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Abstract: Ongoing health challenges, such as the increased global burden of chronic disease, are
increasingly answered by calls for personalized approaches to healthcare. Genomic medicine, a vital
component of these personalization strategies, is applied in risk assessment, prevention, prognosti-
cation, and therapeutic targeting. However, several practical, ethical, and technological challenges
remain. Across Europe, Personal Health Data Space (PHDS) projects are under development aiming
to establish patient-centered, interoperable data ecosystems balancing data access, control, and use
for individual citizens to complement the research and commercial focus of the European Health
Data Space provisions. The current study explores healthcare users’ and health care professionals’
perspectives on personalized genomic medicine and PHDS solutions, in casu the Personal Genetic
Locker (PGL). A mixed-methods design was used, including surveys, interviews, and focus groups.
Several meta-themes were generated from the data: (i) participants were interested in genomic
information; (ii) participants valued data control, robust infrastructure, and sharing data with non-
commercial stakeholders; (iii) autonomy was a central concern for all participants; (iv) institutional
and interpersonal trust were highly significant for genomic medicine; and (v) participants encour-
aged the implementation of PHDSs since PHDSs were thought to promote the use of genomic data
and enhance patients’ control over their data. To conclude, we formulated several facilitators to
implement genomic medicine in healthcare based on the perspectives of a diverse set of stakeholders.

Keywords: genomic medicine; personalized medicine; mixed-methods; personal health data space;
ethics; genetic data; Belgium; The Netherlands
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1. Introduction

The current study aimed to assess attitudes towards genomic data and personal health
data management tools among healthy participants, healthcare users, and professionals as a
means to identify key concerns and interests regarding personalized medicine. Personalized or
precision medicine encompasses the application of a variety of biomedical and technological
advancements in clinical research and healthcare, positioned to address novel and persistent
challenges to existing healthcare systems [1]. The proposed strategies for tackling issues,
such as the increased global burden of chronic disease, primarily involve optimizing and
personalizing healthcare by attending to individuals’ unique clinical, genetic, genomic,
and environmental information to guide medical decision-making [2]. At the same time,
personalized medicine is committed to reshaping the contemporary clinical landscape by
placing patients at the center of their care trajectory, turning them from “mere passengers”
to “active drivers” [3]. It is then suggested that patient empowerment is achieved by
providing access to health information and enabling participatory clinical decision-making
with the healthcare provider (HCP) [4].

Genomic medicine is a crucial component of contemporary approaches to personalized
healthcare. Genomic medicine applies the tools of genomic analysis, notably whole genome
sequencing (WGS), to detect subgroups of patients and to assign an individual patient to
a specific subset of patients that responds particularly well to a particular intervention
(i.e., stratification). In this capacity, genomic medicine can be applied to risk assessment,
disease prevention, (early) diagnosis, prognosis, therapeutic selection, and monitoring
(recurrence) [2,5]. In cancer treatment, for example, genomic medicine enables earlier
detection and better prognostic prediction [5]. Using therapeutic selection, clinicians aim to
decrease side effects by selecting treatment that is known to exhibit fewer side effects in a
particular subgroup with a specific genetic variation (i.e., pharmacogenomics) [1,5].

Despite these favorable prospects, several challenges must be addressed to ensure
the successful, equitable, and desirable implementation of genomic medicine in primary
care. These challenges can be divided into three (interlocking) areas of concern: practical,
ethical, and technological. Starting with practical challenges, healthcare providers have
reported a lack of knowledge and time, limited access to genomic expertise and testing, lack
of clinical and ethical standards for genomic application, difficulties in integrating genomic
results into electronic health records (EHRs), and a lack of clinical decision support [5–10].
To overcome these barriers, three essential strategies have been identified to improve the
adoption of genomic medicine: (i) standardized and assessable collection and analysis
methods; (ii) healthcare provider access to genomic data; and (iii) clinical guidance for
interpretation and use [2].

Regarding ethical challenges, previous studies suggest that the public (e.g., healthy
volunteers, patients, healthcare providers) tends to acknowledges the potential benefits of
genetic research and genomic medicine [7,11–13]. However, the inclusion of genomics in
primary care can profoundly impact patients and their families and raises several ethical,
legal, and social issues (ELSIs). These concerns include consent, disclosure of individual
findings, data sharing, privacy, and confidentiality [14]. A qualitative study focused on
women with a personal or family history of breast cancer found, for example, that these
women recognized the possibilities of genomics to improve their own or their family’s
health. Still, they worried about losing control over their health, privacy, and confidentially
and raised questions about the accuracy and uncertainty of genetic testing [12]. Other
worries involve racial and/or genetic discrimination (e.g., in insurance or employment),
short-term distress caused by incidental or secondary findings, and increased healthcare
risks and costs due to additional clinical follow-up indicating the need for robust, trust-
worthy institutions and other support services, such as genetic counseling [5,10,11,15–17].
Critics argue that the current operationalization of empowerment in healthcare, such as
centralizing patient involvement in care and providing health information, may lead to
increased individual responsibility for health, calling for more patient-driven conceptions
of empowerment [18–21]. These studies and commentaries demonstrate the need to gain
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additional insight into population attitudes toward genomic and personalized medicine to
ensure proper implementation in existing healthcare systems.

Regarding technological challenges, robust clinical structures, data infrastructure,
and standards are currently lacking [5,11,13]. This is highly problematic, especially since
digital platforms that incorporate proper data infrastructure and clinical standards help
to efficiently collect and register genomic data in a standardized format, making it easier
to incorporate genomic information into EHRs and support evidence-based decision-
making according to current clinical genetic guidelines [2,8]. In this way, digital platforms
facilitate the realization of genomic medicine by supporting clinicians in an efficient and
time-sensitive manner [8]. Moreover, the Belgian Health Care Knowledge Center (KCE)
suggests the development of secure, accessible, yet transparent data infrastructure as a
significant hurdle for implementing WGS in clinical care [22]. These concerns are also
reflected in the European Union’s (EU) proposal for the European Health Data Space
(EHDS) as a key pillar of its health (data) strategy [22]. The EHDS aims to establish a
reliable, interoperable, and secure environment for health data for all EU citizens [23].
Nominally, the EHDS proposal envisions a cross-border health data ecosystem that bridges
the gap between research, care contexts, and individual EU citizens. Moreover, by providing
rules, standards, infrastructure, and governance frameworks, the EHDS proposal seeks to
unlock the potential of an EU-wide health data infrastructure to benefit all actors involved.
Despite these commendable resolutions, several scholars, regulatory bodies (including the
European Data Protection Board), and advocacy groups (such as the European Patients
Forum) have expressed worries regarding the current proposal [24–27]. Their main concern
is the lack of engagement with citizens and patients, especially in the secondary use of
health data. The EHDS proposal leaves sufficient leeway to maintain or reinstate data
asymmetries between the public and private sectors, running the risk of falling short
of its laudable vision for an equitable, transparent, and ultimately empowering health
data ecosystem.

To address these issues, patient-oriented Personal Health Data Spaces (PHDSs) are
being developed. Early European projects, such as Decode, MyHealthMyData, MIDATA,
and MedMij, however, have been limited in scope and do not ensure sufficient health
data sharing across industry, institutions, and citizens [28,29]. What is necessary, then, are
dynamic, interoperable data ecosystems balancing data access, control, and use tailored to
diverse stakeholder needs.

Several of these next-generation data management platforms are currently under
development. The Personal Genetic Locker project in the Netherlands aims to design a
tool that not only provides clinicians with necessary genetic knowledge and support but
also has the potential to enhance the individual’s sense of control over their health and
their data [30,31]. The personal genetic locker (PGL) aims to provide a safe, user-friendly,
interoperable digital environment where individuals can store, view, and interpret their
genomic information [31]. Additionally, it allows individuals to consent to or prevent
sharing data with healthcare providers or researchers (Figure 1). Combined with analytic
tools, including a clinical decision support system based on up-to-date clinical guidelines,
the PGL can be integrated in every EHR to facilitate the adoption of genomic medicine
in clinical practice [30,31]. Other notable next-generation projects include TiDaL (Nether-
lands [29]) and We Are (Belgium [32]). By establishing so-called personal data vaults
or pods (following FAIR principles), personal health data are stored in a decentralized
manner and “visited” rather than moved upon analysis (e.g., by federated data analysis),
ensuring anonymity and privacy by separating data from application [29,31,33]. These
next-generation health data management platforms are often positioned as intermediaries
between the EHDS provisions (focused on cross-border research and the commercial reuse
of health data) and individual citizens. By positioning themselves as explicitly person-
centered and by providing citizens with increased data control, access, and transparency,
PHDS initiatives aim to enhance individual agency over data management in accordance
with the principles for secondary use envisioned in the EHDS proposal.
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To ensure the implementation of genomic medicine, for PHDS initiatives, such as the
PGL, to match the needs and wishes of future users and given the ethical concerns raised in
the literature, the current study aimed to evaluate healthy participants’, healthcare users’,
and healthcare professionals’ perspectives on genomic analysis and PHDS solutions with
the PGL as an example. Using focus groups, interviews, and a questionnaire survey, we
assessed attitudes towards genomic analysis and PHDSs, including possible (practical or
ethical) concerns, potential benefits, required functionalities, and barriers to and facilitators
of implementing genomic medicine in clinical care. Additionally, by involving future
users in an early stage of the development process, our study contributes to (i) a genomic
healthcare organization and a PHDS design that is user-friendly and informed by the needs
of both healthcare users and professionals, (ii) facilitating the implementation of genomic
medicine and PHDSs in clinical care, and (iii) facilitating the secondary use of personal
health data controlled by the individual.

Two disclaimers are in order. In the current study, and in accordance with the scope
of the PGL project, we focus specifically on genomic data. While many other data types
(proteomics, epigenomics, metabolomics, etc.) will potentially be included in personal
health data vaults, they might pose unique challenges (e.g., health literacy, reversibility,
identifiability) that must be addressed thoroughly in their own right [34,35]. Second,
researchers’ needs and concerns for the secondary usage of health data differ significantly
from those of citizens. These concerns are, however, beyond the scope of the current study
as we focus instead on the needs of HCPs, citizens, and healthcare users.
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2. Methods
2.1. Design

To gain a deeper, nuanced understanding of the attitudes of healthcare users and
professionals towards genomic medicine, we applied a mixed-methods design that included
a questionnaire survey, interviews, and focus groups in a collaborative effort among the
University of Antwerp (Belgium), VITO (Belgium), Leiden University, and the Leiden
University Medical Centre (The Netherlands).

For Belgium, the survey and interview study were carried out as part of VITO’s
IAM Frontier study, a longitudinal precision medicine feasibility study aiming to define
individual health parameters and investigate the implementation of personalized health
profiles for personalized preventive medicine in clinical practice. All 30 individuals in the
IAM Frontier study had their genomes sequenced via WGS. Individual sequencing results
were returned through the study doctor following the ACMG guidelines for reporting
genome analysis results [36]. If additional information was requested, participants were
referred to the Center for Medical Genetics of the University Hospital of Antwerp (UZA).
IAM participants were asked to complete an online survey before and after receiving
individual personal genome analysis results. Six participants were invited for in-depth
follow-up interviews after each survey (Figure 2). The design of the study was verified by
a clinical geneticist.
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The focus groups were conducted as part of the Dutch Personal Genetic Locker project
that aims to define standards and prototypes for a safe environment where individuals
can store, view, and interpret their personal genetic data in a personal health data space.
For an elaborate description of the study aims and design, see Overkleeft et al. [31]. Two
focus group discussions were organized: one with healthcare users and one with healthcare
professionals [31].

The primary aims of the IAM Frontier and PGL projects—i.e., gathering perspectives
on WGS and genomic data management through qualitative methodologies—show suffi-
cient overlap to allow for a meaningful integration of the results. Importantly, each project
offers unique and complementary insights strengthening the overall analysis. As such,
we opted for a mixed-method design to gain a more comprehensive and nuanced under-
standing of attitudes, barriers, and facilitators in implementing genomic or personalized
medicine. Mixed-method research combines quantified data and participant experience
using quantitative and qualitative methodologies [37]. This study combines in-depth
interviews, focus groups, and quantitative surveys of both projects.

2.2. Participants
2.2.1. IAM Frontier Surveys

Participation in IAM Frontier was limited to VITO employees. Prospective participants,
all working in a research context, were contacted through a company-wide call, internal
communication, and information sessions on the project. We strived for gender diversity
within the sample. Other inclusion criteria consisted of the following: being over 45 in
age, being healthy (in casu, not suffering from a previously diagnosed chronic disease),
being an active smartphone user, and having research-oriented motivation to participate.
Frequent blood donors and chronic disease patients (asthma, COPD, chronic bronchitis,
emphysema, myocardial infarction, coronary heart disease, other severe heart diseases,
stroke, diabetes, and cancer (malignancies including leukemia and lymphoma)) were not
eligible for participation. In light of potential conflicts of interest, members of the Health
Department were excluded. The recruitment was carried out in January and February 2019.

2.2.2. IAM Frontier Interviews

Participants for the in-person interviews were selected from the initial IAM Frontier
study population based on their answers on the first online survey. At the end of the
online survey, participants were given the option to choose whether or not they wanted to
participate in a semi-structured in-depth, in-person interview. Participants who agreed to
this were deemed eligible for the interviews. The participants for these in-person interviews
were selected from the 30 IAM Frontier study participants based on their answers to the first
online survey. All 30 individuals filled in the survey, and 28 were on time to be selected for
the interviews. Of this initial sample, 21 individuals wanted to participate in the in-depth
interviews. From this sample, participants were chosen based on the following criteria:
(1) high prevalence of the answer “yes” or “no” on three-point nominal “yes-no-don’t-
know” scale questions and (2) high prevalence of answers on the extremes of the 5-point
Likert-scale questions (selection procedure illustrated in Figure 2). Additionally, we aimed
for diversity across gender and within age categories according to the inclusion criteria.
Interviewees were recruited in January 2020 (see Figure 3).

2.2.3. PGL Focus Groups

Potential participants were recruited using purposive sampling in the Netherlands.
The healthcare users’ focus group participants were recruited via the Dutch patient associa-
tion on rare and genetic diseases (VSOP), online advertisements, and the project members’
network. As advised by the focus group literature (for example, Powell & Single, 1996 [38]),
focus groups should comprise participants from a diverse range of backgrounds, views,
and experiences in order to identify important issues and phenomena. Therefore, the aim
was to recruit a diverse group of individuals, including participants familiar with genetic
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testing or genetic data and participants with little or no experience with genetic testing
or data. Participants in the healthcare professionals focus group were recruited using the
professional networks of the project members. The aim was to recruit a diverse group of
healthcare professionals, such as physicians, specialists, and pharmacists. Exclusion criteria
for both focus groups were having an age < 18 years, not being fluent in Dutch, and being
a member of the PGL project. Additionally, for inclusion in the healthcare professionals
focus group, participants should work as healthcare professionals at a healthcare facility in
the Netherlands. Recruitment took place from April 2021 through June 2021.
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2.3. Procedures
2.3.1. IAM Frontier Surveys

Participation in the IAM Frontier study was voluntary. All participants gave their
informed consent together with the researcher to ensure that they understood all aspects of
the study and had no further questions before enrollment.

