
ABSTRACT – Advances in medical genetics are

increasingly impacting on clinical practice outside

specialist genetic services. It is widely acknow-

ledged that physicians will need to use genetics

knowledge and skills in order to incorporate these

advances into patient care. In order to determine

priority areas for genetics education for non-

genetics specialist registrars, an educational needs

assessment was undertaken. Consultants from 

cardiology, dermatology, neurology and genetics

identified genetics knowledge, skills and attitudes

required by non-genetics specialty trainees. From

these, and informed by trainees’ views of genetic

education, six genetics learning outcomes that

non-genetics medical specialty trainees should

attain by the end of their training have been iden-

tified, each linked to core knowledge, skills and

attitudes. These core concepts can be taught with

reference to specialty-specific conditions to high-

light their relevance to clinical practice. The results

of this study are informing the genetic component

of postgraduate medical training curricula.
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Background

Developments in genetics are increasingly impacting
on the clinical practice of healthcare professionals
outside specialist genetic services.1–3 Genetic advances
have led to new therapeutics in oncology, such as
trastuzumab (Herceptin®)4 and to new molecular
prognostic tests based on the pattern of expression of
genes in tumours.5 Advances in genetics have also led
to an increased understanding of, and availability of
genetic testing for, major disorders caused by muta-
tions in single genes. This improved understanding
has led to new therapeutic strategies, such as the cur-
rent trial of losartan in Marfan syndrome,6 and the
identification of new targets for potential therapeutics
such as filaggrin in ichthyosis vulgaris and atopic der-
matitis (eczema).7,8 Additionally, a new generation of
whole genome association studies, such as that

recently published by the Wellcome Trust Case
Control Consortium,9 are leading to an improved
understanding of the genetics of complex diseases.

Although it is now recognised that a range of med-
ical specialist groups need an understanding of
genetics, studies have suggested that current educa-
tional programmes are not adequately preparing 
doctors in this regard.1,2,10,11 In a recent study, people
with or at risk of genetic conditions and parents of
children affected by a genetic condition expressed the
belief that there is a need for greater awareness of
genetic aspects of conditions among healthcare
professionals, and that consultants in different med-
ical specialties, such as cardiology, neurology and 
paediatrics, could play a greater role in providing
information about the genetic basis of the condition.12

A review of genetics education for UK health 
professionals in 2002 highlighted the need for such
education to be based on an understanding of what
health professionals need to know, encompassing
what health professionals say they need and what
experts think they need.2 In the UK core learning
outcomes and competences in genetics have since
been identified for nurses, midwives and health 
visitors,13 general practitioners,14 and non-genetics
healthcare professionals.15 This paper describes the
development of core learning outcomes in genetics
for non-genetics specialist registrars (SpRs), based
on a study to identify the genetic knowledge, skills
and attitudes required in clinical practice within
three specialties: cardiology, dermatology and
neurology.

Trainees’ views of genetics education

A key component of the study was a series of group
interviews with SpRs from cardiology (n=24), der-
matology (n=21) and neurology (n=8) from the
West Midlands and South Western deaneries, the
results of which have been previously published.11 It
was important to explore trainees’ views of genetics
in order to take into account the reality of their expe-
riences and priorities. Trainees stressed the impor-
tance of tailoring genetics education to be directly
relevant to their daily clinical practice and prioritised
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topics related to the diagnosis and management of particular
diseases.

What genetic knowledge, skills and attitudes do
specialist registrars need for clinical practice?

In order to ground genetics education in clinical practice the
development process involved practitioners from different med-
ical specialties, as well as genetic consultants. A modified Delphi
process, an established technique for curriculum develop-
ment,16 was used (summarised in Fig 1). The process was con-
ducted between December 2002 and February 2005 and
involved a national sample of consultants from cardiology, der-
matology, neurology and genetics. This sample comprised one
senior and one recently appointed consultant geneticist from
each of the regional genetic centres in England and Wales
(n=42), and a national sample of consultants identified by the
Chairs of the Specialist Advisory Committees for cardiology
(n=8), dermatology (n=7) and neurology (n=9).

