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ABSTRACT

Background Population-based DNA screening for
medically actionable conditions has the potential to
improve public health by enabling early detection,
treatment and/or prevention; however, public attitudes
and willingness to participate in DNA screening have not
been well investigated.

Methods We presented a scenario to members of

the Australian public, randomly selected from the
electoral roll via the Australian Survey of Societal
Attitudes, describing an adult population DNA screening
programme currently under development, to detect risk
of medically actionable cancers and heart disease. We
asked questions regarding willingness to participate and
pay, preferred delivery methods and concerns.

Results We received 1060 completed questionnaires
(response rate 23%, mean age 58 years). The vast
majority (>92%) expressed willingness to undertake
DNA screening. When asked about the optimal age of
screening, most (56%) favoured early adulthood (aged
18-40 years) rather than at birth or childhood. Many
respondents would prefer samples and data be kept

for re-screening (36%) or research use (43%); some
preferred samples to be destroyed (21%). Issues that
decrease likelihood of participation included privacy
(75%) and insurance (86%) implications.

Conclusion Our study demonstrates public willingness
to participate in population DNA screening in Australia,
and identifies barriers to participation, to be addressed
in the design of screening programmes. Results are
informing the development of a pilot national DNA
screening programme.

INTRODUCTION

Population-based genomic testing (or ‘adult DNA
screening’) for medically actionable conditions has
the potential to improve public health by enabling
early detection, treatment and/or prevention.'™
This includes certain familial cancer predisposition
syndromes and inherited heart conditions caused by
single germline pathogenic DNA variants (table 1).
For such conditions, evidence-based guidelines,
interventions and risk management options are
available for high-risk individuals.>'® However,
diagnostic rates and access to reimbursed genetic
testing for these conditions remain very low. Popu-
lation DNA screening for these conditions, espe-
cially if offered in early adulthood through a public
healthcare system, has the potential to greatly
improve detection and diagnosis, compared with
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Population-based DNA screening for medically
actionable conditions has the potential to
improve public health by enabling early
detection, treatment and/or prevention;
however, public attitudes and willingness to
participate in DNA screening have not been
well investigated.

WHAT THIS STUDY ADDS

= Members of the general public are highly
interested in participating in DNA screening for
medically actionable conditions, however there
are several concerns which may decrease their
likelihood of participating, such as privacy and
insurance concerns.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study provides important information for
policy-makers regarding public preferences
and barriers to participation, which must be
addressed in the design of future screening
programmes.

the current status quo of clinical criteria-based
genetic testing.

Despite this opportunity, and increasing public
interest in genetic testing, no countries have
yet begun offering preventive, population-level
DNA screening for these conditions to adults via
a national public healthcare system. Unlike some
countries, Australia has a national, government-
funded universal public healthcare system. Some
large US healthcare networks have commenced
offering preventive genomic testing to their
members.'>* However, this testing is limited only
to certain networks and locations, and not deliv-
ered via a national public healthcare system.

In Australia, a national pilot study of adult DNA
screening has recently been established,” offering
DNA screening to 10000 young adults aged 18-40
years for three adult-onset medically actionable
genomic conditions (table 1). The DNA Screen
pilot study will assess the delivery of population
DNA screening for medically actionable condi-
tions in Australia, and has been designed to inform
the future potential development of a national
population-based DNA screening programme. This
proposed programme would be delivered through
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Table 1 Medically actionable genomic conditions for population DNA screening

