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Background: As interest in reproductive genetic carrier screening rises, with
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increased availability, the role of healthcare practitioners is central in guiding uptake aligned with a couples' values and beliefs. Therefore, practitioners' views on
implementation are critical to the success of any reproductive genetic carrier
screening programme.
Aim: To explore healthcare practitioners' perceptions of the barriers and enablers
to implementation.
Materials & Methods: We undertook a systematic review of the literature searching
seven databases using health practitioner, screening and implementation terms
returning 490 articles.
Results: Screening led to the inclusion of 26 articles for full‐text review. We found
three interconnected themes relating to reproductive genetic carrier screening: (i)
use and impact, (ii) practitioners' beliefs and expectations and (iii) resources.
Discussion: Barriers and enablers to implementation were present within each
theme and grouping these determinants by (a) community for example lack of public
interest, (b) practitioner for example lack of practitioner time and (c) organisation
for example lack of effective metrics, reveals a preponderance of practitioner barriers and organisational enablers. Linking barriers with potential enablers leaves
several barriers unresolved (e.g., costs for couples) implying additional interventions
may be required.
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Project (Mackenzie’s Mission) GHFM73390
(MRFF‐ G‐MM)]

Conclusion: Future research should draw on the findings from this study to develop
and test strategies to facilitate appropriate offering of reproductive genetic carrier
screening by healthcare practitioners.
Key Points
What is already known?
� Availability of reproductive genetic carrier screening is rising.
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� Screening is often focused on ethnically specific conditions or for those with a family history
of disease.
� Commonly, carriers do not have family history of disease.
What does this review add?
� Identifies practitioner barriers to implementation of reproductive genetic carrier screening,
for example, beliefs and expectations.
� Matches identified practitioner barriers to enablers to implementation.
� Highlights where additional implementation support is required, for example, lack of
practitioner confidence.

1 | INTRODUCTION

� To investigate HCPs attitudes towards the implementation of

Internationally, the move towards population level reproductive

� To reveal areas where further primary research is required.

reproductive genetic carrier screening.
genetic carrier screening (RGCS) of prospective parents to identify
their risk of having a child with a genetic condition, is growing.
Technological advances are making the process more feasible and

3 | METHODS

costs are falling.1 Despite the routine practice of RGCS for ethnically
specific conditions, such as thalassaemia or Tay–Sachs disease, or in

The literature search was registered with PROSPERO (registration

circumstances where there is a family history of disease, healthcare

number CRD42020150581) and conducted in September 2020.

practitioners' (HCPs) attitudes towards screening in the general

Preferred Reporting Items for Systematic Reviews and Meta‐Ana-

‘low‐risk’ population remain unclear. It is well documented2 that

lyses guidelines were followed12 and the databases Medline, EMBASE,

there is no family history in approximately 88% of carriers, empha-

Scopus, PsycINFO, Web of Science, PubMed, and CINAHL were

sising the importance of offering RGCS to all couples planning for a

searched. Search terms were chosen through exploration of MeSH

child and guidelines are evolving to reflect this.

terms, consideration of key words in current RGCS articles and sug-

To date, attention in the literature has centred on the attitudes of

gestions of expert researchers in the field. Search terms included

patients and families of those affected by genetic conditions,3–5

([‘health personnel’ OR [‘attitude of health personnel’ OR ‘healthcare

hypothetical views of HCPs on whether screening should be offered6

providers’ OR ‘general practitioners’ OR ‘obstetricians’ OR ‘gynae-

and the cost effectiveness of RGCS.7,8 While these elements are

cologists’] AND [‘mass screening’ OR ‘carrier screening’ OR ‘genetic

important, they do not inform us about how to implement a RGCS

screening’ OR ‘genetic testing’] AND [‘reproductive’ OR ‘prenatal’ OR

programme. The study of implementation facilitates the focus on the

‘preconception’ OR ‘antenatal’ OR ‘universal’ OR ‘expanded’

factors associated with the success or failure of a clinical intervention.9

OR ‘autosomal recessive’ OR ‘x‐linked’ OR ‘cystic fibrosis’ OR ‘fragile x’

Fortunately, there is now an emerging evidence base identifying

OR ‘spinal muscular atrophy’ OR Duchennes muscular dystrophy OR

HCPs perceptions of factors influencing the implementation of RGCS.

thalassaemia] AND [‘implementation science’ OR ‘implementation’]).

To the best of our knowledge, a systematic review of the literature in

Articles were downloaded into Endnote X9, a bibliographic database.

this area has not been undertaken. As many countries are investing in

Duplicates and incomplete references were discarded resulting in 490

the use of RGCS,10 it is timely to investigate factors influencing its

papers for inclusion. We also used a snowball process for cited articles

implementation. As patients should be made aware of RGCS, so that

from the initial search to generate another 28 papers.

they can use RGCS according to their values and beliefs,11 this phase

Five reviewers (J.C.L., T.T., S.B., R.L. and S.H.) analysed the same

is an essential first step to identifying appropriate strategies to

10% of titles and abstracts independently, applying inclusion and

support HCPs offering RGCS in their day‐to‐day practice.

exclusion criteria (Table 1). We included empirical, human research
and excluded any guidelines, commentaries, opinion pieces and studies
using secondary data. Only studies related to HCPs engaged with

2 | AIMS AND OBJECTIVES

RGCS during the prepregnancy or prenatal period were included.
General public and target population views were not included.

The aim of this systematic review was to identify barriers and

Results of the title and abstract screening were compared, and

enabling factors associated with the implementation of RGCS

the Fleiss' Kappa statistic was determined to measure inter‐rater

particularly in relation to the views of HCPs. The study had the

reliability, achieving k = 0.79 which is interpreted as ‘substantial

following objectives:

agreement’.13 Following this assessment, the remaining 440 articles
were screened independently with the five authors (J.C.L., T.T., S.B.,

� To examine HCPs perceptions of barriers and enablers to the
implementation of reproductive genetic carrier screening.