In Phase 1, participants were invited to access and complete
an anonymous online survey. An open question asked respon-
dents to identify the ‘core’ genetic knowledge, skills and atti-
tudes relevant to all specialties, as well as those relevant to car-
diology, dermatology and neurology (respondents were asked to
complete those sections relevant to their expertise). The
response rate for Phase 1 was 79%. When the results were col-
lated, the survey identified 78 knowledge items, 21 skills and
19 attitudes considered by participants to be relevant to all spe-
cialties. There was a high level of congruence between the
responses from different specialties regarding these ‘core’ com-
ponents. The items considered specialty specific consisted of
lists of conditions relevant to that specialty. 

The results from Phase 1 formed the basis of Phase 2, in which
participants were asked to indicate, for each item, whether they
thought it was ‘essential for inclusion’ in training, ‘needs to be
included’, ‘useful for inclusion’ or ‘not needed’. The response
rate for Phase 2 was 57%. In total, 46 core knowledge items,

17 core skills and 19 core attitudes were rated ‘essential’ or
‘needed’ by the majority of respondents. There was no signifi-
cant difference between ratings given by geneticists compared to
those given by consultants from other specialties for nearly all
topic areas, the exception being the genetic basis of cancer,
which geneticists rated significantly higher than non-geneticists
(p<0.001, calculated using the Mann-Whitney U test). 

Participants were also asked to identify teaching priorities in
genetics and, notably, the topics considered most important
were those most directly relevant to clinical practice. These were:
understanding when and how to make a referral to clinical
genetics; taking and interpreting a family history; and identi-
fying families with genetic disorders. Open comments stressed
the importance of focusing on the clinical application of
genetics in practice given the information overload that SpRs
face within their training.

Developing learning outcomes: a consultation
process

Based on the results of the Delphi process, and informed by the
earlier study of trainees’ views on genetics education, the
research team identified six overarching learning outcomes in
genetics for non-genetics SpRs. Learning outcomes specify what
is to be achieved by the learner, describing how the trainee can
apply their learning to practice. This reflects current educational
practice which stresses the importance of outcome-based educa-
tion.17 Each learning outcome was linked to the relevant know-
ledge, skills and attitudes considered most important by Delphi
participants. The next stage was consultation with representa-
tives from different specialties in order to explore the appropri-
ateness of these learning outcomes for trainees from a range of
specialties. 

The learning outcomes were discussed with the Joint
Committee on Medical Genetics and endorsed by specialist
training leads from UK regional genetics centres as being appro-
priate and applicable to SpRs in all medical specialties. In order to

emphasise the relevance of genetics to clinical practice,
specialist training leads confirmed that these core con-
cepts are best taught using examples from the relevant
specialty. For example, to achieve the learning outcome
‘be able to recognise basic patterns of inheritance’, the
three main Mendelian patterns of inheritance (auto-
somal dominant, autosomal recessive and X-linked
recessive) could be taught using conditions relevant to
the clinical practice of trainees in each specialty. For
instance, autosomal dominant inheritance could be
illustrated through Marfan syndrome for cardiology
trainees, while tuberous sclerosis could be selected for
dermatology trainees and Huntington’s disease for neu-
rology trainees. Work with other specialties is ongoing to
identify relevant conditions for case studies. 

Consultation with non-genetics specialty education
bodies began in spring 2006. The proposed learning
outcomes were submitted to a number of specialty
advisory boards and the Joint Committee on Higher
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Fig 1. The modified Delphi process.
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Medical Training (now the Joint Royal Colleges of Physicians
Training Board). Following this consultation the genetics
learning outcomes for non-genetics SpRs were revised in August
2007 and are shown in Box 1. 

Conclusions

This paper has described the development of core learning out-
comes in genetics for non-genetics SpRs. The six learning
outcomes reflect three key areas in which genetics impacts on
clinical practice: 

• identifying patients

• clinical management

• communicating genetic information. 

Firstly, clinicians fulfil a crucial role in identifying patients with,
or at risk of, a genetic condition (learning outcome 1). In order
to do this, they require an understanding of the mechanisms
that underpin human inheritance and the role of genetic factors
in disease, as well as an appreciation of the heterogeneity in

genetic diseases and understanding of the principles of assessing
genetic risk (learning outcomes 2 and 3). Secondly, clinicians are
involved in clinical management of genetic conditions,
including referring patients to genetic services and using genetic
testing appropriately (learning outcomes 4 and 6). Thirdly, clin-
icians need to be able to communicate up-to-date information
about genetics in an understandable and non-directive way
(learning outcome 5). 

