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Reproductive genetic carrier screening (RGCS) may be offered to all individuals and couples, regardless of family history or
ethnicity. “Mackenzie’s Mission” (MM) is an Australian RGCS pilot study, evaluating the offer of couple-based screening for ~1300
genes associated with around 750 autosomal and X-linked recessive childhood-onset conditions. Each member of the couple
makes an individual decision about RGCS and provides consent. We developed a decision aid (RGCS-DA) to support informed
decision-making in MM, suitable for couples who were either non-pregnant or in early pregnancy. A Delphi approach invited
experts to review values statements related to various concepts of RGCS. Three review rounds were completed, seeking consensus
for relevance and clarity of statements, incorporating recommended modifications in subsequent iterations. The final RGCS-DA
contains 14 statements that achieved Delphi consensus plus the attitude scale of the measure of informed choice. This was then
evaluated in cognitive talk aloud interviews with potential users to assess face and content validity. Minimal wording changes
were required at this stage. After this process, the RGCS-DA was piloted with 15 couples participating in MM who were then
interviewed about their decision-making. The RGCS-DA prompted discussion within couples and facilitated in depth consideration
of screening. There was reassurance when values aligned and a sense of shared decision-making within the couple. This RGCS-DA
may become a very useful tool in supporting couples’ decision making and contribute to RGCS being feasible for scaled-up

implementation.

European Journal of Human Genetics (2022) 30:194-202; https://doi.org/10.1038/s41431-021-00991-x

INTRODUCTION

Research and policy statements by professional bodies recom-
mend that reproductive genetic carrier screening (RGCS) be
offered to all individuals and couples, regardless of family history
[1-5].

These statements were developed against a background of
advances in genomic testing technologies that facilitate simulta-
neous screening for carrier status of many conditions. Whilst this
screening was initially available for individual genetic conditions,
now gene panels covering multiple conditions, ranging from a
small number of genes to hundreds of gene, exist [6, 7]. Such
screening has sometimes been referred to as expanded genetic
carrier screening and will be referred to here as reproductive
genetic carrier screening (RGCS). RGCS is now available through
government funded testing, commercial providers or research
studies in a number of countries [8-11].

The Australian Reproductive Genetic Carrier Screening Program
(ARGCSP), also known as “Mackenzie’s Mission” (MM), is a research
study evaluating the offer of screening for ~1300 genes associated
with around 750 autosomal and X-linked recessive childhood-
onset conditions [12].

The gene selection committee, an interdisciplinary group
including clinicians, laboratory scientists, genetic counselors, a
consumer representative, and a bioethicist, evaluated conditions
for inclusion. The committee drew on a number of indicators;
that the condition had an onset in childhood, that the condition
would have a serious impact on a person’s quality of life and/or
be life limiting, technical feasibility, whether there were
heterozygote phenotypes, community considerations and
strength of evidence for gene-phenotype relationship. Under-
pinning this was consideration as to whether an “average”
couple would take steps to avoid the birth of a child with the
genetic condition.

It is important to recognize that several of these indicators are
subject to ongoing consideration and debate, including how the
notion of “serious” or “severe” should be defined and approached
in practice [13, 14]. The gene list in the MM study is revised
periodically and is being formally evaluated.

The MM study uses a simultaneous screening approach,
previously shown to be acceptable, and reports a combined
result relevant for the reproductive couple being tested [15]. In
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The development process of the RGCS-DA using a modified, reactive Delphi review by experts of a draft version based on an

existing DA developed for use in prenatal screening. ?Nagle et al. [22], ®Joseph-Williams et al. [21].

recognizing there is diversity in composition of families, we use
the term “reproductive couple” to refer to the two individuals who
are or will be the biological/genetic parents for the planned or
current pregnancy. Individual carrier results are only reported in
the case of X-linked conditions. Intended genetic parents (here-
after referred to as couples) are invited to participate in the study
by their healthcare provider. If they wish to take part, they are
given a unique access code to each log into the study website and
complete  their individual enrollment online (www.
mackenziesmisson.org.au). Participating couples each provide
demographic information and complete an education module
about RGCS. The website education module provides information
about genetics and inheritance, RGCS process and limitations,
screening outcomes and reproductive options. Via the study
website, couples can also access an optional decision aid (DA).
Each member of the couple must make an individual decision
about whether or not to have RGCS. The screening test will only
proceed once both members have provided consent.