Genetic predisposition Associated high-risk condition Risk management interventions
Hereditary breast and ovarian cancer Increased risk of breast cancer in women High-risk breast surveillance, chemoprevention and risk-reducing
mastectomy to reduce breast cancer risk®
Increased risk of ovarian cancer in women Risk-reducing salpingo-oopherectomy to significantly lower risk*®
Increased risk of breast and prostate cancer in men Increased surveillance from a younger age than population screening
programmes
Lynch syndrome Increased risk of colorectal cancer in men and women Aspirin use and regular colonoscopy, which together can reduce risk®
Increased risk of gynaecological cancers in women Risk-reducing hysterectomy to reduce endometrial cancer risk*'
Familial hypercholesterolaemia Increased risk for heart disease or stroke due to high cholesterol ~ Use of statins and other cholesterol-lowering agents to reduce risk of
levels (with genetic causes) from an early age myocardial infarction'® 2
the public healthcare system, in accordance with the National age and cancer history were collected in order to accommodate
Population-Based Screening Framework. " subgroup analysis and examine any such differences.

Prior research shows Australians value the utility of genomic
data'®; however, public attitudes and willingness to participate Statistical analysis

in DNA screening have not been well investigated. In 2016—17, Questionnaire data were entered and coded using queXF/queXC

a survey of the Australian public investigated perspectives about software,® and made available to researchers quarterly. We
personal genomic testing.'” However, the findings'® ' were not  conducted descriptive analysis of the data, including subgroup
focused on population DNA screening. Similarly, recent interna- analysis of younger (18-40 years) and older (>40 years) respon-
tional surveys have focused on issues such as data sharing?* % dents and those with and without a self-reported personal/family
ethical issues around receipt of genomic screening information®’; cancer history. Differences between categories were tested using
prenatal genomic testing and newborn screening®%; reproduc- 2 y? test of independence. Significant (p<0.05) differences of

. . . 27 28 11 . . . . .
tive carrier screening and willingness to pay for commercial interest between groups have been highlighted in the results.

genomic sequencing.'® In the present study, we sought to survey
the Australian public’s attitudes and willingness to participate RESULTS

in a DNA screening programme for medically actionable condi-  Of 5000 invitations sent (4657 eligible), 1060 eligible surveys
tions, and to use the findings to help guide the development of

¢ ! D were returned, for an overall response rate of 23%. Ineli-
the DNA Screen national pilot study.

gible invitees (n=343) were excluded for reasons including

METHODS
We partnered with the Australian Consortium for Social and Box 1
Political Research, who routinely administer the Australian
Survey of Social Attitudes (AuSSA)**—the Australian compo-
nent of the International Social Survey Project, a collaboration
of researchers in 40 countries.®® The AuSSA randomly selects
citizens quarterly from the Australian electoral roll (for which
all citizens), and posts an explanatory letter, followed a week
later by a questionnaire booklet and reply-paid envelope. In
Australia, voting in political elections is compulsory, and all citi-
zens =18 must legally register on the electoral roll and update
their name and address details if they change. Our study findings
were drawn from responses to surveys sent between May 2021
and February 2022.

We developed survey questions about DNA screening (see
online supplemental file S1) through a workshop of clinical,
research and policy experts. Questions were based largely around
a hypothetical DNA screening programme (box 1), covering
respondents’ hypothetical willingness to have DNA screening;
opinions about sample collection methods, age of testing and
use/storage of the data; willingness to pay and potential concerns
that may be a barrier to participation. No validated scales

existed for the development of questions about this hypothetical . .
. pment of quest P predicts your chance of developing three such future health
scenario. However, potentlal part1c1pant concerns were based conditionS'

on issues raised by clinical and research partners who assisted . . .
Y P 1. breast and ovarian cancer occurring due to a genetic change

with survey development. .The quesrif)r.ls were b iloted on ~100 in the BRCA1/BRCA2 genes (such the genetic change that
respondents who had previously participated in AuSSA surveys, Angelina Jolie has, which many people have read about);

to enable amendment or clarification of language (which was . . )
2. bowel cancer occurring due to a genetic change;

ultimately not required). . . . .
We hypothesised that individuals with and without a personal e genetlca_lly @l WhIF h stays hlgh regard|ess
of your lifestyle, and can cause life-threatening early heart

or family history of cancer, and older versus younger individuals, Hiee'd
may have different attitudes towards DNA screening. Therefore, ’

