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Abstract

Background: The online offer of commercial genetic tests, also called direct-to-consumer genetic tests (DTC-GTs), enables
citizens to gain insight into their health and disease risk based on their genetic profiles. DTC-GT offers often consist of a
combination of services or aspects, including advertisements, information, DNA analysis, and medical or lifestyle advice. The
risks and benefits of DTC-GT services have been debated and studied extensively, but instruments that assess DTC-GT services
and aid policy are lacking. This leads to uncertainty among policy makers, law enforcers, and regulators on how to ensure and
balance both public safety and autonomy and about the responsibilities these 3 parties have toward the public.

Objective: This study aimed to develop a framework that outlines aspects of DTC-GTs that lead to policy issues and to help
provide policy guidance regarding DTC-GT services.

Methods: We performed 3 steps: (1) an integrative literature review to identify risks and benefits of DTC-GT services for
consumers and society in Embase and Medline (January 2014-June 2022), (2) structuring benefits and risks in different steps of
the consumer journey, and (3) development of a checklist for policy guidance.

Results: Potential risksand benefitsof DTC-GT services were mapped from 134 papers and structured into 6 phases. In summary,
these phases were called the consumer journey: (1) exposure, (2) pretest information, (3) DNA analysis, (4) data management,
(5) posttest information, and (6) individual and societal impact. The checklist for evaluation of DTC-GT services consisted of 8
themes, covering 38 items that may raise policy issuesin DTC-GT services. The themes included the following aspects: general
service content, validity and quality assurance, potential data and privacy risks, scientific evidence and robustness, and quality
of the provided information.

Conclusions: Both the consumer journey and the checklist break the DTC-GT offer down into key aspects that may impact and
compromiseindividual and public health, safety, and autonomy. Thisframework hel ps policy makers, regulators, and law enforcers
develop methods to interpret, assess, and act in the DTC-GT service market.

(J Med I nternet Res 2024, 26:e47389) doi: 10.2196/47389
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Introduction

Background

Since the development and marketing of commercial genetic
tests, citizens have been able to buy DNA testsfrom theinternet
without any direct involvement of a medical professional [1].
Using these DNA tests, consumers—hereviewed asindividuals
who have purchased and taken a commercial genetic test or
potential buyerswho are exposed to these offers—are now able
to gain insight into their health characteristics and risks of
disease. Thesedigital health consumer productsare an example
of those technological innovations that the private sector has
picked up from research. Their availability fits with the trends
of the commercial market, which reflect the consumerization
of mobile health (mHealth) worldwide in numerous areas of
health care, fitness, and wellness. Therise of the consumer DNA
test market has mainly been fueled by a drop in the cost of
collecting and analyzing genomic data [2]. Meanwhile, the
publicisincreasingly showing an interest in genomics [3].

These DNA tests are also called direct-to-consumer genetic
tests (DTC-GTs) and, at aminimum, entail a service to collect
a saliva sample (sending a kit, giving instructions on how to
collect and return the sample), conduct a genetic test of the
sample, and provide a report of outcomes of the test. Because
the DTC-GT process entails multiple aspects, in this study, we
described them as “DTC-GT services” There are many types
of DTC-GT services, including testsfor ancestry and paternity.
This paper focused on DTC-GT services aimed at health.
Additional digital services are often provided by means of
personal health information and lifestyle advice in apps or
reports, online consultation with genetic experts, and
privacy-ensured storage of DNA data[4]. Inthisway, DTC-GT
services combine aspects of many mHealth productsthat assess
and monitor health. After purchase, consumers are often able
to download their raw genetic dataand explore the possihilities
of multiple online third-party analyzers that will run an
additional analysis on their data [5]. In this way, these
third-party analyzers further connect DTC-GT users to the
scientific literature and promise to make novel research insights
accessible to users [6]. Thisillustrates that DTC-GTs are part
of acomplex international online market [5,6].

DTC-GT companies generaly state that their services can
inform health decisions and minimize disease risk by offering
insight into personal health information and providing lifestyle
advice [7,8]. Although these statements sound promising in
relation to health improvement, their validity and utility in this
fieldisunder debate[9]. Thereisalso further uncertainty about
issues such as privacy, psychological impact, and the effects
on health care systems [10].

Consequently, it can be argued that the risks and benefits of
DTC-GTsarevalid reasonsfor devel oping policieson thistopic.
However, ensuring that these issues are addressed at the right
level is challenging. The fact that these tests are offered
internationally via the web complicates any effort to address
their potential risks or benefits. Some of these issues are
regulated at European or international levels, while others are
regulated at national or regional levels [11]. Addressing these
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issues raises questions regarding the roles and responsibilities
of policy makers, regulators, and law enforcers, both within and
outside the health care system. Insight is needed into the
potential risksand benefitsof DTC-GT servicesthat would lead
to the development of policies. A structured overview of
potential risks and benefits could guide policy on DTC-GT
services. Such an overview would enable policy makers,
regulators, and law enforcers to identify their responsibilities.
For example, policy makers at the national government level,
professional associations, grant providers, and patient and
consumer organizations would then be able to define the
outstanding questions for research and needs for publicly
available information to ultimately enable responsible
availability and use of DTC-GTs.

Risks and Benefitsof DTC-GT Services

Genomics holdsthe potential toimprovediagnosis, personalize
treatment, and determine groups at risk of developing adisease.
Researchers are continuously extending their knowledge of
genomics and its potential impact on individua health,
personalized medicine, prevention [12-14], public health, and
precision public health [15]. It is argued that gaining insight
into personal health risks, which areimpacted by genetic risks,
lifestyle factors, and environmental effects, could ultimately
help empower citizensto gain more personal control over their
health. Having said that, it seems promising that consumerscan
autonomously impact their health through DTC-GT services.
Yet, genetic and ethics experts have expressed their concerns
about DTC-GTs [9,10]. Experts argue that the information
provided can be misleading and that results that indicate an
increased or reduced disease risk can easily be misinterpreted,
potentially leading to misguided health decisions and medical
risks [16,17]. This leads to the question of whether DTC-GT
services are an effective and safe way for the public to pursue
health improvement.

