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Introduction: Personalized medicine and management of adherence are potential

solutions for the suboptimal use of medicines. Digital medication management

innovations currently under development combine both aspects. This research aims

to investigate facilitators for and barriers to the translation of digital innovations for

personalized medicine and adherence management into clinical practice from the

policymaker and regulator perspective.

Methods: A mixed-method study was used combining a scoping review to identify

main interests, semi-structured interviews (n= 5) with representatives of European health

policymaking and regulatory organizations, and a supplementary literature review to

investigate key subthemes. The SWOT analysis was used for the qualitative analysis.

Results: The literature reviews and the qualitative interviews suggested that digital

solutions can facilitate the personalized management of medications and improve quality

and safety, especially as the openness for digital health solutions is increasing. Digital

solutions may, on the other hand, add complexity to the treatment, which can be

perceived as a potential barrier for their uptake. Asmoremultidisciplinary and participative

structures are emerging, digital solutions can promote the implementation of new

services. Nevertheless, change progresses slowly in the task-oriented structures of

health systems. Integration of digital solutions depends on all stakeholders’ willingness

and abilities to co-create this change. Patients have different capabilities to self-manage

their medical conditions and use digital solutions. Personalization of digital health

solutions and integration in existing service structures are crucial to ensure equality

among population segments. Developments in the digital infrastructure, although they

are partly slow and not well-aligned, enable the implementation of innovations in clinical

practice leading to further advances in data generation and usage for future innovations.

Discussion: This study suggests that digital solutions have the potential to facilitate

high-quality medication management and improve adherence to medications, enable
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new service structures, and are essential to drive further innovations in health care.

Nevertheless, increasing the self-responsibility of patients can have undesirable effects

on health outcomes, especially within vulnerable population segments. Digital health

solutions can be an opportunity to optimize the use of medicines and thus their efficiency.

Well-conceived development and implementation processes are needed to also realize

improvements in equality and solidarity within health systems.

Keywords: adherence management, medication adherence, patient compliance, precision dosing, digital health,

patient-centered care, SWOT-analysis

INTRODUCTION

Health care systems in Europe and around the globe are facing
various challenges such as the increasing incidence of chronic
conditions leading to cost constraints. Improving effectiveness,
accessibility, and resilience of health care systems with particular
attention to medicines are major aspects on the political agenda
(1). In this context, voices are raised for a more “responsible
use of medicines” aiming to improve clinical benefits while
being aware that resources are scarce (2, 3). The importance
of administering “the right drug for the right patient at the
right time” (4) has been highlighted by initiatives addressing the
inadequate and suboptimal use of medication (3, 5, 6).

Combining personalized medicine with adherence
management is thus one approach to optimize the use of
medicines. The interest in and potential of personalized
medicine increase with the advanced understanding of
individual factors that influence the onset and progression
of diseases (7, 8). Therapeutic drug monitoring and technologies
enabling flexible and individualized drug delivery facilitate
personalized medication regimen (4). Target concentrations
of the drug need to be well-established for each individual
patient, and potential comorbidities and polypharmacy have
to be taken into consideration. However, this is not always
the case, and there is room for improvements to decrease
the risk of toxicity and ensure clinical effectiveness for the
individual patient (9). A profound understanding of biological,
environmental, and behavioral patient characteristics that
may lead to variability in drug responses is thus needed to
design and execute treatments for the individual patient (10).
Medication adherence, defined as “the process by which patients
take their medications as prescribed” (11), is an important
behavioral patient characteristic. As adherence behaviors
currently remain poor and suboptimal, studies have shown
that a significant proportion of patients do not take their
medications as prescribed and hence experience less beneficial
health outcomes (12–15). Furthermore, health systems and
societies are confronted with significant inefficiencies, resulting
in higher costs and overall financial burden (12–15). As a matter
of fact, “if patients do not take their medicines, then there is no
action, [and] no benefit” (5). Consequently, non-adherence may
lead to potentially harmful overdosages and polypharmacy due
to unnecessary escalations in prescribed dosages and further
medications added to the regimen (16). Engagement and support
of patients to adhere to their medication have been associated

with improved clinical benefits and quality of life, as well as
the efficiency of health care systems (15, 17, 18). Adherence
management should thus be an integral part of personalized
medicine to realize its full benefits (10, 11).

Digital solutions in the form of converging technological
platforms can have a significant impact on future health care
services and therefore fall under the regulation of medical devices
(19). Health problems can be approached with multidisciplinary
and participative interventions as digital solutions allow for
improved information generation and communication leading
to more appropriate care and better coordination of services.
Digital health solutions in the field of personalized medicine
and adherence management can thus facilitate individualized
medication regimen and ensure their optimal and effective
administration to the patient (20–22).

This research was motivated by a digital health solution that is
currently being developed by the AARDEX group, a pioneering
company in adherence measurement and management. The
digital medication management innovation is based on the
assumption that the personalization of medications and the
management of adherence are most effective when being
addressed simultaneously (Figure 1). Thus, a “precision dosing”
feature provides and visualizes real-time information about
the patient’s position in the therapeutic window. It is based
on pharmacometrics models and individual adherence data
derived from an electronic medication event monitoring
system (MEMS R©). Additionally, a person-centered, behavioral
adherence management intervention supports the motivation
of individuals and improves the habit of medication taking.
Personalization to the patient can be achieved based on targeted
adherence feedback.

Although the relevance of innovations that combine
technological and behavioral strategies to improve the
personalization of medications and the management of
adherence has been recognized, deployment of these digital
solutions in health care systems remains challenging (20).
As innovations are changing the way services are provided,
they have to satisfy the needs of multiple stakeholders within
the health care system such as quality and safety, financial
sustainability, and equal access (21, 23). Digital solutions that
have a medical purpose such as monitoring and treating diseases
thus fall under the category of medical devices, which are
highly regulated by market access and reimbursement processes
(19, 24). Because of regulators’ and policymakers’ key role
in market authorization and reimbursement processes and
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FIGURE 1 | Adherence Management as an Integral Part of Personalized

Medicine (own representation).

implementation, the investigation of facilitators and barriers
from the regulator and policymaker perspective is crucial to
understand stakeholder expectations and market opportunities
and developments. Therefore, the goal of this research is to
investigate strengths, weaknesses, opportunities, and threats
(SWOT) of digital medication management innovations for
the personalization of medications and the patient-centered
adherence management from the perspective of European
regulators and policymakers.

MATERIALS AND METHODS

Study Design
The research is of qualitative nature and is based on the grounded
theory approach as the established framework is the result of
an inductive reasoning process (25). Two literature reviews and
semi-structured interviews were combined. A scoping review
was first conducted to conceptualize major fields of interests of
regulators and policymakers. Then, semi-structured interviews
were performed to investigate and analyze SWOT within each
field of interest. The SWOT analysis is a tool for the identification
of environmental relationships and complex strategic decision
making and has been applied in the health care sector to identify
internal and external subthemes and their interdependencies (26,
27). The SWOT analysis was chosen as an underlying framework
to organize internal strengths and weaknesses and external
opportunities and threats for the digital medication management
innovation for the personalization of medications and the
patient-centered adherence management and similar digital
solutions from the perspective of regulators and policymakers.
Key subthemes that were identified within the interviews were
further investigated within a supplementary literature review.
Ethical approval was obtained from the Maastricht University
ethical board at the Faculty of Health, Medicine and Life Science
(REC no. FHML/HPIM/2020.079).

Scoping Review
Data Collection
A scoping literature review was conducted to conceptualize
major fields of interests of policymakers and regulators in the area
of medical devices around personalized medicine and adherence
management. The market access and reimbursement processes
for medical devices and strategic approaches for medicines
research and development served as a basis. PubMed was
searched for “medical device” or “medical device regulation”
combined with “Europe,” “authorization,” “reimbursement,” and
related terms. Only documents in English were included. Because
of recent changes in regulations from the Medical Devices
Directive to the Medical Device Regulation (MDR) (19), the
search was limited to articles published within the last 5 years
(Supplementary Material A). Furthermore, strategic reports,
position papers, and documents concerned with personalized
medicine, adherence and empowerment, and digital health
in Europe were searched to identify further interests and
strategic directions not captured by the European-wide MDR
and national procedures. Reports and documents of institutions
such as the European Commission, the European Alliance
for Personalized Medicine, the International Consortium for
Personalized Medicine, Digital Health Europe, the European
Federation for Pharmaceutical Science, and the European
Federation of Pharmaceutical Industries and Associations were
thus searched and identified.

Data Analysis
Literature investigating the actual interests and preferences of
regulators and policymakers regarding development, market
approval, reimbursement, and patient access procedures of
medical devices were included for the data analysis. Documents
identified in the PubMed search were not included if they
discussed potential future regulatory and policy directions
or regulations and policies outside the European Union or
investigated the effect of regulations and policies on specific
medical devices. Strategic documents and position papers
were included if the strategic direction was still in force
and focused on medicines and medical devices research, the
digital transformation of health care, or the personalization of
treatments. Data were extracted according to the different themes
that are relevant during the processes medical devices have
to go through before they are translated into practice at the
medical encounter. Two major fields of interest thus emerged
around the market access processes at the European level as
well as the reimbursement and pricing processes at national
levels. A third field of interest emerged around economic growth
and competitiveness. These themes were used as the extraction
structure for the semi-structured interviews in the following.

