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Direct-to-consumer genetic testing (DTC-GT) is becoming increasingly widespread. The aim of this research was to systematically
review the literature published on healthcare professionals’ knowledge and views about DTC-GT, as an update to a 2012 systematic
review. The secondary aim was to assess the knowledge and views of healthcare professionals on the ethical and legal issues
pertaining to DTC-GT. A systematic search was performed to identify all relevant studies that have been conducted since 2012.
Studies fulfilled the inclusion criteria if they were primary research papers conducted on healthcare professionals about their
knowledge and views on health-related DTC-GT. PubMed, Embase, CINAHL, PsycINFO and Medline databases were searched from
2012 to May 2021. Title and abstract were screened, and full texts were reviewed by two study authors independently. New papers
included were appraised and data were extracted on study characteristics, knowledge and views on DTC-GT, and ethical and legal
issues. A narrative synthesis was conducted. Nineteen new papers were included, along with eight papers from the previous review.
There was considerable variation in study participants with differing views, awareness levels, and levels of knowledge about DTC-
GT. Genetic counsellors and clinical geneticists generally had more concerns, experience, and knowledge regarding DTC-GT. Ten
ethical concerns and four legal concerns were identified. Healthcare professionals’ knowledge and experience of DTC-GT, including
awareness of DTC-GT ethical and legal concerns, have only minimally improved since the previous review. This emphasises the
need for further medical learning opportunities to improve the gaps in knowledge amongst healthcare professionals about DTC-GT.
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INTRODUCTION

The field of genetics has expanded exponentially in recent years,
with consumer-oriented and commercially available genetic tests
increasingly prevalent in the last two decades [1]. A genetic test
that is offered and advertised by companies directly to the
consumer, without the involvement of a conventional healthcare
system, is known as direct-to-consumer genetic testing (DTC-GT)
[2]. These tests require the consumer to provide a biological
sample containing DNA (such as saliva, cells from a cheek swab or
a blood sample), which is then sent by the consumer to the DTC-
GT company, who perform laboratory testing on the sample to
provide genetic-related information such as genetic health risks,
cancer risks, and pharmacogenomics. Consumers can access
companies offering DTC-GT outside of their country of residence
and with considerable variation in country-specific regulations
surrounding DTC-GT, regulating DTC-GT is a difficult task for
policymakers [3].

Further, there has been ongoing debate about the clinical utility
and clinical validity of DTC-GT, along with the ethical, legal, and
social issues DTC-GTs pose. In addition to regulatory concerns,
most commercially available genetic tests are not scientifically
validated and can give inaccurate results [3, 4]. Results are often
inconsistent between different companies and genetic testing

performed using DTC-GTs have shown to be of poor predictive
value [4]. Most DTC-GT involves screening for single gene and
multifactorial gene disorders, however, DTC-GTs currently avail-
able may only screen for a limited number of genetic variants
which may not be applicable to specific populations [5]. It is also
important to note that DTC-GT companies offer screening rather
than diagnostic tests, meaning DTC-GTs cannot confirm a medical
condition but can be used to screen for a specific disease.
Although companies do not claim DTC-GTs should be used as a
substitute for seeking medical advice or be used to make medical
decisions, lack of sufficient genetic services and long wait-times
may be factors acting in opposition to this claim [6]. With minimal
regulation and increased use of and access to DTC-GT [5], it is
essential that healthcare providers have knowledge of DTC-GT,
their potential role in clinical practice, and the legal and ethical
issues they pose.

Studies focused on healthcare professionals’ (HCPs) knowledge
and views about DTC-GT were last systematically reviewed and
synthesised in 2012 by Goldsmith et al. where the authors
identified considerable variation in health professionals’ views on
the concerns surrounding the potential value of DTC-GT [7]. Since
the time of this publication, the industry of DTC-GT has continued
to grow and new evaluations of HCPs' knowledge and views on
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DTC-GT have been performed [4]. This updated review aimed to
expand on the work completed by Goldsmith et al. by identifying
additional studies on HCPs’ knowledge and views on DTC-GT that
have been published since 2012, and analysing perspectives on
ethical and legal issues regarding DTC-GT that were highlighted
by HCPs.

METHODS

The methods of this updated review were reflective of the
previous systematic review on this topic by Goldsmith et al. [7].
This review was not registered, and was reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 expanded checklist [8].

Information sources, search strategy, and data collection
This review used PubMed, Embase, CINAHL, PsycINFO (now known
as APA Psycinfo) and Medline. The latter three databases were
accessed via the EBSCOhost platform. A hand search of the full
reference lists of all the included papers was performed so that
additional relevant studies could be included. The following
search strategy was created for this review: (Direct-to-consumer
OR personal genom*) AND (health* professional* OR physician®)
AND (genet*[tiab] OR genom* [tiab]) AND (view* OR perception*
OR attitude* OR knowledge OR experience* OR opinion* OR
belief* OR feel OR perspective* OR awareness). The addition of
terms to the search strategy of Goldsmith et al. increased the
specificity of the search by narrowing down the number of papers
retrieved in the search without excluding relevant papers.
Searches were conducted for the period January 2012 until May
2021, as an update to the search period of Goldsmith et al.
(January 2001-July 2012).

The Sample, Phenomenon of Interest, Design, Evaluation,
Research type (SPIDER) tool was used in formulating the eligibility
criteria [9] given the research question was not focussed on
intervention effectiveness and qualitative or quantitative research
would be relevant. Studies included were determined by the
eligibility criteria set out in Table 1. There were no restrictions as to
study setting. Only studies reported in the English language were
included, however this is unlikely to impact the overall conclusion
of this review [10].

