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The health benefits of the Human Genome Project have
been widely anticipated. Experts predict a new era of individ-
ualized disease prevention based on testing for genetic
susceptibilities,1 and safer,more effective use of drugs based on
pharmacogenomic testing.2 Genomic research is also pre-
dicted to improve disease classification and generate innova-
tive therapies, targeted more precisely to the molecular mech-
anisms of disease.3

Early breakthroughs support this promise. Genetic testing
can identify women at high risk for breast and ovarian cancer
who may benefit from interventions such as breast screening
by MRI and prophylactic oophorectomy.4 Pharmacogenomic
testing offers a potential means to increase the safety of drugs
with narrow therapeutic indices, such as mercapotopurines5

and warfarin.6,7 Genetic analysis of disease processes such as
cancer has also provided benefit: Overexpression of theHER2/
neu gene provides an important prognostic indicator in breast
cancer, and identifies patients most likely to benefit from the
groundbreaking drug herceptin.8 Similarly, imatinibmesylate,
a novel cancer therapy, was developed as a result of analysis of
the genetic changes in a specific type of leukemia.9

Despite these impressive early advances, serious reserva-
tions have been voiced about the occurrence and timing of a
genomics revolution in medicine.10 The relationship between
DNA sequence and phenotype is far from simple, even for
highly penetrant single gene conditions.11,12 Most individual
gene variants associated with common diseases will have low
positive predictive value and associated attributable risk, rais-
ing questions about their clinical utility.10,13,14 Also, an over-
emphasis on genetic contributors to disease may result in ne-
glect of other factors, such as environmental exposures, social
structure and lifestyle.10

Which vision of the future should the prudent clinician be-
lieve: A cornucopia of healthcare innovations based on genomic
research, or a stream of genetically-based interventions that fail
to deliver value to the public? We argue that both visions are
correct; that genome-based research will offer unprecedented
opportunities for improved disease prevention and therapy,
but will also generate many promising ideas that do not ulti-
mately provide a health benefit.
As with other emerging technologies, the pressing challenge

is to devise an efficient strategy to distinguish innovative ad-
vances from false leads. The stakes are high, as healthcare sys-
tems face increasing strains with growing elderly populations
and chronic disease burdens.15 The potential benefits offered
by the Human Genome Project and advances in related tech-
nologies need to be weighed against the resources required to
implement them and the potential harms.
In this paper, we review the challenges in using genome-

based research for the benefit of population health, make the
case for an interdisciplinary knowledge integration process un-
der the rubric of a field variously dubbed “public health genet-
ics” or “public health genomics,” which is poised to address
these challenges, and discuss the development of an interna-
tional initiative to promote a collaborative approach to harness
genome-based knowledge for the benefit of worldwide popu-
lation health.

USING GENOME-BASED RESEARCH TO IMPROVE HEALTH

Limitations in genetic prediction

Diseases due to single gene mutations are generally rare; for
example, BRCA1 and BRCA2 mutations account for only
3–10% of breast cancer cases overall.16 A somewhat larger pro-
portion of diseases can be considered oligogenic, with disease
risk due to the effects of a relatively small number of gene
variants. Formost diseases, however, etiology is multifactorial,
with numerous genetic influences interacting with many dif-
ferent social and environmental factors. The specific gene vari-
ants contributing to disease, and the relative importance of
genetic and nongenetic factors, may vary considerably among
different peoplewith a given disease. Because of the complexity
ofmultifactorial disease etiology, there are inherent limitations
in the potential for genetics to predict health status.
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The key role of interventions

In addition, even when a genetic risk is substantial, knowl-
edge of the risk contributes to improved health outcomes only
if effective measures are available for preventive or early treat-
ment. For example, APOE genotyping can identify an in-
creased risk for Alzheimer Disease (AD),17 but does not pro-
vide a health benefit because no preventive interventions are
known.Moreover, despite the increased risk, a positive result is
of relatively low predictive value; many people without the
APOE4 allele associated with AD risk will also develop the
disease. However, some people are likely to seek this risk
information,18 and it may provide some benefit by allowing
people to make personal and family decisions based on risk
knowledge. From a public health perspective, use of genetic
tests for this purpose requires rigorous and systematic evalua-
tion, to determine whether the benefits justify the potential
harms and opportunity costs.
Similarly, genetic testing is of uncertain value when the

available interventions are not genotype-specific. For example,
people with factor V Leiden or the prothrombin variant
G20210Ahave an increased risk for venous thrombosis (VT).19

