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Abstract
We examine how a public health genomics framework can be used to move genomic discoveries
into clinical and public health practice for obesity prevention and treatment. There are four phases
of translational research: T1: discovery to candidate health application; T2: health application to
evidence-based practice guidelines; T3: practice guidelines to health practice; and T4: practice to
population health impact. Types of multidisciplinary research and knowledge synthesis needed for
each phase, as well as the importance of developing and disseminating evidence-based guidelines,
are discussed. Because obesity genomics research is mostly in the discovery phase or in the very
early phases of translation (T1), the authors present this framework to illustrate the range of
translation activities needed to move genomic discoveries in obesity to actual applications that reduce
the burden of obesity at the population level.

The obesity epidemic in the United States is one of grave public health significance. In 2003–
2004, ∼66% of the US population was overweight (BMI ≥25 kg/m2) and 32% was obese (BMI
≥30 kg/m2) (1). Because obesity is a risk factor for many chronic diseases, including cancer,
type 2 diabetes, and cardiovascular diseases, obesity is considered a major cause of morbidity
and mortality (2,3). Moreover, obesity places a heavy burden on our health-care system (4). A
recent report estimates that obesity costs the country $118 billion annually, including direct
health-care costs for diseases related to obesity and indirect costs, such as loss of productivity
at work (5).
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Obesity is characterized by etiological heterogeneity and encompasses a number of subtypes
with similar clinical presentation. The most common forms of obesity are multifactorial
involving many genes and environments, including diet and physical activity patterns. Genes
are involved in energy homeostasis and affect energy expenditure, energy intake (through such
mechanisms as regulation, reward, executive control), and partitioning of calories, which
includes proclivity to store calories ingested in excess of expenditure (6). Genetic variations
also influence eating behavior, taste, and satiety (7,8). Moreover, our "obesogenic"
environment provides abundant opportunities to increase food intake (e.g., increased
availability and access to fast food outlets) and decrease physical activity levels (e.g., fewer
opportunities for activity due to lack of sidewalks, walking trails, bike lanes, or parks).

In 1998, the National Institutes of Health (NIH) National Heart, Lung, and Blood Institute
(NHLBI) developed clinical guidelines for health professionals on defining and treating
overweight and obesity (9). In 2003, the US Preventive Services Task Force (USPSTF), an
independent panel of experts from multiple disciplines that uses systematic reviews to make
evidence-based clinical recommendations, developed screening recommendations for adults
(10). Both the USPSTF and the NHLBI obesity guidelines concluded that most effective
interventions combine nutrition education and exercise counseling with behavioral strategies
to improve a person's ability to modify caloric balance for weight loss. Systematic reviews by
the Guide to Community Preventive Services (Community Guide) recommended that worksite
programs should combine nutrition and physical activity to prevent or control obesity, rather
than use single-component interventions such as diet or physical activity exclusively (11). It
is generally accepted that both sides of the energy balance equation—intake and expenditure
—are important for weight control (12).

Now is an important time to consider whether these guidelines can be personalized using
advances in genomics and related fields, and what additional research may be needed to
determine how to personalize obesity interventions. For example, can some individuals be
more effective in weight control by concentrating on the energy expenditure side of the
equation, while others should concentrate on the energy intake side? Are some macronutrient
compositions (like lower fat or lower carbohydrates) more effective in some persons than
others? Do some weight-loss medications work better in individuals with certain genotypes?

Since the completion of the Human Genome Project in 2003 (12), there have been rapid
advances in human genomics research. The recent successes of genome-wide association
studies (GWAS) in locating genes associated with a variety of common diseases are fuelling
expectations about the emergence of a new era of personalized health care and disease
prevention (13). Personalized medicine is a growing field of study that explores approaches to
calculating risk based on genetic, environmental, and other variables, and tailoring patient care/
treatment to one's genotype (14,15). An area of active research within pharmacogenomics aims
to predict an individual's response to a particular drug therapy by using gene expression
profiling (16). This research holds the promise of providing better-targeted medicines. In the
meantime, the number of companies offering personal genomic services is on the rise (17).
These companies offer consumers information about their own genotypes and provide
personalized risk profiles for various common diseases. However, there are serious concerns
about the quality of these tests as well as their clinical validity and utility (18).