Data management. Database search results were uploaded to
Rayyan. Duplicate recorded identified by Rayyan were reviewed
manually and deleted (MM). Titles and abstracts were screened for
eligibility independently in duplicate by two study authors (MM
and LT) using the blinding function in Rayyan. Any conflicts were
resolved in discussion with a third reviewer (FM). Similarly, full-text
records were reviewed independently in duplicate (MM and LT),
with conflicts resolved with a third reviewer (FM). Records
excluded at the full-text stage were recorded with the reasons
for their ineligibility. One author (MM) hand-searched the
reference lists of included papers and relevant systematic reviews
found during the screening phase to identify eligible studies, in
discussion with a second author (FM).

Data extraction and items
One author (MM) extracted data from the included studies, using a
data extraction sheet (Microsoft Excel) that was piloted. Given the
extracted data largely consisted of text rather than numerical data,
a second reviewer (FM) verified 20% of extracted data. The
following study characteristics were extracted: main author and
year of publication, country of study, study aim, response rate in
percentage, number and type of participants and disease/type of
DTC-GT identified.

The main findings relevant to the updated systematic review
were extracted from all the new papers identified, including
findings related to HCPs' awareness, knowledge, experience, and
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beliefs and/or opinions, findings about downstream costs and
referrals and findings on genetic counsellors’ (GCs) opinions of
their roles. As an extension to the Goldsmith et al. review, data
were also extracted about any ethical and/or legal issues from the
papers identified in the previous review and from new papers
identified.

Risk of bias in individual studies

New papers identified were appraised using the Critical Appraisal
Skills Programme (CASP) Appraisal Tool for Qualitative Studies
instead of the Kmet tool used by Goldsmith et al. which uses
scales to calculate a single number to reflect risk of bias [11]. The
CASP tool covers the same domains as are included by the Kmet
tool, and so appraisals of new papers are likely comparable to
those included in the previous review. The CASP Qualitative
Studies tool was selected as it would accommodate the variety of
study design types (i.e. mixed methods studies, surveys) with
minor adaptation of question 2 to “Is the methodology appro-
priate?”. Studies were appraised by one author (MM), while a
second author (FM) verified 20% of the ratings [12].

Narrative synthesis

A narrative synthesis was performed of the 25 studies identified
for inclusion. Given the heterogeneous nature of the knowledge
and views of focus in various studies and limited quantitative
data, a meta-analysis was not performed [7]. The main findings
identified in the new papers were analysed deductively using
the same themes identified by Goldsmith et al. [7]. DTC-GT
awareness, knowledge and experiences; DTC-GT beliefs and
opinions; downstream costs and referrals due to DTC-GT; and
GCs’ views of their roles in DTC-GT. DTC-GT beliefs and opinions
were divided into six additional sub-themes. Data on ethical and
legal issues from all studies were tabulated, grouped into
themes, and compared. The four principles approach was used
in analysing ethical issues [13, 14]. Various professional guide-
lines/legal regulations were used in analysing legal issues,
including the General Data Protection Regulation (Europe), the
Genetic Information Non-discrimination Act (GINA, USA), the
Council of Europe’s ‘Convention on Human Rights and Biome-
dicine’, and US Food and Drug Administration (FDA) regulations
on DTC-GT [15-20].

RESULTS

A total of 1411 records were retrieved from the databases. Of
these, 308 duplicates were removed, resulting in 1103 records for
title and abstract screening. Following exclusion of ineligible
records, 25 full texts were reviewed, of which 17 papers met the
eligibility criteria (details of 8 excluded full texts are provided in
Appendix A). Two additional papers from other sources were
found to fulfil the criteria for inclusion [21, 22]. Therefore, 19 new
papers were identified in this review. Including the eight reports
identified in the 2012 review [7] this updated systematic review
identified 27 reports. Further details on study screening processes
can be found in the flow diagram Fig. 1. There were two instances
where two reports related to the same study (two newly identified
records [22, 23], and two identified by Goldsmith et al. [7].
Therefore, this review identified a total of 25 studies that address
the knowledge and views of HCPs on DTC-GT for further
evaluation. The appraisal of the new studies informed by PRISMA
2020 is included in Fig. 2.

Study characteristics

The main characteristics of the 18 new studies, covered in 19
reports, are included in Table 2. Of these, fourteen studies were
conducted in North America, either in the USA, Canada, or both
[21, 24-36]. Two studies were conducted in Europe and involved
HCPs from several European countries [2, 22, 23]. One study was
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Table 1.

SPIDER tool domain
Sample

Phenomenon of Interest

Design

Evaluation

SPIDER Tool Domains and descriptions of eligibility criteria for each domain.

Description of criteria

The participants of the studies were HCPs. These studies investigated the knowledge and views of the participants
about direct-to-consumer genetic testing (DTC-GT). The HCPs were comprised of healthcare staff that could
potentially provide direct healthcare services to the consumer. Examples of these HCPs included primary care
physicians and general practitioners, specialists (e.g. clinical geneticists (CGs) or specialist physicians) and nurses and
genetic counsellors (GCs). During the screening phase, the following HCPs were also identified: physician assistants,
nurse practitioners and various other specialists (urologists, psychiatrists, and neurologists, etc.).

Any studies related to non-clinical members such as scientists or laboratory staff members were excluded. However,
one included paper’s participant group was comprised of 30% researchers [13]. Since more than half of the
participants were GCs in this study, a decision was made to include it in this review [13]. Furthermore, studies were
excluded if they related to only consumers or patients.

The focus of this review was DTC-GT. Therefore, studies about any commercially available tests related to screening
for various health issues and diseases were included. Examples of these tests are those that screen for cardiovascular
risk or specific diseases such as breast cancer or Alzheimer’s disease.

