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Purpose: General practitioners (GPs) are increasingly expected to 
deliver genetics services in daily patient care. Education in primary 
care genetics is considered suboptimal and in urgent need of revi-
sion and innovation. The aim of this study was to prioritize topics for 
genetics education for general practice.

Methods: A Delphi consensus procedure consisting of three 
rounds was conducted. A purposively selected heterogeneous panel 
(n = 18) of experts, comprising six practicing GPs who were also 
engaged in research, five GP trainers, four clinical genetics profes-
sionals, and three representatives of patient organizations, partici-
pated. Educational needs regarding genetics in general practice in 
terms of knowledge, skills, and attitudes were rated and ranked in 
a top-10 list.

Results: The entire panel completed all three rounds. Kendall’s 
coefficient of concordance indicated significant agreement regard-
ing the top 10 genetic education needs (P < 0.001). “Recognizing 
signals that are potentially indicative of a hereditary component of 
a disease” was rated highest, followed by “Evaluating indications for 
referral to a clinical genetics centre” and “Knowledge of the possi-
bilities and limitations of genetic tests.”

Conclusion: The priorities resulting from this study can inform the 
development of educational modules, including input for case-based 
education, to improve GP performance in genetic patient care.
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genetics education for general practice.1,3,6,7 Such education 
programs should be based on an educational needs assessment 
of GPs referring to the three domains of educational activi-
ties: cognitive (knowledge), psychomotor (skills), and affective 
(attitude).

Recently, a focus-group study among participants from a 
variety of disciplinary backgrounds explored the genetic edu-
cational needs of GPs in the Netherlands.8 The results showed 
an urgent need for a genetics curriculum for postgraduate 
and continuing general practice education. Four overarch-
ing themes were identified with regard to educational needs: 
genetics knowledge, family history, ethical dilemmas, and 
the role of clinical genetics services. These themes clarified 
genetics in general practice with implications for education.

The aim of this study was to obtain consensus on prioritiza-
tion of GPs’ educational needs regarding genetics, as identified 
in focus groups; the study focused on “knowledge,” “skills,” and 
“attitudes.” The results are aimed at informing the development 
of effective genetics education for GPs.

MATERIALS AND METHODS
We used a Delphi method to operationalize the findings from 
our earlier focus-group study and to obtain consensus on the 
prioritization of topics for GP genetics education. The Delphi 

INTRODUCTION
It has been argued that the greatest public health benefit of 
advances in understanding the human genome may be realized 
for common chronic diseases such as cardiovascular disease, 
diabetes mellitus, and cancer.1 International attempts to inte-
grate such knowledge into clinical practice are still in the early 
stages, and as a result, many questions surround the current 
state of this translation.1–3 Physicians often lack the knowledge 
of genetics relevant for daily practice,4 lack the ability to over-
see genetic testing and handle concerns about privacy and dis-
crimination, and report inadequacy to deliver genetic services.1 
For genomics to have an effect on clinical practice that is com-
parable with its impact on research, advances in the genomic 
literacy of health-care providers will be required.5

In the age of genomics, both genetics of common disorders 
and large-scale applications in screening will become increas-
ingly important, and primary-care health workers will have to 
be prepared to discuss these issues with their clients. General 
practitioners (GPs) may become more involved in preventive 
checkups and develop a more flexible way to deal with patients’ 
requests for genetic tests, in addition to their original role in an 
open-access full-time service for every patient.

Defining genetic core competences for non-genetic health-
care workers was considered a prerequisite for implementing 
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technique has been widely used and is an accepted method 
for gathering data and achieving consensus from respon-
dents within their domain of expertise.9,10 The technique was 
mainly developed by Dalkey and Helmer in 1963 at the Rand 
Corporation.11

A panel of experts e-mailed their responses to a questionnaire 
about GPs’ educational needs to the researchers in three rounds. 
The responses were fed back anonymously to all panel members 
in order to share answers and arguments, thereby enabling the 
participants to reflect on different views and modify their own.