In the face of rapid developments in genomics and related fields, there is an urgent need for a
"population health" approach to assess the net value of this genetic information in disease
prevention and health promotion for individuals, families, and populations. As a result, we are
now witnessing the emergence of the multidisciplinary field of public health genomics that
focuses on how to translate gene discoveries into responsible and effective applications that
benefit the health of populations (19).
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Public Health Genomics
Public health genomics is devoted to the study and application of knowledge about the human
genome and its functions, including interactions with the environment and effects of
interventions and therapies, in relation to health and disease in populations (19). The framework
of public health genomics can be used in epidemiological studies to identify disease
susceptibility and is useful for developing targeted interventions, understanding and
quantifying the role of gene–environment interactions, and studying patterns of disease
occurrence in populations (20). Information gleaned could be incorporated into targeted health
promotion, disease prevention, and intervention strategies, with these strategies then tested in
intervention studies to determine whether they are useful in clinical or public health practice.
Emerging priorities in public health genomics are 1) the creation and support of population-
based research and health genomics databases; 2) the development of the evidence base for
genomic applications in health promotion and disease prevention using multidisciplinary
observational research and clinical trials; and 3) the assurance of an adequate workforce and
training in the field of genomics (21).

Although not ready for practice, potential applications of genomics in obesity prevention and
control are several. Genetic testing could be used to predict future obesity, and the most
effective interventions could be targeted to those with higher genetic risk, including specific
behaviorally based prevention approaches or specific pharmacologic therapies. Perhaps factors
could be identified to explain why some obese persons develop subsequent disease, whereas
others do not, and interventions to prevent disease onset could be targeted to those at the highest
risk. The clinical utility of genetic testing in obesity can only be assessed if there are
accompanying interventions (e.g., targeted dietary or physical activity approaches or
pharmacotherapy) that are available to prevent disease.

Currently, major challenges exist in the application of personalized approaches to obesity
control and prevention. For example, how would the public respond to genetic testing for
obesity if widely available? What effect would the test results have on motivation to lose
weight? Very little research has been conducted in this area. One study found that parents of
overweight children believed genetic testing should be available for their children and that
results would be helpful in framing behavior of both parent and child to prevent the
development of obesity (22). Research has also shown that a positive obesity gene status did
not adversely affect one's confidence to lose weight or control eating behavior (23). Another
study examined the potential behavioral consequences of genetic feedback on obesity risk in
normal weight individuals. Individuals who were told they were at increased risk for obesity
showed higher overall intentions to eat a healthy diet. However, individuals with low external
weight locus of control had significantly lower predicted intentions to eat a healthy diet when
compared to those with high internal weight locus of control (24). Additional research is needed
to understand behavioral responses to genetic information.

Pharmacogenetics/genomics offers the hope of predicting an individual's response to a
pharmacologic intervention or treatment, based on his or her genotype. This approach may
therefore hold promise for personalizing the prevention and management of obesity through
development of new pharmacologic targets. For example, a study that mapped mouse genes
influencing the amount of weight lost during caloric restriction found that weight loss exhibited
significant genetic variation in response to a calorie-restricted diet (25). These results suggest
that those genes could be novel therapeutic targets. Another study found that a variant in solute
carrier family 6 (neurotransmitter transporter, serotonin), member 5 (SLC6A4) influenced
response to sibutramine during weight reduction. Specifically, treatment effects were enhanced
among those whose genotypes contained the short (s) allele in (LS/SS) the gene promoter
compared to those homozygous for the long allele (26). These findings should be replicated in
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a large population-based study before it could be applied with any confidence to developing
new public health strategies. Nevertheless, knowledge gained from these types of studies will
help identify targets for future drug development that can be used for obesity control.

Public health genomics framework
A public health genomics framework can be used to envision a continuum of multidisciplinary
translation research in genomic applications (27). The purpose of this framework is to move
promising genomic applications to clinical and public health practice for population health
benefit. The four phases of translational research in genomic medicine, which may be used in
other fields of study are: T1: discovery to candidate health application; T2: health application
to evidence-based practice guidelines; T3: practice guidelines to health practice; and T4:
practice to population health impact (Table 1 and Figure 1). We present this framework in the
context of obesity control and discuss types of research and knowledge synthesis needed for
each phase, as well as the importance of developing and disseminating evidence-based
guidelines. Although genetic obesity research is still mostly discovery-based, or in very early
phases of translation (T1), this framework is presented to illustrate the range of translation
phases for genomic applications in population health. The discussion is focused on potential
use of genomic tools for risk stratification that can be used to target interventions, including
medications and lifestyle approaches. The development of new, genetically based medications
for practice would have to go through the regular translation pathway of drug development
phase I through IV trials (27).