RCGS is generally offered in both preconception and prenatal
healthcare settings. Preconception genetic carrier screening
facilitates reproductive decision making for future parents, giving
rise to a range of reproductive options, including preimplantation
genetic testing (PGT). However, RCGS is more commonly accessed
in early pregnancy when couples are seeking prenatal healthcare
services [16]. A key challenge in delivering RGCS is ensuring that
those offered screening have opportunity to make an informed
decision about accessing screening.

Psychosocial risks arising from lack of informed decision making
for RGCS have been previously identified, including poor under-
standing of potential results, stress and anxiety, and decision
making that does not align with the individual’s values [10]. There
are also ethical concerns, including the influence of socially
constructed models of disability and difference and the indivi-
dualization of decision-making [13, 17].

DAs have been shown to support decision making for RCGS,
prenatal testing and other genomic testing [18-20]. Here we
describe the development of a DA (the RGCS-DA) designed to
support decision making in the MM program.

MATERIALS (SUBJECTS) AND METHODS
This study has Human Research Ethics Committee approval (The Royal
Children’s Hospital, 2019.097_V3).

European Journal of Human Genetics (2022) 30:194 - 202

This methods section describes (1) the development of the RGCS-DA;
and (2) pilot use of the RGCS-DA within the MM program.

Development of the RGCS-DA

The RGCS-DA was developed using a systematic process according to the
International Patient Decision Aid Standards Collaboration checklist
(IPDASI) [21]; an overview is shown in Fig. 1. The IPDASi describes the
minimum standards for certification of DAs required to reduce harmful
bias and can be used to assess DA quality and content validity during
development. There are three categories of criteria in the IPDASI: (i)
qualifying; (ii) certification; and (iii) quality. Qualifying criteria (six criteria
required to qualify as a DA) and certification criteria (ten criteria required to
reduce harmful bias) are both mandatory. Quality criteria (28 criteria to
enhance the DA) are desired but non-essential. See Table 1 footnote for
further detail of these criteria.

Figure 1 describes the development of the RGCS-DA. The initial draft of
the RGCS-DA was created by adapting an existing prenatal screening DA
[22]. The prenatal DA followed the Ottawa Decision support framework
[23] and was developed using focus groups with general practitioners and
people offered screening. It was piloted and then evaluated in a
randomized control trial [24]. To adapt this prenatal DA for relevance to
couples’ decision making in the context of RGCS, study-specific statements
were drafted with input from the MM Education and Engagement
Committee (Committee membership list is available at the following
website https://www.mackenziesmission.org.au/our-team/) whose mem-
bers are genetic counselors, clinical geneticists, educators, health
professionals and researchers. The draft statements aligned with the
educational materials available to couples on the study website, with the
goal to prompt individuals to evaluate this information in line with their
values. The attitude questions from the measure of informed choice
developed by Marteau and colleagues were also included [25].

The RGCS-DA was then reviewed by invited experts using a modified,
reactive Delphi process in three iterative rounds as described below and in
Fig. 1. In a traditional Delphi process, experts generate content then refine
it over subsequent rounds whereas in a modified, reactive Delphi process,
experts review previously generated content [26].