However, current data suggest that their recurrence risk for VT
is not significantly elevated compared to other patients with
VT.20 As a result, genetic testing is not needed for clinical man-
agement.
Genetic testing will have its greatest public health value

when it identifies individuals who would benefit from specific
interventions based on their risk. This paradigm is the basis for
newborn screening, and for the use of a small number of ge-
netic tests, such as BRCA testing, which have become a part of
clinical practice. By this reasoning, the public health value of
APOE genotyping would increase if a specific therapy were
identified to reduce AD risk in people with the APOE4 allele.

Could genetic risk be a motivator for behavioral change?

Even without genotype-specific interventions, some experts
propose that knowledge of genetic risk can inform individuals
about the lifestyle changes most beneficial for them, letting
them know what health risks to worry about. This intuitively
appealing argument is a hypothesis that remains to be tested.21

The limited available data offer mixed results. Genetic tests
identifying an increased risk for lung cancer do not appear to
result in increased smoking cessation.22,23 Conversely, genetic
risk information may motivate participation in preventive
screening: several studies have shown that the likelihood of
participating in colorectal cancer screening is positively asso-
ciated with having a family history of the disease.24–28

False reassurance is a risk of this approach. When genetic
risk is emphasized, a test showing the absence of genetic risk for
a condition such as cardiovascular disease, diabetes or cancer
could send the message that there is no need to worry about
that particular risk, yet the negative predictive value of such
tests is likely to be very low.
Clearly, further research is needed.With the right combina-

tion of risk information and behavioral interventions, progress

in lifestyle change might be possible. An important question
from the population perspective will be the feasibility of using
genetics to subcategorize populations, in order to achieve
greater efficiency by directing appropriate interventions to
those subpopulations rather than to the whole population.

Other uses of genetic information to improve health outcome

In addition to information about individual susceptibilities,
genome-based research is generating knowledge about so-
matic genetic changes including somatic mutations occurring
during carcinogenesis and profiles of gene expression that
characterize specific disease states. This research may provide
the basis for innovative drug development and for diagnostic
and prognostic tests that guide clinical management. As with
genetic susceptibility testing, careful evaluation of the predic-
tive value of such tests and the effectiveness of related thera-
peutics or other interventions will be needed.

Genetic exceptionalism and the isolation of ELSI research

One of the challenges in the evaluation of genomic applica-
tions to healthcare is the integration of studies of the ethical,
legal and social implications (ELSI) with those of clinical out-
comes. The Human Genome Project allocated funds toward
ELSI research and a vast amount of literature has resulted, but
the separation of ELSI research from other scientific and clin-
ical spheres has hampered a constructive contribution of ELSI
research to the goal of improving population health. An exam-
ple is the ACCE framework proposed for evaluation of genetic
tests,29 in which the scientific and clinical evaluation are con-
sidered separately from the ethical, legal and social conse-
quences of a test, without guidance as to how these different
spheres should inform each other.
This separation may be an outcome of “genetic excep-

tionalism,”30 the concept that genetic information is uniquely
powerful, and also uniquely dangerous and frightening, result-
ing in the need for special protections. This concept appears to
result from the considerable hype, both positive and negative,
that has surrounded the human genome project. Exaggerated
claims about the predictive power of genetic information have
been met by equally exaggerated warnings about the conse-
quences of its misuse.

