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Reproductive genetic carrier screening (RGCS) for hundreds of different genetic conditions is technically available for prospective
parents, but these tests have not been integrated in a public health policy except for specific sub-groups. We aimed to provide an
overview of the perspectives of multiple professional stakeholder groups in order to enhance a responsible implementation of
population-based reproductive genetic carrier screening. We conducted a systematic literature search using eight online databases
focussing on studies that were published from January 2009 to January 2021. We selected articles dealing with attitudes and
opinions from different professional stakeholders, in particular healthcare professionals and policymakers, on how to implement a
policy about carrier screening for a reproductive purpose. We identified 18 studies that met our inclusion criteria. Based on our
inductive analysis, we identified ten themes categorized in both clinical and program management challenges: ensuring availability
of RGCS to all couples who request the test, embedding RGCS as a test offer before pregnancy, providing clear and reliable
information, ensuring voluntary participation, developing genetic counselling pre- and post-testing (after positive or negative
result), avoiding psychological harm, ensuring equal access, avoiding social pressure, educating and involving a broad spectrum of
non-genetic health care professionals, and promoting an independent non-commercial organisational structure. We highlight one
major stumbling block on how to responsibly inform couples about hundreds different genetic conditions within constraints
regarding time and ability of non-genetic professionals. We promote further research to tackle the issues brought up by this
systematic review through pilot studies. Trial Registration: PROSPERO International Prospective Register of Systematic Reviews
PROSPERO 2021 # CRD42021233762; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=233762.
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INTRODUCTION
Through reproductive genetic carrier screening (RGCS), prospective
parents can acquire information about whether they have an
increased risk of conceiving a child affected with a recessive genetic
condition [1]. Due to recessive inheritance patterns, most at-risk
couples are unaware of their carrier status as they do not have a
known family history of the genetic condition [2]. Therefore, most
carrier couples only learn about their reproductive risks following the
birth of a child with a specific genetic condition. Carrier screening in
the preconception period provides benefits to couples that turn out
to be at high risk, by allowing them to make informed reproductive
decisions [3]. At-risk couples have the option to undergo prenatal
diagnosis, preimplantation genetic testing for monogenic conditions
(PGT-M), gamete donation, adoption or refraining from having
children altogether. In some cases, RGCS could also contribute to the
improvement of the quality of care for affected offspring by allowing
early diagnosis and therapeutic procedures.
Several traditional carrier screenings programs have been

implemented for a small number of conditions like Thalassemia,
Tay-Sachs disease or Cystic Fibrosis, mostly in countries where the
consanguinity rate or the heterozygote prevalence for these
diseases are very high [4]. Beyond these frequent recessive

disorders, most autosomal recessive and X-linked recessive
disorders are individually rare. The total number of autosomal
recessive genes for recognizable phenotypes may be between
9000 and 10,100, which suggests that the currently known
autosomal recessive genes represent only ~20% of the total [2].
Collectively, recessive genetic conditions affect as many as 2% of
live births [5], accounting for approximately 20% of infant
mortality and 10% of all paediatric hospitalizations [6]. At last,
based on 6447 exome sequences of healthy, genetically unrelated
Europeans of two distinct ancestries, it has been calculated that
every individual is a carrier of at least 2 pathogenic variants in
currently known autosomal-recessive (AR) genes and that
0.8%–1% of European couples are at risk of having a child
affected with a severe AR genetic disorder [7].
Following the adoption of next-generation sequencing in the

mid-2000s, screening for multiple recessive disorders in a single
test became feasible, leading to the development of expanded
screening test panels. These technological developments have
triggered a two-fold transition: it not only allows the simultaneous
screening of several hundreds of diseases, but also refers to a
screening offer that is universal regardless of ethnicity, geographic
origin or family history [8].
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Although several professional health societies recommend to
offer RGCS, many technical challenges still remain with regard to
which disorders should be included, how to interpret variants and
how to incorporate newly discovered genetic diseases into
existing screening programmes [2]. There are also many issues
with regard to the moral acceptability, the economical afford-
ability and policy questions regarding its implementation. RGCS is
allowed and offered in many countries [9], sometimes promoted
by private companies but not usually funded by states. Within
Europe, RGCS has not been integrated as a public health approach
or policy and is not reimbursed except for only one or very few
conditions as thalassemia in Cyprus or for consanguineous
couples/founder populations (The Netherlands) or in case of
family history (United Kingdom) [9].
To explain the low implementation rates of such a screening