R.L. and S.H.) screening 55 articles each with discussion across the
team regarding any challenging articles. The full‐text of the resulting
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Inclusion and exclusion criteria for articles

Inclusion criteria

Exclusion criteria

Peer‐reviewed empirical research

Opinion pieces, comments, editorials, etc. (not empirical research)

Reproductive genetic carrier screening

Other prenatal screening, e.g., NIPT/chromosomal

Humans

Animal models

Implementation or preimplementation of screening programs
in a ‘real world’ context

Nonclinical research without a link to a clinical ‘real‐world’ context
(e.g., studies investigating which conditions to be included in
reproductive carrier screening panels)

Focus is on health care practitioners' attitudes, in the context
of identifying barriers and enablers to implementation

Focus not on health care practitioners' attitudes

Health practitioners engaged with reproductive genetic carrier screening

General public and client views

Abbreviation: NIPT, noninvasive prenatal test.

F I G U R E 1 PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta‐Analyses [Colour figure can be
viewed at wileyonlinelibrary.com]

59 articles were assessed (S.B. and J.C.L.), with 30 discarded as not

3.1 | Data analysis

meeting the inclusion criteria. The remaining 30 were further
assessed for quality using the Hawker Tool14 with three articles

We imported the final 26 papers into NVivo 1215 to facilitate data

discarded on the basis of poor reporting of bias and ethical issues.

management. Using Braun and Clarke's16 approach to thematic

The final 26 full‐text articles to be included in the review were then

analysis, thereby bringing structure to the analysis, two authors

analysed. The full search strategy is shown in Figure 1.

(S.B. and J.C.L.) familiarised themselves with the papers before
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independently assessing eight papers to identify codes in the data.

several papers, including the cost of the test to individuals.17–20

Through a series of discussions, we developed three themes and

Routes to achieving equitable service provision included offering

one author (S.B.) then completed the coding with ongoing discus-

RGCS alongside other health interventions, to promote a wide uptake

sion with the team. We further compiled the findings from the

of testing,21 and communication with policy makers and other

themes by barriers and enablers for the community, practitioners

stakeholders which was seen as essential as the availability of RGCS

and organisations.

develops.22 There was also discussion about the range of diseases
screened for with Matar et al.23 noting that private companies were
expanding panels beyond the public offer, suggesting this would

4 | RESULTS

either promote inequity or stimulate policy development.

First, we outline the types of papers found from the literature search

client: The possibility of adverse impacts from RGCS were noted as a

(Table 2) before sharing the themes and subthemes identified

barrier to implementation, with several authors highlighting discus-

(Table 3). Barriers and enablers identified for each subtheme are

sion about raising women's anxiety19,21,24,25 just by offering the

presented.

test,21 referring to undue anxiety as ‘collateral damage’19 (p. 65).

(b) Potential negative impacts of RGCS (including the offer) on the

From the 26 papers in our search, eight were published before

Additionally, the risk of stigma and labelling was identified,17,23,26 ‘it

2010, eight between 2010 and 2015 and 10 from 2016 onwards. The

will change the way they see themselves’21 p. 53, though they signpost

United States of America (n = 8), the Netherlands (n = 7) and Australia

to additional literature, not sourced in this review, countering this

(n = 7) returned the most articles with two from the United Kingdom,

view. Some authors reported the general public has a lack of in-

one from Belgium and one from Sweden. The majority of participants

terest in RGCS27,28 or have misguided understandings of creating

(n = 16) were nongenetic clinicians (primary care e.g., general practi-

the ‘perfect child’.28 Many papers outlined strategies to overcome

tioners [GPs] n = 6; secondary care e.g., obstetricians, n = 7 and; both n

these barriers: for example, the importance of informed consent,

= 3) with 10 papers including genetic professionals. Sixteen of the

with clients understanding the implications of RGCS, stressing how

papers were set in the context of RGCS for a specific condition for

active this process needed to be (information giving vs. active de-

example fragile X, nine were based on expanded RGCS and one

cision making)19,22,29–31 and not feeling coerced.32 Tools such as

considered both. Quantitative studies made up the mainstay of the

decision aids and client education that facilitate a choice aligned

methods (n = 14), with 11 qualitative studies and one mixed method.

with a couples' values and beliefs were identified as essential to
ensure appropriate implementation of RGCS.22,26,32 Additionally,
the need to improve the knowledge of RGCS of the general pop-

4.1 | Themes

ulation was noted7,19,25 with GPs reporting a couple's knowledge of
RGCS was reflected in the time required at consultation7 as people

Three themes were identified: (i) the use and potential impact of

without knowledge and experience of RGCS can find making a

RGCS, including factors influencing equity of service take up and

decision as to whether they wish to undergo screening more

focus on the client; (ii) practitioners' beliefs and expectations about

challenging.21

the process of delivering RGCS, including the ability to deliver RGCS,
knowledge about and support for RGCS, opinions about RGCS, and

(ii) Practitioner beliefs and expectations about the process of delivering

external influences on practitioners; and (iii) resources available for

RGCS. Four subthemes were identified in this theme: (a) practi-

practitioners for RGCS, including counselling, models of care delivery

tioner attitudes to and beliefs about RGCS; (b) practitioner

and other nonclinical barriers to delivery of RGCS. Table 3 provides a

perceptions of their ability to deliver RGCS; (c) practitioner

list of papers referencing each theme.

knowledge and support required to deliver RGCS; and (d) prac-

The most and least frequently discussed subthemes (by number
of papers) were found in theme (ii) practitioner beliefs and expec-

titioner expectations and external views influencing their
decision making.

