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ditor’s note: This is the first in a series of articles on
utritional genomics. The series will appear periodically
n the Journal, and is designed to address the educational,
rofessional, and practical needs of the dietetics profes-
ional in this rapidly changing arena. Dr DeBusk, an
uthor of the below article, has graciously volunteered to
erve as the Coordinating Editor for this series.

BSTRACT
utritional genomics, which studies the genome-wide

nfluences of nutrition, has far-reaching potential in
he prevention of diet-related disease. It is highly likely
hat during the next decade the nutritional supplement
nd functional food industries will continue robust
rowth in response to advances in nutritional genomics
esearch and its applications. Parallel to this growth
ill be impressive progress in understanding the spe-

ific influence of certain food components on metabolic
athways and on long-term risk for disease. As genetic
nformation about individuals becomes available, such
ata are likely to redefine the current concept of pre-
entive medicine. Dietetics professionals have the po-
ential to harness this information and influence
ealth promotion and disease prevention on a global
cale. For these reasons, the dietetics profession has an
xciting opportunity that, if seized and properly exe-
uted, could enhance the scientific foundation of clini-
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al practice, improve therapeutic outcomes, and signif-
cantly expand career and economic opportunities for
ractitioners. The future of dietetics is unquestionably
ntertwined with nutritional genomics.

Am Diet Assoc. 2005;105:589-598.

onsider the following scenario: A husband in his
early 50s and a wife in her early 60s, both with
strong family histories of early death from heart

isease, have come to a nutritional genomics practitioner
o obtain a nutrition and lifestyle prescription that will
inimize their risk for developing heart disease. The

utritional genomics practitioner scans their electronic
enome cards for their genetic profiles with respect to
ifestyle-related genes. From this information, the prac-
itioner provides each person with a perspective on the
ntersection of his or her diet and lifestyle with his or her
enes and develops appropriate, targeted recommenda-
ions.

During the session, the practitioner learns additional
ey information. The husband’s father died at age 55
ears from an acute myocardial infarction. The wife has
ad difficulty controlling her significantly elevated low-
ensity lipoprotein (LDL) cholesterol level with diet and
xercise; several different statin drugs have been tried
ut with little effect. Nutrition and physical assessments
eflect the couple’s attention to a healthful lifestyle. Their
iet histories reveal total fat intake �30% of total energy,
olyunsaturated fatty acid (PUFA) intake is about 5% of
otal energy, monounsaturated fat intake is 17% of total
nergy, and saturated fat makes up approximately 7% of
otal energy.

Conventional nutrition wisdom suggests the couple’s
at intake is appropriate. However, the wife’s genome
ncludes a polymorphism in the APOA1 gene. This par-
icular polymorphism typically results in a low high-den-
ity lipoprotein (HDL) level when PUFA intake is low (1).
herefore, the wife will need to increase her current

ntake of PUFAs to achieve HDL levels that are protec-
ive against heart disease. Her genome also contains a
olymorphism in the hepatic lipase gene. This polymor-
hism is beneficial because it raises HDL levels when fat
ntake is less than 30% of total energy (2). Additionally,

er 3-hydroxy-3-methyl-glutaryl-CoA reductase gene pro-
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le includes a variant that may explain the lack of re-
ponse of her blood lipids to the variety of statin drugs she
as tried (3). Lifestyle changes may be her only option for
ontrolling her atherogenic lipid profile.

The practitioner educates the wife about ways to keep
UFA intake relatively elevated while maintaining a diet

ow in animal fat and about the role of additional dietary/
ifestyle choices in lowering LDL cholesterol and increas-
ng HDL cholesterol levels. Other than these lipid-fo-
used recommendations, the wife’s diet and lifestyle
pproaches are health-promoting for her genotype.
The husband, on the other hand, has normal LDL and
DL cholesterol levels but a body mass index (BMI) that

ndicates he is overweight. His genome card reveals vari-
tions in the IL1A, IL1B, and IL1RN genes, which indi-
ate a propensity for heart disease (4). Not surprisingly,
is high-sensitivity C-reactive protein inflammatory bi-
marker levels are elevated (5). He may benefit from
ncreasing his intake of anti-inflammatory PUFAs, spe-
ifically n-3 fatty acids. The practitioner suggests ways
hat the husband and wife can increase their intakes of
-3 fatty acids (6). She also recommends the husband try
ome of the newer functional foods in the market that can
odulate his propensity for inflammation, such as green

ea safflower wafers enriched with d-�-tocopherol (7,8).
he also works with the husband to enhance his readi-
ess to make lifestyle changes that will help control his

nflammation, decrease his BMI, and promote longevity
9,10). Specific goals are reducing energy intake and par-
icipating with his wife in her regular aerobic/strength
onditioning regimen.