test, various issues could be raised. The complexities of genetic
sequencing raise substantial technical challenges, such as the
ways DNA variations are interpreted and reported. Some authors
have described a number of complex cases of misclassified
variants that could have resulted in significant patient harm [10].
Furthermore, following others that developed a framework
highlighting the multiple components involved in genetic screen-
ing program, it is recognized that numerous stakeholders
(including patient group representatives, genetics experts, policy-
makers etc.), each with their own values, preferences, expectations
and concerns, influence various decisions to implement such a
policy [11]. Therefore, an important point is to understand what
are the professional stakeholders’ attitudes and opinions about
RGCS. We hypothesized the discrepancies between them might
hinder on how to fairly implement a RGCS program as a public
health policy. In order to comprehend where the stumbling blocks
remain, from a clinical and management point of view, we
conducted a systematic review to collect professional stake-
holders’ attitudes and opinions towards RGCS.
In 2021, the American College of Medical Genetics and

Genomics (ACMG) recommends that the phrase “expanded carrier
screening” be replaced by “carrier screening” [12]. Therefore, we
decided not use any longer the adjective “expanded” in this
manuscript. However, the search string included this term, as it
was regularly used beforehand.

METHODS
Design and search strategy
We conducted a systematic search in order to identify empirical
studies that focus on perspectives and attitudes of healthcare
professionals, policy makers and patients’ advocacy organizations
towards reproductive genetic carrier screening. Because pan-
ethnic or expanded carrier screening was introduced to the
market in 2009, studies published prior to 2009 were not included.
We developed a search string for the concept of “carrier
screening”, for an example, hereby the terms used in PubMed:
(expanded[tiab] OR universal[tiab] OR pan-ethnic[tiab] OR pre-
conception[tiab]) AND ((“Genetic Carrier Screening”[MeSH] OR
“Genetic Carrier*“[tiab]) OR ((Carrier[tiab] OR preconception*[tiab]
OR “heterozygote detection”[tiab]) AND (screen*[tiab] OR test*[-
tiab] OR detect*[tiab]))). We did not create search strings for the
concepts of “views” or “stakeholders” that encompass a wide
range of meanings in different databases, but we included these
concepts in the inclusion and exclusion criteria.
We searched for relevant publications in eight online databases

(Pubmed, Web of Science core collection, CINAHL (EBSCO),
Embase, Cochrane Library (central), Scopus, Proquest Central,
international HTA). The publication range was from January 2009
to January 2021. The reference lists of the included publications
were hand searched in order to find any additional publications
warranting inclusion in the review (i.e. snowballing method).
Finally, as a ‘related search’ strategy, we searched the first 200 hits

for each of the included articles on Google Scholar to identify
potentially relevant studies.
We were guided by the PRISMA guidelines for systematic

reviews [13] to set up this review. The study was registered in the
international prospective register of systematic reviews (PROS-
PERO 2021 # CRD42021233762; https://www.crd.york.ac.uk/
prospero/display_record.php?RecordID=233762).

Inclusion and exclusion criteria
Studies were included in the review if they met all of the following
criteria: empirical studies on how to implement a policy about
carrier screening; the stakeholders belonging to one of the
following population: healthcare professionals (e.g. geneticists,
gynaecologists, obstetricians, reproductive / infertility physicians,
midwives, general practitioners, psychologists), public health
specialists (e.g. legal experts, health economists, sociologists,
policymakers) or patient’s advocacy organisations; and studies
published between January 2009 and January 2021.
Studies/articles were excluded if they met any of the following

criteria: studies assessing the interest of patients or couples in or
uptake of genetic tests aimed at obtaining non-reproductive
medical information; studies focused on genetic tests targeting
dominant genetic disorders; studies assessing the interest in or
uptake of a carrier screening test targeting only one gene (e.g.
CFTR) or very few genes or within specific communities (e.g.
Ashkenazi Jewish Community); publications other than original
research articles (e.g. guidelines, commentaries, opinion pieces
and studies using secondary data, reviews); publications in a
language other than English.

