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Introduction: Improving clinical capacity for genomics in primary care promises to lead to better health, but genomics uptake in the sector is slow and patchy. This review aimed to identify the attitudes of primary care practitioners (PCPs) and the education needs and enablers in applying genomics to inform priorities in education and implementation.

Methods: Searches were conducted across Medline, Scopus, CINAHL, Embase, and Cochrane CENTRAL until November 2023. Barriers and enablers were mapped to the Theoretical Domains Framework and the Genomic Medicine Integrative Research Framework.

Results: A total of 52 studies were included, and the most frequently mapped domains from the Theoretical Domains Framework were ‘Knowledge’ (65.4% of papers), ‘Environmental context and resources’ (40.4%), ‘Skills’ (38.5%), and ‘Social/professional role and identity’ (32.7%). Four key implications were identified: knowledge as a major barrier and enabler, education to build capacity, uncertainty about the role of PCPs, and additional needs beyond education alone.

Discussion: While PCPs are optimistic about genomics, long-standing barriers to delivery in primary care remain. Multifaceted, evidence-based education strategies, including interactive components to change behaviour, will help to address barriers. Clarifying the role of PCPs, referral pathways, and collaboration with tertiary genetics services will further build capacity for genomics delivery in primary care.
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1 Introduction

Primary care practitioners (PCPs) are increasingly at the forefront of genomics and are in a unique position to enable the widespread application of precision medicine in the community. Recent rapid advances in genomics have led to cheaper and faster genomic testing and screening, and the emergence of new treatments (1), including targeted therapies for cancer, gene therapies, and tailored medication prescribing guided by pharmacogenomics. Clinical trials are also underway for the use of polygenic scores to provide risk-tailored prevention or early detection of common conditions such as heart disease and cancer, as well as for population-based screening for genetic conditions, with the potential to reduce unnecessary interventions and improve healthcare at scale (1, 2).

Improving clinical capacity for genomics in primary healthcare promises to lead to better health, through earlier diagnosis, more targeted risk management, and early intervention (3). Primary healthcare supports first-contact, person-focused care and serves as a strategic entry point to the health system (4). This includes family physicians, general practitioners, nurse practitioners, and physician assistants.

Despite considerable development of genomics education resources for health professionals in the last decade, there has been a relatively slow uptake of genomics into primary care, with many practitioners reporting inadequate capacity, capabilities, training, and support to enable genomics to be embedded into their practice (5, 6). In addition, the rapid pace of genomic advancements has the potential to outstrip updates provided by existing education resources, presenting additional challenges in engaging PCPs in genomics education. Internationally, strategies to support primary care professionals in the delivery of genomics medicine have been proposed (7, 8), but there remains a lack of evidence on the most effective education approaches and key priorities in genomics education and implementation in this sector.

We conducted a scoping review to present a cohesive overview of the attitudes of PCPs to genomics and education needs and enablers in applying genomics in primary healthcare to better understand how to build capacity through education and inform implementation. We defined ‘enablers’ as any factors facilitating the successful implementation of education, such as tailored resources addressing stakeholder needs. Moreover, we have defined primary care practitioners as those that align with the WHO definition of primary care, providing first contact, accessible, continuous, comprehensive, coordinated care that is person-focussed (4). Specifically, as this study is funded through an Australian Medical Research Futures Fund project aimed at finding genomic solutions for general practitioners, we tried to align the definition of primary care practitioner as closely to the Australian system as possible in our search strategy.

This scoping review had two key objectives:

1. To understand the attitudes of PCPs, in particular GPs, toward genomic practice in the context of genomics education and how these can be addressed; and.

2. To examine the evidence on genomics education in primary care to identify what works and the needs of PCPs.



2 Materials and methods

The review has been reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Review (PRISMA-ScR) guidelines (9).


2.1 Criteria

A detailed search strategy and eligibility criteria for screening of studies were developed in collaboration with the authors and a clinical librarian at the University of Sydney. Studies were included if they met the following criteria:

• Included genomics education and/or resources (excluding out-of-scope topics, i.e., non-genetic newborn bloodspot screening and tumour testing in tertiary setting)

• Reported genomics education needs, gaps, and enablers

• Based on primary care settings involving primary care professionals (e.g., general practitioners, primary care nurses, or equivalent roles in primary care settings outside Australia, such as family physicians and physician assistants)

• Published between 2011 and 2023 and

• Full text was available in English.

Studies were excluded if primary care professional roles and responses were not clearly differentiated from professionals in other health sectors, such as tertiary care, in the data analysis. For example, if a study interviewed PCPs and surgeons and included all their responses mixed without differentiation, these were excluded. This was to ensure that we only had responses purely from primary care professionals, so that relevant barriers and enablers could be attributed to evidence from primary care practitioners. This means we deliberately excluded studies performed in the tertiary care sector due to the different health system issues in this field, and also there is a relative abundance of studies looking at mainstreaming in tertiary care (10). We excluded protocols, conference abstracts, commentaries, letters, editorials, or perspectives and studies not available in English.



2.2 Information sources and search

Searches were conducted across five databases, Medline, Scopus, CINAHL, Embase, and Cochrane CENTRAL, to capture all relevant literature published on the research topic from the genomic era, January 2011 until November 2023. Search strategies and terms used across the different databases are available in Supplementary Table 1.



