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Background: Direct-to-consumer genetic tests (DTC-GTs) are genetic tests for a medical or non-medical trait that
are sold directly to the public, usually ordered without the engagement of a healthcare professional. Our aim was
to explore the knowledge, attitudes and behaviors toward DTC-GTs among European citizens. Methods: We
updated the most recent systematic review on citizens’ perspectives toward DTC-GTs. Relevant English language
studies were searched on PubMed, ISI Web of Science, Scopus, Embase and Google Scholar from October 2014 to
April 2019. We extended our search on Scopus without publication date restriction, since it was not included in
the former review. Eligible studies were conducted in European countries and reported original data. The quality
of the studies was evaluated using a checklist developed by Kmet et al. Results: We included six studies conducted
in European countries between 2015 and 2018. The studies were performed among general population in the
Netherlands, students in Italy and Greece, laypeople in Germany and older adults in Switzerland. The level of
awareness, in overall low, differed by country and population group. Most of the participants were interested in
undergoing a DTC-GT, mainly for knowing the risk predisposition to a common disease. Concerns were raised
about tests’ validity and utility and data privacy. Conclusions: Our review shows that European citizens, overall,
have a low level of knowledge on DTC-GTs and a high interest in their purchase. This understanding might
contribute to the development of educational programs in order to the increase of general public capabilities
to make appropriate health decisions.

Introduction

apid advancements in genomic knowledge have contributed to
Rthe development of new methods for predicting and preventing
diseases." Over the years, the widespread access to internet has
enabled an enormous number of companies to advertise genetic
tests (GTs).” Direct-to-consumer genetic tests (DTC-GTs) are tests
ordered directly by the consumer, without the involvement of a
healthcare professional.” DTC-GTs provide a variety of information
to the consumer, from ancestral connections and lifestyle to person-
al susceptibility to certain common diseases, such as diabetes, car-
diovascular diseases (CVDs) or cancer.*> These tests usually analyze
common DNA variants, which account for only a fraction of the
heritable component of multifactorial diseases including cancer.®’
Many concerns have been raised among healthcare professionals
regarding the tests’ clinical utility and analytical validity.*® The
US Food and Drug Administration (FDA) categorized DTC-GTs
as medical device, and issued warning letters in 2013 to private
companies specifying the negative consequences of the false positive
or false negative results for high-risk indications.'®"' The DTC-GTs
originating in the USA usually do not obtain country-specific ap-
proval in non-US jurisdictions.'* Consequently, the worldwide on-
line access consumers have challenged the non-US authorities in
enforcing local regulations of internet-based products."> Across
the European Member States, a fragmented legislation is present,
with different legal frameworks.'*'> The European Society of
Human Genetics published a policy document about DTC-GTs,
covering recommendations on clinical utility, laboratory quality
standards, pre- and post-test counseling and data privacy.'

However, individuals who perform DTC-GT may seek additional
counseling within the traditional healthcare system, and increase
the demand for further unnecessary tests and medical proce-
dures.!” A systematic review, published in 2015, that analyzed
DTC-GTs in a comprehensive manner, reported an overall low
level of knowledge and a high level of interest in purchasing
DTC-GTs.'® This systematic review included only six European
studies’®* conducted in UK,'”2! Greece,”* Switzerland*?> and
the Netherlands.”> Considering the increasing availability of the
DTC-GTs and the fragmented regulation in EU countries,"
European initiatives are developed aiming to improve genomic
literacy among citizens.”® Therefore, it is crucial to update the
current level of understanding about the European citizens’ aware-
ness on DTC-GTs in order to further contribute to the develop-
ment of educational strategies for general public. In our study,
we summarized the current knowledge, attitude and behavior of
European citizens on DTC-GT, by updating the most recently
published systematic review.

Methods

Search strategy

Our systematic review updates the existing literature synthesis, pub-
lished by Covolo et al. which covered the period up to October
2014.'® We searched PubMed, ISI Web of Science, Embase and
Google Scholar databases to retrieve studies published from 1
October 2014 to 30 April 2019. We additionally expanded the search
in Scopus database without publication date restriction, since it was
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not addressed in the previous review. The following query was used
in PubMed:

‘direct-to-consumer’ AND (genetic OR genomic) AND (citizen
OR citizens OR consumer OR consumers OR participant OR
participants OR public OR adopter OR adopters OR population
OR populations OR user OR users) AND (knowledge OR attitude
OR attitudes OR perspective OR perspectives OR behavior OR
behaviors OR opinion OR opinions OR perception OR percep-
tions OR awareness OR experience OR experiences).