NEED FOR AN EVALUATION STRATEGY

As genome-based research generates new ideas for health-
care innovation, there is a critical need for an evaluation pro-
cess, based in ongoing integration of knowledge within and
across multiple disciplines (including ELSI) to determine the
outcomes, both health-related and social, of new genome-
based applications. In the absence of a robust evaluation strat-
egy, a trial-and-error process of innovation occurs. Resulting
commercial incentives tend to promote the value of genetic
tests based on the intuitive appeal of risk knowledge in the
absence of proven benefit. This approach is already evident in
direct-to-consumer and -physician marketing of genetic
tests,31,32 and represents a potential drain on healthcare re-
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sources. There is also a risk that effective innovations will not
be implemented, or implemented haphazardly.33,34

THE PUBLIC HEALTH GENOMICS ENTERPRISE

With these challenges in mind, an international expert
workshop was convened in April, 2005, in Bellagio, Italy. The
workshop was attended by a multidisciplinary group of 18 ex-
perts from Canada, France, Germany, the United Kingdom
and the United States. A full report of the discussions and con-
clusions of the Bellagio workshop is available.35 Participants at
themeeting developed a consensus on the structure needed for
effective translation of genome-based science and technology
into improved population health. Figure 1 shows this concept
in visual form.

The central role of knowledge integration

Knowledge integration, both within and across disciplines,
is the driving force of the public health genomics enterprise. It

is defined as the process of selecting, storing, collating, analyz-
ing, integrating and disseminating information both within
and across disciplines for the benefit of population health. It
includes methodological development, and is the means by
which information is transformed into useful knowledge.

Integration of knowledge within a discipline: HuGENet as a model

Genetic epidemiology offers an example of knowledge inte-
gration. This field has been dominated over the past 10–15
years by the search for associations between specific genetic
variants and disease. The experience to date indicates that many
initial reports of gene-disease associations are false-positive find-
ings. Thus, before clinical applications can be considered, all the
accumulatedknowledge about a set of gene variantsmust be care-
fully assessed, including prevalence in different populations, the
strength of the association with different disease endpoints, and
interactions between gene variants and social and environmental
determinants of risk. HuGENet (HumanGenome Epidemiology

Fig. 1. Components of the public health genomics enterprise. The functions and activities shown in blue represent the scope of the enterprise of public health genomics, which can be
simply defined as the effective and responsible translation of genome-based knowledge and technologies for the benefit of population health. Initiatives in several countries have already
begun this effort (Appendix 1.1). The color yellow represents the generation of knowledge through research; genome-based science and technology (highlighted in red) play a fundamental
role. Any new development inmodern genomics, or inmolecular or cell biology, can legitimately be considered as a potential contributor to innovative approaches to achieving population
health. Green represents all the activities, people, institutions and views that make up society in its widest sense, comprising key stakeholders in the success of the translational process.
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Network), an initiative of the Office for Genomics and Disease
Prevention (ODGP) at the USCenters for Disease Control and
Prevention inAtlanta, GA, provides the basis for a constructive
approach to this problem, and also represents a model for in-
ternational collaborative efforts in other research areas.
HuGENet is now an international network comprising

nearly 800 collaborators in 43 countries, with core activities
consisting of information exchange through its website,36

training and technical assistance, knowledge base development
and information dissemination. As of December, 2005, 42
HuGE reviews have been published, each providing a struc-
tured and systematic summary of human genetic variation and
its health implications at one or more gene loci.36 In addition,
more than 286 systematic reviews – includingmeta-analysis or
pooled analyses – of gene-disease associations have been pub-
lished since 2001.36 An important function of these reviews is
to identify gaps in existing epidemiological and clinical knowl-
edge, informing the future research agenda. The structure of
HuGENet is currently being revised along the lines of the
highly successful international Cochrane Collaboration. Sev-
eral HuGENet coordinating centers are being developed in-
cluding Cambridge, Ottawa and Ioanina. Projects are under-
way to develop new systems for capturing and storing relevant
data in an appropriate format for use in meta-analyses and
systematic reviews.37,38

A related initiative, the Public Population Project in
Genomics (P3G), has recently been launched.39 This project
has the goal of providing the international population genom-
ics community with the resources, tools and know-how to fa-
cilitate data management for improvedmethods of knowledge
transfer and sharing. Regular members are international, na-
tional or regional not-for-profit organizations that are or will
be conducting a largepopulation (N�10,000 samples) genomics
projects.Not-for-profit organizations and individuals committed
to population genomics research genomics can join as Associate
or Individual members.
Other disciplines might benefit from taking this coordinated

approach. Genetic test evaluation is being approached piecemeal
throughout the world, with initiatives using varying methodolo-
gies now underway under the auspices of both the European
Union and theOrganization for Economic Cooperation andDe-
velopment, aswell as inmany individual countries includingCan-
ada, the UK and the US. Coordinating these activities through
international networks likeHuGENet andP3Gwould allow shar-
ing of expertise and avoid wasteful duplication. Similarly, a joint
approach tosustainable integrationofgenetics intoexistingmain-
streammedical specialties may be helpful.40–42

