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Abstract: Genetics is an important piece of every individual health puzzle. The completion of the
Human Genome Project sequence has deeply changed the research of life sciences including nutrition.
The analysis of the genome is already part of clinical care in oncology, pharmacology, infectious
disease and, rare and undiagnosed diseases. The implications of genetic variations in shaping
individual nutritional requirements have been recognised and conclusively proven, yet routine use of
genetic information in nutrition and dietetics practice is still far from being implemented. This article
sets out the path that needs to be taken to build a framework to translate gene–nutrient interaction
studies into best-practice guidelines, providing tools that health professionals can use to understand
whether genetic variation affects nutritional requirements in their daily clinical practice.
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It is common for nutrition professionals to experience that the same dietary intervention and
management strategy produce very different outcomes in different people. An overwhelming number
of observations support the evidence that genetic background has a key role to play in individual
response to diet and life-style, and in shaping individual nutritional requirements [1]. Proof of concept
of these statements came from the well-described examples of inborn metabolic syndromes caused by
single gene mutations affecting specific metabolic pathways. These syndromes are often successfully
controlled with targeted dietary management which is able to prevent serious health consequences [2].

Phenylketonuria (PKU) is a rare inborn syndrome caused by a mutation in a single gene that
encodes for the enzyme phenylalanine hydroxylase. The liver of PKU mutation carriers in homozygosis
are unable to break down phenylalanine and are consequently unable to metabolise food that contains
this amino acid. PKU was one of the first genetic conditions to be identified, and it is the result of a
mutation in gene coding for an enzyme involved in a key step of a metabolic pathway; to date, the
only effective management for PKU patients is a carefully tailored low protein diet [3]. Common
polymorphisms (frequency > 1%) can also determine dietary requirements, for example, lactose
intolerance is caused by the progressive reduction of the expression of the gene coding for the enzyme
lactase due to a variant in the regulatory region of the gene. Carriers of these high frequency variants
develop adverse symptoms if they consume milk or other lactose-rich dairy products [4]. These
very well characterised examples show how the idea of changing, even dramatically, the diet of
individuals carrying specific genetic variants is a common dietetic practice; so is the knowledge that
foods, such as milk, that are highly nutritious for some, need to be consumed with care by others. The
examples reported are relatively simple: a specific nutritional requirement is the consequence of a
mutation or variation in a single gene. However, most of the time, the reality of nutrition and dietetic
practice is more complicated. The metabolism of each nutrient involves the activity of several enzymes,
each one encoded by a gene that is present in the population with multiple allelic variants; each of
them potentially contributing to the absorption and utilisation of nutrients, ultimately affecting their
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requirements [5,6]. More than one genetic polymorphism is generally responsible for affecting the
requirements of a nutrient or the predisposition to a chronic pathology. Indeed, it is now evident that
even in traditionally classified monogenic conditions such as PKU, the penetrance and severity of the
symptoms are determined by other gene variants, each one contributing with a specific effect size; in
real life, every phenotype is produced by a combination of gene variants [3].

The completion of the Human Genome Project (HGP) [7] held the promise of resolving the
complexity of individual responses to diet and the sometimes ineffectiveness of “one size fits all” public
health guidelines for individuals, revealing the role of genetics in shaping nutritional requirements.
The potential applications to nutrition of this invaluable tool were apparent since the genome was
mapped. The first articles discussing nutrigenomics and nutrigenetics were published less than a
year after the first draft and an initial analysis of the human DNA sequence was made available.
Several papers discussed the potential impact of this new information on nutrition practice [7–9].
Since then, many authors have outlined how this new area of science may impact on nutrition
practice. They have discussed what would be needed in terms of training and required knowledge
for nutrition professionals, potential ethical, legal and social impacts on practice and other impacts
on nutrition [10–12]. However, fifteen years and hundreds of publications later, the gap between the
experimental and epidemiologic evidence and health practice is not yet closed [13]. The information
provided by the HGP and the resources developed since its publication were applied in hundreds of
studies; a PubMed search performed on 16 March 2017, using the search term “nutrigenomics OR
nutrigenetics OR nutritional genomics” resulted in 2888 hits. While these papers/research are essential
for understanding the impact of this new information on nutrition science and identifying what is
needed to successfully put it into practice, progress in actually interpreting/translating the current
evidence into useful information for healthcare professionals has yet to be seen. The importance of the
genotype information is not the only factor that complicates this translation into practice; the discovery
of other levels of control to dietary phenotyping, including environment-modulated epigenome and
the intestinal microbiome are other complicating factors [14,15].