Papers were excluded if they were related to: DTC marketing or advertising as their focus; DTC ancestry testing;
Genomic sequencing; Nutrigenetics or sports nutrigenomics; Paternity testing, prenatal carrier testing and other
related reproductive health screening tests; Pharmacogenomics (since these tests assess the genetic predisposition of
how someone metabolises certain medications and not their predisposition to a disease or illness); Any genetic
testing that was not directly available to the consumer.

Pharmacogenetic testing was regarded to be qualitatively different from DTC-GT for disease risk, as they generally
only have applicability with the involvement of a health professional (i.e. initiating/altering a current medication).
Furthermore, issues such as psychological distress, the need for genetic counselling, and potential for discrimination
do not apply or apply to a lesser extent compared to other types of DTC-GT.

Primary research papers that were published and contained data pertaining to the knowledge and views of HCPs
about DTC-GT were included.

Clinical trial registry searches were not included as it was unlikely that searches on these platforms would yield any
applicable studies. An ad hoc search on ClinicalTrials.gov with the search term ‘direct-to-consumer genetic testing’ did
not produce any relevant studies [14].

The following study designs were included in this review: Any type of survey or questionnaire; Studies involving focus
groups; Studies involving interviews.

Letters, editorials, opinions, commentaries, and conference papers were excluded from this review. Systematic
reviews relevant to DTC-GT were excluded for the purposes of this review.

The reference lists of these systematic reviews were searched so that relevant primary studies could be identified.

HCPs' views and experiences of DTC-GT were evaluated. Studies were included if they described any of the following
aspects on DTC-GT: views, perceptions, attitudes, knowledge, experiences, opinions, beliefs, feelings, perspectives,

and awareness.
Research Type

conducted in New Zealand [37], and one in Thailand, the only one
conducted in a low-to-middle income country [38].

Sixteen studies used survey methods, of which eleven were
online [2, 24, 26, 29-36], three by mail [21, 28, 37], one on paper
[38], and one used both mail and on paper [25]. Two studies
involved focus groups [25, 27], one with a pre- and post-focus
group survey [25], and one used semi-structured interviews
[22, 23].

The response rates in the survey-based studies varied
considerably. Eight studies had less than a 20% response rate
[26, 29-32, 34-36], six studies had between 21 and 50% response
rate [2, 21, 24, 28, 33, 37], and one study had a response rate of
60% [38]. Similarly, participant numbers varied across the survey-
based studies; six had less than 200 participants
[2, 26, 29, 32, 35, 37], six studies had between 201 and 500
participants [21, 28, 30, 34, 36, 38], one study had 502 participants
[24], and two studies had more than 1000 participants [31, 33]. The
two focus group studies had 24 and 51 participants, and the semi-
structured interview study had 15 participants [22, 23, 25, 27].

The types of participants involved in these studies were diverse.
Participant groups from each study were divided into one or more
of the following categories: (1) medical specialists, (2) GCs, (3)
clinical geneticists (CGs), and (4) primary care physicians (PCPs),
including a small number of registered nurses, nurse practitioners
and physician assistants. Twelve studies involved PCPs
[21, 24, 25, 27-29, 31, 33-35, 37, 38]. Four studies had medical
specialists in their participant groups: one study involved
psychiatrists and neurologists [36], one study involved urologists
[25], and two involved a small number of other medical specialists
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This review included types of research that were either qualitative, quantitative or mixed methods [12].

[21, 34]. Five studies involved GCs [26, 30, 32, 34, 35]. Two studies
involved only CGs as participants [22, 23, 35] and one study had
CGs represent 1.5% of their participant group [34]. The two studies
that only involved CGs were both conducted in Europe.

Regarding risk of bias, the included reports were of good quality
(see Fig. 2). Six of the 19 papers had at least one issue, the most
common being that the relationship between the researcher and
the participants was not adequately considered, followed by the
research design not being appropriate to address the aims of the
research.

Main findings

The main findings identified in each of the new papers are
included in Appendix B. These findings have been divided into the
same four themes identified by Goldsmith et al.

DTC-GT awareness, knowledge, and experiences

Awareness. Awareness of DTC-GT was understandably higher
amongst genetic specialists (GCs and CGs) compared with other
HCPs. Over 95% of GCs had heard of DTC-GT before taking part in
a study conducted in the US [32]. Eighty-six per cent of CGs were
aware of DTC-GT services. Sixty-four per cent of those aware of
these services could name at least one company that offered them
[2]. Forty-eight per cent of general practitioners in New Zealand
had heard about DTC-GT [37]. Fifteen per cent of internal
medicine physicians in Thailand were aware of DTC-GT [38].
Related to specific DTC tests, 50% of urologists and PCPs had not
heard of or read about DTC-GT for prostate cancer [25] and only
23% (n=7) of the participants in a Canadian study were aware
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*Flow diagram adapted from: PRISMA 2020 flow diagram for updated systematic reviews which
included searches of databases, registers and other sources
Fig. 1 PRISMA 2020 Flow Diagram. The PRISMA diagram* depicts our study selection process which includes the previous studies identified

and the identification of new studies via databases, registers and other methods [8].