We performed our systematic review according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines®® (Supplementary Prisma checklist).

Inclusion criteria

We included studies in English language, conducted in European
countries that reported original data on citizens’ knowledge, atti-
tudes and behaviors toward DTC-GT. In terms of knowledge, we
were interested whether the citizens have ever heard about DTC-GTs
in general and were aware of their existence. Regarding behavior, we
referred to the previous personal use or experience with DTC-GTs,
whereas attitudes refer to the motivation for undergoing and/or for
refusing the DTC-GTs in the future. Editorials, comments, confer-
ence papers and narrative reviews were excluded.

Selection criteria and data extraction

The first screening was performed via title and abstract by two in-
dependent researchers (J.S.; I.LH.). In the second step, studies with
available full text were carefully reviewed. The reference lists of the
included studies were hand-searched for additional relevant publi-
cations. Two investigators (J.S.; I.H.) independently extracted data
on first author, publication year, study design and setting, data col-
lection period, data collection method, number of participants con-
tacted, final number of participants, response rate, participants’
characteristics and main findings. The required data were reported
into evidence tables and the information was double-checked for
completeness and accuracy. Discrepancies were resolved through
discussions with a third author (SB), until consensus was reached.

Quality assessment

We assessed the quality of the included studies by using the checklist
developed by Kmet et al.*’ that appraises the quality of primary
research papers by using two separate scoring system for quantita-
tive and qualitative studies. This validated tool evaluates the research
design, sampling strategy, data collection methods, data analysis,
study results and conclusions. When evaluating if the specific cri-
teria were met, 14 items for quantitative studies and 10 for qualita-
tive studies were scored ‘yes = 2, partial = 1, no = 0 or not
applicable = N/A’. For each study, the total score obtained across
the items was calculated and additionally, the summary score was
calculated by dividing the total score by the total possible score. The
summary scores are used to define a minimum threshold for inclu-
sion of eligible studies in the systematic review. The cut point
selected for article inclusion might be either relatively conservative
(e.g. 75%) or relatively liberal (e.g. 55%), for both quantitative and
qualitative studies.”” Two investigators (J.S.; L.H.) independently
scored the specific items of the checklist in each article.

Results

Bibliographical search

The search strategy identified a total of 1221 articles in the screening
phase from all databases. After removing the duplicates, 808 articles
were evaluated via title and abstract screening, of which 51 full-text
articles were critically reviewed. We excluded studies that evaluated

health professionals’ opinion, reported the country’s legislation and
policies and described the DTC-GTs impact on users lifestyle.
Overall, six articles® ™ satisfied the inclusion criteria for this sys-
tematic review. No additional studies were included after manually
checking the references of the eligible studies. The study selection
process is reported in detail in figure 1.

Study characteristics

Table 1 provides an overview of the main characteristics of the six
included studies that covered the period 2015-2018. Two studies
were conducted in Italy,28’29 whereas the other four in Switzerland,*
Greece,”' the Netherlands®* and Germany.” One study’> applied de-
scriptive methodology by using focus group discussions while five
studies®>* implemented quantitative study design (survey). Forty-
three German laypeople participated in the qualitative study,” and
the majority was highly educated (51% with an academic degree)
and female (61%). Among the quantitative studies, the sample size
ranged from 145%° to 836> subjects. One study was conducted on
general population in the Netherlands,® one study on older adults
in Switzerland™ and three studies on students in Ttaly*®*® and Greece.’

In the Netherlands, 836 participants were representative of the
Dutch adults, with an average education level and with a slight
male predominance (50.5%). Among the studies conducted on stu-
dents, most of the participants were female (59.8% in Rome,*®
77.9% in Milan®® and 68.1% in Greece’') The study in Rome®
included undergraduate students of medicine (median age=21),
while the Milan study*® included both bachelor degree and advanced
degree students, from various disciplines (mean age= 31.41 = 7.58).
The Greek study’' included undergraduate students, (81.4%) with
the majority less than 25years of age (71.9%). Swiss older adults
(N=151; mean age=76years * 6.05) were mostly male (54.3%)
and had an above-average educational level (32.5% university de-
gree, 18.5% high school and 44.4% vocational education).”