However, it could be argued that DTC-GT services should not
bejudged solely asamedical product and that arguments about
personal utility and autonomy should also be part of the equation
[18-21]. One could make the case that a consumer product may
serve a purpose other than a medical one, an educational one,
for instance. Therefore, the risks and benefits of DTC-GT
services as a consumer product could be weighed differently.
When purchasing a test, aspects of a product, such as ease of
use and accessibility, may be a stronger factor in consumer
decision-making, than the test being 100% accurate.

Policy and Regulatory Issues

Due to a lack of consensus about the net benefit or risk of
DTC-GTs, uncertainty has arisen among policy makers,
regulators, and law enforcers about their roles and
responsibilities in the DTC-GT market. DTC-GT services fall
into agap of regulatory structure in both Europe and the United
States [11,22]. Currently, no specific DTC-GT legidative
instruments are being implemented in most of the member states
of Europe or in the United States. A variety of laws, al on
different levels of legislation (state or country specific,
European, and international laws), are effectiveinthe DTC-GT
market. Theselaws cover aspects such asmedical device safety,
laboratory quality assurance, medical supervision, genetic
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counseling, and informed consent [11,22-24]. Yet, most of these
laws only apply to genetic testing within the conventional health
care system. Applying these lawsto acommercial product may
not be sufficient to protect citizens from potentially harmful
tests.

Further regulatory difficulties are caused by the international
and dynamic character of DTC-GT services. A great variety of
tests for health and other purposes are available online.
Examples include cancer risk tests, nutrigenetic testing, and
ancestry testing, combined with insights into health
characteristics and other traits [4,22]. Moreover, the additional
services that are offered, such as apps or reports containing
personal health and lifestyle advice, add further variety to their
offers [4]. Consumers can purchase any of these DTC-GT
services on the web from many placesin the world. The global
and dynamic nature of the market hinders regulatory bodiesin
implementing effective policies and in law enforcement.

Ambiguity Callsfor Policy Guidance

The ambiguity in the legidative framework applicable to
DTC-GTs has resulted in challenges for policy makers,
regulators, and law enforcers in protecting citizens from
potentially harmful services. Meanwhile, the impact of
DTC-GTs on citizens and their health continues to be a topic
of debate. To balance safety and individual autonomy, all aspects
of DTC-GT services should be considered when regulatory
decisions are required [11]. For this reason, it isimportant that
the current body of knowledge on the risks and benefits of all
key aspects of DTC-GTsistrandated into policy guidance. To
ensure effective policy making, researchers have found the
following issues to be relevant in regulating the DTC-GT
market: autonomy and welfarism, informed decision-making,
privacy, clinical validity and utility, perspectives of the public
and hedth care professionals, the role of regulatory
organizations, legislation on genetic testing, and laws protecting
against genetic discrimination [25]. All these issues are
interlinked in DTC-GT services. The existing literature has
focused on gaining insight into these issues and has started to
collect empirical evidence on the impact of the market. Yet,
instruments that assess those aspects of DTC-GT services that
are likely to need regulation are lacking.

To ensure that policy guidance covers al aspects of DTC-GT
services, it isimportant to include the risks and benefits of each
distinct service element offered by commercial companies. To
this end, in this study, we described those aspects of DTC-GT
services that may give rise to policy issues. Subsequently, we
synthesized aframework for policy makers, law enforcers, and
regulators to develop methods to interpret, assess, and act in
the DTC-GT service market.

The framework development process consisted of 3 steps:

« Performing an integrative literature review to identify the
risks and benefits of DTC-GT services to consumers and
society

«  Structuring the benefits and risks of each step of the
consumer journey

«  Developing a checklist for policy guidance
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Methods

Study Design

Thisstudy focused on DTC-GT servicesthat advertisethat they
deliver insight into disease risks and lifestyles that promise to
impact customer health through behavior change. Thisincludes
anticipated lifestyle changes, changesto medication intake, and
recommendations to seek medical help from professionals. We
viewed consumers of the DTC-GT market as both individuals
who have purchased DTC-GT services and as potential
consumers who are exposed to offers of these services. These
services are offered viawebshops, including primary DTC-GT
service companies and secondary selling points, such as
Amazon, and at high street stores.

Study L ayout

To distill key aspects of DTC-GTs, those services that lead to
policy issues, potential risks, and benefits for consumers and
society, including and beyond medical implications, were
systematically mapped by means of an integrative literature
review (step 1). To do this, the complete DTC-GT service
pathway was studied, from exposure to the offer of DTC-GTs
to the ultimate individual and societal impacts of DTC-GT
services.

In step 2, the risks and benefits were structured into phases,
following each step the consumer takes along the DTC-GT
service pathway. Each of these phases triggered distinct policy
issues, including issues regarding informed decision-making,
privacy, clinical validity and utility, and legislation for genetic
testing [25].

Step 3 involved devel oping a checklist that can ultimately offer
guidance on each distinct DTC-GT policy issue. To ensure
adequate policy guidance, checklist itemsthat help evaluate all
phases of the DTC-GT service pathway were included. Every
checklist item reflects a potential risk or benefit found in the
literature review.

Study I dentification and Eligibility Check

The risks and opportunities associated with DTC-GTs were
determined by means of a literature search that focused on
health, including lifestyle and diseaserisk. Theliterature search
was performed systematically using Embase.com, which
combines the databases of Embase and Medline. The search
strategy included the following primary search terms with
corresponding synonyms: “ direct-to-consumer genetic testing,”
“impact,” “risks,” “opportunities,” “clinical study,” “evidence
based practice” “accuracy,” and “ethical, legal, and social
issues’ (see Multimedia Appendix 1). In addition, 5 expertsin
the field of genomics, public health, and biomedical sciences
with knowledge of DTC-GTswere asked to provide key papers
discussing the risks and benefits of DTC-GTSs.

