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Mobile applications for multiple sclerosis (MS) hold growing potential for self-management and remote moni-
toring. However, research on how they generate value for patients and other stakeholders remains limited.
Existing studies emphasize usability or adoption, while overlooking their role within broader healthcare eco-
systems. This study investigates how MS-related apps generate value across stakeholders and explores adoption
patterns among Spanish patients through an ecosystem-based perspective. A systematic review of MS-related
apps available in Spain, a national survey of patients, and semi-structured interviews with clinicians and de-
velopers were conducted. This triangulated design enables a multi-actor analysis of app functionalities, adoption
levels, and perceived value within the digital health ecosystem. Findings reveal that most apps offer basic
functionalities, such as symptom tracking and medication reminders, but are underutilized by patients. Adoption
is concentrated on a few platforms, while several apps show limited engagement. Barriers include usability
challenges, a lack of integration with healthcare providers, and language limitations. Notably, patients expressed
strong interest in features such as cognitive training and IoT-based monitoring, yet actual usage remains low.
Interviews with stakeholders highlight structural misalignments and governance issues that hinder clinical
adoption and coordinated value creation. This study underscores the need for coordinated, stakeholder-informed
development strategies that bridge the gap between patient needs, app functionalities, and clinical workflows.
While limited to Spanish-speaking users and self-reported data, the findings of this study offer strategic insights
for ecosystem-wide adoption and engagement.

Introduction

Multiple sclerosis (MS) is a chronic and progressive condition in
which physical, cognitive, and emotional abilities fluctuate over time.
Early-stage patients may require educational resources and emotional
support, while advanced-stage patients may benefit from symptom-
tracking tools or caregiver support. Patients with MS can benefit
significantly from mobile health (mHealth) applications to manage their
condition (Heesen et al., 2023). These mHealth applications offer fea-
tures such as symptom tracking, medication reminders, and mood
monitoring, enabling patients to take a more active role in their care
(Apolinario-Hagen et al., 2018). However, the adoption, sustainability,
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and integration of these tools within broader digital health ecosystems
remain unclear. This study addresses the existing gaps by conducting a
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shown promising results in enhancing patient satisfaction and facili-
tating self-management among MS patients. While telemedicine has not
significantly reduced relapse rates, it has supported medication
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adherence and overall well-being (Ahmed et al., 2023). However,
despite the growing potential, research on how such tools are adopted
and sustained in real-world practice or how they generate value within
the broader health ecosystem remains limited. This study seeks to
address this gap through a systematic analysis of MS-specific mobile
apps, exploring their features, adoption patterns, and implications for
stakeholders.

A cross-sectional observational study conducted by Mokhberdezfuli
et al. (2021) confirmed that patients with MS who used a mobile app to
track symptoms reported improved quality of life, with reduced fatigue,
compared to those who did not use such tools. Additionally, apps
facilitate effective communication between patients and healthcare
professionals, enabling more personalized and timely interventions
(Donevant et al., 2018). Amatya et al. (2019) reported that mHealth
interventions improve medication adherence, reduce relapse rates, and
enhance overall well-being in patients with MS. The ease of access and
multifunctionality of such apps make them valuable tools for supporting
self-management and improving outcomes in patients with MS.

According to the World Health Organization (WHO) (Organization
et al., 2021), self-care health interventions can be categorized into
several domains: individual agency (e.g., promoting self-care aware-
ness), health information seeking (e.g., education for informed
decision-making), social and community support (e.g., peer mentorship
and counseling), personal health tracking (e.g., maintaining home-based
records of health and diagnostic data), self-diagnosis (e.g., self-testing
for health conditions), self-management (e.g., self-medication or treat-
ment), and individuals’ integration with health systems. Given these
categories, eHealth stands to benefit significantly from a comprehensive
set of criteria to describe and evaluate smartphone applications
effectively.

Despite the potential capabilities of mobile applications for MS,
research on the usability and utility of such applications or on evalua-
tions demonstrating their efficacy in improving health outcomes for
patients with MS or their clinical effectiveness remains limited (Giunti
et al., 2018b; Heesen et al., 2023; Marziniak et al., 2018; Salimzadeh
et al., 2019). Furthermore, their use within the healthcare system re-
quires complex validation processes (Zayas-Garcia & Cano-de-la Cuerda,
2018).

IQVIA statistics, reported by the Medical Device Network in 2021,
revealed >350,000 digital health applications available. However,
application quality varies, and the report recommends careful consumer
selection. Most downloads come from 110 dominant apps, accounting
for almost 50 %, while 83 % of the apps contribute fewer than 1 %.
Additionally, digital health bloomed in 2020, but app growth has slowed
since 2017, rising only 10.3 %. This decline is attributed to the removal
of poorly performing or outdated apps owing to high update costs and
inactivity—51 % had fewer than 100 downloads, and 61 % were never
updated. Disease-specific apps, such as those for MS, are gaining
popularity, although the extent to which mHealth apps are utilized by
MS patients remains underexplored (Marrie et al., 2019). A 2018 review
(Marziniak et al., 2018) highlighted the growth of eHealth technologies
for MS, including tools for screening, monitoring, treatment, and edu-
cation. However, another review of 30 unique mHealth apps (Giunti
et al., 2018a) revealed that they failed to meet the requirements of pa-
tients suffering from MS.

Therefore, this study aims to address these gaps by conducting a
systematic review of mobile applications specifically designed for MS to
evaluate their characteristics and quality. To guide this analysis, the
study adopts the conceptual framework developed by Ribault et al.
(2024), which explores six dimensions of app evaluation: context,
stakeholder participation, features and requirements, development
processes, implementation, and evaluation. This framework facilitates a
holistic understanding of how digital tools operate within health eco-
systems and supports an examination of longevity, update frequency,
user popularity, and ratings. Accordingly, this study adopts an
ecosystem perspective that considers the interdependent roles of
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patients, healthcare professionals, developers, and pharmaceutical ac-
tors in shaping value creation processes around mobile MS applications.

Methodologically, this study applies a qualitative, multi-method
approach aligned with the framework proposed by Ribault. The
research design integrates three complementary components: (1) a
market review of 31 MS-related applications available in Spain, (2)
semi-structured interviews with key ecosystem stakeholders—including
clinicians, developers, and institutional representatives—and (3) a pa-
tient survey assessing adoption levels and perceived usefulness. This
triangulated strategy enables a contextualized exploration of both
supply-side development and demand-side engagement.

The research questions explored in this study include:

1. RQ1 How does the ecosystem of mobile applications for MS create
value for stakeholders, including patients, caregivers, healthcare
professionals, and developers?

2. RQ2 What is the level of digital adoption among patients with MS,
and how does it influence the market for MS-related mobile health

apps?

The findings reveal significant heterogeneity in the availability,
functionality, and adoption of MS-related applications in Spain. Most
tools remain underutilized despite being free and accessible, partly due
to language limitations, lack of differentiation, and misalignment with
clinical practices. The stakeholder interviews highlight structural bar-
riers to implementation—particularly hospital-level data gover-
nance—while patient responses underscore usability gaps, low
perceived added value, and limited integration into care routines.
Collectively, the results emphasize the requirement for more coordi-
nated, value-driven development strategies that consider the ecosyste-
mic interaction between technological, institutional, and experiential
factors.

The remainder of this paper is organized as follows: Section 2 in-
troduces the conceptual framework. Section 3 describes the multi-
method research design. Section 4 presents the empirical findings
from the application review, stakeholder interviews, and patient survey.
Section 5 discusses the results in relation to the research hypotheses and
outlines the managerial implications. Finally, Section 6 concludes this
study with a summary of contributions, limitations, and directions for
future research.

Literature review
Business models in digital platform ecosystems

The application of platform ecosystem models in healthcare repre-
sents an emerging trend, driven by the rapid advancement of digital
technologies and the proliferation of data (Chibuike et al., 2024).
Inspired by natural ecosystems, the concept of a business ecosystem
highlights the interactions and relationships among various stake-
holders, including enterprises, agents, suppliers, competitors, govern-
ments, and other participants (Dhungana et al., 2013). Within the
healthcare sector, such ecosystems offer the potential to facilitate
innovative solutions and significant improvements by strengthening
coordination and enabling more effective use of data across partners
(Chen et al., 2024). Similar to biological ecosystems, platform business
ecosystems are inherently complex and interdependent, requiring a
delicate balance between competition and cooperation for effective
functioning (Chen et al., 2024). Numerous scholars have underscored
the need for further research on digital business models and the influ-
ence of digitalization on value creation, recommending an ecosystem
perspective in such analyses (Burstrom et al., 2021; Kohtamaki et al.,
2019; Plekhanov et al., 2023).

Traditional firm-centric business models are increasingly inadequate
for addressing the complexities and interdependencies of modern
innovation ecosystems (livari et al., 2016). This limitation is particularly
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pronounced as digital technologies continue to reshape competitive
dynamics across industries, including healthcare (Spadaro et al., 2021).
A critical determinant of success in healthcare ecosystems lies in the
viability and sustainability of their business models, which should align
with the interconnected and dynamic nature of such platforms
(Broekhuizen et al., 2021). Cross-organizational platforms designed to
enable the exchange of patient data exemplify this challenge, as they are
required to overcome technical barriers and inherent difficulties of
achieving long-term sustainability and effectiveness. Moreover, several
such initiatives have failed to deliver the expected benefits, although
digital transformation has become a priority for managers and features
prominently on leadership agendas (Warner & Wager, 2019). This dig-
ital paradox arises because technological superiority does not solely
guarantee success (Stoumpos et al., 2023; Vial, 2021). Further research
into ecosystem business models is essential to understand how com-
panies can collaboratively create, capture, and sustain value in the
digital age (Burstrom et al., 2024; Madanaguli et al., 2023; Palmié et al.,
2022). This highlights the need to investigate how mobile app ecosys-
tems for MS create value for diverse stakeholders, as patients, healthcare
professionals, and developers, as integral participants.

While artificial intelligence (AI)-driven business models create
competitive advantages, the mechanisms behind these advantages
remain largely unexplored and warrant further empirical investigation
(Jorzik et al., 2024). The advancement of digital technologies has
unlocked new possibilities for establishing open exchange relationships
with stakeholders, positioning the ecosystem of companies as a driving
force for Al-driven business model innovation by enabling value
co-creation with customers and fostering collaboration among stake-
holders (Warner & Wager, 2019). In the case of MS-based mobile apps,
competitive advantage has shifted from individual apps and their de-
velopers to the broader business ecosystem, which includes patients,
caregivers, healthcare professionals, and developers as integral partici-
pants, along with medical device manufacturers, public health organi-
zations, insurers and payers, pharmaceutical companies, and academic
institutions and researchers. Understanding how this ecosystem gener-
ates value across such a wide range of participants is essential for
addressing RQ1.

Successful digital transformation depends not only on technological
advancements but also on strong managerial capabilities and the ability
to design, develop, and implement digital business model innovation
(Vial, 2021). Practitioners of ecosystem innovation emphasize the
importance of redefining business models by identifying and capital-
izing on novel value points that can be created, controlled, and mone-
tized within a network of interconnected stakeholders (Trischler &
Li-Ying, 2023). In the healthcare sector, particularly within the
context of eHealth, redefining business models underscores the critical
need to combine cutting-edge technologies with robust managerial
strategies to ensure the success and scalability of platform-based eco-
systems (Spadaro et al., 2021). This relevance is particularly pro-
nounced for mobile health apps targeting MS patients, where the level of
digital adoption significantly influences market dynamics and shapes
the scalability of such platforms.

Parallel to the growing academic interest in platform-based ecosys-
tems within healthcare (Burstrom et al., 2021; Spadaro et al., 2021),
recent studies have emphasized the need to move beyond purely tech-
nological approaches toward models that prioritize value co-creation,
collaboration, and sustainability over the long term. Nevertheless,
despite these conceptual advances, empirical evidence remains limited
regarding how such ecosystem-based business models operate in
disease-specific contexts such as MS, particularly from the perspective of
patients, healthcare professionals, and developers as active participants.
This gap reinforces the relevance of adopting an ecosystem perspective
to elucidate value creation processes in digital health environments.

To synthesize the most relevant contributions and highlight the
themes relevant to this study, Table 1 presents a summary of key liter-
ature on ecosystem-based business models in eHealth platforms. The

Table 1

Ecosystem-Based Business Models in eHealth Platforms.
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Author(s) / Ecosystem Focus Key Contribution Gaps / Challenges
Year Identified
Chibuike Platform Analyzes Limited disease-
et al. ecosystems in interdependencies specific
(2024) healthcare and value flows implementation
among healthcare guidance
actors
Chen et al. Shared Emphasizes cross- Requires robust and
(2024) infrastructures actor coordination sustainable
for health data and data governance  governance models
in healthcare
ecosystems
Plekhanov Digital Advocates for Needs empirical
et al. transformation ecosystem-oriented application to
(2023) in healthcare business model chronic care and app
innovation ecosystems
Burstrom Digital service Explores value Calls for greater
et al. ecosystems in creation and integration of
(2021, health stakeholder patient experience
2024) engagement in and voice
digital health
Spadaro etal.  Platform Highlights Lacks empirical
(2021) scalability and importance of validation of digital
management in managerial adoption factors
eHealth capabilities beyond
technology
Broekhuizen Data-sharing Discusses viability Emphasizes frequent
et al. platforms in and sustainability of underperformance
(2021) healthcare cross-organizational in digital health
platforms outcomes

Trischler and
Li-Ying
(2023)

Co-innovation
and value
appropriation in
health
ecosystems

Focuses on co-
creation and user-
centered value
capture in eHealth

Understudied in
chronic disease
contexts like MS

selected research illustrates current perspectives on stakeholder roles,
value distribution, and the structural and managerial challenges that
remain unresolved in the context of digital health ecosystems.

Accordingly, (Section MS self-management applications: character-
istics and adoption) focuses on mobile health applications for MS,
examining how their functionalities and adoption patterns relate to the
broader principles of ecosystem value creation and patient-centered
innovation.

MS self-management applications: characteristics and adoption

The growing prevalence of smartphones and tablets has established
mobile applications as a powerful tool for empowering and engaging
high-demand, high-cost patients in managing their own health
(Damanabi et al., 2022; Salimzadeh et al., 2019). mHealth applications
incorporate numerous functionalities, such as recording, storing, and
sharing patient information with healthcare providers; self-monitoring
health status; managing lifestyles; and providing access to the latest
research, news, and practical tips on health, nutrition, and fitness. Such
apps improve treatment adherence, raise awareness, help monitor daily
activities, manage medications, symptoms, and mood, among other
functions (Marziniak et al., 2018; Salimzadeh et al., 2019). However,
despite these advances, no existing mobile application for patients with
MS offers a holistic and integrative solution that unifies all the diverse
features into a single platform (Ruzic & Sanford, 2018).

A recent evaluation of self-care interventions via eHealth apps
revealed significant shortcomings in the quality and reliability of
available tools (Mueller et al., 2019). Among 100 reviewed apps, only 20
% utilized evidence-based information, with healthcare professionals
deeming approximately 32 % useful; 52 % were considered misleading,
and 11 % potentially harmful. These findings underscore a critical gap in
the advancement and evaluation of digital health tools, where the
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absence of standardized frameworks undermines the confidence of both
patients and healthcare professionals (Ribaut et al., 2024). This gap
limits the adoption of effective solutions and complicates efforts to
ensure their safe integration into health management ecosystems.

From the perspective of service providers, the adoption of such
technologies can lead to a more efficient use of clinic resources, enable
continuous monitoring of interventions, track adverse events, and
optimize therapy in ways that traditional face-to-face approaches cannot
achieve (Marziniak et al., 2018; Ozden et al., 2024. However, despite the
growing number of apps designed to support MS symptom monitoring
and disease tracking, few have undergone rigorous evaluation in pub-
lished studies. Although the field of eHealth continues to expand
rapidly, no consensus exists on how to define and evaluate the quality of
such apps, further complicating their adoption and integration into
clinical practices (Ribaut et al., 2024; Stach et al., 2020).