Scenario used for genomic testing questions in

survey

The following text was used to introduce the hypothetical DNA
screening test in the survey:

'Genetic testing can be used to predict the chance of
developing certain future health conditions. Some of these
include types of cancer (breast, bowel, etc) and some heart
conditions. It is now possible to take a DNA test to identify
increased risk of developing these conditions in adulthood. If
detected early, these conditions can be prevented or treated,
which can be life-saving. However, most people currently do not
know they are at risk, due to limited access to testing. Around
2% of people in the population have such a gene change, which
could be identified by a genetic test. Genetic information is
passed down through the generations. Thus, every first-degree
relative (parent/child/sibling) of an individual with a gene change
also has a 50% chance of having that gene change. Genetic
testing can help us to identify whole families who are unaware
of their genetic risk.

For this section, imagine you are offered a genetic test that
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Table 2 Demographic information

Gender (n=1021) N (%)
Female 569 (55.7)
Male 452 (44.3)

Age (n=983) (mean 58.3; SD 16.83)

Over 40 years 787 (80.1)
18-40 years 196 (19.9)

Cancer history (family or personal) (n=978)

Yes 477 (48.7)
No 502 (51.3)

Highest level of education (n=979)

Year 10 or equivalent, or less 150 (15.3)
Year 11 or 12 or equivalent 104 (10.6)
Postschool certificate/diploma 328 (33.5)
Undergraduate qualification 290 (29.6)
Postgraduate qualification 107 (10.9)

incorrect address, physical/language difficulties with responding
or death. Respondents were 56% female, with mean age 58
years (table 2). Of those who disclosed their age and/or cancer
history (optional), 20% (n=196/983) were aged 18-40 years
(the ‘younger’ subgroup), and 49% (n=477/978) had a personal
or family history of cancer in first-degree relatives (the ‘cancer
history’ subgroup). As respondents could skip questions, some
respondents did not answer all questions. The number of respon-
dents for each question is noted throughout the results.

Figure 1 shows an overview of our study findings. A full
summary of all findings is included at online supplemental file S2.
When asked about their interest in having screening as described
in box 1 (n=1032), 92% of survey respondents were willing
to have DNA screening, and only 8% of respondents said they
would not participate. Figure 2 highlights a number of particular
participant preferences and views. Figure 2A shows willingness
to pay categories (multiple could be selected). Responses to this
question indicated that 32% of respondents would be willing
to pay between $A1 and $A20 for the test, 42% between $A21
and $A100; 18% between $A101 and $A500; 5% between
$A501 and $A1000 and 4% >$A1000. A larger proportion of
respondents (54%) would prefer to take the test if paid for by
the public health system. Some participants would rather pay
for the test, rather have it for ‘free’ (through a public healthcare
system). Younger subgroup respondents were even more willing
to participate in public health-based screening than the older
subgroup—66% of younger respondents (n=106/161) would
prefer to take the test if paid for by the public health system,

Best age for
Participant Willingness screening Future use of
Age Group to test DNA/data
Early adulthood
(18-40 yo)
(56%)
Yes
Older (>40yo) (93%) Kept
(80%) i (79%)
Childhood
(21%)
At birth
(14%) Destroyed
Younger (18-40) Tzictl (21%)
No (7% [ In'middleage
|:| i W o a—A6%)
Later in life (>60y0)
(2%)
Figure 1 Overview of study findings.

compared with 51% of over 40s (n=288/559) (p=0.0002).
There was no difference between the willingness to participate
of respondents with or without cancer history (p=0.7).

When asked about interest in DNA screening based on the
likelihood (risk) of having particular health conditions (n=986),
respondents’ interest in screening increased with increasing
levels of hypothetical risk. For a disease with risk of 1/1000,
47% of respondents were interested in screening. For a disease
with risk of 1/20, 65% were interested (increasing further to
76% for those aged 18—40years (n=142/187), compared with
63% for those over 40s (n=459/732) (p=0.0002)).

