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Introduction
Nutrigenomics and the Changing Landscape of Dietetics: The sequencing of the 
human genome opened the door for innovative systems biology research to 
help us better understand human health. A direct result of this advancement of 
particular interest to the field of dietetics is nutrigenomics. Nutrigenomics refers to 
understanding the genome-wide influence of nutrients. It encompasses an array 
of disciplines including genomics, transcriptomics, proteomics, metabolomics, 
and epigenomics.1, 2 Nutrigenomics involves conducting a wide range of research 
studies to understand the role of nutrients in controlling biological processes at 
the molecular level, and learning how to apply this knowledge to medical nutrition 
therapy. One setting where multiple types of nutrition research occur daily is 
academia. Of particular importance to nutrigenomics is translational research: 
the merger between basic, clinical, and epidemiological science to find applied 
solutions to nutrition problems. 

Integrating basic, clinical, and epidemiology research into a translational platform 
allows for a seamless transition of ideas from looking at mechanisms in cells or 
animals to implementing findings in human populations. It also allows for a more 
efficient advancement of the reverse scenario- where data from clinical and 
population studies can be used to develop testable mechanistic hypotheses. The 
academic environment is poised for the convergence of the multidisciplinary teams 
necessary for translational nutrition research. This article will cover the components 
of academic translational nutrition research, the role of RD’s in this field, and some 
forward-thinking about how research and dietetics practice will merge into a single 
entity eventually capable of developing and implementing individualized nutrition 
prescriptions for optimal health.

The Nuts and Bolts of Translational Nutrition Research

Types of Academic Research: Multiple types of research occur at academic 
institutions. Each has unique goals and strategies, and they encompass the body 
of knowledge that defines dietetics. Perhaps the most fundamental type of 
nutrition research involves understanding the dietary patterns of populations and 
correlating those patterns to health outcomes. This nutrition epidemiology research 
is essential for developing hypotheses related to nutrition and disease. Nutrition 
epidemiology relies on methods to assess the dietary intake of populations.3 
The data is then compared to biomarkers such as clinical chemistries, genetics, 
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and other parameters. This kind of 
research leads to the development 
of correlations between diet and 
health status, but does not lead to 
direct cause-effect relationships. 
The information gained is essential 
for generating hypotheses that 
can be validated in clinical and 
basic science settings.4 Choline is 
an essential nutrient with a broad 
spectrum of biological functions. 
Once the choline content of foods 
was quantified,5 it became possible 
to assess the intake of choline in 
populations and determine its link to 
health outcomes. Cho and colleagues 
assessed the dietary intake of choline 
and related metabolites by food 
frequency questionnaires and linked 
the values to serum homocysteine 
(Hcy) levels. Individuals with the 
lowest quintile of choline intake had 
higher plasma Hcy. Since high Hcy 
is believed to increase heart disease 
risk, this finding has important 
implications for understanding the 
role of dietary choline in mediating 
this risk. Additionally, this study 
demonstrated the average choline 
intake of the population studied was 
below the established Adequate 
Intake.6, 7 This example highlights 
the importance of nutrition 
epidemiology research in enhancing 
our understanding of the role of diet 
in disease. 

A second broad category of 
scientific research in academia is 
basic nutrition research, often called 
bench research. It encompasses 
several fields including biochemistry, 
molecular biology, genetics, and 
physiology. It utilizes various 
systems including cell culture and 
animal models to test mechanistic 
nutrition questions. A classic way 
to understand the function of a 

gene is to develop a knockout 
mouse model where a gene of 
interest is no longer present due 
to its deletion from the genome 
either globally or in a tissue-specific 
manner. These models can be used 
to understand nutrient function. 
Choline metabolism requires a broad 
array of enzymes. One important 
choline metabolizing enzyme 
is phosphatidylethanolamine 
N-metyltransferase (PEMT). A 
study in PEMT knockout mice 
demonstrated that mice without the 
gene developed fatty liver (hepatic 
steatosis) and had reduced levels of 
choline and phosphatidylcholine 
in liver despite adequate dietary 
choline.10 This study established the 
importance of choline for normal 
liver function and the detrimental 
effects of choline deficiency resulting 
from impaired endogenous choline 
production.