Quality assessment

The quantitative studies were estimated with quality assessment
summary score ranging from 94% to 100% (Supplementary table
S1). Both reviewers assigned the same overall quality score: 100% in
four studies®®*!?? and 94% in one study.”® In the qualitative
study” both reviewers assigned the same overall score of 75%
(Supplementary table S2), evaluating the study sample size as insuf-
ficient with respect to the outcome. In conclusion, all the quantita-
tive and qualitative studies reached the defined conservative
threshold for inclusion (75%) in the systematic review. Overall,
the inter-rater agreement by item and the inter-rater agreement
for overall scores were 100% among the two researchers.

Main findings

Considering the citizens’ knowledge and awareness toward DTC-GTs,
most of German laypeople were unaware of its existence, whereas,
one-third of Swiss older adults and 28.5% of adults in the
Netherlands were aware of DTC-GTs for disease-related purposes.
Medical students in Rome had the highest level of awareness
(45.3%), followed by Milan and Greek students, 33% and 30.1%,
respectively. In Greece, postgraduate students from biomedical disci-
plines were more likely to be aware of DTC-GT. As for the citizens’
behaviors, 0.2% of adults in the Netherlands and only one participant
among Swiss older adults had pursued a DTC-GT. Subjects with DTC-
GT experience were present in each of the discussion groups of
German laypeople. Students in Rome and Milan were without previ-
ous personal experience, whereas 3.4% of Greek students had pursued
a DTC-GT. Regarding the attitudes, overall, participants expressed
interest in undergoing a DTC-GT, with differences according to coun-
try and population group. A total of 56% of Swiss older adults and
12.6% of Dutch adults would probably consider undergoing DTC-GT
in the future. German laypeople expressed preference to DTC-GTS’


https://academic.oup.com/eurpub/article-lookup/doi/10.1093/eurpub/ckz246#supplementary-data
https://academic.oup.com/eurpub/article-lookup/doi/10.1093/eurpub/ckz246#supplementary-data
https://academic.oup.com/eurpub/article-lookup/doi/10.1093/eurpub/ckz246#supplementary-data
https://academic.oup.com/eurpub/article-lookup/doi/10.1093/eurpub/ckz246#supplementary-data

European citizens’ perspectives on direct-to-consumer genetic testing 949

No. of records
identified in
PubMed
(n=138)

No. of records
identified in
IST

(n=159)

No. of records
identified in
Scopus
(n=549)

No. of records
identified in
Embase

(n=149)

l

l

l

No. of records
identified in
Scholar
(n=226)

No. of records after removing the duplicates (n=808)

No. of records screened at title
and abstract review

No. of records excluded

(n= 808)

No. of full text articles assessed
for eligibility
(n= 51)

|

No. of studies included in the

systematic review
(n= 6 studies)

Figure 1 Flowchart of the literature searching process

provision within the traditional public healthcare system, if there were
enough quality control. Among the students, 73% of students in Rome
were interested in purchasing a DTC-GT. A total of 76% of Greek
students were prone to consult a doctor before the test and 51.6%
would order the test if it was for free.

Knowing the personal risk of a certain disease, probably cancer or
CVD was the main reason for undergoing a DTC-GT in over half of
the participants: 86% of students in Rome, 56% of Greek students,
21.4% of students in Milan and 70.2% of Swiss older adults. More
than 60% of students in Greece and Rome were interested in knowing
the risk of passing disease predisposition onto the children. Swiss older
citizens stated the same reason (53.6%), along with the willingness to
contribute their genetic data to scientific research (63.1%). Learning
about the current health status, knowing the sensitivity to certain
medication and obtaining information about the genetic ancestry
were additional reasons for pursuing a DTC-GT. On the other
hand, participants that were not interested in purchasing DTC-GTs
claimed a lot of scientific and ethical concerns. Italian students and
Swiss older adults raised the concerns that the test results might cause
worry and affect their behavior. Concerns about data privacy were
common between Greek students (47.8%), although very low among
the students in Rome (19.1%). German laypeople were critical regard-
ing the reliability of the commercial companies whereas Italian
(24.2%) and Greek (41.8%) students expressed their skepticism to-
ward the reliability of the test results. Summarized findings with regard
to citizens’ knowledge, behavior and attitudes are reported in table 2.