Considering the importance of the aforementioned capabilities in the
management of MS, mobile apps designed for self-management can
serve as personalized tools to better support patients (Gee et al., 2015;
Heesen et al., 2023). Such applications provide a multidimensional
platform that:

e empowers patients to manage their condition, enhances adherence
to therapeutic and disease management strategies, and facilitates the
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collection of individualized data on MS progression (Damanabi et al.,
2022; Marziniak et al., 2018; Salimzadeh et al., 2019); and

e provides healthcare professionals with valuable evidence to better
support patients in optimizing self-management (Alexander et al.,
2021; Apolinario-Hagen et al., 2018).

Despite these potential benefits, research on the usability and utility
of MS-specific mobile apps remains limited, with only a few reports
addressing patient perspectives (Heesen et al., 2023; Klimova, 2018;
Zayas-Garcia & Cano-de-la Cuerda, 2018) and specialist perspectives
(Greiner et al., 2015).

Recent studies on mobile applications for MS have identified several
limitations, including inadequate functionality (Giunti et al., 2018a,
Giunti et al., 2017), a mismatch between supply and demand (Giunti
et al., 2018a), unmet self-management requirements (Ruzic & Sanford,
2018), a lack of collaboration between patients and healthcare providers
in development (Gromisch et al., 2021), and a gap between MS
self-management requirements and available applications (Cohen,
2018; Vacchi et al., 2024). A 2018 review highlighted this problem by
revealing that only 8 out of 681 smartphone apps designed to support
medication adherence (1.2 %) had documented evidence of effective-
ness (Ahmed et al., 2018). This evidence is a critical consideration for
healthcare systems when certifying and reimbursing such technologies.

Findings & Limitations:

Table 2

Summary of Methodological Approaches and Ecosystem Gaps in Prior MS App Evaluation Studies.
Author(s) / Focus / Study Aim Methodology
Year

Implications & Gaps

Greiner et al.
(2015)

Giunti et al.

To evaluate patient and
physician views on MSdialog, a
digital PRO diary for MS
management.

To assess how features in MS

Mixed-methods study: online
survey and 6-week pilot with
patients and HCPs; combined
quantitative and qualitative
feedback

Scoping review assessing 581

(2018) mobile apps meet the reported apps from Google Play and
needs of persons with MS. iTunes; 30 MS-specific apps
were analyzed.

Marziniak To review digital and remote Narrative review of 28 eHealth
et al. communication tools for MS tools for MS, categorized by
(2018) management, focusing on function, using literature and

clinical uses, benefits, and expert input.
limitations.

Salimzadeh To identify and characterize Systematic search of app stores
et al. mobile apps for multiple (Nov 2017); 1042 apps
(2019) sclerosis (MS), with a focus on screened; 27 MS self-

self-management features. management apps analyzed.

Alexander To identify validated wearable Scoping review (PRISMA-ScR)
et al. technologies for MS outcome identifying 35 unique wearable
(2021) monitoring and assess their solutions via database and

suitability for clinical trial use. citation searches

Gromisch To review the frequency, uses, Systematic review (2010-2019)
et al. and barriers of mHealth use of 59 studies analyzing mHealth
(2021) among persons with MS. use, barriers, and design

considerations

Damanabi To explore the self-management Qualitative study with 12 MS
et al. needs of people with MS to patients; semi-structured
(2022) inform the development of a interviews analyzed using

mobile application.

content analysis and MAXQDA

MSdialog improved usability,
communication, and data sharing, with
high patient satisfaction and HCP support.
However, findings are limited by short
duration, small, incentivized sample, and
restricted feature access.

Most apps focused on disease management,
education, and data visualization.
Limitations include lack of quality
assessment, restriction to English/Spanish
apps from US/Spain stores, and absence of
stakeholder engagement or clinical
perspective.

eHealth tools enhance access, self-
management, and monitoring, with
promising apps like MSdialog. Accepted by
patients and professionals, but evidence is
limited to early-phase studies, with unclear
long-term impact and cost-effectiveness.
About 26 % of MS apps support self-
management with symptom tracking,
medication reminders, and report sharing.
App quality varies. Study limits: English-
only apps, description-based review

Most wearables tracked gait/activity, with
limited attention to cognition or fatigue.
Apps varied in quality. Many lacked
validations, were commercially restricted,
and showed usability or compatibility
issues, limiting generalizability.

mHealth supports symptom tracking and
interventions, but barriers include
cognitive and physical impairments.
Emphasizes user-centered design.
Limitations include English-only scope,
lack of meta-analysis, and no assessment of
app quality or cost.

Identified seven self-management domains
with emphasis on personalized, culturally
relevant, and emotionally supportive
content. Findings are limited by small,
gender-skewed samples and exclusive
focus on patient perspectives.

Limited long-term data and lack of
clinician experience reduce
generalizability. Future research should
involve diverse populations, integrate apps
into clinical workflows, and assess effects
on outcomes and adherence.

Highlights lack of patient-centered design
and limited professional involvement.
Recommends co-design, improved content
validation, and expanded features

Limited phase 3 trials and screening tools,
with barriers like cost, literacy, and data
overload. Future research should develop
integrated, equitable, user-centered
platforms and conduct large-scale
controlled trials.

Highlights the lack of comprehensive self-
management apps. Recommends
development of evidence-based, user-
centered tools with broader language
support and usability evaluation and calls
for long-term integration strategies.
There’s no consensus on optimal
wearables. Many lack validation and
overlook outcomes like fatigue or mood.
Future research should develop multi-
domain tools and standardize evaluation
and validation criteria.

Many apps lack usability and efficacy data,
with minimal involvement of MS patients
in development. Future research should
address digital literacy, accessibility, and
promote user-centered design with patient
participation.

The study excludes caregiver and clinician
perspectives, limiting generalizability.
Future research should involve multiple
stakeholders, include diverse populations,
and support participatory design and
testing of MS apps.
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Mobile applications offer opportunities for easy access and scalability,
but the limited evaluation evidence presents a critical barrier. Thus,
both patients and healthcare professionals face difficulties in identifying
and recommending high-quality applications ¢Nebeker et al., 2020).

Table 2 summarizes recent studies evaluating mobile applications for
MS, emphasizing methodological characteristics. A majority of existing
studies focus on single-stakeholder perspectives—mainly patients—and
employ either usability assessments or exploratory thematic analysis.
Few studies adopt triangulated methods or use structured conceptual
frameworks for app evaluation. This gap underscores the need for a
more comprehensive methodology, as adopted in this study.

Although some narrative reviews, such as those by Cohen (2018) and
Marziniak et al. (2018), discuss the relevance of healthcare professionals
and systemic integration in the adoption of MS-related digital tools, they
do so only from a conceptual perspective. Such studies refer to stake-
holders, including clinicians or system developers, as contextual actors
or future targets of integration strategies. However, they do not collect
empirical data directly from such agents. Consequently, the current
literature remains predominantly focused on patients, with limited
consideration of the broader ecosystem in which these applications are
designed, implemented, and evaluated. This lack of empirical,
multi-actor approaches creates a methodological and conceptual gap in
understanding how value is co-created across stakeholder groups,
particularly within clinical practice.

Unlike the existing research (summarized in Table 2), this study in-
corporates a structured conceptual framework (Ribaut et al., 2024),
validated evaluation criteria (e.g., MARS), and triangulation across
stakeholders, thereby addressing methodological fragmentation and
enhancing ecological validity. By explicitly including the perspectives of
patients, clinicians, and technology developers, this study adopts both
an ecosystemic and multi-method strategy that responds to current de-
mands for more inclusive, sustainable, and context-aware digital health
innovation.

Theoretical background and applications

Building upon the conceptualization of MS health applications as
part of broader digital platform ecosystems (Section Business models in
digital platform ecosystems) and the empirical gaps identified in current
solutions (Section 2.2), this section articulates the theoretical back-
ground that supports the formulation of the study’s hypotheses. Instead
of treating apps as isolated digital tools, they are analyzed as embedded
service platforms within a health innovation ecosystem, where value
emerges through ongoing interactions among patients, clinicians, de-
velopers, and other stakeholders (Spadaro et al., 2021; Vial, 2021). This
approach emphasizes the co-constructed nature of value, which is not
generated by the app in isolation but through coordinated exchanges
across actors in the digital health ecosystem, aligning with requirements
for more inclusive and participatory models of value co-creation in
eHealth (Burstrom et al., 2024; Heesen et al., 2023).

Although digital health ecosystems have evolved at breakneck speed,
the available evidence suggests that MS mobile apps do not provide
sustained value to all stakeholders they aim to engage (including pa-
tients, caregivers, clinicians, and developers). Numerous studies have
identified a common set of functionalities offered by these applications,
including symptom reporting, medication reminders, and health data
tracking (Damanabi et al., 2022; Giunti et al., 2018b).

Limited real-world application is caused by the isolated state of these
functionalities and the lack of meaningful coherence integrated into
clinical practice or patient routines (Gromisch et al., 2021; Heesen et al.,
2023). Evidence suggests that the most crucial functionalities for pa-
tients, such as tools for self-management, physical therapy, personal
monitoring, and emotional support, are unevenly covered or executed in
ways that fail to account for user diversity and the evolving re-
quirements of self-management (Marziniak et al., 2018; Ribaut et al.,
2024).
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This misalignment between app functionalities and stakeholder ex-
pectations reflects deeper structural forces in the app economy, where
value creation remains narrowly conceived in terms of clinical adher-
ence rather than more inclusive patient activation. Consequently, the
first hypothesis is formulated to address the first research question
(RQ1) by assessing whether available apps effectively translate stake-
holder demands into value-added services across the ecosystem.

H1: The value perceived by patients in MS mobile applications de-
pends on features supporting self-management, cognitive engage-
ment, and the extent to which these features align with coordinated
value propositions across the digital health ecosystem (including
clinicians, caregivers, and developers).

Additionally, value creation cannot be attained without user adop-
tion, the primary driver of ecosystem sustainability. While patient up-
take is a critical component, adoption at scale also requires coordinated
engagement from other ecosystem actors, including healthcare pro-
viders, caregivers, and system integrators Although recent studies have
reported high interest of patients with MS in the adoption of digital
health technologies, particularly those offering advanced features such
as IoT integration or cognitive monitoring (Alexander et al., 2021;
Cohen, 2018), actual adoption rates remain low. Various challenges
have been described in the literature, including poor usability, insuffi-
cient language support, and suboptimal integration with healthcare
professionals (Marrie et al., 2019; Zayas-Garcia & Cano-de-la Cuerda,
2018). Furthermore, heterogeneity in evidence suggests a digital divide,
in which patients express willingness to use digital apps, but this
intention is not matched by digital literacy or technical accessibility,
specifically among certain population groups (Mueller et al., 2019).
Additionally, adoption barriers may be amplified when apps fail to
embed seamlessly into clinical workflows, patient-caregiver dynamics,
or institutional infrastructures, thereby limiting the emergence of sus-
tained, shared value within the broader ecosystem. This leads to the
second hypothesis, addressed in RQ2: how adoption rates influence the
value and market dynamics of MS health applications.

H2: Low adoption rates among Spanish patients with MS persist
despite high interest, due to usability and literacy gaps, and are
further shaped by systemic misalignments between app functional-
ities and broader ecosystem integration (e.g., lack of clinical inter-
operability or care coordination).

Collectively, the two hypotheses guide the dual analysis of the MS
app ecosystem: first by examining how effectively current solutions
meet stakeholder value propositions, and second, by exploring the real-
world adoption patterns that ultimately determine their success or
obsolescence.

To accurately evaluate these hypotheses, a robust conceptual
framework is required—one that captures the design and functionality
of mobile apps, along with their embeddedness in the broader ecosystem
of healthcare service delivery. These demands go beyond traditional
performance metrics, requiring frameworks that explicitly account for
user involvement, value co-creation, and real-world deployment.

The existing literature on the evaluation of mobile health apps re-
flects a fragmented setting. Earlier frameworks have typically focused
on usability, design heuristics, or independent performance metrics,
without considering the intricacies of health ecosystems or the re-
quirements of diverse stakeholders (Mueller et al., 2019). For example,
certain models focus on evidence-based content or compliance facilita-
tion (Ahmed et al., 2018), while others emphasize user experience or
app store ratings (Giunti et al., 2018b). Such perspectives overlook
structural components such as development processes, stakeholder
participation, or real-world deployment, which are essential for under-
standing how value is created and sustained within complex healthcare
environments (Spadaro et al., 2021). With increased calls for
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comprehensive, stakeholder-focused app evaluation (Burstrom et al.,
2024; Heesen et al., 2023), academics have begun to argue for models
that include dimensions such as co-creation, lifecycle upkeep, integra-
tion with clinical workflows, and trust-building.

Most existing evaluation approaches focus on isolated aspects such as
usability, evidence-based content, or app ratings. However, these per-
spectives often overlook the ecosystemic nature of digital health plat-
forms, including structural misalignments between developer priorities
and stakeholder needs. Responding to recent demands for more
comprehensive evaluation models (Burstrom et al., 2024; Heesen et al.,
2023), this study adopts a framework capable of bridging these con-
ceptual and methodological gaps.

To address existing limitations, this study applies the framework
proposed by Ribault et al. (2024) to systematically evaluate MS-specific
applications. Each of the six proposed dimensions—context, stakeholder
participation, features and requirements, development processes,
implementation, and evaluation—serves as a reference point for struc-
turing the analysis and ensuring comparability across cases. The
framework aligns with the objectives of this study, as it allows the sys-
tematic analysis of how MS mobile apps create value (RQ1) and how
patterns of digital adoption can be better understood (RQ2).

Stakeholder participation and development activities provide a
formalized viewpoint from which fragmentation and misalignment
within current offerings can be assessed. Additionally, the framework
enables triangulation of app characteristics with patient survey data, the
main methodological component of this study, through flexible yet
stringent categories that support both qualitative and quantitative
integration. Accordingly, Ribaut et al.’s framework not only bridges
conceptual gaps identified in previous literature but also offers meth-
odological value and clarity in evaluating the current ecosystem of MS
mobile apps. Thus, beyond its practical utility, the framework reinforces
the ecosystem perspective and stakeholder-oriented logic that underpin
the theoretical foundation of this study.

Methods

According to Section 1, a methodology is required to evaluate MS-
related applications. The methodological approach used in this study
draws on the structured framework introduced by Ribaut et al. (2024),
which delineates six key evaluation dimensions for eHealth in-
terventions. While the framework is relatively recent, it consolidates
dimensions already applied independently in prior validated tools, of-
fering a structured and scientifically grounded model suitable for
replicable evaluation. To ensure rigor and comparability with validated
tools, the proposed evaluation criteria are cross-referenced with the
Mobile App Rating Scale (MARS) developed by Stoyanov et al. (2015),
which is widely recognized for assessing the quality of mobile health
applications in terms of engagement, functionality, aesthetics, and
precision of information. Furthermore, the preferred reporting items for
systematic reviews and meta-analysis (PRISMA-S) standards (Rethlefsen
et al.,, 2021) are adopted to guide the systematic identification and
screening of MS-related applications. MARS has been widely adopted in
the literature to evaluate mHealth applications across chronic diseases,
including diabetes, asthma, and mental health, establishing it as a
scientifically validated methodology (Stoyanov et al., 2015). PRISMA-S
has become a gold standard in systematic review reporting and has been
used extensively in eHealth application reviews, ensuring the replica-
bility and transparency of search strategies (Rethlefsen et al., 2021).
Finally, ecosystem-based triangulation, including survey data from pa-
tients with MS in Spain (Tabuenca et al.), provides an empirical basis for
assessing the relevance and applicability of the identified app charac-
teristics, confirming both methodological reliability and contextual
validity. Triangulation of data sources—including app store content,
survey responses, and literature-derived criteria—is a widely accepted
practice in mixed-methods health research, enhancing internal validity
and contextual reliability.

Journal of Innovation & Knowledge 12 (2026) 100886

The methodology adopted in this study is structured into three main
stages, followed by two integrative actions: reflective diagnosis and
principle distillation. These stages are summarized in Fig. 1 and
described further.

Systematic Review of Mobile Applications (Step 1): This first step
involves a comprehensive and structured review of mobile applications
designed for individuals with MS. The step comprises three sub-steps:

o Identification of existing criteria for evaluating eHealth apps based
on peer-reviewed literature and established evaluation tools such as
MARS and the AGREE-II framework.

e Development of a conceptual framework rooted in the six dimensions

proposed by Ribaut et al. (2024): context, stakeholder participation,

requirements and features, development process, implementation,
and evaluation.