Participants were contacted by email to fill out the online survey. Surveys were an-
swered by the participants twice during the IAM Frontier study (February and July–August
2020). Before feedback on individual whole genome sequencing results, all participants
completed the first online survey covering the following topics: knowledge and experience
with WGS (5-point Likert type scale anchored by “strongly disagree” to “strongly agree”),
attitudes towards receiving potential WGS findings (three-point nominal “Yes-No-Don’t
know” scale), ownership of genomic data (donor, research institute, or healthcare profes-
sional), sharing results with blood relatives, and social values of WGS (5-point Likert type
scale; hereafter referred to as “pre”).

After feedback on individual genome results (July 2020), participants were asked to
complete the second online survey (hereafter referred to as “post”). This survey asked
similar questions, including additional questions on the impact of individual genome
results on participants’ lives (a three-point nominal “Yes-No-Don’t know” scale). The
online surveys were developed based on existing literature and refined to fit the research
questions. Online surveys were implemented in a VITO-developed and hosted online
survey tool that guarantees privacy and the anonymous processing of survey data.

2.3.2. IAM Frontier Interviews

In-depth semi-structured interviews were set up to provide additional, more nuanced
insight into the survey results. Interviews were conducted between February 2020 and
March 2020 (hereafter referred to as “pre”), prior to receiving the individual WGS results,
and in August 2020, approximately one month after communication of the individual WGS
results (hereafter referred to as “post”). Interviews lasted about 50 min. Participant data
were pseudonymized. Interview guides were developed based on existing literature and
aligned with survey topics.
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2.3.3. PGL Focus Groups

All potential participants received information regarding the study procedures, empha-
sizing confidentiality. Participation was voluntary, and all participants signed an informed
consent form prior to participation.

The focus group discussions were conducted in July 2021 and were held online. An
interview protocol was used to guide the discussions. The interview protocol was devel-
oped in collaboration with several members of the PGL project and followed guidelines on
qualitative and focus group research (Supplementary Files S1 and S2) [39–41]. The focus
group discussions were monitored by an independent moderator (JT). An observer took
field notes on group dynamics and nonverbal communication and helped participants
with minor technical problems during the session (e.g., logging in). The sessions took
approximately 2.5 h and were audio-recorded.

The sessions started with an introduction to PDSs, including a demonstration of a
mockup PGL designed by Schluss (foundation that develops personal data solutions) and a
case study to illustrate the possible applicability of PGLs. Subsequently, participants were
asked for their opinions regarding genetic data and a PGL (e.g., participants’ thoughts,
needs, wishes, and concerns). Finally, the required functionalities and characteristics of a
PGL were discussed.

2.4. Data Analysis
2.4.1. IAM Frontier Surveys

Frequency tables were used to report survey responses. No additional statistical
analyses were conducted because this did not fall within the scope of the (pilot) study and
the small sample size did not allow for sufficiently powered analyses.

2.4.2. IAM Frontier Interviews

Interviews were audio-recorded and transcribed verbatim. Data for qualitative inter-
views were presented and interpreted following the standards for reporting qualitative
research [42]. Qualitative data were analyzed using thematic analysis (TA) [43]. TA refers
to a range of diverse modes of qualitative data analyses, differing in their commitment
to (post) positivist qualitative research values [44]. For IAM Frontier, a reflexive approach
to TA was followed. Reflexive TA is distinguished from positivist approaches to qualita-
tive research and conceives of coding practices as inherently interpretative and subjective.
Reflexive TA embraces researcher reflexivity as an analytical tool [44]. After data familiar-
ization, DK, a junior researcher of the team, created inductive codes, among which patterns
were identified and themes were generated. In reflexive TA, themes are understood as
capturing a core idea or meaning [44]. While not usually part of reflexive TA [44], KH,
an experienced member of the research team reviewed the coding scheme and themes
sparking additional reflexivity and enriching the initial analysis. Data were coded and
managed using the NVivo PRO 12 software.

2.4.3. PGL Focus Groups

The focus groups were audio-recorded and professionally transcribed verbatim. We
analyzed the transcripts using a coding reliability approach to thematic analysis [45–47].
Two independent coders analyzed the data to promote interpretation consistency and
satisfactory inter-rater reliability. Using an inductive approach, JT and EJFH independently
assigned codes and themes to the data. Following the coding reliability approach, themes
are understood as summaries of topics [44]. Subsequently, JT and EJFH compared and
discussed their results and decided upon a final codebook describing a definitive list of
codes and themes, a coding label and definition of each code and theme. Subsequently,
data coding was repeated using the revised codes and themes as described in the codebook.
ATLAS.ti 9 was used for technical support.
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2.4.4. Triangulation

Across the different methodologies and datasets from both study designs, we gener-
ated “meta-themes” [31] that provide additional insight into the respective datasets and
allow meaningful integration of results. Importantly, triangulation was not applied for con-
firmatory purposes, but rather to offer a richer analysis informed both by a broader range
of stakeholder perspectives as well as a confrontation between individual researcher’s
situated perspectives—bringing this study closer to the distinctively postpositivist aims of
reflexive TA as outlined by Braun and Clarke [44].

Three triangulation strategies were followed. First, multiple researchers engaged
in the triangulation procedure—both in an individual capacity, as well as in discussions
related to the results of triangulation. Second, different methodologies were triangulated.
Third, multiple stakeholders in the respective datasets allowed for triangulation across
these perspectives.

A triangulation protocol adapted from Farmer et al. [48] was utilized and fit to the re-
search design. After individual code and theme generation for each respective (qualitative)
dataset (Sections 2.4.2 and 2.4.3), findings were compared in relation to the meaning of the
respective themes. Both convergences and dissonances between respective datasets and
themes were noted, as well as topics only addressed in specific datasets. After individual
assessments, JT (health psychologist) and DK (pharmacist and philosopher) compared
results focusing on clarity of the individual findings and degrees of (dis)agreement, dia-
logically settling on meta-themes. Disagreements were further discussed on a per theme
basis, paying explicit attention to preconceived ideas of key concepts such as “ownership”
and “autonomy”, triggering reanalysis of the initial coding schemes and themes. As such,
triangulation contributed to an additional layer of critical assessment of researcher position-
ality, resulting in higher-level analysis of the respective themes and promoting the overall
richness of the analysis. Finally, feedback on the generated meta-themes was gathered from
the respective research groups (VITO and PGL-project group).

3. Results
3.1. Participants and Demographic Information

An overview of the demographic characteristics of the participants is given in Table 1.
Additional information on the IAM Frontier interviewees and PGL focus group participants
is found in Table 2.

Table 1. Demographic characteristics IAM Frontier and PGL participants.

IAM Frontier PGL Focus Groups

Survey
Participants

(n = 30)

Interview
Participants

(n = 6)

Healthcare
Users (n = 6)

Healthcare
Professionals

(n = 4)

Gender
Male 15 3 Male 1 2

Female 15 3 Female 5 2
Age, years

45–50 15 3 30–50 1 2
51–58 15 3 51–70 5 2

Note. Values for categorical variables are given as counts. No participants presented as non-binary or gender-
nonconforming. Different age categories were used in the studies.

3.1.1. IAM Frontier Surveys

Thirty participants were included in the IAM Frontier pilot study and completed both
surveys (Figure 3). All participants were healthy and between the age of 45 and 60. The
sample consisted of three male and three female participants. Further diversity in gender
presentation was not reported by participants. Due to logistical constraints of the pilot
study all participants were VITO employees, and as such, highly educated. No relevant
differences between (age or gender) groups were found.
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Table 2. Overview of participants in IAM Frontier interviews and PGL focus groups.

IAM Frontier PGL Focus Groups

Gender Age Gender Age

IAMF-P1 Male 51–58 years PGL-P1 Female 30–50 years
IAMF-P2 Female 51–58 years PGL-P2 Male 51–70 years
IAMF-P3 Female 51–58 years PGL-P3 Female 51–70 years
IAMF-P4 Male 45–50 years PGL-P4 Female 51–70 years
IAMF-P5 Male 45–50 years PGL-P5 Female 51–70 years
IAMF-P6 Female 45–50 years PGL-P6 Female 51–70 years

PGL-P7 Female 30–50 years
PGL-P8 Male 51–70 years
PGL-P9 Female 30–50 years

PGL-P10 Male 51–70 years

3.1.2. IAM Frontier Interviews

From the initial IAM sample, three men and three women were selected, of which three
were between 45 and 50 years of age and three were 51 years or older. All six participants
took part in both the “pre” and “post” interview.

3.1.3. PGL Focus Groups

Six participants were included in the focus group discussion for healthcare users:
five women and one man. Five of them were aged 51–70 years, and one of them was
aged 30–50 years. Five participants had prior personal experience with genetic tests, either
because they had a genetic disease themselves or through their child. The other participant
did not have personal experience with genetic tests. Regarding the healthcare profession-
als’ focus group, four participants—two women and two men—were included. Half of
them were aged 30–50, and the other half were 51–70 years. Two participants worked as
pharmacists, one as a clinical geneticist, and one as a policy officer of a patient association.

3.2. Meta-Themes and Themes

Four meta-themes were generated following the triangulation protocol (Section 2.4.4):
(i) attitudes toward receiving genomic information; (ii) attitudes towards ownership and
sharing of genomic data; (iii) autonomy and trust; and (iv) the applicability of the Personal
Health Data Spaces. In addition, we identified several subthemes. An overview of the
meta-themes and sub-themes in respective datasets is shown in Table 3.

3.3. Attitudes toward Receiving Genomic Information

The first meta-theme concerns attitudes toward receiving genomic information. More
specifically, this meta-theme captures how participants related to specific types of sequenc-
ing results. Unique to the IAM Frontier setup, participants were questioned prior to and
after receiving individual sequencing results, offering a hypothetical and more concrete
perspective on the reception of genome sequencing results.

3.3.1. Attitudes toward Hypothetical Genomic Test Results
IAM Frontier Surveys

As Table 4 indicates, survey respondents were generally curious about genetic pre-
dispositions and stated interest in collecting information on their genome to the greatest
extent (n = 29). Table 5 shows the survey respondents’ attitudes when presented with
various categories of hypothetical WGS findings. Overall, participants were particularly
interested in receiving actionable and non-life-threatening (n = 29), non-actionable (n = 29),
and life-threatening non-actionable (n = 24) findings. In the case of Variants of Unknown
Significance (VUSs), opinions were mixed; half (n = 15) of the sample was interested in
receiving such results.
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Table 3. Meta-themes and subthemes generated from the IAM interviews and PGL focus groups.

Meta-Themes IAM Healthy Participants Healthcare Users Healthcare Professionals

Attitudes towards Receiving
Genomic Information

Attitudes towards
hypothetical genomic test

results

Participants are interested in
receiving sequencing results.

Actionable results are
welcomed as they enhance
preventive capabilities and

preparedness.
(Temporarily) uncertain

results might cause
unnecessary worrying and
impede decision making.

Non-actionable results are
favored as they can help to

prepare and are valuable for
end-of-life decisions.

Personal and familial situation
is highly influential for what

one wants to know.

Being informed and being
able to prepare for possible
consequences as reasons for
wanting to know test results.

Personal decision, depends on
personal and medical

situation.
It should always be the

patient’s decision what to
know and what not to know

(i.e., right not to know).

There are regulations to
prevent HCPs from knowing
information that is unrelated

to the diagnostic question.
Diagnostic genetic test results

are limited to answering a
given diagnostic question.

It should always be the
patient’s decision what to

know and what not to know
(i.e., right not to know).

Beforehand, patients sign a
contract in which they

indicate what type of results
they want to be informed of

and what not.

Attitudes after receiving
individual genomic test

results

Preferences are stable after
undergoing sequencing.

Disappointment and hope for
more information.

- -

Attitudes towards ownership
and sharing of genomic data

Between data ownership and
data control

Genome data are highly
personal.

Research institutes have
responsibilities to store

sequencing data reliably,
safely, and accessibly.

Patients should be the owner
of their medical data.

Support of a professional can
be useful to explain the data.

Patients should be the owners
of their medical data.

Support of a professional is
needed to explain the data.
Support of a professional is
needed to make sure data

management is handled safely
and responsibly.

Data sharing

Willingness to share with
family members depends on

nature of results and personal
situation.

Sharing with HCPs is favored
and necessary for additional

support.
Participants are hesitant to

share with commercial entities
due to risk of abuse and lack

of trust.

Certified HCPs are generally
trusted in sharing genomic

data.
Data sharing increases the
availability of knowledge,
complete medical records,
better and more efficient

healthcare, and possibilities
for tailoring treatment.

Risk of data misuse, privacy
concerns, and data leaks.

Fear sharing medical records
would cause HCPs judgement
leading to false assumptions

and prejudice.
Two-way interaction: patients
want something in return for
sharing their data. They want

to be informed, taken
seriously, and work together.

Certified HCPs are trusted in
sharing genomic data.

Data sharing increases the
availability of knowledge,
complete medical records,
better and more efficient

healthcare, and possibilities
for tailoring treatment.

Risk of data misuse, privacy
concerns, and data leaks.

HCPs should have access only
to what is relevant for the

given context.
Against sharing medical data
with commercial companies

and, to some degree, with
insurance companies.
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Table 3. Cont.

Meta-Themes IAM Healthy Participants Healthcare Users Healthcare Professionals

Autonomy and trust

Autonomy as a central value

Autonomy in undergoing
sequencing trumps societal

benefits of genome
sequencing.

Autonomy in receiving results
should always be respected.

Individual autonomy is
limited by moral obligations,

vulnerability, and care
relations.

It should be the patient’s
decision what to know and

what not to know.
Patients want to be

thoroughly informed, have
access to their own data, and

be involved in
decision-making.

The importance of trust in
genomic medicine

Institutional trust is important
for the implementation of

genomic medicine.
Trust in science is leveraged in

light of uncertainties
Interpersonal trust in HCPs is
important and dependent on

HCP competencies.

Trust is key in order to be
willing to share data.

Negative encounters with
HCPs leads to distrust (e.g.,
being pushed from pillar to

post, not being taking
seriously, and not having

access to all data).

Trust is key in order to be
willing to share data.

Tension between patient
protection and patient

autonomy
Patients want to be in control. HCPs want to protect and

support.

Applicability of Personal
Health Data Spaces

Characteristics -

(1) A secured environment,
(2) owned and managed by

the patient, (3) makes medical
data available and accessible

to patients, (4) saves and
stores data in one place, and
(5) allows patients to consent

for their data being shared
with HCPs.

(1) A secured environment,
(2) owned and managed by

the patient, (3) makes medical
data available and accessible

to patients, (4) saves and
stores data in one place, and
(5) allows patients to consent

for their data being shared
with HCPs.

Functionalities -
Receiving “notifications” on

relevant medical
developments.

Receiving “notifications” on
relevant medical

developments.
Supports in signaling genetic

vulnerabilities.
Adding interpretations or

explanations to results.
Possibility to share family

history.
Building “walls” to prevent
unwanted or unsafe actions.