Panel selection
Eighteen purposively selected experts from the Netherlands 
responded to an invitation to participate in the study sent to 24 
experts (response rate 75%). Of the invited experts, three did not 
participate due to time constraints and three did not respond 
at all. Recruitment was guided by the researchers’ network, and 
a snowball method was used. Through the authors’ [research-
ers] network and work in general practice, and clinical genet-
ics (Netherlands Association for Community Genetics and 
Public Health Genomics), we were familiar with key persons 
eligible for recruitment to our expert panel. Representatives 
from patient advocacy groups were asked whether they were 
interested in participating or could refer someone else. We 
established a heterogeneous panel of experts, comprising 
six practiscing GPs who were also involved in research, five 
GP trainers, four clinical genetics professionals (one genetic 
counsellor, three clinical geneticists), and three representa-
tives from patient advocacy groups, all of whom participated 
anonymously (see Supplementary Table S1 online). The par-
ticipants were considered to represent a complete overview, 
from different perspectives, of the importance of genetics core 
competences for general practice and the need of genetics edu-
cation in general practice, i.e., what is needed, what works, and 
what does not work. Eleven experts (61%) were female, and the 
average age was 51.4 years (SD 9.1). Seven panelists also took 
part in our previous focus-group study.

The Delphi procedure
The initial questionnaire consisted of 29 topics describing GP 
educational needs. To arrive at these needs, we first trans-
formed all previously identified educational needs within four 
overarching identified themes in focus groups8 into learning 
outcomes. We then refined the list based on the proposed 
learning outcomes from the suggested core competences for 
GPs in Europe.6,12 Topics relating to three domains of primary-
care genetics were presented to the participants: “knowledge” 
(7 topics), “skills” (12 topics), and “attitudes” (10 topics).

The flowchart in Figure 1 shows the phases and the (anony-
mous) process of the three consecutive Delphi rounds. After 
analyzing the responses to each round (E.J.F.H., L.H., and 
M.W.) and discussing them with the other researchers (S.J.v.L., 
M.C.C., G.J.D., and C.v.d.V.), the researchers reworked the 
responses into a new questionnaire. The Delphi study was con-
ducted between December 2009 and March 2010. At the start 

of the study, all experts were asked to complete at least three 
Delphi rounds. Each participant received 100 Euros upon com-
pletion of the whole procedure.

Criteria for consensus
The research group discussed criteria for consensus on genetics 
education needs before the actual study was undertaken. The 
purpose of the study was to obtain consensus on and prioritize 
genetics education needs in primary care. For this purpose, in 
the first two rounds, the experts were asked to prioritize the 
topics by ranking their importance and to give their top three 
(Top 3) topics for inclusion in educational modules. In the third 
and final round, 10 items on which consensus was established 
in the first two rounds were judged. The definition of the inclu-
sion criteria in a Top 3 in favor of a topic became more rigor-
ous in the following second round because in the first round, at 
least two experts had to agree with a topic in the Top 3, whereas 
at least three experts had to agree in the second round. This will 
be explained in more detail below.

Round 1. In the first round, the experts were asked to rate the 
educational urgency for GPs of each of the 29 topics on a 7-point 

Focus group findings (10)
29 statements about GPs’genetic
educational needs

10 statements ranked in the
top 10 genetic educational needs
to be included in future GP
genetic educational modules

Phase of Delphi study Process of Delphi study

Selection of experts
24 experts purposively
selected and invited by mail:
18 agreed to participate

Consensus round 1:
≥75% agreement on importance
category and/or included in top 3 by
≥2 experts

Consensus round 2:
≥75% agreement and/or included in
top 3 by ≥3 experts

Comments summarized and fed back
to all experts

Comments summarized and fed back
to all experts

In light of group’s responses,
18 participants re-rated and ranked 10
statements in top 10

Questionnaire round 1:
29 statements referring to
domains in primary care
genetics: 7 to “knowledge”,
12 to “skills”, and 10 to
“attitude”

Questionnaire round 2:
16 statements: 5 referring to
“knowledge”, 7 to “skills”,
and 4 to “attitude”

