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Abstract Background Patient-generated health data (PGHD) are data collected through
technologies such as mobile devices and health apps. The integration of PGHD into
health care workflows can support the care of chronic conditions such as multiple
sclerosis (MS). Patients are often willing to share data with health care professionals
(HCPs) in their care team; however, the benefits of PGHD can be limited if HCPs do not
find it useful, leading patients to discontinue data tracking and sharing eventually.
Therefore, understanding the usefulness of mobile health (mHealth) solutions, which
provide PGHD and serve as enablers of the HCPs’ involvement in participatory care,
could motivate them to continue using these technologies.
Objective The objective of this study is to explore the perceived utility of different
types of PGHD from mHealth solutions which could serve as tools for HCPs to support
participatory care in MS.
Method A mixed-methods approach was used, combining qualitative research and
participatory design. This study includes three sequential phases: data collection,
assessment of PGHD utility, and design of data visualizations. In the first phase, 16 HCPs
were interviewed. The second and third phases were carried out through participatory
workshops, where PGHD types were conceptualized in terms of utility.
Results The study found that HCPs are optimistic about PGHD in MS care. The most
useful types of PGHD for HCPs in MS care are patients’ habits, lifestyles, and fatigue-
inducing activities. Although these subjective data seem more useful for HCPs, it is
more challenging to visualize them in a useful and actionable way.
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Background

Patient-Generated Health Data
Patient-generated health data (PGHD) are defined as health-
related data created, recorded, or gathered by individuals to
helpaddress ahealthconcern.1Theyare alsoknownasperson-
generated health data when they refer to healthy individuals
tracking health-related behaviors.2 While PGHD is distinct
from data generated in clinical settings, it cannot be inter-
preted in isolation and sometimes only gains meaning in
conjunction with clinical data.2 PGHD encompasses diverse
datasets derived from digital solutions, including both passive
andactive sensingmethods. Passive sensing involves theuseof
wearabledevices andsensors tocollectobjectivelymeasurable
health data, also known as digital biomarkers.3,4 Examples of
digital biomarkers includebody temperature, heart rate, blood
pressure, blood glucose, and oxygen saturation.5 Additionally,
mobile technologies enable the collection of subjective data
about patients’ perception of individual aspects such asmood,
symptoms, or pain assessment.1,3

PGHD requires patients to self-track, which transforms
the typical roles of patients and doctors, empowering
patients to be active participants in their health care rather
than passive receivers of health care services.6 Furthermore,
active self-tracking with specific goals has been shown to be
effective in supporting patientswith chronic conditions7,8 by
improving their satisfaction, allowing them to engage in self-
management9,10 and participate in shared decision-mak-
ing.6,11 Despite these numerous benefits, the use of PGHD
poses several challenges that must be addressed, including
data security and privacy and data validity and actionability.1

Participatory Health Informatics
Participatory health informatics (PHI) is a multidisciplinary
field that leverages information technology to increase indi-
viduals’ participation in their care. It deals with the resour-
ces, devices, and methods required to support the active
participation and engagement of the stakeholders.12 The
goals of PHI include maintaining health and well-being,
improving the health care system and health outcomes,
and achieving life goals, among others.12 Within PHI’s con-
text, mobile health (mHealth) and PGHD can increase the
participation of individuals in their care, serving as enablers
of different stakeholders’ involvement in participatory
health processes.12 Research has shown that patients are
willing to share a variety of health information with health
care professionals (HCPs)13 to support long-term manage-
ment and communicate about diagnosis and treatment-
related decision-making.7,8 However, for clinical purposes,
the mere act of collecting and sharing PGHD does not

automatically lead to meaningful outcomes unless the data
are effectively integrated into the clinical workflow.7 While
HCPs express openness to the use of PGHD,10 in practice, few
are actively using it in their clinical routines.14 It is known
that the HCPs’ acceptance of mHealth solutions positively
influences their patients’ trust in those solutions8; therefore,
if HCPs are reluctant to utilize PGHD, its anticipated benefits
may be limited, with patients’ motivation decreased, poten-
tially leading to the discontinuation of tracking and sharing
of data.1,5,15 Most commercially available mHealth solutions
are not designed to facilitate data sharing, making collabo-
ration through these tools time-consuming and impractical
for many HCPs.16 As a result, frustration may arise for both
patients and HCPs when expectations are not met.17 Given
that the perceived usefulness of technology plays a crucial
role in HCPs’ acceptance of mHealth solutions,18,19 improv-
ing the usefulness of those solutions could motivate HCPs to
use and recommend them.9