Semi-structured Interviews
Participants
Semi-structured video interviews were performed in May
2020 with representatives of organizations in the regulatory
and policymaking field and researchers informing these
policymakers. The convenient sampling approach was used,
which led to a sample of five experts and was limited to four
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western European counties. Interviewees were recruited from
the wider network of BV who also made the first contact. AH,
who conducted the interviews, did not have any relationship
with the participants before the study started. Interviewees
were informed that the interviews are part of her master thesis
placement at the AARDEX Group. Experts with different roles
and responsibilities in the regulatory and policymaking processes
related to medication or medical devices on the European or
national level were found eligible. Seven participants were invited
to participate in the research via email. Five experts from four
countries replied and agreed to the interviews. All participants
provided written informed consent. The selection of interview
partners ensured that various perspectives along the regulatory
and policymaking processes in multiple European countries
are reflected.

Data Collection
Each participant was interviewed by AH according to an
interview guide. This study was conducted within her thesis
project in the M.Sc. Program Health Care Policy, Innovation,
and Management at Maastricht University. AH had basic
experience in conducting semi-structured interviews. The
interview structure and questions were developed according
to Tolley et al. (28) field guide for qualitative research. The
interview guide was pilot tested between AH and BV and was
adjusted for each interviewee depending on their background
and expertise. The interviews consisted of two main parts
(Supplementary Material B). Within the first part, interviewees
were asked to emphasize their priorities in regulatory and
policymaking processes to understand their backgrounds and
perspectives. The second part started with a short introduction
of the digital medication management innovation for the
personalization of medications and patient-centered adherence
management. The analysis of SWOT (26) was used as an
underlying structure for the ensuing questions relating to the
introduced innovation and similar digital solutions. As the health
care industry is characterized by a dynamic environment and
interactions of the quadrants (27), the interview was structured
according to the two main categories of the SWOT analysis:
first, the internal category with (a) strengths (helpful) and (b)
weaknesses (not helpful) and, second, the external category with
(c) opportunities (helpful) and (d) threats (not helpful).

Data Analysis
Interviews lasted on average about 50min and were recorded
and transcribed by AH, who also took field notes during the
interviews. The language used was English except in one case
(German). Subthemes were identified as they were mentioned
repeatedly by multiple interviewees. The level of data saturation
was discussed to be sufficient to establish a framework between
AH and BV as no new major subthemes emerged within
the interviews. Participants had the opportunity to check
the transcripts for their correctness and comment to clarify
ambiguities. The validated transcripts served as the basis for the
data analysis.

AH analyzed and coded the interview transcripts using the
NVivo Software (QSR International Pty Ltd., version 12). A

first analysis was conducted by identifying as many codes as
relevant and assigning them as either helpful or not helpful. Thus,
strengths and opportunities were distinguished from weaknesses
and threats from the regulator or policymaker perspective.
The themes that were identified within the initial literature
search served as the basis for the second step. All codes were
allocated to the following fields of interest: (a) quality, safety, and
effective patient access to personalized medicine; (b) new services
structures, person-centeredness, and allocation of resources;
and (c) innovation, competitiveness, economic growth, and
digital infrastructure. Codes were then distinguished by internal
concepts that directly relate to the integration of digital solutions
for personalized medications and adherence management and
concepts that influence the uptake and implementation of
these digital solutions through external developments and
expectations. Hence, subthemes were identified within the fields
of interest as either strengths, weaknesses, opportunities, or
threats. Quotations are presented anonymously to illustrate the
findings. Appropriate reporting of the study design, analysis, and
findings was ensured using the COREQ checklist (29). The results
were checked and discussed between AH and BV. Interviewees
were given the opportunity to comment on the results.

Supplementary Literature Review
Data Collection
A supplementary literature review was finally performed to get a
more detailed understanding of key subthemes identified within
the SWOT analysis. Regulators and policymakers expressed a
high interest in the topics of patients’ abilities and willingness to
be self-responsible for their health and self-manage medications.
While equal and effective patient access to high-quality health
services emerged as an important interest, experts seem to
have different priorities relating to consequences on equality
and accessibility by increasing the level of self-responsibility of
patients and the role of digital self-management solutions in this
matter. A PubMed search was thus performed to understand,
on the one hand, barriers and facilitators and differences among
subpopulations relating to the usage of digital self-management
solutions and, on the other hand, approaches to prevent unequal
accessibility and utilization when implementing such solutions
in clinical practice. The terms (and synonyms and related
terms) “self-management,” “usage,” “accessibility,” and “eHealth”
were combined in the search (Supplementary Material A). Only
documents in English were included. Because of the recency
of digital self-management solutions, the search was limited to
articles published within the last 5 years.

Data Analysis
Studies that identified barriers and facilitators associated with
different levels of acceptability, utilization, or willingness to use
digital health solutions for the self-management, empowerment,
and education of patients were selected. Furthermore, studies
were included in the analysis if they discovered approaches
to address these differences. Findings were analyzed in
the context of the previously developed SWOT analysis.
Data were extracted according to the widely used rainbow
model of the main determinants of health by Dahlgren and
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Whitehead (30). The model defines “general socioeconomic,
cultural, and environmental conditions,” “living and working
conditions,” “social and community networks,” “individual
lifestyle factors,” and “age, sex, and constitutional factors” as
layers of determinants. The framework was used to provide
an overview of causes for inequalities in the realization of
health benefits by digital health solutions identified in the
included studies. Moreover, data relating to development,
design, and implementation requirements to address inequalities
were extracted.

RESULTS

Scoping Review
The initial scoping literature search led to 38 results in PubMed,
which were assessed based on title and abstract. Seven articles
were included in the analysis (24, 31–36). Within the additional
search for strategic articles, six documents were identified based
on the proposed strategies’ intent and time frame (6, 21, 22,
37–39). The analysis resulted in an overview of interests and
strategic objectives of policymakers and regulators relating to
medical devices andmedicines. Three main fields of interest were
identified and used for data reporting: (a) quality, safety, and
effective patient access to personalized medicine; (b) new services
structures, person-centeredness, and allocation of resources;
and (c) innovation, competitiveness, economic growth, and
digital infrastructure.

Quality, Safety, and Effective Patient
Access to Personalized Medicine
Regulators and policymakers aim to ensure effective patient
access to high-quality and safe health services (24). Therefore,
the market approval of medical devices is regulated by the
MDR of the European Commission. Medical devices are granted
market access in the form of the Conformité Européenne (CE
mark) if clinical safety and performance have been proven
(19, 35). A general orientation toward quality improvements
and treatment personalization can be observed with the aim
of achieving better clinical outcomes (32). To accommodate
individual patient needs, reduce the risk of adverse effects, and
improve the efficacy, a system approach, including personalized
medicine and complex disease-modifying drug treatments, is
proposed (22). Digital solutions can support these new care
models, and it is thus of interest to deploy them throughout
health systems and ensure their accessibility and uptake of all
population segments (21). Regulators and policymakers strive
to generate high-quality health data and its use in personalized,
evidence-based treatments to optimize patient care on a scientific
basis (21, 37, 39).

New Services Structures,
Person-Centeredness, and Allocation of
Resources
To ensure the sustainability of health systems throughout
Europe, efficient allocation decisions have to be made while
promoting innovations that lead to improved and holistic service

delivery (32). While reimbursement and pricing decisions are
made on the national level (24), broader strategic directions
and approaches are formulated at the European level (21).
For medical devices, countries apply different procedures
and criteria and involve various agencies in the decision-
making process (24, 31, 33, 36). As national regulators and
policymakers are concerned with allocation decisions, cost-
effective use of resources and cost control can be seen as
major interests besides clinical effectiveness and accessibility
(24, 31, 32). Frequently applied assessment elements are safety,
effectiveness, and efficiency, costs, and economic consequences.
Furthermore, social, organizational, ethical, and legal aspects are
often considered (33, 34, 36). Strategic directions for regulations
and policies on the European and national levels reflect the
aim to design purposeful and sustainable health systems and
avoid financial waste (21, 22). Highly recurrent approaches
that are assumed to improve the financial effectiveness are a
paradigm shift toward health promotion, disease prevention,
and patient-centeredness. Different strategies are proposed to
reach these goals. Patient empowerment and self-responsibility,
well-equipped health care professionals, multidisciplinary and
integrated care models, and the implementation of new
technological and digital solutions are assumed to be key enabler
for holistic, cost-effective, and person-centered care provision
and are thus important interests of regulators and policymakers
(6, 21, 22, 37–39).

Innovation, Competitiveness, Economic
Growth, and Digital Infrastructure
Besides the accommodation of patients’ and society’s health-
related needs, innovations in health care have a sizable
economic dimension. Generating economic value and remaining
competitive are thus further major interests (6, 22). Enabling
technologies are an essential lever and key for maximizing the
research and discovery potential and the development of new
health care models and personalized medicine. Active promotion
of research and innovation can stimulate economic growth and
establish an industrial leadership of Europe. International co-
operation and collaboration within Europe in data generation,
management, and governance, interoperability of systems, and
implementation of novel technologies can generate a significant
competitive advantage in the digital transformation of health
systems and the realization of clinical and financial benefits
associated with new care models (6, 21, 22, 37–39).

