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Genetic education and the challenge of genomic medicine: development of core competences to support preparation of health professionals in Europe Running title: Core competences for health professionals

Abstract

The use of genetics and genomics within a wide range of health care settings requires health professionals to develop expertise in order to practise appropriately. There is a need for a common minimum standard of competence in genetics for health professionals in Europe but due to differences in professional education and regulation between European countries, setting curricula may not be practical. Core competences are used as a basis for health professional education in many fields and settings. An Expert Group working under the auspices of the EuroGentest project and European Society of Human Genetics Education Committee agreed that a pragmatic solution to the need to establish common standards for education and practice in genetic healthcare was to agree a set of core competences that could apply across Europe. These were agreed through an exhaustive process of consultation with relevant health professionals and patient groups. Sets of competences for practitioners working in primary, secondary and tertiary care have been agreed and were approved by the European Society of Human Genetics. The competences provide an appropriate framework for genetics education of health professionals across national boundaries and the suggested learning outcomes are available to guide development of curricula that are appropriate to the national context, educational system and healthcare setting of the professional involved. Collaboration between individuals from many European countries and professions has resulted in an adaptable framework for both pre-registration and continuing professional education. This competence framework has the potential to improve the quality of genetic healthcare for patients globally.

Keywords Introduction

The impact of genomics on healthcare

The science of genomics is increasingly important to healthcare provision in Europe as an estimated 30 million people now suffer from genetic diseases within the enlarged European community [START_REF] Cassiman | Research network: EuroGentest--a European Network of Excellence aimed at harmonizing genetic testing services[END_REF] . The number of genetic tests being performed is changing rapidly 2,3 , with a concurrent increase in the number of individuals that have to make decisions about testing that may profoundly influence not only their own lives, but the lives of their family members. Genetic healthcare has been offered for several decades by specialist doctors, nurses and counsellors working in the context of genetics clinics, but the relatively new science of genomics (interaction between genes and the environment that influence health and disease) is also having an impact on healthcare delivery 4 . As understanding of the impact of gene variation on the complex or common diseases increases, knowledge of genetics is needed by health professionals to practice in the current genomic era [START_REF] Guttmacher | Educating health-care professionals about genetics and genomics[END_REF] . Moreover, the science of pharmacogenomics is steadily impacting on the quality of healthcare.

Genetic tests, such as those for CYP2C9/VKORC1 polymorphisms prior to administration of warfarin [START_REF] Caldwell | Evaluation of genetic factors for warfarin dose prediction[END_REF] are now used to increase patient safety and the efficacy of drug therapy. Within families, counselling for both patients and their relatives with respect to adverse drug reactions can also be vital and requires knowledge of genetics and pharmacogenomics by primary health care providers. It is therefore essential that health professionals are appropriately prepared to deliver such patient care.

Need for health professional competence in genetics

To respond to the needs of patients, health care providers require a set of core skills and knowledge to evaluate family history and to recognize clinical findings that indicate increased genetic risk. It is clear that specialist genetic services will continue to be needed to provide genetic diagnosis and counselling for rare inherited conditions, moreover due to the advances in technology related to diagnostic and therapeutic interventions for genetic conditions, it is possible that demand for specialist genetic services will grow. However, practitioners in both secondary and primary care will need to be equipped to deal with initial patient enquiries, to have an awareness of the potential implications of family history, to offer information related to their specific area of practice and refer individuals or families appropriately to other healthcare providers, including specialist genetic services. A distinction must also be made between providing basic genetic information and enabling the patient to place that information into a usable context through the specialised process of genetic counselling, which is the remit of trained genetic specialists.

Primary care

The evidence indicates that many patients with a genetic concern will approach a primary care practitioner in the first instance and general practitioners have indicated that they are keen to access more training in genetics [START_REF] Mccann | Genetics and genetic testing: are GPs likely to attend training courses?[END_REF] . Family practitioners surveyed by Burke et al 8 indicated they felt genetics was an important topic for practice, but that their educational preparation was lacking. Evidence that additional education in genetics is required for nurses has been provided in a study [START_REF] Burke | Genetics education in the nursing profession: literature review[END_REF] that demonstrated that while nurses and midwives perceived a need for genetics knowledge, they felt underprepared for practice in relation to genetics. Similarly, in a study of graduates of six allied health professional training programs, Christianson et al [START_REF] Christianson | Assessment of allied health graduates' preparation to integrate genetic knowledge and skills into clinical practice[END_REF] showed that allied health professionals were engaging in tasks related to genetic healthcare with their clients (such as discussing patterns of inheritance), but 78% of those studied did not believe they were sufficiently prepared during training to undertake those tasks.