Questionnaire round 3:
10 statements: 5 referring to
“knowledge”, 4 to “skills”, and
1 to “attitude”

Figure 1  Flowchart of Delphi consensus and prioritization procedure 
on general practitioners’ genetic education needs. GP, general 
practitioner.
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scale: “I believe that GPs have a strong need for education on 
[topic],” totally disagree (1) to totally agree (7). Experts were 
asked to comment on the topics they had given the lowest (1) 
and the highest (7) rating or about which they had doubts. 
The responses were converted into importance-based clusters 
of categories (low- (1–2), medium- (3–5), and high- (6–7) 
importance categories). The experts were also asked to indicate 
3 (Top 3) of the 29 educational needs that they thought GPs most 
urgently wanted to be incorporated in an educational program 
to be delivered within the next 12 months. In the first round, 
consensus in favor of a topic was defined as ≥75% agreement 
regarding the “importance category” and/or inclusion among 
the Top 3 by at least two experts.

Round 2. The questionnaire for the second round consisted 
of the 16 topics that had survived the first round. Some small 
adjustments were made to clarify topics that had been shown 
to be somewhat unclear. The inclusion criteria for the next 
round were more rigorous: ≥75% agreement on importance 
category and/or inclusion in the Top 3 by at least three experts. 
An exception was made for topic no. 15 (“educating patients on 
the possibilities and limitations of genetic tests”), which despite 
76% agreement was rejected in the second round because the 
experts thought there was too much overlap with topic no. 4 
(“knowledge of possibilities and limitations of genetic tests”), 
which did pass the round.

Round 3. For each topic, the experts received a summary of 
the comments from the previous two rounds with the number 
of Top 3 ratings in round 2. The experts were asked to list their 
Top 10 genetics education needs for GPs, and Kendall’s W 
(coefficient of concordance assessing agreement among raters) 
was computed for these rankings.

RESULTS
After three Delphi rounds, 29 topics (Table 1) were reduced to 
10 priorities regarding genetic education needs (Table 2). All 
18 participants completed all three rounds. Response was high 
with many comments per round (Table 1), indicating strong 
involvement of the experts. Of the 29 initial topics, 10 remained 
after three rounds (Boxes 1 and 2). Of the 29 initial topics, 3 
were modified after comments.

High agreement on a topic did not always imply high fre-
quency in the Top 3. In fact, the reverse was true for some top-
ics, which led to some unexpected results. Topic 1 (“Refreshing 
knowledge of basic genetic principles”), for example, showed 
only 39% agreement, but nevertheless made it through to the 
third round because four experts placed it in their Top 3. In 
support of topic no. 1, some experts commented, “I think 
there are great differences [in competency] between younger 
and older GP generations” (active GP) and “without a proper 
knowledge basis, everything else will be futile.” These com-
ments underscored the notion that improving genetics knowl-
edge will pave the way for successful improvement of skills and 
attitudes for all GPs.

An example of a topic that was accepted in the first round (76% 
agreement, N = 1 in Top 3) but rejected in the second round 
(72% agreement, N = 1 in Top 3) is topic no. 18 (“Explaining 
the consequences of a genetic test for a patient and his or her 
family”). According to a clinical genetics professional, “this task 
should be specifically assigned to the genetic counselor. GPs 
should be able to generally evaluate whether a patient should 
be referred” and “the consequences [of genetic test results] are 
diverse. Generalization would be dangerous and might lead  
to misinformation. It seems therefore wiser for this kind of 
specific information to be delivered by a clinical genetics 
professional.”

After round 2, there was consensus on 10 topics, which 
increased for most after modification of the wording. In the 
end, it was not difficult to distinguish between accepted and 
rejected topics. The list of prioritized topics at the end of round 
3 supports the development of educational modules with  
the main focus on skills and knowledge (Kendall’s W = .43,  
P < 0.001).