tations about delivery of RGCS. Most common was the subtheme
‘Practitioner attitudes to and beliefs about RGCS’, while the least

(a) Practitioner attitudes to and beliefs about RGCS: Attitudes and be-

discussed subtheme was ‘Practitioner knowledge and support

liefs that can act as a barrier to implementation of RGCS included the

required to deliver RGCS’.

lack of a collective sense of urgency (i.e., demand from the population
and HCPs).27 While there was generally a positive attitude towards

(i) Use and potential impact of RGCS. Data for this theme centred on

RGCS25 this was not always supported in practice by the offer of

either (a) achieving equitable service provision or (b) potential

screening.26 On the other hand, not all practitioners were interested

impact of RGCS (including the offer) on the client.

in RGCS, running the risk of inconsistency in practice as to who was
offered

screening.7,29

In

addition,

there

was

variability

in

(a) Achieving equitable service provision: Inequitable access to

beliefs about who should be offered testing19 with client request

RGCS was a concern and seen as a barrier to implementation in

reported as the most common reason amongst obstetricians and

Country

Australia

Australia

The Netherlands

USA

USA

USA

Australia

Australia

USA

USA

The Netherlands

Archibald et al.21

Archibald et al.29

Baars et al.36

Benn et al.37

Briggs et al.48

Cho et al.30

Cousens et al.31

Cunningham et al.17

Darcy et al.18

Delgado et al.40

Holtkamp et al.27
Expanded

Preconception
genetic screening

CF

CF

β‐Thalassaemia

Expanded

Expanded

Expanded

Cystic fibrosis (CF)

Fragile X

Fragile X

Condition(s)
screened

Characteristics of final full text articles included

References

TABLE 2

To identify general and population‐specific barriers and needs reflected
by Dutch stakeholders regarding the implementation of (expanded
universal) carrier screening.

To assess provider knowledge, comfort with counselling, formal training
and educational needs regarding prenatal genetic screening and
diagnostic testing.

To determine the current awareness by obstetricians of the existence
and content of practice guidelines, the variety in practice regarding
CF carrier screening, and the level of knowledge regarding CF
genetics and screening result interpretation. To explore potential
barriers to offering screening and whether academic affiliation or
type of practice influences outcome.

To investigate the attitudes of healthcare practitioners caring for
patients with CF toward population‐based carrier screening for CF.

To gain a better understanding of healthcare practitioners' practice and
attitudes regarding prenatal β‐thalassaemia carrier screening in
Australia.

To clarify genetic practitioners' views on the potential benefits and
challenges of ECS. To solicit advice from genetics practitioners
regarding how best to integrate ECS into preconception reproductive
healthcare.

To assess current practice utilisation and attitudes regarding the
implementation of expanded carrier screening (ECS) into clinical
practice.

To assess the opinions of fellows of the American College of
obstetricians and GYNs on expanded carrier testing and noninvasive
prenatal testing.

To investigate genetic knowledge and genetic testing among general
practitioners (GPs), gynaecologists (GYNs) and paediatricians in the
Netherlands.

To explore stakeholder views about offering population‐based genetic
carrier screening for fragile X syndrome.

To explore the attitudes of health practitioners, relatives of people with
fragile X syndrome, potential target populations for carrier screening
(pregnant and nonpregnant women), and the general community
regarding population‐based carrier screening for fragile X syndrome.

Aim

Interviews

Surveys

Surveys

Surveys

Interviews

Focus groups

Surveys

Surveys

Surveys

Interviews and
focus groups

Interviews and
focus groups

Methodology

Both primary and secondary
health care providers, including
genetic professionals

Secondary, including genetic
professionals

Secondary

Primary

Both primary and secondary health
care providers, including genetic
professionals

Secondary—genetic professionals

Secondary

Secondary

Both primary and secondary
health care providers, including
genetic professionals

Both primary and secondary
health care providers, including
genetic professionals

Both primary and secondary
health care providers

Participants
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Country

Belgium

Belgium

USA

Sweden

Australia

USA

USA

The Netherlands

The Netherlands

The Netherlands

Janssens et al.32

Janssens et al.19

Lazarin et al.34

Matar et al.23

McClaren et al.24

Morgan et al.33

Morgan et al.39

Poppelaars et al.28

Poppelaars et al.25

Poppelaars et al.35

(Continued)

References

TABLE 2

CF

CF

CF

CF

CF

CF

Expanded

Expanded

Expanded

Expanded

Condition(s)
screened

To investigate the attitudes of GPs and CHS workers with regard to
routinely offering preconceptional CF carrier screening, and to
identify variables which were associated with a positive and a
negative attitude.

To explore the possibilities and barriers in the implementation of a
nationwide preconceptional CF carrier screening programme in The
Netherlands.

(1) To investigate the attitude of potential providers (GPs and MHS
workers) and the target population (couples planning a pregnancy)
towards a CF carrier screening programme; (2) to investigate
opinions regarding the preferred method of implementation; (3) to
determine the role of GPs and MHS workers in the screening and
pre‐test education, and (4) to determine the support needed.

To assess the impact of self‐reported familiarity with published
guidelines on knowledge, implementation, and opinions of
obstetrician–GYNs regarding carrier screening for CF.

To increase understanding of when, how, and in what populations
obstetrician‐GYNs are implementing the published guidelines for CF
carrier screening and to learn the physicians' opinions and practices
regarding CF screening.

To explore whether or not CF carrier screening should be offered in the
Australian setting, the best time for offering carrier screening, the
information required for making a decision about carrier screening,
and how this information can best be provided.

To explore and describe Swedish healthcare practitioners' perceptions of
preconception ECS with focus on the ethical aspects.