T1 research: from gene discovery to candidate health applications
T1 research occurs after gene discovery. During this phase, researchers in multiple fields
evaluate how genomic discoveries can be used to develop promising health applications for
clinical and public health practice. Applications are used either in clinical evaluation (e.g.,
predictive testing, screening, diagnostic testing, and prognostic testing) or in selection of
effective therapeutic options (e.g., pharmacogenomics or lifestyle approaches).

Currently, there are only a few genetic tests available to determine obesity susceptibility; and
little is known about their validity, and none have undergone the full gamut of translation
research or even replication. Ongoing research efforts include how to: (i) predict increased
susceptibility to obesity; (ii) predict variable responses to drug therapy; and (iii) develop
prognostic indicators for subsequent morbidity and mortality. To answer these types of
questions, clinical and population studies are needed. An integral component of phase I
translation in genomics is the ability to synthesize and update information on a timely and
ongoing basis. Two systematic knowledge synthesis efforts have been developed for assessing
the evidence produced by such studies, which are (1) the Human Genome Epidemiology
Network (HuGENet); and (2) a framework for the evaluation of genetic tests (as discussed
under T2). HuGENet promotes the integration of observational, population-based research that
measures the frequency distributions of alleles and genotypes in human populations, correlates
genotypes with phenotypes, estimates disease risk associated with human genetic variants, and
assesses gene–gene and gene–environment interactions (27). This research is crucial for
determining the clinical validity (clinical sensitivity and specificity) of a diagnostic or
predictive genetic test. Because our knowledge in this area is inconclusive due to small studies
yielding inconsistent results, collaborative efforts are needed to conduct rigorous, systematic
reviews and meta-analyses of findings of genetic associations. This approach can help evaluate
the robustness of such associations and help researchers arrive at more precise estimates of
genetic risk (27).

With the expansion of GWAS since 2007, the pace of primary data accumulation and
knowledge synthesis has accelerated. HuGENet maintains a continuously updated knowledge
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base, called the HuGE Navigator (28). As of June 2008, the HuGE Navigator listed 264 genes
that have been studied in relation to obesity, with a total of 807 publications, 15 meta-analyses,
and 3 GWASs (Figure 2). The 2005 Human Obesity Gene Map reported 11 genes implicated
in single-gene disorders and 426 findings of positive associations with obesity phenotypes in
127 candidate genes, of which 23 were supported by at least five positive studies (29). The fact
that most of these associations are unreplicated, despite adequately powered attempts to do so,
implies that many of these gene–obesity associations are likely false positives, resulting from
underpowered studies and selective publication. Furthermore, positive associations do not
necessarily constitute causality; thus, replication in other studies is needed. Little is known
about the biological significance of these associations, the functions of the genes, their
expression, or the regulation of these genes. Although obesity research has progressed since
this report, much of the work is still in the discovery phase with few studies focused on health
application. An example of T1 research is testing combinations of genetic variants to develop
risk profiles for obesity that can potentially guide intervention development.

Several commercial entities have prematurely marketed genomic tests as a form of personalized
medicine targeted directly to the public; a handful of these companies offer genomic profiles
aimed at identifying those with a predisposition to obesity so that this information might be
used in prevention and treatment. Specifically, one company offers early-onset obesity testing
of melanocortin 4 receptor (MC4R) in children. Another company offers genomic profiles to
detect obesity-related genes that include the β3-adrenoceptor gene, UCP1 gene, and the β2-
adrenoceptor gene. Individuals receive genetic test results and advice on health management
and diet to prevent obesity. It is important to note that much genetic information obtained
through these commercial companies was not produced in a laboratory regulated under the
Clinical Laboratory Improvement Amendments (CLIA), which ensures quality laboratory
testing. Perhaps more importantly, the clinical validity and usefulness of these tests have not
been determined.

Population research focusing on diverse groups
Population data that examine the prevalence of obesity in diverse groups are often conducted
at the national level. National surveys such as the National Health and Nutrition Examination
Survey (NHANES) collect demographic, anthropometric, metabolic and behavioral data to
assess the nation's health (30); population cohort studies such as the Framingham Heart Study
collect data over time, including data on obesity measures, along with genetic samples (31).
Population-based studies are extremely important for discovering and validating gene–obesity
associations and estimating their contribution to disease occurrences in other groups (32).
Replication of this research in large population-based studies and meta-analyses of these
studies have proven vital to advancing our knowledge. For example, mutations in the MC4R
gene were shown to be associated with rare forms of severe monogenic obesity (33,34) and
thought to be associated with common obesity. However, a meta-analysis of 29,563 subjects
from 25 populations found an inverse association between the V103l variant and common
obesity risk (35). Evidence for a small protective effect for other MC4R variants has also
documented this relationship (36). Because the alleles associated with severe obesity are rare
and have little effect on the overall population risk for common obesity, screening for these
alleles in individuals with common obesity might not be a cost-effective strategy for assessing
genetic risk.

