a study participation because

less on-site visits are necessary. On the other hand, the bur-
den can also increase for participants who are not familiar
with digital devices or for those who are physically
impaired due to their disease which makes the use of
DHT difficult (an example could be a touch screen that is
difficult to use for a person with reduced fine motor skills).
These challenges might be overcome, but careful design

Figure 1. Indicated preferences regarding feedback frequency (A), device use duration (B), and the number of DHT people with PD
and IMID would be willing to use during a potential study or trial (C). Technology use period represents a defined continuous
assessment period.
Note. DHT: digital health technology; PD: Parkinson’s disease; IMID: immune-mediated inflammatory diseases.

Figure 2. Percentage of respondents willing to use specific DHT. (A) Overall, (B) by disease (PD vs. IMID), (C) by age group and
(D) by gender.
Note. DHT: digital health technology; PD: Parkinson’s disease; IMID: immune-mediated inflammatory diseases.
*p<.05.
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and testing of DHT in specific contexts of use and diseases
is therefore important.

In the survey presented here, we tried to assess how a clin-
ical study or trial with DHT should be designed to be well
accepted by different groups of people with a disease. We
found that DHT use for research purposes is well accepted
in people with chronic diseases, such as PD and IMID. All
people were willing to use such technology for research pur-
poses. Most respondents were willing to use at least two
devices for at least 3 days (with two-thirds willing to use
DHT for at least a week) and they were willing to install an
app on their own phone for research purposes. In the last dec-
ade, several publications investigated the use of mobile tech-
nologies in clinical trials,23,29–32 highlighting the potential of
unobtrusive data acquisition as well as the need to adjust the
length and type of device to the target population. Data fre-
quently collected over extended periods of time could provide
deeper understanding of disease activity variability, a likely
important contributor to treatment response variability.
Having larger and denser datasets would help to characterize
intra- and interpatient variability. However, if use periods are
too long this is likely to decrease adherence.33 Therefore, our
data give valuable insights on which DHT and use lengths
might be acceptable to clinical populations.

In our data, there was no clear preference given to the choice
betweenwearable or stationaryDHT.When looking at the exact
type of device participant’s preferred, unsurprisingly, those
devices that were frequently used in everyday life, such as
smartwatches, were preferred as well as devices that needed lit-
tle attention, like a box on the nightstand to measure vital

parameters. People were least willing to use a headband during
the night. Reasons might include that this device is unusual and
very visible, might interfere with the normal sleep position and
must be put on correctly every night. Qualitative research shows
that, indeed, concerns with the visibility of a device as well as
expected reactions of peers and the hassle to use a device are
important factors for research participants when using DHT.14

A meta-synthesis of qualitative research on DHT also found
that people disliked devices that resemble medical devices
and those they had to wear in bed.34 This might also explain
why the chest patch was not very well liked, as it resembles a
medical device.

Looking at a group level, we found that the diagnosis
influenced the willingness to use digital technology for
some parameters. A larger proportion of people with an
IMID were willing to use the chest patch, the bed mat,
the wrist band without display, the arm band and the box
at the bedside compared to people with PD. A reason for
this difference might be that motor symptoms that are
more prominent in PD might be a concern when interacting
with certain DHT. Another possible explanation might be
that all these DHT are not very well known and PD patients
show decreased novelty seeking.35 Therefore, PD patients
might be more prone to liking established devices like,
for example, a smart watch. Another difference between
the two disease groups was that more people with PD would
like to receive daily feedback, while more people with an
IMID would prefer feedback only once. A practical reason
might be that PD patients are older and therefore more
likely to be unemployed 5 years after diagnosis36 compared

Figure 3. Reported preference for stationary or wearable DHT across all participants. −5 indicates a strong preference for stationary
devices, 5 indicates a strong preference for wearables, while zero indicates no preference.

Maetzler et al. 7



to PSS (and RA),37 for example, and thus might have more
time to process the feedback. In general, it can be said that
feedback is extremely important for the respondents and
that it should also be given on a relatively frequent basis.