mHealth in the Care of Multiple Sclerosis
Multiple sclerosis (MS) is a chronic inflammatory and neuro-
degenerative disease of the central nervous system that
represents themost common cause of neurological disability
among young adults in the developed world.20,21 Persons
with MS (PwMS) experience a wide range of symptoms that
affect mobility and cognitive functions, significantly impact-
ing their quality of life.20,22,23 Given the complexity of the
disease, a multidisciplinary approach is advocated, involving
a team of HCPs. Management strategies must be tailored to
individual patients, includingmultidisciplinary assessments,
rehabilitation, and appropriate treatment.24 Guidelines rec-
ommend a multidisciplinary therapy approach for the suc-
cessful management of MS symptoms. However, strong
evidence is available only for unimodal interventions, such
as physical therapy, exercise, or energy management pro-
grams.25 In the outpatient setting, MS monitoring relies on
infrequent assessments (typically once or twice per year),
with scarce objective assessments of disease progression26

and few types of data available to provide personalized
health care services, treatments, and cost-effective thera-
pies.20 Fatigue represents a widespread symptom reported
by 90% of PwMS, making it one of the most frequent and
disabling symptoms of MS.27 Previous research has identi-
fied that mHealth self-management tools can help PwMS to
gain a sense of control over MS28 and could also lower the
costs and burden of travelling to clinic-based assessments,
improving the capture of PGHD regarding impairments and
functioning of PwMS.29 For HCPs, PGHD could enhance the
long-term management process, improving the under-
standing of patients’ individual needs without negatively

Conclusion HCPs are optimistic about mHealth and PGHD as tools to further
understand their patients’ needs and support care in MS. HCPs from different
disciplines have different perceptions of what types of PGHD are useful; however,
subjective types of PGHD seem potentially more useful for MS care.
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impacting their workload.30 However, for those benefits to
be achieved, HCPs must find the value in using mHealth
solutions; therefore, special attention should be devoted to
understanding their needs and expectations as stakeholders
in the care process of MS.15

Objectives

The primary objective of this study is to explore the potential
utility of different types of PGHD derived from mHealth
solutions that could serve HCPs in the care of chronic con-
ditions such as MS that require highly individualized health
care. TheexplorationprocesswasconstructedaroundtheMore
Stamina app, which is a mobile solution designed to support
PwMSwith their fatigue; however, the focus of this study is on
the perspective of the HCPs as stakeholders in MS care.

A secondary objective of this study was to identify chal-
lenges with the proposed exploration process and identify
factors that can enhance the process in future studies.

Related Research

Previous research indicates that only approximately 14% of
HCPs working in MS care feel they canmanage the needs and
expectations of their patients.31 Although some mHealth
solutions forMShave emerged to address this need, there is a
limited understanding of issues such as how these solutions
serve HCPs in their work,32 how HCPs engage with the
datasets produced by them,33 or how they can enable
HCPs’ involvement in participatory health.

To address these knowledge gaps, this study focuses on
the context of the More Stamina Project, a multidisciplinary
collaboration between researchers across the globe and
health institutions across Europe. The project aims to devel-
op the More Stamina app while simultaneously exploring
how to connect stakeholders, especially HCPs and family
members, to improve collaboration and the well-being of
PwMS.34,35 The project follows the patient and public in-
volvement concept, with PwMS representatives actively
participating in strategic decision-making, design and devel-
opment, and providing their expertise.36 The More Stamina
mobile app is a self-management task organization tool
designed to help PwMS manage their energy to minimize
the impact of fatigue on their daily life. The app learns about
the user’s habits, tracks activity trends, and provides indi-
vidualized recommendations accordingly. Additionally, the
app can monitor the users’ physical activity through smart-
phone sensors and collects patient-reported outcomes, in-
cluding the Fatigue Severity Scale and Chalder Fatigue Scale.
Users have control over the information they choose to
disclose and with whom they share it.35 The app was
designed following a user-centered and participatory design
approach through iterative development for continuous
improvement. Previous related studies have explored the
needs, barriers, and facilitators of mHealth apps for PwMS,22

conducted a systematic app review of MS digital solutions,37

conducted initial usability testing of the app,34 performed a
user testing and piloting as part of an ongoing multicenter

study,35 and carried out the early health technology evalua-
tion utilizing DigiHTA.38