Search outcomes
Our initial search identified 9479 articles. After removing duplica-
tions using EndNote, 5388 articles remained. First, article titles, then
full abstracts were independently screened against the inclusion
and exclusion criteria by two researchers (LP, MR). Any disagree-
ment between the reviewers was resolved by discussion until
consensus was reached. After excluding articles based on titles and
abstracts, 20 articled remained. The full texts articles were read and
screened by the same reviewers and 17 articles met the inclusion
criteria. Snowball sampling led to one additional relevant article to
include. The additional search in Google Scholar did not lead to
additional articles. A total of 18 articles were included in this review.
Fig. 1 graphically summarizes the literature search process.

Data analysis
Three researchers (LP, LB, PB) independently read and assessed
every paper to identify recurrent themes in the data. The
researchers defined themes and merged various thematic
categories together.

Quality appraisal
Three researchers (LP, MR, MS) performed independently an
indicative quality appraisal of each of the included articles using
the tool developed by Hawker et al. [14]. By using this system, we
were able to evaluate the given methodological rigour of the
included study. In case of disagreement, the specific item was
discussed until mutual agreement. No articles were excluded from
our systematic review based on their methodological quality.

RESULTS
Quality appraisal
The results of the quality appraisal are summarized in Table 1. All
studies included in this review had well-structured abstracts
except one [15]. In addition, the full-text articles included in this
review provided a concise literature review and a clear statement
aim. The methodology of the included studies was clearly
explained and appropriate to the study aim.
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All studies provided a fairly detailed description of the data
analysis performed. However, the sample size was not always
justified and specific groups were often targeted using
convenience sampling. Some articles did not address ethical or
potential bias issues. For example in Arjunan et al. (2020), the
relationship between researchers and participants had not been
adequately considered. Most studies gained ethical approval
and only a few studies addressed ethical issues in more detail.
The results section of the included articles reported results
directly related to the aims and were logical and easy to
understand. The transferability and generalizability of some of
the reported results are questionable mainly because of
different national contexts.

Study characteristics
A detailed overview of the underlying study methods of the
empirical studies included in this systematic review is presented
in Table 2. Experts in academia, public health systems, and
commercial companies and healthcare professionals represent-
ing a range of disciplines relevant to RGCS are scientists,
molecular geneticists, genetic counselors, clinical geneticists,
paediatricians, midwives, bioethicists, legal experts, theologians,
political party representatives, general practitioners, obstetri-
cians and gynaecologists.

Among the 18 articles included, seven articles used a
quantitative methodology (online surveys) and nine articles used
a qualitative approach (eight with semi-structured interviews and
one focus-group methodology). Although the results from Molster
et al. (2017) were based on a workshop during a geneticists’
conference, we decided to include this article in the systematic
review as the framework and methodology are very close to a
social science approach (methods, results and discussion). Lastly,
one article described an alternative methodology applying a
validated severity algorithm to assign objective severity classifica-
tions to 176 genetic diseases commonly found on RGCS panels
[16].
The Arjunan et al. (2020) article deals with geneticists’ views

about the genes to be included in the genes panel. The Lazarin
et al. (2014) article asked healthcare professionals to rate the
severity of selected inherited diseases. Although the technical
issues are indeed one of the stakes to be considered in order to
design RGCS, they were scarcely quoted and were not considered
as relevant as others categories dealing with the implementation
issue. Therefore, the Arjunan et al. (2020) and the Lazarin et al.
(2014) articles were removed from the thematic analysis and were
not further discussed.

Main findings
The main study findings of this systematic review are summarised
in Table 3. After an inductive analysis and ongoing discussion
within the team, we classified the different themes into two
categories. The theme clinical challenges holds subthemes
focusing on the management of genetic tests offered in the
clinic. The theme program management challenges holds
subthemes focusing on future policy challenges. Some subthemes
could have been classified under both main themes.

Clinical challenges
At the clinical level, various challenges were identified concerning
the offer of RGCS:

(1) Ensuring availability of RGCS to all couples who request
the test
Some clinical geneticists believed that ideally, RGCS

should be implemented systematically for all reproductive-
aged couples to ensure equal access [17]. While acknowl-
edging that this offer to the general population is premature
at present, there was consensus among these participants
that RGCS should be made available to couples willing to
take the test to enhance their reproductive autonomy. In an
American study, more than half of the obstetricians
surveyed indicated that they already provided RGCS upon
patient request [18]. Clinical geneticists also believed that
RGCS could be offered to all people who use assisted
reproduction [17].