1.Wastherea 3. Wasthe 5. Was the 6. Has the relationship 3
. 4. Was the 7. Have ethical |8. Was the 9. Istherea
clear 2.1sthe research design 3 data collected [between researcher & | .
. recruitment strategy | . issues been data analysis [clear
Author statementof [methodology [appropriate to ) inawaythat |participants been ) .
) ) ) appropriate to the taken into sufficiently statement of
the aims of the |appropriate?  [address the aims N addressed the [adequately ) X ) e
aims of the research? i i consideration? [rigorous? findings?

research? of the research? research issue? |considered?
Bernhardt Yes Yes Yes Yes Yes Yes Yes Yes Yes
Birmingham Yes Yes Yes Yes Yes Can't tell Yes Yes Yes
Burke Yes Yes Yes Yes Yes N/A Yes No Yes
Carroll 2016 Yes Yes Yes Yes Yes N/A Yes Yes Yes
Carroll 2019 Yes Yes Yes Yes Yes N/A Yes Yes Yes
Chambers Yes Yes Yes Yes Yes N/A Yes Yes Yes
Haga Yes Yes Yes Yes Yes No Yes Yes No
Howard Yes Yes Yes Yes Yes N/A Yes Yes Yes
Hsieh Yes Yes Can'ttell Yes Yes N/A Yes Yes Yes
Jonas Yes Yes Yes Yes Yes Can't tell Yes Yes Yes
Kalokairinou

Yes Yes Yes Yes Yes N/A Yes Yes Yes
2019
Kalokairinou
Yes Yes Yes Yes Yes N/A Yes Yes Yes

2020
Kittikoon Yes Yes Yes Yes Yes N/A Yes Yes Yes
Leighton Yes Yes No No Yes No Can't tell Yes Yes
Mainous Yes Yes Yes Yes Yes N/A Yes Yes Yes
McGrath Yes Yes Yes Yes Yes N/A Yes Yes Yes
Ram Yes Yes Yes Yes Yes N/A Yes Yes Yes
Salm Yes Yes Yes Yes Yes N/A Yes Yes Yes
Unim Yes Yes Yes Yes Yes N/A Yes Yes Yes

Fig.2 Summary of CASP appraisal for included studies. Evaluation of each included study based on the nine criteria included in the CASP

Qualitative studies tool [12].

that patients interested in DTC-GT were able to receive counsel-
ling and other services in their healthcare facilities [35].

Knowledge. Knowledge and confidence about DTC-GT was
higher amongst HCPs specialising in genetics when compared
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with other HCPs. This was, however, not consistent throughout the
studies. Seventy-four percent of a group of PCPs versus 83% of
genetic specialists were able to correctly interpret DTC-GT results
[34]. Fifty-eight per cent of these PCPs versus 95% of genetic
specialists agreed or strongly agreed that that they were able to
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understand and discuss genetics related information, and 46%
versus 86% were somewhat prepared or well prepared to discuss
DTC-GT results with patients [34]. The included studies identified
considerable variation in knowledge and confidence with DTC-GT
across and between HCPs, with CGs and PCPs reporting both high
and low levels of knowledge and confidence in their ability to
understand, interpret, and communicate results with patients
surrounding DTC-GTs [21, 22, 24, 25, 27, 28, 32, 38]. More
specifically, while one study identified that only 16% of PCPs felt
that DTC-GT results were too difficult to understand [38], another
study with reported that 96% of participating urologists and PCPs
did not feel confident and 79% did not feel prepared to answer
patients’ questions about DTC-GT [25]. One study identified that
HCPs who had personal experience with DTC-GT had improved
knowledge of DTC-GT and were more likely to recommend DTC-
GT to patients [29].

Experience. Genetic specialists had more DTC-GT experience
than other HCPs, with 58% of genetic specialists versus 17% of
PCPs had experience with patients bringing them personal DTC-
GT results [34]. Three studies involving GCs looked at experience
with patients inquiring about DTC-GT, with 40% to 94% of GCs
having encountered questions related to DTC-GT results review
[26, 30, 32]. Conversely, an earlier study reported that only about
one quarter of GCs had previous experience with a patient
asking about DTC-GT results [32]. Overall, PCPs and other non-
genetic specialists (e.g. neurologists) had fewer experiences with
patients presenting with DTC-GT results, with a range of 8% to
15% of HCPs reporting experience with patients inquiring about
DTC-GT results [22, 24, 25, 36]. Only 5% of PCPs had five or more
patients share DTC-GT health risk results with them in the past
year, while 30% had five or less patients share these results with
them, and 65% did not have any [31]. For family physicians, 71%
had never had patients ask them about DTC-GT, while 28% had
patients ‘rarely’ ask them about DTC-GT [33]. One study
mentioned healthcare providers’ own experiences with DTC-
GT, showing that 16% of GCs had undergone DTC-GT
themselves and 9% had experience with it on behalf of their
relatives [30].

Direct-to-consumer genetic testing beliefs and opinions
Clinical utility and validity of DTC-GT. Compared to CGs, more
PCPs and medical specialists believed that DTC-GT was useful in
the clinical setting. Most CGs emphasised that the clinical utility
and validity of genetic tests should be a fundamental condition
when made available to the public. However, many CGs felt that
DTC-GT results were inconsequential for their patients and that
DTC companies ignored consumers’ family history [23]. Further,
CGs were more reluctant to trust DTC-GT results than other HCPs
[22, 34, 371.

Alternatively, the perspectives of clinical utility and validity from
PCPs and non-genetic specialists is mixed. Studies identified that
most PCPs and urologists agreed that DTC-GT results could assist
in decision making on the initiation and frequency of prostate
cancer screening (86% and 76%, respectively) [25], as well as that
40% of PCPs felt that DTC-GT results would help in managing a
patient [24]. Alternatively, results from another study identified
that 39% of PCPs felt that DTC-GT had no clinical utility and 20%
would not change patient management based on DTC-GT results
[38]. Furthermore, in one study, 67% of PCPs felt that one of the
barriers to discussing DTC-GT results was its lack of current
relevance in clinical decision making [21].

Direct-to-consumer access to genetic testing. CGs have been
consistent with regards to restricting access to certain genetic
tests outside of a clinical setting. Howard and Borry reported
that 90% of CGs either somewhat disagreed or strongly
disagreed that testing for disorders that were preventative or

SPRINGER NATURE

treatable should be accessible directly to the public, with similar
opinions surrounding testing for conditions or traits with no or
somewhat mild health consequences [2]. Another study invol-
ving GCs identified only a small percentage of GCs would find
DTC-GT acceptable for testing adult-onset conditions (7%) and
cancer (6%). Additionally, most GCs (96%) stated that some
forms of DTC-GT are acceptable [30].