Research Methodology

This study comprised three sequential and interrelated
phases, with each phase building upon the results of the
previous one.39 An exploratory approach was employed to
gain insights from HCPs on the potential utility of participa-
tory health technologies, such as mHealth solutions, in the
context of MS care. We followed a mixed-methods method-
ology, combining qualitative research and participatory de-
sign approaches.40 The phases of the study were (1) data
collection, (2) assessment of PGHD utility, and (3) design of
data visualizations. The data collection was done through
interviews, while the subsequent phases were carried out
during a series of participatoryworkshops.►Fig. 1 illustrates
the flow of the exploratory process.

Data Collection Phase
Qualitative data regarding the use of mHealth solutions and
PGHD were gathered from HCPs through individual semi-
structured interviews. Purposive sampling was employed to
invite experienced HCPs inMS care from both outpatient and
inpatient settings in Spain and Switzerland, respectively. A
total of 16 HCPs were interviewed. Interviews with the
Spanish participants were conducted in their native lan-
guage, while interviews with Swiss participants were con-
ducted in English, with the assistance of a native German
speaker available for translation if needed. Each interview
lasted approximately 40 to 45minutes, was audio-recorded,
and subsequently transcribed verbatim. The transcriptions
of the Spanish interviews were later translated into English.

The interviewed HCPs represented multiple medical dis-
ciplines, including neurology, neuropsychology, psychology,
nursing, occupational therapy, physical therapy, and exercise
science. Most of the sample was female (15 females and one
male), and the mean age was 39.9 years (standard deviation
[SD]: 12.6). All interviewees were treating PwMS at the time
of the interview, with an average of 12.4 years of experience
working in MS care (SD: 10.8). After the completion of the
interviews, a thematic analysis was carried out individually
by five researchers from theMore Stamina project (including
S.G., V.M.. and G.G.) using the qualitative analysis software
nVivo. The collected data were first analyzed using an open
coding process, followed by axial coding to find relationships
between the codes. The codes were synthesized and grouped
into two main categories of concepts linked to the use of
mHealth solutions, each named with a concise statement:
mHealth for patient self-management and PGHD for HCPs’ use.

Assessment of PGHD Utility
The second phase of the exploration process entailed further
conceptualization of PGHD as a support tool for HCPs in the
care of PwMS. Three participatory workshops were con-
ducted with HCPs working in two separate health centers
(Spain and Switzerland). All participants had a minimum of
1 year of experience working with PwMS, with over two-
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thirds (12/16) of themhaving 10 ormore years of experience.
The workshops followed a consistent format, with G.G., V.M.,
and O.R.-R. facilitating the sessions. All facilitators had
extensive experience moderating participatory workshops.

The categories and concepts identified during the data
collection phase served as the foundation for the workshop’s
preparation. At the start of eachworkshop, participantswere
presented with trigger statements related to the two catego-
ries of concepts. The statement related to the category of
mHealth for patient self-management was: “As a health care
professional, I would like my patient to be able to:” and for the
statement for the category PGHD for HCPs’ use was: “As a
health care professional, I would like to know about my
patient:”. The concepts within each category were displayed
on separate boards, sorted from the most frequently
mentioned during the interviews to the least mentioned.
Participants were not provided with information on the
sorting criteria. The concepts associated with mHealth
for patient self-management were presented first, followed
by those in the category of PGHD for HCPs’ use. After
the trigger statement, participants had the opportunity
to assess the concepts in that category and individually
rank the three concepts they deemed most relevant based
on their perceived utility inMS care. Afterwards, participants
had brief discussions about the reasoning behind their
choices.

While in real-life situations the decision to share PGHD
restswith the patient, andprivacy issuesmust be considered,
for the purpose of the workshops, it was communicated to
the participants that patients would be willing to share the
data collected by theMore Stamina app. This allowedHCPs to
evaluate which of the datasets to be collected through the
app could be useful if integrated into their workflow.