The practitioner uses a holographic food guide educa-
ion tool to demonstrate the proportional differences in
at intake recommended for this couple. Finally, she en-
ers each person’s genetic and nutrition data into a dis-
ase progression model that visually demonstrates their
ealth-risk trajectories with and without the recom-
ended dietary modifications. The couples’ nutrition and

ifestyle prescriptions are downloaded to their electronic
otebooks, along with nutrition and physical activity soft-
are that makes it easy for them to record and analyze

heir progress. Finally, the husband and wife schedule
eb-based follow-up visits with the practitioner and

gree to transmit their data regularly so the practitioner
an coach them as they integrate these lifestyle changes
nto their lives.

HE INTEGRATION OF GENETICS/GENOMICS INTO HEALTH
ARE
lthough considerable research and validation are
eeded before the above vignette becomes reality, it pro-
ides a provocative glimpse into the anticipated influence
f genetic research on nutrition practice. With the com-
letion of the initial phase of the Human Genome Project,
he stage has been set for the integration of genetic sci-
nce and technology into health care. Medical and phar-
acologic applications to disease prevention and treat-
ent are rapidly evolving. The pharmacologic

pplications have given rise to the field of pharmacog-
nomics. A similar integration of genetics into nutrition
cience and food science is in its infancy. This emerging

eld of nutritional genomics holds the promise of improv-

90 April 2005 Volume 105 Number 4
ng therapeutic outcomes for existing disease and, per-
aps more importantly, for preventing disease.
For the foreseeable future, nutritional genomics re-

earch will focus on identifying gene–diet interactions,
etermining the underlying mechanisms, and validating
he tools developed. Multiple well-designed studies are
eeded to build the foundation upon which gene-directed
utrition therapy will be based. As the field of nutritional
enomics evolves and moves from the laboratory to the
linic, so will dietetics evolve to a new level of practice.
he sum of the expected advances will enable individuals
o make personalized dietary and other lifestyle choices.
ietetics professionals will be the health care profession-
ls of choice to work with persons to maximize their
enetic potential and minimize their risk of disease. Us-
ng carefully-chosen foods, specially-designed functional
oods, and dietary supplements that each target pivotal
oints in the gene-based mechanisms underlying the per-
on’s health status, the dietetics professional will be able
o customize dietary advice. Anticipated outcomes are
mproved treatment and prevention of chronic diseases
nd, ultimately, the ability to maximize one’s genetic
otential.

UTRITIONAL GENOMICS, NUTRIGENETICS, AND NUTRIGENOMICS
lthough the field is in its early stages of development
nd the terminology will likely continue to evolve (see the
lossary at the end of the article), the working definition

f “nutritional genomics” encompasses both nutrigenetics
nd nutrigenomics (11). Genetics is the biological field
hat explores the mechanisms for inheriting specific
raits and the differences in those traits that can be
xplained by variations in genes or in how genes combine.
enomics, in contrast, explores which genes and proteins

n the body are activated under different conditions and
he influence of environmental factors on gene expres-
ion. Studies in genomics generally employ various tech-
ologies to examine large numbers of nucleotide se-
uences, genes, and proteins. Nutrigenomics is concerned
ith the effects of bioactive dietary components on the
enome, proteome (the sum total of all proteins), and
etabolome (the sum of all metabolites), whereas nutri-

enetics is concerned with how genetic variation affects
he interaction between these bioactive dietary compo-
ents and the health and disease potential of individual
ersons. In a nutshell, nutritional genomics is concerned
ith determining the nutritional components that are
ost compatible with health, which requires an under-

tanding of how dietary substances interact with the
enome and how that interaction influences observable
linical features. In practice, the convergence of the two
ets of knowledge that comprise genomics and genetics
ill be needed to fully realize the promise of nutritional
enomics.
The Center of Excellence for Nutritional Genomics at

he University of California, Davis sets forth the follow-
ng five tenets of nutritional genomics to serve as a con-
eptual basis for understanding the focus and promise of
his emerging field (12):

Under certain circumstances and in some individuals,
diet can be a serious risk factor for a number of dis-

eases.
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Common dietary chemicals can act on the human ge-
nome, either directly or indirectly, to alter gene expres-
sion or structure.
The degree to which diet influences the balance be-
tween healthy and disease states may depend on a
person’s genetic makeup.
Some diet-modulated genes (and their normal, common
variants) are likely to play a role in the onset, inci-
dence, progression, and/or severity of chronic diseases.
Dietary intervention based on knowledge of nutritional
requirement, nutritional status, and genotype (ie, per-
sonalized nutrition) can be used to prevent, mitigate, or
cure chronic disease.

The suspicion that diet was a risk factor in the devel-
pment of chronic disease was first provided by epidemi-
logic studies. The differences among countries in disease
revalence and the incidence of disease among first- and
econd-generation immigrants resembling that of their
ew (rather than their original) homeland were strong
lues that dietary choices were critical to the develop-
ent of many chronic diseases. As causative dietary

gents were identified, epidemiologic studies gave rise to
rospective studies and the connection of diet to chronic
isease grew stronger. It became clear that there was
eterogeneity in the response to dietary regimens. Nutri-
ional genomics research will determine the genetic basis
or that heterogeneity, clarify the molecular basis by
hich specific genotypes respond to dietary components
nd other environmental signals, generate analytical
ools for determining the genotype of a person, and pro-
ide targeted therapeutic interventions for disease ame-
ioration and prevention.