Discussion

Our updated systematic review on European citizens’ perspectives
toward DTC-GTs included six studies published from October 2014
to April 2019, which were conducted in Italy,zs’zg Switzerland,*®

v

(=757

Reasons for exclusion:
-evaluating health
professionals’ opinion about
DTC-GT (n=12)

-describing DTC-GT impact
on users’ lifestyle (n=17)
-describing the policies and
legislation for DTC-GT
reviews (n=12)

-no full text available (n=4)

Greece,”! the Netherlands®? and Germany.3 3 Overall, European citi-
zens had quite a low level of awareness and a high level of interest in
purchasing DTC-GTs, with differences by country and population
group. The most common reason for undergoing a DTC-GT was the
willingness to know the risk predisposition for a certain serious
disease. The main reason of refraining from undergoing a DTC-
GT was the worry that results might cause unnecessary distress
and anxiety. The low level of knowledge and awareness as well as
high level of interest are in line with the findings of the systematic
review by Covolo et al.'® However, the main reasons for interest in
DTC-GT reported in the previous review were monitoring health
status and curiosity.

A high level of awareness among students, particularly of biomed-
ical sciences, is per se expected in highly educated subjects,® as
reported in a previous study, with 65.7% of Swiss students being
aware of DTC-GT, most of whom were enrolled in natural scien-
ces.”” A moderate level of awareness was found even between Swiss
older citizens,*® which was probably related to the media attention
during the revision of the laws on GTs.”> Among the general popu-
lation, a low level of awareness (28.5%) was reported from a 2018
survey in the Netherlands®? and even lower rates (13%) have been
described earlier in the UK."

Considering the citizens “attitudes, the fact that German laypeople
would purchase the test if it was prescribed by their doctor’> may
oppose the legislative framework currently in force in Germany,
highlighting that the legal restrictions on commercial distribution
of GTs were strongly opposed. Notably, the interest in purchasing
DTC-GTs differed among the Dutch general population across the
years. In 2018, up to 12.6% of citizens would consider undergoing a
DTC-GT for health-related purposes32 whereas, in 2010, half of the
respondents expressed interest in DTC-GTs for a genetic predispos-
ition to specific diseases. In both studies, the lower-educated
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Table 1 Characteristics of the six studies included in the systematic review

Study, year Country Population and setting Number of Response Final Data Characteristics
participants rate number of collection of participants
contacted participants period
Schaper Germany German laypeople from NR NR 43 (7 focus June 2016- Age:18-25 (21%), 26-35 (32%), 36-50
et al.,, 2018% Goéttingen, Berlin, groups) November (12%) 51-70 (26%), 70+ (9%)
Frankfurt, Cologne 2016 Sex: female (61%), male (39%)
Education: 9 years (5%), 10 years (9%);
high school (26%); vocational school
(9%); academic degree (51%)
Average time spent online per day in
hours:
0-1 (16%), 1-2 (37%), 2-4 (26%),
4-6 (7%)
6+ (12%), none (2%)
Giraldi et al., Italy Students enrolled in the 380 0.471 179 2014 Age: median = 21 years
201628 Faculty of Medicine at Sex: female (59.8%), male (39.7%)
the Universita Academic year: | (45.3%), 1l (17.9%),
Cattolica del Sacro 1 (17.9%), IV (11.7%), V (6.7%)
Cuore, Rome
Mé&himann Switzerland Older adults attending 800 0.19 151 November Age: mean = 76 years (SD = 6.05)
et al.,, 2016 Seniors’ University, 2013-March  Sex: female (45.7%), male (54.3%)
Zurich 2014 Education: secondary school (4.6%);
vocational education (44.4%); high
school (18.5%); university degree
(32.5%)
Internet use: yes (92.1%), no (7.9%)
Disease in family: yes (31.8%), no
(65.65%)
Oliveri et al., Italy Subjects with at least 250 0.58 145 September Age: mean = 31.41 (SD = 7.58)
2016%° bachelor degree from 2015-January Sex: female (77.9%), male (22.1%)
the University of 2016 Education: 49% had a bachelor’s
Milan, Milan degree, 51% ranged from master
degree to PhD and/or specialization
Stewart et al., The Netherlands Online panel members, 1693 63% 836 June 2017 Age: 18-39 (29.9%), 40-59 (35.8%),
201832 representative of the 60+ (34.3%)
Dutch adult Sex: male (50.5%), female (49.5%)
Education level: low (32.5%); middle
(43.3%), high (24.2%)
Mavroidopoulo- Greece Undergraduate, post- NR NR 725 January 2014-  Age: 71.9% was <25, 20.1% was 26-30,
uetal., graduate, doctoral July 2014 85% were >30 years
20153" students from various Sex: female (68.1%), male (31.9%)