Type of data that should be
stored in a PHDS -

Regulations or infrastructure
to prevent seeing unwanted

test results.
Living data that are

responsive to medical
developments.

Regulations or infrastructure
to prevent seeing unwanted

test results.
Living data that are

responsive to medical
developments.

Unsure what type of data
would be most suitable (raw

data, test results, whole
genome).
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Table 3. Cont.

Meta-Themes IAM Healthy Participants Healthcare Users Healthcare Professionals

Implementing a PHDS:
barriers and facilitators -

Barriers: security, technical
and legal issues, limited

health and digital literacy
among patients, resistance in

the public
Facilitators: involving

end-users in development,
elaborate testing phase,

cooperation, education, and
training, and link to electronic

health records.

Potential of a PHDS in
healthcare -

Yes. Reasons:
In control of their own data,

without any interference of or
being dependent on HCPs,

hospitals or institutions.
Staying up-to-date on medical

developments.
Prevents data from getting

lost.

Yes. Reasons:
Facilitate the use of genomic

information in clinical
practice: it would improve the
availability of data and would

make the process more
efficient.

Abbreviations. HCP: healthcare provider; PGL: Personal Genetic Locker; PHDS: Personal Health Data Space.

Table 4. Respondents’ attitudes towards receiving hypothetical WGS results (pre, n = 30).

Completely
Disagree Disagree Neutral Agree Completely

Agree

I am curious about my genetic
predisposition to disease 1 1 2 6 20

I want to know as much as
possible about my genome 0 1 0 11 18

Note. Pre: survey was administered before receiving WGS results. Values for categorical variables are given as
counts. Abbreviations. WGS: whole genome sequencing.

Table 5. Respondents’ attitudes towards receiving various categories of WGS findings (pre, n = 30).

Yes Don’t Know No

Would you like to receive findings about:

Probably no serious health risk 30 0 0

Life-threatening and preventable condition (actionable) 29 0 1

Serious conditions that are not life-threatening
(non-actionable) 29 0 1

Non-preventable, life-threatening conditions (non-actionable) 24 5 1

Currently uncertain information (VUS) 15 10 5
Note. The survey was administered before receiving WGS results. Values for categorical variables are given as
counts. Abbreviations. WGS: whole genome sequencing.

IAM Frontier Interviews

Interviewees generally related positively to receiving individual WGS results when
presented with hypothetical scenarios. Answers differed concerning the specific type of
results (i.e., actionable, VUS, non-actionable). All six participants wanted to receive WGS
results on actionable conditions. The ability to take preventive measures to benefit future
health and feeling prepared were offered as reasons. However, many stressed that the type
of lifestyle change required to mitigate risks, ranging from exercise to diet and screening
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to treatment, would be an essential consideration for whether they would want to receive
specific results.

Opinions on being informed about VUSs were more varied. Several participants
suggested that such findings might cause unnecessary concern due to the uncertainty of
the information. Others, however, did express a desire to be informed on VUSs. Several
participants noted that while this information might not be of direct benefit, it could still be
helpful when developments in genomic medicine or sequencing analysis allow for novel
insights, evincing faith in the progress of genomic research.

The interviewees unanimously wanted to be informed of non-actionable findings, as
this would allow them to prepare for the future. This wish for preparedness was expressed
in different ways. Participants stated that it would allow them to inform and (emotionally)
prepare themselves and others. Second, they suggested this would allow them to make
conscious decisions to enjoy life more. Furthermore, several interviewees suggested that
this information could inform end-of-life decisions. Lastly, some participants expressed
optimism that more research might create additional treatment options from which they
could benefit after being informed about this genetic predisposition at an early stage.
Psychological distress was suggested as a possible negative side effect.

Participants were also asked which specific health-related findings (i.e., diagnoses)
they would be most interested in receiving. Overall, participants expressed interest in
findings related to familial disease burden and ‘popular’ diagnoses, such as Parkinson’s,
Alzheimer’s, and various types of cancer. Furthermore, participants’ interests related to
findings were contextualized to their particular social and cultural situations, including
age, social status, and familial bonds.

PGL Focus Groups

Some healthcare users said they would always want to know the results of a genomic
test because it is about their health, and they want to be informed and prepared for possible
consequences (e.g., the decision to have children). Others said it depends on the actionability of
the findings and an individual patient’s situation (e.g., age, potential quality of life implications,
and consequences for offspring). All participants agreed that it should always be the patient’s
decision what to know and what not to know (i.e., right not to know).

The clinical geneticist indicated that diagnostic genomic tests only generate results
to answer a specific diagnostic question. This method prevents HCPs from knowing
information unrelated to the diagnostic question.

Clinical geneticist (PGL-P8): “You know what? For this patient, I will snoop
around the entire genome. That is something we never do. That is forbidden.
[ . . . ] We really want to avoid situations in which we know more than a patient.
We have regulations for that.”

Relying on current guidelines and regulations, the clinical geneticist explained that
patients sign a “contract” that documents what they wish HCPs to do in case of unexpected
incidental findings and of what findings they do or do not want to be informed. This means
that current regulations and practice are in accordance with the opinion of healthcare users:
the decision of what (not) to know should be the patient’s, and HCPs are obliged to follow
the patient’s preferences.

3.3.2. Attitudes after Receiving Individual Genomic Test Results
IAM Frontier Surveys

IAM Participants were additionally surveyed on attitudes towards receiving different
categories of results after receiving individual sequencing results (Table 6). These results
show similar trends. Participants were generally interested in actionable conditions. Results
regarding VUSs were mixed. A shift concerning attitudes to nonactionable, nonpreventable
results was observed.



Genes 2023, 14, 786 15 of 35

Table 6. Respondents’ attitudes towards receiving various categories of WGS findings (post, n = 30).

Yes Don’t Know No

Would you like to receive findings about:

Probably no serious health risk 26 2 2

Life-threatening and preventable condition (actionable) 29 0 1

Non-preventable, life-threatening conditions (non-actionable) 19 7 4

Currently uncertain information (VUS) 16 5 9
Note. The survey was administered after receiving WGS results. Values for categorical variables are given as
counts. Abbreviations. WGS: whole genome sequencing.

Table 7 indicates that several participants were disappointed in the amount of information
received after genome analysis. The interviews provide additional insights here.

Table 7. Respondents’ attitudes towards genome analysis after receiving individual WGS results
(post, n = 30).

Completely
Disagree Disagree Neutral Agree Completely

Agree

I am disappointed that the results of the genome
analysis have not given me any more information. 2 5 6 14 3

Note. The survey was administered after receiving WGS results. Values for categorical variables are given as
counts. Abbreviations. WGS: whole genome sequencing.

IAM Frontier Interviews

The interviewees, as well, expressed disappointment concerning the limited amount
of (actionable) genomic information that was returned individually after WGS. Reasons
included the following: being already aware of potential genetic risk factors due to familial
disease burden, beliefs related to the novelty of genome sequencing, and high expectations
regarding the comprehensive nature of genomic information. This disappointment is
evident in the following quote, in which IAMF-P5 laments that the return of results after
sequencing was limited to actionable, health-related findings.

IAMF-P5 (post): “I mean, there should be more information than just that in my genome
. . . it might be that there is no defect other than that, but I still want to know if
there is any interesting stuff about that, you know.”

3.4. Attitudes toward Ownership and Sharing of Genomic Data
3.4.1. Between Data Ownership and Data Control
IAM Frontier Survey

A second meta-theme was related to data management. When prompted who should
be considered the owner of genomic data, most survey respondents (n = 23) suggested
the donor holds ownership over their (genomic) data. The doctor and the institution
performing the analysis were selected as primary “owners” by five and two respondents,
respectively. As the interviews indicate, however, ownership is conceived in a myriad of
competing ways.

IAM Frontier Interviews

The topic of data ownership came up naturally in the interviews. One interviewee
referred to the General Data Protection Regulation (GDPR) to argue that all genome analysis
results belonged to the person that donated the sample.

IAMF-P5 (post): “We have the GDPR legislation for a few years in Europe now. It
basically was a step of defining that anything that concerns the person in terms
of information basically belongs to that person, and the person should have control
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over how it is shared through the process and so on. And this should be transparent
and all. This is a basic right that Europe has identified for its citizens. I think
genome information just falls into that category. It is information about myself
and information that I might not even have access to myself due to technical
reasons. You know, I don’t have access to all the information that Facebook has
about me. Even though I don’t have a Facebook account, they do have a shadow
account for me; that’s pretty clear because they spy on everybody. And I have no
idea what kind of information they have about me. I don’t think this is the way it
should be. Genome or not.”

Several meanings of ownership are intertwined in this quote. First, this participant
argues that GDPR grants individual property rights over genomic information. Simulta-
neously, he stresses the importance of data control and transparency. Further, IAMF-P5
suggests the information is about himself rather than strictly belonging to him. The analogy
at the end of the quote provides some clarity. This participant’s comment regarding the
social media platform Facebook is used to evoke his concern about the loss of control,
transparency, and access. Other participants, too, admitted to complex, nuanced relations
with their genomic data. While they indicated a uniquely personal view of genome data,
the rhetoric of ownership was rarely utilized. Many, however, stressed the importance of
future, on-demand data access. As such, they suggest that the research institute (i.e., VITO)
will act as a (responsible) data steward, reliably and accessibly storing their data for them.

IAMF-P6 (pre): “All I hope is that my genome sequence is preserved and if
something happens later on and the doctor says: “what’s this here?” Then I can
say: “Shall I request it [sequencing data] back, and can you compare it for me?”

While this participant expresses a personal connection to their data, they view their
sequence as ultimately preserved and managed by the research institute. This dependence,
however, does not exclude an ongoing, even personal relationship with their data. What is
important for this participant is the possibility of future access to their sequencing data, even if
they are not directly in control of their data. Other interviewees expressed similar sentiments.

PGL Focus Groups

All healthcare users indicated that patients themselves should be the owners of their
medical data. When asked who should be “in charge” of genome data, many, unreflectively,
nominate the patient. Again, however, a multitude of meanings regarding ownership was
observed. Further scrutiny revealed that healthcare users were particularly interested in
data control. One of them added that it would be helpful to have a healthcare professional,
a general practitioner (GP), to support interpreting the data. The healthcare professionals
agreed with this statement: the patient or its legal representative should be the data owner,
but a professional’s support is needed to explain the data and ensure that data management
is handled safely and responsibly.

Healthcare user (PGL-P1): “I think it is about you and everything that comes
with it. I think it is good that you yourself should be in control of it [the data] purely
because it is about you. I think no one should be able to do something with my data
without my permission. Simple as that.”

As demonstrated by this quote, the fact that the data is about the patient offers a
sufficient argument for data control and involvement in decisions regarding further data
use. Based on these and similar statements, data ownership and data control were used
seemingly interchangeably by the focus group participants.

3.4.2. Data Sharing
IAM Frontier Survey

Most respondents were willing to share their genome data with family members
(Table 8). Scientific researchers were equally deemed appropriate regarding with whom to
share genomic information. Sharing with pharmaceutical companies was less well-received.
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Table 8. Respondents’ perceptions about sharing genomic results with different parties prior to
receiving results (pre, n = 30).

Completely
Disagree Disagree Agree Completely

Agree

Don’t
Know/No
Answer

I am willing to share
information about my
genome with family

0 1 19 8 2

I am willing to share
genomic information

with researchers
0 0 4 24 2

I am willing to share
genomic information
with pharmaceutical

companies

2 6 10 7 5

Note. The survey was administered before receiving WGS results. Values for categorical variables are given as
counts. Abbreviations. WGS: whole genome sequencing.

As shown in Table 9, attitudes toward data sharing after receiving sequencing results
differ from the hypothetical scenarios presented in Table 8, showing more hesitancy to
share genome data. After receiving sequencing results, half of the participants reported not
having shared genome results with blood relatives; 53% reported having shared results
with non-blood relatives.

Table 9. Respondents on sharing genomic results with different parties after receiving results (post,
n = 30).

Yes Don’t Know No

Have you shared your genome results with blood relatives?
(children, siblings, parents) 15 0 15

Have you shared your genome results with non-blood
relatives? (e.g., partner, friends, . . . ) 16 3 11

Note. The survey was administered after receiving WGS results. Values for categorical variables are given as
counts. Abbreviations. WGS: whole genome sequencing.

IAM Frontier Interviews

The interviews provided further insight into these results. Overall, in hypothetical
scenarios, participants wanted to share their data with different actors. The degree to which
they were willing to share and with whom, however, was intimately connected to the
nature of the findings and the actor’s intent.

In the case of actionable findings, all participants stated that they would inform
blood relatives due to the shared nature of these results or, more generally, openness
towards those close to them. When interviewees were questioned about sharing findings
of VUSs with blood relatives, most participants opted to forego this option to prevent
unnecessary worrying. Sharing non-actionable findings with blood relatives garnered
varying opinions among the participants. Some would share this information out of a
general openness towards family and a moral obligation not to withhold potentially vital
information. Unnecessary worrying was again offered as an explanation for reluctance.
The interviewees maintained this position after receiving individual sequencing results.

Several participants also responded positively to sharing study results with care prac-
titioners. When asked whether they had brought their sequencing results to a consultation
with their GP, several participants mentioned that they did or planned to. Participants
generally preferred sharing their information with a healthcare professional who could
provide the necessary context for sequencing results (“Yes, I would prefer those things to
be more controlled through a GP or hospital or something”, IAMF-P2). This statement
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also reflects on the topic of data control. Rather than regarding data as being subject
to ownership as property, this participant recognizes the value of extending their data
relationships to include healthcare professionals. The interviewees also reacted positively
to sharing their data in a research context. Several pointed out that the regulated nature
of scientific research is vital in these considerations. These views did not change after
receiving individual sequencing results.

Overall, interviewees evinced reluctance to share data with unequivocal commercial
entities. Several participants suggested that for-profit interests could conflict with the
‘common good’. Others mentioned the lack of regulation of private companies and the risk
of data breaches as barriers to sharing genomic information. One participant suggested that
genomic data could leak to insurance companies, leading to a (further) “desolidarization” of
healthcare—evincing worries of broader societal impact of an unregulated, market-driven
implementation of genomic medicine. Furthermore, participants repeatedly stressed the
need for contextualization of sequencing results and suggested that commercial entities
would not be able to offer this.

IAMF-P2 (pre): “I have a bit of a problem with that [sharing with commercial
entities] because their angle is more commercial, and if there is insufficient control
over that. Certain decisions may not be taken in the interest of the group of people
but rather in the interest of the commercial perspective of that organization. Then,
in this sense, I think the risk is a bit too great to leave that to them.”

Again, concerning data sharing with commercial entities, this participant stresses
the importance of (institutional) data control, stating that commercial entities operate on
for-profit incentives and currently lack sufficient regulatory oversight to be trusted with
personal genomic data. Regulatory frameworks are deemed necessary to curtail a (purely)
market-driven implementation of genomic medicine. According to participants, the risks
of regulatory neglect might hold (negative) consequences for society as a whole.