To conduct an extensive survey in a large genetic counsellor population
on personal and practitioner attitudes regarding ECS.

To explore European geneticists' attitudes towards ECS, focussing on
their concrete suggestions and recommendations for the use of ECS
in the clinical setting.

To explore attitudes of clinical and molecular geneticists about the
implementation of multidisease or ECS for monogenic recessive
disorders.

Aim

Surveys

Focus groups

Surveys

Surveys

Surveys

Interviews
and focus
groups

Interviews

Surveys

Interviews

Interviews

Methodology

(Continues)

Both primary and secondary
health care providers

Both primary and secondary
health care providers

Both primary and secondary
health care providers

Secondary

Secondary

Both primary and secondary
health care providers

Secondary, including genetic
professionals

Secondary—genetic professionals

Secondary—genetic professionals

Secondary—genetic professionals

Participants
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gynaecologists.33 The belief that socioeconomic status would influoffering RGCS as routine would influence clients' decisions to take

Both primary and secondary
health care providers

Primary

Secondary

Primary

Participants

Primary

ence the offer of RGCS was raised.34 Many HCPs were aware that
up RGCS which runs counter to informed consent.22,24 Some literature discussed the limitations of the gene lists27,30 with reported
concerns about low test reliability.35 Attitudes and beliefs about
RGCS included concern about the impact of false positive results,30
creating uncertainty especially with results in the ‘grey zone’ that is
identifying people carrying ‘intermediate and small premutation results’21 (p. 53) and about medicalising pregnancy and perceptions of

Many HCPs hold positive attitudes to RGCS.20 GPs recognised
they are ideally placed to offer RGCS, as they know their patients

Survey

Interviews

conditions.21,23
Surveys

Checklist and
interviews

Surveys

Methodology

eugenics.27 Others discussed unease of including adult onset

and their background, and become more comfortable in raising

HCPs, discussing screening was easier when raised by the patient36
though obstetricians and gynaecologists were comfortable with offering RGCS regardless.33,37 This ease was not the case for all HCPs,
for example, GPs were reported to be concerned about their ability to
discuss potential worrying, harmful or high risk results and especially
the possibility of pregnancy termination when women are in early
Abbreviations: CHS, Community health service; MHS, Municipal health services; SC&T, sickle cell and thalassaemia.

Australia

CF

To explore the opinions, knowledge and practice patterns of GPs,
obstetricians and fertility specialists in Victoria, Australia.

(b) Practitioner perceptions of their ability to deliver RGCS: For some

Valente et al.20

To assess the feasibility of offering antenatal SC&T screening in primary
care at the time of pregnancy confirmation.
Sickle cell disease and
thalassaemia
UK
Tsianakas et al.22

To gather information about the current practice and attitudes of
Australian obstetricians toward carrier screening for genetic
conditions as part of routine pregnancy care.
General including
β‐ thalassaemia,
CF and fragile X
Australia
Stark et al.26

To investigate whether test‐provision by GPs could be a feasible
approach for ECS and result in informed choice of couples who
attended pretest counselling.
Expanded
The Netherlands
Schuurmans et al.7

To assess GPs' confidence in their ability to provide initial prenatal
advice for couples carrying common autosomal recessive disorders
(either the CF or thalassaemia gene), and their opinions of different
approaches for referral to prenatal diagnostic services for such at‐
risk couples.
CF and thalassaemia
UK
Qureshi et al.38

Country
References

TABLE 2

(Continued)

Condition(s)
screened

Aim

RGCS once they have experience.7

pregnancy.22 There was also concern about the concept of risk,21 lack
of confidence in offering prenatal genetic advice,38 what diseases to
test for, interpreting the results and explaining results18,23 and in
particular, misunderstanding what a ‘positive’ result means.18 Greater
confidence in interpreting results and managing positive results was
associated with shorter time periods since completion of training.39
HCPs perceived their ability to deliver RGCS was hindered by complex
and confusing criteria,33 a feeling that screening is too hard, and too
complicated to answer all patients' questions.29 In addition, genetic
practitioners' ability to interpret results and provide counselling was
limited by beliefs about the quality and size of the gene list.30 One
enabler identified was training, seen as essential by GPs who, as a
result, did not have an issue with managing ‘normal results’ or referring onto genetic services.7
(c) Practitioner knowledge and support required to deliver screening:
While HCPs may be willing to offer screening, they may be limited by
their lack of knowledge20,25 as a result of their limited training in
genetics.30 In some cases, HCPs are aware of their limited knowledge
and request training.31 Enablers to overcome a lack of knowledge
may include dissemination of research findings to alleviate HCP
concerns about screening and make it more acceptable to them.24 It
was recognised that there was a need to raise awareness of screening
guidelines because familiarity with guidelines was associated with
implementation of screening.18,39 There was a call for more information,

education

and

support

for

practitioners

around

genetics.18,23,30
(d) Practitioner expectations and external views influencing their
clinical decision making: Some HCPs felt driven to offer screening
due to concerns about potential liability33 and professional obligations19 while others were concerned about different laboratories
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T A B L E 3 Themes and subthemes identified with papers referring to themes. Key: Papers referring to expanded reproductive carrier
screening are prefixed with E, papers with a focus on the subtheme are underlined
Theme

Subtheme

Papers

(i) The use and potential impact of
reproductive genetic
carrier screening

Achieving equitable service
provision, including cost to the
individual

Archibald (2016)29 ; Cunningham (2014)17 ; Darcy (2011)18 ; E
Holtkamp (2017)27; E Janassens (2017)19; E Matar (2016)23;
Tsianakas (2010)22; Valente (2020)20

Potential impact (including the
offer) on the client, including
concern about client anxiety,
informed choice and stigma