disciplines and
university sites

Education level: undergraduate
(81.4%); postgraduate (14.2%); doc-
toral (4.4%)

Study field: healthcare/biomedical
(45.3%); non-biomedical sciences
(54.7%)

respondents were more interested. Low interest (17.9%) was
observed even among general population in Greece, while 82% of
the participants would consult a physician.** In some countries, the
interest in DTC-GTs was cost dependent. In Greece, for instance,
54.8% of the general public would purchase the test even though the
cost would not be reimbursed®* whereas, 50.6% of students would
do the same only if free of charge.’' Similarly, test pricing was a
decisive factor in the decision to undertake the test in the UK.'® The
emerging culture of the consumer empowerment may lead to a
higher interest in purchasing DTC-GTs, especially considering the
rapid technological developments and decreasing costs of genomic
testing nowadays.”® The willingness to provide genetic data to sci-
entific research, stated by Swiss students®? and older adults’® and
Italian medical students,”® has been described as a moral duty to
contribute to the society’s common good and to the medical
advancements for the sake of next generations.’® The participants’
concerns regarding the tests’ clinical utility and analytical validity
have been extensively discussed in the literature,> as well as data
privacy and lack of results’ confidentiality.””*® The concerns about

data privacy are of particular importance considering that genomic
re-identification strategies can easily determine people’s surnames
by using publicly available sequencing data as well as metadata of
anonymous participants.®

However, the very small number of actual users of DTC-GTs among
the EU countries does not allow us to predict how the general public
would understand the tests’ results. A recent meta-analysis, on behav-
ioral changes after performing DTC-GTs, showed that anxiety and
worry among the users were rather low and the actual effects of
DTC-GT on behavior changes are modest, especially when results
are delivered without additional lifestyle counseling.*’ This is in con-
trast with the studies included in our updated review, where Italian
and Greek students were eager to perform DTC-GT in order to learn
about the current health status and subsequently change lifestyle
behaviors. This controversy might be explained with the fact that
young individuals, especially biomedical students are more health con-
scious and have a strong belief on the benefits of the GTs.