(2) Embedding RGCS as a test offer before pregnancy
In earlier studies, clinical geneticists [19] as well as

obstetricians [18] indicated that the optimal time for RGCS
would be prior to conception. This viewpoint was commonly
shared by many interviewees with different background in
eight studies [16, 18–24]. One of the most frequently quoted
criteria to offer RGCS before pregnancy was to maximise
reproductive choices for couples. Then reproductive part-
ners and/or prospective parents can make informed
reproductive choices either to avoid or to accept the
genetic risk within their lineage.

(3) Providing clear and reliable information
There was a strong agreement among several healthcare

professionals that RGCS should be based on a highly
individualised decision and that couples should receive
information explaining limitations and reduce misperceptions

Fig. 1 Research outcome. Identification and selection of articles in a
systematic review of the views and attitudes in reproductive genetic
carrier screening among healthcare professionals and policymakers.
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[17–23, 25–28]. Various stakeholders have already experienced
a dilemma acknowledging that it is essential to communicate
the clinical significance of the diseases being tested and that it
is impossible to provide detailed information about all of the
included conditions [18, 21]. Indeed, some clinical and
molecular geneticists voiced concerns that prospective parents
may become overwhelmed when facing the amount of
information, which may confuse rather than enlighten them
to make the best reproductive choices [19, 27].
To address this issue, genetic counsellors focused on

simplicity rather than the inclusion of all information. A generic
consent model was most commonly proposed by participants
to convey pre-test information [26]. In addition, to recognise
differences among various disorders, a tiered approach to
consent was proposed, where diseases could be grouped into
categories based on common characteristics [19]. Healthcare
professionals could provide general information during
counselling and refer to information leaflets or the internet
for detailed information [21]. Pre-test counselling for RGCS can
take the form of an informational brochure or audio-visual [26]
or a website [21]. According to some clinical geneticists, a
public offer may best include educational tools that convey
objective information, including the limitations of RGCS [19].
This was recommended to avoid overloading prospective
parents with too much information during a consultation and
reduce the workload for healthcare providers [19].
Different healthcare professionals also indicated that the

general public’s knowledge is currently insufficient [21] and
expressed doubt regarding the general public’s ability to
comprehend issues surrounding RGCS [17]. A basic under-
standing of carrier screening is needed to educate patients
about their testing options and obtain informed consent
[18, 28]. According to various genetic professionals, the genetic
literacy required to understand the information provided,
including the implications of results and the complex choices
the couples may face in a positive test result, should be
enhanced, as the stakes could be poorly understood by
themselves and/or health professionals [25].

(4) Ensuring voluntary participation
Geneticists in Molster et al. (2017) worried that a routine or

state-funded offer of RGCS may create social pressure, coercion
or obligation to participate for a given couple. Some healthcare
professionals voiced concerns about the notion of a social
responsibility to avoid giving birth to a child with a genetic
condition [22]. In various studies, due to the sensitive nature of
reproductive decisions, clinical and molecular geneticists
stressed the fact that RGCS should be a voluntary offer for
couples that corresponds with the couple’s personal values
and is based on informed consent [19, 25].
However, RGCS was also viewed by healthcare policymakers

as an opportunity to make informed reproductive decisions
[29]. To maximise voluntary participation, a repeat-visit before
the test has been suggested by geneticists and general
practitioners in order to ensure that only motivated prospec-
tive parents take the test [19, 23]. In another study, one
respondent argued that it would be good to have people pay
a small amount out-of-pocket to ensure a more considered
decision [21].