Although Kendall’s W showed significant agreement among 
the respondents, there were also differences of opinion 
between subgroups of experts on different topics. For example, 
participants from the active GP subgroup and clinical genet-
ics professionals subgroup commented differently on topic no. 
10 (“Discussing genetic risks with patients (risk communica-
tion”). Active GPs (mean rank order 6.6) commented, “Risk 
communication is difficult, certainly in the case of genetic 
diseases” and “Risk communication is becoming more impor-
tant, most GPs are not educated on this topic.” Clinical genet-
ics professionals’ comments, however, were less supportive of 
adding this topic to the Top 10 of educational topics (mean 
rank order 10). “I think it depends on the [genetic] disease 
and the degree of difficulty. I prefer the GP to leave this up to 
the clinical geneticist” and “if risk communication is meant as 
a means to support the patient in handling their genetic risk, 
this could be a GP’s responsibility. However, if it is meant the 
GP should be capable of calculating a certain genetic risk and 
discuss this with the patient, additional education would be 
necessary.”

Relatively high agreement was found within the subgroups 
of GP trainers (Kendall’s W = 0.60, P = 0.002), clinical genet-
ics professionals (Kendall’s W = 0.78, P = 0.001), and rep-
resentatives of patient organizations (Kendall’s W = 0.92,  
P = 0.003), whereas agreement was relatively low among prac-
ticing GPs (Kendall’s W = 0.27, P = 0.101).

DISCUSSION
Our study generated consensus on a Top 10 list of prioritized 
topics for GPs’ genetics education. The highest-ranking top-
ics were concerned with skill and knowledge competences: 
“Recognizing signals that can indicate a hereditary component 
of a disease,” “Evaluating indications for referral to a clinical 
genetics centre,” and “Knowledge of the possibilities and limita-
tions of genetic tests.” These priorities could, in particular, be 
met by case-based education.
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Strengths and limitations of the study
The Delphi procedure included 18 selected experts, who com-
pleted all rounds. Despite the experts’ differing backgrounds, 
it remains to be investigated if the results have relevance 
beyond the Dutch health-care system as the sample was drawn 
from this particular health-care system. General practice in 
the Netherlands is an open-access full-time service for every 
patient with any medical complaint, request, or question. The 
service includes a list system, implying that every person (with 
or without a disease) is on the list of one GP, thus guarantee-
ing optimal continuity of care. The GP handles more than 90% 
of all presented complaints and diseases. If genetic counseling 

as a primary-care service is available in their particular region, 
the GP manages most referrals to this service as to most other 
primary-care services and to all secondary-care services. 
Therefore, the GP is the first health-care professional to whom a 
patient will turn when he/she has questions on prevention and 
treatment of disease.

The results of this study are in line with some studies and 
differ from others with regard to the need for increased genet-
ics knowledge for GPs.5,12–16 This difference may be due to dif-
ferences between health-care systems. However, our previous 
focus-group results8 are supported by the outcomes of the afore-
mentioned studies regarding deficiency in skills (e.g., taking a 

Table 1  Number of comments (n), consensus (%) per round, frequency of inclusion in “Top 3” (N), and final result  
(accepted/rejected) in terms of agreement or disagreement with the proposed topics

Topic no.