PGL Focus Groups

In the healthcare user focus group, all participants said they would discuss their
genomic findings with their children. They would, however, first ensure whether their
children would want to be informed about these results and whether they would want to
be tested themselves.

Most healthcare users said to trust their HCP with their data. However, two partici-
pants indicated that they trusted no one with their data. They feared sharing their medical
records would cloud HCPs’ judgment leading to false assumptions and prejudice. Both
said that prior negative experiences with healthcare professionals had harmed their trust.
Most other healthcare users recognized this. Many healthcare users said they were pushed
from pillar to post, not taken seriously (e.g., being labeled as an overly concerned mother),
and did not have access to all data (e.g., feeling data was withheld from them) in previous
encounters with HCPs. This led some of them to keep an administration of their own or
their child’s medical files themselves.

Additionally, some said that they wanted something in return for sharing their data
(PGL-P4: “We are not just research material”). This includes being informed on the latest
medical developments that might be relevant to their condition. Instead of a one-way
interaction, they want to be notified, taken seriously, and work together. This participant
indicates a need for participation and communicates a worry for being “used” for research
purposes. The healthcare professionals agreed that trust is vital to sharing (genome) data.
The healthcare professionals trusted other certified HCPs with patients’ medical data.
One of them said that this does not mean that every HCP should have access to all of a
patient’s medical data: HCPs should have access only to the specific data needed in the
given clinical context. All healthcare professionals were against sharing medical data with
commercial and insurance companies. Concerning insurance companies, however, they
said it is justifiable for insurance companies to have at least some data, but they were
unsure to what degree.
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Benefits and Risks of Sharing Data

Regarding the benefits of sharing medical data, both healthcare users and healthcare pro-
fessionals indicated that sharing data would increase the availability of knowledge, complete
medical records, better and more efficient healthcare, and possibilities for tailoring treatment.

Clinical geneticist (PGL-P8): “Benefits of data sharing include more efficient and
better healthcare. No unnecessary tests, no need for long waits on results that are
collected elsewhere.”

Healthcare users named continuity of care (not having to repeat their story, risk of
forgetting something) as an additional benefit. Regarding risks, all participants named the
risk of data misuse, privacy concerns, and data leaks. Additionally, healthcare users named
high costs and the risk of false assumptions due to prejudice or incomplete records.

3.5. Autonomy and Trust
3.5.1. Autonomy as a Central Value

Autonomy was the third central meta-theme in the interviews and focus groups. In
particular, autonomy was primarily conceived in terms of (individual) choice. Participants
deemed autonomous choice as trumping societal benefits of genomic medicine—it should
always be the individuals’ choice to have their genome sequenced. Concerning sharing
genome data, they suggested that the donor should be the center of decision-making. We
further inquired about autonomy within genomic medicine concerning those (i) undergoing
sequencing and (ii) receiving sequencing results.

IAM Frontier Interviews

Interviewees stressed that everyone should be free to decide whether they want to have
their genome sequenced. Generally, perceived societal (health) benefits of implementing
genomic medicine on a large scale were acknowledged, but everyone stated that this
could not transcend individual autonomy. Several participants, however, suggested that
policy measures, such as reimbursement through health insurance or cost decreases, could
stimulate or nudge them toward the pursuit of genome analysis.

Concerning receiving specific results, participants further stressed the importance
of individual autonomous choice. In all situations—actionable, non-actionable, and VUS
results—and despite generally positive attitudes towards receiving results among partic-
ipants, the interviewees suggested that the patient should always be central in decision-
making about which WGS results they wanted to acquire. Versions of a right-not-to-know
were leveraged in relation to sharing sequencing results with blood relatives.

PGL Focus Groups

The healthcare users all agreed that it should be the patient’s decision what (not)
to know. Additionally, they all wanted to be thoroughly informed, have access to their
data, and be involved in decision-making (“It all comes down to the fact that you decide
for yourself and not that somebody else decides for you”, PGL-P2). One healthcare user
suggested capacity to be an important consideration for autonomous decision-making:

PGL-P1: “This doesn’t hold if you’re not capable of making decisions about your
own data, but otherwise I assume that every human being is able to make normal
decisions about their data and what to do with them, for their own good. So yes,
I would say that is up to the person who is capable of saying something about
them [data] and doing with them.”

As such, in emphasizing autonomy, this healthcare user suggested that “capacity”
might pose limits to individual decision-making. It is unclear, however, which capacities
this participant has in mind.
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3.5.2. Limits to Autonomy and the Importance of Trust in Genomic Medicine

Despite the importance of autonomy, as demonstrated in interviews and focus groups,
participants often situated their autonomy in a broader social and cultural context. Con-
versely, participants acknowledged that individual autonomy in genomic medicine could
be bounded and limited by social and relational considerations.

For one, many interviewees admitted feeling obligations toward family members to
disclose results. Genetic kinship and, as such, direct but also indirect (psychosocial) impact
was found to produce such moral imperatives. This worry is expressed vividly in the
following quote:

IAMF-P5 (pre): “Yes, of course, I would want to know. [ . . . ]. I would basically
need to inform everybody who is affected. [ . . . ] I would think that it is basically kind
of an obligation to spread that information [ . . . ]”

Second, participants suggested that the sensitivity of medical data involves particular
vulnerabilities. Therefore, many expressed the need for data safety structures and regula-
tions as preconditions to engage in data relations of stewardship. Third, the complexity and
context-sensitivity of sequencing results caused most participants to suggest the necessity
of involving healthcare professions. Finally, and related, low genetic literacy in the general
population was presented as a potential justification for (certain) restrictions to widespread,
unregulated genome sequencing, i.e., limiting individual autonomy, for example, through
restricting access to direct-to-consumer (DTC) genome testing.

Given these limitations to individual autonomy, participants across cohorts recognized
trust as an essential mediator in genomic medicine. Several levels of trust were identified
across surveys, interviews, and focus groups, including (i) institutional trust, (ii) trust in
science, and (iii) interpersonal trust in healthcare professionals.

IAM Frontier Survey

Table 10 shows survey responses concerning the implementation of genomic sequenc-
ing at different societal levels. Opinions among respondents were somewhat mixed. In
general, e-commerce and other commercial settings (including pharmacies) were deemed
less appropriate to provide access to genome analysis. Survey respondents seemed to
prefer institutional health services, such as the hospital setting and the requirement of a
doctor’s prescription as appropriate in implementing genomic medicine. The interviews
provide additional information here.

Table 10. Respondents’ preferred context for the implementation of genomic medicine (pre, n = 30).

Completely
Disagree Disagree Neutral Agree Completely

Agree

In what context can
genomic tests be performed

according to you?

Sold by a pharmacist 8 5 14 2 1

Only be performed with a
doctor’s prescription 0 7 7 13 3

Sold through the internet 17 5 8 0 0

Offered by private
companies 6 10 13 1 0

Only in the hospital 0 4 8 12 6
Note. The survey was administered before receiving WGS results. Values for categorical variables are given as
counts. Abbreviations. WGS: whole genome sequencing.
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IAM Frontier Interviews and PGL Focus Groups

As interviewees indicated, institutional trust was a significant factor in participants’
deliberation of genomic medicine. A lack of trust was repeatedly identified as a potential
barrier to genomic medicine across various societal levels. For one, interviewees suggested
that regulatory standards and robust, safe data infrastructure drove their preference for lim-
iting the implementation of genomic medicine to existing institutional settings. Conversely,
commercial entities were deemed inappropriate and untrustworthy due to (potential) data
breaches and for-profit motives. The lack of existing legislation was offered as a reason not
to trust the commercial sector with sequencing data. Other factors impacting trust included
transparency and adequate care support systems, such as opportunities for additional
genetic counseling.

Interviewees’ attitudes towards the uncertainties encompassed in the technological
and interpretative limitations of genome sequencing were often supported by trusting
attitudes concerning science. Many quoted the supposedly inevitable progress in the
interpretative capabilities of genome sequencing results.

IAMF-P2 (pre): “I see it this way: It is useful that I get this information, although
I can do little with it myself. But if it turns out that the studies continue or that
people will know more in 5 or 10 years and then it comes to light that I have that
gene, it is useful to have that information about myself.”

Despite the disappointment in the limited availability of meaningful information after
genome sequencing discussed earlier, many—as did this participant—suggested that as
science progresses, current uncertainties (i.e., VUSs) might, nevertheless, provide additional
information on their individual risk profile.

Interpersonal trust in healthcare professionals was also identified as crucial for genomic
medicine. In the focus group study, healthcare users and professionals indicated that trust is
vital for the willingness to share information and thus functions as a necessary condition for
genomic medicine. However, as mentioned in “PGL Focus Groups” section, negative prior
experiences with HCPs can significantly harm patients’ trust in (future) HCPs.

IAM Frontier participants reported high degrees of trust in HCPs and they preferred
HCPs to be the primary point of contact in genomic medicine due to the sensitive and
complex nature of genomic information and the possibility to provide additional support
and psychological counseling. Interpersonal trust in healthcare professionals was reported
to be related to physician competencies, including adequate knowledge about genomic
medicine and the communication skills necessary to relay the nuances of genomic findings.
Interestingly, participant opinions swayed in the second set of interviews, after receiving
individual sequencing results from the study doctor. Many remarked that the study doctor—
a primary care physician—lacked some of the necessary competencies and sensibilities to
report sensitive genome data. Participants, as such, suggested that the importance of genetic
literacy is not merely crucial for citizens but equally extends to healthcare professionals.

IAMF-P1 (post): “So I do think it is very important to put results in the right
context. And, as I say, not everyone is able to interpret those results correctly.
So I think it’s very important that they are framed correctly by someone who is
qualified to do so. That is probably just as important as the results themselves.”

All participants favored additional support services beyond the current primary
care landscape, such as genetic counseling, to contextualize patient genome information.
They noted, however, that engagement with these services might depend on individual
preferences and prior knowledge related to genome sequencing.
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3.5.3. Tension between Patient Protection and Patient Autonomy
PGL Focus Groups

An interesting tension was observed between healthcare professionals’ duty to care
and patients’ individual autonomy. While the healthcare professionals stated the impor-
tance of patient support in understanding and handling genetic data and protecting patients
from potential harm, the healthcare users stressed the importance of patient autonomy.

To understand genetic data, raw data need to be translated into interpretations and
explained in the specific context of the patient. Due to the complexity of these data, all
healthcare professionals stated the importance of supporting patients in understanding their
genetic test results and their consequences. Furthermore, due to scientific developments
and the sensitivity of genomic tests, the interpretation of raw data can change over time.
Therefore, genetic counseling and follow-up were considered key. Additionally, healthcare
professionals pointed to the risks of misinterpretation among patients. One healthcare
professional, for example, was worried people might stop seeking medical support when
their genomic results ‘look good’ or, vice versa, worry unnecessarily. This duty to prevent
potential harm as a result of patients’ limited understanding of genomics and the specific
context in which the results should be interpreted is illustrated by this quote:

Clinical geneticist (PGL-P8): “We must protect people from that. [ . . . ] For example,
when someone says: ‘There is nothing wrong with my DNA, so I don’t have to
go to the doctor’. [ . . . ] So, you want people to understand the context in which
the results are interpreted.”

The risks of patients’ limited understanding were not a central topic in the healthcare
users focus group. The importance of patient support in understanding and handling
genetic data was recognized by some healthcare users. However, as demonstrated ear-
lier, patients sometimes have trouble trusting HCPs due to prior negative experiences.
Additionally, all healthcare users stated that patients should be in control over their data.

3.6. The Applicability of Personal Health Data Spaces

The final meta-theme related to the applicability of PHDSs included the sub-themes
(i) characteristics of a PHDS, (ii) functionalities of a PHDS, (iii) data types to be stored in a
PHDS, (iv) implementation of PHDSs, and (v) the potential of a PHDS.

3.6.1. Characteristics

Healthcare users and healthcare professionals were able to come up with a definition of
a PHDS that was close to the next-generation examples described in the introduction. They
described a PHDS using the following characteristics: (i) a secure environment, (ii) owned
and managed by the patient, (iii) makes medical data available and accessible to patients,
(iv) saves and stores data in one place, and (v) allows patients to consent to their data being
shared with HCPs.

3.6.2. Functionalities

In addition to these characteristics, healthcare professionals liked the functionality of
adding analytic tools, such as data interpretation support, to help patients understand their
results. They also said that they would like a PHDS to support HCPs in signaling and com-
municating genetic vulnerabilities. For example, when new developments become available
in genomics tests and the interpretation of the test results, patients could receive a notification
advising them to make an appointment with their clinical geneticist or other HCPs. This
would not only be efficient for HCPs, but it would also support patients in knowing if and
when it would be helpful to schedule a follow-up appointment. Healthcare users also stressed
the importance of being informed of relevant medical or scientific developments:

Healthcare user (PGL-P4): “It should be standard practice that when a new mutation
is found, the ones who have made their data available should be informed.”
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This quote illustrates the desired ‘two-way’ interaction when it comes to data sharing:
patients share their data and in return they want to be informed about relevant results. By
using the notification function mentioned above, PHDSs could facilitate this process of
informing and involving patients.

Additionally, the healthcare professionals would like a PHDS to be able to share
patients’ family histories. Currently, as illustrated by this quote, patients are dependent on
their family members to inform them about relevant genetic vulnerabilities:

Policy officer patient association (PGL-P9): “I think that would solve a current
problem. People are dependent on others whether information reaches them.”

This problem of inaccessible health information, due to dependence on other people,
prevents people from being in control over their data and limits their autonomy. Sharing
and saving patients’ family history in a PHDS would prevent data from getting lost and
could make patients less dependent on their family member. In doing so, PHDSs would
increase data control and autonomy.

Another functionality mentioned by a few healthcare professionals was the possibility
of building “walls” in a PHDS to prevent unwanted actions, such as sending data to
unreliable parties. In this regard, this functionality could support healthcare professionals
in their duty to prevent potential harm. Additionally, healthcare professionals thought that
these “walls” could prevent access to genetic results that the patients have indicated they
do not want to see. Thereby, PHDSs support patients being in control regarding the specific
data of which they do or do not want to be informed.

3.6.3. Type of Data That Should Be Stored in a PHDS

An important theme involved the specific data types that should be stored in a PHDS.
All healthcare professionals and some healthcare users said that the data in a PHDS need
to be living data responsive to medical developments. What this would look like, however,
is highly complex and gives rise to a range of questions, as evinced by the following quote:

Policy officer patient association (PGL-P9): “The question is: What data would
you place in the locker? Which information would and wouldn’t you place there?
The raw data, so that the patients can take these data for further analyses? Or
only the results? And what to do with incidental findings patients have indicated
not wanting to see?”

As illustrated by this quote, the healthcare professionals thought it was important to
think of the specific type of data that should ideally be stored in the PGL but struggled to
answer this question. Would this be the raw data, only the results, or the whole genome?
Additionally, this question raised many practical and ethical follow-up questions, for
example, regarding incidental findings. All healthcare users stated the need for agreements
to prevent patients from unwantedly accessing incidental findings, thereby highlighting
healthcare users’ need for control and their ability to make autonomous decisions regarding
the data of which they do or do not want to be informed.