Integration of knowledge across disciplines

Creating productive collaboration in a single discipline is
only the first step in knowledge integration. Knowledge and
insight from many disciplines will be needed to fully evaluate
the potential for genome-based research to improve popula-
tion health. (Fig. 1). Both medical and social outcomes of test
use must be considered, and appropriate procedures must be
implemented for practice guideline development, decision-

making by healthcare payers, and population-based consulta-
tion and education. In addition, current ethical and regulatory
frameworks need to be assessed for their appropriateness to new
conceptual and technologic approaches based on genomic re-
search.
Achieving knowledge integration across disciplines is not easy,

but is essential to the tasks of public health genomics. Each disci-
pline has its own language andmeans of communication, its own
standards for success, and its own methods for sharing and dis-
cussing ideas and concepts. In addressing this problem, the Bella-
gio workshop participants found it helpful to define and distin-
guish two concepts: multidisciplinarity and interdisciplinarity. In
amultidisciplinary collaboration, different professionals work on
acommonproblem, interactingwith eachotherbut eachcontrib-
uting fromwithin a defined disciplinary framework. The conven-
ing power of public health, in bringing people together anddevel-
oping a shared sense of purpose and ownership, can be very
fruitful in a multidisciplinary project. An example is the joint ef-
fort to identify and implement of a research agenda related to the
discovery of the HFE gene and to develop education and guide-
lines for clinicians related to diagnosis ofHFE-associated hemo-
chromatosis (Appendix 1.2).
To achieve the novel integration or synthesis required in

public health genomics, however, Bellagio participants identi-
fied the need to move further, toward an interdisciplinary col-
laboration, in which questions are framed and addressed
jointly by persons trained in the different component disci-
plines. The need for such integration is apparent in debates
about the contributions of ELSI research.

Integrating ELSI into the evaluation process

Workshop participants consideredmany issues evaluated in
ELSI research as relevant to public health genomics, including
the privacy of genetic information, the potential for genetic
discrimination, both positive and negative, stigmatization and
negative psychological consequences potentially arising from
some genetic tests, the regulation of genetic tests, the gover-
nance of genomic research involving human subjects and/or
human tissue (for example, population and patient-based bio-
bank projects), the relationship between genetics and the con-
cept of race, justice and equity in access to the benefits of ge-
nome-based research, and the use of genetic testing in the
context of reproductive choice.
Participants concluded, however, that research addressing

these issues often has little impact on efforts to improve pop-
ulation health. One problem is the tendency for the research to
occur in isolation, because of the absence of an effective rela-
tionship between academic ELSI research and policy-makers
and the separation of ELSI research from other scientific and
clinical spheres. The promotion of interdisciplinarity would
increases the potential for ELSI research to make constructive
contributions.
Another problem is the frequent use of genetic exceptional-

ism as a frame for issues related to genetics and genomics.
Bellagio workshop participants, in accord with a multidisci-
plinary group convened by the European Commission,43 fa-
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vored moving away from genetic exceptionalism. Genetic de-
terminants should be neither privileged nor unreasonably
demonized.30 As an example, the widespread use of Hunting-
ton’s disease – a highly-penetrant and fatal late-onset condi-
tion for which no effective treatment exists – as a paradigm for
predictive genetic testing should be actively discouraged, as it
gives a highly misleading idea of the predictive power of ge-
netic information for most people. Examples drawn from
common diseases, such as the genetic contributors to venous
thrombosis,19,20 Alzheimer Disease,17 and other common dis-
orders of public health significance10,14 are more readily gen-
eralizable.
Normalizing genetics as a contributor to risk, and as a result,

achieving more balanced public dialogue, will enable a more
rational approach to the use of genetics to benefit population
health. At the same time, some of the debate surrounding ge-
netics has pointed to the need for more adequate regulation
and protection in other areas of biomedical research and clin-
ical practice.