SWOT Analysis
Five interviews were conducted with experts (two females,
three males) from four European countries (Belgium, Germany,
Luxemburg, the Netherlands). As no new major subthemes
emerged within the interviews, a level of data saturation was
reached that allowed to establish the framework. The experts
are active in different regulatory agencies, governmental bodies,
research departments, and organizations concerned with the
design of health systems. One interviewee is working in a health
ministry and is concerned with pharmaceutical care focusing on
hospital pharmacies and seamless care after discharge. Another
interviewee is working in a governmental body directly under
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the control of a health ministry in the field of medicines and
pharmacy. A third interviewee works in the clinical assessment of
medicines and medical devices and gives advice on the national
and international level. This interviewee also holds a position as a
researcher in a related field. The fourth interviewee is a researcher
and concerned with the impact of policy decisions on health
and the safe use of medicines. The last interviewee is an expert
in health systems research, health policy design, innovations
implementation, and health economics. All interviewees have
experiences with the design, implementation, use, or evaluation
of digital solutions in medicines or medical devices. Clinical
effectiveness, patient safety, and quality of care are a major
field of attention for four interviewees. Health economic aspects
and financial sustainability of health systems and policies are
important themes for two interviewees.

The analysis of the priorities of regulators and policymakers
confirmed the three major fields of interest identified in the
scoping literature review to a large part. Depending on the
responsibilities of the interviewees, different interests were
emphasized. Improving the benefit–risk ratio of medications,
ensuring patient access to medications, cost-effectiveness,
multidisciplinary approaches, and data governance emerged as
the most important interests. Promoting personalized medicine
and proactive service structures were mentioned as important
aspects to improve health services but were not stated as
top priorities. Strategic aims such as competitiveness and
economic growth were not explicitly mentioned as goals. The
SWOT analysis resulted in 7 strengths, 8 weaknesses, 11
opportunities, and 10 threats, as shown in Tables 1, 2 (see
Supplementary Material C for more details). In the following,
the results are described per major field of interest, starting with
the external threats and opportunities and followed by internal
strengths and weaknesses.

Quality, Safety, and Effective Patient
Access to Personalized Medicine
The rising complexity of medications and the development of
high-risk drugs can threaten the quality and safety associated
with treatments. Especially experts with a background in
pharmacy and a strong focus on regulatory decisions and their
impact on patients’ health highlighted the following subthemes.
Complex medications with narrow therapeutic windows are a
challenge for health care professionals as the uniqueness of
patients and their pathology demand them to achieve individual
concentrations for each patient that are safe and effective.
Furthermore, patients’ suboptimal adherence behavior to these
medications threatens attempts to improve quality, safety, and
personalization of treatments as it may lead to considerable
disease-related consequences and adverse effects. Opportunities
to meet these challenges are seen in the personalization of
medicine, and the use of supportive digital solutions that help
health care professionals ensures the right administration of the
drug, promotes effective communication along the care chain,
and enables patients to manage their conditions. The increasing
awareness of the negative consequences of non-adherence is
further supporting initiatives aiming to improve adherence,

TABLE 1 | Strengths and weaknesses of digital innovations for the personalization

of medications and the management of adherence.

Strengths Weaknesses

Quality, safety, and effective patient access to personalized medicine

• Facilitates better management of

illnesses and medication and can

reduce treatment complexity

through personalization and

information

• Improves quality, safety,

effectiveness, and benefit–risk ratio

of medications through

personalization and feedback

• May add complexity to treatments

and the management of medication

• May only be perceived necessary for

a limited number of medications

• Potential exclusion of (vulnerable)

patient populations from the

optimal use of medicines

New services structures, person-centeredness, and allocation of resources

• Promotes patient-centered and

multidisciplinary service provision

and a new way of working between

health professionals

• Facilitates a participative way of

service provision and motivates

patients to take an active role

• Increases self-responsibility and

capabilities of patients to

understand and self-manage their

medication through empowerment,

education, and support

• Improves cost-effectiveness by

reducing economic burden related

to ineffective management

of medication

• Ability to be self-responsible for

medication management differs

among patients

• Unclear preferences regarding the

value of new technologies and hard

to ensure their appropriate use

• May disturb the relationship

between health care professionals

and patients

• Implementation costs may exceed

cost savings, and integration

requires additional training and

collaborative efforts

Innovation, competitiveness, economic growth, and digital infrastructure

• Generates valuable data for

improvements and further

innovations

• Generated data may have

irregularities that are hard to explain

especially for high-risk medications. Digital solutions for
medication individualization and the personalized management
of medication adherence can add value as they can facilitate
better management of illnesses and medication. Personalized
information about the drug, such as target concentrations or
adverse effects, can help patients manage the medication and
avoid adverse effects. Further, the complexity of treatments may
be reduced by such digital solutions through the alignment of
multiple medications. Participants also mentioned the potential
to improve quality, safety, effectiveness, and the benefit–risk
ratio of medications as a significant strength of personalizing
medicines and promoting adherence:

“You get the right amount of drug for the right type of patient,
making sure that you get the best clinical benefits out of the drug
and [are] still within a range in the clinical therapeutic window,
that you don’t see harms. I think that is the main advantage
that [you] could expect of this. And with this stimulation of
adherence, obviously, you also stimulate that these benefits are
really achieved.”
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TABLE 2 | Opportunities and threats of digital innovations for the personalization

of medications and the management of adherence.

Opportunities Threats

Quality, safety, and effective patient access to personalized medicine

• Increasing openness toward

approaches to personalize

treatments and development of

supportive digital solutions

• Increasing demand to improve

adherence to medications with a

narrow therapeutic window

• High complexity of medications and

uniqueness of patients

• Suboptimal adherence behavior in

treatments with a narrow

therapeutic window leading to

considerable disease-related

consequences and adverse effects

New services structures, person-centeredness, and allocation of resources

• New forms of collaboration and

multidisciplinary approaches are

emerging

• Service structures to ensure

long-term sustainability and

patient-centeredness are gaining

importance

• Focus on methods to allocate

financial resources in a

cost-effective manner

• Increasing openness for digital

solutions in health care

• Many patients are willing and able

to self-manage their therapies and

demand empowerment and

participation

• Affinity of many patients for digital

technologies, wearables, tracking

of individual data

• Task-oriented service and

remuneration structure and no

clear strategy to improve and

implement multidisciplinary and

patient-centered structures

• Passive role of the patient with

insufficient health literacy, self-

responsibility, and ability to

self-manage medications

• Determinants of adherence are

complex and awareness among

health care professionals of

non-adherence is low

• Conservative attitude toward

digitalization among many

health professionals and slow

implementation processes

• Scarcity of financial resources,

increasing complexity and costs of

care, and low willingness to pay for

new care models

Innovation, competitiveness, economic growth, and digital infrastructure

• Ongoing improvements of the

digital infrastructure and

implementation processes for

digital health solutions

• Initiatives to generate health data

and make best use of available

sources

• Opportunity of certification and

development of registries to ensure

high-quality applications, to

increase visibility, and to

guide uptake

• Slow progress in the infrastructure

for digital solutions and data

governance regulations

• Highly regulated and bureaucratic

market access

• Insufficient generation and usage of

health (and adherence) data

Nevertheless, the complexity of treatments and medication
management could also increase through the additional
application. Improvements in medication research and
development currently lead to less severe or perceptible adverse
effects or reduced treatment complexity. Hence, although digital
solutions for the personalization of medications and patient-
centered adherence management may improve quality and
safety of many medications, the necessity is perceived for only a
limited number of drugs with narrow therapeutic windows. One
interviewee stated:

“You have to think that through every time—do I need all this
kind of extra information to use my medicine?”

Furthermore, the use of the digital solution itself and the
information providedmay demand toomuch from some patients
and exclude especially vulnerable population segments from the
optimal use of medicines.

New Services Structures,
Person-Centeredness, and Allocation of
Resources
The current task-oriented structure of health care systems,
with an organization of health services and remuneration
schemes that disincentivize a proactive and multidisciplinary
care provision, is a significant threat to the effective allocation
of resources and the implementation of new, person-centered
service structures. All interviewees mentioned forms of inertia
to change the structure of health service provision as a major
barrier to the implementation of person-centered, holistic, and
more preventive approaches. Because of these classical service
structures, many patients are not assuming self-responsibility
for their health, having a rather passive role in the treatment
process, and a low ability to self-manage medications. Moreover,
low levels of health literacy among patients lead to insufficient
awareness of behavior related to health and therapies and thus
low demand for education and empowerment. Furthermore, the
task-oriented service provision limits health care professionals to
detect and address the underlying causes of non-adherence.More
holistic routines are needed to raise providers’ awareness of the
importance of improving adherence. The conservative attitude
toward digital solutions among many health professionals was
mentioned as another barrier that slows down the transformation
of health services.

“Many health care professionals are rather conservative in the
way of approaching [digital] care.”

Especially the older generation of health care professionals is
not trained for the use of digital solutions. Different mindsets
regarding the digital transformation of health care coexist among
professionals, and in combination with the availability of many
low-quality applications, this may lead to mistrust in digital
health solutions.

“But there is also a fear. So, I think physicians also need to be
reassured that the app is built on reliable data because we all
know this garbage in garbage out from all these applications.”

Especially the uptake of solutions aiming to improve
multidisciplinary approaches that rely on reliable
communication of all professionals in the care chain may
be complicated by these aspects. Rising health care costs and
scarcity of financial resources further lead to a low willingness
to pay for additional technologies or services. A proactive
and preventive orientation demands payers to invest in new
person-centered and multidisciplinary structures without having
guaranteed costs-savings.
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“There is less money which is spent on prevention than on a
curative approach.”