Round 1 Round 2

Result In roundn % N in Top 3 n % N in Top 3

Knowledge

1 18 39 4 18 39 4 Accepted

2 17 53 1 0 0 0 Rejected 1

3 17 76 5 18 83 4 Accepted

4 18 89 10 18 89 8 Accepted

5 16 69 5 17 71 3 Accepted

6 17 65 2 18 72 5 Accepted

7 16 50 0 0 0 0 Rejected 1

Skills

8 18 78 2 18 100 6 Accepted

9 16 56 1 0 0 0 Rejected 1

10 17 71 4 18 50 3 Accepted

11 16 75 3 17 71 7 Accepted

12 18 61 1 0 0 0 Rejected 1

13 16 44 3 18 39 3 Accepted

14 18 61 0 0 0 0 Rejected 1

15 18 61 2 17 76 2 Rejected 2

16 17 53 0 0 0 0 Rejected 1

17 16 56 2 18 61 0 Rejected 2

18 17 76 1 18 72 1 Rejected 2

Attitude

19 18 56 0 0 0 0 Rejected 1

20 18 33 2 18 33 3 Accepted

21 17 29 0 0 0 0 Rejected 1

22 16 50 0 0 0 0 Rejected 1

23 16 56 0 0 0 0 Rejected 1

24 18 61 1 0 0 0 Rejected 1

25 18 61 2 17 71 1 Rejected 2

26 17 71 2 18 56 1 Rejected 2

27 17 41 0 0 0 0 Rejected 1

28 18 67 0 0 0 0 Rejected 1

29 17 76 1 18 72 2 Rejected 2
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family history, referral to appropriate regional genetics services, 
and nondirective counseling).17,18 It may be problematic for pri-
mary-care providers to take appropriate steps in response to the 
perceived shift in the importance of genetics in primary care, 
such as taking enough time to discuss the family history or to 
perform nondirective counseling.

Another possible weakness of our study is regression to the 
mean, although this is inherent to this consensus method: 
experts are inclined to adjust their opinions during a consensus 
process.15 Nevertheless, there was a high degree of agreement 
on the 10 final topics, whereas 19 topics were not accepted, 
despite several adjustments. The procedure started with topics 
based on our earlier focus-group research,8 and some experts 
were aware of these results, although they were unaware of each 
other’s identities. Although this may have biased their opinions, 
the validity of the focus-group results was checked by compar-
ing them with the results of the consensus procedure, a process 
commonly referred to as triangulation.19 As compared with the 
results of the focus groups, this study strengthened the priori-
tization of genetic educational topics for general practice. Also, 
the transparency of the way we dealt with comments and ratings 
and adjusted or rejected topics is expected to have improved the 
validity and reliability of the resulting consensus.

Comparison with existing literature
Our study resulted in a Top 10 list of genetic educational top-
ics in primary care through consensus and prioritization, 
building on earlier studies.1,5,7,12,13,16,20–22 The results also sup-
port the learning outcomes and core competences in genet-
ics for non-genetic health-care professionals as specified by 

genetic experts.6 A previous paper described the absence of 
genetics educational objectives for Dutch non-genetic health-
care providers.13 This Delphi study has laid a firm foundation, 
supported by experts’ opinions, for the development of more 
appropriate genetics education for GPs.

In addition to the perceived inadequacy of primary-care work-
ers to integrate genetics into daily practice, Scheuner et al. iden-
tified deficiencies in primary-care workers’ basic genetic knowl-
edge and ability to interpret familial patterns.1 This is in line with 
our prioritized educational topics, which include knowledge 
of basic genetic principles, (the most common) genetic disor-
ders, and family history skills. Taylor et al. stated that primary 
care should be encouraged to invest more time in family his-
tory data.20 However, they also stressed identified barriers (e.g., 
time constraints) and the need to develop strategies to overcome 
difficulties preventing GPs from routinely obtaining family his-
tory information.20 These barriers and strategies are still under 
construction and may explain why topic no. 13 (“Taking and 
interpreting a family history”) ended ninth in the Top 10 list of 
genetic education priorities. In this study, we did not elaborate 
on these difficulties, but they should definitely be considered 
during the development of education modules concerning the 
integration of family history skills according to referral criteria.

Topic no. 8 (“Evaluating indications for referral to a clinical 
genetics centre”) is similar to one of the priorities mentioned in 
Scheuner et al.’s systematic review,1 namely, “referral guidelines 
would improve referral patterns,” while (computerized) decision 
support might be helpful in familial risk assessment for common 
cancers (e.g., breast, ovarian, and colon cancers) and would ren-
der many other genetics referrals more consistent with guidelines. 