Despite ease of access and availability, most CGs felt that it
was a necessity for HCPs to be involved in the health-related
genetic testing process [22], that DTC genetic tests should
hold up to the same quality as tests offered by the healthcare
system, and that medical supervision and genetic counselling
should be compulsory in some form [23]. CGs were split as to
who should supervise this process as some felt that it did not
have to be a medical doctor but instead could be another
qualified medical professional or a nurse. CGs were also split on
whether involving HCPs employed directly by DTC-GT
companies would be appropriate or would create a conflict of
interest [23].

Beliefs that DTC-GT had positive and negative effects on consumers.
HCPs expressed beliefs about positive effects of DTC-GT on
consumers, with over two-thirds of PCPs indicating that there
were multiple benefits to DTC testing (e.g. motivating a healthy
lifestyle, detecting adult-onset diseases earlier, and assisting
patients in becoming more proactive in their own health) [29].
In another study, general practitioners (GPs) believed that the
following were perceived benefits to DTC-GT (convenience,
promotion of preventative medicine, confidentiality of results);
however, participants tended to disagree that DTC-GT provided a
useful service [37]. Finally, 39% of GCs felt that DTC-GT had value,
with some of the reasons being consumer access to genetic
testing, increasing genetics knowledge, and providing valuable
data for research use [30].

Several studies reported various concerns that HCPs had
regarding the negative effects of DTC-GTs on consumers.
Compared with PCPs, GCs seemed to have more concern about
the harm that DTC-GT may have on consumers, with 91% of GCs
disagreeing with the statement that DTC-GT caused no harm [30].
While 58% of PCPs (family physicians) felt that DTC-GT is more
likely to cause harm than to provide a benefit to patients, 10% felt
that it was likely to help patients and 32% felt that it was unlikely
to make any difference [33]. Additionally, CGs in Europe felt that
advertising by DTC companies was misleading and ‘even
manipulative’, suggesting information available on company
websites was often deficient [23].

DTC-GT and healthcare professional involvement. Both genetic
specialists and PCPs were uncomfortable or lacked some
confidence in providing genetic counselling pertaining to DTC-
GT to patients. Although 91% of GCs reporting that DTC-GTs could
be improved by genetic counselling, only 31% felt that they would
be comfortable in providing counselling to patients with DTC-GT
results [30]. Of the GCs that had experience in encountering
patients with DTC-GT, approximately 33% felt negatively about
these encounters, most commonly citing that DTC-GT was not the
best use of clinical time and the GCs did not know how to
interpret such results [30]. Just over half of the GCs felt some
degree of negativity towards DTC-GT, while only 7% felt some
degree of positivity about DTC-GT [30].

GCs and PCPs felt it was their responsibility to counsel patients
on the benefits and risks of genetic testing, despite difficulties and
frustrations with their DTC-GT involvement [2, 27]. Similarly, 62%
of GPs felt that they should be involved in the DTC-GT process
even though participants in this study tended to agree that DTC-
GT ‘negatively impacts the [doctor]-patient relationship’ [37]. GPs
felt that the following were perceived barriers for them to provide
genetic counselling (expressed in the percentage who agreed

European Journal of Human Genetics (2022) 30:1331-1343



M.F. Martins et al.

1339

Table 3. DTC-GT ethical issues identified in the systematic review and description of ethical issues from the perspective of HCPs.

DTC-GT ethical issues identified in the systematic review Description of ethical issues from the perspective of HCPs

Clinical utility HCPs were concerned about the clinical relevance of DTC-GT and questioned
whether the results could be used in practice, while other HCPs might use the

results to help guide decision-making with their patients.

Clinical validity and reliability HCPs questioned the accuracy and quality of DTC tests. Some studies evaluated

whether HCPs felt the test results were trustworthy or reliable.

Genetic counselling or GP involvement in DTC-GT HCPs had concerns that the consumer either had no or inadequate genetic
counselling prior to and after getting these genetic tests. HCPs recommended that
genetic counselling be provided before and after genetic testing with either GC or

GP involvement.

Resource use and resulting downstream costs Concerns that DTC-GT causes unnecessary healthcare expenditures like further
investigations and follow-up visits and unnecessary referrals to other HCPs.
Additionally, that time spent counselling patients about DTC-GT was perceived to

not be a good use of resources and HCPs' time.

Misinformation and understanding DTC-GT results There were concerns addressed that the DTC-GT results were misinterpreted or
misunderstood by both HCPs and consumers. HCPs were also concerned that
consumers were being misled with the information that is given by DTC-GT

companies.

DTC-GT companies’ financial gain/advertising Connected to the previous issue, concerns were voiced about consumers being
influenced and mislead by companies advertising about DTC-GT. Some HCPs felt

that these companies were primarily seeking financial gain.

Option of limiting genetic testing to a clinical setting Many CGs and GCs were sceptical as to whether certain genetic tests should be

available DTC, while others thought that DTC-GT should be banned.

A few of the studies showed that many HCPs were concerned that DTC-GT results
would be harmful to consumers and increase their anxieties or give them a false

Psychological effects on patients, their behaviours and/or
their anxieties due to DTC-GT

sense of security. However, some HCPs felt that these results could positively
influence consumers’ behaviours.

DTC-GT threatening the genetic counselling profession
DTC-GT impact on the doctor-patient relationship

A minority of GCs in one study felt that DTC-GT could threaten their profession.
Some HCPs in one study felt that DTC-GT could affect the doctor-patient

relationship since patients were getting genetic tests done without the
involvement of their doctor.

with each issue): time (81%), experience (91%) and knowledge
(89%) [371.