The scarcity of resources may thus also lead to less solidarity
and more self-responsibility of citizens to invest in their health
and prevent or manage diseases. Despite these barriers to
restructuring health care, especially experts in the field of
policymaking mentioned the need to establish more person-
centered and multidisciplinary care chains to satisfy patient
needs and build more sustainable health systems. New forms
of collaboration are emerging as opportunities to make the best
use of available resources and provide holistic care. As stated by
one interviewee:

“There is nothing cheaper than good care, and there is nothing
more expensive than poor care.”

The importance of new patient-centered service structures is
thus increasing. Proactive measures and preventive approaches
are more and more promoted, as they are likely to be
more cost-effective in the long term. Cost-effectiveness is
an important criterion to ensure financial sustainability.
Thus, Health Technology Assessment (HTA) and regulatory
agencies collaborate in the alignment of HTA processes and
regulations of new service models to improve implementation
and reimbursement procedures. Furthermore, the COVID-19
(coronavirus disease 2019) pandemic has shown how fast digital
solutions can be implemented in health care. The uptake
of digital health solutions has accelerated, and health care
providers and patients are making positive experiences. Besides
these recent developments, directions toward self-management,
empowerment, and a participative way of service provision are
promoted, and many patients are willing and able to be more
self-responsible and take an active role in their treatments.
Additionally, the majority of citizens have an affinity for digital
technologies such as wearables or apps to track individual
health measures:

“I think the people like more and more to measures things
themselves. To know about their health, people are having Apple
watches, you know. It’s more and more common, and I think it’ll
be more and more common to have these health apps.”

It can thus be assumed that these citizens have a positive attitude
toward digital solutions to support their treatments.

Significant strengths of digital solutions for the
personalization of medications and the patient-centered
adherence management relate to these opportunities.
Interviewees stated that they can promote new ways of
working between health professionals and person-centeredness
by coordinating collaborative efforts of multiple professions
and connecting relevant patient information. Furthermore, they
facilitate a more participative approach and give patients a more
active role in the treatment. Improved access to and sharing of
health data, as well as appropriate communication and feedback,
can enable patients and providers to make decisions jointly.
Digital solutions not only can facilitate more involvement at
the medical encounter but also can increase the health-related
self-responsibility of citizens and the capabilities of patients to

understand and self-manage their medication. Empowerment
through personalized education, visualization of adherence and
health data, and support in building habits and routines can
increase the ability to make decisions and manage challenging
health conditions. Experts emphasized the importance of user-
friendliness and accessibility to realize these benefits for as many
persons as possible. If digital solutions successfully facilitate
new care models in the form of multidisciplinary and person-
centered approaches, interviewees expect them to improve the
cost-effectiveness of medications through fewer costs associated
with their suboptimal use and non-adherence. However, there
are also weaknesses associated with digital solutions as the ability
and willingness of patients to be self-responsible differ and highly
depend on various patient characteristics. Not all patients can
understand the interrelationships of their health, medication,
and behavioral aspects or are unfamiliar with digital devices and
apps. Especially vulnerable patient groups may not benefit from
this form of digital support. Among those patients who are able
and willing to use digital health solutions, interviewees added for
consideration that preferences, the perceived user-friendliness,
and also the adherence to the digital solutions may vary. These
differences make it hard to ensure their appropriate use and thus
hamper the realization of benefits. Furthermore, the traditionally
confidential relationship between health care professionals and
patients could be disturbed. The implementation of holistic
digital solutions is also associated with additional costs. Besides
the costs of the applications, integration requires additional
efforts relating to new reimbursement schemes, training of
professionals, and collaborative efforts between them. Hence,
integration demands scarce financial and human resources.

Innovation, Competitiveness, Economic
Growth, and Digital Infrastructure
The implementation and utilization of digital solutions in

health care rely on a profound information technology (IT)

infrastructure and clear data governance. Slow progress and
fragmentation are seen as an essential threat by the interviewees.

Especially experts who are active in health policymaking

saw further barriers in the bureaucratic market access of
new technologies.

“I think societies or health care systems are ready for
innovations, but I think the bureaucracy and the regulations
slow them down. Due to all the steps that you need to take to get
the innovations really implemented, for some they are already
outdated when you are at the end of that row.”

Most interviewees mentioned insufficient data generation tools

and suboptimal usage of available health data as a considerable

challenge to raise awareness and prove the importance of

implementing new care models supported by digital solutions.

Nevertheless, opportunities lie in current developments and

improvements in the IT infrastructure. Digital solutions are

being implemented at a small scale or in pilot projects, and
integration processes are improving. Further, many initiatives

tackle the challenges of suboptimal data generation and usage.
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Patient registries, real-world evidence, the input of wearables
and apps, or information patients have to provide if they receive
costly treatments are some sources to generate high-quality data
and increase the understanding and awareness of non-adherence
and other reasons behind the suboptimal use of medications.
Besides that, interviewees working in health policymaking saw
a notable opportunity in certifications for digital solutions and
registries to guide the uptake of such novelties. The CE mark or
national registries can reassure health care professionals that the
app complies with all regulations and provides high-quality and
safe services.

A major strength of digital solutions for personalizing
medicines and managing adherence is thus the generation of
high-quality individual health data. These data can be used to
raise awareness of problems such as non-adherence and promote
further improvements in therapies and the development of
innovations. On the downside, data generated by applications
at the patients’ home may have irregularities that are hard
to explain:

“How do you ensure that the patterns that you see are true?
Because people also do the strangest things, you know. They open
the bottle and take seven doses out and then leave it closed for
a week and then it looks like they are not doing what they are
supposed to, but they really are.”

Thus, the validity of the data and information generated
by patients through digital solutions must be approached
with caution.

Overall, participants were optimistic that digital health
solutions will be one facilitator of new personalized and
multidisciplinary service structures in health systems that can
ensure sustainable allocation of resources and satisfy the needs
of all stakeholders more optimally than the current system.

“[New approaches] will evolve for more patient-focusing aspects
with an economic care model that can be available and
affordable for everybody.”

This statement highlights the importance of ensuring that

all population segments benefit from new ways of service

provision. While initiatives to increase patient empowerment,
education, and self-responsibility were generally valued and

in line with the focus on preventive and proactive health

services, concerns around equality, fairness, and solidarity
were raised. Further, the strength of empowering patients

and giving them a more active role in their treatment was

especially discussed against the weakness of potentially excluding
vulnerable groups from the optimal use of therapies. These

subthemes were identified as a key topic because the digital

medication management innovation for the personalization
of medications and person-centered adherence management
relies on patients’ ability and willingness to become more
self-responsible. Although the intervention aims to empower
patients in a personalized way to facilitate behavioral change and
self-manage their medications, the results of the SWOT analysis
suggest that inequalities may arise. A profound understanding
of reasons for inequalities and approaches ensuring

equality and accessibility among all population segments is
thus essential.

Supplementary Literature Review Focused on Digital Self-
Management Solutions and Inequalities.

The supplementary literature review was thus conducted
to first explore barriers to and facilitators for the acceptance
and utilization of digital health solutions focusing on self-
management, empowerment, and education. Second, features
and requirements to prevent unequal access and usage of these
technologies were investigated. The PubMed search led to 35
results, of which 16 articles were included for analysis after
the title and abstract assessment (Supplementary Material A).
Nine of the identified studies focused on self-management
support (40–48), two were related to health education and
information (49, 50), and five studies investigated digital health
services (51, 52) or health promotion and disease prevention
interventions (53–55).

Barriers to and facilitators of acceptance and utilization were
explored in 10 studies (40, 44, 47, 48, 50–55), and findings
added mainly to the opportunities and threats of the SWOT
analysis. All 16 studies investigated approaches to improve equal
acceptability and utilization throughout all population segments.
These approaches overlap with suggestions made by some
interviewees. Successful realization of these approaches adds to
the strengths, whereas failure to incorporate them in digital
solutions adds to weaknesses. Key findings are summarized in
Table 3.

Results suggest that various determinants lead to different
levels of acceptability and utilization of digital solutions for
patient self-management, empowerment, and education. Within
the layer of “general socioeconomic, cultural, and environmental
conditions,” race and ethnicity emerged as one determinant.
Members of minorities were found to engage less with digital
health solutions. Nevertheless, these results were moderated by
internet access (53) and could be explained by lower smartphone
ownership (48), or race and ethnicity were used as a potential
explanation for the comparable low response rate in a study with
a health promotion focus (55). One review reported that efforts
made to design digital health solutions in a culturally appropriate
way may explain the findings that no differences appeared
between different ethnic groups (40). Lower income levels were
identified as another possible determinant for less engagement
in digital solutions or reduced willingness to use them (44,
51), and one study reported significant results (54). One study
could explain the lower utilization levels with lower smartphone
ownership among those with low income levels (48). In another
review, one article reported affordability problems related to
the devices needed for the digital health solution, whereas
other included studies found lower income to be a facilitator
for engagement in digital solutions (47). Low socioeconomic
status was found to be attributed to less utilization of digital
health solutions in one review (40), whereas age appeared as a
moderator for this association in another analysis (47). Within
the layer of “living and working conditions,” education emerged
as the most important determinant. Eight studies found that
lower educational levels were associated with less utilization or
willingness to engage in digital health solutions. The result in
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TABLE 3 | Barriers and facilitators for acceptance and utilization of digital health solutions and features and requirements to promote equal access and usage among all

population segments.