Some limitations should be taken into consideration when inter-
preting the results of our updated systematic review. We considered
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Study Year  Population Data collection method Main findings
Schaper 2018 43 German Quialitative approach with seven focus groups, ask-  Knowledge:
et al.>? laypeople ing for: ® participants were unfamiliar with DTC-GT
® attitudes, perceptions and assumed ethical Behavior:
implications toward DTC-GT ® in each focus group, a participant had performed
DTC-GT
Attitudes:
® critical toward health-related and predictive DTC-GT
® supportive of lifestyle DTC-GT
* reserved regarding commercial provision of DTC-GT
® opposed the legal restrictions on commercial distri-
bution of GT
Giraldi et al.®® 2016 179 medical stu- A self-administered anonymous questionnaire ask- Knowledge:
dents from ing for: 45.3% were aware of DTC-GT
Italy ® demographic characteristics Behavior:
® awareness and experience of DTC-GT (dichotom-  ® none of the respondents has ever performed a DTC-
ous yes/no questions); GT
® interest in undergoing or not DTC-GT (multiple- Attitudes:
choice questions) 73% would undergo DTC-GT, of which 88% would
*® the willingness to make the data available for make data available for research and 92% would like to
research (dichotomous yes/no questions) know the test results
® the willingness to know the results of the test Reasons for the interest in undergoing DTC-GT:
(dichotomous yes/no questions) ® knowing the risk of certain diseases (86.4%)
*® the institutions they would support participating ® knowing the risk of passing disease predisposition
in a genetic study via DTC-GT (multiple-choice onto the children (60.6%)
questions) ® knowing the personal characteristics (52.3%)
® opinion on DTC-GT after filling out the ® knowing the sensitivity to certain medication (49.2%)
questionnaire * contributing genetic data to scientific research
(47.7%)
27% refrain from undergoing DTC-GT (n = 47)
Reasons for not undergoing DTC-GT:
® concerns about the test validity (48.9%)
® concerns that the results might cause worry (42.6%)
® disinterest (27.7%)
® concerns about the data privacy (19.1%)
Mé&hlimann 2016 151 Swiss older An anonymized voluntary self-completion survey Knowledge:
et al.>® adults with 31 multiple-choice and 7-point Likert scale One-third of the respondents were aware of DTC-GT
questions, asking for: Behavior:
® demographic variables 0.6% had previously performed a DTC-GT
® awareness about personal genomics services, Attitudes:
motivation for testing and concerns about gen- 56% were interested in undergoing DTC-GT
omic results Reasons for the interest in undergoing DTC-GT:
® attitudes toward research participation in gen- ® knowing the risk of certain disease (70.2%)
omic research studies ® contributing the data to scientific research (63.1%)
® attitudes toward sharing genomic data in gen- * knowing the sensitivity to certain medication (57.1%)
omic research studies * knowing the genetic ancestry (54.8%)
® knowing the risk of disease predisposition onto the
children (53.6%)
* knowing personal genetic traits (42.9%)
44% participants were not interested in undergoing
DTC-GT
Reasons for not undergoing DTC-GT:
® concerns that the results might cause worry (45.5%)
® concerns about the test validity (42.4%)
¢ disinterest/lack of utility (42.4%)
® concerns about the data privacy (27.3%)
Oliveri et al.?® 2016 145 subjects Online survey asking for: Knowledge:
with at least * demographic variables 33% were aware of DTC-GT
bachelor de- *® health orientation scale Behavior:
gree from * knowledge and attitudes toward DTC-GT Not reported
Italy a. level of perceived knowledge about genetic risk,  Attitudes:
genetic testing and DTC-GT (Likert scale or yes/no  Reasons for the interest in undergoing DTC-GT:
questions) ® knowing current health status (14.4%)
b. sources of information (open question) ® adopting health behaviors (15.2%)
c. motivation for accepting or refusing DTC-GT, *® increasing early detection of the disease (21.4%)
possible impact on current and/or future health Reasons for not undergoing DTC-GT:
behaviors and decisions (closed questions) ® concerns about the reliability of the results (24.2%)
d. intentions to undergo the DTC-GT (motivation ® concerns that the results might cause worry and im-
levels on an 0-10 scale) pact future behaviors (17.2%)
Stewart 2018 836 online panel  Online survey, sent by mail, asking for: Knowledge:
et al.?? members, * demographic variables (including a brief intro- ® 28.5% were aware of DTC-GT for disease-related
representa- duction on DTC-GT) purposes
tive of the ® awareness of DTC-GT for disease-related pur-
Dutch adult, poses (dichotomous yes/no questions)

(continued)
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Table 2 Continued

Study Year Population Data collection method Main findings
based on age, * previous use of DTC-GT for disease-related Behavior:
gender and purposes 0.2% had previously performed a DTC-GT for disease-
education ® acceptability of the DTC-GT (Likert 5-point scale, related purposes
level. 1—completely unacceptable to 5—completely Attitudes:
acceptable) ® 12.6% considered undergoing DTC-GT for disease
® consideration to undergo DTC-GT for disease- related
related purposes at some time in the future (5- purposes in the distant future
point scale: 1—certainly no to 5—certainly yes) ® 5.5% intended to undergo DTC-GT for disease-
® intention to undergo DTC-GT for disease-related related purposes in the coming year
purposes in the next year
(5-point scale :1—certainly no to 5—certainly yes)
Mavroidopou- 2015 725 under- Printed and online survey asking for: Knowledge:
lou et al.*' graduate * demographic variables (including a brief intro- 30.1% were aware of DTC-GT (39% healthcare/
postgraduate duction on DTC-GT) biomedical sciences students; 24% non-biomedical)

and doctoral
students from
Greece

® 24 closed-ended questions (Likert, dichotomous
and buying propensity questions):

a. 11 questions on awareness, interest and reasons
to take/refuse DTC-GT

b. 13 questions after introducing hypothetical scen-
ario to assess understanding of the DTC-GT
results and their impact on psychology and fu-