Archibald (2012)21 ; Archibald (2016)29 ; Cousens (2014)31 ;
Cunningham (2014)17; E Cho (2013)30; E Holtkamp (2017)27;
E Janssens (2017)19; E Janssens (2017)32; E Matar (2016)23;
E Schuurmans (2019)7; McClaren (2008)24; Poppelaars
(2003)25; Poppelaars (2003)28; Stark (2013)26; Tsianakas
(2010)22

Practitioner attitudes to and beliefs
about RGCS

Archibald (2012)21; Archibald (2016)29; Baars (2004)36;
Cunningham (2014)17; E Holtkamp (2017)27; E Janssens
(2017)19; E Janssens (2017)32; E Lazerin (2016)34; E Matar
(2016)23 ; E Schuurmans (2019)7; McClaren (2008)24;
Morgan (2004)33; Poppelaars (2003)28; Poppelaars (2004)35;
Stark (2013)26; Tsianakas (2010)22; Valente (2020)20

Practitioner perceptions of their
ability to deliver RGCS including
client selection, interpreting
results and confidence

Archibald (2012)21; Archibald (2016)29; Darcy (2011)18; E Benn
(2014)37; E Cho (2013)30; E Janssens (2017)19; E Matar
(2016)23; E Schuurmans (2019)7; Morgan (2004)33; Morgan
(2005)39; Qureshi (2005)38; Stark (2013)26; Tsianakas
(2010)22

Practitioner knowledge and support
required to deliver RGCS

Cousens (2014)31; Cunningham (2014)17; Darcy (2011)18;
Delgado (2020)40; E Cho (2013)30 ; E Matar (2016)23;
McClaren (2008)24; Morgan (2005)39; Valente (2020)20

Practitioner expectations and
external views influencing their
clinical decision making
including the impact of their
recommendations, professional
bodies, legal expectations

E Benn (2014)37; E Cho (2013)30; Delgado (2020)40; E Janssens
(2017)19; E Janssens (2017)19; E Lazerin (2016)34; E Matar
(2016)23; McClaren (2008)24; Morgan (2004)33; Poppelaars
(2003)25; Stark (2013)26; Tsianakas (2010)22

Provision of counselling including
genetic counsellors and other
professionals

Darcy (2011)18 ; E Benn (2014)37; E Cho (2013)30; E Janssen
(2017)19; E Lazerin, (2016)34; E Mater (2016)23; E
Schuurmans (2019)7; Poppelaars (2003)25; Valente (2020)20

Variation in potential models of
service provision including who
provides RGCS and when

Archibald (2012)21; Baars (2004)36; E Holtkamp (2017)27;
Janssens (2017)32; E Matar (2016)23; E Schuurmans (2019)7;
Poppelaars (2003)25; Poppelaars (2003)28; Stark (2013)26;
Tsianakas (2010)22

Nonclinical resource barriers
including strategic costs,
responsibility, time

Archibald (2012)21 ; Cousens (2014)31; Cunningham (2014)17; E
Holtkamp (2017)27; E Janssens (2017)19; E Lazarin (2016)34;
E Matar (2016)23; E Schuurmans (2019)7; McClaren
(2008)24; Poppelaars (2003)25 1; Poppelaars (2003)28 2;
Stark (2013)26; Tsianakas (2010)22; Valente (2020)20

(ii) Practitioner beliefs and expectations about the process
of delivering reproductive genetic carrier screening

(iii) Resources available for practitioners for reproductive
genetic carrier screening

Note: Papers referring to expanded reproductive carrier screening are prefixed with E, papers with a focus on the subtheme are underlined.
Abbreviation: RGCS, reproductive genetic carrier screening.

offering different panels and the potential impact this may have on

bodies were identified as a facilitator, though there is concern when

provider liability.30,37 Although an enabler to implementation of

conflicting guidance is offered.30,37,40 By way of positive action,

RGCS, these mechanisms are defensive rather than guided by the

there was a call for evidence‐based implementation studying the

needs of the client. However, different legal frameworks in

purpose, potential benefits and risks, relevance and acceptance by

different countries may influence providers' decisions to offer

society.23

screening or not.

26,32

There was awareness of multiple stakeholders

holding views on the place of RGCS in reproductive care that is

(iii) Resources available for practitioners for RGCS. Three subthemes

constantly being negotiated and renegotiated.22 Here, professional

were identified within this theme, (a) provision of counselling
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F I G U R E 2 Themes identified from the literature review, demonstrating interconnectedness [Colour figure can be viewed at
wileyonlinelibrary.com]

support including genetic counsellors and other professionals;

of pregnancy26,28 and the use of repeated visits would ensure testing

(b) variation in potential models of service provision; and,

does not become routine.19

(c) nonclinical resource barriers.

The literature also discussed timing of the offer and commonly
suggested a preference for offering RGCS prepregnancy to offer

(a) Provision of counselling including genetic counsellors and other

clients greater reproductive options,19,21,25,26 for example through,

professionals: Several papers identified barriers to implementation

as yet unrealised, preconception consultation centres.19 Testing

centred around support. Counselling is resource intensive,
demanding both skills and time

28

34

and many HCPs were aware
20,37

genetic counsellors are a limited resource.

They therefore only

interconception was also identified.27
(c) Nonclinical resources: The literature noted several resource
barriers,

for

example,

time

for

offering

and

counselling

make referrals to GCs under specific circumstances.18 Although

clients7,17,22,24,25,27,29,34 and support to overcome language and

much counselling is undertaken by nonspecialist staff37 there was

cultural barriers.26 The cost to the health system was identified as a

concern that nonspecialist providers would find discussing the

potential challenge22,23,26,28 alongside a lack of public health focus on

implications for pregnancy planning challenging,19,30 and potentially

RGCS27,28 though acknowledging some countries may have more

underestimate the complexity of genetic counselling.