Construction of a detailed set of evaluation criteria that integrates

theoretical insights with app-specific functionalities, enabling a

consistent and replicable assessment of app characteristics.

Ecosystem-Based Triangulation (Step 2): The second methodological
step integrates a multi-perspective analysis of the eHealth app
ecosystem, combining both quantitative and qualitative sources. First,
patient perspectives are captured through a national survey conducted
in Spain, using instruments informed by validated frameworks (uMARS,
MAUQ, PAM-13), as detailed by Tabuenca et al. (submitted). The survey
design is developed in collaboration with healthcare providers and pa-
tient associations. The survey instrument used in this study has been
developed and deployed as part of a larger research initiative led by
Tabuenca et al., with all the methodological details, such as question
formulation, recruitment procedures, and ethical approvals, included in
their original publication. Although the questionnaire is not a direct
replication of any validated instrument, its structure and item content
are aligned with established survey tools commonly applied in mHealth
and chronic disease self-management research. Specifically, the survey
design draws conceptual parallels with the User version of MARS
(UMARS) developed by Stoyanov et al. (2015), which evaluates sub-
jective app quality and user experience; the Patient Activation Measure
(PAM-13), widely adopted in self-care and engagement research; and
the mHealth App Usability Questionnaire (MAUQ) introduced by Zhou
et al. (2019), which focuses on usability metrics in chronic health con-
texts. These alignments enhance content validity and support the rele-
vance of the constructs for analyzing digital health adoption and app use
among patients with MS. Additionally, case-based analyses are con-
ducted with key ecosystem stakeholders, including neurologists, digital

Methodology
development

Step 1:
Systematic
review

§

Step 2:
Ecosystem
Triangulation

§

Step 3:
Taxonomy
Building

(

Principle
distillation

Fig. 1. Main schema for the methodology adopted in this study.
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health technology providers, and representatives from pharmaceutical
companies. These case studies follow an exploratory qualitative meth-
odology, involving document review, semi-structured interviews, and
scenario-based discussions. The interview guide is informed by the Open
Innovation Project Canvas for SMEs (Steen & Vanhaverbeke, 2018),
which provides a structured foundation for formulating role-sensitive
questions on value propositions, stakeholder dynamics, revenue
models, and strategic positioning. The case method is selected owing to
the lack of large, structured samples in these stakeholder groups, and is
intended to capture contextual, organizational, and strategic insights on
app deployment and value perception.

Analytical Matching and Taxonomy Building (Step 3): In this step,
data from the systematic app review are cross-referenced with patient
feedback to identify alignment and gaps between app features and user
expectations. Subsequently, a hierarchical taxonomy of application
types and associated value propositions is constructed, enabling the
classification of apps based on their functional scope—such as assess-
ment, education, treatment scaffolding, and gamification—and their
degree of alignment with core stakeholder needs.

Reflective Diagnosis: This integrative step synthesizes insights from
patient data and stakeholder case studies, facilitating the identification
of alignment or gaps between app offerings and stakeholder expecta-
tions across the ecosystem. These include mismatches in feature design,
evidence-based content, interoperability, and engagement models.

Principle Distillation: Finally, the findings are translated into guiding
principles yp inform future design and evaluation practices for MS-
related digital health tools. These principles emphasize stakeholder-
centric design, real-world applicability, interoperability, and long-
term sustainability.

Selection of apps

To perform a comprehensive and clear review of the MS applications
available in the main mobile phone stores, it is essential to follow the
PRISMA-S guidelines. PRISMA-S provides a methodological framework
for the identification, selection, and examination of relevant references
that ensure both rigor and reproducibility (Rethlefsen et al., 2021).

Once the scope of the research is defined—including the types of MS
applications relevant for analysis, such as self-management, symptom
tracking, and communication support—the search strategy and inclu-
sion/exclusion criteria are further developed. A comprehensive search
in the Google Play Store and Apple App Store has been conducted using
relevant keywords such as "multiple sclerosis", "MS self-management",
"MS symptoms," and related terms. Since triangulation with information
from Spanish-speaking patients with MS is adopted, the search strategy
includes apps available in Spanish or English but accessible from Spain.
This approach ensures transparency and allows replication of the search
process by other researchers (Page et al., 2021).

The selection of mobile apps follows a systematic search strategy
aligned with PRISMA-S guidelines. Searches are conducted in both the
Apple App Store and Google Play Store using the keyword “multiple
sclerosis” in English and Spanish. Apps are included if they meet the
following criteria: (1) targeted individuals with MS or their caregivers;
(2) provide disease-related information, symptom tracking, treatment
support, or community features; (3) are available for free or under a
freemium model; and (4) are accessible for download in Spain. Exclusion
criteria include apps not specifically designed for MS (e.g., general
neurology apps), non-functional or outdated apps, and duplicates across
platforms. The final sample is cross-checked independently by two re-
searchers to ensure consistency.

To expand the dataset, an additional search is performed using a
large language model (LLM). A similar query is submitted to the LLM to
increase the number of detected applications and obtain supplementary
classification details. An independent researcher conducts a validation
search to ensure the completeness and precision of the compiled list.
This external check ensures the reliability and comprehensiveness of the
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dataset derived from the initial platform searches and the LLM results.

This multistep methodology integrates platform-based searches,
advanced LLM-assisted exploration, and independent verification,
ensuring a robust and comprehensive approach to cross-platform
application classification.

Once the comprehensive list of applications is compiled, a refine-
ment or screening process is conducted to align with the research ob-
jectives. Applications designed specifically for disseminating
information at events or exhibitions are excluded, as they do not align
with the objectives of the study.

Similarly, apps designed exclusively for physicians are excluded
from the dataset, along with those targeting conditions broader than MS.
Applications unavailable in Spain are excluded, ensuring that the
research remains focused on tools providing functionalities to support
patient self-management and directly align with the core objectives of
understanding applications that empower patients to manage their
health independently.

The process is visually summarized in Fig. 2. Of the 31 applications
initially identified, 25 meet the eligibility criteria and are included for
feature-based assessment. These criteria require apps to identify patients
with MS, provide relevant support functionalities, and be accessible in
Spain. Five apps requiring exclusive access codes are excluded. For the
retained application, several features are individually collected,
including self-management functions, data collection capabilities, app
store classification category, availability in the Apple App Store, user
scores for i0OS and Android, support languages, developer, URL, and
functional descriptions. The final list of applications analyzed is pre-
sented in Table 3.

Regarding platform availability, 75 % of apps are accessible on
Android and 90 % on i0S, consistent with the patient device distribution
reported in the survey (Section Ecosystem-Based Triangulation). Lan-
guage availability was also assessed: while most apps are available in
English, only 45 % include Spanish, potentially limiting accessibility for
Spanish-speaking users. App store ratings average 4.5/5, although these
are often based on a small number of reviews, limiting interpretability.
Download counts (available only for Android) vary widely, with Cleo
and Belong MS exceeding 100,000 downloads, while several others have
fewer than 1000.

App features are identified and extracted from each store description
and in-app functionalities using a standardized coding sheet developed
during the systematic review. These features are inductively grouped
into thematic categories reflecting value propositions, such as self-
assessment, medication tracking, exercise guidance, educational sup-
port, and community interaction. The classification process is guided by
previous literature on digital health value delivery models and validated
frameworks, including MARS by Ribaut et al. (2024). A two-stage coding
and refinement process is conducted by the research team to ensure
consistency in category assignment. Disagreements are resolved through
discussion, and overlapping features are mapped to multiple categories
where relevant.

Ecosystem-Based triangulation

The second methodological block integrates a multi-perspective
analysis of the eHealth app ecosystem, combining both quantitative
and qualitative sources. This approach ensures a robust understanding
of the digital health landscape for MS by drawing on patient experiences
and the strategic perspectives of key stakeholders. A framework
ensuring replicability and traceability for app assessment is currently
being registered in PROSPERO (International Prospective Register of
Systematic Reviews). All authors independently assess the applications,
extracting relevant parameters. The Appraisal of Guidelines for Research
and Evaluation-II (AGREE-II) instrument (Consortium et al., 2013),
widely used in guideline development processes, is considered. While
most included studies have not been designed to develop appraisal
guidelines, the AGREE-II tool comprises 23 items across six domains:
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Fig. 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses for Apps in MS.

Table 3
Finalized List of Selected Apps.
App Name Apple Android
EM Control Yes Yes
Cleo, mi aplicacién para la EM Yes Yes
miEsclerosis Yes Yes
Hugo EM Yes No
Floodlight MS Yes Yes
EM Seguiment Yes No
icompanion No Yes
EM Navarra No Yes
Shift.ms: Your MS community Yes Yes
Belong MS Multiple Sclerosis Yes Yes
BeCare MS Yes Yes
MSAA—My MS Manager Yes Yes
Live Well Hub by Overcoming MS Yes Yes
Pre-Meet: Multiple Sclerosis Yes No
Noteness Yes No
DIGITALBUDDY Yes Yes
SmartMS BI Yes No
MeTime MS No Yes
MSCopilot Detect Yes Yes
MS-Lifer Yes Yes
Bezzy MS: Multiple Sclerosis Yes Yes
MS Tim Yes Yes
Multiple Dclerosys News Yes Yes
MS Sherpa Yes Yes
Ekiva MS Yes Yes

scope and purpose (3 items), stakeholder involvement (3 items), rigor of
development (8 items), clarity of presentation (3 items), applicability (4
items), and editorial independence (2 items, addressing reporting of
funding sources and competing interests). This instrument, along with
the standardized feature set proposed by Salimzadeh et al. (2019), in-
forms the adopted framework, ensures systematic categorization, and
facilitates comparison of findings.

First, patient perspectives are captured through a national survey
conducted in Spain, based on validated instruments (uMARS, MAUQ,
PAM-13), as detailed by Tabuenca et al. cite_start. The survey instru-
ment, developed and deployed as part of a larger research initiative by
Tabuenca et al., conceptually aligns with established mHealth evalua-
tion tools for chronic disease self-management, drawing conceptual
parallels with uMARS by Stoyanov et al. (2015) for subjective app
quality and user experience, PAM-13 for self-care and engagement, and
the mHealth App Usability Questionnaire (MAUQ) by Zhou et al. (2019)

for usability metrics in chronic health contexts. This alignment enhances
the validity of the survey and confirms the relevance of its constructs to
digital health adoption and app usage among patients with MS. The
online structured questionnaire is specifically designed for patients with
MS across Spain to understand their use of digital health technologies for
condition management, focusing on mobile applications and wearable
devices. This approach acknowledges the increasing popularity of mo-
bile and wearable technologies in healthcare, offering insights into pa-
tient tool usage and perceived barriers to adoption. The survey is
promoted through an active email campaign coordinated by Getafe
University Hospital in Madrid and patient associations, including
Asociacion Espanola de Esclerosis Miultiple (AEDEM-COCEMEFE),
Fundacion Esclerosis Miltiple Madrid (FEMM), and Esclerosis Miltiple
Espana (EME), ensuring nationwide outreach. A three-month email
campaign with periodic reminders maximizes response rates, with
introductory emails clarifying research objectives to encourage partici-
pation. This recruitment strategy aims to secure substantial participa-
tion from the target population, with full design details available in a
previous study (Tabuenca et al.). By triangulating reported behaviors
and preferences, the patient perspective captured in this study offers
richer insights for both practitioners and academics.

Notably, triangulation with observational sources is a relevant factor
because the actions presented in the following subsection are conducted.
The methodology has been illustrated in Fig. 3.

A total of 503 responses are collected from Spanish patients with MS
through the online survey campaign. The sample includes 73.5 %
women (n = 370) and 26.5 % men (n = 130), reflecting the known

ﬂONTEXT

Fig. 3. Conceptual view for Methodology. Adapted from Ribaut et al. (2024).
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gender distribution of MS. Regarding technology, 69.3 % report using
Android smartphones, 26.1 % use iOS devices, and 4.6 % own basic
phones. The mean age of diagnosis is recorded as 35.9 years. App usage
frequency varies considerably: mean weekly usage is 55.5 min (SD =
74.0), indicating high variance between low and high engagement users.
Reported motivations for using digital tools include improved mobility,
enhanced self-management, psychological support, and better commu-
nication with peers and professionals.

To complement the analysis of user-facing applications and incor-
porate multi-actor perspectives within the digital ecosystem of MS-
related mHealth applications, a series of semi-structured interviews is
conducted with key stakeholders involved in the development, pre-
scription, and implementation of such tools. Stakeholders include de-
velopers, pharmaceutical representatives, hospital managers, and
medical professionals (e.g., neurologists and general practitioners).
Participants are selected through purposive sampling based on their
relevance within the innovation and delivery ecosystem of MS
applications.

Ethical approval for the study has been granted by the ethics com-
mittee of the university (project number: DYCDVEESSE-MG-DATOS-
20,230,301), and informed consent was obtained from all participants
prior to data collection.

Each interview is conducted for approximately 30 min via online
conferencing platforms to ensure flexibility. The interviews follow an
exploratory, semi-structured format, combining a common set of open-
ended questions with tailored modules depending on the interviewee’s
role, whether as a developer, institutional stakeholder, prescriber, or
market intermediary. The interview guide is informed by the Open
Innovation Project Canvas for SMEs (Steen & Vanhaverbeke, 2018),
which provides a structured foundation for formulating role-sensitive
questions in key domains such as value propositions, stakeholder dy-
namics, revenue models, and strategic positioning. This framework is
particularly useful in capturing business model assumptions and
perceived success factors from the perspective of non-user actors.

Simultaneously, the selection of interviewees is guided by Ribault
et al. (2024), whose framework conceptualizes stakeholder salience
within service ecosystems, as shown in Fig. 3. This perspective enables
the identification of actors with critical functional or symbolic relevance
across different stages of the app lifecycle, particularly those involved in
development, adoption, and clinical recommendation, or business
model definition and financial sustainability.

By integrating the perspectives of heterogeneous ecosystem partici-
pants, this study aims to mitigate single-perspective bias and reflect the
real-world complexity and interdependencies in the MS app ecosystem.
This multi-actor design aligns with the service-dominant logic by
acknowledging that value is co-created not only at the point of appli-
cation but also through distributed exchanges and resource integration
across the healthcare and innovation landscape.

Analytical matching and taxonomy building

In this step, data from the systematic app review (Section Selection of
Apps) are cross-referenced with patient-reported feedback and stake-
holder insights (Section Ecosystem-Based Triangulation) to identify
alignment issues or gaps between app features and user expectations.
This process enables a deeper understanding of how the available
functionalities meet the diverse and evolving requirements of patients
with MS. A hierarchical taxonomy of application types and associated
value propositions is developed. This taxonomy facilitates the classifi-
cation of apps based on their functional scope, such as assessment, ed-
ucation, treatment scaffolding, and gamification, and their alignment
with core stakeholder needs.

The main application classes identified in this taxonomy include
assessment, informative, social/networking, treatment scaffolding, and
gamification. Within the assessment category, the two core value
propositions include health records and alerts/reminders. For the
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informative category, the focus lies on news and education. The social/
networking category is characterized by the value proposition of “keep
me in touch.” In the treatment scaffolding category, key value propo-
sitions include sharing reports and connecting with healthcare pro-
viders. Finally, the gamification category brings forth two different
value propositions: access to resources and links to other vertical solu-
tions or applications. This analytical matching and taxonomy-building
process is illustrated in Fig. 3, which shows the interconnectedness of
context, stakeholder involvement, requirements, and development in
the eHealth app ecosystem.

Results

As discussed in (Section Selection of Apps), 20 apps are considered
for full feature analysis. The apps are categorized using the framework
proposed by Ribaut et al. (2024) and analyzed in terms of their value
propositions. The obtained results address the primary objective of this
study, which includes analyzing the value proposition and stakeholder
alignment of MS-related mobile applications through a multi-step,
ecosystem-informed evaluation framework. The structure of the results
reflects the three methodological stages: app characterization, stake-
holder perspective analysis, and taxonomy development.

Offered features

As introduced in Section 3, the features considered for this study
have been organized according to the value proposal and presented in
Table 4.