Secondary care

The question of genetic contribution to a disease may also arise in the context of secondary care. Recent work by Burke et al 8 indicated that preparation of doctors in a number of specialist areas (neurology, cardiology and dermatology) is still inadequate in terms of knowledge of genetics that would be directly relevant to their field of practice. A Working Party on genetics in haemophilia care strongly suggested that nurses working in this speciality have relevant education in genetics to enable them to support patients and their families appropriately [START_REF] Ludlam | UK Haemophilia Centre Doctors' Organisation. (2005) A framework for genetic service provision for haemophilia and other inherited bleeding disorders[END_REF] and the need for oncology nurses to develop competence in genetics has also been suggested [START_REF] Lewis | Essential nursing competencies and curricula guidelines for genetics and genomics[END_REF] . In recent years, dentists have also been identified as practitioners who have input into diagnosis and management of genetic disease and are therefore also required to develop competences in this area 13 . While it is essential that specialists trained in genetics continue to provide genetic diagnosis and counselling for a number of the rare inherited conditions, practitioners in both secondary and primary care will need to be equipped to deal with initial patient enquiries, to have an awareness of the potential implications of family history, to offer information related to their specific area of practice and refer individual or families appropriately to other healthcare providers, possibly specialist genetic services.

Tertiary care (genetics specialists)

The status of clinical genetics as a specialty in Europe varies from country to country.

In 

Rationale for set of core competences in Europe

The Education Committee of the European Society of Human Genetics (www.eshg.org), working collaboratively with Unit 6 (Education) of the EuroGentest project (www.eurogentest.org) undertook an extensive literature review focussing on the current state of preparation for health professionals in Europe. There are significant differences in the way in which professional education is delivered and practice is regulated across the countries of Europe. While a minimum standard for practice is required, setting curricula was not viewed as a practical way of ensuring those standards were met, given the differences in systems. The establishment of core competences is currently being used as a basis for health professional education in many other fields and settings [START_REF] Lin | Developing competencies for remote and rural senior allied health professionals in Western Australia[END_REF][START_REF] Walton | Improving safety and quality: how can education help?[END_REF]16 . It was therefore agreed that a pragmatic and workable solution would be to describe and agree, by consensus, a set of core competences that could apply to health professionals in Europe, whatever their national setting. This could provide an appropriate framework for establishing minimum standards of preparation for health care professionals in genetics across national boundaries. Because of the dynamic nature of the field, practitioners at all levels of health care, primary, secondary and tertiary, require both pre-registration and continuing education in genetics to ensure early diagnosis and prevention of disease. Due to the different levels of expertise required by the range of practitioners involved in delivering acceptable genetic healthcare, a set of competences at each level is also required.

Materials and Methods

Existing sets of core competences in genetics

A level of professional education in genetics for some specific health professionals exists in many countries in Europe. However, few countries have established sets of core competences. In the United Kingdom (UK), Kirk et al [START_REF] Kirk | Fit for Practice in the Genetics Era: Defining what nurses, midwives and health visitors should know and be able to do in relation to genetics[END_REF] 

Setting the framework

The aim of the project team was to produce a set of competences that could be applied across Europe to the range of health professionals involved in provision of genetic healthcare. Given the need to prepare a range of healthcare professionals across the primary, secondary and tertiary care spectrum and the need to set up a common framework for use in a European context, three groups of health professionals that require education and training in genetics were identified:

• Health care professional working in a generalist settings

• Specialist health professionals (non-genetic)

• Specialists in genetics.