Among the diet-related diseases that will benefit from
utritional genomics research and applications are the
hronic disorders, such as cardiovascular disease (CVD),
ancers, diabetes, neurological disorders, obesity, osteo-
orosis, and a variety of inflammatory disorders. These
iseases represent disturbances in homeostasis. A per-
on’s genetic makeup sets the stage for homeostatic dys-
unction, but it is the action upon that genotype that
etermines whether homeostasis is perturbed and to
hat extent. Among the most potent homeostasis-influ-
ncing agents are environmental signals such as bioac-
ive dietary components, which include both nutrient and
on-nutrient factors. These signals are detected by cellu-

ar sensor systems that, in turn, influence gene and pro-
ein expression and, thereby, metabolite expression and,
ltimately, physiological function.
Nutritional genomics research will yield detailed mo-

ecular data on the nature and interaction of bioactive
ietary components with the genome and the influence on
omeostasis, from details of the signaling transduction
rocesses by which these components communicate with
he genome to the genes involved and the roles of their
elated proteins and metabolites. Extensive information
s also anticipated concerning the biomarkers that serve
s early warning signs of dietary-induced perturbations
nd that represent pivotal changes in the progression
rom health to disease. Clearly, diet–gene interactions
re complex. Unlike the comparative simplicity of the
ingle-gene disorders, chronic diseases are likely the com-

osite result of multiple genes and multiple variants of m
ach gene interacting with multiple environmental fac-
ors, each combination making a relatively small contri-
ution to overall homeostasis, function, and health. The
hallenge is great, but the promise for improved global
ealth is even greater.

UTRIGENOMICS AND CARDIOVASCULAR BIOMARKERS
ne of the more puzzling aspects of the studies that have

xplored the association between dietary factors and dis-
ase is the seemingly inconsistent data generated. Di-
tary factors that are strongly correlated with disease
ave different effects in different persons. For example,
igh dietary fat intake adversely influences the lipid pro-
le in some individuals but not in others. Individuals
ith normal cholesterol levels may have elevated inflam-
ation levels, thereby significantly increasing their risk

or first heart attacks. The lack of a homogeneous, highly
redictable response from study participants is the result
f the genetic variation among these participants. Each is
esponding according to how dietary factors interact with
is or her particular genotype in a logical, even predict-
ble, response for that genotype. However, the total re-
ponse of the study population is heterogeneous and re-
ects current limited understanding of the underlying
enetic basis for the biochemical or physiological param-
ter being measured. As the underlying mechanisms
merge through nutritional genomics research, response
o particular bioactive dietary components will become
ar more understandable and predictable.

Our introductory vignette illustrates the thought pro-
esses, tools, and interventions that are likely to be used
n a nutritional genomics-based practice. CVD is the pri-

ary diet-related chronic disease of modern times, and
nflammation is emerging as underlying many chronic
isorders, including CVD. CVD claims more lives each
ear than the next five leading causes of death com-
ined—cancer, chronic lower respiratory disease, acci-
ents, diabetes mellitus, and influenza and pneumonia
13). In addition, the aging of the population will un-
oubtedly result in an increased incidence of chronic
VD, including coronary artery disease (CAD), periph-
ral vascular disease, heart failure, and stroke (14). CVD
s now recognized as an inflammatory disorder, and un-
erstanding the role of inflammation in the development
f atherosclerosis is a research priority (15-17).
CVD and inflammation provide useful examples for

xploring the connection of genetics to nutrition and food.
he new concept of atherosclerotic CVD is depicted in
igure 1, which shows atherosclerosis as resulting from
he influence of both cholesterol and inflammation. Ther-
peutic approaches to the prevention of atherosclerosis
ontinue to be directed at lowering total and LDL choles-
erol but now also aim to reduce inflammation. Recent
tudies have shown that the statin class of drugs not only
lters lipid profiles but also reduces inflammation, which
as led some investigators to propose that the effective-
ess of statins in decreasing cardiovascular events may
e attributable to effects on both lipids and inflammation
3,17).

Like diabetes, obesity, and cancer, CVD has both ge-
etic and environmental (diet) factors. Until now, nutri-
ion professionals have focused on modifying the environ-

ental risk factors related to CVD, particularly CAD,
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ecause there was virtually no information about the
enetic predictors of heart disease risk in the general
opulation. Therefore, most prevention and treatment
nterventions have focused on the role that dietary inter-
ention plays in the reduction of known cardiovascular
isk factors, such as low levels of HDL cholesterol and
levated LDL cholesterol levels. However, 2 decades of
esearch, coupled with the sequencing of the human ge-
ome and the availability of public gene databases and
tate-of-the-art technologies, are leading to a new set of
reatment and prevention paradigms. These strategies
ill eventually allow practitioners to develop dietary rec-
mmendations that are based on individualized genetic
esponses to dietary variables.