2.3 Selection of sources of evidence

All studies were analysed for relevance to the objectives using the eligibility criteria. All studies were initially uploaded to Endnote, a citation and reference management tool, where duplicates were removed from the library. Covidence, a systematic review management software, was used to screen studies to be included in the scoping review. The studies captured via the database searches were uploaded to Covidence to commence screening studies based on the relevancy of the abstract and title. This stage was completed by two authors (NS and KD), with a subset of articles (10%) reviewed by both to ensure screening reliability before commencing the full set of studies. A second screening was automatically completed at this stage by Covidence to verify that all duplicate studies were excluded before the authors (NS and KD) independently commenced screening the select studies based on their full texts. Consensus on the inclusion of studies was met through weekly discussions throughout the screening process; any conflicts were resolved by discussions with senior authors in the team (ASM and AS) until fully agreed.



2.4 Data charting process and items

Data were extracted, and studies were charted in a table format by two authors (NS and KD), documenting article details (title, author, year of publication, and country of publication), study summary (aims, methods, and results), study details (participants, specialty within genomics, type of intervention, and key outcome measures), and outcomes (needs, gaps, barriers, and facilitators). Studies were categorised according to their key focus, either attitudes of PCPs toward practicing genomics or educational interventions (genomics).



2.5 Synthesis of results

The selection, screening, and synthesis of studies in this review was completed in 12 months. Studies were further coded to two frameworks and discussed in regular meetings over the following 6 months to provide a structured approach for deductive analysis (barriers and enablers) and inductive analysis to determine implications as follows:

A. Behavioural Domains using the Theoretical Domains Framework (TDF): The TDF has been applied across a broad range of healthcare settings and behaviours to categorize barriers and enablers, including in genomics uptake (11). This framework provides a comprehensive structure to understand determinants of behaviour change relevant to the education delivery of genomics in primary care. Each of the 14 domains of TDF was defined by the study team, with examples in the context of this review available in Supplementary Table S3. These domains were mapped initially by two authors (NS and KD) and further correlated by a third author to ensure consistency (AM). Barriers and enablers were further coded for each article according to attitudes-based or educational intervention-focused studies in line with the aims of the review. Any discrepancies were discussed among five co-authors (NS, KD, ASM, AKS, and ALM) at regular research meetings. A frequency analysis of domains was completed by one author (NS) to further guide understanding of the key genomics-related gaps and needs of PCPs prevalent in the literature (included in Supplementary Table 3 with TDF domain definitions).

B. The Genomic Medicine Integrative Research Framework (GMIR): GMIR (12) is a conceptual framework to help design measures for integrating genomics into clinical practice. TDF barriers, enablers, and needs were coded into the GMIR to capture contextual factors, educational interventions, processes, and outcomes to guide further analysis (12) (included in Supplementary Tables 4, 5). Findings within the GMIR were checked and discussed amongst authors, including the impact of genomics education approaches and how they play out in the real world of primary care. A discussion was conducted at regular research meetings (NS, KD, ASM, AKS, and ALM) and at two additional meetings with all authors whose range of academic backgrounds include epidemiology, clinical genetics, implementation science, genomics education, health professional education, and primary care. This enabled the determination of implications for building capacity for genomics in this setting. This scoping review provided a high-level map of existing literature and knowledge, and so a critical appraisal of individual studies was not conducted.




3 Results

After all duplicates were removed, a total of 4,315 studies were screened for abstract and title (Figure 1). After excluding studies that did not meet the eligibility criteria, a total of 170 papers were assessed in full text, and 52 were included in the review, with 33 focused on attitudes of PCPs and 19 on educational interventions (genomics).

[image: Figure 1]

FIGURE 1
 PRISMA diagram illustrating article screening process.


Demographic information and study characteristics of all included studies are shown in Supplementary Table 2. All included studies with other extracted data items are shown in Table 1 (those with a focus on attitudes and views of primary care practitioners) and Table 2 (those with a focus on educational interventions for primary care practitioners).



TABLE 1 All included studies with a focus on attitudes and views of primary care practitioners.
[image: Table1]



TABLE 2 All included studies with a focus on educational interventions for primary care practitioners.
[image: Table2]

Attitudes of PCPs were optimistic about the potential for genomics to improve clinical care (13–19) and as an area of responsibility for primary care (5, 20, 21). However, most reported low skill and knowledge (13, 19, 22, 23), in particular in referral pathways and dealing with complexities of genomics (5, 24, 25), lack of confidence, especially in counselling and interpreting genomic results (5, 14, 17, 22, 26–29), and poorly defined roles (24). There was strong interest amongst PCPs in genomics education (21, 30–32).

Barriers, enablers, and needs were most frequently mapped to the TDF domain ‘Knowledge’ in 34/52 (65.4%) of articles, followed by ‘Environmental context and resources’ in 21 papers (40.4%). Barriers and enablers were also frequently categorised into skills (38.5%), social/professional role and identity (32.7%), beliefs about capabilities (17.3%), memory, attention, and decision processes (13.5%), optimism (11.5%), intentions (9.6%), and beliefs about consequences (7.7%). Mapping to other TDF domains occurred on one occasion or not at all. A summary of the barriers, enablers, and needs for the key TDF domains, categorised according to attitudes-focused or educational intervention-focused studies, is included in Table 3. All 14 TDF domains were relevant in this scoping review, and the remaining domains are included in Supplementary Tables 3–5.



TABLE 3 Summary of key barriers, enablers, and needs in primary care for five common TDF domains [according to attitudes to genomics or educational interventions].
[image: Table3]


3.1 Implications for building capacity for genomics in primary care

Four key implications were identified from the data analysis of included studies as follows and summarised in Figure 2.

[image: Figure 2]

FIGURE 2
 Implications for building capacity for genomics in primary care.