Clinical nutrition research also 
contributes to the repertoire of 
nutrition knowledge. In our field, 
it is essentially applied research. 
Clinical nutrition research studies 
use nutrition interventions to test 
outcomes on people. The nutrition 
interventions being tested typically 
have sufficient evidence from 
both epidemiological and basic 
research to warrant further studies 
in humans. This type of research 
explores the role of nutrients on 
various outcomes such as clinical 
parameters (weight, blood pressure, 
etc.), biomarkers (cholesterol, Hcy, 
etc.), gene expression, epigenetics, 
metabolomics, and many others. The 
goal is to show the direct effect of a 
nutrient on a biological parameter 
in a defined group of people. Often, 
these studies involve small groups of 
people who are asked to consume 

a specific quantity of a nutrient for 
a defined amount of time. These 
studies can be controlled feeding 
studies where entire meals are 
prepared in a precise manner, or they 
can be as simple as asking people 
to consume a dietary supplement 
(or a placebo). Usually, key variables 
are measured before, during, and 
after the nutrition intervention. 
Interesting and informative clinical 
studies have been conducted with 
choline. Song et al conducted one 
the first studies to assess the impact 
of choline on human health. Choline 
deficiency was shown to lead to 
organ dysfunction, either fatty 
liver or skeletal muscle damage. 
Importantly, the risk of developing 
these complications was found to 
be tightly linked to variations (single 
nucleotide polymorphisms- SNPs) in 
genes involved in the metabolism 
of choline and related nutrients. 11 
This works supports the knowledge 
we have from mouse models about 
the biological effects of choline 
deficiency.10, 12

Translational nutrition research can 
be viewed as utilizing data from 
all the above types of research to 
transform nutrition practice. Taking 
all the choline examples discussed 
and looking at them globally gives an 
excellent example of a translational 
nutrition research platform. The 
decades of research invested in 
understanding the function of 
choline in populations, model 
systems, and individuals has led to 
a shift in choline recommendations. 
We now know the critical role of 
this nutrient in pregnancy, in brain 
development in kids, and in adults 
with deficiencies.11, 13, 14 This has led 
to the development of Adequate 
Intake levels for choline7 and the 
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understanding that this nutrient 
is uniquely required by people 
based on a multitude of factors.13 
In addition, a recent publication 
adds to our ability to protect people 
from choline deficiency-related 
consequences. Using metabolomics, 
a signature of metabolites was 
defined and shown to predict who 
would develop organ dysfunction 
when placed on a choline deficient 
diet.15 This, combined with the 
SNP data,11, 16 moves us even 
closer to developing individual 
recommendations for choline intake. 
Despite the excellent progress 
in understanding the biological 
impact of choline, much research 
is still needed to make specific 
recommendations for individuals. 

The Process: The scientific process in 
academics is essentially the same as 
any other setting. The process begins 
with an idea generated from 
an understanding of the field 
of interest in the lab (Figure 1). 
To determine whether an idea 
is worth investigating via the 
challenging scientific process, 
a thorough literature review 
is indispensable. The goals 
are to determine whether 
there is a gap in knowledge, 
and to develop the rationale 
for research questions. 
Continued literature review 
and a scientist’s expertise 
will lead to the development 
of the methods to tackle 
the research. Often, before 
beginning a fully committed 
research project, a series 
of pilot experiments 
are conducted to assess 
feasibility and establish proof 
of principle. If a project is 
feasible and likely to lead to 

new knowledge, a fully developed 
set of experiments are designed to 
answer specific questions. Ideally, 
these questions will form a complete 
story that when considered as a 
unit leads to a significant advance 
in the current understanding of 
the research topic. After sufficient 
experiments are conducted to draw 
strong conclusions, the work should 
be prepared for publication. This 
process is repeated, either at the 
conclusion of the initial project or 
when appropriate, to develop a body 
of knowledge that, in addition to 
the work of others in the field, can 
lead to sufficient progress to change 
nutrition practice. 