The learning outcomes provide a useful framework for educa-
tion, identifying educational priorities for genetics which are
grounded in the reality of clinical practice and build upon
genetics learning outcomes for medical students and Foundation
trainees.18,19 In addition, these priorities are reflected in learning
outcomes for the first two years of run-through specialist
training.20 The learning outcomes presented in this paper there-
fore build on earlier learning to provide a continuum of genetics
education throughout medical training.

Focusing education on the most important topics for clinical
practice is essential to ensure that the limited time available for
genetics education is used productively. The need for such
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By the end of specialist training, the trainee will:

1 Be able to identify patients with, or at risk of, a genetic

condition

� Be able to draw and interpret a family tree

� Be able to recognise basic patterns of inheritance

� Be able to identify single gene disorders in the specialty,

incorporating an understanding of the effects of penetrance

and variation in expression in autosomal dominant disorders

� Be aware that patients may present with a genetic condition

of which there is no family history

2 Be able to describe the mechanisms that underpin human

inheritance and the role of genetic factors in disease

� Be able to describe DNA as genetic material and how

mutations and variants contribute to human disease

� Be able to describe the chromosomal basis of inheritance

� Be able to describe the inheritance patterns of single gene

disorders in the specialty

� Understand the contribution of genetic and environmental

factors in multifactorial inheritance

� Understand the genetic mechanisms that lead to cancer

3 Appreciate the heterogeneity in genetic diseases and

understand the principles of assessing genetic risk

� Be aware of the principles of risk estimates for family

members of patients with Mendelian diseases

� Be aware of the principles of recurrence risks for simple

chromosome anomalies, eg trisomies

4 Be able to manage genetic aspects of a condition including

referring patients to genetic services where appropriate

� Be familiar with national guidelines that influence healthcare

provision for those with genetic conditions

� Be aware of one’s own professional limits in regard to

managing genetic conditions and know when and where to

seek advice

� Be aware that, because genetic conditions are often multi-

system disorders, comprehensive patient management is likely

to involve liaison with other healthcare professionals

� Be aware of support services for those with a genetic

condition (eg contact a family)

� Recognise the need to offer appropriate referral for

comprehensive genetic counselling

� Be able to make appropriate referrals to clinical genetics

services

� Be familiar with the organisation of genetics services

5 Be able to obtain and communicate up-to-date information

about genetics in an understandable, comprehensible, non-

directive way

� Know where to access credible genetic information online and

offline for self and patient

� Be aware that consultations involving the giving and

discussion of genetics information may require more time

� Appreciate that genetic information impacts not only on the

patient but also on their family

� Be able to discuss genetic conditions in a non-directive, non-

judgemental manner, being aware that people have different

attitudes and beliefs about inheritance

� Be able to discuss treatment/management and reproductive

options available to patients/families with, or at risk of, a

genetic condition

6 Be able to use genetic testing appropriately, recognising its

uses and limitations

� Understand the distinctions between genetic screening and

genetic testing, and the differences and similarities between

diagnostic, predictive and carrier genetic testing

� Appreciate that ‘genetic tests’ can include clinical examination,

metabolite asays and imaging as well as analysis of nucleic

acid

� Know the clinical indications for ordering genetic tests

� Know how to organise genetic testing, including how to

assess help via the local clinical genetics service

� Understand the ethical issues involved in genetic testing, such

as confidentiality, testing children, and pre-symptomatic testing

� Incorporate the concepts of informed choice and consent into

practice

Box 1. Core genetic learning outcomes for non-genetics medical specialty trainees.



education to be highly relevant to clinical practice has been
emphasised by Delphi participants, specialist training leads
from regional genetics centres and in previous research
exploring trainees’ views.11 The NHS National Genetics
Education and Development Centre is working with a range of
medical specialties to develop this work further and support
genetics education for medical trainees at all levels of training.
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