Layer (30) Barriers and facilitators for acceptance and

utilization of digital health solutions

Features and requirements to promote equality

in access and usage

General socioeconomic, cultural, and

environmental conditions

• Race and ethnicity

• Income levels

• Socioeconomic status

• Tailor the digital solution to cultural aspects and

offer the interventions in multiple languages

Living and working conditions • Education

• Retirement and unemployment

• Competing life priorities

• Access to health services and health insurance

status

• Internet access, availability of digital devices, and

digital literacy

• Familiarity or previous experience with

digital health

• Present information according to the target

population’s level of education and health literacy

• Complexity and amount of information provided

should be customizable

• Increase accessibility and ownership of devices

and make optimal usage of technology that is

already available and used

• Increase awareness and familiarity

Social and community networks • Marital status • Recognize social network as valuable resources

to bridge digital skills or to provide support

Individual lifestyle factors • General health status • Tailor the interventions around individual health

needs and diseases

Age, sex, and constitutional factors • Age • Tailor the interventions to individual needs and

capabilities

one study were moderated by adjusting for internet access (53)
and could be explained by less internet usage in another study
(50). One article identified low educational level as a barrier to
participate in their study (55). The majority of articles reported
a strong and significant association between high educational
levels and increased uptake of digital solutions (44, 47, 48, 51, 54).
Retirement and unemployment were identified as other barriers
(51, 55), whereas internet access served as a moderator for this
finding in one study (53). Living with children was found to be
facilitators for the uptake of digital solution that shifted a part of
the care chain to online services (51), but lack of child care, time,
and private space and demanding work schedules were found
to be barriers to digital health solutions for self-management or
health promotion (40, 55). Further, population segments with
limited access to health services (40) or low health insurance
status (48) showed lower acceptability of digital solutions than
those with good health service accessibility and health insurance
status. Limited internet access or availability of digital devices
(47, 48, 50, 53) and lower IT skills (51) going along with low
digital literacy were found to be related to lower engagement
in digital health solutions. Familiarity or previous experience
with digital health was found to facilitate the utilization of other
digital health solutions (51, 52). However, reluctance to engage
in digital solutions was found to be higher when provider did not
recommend it (47). Within the “social and community networks”
layer, marriage was discussed as a determinant, results were
moderated by adjusting for internet access (53). The general
health status emerged as a major determinant within the layer
of “individual lifestyle factors.” Deteriorations in health, often
associated with hospitalization and routine changes, being in a
treatment phase and high levels of fatigue and psychosis were
associated with low levels of engagement (47, 54). Another study
could explain lower utilization with low internet usage among

individuals with worse generally health status (50). However, a
high perceived risk of illness (40), greater disability and mental
problems (47), and being in a post-treatment phase (54) were
linked with higher utilization of digital solutions. The presence
of chronic conditions may also lead to increased engagement
(51). Within the layer of “age, sex, and constitutional factors,”
age emerged as an important determinant for the level of
engagement in digital health solutions. Older individuals may
show lower utilization rates (44, 51). The association between
older age and less engagement in digital solutions could be
explained by lower rates of internet usage and access (50, 53) or
smartphone ownership (48) that one study found a significant
relationship (54).

Studies report various approaches to address these different
determinants. It was frequently suggested to involve users in the
development process (40, 41, 44, 46, 48, 52) and conduct research
on characteristics and preferences of the target population, as
well as building the intervention on solid theories (40, 41, 43,
46, 50, 54). The potential to address inequalities in health with
digital solutions for patient self-management, empowerment,
and education highly depends on the acceptability of the
technology among the target population (43, 49, 55). Approaches
to increase the acceptability and promote utilization among all
population segments suggest addressing the previously reported
determinants. Within the layer of “general socioeconomic,
cultural, and environmental conditions,” tailoring the digital
solution to cultural aspects and offering the interventions in
multiple languages emerged as a promising approach (40, 43,
46, 49). Results suggest that the information has to be presented
according to the target population’s level of education and
health literacy. The complexity and amount of information
provided should be customizable, so individuals neither are
overwhelmed nor perceive the content as irrelevant (40, 41,
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43, 44, 46, 49, 51). Further strategies within this layer address
the limited internet access or availability of digital devices, as
well as lower IT skills and digital literacy. While some studies
suggest promoting efforts to increase accessibility and ownership
(46, 50, 51, 53), others recommend making optimal usage of
technology that is already available and used (42, 43, 45, 50,
54). As familiarity and previous experience with digital health
solutions were identified as onemain facilitator for the utilization
of further digital solutions, approaches to increase awareness
and familiarity are suggested. Recommended strategies include
cost-free opportunities for patients, courses introducing the
functions of digital health solutions, and providing support, as
well as integrating health care personnel in the intervention
to overcome mistrust and increase the reputation (42, 43, 50–
52, 55). Within the layer of “social and community networks,”
family members, informal caregivers, and the community were
identified as valuable resources either to bridge digital skills
(42, 46) or to support patients by monitoring their progress
and motivating them (45). The general health status emerged
as an essential determinant in the layer of “individual lifestyle
factors.” Results suggest that patients and health professionals
should be enabled to tailor the interventions around individual
health needs and preferences, which requires a profound
understanding of the needs and routines of the target population
and room for personalizing the interventions itself, as well
as features such as reminders or motivators (40–47, 55). In
some health conditions, empowering, and monitoring features
may lead to increased disease distress or be perceived as a
control measure. Thus, special attention is required in the
design of digital solutions for psychologically vulnerable patient
populations (42, 47). Furthermore, interventions should be agile
so they can be adjusted to deteriorations in health, periods
of hospitalization, and new treatment goals (45, 47). Age is
found to be a determinant for the uptake of digital solutions
within the layer of “age, sex, and constitutional factors” and is
subject to approaches that suggest tailoring the interventions
to individual needs and capabilities (40, 48, 49, 51). Besides
age, other individual characteristics are important for a good
user-experience and user-friendly design. A simple and intuitive
interface and personalized feedback, reminders, and trackers
werementioned besides the demand for customization options of
the font size and colors as well as the option for a more gamified
design including avatars and reward systems (41, 43, 45–47, 49).

DISCUSSION

Two literature reviews and expert interviews were conducted
to investigate SWOT of the digital medication management
innovation for the personalization of medications and the
patient-centered adherence management and digital solutions
of a similar type from the perspective of European regulators
and policymakers. Main fields of interests of regulators and
policymakers emerged around quality, safety, and effective
patient access to personalized medicine, as well as new services
structures, person-centeredness, and allocation of resources
and innovation, competitiveness, economic growth, and digital

infrastructure. SWOT were classified within these fields of
interest. Although historically grown structures and associated
remunerations schemes, conservative attitudes of professionals
and patients, insufficient digital infrastructure, and bureaucratic
regulations may slow down change processes, interviewees were
optimistic that progressive structures will evolve in the long term.
Patient empowerment, education, and self-responsibility and
directions toward more preventive and proactive health services
emerged as key future directions, but concerns around equality,
fairness, and solidarity were raised, and the potential exclusion
of vulnerable groups from the optimal use of therapies was
discussed. The supplementary literature review added to this key
topic and can thus be linked to findings of the interviews relating
to the ability and willingness of patients to be self-responsible for
their health and self-manage their medications.

To discuss these interdependencies, the adapted SWOT
analysis of vanWijngaarden et al. (27) used, which recognizes the
complex context and dynamics of the health care environment.
In their revised version of the analysis, interactions of
the four quadrants are recognized, and classification as a
strength or weakness and opportunity or threat is less strict.
Instead, three dimensions are identified: the expectations of
stakeholders and contextual factors as external elements and
resources as an internal element. A profound understanding
of stakeholder expectations, contextual factors, and internal
resources can thus provide valuable insights into current and
future facilitators for and barriers to the digital medication
management innovation for the personalization of medications
and the patient-centered adherence management and similar
digital solutions.

Key elements of this research and the interdependencies of
the identified internal resources, stakeholder expectations, and
contextual factors are illustrated in Figure 2. The willingness
and ability of many patients to self-manage their therapies,
their demand for more empowerment and participation, their
affinity for digital technologies, and tracking individual health
data seem to be promising contextual factors and stakeholder
expectations for higher future engagement in digital health
solutions. Nevertheless, the lower levels of engagement in
digital solutions for patient self-management, empowerment,
and education of more vulnerable population segments such
as minorities, individuals with low educational levels, and
older adults emphasize the hampering consequences of passive
patient roles, insufficient health literacy, self-responsibility, and
ability to self-manage medications. As an internal resource,
the importance of focusing on user-friendliness, as well
as compliance with existing guidelines for usability and
accessibility of such digital health solutions, has been stressed.
Therefore, interdependencies between the external and internal
elements of the analysis emerge: as the ability to be self-
responsible for medication management differs among patients,
and insights into preferences regarding new technologies and
their actual usage are still lacking, digital health solutions
may lack a good fit for their target population if not
successfully adapted to their specific needs. Because of the
disadvantageous prerequisites of vulnerable groups, this may
especially exclude population segments from the optimal usage
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FIGURE 2 | Dynamic SWOT Analysis for the Digital Management of Medication Adherence.

that have a higher level of unmet medical needs. Nevertheless,
if characteristics of the target population and especially needs of
vulnerable individuals are carefully addressed, digital solutions
can facilitate a participative way of service provision and
motivate patients to take an active role in their treatments.
Providing sufficient support and tailoring the intervention
and information to patients’ capabilities can help increase
their self-responsibility.