Although a comprehensive 
discussion on this topic is beyond the 
scope of this article, it is important to 
note that without sufficient research 
funding, the scientific process stops 

with the idea (Figure 1). In academia, 
funding for research can be obtained 
through various mechanisms. At the 
federal level, the National Institutes 
of Health and National Science 
Foundation are two major sources 
of funding. There are also many 
health organizations with funding 
opportunities such as the American 
Heart Association, American Dietetic 
Association, and many others. Many 
states also have funding sources 
for biomedical research. Today, 
the research environment is more 
competitive than ever, making it 
a challenge to secure sufficient 
funding to move science forward. 
This obstacle must be overcome in 
creative ways. An example is to focus 
on team or program projects. These 
endeavors bring together resources 
and expertise to allow for more 
productive research and a better 
chance for funding. Another way 

Funding Idea No 
Funding

Develoment

Execution

Publication Implementation

Pilot studies

Optimize experimental
design and execution

Final set 
of experiments

Literature review
Planning
Rationale

Hypothesis
Experimental design

Figure 1: The Scientific Process.
This figure depicts the steps needed to take translational nutrition science from an idea 

to an applied process and highlights the importance of adequate funding.
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to move research forward without 
a major grant is to seek support for 
pilot studies.

The People: Owing to the inherently 
diverse nature of translational 
nutrition research and the 
increasingly complex scientific 
environment of today, a team of 
people is needed to carry it out. 
Translational nutrition research 
can be conducted in a laboratory 
equipped to do epidemiology, basic, 
and clinical science or by several labs 
with strengths in each of these areas 
who collaborate closely. The leader 
of a translational research team is 
the principal investigator (PI). He or 
she is responsible for designing the 
research agenda, securing funding, 
and monitoring the progress, validity 
and integrity of the research results 
of the team. The PI is also responsible 
for writing or editing all publications 
submitted from the lab, since he or 
she has ultimate accountability for 
the research. The ideal translational 
science PI has both a clinical and 
a basic science background. The 
research on a day to day basis 
carried out and managed by senior 
scientists, faculty, or post-doctoral 
fellows. Graduate students are also 
key members of the team who will 
eventually contribute independent 
research findings to the lab. Most 
labs, especially large labs, also 
have a lab manager who handles a 
variety of tasks such as the budget, 
ordering supplies, and keeping the 
lab organized. Research technicians 
are also vital members of the 
team. They provide assistance with 
validated protocols designed to 
meet a particular objective on a 
research project. 

Besides the key personnel involved 
in the day to day operation of 
a lab, other personnel serve as 
collaborators or consultants. 
One key person is a statistician. 
Translational research usually leads 
to the generation of very large and 
complex data sets requiring the skills 
of statisticians and bioinformaticians. 
The personnel in core facilities, such 
as genotyping and proteomics cores, 
are also key assets to a translational 
research team. The most successful 
research teams link up with experts 
in fields that enhance the basic 
expertise of the lab. Collaboration 
and the sharing of ideas are key 
elements in moving science forward 
expeditiously.

No matter what role someone plays 
on a research team, a core set of 
skills are essential. Scientists are 
problem solvers. Science is about 
generating new knowledge, and 
this cannot occur without running 
into obstacles. Having the ability 
to think through a problem and 
find a productive solution can go 
a long way in scientific progress. 
Organization is also an essential 
component of good scientific 
practices. This requires keeping 
detailed documentation about all 
experimental protocols, results, and 
future directions. Another important 
skill for scientists, especially those in 
charge of developing new research 
aims, is the ability to assimilate 
complex information and find 

Primary 
Investigator

Clinical
Standards of 

Practice Design
&

Implementation

Food Product
Research,

Development,
and Market

Implementation

Curriculum
Development

Scientific
Communication

Research within
Dietetics
Practice

RD

Figure 2: Opportunities for Dietetics Practitioners  
in Translation Nutrition Research.