Conventional wisdom tells us that high HDL choles-
erol and low LDL cholesterol levels are associated with a
ecreased risk of CAD. In general, HDL cholesterol in-
reases with either physical activity or alcohol consump-
ion and decreases with smoking or diets rich in PUFAs.
onventional wisdom also tells us diets rich in PUFAs

an decrease LDL cholesterol levels. It is not prudent to
uggest that the general population increase alcohol in-
ake beyond current recommendations in order to raise
DL cholesterol levels, so the lifestyle approach of choice

s to increase physical activity and PUFA intake. If all
ndividuals had the same genetic makeup, conventional
isdom would suffice and dietary interventions could be
esigned in a generic manner.
From a genetic perspective, however, such an approach

s neither efficacious nor scientifically sound. For exam-
le, the APOA1 gene codes for the major protein in HDL
holesterol and plays a central role in lipid metabolism. A
articular variant of this gene in which A (adenosine) is
ubstituted for G (guanosine) at position –75 affects how
he person responds to PUFAs (18). When researchers
valuated the effect of PUFA intake on HDL cholesterol
evels in different populations, a significant sex difference
as noted. Women with the GG allele had higher HDL

holesterol concentrations in response to low levels of
UFA (�4% of energy), whereas GA women had higher
DL cholesterol concentrations only when PUFA intake
as �8% of total energy (Figure 2). These same genetic–
ietary interactions were not significant in men (18). This

igure 1. Cholesterol and inflammation both influence the nature of
therosclerosis. aLDL�low-density lipoprotein.
ype of knowledge is helpful in allowing clinicians to c

92 April 2005 Volume 105 Number 4
arget their recommendations to those who will benefit
rom a diet rich in PUFAs and those who will not or may
ven be harmed by such a recommendation.
Other studies have shown that variations in genetic
akeup can affect the way animal fat interacts with HDL

holesterol. The LIPC gene codes for the enzyme hepatic
ipase, which plays a role in the binding and uptake of
ipoproteins. Generally, HDL cholesterol concentrations
ecrease when hepatic lipase is overexpressed and in-
rease when hepatic lipase is underexpressed. One vari-
nt allele of the LIPC gene, –514(C/T), is associated with
ncreased HDL cholesterol concentrations. Individuals
omozygous for this variant (ie, have the TT genotype
ith respect to this particular locus within the gene) tend

o have higher HDL cholesterol levels than those with the
ormal genotype (ie, CC). However, when researchers
nalyzed data from the Framingham Study with respect
o the effects of dietary fat on HDL cholesterol levels in
ersons with various forms of this gene, they found that
DL cholesterol concentrations were higher in TT sub-

ects only when consuming �30% energy from fat. When
otal fat intake was �30% of energy, mean HDL choles-
erol concentrations were lowest among those with the TT
enotype, with no differences noted between CC and CT
ersons (2). This effect was seen only with animal fat, not
ith fats of vegetable origin. It is interesting to speculate

hat the deleterious effects of high-fat diets in TT subjects
ight be prevented by a diet that is higher in vegetable

ats and plant foods, such as a Mediterranean-style diet.
nformation about one’s genotype can be translated into
ood choices, in this case the types and amounts of dietary
at that will support the health of that person.

Framingham researchers have also analyzed the ef-
ects of alcohol and genetics on LDL cholesterol levels.
ondrinkers across several different APOE gene groups
ad LDL cholesterol levels that were not different across
he groups. However, in male drinkers, two of the APOE
ariants were associated with highly significant differ-
nces between high and low levels of LDL cholesterol.
he gene–alcohol interaction remained significant after

igure 2. Effect of polyunsaturated fatty acid intake on high-density
ipoprotein (HDL) cholesterol blood levels. Panel A depicts conventional
isdom as reflected in women with the –75 GG genotype at the APOA1
ene (G allele frequency�0.835). Panel B illustrates a new understand-

ng of gene–diet interaction, as reflected in women with the –75 G/A
nd A/A genotypes at the APOA1 gene (A allele frequency�0.165).
PUFA�polyunsaturated fatty acid.
ontrolling for age, BMI, smoking, and fat and energy
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ntake. This same effect was not evident in women (19).
gain, having this type of genetic information will con-

ribute to the development of more effective recommen-
ations relative to alcohol consumption and prevention of
VD.
Another area of gene–dietary interaction and CVD re-

ates to n-3 fatty acids. Early populations consumed diets
ich in n-3s as compared to n-6s. Over time, however, the
atio of n-6s to n-3s in the diet of human beings has
eversed, with Western diets now relatively deficient in
-3 fatty acids. As the ratio of n-6 to n-3 has increased,
he rate of CVD has risen. Some research has shown that
high n-6 to n-3 ratio promotes the pathogenesis of CVD,

ancer, and inflammatory and autoimmune diseases, in-
luding arthritis and asthma (20).