Design of Data Visualizations
Upon completion of the ranking exercise, participants were
divided into design teams formed by three to four HCPs from
diverse disciplines who shared a common interest in specific

types of PGHD. Each teamwas instructed to work on a paper
prototype of a visualization for the type of PGHD they
deemed more useful. To provide a realistic context, a simple
use case was provided. The visualization prototype was
expected to be clear and concise enough to be reviewed
within 5minutes of a regular consultation with a PwMS. The
prototype was intended to be a one-page view, providing
useful information about the patient since the last check-up.
Throughout the design process, participants had the oppor-
tunity to seek advice from the workshop facilitators. The
facilitators emphasized important considerations, such as
time constraints during appointments and potential issues of
visualization ambiguity. The prototypes were constructed in
the form of dashboard sketches.

HCPs’ Experience as Participants in the Exploration
Process
We believe that gathering feedback from HCPs representing
different medical disciplines, working in diverse settings
(inpatient/outpatient) and with various levels of experience
in MS treatment, would contribute to enhancing the trust-
worthiness of the study by validating the utility of the types
of PGHD collected in the earlier phase. Additionally, to gather
recommendations for future related research, a couple of
HCPs were invited to share their experience on the explora-
tion process. These participants had joined the process
starting at the interviews and participated in one of the
workshops, although without prior knowledge of their later
involvement in this study.

Ethical Considerations
The study was conducted following the ethical research
guidelines of the University of Oulu and the Finnish Advisory
Board on Research Ethics41 and was approved by the Bio-
medical Research and Ethics Committee of the Junta de
Andalucia in Spain.

As part of the More Stamina Project, ethical approval
for the research was sought and obtained from the

Fig. 1 Phases of the exploratory process.
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corresponding entities in charge of research integrity in
Spain and Switzerland.

Results

The exploration process comprised three interrelated
phases, with each phase building upon the results of the
previous one. The outcomes of the process are presented as
follows.

Exploration of HCPs’ Perceptions
In the first phase, data collection was done through inter-
views, which were subsequently analyzed. The analysis
yielded several concepts related to the use of mHealth and
PGHD. The category of concepts related to mHealth for
patient self-management comprised 24 concepts, while the
category of PGHD for HCPs’ use incorporated 17 concepts
(►Fig. 2).

During the interviews, 81.3% of HCPs (n¼16) agreed that
mHealth solutions would be beneficial for their patients,
while 43.8% indicated that they believed those solutions
could also be useful for them in the care of PwMS. Among
the participants, 50% reported having recommended health
apps to their patients, primarily for education and preven-
tion purposes. However, only two HCPs reported having
previously reviewed PGHD from mHealth solutions during
consultations.

The other two phases of the exploration process were
conducted through a series of participatory workshops,
focusing on the conceptualization of PGHD as a support
tool for HCPs. The participants in the workshops had also
been interviewed, providing them with the opportunity to

reflect further on their initial perceptions of the utility of
mHealth and PGHD in MS care.

During the exercise to rank the top three types of PGHD
based on their perceived usefulness, HCPs’ opinions in the
category of mHealth for patient self-management varied
widely, resulting in multiple data types being considered
useful by only a few participants. In contrast, opinions
seemed relatively more aligned in the category related to
PGHD for HCPs’ use. In this category, out of the 17 concepts
identified from the interviews, only 10 were considered
important during the ranking process. Furthermore, only
five types of PGHD were found useful to four or more HCPs.
The final ranking of the concepts is displayed in ►Fig. 3.

The results of the ranking process also indicate that,
despite HCPs showing interest in objective PGHD, such as
sleep quality and quantity or physical activity, the types of
data ranked as more useful can be characterized as subjec-
tive. HCPs in MS care highly value data about habits and
lifestyle, with over half (10/16) of them ranking those types
of PGHD as the most useful. Other relevant types of subjec-
tive PGHD that produced interest include fatigue-inducing
activities, mood, and stress. Responses fromHCPsworking in
an inpatient clinic dedicated to physiotherapy indicated a
slightly higher interest in digital biomarkers for HCPs in that
medical discipline. Sleep quality and quantity and physical
activity were identified as themost useful digital biomarkers
from a solution as the More Stamina app.