When performing the analysis, the two main drivers are analyzed.
First, we identify which value proposition the available applications
primarily targeted. This distribution is represented by counting how
many features correspond to each value proposition (Table 4). In Fig. 4,
digital coaching and care management emerge as the most frequently
represented functionalities, followed by physical training, cognitive
training, and patient education. These results describe the observable
presence of functionalities declared by app developers.

As shown in Fig. 5, most apps offer fewer than five functionalities,
indicating a limited scope of support. Limited apps, such as Cleo and
Emilyn, provide broader and more integrated offerings. This descriptive
overview underscores the fragmented nature of current solutions. These
observed distributions suggest a pattern: app development tends to
emphasize functionalities that are technically easier to implement, such

Table 4
Features considered for this study.

Value Proposal Feature

Health records Daily status log
Symptom tracking Record clinical events Tests performed.
Exacerbation, and stress factor log Nutrition

Record notes

Alerts/Reminders Appointment reminders
Medication reminders
Education Food
Life Style and MS management
News News about MS

Treatment scaffolding Generate report

Share reports with the doctors Add medical tests
Questionnaires

Contact with professionals.
Chatbot for questions

Patient communities

Forums

Direct contact to other patients
Questionnaires

Games

Guided exercises

Weather conditions

Link to Health App website
Work-life management

Health helping
resources
Social / Networking

Resources

Links to other apps
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Fig. 4. Value proposal distribution in percentage.

as reminders or general advice, while more demanding or personalized
features (e.g., cognitive stimulation or emotional support) remain less
common. This pattern may signal a disconnect between implementation
convenience and patient-centered priorities, a theme further examined
in (Section Demanded features).

Demanded features

To respond to the second objective from the patient perspective,
findings from a national survey of Spanish patients with MS are inte-
grated. The survey examines the types of mobile applications used by
patients, their motivations for choosing their applications, the features
they use most, and their overall assessment of the applications. This
approach provides an overview of where digital health tools meet MS
management and highlights possible lacunae or shortcomings in the
available services.

The satisfaction related to the use of digital apps to monitor pa-
thology has been reported in the questionnaire in the sample of Spanish
patients with MS, comprising 503 patients, as discussed in (Section
Ecosystem-Based Triangulation).

Complementing the patient data, case-based analyses are performed
by involving healthcare professionals, pharmaceutical industry repre-
sentatives, and digital health developers to capture broader ecosystem
perspectives. Table 5 summarizes key insights derived from interviews
with three core actor groups—technology developers, pharmaceutical
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firms, and clinical professionals—each playing a distinct role in the
design, implementation, and use of MS-related digital tools.

The obtained qualitative findings reveal both structural and strategic
constraints that influence the development, deployment, and clinical
integration of such applications within real-world healthcare settings.
The perspectives gathered from these stakeholders offer a valuable
contrast to the expectations and experiences of patients, assisting in the
contextualization of functional and emotional dimensions associated
with mHealth technologies.

Patients with MS reported different reasons for using mobile appli-
cations in the management of their physical condition. Most identified
the important role of these applications in simplifying life with
improved mobility, increasing the quality of life, and helping to self-
manage the condition. Several patients identified psychological bene-
fits, implying motivation and encouragement offered by the tools,
mainly toward changing or adopting healthier lifestyles.

Some patients commented that the apps helped them monitor their
diseases because they owned facilities such as biosensors and digital
calendars, which could assist in monitoring symptoms and scheduling
appointments. Others lauded the apps because they helped bridge the
gap between patients, making it easy to understand each other.

Cognitive and physical exercises through the apps are particularly
commended for maintaining mental and physical activity, which the
patients consider highly important for effective management.

Knowing the time patients spent on disease-specific applications is
important in assessing their level of participation. The weekly usage
shows whether these apps are integrated into the daily routine of pa-
tients and can serve as a key indicator of their potential impact on dis-
ease management.

The functionalities most valued by patients are presented in Fig. 6.
According to survey responses, patients place particular importance on
features that support cognitive stimulation, emotional well-being, and
personalized physical activity. These preferences suggest a desire for
apps that go beyond basic tracking or information provision.

While functionalities such as medication reminders and general
disease education are appreciated, they rank lower, indicating that pa-
tients prefer tools that enhance autonomy and engagement with their
health, especially in aspects that affect quality of life.

These results reflect user preferences and perceived value; patients
consistently emphasized the importance of feeling monitored, sup-
ported, and motivated, dimensions that extend beyond functional utility

FEATURES AS PER APPLICATION

-
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Fig. 5. Features addressed by different applications.
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Key Insights from Ecosystem Stakeholders Involved in MS App Initiatives.

Table 5
Element Ecosystem
Stakeholders
IDEA Tech company
Pharma
company
MARKET Tech company
Pharma
company
Healthcare
professional
VALUE Tech company
PROPOSITION
Pharma
company
INNOVATION/ Tech company
RESULTS

Pharma
company

Healthcare
professional

Key findings

The project emerged as a continuation of
earlier initiatives and was framed within
a European call focused on patient-
centered solutions.

The initiative began in 2018 as part of a
clinical trial led by the company, in
collaboration with physicians and
patients. It aimed to develop a digital tool
to improve clinical monitoring of MS
through new data collection methods in
real-world settings.

The current clinical research
environment does not reflect the broader
patient population. However, digital
technologies and Big Data enable the
collection of real-world information,
actively engaging patients and
strengthening their connection to the
healthcare system.

The application is designed for use by
healthcare professionals and patients.
However, patients require an activation
code provided by their physician.
Implementation also depends on hospital
approval, a complex process due to strict
medical data protection regulations.
Current clinical practice does not provide
continuous insight into disease
progression between visits. However,
Floodlight MS offers physicians more
granular data to inform clinical decisions.
HugoEM is a Real World Evidence
platform for clinical research in multiple
sclerosis, based on artificial intelligence
algorithms and developed under the
Patient Centric Data Solutions
methodology.

Floodlight MS is a medical device
approved in the European Union in 2020,
consisting of a mobile app for patients, a
web interface for healthcare
professionals, and a technical support
center. Its value proposition lies in
offering healthcare professionals an
integrated digital solution for remotely
tracking cognitive, motor, and mobility
functions in people with multiple
sclerosis, supporting more informed
clinical decisions, and whose use was
granted free of charge to hospitals.

In the pilot phase, 2,500 patients were
recruited over four months, generating a
dataset that attracted the interest of a
pharmaceutical company for potential
use in clinical research. However, the
platform is not yet in a
commercialization phase.

The application was implemented in four
hospitals, with positive results in terms of
clinical utility and patient
adherence—outcomes that have been
published in academic journals. Recent
studies also support its cost-effectiveness,
highlighting its potential to reduce
relapses, slow disability progression, and
optimize healthcare resource use.
Although its expansion to additional
hospitals was planned for late 2024, the
company decided to halt deployment and
discontinue the solution, preventing
further operational continuity.

From a clinical perspective, Floodlight
MS has been very useful as a remote
monitoring tool. It provides more
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Table 5 (continued)

detailed and frequent insights into
disease progression between visits, which
supports more informed decision-
making. In our hospital, we observed
strong patient adherence, reinforcing the
app’s utility by generating a steady flow
of relevant data for disease management.
The model is built around the active
participation of patients, who voluntarily
share their personal health data in
exchange for receiving personalized
health information. In parallel,
influential profiles contribute to digital
awareness campaigns, acting as key
facilitators in identifying and mobilizing
potential participants.

The role of healthcare professionals is
central to this project: without their
direct involvement, it is not possible to
implement the application in clinical
settings. Their participation is essential
not only for integrating the tool into
routine practice, but also for validating
its utility to hospital management teams.
Alongside them, hospital administrators
play a critical role, as institutional
adoption depends on strict regulations
regarding clinical data processing.
Patients act as data generators, while the
technological development is carried out
by specialized external companies not
directly affiliated with the sponsoring
pharmaceutical firm.

Successful implementation of the
application required a multidisciplinary
team. In our case, the team included not
only physicians but also nursing staff and
IT personnel.

COLLABORATION Tech company

Pharma
company

Healthcare
professional

into emotional and social support.

Insights from interviews with professionals and patient associations
provide further context. While patients focus on empowerment and
psychosocial support, other stakeholders view apps through the
perspective of clinical monitoring or treatment adherence. This
misalignment of expectations implies that current apps may under-
deliver in areas most meaningful to users.

To fulfill the third objective, the reviewed app features and stake-
holder expectations are synthesized into a structured taxonomy of value
propositions. This taxonomy reflects the functional orientation of
existing apps and highlights gaps in stakeholder alignment, particularly
regarding clinical evidence, engagement mechanisms, and integration
with care pathways.

For applications other than Cleo, reported usage is minimal and,
therefore, insufficient to analyze similar patterns of use. Participants
report a mean weekly usage (SD) of 55.5 (74.0) for dedicated mobile
applications. The large value of SD underlines variability among users,
with a few showing high engagement, whereas others used the apps
rarely or not at all.

The most highly rated features by mobile app users in descending
order include:

e Read articles on scientific advancements and understanding mul-
tiple sclerosis,

e Apps for physical exercise, such as guided therapeutic exercises,
o Self-diagnosis applications based on physical symptoms and sen-
sations (e.g., pain, fatigue),

o Self-assessment apps based on mood and mental state (e.g., feeling
depressed, happy),

e Apps for cognitive skills and memory training.
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ARCHIVE OF CLINICAL TESTS AND DATA

CAMPAIGNS TO DONATE AND RAISE FUNDS FOR MULTIPLE SCLEROSIS

PHYSICAL SELF-DIAGNOSIS APPLICATIONS BASED ON SYMPTOMS AND SENSATIONS (E.G. PAIN,
FATIGUE LEVEL...}

MEDICATION RECORD

CLINICAL APPOINTMENTS AND EVENTS

DIAGNOSTIC APPLICATIONS BASED ON BIOSENSORS (BRACELETS, SOCKS, SLIPPERS, ETC.)

MENTAL SELF-DIAGNOSIS APPLICATIONS BASED ON MOOD AND FEELINGS (E.G. DEPRESSED,
HAPPY, ETC.)

RAISING AWARENESS AND VISIBILITY ABOUT MULTIPLE SCLEROSIS ON SOCIAL MEDIA

CONNECT WITH OTHER MS PATIENTS

NOTES AND REMINDERS ABOUT MEDICATION AND MEDICAL APPOINTMENTS

NEWS AND TIPS ON LIVING WITH MS

APPS FOR EXERCISING PHYSICALLY AS GUIDED THERAPEUTIC EXERCISES

APPLICATIONS FOR TRAINING COGNITIVE ABILITIES AND MEMORY

READ ARTICLES ABOUT SCIENTIFIC ADVANCES AND UNDERSTAND MULTIPLE SCLEROSIS
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Fig. 6. Features identified as relevant by app users and non-users.

These functionalities, although in a different order, are the most
valued by patients who reported not using dedicated apps. Conversely,
the least valued features include:

o Storage for clinical test results and data,
e Campaigns for donations and fundraising for multiple sclerosis,
e Medication, appointment, and clinical event tracking.

These features may be rated lower as they are either perceived as
redundant with other available tools or less relevant to the immediate
challenges of managing MS.

Collectively, the obtained results reveal a persistent misalignment
between the functional offerings of MS-related mobile apps and the
evolving requirements and expectations of patients and other ecosystem
actors. Despite a growing number of available apps, value creation re-
mains fragmented, with only a few applications focused on real
engagement, and features often falling short in terms of personalization,
usability, and clinical integration. These findings suggest that any
meaningful progress in this field is dependent not only on improving
individual app functionalities but on rethinking how value is co-created
across the digital health ecosystem.

Discussion

This study is guided by the principle that digital health tools,
particularly in the context of chronic diseases such as MS, must be
considered as part of a broader service ecosystem, rather than as isolated
technologies. The central insight emerging from the obtained results is
that low adoption and uneven impact of MS-related apps are caused by
structural misalignments among stakeholder expectations, app design,
and system-level integration. Addressing this gap requires reframing
evaluation and design practices around co-creation, stakeholder align-
ment, and long-term ecosystem sustainability (Saeedikiya et al., 2025).
The findings of this study align with real-world examples in the Spanish
MS-app ecosystem. As shown in Table 5, adoption and sustainability
depend on technical features, institutional environments, and regulatory
conditions.

Given the

limited availability of structured datasets and
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representative sampling frames for stakeholders such as healthcare
professionals, pharmaceutical industry representatives, and digital
health technology providers, this study adopts a case-based qualitative
approach to incorporate stakeholder perspectives. The case method is a
well-established strategy for exploring complex, context-dependent
phenomena where generalizable quantitative data are unavailable.
Through purposive selection and guided interviews, this study captures
key patterns, barriers, and strategic perspectives that shape the
deployment and perceived value of mHealth applications for multiple
sclerosis. While the proposed approach does not yield statistically
generalizable findings, it contributes depth and contextual richness that
complement the quantitative survey data collected from patients,
thereby supporting a triangulated and ecosystem-informed interpreta-
tion of results.

Although the adopted methodology offers rigor in the form of
empirically rooted frameworks and data triangulation, some limitations
exist. First, the analysis of mHealth apps relies on publicly available app
store metadata, which may be limited or biased, particularly in relation
to download numbers, update frequency, and user ratings, which are
skewed in nature. Second, survey triangulation data are based on self-
reported information by Spanish patients with MS. The data may be
subject to recall bias, social desirability bias, and potential non-
representativeness of the overall MS population. These issues do not
invalidate the findings of this study but support contextualizing results
within methodological constraints. Future studies can utilize direct use
metrics and blend in clinical data along with patient-reported
experience.

Theoretical contribution

MS is a highly individualized disease, with symptoms and progres-
sion rates varying widely among patients. Consequently, understanding
the type of support that patients find comforting can provide valuable
insights for healthcare providers and researchers to design more tailored
and effective management strategies.

From the triangulation of findings—combining features identified in
existing apps with patient feedback—several key points are deduced. In
the following sub-sections, four app evaluation dimensions are discussed
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in detail (Fig. 3).

Context

The development of mobile applications for MS has emerged as a key
component in the personalized management of the disease, providing
tools for symptom monitoring, treatment adherence, and patient edu-
cation. However, the digital ecosystem in this field continues to face
challenges in terms of accessibility, uptake, and clinical effectiveness.

In this study, a total of 31 MS-related applications are identified in
the Spanish market. After applying the eligibility criteria, the number of
applications is reduced to 26, of which six require an access code and
cannot be analyzed: MeTime MS, MSCopilot Detect, MS-Lifer, Bezzy MS:
Multiple Sclerosis, and MS Sherpa. Previous studies (Salimzadeh et al.,
2019) have identified 164 applications at the international level. After
applying eligibility filters, this number is reduced to 104, with 27 spe-
cifically focused on MS self-management. Although the number of
selected applications in the Spanish market is comparable to those
identified by Salimzadeh et al. (2019), survey results (Tabuenca et al.)
indicate a low level of uptake among patients, which can be partially
attributed to linguistic barriers. Only 45 % of the analyzed applications
include Spanish as a language option, compared to 90 % that offer
Spanish and/or English. This limitation can restrict accessibility and
engagement among Spanish-speaking patients, potentially discouraging
their use of these digital tools. Similar concerns about linguistic acces-
sibility have been raised by Salimzadeh et al. (2019), who identify
language availability as a relevant factor influencing the adoption of MS
self-management applications.

The uptake of the applications in Spain, measured in terms of
download numbers from the App Store, shows significant variation. Cleo
and Belong MS each record approximately 100,000 downloads, whereas
others, such as Floodlight and EMControl, barely surpass 1000 and 100
downloads, respectively. The absence of detailed data for several ap-
plications further suggests marginal usage in several cases. However, the
available data do not allow for a precise assessment of real adoption
levels. The Play Store only provides download figures in broad ranges (e.
g., +5 K or +10 K), making the determination of the exact number of
users challenging, particularly for applications with lower uptake rates
where variations within these ranges could be significant. Additionally,
the App Store does not provide any information on the number of
downloads, further limiting the ability to gauge the actual reach of the
applications across different platforms. The findings are particularly
relevant given that survey data indicate that whilst most patients with
MS in Spain (69.3 %) use Android smartphones, a significant proportion
(26.1 %) use iPhones (Tabuenca et al.). Since the App Store does not
provide download figures, the current statistics may not fully capture
the uptake of MS-related applications among iOS users, potentially
underestimating their overall reach. These platform-related discrep-
ancies reflect broader structural misalignments in the digital health
ecosystem, supporting the idea that adoption barriers are not solely user-
dependent but arise from broader systemic misalignments, consistent
with the assumptions of H2.