The FTO gene variant is a good example of how population-based studies can document
whether a true association exists. The FTO gene region was thought to be associated with type
2 diabetes, but the relationship disappeared when diabetic status was adjusted for BMI (37).
Several studies found an association between the single-nucleotide polymorphism (i.e.,
rs9939609) within the FTO locus and obesity risk in white European adults and children (37,
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38,39). Specifically, this association was seen in a study of 13 cohorts totaling 38,759 adults
and children (37). Studies have also confirmed an association with FTO in several Asian (40,
41,42), Hispanic (39) and African American (43) populations. Persons who are homozygous
for the risk allele weigh about 3–4 kg more and have a 1.67-fold increased risk of obesity than
those without a risk allele (44). The population attributable risk of FTO for obesity is estimated
at 20% among Caucasian Americans, which means that if the negative effects of the FTO allele
were eliminated, ∼20% of the obese cases could be prevented (44). This reduction in risk could
have a significant effect on obesity-related health-care expenditures, morbidity, and mortality.
However, additional studies are needed to determine the utility of predicting obesity risk in
clinical practice.

Population research: gene–environment interactions
The dramatic and rapid rise in the prevalence of obesity often highlights the importance and
emergence of obesogenic environments in obesity development. A gene–environment
interaction, whereby sensitivity to environmental influences (e.g., physical, biological,
behavioral, and social) is modulated by genotype, most likely plays an important role. Also,
gene–environment interactions can occur during critical periods throughout life (e.g., pre-and
postnatal development, adolescence, menopause). Population research on gene–environment
interactions is particularly important to help elucidate pathways through which obesity
development is modulated (45,46,47,48). However, detection of gene–environment
interactions is notoriously difficult and requires knowledge of the specific genes and
environments involved and when during pathogenesis their interactions are expressed. When
such information is not available, studies of gene–environment interactions rely on statistical
approaches such as those that provide evidence that putative environmental factors modulate
heritability (49,50). For example, findings of moderation of genetic effects on weight by
physical activity have been reported in Finnish adult twins (51).

The identification of genes that are implicated in the development of obesity will facilitate
more focused research of gene–environment interaction. For example, a study of gene-by-
activity interaction conducted in a cohort of 14,716 African Americans and Caucasian
Americans reported a significant interaction between the quinine nucleotide binding protein
(G protein), beta polypeptide 3 (GNB3) 825 C>T variant and physical activity in predicting
obesity status in African Americans (46). Of particular interest was the finding that physically
active persons who had the 825T allele had a 20% lower prevalence of obesity for each
additional T allele they carried, whereas those with the same genotype who were not physically
active had a 23% greater prevalence of obesity (46). The expectation is that population-based
gene–environment interaction obesity studies can provide information on polymorphisms that
may predict response to diet and physical activity interventions. Also, studies can document
how diet and physical activity modulate gene expression (52,53).