When respondents were asked about the best age to offer DNA
screening (n=723), a minority chose childhood (21%), at birth
(14%), middle age (6%) or later in life (2%). The majority (56%)
chose early adulthood (aged 18-40 years). This percentage was
higher in the younger subgroup (65%; n=123/188); however,
even among the older subgroup, the majority (53%; n=390/735)
chose early adulthood (p=0.003).

Respondents’ preferences regarding DNA sample collection
(n=981) and use/storage of genetic data (n=1000) included
a majority (55%) preference for providing a sample via a
pathology lab, followed by a preference for saliva kits posted to
their home (18%). Younger respondents were more likely than
older respondents to prefer a saliva kit (25% (n=45/182) vs 16%
(n=116/738); p=0.00002). Most respondents preferred genetic
data be either kept for future re-screening for more conditions
(36%) or future research (43%). Of those who chose storage for
future research (n=426), 73% preferred it only be available to
universities and non-profit research institutions; the remaining
27% also accepted availability to for-profit researchers such as
pharmaceutical companies. Overall, 21% would want their DNA
sample and data destroyed after screening, with this percentage
higher in younger versus older subgroups (27% (n=51/188) vs
18% (n=137/749); p=0.01).

We asked respondents about trust in different entities to
manage their genomic data (figure 2B). Overall, the most respon-
dents indicated a low level of trust in commercial companies
(85%; n=757/888), and a high/medium level of trust in Austra-
lian universities or research institutions (79%; n=721/909) and
the Commonwealth Department of Health (83%; n=829/999).
When asked about inclusion of DNA screening results in
the Australian electronic health record (My Health Record)
(n=1002), most respondents preferred results either be included
automatically (44%) or with specific consent (40%), while 16%
preferred results not be included.

When asked about potential concerns regarding DNA
screening that might deter participation (figure 2C), the possi-
bility of life insurance companies using results in underwriting
(n=957) was the most common choice—86% of respondents
said insurance concerns would definitely (61%) or may (25%)
decrease their likelihood of participating. Privacy concerns (eg,
what would happen with the data) (n=971) were the next most
common choice. Respondents stated that privacy concerns would
definitely (31%) or may (44%) decrease likelihood of partici-
pating. Other potential concerns listed were more likely to not
affect participation—including not wanting to know about risks
of developing disease in the future (71%; n=671/947), uncer-
tainty about what steps they would be willing to take to prevent
developing disease (69%; n=654/944) and concern that they
might pass/have passed genetic risk onto their children (78%;
n=739/951). An overwhelming majority (89%) would be more
comfortable taking this test if a law was in place to protect their
information (n=1014). This was not associated with age or
cancer history.

Tiller JM, et al. ] Med Genet 2022;0:1-7. doi:10.1136/jmg-2022-108921

"1ybuAdoo Aq paroslold 1senb Aq zz0oz ‘T Jagqwadaq uo ;wod fwg Buwly/:dny wol) papeojumoq ‘2Z0z JoqWaAON 0E U0 TZ680T-2202-Bwl/9eTT 0T Se paysiignd 1si1) :10uas) paN


https://dx.doi.org/10.1136/jmg-2022-108921
http://jmg.bmj.com/

Population genetics

| would take this test: A
If it was paid for by the public health system{ N 55
If the cost to me was between $1-$201 NN 32°
If the cost to me was between $21 - $1001{ NN <28
If the cost to me was between $101 - $500{ [N %7
If the cost to me was between $501 - $1000{ Il 3
If the cost to me was over $1000{ Wl 44
| would not take this test{ Hl 7°
% 0 25 50 75 100

Willingness to participate and pay (SA) for DNA screening (multiple categories could be selected)

If | took this test, | would have trust in the following entities to hold and manage my data: B