MAKING USE OF KNOWLEDGE INTEGRATION

The integratedmultidisciplinary knowledge generated from
an effective public health genomics enterprise supports four
core activities (Fig. 1):

Informing public policy: Included in this activity are legal,
philosophical and social analyses, development of regula-
tory frameworks, engagement in the policy-making pro-
cess, promoting relevant research, seeking international
comparisons, and working with governments and rele-
vant public institutions.

Developing and evaluating preventive and clinical health
services: This activity includes strategic planning; service
organization, manpower planning and capacity building;
service review, assessment and evaluation; and guideline
development.

Communication and stakeholder engagement: Relevant ac-
tivities include promoting general genetic literacy in soci-
ety, public dialogue, and engaging with industry, which is
seen as a key player in the development of new genomics-
based clinical interventions.

Education and training: This will involve promoting genetic
literacy for health professionals, specific training for pub-
lic health genetics specialists, and development of educa-
tional materials, courses, workshops and seminars.

Educational programs in public health genetics/genomics
are already underway at some centers (Appendix 1.3). These
efforts provide essential preparation for the multidisciplinary
work envisaged for the translation of genome-based research
into actions for population health, and serve as another impor-
tant area for collaboration. There is a need to develop and
disseminate competencies for public health genomics, which
will differ substantially from competencies already developed,
byNCHPEGand others, for genetics education in specific clin-
ical fields.

This conceptual framework for public health genomics recog-
nizes the importance of applied and translational research in
achieving the goal of improving population health. Research ac-
tivities inevitably identify gaps in the knowledge base that need to
be addressed by further basic research (Fig. 1). The boundaries
between basic and applied research are indistinct, and the contin-
uum from research to practice may be better represented by the
term “frontier research” proposed in a recent European public
report.44 The dynamic and interactive nature of the enterprise is
represented by double-headed arrows (Fig. 1): It is informed by
societal priorities,45 generates knowledge as well as using it, and is
modulated by the effects of its own outputs and activities. Thus,
public health genomics incorporates a cycle of analysis-strategy-
action (implementation)-evaluation, a widely recognized ap-
proach in public health practice. This cycle, which is equivalent to
the US Institute of Medicine’s cycle of assessment-policy
development-assurance,46 describes how the enterprise carries
out its activities.

AN INTERNATIONAL PUBLIC HEALTH GENOMICS NETWORK

After laying the groundwork describing the components of
the public health genomics enterprise, the Bellagio workshop
participants unanimously agreed to establish an international
forum to address the global challenge for integrating and using
genome-based knowledge and technologies for the benefit of
population health. The forum will be known as the Genome-
based Research and Population Health International Network
or GRAPH Int. The use of the term Int signifies that the collab-
oration is not only international but also interdisciplinary and
integrated. GRAPH Int is an international collaboration that
facilitates the responsible and effective translation of genome-
based knowledge and technologies into public policies, pro-
grams and services for the benefit of population health. Mem-
bership of GRAPH Int is open to all individuals and
organizations that have an interest in this mission. Six initial
goals for GRAPH Int were defined:

1. To provide an international forum for dialogue and col-
laboration

2. To promote relevant research
3. To support the development of an integrated knowledge base
4. To promote education and training
5. To encourage communication and engagement with the
public and other stakeholders

6. To inform public policy

GRAPH Int will provide a concerted global approach to
build the infrastructure that will be needed for the translation
of developments in genome-based research into effective inter-
ventions to improve population health. International consen-
sus has been reached on the scope and strategy for this enter-
prise. GRAPH Int, a new international forum and network,
welcomes all those who wish to participate in this enterprise
and invites them to work together to achieve its goals. A coor-
dination and communication hubwill be provided by the Pub-
lic Health Agency of Canada.47 The first meeting of this inter-
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national forum occurred at the International Genomics and
Public Health meeting inMontreal, Canada, June 4–7, 2006.48

In summary, while the Human Genome Project and ad-
vances in molecular biology have forever changed the face of
science, application of these scientific discoveries for the ben-
efit of population health is a major challenge worldwide. We
hope that the implementation of the public health genomics
enterprise around the world facilitated by the newly formed
international network could over time begin to harness ge-
nome-based sciences and technologies for the benefit of pop-
ulation health in the 21st century.
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Appendix 1.1: Examples of current initiatives in public
health genetics/genomics
Centers