Few large population studies of gene–environment interactions and obesity have been
conducted because of the difficulty in measuring the effects of phenotype and environmental
exposures in quantitative models (44). Advances in measuring environments are needed to
move the field forward to provide better assessments of gene–environment interactions. This
information will be invaluable in helping to develop environmental interventions targeted to
genetic subgroups that can be applied in clinical and public health practice. Meta-analyses from
multiple GWAS are needed to replicate and test findings and should take into consideration
genetic variation in ancestry among different ethnic and racial groups as it relates to obesity
risk. Additionally, the usefulness of genetic findings must be determined through intervention
studies testing various genetically informed approaches, such as environmental interventions
targeted to subpopulations of various genotypes.
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T2 research: from candidate health applications to evidence-based guidelines
This phase of research is largely focused on the translation of candidate health applications,
such as new genetic tests, into evidence-based guidelines. T2 research begins once analytic
validity has been established, and the early results of clinical validity look promising. Analytic
validity is the ability to accurately and reliably measure the genotype of interest (18). A concern
raised by the Secretary of Health and Human Services Advisory Committee on Genetics, Health
and Society (http://www4.od.nih.gov/oba/sacghs/reports/reports.html) is the need for more
oversight of these genetic tests. Genetic tests should have high analytic sensitivity, specificity,
and predictive values as well as quality control procedures. Clinical validity of a test measures
sensitivity, specificity, and positive and negative predictive value of a test (18). For complex
phenotypes such as obesity, which is caused by multiple gene variants and gene–environment
interactions, the clinical validity of genetic tests is not clear and is likely to be poor for
individual genetic variants. This is due in part to the lack of identification of all susceptibility-
associated variants; their modes of interaction with each other and with environmental
exposures have also yet to be clearly defined (18). Another concern is clinical utility, which
measures the risk and benefits of the genomic test for the management and control of obesity
(18). There is insufficient research to determine whether genetic information can predict the
occurrence of obesity and how it will impact multiple health endpoints. Perhaps more
importantly, there is insufficient research testing as to whether genetically based, or genetically
targeted, intervention approaches actually improve patient outcomes. Population and clinical-
based studies are required to evaluate the analytic and clinical validity as well as the clinical
utility of these tests in diverse populations.

Translation of a genetic test from research into practice starts with identification of the disorder
to be tested for, the specific test to be used, and the clinical scenario in which the test will be
used (e.g., diagnosis vs. predictive, population to be tested). During this phase, there is a need
for clinical trials to study benefits and harms of information provided by the genetic test.
Equally important is determining whether genetic tests can provide useful information for
targeting commonly used interventions for obesity, compared to interventions delivered
without benefit of genetic information. Such data have yet to be collected in the obesity research
field.

Selected research areas critical to public health genomics and obesity prevention are discussed.
Although these areas apply to all phases of translation, emphasized in this paper is the need to
move promising applications to evidence-based guidelines (T2 research).

Nutrigenomics
The field of nutrigenomics is the study of how nutrients and genes interact and how genetic
variations can cause people to respond differently to nutrients in food. Without such research,
it will not be possible to evaluate the clinical utility of tailoring information for specific groups
based on genetic susceptibility. Nutrigenomic research could lead to personalized diets tailored
to the genetic make-up of the individual. However, nutrigenomics is a relatively new field of
study that is faced with the same challenges as gene–environment studies. These challenges
include the need for improved statistical and bioinformatic tools, quality control,
standardization, data capture, and storage (54). The European Nutrigenomics Organization
(NuGO) has published bioethics guidelines for scientists conducting nutrigenomic research
(55). These ethical principles include population-based genomic research and include topics
such as informed consent, genotype information (covering criteria for disclosure of genotype
results to participants), BayBanks, and use and exchange of data samples. Currently
biotechnology companies that market nutrigenomics to the public are focusing on the
individual, and their contribution to public health remains to be seen. More importantly, there
is no evidence that the products being marketed yield any benefits to consumers. One possible,
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but underutilized, approach is to use clinical trials to examine effects of nutrition interventions
in various genetic subgroups. In the Dietary Approaches to Stop Hypertension (DASH) feeding
trial, those participants assigned to the DASH dietary pattern who had the angiotensinogen
genotype that conferred higher risk of hypertension was more responsive to the DASH diet,
i.e., had greater lowering of blood pressure, than those with the lower risk genotype (56). This
genetic analysis was a post hoc analysis and not the main purpose of the DASH trial. Clinical
trials focused on these types of questions are needed in order to inform personalized nutrition
approaches.

Family history
Family health history is another tool that can be used for obesity control and prevention and
can be evaluated to determine analytic validity, clinical validity, and clinical utility. Family
history (e.g., number of affected relatives, age at disease onset) is currently used in clinical
medicine to assess or predict disease risk. It reflects the consequences of genetic
susceptibilities, shared environment, and common behaviors (57). In addition or perhaps as an
alternative to genetic testing, family health history could identify persons or populations with
increased disease susceptibility by stratifying risk for chronic diseases. Together, knowledge
of family history and other known risk factors (e.g., BMI, waist circumference, diet, and
physical activity levels, history of obesity consequences such as hypertension, diabetes, or
cancer) can be an aid in providing personalized medicine for disease prevention. An advantage
of family history assessment is that it is readily available, inexpensive and may not have the
same ethical and psychosocial implications of genetic testing. Moreover, family history can
be combined with genetic testing to further refine disease risk. Disadvantages include memory
recall, reporting bias, and capturing diseases when the prevalence is low. Additional
information on the value of family history as a screening tool would be useful, for example its
accuracy and reliability for stratifying disease risk, with and without adjunct genetic testing,
and the effectiveness of this risk stratification on early detection and prevention efforts (57).
Research is needed to determine the potential added value of genetic testing to the simple use
of family history in practice. Thus far, the single-nucleotide polymorphisms (SNP) examined
do not seem to add much when combined with family history and other risk factors in the
prediction of common diseases such as prostate cancer, diabetes, and cardiovascular diseases.