(5) Developing genetic counselling pre- and post-testing (after
positive or negative results)
There was consensus among clinical geneticists that patients

should receive genetic counselling before and after RGCS, and
that pre and post-test counselling should be provided by a
clinician with expertise in communicating genetic information
[20]. The time needed for counselling and coordinating follow-
up studies as well as comfort with counselling after a positive
result lead a majority of obstetricians gynaecologists and other
professionals involved in reproductive medicine to state that aTa
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post-test consultation with a genetic counsellor would be
helpful, if not essential [28]. Clinical geneticists emphasised
that face-to-face genetic counselling should be provided for
couples where screening identifies that both members carry a
pathogenic mutation associated with the same autosomal
recessive disorder [19, 25, 26]. Additionally, half of obstetricians
and gynaecologists were comfortable discussing negative test
results (i.e. no pathogenic variations identified) [30].
Over half of genetic counsellors had concerns about the

amount of time spent counselling patients regarding RGCS
results and time needed to coordinate follow-up testing [26],
although not all healthcare professionals in this study practised
reproductive genetic counselling and offered RGCS. Alterna-
tively, general practitioners claimed that the allocated time of
20min was sufficient for the majority of sessions to efficiently
inform the couples in their day-to-day practices [23]. General
practitioners expected pre-test counselling sessions to last
longer for couples with low educational backgrounds and poor
genetic literacy [23]. The appropriate time to get the genetic
results of RGCS was only discussed once. Eight-week turn-
around time was considered acceptable by the general
practitioners for non-pregnant couples [23].

(6) Avoiding psychological harm
Different psychological impacts have been reported or

expected for prospective parents when having RGCS, namely:
(i) increased anxiety or false expectations that they have been
“promised” a healthy baby;[25] (ii) anxiety among parents
because they might discover some aspects of themselves they
did not know, such as being a carrier of a genetic disorder;
[22, 24] (iii) concerns that the residual risk of having an affected
child after a negative test result (i.e. no pathogenic variations
identified for the couple) would lead to undue anxiety in
couples where only one partner is found to carry a disease-
associated variant in one gene;[17] (iv) worry, anxiety, guilt and
even fright if parents realized their genome was imperfect and
might pass on their affected genes to their children [27].
Clinical geneticists agreed that identifying a couple at risk could
have negative impact on the emotional well-being of the
couple, or create tension in their relationship [31].

Program Management Level
At the organizational level various challenges were also identified
with regard to the offer of RGCS:

(7) Ensuring Equal Access
According to most participants in the included interview

studies, attention should be given to ensuring equity of
access for all prospective parents [17, 24]. According to
healthcare professionals, scientists, patient organizations
and policymakers in the Netherlands, excessively high costs
of screening might exclude people with a lower socio-
economic status [21]. In Sweden, some informants were
worried that RGCS would precipitate a health equity
problem since only those who can afford it will buy
preconception RGCS from private companies [22]. Further-
more, it was underlined that follow-up interventions for
individuals identified as carriers, such as PGT-M, are
provided in the private sector within Australia, meaning
there can be significant costs to individuals, thereby
worsening equal access [25].
Some healthcare professionals, scientists, patients’ orga-

nisations and policymakers expressed concerns about the
increasing inequality due to high costs when offered by
private companies [21].

(8) Avoiding social pressure
Although most respondents agreed to assign no moral

responsibility to parents to undergo screening, some
obstetricians or clinical geneticists brought up the notion
of moral responsibility [22]. It was mentioned that imple-
menting RGCS could lead to a feeling of responsibility and
could encourage prospective parents to accept RGCS
because of their perception that the state or the society
are entrusting them with such a responsibility [29]. When
asking healthcare professionals from reproductive medicine
whether “participation in RGCS before pregnancy is socially
responsible behaviour”, they mostly agreed, although a
significant proportion disagreed or were neutral [28].
Assigning responsibility upon prospective parents to
undergo preconception RGCS may be viewed as a form of

Table 3. Themes about RGCS and healthcare professional stakeholders’ opinions.

Clinical challenges mainly focused on how to manage the genetic testing offered

1 Ensuring availability of RGCS to all couples who request
the test

Benn, Janssens (JOGNN)

2 Embedding RGCS as a test offer before pregnancy Benn, Cho, Holtkamp, Janssens (BMC), Lazarin (2016), Matar (2016),
Schuurmans, Stark

3 Providing clear and reliable information Benn, Cho, Holtkamp, Janssens (BMC), Janssens (JOGNN), Lazarin (2016),
Matar (2016), Matar (BMC 2019), Molster, Ready, Schuurmans