It was agreed to use these groups as a framework for the work on development of sets of core competences. Each group requires a different level and depth of genetics education, and the classification has been adopted to enable the needs of each group to be addressed. In addition to setting for practice (generalist healthcare, specialist (nongenetic) and specialist genetic, it was agreed to divide the groups by professional background, the main groups being medical, nursing/midwifery, dental and laboratory professionals. For each group, the project team agreed a list of competences and the learning outcomes associated with each competence.

For the purpose of the proposed framework, competences were defined as the set of behaviours that are expected by independent professionals [START_REF] Plasschaert | Development of professional competences[END_REF] , that include using communication skills as well as knowledge and clinical reasoning [START_REF] Epstein | Defining and Assessing Professional Competence[END_REF] . The competence therefore describes the behaviour expected by the professional in the particular setting in which he or she works. Learning outcomes are used to dissect the competence into more manageable units that can be the focus of learning. Each learning outcome encompasses particular knowledge, skills or attitudes.

Results

In 

Discussion

The goal of these sets of competences is not to unify the existing genetic services across national boundaries but, by achieving consensus, to help countries to adjust their education and genetic service delivery systems for the future, according to a coherent set of standards. The consensus document will guide the states of Europe with regard to how the new generation of health professionals should be educated in the post-genomic era and how genetic training should be built into higher education systems. National societies and professional and patient groups are invited to use this document to refine the competences, learning outcomes and curricula consistent with their own needs. We are actively seeking input and would be willing to meet with professional and patient groups in different countries to receive feedback and to support development of competences that are applicable to the local and regional situation.

It must be appreciated however, that each genetic counselling situation is context specific and the appropriate person to provide care may vary according to the precise family circumstances, type of disease and level of expertise of the professional. As a general rule, counselling accompanying predictive and pre-natal testing will be offered by trained genetics specialists (medical and non-medical). However, counselling for a range of other genetic/genomic tests may be undertaken by other health professionals.

These core competences provide a basis for education, but much work is ahead to ensure that curricula, courses and educational opportunities are available to support health professionals in achieving competence. In the era of personalised medicine, the role of genetic specialists will increasingly encompass education of other health professionals [START_REF] Kirk | Genomic health care: is the future now?[END_REF] . The ESHG is aware of this pressing need and has resolved to invest more heavily in education. Current ESHG initiatives include working collaboratively with national societies to (1) increase support for specific genetics courses in several EU countries, (2) develop courses to 'train the trainers' so that education can be available to a wider range of professionals, many of whom may be fluent in a language other than their mother tongue, (3) Genetics Network (PHGen). This type of collaboration is essential to ensure that a set of competences that fulfils the needs and relates appropriately to each professional group is created.

Ultimately, it is essential that genetics is integrated into the curricula for professional education. The learning outcomes are available, if required, to guide the development of curricula that are appropriate to the national context, educational system and healthcare setting of the professional involved. We are aware that in some countries there are curricula that have already been devised to educate and train health professionals in genetics. It is suggested that these curricula are assessed against the competences and learning outcomes for particular groups of professionals to ensure that all the requisite areas are covered.

The synergy created by collaboration between individuals from many European countries and professions has resulted in a framework of competences on which preregistration and continuing professional education can be based. This is an emerging field and the establishment of professional standards of care must be viewed as a dynamic process. Ultimately each professional group in each country must take responsibility for development of professional and educational standards in genetic healthcare that apply to local needs. However, it is hoped that the work presented here provides a foundation for quality patient care.

Box 2. Core competences for specialists in genetics

Clinical geneticist 1. Identify individuals and families whose disorder or condition is determined, partly or fully, by a genetic component. 2. Determine the accuracy of the clinical diagnosis and, if needed, initiate additional clinical examination to make an exact diagnosis. 3. Be familiar with the feasibility and accessibility of genetic services that could help individuals and families through genetic counselling. 4. Provide an accurate speciality-focused view on the nature of a genetic disorder. 5. Determine the need for and utility of genetic tests relating to a disease or special condition. 6. Understand the meaning of genetic test results and translate those results into practical disease-specific information for both patients and other profesionals. 7. Help individuals and families to understand the information provided during genetic counselling. 8. Facilitate understanding between individuals, families, their family doctors and specialists about genetic disorders, test results, and inheritance patterns. 9. Determine the risk of occurrence or recurrence of a disease or condition. 10. Understand the genetic and environmental components of common diseases. 11. Provide genetic information that helps individuals or couples make informed reproductive decisions. 12. Work within the boundaries of ethical practice.