Beyond the analysis of this research, the reorientation toward
participation and involvement has been stated to be one of
the most important shifts in health and medical care (56).
Because of the advanced understanding of determinants of
health, the boundaries of health systems become more fluid.
It is more and more recognized that policy decisions as
well as individual lifestyle choices have an impact on health
(56). Within this emerging “health society,” “(. . . ) the debate
revolves around public and private responsibility, privatization
and commercialization, health and wealth, empowerment and
participation, and social inclusion and exclusion” (56). As
health is presented as “doable,” citizens are demanded to
participate in the health system and incorporate the dimension
of health in their lifestyle decisions, while private and public
services aim to provide support and navigation in decision-
making processes (56). Various viewpoints that emerged within
the interviews suggest that the boundaries of the health
system and the obligation of its stakeholders to establish this
self-responsibility throughout the society seem debatable. A
proactive approach in health care provision was mentioned
as an essential facilitator for more sustainable health systems
and to accomplish unmet medical needs, especially against
the background of challenges associated with the demographic
change such as increasing chronic conditions and financial
constraints. Efforts to enable citizens of all population segments
to be more self-responsible and participative were mentioned
to be essential. Especially interviewees with a strong quality
and safety focus emphasized that it is a duty of health
system actors to equip all citizens with the needed tools to
make healthy lifestyle choices, to self-manage health conditions,
and to provide a safety net if patients are unable to do

so. On the other hand, it was questioned if societies and
health systems should be held responsible for individuals’
unhealthy behaviors and lifestyle choices. Especially interviewees
also concerned with economic consequences of such policy
decisions argued that inequalities are acceptable to a certain
degree if the majority can realize benefits. Developments on
these perspectives will be introduced and discussed in their
application to the digital medication management innovation
for the personalization of medications and the person-
centered adherence management and similar digital solutions in
the following.

Past development toward a more holistic definition of health
and especially recent initiatives to construct a conceptual
framework of health around “the ability to adapt and to self-
manage” (57) reflect the attempt to incorporate the advanced
understanding of biological, behavioral, and environmental
determinants into health systems and services provided,
exceeding the current World Health Organization definition
(58). The new suggested conceptualization around adaptability
and self-management may shift the focus of health policies
on implementing more proactive and empowering measures
(59) and promoting patient participation (60). Nevertheless,
“the greater emphasis on individual responsibility in health
care policy and public opinion might be considered to
be in tension with the principles of solidarity and equal
access to care (. . . )” (61). There is a tendency toward
conceiving solidarity as a reciprocal concept that couples
access to health services to a healthy lifestyle (61, 62).
Policies shifting the responsibility toward citizens and
patients may thus risk inequalities as a consequence of
different levels of “the ability to adapt and self-manage”
(59, 61).

The digital medication management innovation for the
personalization of medications and the patient-centered
adherence management should be placed in these contextual
developments and expectations. One major aspect that emerges
within the dimension of internal resources of the revised
SWOT analysis is its potential to increase the adaptability and
self-management capabilities of patients. The “precision dosing”
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feature provides personalized medication information and
visualizes the position in the therapeutic window to empower
patients to engage in their medication management actively.
Further, the optimal use of medicines is accomplished by
making adherence an integral part of personalized medicine.
The identification of individual adherence behaviors as the
basis for patient-centered adherence management, along with
individual motivational factors and lifestyle factors, hence
address potential determinants of inequalities. Nevertheless,
sophisticated concepts are needed to increase the personalization
and patient-centeredness of services. Results of the interviews
as well as the supplementary literature review indicate that
the vast potential of digital health solutions can only be
unleashed if all aspects of the intervention, including the
services provided, as well as the technologies used, are
successfully tailored to the complex needs of the target
population and allow for personalization on the individual
patient level.

The presented SWOT analysis and the identified dynamic
of facilitators and barriers indicate that digital solutions that
empower and educate patients and increase their level of self-
responsibility are promising approaches to pursue goals of
regulators and policymakers. The risk of evolving inequalities has
nevertheless to be carefully addressed. Efforts should especially
include promoting the engagement of population segments that
are the hardest to reach but are likely to benefit the most.
Overall, it has been recognized that to unfold the potential that
lies in digital solutions for the advancement of personalized
medicine and adherence management, broad investments and
full-scale implementation of such novel technologies are needed
(20, 21).

Limitations of this research must be acknowledged. The
literature search was not exhaustive and only performed on the
PubMed database. Furthermore, the number of interviews was
small, and the samplemay not reflect the perspective of regulators
and policymakers throughout Europe. Participants, however,
covered various roles and responsibilities in organizations within
the regulatory and policymaking field and were also concerned
with policy decisions, implementation, and reimbursement in
research. Nevertheless, the sample was limited to experts from
only four western European countries and recruited with the
convenient sampling approach. Further research should thus
explore the perspectives of a broader and European-wide sample.
Moreover, the involvement of all stakeholders emerged as an
important aspect of successful design and implementation. This
research was limited to the perspective of policymakers and
regulators. It is thus suggested to investigate facilitators for
and barriers to digital solutions for the personalization of
medications and patient-centered adherence management from
the perspective of other relevant stakeholders especially patients

and health care professionals. It is hoped that this study provides
a starting point for such research. In conclusion, this study
suggests that, from the policymaker and regulator perspective,
digital health solutions can be a facilitator to optimize the use
of medicines and thus their efficiency while also promoting
the implementation of new service structures and innovation
especially around more participation. Different barriers were
identified, with the most relevant from the perspective of
policymakers and regulators, relating to the effects on equal
accessibility and usage among all population segments. It
is thus crucial to establish well-conceived development and
implementation processes to also realize improvements in
equality and solidarity within health systems.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily
available because Interviewees would be identifiable
in the interview transcripts. The detailed SWOT-
analysis in the Supplementary Materials provides the
anonymized and summarized data. Requests to access
the datasets should be directed to Anna-Elisa Hein,
anna.hein@student.maastrichtuniversity.nl.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Maastricht University ethical board at the
Faculty of Health, Medicine and Life Science (REC Number:
FHML/HPIM/2020.079). The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

A-EH, BV, and MH designed the study reviewed the manuscript.
A-EH collected, analyzed, and summarized the data and drafted
the manuscript. BV reviewed the data collection and analysis.
All authors were responsible for final approval of the version to
be published.

ACKNOWLEDGMENTS

The authors would like to thank the interview participants for
their valuable contributions to this research.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmedt.
2020.604183/full#supplementary-material

REFERENCES

1. European Commission. Communication From the Commission on Effective,

Accessible and Resilient Health Systems. European Commission (2014).

Available online at: https://ec.europa.eu/health/sites/health/files/systems_

performance_assessment/docs/com2014_215_final_en.pdf (accessed

April 13, 2020).

2. Belloni A, Morgan D, Paris V. Pharmaceutical Expenditure and Policies:

Past Trends and Future Challenges. OECD Health Working Papers No

87 (2016).

Frontiers in Medical Technology | www.frontiersin.org 13 December 2020 | Volume 2 | Article 604183

https://www.frontiersin.org/articles/10.3389/fmedt.2020.604183/full#supplementary-material
https://ec.europa.eu/health/sites/health/files/systems_performance_assessment/docs/com2014_215_final_en.pdf
https://ec.europa.eu/health/sites/health/files/systems_performance_assessment/docs/com2014_215_final_en.pdf
https://www.frontiersin.org/journals/medical-technology
https://www.frontiersin.org
https://www.frontiersin.org/journals/medical-technology#articles


Hein et al. Digital Management of Medication Adherence

3. World Health Organization. The Pursuit of Responsible Use of

Medicines: Sharing and Learning From Country Experiences. No.

WHO/EMP/MAR/2012.3. Geneva: World Health Organization (2012).

4. Lee VHL. Personalized medicine: transforming drug development and

healthcare. Ther Deliv. (2010) 1:615–9. doi: 10.4155/tde.10.68

5. Florence AT, Lee VH. Personalised medicines: more tailored

drugs, more tailored delivery. Int J Pharm. (2011) 415:29–33.

doi: 10.1016/j.ijpharm.2011.04.047

6. Innovative Medicines Initiatives. The Right Prevention and Treatment for

the Right Patient at the Right Time: Strategic Research Agenda for Innovative

Medicines Initiative, 2. Brussels (2014).

7. Collins FS, Varmus H. A new initiative on precision medicine. N Engl J Med.

(2015) 372:793–5. doi: 10.1056/NEJMp1500523

8. Vicente AM, Ballensiefen W, Donertas D, Eklund M, Ivask A, Jönsson JI,

et al. The ICPerMed Vision for 2030 - How Can Personalised Approaches Pave

the Way to Next-Generation Medicine? Cologne: DLR Project Management

Agency (2019). p. 1–28.

9. McCudden CR. Quality, origins and limitations of common therapeutic drug

reference intervals. Diagnosis. (2018) 5:47–61. doi: 10.1515/dx-2018-0001

10. Govender R, Abrahmsén-Alami S, Larsson A, Folestad S. Therapy for

the individual: towards patient integration into the manufacturing and

provision of pharmaceuticals. Eur J Pharm Biopharm. (2020) 149:58–76.

doi: 10.1016/j.ejpb.2020.01.001

11. Vrijens B, De Geest S, Hughes DA, Przemyslaw K, Demonceau

J, Ruppar T, et al. A new taxonomy for describing and defining

adherence to medications. Br J Clin Pharmacol. (2012) 73:691–705.

doi: 10.1111/j.1365-2125.2012.04167.x

12. Cutler RL, Fernandez-Llimos F, Frommer M, Benrimoj C, Garcia-

Cardenas V. Economic impact of medication non-adherence by

disease groups: a systematic review. BMJ Open. (2018) 8:e016982.

doi: 10.1136/bmjopen-2017-016982

13. Khan R, Socha-Dietrich K. Investing inMedication Adherence Improves Health

Outcomes and Health System Efficiency: Adherence to Medicines for Diabetes,

Hypertension, and Hyperlipidaemia. OECD Health Working Papers. Paris:

OECD Publishing (2018).