Publicationswereincluded if they matched the publication date
restriction: January 2014-June 2022. Papers from March 2020
to June 2022 were included as part of a study update (see the
Literature Update section). We excluded studies dating from
before 2014, as it is argued that around 2015, the DTC-GT
market transformed into a second generation in response to a
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shutdown of the Food and Drug Administration (FDA) of
DTC-GT companies[26]. Language requirementswere English
or Dutch. Theincluded study typeswere meta-analyses, reviews
and systematic reviews, case-control studies, case reports and
series, cohort studies, randomized controlled triads, interview
and Delphi studies, expert opinion papers, and commentaries.
Conference posters and abstracts were excluded.

Studies were included if they described the following:
population (P), intervention (1), comparison (C), and outcome
(O; PICO; see Table 1) [27]. Citizens (P), excluding animals
and microorganisms, who took aDTC-GT for health or lifestyle
purposes (I11) or considered taking a DTC-GT for health or
lifestyle purposes (12) wereincluded. In addition, professionals
(P2) with expertise in DTC-GTs (I13) were included, among
others: health care professionals, ethics experts, and researchers.
Studieswererestricted to DTC-GTsthat purport toimprovethe
consumers’ own health by analyzing their DNA for health and
lifestyle purposes. Genealogy and ethnicity testing were
excluded. DTC-GTsfor prenatal and carrier-screening purposes
were also excluded, since the primary aims and subsequent
actions of these tests go beyond improving personal health.

Insights were included in this study if they indicated an
increased risk or benefit to those citizens who took DTC-GTs

Table 1. Description of PICO?in this study.

Onstwedder et al

when compared with those citizenswho did not takeaDTC-GT
(C1) or those citizens who underwent genetic testing within the
conventional health care system. Lastly, the studies must have
reported insight into theimpact of DTC-GTsa ong the complete
DTC-GT service pathway, including exposure to the offer of
DTC-GTs, insight into thevalidity and utility of DTC-GTs, and
theindividual and societal impact of aDTC-GT (O). Information
about thelegal framework of DTC-GTswas not included, since
this topic has been reviewed by others and is country specific.

The following steps were taken during the review process:
duplicate removal, title and abstract screening using the
abovementioned criteria, and full-text screening using the same
criteria. Thetitles and abstracts were screened by 1 researcher
(SMO) using the abovementioned criteria. The results were
discussed with a second researcher (TLA). Next, 2 researchers
(SMO and IKK) divided and screened the remaining full-text
papers. When in doubt about inclusion, the researchers discussed
thiswith an additional researcher (MEJ). Those key aspectsthat
determine policy issues were analyzed by 1 researcher (SMO)
and later discussed with 3 researchers (MCC, MEJ, and TR).
No generative artificial intelligence was used in any portion of
the manuscript writing.

PICO [28] Included Excluded
Population . Citizens o Animas
o  Experts «  Microorganisms
Intervention *  Citizenswhotook aDTC-GT® for hedlthor lifestylepurposes *  DTC-GTsfor genealogy and ethnicity
. Citizenswho considered taking aDTC-GT for hedthand ~ *  DTC-GTsfor prenatal and carrier screening
lifestyle purposes
o Expertswith expertisein DTC-GT services
Comparison «  Citizenswho did not takeaDTC-GT +  N/AS
«  Citizenswho underwent genetic testing within the convention-
a health care system
Outcome «  Theindividual and societal impact of DTC-GT services o Legidation and regulations

throughout the complete process of the DTC-GT service

pathway

ap1Cco: population, intervention, comparison, and outcome.
PDTC-GT: direct-to-consumer genetic test.
EN/A: not applicable.

Data Collection and Analysis

The risks and benefits were structured into phases, following
the steps that consumers take along the complete DTC-GT
service pathway. Studies were analyzed, and the data thus
derived were grouped (SMO and IKK; step 2) by means of an
iterative process based on the findings of the literature review
itself and the model of Mosda@ et a [28]. This model has
previously been used to research the effects of
direct-to-consumer advertisements, specifically for prescription
medicines [29]. The data were divided into the following
themes: (1) consumer demographics; (2) test quality, vaidity,
and utility; (3) company features; (4) diseases tested for and
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health aspects; (5) consumer effects; (6) impact on health care;
(7) informational content and advertising; (8) ethics; and (9)
general and any remaining information about DTC-GTSs.

Information about these themes was gathered to determine those
key aspects that lead to policy issues. The key aspects were
defined when new themes no longer emerged, that is, when data
saturation was achieved. These findings were shared with 5
experts on DTC-GTs, genetic tests, or genomics. Their input
was used to further interpret the risks and benefits of DTC-GTSs.
Next, aframework was composed that structured the key aspects
of DTC-GTsthat affect potential risksand benefitsand engender
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policy issues (SMO). Thiswasthen discussed with 3 researchers
(MCC, MEJ, and TR).

Literature Update

A literature update was performed between March 2020 and
June 2022. Novd studieswereidentified and selected using the
same strategy, as described before, differing by only 1 step.
During the literature update, we first assessed whether the
studies researched themes or topics that were aready included
in the primary search. If this was the case, they were excluded
fromthe sample. After that, full-text documentswereretrieved.
Thedatafromtheinitial literature review (January 2014-March
2020) were supplemented with the potential risks and benefits
gleaned from this literature update. Potential risks and benefits
that had already been reported in theinitial search were viewed
as saturated findings, asthey did not lead to new policy issues.
Those data were therefore not further collected.

Checklist Development

Ultimately, a checklist was designed to offer guidance in
DTC-GT policy issues (SMO and TR) and to evaluate those
key aspects that determine product safety, quality, and utility.

Five previoudy developed and published checklists and
frameworks|[7,30-33] formed the basisfor thischecklist. These
checklists and frameworks separately do not cover the whole
DTC-GT service pathway. Therefore, checklist items were
selected from these publications to encompass the entire
DTC-GT service pathway. The content of al published
checklists and frameworks was combined and listed in 1
document. We evaluated each item on this list to see whether
it appraised arisk or abenefit identified by our literature review.
That way, checklist items were included to match the risks and
benefitsfound in theliterature review. Duplicate checklist items
were combined into 1 item. When necessary, items were
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adjusted or supplemented to ensure maximum fit for evaluation
of DTC-GT services. The checklist items were further
subdivided into themes to improve ease of use.