Australian Government
Department of Health
(n=999)

An Australian
university or research
institution (n =909)

B ow evel of trust
| Medium level of trust
[

High level of trust

A commercial
company (n =888)
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. Would not affect my decision to participate

Potential for life insurance companies

(genetic discrimination)

with the data)

Uncertainty about what steps |
developing disease

developing disease in the future
this genetic risk onto my children

25 50 75 1
Concerns that could affect respondents’ likelihood of having DNA screening
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o
=

0

Figure 2 Participant preferences and views.
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Finally, respondents were asked general questions about their
views and understanding of genetic information. Respondents
most commonly associated the phrase ‘human genetic infor-
mation’ (n=1035), with ‘DNA’ (79%), followed by ‘inherited
health problems’ (54%) and ‘medical research’ (45%). When
asked whether genetic information is the same as other medical
information (like blood pressure) or different, 63% of respon-
dents (n=600/947) said genetic information is different to other
medical information. This was not associated with age or cancer
history.

DISCUSSION

This is the first study, to our knowledge, to specifically gather the
attitudes of the Australian public towards a potential national
DNA-based population screening programme. Our study
provides evidence of strong public acceptability and interest in
adult DNA screening, as a new strategy for public health preven-
tion. Our findings provide important evidence regarding the
Australian public’s attitudes and preferences, to inform future
research and policy. Of the 1060 survey respondents, only 8%
indicated they would not participate in DNA screening, indi-
cating strong willingness to participate. The findings of the study
have helped inform the development of the DNA Screen national
pilot study,® which is assessing delivery models and acting
as a proof-of-concept for a potential future DNA screening
programme in Australia.

The public’s willingness to participate will be critical to
the success of any future DNA-based population screening
programme, necessitating the exploration of public views, pref-
erences and concerns.”> Our survey was designed to explore
public sentiment on pertinent issues related to population
DNA screening, that could directly impact the future success
of a national DNA-based screening programme. The responses
provide an encouraging indication that the Australian public’s
views accord with several of our prior expectations and hypoth-
eses. This includes the optimal age to offer DNA screening
(18-40 years), a preference for screening through the public
healthcare system (which is universal and government-funded in
Australia, unlike in some other countries), use and storage of
samples and data and concerns around privacy and insurance
issues.

We found that 92% of our survey respondents were willing
to have DNA screening, confirming our intention to provide
greater access to DNA testing for medically actionable condi-
tions in Australia. Some respondents reported willingness to pay
at various amounts, which could appear to support a ‘co-pay’
programme. However, this raises equity issues and would not be
consistent with the Australian Government’s Population-based
Screening Framework, ‘underpinned by the principles of access
and equity, which are fundamental elements of all population
screening programmes’ (Clinical Principal Committee Standing
Committee on Screening," p. 4). Other currently implemented
Australian population-based screening programmes, such as the
National Bowel Cancer Screening Programme and the National
Breast Cancer Screening Programme, are funded by the federal
government and delivered as part of the national healthcare
system, at no charge to the end user, in order to optimise uptake
and equity of access. International research shows that out-of-
pocket costs create inequities and barriers to accessing clin-
ical genomic testing,®’ and early Australian examples in other
genomic contexts have led to calls for public funding to reduce
inequity.* %3

The high proportion of personal or family history of cancer
(almost 50% of respondents) indicates some potential ascertain-
ment bias of respondents with cancer experiences being inter-
ested in this survey. However, contrary to our hypothesis, no
differences were found in willingness to test or attitudes towards
DNA screening based on cancer history. This indicates a high
interest in DNA screening even among Australians without
personal experiences of cancer. The preference for sample
collection at a pathology lab over home saliva kits was also
surprising. Although the preference was stronger in the older
subgroup, it still prevailed in the younger subgroup. Without
further explanation by respondents, we are uncertain whether
this reflects personal preference or a perceived difference in
accuracy of DNA testing derived from blood versus saliva, or
a familiarity with pathology collection centres versus at-home
saliva collection. The recent familiarisation of the public with
rapid antigen testing for COVID-19 might affect future opinions
on saliva testing since the survey was administered.