This diagram shows the diverse opportunities that will develop for dietitians 
 as a result of nutrigenomics and translational nutrition research.
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gaps in knowledge. Extensive 
knowledge of the body of literature 
surrounding the field of interest in 
a lab is invaluable in the scientific 
process. This is what leads to new 
ideas and research questions. Finally, 
proficiency in oral and written 
communication is important to carry 
out daily scientific tasks and to take 
science to the next level.

Opportunities for Registered 
Dietitians in Translational 
Nutrition Research

Where do RD’s fit in the Translational 
Nutrition Research Landscape: RD’s, 
and other dietetics professionals, 
have many of the skills necessary 
to be successful scientists and are 
especially well suited to work in 
translational nutrition research. 
Expertise in dealing with applied 
nutrition science makes RD’s 
especially well qualified. Dietetics 
professionals possess an in depth 
understanding of human health and 
are invested in the process of making 
the lives of people better. These skills 
are indispensable in translational 
research. Scientific training through 
didactic programs in dietetics 
provides a great foundation for 
further, more in depth, scientific 
study. All it really takes is passion 
and motivation to further our 
understanding of human nutrition.

Translational Nutrition Research 
and Dietetics Practice: Translational 
nutrition research has the 
potential to change every aspect 
of dietetics practice, and in turn 
create opportunities for RD’s 
(Figure 2). Research dietetics will 
be directly affected by advances in 
nutrigenomics since the need for 
research in this area will explode. 

The impact this will have on our 
field is difficult to quantify, but is 
bound to be of epic proportions.17 
Although multiple disciplines will be 
involved in this research, RD’s could 
play a variety of roles, from being 
a PI to collaborating on research 
within his/her scope of practice. In 
clinical nutrition, as new knowledge 
applicable to human health is gained, 
new standards for practice will need 
to be developed and implemented. 

Perhaps it seems the research and 
clinical areas of dietetics will be the 
only ones affected by nutrigenomics 
and translational nutrition research. 
This is simply not the case. As our 
knowledge about the therapeutic 
impacts of certain nutrients 
increases, new products designed 
to target specific ailments will reach 
the marketplace 8. Dietitians working 
in food science are well trained to 
develop these food products. Once 
these products are on the market, 
the types of foods served in hospitals 
and restaurants will be transformed. 
RD’s in food service will need to 
learn about these products so they 
can implement them into hospital 
and restaurant menus. There will 
be a need to create new recipes 
with these foods and to have strict 
guidelines in their preparation. 
Dietitians working with community 
groups will also need to get involved. 
The amount of nutrition information 
the public will encounter will only 
increase over time, and it will 
become more complex. Information 
about advances in nutrition sciences 
will need to be delivered to a variety 
of audiences including the general 
public, the media, clinicians, and 
other scientists. Importantly, new 
curriculum modules will need to be 
developed to train undergraduates 

and dietetic interns to succeed in the 
new era of nutrigenomics.
Sounds Great… For Someone Else: 
It is plausible many people find the 
advances in nutrigenomics exciting 
and interesting, but feel getting 
involved is beyond their reach. 
Maybe others are set in their ways 
and don’t want to change, nor do 
they see a need to change. After 
all, no matter how amazing the 
advances of nutrigenomics might 
be, broccoli will always be healthier 
than pound cake! The difference 
between the nutrition of yesterday 
and tomorrow is that we will have 
many more tools to tailor nutrition 
recommendations to individuals. 