From a technological compatibility perspective, availability across
different operating systems is critical for ensuring accessibility to digital
solutions. In Spain, 75 % of the identified applications are run on
Android devices, aligning with the predominance of this operating sys-
tem in the country. The trend is consistent with the findings of Sal-
imzadeh et al. (2019), where 75 % of the analyzed applications are
accessible on Android, suggesting a correlation between the supply of
applications and the distribution of mobile device usage in each region.
However, despite the predominance of Android, i0S users are not at a
disadvantage in terms of app availability, as 90 % of the identified ap-
plications are compatible with iPhones. Therefore, while Android re-
mains the dominant platform among MS patients, accessibility to digital
health solutions is generally well balanced across both operating sys-
tems. Consequently, persistent adoption gaps are unlikely to be
explained by technological incompatibility alone. Instead, they
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emphasize other systemic barriers—such as functional misalignment,
digital literacy challenges, or insufficient clinical integration—as pro-
posed in H2.

A qualitative analysis of user reviews underscores another important
aspect in evaluating the impact of these applications. Most MS-specific
applications in Spanish have a low number of reviews, limiting the
ability to accurately assess their perceived value and real utility. Cleo
stands out as an exception, with 141 reviews on Google Play and 25 on
the App Store, making it one of the few MS-related applications with a
substantial number of user evaluations. This finding partially reflects
those obtained by Ribaut et al. (2024), who observed that user
engagement data in mHealth applications is often limited or unsys-
tematically collected, hindering both the generation of design insights
and the evaluation of experiential value throughout the app lifecycle.

From a quantitative perspective, applications available in Spain have
an average rating of 4.5 out of 5 stars. However, this metric should be
interpreted with caution, as its reliability is compromised by the low
number of reviews in several cases. In the reference study by Salimzadeh
etal. (2019), the average rating has 4 stars. However, the rating is based
on a larger sample of applications with a greater number of user eval-
uations. This suggests that the higher ratings observed in Spain may be
skewed due to the limited representativeness of the available reviews,
potentially overstating the perceived quality of these applications
(Ribaut et al., 2024). These distortions in perceived quality hinder an
accurate understanding of experiential value to users, highlighting the
need for more comprehensive and structured evaluation frameworks, as
outlined in H1.

Finally, the economic accessibility model of these tools is another
relevant aspect influencing their uptake. In the Spanish market, all
analyzed applications are free, eliminating financial barriers to access
but raising concerns about the sustainability of their development and
updates. In a study by Salimzadeh et al. (2019), 94.2 % of applications
were free, but those requiring payment had an average cost of $1.97.
The absence of monetization models in Spain implies that the funding
for the applications relies on alternative sources, such as grants, part-
nerships with healthcare institutions, or integrated advertising, which
impact service quality and continuity. While Gromisch et al. (2021)
included app pricing in their evaluation, they did not explicitly examine
the relationship between monetization and sustainability. The lack of
robust funding models reveals structural constraints that compromise
both the continuity of value delivery (H1) and the systemic conditions
necessary for sustained adoption (H2).

Simultaneously, Al integration is approached cautiously, addressing
ethical risks such as bias in health assessments and decision-making
without human oversight. Legal and regulatory challenges, particu-
larly those related to data privacy, patient consent, and transparency,
are central to maintaining trust in Al-driven healthcare systems (Santa
Soriano & Valdés, 2021). Additionally, governments must balance
transparency and regulation as Al systems increasingly surpass human
clinicians in decision-making (Yu et al., 2018).

Collectively, the results discussed in this section support both H1 and
H2. H1 is reinforced by the observation that the perceived value of MS
applications is shaped by feature design and their integration into
broader technological, financial, and regulatory ecosys-
tems—dimensions often overlooked in traditional usability assessments.
Further, H2 is substantiated by persistent adoption gaps that cannot be
attributed solely to user-level factors but instead emerge from deeper
structural misalignments such as linguistic inaccessibility, platform
fragmentation, absence of funding models, and insufficient clinical
integration. These systemic frictions limit not only adoption, but the
continuity and legitimacy of digital health interventions, pointing to the
requirement for a more ecosystem-aware approach to app development
and evaluation.

Stakeholders involvement
The development of mobile applications for MS involves diverse
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stakeholders, each contributing distinct expertise, resources, and stra-
tegic objectives (Ertz et al., 2025). These stakeholders include phar-
maceutical companies, health-tech firms, patient associations, research
institutions, and collaborative initiatives between technology de-
velopers and the pharmaceutical industry experts (Table 5). Under-
standing their roles provides insight into the value creation mechanisms
underlying these digital health solutions (Table 5). The multiplicity of
actors reflects the systemic complexity discussed in prior literature
(Cennamo & Santald, 2019), where alignment among stakeholder ob-
jectives is key to platform success.

Pharmaceutical companies have developed various digital health
applications to enhance patient adherence to treatment protocols.
Notable examples include EMControl by Novartis, Floodlight MS by
Roche, Cleo by Biogen, and MS Lifer, funded by Merck KGaA. Addi-
tionally, MSCopilot® Detect, developed in collaboration between Ad
Scientiam and Sanofi, goes beyond self-management by actively
contributing to medical research as a certified medical device for
symptom evaluation in multiple sclerosis patients. These applications
not only support patient engagement but also enable pharmaceutical
companies to integrate digital health solutions into clinical practice.
Beyond development, they play a crucial role in promoting uptake
among healthcare providers and patients, thereby shaping the
ecosystem in which these applications operate (Gawer & Cusumano,
2014). In line with HI1, the initiatives demonstrate how
pharmaceutical-led applications partially support patient engagement
and cognitive participation. However, our findings suggest that coor-
dination with other actors, such as clinicians and caregivers, is often
limited, thereby constraining the broader value co-creation potential
expected in service-dominant logic ecosystems.

Health-technology firms bring advanced technological capabilities to
the development of MS applications. Belong.life, an American company
specializing in Al and big data solutions, applies these technologies to
create personalized digital health services. Other key contributors
include Evidenze, the developer of HugoEM; Teracat, responsible for
miEsclerosis; BeCare Link, which created BeCare MS, a remote assess-
ment tool for MS patients; and icometrix, which developed icompanion,
a clinical monitoring application. Although not all of these companies
focus explicitly on AI, they integrate data-driven technologies to
enhance predictive analytics, symptom tracking, and patient engage-
ment, aligning with broader trends in Al-enabled healthcare business
models. Furthermore, they foster collaboration with other stakeholders
(Warner & Wager, 2019). Compared to earlier studies, such as Warner
and Wager (2019), the analysis in this study reveals that although these
firms enhance personalization and data intelligence, their integration
with institutional healthcare systems remains limited. This finding
supports the emphasis of H2 on systemic misalignments as critical bar-
riers to adoption. Furthermore, the results align with the observations of
Heesen et al. (2023), who report fragmented adoption and weak
ecosystem coordination despite strong user interest.

Beyond corporate-driven initiatives, non-profit organizations and
research institutions play a crucial role in app development. The
American MS association has developed MSAA-My MS Manager, posi-
tioning itself as a key technology in promoting awareness and patient
support. Another notable example is Live Well Hub by Overcoming MS,
an application developed by the Overcoming MS organization, which
provides a comprehensive wellness program for multiple sclerosis pa-
tients, promoting healthy habits and disease education. Additionally,
EM Navarra, developed by the Asociacion EM Navarra in Spain, aims to
improve the quality of life for patients with MS through digital support
and resources. MS Tim, created by MS TIM CROATIA, is another sig-
nificant initiative, designed to enhance communication and support
within the MS patient community. These findings support the ecosystem
perspective highlighted in H1, showing that applications originating in
non-profit or academic contexts tend to adopt more holistic approaches
aligned with diverse stakeholder needs. However, they often lack the
technological scalability or adoption reach typical of pharma- or tech-
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driven platforms.

Associations serve as essential dissemination channels, advocating
the use of digital tools within patient communities. Meanwhile, research
institutions such as the Institut d’Investigacié Biomedica de Girona have
developed EM Seguiment, with a primary focus on data collection for
research. These applications enable large-scale patient data aggregation,
supporting biometrics-driven research on disease progression, treatment
efficacy, and lifestyle impact. The inclusion of research-driven applica-
tions within the broader digital ecosystem reinforces the concept of
healthcare meta-ecosystems, where interconnected stakeholders
collaborate to create collective value rather than competing for the same
user base (Cennamo & Santald, 2019; Triantafyllidis et al., 2023).

In summary, the analysis of stakeholder roles confirms both H1 and
H2. H1 is validated from the evidence that value in MS mobile appli-
cations is co-created across a network of actors—ranging from phar-
maceutical firms and tech companies to non-profits and research
institutions—each contributing distinct yet complementary resources.
However, the realization of this value depends on the degree of align-
ment and coordination among these actors. Conversely, H2 is supported
by the limited integration of health-tech innovations with institutional
systems and clinical workflows, which undermines adoption despite
high user interest and technical potential. These systemic mis-
alignments, whether organizational, infrastructural, or regulatory,
highlight the need for ecosystem-level governance to unlock the full
value creation potential of MS digital health platforms.

Development

The development of mobile applications tailored for MS manage-
ment requires a comprehensive approach encompassing various stages,
methodologies, and stakeholder contributions. Therefore, an effective
development process should prioritize patient-centric design, ensuring
usability relevance and alignment with the preferences of individuals
with MS (Salimzadeh et al., 2019). Given that digital health solutions
should integrate with broader healthcare ecosystems, ensuring inter-
operability and compliance with clinical standards is essential for
maximizing uptake and long-term impact (Ribaut et al., 2024).
Furthermore, collaboration between healthcare professionals, re-
searchers, and technology developers plays a crucial role in optimizing
app functionalities and enhancing their clinical utility (Giunti et al.,
2018Db). This multi-actor coordination reflects the logic of H1, where the
perceived value for patients is consistent with how well apps align with
the roles and expectations of other ecosystem actors.

Accordingly, the inclusion of end-users in the design process is a
fundamental factor in the success of healthcare applications. Co-creation
and user-centric design methodologies ensure that applications align
with patient requirements, clinical workflows, and evolving treatment
paradigms. This approach aligns with previous findings emphasizing the
lack of patient-centered design and the limited involvement of health-
care professionals in most MS apps (Giunti et al., 2018a). While some
applications are developed with a clear focus on patient engagement and
self-management (Salimzadeh et al., 2019), others are designed as data
collection tools, requiring high levels of usability and interoperability
with healthcare systems (Giunti et al., 2018b). For instance, Floodlight
MS (Roche) and EM Seguiment (Institut d’Investigacié Biomedica de
Girona) are explicitly designed to gather data for clinical research,
facilitating the integration of real-world evidence into multiple sclerosis
studies. Similarly, icompanion (icometrix) and Hugo EM 2.0 (Evidenze)
contribute to medical research by collecting patient-reported outcomes
and other health indicators. However, not all research-oriented appli-
cations are consistently categorized under Medicine or Medical in app
stores. While Floodlight MS and icompanion appear under medical
categories in both iOS and Android, other apps, including Hugo EM 2.0
and Belong MS Multiple Sclerosis, are listed under broader categories
such as Health & Fitness in iOS, which may impact their visibility and
perceived credibility among users seeking clinical-grade applications. As
highlighted by Gromisch et al. (2021), the usability and accessibility of
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MS apps are frequently undermined by design decisions and categori-
zation issues that do not account for patients’ cognitive or motor limi-
tations. Such inconsistencies in classification and access potentially
reinforce H2, illustrating how systemic frictions, beyond usability, may
hinder effective adoption.

These distinctions highlight the necessity of tailoring app function-
alities to specific use cases, ensuring that MS applications effectively
balance patient usability with the requirements of clinical research and
healthcare integration (Ribaut et al., 2024). This challenge is particu-
larly acute in the Spanish context, where digital literacy barriers and
opaque system integration further exacerbate the low adoption levels
described in H2. Moreover, while some applications clearly state their
data-sharing policies, either by explicitly mentioning that they do not
share data with third parties or by detailing how data is used for
research, others provide ambiguous or insufficient information, raising
concerns about transparency in data privacy and patient consent.
Although some applications provide transparency regarding their data
management practices, others lack clarity on whether and how
Al-generated insights are stored and utilized, further complicating reg-
ulatory compliance and patient trust. For example, Pre-Meet: MS states
that all data are voluntarily entered by users but does not specify its
further use or whether Al-driven analytics are employed. Similarly,
Turnto Daily Breakthroughs claims that it does not share data with third
parties, but its data storage and AI usage policies remain unclear.
Additionally, publicly available information regarding update frequency
and version history for numerous applications is limited, making it
difficult to assess their long-term maintenance and reliability, which are
crucial factors for both clinical uptake and patient trust. These systemic
limitations not only diminish perceived value but also represent struc-
tural barriers to co-creation and adoption, reinforcing the mechanisms
outlined in H2.

The integration of Al-driven functionalities in MS applications is
emerging as a transformative factor in digital health innovation. AI not
only enhances user experience through predictive insights but also en-
ables automated data analysis, facilitating more efficient symptom
monitoring and personalized recommendations (Breidbach & Maglio,
2020; Colther & Doussoulin, 2024). Some applications, such as
Pre-Meet: MS (developed by ARDIREO) and Turn to Daily Break-
throughs (a healthtech startup based in Australia), have incorporated
Al-driven features to enhance patient engagement and clinical insights.
However, such advancements require robust infrastructure for data
storage, processing, and security. This technological advancement,
although promising in terms of value generation, requires
ecosystem-wide alignment to ensure interoperability, trust, and sus-
tainability, as key dimensions highlighted in H1. The high costs asso-
ciated with installing, maintaining, and adapting complex data storage
systems remain a key challenge in digital health uptake (Lu & Taghipour
Atour, 2025; Wamba-Taguimdje et al., 2020). These economic and
technical barriers are particularly pronounced in under-resourced con-
texts, potentially limiting adoption despite user interest, as posited in
H2.

Conversely, the development of MS-related applications reflects the
evolving nature of healthcare ecosystems, where technological innova-
tion, cross-sector collaboration, and patient-centered design converge to
create value for multiple stakeholders. The diversity of devel-
opers—from pharmaceutical companies and tech firms to research in-
stitutions and patient associations—illustrates the dynamic interplay of
business and non-business actors in shaping digital health solutions. This
convergence exemplifies the systemic logic of H1, wherein the value
perceived by patients arises from coordinated interactions across the
entire ecosystem, rather than from isolated app features. Beyond indi-
vidual applications, the integration of MS-related digital tools within
broader healthcare ecosystems is becoming increasingly relevant.
Rather than operating in isolation or competing for the same user base,
these applications are progressively aligning under a meta-ecosystem
framework, where interoperability between clinical data repositories,
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research platforms, and digital health solutions fosters a shared value
chain. This shift towards platform envelopment allows for a more
seamless exchange of information across pharmaceutical firms, patient
associations, and tech providers, enhancing both research potential and
patient outcomes. For instance, icompanion (developed by icometrix) is
designed for patient self-monitoring and to contribute real-world data to
clinical research, bridging the gap between patient-reported outcomes
and clinical practice. Similarly, Pre-Meet: MS (developed by ARDIREO)
aims to enhance the engagement of patients with MS while integrating
relevant health data into broader research initiatives. Similar dynamics
have been observed in systems such as MSdialog, which improve
communication between patients and healthcare professionals by inte-
grating patient-reported outcomes into clinical workflows (Greiner
et al., 2015). These applications exemplify how digital health solutions
are evolving beyond standalone tools to become interconnected com-
ponents within the larger healthcare ecosystem.