4 Ensuring voluntary participation Holtkamp, Janssens (BMC), Matar (2016), Matar (BMC 2019), Molster,
Schuurmans

5 Developing genetic counselling pre- and post-testing
(after positive or negative result)

Briggs, Cho, Janssens (BMC), Lazarin (2016), Molster, Ready, Schuurmans

6 Avoiding psychological harm Chokoshvili, Janssens (JOGNN), Matar (2019), Matar (2016), Molster, Stark

Program Management challenges prospecting for a future health policy

7 Ensuring equal access Holtkamp, Janssens (JOGNN), Matar (2016), Matar (2019), Molster, Stark

8 Avoiding social pressure Janssens (BMC), Matar (2016), Matar (J Comm Genet), Matar (BMC 2019),
Molster, Ready

9 Educating and involving a broad spectrum of non-genetic
health care professionals

Benn, Briggs, Cho, Janssens (JOGNN), Holtkamp, Lazarin (2016), Matar (2016),
Molster, Ready, Schuurmans, Stark

10 Promoting an independent non-commercial
organisational structure

Holtkamp, Matar (2016)

RGCS reproductive genetic carrier screening.
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compulsion [22], in conflict with the principle of voluntary
participation.
This higher responsibility has been linked to the potential

for pressure to test, either by the society’s expectations or the
view that preconception RGCS is a recommendation of
healthcare professionals [22, 27]. If an RGCS program is
organized and reimbursed by a government, some respon-
dents have argued that this might foster the perception of
genetic testing being “routine” and that screening is
mandated by the government, and thus not voluntary. People
may feel social pressure, coercion, or obligation to participate
[25]. Some participants stated that blame could be placed on
parents who decide to opt out of RGCS screening, particularly
if it results in children with a monogenic condition. This may
be coupled with increased stigmatization of those born with
disabilities [29]. Therefore, an RGCS program, either direct-to-
consumer or publicly funded, should consider this issue and
guarantee that prospective parents will not be blamed for
whatever choice they make [19].

(9) Educating and involving a broad spectrum of non-genetic
health care professionals
According to molecular and clinical geneticists, a successful

population-wide carrier screening program would require
active involvement of non-genetic health care professionals
from the primary care level, such as general practitioners,
midwives, obstetricians-gynaecologists to inform and educate
prospective parents about RGCS [17]. There is a general
agreement by the obstetricians-gynaecologists for further
medical education and training programs when RGCS is
offered within their clinical practice [30]. Most stakeholders
(including healthcare professionals, patients’ organizations or
policymakers) agreed that screening should be offered by a
medically trained professional to assure sufficient counselling
[21].
Based on some surveys including mainly non-geneticist

professionals, the need for information to educate healthcare
professionals on RGCS was almost a unanimous request [22].
Only a third (33%) of obstetricians and gynaecologists were
comfortable with being responsible for counselling patients
prior to the test, and even less (24.9%) were comfortable
explaining the results of RGCS [18]. According to another
survey, continuing education regarding autosomal recessive
inheritance and transmission risks was needed, as demon-
strated by the lower scores on knowledge questions related to
these topics [28]. Geneticists thought a program is not just
about the screening test itself but should include education
sessions towards healthcare professionals and the general
public [25]. The program should encompass the benefits, risks,
harms, consequences, uncertainties around genetics and
RGCS, and impact on individuals and society. Further, there
was a view that program information should also outline the
different conditions screened, testing procedure, interpreta-
tion of results, and implications. In general, according to
different stakeholders more attention should be paid to
genetics education, and carrier screening more specifically, by
assigning a central role to this topic initially or during
continuingmedical education [21]. Geneticists or obstetricians
emphasized the importance of educated counsellors and
stressed that RGCS should not be offered to the general
population without taking preparatory measures, not only for
healthcare professionals but also for the general public
[17, 24].

(10) Promoting an independent non-commercial organisation
structure
Several healthcare professionals indicated the need for a

rigorous regulatory framework [22]. When discussing the
implementation of RGCS in a fair and ethical manner, one
could expect the government to step in and take the

responsibility to organise the debate about screening and
to develop this policy as a public health program. However,
placing the responsibility of execution with the government
may also be misinterpreted and could be seen as a kind of
societal pressure to take the test [22]. Given the European
Society of Human Genetics’ recommendation that RGCS
programs should not aim for a high uptake, various
stakeholders thought that the responsibility could also be
assigned to an independent non-commercial organisation
instead of the government [21]. It is noteworthy that these
two articles were based only on European healthcare
professionals and policymakers’ opinions.