Behavior:

® 3.4% had previously performed a DTC-GT

Attitudes:

* 61.3% would agree to take the test after a briefing

® 54.9% interested in DTC-GT for a serious disease
(cancer or CVD) and 76% of them would consult their
doctor before

ture actions

® 50.2% interested in a DTC-GT for metabolism or
genealogy

® 9.7% would order a DTC-GT if it costs 500€, 51.6% if
the test is free

Reasons for the interest in undergoing DTC-GT:

® learning about their health (>60%)

® warning their children (>60%)

® their doctor can monitor their health (>60%)

® changing lifestyle (>60%)

Reasons for not undergoing DTC-GT:

® knowing the risk of certain disease (55.7%)

® concerns about the data privacy (47.8%)

® concerns about the reliability of the results (46.9%)

® concerns about the utility of the test (27.7%)

DTC-GT, direct-to-consumer genetic testing; CVD, cardiovascular disease.

only available published studies, leading to a possible publication bias.
Moreover, we included only English language studies. It should be
noted that the eligible studies were not representative of the general
population, since they included highly educated individuals, small sam-
ple sizes and low response rates. Despite the small sample sizes, indi-
vidual studies were methodologically sound and may be considered as
the initial step for future large-scale research. Further research activities
should use representative sample of the general populations and should
be focused on the expectations and behavioral changes among
European users. Nevertheless, our study adds up to the previous re-
search and provides an up-to-date understanding of the population-
level awareness on DTC-GT among the European countries.

Overall, a limited number of studies, precisely 12, have been
focused on European citizens’ perspectives toward DTC-GTs. In
contrast to European scenario, 37 studies conducted in USA were
included in the systematic review published in 2014 by Covolo et al.
In the last 5 years, a considerable amount of US studies have been
carried out (41-47 in Supplementary data), mostly related to differ-
ences in knowledge and attitudes in socio-demographic groups. A
national survey reported that awareness in USA toward DTC-GTs
increased from 31% to 38% between 2007 and 2014 (42 in
Supplementary data). Moreover, a recent study that analyzed the
data of 17 403 respondents revealed that the awareness increased
from 29.23% in 2007 to 56.78% in 2017 (44 in Supplementary data).
This increase in awareness might be linked to the legal framework
that was implemented in the USA. FDA has been granting market
approval for certain types of DTC-GTs, opening a way for consumer
companies to implement strong advertising campaigns and increase
access of individuals to these tests (48 in Supplementary data). The
enormous advancements in the genetic field have provided a

growing application of GTs for diagnostic, predictive and treatment
purposes in healthcare. In terms of the high availability (49 in
Supplementary data), increased demand and the limited number
of studies conducted in European countries, DTC-GTs should be
considered as an emerging public health issue. Uninformed consum-
ers might be undergoing unnecessary tests which might lead to
overconsumption of health services without adding any value (50
in Supplementary data). Consumers’ ability to understand the
results and to seek follow-up genetic counseling might be related
to their level of knowledge (51 in Supplementary data). Therefore,
our findings highlight the importance of tracking the citizens’ per-
ceptions and misperceptions, in order to develop recommendations
related to their educational needs. Educational and counseling strat-
egies should be provided on the national levels aiming to increase
the general publics’ understanding of genetic information in order
to make appropriate health decisions.

Conclusion

European citizens expressed low level of awareness towards DTC-
GT, which differed by country and group population. The majority
showed a high interest in purchasing a DTC-GT, having as the main
reason the willingness to know the risk predisposition to a common
disease. The citizens that were not interested in purchasing a DTC-
GT raised concerns about tests’ clinical and analytical validity, clin-
ical utility, data privacy and results’ confidentiality.

Supplementary data
Supplementary data are available at EURPUB online.
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Key points

e The level of awareness toward DTC-GTs among European
citizens was in overall low and varied according to country
and group population.

o A negligible proportion of European citizens has ever per-
formed a DTC-GT.

e Most of European citizens were interested in undergoing a
DTC-GT, mainly for knowing the risk predisposition to a
common disease, such as cancer or CVD.

o European citizens raised concerns about tests’ validity, utility
and data privacy.
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