Since scientific advances will 
continue to happen regardless of our 
opinions, we all have a responsibility 
to get involved in nutrition research. 
There are several ways to do so 
(Figure 3). One fundamental way is 
to integrate translational nutrition 
research into RD’s scope of practice. 
This entails reading current research 
and actively gaining a better 
understanding of applied nutrition 
science. A second level involves 
collaboration. This gives nutrition 
professionals an opportunity to 
work with other clinicians on specific 
aims of a research project. Often, 
pharmaceutical trials or other clinical 
trials have a nutrition component 
that can be carried out by a dietitian. 
This might be more involved in 
some cases than a collaboration 
scenario because the RD might have 
to participate in additional aspects 
of the research, such as consenting 
and recruiting. Either way, these 
scenarios give RD’s the chance to 
participate in research without 
having to be fully immersed. On 
a higher level, perhaps there is an 
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area of patient care where there 
is an interesting trend warranting 
further study. Information related to 
this can be collected in a systematic 
manner and ideas for additional 
research can be generated. This 
research implementation requires 
the most comprehensive level of 
involvement since significant time 
must be devoted to designing, 
seeking funding for, and carrying 
out research. For RD’s to be pioneers 
in the scientific advances that will 
shape nutrition practice, a strong 
foundation needs to be built by 
making sure all RD’s are at minimum, 
integrating translational nutrition 
research and nutrigenomics into 
their scope of practice (Figure 3). 
Without this foundation, it will not 
be possible to continue building 
additional levels of involvement. 

Summary and Vision for the Future

From the Lab Bench to the Dinner 
Table: The future is bright. The field 
of translational nutrition research, 
which allows for the merging of 
disciplines and organization of 
knowledge with the intent to change 

the practice of dietetics, is at the 
edge of a huge transformation. We 
can look forward to new discoveries, 
new opportunities, and better 
ways to help people reach their 
health goals through nutrition. We 
will literally have the capability to 
take complex scientific discoveries 
and translate them into applied 
knowledge reaching the dinner 
tables of individuals to meet their 
individual nutrition needs. What 
will it take to get to a point where 
translational nutrition research 
leads to individualized nutrition 
recommendations? What must 
happen for the nutrition consult of 
the future to involve collecting a 
biological fluid sample, running a 
gene chip to determine nutrition 
requirements, and utilizing 
metabolomics to assess nutrition 
status? We will need more nutrition 
practitioners to do research. We 
will need to change how we train 
dietitians. We will need to keep 
up with scientific advances and 
importantly, be at the forefront 
of making the scientific advances 
happen.18

To do this successfully, it is critical to 
evaluate research findings to avoid 
making mistakes in implementing 
new foods or nutrition therapy 
protocols. There are already plenty 
of examples, such as trans fats, of 
foods or ingredients that reach the 
marketplace too prematurely and 

then turn out to be harmful. It is 
also important to avoid taking 

genetic advice to consumers 
prematurely.19 Genetics is 

complex. Determining 
individual nutrition needs 
based on genotype involves 
understanding the function 

of all genes, and understanding 
how gene variations come together 
to shape individual biological 
traits. Studies to decipher these 
mechanisms are ongoing. In 
addition, genetics and genomics only 
explain a fraction of the nutrition-
health link. Epigenetics, proteomics, 
and metabolomics, among other 
mechanisms, play a role. We also 
need to build ethically sound 
research programs by considering 
the impact of genetic information 
on patient privacy, and other 
ethical and social dilemmas that 
will emerge as scientific advances 
continue to infiltrate healthcare.20, 21 

There is also a huge requirement 
for technological advances to help 
scientists accomplish the complex 
tasks inherent to nutrigenomics.17 

Bioinformatics must also advance  
to manage, share, and secure  
data sets.22 The speed of our 
advancements can be amplified 
exponentially with increased 
collaboration within and outside of 
academics. This necessitates building 
strong partnerships between 
academics, industry, biotechnology, 
clinical medicine, and food 
manufacturers. 

There are multiple challenges to 
overcome as we transition dietetics 
practice from prescribing diets based 
on generalizations to designing 
individualized medical nutrition 
therapy based on systems biology. 
We have made great progress 
since the sequencing of the human 
genome, and many exciting 
advancements are yet to come. Now 
is the time to get involved in shaping 
the inevitable transformation of 
our field. If we want to preserve our 
status as the nutrition experts, sitting 
back is not an option.

Implementation

Participation

Collaboration

Integration

Figure 3: Levels of Involvement in 
Transitional Nutrition Research.

To merge translational nutrition research with dietetics practice, a strong 
foundation of integration is the first step. From that point, it is important 
for subsets of dietetics practitioners to increase their level of involvement.
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