Table 2  Overview of mean rank order (Top 10) and Kendall’s coefficient of concordance assessing agreement among 
experts

Topic no.
Mean rank order 

(general)
Mean rank order  

(active GPs)
Mean rank order  

(GP trainers)

Mean rank order 
(clinical genetic  
professionals)

Mean rank order  
(representatives of 

patient organizations)

11 2.9 3.0 4.4 1.5 2.3

8 3.1 3.7 3.8 1.8 2.7

4 3.2 4.7 1.2 4.3 2.3

6 4.6 5.3 4.4 5.0 2.7

3 5.2 4.9 5.6 4.5 6.0

1 6.1 5.3 6.6 7.5 5.0

5 6.6 6.0 6.0 7.5 7.0

10 7.3 6.6 5.0 10 8.7

13 8.0 7.5 8.6 7.3 9.0

20 8.1 8.0 9.2 5.8 9.3

N 18 6 5 4 3

Kendall’s W 0.433 0.271 0.595 0.779 0.919

Chi-squarea 70.208 14.660 26.760 28.036 24.818

d.f. 9 9 9 9 9

Significance 0.000 0.101 0.002 0.001 0.003

GP, general practitioner; Kendall’s W, Kendall’s coefficient of concordance. A lower score in mean rank order, results in higher ranking in the Top 10.
aComparing score for topics within the group.
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These results support the implementation of genetics education 
aimed at enhancing effective referral indications and options.

The results of this Delphi study differ from those of the GenEd 
study of 2004 by Calefato et al.12 and of previous focus groups.8 
Competencies relating to attitudes, such as “ethical, legal, and 
public health issues” and “psychosocial and counseling issues,.” 
received more attention in these studies. This difference may be 
attributed to the fact that the GenEd study was not limited to 
the Netherlands but encompassed five European countries with 
differing health-care systems. In our study, the experts com-
mented that genetics education should first focus on “knowl-
edge” before moving on to “attitudes.” Some comments on this 
issue were rather ambivalent: “Attitude is not specific to genet-
ics” and “A good attitude should be an intrinsic component 
of the GP’s role.” Therefore, although it seems the “attitude” 
domain is considered essential for genetics education of GPs 
(i.e., case-based learning with medical ethical problems), effec-
tive implementation of genetics education may be jeopardized 
if too much attention is paid to this area.

The higher than expected number of topics in the Top 10 
referring to “knowledge” (5 of 7 topics) exceeded the number 
of “skill” topics (4 of 11 topics). This may be explained by the 
experts’ perceptions that genetic knowledge should be brought 

up to date before related skills can be learned. This unexpected 
result needs further research and probably explains a relatively 
low agreement among practicing GPs, as some may find their 
genetic knowledge or skills sufficient and others not.

Implications for future research and clinical practice
Unless a scientific, logistical, and ethical framework for the 
appropriate and effective use of genomic information is in 
place, the primary-care workforce is unlikely to be adequately 
prepared1,3,5–7,12,20,22–24 to provide such information in general 
practice. If GPs remain uneducated in genetics and therefore 
incompetent related to the use of genomic information in 

Box 1:  Accepted Topics

Knowledge
1	 Knowledge of basic genetic principles (round 1)
	� Refreshing knowledge of basic genetic principles 

(rounds 2 and 3)
3	� Knowledge of the most important genetic disorders 

in the Netherlands (round 1)
	� Knowledge of the prevailing (most common) genetic 

disorders in the Netherlands (rounds 2 and 3)
4	� Knowledge of the possibilities and limitations of  

genetic tests
5	� Knowledge of the wide array of referral possibili-

ties concerning genetics
6	� Knowledge of the most important sources of  

genetic information 
Skills
8	� Evaluating indications for referral to a clinical  

genetics center
10	� Discussing genetic risks with patients (risk  

communication)
11	� Recognizing signals potentially indicative of a 

hereditary component of a disease
13	 Taking and interpreting a family history
Attitude	
20	� Being aware of the fact that many symptoms/disor-

ders can have a genetic component (round 1)
	� Being aware of the possibility of a genetic/ 

hereditary component of symptoms and disorders 
(rounds 2 and 3)