DTC-GT in the future. Overall, a minority of PCPs (49%) felt that
DTC-GT felt would be commonplace in the next 5 years [24], with
58% of New Zealand unsure if DTC-GT would be an area of growth
[37]. Despite this uncertainty, another study identified that 58% of
PCPs (family physicians) were interested in new technological
advances like DTC-GT [28].

Downstream costs and referrals due to DTC-GT

Several studies suggest how DTC-GT leads to an increased number
of referrals and increased downstream costs (e.g. disease screen-
ing) by means of more follow-up visits or investigations,
confirmatory genetic testing or other unnecessary procedures. In
a group of PCPs and specialist physicians who had experience
with patients sharing DTC-GT results, 40% made at least one
referral to a specialist, with 78% of referrals to a CG or GC [31].
Additionally, the results of one study identified that 60% of
internal medicine physicians felt that DTC-GT could assist in
clinical decision making and that two-thirds of these physicians
felt that DTC-GT could lead to earlier or more frequent disease
screening in an at-risk population [38]. Further, most GCs would
order confirmatory genetic testing for a patient presenting to their
clinic with an Ashkenazi Jewish founder mutation in Breast Cancer
gene (BRCA)1/2, irrespective of the patient’s pedigree [26]. GPs
tended to agree that DTC-GT results encouraged patients to get
unnecessary procedures and genetic tests while suggesting that
DTC-GT puts pressure on healthcare resources that could be used
for something else [37]. GPs (81%) felt that time was an
anticipated barrier for them to provide genetic counselling [37].
Similarly, PCPs in one study felt that the lack of clinical time and

European Journal of Human Genetics (2022) 30:1331-1343

the lack of reimbursement were some of the barriers when
discussing DTC-GT results [21].

Genetic counsellors’ views of their roles in DTC-GT

GCs gave their opinions on the following possible challenges
related to providing genetic counselling for DTC results in a
clinical setting (percentage who found it easy compared with
neutral or difficult): 1) explaining that clinical grade genetic testing
was required to confirm results (86%), 2) explaining the
differences between clinical and SNP-based testing (61%) and 3)
managing patient anxieties and expectations (39%) [26]. In
another study, 31% of GCs felt comfortable providing counselling
to patients who had undergone DTC-GT, while 26% were neutral
and 42% did not agree with this statement [30].

When considering how their expertise affected patients with
DTC-GT, 92% of GCs who felt that their expertise was beneficial
gave the following reasons: the limitations of DTC-GT were
better understood with genetic counselling (75%) and that it
assisted in the clarification of the medical significance of
patients’ results (57%) [30]. GCs (6%) agreed or strongly
agreed that DTC-GT might threaten the genetic counselling
profession, while 79% disagreed or strongly disagreed with this
statement [30].

Ethical issues identified by HCPs surrounding DTC-GT

Ethical concerns were identified in 24 of the 27 papers. Ten ethical
issues were identified in this review, which overlap with previous
HCP perceptions. Of the ten ethical issues, eight were identified in
papers from the previous review. The ethical issues found in each
paper are summarised in Appendix C. The ethical issues on DTC-
GT identified in this review (and a summary of points relating to
each issue) are included in Table 3.

SPRINGER NATURE
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Table 4.

DTC-GT legal issues identified in the systematic review

Potential discrimination on consumers’ employment,
health and/or life insurance

The regulation or oversight of regulation with regards to
DTC-GT

DTC-GT legal issues identified in the systematic review and description of legal issues from the perspective of HCPs.

Description of legal issues from the perspective of HCPs

Many HCPs felt that DTC-GT results could negatively affect the consumer from
attaining a certain type of insurance.

Some HCPs felt that there was not enough regulation of these types of tests and that
more should be implemented. Other participants also suggested better regulation of

DTC-GT companies’ advertising.

Confidentiality/privacy of genetic information
HCPs medical and legal responsibilities

HCPs voiced concerns that consumers’ information would not be kept confidential.
HCPs in two studies expressed concerns that there would be more medical and legal

responsibilities on themselves when involved with patients’ DTC-GT results.

The five most identified ethical issues pertaining to DTC-GT
were found in at least 10 of the 27 papers identified. These were:
clinical utility; clinical validity/reliability; genetic counselling/GP
involvement; resource use/resulting downstream costs; misinfor-
mation/understanding DTC-GT results. The psychological effects
on patients and their behaviours and/or anxieties due to DTC-GT
were identified in seven of the papers, while DTC-GT companies’
financial gain/advertising were only mentioned in five of the
papers. The option of limiting genetic testing to a clinical setting
was mentioned in two papers. Two ethical issues were only
reported once each, both in the newly identified papers: 1) DTC-
GT threatening the genetic counselling profession and 2) the
impact of DTC-GT on the doctor—patient relationship.

Legal issues identified by HCPs surrounding DTC-GT

Legal issues were identified in 12 of the 27 papers, and were
divided into four main categories. Potential discrimination on
consumers’ employment, health and/or life insurance was
mentioned in seven of the 27 papers. Regulation or oversight of
regulation of DTC-GT was mentioned in five papers and
confidentiality/privacy of genetic information was mentioned in
four papers. Lastly, HCPs' medical and legal responsibilities were
mentioned in two of the new papers identified in the updated
search. The legal issues found in each paper are summarised in
Appendix B. The four legal issues on DTC-GT identified in the
included papers (with some explanation for each issue) are
included in Table 4.