Delphi participants. Delphi participants were experts purposively
recruited from the MM committees and professional networks, represent-
ing several stakeholder groups. Experts completed their Delphi review
rounds using surveys in REDCap; an online electronic data capture system
hosted at the Murdoch Children’s Research Institute [27]. Consensus on
relevance and clarity of a DA statement was defined as 80% agreement,
based on previously described Delphi consensus levels ranging from 70%
to 80% [27-29]. If there was <80% agreement for either relevance or
clarity, amended statements were again presented back to the group for
review.
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Delphi rounds. In Round 1 (R1), experts reviewed each statement and the
rationale for the statement’s inclusion in the draft DA submitted to the
Delphi group. Each statement rationale was written by Delphi convenors
JH and EK (Table 1). Delphi experts were asked to rate the relevance and
clarity of each statement on a 5-point Likert scale (strongly agree to
strongly disagree). Experts could suggest edits to statements and propose
additional statements if desired. Statements for which consensus (strongly
agree and agree) was achieved were immediately included in the final
RGCS-DA and were removed from subsequent Delphi rounds. In Round 2
(R2), experts reviewed the aggregated feedback from the previous round
for statements lacking consensus. They also reviewed any new or
amended statements for relevance and clarity. In the last round (Round
3), experts reviewed the remaining statements with collated feedback
where consensus had not yet been reached.

Cognitive interviews with potential users to evaluate face and content
validity. Genetic support group representatives and people known to the
MM program team who either had a lived experience of a genetic
condition and/or were representative of the potential target group for the
MM program were purposively sampled and invited to review the RGCS-
DA for face and content validity (Fig. 1). Face validity assessed if the DA
seemed suitable to the target audience and content validity measured the
extent to which the DA included all aspects of decision-making for RGCS
[30]. Participants were asked to complete the RGCS-DA during a cognitive
talk-aloud interview and provide verbal feedback [31]. This feedback was
discussed by authors EK and JH, and incorporated into the final DA.

Pilot of the RGCS-DA

Couples were enrolled in a pilot phase of the MM program from December
2019 to February 2020. A sub-set of these pilot program participants were
invited to be interviewed (~30 min). A semi-structured interview guide was
used to elicit their experience of enrolling in the MM program, motivation
for taking part and their decision making about carrier screening, including
use of the RGCS-DA.

Interview analysis. Telephone interviews were conducted by authors AA
and BM. Audio-recordings of the interviews were transcribed verbatim,
checked for accuracy and the transcripts were co-coded using inductive
content analysis by authors EK, BM and JH [32]. The interview guide
informed the initial coding framework with new codes added in an
iterative, inductive process which included reading and re-reading the
transcripts. Similarities and differences in the experiences of participants
were compared using constant comparison and emergent concepts were
regularly discussed between coders [33]. NVivo [34] was used to organize
the data and manage coding.

RESULTS

Development of the RGCS-DA

Delphi experts: recruitment and characteristics. Twelve experts
participated in the Delphi review: five representatives from the
MM education and engagement subcommittee included genetic
counselors and general practitioners; five research representatives
included implementation scientists, bioethicists and psychosocial
researchers; a reviewer external to the MM program with expertize
in reproductive genetics research, Delphi studies and DAs; and
one consumer, a parent of a child with an autosomal recessive
genetic condition.

Outcomes of the Delphi review rounds. Table 1 summarizes the
RGCS-DA concepts with rationale for inclusion and mapping of
statements to the IPDASI criteria. Outcomes for each statement
following each Delphi round are shown including percentages of
consensus and any changes to statements prior to inclusion in
subsequent rounds.

As shown in Table 1, after Round 1, consensus was reached on
both clarity and relevance for one statement (#10); relevance only
for 10 statements (#s1, 5,6, 8,9, 11, 12, 13, 15, 16); and consensus
was not achieved for relevance and/or clarity for three statements,
two of which were modified (#s 14, 17) and one of which was
removed (#4). Three new statements were suggested from the

SPRINGER NATURE

Delphi group to address: value of screening results (statement 2),
value of genetic information to self (statement 3) and residual risk
(statement 7).

In Round 2, the experts reached consensus for relevance and
clarity for nine amended statements (#s1, 6, 8, 11, 12, 13, 15, 16,
17). Five statements remained unresolved for relevance and/or
clarity and further modifications were suggested (#s2, 3, 7, 9, 14)
to be reviewed in the final round. Consensus was not reached for
statement 5 and qualitative feedback unanimously excluded the
statement, so it was removed.