Box 2: r ejected Topics

Knowledge
2	 Knowledge of different hereditary patterns
7	� Knowledge of the consequences of genetic testing 

for obtaining a mortgage and insurance
Skills
9	� Discussing with patients how to cope with (an  

increased risk for) a genetic disorder 
12	� Explaining genetic information in a way that is 

adapted to the patient’s level of knowledge
14	 Drawing and interpreting a pedigree
15	� Educating patients on possibilities and limitations of 

genetic tests
16	� Explaining the genetic aspects, except lifestyle, of 

multifactorial disorders
17	 �Informing parents about the possibilities and 

limitations of prenatal and neonatal screening
18	� Explaining the possible consequences of a genetic 

test for a patient and his or her family
Attitude	
19	� Recording a family history in such a way that it can 

be easily retrieved
21	� Guiding patients with genetic issues in a nondirec-

tive way. 
22	� A medical practitioner’s role in (actively) suggesting 

the possibility of having a genetic test
23	� Demarcating tasks in the field of genetics in  

comparison with other caregivers
24	� A general practitioner’s role in decisions about  

discussing (the chances of) a genetic disorder with 
the patient’s family

25	� Offering support to patients with (an increased risk 
for) a genetic disorder 

26	� Dealing with the choices relating to genetics made 
by people from different cultures 

27	� Dealing with sensitivities surrounding genetic  
disorders in families

28	� Informing patients about genetic risks in consan-
guine marriages

29	 Dealing with ethical dilemmas in genetics
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general practice, individual genetic medical care provided will 
likely be unhelpful and possibly even harmful. We believe the 
results of this study should be used in the near future to guide 
the implementation of genetics education in the Netherlands 
and perhaps even internationally. Although the majority of 
the issues investigated cover genetics-related knowledge, skills, 
and attitudes essential for every medical-care provider, further 
studies will have to determine whether the results are relevant 
to other medical specialties as well.

We are currently working on developing genetics education 
for GPs in collaboration with the Dutch College of General 
Practitioners. This entails a written educational module 
aimed onat improving genetics knowledge, an informative 
website specifically aimed at genetics in general practice in 
the Netherlands, and a live Continuing Medical Education 
module aimed onat improving genetic skills and attitude. 
Hopefully, this will improve (genetic) medical care in the 
Netherlands and will meet the needs expressed by GPs and 
experts in our previous work8 and the Top 10 of genetic edu-
cational topics presented in this paper.

Preparation of health-care providers for the future of genetic 
medicine, with personalized genomic information and educa-
tion, will lead to effective use of genetics in daily primary care.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim

ACKNOWLEDGMENTS
We thank all the Delphi study experts. The study is part of the 
research program of the Centre for Society and Genomics and 
Centre for Medical Systems Biology and is financially supported 
by the Netherlands Genomics Initiative.

All authors have made a substantial contribution to the concept 
and design of the study. E.J.F.H., M.W., and L.H. carried out the 
Delphi consensus procedure, analyzed the data, and wrote the first 
draft of the paper. E.J.F.H., L.H., S.J.v.L., C.v.d.V., G.J.D., and M.C.C. 
were involved in the design and coordination of the study.

DISCLOSURE
The authors declare no conflict of interest.

references
1.	 Scheuner MT, Sieverding P, Shekelle PG. Delivery of genomic medicine for 

common chronic adult diseases: a systematic review. JAMA 2008;299: 
1320–1334.

2.	 Kemper AR, Trotter TL, Lloyd-Puryear MA, Kyler P, Feero WG, Howell RR. A 
blueprint for maternal and child health primary care physician education in 
medical genetics and genomic medicine: recommendations of the United 
States secretary for health and human services advisory committee on heritable 
disorders in newborns and children. Genet Med 2010;12:77–80.

3.	 Khoury MJ, Gwinn M, Yoon PW, Dowling N, Moore CA, Bradley L. The 
continuum of translation research in genomic medicine: how can we accelerate 

the appropriate integration of human genome discoveries into health care and 
disease prevention? Genet Med 2007;9:665–674.

4.	 Baars MJ, Scherpbier AJ, Schuwirth LW, et al. Deficient knowledge of genetics 
relevant for daily practice among medical students nearing graduation. Genet 
Med 2005;7:295–301.