DISCUSSION
We conducted a systematic review about policymakers, patient’s
advocacy groups and healthcare professionals’ attitudes, all main
stakeholders for a potential public healthcare policy, to compre-
hend where some of the stumbling blocks remain when
considering how to fairly offer RGCS in the general population.
Our systematic review identified different principles related to the

ethically responsible implementation of RGCS. However, more often
than not, principles of voluntary participation and equal access were
not discussed in the different articles. Voluntary participation, linked
to the autonomy of each human being, was mentioned only in four
out of eighteen articles included in this systematic review
[19, 22, 25, 27]. Although the fourteen remaining articles did not
claim the contrary, we had expected this criterion to be present in
most articles. If RGCS would be considered by healthcare profes-
sionals as systematically carried out, it may raise ethical concerns as
voluntary participation stands at the core of such a new health public
policy. Furthermore, the equity of access principle was almost only
mentioned by European professionals. These European countries
have national health care insurance systems in common based on
solidarity. Therefore, to consider a carrier screening program as truly
accessible that should allow every couple to access RGCS regardless
of one’s income, it would require a public reimbursement approach
[25]. As an example, the Swedish healthcare values refer to a non-
discriminatory principle where everyone is viewed as equal, included
within a collective solidarity and where the most in need have the
highest priority for healthcare attention [29]. The lack of focus on
these ethical principles could mean that participants took them for
granted or they did not view them as critical.
Stipulating RGCS should be offered before pregnancy appears

to stand at the core of such an offer. As quoted many times by
different professional stakeholders [18–24, 26], this time slot
opens the widest range of reproductive choices and allows the
greatest autonomy for couples. Different professional stakeholders
also felt that an expertise in communicating genetic information is
required and therefore a specific training is needed beforehand
[17, 18, 20–26, 28, 30]. Various primary care providers (general
practitioners, gynaeco-obstetricians, midwives) are likely able to
administer screening programs without the benefit of detailed
genetics knowledge, as long as they have a basic understanding
of the concepts related to screening and are provided with
appropriate resources, such as expert assistance from laboratories,
medical geneticists, and genetic counsellors (Ready, 2012). This
criterion of specific training was commonly shared and appears
pivotal to the implementation an RGCS program.
In this systematic review, we highlight the issue of the pre-test

information. An RGCS program has intrinsically to deal with
numerous different diseases. One recent article published by Best
et al. in 2021, based upon a systematic review methodology, has
gathered health practitioners’ perceptions of the barriers and
enablers to the implementation of RGCS [32]. Some of the themes
identified in both systematic reviews overlap and confirm
professionals’ need for appropriate resources to provide fair
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information to prospective parents when implementing RGCS. Of
note, Best et al. (2021) combined the findings from articles
focussing on single gene carrier screening (mainly cystic fibrosis)
and only 10 articles out of 26 dealing with RGCS. As our systematic
review about RGCS demonstrates, there is a specific issue about
the composition of screening test-panels. Indeed, the numerous
different conditions already included in the current panels (up to
more than one thousand) need to be handled. This broad amount
of different genetic diseases has to deal with a wide range in
severity, age of onset, organ involvements and potential
treatments. Therefore, such a program should not be only the
extrapolation of what is already implemented for only several or
even dozens of genetic conditions. This complexity in terms of
information and comprehension for prospective parents would
make it impossible to provide detailed pre-test counselling about
each disorder. Furthermore, some professionals predict that there
will be additional technical limitations with the inability to fully
rule out the possibility of severe recessive diseases due to rare
mutations especially as the genetic background could vary
between different ethnic origins [20]. Therefore, the numerous
numbers of different genetic conditions and the residual risk of a
severe genetic disease that may vary according to the ethnic
origins trigger different issues on how to provide fair information
to prospective couples. An RGCS program requires new ways to
fairly inform the future parents before they consent and specific
training management for professionals. At last, the large number
of different genetic conditions screened would also raise the price
of each RGCS test that need to be taken into account, but this
issue is beyond the scope of this study.
Therefore, in an attempt to help healthcare professionals to deal