3.1.1 Knowledge as a major barrier and enabler to genomics in primary care

Limited knowledge about genomics and lack of experience in genomics was a frequently reported barrier (TDF: Knowledge) to delivering genomics in primary care, amplified by the complexities of genomics (5, 14, 24, 25, 30). This was linked closely to the barrier of PCP’s low confidence and perceived ability to perform genomics in practice, such as counselling families and explaining genomic results (5, 14, 17, 27–29) (TDF: Beliefs about capabilities). Key enablers included PCP’s optimism that genomics will be useful, improve clinical care, and make a positive impact (13–16) and the high interest in further education (20, 31, 32). Other enablers included engagement with experts (20).

The need for continuous professional development (CPD), accredited and multifaceted in approach (using multiple modalities, e.g., online, face-to-face, workshops, and modules), was identified to meet the range of PCP’s needs and preferences for delivery (5). These include better training curricula (25, 32) covering the basics of genetics, psychosocial issues, referral indications (33–35), and useful ‘bottom-line’ information accessible anytime to help build confidence (36).



3.1.2 Education as an approach to building capacity

There were two overarching barriers to educational interventions for building capacity for genomics. The first included the low impact of standalone lectures and resources, with two articles reporting knowledge was not retained after lecture series (37) and evidence-based summaries (38) (TDF: Knowledge). Implementing education informed by evidence-based strategies to increase confidence and knowledge (TDF: Knowledge) was a key enabler. For example, several studies reported that active problem-based, case-based online learning interventions were effective evidence-based strategies, increasing genomic knowledge for PCPs (36, 39–42).

The second barrier identified was the limited evidence of behaviour change despite PCPs participating in evidence-based educational interventions (40) (TDF: Knowledge). Significant impact on applying knowledge, for example, key counselling behaviours, was not achieved following participation in an e-module (40) and a web-based genetic curriculum (43). Improvement in self-reported genetic competencies and referral behaviour at 1-year follow-up was reported by PCPs who completed comprehensive oncogenetic training (44) (a module, live education, and a website), though clinical genetics centres reported no significant change in referral numbers 1 year after the training.

Despite this, PCPs did frequently report an intention to implement support for genomic testing in practice following such interventions (36, 44, 45), and behaviour change was achieved in a small number of studies that included an interactive education component. Sustained improvement in consultation skills was reported by PCPs 3 months following interactive face-to-face skills and role-play training (46). An e-learning tool that provided evidence-based summaries of new genetic tests with primary care recommendations, while not improving knowledge, increased confidence and changed practice with participants choosing to continue to receive the resource (46). Poor access was reported by some as a deterrent to participating in education, with convenience, time, and pace of web-based modules as recognised enablers (39).



3.1.3 Uncertainty about the role of GPs in genomics

Poorly defined roles in genetics for PCPs (24) were seen as barriers to the delivery of genomics, including ambivalence (23) and uncertainty in the profession toward genomics (47, 48) (TDF: Professional Role and Identity). Enablers included that some PCPs see a growing role for genomics in their practice as an area of responsibility for them (5, 20, 21). Strategies to clarify the role of the GP in genomics, such as reflecting the PCP’s role in activities provided by professional bodies and training curricula to provide baseline knowledge (36), were also reported. Genetic health professionals presenting education to primary care may enable a greater appreciation of roles (37).

Concerns about the negative consequences of genomic testing on patients, including anxiety, insurance, discrimination, costs, and privacy (13, 16, 17, 20, 24, 49), were also key barriers (TDF: Beliefs about consequences). A key enabler to increase confidence and reduce concerns similarly includes evidence-based interactive education. For example, after an interactive intervention with reflective learning, GPs reported expecting health benefits for their patients from genomics (50).



3.1.4 Major needs identified beyond education alone

While effective education was highlighted as a major need, lack of time for the counselling and discussion of genetics required (19, 20, 30) and lack of financial support (24) and resources in terms of access to genetics advice and services (51, 52) were also reported as barriers to delivering genomics in primary care (TDF: Environmental context and resources). Cost constraints and the availability of human resources were barriers to the expansion and sustainability of education and services (TDF: Environmental context and resources). Enablers included funding for time for GPs to spend on genetic services (30) and establishing links to local genetics services support (20, 26).

Appropriate referral of patients to genetic services remains a key role for PCPs. Barriers to appropriate referral were attributed to a lack of awareness of indications for referral (32, 34, 53) and uncertainty about their role (47, 48), with many requesting referral guidelines and education (14, 21, 36) (TDF: Knowledge; TDF: Environmental context and resources). In one study (44), education increased intention to refer but not appropriate genetics referrals. The impact of education on appropriate referral was otherwise not reported. Enablers included having clear referral pathways in genetics (21) and accessible resources (54), including risk assessment tools. For example, the CRC Risk Triage tool was found to significantly increase confidence in referral (45). Additional enablers include primary-care genetics-led education, as GPs who attended a genetic counsellor-led practice-based seminar, which included referral access details and guidelines, increased appropriate referral of patients at high genetic risk of developing cancer (55). No significant changes were found for non-cancer referrals. The delivery of knowledge as a cycle rather than a one-off event was recommended for impact (55, 56), and other potential solutions included providing access to a community of practice or multidisciplinary team model (36) and being part of a genomics team (51).