ODULATION OF GENE EXPRESSION BY BIOACTIVE DIETARY
OMPONENTS
here are several ways in which bioactive dietary com-
onents can alter the action of specific genes and their
ariants. A primary mechanism for modulating gene ex-
ression involves transcription factors (TFs). Cells re-
pond to their local environments by sensing extracellu-
ar molecules, such as oxidized-LDL cholesterol, through
pecific receptors on the cell surface. The binding of an
xtracellular molecule to its cell-surface receptor triggers
he process of signal transduction, a cascade of biochem-
cal reactions that ultimately produces a molecule that
nters the nucleus, binds to specific sequences of the
enome, and selectively switches on or off genes that
uide the cell’s response to its environment. The mole-
ules that enter the nucleus and bind to specific DNA
equences are called TFs, and the specific DNA sequences
hey bind are appropriately called TF binding sites (or
NA elements). In some situations the extracellular mol-
cule itself enters the nucleus and binds a receptor; the
esultant complex serves as the TF. In other situations,
he TF can bind one or more additional molecules to form
he TF complex, which then binds to the DNA. The bind-
ng of the TF causes a conformational change in the DNA
nd promotes or inhibits transcription, as needed for the
ppropriate response to the environment.
Bioactive dietary components are examples of this lat-

er situation where these components do not themselves
erve as TFs but influence the ability of TFs to bind to
heir DNA elements. For example, vitamin A modifies
xpression of several genes through the retinoic acid re-
eptor TF. PUFAs influence the ability of peroxisome
roliferator activator receptor/retinoic acid receptor com-
lexes to bind to their DNA elements. Flavonoids regu-
ate various genes through three TFs: nuclear factor-
appaB, estrogen receptor, and activating protein-1. In
ach case, the bioactive dietary components influence
ene expression and thereby alter genetic outcomes.
An example of the role of bioactive dietary components

n transcriptional control of gene expression concerns the
ynthesis of inflammatory mediators. Inflammation ap-
ears to play a critical role in numerous chronic diseases
n addition to CVD and has multiple implications for
utritional genomics. Inflammation is the first organized
eaction to an injurious challenge to the body, such as a
acterial infection or oxidized-LDL cholesterol. It is a

ell-coordinated process that involves the migration of m
lood leukocytes to specific tissues and the activation of
eukocytes to guide an explosive series of biochemical and
ellular events. The genes for interleukin-1 (IL-1) are
mong the first to be activated when the body is exposed
o a challenge. IL-1 is a pivotal molecule in that it acti-
ates the production of many other molecules critical to
he inflammatory cascade, thereby strongly influencing
he coordinated response characteristic of inflammation.

Human beings all have IL-1 genes but some have vari-
tions in those genes. Those variants that involve a
hange in a single nucleotide within the genetic material
nd occur frequently enough that �1% of the population
as the change are called polymorphisms, specifically
ingle nucleotide polymorphisms (SNPs), also called
snips.” SNPs are similar to variations in a recipe. Each
ene is a recipe for a specific protein or group of proteins
hat either regulate biological functions or serve as struc-
ural building blocks for tissues (eg, collagen). Some
NPs change the recipe for the gene so that either a
ifferent quantity of the protein is produced or the struc-
ure of the protein molecule is altered.

Some individuals consistently produce higher levels of
nflammatory mediators than others, and certain IL-1
NPs have been associated with interperson differences

n the levels of IL-1 and other inflammatory mediators
21). Some of the IL-1 variants (alleles) that have been
ssociated with increased levels of inflammatory media-
ors are also associated with increased severity of several
hronic diseases, including Alzheimer’s disease (22,23)
nd periodontal disease (24-26).
This proinflammatory IL-1 genotype pattern has re-

ently been associated with cardiovascular acute coro-
ary events. For example, despite having total cholesterol

evels �5.2 mmol/L, certain individuals (white men under
ge 60 years) who were homozygous for a specific IL-1
NP were four times (P�.01) more likely to have a first
eart attack during an 11-year monitoring period than
omparable individuals with the same level of cholesterol
ut who did not have this IL-1 genotype. Individuals with
his IL-1 genotype also had significantly higher levels of
nflammatory mediators than persons with other IL-1
enotypes (unpublished data, 2004, Interleukin Genetics,
nc, Waltham, MA). The mechanism assumed to explain
he role of IL-1 genetic variations in CVD is depicted in
igure 3, which shows that, at a certain cholesterol level,
erson B has a higher inflammatory response than per-
on A.
Recognition of the role of inflammation in heart disease

nd the evidence that some individuals with normal cho-
esterol but proinflammatory gene variations have an
ncreased risk of cardiovascular events raises the poten-
ial of targeting one’s diet to reduce inflammation. Some
ietary components, such as n-3 fatty acids, �-tocopherol,
nd green tea (Camellia sinensis) constituents, are
nown to reduce IL-1 and other key inflammatory medi-
tors (6-8). Further research is needed to evaluate the
ombined effect of such anti-inflammatory bioactive di-
tary components on individuals who have a genetic pre-
isposition to lifelong inflammation. The ability to iden-
ify such individuals and to intervene effectively is one of
he key promises of nutritional genomics.