Behavioral research
Behavior approaches are concerned with integrating genetic information and behavior change
interventions to control or prevent obesity. The design of these approaches needs to bear in
mind that the behaviors targeted as the intervention, and not only the outcome, may also be,
in part, genetically influenced. Examples include typical lifestyle behaviors such as smoking,
drinking, and exercise. Thus, the ease with which one may change behavior as well as the effect
that the specific behavioral change has on the outcome (obesity) will vary because of genetic
differences between people. To date, evidence strongly suggests that a small number of genetic
polymorphisms interact with environmental factors to increase obesity risk (e.g.,
apolipoprotein A-V (APOA5), diet, and obesity risk (45)). Studies are underway to determine
the effectiveness of behavioral interventions by genotype in obese subjects. One study found
that obese study participants with both variants −55CC and −55CT in the uncoupling protein
3 (UCP3) gene had decreases in BMI and weight, but study participants with the variant –
55CC had significant decreases in leptin and interleukin-6 in response to a weight loss
intervention when compared to obese participants with the –55CT variant (58). This study
illustrates the incorporation of genomic data into behavioral research. However, the literature
is inconsistent regarding the genetic markers assessed, and additional research is needed before
tailored behavioral obesity interventions that use genetic tests can be effective. Regardless of
the genetic test, the mainstay for treating obesity is behavioral approaches to improve diet and
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increase physical activity for weight loss. However it is unknown whether providing obese
patients with information about their genetic risks would improve or hinder adherence to
behavioral interventions. Behavioral research is needed to address this question in diverse
populations.

Health communication
Health communication researchers focus on where and how people receive health-related
information and how they act in response to such information. Genetic information can be
challenging for the public to understand, especially in the context of a complex health problem
such as obesity. It is reported that the public receives most of its genetic information from
television, radio, magazines, and newspapers (59). The internet is another source of direct-to-
consumer information where one can access various genetic tests from national and
international providers (60). There are concerns that these messages may be misleading. The
majority of direct-to-consumer companies provided background information on the disease
being tested and basic genetics, but the information is not always complete, pertinent, or
accurate (61). One study examined the accuracy and nature of media coverage of genetic
research and found only a small percent of newspaper and scientific journal articles discussed
monetary costs or risks, whereas the majority of articles discussed only the benefits (62). Also,
research is needed to explore how the public interprets genetic information. Questions remain
on what the public would do with this information (genetic risk communication) upon receiving
the test results. Moreover, the clinical utility of tailoring genetic information is yet to be
confirmed. Skinner et al. (63) identified information needs of mothers who require assistance
when deciding about communicating their breast cancer (BRCA1 and BRCA2) genetic test
results to their children. Tailored print materials showed an advantage in increasing knowledge
and enhancing accuracy of perceived risk when compared with non-tailored print materials.
The field of public health genomics is tasked with the responsibility of educating and providing
resources to the public on the accuracy and clinical validity as well as the ethical, legal, and
social implications of direct-to-consumer genetic advertisements.

Clinical trials
Clinical trials are essential in providing scientific evidence to determine the benefits and harms
of interventions that utilize genetic tests, including screening tests, prognostic tests, and
genetically based or genetically targeted interventions or therapies. In the field of
pharmacogenomics, clinical trials are used to evaluate treatment effects related to genomic
profiles or genomic composite biomarkers (e.g., human-epidermal growth factor receptor 2
(HER2). The benefits and adverse effects of a drug will vary among individuals according to
their genotypes (64). Likewise, considerable evidence points to genotype as a determinant of
the response to bioactive food constituents (65). The results from clinical trials can provide
information for evidence-based guidelines that support or recommend against genetic testing.
Furthermore, providing genetic test results may be emotionally harmful for relatively rare
mutations that have limited penetrance (66). No clinical trials have evaluated the potential
benefits or harms of screening for genetic markers to determine obesity risk. However, the
Diabetes Prevention Program trial of persons with pre-diabetes examined the effects of lifestyle
intervention, which included weight loss, in various genetic subgroups. Analyses found an
interaction between transcription factor-7-like 2 gene (TCF7L2) polymorphisms and the
assigned intervention group, in that the elevated risk associated with the risk-conferring
genotype was attenuated in the lifestyle intervention group but not in the metformin or placebo
group (67), indicating a possible gene–intervention interaction.