4 Discussion

This review synthesises current attitudes to and educational interventions for genomics in primary care, identifying barriers and enablers associated with building capacity for delivery. Most studies in this review focused on aspects related to TDF domains of knowledge, environmental context and resources, professional role and identity, beliefs about capabilities, and beliefs about consequences, reflecting priority areas for PCPs. We identified four key implications (themes) associated with barriers and enablers that include knowledge as a major barrier and enabler to genomics in primary care, education as an approach to building capacity, uncertainty about the role of GPs in genomics, and major needs identified beyond education alone. These have implications for resource development, including investing in evidence-based education, alternate modes of delivery, and creating pathways and links to genetic services support. Considering the many barriers and enablers identified, it is imperative to continue to further explore and develop strategies that effectively build capacity.

When we compare our findings to a previous systematic review of genetics in primary care from almost a decade ago (6), many similar themes arise, even though only one article (34) overlaps with this 2015 review. Barriers most frequently mentioned in the systematic review by primary-care providers included a lack of knowledge (most frequently cited) about genetics and genetic risk assessment, concern for patient anxiety, a lack of access to genetics, and a lack of time—which are much the same as the barriers identified here. It is striking how similar their findings and concerns were, including the risk of genetic discrimination and harm and the lack of referral guidelines for access to genetics services, even for articles written before the genomics era.

The similarities, despite the passing of 10 years of additional genomic education, programs, and efforts to improve uptake into primary care internationally, reflect that there are systemic issues beyond education alone and that maybe a new approach is required. Moreover, as these efforts to integrate genomics and promise ‘precision’ or ‘personalized’ medicine continue, there is evidence of ambivalence and scepticism in the primary care sector, as these promises often fail to deliver (57) and may actually worsen existing inequities. Instead of more promises and programs to deliver this, there is increasing evidence that undertaking co-design (58) in partnerships with consumers and PCPs is needed (59), and incorporating more genetic skills experiences into primary care training may be required (60). Moreover, addressing the many social challenges, such as ethical and legal aspects of genomics, public acceptance, and costs, is required to enable systemic change and improve uptake in the sector (61).

In the coming decade, it could be argued that the role of the PCP is even greater in genomics, with access to more testing and guidelines and the consequent growing importance of identifying patients who would benefit from further genetic evaluation (62). Moreover, there is evidence of the important role PCPs have, as consumers value their involvement in the genomic testing process (63) and trust their PCPs to provide genomic advice and information (64). However, our findings report PCP’s ongoing concern about their role in genomics and a lack of access to genetics expertise and services, possibly reflecting the lack of effective interventions to address these longstanding problems and the rapidly changing new applications of genomics.

Genomic ‘mainstreaming’ has been promoted in many areas as a potential solution by integrating genomics into non-genetics healthcare practices such as in nursing, subspecialist physicians (10), and primary care. In the mainstreaming literature, including cancer mainstreaming literature, similar barriers have also been identified in secondary and tertiary care sectors to the uptake of genomics, including low genomic literacy and knowledge (65) and the lack of strong evidence on the type of educational interventions that lead to effective behaviour change. Some additional non-education interventions identified to impact mainstreaming include family history and referral tools, as well as embedding of genetics staff (e.g., genetic counsellors) into non-genetics areas. This can be challenging in primary care, where referral criteria and tools are very location-specific, and the low number of genetics services compared to PCPs makes it very difficult to scale up an embedded clinical service.

While genomics is a rapidly growing field with many new applications in primary care, it is helpful to compare our findings to the broader general literature on PCP education and behaviour change. A recent systematic review of reviews on primary care practitioner behaviour change using TDF has demonstrated very similar findings, with knowledge being the most frequently identified barrier and enabler identified in the primary care literature in general (66). Poor knowledge was identified as leading to uncertainty, low confidence, and poor awareness amongst PCPs. Despite this, there is literature pointing toward little apparent change in practice behaviour, even with targeted education in genetics and genomics from our study (67). This highlights the importance of evidence-based educational interventions and blended learning approaches (68) that deal with behaviour change beyond knowledge improvement.

In addition, the time and workload required to change behaviours, combined with poor resourcing and lack of time to upskill, and follow guidelines, is a major barrier identified in the primary care literature in general (69, 70). While we have focussed on just one area—genomics—a similar theme is emerging across the field, with major implications for primary care training, practice, and the way the primary care sector can adapt and change to the evolving evidence in medicine. For example, including skills-based genomics education in the training program curriculum for physicians specialising in primary care could address many of the shortfalls in the knowledge that are so common across the sector. Moreover, the time and resourcing issue speaks to a broader problem in the sector of short consultations (69) and low renumeration for time-intensive tasks such as counselling and discussing complex interventions such as genomics with patients. This is potentially compounded for discussions with patients from a non-English speaking, rural/remote, or socioeconomically disadvantaged background, where genomics may be a low priority (71). Any new interventions to address genomics uptake in primary care must also be implemented in the context of a time- and resource-poor clinician seeking quick answers to help manage their patients and broader systemic issues such as equity and training.

In the primary care literature, important social influence enablers were patient-centred care and collaboration with specialists, which is similar to the idea of a ‘community of practice’ raised as an environmental context influence enabler in our review. These are groups with a shared concern, set of problems, and regular interactions to address this and have been shown to improve primary care outcomes (72). Other models of interdisciplinary care, such as genomic multidisciplinary teams where clinical geneticists and genetic counsellors partner with non-genetics professionals to handle genomic cases and facilitate mainstreaming, are also worth considering (73, 74). Both approaches are worth exploring to enable PCPs to facilitate genomics in primary care, with genetics support and patient-centred collaborations to improve outcomes.

A strength of this review is the use of a comprehensive search strategy across multiple databases to understand the education needs, gaps, and enablers for building capacity in genomics within primary care. However, in our initial search, studies were excluded if they did not discuss genomics in the context of education, As a result, we may not have adequately captured literature related to relevant issues explored in genomics.