DISCUSSION
This systematic review assessed the views and knowledge of HCPs
on DTC-GT while exploring the ethical and legal issues surround-
ing DTC-GT from the perspective of HCPs. Overall, there were
more studies conducted in North America than any other region.
There were also less studies of genetic specialists than of other
HCPs. Furthermore, there were no studies in Europe that
evaluated the views and knowledge of GCs and PCPs about
DTC-GT. The extent to which tests are readily available in each
country may affect the perceptions of HCPs towards DTC-GT. This
highlights the need for further research in other countries (and
multi-country studies) and among all types of HCPs. Although not
the focus of this review, other HCPs such as pharmacists may play
an important role in DTC-GT focused on pharmacogenetics [39].
As with the review conducted by Goldsmith et al., the included
studies in this review revealed differences in the level of
knowledge, awareness, and experiences amongst HCPs on DTC-
GT. Generally, CGs and GCs seemed to fare better in all areas,
potentially due to their expertise in genetics [37]. The knowledge
of HCPs did not appear to increase since the previous review,
suggesting that medical education and other experience related
to DTC-GT has not assisted HCPs in gaining knowledge of these
tests. Medical training has the potential to increase knowledge of
DTC-GT [4] and practicing HCPs can gain further knowledge
about DTC-GT and genetics by accessing web-based resources
created by genetic specialists [7, 28]. Alternatively, one study in
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this review suggested that HCPs' knowledge on DTC-GT informa-
tion and interpretation could improve by personally undergoing
DTC-GT [29].

After nearly a decade since the previous review, studies still
show high levels of reluctance amongst HCPs to provide genetic
counselling and information about DTC-GT to patients. The lack of
confidence in this area is potentially tied to findings showing that
many HCPs still lack sufficient knowledge about DTC-GT.
Furthermore, HCPs (specifically, PCPs) continue to have low levels
of experience with patients that have DTC-GT concerns. However,
the studies in this review have shown that there is a slow increase
in these experiences, particularly amongst GCs and CGs. Interest-
ingly, GCs seem to have more experience in DTC-GT than CGs.
However, experiences for CGs seemed to increase over time even
though these experiences were not common practice [2, 22].
Further, CGs have been consistent with regards to their opinions
about restricting access to certain DTC tests [2, 23].

Ethical aspects in direct-to-consumer genetic testing from the
perspective of HCPs

From the results of this review, there were several ethical
components of DTC-GT that HCPs identified. Several studies in
this review reported that HCPs agreed that genetic counselling
was an important and useful component of genetic testing, and
should be provided to consumers purchasing DTC-GT to provide
consumers with additional information to understand the benefits,
risks, and limitations of genetic testing [40]. Further, HCPs were
concerned that genetic counselling through DTC-GT companies
may be inadequate or non-existent [27, 40, 41]. Additional studies
showed that HCPs felt that DTC-GT would be more acceptable to
them if genetic counselling was provided [42] and that HCPs
believed that DTC-GT [29] should be restricted to a clinical setting,
with HCPs involved in providing genetic counselling and/or
genetic testing.

Compared to other HCPs [4], genetic specialists were more
concerned and more aware of the potential harm of DTC-GT to
consumers. Additionally, there was ongoing concern about the
clinical utility and validity of DTC-GT, potentially due to the lack of
scientific evidence to support clinical value and accuracy of these
tests [4]. Several studies in this review identified that HCPs had
mixed opinions on the clinical value and utility of DTC-GT results,
with genetic specialists more likely to be sceptical of the clinical
utility of DTC-GT [43].

Studies in this review identified that HCPs were concerned
about the accuracy and reliability (i.e. the clinical validity) of DTC-
GT results. Research by Tandy-Connor et al. [43] revealed that DTC-
GT results that showed a positive result for a pathological gene
variant had a false positive rate of 40% after performing
accredited confirmatory testing, contributing to the basis of these
concerns.

Autonomy, beneficence, non-maleficence, and justice

Autonomy refers to an individual's freedom from external
constraint and the presence of critical mental capacities such as
understanding, intending and voluntary decision-making capacity

European Journal of Human Genetics (2022) 30:1331-1343



[13]. This principle can be applied to concepts such as informed
consent, the understanding of information by consumers and the
avoidance of coercion of these consumers when using DTC-GT
services. This systematic review identified that HCPs were
concerned that consumers were being misinformed, misled, and
may not understand what they are undertaking when they
purchase DTC-GT services [22, 37, 42, 44]. This review also
identified that HCPs believed that advertising by DTC-GT
companies contributed to misinformation, subsequently confus-
ing and misleading consumers [22, 38, 45]. When genetic testing is
provided in a traditional healthcare setting, HCPs are obligated to
obtain informed consent from the patient who will undergo
testing. Informed consent can only be valid if the patient has full
capacity to consent, voluntarily consents, and most importantly,
has been given adequate information in an understandable way
about the benefits and risks and function and type of test that will
be done [46]. Since DTC-GT often does not involve HCPs, informed
consent is unlikely to occur. Companies who provide these
services are more likely to have a contractual agreement with the
consumer, by means of a ‘terms of service’ agreement or a ‘terms
and conditions’ prerequisite for obtaining their services [47, 48].
Companies often state that the consumer has come into this
agreement by viewing their website or by purchasing a service
[47]. While considered a legal contract, these agreements arguably
do not meet the definition of consent, which then stands to
reason that agreements between patients and DTC-GT companies
are not the same as the informed consent obtained in healthcare
settings [47]. Moreover, DTC-GT companies operating as commer-
cial entities do not claim to be medical providers; and therefore,
do not have an obligation or ‘duty of care’ towards the consumer
or a ‘code of ethics’ they need to follow [48].