Genetic specialist nurse or genetic counsellor 1. Establish relationship and clarify the counsellee's concerns and expectations. 2. Make appropriate and accurate genetic risk assessment. 3. a. Convey clinical and genetic information to counsellees, appropriate to their individual needs. 3..b. Explain options available to the counsellee, including the risks, benefits and limitations. 3.c. Evaluate the understanding of the individual related to the topics being discussed. 3.d. Acknowledge the implications of individual and family experiences, beliefs, values and culture for the genetic counselling process. 4. Make an assessment of counsellees' needs and resources and provide support, ensuring referral to other agencies as appropriate. 5. Use of a range of counselling skills to facilitate counsellees' adjustment and decisionmaking. 6. Document information including case notes and correspondence in an appropriate manner. 7. Find and utilise relevant medical and genetic information for use in genetic counselling. 8. Demonstrate ability to organise and prioritise a case load. 9. Plan, organise and deliver professional and public education 10. Establish effective working relationships to function within a multi-disciplinary team and as part of the wider health and social care network. 11. Contribute to the development and organisation of genetic services. 12. Practice in accordance with an appropriate code of ethical conduct.

  several countries, clinical genetics is officially recognised as a specialty, with a specific and prescribed medical training in clinical genetics in departments of genetics or genetic laboratories. However, at present it is not identified as a medical specialty at European level. The European Society of Human Genetics (ESHG) is working to ensure that medical genetics is recognised as a European specialty under European

Commission Directive 2 005I 36 / EC to facilitate development of genetic healthcare in the European community. A core curriculum on genetics for medical education has been drafted.

  While these apply to generalists, a different set of core competences[START_REF] Skirton | Genetic counsellors -a registration system to assure competence in practice in the United Kingdom[END_REF] is the basis of the registration system for specialist genetic nurses and genetic counsellors in the UK. Also in the UK, a competence framework describing a set of nine genetic activities that may be carried out by nongenetics healthcare staff has been developed by the NHS National Genetics Education and Development Centre, Skills for Health and a wide range of healthcare professionals (www.geneticseducation.nhs.uk).

	The National Coalition for Health Professions Education in Genetics (NCHPEG) was
	established in 1997 as an interdisciplinary group comprising leaders from over 120
	health professional organizations, consumer and voluntary groups across the USA. This
	coalition has prepared core competencies [http://www.nchpeg.org/] recommending that
	all health professionals possess the core competencies in genetics to enable them to
	integrate genetics effectively and responsibly into their current practice. A consensus
	document sponsored by NCHPEG detailing the core competencies in genetics for

used an Expert Panel as part of a research project to define core competences in genetics for nurses, midwives and health visitors. The agreed set of genetic competences have been aligned to the general statements of competence that are required of each practitioner before registration with the Nursing and Midwifery Council, the statutory body responsible for standards of practice in nursing and midwifery. general nurses in the USA and guidelines for development of nursing curricula has now been ratified by a large number of nursing organisations, including the American Nurses Association and the International Society of Nurses in Genetics [http://64.78.6.122/resources/genetics_competencies_092206.pdf].

  2006, the Education Committee of the European Society of Human Genetics and

	among 55 participants from 16 countries. In 2007, the recommended competences
	documents were circulated to a wide range of health professionals across Europe,
	resulting in the current documents. Box 1 includes the brief competence statements for
	professionals who are working as generalists or who specialise in a field other than
	genetics. Core competences for those who specialise in genetics are listed in Box 2. An
	Executive Summary, background document and full competences and learning
	outcomes are available on the web sites of the European Society of Human Genetics
	and EuroGentest (www.eurogentest.org).
	other experts of Unit 6 (Education) of the EuroGentest project, prepared a draft
	document "Core competences in genetics for health professionals in Europe" that was
	sent to a larger group of experts in Europe (including patient organizations), to stimulate
	further input. A workshop was held in 2006, where the amended draft was discussed

Genetics, genomics, professional education, competence.
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