In Round 3, the experts reviewed five remaining unresolved
statements with collated feedback from the previous round, and
explanatory text for the DA.

Throughout the review rounds, Delphi experts also provided
qualitative feedback on the wording of statements; Table 2
provides an example of statement feedback and modifications
throughout the rounds.

It was intended that the RGCS-DA would be completed by both
early pregnant and non-pregnant couples in the MM program.
Given this context, the Delphi experts commented that some of
the statements may not be immediately relevant, such as
termination of pregnancy for non-pregnant couples and PGT for
pregnant couples. However, these concepts were thought by
Delphi experts to be important considerations in the long-term
implications of an increased chance result.

The final RGCS-DA contains 14 statements that achieved Delphi
group consensus and the attitude scale of the measure of
informed choice (Table 1, statement #10), [25] to support decision
making for RGCS by prompting consideration of: the value and
utility of the information gained by screening; approaches to
decision making; testing and research requirements; uncertainty
of and feelings about potential results; reproductive options; and
types of conditions for which screening is available. Upon
completion of the RGCS-DA, an overall score is generated which
indicates whether the individual member of the couple is leaning
towards or away from having RCGS. The RGCS-DA is available as
Supplementary Materials; the scoring logic is available by request
from the authors.

Development interviews — assessment of face and content validity by
potential users. Six people participated in cognitive talk-aloud
interviews [31]. These included: four who were genetic support
group representatives from across Australian states and a couple
(interviewed as individuals) planning a pregnancy. One
member of this couple has a genetic condition. Feedback
from these interviews led to minor wording changes for clarity
and to ensure terminology was neutral in tone and engaging.
For example, instructional text for the RGCS-DA initially read “If
you do not feel you understand enough to make your
decision right now, we recommend you go back through the
education module”. One interview participant suggested fram-
ing the text to remove the negative connotations associated
with needing to review the education material, such as
embarrassment or shame. The text was amended to “You are
welcome to review the education module at any time
throughout the study”.

Qualitative evaluation of the RGCS-DA

To evaluate the use of the RGCS-DA, fifteen people who were
enrolled in the MM program were interviewed and asked about
their experience of completing the RGCS-DA as part of their
enrollment into the MM program. Thirteen participants completed
the optional RGCS-DA, while two did not complete it.

Overall, interviewees described the RGCS-DA as useful. It
became obvious that some couples had already decided to have
the screening before completing study enrollment, but they
commented that they found that the RGCS-DA reinforced their
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Table 2. An example of evolution of RGCS-DA statement over subsequent Delphi rounds.

Round 1: Review statements for relevance and clarity

Original statement

Rationale for inclusion
Instructions to Delphi experts

Rating

Comments

Outcome

An “increased chance” result may include conditions which relate to any of the following:
(@) Medical problems

(b) Physical ability

(c) Intelligence

(d) Shortened lifespan

(e) Appearance

How important is this for you? (Extremely important Not at all important)

To explain the types of conditions for which testing is done and to reflect on having this kind of screening.

Please rank how much you agree or disagree with each statement (Strongly agree to strongly disagree)
i. This value statement is relevant to the aims of the values section.

ii. This value statement is clear.

iii. Are there any changes you would make to the wording of this value statement?

Relevance (70% - consensus not achieved); Clarity (40% - consensus not achieved)

Five Delphi experts suggested changes to the wording of the categories of conditions. For example:
“intellectual disability” instead of “intelligence” One expert suggested additional wording to introduce the
statement.

Changes to the categories and the new introduction wording was accepted and prepared for review in the
next round.

Round 2: review amended statement with collated feedback for relevance and clarity

Updated statement for Round
2 review

Instructions to Delphi experts

Rating
Comments

Outcome

Mackenzie’s Mission will test for a wide range of conditions, some of them are diseases which may manifest
as severe intellectual disability, some of them are disease which may manifest as severe physical disability,
many of them result in a greatly shortened lifespan.