28

Enablers

pressing public health issues or limited resources.19 An additional

noted included ensuring couples were well‐informed before

challenge for policy makers was that uptake (a traditional measure of

attending a consultation, reducing the time required for genetic

success) cannot be used for RGCS as screening should be voluntary.19

counselling,7 and noting that over time nonspecialist staff

The literature identified the need for additional skills training in

could develop a time efficient routine for successful pretest

talking

counselling.

7

(b) Variation in potential models of service provision: GPs were
identified as well placed to offer screening although there were

about

the

test

and

understanding

results.22,26,27,31

Furthermore, barriers existed where practitioners lacked incentives
to participate and so did not see offering RGCS as part of their
role.28

barriers identified with keeping up with the knowledge required,7

To facilitate implementation of RGCS additional resources were

time required and not fitting with GP targets.22 However, several

noted to potentially alleviate the challenge faced by lack of time.24 In

papers noted enablers, for example, Schuurmans et al.7 mooted the

addition, the role of leadership was identified as an essential

idea of GPs with specialist screening skills, and Tsianakas et al.22

requirement to implementation of a RGCS programme.27 Interest-

considered midwives well placed with more time available. Offering

ingly the need for an implementation plan and appropriate

screening outside the medical setting could reduce the medicalisation

intervention strategies to overcome barriers was highlighted.25
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F I G U R E 3 Barriers (yellow) linked with potential enablers (white), identified from the literature – pink boxes indicate no enabler was
noted in the literature. Further details can be found in supplementary file [Colour figure can be viewed at wileyonlinelibrary.com]

5 | DISCUSSION

step in providing an equitable service.43 2) aligning RGCS to organisation targets—this is challenging to address as take‐up rates do

The three themes presented in the results (i) the use and potential

not directly equate to the successful provision of a RGCS pro-

impact of RGCS; (ii) practitioners' beliefs and expectations about the

gramme.19 and 3) a lack of practitioner confidence and interest—

process of delivering RGCS; and (iii) the resources available for

clinician education is clearly an essential first step to overcome

practitioners for RGCS; are highly interconnected via their associated

these challenges though further interventions may be required for

subthemes, as can be seen in Figure 2. For example, practitioner

example, peer influence to overcome a lack of interest,44 especially

knowledge and support required to deliver RGCS ties across to the

as this runs counter to the public interests.45 By applying theoret-

provision of counselling, including counsellors and other professions,

ical implementation science and behaviour change approaches,

while achieving equitable service provision is closely linked with the

interventions can be designed to overcome these barriers.46

potential impact of RGCS (including the offer) on the patient and
practitioner perceptions of their ability to deliver RGCS. These linkages suggest that not only are themes shared but also the barriers

6 | LIMITATIONS

and enablers to implementation of RGCS.
Identifying the determinants of implementation is an essential

There are limitations with this systematic review. We focused on

first step in designing implementation strategies to overcome

practitioners' perspectives which, although essential, does not pro-

41

barriers.

Without acknowledging factors that are acting as

vide the whole picture in regard to implementation, for example, the

obstacles, there is a risk of attempting to put in place strategies that

design of a RGCS programme may influence practitioners' percep-

do not respond to clinicians' needs and are therefore unlikely to

tions of the barriers and enablers to implementation. We combined

succeed. When examining the themes from the literature it is the

the findings from articles focussing on single gene and expanded

barriers that prevail. This may be due to a tendency to focus on

RGCS. As the literature develops it may be interesting to identify if

negative aspects instead of adopting an approach that encourages a

some of the barriers and enablers become more significant for

recognition of the learning value of what is going well.42 However,

expanded RGCS, for example, complexity. The reviewed articles were

there are also enablers in the findings that may inform the

all based in different healthcare contexts, so we must consider the

development of an implementation strategy.

transferability of the learnings across settings. Additionally, all the

Barriers to the implementation of RGCS identified from the
literature are noted in Figure 3 and hypothetically linked with po-

studies were based in western countries with no research drawn
from lower, and middle‐income countries.

tential enablers. Our search centred on practitioners' perceptions
and there is a predominance of practitioner barriers identified.
However, interestingly, the majority of the enablers are organisa-

7 | CONCLUSION

tional, suggesting some strategies for implementing RGCS lie
beyond the frontline clinicians. It should be stressed that the po-

This systematic review identifies HCPs' perceptions of implementa-

tential connection of a barrier with an enabler does not mean

tion of RGCS programmes. The three themes, (i) the use and potential

resolution of the barrier, merely that the literature provides some

impact of RGCS, (ii) practitioners' beliefs and expectations about the

possible avenues for addressing some of the challenges when

process of delivering RGCS, and (iii) the resources available for

implementing RGCS. Some barriers do not have an associated

practitioners for RGCS, were highly interconnected. Grouping the

enabler, for example; 1) cost, both to the consumer and the orga-

barriers and enablers by community, practitioner and organisation

nisation. Addressing this barrier will be highly dependent on the

revealed a preponderance of practitioner barriers and organisational

healthcare system in which RGCS is implemented and an essential

enablers. Enablers were not identified for all of the barriers found in
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the literature and will need consideration using implementation

10.

science and behaviour change theory to develop potential
approaches. To ensure the successful delivery of RGCS programmes
the need for an implementation plan and relevant implementation

11.

strategies has been noted.25 Such studies require time, collaboration
and funding to have impact.47 Further research is required to identify

12.

and then test evidence‐informed implementation strategies.
13.

A C K N O WL E D G M E N T S
The work was undertaken under the auspices of the Australian

14.

Reproductive Genetic Carrier Screening Project (Mackenzie's
Mission) funded by the Australian Government's Medical Research

15.