Recent studies have highlighted the transformative potential of Al-
driven advancements, enhanced data integration strategies, and
expanded cross-sector collaborations in the development of MS appli-
cations (De Brouwer et al., 2024; Eshaghi et al., 2021). MSBase registry
exemplifies successful cross-sector collaboration, collecting data from
multiple institutions worldwide to enhance research and patient care in
MS. These examples illustrate the critical importance of co-creation,
usability, and adaptability to emerging technologies in ensuring the
long-term impact of MS applications within the healthcare landscape.

Considering the findings of this study, both H1 and H2 are supported.
H1 is validated through the demonstrated importance of ecosystem
alignment and stakeholder integration in shaping perceived value, while
H2 is corroborated by persistent gaps in usability, transparency, and
infrastructural readiness that continue to limit adoption despite growing
interest. This dual validation is consistent with the gaps and future di-
rections identified across the literature, including calls for co-designed,
validated, and interoperable applications that address real-world
adoption barriers (Heesen et al., 2023; Marziniak et al., 2018)

Features and requirements

First, although there are numerous MS-focused apps available, the
actual usage is concentrated on a limited number of applications.
Moreover, the average time spent on such apps per week suggests
generally low levels of engagement. Hence, despite their availability,
several apps may not satisfy patient requirements or align with their
preferences. As Gromisch et al. (2021) emphasized, digital tools for MS
often fail to accommodate patients’ cognitive, motor, and sensory
challenges, which can be attributed to low engagement rates despite
initial interest. The findings align with established literature, with the
average age of MS diagnosis (M = 35.9 years) consistent with the dis-
ease’s typical onset in early to middle adulthood. This underscores that
MS predominantly affects younger and middle-aged adults rather than
the elderly population. Concerning the feasibility of performing regular
mobile assessments, patients have expressed a preference for minimal
disruption. The responses vary, with 48 % willing to perform assess-
ments more than once a week, 25 % opting for a monthly frequency, and
18 % unsure. This variability suggests that, while frequent monitoring is
acceptable for some, others require flexibility due to lifestyle constraints
or concerns about the burden of engagement. Apps such as HugoEM and
Icompanion, which offer options for event-based logging rather than
daily tracking, may cater better to these diverse requirements. This
supports H2, illustrating how adoption depends not only on technical
functionality but also on the adaptability of apps to heterogeneous user
contexts. Another insight concerns the value proposition and coverage
of key functionalities. The preference for monitoring MS progression
highlights the growing interest in wearable technologies, such as
sensor-equipped smart socks, which can deliver crucial data on mobility.
This finding is echoed by Alexander et al. (2021), who identified the lack
of validated tools for fatigue and cognitive monitoring, despite patient
demand for multi-domain tracking. Similarly, apps such as Floodlight
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provide digital assessments of hand dexterity and gait disorders,
ensuring objective tracking beyond subjective self-reports. Conversely,
Icompanion integrates standardized neurological tests such as EDSS and
Neuro-QoL, reducing subjectivity in patient-reported data. The survey
results indicate that core functionalities related to health records are the
most valued (34 %); however, substantial interest lies in educational
resources (24 %), highlighting the opportunity to enhance patient
engagement through well-structured informational tools. For instance,
BelongMS offers access to clinical trial publications, while MSAA-My MS
Manager incorporates motivational content and lifestyle advice. The
preference for information delivery formats can be a critical issue; for
example, MSAA-My MS Manager includes audiovisual materials, which
can be particularly beneficial for patients with vision impairments.
These insights reinforce H1 by demonstrating that value is co-created
not only through clinical functionalities, but also through features that
align with diverse user needs and limitations. However, while AI has the
potential to further personalize these resources and improve accessi-
bility, its lack of transparency raises concerns among patients. Algo-
rithmic bias and the complexity of Al-driven insights may lead to
unequal recommendations and reduced trust in data usage (Santa Sor-
iano & Valdés, 2021). Clear oversight is essential to prevent Al from
reinforcing biases in symptom tracking and treatment guidance,
ensuring it enhances rather than complicates patient engagement (Wirtz
& Miiller, 2019).

Beyond the gap in educational resources, a similar misalignment
exists in data-sharing functionalities, which are crucial for real-time
monitoring and patient-provider communication. "Health helping re-
sources" represent only 4 % of perceived value, whereas general "re-
sources" constitute 6 %, highlighting a gap in tools that facilitate patient-
provider communication and real-time health monitoring. This gap
underscores the importance of data-sharing functionalities, which
remain underdeveloped despite strong patient interest. The findings
align with those reported by Giunti et al. (2018) and Gromisch et al.
(2021). The study confirmed limited development of interoperable
features and weak integration with clinical systems in most MS-related
apps. Over 90 % of respondents expressed a willingness to share wear-
able data with healthcare teams, demonstrating high trust in medical
professionals and an openness to collaborative disease management.
Apps such as Cleo, which provide direct access to MS-specialized nurses,
align well with this trend. The finding supports H1 by illustrating that
perceived value is contingent upon how well app features, such as data
sharing, are integrated into broader healthcare coordination
mechanisms.

Nevertheless, effective data-sharing requires clear governance
frameworks to address privacy, cybersecurity, and regulatory compli-
ance. Although some applications explicitly state their data-sharing
policies, others remain ambiguous, raising concerns about trans-
parency in patient consent and Al-driven data usage (McGraw & Mandl,
2021). For example, Cleo collects personal information from users,
including email, country of residence, and topics of interest related to
MS. However, its privacy policy does not explicitly state whether user
data are shared with third parties or if Al-driven analytics are employed
in personalizing content and recommendations. Similarly, Pre-Meet: MS
states that all data are voluntarily entered by users but does not specify
its further use or whether Al-generated insights are applied to patient
information. This lack of clarity raises concerns about data governance
and how patient information is managed within these apps. These de-
ficiencies reinforce H2, as they reflect systemic misalignments between
user expectations for ethical transparency and the actual data practices
of MS apps—undermining trust and reducing adoption potential. Strict
regulatory standards often limit providers from sharing protected health
information without explicit consent, making governance models
crucial for balancing innovation with ethical and legal responsibilities
(Yu et al., 2018).

In addition to medical tracking, engagement strategies play a critical
role in user retention. Apps such as Cleo and EM Seguiment implement
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goal-setting mechanisms that reward adherence, encouraging continued
participation. The inclusion of gamified cognitive and motor exercises,
as seen in Floodlight, can further enhance engagement. These strategies
are consistent with the study by Giunti et al. (2018), who advocated for
features that sustain motivation—such as gamification—to better align
with patient needs and support long-term use. They reinforce H1 by
illustrating how value is co-created when app features integrate moti-
vational frameworks that resonate with patient preferences and disease
experience.

Finally, reminder functionalities for medication and appointments
are universally present across MS-focused apps. However, some patients
prefer to limit constant reminders of their condition, emphasizing the
need for customizable notification settings. This supports H2, as rigid or
intrusive functionalities may lead to disengagement, particularly when
they fail to consider emotional and psychological dimensions of chronic
illness, as noted by Gromisch et al. (2021).

These findings highlight the importance of designing adaptable,
patient-centered digital health solutions that balance structured medical
tracking with personalized engagement tools. Future app development
should prioritize flexibility in monitoring frequency, improved data-
sharing capabilities, and diversified educational content, ensuring that
the evolving needs of patients with MS are met effectively. Simulta-
neously, Al integration should be approached cautiously, ensuring that
its ethical, legal, and regulatory challenges are adequately addressed to
prevent unintended risks while maximizing its potential benefits. As
emphasized by Wirtz and Miiller (2019) and Heesen et al. (2023), Al
deployment in clinical contexts must be transparent and aligned with
ethical principles to maintain user trust and system integrity.

In summary, the evidence presented in this section supports both H1
and H2. H1 is validated through the demonstration that value in MS
applications emerges from the alignment of clinical, motivational, and
informational features with the expectations of a broader healthcare
ecosystem. Functionalities such as data sharing, educational custom-
ization, and engagement mechanisms gain relevance when they are
interoperable and ethically governed. Furthermore, H2 is confirmed, as
persistent barriers to adoption, including usability constraints, insuffi-
cient personalization, and lack of transparency in data governance,
reflect deeper systemic misalignments that limit the effectiveness of
otherwise well-intentioned tools. These findings underscore the need for
MS apps to evolve beyond isolated digital products toward integrated,
adaptable platforms embedded in coordinated care pathways. These
insights are drawn from survey and interview data collected among MS
patients, non-users, and stakeholders in Spain, reflecting the perspec-
tives and priorities of a predominantly Spanish-speaking healthcare
context.

Managerial contribution

The findings of this study offer key managerial insights into the up-
take, usability, and engagement patterns of mobile health applications
for patients with MS. By contrasting user and non-user perspectives, this
research identifies functionalities with strong cross-group demand, such
as educational content, cognitive training, and guided physical exer-
cises, and highlights where alignment between desired and actual usage
is lacking. Understanding both user and non-user perspectives provides
a roadmap for developers, healthcare professionals, and policymakers to
optimize these digital solutions for improved patient outcomes. Survey
results confirm that the functionalities most frequently used by current
MS app users closely align with the features desired by non-users
(Fig. 6).

However, non-users still perceive these functionalities as unmet
needs, suggesting that accessibility, communication, and onboarding
strategies require significant improvements. For example, medication
tracking and clinical appointment reminders are widely used by nearly
half of current users but are prioritized by less than one-third of non-
users. Thus, some functionalities gain perceived value only after



M. Grijalvo et al.

adoption and may not serve as strong initial motivators. The demand for
educational resources, cognitive training tools, and guided physical
exercises remains consistent across both groups, emphasizing their
pivotal role in patient self-management. The most frequently used
functionalities among current app users include:

o Reading articles on scientific advancements and understanding MS
(71.76 %)

e Applications for cognitive training and memory enhancement
(51.76 %)

e Guided physical exercises (42.35 %)

e News and tips on living with MS (55.29 %)

Similarly, non-users identify their most desired features as:

e Guided physical exercises (64.46 %)

e Reading articles on scientific advancements and understanding MS
(56.76 %)

e Applications for cognitive training and memory enhancement
(56.76 %)

This strong alignment reinforces the importance of these function-
alities in patient self-management. However, despite this consistency,
some features exhibit significant gaps between expected and actual
uptake. For example:

e Biosensor-based diagnostic applications (e.g., wearables including
smart socks and bracelets) have been considered useful by 42.97 % of
non-users, yet only 10.59 % of current users report active usage. This
indicates that while technology holds promise, real-world uptake
remains limited, attributed to usability barriers or a lack of aware-
ness regarding its benefits.

e Medication tracking and clinical appointment reminders were
widely used by 49.41 % of app users, yet only 28.12 % of non-users
prioritized them. This suggests that while these functionalities
become valuable post-uptake, they may not serve as strong initial
motivators for new users.

The findings further indicate that MS app usage is highly concen-
trated among a small number of applications, with Cleo being the
dominant platform among surveyed users. While this demonstrates
strong user loyalty, it also highlights limited market diversity, which
may restrict innovation and personalized solutions. Policymakers and
funding bodies could encourage competition through innovation grants,
pilot programs in hospitals, and open standards that lower barriers for
new entrants. Expanding the reach of alternative applications and pro-
moting competition in the MS digital health space could foster the
development of more adaptable and patient-centric tools such as the
Hugo app.

Given that most MS-specific applications remain free, their long-term
sustainability is a critical concern. Developers and stakeholders must
explore alternative business models, such as partnerships with health-
care institutions, integration into clinical trials, or subscription-based
premium features, to ensure continuous improvement and mainte-
nance of these digital health tools (Kohtamaki et al., 2019).

From a design perspective, developers should:

— Integrate core patient priorities early in the development process,
ensuring that the most demanded functionalities are embedded in
intuitive, accessible interfaces.

— Employ progressive onboarding with tutorials, gamification, and
Al-driven personalization to maintain engagement beyond initial
adoption.

— Enhance clinical interoperability to allow seamless data exchange
with electronic health records, facilitating physician recommenda-
tions and integration into routine care.
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From a healthcare provider perspective, clinicians can leverage these
insights to guide patients toward applications that address self-
management needs, recommending tools that combine medical reli-
ability with features patients find motivating. Structured implementa-
tion programs, supported by training sessions, patient workshops, and
inclusion in rehabilitation plans, can improve uptake and sustained use.
Moreover, insights from clinician interviews (Table 5), particularly the
case of Floodlight MS, underline that even clinically robust tools can
face adoption barriers when hospital-level approval and data gover-
nance issues are not addressed, reinforcing the need for early stake-
holder engagement and alignment with institutional requirements.

From a policy perspective, findings suggest the need for:

o National or regional quality certification frameworks to ensure app
safety, data protection, and evidence-based content.

e Public—private partnerships to sustain free or low-cost access,
balancing economic viability with inclusivity.

e Incentive schemes for integrating validated MS applications into
healthcare delivery, potentially linking usage data to performance-
based reimbursement or research initiatives.

In Spain, all identified MS-specific applications are free to patients.
However, strengthening clinical and economic evaluation to demon-
strate cost-effectiveness can increase the likelihood of these tools being
eligible for public healthcare funding, ensuring their integration and
long-term availability within the ecosystem. Such mechanisms can
prevent situations such as Floodlight MS, where a clinically promising
tool has been discontinued despite its potential benefits, or Cleo, the
most widely used app among patients, which has been withdrawn from
the market, both cases illustrating the risks of relying on tools without a
secure funding and implementation pathway.

Therefore, the successful development and uptake of MS applications
depend on a multidisciplinary collaboration involving healthcare pro-
fessionals, UX/UI designers, data scientists, Al specialists, regulatory
experts, and technology providers (Hafeez et al., 2025; Warner & Wager,
2019). This collective effort ensures clinical relevance, enhances us-
ability, integrates predictive analytics, and assures compliance with data
privacy laws while facilitating interoperability within the broader
healthcare ecosystem (Chen et al., 2024). Such platforms can enhance
patient self-management, feed into real-world data collection for clinical
research, and foster collaboration among developers, clinicians, re-
searchers, and regulators, maximizing both clinical impact and
system-wide value. In Spain, this collaboration can be extended to
regional health authorities and regulatory bodies to ensure that new
applications meet the criteria for public healthcare funding and lin-
guistic accessibility, facilitating their broader adoption within the
decentralized system. To maximize uptake and long-term impact, key
strategies include simplifying onboarding through intuitive design,
leveraging Al-driven personalization, and strengthening integration
with healthcare providers via direct communication and data interop-
erability (Gromisch et al., 2021). Additionally, raising awareness
through targeted education campaigns and patient advocacy can drive
engagement, while securing sustainability through public-private part-
nerships and hybrid monetization models will ensure continued inno-
vation and accessibility (Santa Soriano & Valdés, 2021). This
ecosystem-driven approach enables MS applications to evolve from
standalone tools into integrated digital health platforms that enhance
patient self-management and contribute to real-world data collection for
improved care outcomes (Palmié et al., 2022).

By addressing these strategic areas, MS applications can evolve from
passive tracking tools into comprehensive digital health solutions that
empower patients, improve disease management, and foster greater
collaboration between stakeholders in the MS healthcare ecosystem.
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Underlying barriers to patient adoption

While the potential of MS-specific mHealth applications is generally
recognized, our findings indicate that their restricted use arises from a
set of concrete, practical barriers directly affecting patients’ willingness
and ability to embrace them. Most prominent among the listed issues is
that of usability and accessibility. A majority of the systems do not
sufficiently cater to the cognitive, motor, or visual impairments common
in MS, resulting in interfaces that are difficult to use, reminders that are
poorly flexible or poorly adjustable, and functionality that does not
adapt to shifting patient demands. These disabilities stifle extended use,
even when initial zeal is high (Gromisch et al., 2021; Salimzadeh et al.,
2019).

Second, digital literacy remains a barrier to adoption. Although
survey respondents indicated a strong interest in more advanced func-
tionalities such as cognitive training or IoT-based monitoring, usage is
low. This disparity is an indicator that patients may not have the digital
skills, comfort level, or technical support required to use these tools as a
standard part of their routine lives (Grijalvo et al., 2024; Ribaut et al.,
2024; Shatila et al., 2025).