Questionsthat evaluate the quality of DTC-GT service e ements
and informational content on DTC-GT websiteswereformul ated
based on the checklist items. For ease of application, the
guestionnaire was piloted by 3 researchers who analyzed 3
DTC-GT company websites. These 3 companies were selected
to reflect the broad variety of services on the market, including
linternational leading DTC-GT company offering a variety of
genetic health tests, 1 big international company with a Dutch
website offering a variety of genetic health tests, and 1 small
and relatively new national Dutch company offeringaDTC-GT
focused on sport performance and health.

Results

Integrative Literature Review

The literature search resulted in a primary yield of 323 papers
(Figure 1). In addition, 15 key papers were received from the
5 experts consulted; however, most of these papers (n=13,
86.7%) were duplicates of the literature search yield. After
remova of duplicates (n=24), a total of 314 (97.2%) papers
were included for screening. Title and abstract screening and
the inability to retrieve full-text papers led to the exclusion of
106 (33.8%) papers. Ultimately, data were collected from 127
(40.4%) papers. The other 81 (25.8%) papers were excluded as
they were incorrect document types (Congress posters and
abstracts or study protocols), were not published in English or
Dutch, or lacked relevance, and this had not been picked up
during the first screening. In addition, the literature update
yielded 7 paperswith novel findings that had not been reported
in theinitial literature review (see Multimedia Appendix 2 for
alist of included papers) [34-40].
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Figurel. PRISMA diagram describing the reviewing process of the literature search to identify relevant publications between January 2014 and March
2020 and between March 2020 and June 2022. * Papers from the literature update performed between March 2020 and June 2022. 1This step was
performed after checking whether the studies included in the literature update introduced themes that were not included in the primary search. All 7
papersthat yielded novel findings could be retrieved. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Identification of studies via databases and experts

General Findings

DTC-GT services have been researched and discussed in both
the descriptive literature, such as expert opinions, and empirical
studies, such as questionnaires and interview studies with
consumers. Thetaking of DTC-GTsin case-control and cohort
studies was rare. Research mainly focused on various aspects
of DTC-GTSs, including but not limited to quality and validity,
attitudes and perceptions of the public and consumers, the
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content of the product on offer, experiences of hedth
professionals with DTC-GTs, the utility of the tests, the
regulatory landscape surrounding DTC-GTs, and the ethical
appraisal of both the advantages and disadvantages of DTC-GTs.

Theindividual and societal impact of DTC-GT services, caused
by their potential risks and benefits, seemed wide ranging.
Overall, potential risks were reported more frequently in the
literature than potential benefits. Therisks and benefits reported
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included both medical risks, such as inadequately informed
health decisions, and nonmedical risks, such as invasion of
privacy or obtaining information about as yet unknown family
relations. These risks and benefits appeared to be instigated by
distinct aspects of DTC-GT services, such as information
provision, DNA analysis, and reporting of results.

The Consumer Journey

Both risks and benefits were structured into phases, following
the steps that consumers take when taking DTC-GT services.
Thisled to 6 different phases, collectively called the consumer
journey. These phases covered the complete process of taking
DTC-GT services, from the first exposure to an offer of a
DTC-GT service up to the ultimate individual and societal
impact of DTC-GT services (depicted in Figure 2).
Distinguishing and analyzing the phases of the consumer journey
hel ped obtain insight into the consumer audience, distinct service
elements that DTC-GT companies offer their consumers, and
theindividual and societal impacts of these services.

Each of these service elements may have distinct risks and
benefits (see Figure 3). For example, in phase 1, consumers
with common moetivations, such as curiosity or the desire to
improve health, could benefit from easy accessto genetic tests,
which may promote autonomy. Interest in DTC-GT services
appeared to be more prominent among individuals of a higher
socioeconomic status (SES) and al so among adoptees; thismay

Onstwedder et al

negatively impact the health equity and privacy of the biological
parents of the latter group.

Phase 2 concerns accessto information about health and genetics
gathered before purchase of a DTC-GT. This could facilitate
health literacy; however, research also points out that
information about the potential impact of a DTC-GT, for
example, may be unbalanced or misleading. This then impairs
the process of informed decision-making among consumers,
thereby limiting their autonomy and personal utility.

One benefit of phase 3 DNA analysis may be that private
companiesareinvestingin DNA research and innovation, which
could boost DNA test innovation and reduce test costs. Yet,
aspects such as limited analytical and clinical validity, as well
aslimited clinical utility and insight into quality assurance, are
risks of phase 3 of DTC-GT service pathways. This may cause
test results to be erroneous, thus providing consumers with
incorrect information about their health risks.

How sensitive genetic dataare handled by DTC-GT companies
(phase 4), for example, privacy-ensured storage, or potentially
shared with third parties can safeguard or impede the privacy
of consumers. Genetic data are not unique in the way that they
engender privacy issues, yet the data content may be extensive
and sometimes concern delicate issues. This makes DNA data
sensitive data, which is acknowledged in the General Data
Protection Regulation [11].

Figure 2. Flow diagram describing the complete process of DTC-GT services, called the consumer journey. As depicted, the consumer journey is
broken down into 6 phases. In this study, consumers of the DTC-GT market were both individuals who purchased a DTC-GT or potential consumers
who were considering buying the test. DTC-GT: direct-to-consumer genetic test.

Phase 1. Audience and exposure. The audience that is interested in DTC-GT offers, how consumers are
exposed to the offer, and what consumers’ motivations are to purchase DTC-GTs.

Phase 2. Pretest information. The quality of the information provided by the DTC-GT company to consumers
prior to testing and whether this information enables consumers to make an informed purchase decision.

Phase 3. DNA analysis. The complete process of DNA analysis performed by DTC-GT companies and
corresponding labs, including analytical and clinical validity, utility, and quality assurance.

Phase 4. Data management. The risks and opportunities of the data that are created with commercial genetic

testing and how these data are or can be used or handled by the involved parties, including DTC-GT companies,
labs, and consumers.