In the final phase of the study, HCPs were required to
design paper prototypes of PGHD visualizations that could be
reviewed during a regular consultation. The prototypes were
designed for the PGHD thatHCPs ranked as themost useful in
the context of MS care, namely habits and lifestyle, fatigue-

Fig. 2 Concepts related to mHealth and PGHD. PGHD, patient-generated health data.
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inducing activities, sleep quality and quantity, and physical
activity. An illustrative example of a prototype is shown
in ►Fig. 4.

Lesson Learned for Further Studies
To address the secondary objective of our study, two of the
participants in the exploration process shared their insights
on the process. It is important to note that these participants
were not involved in the data analysis or interpretation of the
results.

Concerning the assessment of PGHD’s usefulness, the
participants indicated that selecting the three most useful
concepts presented by the facilitatorswas challenging. In real
life, HCPs need to consider multiple variables, including

collaboration with an interdisciplinary team of HCPs in-
volved in care and the diverse goals of PwMS. The partic-
ipants found the overall experience to be interesting and
valued the opportunity to engage in discussions and share
different thoughtswith fellowHCPs. However, they indicated
that the time allocated for the workshop was too short, as
HCPs from different disciplines have varying viewpoints.

Discussion

Utility of PGHD in the Care of MS
This study aimed to explore the potential utility of different
types of PGHD from an mHealth solution targeted at PwMS.
The focus of the study was on the HCPs in MS care, as their

Fig. 3 Ranking of the usefulness of PGHD. PGHD, patient-generated health data.
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perspective as stakeholders in the design process of mHealth
solutions has been less studied.42

The use of mHealth solutions to enable PwMS in self-
management has been on the rise, with nearly half of PwMS
who own mobile devices reporting having used health apps
and feeling they benefit in doing so.13 However, the support
for the active participation and engagement of the stake-
holderswith the use ofmHealth solutions in the care process,
namely HCPs, is still limited. Furthermore, HCPs may be
hesitant to trust mHealth solutions until they identify the
usefulness and value those solutions can provide in the
clinical practice.17,19 In this study, we found that HCPs
expressed openness tomHealth and PGHD. They also showed
a positive attitude toward their utility in MS care. Over 80%
(13/16) of the participants believed mHealth solutions are
beneficial tools to support patients in self-management,
which is confirmed by the fact that half of them reported
having recommended health apps to their patients in the
past. However, HCPs are more reserved regarding the use-
fulness of PGHD for clinical purposes, with less than half
(7/16) of them agreeing that it could serve them in MS care.

Previous studies have emphasized the added value of
mHealth in MS care, particularly in providing additional
information about patients.15 This assertion aligns with
the perception of the HCPs in our study, in which half of

them saw habits and lifestyle and fatigue-inducing activities
as the type of PGHD they found more useful.

During consultations with PwMS, HCPs commonly in-
quire patients about their health, lifestyle, and well-being.
Nevertheless, HCPs may feel hesitant to entirely trust PGHD
from mHealth solutions to gain a comprehensive under-
standing of a patient’s context and environment. In our
study, despite the positive perceived attitude towards
mHealth solutions, only two HCPs (n¼16) reported having
utilized those solutions in their work to review PGHD or for
other purposes.

It has been suggested that participatory health technolo-
gies such as mHealth solutions and different types of PGHD
could positively impact HCPs’ workload30; however, for this
to be achieved in practice, extraordinary efforts need to be
made on understanding how PGHD can be efficiently
reviewed and made useful for HCPs in practical terms,
overcoming challenges related to data validity and action-
ability.1,22 The results of this study imply that most HCPs see
the use of PGHD in MS care as an opportunity to understand
patients beyond traditional metrics. We found that the types
of PGHD ranked more useful can be characterized as subjec-
tive; however, when required to design data visualizations,
only half of the teams focused on visualizations of subjective
types of data, whereas the other half focused on designing
visualizations for objective data such as sleep quality and
quantity, and physical activity, seemingly pointing out to the
challenge of visualizing and interpreting subjective PGHD to
make it useful and actionable.