Future Fund as part of the Australian Genomics Health Futures
Mission (GHFM73390 [MRFF‐ G‐MM]).

16.
17.

C O N F L IC T O F I N T E RE S T
The authors have no conflict of interest to declare.
18.

ORCID
Stephanie Best
Janet Long

https://orcid.org/0000-0002-1107-8976
https://orcid.org/0000-0002-0553-682X

Tahlia Theodorou
Alison Archibald
Jeffrey Braithwaite

https://orcid.org/0000-0002-0011-6383
https://orcid.org/0000-0002-4496-8262
https://orcid.org/0000-0003-0296-4957

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

19.

Warren E, Anderson R, Proos AL, Burnett LB, Barlow‐Stewart K,
Hall J. Cost‐effectiveness of a school‐based Tay‐Sachs and cystic
fibrosis genetic carrier screening program. Genet Med. 2005;
7(7):484‐494.
Archibald AD, Smith MJ, Burgess T, et al. Reproductive genetic carrier
screening for cystic fibrosis, fragile X syndrome, and spinal muscular
atrophy in Australia: outcomes of 12,000 tests. Genet Med. 2018;20(5):
513‐523.
Abdo N, Ibraheem N, Obeidat N, et al. Knowledge, attitudes, and
practices of women toward prenatal genetic testing. Epigenet Insights. 2018:11.
Plantinga M, Birnie E, Schuurmans J, et al. Expanded carrier
screening for autosomal recessive conditions in health care: arguments for a couple‐based approach and examination of couples'
views. Prenat Diagn. 2019;39(5):369‐378.
Matar A, Hansson MG, Hoglund AT. “A perfect society”—Swedish
policymakers' ethical and social views on preconception expanded
carrier screening. J Commun Genet. 2019;10(2):267‐280.
Ready K, Haque IS, Srinivasan BS, Marshall JR. Knowledge and attitudes regarding expanded genetic carrier screening among
women's healthcare providers. Fertil Steril. 2012;97(2):407‐413.
Schuurmans J, Birnie E, van den Heuvel LM, et al. Feasibility of
couple‐based expanded carrier screening offered by general practitioners. Eur J Hum Genet. 2019;27(5):691‐700.
Beauchamp KA, Johansen Taber KA, Muzzey D. Clinical impact and
cost‐effectiveness of a 176‐condition expanded carrier screen. Genet
Med. 2018;21:1948–1957.
Braithwaite J, Marks D, Taylor N. Harnessing implementation
science to improve care quality and patient safety: a systematic
review of targeted literature. Int J Qual Health Care. 2014;26(3):321‐
329.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

ET AL.

Delatycki MB, Alkuraya F, Archibald A, et al. International perspectives on the implementation of reproductive carrier screening. Prenat
Diagn. 2020;40(3):301‐310.
American College of Obstetricians and Gynecologists (ACOG).
Committee Opinion No. 690. Carrier screening in the age of genomic
medicine. Obstet Gynecol. 2017;129:e35‐e40.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta‐analyses: the PRISMA statement. PLOS
Med. 2009;6(7):e1000097.
Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159‐174.
Hawker S, Payne S, Kerr C, Hardey M, Powell J. Appraising the
evidence: reviewing disparate data systematically. Qual Health Res.
2002;12(9):1284‐1299.
QSR International Pty Ltd. NVivo qualitative data Analysis Software;
Version 12. 2018.
Braun V, Clarke V. Using thematic analysis in psychology. Qual Res
Psychol. 2006;3(2):77‐101.
Archibald AD, Hickerton CL, Jaques AM, Wake S, Cohen J, Metcalfe
SA. “It's about having the choice”: stakeholder perceptions of population‐based genetic carrier screening for fragile X syndrome. Am J
Med Genet. 2012;161(1):48‐58.
Archibald AD, Hickerton CL, Wake SA, Jaques AM, Cohen S,
Metcalfe SA. “It gives them more options”: preferences for preconception genetic carrier screening for fragile X syndrome in primary
healthcare. J Commun Genet. 2016;7(2):159‐171.
Baars MJH, Henneman L, Ten Kate LP. Preconceptional cystic fibrosis
carrier screening: opinions of general practitioners, gynecologists,
and pediatricians in the Netherlands. Genet Test. 2004;8(4):431‐436.
Benn P, Chapman AR, Erickson K, et al. Obstetricians and gynecologists' practice and opinions of expanded carrier testing and
noninvasive prenatal testing. Prenat Diagn. 2014;34(2):145‐152.
Briggs A, Nouri PK, Galloway M, O’Leary K, Pereira N, Lindheim SR.
Expanded carrier screening: a current survey of physician utilization
and attitudes. J Assist Reprod Genet. 2018;35(9):1631–1640.
Cho D, McGowan ML, Metcalfe J, Sharp RR. Expanded carrier
screening in reproductive healthcare: perspectives from genetics
professionals. Hum Reprod. 2013;28(6):1725‐1730.
Cousens NE, Gaff CL, Delatycki MB, Metcalfe SA. Prenatal β‐thalassemia carrier screening in Australia: healthcare professionals'
perspectives of clinical practice. Prenat Diagn. 2014;34(3):246‐250.
Cunningham F, Lewis S, Curnow L, Glazner J, Massie J. Respiratory
physicians and clinic coordinators' attitudes to population‐based
cystic fibrosis carrier screening. J Cyst Fibros. 2014;13(1):99‐105.
Darcy D, Tian L, Taylor J, Schrijver I. Cystic fibrosis carrier screening in
obstetric clinical practice: knowledge, practices, and barriers, a decade
after publication of screening guidelines. Genet Test Mol Biomarkers.
2011;15(7‐8):517‐523.
Delgado A, Schulkin J, Raina Kaji S, Macri CJ. Provider knowledge,
comfort with, and training on genetics screening and diagnostic
testing assessing educational needs. J Reprod Med. 2020;65(1):31‐36.
Holtkamp KC, Vos EM, Rigter T, Lakeman P, Henneman L, Cornel
MC. Stakeholder perspectives on the implementation of genetic
carrier screening in a changing landscape. BMC Health Serv Res.
2017;17(1):146.
Janssens S, Chokoshvili D, Vears DF, De Paepe A, Borry P. Pre‐ and
post‐testing counseling considerations for the provision of expanded
carrier screening: exploration of European geneticists' views. BMC
Med Ethics. 2017;18.
Janssens S, Chokoshvili D, Vears D, De Paepe A, Borry P. Attitudes
of European geneticists regarding expanded carrier screening. J
Obstet Gynecol Neonatal Nurs. 2017;46(1):63‐71.
Lazarin GA, Detweiler S, Nazareth SB, Ashkinadze E. Genetic
counselors' perspectives and practices regarding expanded carrier