Phase 5. Posttest information. The information that is provided by DTC-GT companies after testing, including a
health report containing disease risks, lifestyle advice, and counseling.

Phase 6. Individual and societal impact. The impact of DTC-GT services on the consumer and society, including
and beyond medical implications. This encompasses the impact on consumers’ families, the health care system,
society, and scientific field. Examples include personal or public health effects, an increased or reduced financial
burden for individuals, potential changes within the health care system, or, more specifically, the impact on patient-
doctor consultations.
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Figure 3. Summary of findings, describing the benefits and risks (darker boxes) of DTC-GTsand their potential impact (lighter boxes) throughout the
different phases of the consumer journey. DTC-GT: direct-to-consumer genetic test; PGx: pharmacogenetic tests (DNA tests that predict the patients
response to specific pharmaceuticals, for example, adverse reactions or insufficient uptake of drugs); SES: socioeconomic status.

Phase 1
Audience and exposure

Increased and easy access fo genetic tests, with

% commeon motivations as curiosity and desire to improve
E health and knowledge about personal health risks
Gain in autonomy and personal utility
Increased interest and awareness among individuals
@ with higher SES and adoptees
& |ncreased inequity among higher- and lower-SES
groups, privacy issues regarding biological parents
E] Phase 2
Pretest information
& Access to information about health and genetics
@
S Gainin health and genetics literacy
Unbalanced, misleading, or incomplete information
< about test potentials, health benefits, or privacy issues
& Unrealistic expectations and limited or wrongly
informed purchase decisions
Phase 3
DNA analysis
.;q_:f Private investment in DNA research and innovation
& DNA test innovation and cost reduction
- Limited analytical and clinical validity, clinical utility, and
% insight into quality assurance
o
Incorrect results and calculation of health risks
Phase 4
Data management
;% Increased availability of DNA data
é Opportunities for research
P Possibility of DNA data being shared or sold
& Privacy risks
Phase §
Posttest information
» Insightinto personal health risks and lifestyle advice
=
é Opportunity to improve health or prevent disease
development
" Incorrect health reports, limited informational support,
<+ or misinterpretation of results
[

Misinformed health decisions

Although in phase 5, the information provided with the test
results may help in making decisions about improving health,
thereby improving autonomy, if thisinformation is not clear or
the health risks have been cal cul ated based on erroneousresults
(phase 3), consumers may misinterpret their results and make
misinformed health decisions.
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Phase 6

Individual and societal impact
Consumers and family
Knowledge about health, opportunities to improve
lifestyle, or sharing of results with clinicians and family

Health improvement, improved quality of doctor-patient
consultations, family members learning about potential
health risks

Benefits

Misinformed or unwanted knowledge about health
risks, DNA data unknowingly or unwantedly being
shared with others

Risks

Misinformed health decisions with additional health
risks, psychological distress, privacy risks, impact on
finances and job or insurance opportunities

Health system

Additional information about patient characteristics and
health risks, opportunities to evolve population
screening setup or increase uptake

Benefits

Earlier medical treatment or personalized medication
(PGx), improved population screening

Dispensable consults and retests, insecurity, and
insufficient knowledge among doctors to help patients
with DTC-GT results

Risks

Unnecessary burden on health care system, reduced
patient trust in health care due to unrealistic
expectations or insufficient help from doctors

Research and development

DTC-GT consumers as additional pool to recruit
donors for research and gather DNA data, private
investment in DNA research and innovation

Benefits

Research opportunities, DNA test innovation, and cost
reduction

Incorrect DNA data used for research

Risks

Unreliable or incorrect information generated

Society

Novel insight into DNA and health outcomes, DNA test
innovations, and cost reduction

Benefits

Cost reduction and progress in medical and public
health practices

Unbalanced use of DTC-GTs between higher- and
lower-SES groups

Risks

Increased inequity between higher- and lower-SES
groups

Consequently, purchasing and taking DTC-GTs may impact
individuals and society (phase 6). Consumers may be
empowered to improvetheir health. However, health risks might
arise if sensitive health decisions are based on results of low
validity. Moreover, consumers may decide to purchase a test
without first fully considering the potential risksand limitations
of testing, and upon receiving DTC-GT reports, their
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expectations may be unmet. Potential risks beyond medical
effects include psychological distress as results might be
worrying or have an impact on finances and job or insurance
opportunities. DTC-GT servicesmay aso impair the autonomy
of relatives, asDNA is shared within families. The breakthrough
in the well-known Golden State Killer cold case, amurder case
that was solved by matching the DNA at acrime sceneto family
members through DTC-GT databanks, is an example of how
personal genetic data of relatives, obtained through DTC-GTS,
can be used for purposes other than consumers might have opted
for [41]. In terms of societal impact, consumers may decide to
consult their health care professional s about their resultsor join
large research projects, which may further impact the health
care system and research (eg, increased burden, impact on
patient trust in health care when medical and DTC-GT results
are conflicting, and more DNA data available for research
opportunities).

It is important to note that the phases of the consumer journey
are often intertwined. For instance, the quality of theinformation
provided after testing (eg, health reports, phase 5) may lead to
uncertainties among consumers (individual impact, phase 6),
causing them to seek help from professionalsin the health care
system (societal impact, phase 6). Furthermore, where data
storage by DTC-GT companies is either not applicable or
guaranteed and executed with adequate safety measurements
(phase 4), the privacy of the consumer (individual impact, phase
6) and their family membersis preserved (societal impact, phase
6).

Checklist for Evaluating DTC-GTs

After creating an overview of risks and benefits in each phase
of the consumer journey, a checklist for policy guidance based
on key aspects of the consumer journey was synthesized.
Building on these phases ensured that al steps taken by
consumersand all DTC-GT service elements were included in
the checklist.