Moreover, we limited our definition of primary care practitioners to closely align with the Australian context of general practitioners, which excluded some physicians that are considered part of primary care in other jurisdictions, such as internal medicine and paediatric physicians. These specialties are already well represented in other research on genomic mainstreaming needs, mainly in the tertiary sector (10), but we acknowledge that this limits some of the findings to the family physician context.

Only a minority of studies in the genomics education and primary care literature utilised any theory-based frameworks or implementation science, such as using the TDF. Such use of theories is helpful for consistency across the literature and in devising interventions to address the barriers, which seem to be common across the primary care literature as a whole rather than specific to genetics itself. A potential area of future study would be the types of interventions best suited to implementing genomics beyond conventional education alone; for example, audit and feedback have been used to enable prescribing behaviour change (75), and the emergence of artificial intelligence/virtual reality-based learning tools are worth exploring further.

Although PCPs report optimism about the benefits of genomics and interest in genomics education, longstanding entrenched barriers to the delivery of genomics in primary care remain. Ensuring that education strategies are multifaceted and evidence-based and include interactive components to change behaviour will help address these barriers. Clarifying the role of the GP in training curricula, resourcing for genomics, providing clearer referral pathways, and establishing links to local genetics services support could be expected to further help the delivery of genomics in primary care. Moreover, the emergence of AI tools in practice management software and education, as well as the role of the genetic counsellor in primary care, are worth exploring in future studies. Such strategies call for close collaboration between primary care and tertiary-based genetics services to facilitate education, and even a community of practice for GPs in genomics, as a key step toward building capacity.
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TDF domain Barriers

Knowledge (and Practitioner
skills)*

Atttudes to genomics

Most primary care practitioners report low sk,
).

“This theme is repeated in many subcategories of genetics

knowledge, and experience with genetics (13, 19, 22,

and includes a lack of knowledge on appropriate referral
pathways for genetic patients and dealing with
complexities of genomics (5, 14, 24, 25, 30, 76).
Educational interventions

Standalone lectures/resources rarcly increase knowledge
(37,38).

‘Web-based interventions alone are unlikely to impact

behaviour change (13, 46).

Environmental context and Attitudes to genomics

resources Lack of time reported by many primary care practitioners
(19,20, 30) for the counselling and discussion of genetics
required. Moreover, resource issues: lack of financial

).

support (24) and access to genetics advice (51, 5
Educational interventions

Expansion/sustainability of education programs is limited

by cost constraints and the availabilty of human

resources (37).

Professional role and identity Atitudes to genomics
Poorly defined roles in genetics or primary care
practitioners (24), including ambivalence (23) and
uncertainty in the profession toward genomics (47, 48).

Educational interventions

Beliefs about capabi Attitudes to genomics
Lack of confidence is reported in many primary care
practitioners, especially in counselling and interpreting
‘genomic results and advising patients (5, 14, 17, 22, 26—
29).

Educational interventions

Primary care professionals report low confidence in
delivering genomics, particularly communicating
genomic information to patients (41).

Beliefs about consequences Attitudes to genomics
Primary care practitioners report concerns about negative
impact on patients including ansiety, insurance,
discrimination, costs, and privacy (13, 16, 17, 20, 24, 49).

Educational interventions

Online education may not change attitudes including

‘module and live webinars (39).

*Domains were combined to allow for overlap.

Enablers

Atitudes to genomics

“There i interest amongst primary care practitioners for more education in

this area, including continuous professional development activ

(21). The majority of general practitioners report interest in further

education (31, 32).

Educational interventions
Problem-based, case-based online learning interventions increase
9-42).

Interactive scenarios move knowledge into practice, ¢, especially if

knowledge (36

es (30),

engagement with experts (20), and clearer referral pathways in genetics

included skills/ role play with interactive elements. Sustained improvement

in consultation skills 3 months after face-to-face skills and role-play training

(46) (TDF:

kills).

Attitudes to genomics

Funding for time spent in genetics (30), as well as improved referral

‘guidelines and patient information and links to local genetics ser

support (20), could address the lack of time/resources (26).

Educational interventions
Convenience, time, and pace of web-based modules appreciated, e.g.
‘messenger (76).

Availability of resources for teaching also serves s vehicle to form

stronger links between primary care and genetics (41). Furthermore, having

access to a community of practice or multidisciplinary team model (36) or

being part of a reproductive genetic carrier screening special interest

‘group(30)was suggested.

g were more likely to

consider referring patients to linical genetics centres (44) and having

resources available, i, colorectal cancer risk triage tool,significantly

increased confidence in referral (45).

Atitudes to genomics

Many primary care practitioners see a growing role for genomics in their

practice as an area of responsibility for them (5, 20, 21).

Educational interventions

Genetics Health professionals presenting education to primary care enables

greater appreciation of roles (37).

Attitudes to genomics

Despite low confidence, many primary care practitioners express opt

that genomics will be useful, improve clinical care, and make a positive

impact (13-16).

Educational interventions

Evidence-based education interventions increased confidence, e.g.,

Genetikit evidence-based summaries (38), colorectal cancer

ism

Kk Triage tool

(45), Genomic Medicine Action Plan messaging tool (77), Gen-equip (36,

a1).

Atitudes to genomics

Many primary care practitioners see genomics as improving patient care

(17), offering better reproductive ch
19).

es (18), and personalized med:

Educational interventions
General practitioners’ expected health benefits afier an interactive

intervention with reflective learning (50).