Third, cultural and language accessibility are relevant barriers
within the Spanish context. The option for Spanish is provided in only 45
% of analyzed applications, which severely restricts access for non-
English speakers. Not only does this constrain adoption, but it also
continues to reinforce injustices of who can benefit from these tech-
nologies (Salimzadeh et al., 2019; Yang et al., 2025).

Fourth, privacy and trust concerns diminish patients’ trust. In-
terviews reveal that a lack of transparency in the way data are being
used, shared, or stored, particularly in apps linked with commercial or
research purposes, undermines patient participation willingness. Un-
clear data governance communication further diminishes feelings of
safety and reliability (Bernardo et al., 2024; Ribaut et al., 2024).

Fifth, adoption is constrained by the absence of integration into
clinical practice. Although apps with informative surveillance features
have been designed, a limited number of apps have been incorporated
into routine healthcare practice or advocated by healthcare pro-
fessionals. Without support and integration into care processes, patients
consider these tools to be marginal or discretionary, not core to disease
management (Zayas-Garcia & Cano-de-la-Cuerda, 2018; Jiao et al.,
2025).

Finally, sustainability challenges in the ecosystem come into
consideration. The majority of the applications are free, have volatile
funding, or are seldom updated. Patients notice if an app is poorly
maintained or has little community engagement, and this discourages
prolonged use and undermines trust in the app marketplace in general
(Grijalvo et al., 2024; Salimzadeh et al., 2019).

Cumulatively, the discussed challenges indicate that low adoption is
not a matter of patient motivation or technology availability. Rather, it
is a complex interplay of usability, literacy, trust, accessibility, and
integration issues at the systemic level. By making these issues trans-
parent, the current debate underscores that greater uptake requires
immediate, pragmatic action at multiple levels, ranging from inclusive
design and language support to data governance transparency and
greater clinical support, to mention just the broader ecosystem align-
ment emphasized in our conceptual framework (Jiao et al., 2025.

Conclusion

This study presents an in-depth analysis of digital apps available in
the Spanish market for MS, incorporating insights from a large popula-
tion of Spanish MS patients and identifying areas requiring attention
from app designers. The research is guided by two primary research
questions and their corresponding hypotheses.

Drawing upon the multi-stage methodology outlined in this study,
which includes a systematic review of mobile applications, ecosystem-
based triangulation with patient survey data, and insights from key
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stakeholder interviews, the findings of this study provide a compre-
hensive understanding of value creation and digital adoption in the MS
app ecosystem.

In addressing RQ1 and H1, our findings validate the premise that
value creation in MS mobile applications is a multifaceted process
embedded within a broader digital health ecosystem. The analysis of the
features offered reveals a concentration on functionalities such as health
records, alerts, and education. However, patient-reported preferences
emphasize a stronger demand for cognitive stimulation, emotional well-
being, and personalized physical activity tools, which are less compre-
hensively covered by existing apps. This misalignment highlights that
while apps offer foundational support, the perceived value by patients is
contingent upon how well these features are integrated into a coordi-
nated value proposition that includes the perspectives and needs of
clinicians, caregivers, and developers. We observe that applications
originating from pharmaceutical companies and health-tech firms often
focus on treatment adherence and data-driven insights, while those from
non-profits and research institutions tend to adopt more holistic ap-
proaches aligned with diverse patient needs, although sometimes lack-
ing scalability. The integration of Al-driven functionalities, while
promising, underscores the need for ecosystem-wide alignment to
ensure interoperability, trust, and sustainability, further reinforcing H1
(Chedrawi et al., 2025; Colther & Doussoulin, 2024).

Regarding RQ2 and H2, this study confirms that low adoption rates
among Spanish MS patients persist despite high reported interest in
digital health technologies. The survey data indicate a mean weekly
usage of 55.5 min with high variance, suggesting limited sustained
engagement for several users. Numerous factors have been identified,
including significant usability challenges, a notable lack of integration
with healthcare providers, and limited language support, with only 45 %
of analyzed apps available in Spanish. The discrepancy between re-
ported interest in advanced features such as IoT devices and cognitive
tests, and their actual low usage, emphasizes potential digital literacy
gaps that hinder effective adoption. Furthermore, our analysis reveals
systemic misalignments beyond individual app functionalities, such as
platform fragmentation, the absence of robust funding models for free
apps, and insufficient clinical integration. These structural barriers
prevent seamless embedding into clinical workflows and patient rou-
tines, thereby limiting sustained, shared value within the broader
ecosystem and directly substantiating H2. The ethical concerns related
to data privacy and transparency in Al-driven insights represent a sig-
nificant barrier to trust and adoption.

One of the most remarkable results is a strong acceptance of both IoT
devices and cognitive tests that assist clinicians in assessing the pro-
gression of a disease. In general, patients have expressed their willing-
ness to use such tools, mainly in the cases of enhancing knowledge
concerning their condition and contributing to the greater good, as it
pertains to MS. However, such willingness differs from the observed low
adoption rates, prompting an unplanned observation: the possible lack
of digital skills among some patients. The reasons for this discrepancy
remain unknown, although it forms a significant limitation not foreseen
at the research design stage.

Based on these findings, we offer the following practical recom-
mendations for key stakeholders and suggest specific directions for
future research, such as prioritization of patient-centered design for app
developers, moving beyond basic tracking to incorporate highly valued
features such as cognitive stimulation, emotional support, and person-
alized physical activity tools, while ensuring intuitive usability to
overcome adoption barriers. Crucially, enhancing transparency around
data privacy, sharing, and Al use is essential for building trust and
establishing ethical governance. Developing apps with robust interop-
erability for seamless integration into clinical workflows and diversi-
fying language support, especially for Spanish-speaking populations, are
vital steps.

This study presents several straightforward implications for clini-
cians, developers, and patients. First, the gap between patient-
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prioritized features (e.g., cognitive stimulation, emotional support, and
individualized exercise advice) and most commonly offered function-
alities (reminders, general education, or simple symptom diaries) sug-
gests more patient-led design strategies. Developers should emphasize
co-design, considering patients and clinicians as key stakeholders for
the features in the app to reflect real requirements, not technically
convenient ones.

Second, the shared usability, digital literacy, and accessibility
problems imply imperative demands for inclusive design best practices.
These include simpler interfaces, adaptive options for different physical
or cognitive capabilities, and improved support for multilingualism.
Solving these would directly promote adoption and reduce inequalities
in digital health access.

Third, a failure to integrate with established care pathways has sig-
nificant practical implications: without clinical endorsement, apps are
seen as add-on or ancillary tools. Clinicians and healthcare organiza-
tions should therefore be encouraged to integrate approved apps into
clinical workflows, including prescription processes and routine follow-
up, as a way of endorsing these tools and building patient trust.

Fourth, the issue of trust and transparency highlights the importance
of robust governance frameworks. Patients are willing to engage with
digital means when data protection, ownership, and sharing protocols
are well delineated. Institutional and regulatory stakeholders play a
critical role in developing guidelines that balance innovation and pri-
vacy and accountability.

Finally, sustainability is a cross-cutting theme. A majority of the
applications are poorly maintained and cost-limited, thereby reducing
patient confidence. Financing business models that allow for long-term
maintenance and clinical validation are critical to preventing premature
abandonment and fragmentation of the digital health space.

Healthcare professionals are encouraged to actively co-create and
evaluate MS apps, integrating validated, high-quality tools into care
pathways to support self-management and data collection. Providing
digital literacy support to patients can bridge the gap between interest
and actual usage.

Policymakers and healthcare organizations should develop stan-
dardized frameworks fostering wider ecosystem cooperation among
stakeholders and reimbursing digital health tools to ensure quality.
Fostering public-private partnerships and exploring hybrid monetiza-
tion models can secure long-term sustainability and continuous
improvement for MS apps. Furthermore, investing in digital infrastruc-
ture and educational initiatives is critical for enhancing digital literacy
among both patients and providers.

Future research should build on these insights by examining how
specific design interventions (e.g., adaptive cognitive interfaces, multi-
lingual versions, embedded clinical recommendations) affect adoption
in practice. Longitudinal studies should be included to track the long-
term impact of MS apps on patient outcomes and engagement,
providing robust efficacy evidence. Moreover, comparative research
across different cultural and health system contexts can extend the
generalizability of these findings and inform globally relevant design
principles. Moreover, designing and evaluating targeted interventions
that improve digital literacy and technical competence among MS pa-
tients can foster greater adoption. Further investigation into multidis-
ciplinary co-creation models involving all stakeholders across the app
lifecycle, alongside exploring viable economic sustainability models
beyond current free offerings, is necessary. Finally, research into the
ethical implications of Al integration, focusing on patient trust, algo-
rithmic bias, data governance, and regulatory compliance, is crucial for
responsible innovation.

Equipping patients with more advanced digital skills is anticipated to
reinforce their role in the app market, attracting further feature devel-
opment targeted at their needs. However, elucidating the main moti-
vators for these app developers to continue maintaining or scaling such
digital tools is essential. Investigating their vision for sustainability and
commitment to social contributions can be crucial for informing the next
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steps. These aspects are to be focused on with priority in the near future,
fostering an ecosystem where digital health solutions are not only
technologically advanced but also equitably accessible, highly usable,
and deeply integrated into patient care pathways.

CRediT authorship contribution statement

Mercedes Grijalvo: Writing — review & editing, Writing — original
draft, Validation, Project administration, Methodology, Investigation,
Funding acquisition, Formal analysis, Data curation, Conceptualization.
Joaquin Ordieres-Meré: Writing — review & editing, Writing — original
draft, Validation, Methodology, Funding acquisition, Formal analysis,
Data curation, Conceptualization. Manuel Uche-Soria: Writing — re-
view & editing, Methodology, Investigation, Data curation, Conceptu-
alization. Bernardo Tabuenca: Writing - review & editing,
Methodology, Investigation, Data curation, Conceptualization. Yolanda
Aladro-Benito: Writing — review & editing, Methodology, Investigation,
Conceptualization.

References

Ahmed, 1., Ahmad, N. S., Ali, S., Ali, S., George, A., Danish, H. S., Uppal, E., Soo, J.,
Mobasheri, M. H., King, D., et al. (2018). Medication adherence apps: Review and
content analysis. JMIR mHealth and uHealth, 6, e6432.

Ahmed, M. A. E.k., Zakaria, M. F., Elaziz, A. A. E. A., Fouad, M. M., Elbokl, A. M., &
Swelam, M. S. (2023). Assessment of the role of telemedicine in the outcome of
multiple sclerosis patients. The Egyptian Journal of Neurology, Psychiatry and
Neurosurgery, 59. https://doi.org/10.1186/541983-023-00690-y

Alexander, S., Peryer, G., Gray, E., Barkhof, F., & Chataway, J. (2021). Wearable
technologies to measure clinical outcomes in multiple sclerosis: A scoping review.
Multiple Sclerosis Journal, 27, 1643-1656.

Amatya, B., Khan, F., & Galea, M. (2019). Effectiveness of rehabilitation interventions for
people with multiple sclerosis - a cochrane review summary with commentary.
NeuroRehabilitation, 45, 429-431. https://doi.org/10.3233/NRE-189010

Apolinario-Hagen, J., Menzel, M., Hennemann, S., & Salewski, C. (2018). Acceptance of
mobile health apps for disease management among people with multiple sclerosis:
Web-based survey study. JMIR Formative Research, 2, Article e11977. https://doi.
org/10.2196/11977

Bernardo, B. M. V., Sao Mamede, H., Barroso, J. M. P., & dos Santos, V. M. P. D. (2024).
Data governance & quality management—Innovation and breakthroughs across
different fields. Journal of Innovation & Knowledge, 9(4), Article 100598.

Breidbach, C. F., & Maglio, P. (2020). Accountable algorithms? The ethical implications
of data- driven business models. Journal of Service Management, 31, 163-185.

Broekhuizen, T. L., Emrich, O., Gijsenberg, M. J., Broekhuis, M., Donkers, B., &

Sloot, L. M. (2021). Digital platform openness: Drivers, dimensions and outcomes.
Journal of Business Research, 122, 902-914.

Burstrom, T., Lahti, T., Parida, V., & Wincent, J. (2024). Industrial ecosystems: A
systematic review, framework and research agenda. Technological Forecasting and
Social Change, 208, Article 123656.

Burstrom, T., Parida, V., Lahti, T., & Wincent, J. (2021). Ai-enabled business-model
innovation and transformation in industrial ecosystems: A framework, model and
outline for further research. Journal of Business Research, 127, 85-95. https://doi.
org/10.1016/j.jbusres.2021.01.016

Cennamo, C., & Santald, J. (2019). Generativity tension and value creation in platform
ecosystems. Organization science, 30, 617-641.

Chedrawi, C., Haddad, G., Tarhini, A., Osta, S., & Kazoun, N. (2025). Exploring the
impact of responsible Al usage on users’ behavioral intentions. Journal of Innovation
& Knowledge, 10(6), Article 100813.

Chen, Y., Lehmann, C. U., & Malin, B. (2024). Digital information ecosystems in modern
care coordination and patient care pathways and the challenges and opportunities
for ai solutions. Journal of Medical Internet Research, 26, Article e60258.

Chibuike, M. C., Grobbelaar, S. S., & Botha, A. (2024). Overcoming challenges for
improved patient- centric care: A scoping review of platform ecosystems in
healthcare. IEEE access : Practical innovations, open solutions, 12, 14298-14313.
https://doi.org/10.1109/ACCESS.2024.3356860

Cohen, M. (2018). Connected health and multiple sclerosis. Revue Neurologique, 174,
480-485.

Consortium, A. N. S., et al. (2013). Appraisal of guidelines for research and evaluation ii:
Agree ii instrument. ON, Canada: Canadian Institutes of Health Research: Ottawa.

Colther, C., & Doussoulin, J. P. (2024). Artificial intelligence: Driving force in the
evolution of human knowledge. Journal of Innovation & Knowledge, 9(4), Article
100625.

Damanabi, S., Salimzadeh, Z., Kalankesh, L. R., Shaafi, S., & Ferdousi, R. (2022).
Exploring selfmanagement needs of persons with multiple sclerosis: A qualitative
study for mobile application development. International Journal of MS Care, 24, 1-7.

De Brouwer, E., Becker, T., Werthen-Brabants, L., Dewulf, P., Iliadis, D., Dekeyser, C.,
Laureys, G., Van Wijmeersch, B., Popescu, V., Dhaene, T., et al. (2024). Machine-
learning-based prediction of disability progression in multiple sclerosis: An
observational, international, multicenter study. PLOS digital health, 3, Article
e0000533.


http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0001
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0001
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0001
https://doi.org/10.1186/s41983-023-00690-y
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0003
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0003
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0003
https://doi.org/10.3233/NRE-189010
https://doi.org/10.2196/11977
https://doi.org/10.2196/11977
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0006
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0006
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0006
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0007
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0007
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0008
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0008
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0008
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0009
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0009
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0009
https://doi.org/10.1016/j.jbusres.2021.01.016
https://doi.org/10.1016/j.jbusres.2021.01.016
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0011
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0011
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0012
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0012
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0012
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0013
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0013
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0013
https://doi.org/10.1109/ACCESS.2024.3356860
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0015
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0015
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0016
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0016
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0017
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0017
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0017
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0018
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0018
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0018
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0019
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0019
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0019
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0019
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0019

M. Grijalvo et al.

Dhungana, D., Groher, 1., Schludermann, E., & Biffl, S. (2013). Guiding principles of
natural ecosystems and their applicability to software ecosystems. Software
ecosystems (pp. 43-58). Edward Elgar Publishing. https://doi.org/10.4337/
9781781955635.00010

Donevant, S. B., Messias, D. K. H., & Estrada, R. D. (2018). Utilization of mobile
applications in collaborative patient-provider monitoring of chronic health
conditions: An examination of three theoretical frameworks to guide practice.
Journal of informatics nursing, 3, 6.

Ertz, M., Maravilla, J. M. B., & Cao, X. (2025). Prosumer: A new approach to
conceptualisation. Journal of Innovation & Knowledge, 10(1), Article 100653.

Eshaghi, A., Young, A. L., Wijeratne, P. A., Prados, F., Arnold, D. L., Narayanan, S.,
Guttmann, C. R., Barkhof, F., Alexander, D. C., Thompson, A. J., et al. (2021).
Identifying multiple sclerosis subtypes using unsupervised machine learning and mri
data. Nature communications, 12, 2078.