Some healthcare professionals considered storing complete genomic sequences in
a PHDS:

Pharmacist (PGL-P10): “I had the idea that it would be this way in the future,
that your whole genome would be in the data locker. [ . . . ] And when you see
a doctor for a certain problem, without needing additional tests, you could see
what your DNA contributed. In principle, you could test once. And then you
save it all in the locker, and the next step is that it should be interpretable at a
certain moment.”

This quote illustrates that by saving WGS data in a PHDS, a PHDS would facilitate
the use of genomic information to answer diagnostic questions, thereby promoting the
continuity of care.
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3.6.4. Implementing a PHDS: Barriers and Facilitators

The healthcare professionals listed several barriers and facilitators for implementing a
PHDS in healthcare (Table 11). Additionally, some healthcare users pointed out that in the
presented PGL scenario, we assume that every individual has genomic data. Still, most
people do not have this kind of data. Subsequently, they wondered how individuals could
get access to genomic tests.

Table 11. Barriers to and facilitators of implementing a Personal Health Data Space in healthcare
according to healthcare professionals.

Barriers Facilitators

Security, technical, and legal issues Involving end users in the development to
improve the user-friendliness

Complex infrastructure Elaborate testing phase

Difficulty in changing test possibilities and
interpretations due to medical developments

Cooperation and long-term commitment
(instead of multiple research projects)

Limited (health) literacy Education on the benefits of PHDSs (users and
HCPs)

Limited computer skills Training HCPs to use PHDSs

Resistance, public opinion (privacy, safety) Link PGL to existing electronic records

Costs: who is responsible?

Access to genomic tests

Additionally, as stated by a healthcare professional, the general public needs to accept
the concept of a PHDS.

Pharmacist (PGL-P10): “PGLs need to be accepted. People should have the idea:
this is nice to have or a need to have. That realization needs to sink in.”

According to this participant, the general public needs to understand how patients
could benefit from a PHDS in order to accept tools, such as the PGL. Another important
facilitator that was named is education. HCPs and patients need to be educated on PHDS
tools and sufficiently trained on how to use them.

Policy officer patient association (PGL-P9): “The rollout is quite a task, I think, also
regarding communication and explanation and ensuring that everyone knows
how to work with it.”

Hence, acceptance and education are essential to facilitate the implementation of
PHDSs in healthcare.

3.6.5. Potential of a PHDS in Healthcare

All healthcare users were in favor of having their own PGL. The most reported reason
was that participants believed a PHDS would put them in control of their data without any
interference or dependence on HCPs, hospitals, or institutions.

Healthcare user (PGL-P4): “I would like to manage my data myself.”

This management concerns available and accessible data to the patient themself and
being able to decide what types of data are stored in the PGL and what types of data are
shared with HCPs.

A final consideration that a few healthcare users mentioned was that the PGL would
prevent data from getting lost.

Healthcare user (PGL-P4): “I was tested in 2000. At the time, there were only
paper files in that center. [ . . . ] But now, no one can find my DNA data anymore.
For me, that alone would be enough to want my own locker.”
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This quote not only highlights the need for control but also concerns about continuity
of care. After all, lost data mean a need for repeated tests, which disrupts and delays
patients’ treatments. In line with the suggested functionalities of data interpretation support
and notifications, other reasons were that the PGL could provide additional insight into the
data, which could support them in staying up-to-date with relevant medical developments,
in line with Section 3.6.2. with respect to suggested functionalities of data interpretation
support and notifications.

All healthcare professionals were in favor of implementing a PHDS. The main reason
was that it would facilitate the use of genomic information in clinical practice; it would
improve data availability and make the process more efficient.

Clinical geneticist (PGL-P8): “I know for my little piece of patient care, if the PGL
would already exist, it would be useful. For example, a genetic test was done
in Leiden. The patient moves, and four years later, I see her in my office. I go
through all the paperwork. And before I have the results, it is days or weeks later,
without anyone actively trying to delay things. And now, I click and there it is on
my screen. I can immediately help my patient.”

Pharmacist (PGL-P9): “I agree. At this moment, patients come with a card on which
it [results] is written and, of course, we could enter this in our system. But in fact, it
is only the translation. What does it mean? [ . . . ] When you are more of an expert
as a pharmacist, you would like to have the raw data or see the tested variants.”

These quotes illustrate that the current process of accessing and using genomic data is
considered slow and inefficient, imposing barriers to adequate care. The PGL was thought
to speed up the process and provide rich information to HCPs.

4. Discussion

Advocates position genomic medicine to offer important benefits for individual pa-
tients, healthcare professionals, and the healthcare system as a whole. However, several
challenges—ethical, conceptual, technological, and practical—need to be addressed to
ensure proper implementation. This study aimed to explore the perspectives of a diverse
range of stakeholders on genomic medicine and personal health data spaces. Using a
mixed-method design, healthy participants, healthcare users, and professionals were asked
about attitudes toward genomic findings and genome data.

4.1. Attitudes towards Receiving Genomic Information

The current literature indicates the need to gain additional insight into citizens’ atti-
tudes towards genomic findings and personalized medicine [5,10,11]. Our first meta-theme
investigated participants’ attitudes towards various types of genomic findings.

Across datasets, participants expressed high interest in receiving individual genomic
findings. While most participants were particularly interested in receiving actionable
findings, hesitancy was expressed in the case of VUSs. These findings correspond to
those of Middleton et al. [49]. Across cohorts, participants expressed a strong interest
towards receiving non-actionable individual sequencing results, echoing other findings in
the literature [50].

Participants offered several reasons to support their interest in receiving individual find-
ings. Concerning actionable results, IAM Frontier participants quoted controllability and
predictability as the primary concerns. Treatability, controllability, and predictability as signif-
icant motivators for interest in sequencing findings were reported in earlier studies [50–54].
Interestingly, several participants considered the impact of genomic findings in relation to
end-of-life decision-making—signaling the normativity and situatedness of actionability
beyond the definitions operationalized in the ACMG recommendations for reporting indi-
vidual findings. Furthermore, participants across cohorts stressed the potentially negative
psychological impact of receiving non-actionable and VUS results matching similar findings
in the literature [53,54]. Positive attitudes towards VUSs found in the sample were often
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related to a sincere faith in scientific progress. Participant beliefs in this supposedly straight-
forward increase in genomic interpretative capabilities echo reports in the literature [53–55].
However, it is unclear to what extent such convictions are substantiated [56], indicating the
need for improved genetic and scientific literacy [50,57,58].

The necessity of transparency and education based on the potential and limitations of
genomic medicine is vividly apparent in the sense of disappointment in the IAM Frontier
cohort after receiving individual sequencing results. The prevalence of high expectations
about genome analysis in our cohort is consistent with other studies [59–62]. While negative
attitudes in genomic screening programs with healthy participants have been described,
most studies report primarily positive reactions to receiving information [63–65]. However,
most reports in the literature solely inquire about hypothetical scenarios, offering a possible
explanation for these contrasting outcomes [66]. Moreover, since the IAM Frontier sample
was exceptionally well-educated and research-minded, these findings further stress the
urgency of improving patient education and genetic and scientific literacy. Furthermore,
participants’ disappointment echoes suggestions in the literature that access to health-
related information does not necessarily amount to a sense of empowerment. Our findings
suggest that individual attitudes towards individual findings are related to their novelty, us-
ability, and meaningfulness [67], providing further support for patient-driven conceptions
of empowerment [19].

4.2. Complexities of Genomic Data Management beyond Ownership

A second meta-theme persistent across datasets handled participants’ relations with
genomic data management.

When asked to designate the owner of genomic data, most participants elected patients
as the likely owner of their medical data. These results echo other citizen engagement
projects in the Belgian population [68,69].

However, recent legal and ethical scholarship on genomic data management sug-
gests that expressions of ownership span multitudes of meanings and “competing nar-
ratives” [70] beyond mere property claims [70–72]. Despite this conceptual murkiness,
appeals to ownership often function to express a range of genuine concerns worthy of
appreciation. We argue that refraining from taking “ownership” claims at face value and
focusing on concerns participants might have about their data provides more comprehen-
sive and nuanced insights into perspectives on genomic data management. We offer three
concerns evinced within our cohorts relevant to this debate: data control, responsible data
stewardship, and responsibilities towards others.

First, whereas participants often did employ ownership rhetoric, their concerns about
genomic data management are better captured in terms of data control. This murkiness be-
tween ownership and control was particularly present in one interviewee’s appeal to GDPR
as safeguarding data ownership and alleviating the lack of data control and access. While
GDPR aims to ensure data protection, it does not provide property rights over data [72].
Moreover, currently, it is unclear to what extent GDPR applies to genome sequencing data
protection [73]. Further scrutiny reveals that this appeal to the legislative context serves
as a means to reinstate a sense of control over genomic data. Several other participants
provided similarly vivid expressions of concerns related to genome data management.
Strikingly, in appeals to “ownership”, multiple participants suggested genome data are
“about me”, rather than “belong to me”. As ethicist Angela Ballantyne argues, expressions
of “aboutness” signify the special relationship people have with personal data while si-
multaneously capturing concerns about being disconnected from it [71]. As such, while
participants in our cohorts generally feel genomic data have a uniquely personal quality,
they are apprehensive about losing data control.

Second, participants recognized that data management (including data sharing) neces-
sarily involves a range of actors and corresponding responsibilities. For one, interviewees
stressed institutions’ responsibilities to provide transparent, safe, and free access to genomic
data. It is unclear, however, which conception and what level of transparency is operational-
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ized by our participants. Minimally, they refer to some level of insight in their data either
on an individual level or in conjunction with an HCP. Further research on the desirability
of different types of transparency is warranted. While participants expressed willingness
to share data with research, this inclination was premised on several conditions. For one,
healthcare users indicated that data sharing should be a two-way interaction. Participants
expect to be thoroughly informed of the results, taken seriously, and treated as partners in
decision-making. A bidirectional flow of information between participants and research
institutes is increasingly considered standard practice in participatory research paradigms,
including biobanking, precision, and genomic medicine [74–76]. Importantly, IAM intervie-
wees professional familiarity with scientific research might lead to overestimations on the
benevolent intent of scientific research(ers).

Hesitancy to share with commercial entities was expressed across cohorts due to worries
about data breaches, for-profit motives, lack of regulation, and a negative societal impact on
healthcare. These findings correspond with other citizen engagement projects on genome data
in Belgium [68] and stress the importance of trustworthy, transparent data infrastructures.

Despite these risks, healthcare users and professionals acknowledge the potential ben-
efits of robust data-sharing structures for healthcare efficiency and quality. It could increase
knowledge availability, lead to more complete medical files, and support personalized
treatment. A review of health information exchange supports these benefits: sharing infor-
mation leads to improved patient safety and increased efficiency, as demonstrated by fewer
duplicated procedures, reduced imaging, and lower costs [77]. However, such benefits of
data sharing for healthcare practice are premised on (institutional and commercial) actors
acting as responsible data stewards [70].

A third concern expressed by participants pertains to genomic data and individual
responsibilities towards others. Most participants indicated willingness to share genomic
information with family, which was in accordance with previous studies on the Belgian
population [78]. The relational nature of sequencing results—i.e., these data are also about
someone else—was often cited as producing a range of moral imperatives to (refrain from)
sharing results with genetic and nongenetic kin [69]. Participants found that genomic data
management involves a range of individual (and familial) responsibilities—introducing
some interesting tensions with their (individual) autonomy-oriented attitudes towards
genomic medicine in general, discussed in the next section.

4.3. Autonomy, Choice, and Its Limits

Participants often stressed the individuals’ choice in genome sequencing and data
control. This focus on autonomous choice within cohorts of citizens in genome sequencing
was established by earlier research in the Belgian population [68,69,79]. Participants empha-
sized the significance of sufficient and meaningful information, as well as the capacity to
make informed decisions, in the context of genome sequencing, aligning with conventional
notions of autonomy and informed consent in bioethics. The value of autonomy, then, was
primarily emphasized by participants in terms of autonomous choice raising questions
on the more comprehensive conceptions of autonomy embedded in claims of partnership,
empowerment, and participation [18].

Despite this emphasis on autonomy, participants often admitted to limits to individual
autonomous choice, including (i) the asymmetry in (clinical) care relations, (ii) negotiating
between the sensitivity and usefulness of medical data, (iii) the lack of genetic literacy in the
general population, and (iv) (moral) obligations towards others as evinced in our discussion
on data sharing [80]. These findings echo reports on the need for more comprehensive, rela-
tional conceptions of autonomy [81] in genomic medicine [82–84]. Our findings, similarly,
suggest that participant decisions and attitudes about genomic medicine and data are con-
structed within and unfold through a matrix of familial, social, and care relations. Rather
than retaining an individualistic framework of autonomy, genomic medicine involves
the shared, socially-embedded nature of decision-making and, crucially, the importance
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of trusting relationships and trustworthy institutions serving as enabling conditions for
autonomous decision making [85].

4.4. Levels of Trust in Genomic Medicine

Given the limitations to individual autonomy manifesting in our cohorts, trust was
deemed to be of central importance to all participants. Following Myskja and Steins-
bekk [86], we take trust here to be primarily rooted in vulnerability and built on the
assumption of the trustee taking responsibility for the individual’s interest. This conception
of trust corresponds to the worries expressed by participants. Moreover, the “default
attitude” of trust found in many (though not all) participants in our cohort suggests a
pragmatic attitude necessary in the complexities in genomic medicine [86,87].

Importantly, we distinguished three discrete levels of trust relevant to participants in
genomic medicine. First, institutional trust was leveraged as a precondition for the proper
implementation of genomic medicine. Participants favored the implementation of genomic
medicine in existing clinical and healthcare settings over commercial settings, including
regulatory safeguards, such as the need for doctor’s prescriptions, which correspond with
earlier surveys in Belgium and the Netherlands [50,51]. Our findings suggest institutional
trust to be an essential consideration for implementing genomic medicine.

Second, survey and interview participants leveraged trust in science to manage the
(clinically) uncertain nature of genomic information. Many participants implied that trust
in future developments in genomic medicine motivated them to participate in genome
sequencing, even if current findings are limited [88,89]. Again, attitudes towards science in
IAM participants in particular might be shaped by their familiarity with the research context.
Although these expectations could lead to harm and disappointment when unrealistic,
trust in science seems to be an essential factor for the uptake of genomic medicine. As
was recently suggested, participatory approaches, such as citizen involvement both in
trial design and the development of ELSI frameworks, can foster and maintain trusting
relationships in the scientific endeavor necessary for proper implementation [68,90].

Third, interpersonal trust in healthcare professionals was considered crucial for ge-
nomic medicine. In general, participants trusted healthcare professionals to guide and
support them in genomic medicine. Moreover, they stressed the importance of the right
competencies, including adequate knowledge, communication skills, and additional clin-
ical support, such as genetic counseling. This is particularly important in light of recent
reports questioning the adequacy of practitioner knowledge of genomic medicine [7,91–93].
Our findings then indicate participants as well, suggesting a need for genetic literacy
and additional education for healthcare professionals. Furthermore, while trust levels in
healthcare professionals are generally high in the Low Countries [73], our findings stress
the importance of maintaining trusting patient–physician relationships as a continual chal-
lenge for genomic medicine. Moreover, it needs to be emphasized that trust in HCPs and
(biomedical) research is not uniformly distributed and may differ significantly based on
prior (negative) experiences or historical injustices [66].