Needs
Continuous professional development and online multifaceted
resources are needed, with a diverse range of methods (5). This

includes better trai

ing curricula (25, 32) covering the basics of

genetics, psychosocial ssues, and referral indications (3
Evidence-based education strategies, i content informed by
target group, based on case studies, multiple methods, tools,
interactive components, and reflective learning to address skils

needs.

Better awareness of appropriate genetic referral pathways (2
47,48, 51, 5¢

), supports, and resources to enable genomics,
including patient information required.

Education and information resources need to be accessible,

brief, and funded for sustainability.

Providing a supportive learni

g workplace/ environment may

help put knowledge into pract

for the delivery of genomics.
General practitioners need live education to improve
appropriate referrals and ideally access to a community of

practice in genomics (30, 51).

Clearer role delineation is needed to demonstrate how primary
care practitioners play a part in the genomics journey, including
recognition of general practitioners’roles in genomics and
‘mainstreaming.

General practitioners favoured the inclusion of case studies
‘modelling pivotal roles for general practitioners, such as taking
an accurate family history and referring appropriately to

genetics.

Distilling information into a useful and accessible “bottom line”
with which to guide practice: ¢.g, ‘Genomics fundamentals'
accessible as a refresher (36) that could be accessed anytime and
before undertaking e-modules, including fundamental genomics
topics of genomic testing, genetic variation, and genetic

inheritance.

Negative concerns about genomics need to be addressed clearly
for primary care practitioners and patients, and the potential

benefis of genomics.
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To identify Australian general practitioners’ views
on genomics, impact on practice and education

needs to inform continuing education,

“To investigate the current level of knowledge of
precision medicine, acceptable content for
training, the perceived potential of a more

precision approach to patient care, and
‘motivation to participate in a training.
programme.
“This study aimed to identify and prioritise
implementation strategies to reduce barriers and
support healtheare practitioners to routinely offer
reproductive genetic carrier screening in

Australia.

To identify influences on healthcare professionals
considered as ‘arly adopters' offering

reproductive genetic carrier screening through

Mackenzies missions, an Australian national
research study investigating the implementation
of free reproductive genetic carrier screening to

couple’s preconception or in early pregnancy.

To assess primary care practitioners current
experience with genetic testing, their assessment
of the understandability and clinical utlity of
information in sample direct-to-consumer
reports for genomic assessment of discase risk
and warfarin dosing and attitudes toward

genomic medicine.

“To determine family physicians current
involvement and confidence in genomic
‘medicine, attitudes regarding s clinical value,
suggestions for integrating genomic medicine
into practice, and resources and education
required.

To assess primary care practitioners’ experiences.
‘with perceptions of and desired role in
personalised medicine, with a focus on cancer.
To explore genetic health professionals
expectations of primary care professional’ role in

‘genomic medicine now and in the futre.

“To capture which education approaches are

ical scenarios and

currently used for genomic cl
to develop a greater understanding of the
resources uilised for certain specific resources
(resources to support dlinicians looking after rare
disease patients, direct-to-consumer genetic
testing, and collecting family history).

To explore family physicians'attitudes, perceived

roles, motivators, and barriers towards genetic
screening and to explore similarities and
differences between private and public sector
family physicians.

To seek primary care practitioners’ views on their
willingness and readiness to utilise
pharmacogenetic testing, desirable test
properties, and factors relevant to the use of
pharmacogenetic testing.

To explore the self-identified needs, including
education needs, of both urban and rural primary

joners to provide genetic care to their

patients.

“To survey primary care practitioners o assess
their attitudes and beliefs, generally about genetic
testing and specificaly for common chronic

diseases.

“To prioritise topics for genetics education for

general practice.

To explore the role of genetics in primary care
(i.e., family medicine and midwifery care) and the
need for education in this area as perceived by
‘primary care practitioners, patient advocacy

groups, and dlinical genetics professionals.

“To present an empirical bioethics analysis of the

preconception expanded carrier screening

from the perspective of general

To elicit primary care practitioners’ perceptions
of and experiences with incorporating large-scale

‘genetic testing into their clinical practice.

“To explore the potential barriers, opportunities,

and challenges facing the implementation of

pharmacogenetic testing into primary care.

“To explore primary care providers’ challenges and
potential solutions for managing secondary

findings from genomic sequencing.

“To explore general practitioners'atitudes toward
communicating genomic risk information and

resources needed to support this process.

To understand the perceived clinical utilty,
benefis, and barriers to using polygenic risk

scores in preventive care.

“To use the theory of planned behaviour as a lens
to examine the behaviours underlying cancer
‘genetics referral decision- making by family
physicians and to clarify whether tailoring
continuing medical education interventions
might offer a useful way forward to support the

implementation of genetics in primary care.

“The aim was to evaluate knowledge, attitudes, and
dlinical practice concerning medical genetics,
genetic testing, and counselling among primary
care practitioners in Hong Kong and Shenzhen,
China

“To explore strategies for hemoglobinopathies

screening in the preconception phase in high-risk

patients. Needs for education and communication

with patients and their families are explored.

“To assess the practices, knowledge, and attitudes
of general practitioners regarding common

hereditary cancers.

“This study aimed to explore general practitioners
knowledge of risk-stratified screening; atitudes
toward risk-stratifed screening; and preferences

for continuing professional development.

“To explore knowledge/awareness, involvement,
and attitudes of primary healthcare providers on
direct-to-consumer marketing of personal
genomic tests.

“To assess primary care practitioners' knowledge
base in genetics and review their opinions on how
to incorporate genomic risk assessment into

healtheare.

“To investigate the knowledge and management of
genetic cardiac diseases by general practitioners.