In total, 38 checklist items were derived from published
evaluation frameworks and papers[7,30-33]. Theseitemswere
subdivided into 8 themes (see Table 2):

« Theme | (general DTC-GT service features): 7 checklist
items that cover the overall content of aDTC-GT service

« Themell (DNA anaysisand quality assurance): 4 checklist
items about the validity and quality assurance of DTC-GT
services

«  Themelll (privacy and datamanagement): 4 checklist items
concerning how consumer privacy and data are managed
by DTC-GT companies

https://www.jmir.org/2024/1/e47389
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- ThemelV (scientific evidence): 3 checklist items relating
to the scientific evidence and robustness of DTC-GT
services

- Theme V (information about results, interpretation, and
consultation): 7 checklist items regarding the information
provided about health outcomes assessed, genetics, and
resultsof DTC-GTs

- Theme VI (information about potential consequences of
takingaDTC-GT): 6 checklist itemsthat cover information
provided about the potential consequences of purchasing
DTC-GT servicesfor the consumer, including and beyond
medical implications

- ThemeVII (presentation of information): 4 checklist items
about how information about the previous themes is
presented, such as highlighting benefits over risksand vice
versaor incorporating opinions of experts or public figures
about the usefulness of DTC-GTs

- ThemeVIII (informed decision-making): 3 checklist items
that help evaluate whether consumers can make informed
purchase decisions

Every checklist item reflects a potential risk or benefit found
in the integrative literature review. For example, the cost of the
test (theme I) applies to the potential risk of increased health
disparity between individuals with a higher and a lower SES
(consumer journey phase 1). Another exampleisthe DNA test
type (theme 1), which correlates to the analytical and clinical
validity of a DTC-GT and affects the validity of the DTC-GT
results (consumer journey phase 3).

Subsequently, 3 researcherstested and administered the checklist
in the form of a questionnaire to assess DTC-GT service
webshops. This alowed the checklist to be further refined.
Questions were formulated for al checklist items. Almost all
questionswere formulated as closed questions. Potential answers
included “yes,” “no,” and “unclear” or “detailed,” “incomplete,”
and “missing” when asked to evaluate theinformation provided
about certain key aspects. Open answers were only permitted
where the provided closed answer options were deficient (eg,
“other, namely..."). Every answer included room for notes and
expansion. For details on the layout of the checklist in theform
of aquestionnaire, see Multimedia Appendix 3.

The 3 researchers reviewed 2 well-known DTC-GT webshops
that sell health-related DTC-GT services. On reviewing the
webshops, the researchers often came up with different answers
when evaluating the same company website. This could imply
that the appraisal of webshop content is subjective. Further
refinement of the questionnaire may help, athough it may not
fully compensate for individual differencesin how the content
of awebshop is perceived.
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Table 2. Checklist with key items for DTC-GT? service evaluation, grouped by theme.

Theme

Key items

Theme: general DTC-GT service features
(consumer journey phases 1 and 2)

Themell: DNA analysisand quality assurance
(consumer journey phase 3)

Theme llI: privacy and data management
(consumer journey phase 4)

Theme I V: scientific evidence and robustness
(consumer journey phase 3)

Theme V: information about results, interpre-
tation, and consultation

(consumer journey phase 5)

Theme VI: information about potential conse-
quences of taking aDTC-GT

(consumer journey phases 3, 5, and 6)

Theme VII: presentation of information
(consumer journey phases 3 and 5)

Theme VIII: informed decision-making
(consumer journey phases 3 and 5)

o  Testcosts

«  Assessed health features (eg, disease risks, sports performance, pharmacogenetics)
«  Typeof generated report (eg, lifestyle advice, diagnosis)

o  Option to download raw DNA data after testing

«  Option to opt out from receiving certain results

«  Requirement of referral of health professional

«  Residency of the company and the labs

«  DNA test type (eg, sequencing, single-nucleotide polymorphism [SNP] array)

«  Quadlity assuranceinlabsthat perform DTC-GTs (eg, International Standardization Organization
(ISO)/Clinical Laboratory Improvement Amendments (CLIA) certification)

«  Information about how much and which genes or DNA variants will be analyzed

«  All relevant background information of consumers considered

«  Presence of aprivacy policy on the website

«  Management of consumers' personal and genetic data by the company (eg, duration of storage,
will the data be shared with or sold to third parties)

»  Management of consumers samplesafter DNA analysis by the company (eg, duration of storage,
what will happen to the samples upon bankruptcy)

«  Option to withhold storage, sharing, and selling of samples and data

«  Methods based on reliable scientific evidence (DNA test type)

»  Robustness of scientific evidence underlying the chosen methods (eg, novel gene-disease inter-
actions vs well-studied gene-disease interactions)

«  Collaboration with scientific partners (eg, academic research groups, prominent researchersfrom
universities)

« Information about the assessed health feature (eg, disease burden, prevalence)

« Information about how to interpret results

« Information about the robustness of results

« Possible actionsin the case of a positive finding (eg, treatment options)

«  Option to consult a genetic professional at the company

«  Recommendation to consult a health care professional to discuss test results

«  Referral to companies or websites for additional analysis on raw DNA data (ie, third-party ana-
lyzers)

o  DTC-GT resultsinforming and impacting future health decisions and health behavior

« DTC-GT resultsimpacting insurance policies (eg, health insurance)

o  DTC-GT resultsimpacting family (eg, revelation of family health risks or unknown family rela-
tions)

o DTC-GT having other consequences beyond medical purposes (eg, feeling of anxiety or relief
following test results)

« DTC-GT results dtering due to future technological innovations (eg, new health results)

« DTC-GT service company investing in or performing own research

« Usageof fear

«  Usage of public figures or medical experts to convince consumersinto buying the test

«  Balanced information about advantages, usefulness, disadvantages, and risks of taking aDTC-
GT

o Clear distinction between health outcomes: (1) for which (proven effective) treatments or inter-
ventions are available, (2) whose outcome can be partially improved, (3) for which treatment is
not yet available

« Information that analyzing the DNA of others without consent is ethically irresponsible or pun-
ishable or both

« Active confirmation of informed decision (eg, viaa pop-up)

«  Generally clear, understandable, complete, and easy to retrieve information provided to make
an informed decision (eg, privacy policy)