Our findings suggest that in a healthcare climate dominated by technological (and
biological) complexities, a trusting, transparent and enabling infrastructure (through regu-
latory, competency, and accountability structures) is necessary to garner a form of reflexive,
active trust as a precondition for decision-making [86]. This approach acknowledges the
complexities of modern healthcare and the importance of shared decision-making, while
avoiding a return to paternalistic healthcare practices.

4.5. Tension between Patient Protection and Patient Autonomy

Despite these demands for trusting infrastructure, patient autonomy might still be
under pressure due to (latent) paternalistic attitudes in individual HCPs. One of the most
striking differences between the healthcare users and the healthcare professionals was the
tension between patient protection and patient autonomy.
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The healthcare professionals felt a strong urge to protect and support patients, espe-
cially patients with low health or digital literacy. They thought explaining, framing, and
contextualizing (genomic) test results and their consequences were of utmost importance.
This felt responsibility to protect patients and prevent future medical harm as a duty of care
(i.e., the bioethical principle of beneficence) was also found in a Belgian focus group study
on clinical geneticists and genetic counselors [82]. These professionals felt that this duty to
prevent harm outweighed patients’ autonomy in certain situations. After all, patients who
do not fully understand the meaning of genomic results and their consequences are limited
in their ability to make informed and autonomous decisions [82]. Furthermore, healthcare
professionals in the current study felt a responsibility towards their patients to ensure data
management is handled safely and responsibly (e.g., preventing data from being shared
with untrusted parties), which is supported by studies indicating a need for further public
education on health information management [94].

On the other hand, the healthcare users indicated that they wanted to be less dependent
on HCPs. Instead, they wanted to be in control. The most prominent reason was that they
did not always trust HCPs due to prior negative encounters with HCPs. Consequently,
when patients’ trust is damaged in previous encounters, this affects how patients will
approach future HCPs. In other words, HCPs must earn their trust [95,96].

As is evident from the above, there is a genuine tension between this “soft pater-
nalism” [82] of HCPs and the generalized need for autonomy expressed by healthcare
users. Importantly, this tension presents a significant challenge to one of the central aims of
personalized medicine, patient empowerment. Further research must explore the interface
between the duty of care and patient autonomy. Our findings support more nuanced,
complex, and relational understandings of autonomy explored in the previous section.
Another fruitful avenue to overcome this tension is offered by Sandman and colleagues [97]
who opt for a dynamic process of shared decision-making in which both the patient and
the professional participate actively. When collaboratively reaching a decision, the value
of autonomy and beneficence can be respected [97,98]. A PHDS, such as the PGL, could
possibly facilitate the process of (shared) decision-making by providing comprehensive
and relevant information to the relevant parties.

4.6. Implementation: The Applicability of Personal Health Data Spaces

Part of this collaborative effort was to explore such a Personal Health Data Space
solution for genomic medicine. The Personal Genetic Locker project aims to address
many of the challenges identified above, including providing safe, robust data control and
data management for patients and potentially increasing autonomy. As such, participant
attitudes regarding the PGL are an application of the ideas explored above in a concrete
PHDS case.

All participants were in favor of implementing a PHDS in clinical care. Healthcare
users especially liked to be in control over their data without any interference from or
dependence on HCPs, hospitals, or institutions. In this manner, the PGL corresponds to
healthcare users’ concerns about control and autonomy. Additionally, by giving informed
consent, healthcare users determine which parties they trust in terms of data sharing. The
healthcare professionals thought that the PGL could improve the availability and use of
genomic data in clinical practice by making the data-sharing process more efficient.

To improve the implementation of a PHDS, several facilitators were listed by healthcare
professionals: (i) cooperate with similar projects; (ii) involve end-users in the development
of the PGL, which was found to result in a better user experience and adoption of new
tools [99,100]; (iii) have an elaborate testing phase; (iv) link the PGL to existing EHRs,
which is thought to facilitate the registration and consultation of genomic data and offers
the possibility of sending automatic alerts when certain combinations of symptoms and
familial or genomic risk factors indicate a referral to a clinical geneticist or other medical
specialists [8]; (v) educate HCPs on the benefits of PHDSs and how to use them in clinical
practice, which is crucial for the adoption of genomic medicine and more appropriate and
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timely referrals [7]; and (vi) educate the general public on the benefits of using genomic
data and the use of PHDSs, which is thought to increase public understanding and address
potential concerns, for example, about data sharing [14].

4.7. Limitations and Strengths

Our findings should be interpreted in light of several limitations. The first limitation
concerns the fact that in the study designs, data control and data ownership were not
sufficiently disambiguated, potentially increasing the murkiness between these terms in
the results. The second limitation concerns the triangulation process. While triangulation
was utilized to improve analysis in terms of depth and richness, it potentially introduced
some limitations. For one, triangulation was limited by slight differences in the research
design and scope, limiting the ways with which the different datasets were engaged.
Moreover, with regard to some aspects of the analysis, some datasets were privileged
during triangulation potentially effacing nuances found in other data. Finally, differences
in methodology (reflexive TA and coding-reliability TA) might limit the fit between datasets.

The third limitation concerns the samples of the studies. Although maximum diversity
was strived for, contextual factors constrained this aim. For one, participants in the survey
and interviews were highly educated and working in a research environment, introducing
potential positive biases. Moreover, in the focus group study, a more diverse group of par-
ticipants would have garnered a richer analysis. Despite our efforts to include participants
both with and without prior experience in genetic testing, most included healthcare-user
focus-group participants who had experience with genetic testing, which could have led to
limited engagement with the experiences of views of people without genetic testing. This
is possibly a result of selection bias, with people with personal experience in genetic testing
or genetic diseases being more motivated to participate in such research. In the focus group
with healthcare professionals, we failed to include non-specialists in genetic care, such as
primary care physicians or other generic healthcare specialists. Although we contacted
many non-specialists in genetic care, they declined participation due to a lack of time.

Although the individual studies might have lacked sufficient diversity among partici-
pants, by combing the three studies, this paper was able to provide a broad perspective of a
diverse group of stakeholders, including healthy individuals, healthcare users, and health-
care professionals—one of the strengths of this paper. Especially regarding the applicability
of a PHDS, it was necessary to include both the perspective of the patient and that of the pro-
fessional since they will use the PGL in different settings. Another strength consists of the
IAM Frontier study design, in which the same participants were interviewed and surveyed
both before and after receiving their genomic test results. This provided additional insight
into attitudes towards genomic medicine compared to the largely hypothetical inquiries in
the literature. Finally, by engaging with diverse participants, including healthy citizens,
healthcare users with prior experience in genomic medicine, and healthcare professionals,
we garnered valuable perspectives on genomic medicine and features for PHDSs.

5. Conclusions

This study explored the attitudes and concerns of healthy participants, healthcare
users, and professionals regarding genomic medicine and PHDS initiatives, such as the PGL
using a mixed-method approach that included a questionnaire survey, interviews, and focus
groups. Triangulation generated four meta-themes: (i) attitudes toward receiving genomic
information; (ii) attitudes towards ownership and sharing of genomic data; (iii) autonomy
and trust; and (iv) the applicability of Personal Health Data Spaces. Most participants
expressed high levels of interest in learning about their genome. Additionally, participants
often voiced a sense of ownership. However, closer scrutiny reveals that they were mainly
concerned with data control. Most participants acknowledged the benefits of data sharing
(e.g., better and more efficient healthcare). Nonetheless, they worried about data misuse,
privacy, and the possibility of false assumptions in subsequent clinical visits. For patients
to be willing to share information, trust was found to be vital and thus functions as a
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necessary condition for genomic medicine. More specifically, we identified three levels
of trust with regard to genomic medicine: interpersonal, institutional, and scientific. In
addition to trust, autonomy was found to be an important meta-theme. All participants
thought autonomous choice to be of utmost importance, yet limited by several social and
relational considerations. Moreover, healthcare professionals felt responsible for protecting
and supporting patients to prevent possible harm, possibly limiting patients’ autonomy.
PHDS initiatives were thought to support the adoption of genomic medicine by facilitating
the access to and use of genomic data. Moreover, since the patient manages a PHDS, it
was thought to enhance patient’s autonomous decision-making. Both healthcare users
and professionals were enthusiastic about implementing PHDSs in clinical care and listed
several potential barriers and facilitators.

To conclude, our findings provide helpful support and insights for the implementation of
and further research on genomic medicine and PHDS solutions in current healthcare systems.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/genes14040786/s1. Supplementary File S1: Interview Protocol PGL
Focus groups_healthcare users; Supplementary File S2: Interview Protocol PGL Focus groups_healthcare
professionals.

Author Contributions: Conceptualization J.T., D.K., N.L., G.E., K.H., A.W.M.E., M.R. and E.J.F.H.;
Methodology, J.T., D.K., N.L., J.S., G.E., K.H., R.M.B., M.-J.F.H., M.R. and E.J.F.H.; Software, M.-J.F.H.;
Formal Analysis, J.T., D.K., E.J.F.H., J.S., M.P., N.L., K.H. and L.M.; Investigation, J.T., N.L., J.S., G.E.
and L.M.; Resources, M.-J.F.H.; Writing—Original Draft Preparation, D.K. and J.T.; Writing—Review
& Editing, J.T., D.K., N.L., G.E., K.H., M.P., J.S., L.M., R.M.B., A.W.M.E., M.-J.F.H., M.R. and E.J.F.H.;
Supervision, N.L., L.M., K.H., G.E., A.W.M.E. and E.J.F.H.; Project Administration, J.T., N.L. and G.E.;
Funding Acquisition, N.L., G.E., M.R., A.W.M.E. and E.J.F.H. All authors have read and agreed to the
published version of the manuscript.

Funding: The PGL project was funded by a DATA2PERSON grant from the Dutch Research Council
(NWO), with grant ID 628.011.022. D.K. is funded by Research Foundation—Flanders (FWO) under
Grant predoctoral Fellowship fundamental research (1112423N).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. The informed consent for conducting the survey study fell under the scope of
the consent for the IAM Frontier study (Belgian registration number: B300201837314, 7 January 2019).
Additional EC approval was obtained for the interviews (Belgian registration number: B300201938600,
21 November 2019). The Medical Ethical Committee Leiden-Den Haag-Delft assessed that the focus
group study of the PGL project did not fall within the scope of the Medical Research Involving
Human Subjects Act. Subsequently, the Psychology Research Ethics Committee of Leiden University
reviewed and approved the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding authors. The data are not publicly available due to privacy reasons.

Acknowledgments: We would like to thank all participants for their participation in the study.
Additionally, we thank Leo Geudens, Greet Ieven, Bettina Blaumeiser, and Isabelle Huys for additional
support in the IAM Frontier study. Regarding the PGL focus group study, we thank the designers
from Ontwerpbureau Evers + de Gier for designing the clickable mock-up PGL; Milon van Vliet
for her help as an observer during focus group sessions; Rick Overkleeft, Sander van Boom, Arthur
Schreuder, Jesse Swen, Johan den Dunnen, and Guido van ‘t Noordende for their help in developing
the interview protocol and topic list; and all other members involved in the PGL project.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/genes14040786/s1
https://www.mdpi.com/article/10.3390/genes14040786/s1


Genes 2023, 14, 786 32 of 35

References
1. Schleidgen, S.; Klingler, C.; Bertram, T.; Rogowski, W.H.; Marckmann, G. What is personalized medicine: Sharpening a vague

term based on a systematic literature review. BMC Med. Ethics 2013, 14, 55. [CrossRef] [PubMed]
2. Ginsburg, G.S.; Willard, H.F. Genomic and personalized medicine: Foundations and applications. Transl. Res. 2009, 154, 277–287.

[CrossRef] [PubMed]
3. Desmond-Hellmann, S. Toward precision medicine: A new social contract? Sci. Transl. Med. 2012, 4, 129ed3. [CrossRef] [PubMed]
4. Sedda, G.; Gasparri, R.; Spaggiari, L. Challenges and innovations in personalized medicine care. Future Oncol. 2019, 15, 3305–3308.

[CrossRef] [PubMed]
5. Pasic, M.D.; Samaan, S.; Yousef, G.M. Genomic medicine: New frontiers and new challenges. Clin. Chem. 2013, 59, 158–167.

[CrossRef] [PubMed]
6. Carroll, J.C.; Makuwaza, T.; Manca, D.P.; Sopcak, N.; Permaul, J.A.; O’Brien, M.A.; Heisey, R.; Eisenhauer, E.A.; Easley, J.;

Krzyzanowska, M.K. Primary care providers’ experiences with and perceptions of personalized genomic medicine. Can. Fam.
Physician 2016, 62, e626–e635.