To analyse genetic care competencies of primary

ioners in Bra

care pract
Toidentify knowledge gaps in hereditary breast
and ovarian cancer syndrome inheritance

patterns and identification of high-risk families.

“To compare the performance of Canadian family
physicians to Canadian genetic counsellors
regarding the interpretation and management of
genetic testing results.

To assess Australian clinicians knowledge,
attitudes, and referral patterns of patients with

suspected Lynch syndrome for genetic services.

Interviews Prenatal screening
and single gene

tests.

Focus groups | Precision medicine

Survey Reproductive
genetic carrier
screening
Interviews Reproductive
genetic carrier
screening
Survey Direct-to-consumer
genomic testing
Survey Genomic medicine
Focus groups Personalised
medicine

Focusgroups | Genomic medicine

Survey General genomic
information

Interviews Genetic screening

Surveys Pharmacogenetic

testing

Mixed methods | Overall genetic care

Survey Genetic testing for

chronic diseases

Delphi/ Overall genetics
Workshops

Focusgroups | Overall genetics

Interviews Preconception
expanded carrier

screening

Mixed methods | Genetic testing

Interviews Pharmacogenetic
testing
Interviews Genomic
sequencing
Interviews Genomic risk
information
Surveys Polygenic risk
scores
Surveys Genetics referral
decision-making
Surveys Common genetic
diseases
Interviews | Hemoglobinopathies
Surveys Hereditary cancers
Surveys Polygenic risk
scores and risk-
stratified
population
screening
Surveys Direct-to-consumer
personal genomic
tests
Surveys Genetics
Surveys Genetic cardiac
diseases
Surveys Genetics
Surveys Hereditary breast
and ovarian cancer
Surveys Genetic testing
Surveys Lynch syndrome

Views on genomics, practice, and

continuing education.

Acceptability of a training

programme.

Barriers before offering
reproductive genetic carrier
screening, supports that could
facilitate healthcare practitioners
offering screening, and prioritised
supports toward the end of the
study analysed specialty and clinic
Tocations separately.
Healthcare practitioners perceived
barriers and enablers to offering
reproductive genetic carrier

Screening.

Responses to reports of direct-to-
consumer genomic testing and
attitudes toward personalised

genomics.

Family physicians’ current
involvement with genomic

‘medicine in practice.

Experiences with personalised

medicine.

Practitioner expectations with

‘genomic medicine.

Utility of current resources.

Family physicians'attitudes,

perceived roles, motivators and
barriers towards genetic

screening.

Primary care practitioners
training, familiarity and attitudes

toward pharmacogenetic testing.

Self-identified genetic needs of
primary care practitioners with
specific consideration paid to the

unique needs of both urban and

rural primary care practitioners.

Insights for the sustainable

adoption and large-scale

dissemination of genomic

medicine, both broadly and for

diverse dlinical settings and

ancestral populations.
Priority topics for genetics
education in general practice.
Exploration of the meaning and
significance of the role of genetics
and the need for education in that
area as perceived by different

stakeholders.

Examined general practitioners”

s and/or experiences on the
practice of preconception
expanded carrier screening
covering: first impression of the
test,implications of the test,
experiences with patients. and
how the test could be improved.
Perceived value of and barriers to
incorporating genetic testing into
the clinical practice of primary
care practitioners.
Barriers, opportunities, and

challenges facing the

implementation of

pharmacogenetic testing into

primary care.
Challenges and solutions
managing secondary findings
from a hypothetical patient or
patient in practice.
Atiitude toward communicating
genomic risk information and
resources needed to support this
process
Physicians’ medical decision-
‘making with polygenic risk scores
and perceived benefits and

barriers to polygenic risk testing.

Examination of attitude,

subjective norms, and perceived
behaviour control which all
inform intention and behaviour

for referrals.

Knowledge (understanding of
disease), attitudes (and opinion
on usefulness), confidence, and

training needs in genetic and

related areas.
General practitioners’ knowledge
and communication around

hemoglobinopathics.

Knowledge, management of at-
de toward
herited

cancers and relevant services,

risk patients, and at

learning more abou

General practitioners’ knowledge,
attitudes, and preferences for
continuing professional

development.

Awareness and attitudes of
general practitioners toward
direct-to-consumer personal

genomic tests.

cal use of genetic

information in practice, genomic
information, and predictive
testing, informing patients of

land social

s, et
ramifications, and opinions of and
ideas for training programs.
Management of genetic cardiac
diseases in practice, the
importance of patient education
and practitioner confidence to
deliver patient education,
opportunities available to general

practitioners for genetic

counselling, and practitioners
perceived importance of
‘multidisciplinary care and
support of patients with genetic
cardiac diseases.
Core competencies for genetics in
primary care practitioners.
Hereditary breast and ovarian

cancer knowledge and provider

confidence regarding knowledge
of hereditary breast and ovarian

cancer, genetic counselling

referral practice patterns, prior

participation in continuing

‘medical education activities
related to cancer genetics, and
interest in additional hereditary
breast and ovarian cancer

education.

Number of correct responses to
the genetics knowledge

questionnaires.

Referral practices, barriers, and
motivators for genetics referral,
physician referral preferences, and
perceptions of their role and their
desired support for the provision

of genetic services
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The aim was to evaluate the effectiveness of an
elearning module to increase general practitioner
awareness and knowledge of genomics, increase

confidence, and foster intention.

“To ascertain whether implementation of a medical
‘genetics’education program produced for primary
care providers could contribute o the integration
of concepts and attitudes related to the
identification, management, and prevention of
congenital malformations and genetic discases into
the care provided at primary healthcare units.
“To evaluate and compare the impact of three
methods of delivering primary care genetic content
to family medicine residents.