‘Genetic exceptionalism’ refers to the idea that genomic infor-
mation is different from other types of medical information,
and therefore deserves special treatment.**>¢ Although genetic
exceptionalism is often criticised, a recent international study?’
showed strong correlation between genetic exceptionalist views
in the general public and a perception of the clinical and scien-
tific value of genomic information, as well as willingness to
share/donate genomic data for research. Most respondents in
our study felt genomic information is different from other types
of medical information.

We also found a strong willingness for use of respondents’
genomic data for research, although with a small increase in pref-
erence for data destruction in younger subgroups. The majority
preference for data to only be made available to universities and
not-for-profit researchers, rather than for-profit researchers,
is consistent with levels of trust reported—most respondents
reported a medium-high level of trust in Australian universi-
ties/research institutions, but a low level of trust in commercial
companies. These preferences may vary from country to country.
In Australia, the DNA Screen study will offer participants options
regarding future use of their data, including an option for
destruction of sample and data following screening.

Despite positive attitudes towards DNA screening, respon-
dents identified concerns that would affect participation,
including data privacy and genetic discrimination. Although
privacy concerns can be addressed through study design,
concerns regarding life insurance discrimination are complex
and require regulation. Use of genetic data by life insurers is a
key ethical concern and research topic internationally.’” ** For
population DNA screening to be feasible in Australia, the issue of
insurance discrimination must be addressed. Our findings show
that legal protection of genomic data would increase Australians’
willingness to participate in DNA screening, which in turn could
help deliver the benefits of genomic medicine.

Strengths of the study include a large sample size and partner-
ship with an established research consortium, and recruitment
through an unbiased recruitment strategy. Limitations include
the hypothetical nature of the population DNA screening
programme presented to the respondents, meaning reported
behaviours and preferences may differ from actions actually
taken in reality. The study also only includes Australian partici-
pants, limiting the generalisation of our findings to other coun-
tries . We did not undertake demographic, cultural or linguistic
subgroup analysis, meaning our findings may not reflect possible
differences in attitudes and preferences driven by cultural or
demographic variation. However, the respondent demographics
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(see online supplemental file S2) show our sample had similar
numbers of individuals born overseas (25.9%) and identifying
as Aboriginal or Torres Strait Islander (3.3%) as 2021 Austra-
lian census data (29.3% and 3.2%, respectively), demonstrating
a representative sample on these measures.” Regarding willing-
ness to test, it is unclear why some respondents would be willing
to pay for genetic testing but would not take testing if paid for
by the public health system. It is possible that the question was
confusing for respondents, or that respondents were sceptical
about testing being ‘free’. Future research could focus on under-
standing the reasons for these choices.

Our study has the potential for responder bias, although this
may have been mitigated through the variety of topics covered
on the overall AuSSA survey beyond our specific questions
about genetics. Respondent age was skewed towards an older
demographic (mean age 58 years), which may reflect the paper-
based survey methodology used. Fortunately, the large number
of respondents enabled subgroup analysis to elucidate age-based
differences.

Our study demonstrates strong public willingness in Australia
for participation in a national DNA-based population screening
programme, to detect risk of medically actionable conditions,
such as cancer and heart disease. It also identifies barriers to
participation in DNA-based screening, which must be considered
in the design of future programmes. The findings of this survey
are already informing the design and development of the DNA
Screen national pilot study, which has the potential to shape the
future of DNA screening research and policy in Australia and
other countries. Future research should focus on evaluation of
existing screening programmes and identification of key barriers
and enablers to the implementation of population-level DNA
screening programmes.

Twitter Jane M Tiller @JaneMTiller
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