Throughout the study, HCPs expressed optimism about
the opportunities provided by a mHealth solution like the
More Stamina app to gain a better understanding of their
patients, particularly regarding factors influencing fatigue, a
prevalent and debilitating symptom of MS.27 This finding
aligns with recent research in MS, which has shown that
employingmHealth solutions can enableHCPs to understand
patients’ fatigue levels and their response to treatment.43 The
validation of the habits and lifestyle being the most useful
types of PGHD for HCPs relates to the principle of precision
medicine, where care is personalized based on individual
variability, including factors such as the patient’s environ-
ment and lifestyle.44 These factors can provide context to
clinical data and facilitate communication and care.

Challenges and Improvement of the Method for
further research
All the participants in the exploration process had experi-
ence in MS care. Together they represented seven different
medical disciplines. This variation in the professional back-
ground of the participants may have influenced the differing
opinions about the utility of different types of PGHD. This
observation aligns with related research indicating that
mHealth solutions provide better support for HCPs when
they are targeted for specific patient groups, such as newly
diagnosed patients or if they are designed to be used for
specific functionalities only.30

During the exploration process, we identified that future
efforts should concentrate not only on studying PGHD’s

Fig. 4 Example of prototype for the visualization of habits and
lifestyle.
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opportunities in the context of a specific health condition but
also on its use for a more homogeneous array of medical
disciplines or concrete clinical tasks. The feedback provided by
the participants implies that while the collaborative-partici-
patory design approach used is effective in fostering the
appropriation of a digital solution,40 it can be challenging for
HCPs to apply their expert knowledge to create data visualiza-
tionprototypes in the short time allocated for the activity. This
issue must be considered in future implementations.

Limitations
All the participants had previous experience with patients
reporting their habits and lifestyle in consultations. Howev-
er, only a few of them had experience visualizing and
reviewing these same data from mHealth solutions. This
lack of experience with PGHD in the clinical context could
have posed a challenge for some HCPs while attempting to
design a visualization of PGHD. Thus, future studies should
involve participants that have prior experience visualizing
and reviewing PGHD in the care process. Although finding
HCPs with such experience can be challenging, their inclu-
sion would yield results based on more practical expertise.

A second limitation of this study was that all participants
were recruited from specializedMS centers to prioritize their
expertise in MS care. As a result, the findings of this study
may not be generalizable to other contexts where HCPs work
with patients presenting a wide range of health conditions.
The results might be transferable to a similar context in
either inpatient or outpatient settings; however, further
research is required to validate the findings across diverse
health care settings or countries with varying health care
contexts.

Clinical or Public Health Implications of the Work
The unpredictable progression of MS, varying levels of
disability, and a wide variety of potential symptoms result
in each patient presenting a unique condition. MS requires
highly individualized health care, often leading to the inabil-
ity to work and negatively affecting the quality of life.23 To
address these challenges, it is crucial to provide PwMS with
mHealth solutions that they can use in their daily lives to
assist in self-management. Ideally, these tools could also
serve HCPs in the care process.While HCPs express openness
to integrating PGHD into their clinical workflow, the actual
utilization of such data remains limited in practice. Through
this study, we have identified that for HCPs in MS care, the
most useful types of PGHD are patients’ habits, lifestyles, and
fatigue-inducing activities. HCPs were confident that these
types of PGHD could be reviewed during consultations in a
nondisruptive manner. However, further development and
validation of the proposed data visualizations are necessary,
while data security and privacy issues need to be addressed.

Conclusion

Through our exploratory study, we have identified that HCPs
in MS care believe mHealth solutions can contribute to the

objectives of PHI of improving health outcomes and achiev-
ing life goals. In the context of the More Stamina app, HCPs
were optimistic about how this self-management solution
can improve patients’ well-being, while PGHD can enable
them to further understand patients’ individual needs and
environment. The study revealed that HCPs from different
medical disciplines hold different perceptions regarding the
types of PGHD that are useful in MS care. Therefore, the
design and implementation of mHealth solutions that will
provide PGHD intended to be used in clinical workflows
should consider the specific information needs of HCPs in
different disciplines.

The HCPs in this study exhibited more interest in subjec-
tive data than in objective data. However, further research is
required to understand how the subjective PGHD generated
by mHealth solutions can be visualized and interpreted,
ensuring it becomes actionable for both HCPs and PwMS.
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