To translate genetic information into evidence-based nutritional recommendations, clear
summaries and critical analysis of the current evidence base of identified polymorphisms and their
interaction with nutrition and health need to be provided, including their effect size. This will allow
healthcare professionals to more easily understand the relationship with nutrient metabolism, and
whether there is any robust evidence for an intervention. First, the results in systematic reviews and
meta-analysis need to be collated and second, user-friendly computational tools that can integrate
the complex genetic and epigenetics information need to be built, integrating it with clinical and
biochemical biomarkers. This approach has achieved a promising step toward with Eran Segal’s
group at Weizemann Institute. This important study developed an algorithm that integrates blood
parameters, dietary habits, anthropometrics, physical activity, and gut microbiota to predict blood
glucose response to meals with different contents of carbohydrates [16]. However, this complex tool
does not take genetics or epigenetics into consideration.

A limited number of papers have reviewed the evidence in regards to specific areas of nutrigenetics
in an attempt to collate and build the literature base [6,17–19]. This is one step closer to the inclusion
of genetic variability as an important component and the translation of evidence into practice—but it
is only the beginning.

Health professionals require clear best-practice guidelines to be able to translate the evidence into
nutrition advice. In general, to guide nutrition and dietetic practice, nutrition research is regularly
reviewed and analysed by experts to provide summaries of the latest evidence to guide practice.
For example, the National Health and Medical Research Council in Australia provides guidance for
the recommended nutrient intake along with summaries of the latest available evidence [20]. These
are updated by expert working groups at regular periods to ensure up-to-dateness. Other countries
also conduct similar research and translation [21,22]. These guidelines assist nutrition professionals
in providing current, evidence-based recommendations. Similar processes occur in other health
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disciplines, where evidenced-based guidelines are developed, and regularly reviewed and updated to
guide healthcare and medical professionals’ practice.

Nutritionists and dietitians were identified as prime candidates to provide advice on nutrition and
genetics, but the development of guidelines and evidence summaries for these professionals has been
scarce [23]. Currently, nutrition professionals are expected to search, critically analyse and translate the
findings into practice; for many, this may provide a challenge, especially since extensive genetic and
genomic training is not a traditional area of training for nutrition professionals [24,25]. Assessments of
the literature in regards to gene–nutrient interactions, similar to the Dietary Reference Intakes (DRIs)
(USA) and Nutrient Reference Values (NRVs) (Australia), must be performed in order to translate
nutritional genomics into clinical practice. We need to use the experience to build a framework to
translate gene–nutrient interaction studies into usable guidelines and provide answers to nutrition
professionals looking to understand whether genetic variation affects nutritional requirements. These
assessments of the literature should be carried out by expert working groups comprising of geneticists,
bioinformaticians, nutritionists, dietitians and clinical geneticists.

While the science of nutritional genomics continues to demonstrate potential individual responses
to nutrition, the complex nature of gene, nutrition and health interactions continues to provide a
challenge for healthcare professionals to analyse, interpret and apply to patient recommendations.
Evidenced-based summaries and interpretations of the current literature base urgently need to be
developed by expert working teams of both genetic experts and nutrition experts. These summaries
can then provide the basis for the development of best-practice guidelines for nutrition professionals
for use in clinical practice.
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