7. Houwink, E.J.; van Luijk, S.J.; Henneman, L.; van der Vleuten, C.; Jan Dinant, G.; Cornel, M.C. Genetic educational needs and the
role of genetics in primary care: A focus group study with multiple perspectives. BMC Fam. Pract. 2011, 12, 5. [CrossRef]

8. Houwink, E.J.; Sollie, A.W.; Numans, M.E.; Cornel, M.C. Proposed roadmap to stepwise integration of genetics in family medicine
and clinical research. Clin. Transl. Med. 2013, 2, e5. [CrossRef]

9. Manolio, T.A.; Chisholm, R.L.; Ozenberger, B.; Roden, D.M.; Williams, M.S.; Wilson, R.; Bick, D.; Bottinger, E.P.; Brilliant, M.H.;
Eng, C. Implementing genomic medicine in the clinic: The future is here. Gen. Med. 2013, 15, 258–267. [CrossRef]

10. Scheuner, M.T.; Sieverding, P.; Shekelle, P.G. Delivery of genomic medicine for common chronic adult diseases: A systematic
review. JAMA 2008, 299, 1320–1334. [CrossRef]

11. Bates, B.R.; Lynch, J.A.; Bevan, J.L.; Condit, C.M. Warranted concerns, warranted outlooks: A focus group study of public
understandings of genetic research. Soc. Sci. Med. 2005, 60, 331–344. [CrossRef]

12. Frost, C.J.; Andrulis, I.L.; Buys, S.S.; Hopper, J.L.; John, E.M.; Terry, M.B.; Bradbury, A.; Chung, W.K.; Colbath, K.; Quintana, N.
Assessing patient readiness for personalized genomic medicine. J. Community Genet. 2019, 10, 109–120. [CrossRef]

13. Lemke, A.A.; Wolf, W.A.; Hebert-Beirne, J.; Smith, M.E. Public and biobank participant attitudes toward genetic research
participation and data sharing. Public Health Genom. 2010, 13, 368–377. [CrossRef]

14. Callier, S.L.; Abudu, R.; Mehlman, M.J.; Singer, M.E.; Neuhauser, D.; Caga-Anan, C.; Wiesner, G.L. Ethical, legal, and social
implications of personalized genomic medicine research: Current literature and suggestions for the future. Bioethics 2016, 30,
698–705. [CrossRef]

15. Boeldt, D.L.; Cheung, C.; Ariniello, L.; Darst, B.F.; Topol, S.; Schork, N.J.; Philis-Tsimikas, A.; Torkamani, A.; Fortmann, A.L.;
Bloss, C.S. Patient perspectives on whole-genome sequencing for undiagnosed diseases. Pers. Med. 2017, 14, 17–25. [CrossRef]

16. Christensen, K.D.; Phillips, K.A.; Green, R.C.; Dukhovny, D. Cost analyses of genomic sequencing: Lessons learned from the
MedSeq Project. Value Health 2018, 21, 1054–1061. [CrossRef]

17. Vassy, J.L.; Christensen, K.D.; Schonman, E.F.; Blout, C.L.; Robinson, J.O.; Krier, J.B.; Diamond, P.M.; Lebo, M.; Machini, K.;
Azzariti, D.R. The impact of whole-genome sequencing on the primary care and outcomes of healthy adult patients: A pilot
randomized trial. Ann. Intern. Med. 2017, 167, 159–169. [CrossRef]

18. Blasimme, A.; Vayena, E. Becoming partners, retaining autonomy: Ethical considerations on the development of precision
medicine. BMC Med. Ethics 2016, 17, 67. [CrossRef]

19. Bogaert, B. Need for patient-developed concepts of empowerment to rectify epistemic injustice and advance person-centred care.
J. Med. Ethics 2021, 47, e15. [CrossRef]

20. Juengst, E.T.; Flatt, M.A.; Settersten Jr, R.A. Personalized genomic medicine and the rhetoric of empowerment. Hastings Cent. Rep.
2012, 42, 34–40. [CrossRef]

21. Prainsack, B. Personalized Medicine: Empowered Patients in the 21st Century; NYU Press: New York, NY, USA, 2017.
22. Hanquet, G.; Vinck, I.; Thiry, N. The Use of Whole Genome Sequencing in Clinical Practice: Challenges and Organisational Considerations for

Belgium; KCE Reports 300; Health Services Research (HSR); Belgian Health Care Knowledge Centre (KCE): Brussels, Belgium, 2018.
23. European Commission. Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on

the European Health Data Space. 2022. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:
52022PC0197 (accessed on 4 December 2022).

24. European Data Protection Board. EDPB-EDPS Joint Opinion03/2022 on the Proposal for a Regulation on the European Health
Data Space. 2022. Available online: https://edpb.europa.eu/our-work-tools/our-documents/edpbedps-joint-opinion/edpb-
edps-joint-opinion-032022-proposal_en (accessed on 11 January 2023).

25. European Patient Forum. EPF STATEMENT ON EHDS. 2022. Available online: https://www.eu-patient.eu/news/latest-epf-
news/2022/epf-statement-on-ehds/ (accessed on 11 January 2023).

26. van Kessel, R.; Wong, B.L.H.; Forman, R.; Gabrani, J.; Mossialos, E. The European Health Data Space fails to bridge digital divides.
BMJ 2022, 378, e071913. [CrossRef]

27. Terzis, P. Compromises and Asymmetries in the European Health Data Space. Eur. J. Health Law 2022, 1, 1–19. [CrossRef]
28. Lehtiniemi, T. Personal data spaces: An intervention in surveillance capitalism? Surveill. Soc. 2017, 15, 626–639. [CrossRef]

http://doi.org/10.1186/1472-6939-14-55
http://www.ncbi.nlm.nih.gov/pubmed/24359531
http://doi.org/10.1016/j.trsl.2009.09.005
http://www.ncbi.nlm.nih.gov/pubmed/19931193
http://doi.org/10.1126/scitranslmed.3003473
http://www.ncbi.nlm.nih.gov/pubmed/22496543
http://doi.org/10.2217/fon-2019-0284
http://www.ncbi.nlm.nih.gov/pubmed/31578884
http://doi.org/10.1373/clinchem.2012.184622
http://www.ncbi.nlm.nih.gov/pubmed/23284016
http://doi.org/10.1186/1471-2296-12-5
http://doi.org/10.1186/2001-1326-2-5
http://doi.org/10.1097/01.ogx.0000435523.89711.77
http://doi.org/10.1001/jama.299.11.1320
http://doi.org/10.1016/j.socscimed.2004.05.012
http://doi.org/10.1007/s12687-018-0365-5
http://doi.org/10.1159/000276767
http://doi.org/10.1111/bioe.12285
http://doi.org/10.2217/pme-2016-0050
http://doi.org/10.1016/j.jval.2018.06.013
http://doi.org/10.7326/M17-0188
http://doi.org/10.1186/s12910-016-0149-6
http://doi.org/10.1136/medethics-2020-106558
http://doi.org/10.1002/hast.65
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52022PC0197
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52022PC0197
https://edpb.europa.eu/our-work-tools/our-documents/edpbedps-joint-opinion/edpb-edps-joint-opinion-032022-proposal_en
https://edpb.europa.eu/our-work-tools/our-documents/edpbedps-joint-opinion/edpb-edps-joint-opinion-032022-proposal_en
https://www.eu-patient.eu/news/latest-epf-news/2022/epf-statement-on-ehds/
https://www.eu-patient.eu/news/latest-epf-news/2022/epf-statement-on-ehds/
http://doi.org/10.1136/bmj-2022-071913
http://doi.org/10.1163/15718093-bja10099
http://doi.org/10.24908/ss.v15i5.6424


Genes 2023, 14, 786 33 of 35

29. Sun, C.; Ocaña, M.G.; van Soest, J.; Dumontier, M. ciTIzen-centric DAta pLatform (TIDAL): Sharing Distributed Personal Data in
a Privacy-Preserving Manner for Health Research. 2022. Available online: https://www.semantic-web-journal.net/system/files/
swj3220.pdf (accessed on 11 January 2023).

30. Den Dunnen, J.T. The DNA Bank: High-Security Bank Accounts to Protect and Share Your Genetic Identity. Hum. Mutat. 2015, 36,
657–659. [CrossRef]

31. Overkleeft, R.; Tommel, J.; Evers, A.W.; den Dunnen, J.T.; Roos, M.; Hoefmans, M.-J.; Schrader, W.E.; Swen, J.J.; Numans, M.E.;
Houwink, E.J. Using personal genomic data within primary care: A bioinformatics approach to pharmacogenomics. Genes 2020,
11, 1443. [CrossRef]

32. We Are. Available online: https://we-are-health.be/en(accessed on 11 January 2023).
33. Bonino da Silva Santos, L.O.; Ferreira Pires, L.; Graciano Martinez, V.; Rebelo Moreira, J.L.; Silva Souza Guizzardi, R. Personal

Health Train Architecture with Dynamic Cloud Staging. SN Comput. Sci. 2023, 4, 14. [CrossRef]
34. Chiapperino, L. Epigenetics: Ethics, politics, biosociality. Br. Med. Bull. 2018, 128, 49–60. [CrossRef]
35. Mann, S.P.; Treit, P.V.; Geyer, P.E.; Omenn, G.S.; Mann, M. Ethical principles, constraints, and opportunities in clinical proteomics.

Mol. Cell Proteom. 2021, 20, 100046. [CrossRef]
36. Richards, S.; Aziz, N.; Bale, S.; Bick, D.; Das, S.; Gastier-Foster, J.; Grody, W.W.; Hegde, M.; Lyon, E.; Spector, E.; et al. Standards

and guidelines for the interpretation of sequence variants: A joint consensus recommendation of the American College of Medical
Genetics and Genomics and the Association for Molecular Pathology. Gen. Med. 2015, 17, 405–424. [CrossRef]

37. Creswell, J.W. Mixed-method research: Introduction and application. In Handbook of Educational Policy; Cizek, G.J., Ed.; Academic
Press: Cambridge, MA, USA, 1999; pp. 455–472.

38. Powell, R.A.; Single, H.M. Focus Groups. Int. J. Qual. Health Care 1996, 8, 499–504. [CrossRef]
39. Boeije, H. Analysis in Qualitative Research; SAGE Publishing Ltd.: London, UK, 2009.
40. Guest, G.; Bunce, A.; Johnson, L. How many interviews are enough? An experiment with data saturation and variability.

Field Methods 2006, 18, 59–82. [CrossRef]
41. Krueger, R.A. Focus Groups: A Practical Guide for Applied Research; SAGE Publications: London, UK, 2014.
42. O’Brien, B.C.; Harris, I.B.; Beckman, T.J.; Reed, D.A.; Cook, D.A. Standards for reporting qualitative research: A synthesis of

recommendations. Acad. Med. 2014, 89, 1245–1251. [CrossRef]
43. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]
44. Braun, V.; Clarke, V. Toward good practice in thematic analysis: Avoiding common problems and be(com)ing a knowing

researcher. Int. J. Transgend. Health 2023, 24, 1–6. [CrossRef] [PubMed]
45. Boyatzis, R.E. Transforming Qualitative Information: Thematic Analysis and Code Development; SAGE Publications, Inc.: Thousand

Oaks, CA, USA, 1998.
46. Guest, G.; MacQueen, K.M.; Namey, E.E. Applied Thematic Analysis; SAGE Publications, Inc.: Thousand Oaks, CA, USA, 2011.
47. Joffe, H. Thematic analysis. In Qualitative Research Methods in Mental Health and Psychotherapy: A Guide for Students and Practitioners;

Harper, D., Thompson, A.R., Eds.; John Wiley & Sons, Ltd.: West Sussex, UK, 2011; pp. 209–223.
48. Farmer, T.; Robinson, K.; Elliott, S.J.; Eyles, J. Developing and implementing a triangulation protocol for qualitative health

research. Qual. Health Res. 2006, 16, 377–394. [CrossRef]
49. Middleton, A.; Morley, K.I.; Bragin, E.; Firth, H.V.; Hurles, M.E.; Wright, C.F.; Parker, M. Attitudes of nearly 7000 health

professionals, genomic researchers and publics toward the return of incidental results from sequencing research. Eur. J. Hum.
Genet. 2016, 24, 21–29. [CrossRef] [PubMed]

50. Vermeulen, E.; Henneman, L.; van El, C.G.; Cornel, M.C. Public attitudes towards preventive genomics and personal interest in
genetic testing to prevent disease: A survey study. Eur. J. Public Health 2014, 24, 768–775. [CrossRef] [PubMed]

51. Chokoshvili, D.; Belmans, C.; Poncelet, R.; Sanders, S.; Vaes, D.; Vears, D.; Janssens, S.; Huys, I.; Borry, P. Public views on genetics
and genetic testing: A survey of the general public in Belgium. Genet. Test. Mol. Biomark. 2017, 21, 195–201. [CrossRef]

52. Christenhusz, G.M.; Devriendt, K.; Dierickx, K. To tell or not to tell? A systematic review of ethical reflections on incidental
findings arising in genetics contexts. Eur. J. Hum. Genet. 2013, 21, 248–255. [CrossRef]

53. Kaphingst, K.A.; Ivanovich, J.; Biesecker, B.B.; Dresser, R.; Seo, J.; Dressler, L.G.; Goodfellow, P.J.; Goodman, M.S. Preferences for
return of incidental findings from genome sequencing among women diagnosed with breast cancer at a young age. Clin. Genet.
2016, 89, 378–384. [CrossRef]

54. Mackley, M.P.; Blair, E.; Parker, M.; Taylor, J.C.; Watkins, H.; Ormondroyd, E. Views of rare disease participants in a UK whole-
genome sequencing study towards secondary findings: A qualitative study. Eur. J. Hum. Genet. 2018, 26, 652–659. [CrossRef]
[PubMed]

55. Jamal, L.; Robinson, J.O.; Christensen, K.D.; Blumenthal-Barby, J.; Slashinski, M.J.; Perry, D.L.; Vassy, J.L.; Wycliff, J.; Green, R.C.;
McGuire, A.L. When bins blur: Patient perspectives on categories of results from clinical whole genome sequencing. AJOB Empir.
2017, 8, 82–88. [CrossRef]

56. Shendure, J.; Findlay, G.M.; Snyder, M.W. Genomic medicine–progress, pitfalls, and promise. Cell 2019, 177, 45–57. [CrossRef]
57. Chapman, R.; Likhanov, M.; Selita, F.; Zakharov, I.; Smith-Woolley, E.; Kovas, Y. New literacy challenge for the twenty-first

century: Genetic knowledge is poor even among well educated. J. Community Genet. 2019, 10, 73–84. [CrossRef] [PubMed]

https://www.semantic-web-journal.net/system/files/swj3220.pdf
https://www.semantic-web-journal.net/system/files/swj3220.pdf
http://doi.org/10.1002/humu.22810
http://doi.org/10.3390/genes11121443
https://we-are-health.be/en
http://doi.org/10.1007/s42979-022-01422-4
http://doi.org/10.1093/bmb/ldy033
http://doi.org/10.1016/j.mcpro.2021.100046
http://doi.org/10.1038/gim.2015.30
http://doi.org/10.1093/intqhc/8.5.499
http://doi.org/10.1177/1525822X05279903
http://doi.org/10.1097/ACM.0000000000000388
http://doi.org/10.1191/1478088706qp063oa
http://doi.org/10.1080/26895269.2022.2129597
http://www.ncbi.nlm.nih.gov/pubmed/36713144
http://doi.org/10.1177/1049732305285708
http://doi.org/10.1038/ejhg.2015.58
http://www.ncbi.nlm.nih.gov/pubmed/25920556
http://doi.org/10.1093/eurpub/ckt143
http://www.ncbi.nlm.nih.gov/pubmed/24068545
http://doi.org/10.1089/gtmb.2016.0418
http://doi.org/10.1038/ejhg.2012.130
http://doi.org/10.1111/cge.12597
http://doi.org/10.1038/s41431-018-0106-6
http://www.ncbi.nlm.nih.gov/pubmed/29440777
http://doi.org/10.1080/23294515.2017.1287786
http://doi.org/10.1016/j.cell.2019.02.003
http://doi.org/10.1007/s12687-018-0363-7
http://www.ncbi.nlm.nih.gov/pubmed/29589204


Genes 2023, 14, 786 34 of 35

58. Roberts, J.S.; Robinson, J.O.; Diamond, P.M.; Bharadwaj, A.; Christensen, K.D.; Lee, K.B.; Green, R.C.; McGuire, A.L. Patient
understanding of, satisfaction with, and perceived utility of whole-genome sequencing: Findings from the MedSeq Project.
Gen. Med. 2018, 20, 1069–1076. [CrossRef] [PubMed]

59. Evans, J.P.; Burke, W.; Khoury, M. The rules remain the same for genomic medicine: The case against “reverse genetic exceptional-
ism”. Genet. Med. 2010, 12, 342–343. [CrossRef]

60. Gamma, A. The role of genetic information in personalized medicine. Perspect. Biol. Med. 2013, 56, 485–512. [CrossRef]
61. Halverson, C.M.; Ross, L.F. Incidental findings of therapeutic misconception in biobank-based research. Gen. Med. 2012, 14,

611–615. [CrossRef]
62. Leventhal, K.-G.; Tuong, W.; Peshkin, B.N.; Salehizadeh, Y.; Fishman, M.B.; Eggly, S.; FitzGerald, K.; Schwartz, M.D.; Graves, K.D.