3DTC-GT: direct-to-consumer genetic test.
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Discussion

Principal Findings

Following the results of an integrative literature review, this
paper described the potential risks and benefits of DTC-GT
services that may cause policy issues. The risks and benefits
arewideranging. They include medical risksand benefits, such
as inadequately informed health decisions and improved
knowledge about genetics and health, as well as nonmedical
risks and benefits, such as invasion of privacy or obtaining
information about asyet unknown family relations. Theserisks
and benefits seem to be linked to distinct aspects of DTC-GT
services, such as information provision, DNA analysis, and
reporting of results. By structuring the risks and benefits into
phases, following the consumers' stepswhen tekingaDTC-GT
service, 6 phases can be distinguished, which are collectively
called the consumer journey. The consumer journey provides
insight into the consumer audience, distinct service elements
that DTC-GT companies provide for their consumers, and the
individual and societal impacts of these services. Distinguishing
different stepsinthe DTC-GT service process reveals multiple
aspects of the offers of DTC-GT services that engender policy
issues and may require policy guidance in the future. The
checklist that wasintroduced in this study provides abackbone
for policy guidance for DTC-GT services. To ensure coverage
across al DTC-GT service eements, checklist items were
included to evaluate all phases of the consumer journey. Each
checklist item covers arisk or a benefit found in the literature
review. By reviewing and extensively discussing the medical,
ethical, social, and technological issues of DTC-GTs, the
checklist translates current scientific knowledge into a concise
and helpful instrument for policy makers, regulators, and law
enforcers.

Implications

Inits current form, the checklist summarizes crucial items that
may affect individuals or society and that can trigger policy
issues and may call for intervention. Combined with insight
into the phases of the consumer journey, this could help different
stakehol ders comprehend the potential risks and benefits of the
DTC-GT service market. Horton et al [42] structured the process
of DTC-GT servicessimilarly to the consumer journey. Intheir
model, the risks in the DTC-GT process were described by
presenting fictitious cases and what to discuss with patientsin
aclinical setting. Yet, their study focused mainly on the impact
of technical and quality limitations after a consumer chooses
to purchase a test, while we included the impact of all aspects
of DTC-GT services, for example, information provision and
informed purchase decisions, data management and privacy,
and the impact on family members. The current combination
of the checklist and the consumer journey could be helpful for
abroader audience, in particular regulators, law enforcers, and
policy makerswithin professional or patient organizations who
are expected to safeguard their citizens or patients. To ensure
a clear strategy on how to act in the DTC-GT market, it may
be fruitful to design a process that incorporates the checklist
and hel ps assign specific responsibility holdersto specific policy
issues. Policy makers at the national level may facilitate thisby
delegating tasks. If there is no national party to take on this
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directorial role, regulators, law enforcers, and policy makers
may use the checklist to set their own agenda, preferably in
collaboration with relevant stakeholders.

By using the checklist, policy makers can structurally review
the DTC-GT services on offer to the residents of their country.
Thiswill help them determine societal and public health hazards
and reveal aspects of DTC-GT services or highlight specific
providersthat call for intervention. Furthermore, it could aid in
monitoring potentially useful genetic testing applications for
uptake in health care and thereby strive to reduce the risk of
inequity. Considering the roles and responsibilities of policy
makers, this checklist may prove especially useful in monitoring
the risks of the current market and protecting citizens from
harm. For instance, public health agencies, patient and consumer
organizations, and professional associations may chooseto take
responsibility for monitoring the tests on offer, as well as
consumer issues, such asuninformed purchase decisionsleading
to unexpected results, or results of limited validity.

Furthermore, policy experts may review the legislation within
a country with the checklist items to check for leads for law
enforcement or gaps in regulations that call for novel policy.
This is expected to be country specific, as the diverse service
elements provided by DTC-GT companies, such as data
protection and in vitro diagnostic medical devices, fall within
distinct regulatory areas in Europe and the United States
[11,22-24,43].

Several steps can till be taken to refine the checklist. Although
al items on the checklist can lead to potential risks for
individuals and society, the size of the risk or benefit and its
subsequent impact may differ. Consequently, the next step in
the development and application of thischecklist isto prioritize
checklist items. In doing this, it is important to collect and
compare empirical evidence on the risks of DTC-GT services.
Important factors that may influence prioritizing the checklist
itemsinclude:

«  Theprobability that arisk will occur—rare versus often

«  Theimpact of therisk—wrongly informed health decisions
versus learning about as yet unknown family members

- The availability of clear regulations that enable law
enforcement—available versus absent

Additionally, the checklist could be used to determine crucial
aspectsof an informed purchase decision. To achievethis, there
should be more focus on improving the current version of the
checklist to facilitate ease of use for consumers. This could
include items such as a visual online tool or decision aid and
the use of accessible language. Information regarding the
potential impact of gaining health insights through DTC-GT
services may help empower consumers decide whether they,
indeed, want to purchase and useaDTC-GT service, fromwhich
provider, and which health outcomes they do or do not want to
learn more about. It may aso help them understand how to
interpret results, theimpact of the results and consequent health
decisions, and how their data are handled. Thisis essentia, as
theinformation on DTC-GT servicewebsitesis often misleading
or incomplete [44,45].
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Future Directions

Deciding on how to act in the online, complex, and diverse
DTC-GT service market and to strike a balance between
ensuring public safety and maintaining autonomy ischallenging.
To moveforward, it iskey that stakeholders maintain an ongoing
discussion about the potential impact of these products on the
public and about what impact should be desired or should be
avoided. Stakeholders, such as policy makers, law enforcers,
regulators, health care professionals, and members of the public,
should be informed by ongoing research.

DTC-GT services combine elements of many mHealth products
[46]. Specific elements of DTC-GT services can be seen in
many mHealth technologies, such as easily retrievable health
information, insight into personal health and disease risk, and
products that enable preventive actions and self-management
and empower citizens. Due to the sensitive nature of genetic
data, DTC-GT services present additional challenges. These
includeissuesregarding the reidentification and sharing of DNA
within families, leading to privacy issuesand concernsregarding
the “right not to know” among consumers and their family
members, and the challenges of comprehending and acting on
complex personal risk information.