It is not possible to select a subgroup of disease to test for in this project. How important is having
screening for each subgroup of disease for you? (Very important Not at all important)

(a) Medical conditions

(b) Physical disability

(c) Intellectual disability

(d) Shortened lifespan

(e) Physical deformity

Please rank how much you agree or disagree with each statement (Strongly agree to strongly disagree)
i. The amended statement is relevant to the aims of this section.

ii. The amended statement is clear.

iii. Are there any final changes you would make to this statement?

Relevance (83% - consensus achieved), Clarity (50% - consensus not achieved).

Delphi experts provided further feedback on wording (n = 8) and use of jargon (n = 2). One expert
suggested removing the categories of conditions and focusing on comfort with the range of conditions
screened for.

Removal of the categories and the new wording of the questions was accepted, and amended statement
prepared for review in next round.

Round 3: review amended statements and finalize the DA

Updated statement for Round
3 review

Instructions to Delphi experts

Rating
Comments
Outcome

Final statement

decision and provided reassurance. They also reflected that it had

Genetic carrier screening will screen for a wide range of conditions, some of which may cause severe
intellectual disability, while others may cause severe physical disability. Many may result in a greatly
shortened lifespan.

It is not possible to select a particular type of condition in this study. How comfortable are you with the
idea of such a wide range of conditions for which testing is being done?

Please rank how much you agree or disagree with each statement (Strongly agree to strongly disagree)
i. The amended statement is clear.
ii. Are there any final changes you would make to this statement?

Clarity (83% - consensus achieved)
Delphi experts suggested final changes to simplify wording.

Minor wording revisions made based on comments from the Delphi experts, final statement included in
the RGCS-DA.

Genetic carrier screening will screen for a wide range of serious genetic conditions, some of which may
cause severe intellectual disability, physical disability, or both. Many may result in a greatly shortened
lifespan.

How comfortable are you with the idea of having genetic carrier screening for different types of
conditions? (Extremely comfortable Extremely uncomfortable)

| thought | knew where | was at in terms of how | felt about the

facilitated discussion about their individual decision-making with testing, but | think it was nice to have that reinforced with the

their partner:
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| think that decision making tool is actually quite useful. And
particularly if maybe both (members) of the couples aren’t on the
exact same page. | think it may give a little bit of room to have a
little bit more discussion about what they might be concerned
about. [Two children, planning pregnancy <1 year, child with a
genetic condition].

I think [my husband]’s a bit more passive and so sometimes you
do worry that he's influenced or might feel pressured...so it was
nice to actually do that questionnaire (RGCS-DA) and just be
reassured cause he did it separately and... when the scores came
out the same it was very reassuring. [No children, planning
pregnancy 1-3 years, no family history].

Some individuals commented that completing the RGCS-DA
prompted them to think more deeply about the decision to have
screening. They reported greater consideration of the potential
outcomes of screening and increased awareness of potentially
being carriers for a genetic condition:

Sometimes you don't think about those particular questions
when you're talking about the initial stages of it...we spoke about
those questions more in depth about what we would do if this,
what would we do if that, which we've never spoken about prior.
[No children, unsure of pregnancy plans, has a genetic condition].

DISCUSSION

This paper describes the development and initial experiences of
using a novel DA, the RGCS-DA, designed to support couple
decision making for RGCS. The IPDASI criteria and a modified
Delphi process were used to create content of the DA and
preliminary evaluation was done through pilot interviews. The
RGCS-DA was incorporated into the MM participant website which
also provides educational materials and a knowledge check for
couples deciding about having RGCS.

The available commercial RGCS programs vary in the number of
conditions screened and the mode of carrier testing for couples,
i.e, sequential vs simultaneous or screening individuals only
[8, 35]. The couple-based MM study presents a different
environment for decision making, whereby both individual
members in the couple independently complete an education
module and can choose to use the RGCS-DA online. Together,
they then can decide about preconception or prenatal RGCS for
about 1300 genes.