Inflammation is emerging as a significant component of

any chronic disorders in addition to CVD, such as obe-
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ity, the metabolic syndrome, type 2 diabetes, osteoporo-
is, periodontal disease, rheumatoid arthritis, neurologi-
al degenerative disorders, and the inflammatory bowel
isorders. The nutritional genomic approaches outlined
ere for CVD and inflammation are also being applied to
hese other complex, chronic disorders. Each complex
nterrelationship among environmental conditions, bioac-
ive dietary components, diet-related genes, and the con-
rol of their expression can be dissected using genetic
echnologies. Well-designed and conducted laboratory
nd clinical studies will provide insight into the underly-
ng mechanisms involved, the genes and the roles of their
roducts, the details of molecular signaling and regula-
ion of gene expression by specific dietary components,
nd the influence of variation in these genes on each of
he key processes associated with these conditions. Ulti-
ately, these efforts will provide practitioners with logi-

al targets for interventional strategies. The complexity
f these chronic disorders presents a formidable chal-
enge to researchers in terms of unraveling the interre-
ationships among the various genes and environmental
actors that lead to dysfunction. Nutritional genomics
esearchers will, however, be able to draw from decades of
esearch in human biology, biochemistry, metabolism,
nd genetics and to benefit from the availability of so-
histicated genetic technologies and bioinformatics. The
otential is for nutritional genomics research to continue
o progress steadily and to provide practitioners with the
undamentals needed for developing targeted, efficacious,
herapeutic, and preventive approaches to diet-related
isease.

PPORTUNITIES FOR DIETETICS PROFESSIONALS
learly, nutritional genomics will fill a critical gap in

igure 3. Comparison of inflammatory responses between two indi-
iduals with the same blood cholesterol levels.
eveloping evidence-based nutritional interventions. As c
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esearch proceeds, today’s generalized nutrition recom-
endations will give way to interventions that are tar-

eted to the specific molecular mechanisms that underlie
health condition. This major change in how nutrition

herapy is approached has the potential for expanding
he role and contribution of dietetics professionals con-
iderably and, thereby, the scope of practice. Among the
rimary opportunities for expansion will be those in re-
earch, education, and clinical practice. Research will
ncompass laboratory research that identifies bioactive
ietary components that influence gene expression and
xamines the mechanisms by which they have their ef-
ects. Food scientists will be concerned with analyzing
oods to identify the bioactive dietary components, as well
s using this information to develop functional foods that
arget specific steps in disease prevention or intervention.
linical trials will focus on using functional foods and
ietary supplements to prevent disease or slow its pro-
ression. Consumer research relating to acceptance of the
unctional foods developed will be necessary. Nutritional
enomics-related research will require dietetics profes-
ionals at a variety of education and skill levels, from
aboratory technologists to clinical trial coordinators to
rincipal investigators.
Research into both the nutrition and food aspects of

utritional genomics will need to be translated into prac-
ical applications to help consumers maximize their
ealth potential. Among the focus areas open to dietetics
rofessionals is work with individuals who have what we
ow think of as traditional genetic disorders: chromo-
omal disorders and monogenic disorders that lead to the
lassical inborn errors of metabolism. To help individuals
nd their families understand a disorder and its manage-
ent, a dietetics professional must understand the un-

erlying genetic lesion and its biochemical and physiolog-
cal consequences. This information will need to be
ranslated into an action plan for managing the disease,
hich will require the integration of diet, exercise, and

ther lifestyle choices.
In addition to the opportunity to work with individuals
ith these relatively rare disorders is the opportunity to
pply nutritional genomics to the amelioration, modulation,
nd prevention of chronic disease. These disorders are far
ore complex in etiology and involve interaction among
ultiple genes and multiple environmental factors. Dietet-

cs professionals will need a thorough knowledge of the
isorder at the genetic, biochemical, metabolic, and dietary
anipulation levels in order to teach clients about their

isorders, their risks, and their lifestyle options.
In addition to lifestyle counseling and coaching, dietet-

cs professionals will need to develop foundational skills
n genetic counseling to assist consumers in understand-
ng diseases and the use of genetic testing for confirma-
ion or predictive purposes. Realistically, given the lim-
ted number of certified genetic counselors available,
ther health care professionals will need to help educate
onsumers about the genetic basis of their disorders, the
iochemical consequences, and the genetic testing options
nd procedures; and, upon receiving their test results,
elp them to understand the results and the implications
f various lifestyle choices. Traditionally, genetic testing
as been ordered by a physician who is a clinical geneti-

ist, and physicians and genetic counselors have filled
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atients’ needs for interpretation and follow-up. With the
readth of nutrition and lifestyle modification knowledge
hat such testing will now encompass, dietetics profes-
ionals are positioned to play a primary role in meeting
hese needs. Direct-to-consumer tests have begun to ap-
ear in the marketplace, and consumers need knowledge-
ble health care professionals who can help them con-
ider their options and translate the findings into health-
romoting action plans. Practitioners will need to use
ritical-thinking skills to assist even the most sophisti-
ated consumers in evaluating the testing options, inter-
reting the results, and developing appropriate compre-
ensive lifestyle plans. Dietetics practitioners may also
onsider partnering with these companies to ensure that
redible testing programs enter the marketplace.