Office of Genomics and Disease Prevention, Centers for
Disease Control and Prevention
www.cdc.gov/genomics
Carries out research and integration on how human

genomic discoveries can be used to improve health andprevent
disease. Established and coordinates the HuGENet (Human
Genome Epidemiology Network) initiative.
Public Health Genetics Unit and Cambridge Genetics

Knowledge Park
www.phgu.org.uk; www.cgkp.org.uk
Assesses advances in genetic science and their impact on health

services and healthcare policy. The Cambridge Genetics Knowl-
edge Park brings together researchers and policy analysts in
science, public health, law, social sciences and philosophy.
Centers for Genomics and Public Health
www.sph.unc.edu/nccgph/
www.sph.umich.edu/genomics/
www.depts.washington.edu/cgph/
Established by collaboration between the US Centers for

DiseaseControl andPrevention and theAssociation of Schools
of Public Health, and located at the Universities of Michigan,
Washington and North Carolina. The Centers contribute to
the knowledge base, provide technical assistance to local, state,
and regional public health organizations and develop and de-
liver training to the public health workforce.
Genomics, Health and Society
www.u558.toulouse.inserm.fr
A multidisciplinary research team in an epidemiology and

public health research unit from the National Institute for
Health and Medical Research (Inserm U 558) located within

the Federative Research Institute on “health, society” at the
University Paul Sabatier of Toulouse, France, including biolo-
gists, clinicians, geneticists, philosopher, lawyers, sociologists
and economists and leading the “genetics and society” plat-
form of the Toulouse Genopole.
Genomics Directorate of the Population Health Division,

Western Australian Department of Health
http://www.population.health.wa.gov.au/Genomic/index.cfm
Aims to facilitate the integration of genetics into all aspects

of public health, policy and programs.
German Center for Public Health Genomics
http://www.public-health-genetics.org
A German think tank in the field of public health genomics

operating on the national, European and international level. As
an umbrella institution located at the University of Applied
Sciences in Bielefeld, it aims toward the advancement of inter-
disciplinary translational research through various fields of
science and the humanities interdisciplinary and interinstitu-
tional long-term cooperation and exchange across the bound-
aries of established academic disciplines as well as between rel-
evant stakeholders in the German healthcare system.

Resources

HumGen
www.humgen.umontreal.ca
An international database on the legal, ethical and social

aspects of human genetics, HumGen developed as a collabora-
tion between academia, government and industry by the Cen-
tre de Recherche enDroit Public at the University ofMontreal.
GDPinfo
www2.cdc.gov/genomics/GDPQueryTool/default.asp
A searchable database of all the documents available on the

Office of Genomics and Disease Prevention website, including
the HuGE Net database.
PHGU Genetics Policy Database
www.phgu.org.uk/policydb/index/html
A web database of literature on policy development for ge-

netics in health services and healthcare.

Projects

Evaluation of Genomic Applications in Practice and Pre-
vention (EGAPP)
www.cdc.gov/genomics/gtesting/egapp.htm
This project aims to develop a coordinated process for eval-

uating genetic tests and other genomic applications that are in
transition from research to clinical and public health practice.
P3G Consortium Public – Population Project in Genomics
www.p3gconsortium.org/
An international consortium to provide the international

population genomics community with the resources, tools and
know-how to facilitate data management for improved meth-
ods of knowledge transfer and sharing.
Canadian Program on Genomics and Global Health
www.utoronto.ca.jcb/genomics/index.html
Promotes the use of genomics and biotechnologies to im-

prove health in developing countries.
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HuGENet
http://www.cdc.gov/genomics/hugenet/default.htm
A global collaboration of individuals and organizations

committed to the assessment of the impact of human genome
variation on population health and how genetic information
can be used to improve health and prevent disease.
PHGEN
http://www.phgen.nrw.de
The Public Health Genomics European Network (PHGEN)

is an EU-funded project (No. 2005313) covering all EUMem-
ber States, Applicant Countries, and EFTA-EEA to promote
and stimulate the countries’ efforts by developing PHG and by
supporting effective networking in this emerging field in order
to reach sustainability.