Clinical trial methodology is crucial for evaluating outcomes from genetically based screening
tests, prognostic tests, and interventions, including both medications and lifestyle approaches.
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Many more clinical trials are needed that address genetically defined questions in order to
inform the evidence base for personalized medicine.

Evidence-based medicine
Evidence-based medicine generally uses multidisciplinary independent panels that conduct
systematic assessments of the literature (published and unpublished), critically appraise the
research evidence, and develop recommendations on the most appropriate clinical and public
health guidelines. Examples of evidence-based guidelines include the Dietary Guidelines for
Americans, Evaluation of Genomic Applications in Practice and Prevention (EGAPP) and the
USPSTF. In 2003, the USPSTF recommended that clinicians screen all adult patients for
obesity and offer intensive counseling and behavior intervention to promote sustained weight
loss of obese adults (5,10). These guidelines were the culmination of expert reviews of the
literature and grading the strength of the evidence. Several evidence-based guidelines have
been developed for obesity prevention and screening (NHLBI, USPSTF), but there is
insufficient evidence to advise for genetic testing for obesity. In 2004, the Centers for Disease
Control and Prevention (CDC) addressed the need for evidence-based guideline development
in genomics. The EGAPP initiative was developed to support evidence reviews and the
development of evidence-based recommendations as related to genomic applications for health
practice. The EGAPP working group reviews parameters of genetic tests such as analytic
validity, clinical validity, and clinical utility; identifies gaps in knowledge; and develops
clinical guidelines (68).

T3 research: from guidelines to health practice
This phase of translational research addresses issues such as increasing the spread of knowledge
about evidence-based interventions (dissemination research), integrating these interventions
into existing programs and structures (implementation and health-services research), and
widespread adoption of these interventions by stakeholders (diffusion research). Additional
challenges include workforce training, public health literacy, information systems, and public
participation. Various organizations such as NIH, CDC, and academic institutions have
websites and educational material to educate the public about genetics and genetic testing.
Because genetic testing for obesity is in its infancy, little has been done in this area. Also, few
genetic and genomic applications are ready for testing, let alone implementation, in clinical
practice; obesity genomic testing is no exception. There are currently no evidence-based
guidelines for recommending the use of genetic testing in obesity control and prevention. Only
two genetic tests (BRCA1 and hereditary hemochromatosis) were addressed by the USPSTF
in the past 7 years. The EGAPP working group is currently evaluating several genomic
applications in practice, none of which are related to obesity (http://www.egappreviews.org/).
Once validity and utility are determined, there is much translational research work yet to be
done. T3 research points to the complexities of compliance and education that can ultimately
affect the clinical utility of a genetic test in the "real" world (effectiveness) as opposed to the
clinical utility of the test done under ideal scenarios of controlled clinical trials (efficacy)
(27). An important additional step is to provide equal access to genetic testing, so as not to
create or exacerbate existing health disparities. As genetic tests become more commonplace,
direct consumer education will be vital. Professional organizations and public health agencies
will need to collaborate on tasks such as workforce training, public health literacy, and
development of clinical guidelines for practice.

T4 research: from health practice to population health impact
The last phase of translation research assesses how the adoption of evidence-based
recommendations and guidelines can make an impact on real-world health outcomes. T4
research is often focused on clinical and public health outcomes and sometimes has been called
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"outcomes research." The Institute of Medicine considers outcomes research to be a multi-
disciplinary field of inquiry, both basic and applied, that examines components of health care
such as the use, costs, quality, accessibility, delivery, organization, and financing to increase
the knowledge and understanding of the structure, processes, and results of health services for
service users and providers (69). The promise of outcomes research aims to help individual
patients and their clinicians make informed choices about preventive, diagnostic, therapeutic,
and end-of-life care (70). Obesity researchers have traditionally used weight or BMI as
commonly accepted health outcomes; however, these measures fail to capture the complexity
of the disease and the multidimensional impact of treatment (5). As a result, the Task Force on
Developing Obesity Outcomes and Learning Standards (TOOLS) was convened in 1999 to
develop outcome measures that are broad in scope and include quality-of-life measures, as well
as economic and clinical parameters (71). Outcome measures recommended by TOOLS for
overweight and obesity included sleep apnea, quality of life, functional status, and economic
data such as medical care cost and morbidity outcomes. These measures can provide additional
information for assessing the overall burden of obesity, the effectiveness of the intervention,
and help to fully integrate obesity into the medical system. Outcomes research is crucial to
understanding the impact of public health genomics on population health.