Guidelines for genetic carrier screening programs highlight the
need for informed decision making in this context [1, 3-5]. This is
because RGCS can generate information that necessitates couples
and XX carriers of X-linked conditions to reflect on both their
values and their experiences of disability and difference. They may
need to make complex decisions in regard to options like
preparing for the birth of a child with a condition, PGT, or
termination of pregnancy. It is therefore crucial that individuals
can engage with the potential outcomes of screening in order to
make a decision that aligns with their values. Overall, participants
in this study reported positive experiences of using RGCS-DA,
showing that it can enhance the decision-making process by
affirming the way someone thinks about carrier screening, or by
providing a platform for deliberation, encouraging discussion
within a couple and taking the onus off the woman who often
instigates reproductive genetic carrier screening [17].

There are many examples of DAs developed and evaluated
using the IPDASI criteria, the gold standard methodology for
assessing the quality of a DA. For example, a DA created by Beulen
et al. [18] for use in the context of prenatal genetic testing
included a web-based, multimedia DA that allowed for different
levels of information to be explored by the user, based on their
interest, prior knowledge, and time available. In a randomized
controlled trial, the final IPDAS stage, this DA was found to be
effective, augmenting routine prenatal testing care and ensuring
women were making informed decisions, consistent with their
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attitudes towards prenatal testing. The development of other DAs
in the genetic testing and reproductive choice contexts are
published with examples including: the Genomics ADVISOR [20];
the Genomes and Pregnancy DA [19]; the Optional Results Choice
Aid [36]; and an online DA to support reproductive decision
making where a predisposition to cancer is known [37].

A strength of this RGCS-DA, robustly developed using IPDASI
criteria, was its review via a modified Delphi process with experts
who have experience providing clinical support to couples in
decision making and/or undertake research on this topic. There-
fore, appropriate coverage by the RGCS-DA of the complexities of
decision making in this context were ensured. The RGCS-DA was
planned for use by both pregnant and non-pregnant couples in
MM and the Delphi review process guided the wording of
statements that would be relevant and appropriate for couples in
both situations. The conflicting feedback from Delphi experts
across rounds also highlighted that, whilst issues such as
termination of pregnancy should be sensitively addressed, it is
crucial that individuals considering RGCS carefully consider their
values on these issues. The Delphi experts agreed that it is
necessary to use direct language to prompt reflection; the final
RGCS-DA statements achieve this.

Our study had several limitations. While a range of experts
participated in the Delphi process, there was only one consumer
in the Delphi group. However, this was addressed by conducting
face and content validity interviews with representatives and
consumers during later stages of the RGCS-DA development.

It is important to note that the RGCS-DA has been developed to
align with the MM study design. Thus, there are some aspects that
may need to be adapted for other RGCS programs. For example,
the grouping of conditions in MM may differ from other
taxonomies, and there is evidence for variability in perceptions
and definitions of “serious” [14, 38]. Nevertheless, this RGCS-DA is
a useful tool to encourage deliberation in those contemplating
screening and can be modified as practice and perspectives on
carrier screening evolve. Ongoing evaluation of the use of the
RGCS-DA, longitudinal quantitative and qualitative data collection
of experiences and reproductive outcomes will be reported at the
conclusion of the MM study.

To explore the experiences of early users of the RGCS-DA,
interviews were conducted with people who participated in a pilot
of the MM program. These pilot MM participants tended to
already be engaged with the concept of RGCS due to previous
personal experiences or family history of genetic conditions.
Therefore, their views and experiences of using the RGCS-DA may
not be representative of people who are offered RGCS and who
have not encountered the concept of RGCS previously. We plan to
further evaluate the use and perceived utility of the RGCS-DA
within the MM program as it is rolled out throughout Australia.

CONCLUSION

We have seen, as reported by initial users, that the RGCS-DA
complements education and counseling processes by encouraging
greater consideration of and reflection on screening outcomes, and
facilitates individual decision making within the context of a couple-
based screening approach. Therefore, it may become a critical tool
in supporting couples’ decision making as and when RGCS is offered
at population scale. We await the conclusion of MM, following
recruitment of ~8000 couples, to examine psychosocial outcomes
for those who use the RGCS-DA and those who do not, but the pilot
data presented here suggest that it may play a key, positive role in
the decision-making process.
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