Recent studies reported older study participants showing
lower familiarity with DHT and requiring greater technical
support.38 Lower acceptability in the use of mobile technol-
ogy was also observed.39–44 Yet, only few studies can be
found that look at patients’ preferences of the use of mobile
technologies in clinical studies prospectively. It is crucial to
understand if and to what extent potential study participants
are willing to use DHT when designing a study.32 In our
study, which included relatively old people with chronic dis-
eases, we observed small effects due to age indicative that
also older people have a high willingness to use DHT for clin-
ical research. This is in line with a study showing very good
adherence of a smartphone study in older adults.38 However,
younger people were more willing to install apps for the study
on their own phone than older people. This could be because
younger people are already familiar with the use of apps and
the exchange of data via apps and are less concerned about
the data being misused. In addition, in our survey, older parti-
cipants preferred shorter use periods for the DHT and were
less willing to use the head band and the chest patch than
younger participants. The survey also showed that some older
people would prefer stationary DHT. Therefore, the use of
complex wearables should be well thought out in older popu-
lations as this might overwhelm them. Also, DHT use periods
should be kept shorter than in younger populations. Zin et al.45

showed that physical constraints and a lack of technical under-
standing caused elderly Koreans to struggle with the use of
DHT. So, the decreased motor and cognitive functioning,
that can occur with advanced age, and particularly in PD
and HD, may also contribute to this result to some extent.

In our study, some effects of gender were detected as
well. For some DHT (e.g., bed mat, wrist band without
display, or box at the bedside), women were more likely
to indicate that they would use the device than men.
One explanation could be that women might be more
motivated to participate in studies for altruistic reasons
irrespective of the device they were asked to use.46 On
the other hand, men were more willing to wear several
DHT at the same time and more willing to use study
apps on their own phone than women, which also shows
high motivation in men for study participation in general.
One could hypothesize that men like to interact with DHT
and like the complexity that comes with the use of mul-
tiple DHT more than women do. However, this might
also be the expression of a social impact of a study partici-
pation in general, a higher risk-taking behaviour observed
in men and higher mistrust in women as key factors for
willingness to participate in clinical trials.47

Furthermore, it has been shown that women more than
men fear that the use of DHT might effect in less human
attention and could lead to loneliness or social isolation,48

and when it comes to adopting new types of wearable
technology, women lag behind.49 Our results need con-
firmation in future studies and hypotheses for gender-
specific preferences should be tested to improve retention
rates for these types of studies.

Limitations
Several factors limit the generalizability of our results. First,
the PD and IMID groups are not comparable in terms of
gender (PD mostly male, IMID almost exclusively female)
and country of residence (the majority of survey responders
indicated living in Spain (54%) followed by the United
Kingdom (11%). The rest was distributed all over Europe,
with relatively low numbers per country. Almost all of
the Spain responders were people with PD. Hence, the
effects of gender and disease in this sample should be inter-
preted with caution. Second, we did not assess how prior
DHT use impacts willingness to use technology in research.
It may make sense to take this factor into consideration in
future studies, as one study showed that people using
mobile devices daily were more willing to participate in a
clinical trial using DHT.32 Third, we did not assess the
potential adverse health effects associated with prolonged
utilisation of DHT. This encompasses general negative
impacts on brain health and specific concerns related to
PD, such as impulse control disorders. We would therefore
like to emphasise the importance maintaining a balanced
approach toward the utilisation of these technologies.
Fourth, we must acknowledge the possibility of selection
bias as also participants of the IDEA-FAST feasibility study
were informed about the survey. Although this could only
have been a minority, it is still possible that their contribu-
tion introduced a bias toward higher experience with the use of
some of the devices (and accepting some burden of collecting
additional information through them), computer literacy and
interest in clinical innovation. Fifth, as the survey focused
on a selection of devices used in the IDEA-FAST feasibility
study, the questions were designed by IDEA-FAST consor-
tium partners, and the wording of the questions may have
influenced the respondents’ choices. Sixth, the survey ques-
tions were not formally validated. However, the wording of
the questions was refined through several rounds of discussion
with patient specialists to improve the comprehensibility and
usability of the questions and eventually obtain the most pre-
cise answers possible. Seventh, information about educational
background, cognitive ability and prior experience with DHT
were not collected. Finally, the diagnoses were not confirmed
by a medical doctor.

Conclusion
Patient engagement and a patient-centric study design are
crucial to enable the efficient use of DHT in clinical stud-
ies. To avoid drop-outs, non-compliance and invalid
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device data the type of DHT and the use duration should be
considered carefully. Our data indicate that the optimal
duration for DHT assessment periods involving people
with chronic diseases ranges from 3 to 7 days, employing
a maximum of two devices. Smartwatches are currently
the most widely accepted type of device. Overall, our
results are encouraging regarding the future implementa-
tion of DHT in clinical studies, as they show that not
only younger but also older and chronically ill people
are interested to participate in technology-added studies
as long as devices are easy to use, and the participation
effort is manageable.
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