The USPSTF reviewed the utility of obesity interventions for which the evidence-based
guidelines for weight reduction and control are based. As a result of these interventions, BMI
screening recommendations for adults and weight screening in children were developed.
Currently, BMI screening is conducted at clinical and population levels, but is not a sufficient
outcome measure that captures health-related factors such as quality of life, physical
functioning and disability, or morbidity and mortality outcomes. Evidence-based interventions
that incorporate genomics in obesity research have not been conducted, and thus evidence-
based guidelines focused on obesity outcomes have not been established. Ideally, outcomes
research would describe, interpret, and predict the impact of various influences, especially
interventions on "final" endpoints that weigh on decision makers, patients, and the public. As
genomic technologies improve, the integration of genomics into population surveillance for
obesity and other health outcomes will become commonplace. However, the challenges ahead
for public health genomics and obesity are great.

Conclusion
The goal of public health genomics is to use genomics appropriately to improve population
health and eliminate or reduce the burden of disease in all segments of the population. A
framework is presented for translation of obesity genomics discovery research to move
promising genomics applications to clinical and public health practice. In this framework,
multiple clinical and population disciplines are needed to evaluate the real-world benefits and
harms of applying genomic advances in practice for the control and prevention of obesity.
Components of this multidisciplinary research agenda include: epidemiology, clinical trials,
behavioral and social sciences, health services and outcomes research, and economics and
communication research. Currently, the focus of public health genomics in the area of obesity
research is mostly concentrated in discovery and early phases of T1. For this reason, substantial
additional research is needed before genomic applications could be used in obesity control and
prevention in clinical and population settings.

Challenges in public health genomics include more reliable and affordable methods and
technologies to measure and analyze (i) phenotypes, environments, and behaviors, (ii) their
interactions with each other (which likely change over time, from prenatal development
through old age), (iii) their relationship to obesity, and (iv) the effects of genetically based or
genetically targeted intervention or therapeutic approaches. Some reasons for these challenges
include the relatively low magnitudes of the associated increased disease risk, modest
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frequencies of disease susceptibility alleles in the population, and low penetrance of these
alleles (72). Another concern is the difficulty in precise measurement of environmental and
behavioral risk factors, and the paucity of intervention research such as clinical trials.
Challenges include linking genomic data to environmental, behavioral, social science, and
communication datasets to examine interactions and policy and ethical concerns while
maintaining confidentiality of genetic information. Ultimately, the impact of advances in
genomics on obesity control will depend on the results of observational studies and clinical
trials and the reliability of these technologies to provide more benefits than harm over the
current approaches to control the global obesity epidemic.
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Figure 1.
A population health approach to obesity prevention and control. Modified from Khoury et al.
(27)
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Figure 2.
Obesity-related genes identified by the HuGE Navigator.
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Table 1
The continuum of translation research in human genetics: types of research and examples

Translation research phase Notation Typee of research Examples

T1 Discovery to
candidate health
application

Observational studies; Phases
I and II clinical trials

Development of an accurate test for the
FOA gene, based on the discovery of an
association between the FOA gene and
obesity; early testing of genetically based
interventions for feasibility and safety

T2 Health
application to
evidence-based
practice
guidelines

Observational studies; Phase
III clinical trials; evidence
synthesis and guidelines
development

What is the positive predictive value of
FOA mutations in at-risk populations?
What are the effects of obesity-reduction
interventions in persons with and without
risk-conferring mutations?

T3 Practice
guidelines to
health practice

Dissemination research;
implementation research;
diffusion research; Phase IV
cinical trials

Whet proportion of population who met the
family history criteria is tested for the
FOA gene; are there barriers to testing?
What approaches can improve the delivery
of effective personalized genetically based
approaches in clinical practice settings?

T4 Practice to
population
health impact

Outcomes research (includes
many disciplines); population
monitoring of morbidity,
mortality, benefits, and risk

Does FOA testing in normal and
overweight individuals reduce incidence
for obesity or improve outcome? Does
delivery of genetically targeted
interventions improve public-health
outcomes?
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