Gawer, A., & Cusumano, M. A. (2014). Industry platforms and ecosystem innovation.
Journal of product innovation management, 31, 417-433.

Gee, P. M., Greenwood, D. A., Paterniti, D. A., Ward, D., & Miller, L. M. S. (2015). The
ehealth enhanced chronic care model: A theory derivation approach. Journal of
medical Internet research, 17, e4067.

Giunti, G., Guisado-Fernandez, E., & Caulfield, B. (2017). Connected health in multiple
sclerosis: A mobile applications review. In 2017 IEEE 30th international symposium on
computer-based medical systems (CBMS) (pp. 660-665). IEEE.

Giunti, G., Fernandez, E. G., Zubiete, E. D., Romero, O. R., et al. (2018a). Supply and
demand in mhealth apps for persons with multiple sclerosis: Systematic search in
app stores and scoping literature review. JMIR mHealth and uHealth, 6, Article
el0512.

Giunti, G., Mylonopoulou, V., Romero, O. R., et al. (2018b). More stamina, a gamified
mbhealth solution for persons with multiple sclerosis: Research through design. JMIR
mHealth and uHealth, 6, €9437.

Greiner, P., Sawka, A., & Imison, E. (2015). Patient and physician perspectives on
msdialog, an electronic pro diary in multiple sclerosis. The Patient-Patient-Centered
Outcomes Research, 8, 541-550.

Grijalvo, M., Ordieres-Meré, J., Villalba-Diez, J., Aladro-Benito, Y., Martin-Avila, G.,
Simon-Hurtado, A., & Vivaracho-Pascual, C. (2024). Sufficiency for PSS tracking gait
disorders in multiple sclerosis: A managerial perspective. Heliyon, 10(9), Article
e30001.

Gromisch, E. S., Turner, A. P., Haselkorn, J. K., Lo, A. C., & Agresta, T. (2021). Mobile
health (mhealth) usage, barriers, and technological considerations in persons with
multiple sclerosis: A literature review. JAMIA open, 4, 00aa067.

Hafeez, S., Shahzad, K., Helo, P., & Mubarak, M. F. (2025). Knowledge management and
SMEs’ digital transformation: A systematic literature review and future research
agenda. Journal of Innovation & Knowledge, 10(3), Article 100728.

Heesen, C., Berger, T., Riemann-Lorenz, K., Krause, N., Friede, T., Pottgen, J., Meyer, B.,
& Lithmann, D. (2023). Mobile health interventions in multiple sclerosis: A
systematic review. Multiple Sclerosis Journal, 29, 1709-1720. https://doi.org/
10.1177/13524585231201089

livari, M. M., Ahokangas, P., Komi, M., Tihinen, M., & Valtanen, K. (2016). Toward
ecosystemic business models in the context of industrial internet. Journal of Business
Models, 4.

Jiao, H., Wang, T., Libaers, D., Yang, J., & Hu, L. (2025). The relationship between digital
technologies and innovation: A review, critique, and research agenda. Journal of
Innovation & Knowledge, 10(1), Article 100638.

Jiang, C., Zhang, H., Liu, K., Zheng, S., Yang, Y., Tian, F., & Feng, C. (2018). A mobile
health solution for medication adherence intervention and its real world evidence. In
2018 IEEE 20th International Conference on e-Health Networking, Applications and
Services (Healthcom) (pp. 1-5). IEEE. https://doi.org/10.1109/
healthcom.2018.8531179.

Jorzik, P., Klein, S. P., Kanbach, D. K., & Kraus, S. (2024). Ai-driven business model
innovation: A systematic review and research agenda. Journal of Business Research,
182, Article 114764.

Klimova, B. (2018). Mobile applications used in multiple sclerosis. In Mobile Web and
Intelligent Information Systems: 15th International Conference, MobiWIS 2018,
Barcelona, Spain, August 6-8, 2018, Proceedings 15 (pp. 30-37). Springer.

Kohtamaki, M., Parida, V., Oghazi, P., Gebauer, H., & Baines, T. (2019). Digital
servitization business models in ecosystems: A theory of the firm. Journal of Business
Research, 104, 380-392.

Lu, X., & Taghipour Atour, P. (2025). Knowledge-driven digital innovation in supply
chains: An organizational perspective. Journal of Innovation & Knowledge, 10(5),
Article 100787.

Madanaguli, A., Parida, V., Sjodin, D., & Oghazi, P. (2023). Literature review on
industrial digital platforms: A business model perspective and suggestions for future
research. Technological Forecasting and Social Change, 194, Article 122606.

Marrie, R. A., Leung, S., Tyry, T., Cutter, G. R., Fox, R., & Salter, A. (2019). Use of ehealth
and mhealth technology by persons with multiple sclerosis. Multiple sclerosis and
related disorders, 27, 13-19.

Marziniak, M., Brichetto, G., Feys, P., Meyding-Lamadé, U., Vernon, K., Meuth, S. G.,
et al. (2018). The use of digital and remote communication technologies as a tool for
multiple sclerosis management: Narrative review. JMIR rehabilitation and assistive
technologies, 5, €7805.

McGraw, D., & Mandl, K. D. (2021). Privacy protections to encourage use of health-
relevant digital data in a learning health system. NPJ digital medicine, 4, 2.

Mokhberdezfuli, M., Ayatollahi, H., & Naser Moghadasi, A. (2021). A smartphone-based
application for self-management in multiple sclerosis. Journal of Healthcare
Engineering, 2021, 1-7. https://doi.org/10.1155/2021/6749951

Mueller, S. M., Jungo, P., Cajacob, L., Schwegler, S., Itin, P., & Brandt, O. (2019). The
absence of evidence is evidence of non-sense: Cross-sectional study on the quality of

20

Journal of Innovation & Knowledge 12 (2026) 100886

psoriasis-related videos on youtube and their reception by health seekers. Journal of
medical Internet research, 21, Article e11935.

Nebeker, C., Bartlett Ellis, R. J., & Torous, J. (2020). Development of a decision-making
checklist tool to support technology selection in digital health research. Translational
behavioral medicine, 10, 1004-1015.

Onamade, A. (2018). The effectiveness of mobile phone-based interventions in
adherence support for medication regimens and immunizations uptake: A systematic
review. Advances in Multidisciplinary & Scientific Research Journal Publication, 4,
17-32. https://doi.org/10.22624/aims/v4n4p3x

Organization, W. H., et al. (2021). Classification of self-care interventions for health: A
shared language to describe the uses of self-care interventions. In Classification of self-
care interventions for health: A shared language to describe the uses of self-care
interventions.

Ozden, F., Uysal, . I, & Ozkeskin, M. (2024). Specialized telerehabilitation approaches
for people with disabilities. The palgrave encyclopedia of disability (pp. 1-13).
Springer.

Page, M. J., Moher, D., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D.,
Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J.,
Grimshaw, J. M., Hrébjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E.,
McDonald, S., McGuinness, L. A., Stewart, L. A., Thomas, J., Tricco, A. C.,

Welch, V. A., Whiting, P., & McKenzie, J. E. (2021). Prisma 2020 explanation and
elaboration: Updated guidance and exemplars for reporting systematic reviews. BMJ
(Clinical research ed.), n160. https://doi.org/10.1136/bmj.n160

Palmié, M., Miehé, L., Oghazi, P., Parida, V., & Wincent, J. (2022). The evolution of the
digital service ecosystem and digital business model innovation in retail: The
emergence of meta-ecosystems and the value of physical interactions. Technological
Forecasting and Social Change, 177, Article 121496.

Plekhanov, D., Franke, H., & Netland, T. H. (2023). Digital transformation: A review and
research agenda. European management journal, 41, 821-844.

Rethlefsen, M. L., Kirtley, S., Waffenschmidt, S., Ayala, A. P., Moher, D., Page, M. J.,
Koffel, J. B., Blunt, H., Brigham, T., Chang, S., Clark, J., Conway, A., Couban, R., de
Kock, S., Farrah, K., Fehrmann, P., Foster, M., Fowler, S. A., Glanville, J., Harris, E.,
Hoffecker, L., Isojarvi, J., Kaunelis, D., Ket, H., Levay, P., Lyon, J., McGowan, J.,
Murad, M. H., Nicholson, J., Pannabecker, V., Paynter, R., Pinotti, R., Ross-White, A.,
Sampson, M., Shields, T., Stevens, A., Sutton, A., Weinfurter, E., Wright, K., &
Young, S. (2021). Prisma-s: An extension to the prisma statement for reporting
literature searches in systematic reviews. Systematic Reviews, 10. https://doi.org/
10.1186/S13643-020-01542-Z

Ribaut, J., DeVito Dabbs, A., Dobbels, F., Teynor, A., Mess, E. V., Hoffmann, T., & De
Geest, S. (2024). Developing a comprehensive list of criteria to evaluate the
characteristics and quality of ehealth smartphone apps: Systematic review. JMIR
mHealth and uHealth, 12, Article e48625.

Ruzic, L., & Sanford, J. A. (2018). Needs assessment—Mhealth applications for people
aging with multiple sclerosis. Journal of Healthcare Informatics Research, 2, 71-98.

Salimzadeh, Z., Damanabi, S., Kalankesh, L. R., & Ferdousi, R. (2019). Mobile
applications for multiple sclerosis: A focus on self-management. Acta Informatica
Medica, 27, 12.

Saeedikiya, M., Salunke, S., & Kowalkiewicz, M. (2025). The nexus of digital
transformation and innovation: A multilevel framework and research agenda.
Journal of Innovation & Knowledge, 10(1), Article 100640.

Santa Soriano, A., & Valdés, R. M. T. (2021). Engaging universe 4.0: The case for forming
a public relations-strategic intelligence hybrid. Public Relations Review, 47, Article
102035.

Shatila, K., Aranega, A. Y., Soga, L. R., & Hernandez-Lara, A. B. (2025). Digital literacy,
digital accessibility, human capital, and entrepreneurial resilience: A case for
dynamic business ecosystems. Journal of Innovation & Knowledge, 10(3), Article
100709.

Spadaro, B., Martin-Key, N. A., & Bahn, S. (2021). Building the digital mental health
ecosystem: Opportunities and challenges for mobile health innovators. Journal of
Medical Internet Research, 23, Article e27507.

Stach, M., Kraft, R., Probst, T., Messner, E. M., Terhorst, Y., Baumeister, H., Schickler, M.,
Reichert, M., Sander, L. B., & Pryss, R. (2020). Mobile health app database-a
repository for quality ratings of mhealth apps. In 2020 IEEE 33rd International
Symposium on Computer- Based Medical Systems (CBMS) (pp. 427-432). IEEE.

Steen, M., & Vanhaverbeke, W. (2018). The open innovation project canvas for SMEs.
Researching open innovation in SMEs (pp. 429-454).

Stoumpos, A. I, Kitsios, F., & Talias, M. A. (2023). Digital transformation in healthcare:
Technology acceptance and its applications. International journal of environmental
research and public health, 20, 3407.

Stoyanov, S. R., Hides, L., Kavanagh, D. J., Zelenko, O., Tjondronegoro, D., & Mani, M.
(2015). Mobile App Rating Scale: A new tool for assessing the quality of health
mobile apps. JMIR mHealth and uHealth, 3(1), Article e27. https://doi.org/10.2196/
mhealth.3422

Triantafyllidis, A., Segkouli, S., Zygouris, S., Michailidou, C., Avgerinakis, K., Fappa, E.,
Vassiliades, S., Bougea, A., Papagiannakis, N., Katakis, L., et al. (2023). Mobile app
interventions for parkinson’s disease, multiple sclerosis and stroke: A systematic
literature review. Sensors, 23, 3396.

Trischler, M. F. G., & Li-Ying, J. (2023). Digital business model innovation: Toward
construct clarity and future research directions. Review of Managerial Science, 17,
3-32.

Vacchi, L., Zirone, E., Strina, V., Cavaletti, G., & Ferrarese, C. (2024). Mobile applications
to support multiple sclerosis communities: The post-covid-19 scenario. Telemedicine
and eHealth, 30, e1615-e1628.

Vial, G. (2021). Understanding digital transformation: A review and a research agenda.
Managing digital transformation, 13-66.


https://doi.org/10.4337/9781781955635.00010
https://doi.org/10.4337/9781781955635.00010
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0021
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0021
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0021
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0021
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0022
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0022
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0023
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0023
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0023
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0023
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0024
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0024
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0025
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0025
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0025
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0027
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0027
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0027
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0026
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0026
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0026
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0026
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0028
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0028
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0028
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0029
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0029
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0029
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0030
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0030
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0030
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0030
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0031
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0031
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0031
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0032
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0032
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0032
https://doi.org/10.1177/13524585231201089
https://doi.org/10.1177/13524585231201089
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0034
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0034
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0034
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0035
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0035
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0035
https://doi.org/10.1109/healthcom.2018.8531179
https://doi.org/10.1109/healthcom.2018.8531179
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0037
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0037
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0037
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0038
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0038
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0038
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0039
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0039
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0039
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0040
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0040
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0040
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0041
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0041
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0041
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0042
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0042
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0042
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0043
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0043
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0043
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0043
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0044
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0044
https://doi.org/10.1155/2021/6749951
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0046
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0046
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0046
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0046
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0047
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0047
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0047
https://doi.org/10.22624/aims/v4n4p3x
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0049
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0049
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0049
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0049
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0050
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0050
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0050
https://doi.org/10.1136/bmj.n160
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0052
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0052
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0052
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0052
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0053
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0053
https://doi.org/10.1186/S13643-020-01542-Z
https://doi.org/10.1186/S13643-020-01542-Z
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0056
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0056
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0056
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0056
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0057
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0057
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0058
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0058
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0058
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0059
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0059
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0059
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0060
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0060
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0060
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0061
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0061
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0061
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0061
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0062
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0062
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0062
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0063
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0063
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0063
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0063
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0064
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0064
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0065
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0065
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0065
https://doi.org/10.2196/mhealth.3422
https://doi.org/10.2196/mhealth.3422
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0067
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0067
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0067
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0067
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0068
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0068
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0068
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0069
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0069
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0069
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0070
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0070

M. Grijalvo et al.

Wamba-Taguimdje, S. L., Wamba, S. F., Kamdjoug, J. R. K., & Wanko, C. E. T. (2020).
Influence of artificial intelligence (ai) on firm performance: The business value of ai-
based transformation projects. Business process management journal, 26, 1893-1924.

Warner, K. S., & Wager, M. (2019). Building dynamic capabilities for digital
transformation: An ongoing process of strategic renewal. Long range planning, 52,
326-349.

Wirtz, B. W., & Miiller, W. M. (2019). An integrated artificial intelligence framework for
public management. Public Management Review, 21, 1076-1100.

21

Journal of Innovation & Knowledge 12 (2026) 100886

Yang, J., Mackert, M., De Luca, D., & Dove, S. A. (2025). Barriers to patient portal
adoption among a bilingual patient population by analysis of survey findings from
English-and Spanish-speaking patients: Information needs study. JMIR Formative
Research, 9, Article e66717.

Yu, K. H., Beam, A. L., & Kohane, 1. S. (2018). Artificial intelligence in healthcare. Nature
biomedical engineering, 2, 719-731.

Zayas-Garcia, S., Cano-de-la Cuerda, R., 2018. Aplicaciones méviles en la esclerosis
multiple: Revision sist.


http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0071
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0071
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0071
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0072
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0072
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0072
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0073
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0073
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0074
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0074
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0074
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0074
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0075
http://refhub.elsevier.com/S2444-569X(25)00231-8/sbref0075

	Apps and knowledge contributing to creating value for ehealth solutions
	Introduction
	Literature review
	Business models in digital platform ecosystems
	MS self-management applications: characteristics and adoption
	Theoretical background and applications

	Methods
	Selection of apps
	Ecosystem-Based triangulation
	Analytical matching and taxonomy building

	Results
	Offered features
	Demanded features

	Discussion
	Theoretical contribution
	Context
	Stakeholders involvement
	Development
	Features and requirements

	Managerial contribution
	Underlying barriers to patient adoption

	Conclusion
	CRediT authorship contribution statement
	References