“Is it really worth it to get tested?”: Primary care patients’ impressions of predictive SNP testing for colon cancer. J. Genet. Couns.
2013, 22, 138–151. [CrossRef]

63. Fleming, J.; Terrill, B.; Dziadek, M.; Kirk, E.P.; Roscioli, T.; Barlow-Stewart, K. Personal genomic screening: How best to facilitate
preparedness of future clients. Eur. J. Med. Gen. 2019, 62, 397–404. [CrossRef]

64. Rego, S.; Dagan-Rosenfeld, O.; Bivona, S.A.; Snyder, M.P.; Ormond, K.E. Much ado about nothing: A qualitative study of the
experiences of an average-risk population receiving results of exome sequencing. J. Genet. Couns. 2019, 28, 428–437. [CrossRef]

65. Sanderson, S.C.; Linderman, M.D.; Suckiel, S.A.; Zinberg, R.; Wasserstein, M.; Kasarskis, A.; Diaz, G.A.; Schadt, E.E. Psychological
and behavioural impact of returning personal results from whole-genome sequencing: The HealthSeq project. Eur. J. Hum. Genet.
2017, 25, 280–292. [CrossRef] [PubMed]

66. Kraft, S.A.; Cho, M.K.; Gillespie, K.; Halley, M.; Varsava, N.; Ormond, K.E.; Luft, H.S.; Wilfond, B.S.; Lee, S.S.-J. Beyond consent:
Building trusting relationships with diverse populations in precision medicine research. Am. J. Bioeth. 2018, 18, 3–20. [CrossRef]
[PubMed]

67. Wilkins, C.H.; Mapes, B.M.; Jerome, R.N.; Villalta-Gil, V.; Pulley, J.M.; Harris, P.A. Understanding what information is valued by
research participants, and why. Health Aff. 2019, 38, 399–407. [CrossRef] [PubMed]

68. Mayeur, C.; van Hoof, W. Citizens’ conceptions of the genome: Related values and practical implications in a citizen forum on the
use of genomic information. Health Expect. 2021, 24, 468–477. [CrossRef]

69. King Baudouin Foundation. The Use of Genome Information in Health Care: Ethical, Legal and Societal Issues; Report of the Issue
Framing Workshop; King Baudouin Foundation: Brussels, Belgium, 2018.

70. Sorbie, A.; Gueddana, W.; Laurie, G.; Townend, D. Examining the power of the social imaginary through competing narratives of
data ownership in health research. J. Law Biosci. 2021, 8, lsaa068. [CrossRef]

71. Ballantyne, A. How should we think about clinical data ownership? J. Med. Ethics 2020, 46, 289–294. [CrossRef]
72. Liddell, K.; Simon, D.A.; Lucassen, A. Patient data ownership: Who owns your health? J. Law Biosci. 2021, 8, lsab023. [CrossRef]
73. Thorogood, A.; Bobe, J.; Prainsack, B.; Middleton, A.; Scott, E.; Nelson, S.; Corpas, M.; Bonhomme, N.; Rodriguez, L.; Murtagh, M.

Participant Values Task Team of the Global Alliance for Genomics and Health. APPLaUD: Access for patients and participants to
individual level uninterpreted genomic data. Hum. Genom. 2018, 12, 7. [CrossRef]

74. Collins, F.S.; Varmus, H. A new initiative on precision medicine. N. Engl. J. Med. 2015, 372, 793–795. [CrossRef]
75. Hartzler, A.; McCarty, C.A.; Rasmussen, L.V.; Williams, M.S.; Brilliant, M.; Bowton, E.A.; Clayton, E.W.; Faucett, W.A.; Ferryman,

K.; Field, J.R. Stakeholder engagement: A key component of integrating genomic information into electronic health records.
Gen. Med. 2013, 15, 792–801. [CrossRef]

76. Nebeker, C.; Leow, A.D.; Moore, R.C. From return of information to return of value: Ethical considerations when sharing
individual-level research data. J. Alzheimers Dis. 2019, 71, 1081–1088. [CrossRef]

77. Menachemi, N.; Rahurkar, S.; Harle, C.A.; Vest, J.R. The benefits of health information exchange: An updated systematic review.
J. Am. Med. Inform. Assoc. 2018, 25, 1259–1265. [CrossRef]

78. iVOX. De Houding van de Vlaming Tegenover Genetica en Het Gebruik van Genetische Toepassingen; De Maakbare Mens vzw:
Antwerpen, Belgium, 2017.

79. Stuttgen, K.; Bollinger, J.; Dvoskin, R.; McCague, A.; Shpritz, B.; Brandt, J.; Mathews, D.J. Perspectives on genetic testing and
return of results from the first cohort of presymptomatically tested individuals at risk of Huntington Disease. J. Genet. Couns.
2018, 27, 1428–1437. [CrossRef] [PubMed]

80. Dheensa, S.; Lucassen, A.; Fenwick, A. Fostering trust in healthcare: Participants’ experiences, views, and concerns about the
100,000 genomes project. Eur. J. Hum. Genet. 2019, 62, 335–341. [CrossRef]

81. Mackenzie, C.; Stoljar, N. Relational Autonomy: Feminist Perspectives on Autonomy, Agency, and the Social Self ; Oxford University
Press: New York, NY, USA, 2000.

82. Saelaert, M.; Mertes, H.; Moerenhout, T.; De Baere, E.; Devisch, I. Ethical values supporting the disclosure of incidental and
secondary findings in clinical genomic testing: A qualitative study. BMC Med. Ethics 2020, 21, 9. [CrossRef]

83. Samuel, G.N.; Dheensa, S.; Farsides, B.; Fenwick, A.; Lucassen, A. Healthcare professionals’ and patients’ perspectives on consent
to clinical genetic testing: Moving towards a more relational approach. BMC Med. Ethics 2017, 18, 47. [CrossRef] [PubMed]

84. Horton, R.; Lucassen, A. Consent and autonomy in the genomics era. Curr. Genet. Med. Rep. 2019, 7, 85–91. [CrossRef] [PubMed]
85. Dove, E.S.; Kelly, S.E.; Lucivero, F.; Machirori, M.; Dheensa, S.; Prainsack, B. Beyond individualism: Is there a place for relational

autonomy in clinical practice and research? Clin. Ethics. 2017, 12, 150–165. [CrossRef] [PubMed]

http://doi.org/10.1038/gim.2017.223
http://www.ncbi.nlm.nih.gov/pubmed/29300387
http://doi.org/10.1097/GIM.0b013e3181deb308
http://doi.org/10.1353/pbm.2013.0040
http://doi.org/10.1038/gim.2011.50
http://doi.org/10.1007/s10897-012-9530-x
http://doi.org/10.1016/j.ejmg.2019.05.006
http://doi.org/10.1002/jgc4.1096
http://doi.org/10.1038/ejhg.2016.178
http://www.ncbi.nlm.nih.gov/pubmed/28051073
http://doi.org/10.1080/15265161.2018.1431322
http://www.ncbi.nlm.nih.gov/pubmed/29621457
http://doi.org/10.1377/hlthaff.2018.05046
http://www.ncbi.nlm.nih.gov/pubmed/30830824
http://doi.org/10.1111/hex.13187
http://doi.org/10.1093/jlb/lsaa068
http://doi.org/10.1136/medethics-2018-105340
http://doi.org/10.1093/jlb/lsab023
http://doi.org/10.1186/s40246-018-0139-5
http://doi.org/10.1056/NEJMp1500523
http://doi.org/10.1038/gim.2013.127
http://doi.org/10.3233/JAD-190589
http://doi.org/10.1093/jamia/ocy035
http://doi.org/10.1007/s10897-018-0274-0
http://www.ncbi.nlm.nih.gov/pubmed/29967967
http://doi.org/10.1016/j.ejmg.2018.11.024
http://doi.org/10.1186/s12910-020-0452-0
http://doi.org/10.1186/s12910-017-0207-8
http://www.ncbi.nlm.nih.gov/pubmed/28789658
http://doi.org/10.1007/s40142-019-00164-9
http://www.ncbi.nlm.nih.gov/pubmed/31281738
http://doi.org/10.1177/1477750917704156
http://www.ncbi.nlm.nih.gov/pubmed/28989327


Genes 2023, 14, 786 35 of 35

86. Myskja, B.K.; Steinsbekk, K.S. Personalized medicine, digital technology and trust: A Kantian account. Med. Health Care Philos.
2020, 23, 577–587. [CrossRef] [PubMed]

87. O’neill, O. Autonomy and Trust in Bioethics; Cambridge University Press: Cambridge, UK, 2002.
88. Ralefala, D.; Kasule, M.; Matshabane, O.P.; Wonkam, A.; Matshaba, M.; de Vries, J. Participants’ Preferences and Reasons for

Wanting Feedback of Individual Genetic Research Results From an HIV-TB Genomic Study: A Case Study from Botswana.
J. Empir. Res. Hum. Res. Ethics 2021, 16, 525–536. [CrossRef] [PubMed]

89. Sanderson, S.C.; Linderman, M.D.; Suckiel, S.A.; Diaz, G.A.; Zinberg, R.E.; Ferryman, K.; Wasserstein, M.; Kasarskis, A.; Schadt,
E.E. Motivations, concerns and preferences of personal genome sequencing research participants: Baseline findings from the
HealthSeq project. Eur. J. Hum. Genet. 2016, 24, 14–20. [CrossRef] [PubMed]

90. Petersen, C.; Austin, R.R.; Backonja, U.; Campos, H.; Chung, A.E.; Hekler, E.B.; Hsueh, P.-Y.S.; Kim, K.K.; Pho, A.; Salmi, L.
Citizen science to further precision medicine: From vision to implementation. JAMIA Open 2020, 3, 2–8. [CrossRef] [PubMed]

91. Eyal, G.; Sabatello, M.; Tabb, K.; Adams, R.; Jones, M.; Lichtenberg, F.R.; Nelson, A.; Ochsner, K.; Rowe, J.; Stiles, D. The
physician–patient relationship in the age of precision medicine. Gen. Med. 2019, 21, 813–815. [CrossRef]

92. Houwink, E.J.; Henneman, L.; Westerneng, M.; van Luijk, S.J.; Cornel, M.C.; Dinant, J.G.; Vleuten, C.V.D. Prioritization of future
genetics education for general practitioners: A Delphi study. Gen. Med. 2012, 14, 323–329. [CrossRef]

93. French, E.L.; Kader, L.; Young, E.E.; Fontes, J.D. Physician Perception of the Importance of Medical Genetics and Genomics in
Medical Education and Clinical Practice. Med. Educ. Online 2023, 28, 2143920. [CrossRef]

94. Kim, S.; Abner, E. Predictors affecting personal health information management skills. Inform. Health Soc. Care. 2016, 41, 211–229.
[CrossRef]

95. Hall, M.A.; Camacho, F.; Dugan, E.; Balkrishnan, R. Trust in the medical profession: Conceptual and measurement issues.
Health Serv. Res. 2002, 37, 1419–1439. [CrossRef]

96. Rhodes, R.; Strain, J.J. Trust and transforming medical institutions. Camb. Q. Healthc. Ethics. 2000, 9, 205–217. [CrossRef]
97. Sandman, L.; Munthe, C. Shared decision making, paternalism and patient choice. Health Care Anal. 2010, 18, 60–84. [CrossRef]
98. Cohen, S. The logic of the interaction between beneficence and respect for autonomy. Med. Health Care Philos. 2019, 22, 297–304.

[CrossRef] [PubMed]
99. Bate, P.; Robert, G. Experience-based design: From redesigning the system around the patient to co-designing services with the

patient. Qual. Saf. Health Care. 2006, 15, 307–310. [CrossRef] [PubMed]
100. Sanz, M.F.; Acha, B.V.; García, M.F. Co-design for people-centred care digital solutions: A literature review. Int. J. Integr. Care.

2021, 21, 16. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s11019-020-09974-z
http://www.ncbi.nlm.nih.gov/pubmed/32888101
http://doi.org/10.1177/15562646211043985
http://www.ncbi.nlm.nih.gov/pubmed/34662218
http://doi.org/10.1038/ejhg.2015.118
http://www.ncbi.nlm.nih.gov/pubmed/26036856
http://doi.org/10.1093/jamiaopen/ooz060
http://www.ncbi.nlm.nih.gov/pubmed/32607481
http://doi.org/10.1038/s41436-018-0286-z
http://doi.org/10.1038/gim.2011.15
http://doi.org/10.1080/10872981.2022.2143920
http://doi.org/10.3109/17538157.2015.1008490
http://doi.org/10.1111/1475-6773.01070
http://doi.org/10.1017/S096318010090207X
http://doi.org/10.1007/s10728-008-0108-6
http://doi.org/10.1007/s11019-018-9876-4
http://www.ncbi.nlm.nih.gov/pubmed/30467682
http://doi.org/10.1136/qshc.2005.016527
http://www.ncbi.nlm.nih.gov/pubmed/17074863
http://doi.org/10.5334/ijic.5573
http://www.ncbi.nlm.nih.gov/pubmed/33981193

	Introduction 
	Methods 
	Design 
	Participants 
	IAM Frontier Surveys 
	IAM Frontier Interviews 
	PGL Focus Groups 

	Procedures 
	IAM Frontier Surveys 
	IAM Frontier Interviews 
	PGL Focus Groups 

	Data Analysis 
	IAM Frontier Surveys 
	IAM Frontier Interviews 
	PGL Focus Groups 
	Triangulation 


	Results 
	Participants and Demographic Information 
	IAM Frontier Surveys 
	IAM Frontier Interviews 
	PGL Focus Groups 

	Meta-Themes and Themes 
	Attitudes toward Receiving Genomic Information 
	Attitudes toward Hypothetical Genomic Test Results 
	Attitudes after Receiving Individual Genomic Test Results 

	Attitudes toward Ownership and Sharing of Genomic Data 
	Between Data Ownership and Data Control 
	Data Sharing 

	Autonomy and Trust 
	Autonomy as a Central Value 
	Limits to Autonomy and the Importance of Trust in Genomic Medicine 
	Tension between Patient Protection and Patient Autonomy 

	The Applicability of Personal Health Data Spaces 
	Characteristics 
	Functionalities 
	Type of Data That Should Be Stored in a PHDS 
	Implementing a PHDS: Barriers and Facilitators 
	Potential of a PHDS in Healthcare 


	Discussion 
	Attitudes towards Receiving Genomic Information 
	Complexities of Genomic Data Management beyond Ownership 
	Autonomy, Choice, and Its Limits 
	Levels of Trust in Genomic Medicine 
	Tension between Patient Protection and Patient Autonomy 
	Implementation: The Applicability of Personal Health Data Spaces 
	Limitations and Strengths 

	Conclusions 
	References