BEST

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

-

ET AL.

screening after initial clinical availability. J Genet Counsel.
2016;25(2):395‐404.
Matar A, Kihlbom U, Hoglund AT. Swedish healthcare providers'
perceptions of preconception expanded carrier screening (ECS)‐a
qualitative study. J Community Genet. 2016;7(3):203‐214.
McClaren BJ, Delatycki MB, Collins V, Metcalfe SA, Aitken M. ‘It is
not in my world’: an exploration of attitudes and influences associated with cystic fibrosis carrier screening. Eur J Hum Genet.
2008;16(4):435‐444.
Morgan MA, Driscoll DA, Mennuti MT, Schulkin JS. Practice patterns
of obstetrician‐gynecologists regarding preconception and prenatal
screening for cystic fibrosis. Genet Med. 2004;6(5):450‐455.
Morgan MA, Driscoll DA, Zinberg S, Schulkin J, Mennuti MT. Impact of
self‐reported familiarity with guidelines for cystic fibrosis carrier
screening. Obstet Gynecol. 2005;105(6):1355‐1361.
Poppelaars FAM, Henneman L, Adèr HJ, et al. How should preconceptional cystic fibrosis carrier screening be provided? Opinions
of potential providers and the target population. Community Genet.
2003;6(3):157‐165.
Poppelaars FAM, van der Wal G, Braspenning JCC, et al. Possibilities
and barriers in the implementation of a preconceptional screening
programme for cystic fibrosis carriers: a focus group study. Publ
Health. 2003;117(6):396‐403.
Poppelaars FAM, Adèr HJ, Cornel MC, et al. Attitudes of potential
providers towards preconceptional cystic fibrosis carrier screening. J
Genet Counsel. 2004;13(1):31‐44.
Qureshi N, Armstrong S, Modell B. GPs' opinions of their role in
prenatal genetic services: a cross‐sectional survey. Fam Pract. 2005;
23(1):106‐110.
Stark Z, Massie J, McClaren B, et al. Current practice and attitudes
of Australian obstetricians toward population‐based carrier
screening for inherited conditions. Twin Res Hum Genet. 2013;16(2):
601‐607.
Tsianakas V, Calnan M, Atkin K, Dormandy E, Marteau TM. Offering
antenatal sickle cell and thalassaemia screening to pregnant women
in primary care: a qualitative study of GPs' experiences. Br J Gen
Pract. 2010;60(580):822‐828.
Valente G, Amor DJ, Ioannou L, Archiabld A. Factors influencing
medical practitioner participation in population carrier screening for
cystic fibrosis. Aust N Z J Obstet Gynaecol. 2020. https://doi.org/
10.1111/ajo.13264

42.

43.

44.

45.

46.

47.

48.

719

Rapport F, Clay‐Williams R, Churruca K, Shih P, Hogden A,
Braithwaite J. The struggle of translating science into action: foundational concepts of implementation science. J Eval Clin Pract. 2018;
24(1):117‐126.
Hollnagel E, Wears RL, Braithwaite J. From safety‐I to safety‐II: a
white paper. The Resilient Health Care Net: Published simultaneously by
the University of Southern Denmark. University of Florida, USA, and
Macquarie University; 2015.
Robson SJ, Caramins M, Saad M, Suthers G. Socioeconomic status
and uptake of reproductive carrier screening in Australia. Aust N Z J
Obstet Gynaecol. 2020. https://doi.org/10.1111/ajo.13206
Waltz TJ, Powell BJ, Matthieu MM, et al. Use of concept mapping to
characterize relationships among implementation strategies and
assess their feasibility and importance: results from the Expert
Recommendations for Implementing Change (ERIC) study. Implement
Sci. 2015;10(1):109.
Ong R, Howting D, Rea A, et al. Measuring the impact of genetic
knowledge on intentions and attitudes of the community towards
expanded preconception carrier screening. J Med Genet. 2018;
55(11):744‐752.
Michie S, Richardson M, Johnston M, et al. The behavior change
technique taxonomy (v1) of 93 hierarchically clustered techniques:
building an international consensus for the reporting of behavior
change interventions. Ann Behav Med. 2013;46(1):81‐95.
Thompson R, Miller YD. Lost in translation? J Reprod Infant Psychol.
2011;29(1):1‐3.

S U P P O R T I N G I N F O RM A T I O N
Additional supporting information may be found online in the Supporting Information section at the end of this article.

How to cite this article: Best S, Long J, Theodorou T, et al.
Health practitioners' perceptions of the barriers and enablers
to the implementation of reproductive genetic carrier
screening: A systematic review. Prenatal Diagnosis.
2021;41:708–719. https://doi.org/10.1002/pd.5914