DTC-GT services and mHealth products in general challenge
traditional distinctions between clinical care and self-promoted
well-being: what is a medical matter, and what are personal
lifestyle choices? These services raise questions about
reimbursement policies, for instance, insurance companies that
use devices to monitor customers' lifestyle and ultimately to
adapt their premium. Ancther challenge liesin defining which
devices require special certification because of specific safety
issues[47]. Unraveling existing international policieson diverse
mHealth products and how these policies affect the uptake and
impact of mHealth products may aid policy makersin deciding
how to respond to the market. Furthermore, comparing
technologies and their potential consequences helps determine
whether and how the public might be empowered or impeded.

Theinternet enables easy communication and the dissemination
of information, which is a strong suit of DTC-GT service
companies. To empower citizens and ensureinformed purchase
decisions, it is key that consumers be well informed about the
potential impact of service aspectsin al phases of the consumer
journey. Aspects such as privacy and data management,
scientific evidence, and information about how touse DTC-GTs
and interpret their results are relevant to ensuring safety and
maintaining autonomy. Studies that show variance in result
comprehension [48], emphasis on positive aspects and
negligence of potential risks by companies [45], limited
consideration of potential risks by consumers prior to testing
[49], and unmet expectations of DTC-GT service potential [49]
suggest that the quality of the information currently available
on DTC-GTs should be improved [44]. Further research is
required to understand the communication strategies of
companies, to point out information needs, and to determine
how these needs should be met in order to support consumers
in their decisions about DTC-GT services. The framework
presented here could aid in distinguishing the various aspects
of a service about which information can be provided, which
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information empowers consumers in their purchase decisions,
and which information can be easily misunderstood.

In understanding the need for information provision, an
important question is who should provide this support. This
could include general practitioners[50], clinical geneticistsand
genetic counselors [51], nurses [52], pharmacists [53],
government and public health institutes, and DTC-GT service
providers. Several factors may impact the choice of which
strategy would be fitting for dissemination. Examples of these
factorsinclude the mediaviawhich consumers are often exposed
to offers of tests, such as TikTok [34] and YouTube [54], and
consumer motivations to purchase, including the motivation to
improve their own health [55] or an adoptee’s health without
knowledge of the family disease history [56]. Additional
research should help clarify how consumers can be empowered
in their decisions prior to and after purchasing a DTC-GT
service [46].

Limitations

This study outlined the potential risks and opportunitiesin the
consumer journey of DTC-GT services based on an integrative
literature review. However, we were unable to determine the
extent of either the risks or the opportunities or to point out
which risks and opportunities should have priority over others.
Furthermore, due to the complexities involved, the study lacks
in-depth insight into which legidlation applies to the diverse
aspects of the services in each specific country. Answers to
these questionswill provideinsight into policy decisionsrelated
tothe DTC-GT service market. To gain knowledge of this, more
empirical evidence is needed on items such as the validity of
DTC-GTs, thewanted or unwanted effects of taking DTC-GTS,
or factorsthat codetermine whether risks and opportunitieswill
occur.

Second, the synthesized checklist is not a tool that policy
makers, law enforcers, and regulators can directly apply to any
policy. Therefore, the checklist is not yet a ready-made
instrument. However, in their current forms, the checklist and
consumer journey may together serve as a framework for
multiple policy needs. The checklist has room for further
refinement, depending on policy needs, such as insight into
information provision on DTC-GT websites or appraisa of
legislation governing distinct aspects of the service. Potentially,
future checklists could be designed to focus specifically on 1
jurisdiction or 1 aspect of the consumer journey governed by
specific legidation (eg, clinica validity under In Vitro
Diagnostics Regulation [11]).

Third, thefindings of our literature search may be biased toward
the risks of the DTC-GT market. This may be reflected in the
summary of findings and the checklist. The publications
included indicate a greater focus on the risks of the DTC-GT
service market than on the opportunities. Thiscould be partially
dueto thefact that expertsarerather skeptical about the potential
health benefits of the DTC-GT market because of theimmaturity
of scientific evidence on the validity and utility of the tests
offered by companies, for instance.

A shift in the study approach toward the effects of DNA testing
for disease prevention, personalized medicine, or increased
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public education could reveal more potential opportunities for
the DTC-GT market. For example, research on pharmacogenetic
testing and health outcomes may provide further insight into
the potential benefits of the commercial genetic testing market
[57]. Moreover, the findings of these studies could also enhance
knowledge of those elements that are key to improving the
effectiveness and safety of commercialy available genetic
testing services.

Fourth, this study excluded DTC-GTsfor preconception carrier
testing and prenatal testing. However, these tests could impact
public health indirectly, as they could affect reproductive
decisions. Couples may decide to not have children or seek
additional medical carein conceiving achild. In addition, other
issues may result from carrier or prenatal genetic testing, such
as informed reproductive decisions, sex selection, and
stigmatization or discrimination against disabled individuals
[58,59]. Insight into issuesof DTC-GT servicesfor reproductive
purposes may berelevant for policy experts. Many issuesfound
inthis study may be applicablefor carrier or prenatal DTC-GTS,
such as questions regarding privacy, validity, and learning about
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unexpected diseaserisks. Presumably, the need for informational
support may be of comparable importance, or even greater
importance, to consumers who are considering taking carrier
or prenatal DTC-GTs and then using the results in their
reproductive decisions.

Conclusion

This study summarized the risks and benefits associated with
distinct DTC-GT aspects at a persona and apublic level. Both
the consumer journey and the checklist break the offer of a
DTC-GT service down into key aspects that may impact and
compromise the safety and autonomy of the individual and of
public health. Thisframework helps policy makers, regulators,
and law enforcers devel op methods to interpret, assess, and act
inthe DTC-GT service market. This could serve as abackbone
for future research into key themes such as the need for
provision of information. The checklist could be further
developed into a decision support tool to empower consumers
in their decisions both before and after purchasing a DTC-GT
service.
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