14. Roebuck MC, Liberman JN, Gemmill-Toyama M, Brennan TA. Medication

adherence leads to lower health care use and costs despite increased drug

spending. Health Aff. (2011) 30:91–9. doi: 10.1377/hlthaff.2009.1087

15. World Health Organization. Adherence to Long-Term Therapies: Evidence for

Action. Geneva: World Health Organization (2003).

16. Blaschke TF, Osterberg L, Vrijens B, Urquhart J. Adherence to medications:

insights arising from studies on the unreliable link between prescribed and

actual drug dosing histories.Annu Rev Pharmacol Toxicol. (2012) 52:275–301.

doi: 10.1146/annurev-pharmtox-011711-113247

17. Cutler DM, Everett W. Thinking outside the pillbox—medication adherence

as a priority for health care reform. N Engl J Med. (2010) 362:1553–5.

doi: 10.1056/NEJMp1002305

18. Zijp TR, Mol PGM, Touw DJ, van Boven JFM. Smart medication adherence

monitoring in clinical drug trials: a prerequisite for personalised medicine?

EClinicalMedicine. (2019) 15:3–4. doi: 10.1016/j.eclinm.2019.08.013

19. European Commission. Medical Device Regulation (MDR). Regulation (EU)

2017/745 of the European parliament of the council of 5 April 2017 onmedical

devices, amending Directive 2001/83/EC, regulation (EC) No 178/2002

regulation (EC) No 1223/2009 repealing council directives 90/385/EEC

93/42/EEC. Off J Eur Union. (2017) 117:1–175. Available online at: https://

eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32017R0745

20. European Cooperation in Science and Technology. Memorandum of

Understanding for the implementation of the COST Action “European Network

to Advance Best practices & technoLogy on medication adherencE” (ENABLE)

CA19132. COST Association AISBL (2020).

21. European Commission. Communication From the Commission to the

European Parliament, the Council, the European Economic and Social

Committee and the Committee of the Regions on Enabling the Digital

Transformation of Health and Care in the Digital Single Market; Empowering

Citizens and Building a Healthier Society. European Commission (2018).

Available online at: https://ec.europa.eu/digital-single-market/en/news/

communication-enabling-digital-transformation-health-and-care-digital-

single-market-empowering (accessed April 13, 2020).

22. Gaspar R, Aksu B, Cuine A, Danhof M, Takac MJ-M, Linden HH, et al.

Towards a European strategy for medicines research (2014–2020): the

EUFEPS position paper on Horizon 2020. Eur J Pharm Sci. (2012) 47:979–87.

doi: 10.1016/j.ejps.2012.09.020

23. Lapointe L, Mignerat M, Vedel I. The IT productivity paradox in

health: a stakeholder’s perspective. Int J Med Inform. (2011) 80:102–15.

doi: 10.1016/j.ijmedinf.2010.11.004

24. Beck A, Retèl V, Bhairosing P, van den Brekel M, van Harten W.

Barriers and facilitators of patient access to medical devices in Europe:

a systematic literature review. Health Policy. (2019) 123:1185–98.

doi: 10.1016/j.healthpol.2019.10.002

25. Ross T.A Survival Guide for Health ResearchMethods. Maidenhead: McGraw-

Hill Education (2012).

26. Helms MM, Nixon J. Exploring SWOT analysis–where are we now? A review

of academic research from the last decade. J Strategy Manag. (2010) 3:215–51.

doi: 10.1108/17554251011064837

27. van Wijngaarden JDH, Scholten GRM, van Wijk KP. Strategic analysis for

health care organizations: the suitability of the SWOT-analysis. Int J Health

Plan Manag. (2012) 27:34–49. doi: 10.1002/hpm.1032

28. Tolley EE, Ulin PR, Mack N, Robinson ET, Succop SM. Qualitative Methods

in Public Health: A field Guide for Applied Research. San Francisco, CA: John

Wiley & Sons (2016).

29. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting

qualitative research (COREQ): a 32-item checklist for interviews and focus

groups. Int J Qual Health Care. (2007) 19:349–57. doi: 10.1093/intqhc/

mzm042

30. Dahlgren G, Whitehead M. Policies and Strategies to Promote Social Equity in

Health. Background Document toWHO-Strategy Paper for Europe. Stockholm:

Institute for Futures Studies (1991)

31. Blüher M, Saunders SJ, Mittard V, Torrejon Torres R, Davis JA, Saunders

R. Critical review of European health-economic guidelines for the health

technology assessment of medical devices. Front Med. (2019) 6:278.

doi: 10.3389/fmed.2019.00278

32. Boscolo PR, Callea G, Ciani O, Tarricone R. Measuring value in health care: a

comparative analysis of value-based frameworks. Clin Ther. (2019) 42:34–43.

doi: 10.1016/j.clinthera.2019.11.017

33. Fuchs S, Olberg B, Panteli D, Busse R. Health technology assessment of

medical devices in Europe: processes, practices, and methods. Int J Technol

Assess Health Care. (2016) 32:246–55. doi: 10.1017/S0266462316000349

34. Fuchs S, Olberg B, Panteli D, Perleth M, Busse R. HTA of medical devices:

challenges and ideas for the future from a European perspective.Health Policy.

(2017) 121:215–29. doi: 10.1016/j.healthpol.2016.08.010

35. Neyt M, Baeyens H, Pouppez C, Slegers P, Hulstaert F, Stordeur S, et al.

Introduction of high-risk medical devices: national measures that can be

taken under the current European legislation to put the patient interest

central. Expert Rev Med Dev. (2017) 14:181–8. doi: 10.1080/17434440.2017.12

88095

36. Schnell-Inderst P, Mayer J, Lauterberg J, Hunger T, Arvandi M, Conrads-

Frank A, et al. Health technology assessment of medical devices:

what is different? An overview of three European projects. Zeitschrift

Evidenz Fortbildung Qualität Gesundheitswesen. (2015) 109:309–18.

doi: 10.1016/j.zefq.2015.06.011

37. Horgan D. From here to 2025: personalised medicine and

healthcare for an immediate future. J Cancer Policy. (2018) 16:6–21.

doi: 10.1016/j.jcpo.2017.12.008

38. Kalra D, Kolitsi Z, Zobell O, Bujok S, Stroetmann V. Better Utilisation of

Data Infrastructures to Support Secondary Uses of Health Data - White Paper.

Digital Health Europe (2020). Available online at: https://digitalhealtheurope.

eu/results-and-publications/white-paper-better-utilisation-of-data-

infrastructures-to-support-seconday-uses-of-health-data/ (accessed July

02, 2020).

39. Wolfgang VAMB, Donertas D, Eklund M, Ivask A, Jönsson J-I, Kuhlmann

K, et al. The ICPerMed vision for 2030: how can personalised approaches

pave the way to Next-Generation Medicine? In: ICPerMed. (2019). Available

online at: https://www.icpermed.eu/media/content/Vision_Paper_2019.pdf

(accessed May 11, 2020).

40. Delva S, Waligora Mendez KJ, Cajita M, Koirala B, Shan R, Wongvibulsin

S, et al. Efficacy of mobile health for self-management of cardiometabolic

Frontiers in Medical Technology | www.frontiersin.org 14 December 2020 | Volume 2 | Article 604183

https://doi.org/10.4155/tde.10.68
https://doi.org/10.1016/j.ijpharm.2011.04.047
https://doi.org/10.1056/NEJMp1500523
https://doi.org/10.1515/dx-2018-0001
https://doi.org/10.1016/j.ejpb.2020.01.001
https://doi.org/10.1111/j.1365-2125.2012.04167.x
https://doi.org/10.1136/bmjopen-2017-016982
https://doi.org/10.1377/hlthaff.2009.1087
https://doi.org/10.1146/annurev-pharmtox-011711-113247
https://doi.org/10.1056/NEJMp1002305
https://doi.org/10.1016/j.eclinm.2019.08.013
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32017R0745
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32017R0745
https://ec.europa.eu/digital-single-market/en/news/communication-enabling-digital-transformation-health-and-care-digital-single-market-empowering
https://ec.europa.eu/digital-single-market/en/news/communication-enabling-digital-transformation-health-and-care-digital-single-market-empowering
https://ec.europa.eu/digital-single-market/en/news/communication-enabling-digital-transformation-health-and-care-digital-single-market-empowering
https://doi.org/10.1016/j.ejps.2012.09.020
https://doi.org/10.1016/j.ijmedinf.2010.11.004
https://doi.org/10.1016/j.healthpol.2019.10.002
https://doi.org/10.1108/17554251011064837
https://doi.org/10.1002/hpm.1032
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.3389/fmed.2019.00278
https://doi.org/10.1016/j.clinthera.2019.11.017
https://doi.org/10.1017/S0266462316000349
https://doi.org/10.1016/j.healthpol.2016.08.010
https://doi.org/10.1080/17434440.2017.1288095
https://doi.org/10.1016/j.zefq.2015.06.011
https://doi.org/10.1016/j.jcpo.2017.12.008
https://digitalhealtheurope.eu/results-and-publications/white-paper-better-utilisation-of-data-infrastructures-to-support-seconday-uses-of-health-data/
https://digitalhealtheurope.eu/results-and-publications/white-paper-better-utilisation-of-data-infrastructures-to-support-seconday-uses-of-health-data/
https://digitalhealtheurope.eu/results-and-publications/white-paper-better-utilisation-of-data-infrastructures-to-support-seconday-uses-of-health-data/
https://www.icpermed.eu/media/content/Vision_Paper_2019.pdf
https://www.frontiersin.org/journals/medical-technology
https://www.frontiersin.org
https://www.frontiersin.org/journals/medical-technology#articles


Hein et al. Digital Management of Medication Adherence

risk factors: a theory-guided systematic review. J Cardiovasc Nurs. (2020).

doi: 10.1097/JCN.0000000000000659. [Epub ahead of print].