The act of doing something that benefits others is known as
beneficence, an important principle in healthcare ethics, while
non-maleficence is the principle of causing no ‘harm’ to others
[13]. This systematic review identified several perceived positive
aspects to DTC-GT which may benefit consumers, or minimally,
not cause harm. First, access to DTC-GT could increase consumers’
genetics knowledge and increase awareness to disease predis-
position [3, 30, 49]. Additionally, consumers are encouraged to be
more proactive in their healthcare choices [3, 29], and can be
motivated to lead a healthier lifestyle [29, 38]. Despite any
benefits, HCPs noted that DTC-GT results need to be confirmed by
clinical genetic testing that is reliable and validated [26, 38], and
genetic test results received from DTC-GT services should not be
used to inform patient or clinical healthcare decisions [6, 47].
Conversely, studies in this review showed that HCPs believe that
DTC-GT could cause harm to consumers. Receiving a test result
showing that the patient has a pathogenic variant of the BRCA1/2
gene, for example, has the potential to cause distress and harm.
First, a consumer is unlikely to have received any pre-test genetic
counselling to prepare them and to help them understand the
implications of such a result. This supports claims made by HCPs
regarding the importance of genetic counselling before getting
DTC-GT [2, 22, 30]. Another concern is DTC-GT companies using
complicated terminology and long disclaimers on their websites
may mislead and result in misinterpretation of DTC-GT results [47].
Studies in this review found that HCPs believed that this was one
of the many issues of DTC-GT for consumers [22, 37, 38, 42, 45].

Justice is framed by legal, moral and cultural principles [13]. The
application of this principle assists in the discussion of what
should be considered due, fair, or owed within a bioethical
dilemma [13] and includes aspects such as fairness and equality in
the use of healthcare resources and HCPs' time. Some HCPs
believed that they might feel obligated to refer patients to
specialists or recommend additional screening procedures based
on DTC-GT results [38, 45], which may be difficult for populations
to access due to costs and other access-related barriers. Further,
HCPs reported that access to genetic counselling may be limited
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due to lack of time and resources, with some HCPs reporting that
DTC-GT consultations were not a good use of clinical time
[21, 22, 371.

Legal aspects in direct-to-consumer genetic testing

In addition to DTC-GT ethical concerns, there were several legal
concerns from the perspective of HCPs that were identified in this
review. HCPs had concerns that DTC-GT results would have
negative implications for consumers, with concerns that these
results could lead to employment discrimination [25, 38, 44, 45] or
discrimination when applying for life or health insurance
[24, 25, 27, 38, 44, 45]. Some of the studies reporting such
concerns were conducted in countries that have legal protection
in place to prevent genetic discrimination, suggesting that HCPs
were not aware of genetic discrimination laws [4, 36]. For example,
the Genetic Information Non-discrimination Act (GINA) in the US
gives a person federal protection from health and employment
discrimination [36]. However, the GINA does not protect citizens
against discrimination when applying for life or disability
insurance [36]. Furthermore, Article 11 of the Council of Europe’s
‘Convention on Human Rights and Biomedicine’ states that
discrimination based on a person’s ‘genetic heritage’ is prohibited
[18]. In addition, HCPs in some of the review studies expressed this
as a concern [22, 35, 37].

Some also believed that advertising of DTC-GT services should
be regulated in the same way that DTC medication is regulated
[37]. Many DTC-GT companies put disclaimers on their websites to
inform consumers that the tests that they provide are not medical
tests and that they are not ‘fit for purpose’ [47], however, this is
contrary to EU regulation [16], which states that DTC genetic tests
are ‘in vitro diagnostic medical devices’ and need to be fit for
purpose. If this is the case, it suggests that these services should
not be governed under medical regulations but rather contractual
laws since they are commercial entities [47]. However, many of the
terms of service or agreements that consumers sign when
purchasing DTC-GT falls short from a consumer protection point
of view [47]. In general, there is a lack of adequate regulation of
DTC-GT [3, 4, 50].

Strengths and limitations

Limitations include that many of the included studies reported on
perceived opinions and knowledge by using hypothetical
scenarios, rather than looking at real-life experiences of the
participants. However, this may be explained by low rates of DTC-
GT experience amongst many HCPs, especially those that do not
specialise in genetics. Most survey-based studies had poor
response rates and qualitative studies rarely reported reaching
their target sample size. Strengths of this review are a wide search
strategy, mirroring the previous review on this topic. Although
only 20% of data extraction was checked by a second author (FM),
the narrative nature of the extracted data minimised the risk of
errors. This review focused only on health-related genetic testing,
and therefore other aspects of DTC-GT (e.g. pharmacogenetics)
could be explored further. Further research could focus solely on
DTC pharmacogenetic testing as it gains prominence, given the
implications, ethical issues and legal issues are potentially
different to DTC-GT for disease susceptibility.

CONCLUSIONS

In addition to themes identified in previous reviews of DTC-GT,
there are multiple ethical and legal concerns to consider in DTC-
GT, as identified by HCPs. This review highlights important issues
of relevance to policymakers, as well as for HCPs so that they can
effectively address their patients’ questions and to interpret their
DTC-GT results. Regulations on DTC-GT should be improved since
numerous countries have inadequate or no laws regulating this
type of testing [3]. However, some regulations on DTC-GT have
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been implemented in Europe. HCP concerns suggest a need for
tighter controls on the advertising of DTC-GT by companies, the
information provided to consumers, and how consumer data is
used and shared [48]. Genetic counselling should be readily
available and emphasised to consumers purchasing DTC-GT [42].
Education of HCPs on clinical genetics also needs to be addressed,
especially amongst PCPs who are increasingly likely to assist
patients that have DTC-GT questions or results. It is likely with the
restriction of in-person consultations and shift to telemedicine
during the COVID-19 pandemic, this may have provided an
additional impetus for people to consider using DTC-GT. If an
increase in use of DTC-GT is seen following the onset of the
pandemic, even greater consideration will be needed of how HCPs
can provide appropriate care in this context. Overall, there are
several opportunities to improve the appropriate use and
interpretation of DTC-GT through provider/patient education
and support, and this may also help to address HCP concerns
surrounding legal and ethical issues of DTC-GT.
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