Nutrigenomics will also need to be taken into account in
eveloping public health policy. The American Heart Asso-
iation Dietary Guidelines (27) have already acknowledged
he influence genetics will have on future policy decisions.
utritional genomics research should result in better un-
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erstanding of the optimal levels of nutrients required for m
ealth, the influence of particular polymorphisms on nutri-
nt requirements, and the frequency of such polymorphisms
ithin subpopulations. Subsequently, nutrition policy will

arget sizeable subpopulations affected by nutritionally
odifiable genetic variations. Policy makers will need to

ontemplate the potential influence of communicating mul-
iple nutrient intake reference categories to the public. The
ncorporation of nutritional genomics information into pub-
ic policy is essential if we are to develop meaningful dietary
uidelines.

REPARATION OF DIETETICS PROFESSIONALS IN THE ERA OF
UTRITIONAL GENOMICS
ietetics professionals of the future will need to have a solid

oundation in a variety of scientific disciplines. The basic
ciences should include biology (anatomy/physiology, cell
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ral, organic, biochemistry, analytical), and physics. Added
o this foundation will be genetics (basic transmission and
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utrition science (metabolism, diet design and develop-
ent, dietary supplements, nutritional genomics); food sci-

nce; critical thinking; and research study design, execu-
ion, and analysis, including statistical analysis.
dditionally, a social science base must be laid: counseling
kills relating to diet, exercise, other lifestyle choices, and
enetic counseling will be essential, with competency in
sychology, bioethics, and public policymaking desirable.
any dietetics professionals specializing in the practice of

utritional genomics will also need to develop business
kills, such as those needed for operating and strategically
eveloping a profitable business (eg, accounting, finance,
nd legal aspects), marketing and selling, and managing
ersonnel. The American Dietetic Association can share in
his monumental task by considering ways to support the
rowth of the field and the evolution of skills needed for
unctioning in myriad practice venues.

Although it is unlikely such a breadth of expertise can
e acquired during the undergraduate years alone, uni-
ersity educators should incorporate genetic concepts and
n evidence-based approach to the scientific disciplines
nto their teachings wherever possible. Additionally, fos-
ering a lifelong approach to learning is essential, partic-
larly in a field that is constantly evolving. Students
hould be encouraged from the beginning of their aca-
emic tenure to assume responsibility for their career
reparation and for developing independent study skills
hat will serve them well throughout their careers.

To assume the leadership roles envisioned for dietetics
rofessionals within nutritional genomics, graduate-level
tudy is required. Further, such study must be multidis-
iplinary. Research projects that foster collaboration with
nvestigators in genetics-related fields outside dietetics
hould be encouraged. For those planning to develop life-
tyle counseling practices that focus on nutritional
enomics, an advanced practice credential that combines
raduate study, a supervised practicum, and a certifica-

ion exam is highly desirable. A list of suggested re- t

96 April 2005 Volume 105 Number 4
ources for further study is listed in Figure 4. A recent
rticle by Skipper (28) compares the needs of emerging
ietetics professionals to those of advanced registered
urse practitioners. Such an approach should be consid-
red as the next step in preparing dietetics professionals
o assume a more vital role within health care. The Amer-
can Dietetic Association can play a key role in facilitat-
ng such an evolution of today’s dietetics professionals.

ONCLUSION
he far-reaching potential for nutritional genomics is the
revention of diet-related disease. It is highly likely that
uring the next decade the nutritional supplement and
unctional food industries will experience robust growth
n response to advances in nutritional genomics research
nd its applications. Parallel to this growth will be im-
ressive progress in understanding the specific influence
f certain food components on metabolic pathways and
heir role in health and disease. It will become increas-
ngly less expensive to generate genetic information
bout individual persons, and such data are likely to
edefine the current concept of preventive medicine. Die-
etics professionals have the potential to harness this
nformation and influence health promotion and disease
revention on a global scale. For these reasons, the die-
etics profession has an exciting opportunity that, if
eized and properly executed, could enhance the scientific
oundation of clinical practice, increase the therapeutic
alue of interactions with clients, and substantially im-
rove the economic status of practitioners. The future of
ietetics is unquestionably intertwined with nutritional
enomics.

he authors thank Philip R. Reilly, MD, JD, for helpful
nput and Jill Shuman, MS, RD, ELS, for scientific writ-
ng assistance in the development of certain sections of

he article.
lossary
lossary of nutritional genomics termsa (29-31). © 2003 American Dietetic Association. Used with permission.