Appendix 1.2: Public health action to evaluate
proposed population screening for hereditary
hemochromatosis

With discovery of the HFE gene in 1996 and the identifica-
tion of HFE mutations as the primary cause of hereditary
hemochromatosis, many experts identified HFE mutation
testing as a model for genetic screening of adult populations.
Public health leadership has played an important role in eval-
uating this potential intervention.
1997—Meeting convened in US by NHGRI and CDC to

evaluate state of knowledge about HFE and hereditary hemo-
chromatosis, resulting in:

● Consensus statement calling for more research on HFE
mutation penetrance before screening

● Series of articles defining current knowledge and practice
standards

1999—International jury incorporating expertise in medi-
cine, epidemiology, health services, ethics and social sciences
convened to develop evidence-based recommendations re-
garding screening for hemochromatosis, under auspices of
CDC and EASL.

● Jury recommended against population screening in ab-
sence of research documenting outcome benefit

● Jury recommended that diagnosis of hereditary hemo-
chromatosis be reserved for symptomatic patients (as op-
posed to asymptomatic patients identified by biochemical
or DNA-based testing)

2000–04—Population-based study of screening for hered-
itary hemochromatosis in 100,000 subjects funded by NHLBI
and NHGRI found that

● Penetrance of HFE mutations low (consistent with
smaller studies from US, Australia and Europe)

● Symptomatic hereditary hemochromatosis are rare
● Other population-based reports from Europe and US
confirm low penetrance of HFE genotypes

2004—Launch of aCDCwebsite providing education about
hereditary hemochromatosis for healthcare providers and the
general public, with an emphasis on identification of early
symptoms of hereditary hemochromatosis by healthcare pro-
viders and family-based screening.

Appendix 1.3: Educational initiatives in public health
genetics/genomics

Examples of educational initiatives that recognize the mul-
tidisciplinary approach of public health genomics.
Genetics in Public Health Training Collaboration with

liaisons to the Washington State Department of Health, the
Centers for Disease Control and Prevention and the Health
Resources and Services Administration. This collaboration in-
cludes the University of Washington, University of Michigan,
University of Minnesota, University of North Carolina, Uni-
versity of Pittsburgh and Johns Hopkins University.
University of Michigan: Public Health Genetics Interde-

partmental Concentration (PHGIC) Students obtain MPH,
MSor PhDdegrees in one of the five departments of the School
of Public Health following a curriculum that includes intro-
duction to basic science of genetics, genetics in epidemiology,
ethical, legal and social issues and opportunities to gain prac-
tical experience through internships and independent studies.
University of Washington: Multidisciplinary program for

Public Health Genetics in the context of law, ethics and policy.
The academic component of the PublicHealthGenetics program
(http://www.depts.washington.edu/phgen) consists of a two-year
graduate program leading to a Master of Public Health (MPH)
degree in Public Health Genetics, a graduate certificate program,
and a graduate program leading to a doctoral (PhD) degree.
Public Health Genetics Unit, Cambridge
The Public Health Genetics Unit provides courses in public

health genetics for the University of Cambridge medical under-
graduate course in public health, Masters of Studies in Public
Health and Master of Philosophy in Epidemiology. It provides
six-month placements for public health specialists in training.
These placements include an attachment to Cambridge Regional
Genetics clinical and laboratory services and involvement in the
full range of PHGUmultidisciplinary work. The PHGUalso pro-
vides shorter courses such as the five-day Genetics and Health
Policy course, andhas the facility forvisiting fellowships andother
shorter or longer attachments by arrangement.
Center for Genomics and Disease Prevention, Center for

Disease Control and Prevention
The Center for Genomics and Disease Prevention (CGDP)

has developed public health genomics competencies for the
existing workforce. The competencies and the process used to
develop them are summarized at the CGDP website (http://
www.cdc.gov/genomics/training/competencies/default.htm).
Competencies are defined for the entire public health work-
force and for specific subsets, including leaders/administra-
tors, clinicians, epidemiologists, health educators, laboratory
workers, and environmental health workers.
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