with RGCS, guidelines have been endorsed by different profes-
sional societies. In United States, the American College of
Obstetricians and Gynaecologists (ACOG) considers RGCS to be
an acceptable screening strategy and recommended above all
that conditions selected for screening panels should meet several
of seven criteria for disease inclusion on RGCS panels [33].
Interestingly, the guideline suggests also pre-test education
should be detailed to couples. Indeed, the healthcare profes-
sionals should focus on the limitations of screening, verbally or by
using videos, or online resources especially about the residual risk
because not every possible disease-producing mutation or allele
would be screened and because de novo mutations may arise.
However, this guideline did not mention any details about
healthcare professionals’ need to be trained or what an informed
consent is. In 2021, the American College of Medical Genetics and
Genomics (ACMG) endorsed a statement to help geneticists and
other clinicians to provide quality medical services in RGCS [12].
Interestingly, information that should be given to the patient
during pre-test and post-test consultations is listed. Although this
statement underlined that RGCS can be both time and labour
intensive and should be provided by trained healthcare profes-
sionals, it is not detailed on how to either educate them
appropriately or include this offer in their practices. In Europe,
the European Society of Human Genetics also endorsed a
guideline on RGCS that deals with a responsible implementation
[34]. The word “responsible” refers to how this implementation
should enhance the best autonomy, assess the impact on
psychological well-being, avoid stigmatisation and discrimination
and look for equity and fairness. Acknowledging that informed
consent for each genetic condition would remain an ethical
challenge, the authors suggested the use of generic consent as a
way to safeguard informed decision-making. In this approach,
prospective couples would be told that the procedure is carried
out to identify individuals/couples at risk to give birth to a child
with a severe disability. Some of these diseases, as well as
associated clinical symptoms, could be briefly mentioned as
examples and illustrated by educational tools. Although this
European guideline details many items brought up in this

systematic review, it did not mention how to implement these
in day-to-day practises. For example, providing adequate counsel-
ling is time-consuming and may be challenging for healthcare
professionals without a background in genetics. As the clinical
geneticists could not provide RGCS to every prospective parent on
their own, the kind of non-geneticist healthcare professionals to
be involved and how to train them still need to be identified. Due
to the risks for false positive and negative results, some authors
state that carrier screening should not be held to the same
standards as diagnostic testing [10]. Therefore, in order to
investigate the items listed throughout this study where the
discrepancies remain between the professional stakeholders and
the ways and means to responsibly implement this new kind of
genetic tests for a whole population, pilot studies at a state level
are required.
As far as we know, only one publication described a protocol study

investigating limitations in infrastructure and bottlenecks through the
day-to-day professional’s practises and couples’ lives in Australia [35].
Given that lack of embedded evaluation plans might still hinder the
implementation process, we promote further research and pilot
studies to tackle the issues brought up by this systematic review.
Along with implementation science that deals within methods
translating research findings into practical and useful outcomes in
order to launch a new health policy, many challenges remain to be
overcome [36]. In particular, a common language, agenda and
convergent attitudes should be shared, in an RGCS program,
between the healthcare professionals and the policymakers.

CONCLUSION
We highlight the need for couples’ voluntary participation and fair
access to RGCS. Furthermore, we highlight the need for clear and
reliable information to timely inform couples, non-genetic profes-
sionals and the general public to comprehend the complexities of
carrier screening for numerous different genetic conditions.
Resource constraints should also be addressed when genetic
education programs are implemented. Facing these issues appears
to be pivotal before fairly implementing an RGCS program. These
research studies should investigate at a state level how to best
regulate the implementation of such a health policy, including
social and human sciences for legal, health economic, psychological
or sociological considerations beforehand.

Limitations
First, due to the scope of this systematic review, some topics were
not addressed. Although program costs are salient in a topic
dealing with public health policies, economic related issues were
not considered. These issues require health economic knowledge
that could not be addressed here and depend on healthcare
systems specific from each country. Although the authors assume
that technical issues (for example the number and the nature of
genes to be included in the panels or the variants of unknown
significance management) themselves raise ethical questions, we
did not include them because these are not directly linked to a fair
RGCS implementation.
Furthermore, due to including only publications written in

English, some relevant publications about healthcare or policy-
makers’ attitudes might have been missed. Finally, although
primary care physicians are key actors in this genetic offer that
should reach out each couple, their opinions are lacking through
this systematic review.
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