41. Ledel Solem IK, Varsi C, Eide H, Kristjansdottir OB, Børøsund E, Schreurs

KMG, et al. A User-centered approach to an evidence-based electronic

health pain management intervention for people with chronic pain:

design and development of EPIO. J Med Internet Res. (2020) 22:e15889.

doi: 10.2196/15889

42. Mathiesen AS, Thomsen T, Jensen T, Schiøtz C, Langberg H, Egerod I.

The influence of diabetes distress on digital interventions for diabetes

management in vulnerable people with type 2 diabetes: a qualitative

study of patient perspectives. J Clin Transl Endocrinol. (2017) 9:41–7.

doi: 10.1016/j.jcte.2017.07.002

43. Mayberry LS, Lyles CR, Oldenburg B, Osborn CY, ParksM, PeekME.mHealth

interventions for disadvantaged and vulnerable people with type 2 diabetes.

Curr Diabetes Rep. (2019) 19:148. doi: 10.1007/s11892-019-1280-9

44. Mueller EL, Cochrane AR, Bennett WE, Carroll AE. A survey of mobile

technology usage and desires by caregivers of children with cancer. Pediatr

Blood Cancer. (2018) 65:e27359. doi: 10.1002/pbc.27359

45. Setiawan IMA, Zhou L, Alfikri Z, Saptono A, Fairman AD, Dicianno BE, et al.

An adaptive mobile health system to support self-management for persons

with chronic conditions and disabilities: usability and feasibility studies. JMIR

Format Res. (2019) 3:e12982. doi: 10.2196/12982

46. Sheon AR, Bolen SD, Callahan B, Shick S, Perzynski AT. Addressing

disparities in diabetes management through novel approaches to

encourage technology adoption and use. JMIR Diabetes. (2017) 2:e16.

doi: 10.2196/diabetes.6751

47. Simblett S, Greer B, Matcham F, Curtis H, Polhemus A, Ferrão J, et al. Barriers

to and facilitators of engagement with remote measurement technology for

managing health: systematic review and content analysis of findings. J Med

Internet Res. (2018) 20:e10480. doi: 10.2196/10480

48. Vangeepuram N, Mayer V, Fei K, Hanlen-Rosado E, Andrade C, Wright

S, et al. Smartphone ownership and perspectives on health apps among

a vulnerable population in East Harlem, New York. Mhealth. (2018) 4:31.

doi: 10.21037/mhealth.2018.07.02

49. Gannon B, Davis R, Kuhns LM, Rodriguez RG, Garofalo R, Schnall R. A

mobile sexual health app on empowerment, education, and prevention for

young adult men (MyPEEPS mobile): acceptability and usability evaluation.

JMIR Format Res. (2020) 4:e17901. doi: 10.2196/17901

50. Shaffer KM, Chow PI, Cohn WF, Ingersoll KS, Ritterband LM. Informal

caregivers’ use of internet-based health resources: an analysis of the

health information national trends survey. JMIR aging. (2018) 1:e11051.

doi: 10.2196/11051

51. Li P, Luo Y, Yu X, Wen J, Mason E, Li W, et al. Patients’ perceptions of barriers

and facilitators to the adoption of e-hospitals: cross-sectional study inWestern

China. J Med Internet Res. (2020) 22:e17221. doi: 10.2196/17221

52. Wallin EE, Mattsson S, Olsson EM. The preference for internet-based

psychological interventions by individuals without past or current use of

mental health treatment delivered online: a survey study with mixed-methods

analysis. JMIR Mental Health. (2016) 3:e25. doi: 10.2196/mental.5324

53. Calhoun PS, Wilson SM, Hicks TA, Thomas SP, Dedert EA, Hair LP,

et al. Racial and sociodemographic disparities in internet access and ehealth

intervention utilization among veteran smokers. J Racial Ethnic Health

Disparities. (2016) 4:846–53. doi: 10.1007/s40615-016-0287-z

54. Golsteijn RHJ, Bolman C, Peels DA, Volders E, de Vries H, Lechner L. A

web-based and print-based computer-tailored physical activity intervention

for prostate and colorectal cancer survivors: a comparison of user

characteristics and intervention use. J Med Internet Res. (2017) 19:e298.

doi: 10.2196/jmir.7838

55. Rung AL, Oral E, Berghammer L, Peters ES. Feasibility and acceptability of

a mobile mindfulness meditation intervention among women: intervention

study. JMIR Mhealth Uhealth. (2020) 8:e15943. doi: 10.2196/15943

56. Kickbusch I. Responding to the health society. Health Promot Int. (2007)

22:89–91. doi: 10.1093/heapro/dam014

57. Huber M, Knottnerus JA, Green L, Horst Hvd, Jadad AR, Kromhout D, et al.

How should we define health? BMJ. (2011) 343:d4163. doi: 10.1136/bmj.d4163

58. World Health Organization. Basic Documents: Forty-Ninth Edition (Including

Amendments Adopted up to 31 May 2019). Geneva: World Health

Organization (2020). Available online at: https://apps.who.int/gb/bd/pdf_

files/BD_49th-en.pdf#page=7 (accessed July 19, 2020).

59. Jambroes M, Nederland T, Kaljouw M, van Vliet K, Essink-Bot ML, Ruwaard

D. Implications of health as ‘the ability to adapt and self-manage’ for public

health policy: a qualitative study. Eur J Public Health. (2015) 26:412–6.

doi: 10.1093/eurpub/ckv206

60. Card AJ. Moving beyond the WHO definition of health: a new perspective for

an aging world and the emerging era of value-based care. World Med Health

Policy. (2017) 9:127–37. doi: 10.1002/wmh3.221

61. Ter Meulen R, Maarse H. Increasing individual responsibility in dutch

health care: is solidarity losing ground? J Med Philos. (2008) 33:262–79.

doi: 10.1093/jmp/jhn011

62. Ter Meulen R. Solidarity and justice in health care. A critical analysis of their

relationship. Diametros. (2015) 43:1–20. doi: 10.13153/diam.43.2015.710

Conflict of Interest: BV is director general and a shareholder of AARDEX Group,

Ltd., which is involved in developing, manufacturing, and marketing electronic

medication-event monitors that measure, analyze, and facilitate adherence of

patients and trial participants.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2020 Hein, Vrijens and Hiligsmann. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medical Technology | www.frontiersin.org 15 December 2020 | Volume 2 | Article 604183

https://doi.org/10.1097/JCN.0000000000000659
https://doi.org/10.2196/15889
https://doi.org/10.1016/j.jcte.2017.07.002
https://doi.org/10.1007/s11892-019-1280-9
https://doi.org/10.1002/pbc.27359
https://doi.org/10.2196/12982
https://doi.org/10.2196/diabetes.6751
https://doi.org/10.2196/10480
https://doi.org/10.21037/mhealth.2018.07.02
https://doi.org/10.2196/17901
https://doi.org/10.2196/11051
https://doi.org/10.2196/17221
https://doi.org/10.2196/mental.5324
https://doi.org/10.1007/s40615-016-0287-z
https://doi.org/10.2196/jmir.7838
https://doi.org/10.2196/15943
https://doi.org/10.1093/heapro/dam014
https://doi.org/10.1136/bmj.d4163
https://apps.who.int/gb/bd/pdf_files/BD_49th-en.pdf#page=7
https://apps.who.int/gb/bd/pdf_files/BD_49th-en.pdf#page=7
https://doi.org/10.1093/eurpub/ckv206
https://doi.org/10.1002/wmh3.221
https://doi.org/10.1093/jmp/jhn011
https://doi.org/10.13153/diam.43.2015.710
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medical-technology
https://www.frontiersin.org
https://www.frontiersin.org/journals/medical-technology#articles

	A Digital Innovation for the Personalized Management of Adherence: Analysis of Strengths, Weaknesses, Opportunities, and Threats
	Introduction
	Materials and Methods
	Study Design
	Scoping Review
	Data Collection
	Data Analysis

	Semi-structured Interviews
	Participants
	Data Collection
	Data Analysis

	Supplementary Literature Review
	Data Collection
	Data Analysis


	Results
	Scoping Review
	Quality, Safety, and Effective Patient Access to Personalized Medicine
	New Services Structures, Person-Centeredness, and Allocation of Resources
	Innovation, Competitiveness, Economic Growth, and Digital Infrastructure
	SWOT Analysis
	Quality, Safety, and Effective Patient Access to Personalized Medicine
	New Services Structures, Person-Centeredness, and Allocation of Resources
	Innovation, Competitiveness, Economic Growth, and Digital Infrastructure

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