‘To measure the educational outcomes of an
oncogenetics electronic continuous professional
development module for satisfaction, knowledge,

and knowledge retention.

“To give an overview of a research project on how to
build effective educational modules on genetics and
to investigate the long-term increase in genetic
consultation skills (1-year follow-up) and interest
in and satisfaction with a supportive website on

‘genetics among general practit

ners.

“To investigate whether oncogenetics training for
general practitioners improves their genetic
consultation skills (1-month and 3-month post-
training).

To determine if a multifaceted knowledge
translation intervention would improve skills,
including referral decisions, confidence in core

genetic competencies, and knowledge.

To evaluate brief communication skills training for
ng
antenatal sickle cell and thalassaemia screening in

primary healtheare professionals i offe

primary care.

To test whether primary care genetic-led genetics
education improves both non-cancer and cancer
referral rates and whether primary care-led

‘genetics clinics improve the patient pathway.

“To assess implementation outcomes, specifically
penetration/reach, acceptabiliy, feasibiliy, and
sustainabiliy to inform future implementation
initiatives and facilitate scale/spread of precision
health in primary care. Early potential clinical

benefit was also assessed to patients.

To implement a model (CAPABILITY
ARGENTINA outreach project) to introduce
‘genetics in areas without genetic services and

become part of primary care.

To evaluate the outcomes of an interactive web-

based genetics curriculum versus a text curriculum

for primary care physicians.

“To investigate the effectiveness of a distance
learning course on genetics and genomics targeted
at medical doctors,

To determine the value of Gene Messengers asa
continuing education strategy in genomic medicine

for family physicians.

“To determine if the colorectal cancer risk triage/
Management tool would enable family physicians
to appropriately triage and make screening and
genetics referral recommendations for patients

with colorectal cancer family history:

To evaluate participating primary care
practitioners' perceptions of the programs
education modalities and to assess the program’s
impact on primary care practitioners’ confidence in
navigating genetic disease screening as part of their

clinical practice.

“To develop (i) guidelines for potential consumers who.

are considering using direct-to-consumer genetic tests

and (i) guidance for health professionals who are
approached by patients who are considering or have
already undertaken such tests.
“To evaluate a series of e-learning resources to equip
primary care professionals with genetic skills
relevant for practice using Kirkpatrick’s framework

for educational outcomes.

To understand the extent to which primary care
practitioners use cancer-related family history

questionnaires to refer patients for genetic testing

Mixed methods  Genomic testing
Surveys Genetic services
Randomised Genetics

controlled trial

Randomised Oncogenetics

controlled trial

Mixed methods | Oncogenetics

Randomised Oncogenetics

controlled trial

Randomised Genetics
controlled trial
Randomised Sickle cell and

controlled trial thalassaemia

screening

Randomised Cancer (breast,

controlled trial colorectal,
ovarian) and
non-cancers

(eystic fibrosis,

Huntington's

ase)
Randomised Precision
controlled trial Medicine
Mixed methods Genetic
healthare
Randomised Genetics

controlled trial

Mixed methods  Genetics and
genomics
Surveys Genetic testing
Surveys Colorectal
cancer
Surveys Genetic
screening
Workshops Direct-to-
consumer
testing
Mixed methods Genetics
Surveys Genetic testing

Learning outcomes met from the
course and impact of the modules

on behavioural intentions.

Practitioner scores on survey
questions to measure changes by

education program.

Practitioner scores on knowledge,

attitudes, and sklls.

Satisfaction with the training
‘module, overall knowledge, and

knowledge retention.

Self-reported genetic competenci

and changes in referral behaviour,
referral rates from general

practitioners to clinical genetics

centres, and satisfaction and website

visitor count a year post education.
Satisfaction with the face-to-face
training and applicability of the new

consultation skills.

Number of genetic referrals post-

intervention,

Attendance, perceived usefulness of

training, comfort and confidence

offering screen

g offering
screening at pregnancy
confirmation consultations, and
gestational age at test uptake.
Number of genetic referrals post-

intervention,

Penetration/reach, acceptability,
feasibility, and sustainability of the
intervention (along with other

implementation outcomes).

Recommendations in the
implementation of a program,
participation in training, and

‘genetic consultation rates.

Effectiveness of education

tervention on appropriate
physician behaviours and covering
topics.

Effectiveness ofa distance learning
course on genetics and genomics
targeted at medical doctors.
Cognitive impact, relevance of

intervention, and intended use of

information for a patient and

expected health benefits

Mean change in score (sum of
“correct”responses) for the following:
colorectal cancer risk category,
screening method, age to start
screening, frequency of screening,
and decision to refer to genetics for
the eight linical vignettes. Secondary
outcomes included decisional
diffculty around colorectal cancer
risk assessment,confidence in
primary care genetic skills, and
responses tothe usefulness of the tool.
Current engagement and growth in
perceived clinical genetics
competency, utility of existing
program educational resources, and

ideas for educational improvements

Clinically relevant and pragmatic.
‘guidance for patients and health

professionals i the form ofa dec

n

support tool for use n primary care.

Satisfaction with training in terms of
changes in knowledge and skill, in
perceived confidence in providing

genetic healtheare,in self-reported

clinical practice behaviour, and in
affecting the wider profession or
healthcare community.

“The main outcome was the
percentage of primary care
practitioners who identified each
question asa trigger for genetic
testing. Secondary outcomes included
correlations with years of practice,
genetics training, and methods used

to obtain patient family history.
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