5.	 Guttmacher AE, Porteous ME, McInerney JD. Educating health-care 
professionals about genetics and genomics. Nat Rev Genet 2007;8:151–157.

6.	 Skirton H, Lewis C, Kent A, Coviello DA; Members of Eurogentest Unit 6 and 
ESHG Education Committee. Genetic education and the challenge of genomic 
medicine: development of core competences to support preparation of health 
professionals in Europe. Eur J Hum Genet 2010;18:1–6.

7.	 Guttmacher AE, McGuire AL, Ponder B, Stefánsson K. Personalized genomic 
information: preparing for the future of genetic medicine. Nat Rev Genet 
2010;11:161–165.

8.	 Houwink EJ, van Luijk SJ, Henneman L, van der Vleuten C, Jan Dinant G, Cornel 
MC. Genetic educational needs and the role of genetics in primary care: a focus 
group study with multiple perspectives. BMC Fam Pract 2011;12:5.

9.	 Burke S, Martyn M, Stone A, Bennett C, Thomas H, Farndon P. Developing a 
curriculum statement based on clinical practice: genetics in primary care. Br J 
Gen Pract 2009;59:99–103.

10.	 Hsu CCS, Sandford BA. The Delphi technique: making sense of consensus. Pract 
Assess, Res Eval 2007;12:1–8.

11.	 Dalkey N, Helmer O. An experimental application of the Delphi method to the 
use of experts. Manage Sci 1963;9:458–467.

12.	 Calefato JM, Nippert I, Harris HJ, et al. Assessing educational priorities in genetics 
for general practitioners and specialists in five countries: factor structure of the 
Genetic-Educational Priorities (Gen-EP) scale. Genet Med 2008;10:99–106.

13.	 Plass AM, Baars MJ, Beemer FA, Ten Kate LP. Genetics education for non-
genetic health care professionals in the Netherlands (2002). Community Genet 
2006;9:246–250.

14.	 Fetters MD, Doukas DJ, Phan KL. Family physicians’ perspectives on genetics 
and the human genome project. Clin Genet 1999;56:28–34.

15.	 Metcalfe S, Hurworth R, Newstead J, Robins R. Needs assessment study of 
genetics education for general practitioners in Australia. Genet Med 2002; 
4:71–77.

16.	 Watson EK, Shickle D, Qureshi N, Emery J, Austoker J. The “new genetics” and 
primary care: GPs’ views on their role and their educational needs. Fam Pract 
1999;16:420–425.

17.	 Benjamin CM, Anionwu EN, Kristoffersson U, et al.; GenEd Research Group. 
Educational priorities and current involvement in genetic practice: a survey of 
midwives in the Netherlands, UK and Sweden. Midwifery 2009;25:483–499.

18.	 Metcalfe A, Haydon J, Bennett C, Farndon P. Midwives’ view of the importance 
of genetics and their confidence with genetic activities in clinical practice: 
implications for the delivery of genetics education. J Clin Nurs 2008;17:519–530.

19.	 Thurmond VA. The point of triangulation. J Nurs Scholarsh 2001;33: 
253–258.

20.	 Taylor MR, Edwards JG, Ku L. Lost in transition: challenges in the expanding field 
of adult genetics. Am J Med Genet C Semin Med Genet 2006;142C:294–303.

21.	 Coviello DA, Skirton H, Ceratto N, Lewis C, Kent A. Genetic testing and 
counselling in Europe: health professionals current educational provision, 
needs assessment and potential strategies for the future. Eur J Hum Genet 
2007;15:1203–1204.

22.	 Hunter DJ, Khoury MJ, Drazen JM. Letting the genome out of the bottle–will we 
get our wish? N Engl J Med 2008;358:105–107.

23.	 van Ommen GB, Cornel MC. Recreational genomics? Dreams and fears on 
genetic susceptibility screening. Eur J Hum Genet 2008;16:403–404.

24.	 Grol R, Grimshaw J. From best evidence to best practice: effective 
implementation of change in patients’ care. Lancet 2003;362:1225–1230.