Allele One of the variant forms of a gene at a particular locus, or location, on a chromosome. Different alleles produce
variation in inherited characteristics, such as hair color or blood type. In a person, one form of the allele (the
dominant one) may be expressed more than another form (the recessive one).

Cytokine A protein or peptide that is outside the cell and serves as a communication signal to cells. Examples are
interleukins, interferons, and tumor necrosis factors that facilitate the inflammatory response.

DNA sequencing The process by which the exact order of the base pairs in a segment of DNA is determined.
Gene A segment of DNA that contains the information necessary to make a protein.
Gene expression The process of converting the information encoded in the DNA into RNA (mRNA, tRNA, and rRNA); most genes

are transcribed into mRNA and, ultimately, into a protein product.
Genetic counseling A short-term educational counseling process for persons and families who have an inherited disease or who are

at risk for such a disease. Genetic counseling provides persons with information about their condition and
helps them make informed decisions.

Genetics The study of inheritance patterns of specific traits.
Genome The sum total of all the genetic information in an organism; its instruction book—the blueprint that directs the

development and functioning of human beings and other organisms.
Genomics The study of genes and their function.
Genotype The genetic makeup of a person, as opposed to the phenotype, which is the physiological manifestation of the

genotype and its expression.
Heterozygote/heterozygous Possessing two different forms of a particular gene, one inherited from each parent; a heterozygous person is

also called a carrier.
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lossary of nutritional genomics termsa (29-31) (continued)

3-Hydroxy-3-Methyl-Glutaryl-CoA
(HMG-CoA) reductase

Key enzyme in the synthesis of cholesterol and a target of the statin class of cholesterol-lowering drugs.

Homozygote/homozygous Possessing two identical forms of a particular gene, one inherited from each parent.
Human Genome Project An international research project to map each human gene and to completely sequence human DNA; the goals of

the project have expanded over time to sequencing the genomes of other organisms and to identifying the
products of human genes and their functions.

Locus/loci The actual physical position of a gene or marker on a chromosome, a kind of address for the gene.
Metabolome/metabolomics The metabolome is the sum total of all the metabolites in an organism; metabolomics is concerned with the

identification of each metabolic pathway, its metabolic products, and their role in the organism’s function.
Monogenic A characteristic only influenced by information from a single gene.
Multifactorial A pattern of inherited characteristics, such as physical traits or diseases, that results from the interaction of

genes and the environment.
Multigenic A characteristic resulting from information contained in more than one gene.
Nutrigenetics The study of the mechanisms by which bioactive dietary components communicate with the genetic material and

how genetic variation affects the interaction between these bioactive dietary components and the health and
disease potential of a person.

Nutrigenomics Concerned with the effects of bioactive dietary components on the genome, proteome (the sum total of all
proteins), and metabolome (the sum of all metabolites) at a global, population level.

Nutritional genomics The study of how dietary and other lifestyle choices influence the function of living beings at the molecular,
cellular, organismal, and population levels; includes nutrigenetics and nutrigenomics.

Phenotype The observable traits of characteristics of an organism, such as hair color or weight, or the presence or absence
of a disease. Phenotypic traits are not necessarily genetic.

Polygenic Characteristic resulting from the combined action of alleles of more than one gene (eg, heart disease, diabetes,
and some cancers). Such characteristics are inherited but they depend on the simultaneous presence of
several alleles, which typically results in hereditary patterns that are more complex than those of single gene
traits.

Polymorphism A common variation among persons in the sequence of DNA; technically a locus is polymorphic when two or
more of the alleles at this locus are present in �1% of the population.

Proteome/proteomics A proteome is the sum total of all proteins coded for in an organism’s genetic material; proteomics is the study
of the full set of proteins encoded by a genome, their identity, and function.

Signal transduction Process by which chemical or physical messages are communicated between the surface of a cell and its
interior in a step-wise manner that results in a response by the cell.

Single gene disorder An inherited condition caused by a mutant allele at a single locus in the DNA; such a trait is monogenic (eg,
Duchenne muscular dystrophy and sickle cell disease).

Single nucleotide
polymorphism (SNP)

A genetic variation caused by a change in a single DNA nucleotide; most of the variation among persons is due
to SNPs; the number of different SNPs in the human population are thought to be in the millions. SNP is
pronounced “snip.”

Trait A characteristic associated with a gene that can be quantified or described, such as eye color, flower color,
height, intelligence, or the presence of an enzyme.

Transcriptome/transcriptomics A transcriptome is the sum total of all the transcribed messenger RNA in an organism; transcriptomics is the
study of the full complement of activated genes, mRNAs, or transcripts in a particular tissue at a particular
time.
aReprinted from (29). © 2003 American Dietetic Association. Used with permission.
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