Nutrigenetics
Building a Platform for Dietitians
to Offer Personalized Nutrition
Soon dietitians may be able to customize
dietary recommendations based on genetics
to help clients prevent chronic disease.
By Megan D. Baumler, PhD, RD, CD
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wo men of the same age eat a diet low in fruits and
vegetables and high in sodium and saturated fat.
One develops hypertension, hypercholesterolemia,
and eventually atherosclerosis, while the other lives
a long life without such chronic disease. In another case, two
postmenopausal women consume similar diets low in choline.
One develops liver dysfunction due to the choline deficiency,
but the other does not.
Why individuals experience different health outcomes
even though they eat similar diets and practice comparable
lifestyles is an important question that’s been on the minds
of nutrition and other healthcare experts in the medical
community for decades. While it’s long been suspected that
genetics plays a critical role in determining how a person
responds to dietary intake, only recently has research in the
field of nutrigenetics demonstrated this.
Researchers hope that in the near future people will be able
to receive personalized nutrition recommendations based on
their genetic makeup to prevent chronic illnesses down the
road such as cardiovascular disease and diabetes, known as
polygenic diseases.
However, because there are several genes involved in the
development of these and other polygenic illnesses, dietitians
and other healthcare professionals don’t fully understand the
relationship between diet and disease risk, which stifles our
ability to make personalized dietary recommendations as a
preventive measure.

T

Nutrigenetics and Personalized Nutrition
Nutrigenetics is the study of the relationships among
genes, diet, and health outcomes.1 Nutrigenomics, a related
but distinct field, is the study of how genes and nutrients
interact at the molecular level. The field of nutrigenetics is
relatively new. In 2003, the Human Genome Project, which
identified all the genes in human DNA and determined the
sequence of the 3 billion chemical base pairs that make up
human DNA, was completed. Knowing the sequences of the
human genome opened the doors to examine the relationship among an individual’s genetic makeup, dietary intake,
and health outcomes.
The excitement surrounding nutrigenetics stems from the
notion that it’s the foundation of personalized nutrition. Clearly,
population-based dietary recommendations are helpful, but
they aren’t adequate for all individuals since people respond
differently to diets. Personalized nutrition bases dietary
recommendations on genetic predisposition to disease. The idea
is that once personalized nutrition is integrated into routine care,
patients can be genotyped for specific genetic variations, made
aware of their chronic disease risk and nutrient deficiencies, and
given strategies to dramatically reduce their risk.
At present, personalized nutrition isn’t widely practiced since
genotyping doesn’t occur routinely for polygenic diseases due to

its lack of cost-effectiveness. A few private companies offer
genotyping and personalized nutrition recommendations
based on a handful of genetic variations, but whether this is
effective in promoting health and preventing chronic disease
hasn’t been determined.
Interestingly, the genetic variation among individuals is
minimal. Most people are approximately 99% genetically identical, with little variation in the roughly 3 billion base pairs that
comprise the human genome.2 However, this approximately 1%
genetic variation leads to a wide variability of health outcomes,
depending on dietary intake and other environmental exposures.
Some of the genetic variation among individuals is in the form of
single nucleotide polymorphisms (SNPs, pronounced “snips”).
A SNP is a variation in a single base pair in a gene, and the
base pair a person has for that particular SNP varies. A gene is
a sequence of DNA that codes for a protein. Humans have two
copies of each gene: One copy is inherited from their mother
and the other from their father. A SNP may or may not have an
effect on an individual’s health. Whether it does depends on
the gene associated with the SNP, the genotype of the SNP, and
whether the person has one or two copies of a particular genotype of a SNP. In rare cases, a SNP can cause a disease, such as
sickle cell anemia. More often, SNPs affect health by increasing
or decreasing chronic disease risk. Estimates show more than
10 million SNPs in the human genome exist; each individual has
his or her own number and pattern of SNPs.3 And some of these
SNPs will influence a person’s nutritional status, although it’s
unclear just how many.
Individual genetic variability affects a person’s nutritional
status in many ways. For example, a person’s genetic sequence
affects his or her nutrient requirements, energy utilization,
appetite and taste, and risk of chronic disease in response to
diet. Research is under way to determine how specific SNPs, or
genetic variations, affect each of these aspects of nutrition.
Steven Zeisel, MD, PhD, director of the Nutrition Research
Institute at the University of North Carolina at Chapel Hill, who
conducts research in the field of nutrigenetics and has published
hundreds of peer-reviewed articles, predicts that in five to 10
years, we’ll know much more about SNPs and their effect on
health in response to diet. “Knowledge in this field is increasing
exponentially,” Zeisel says. He believes individuals will soon be
routinely genotyped for SNPs that affect nutritional status and
receive dietary recommendations according to their genotype.
Zeisel believes that for personalized nutrition to be widely
practiced, not only do researchers need to discover more SNPs
that influence nutritional status, but computer software also
must be developed to help dietitians make dietary recommendations based on an individual’s genetic composition. Thousands of SNPs are likely to affect nutritional status, and it
will be impossible for dietitians to make comprehensive
recommendations without specially designed software. Yet
while the field of nutrigenetics is still young, researchers
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are making headway. Below is an overview of some of the
evidence showing that genetic variation influences the interaction between diet and health outcomes.

Nutrient Requirements Based on Genotype
The USDA establishes the Dietary Reference Intakes for nutrients. These reference intakes, which include the Recommended
Dietary Allowance (RDA), are set high to meet the estimated
nutrient needs for normal physiologic function for the majority
of the population. Although nutrient requirements vary from
person to person, the RDAs appear to meet the needs of most
people. Research is scarce on how genetics affects a person’s
nutrient requirements, although some evidence on genotype
and nutrient needs exists for a handful of micronutrients,
including vitamin C, choline, and folate.

Vitamin C
Vitamin C is an essential nutrient that’s necessary for the
synthesis of collagen and the inhibition of oxidative damage,
which is characteristic of long-term diabetes complications.
While vitamin C deficiency isn’t common in the United States,
the inverse relationship between vitamin C status and chronic
disease makes it one of the most important nutrients to obtain.

Glossary of Terms
 Base pair: DNA consists of two complementary
chains of nucleotides (adenine, guanine, cytosine,
and thymine). A base pair is two complementary
nucleotides (A and T or C and G).
 DNA: Deoxyribonucleic acid is a nucleic acid that
contains genetic information.
 Gene: This is a sequence of DNA that encodes a
protein.
 Gene expression: A gene is expressed when DNA
is transcribed into messenger ribonucleic acid,
called mRNA, which is usually then translated into
a protein.
 Genome: This is the complete genetic content of
an organism.
 Genotype: This is the specific sequence of a gene
or genetic variation.
 Nutrigenetics: This is the study of the relationship
among genes, diet, and health.
 Nutrigenomics: This involves the study of the
interaction between nutrients and genes at the
molecular level.
 Single nucleotide polymorphism: This is a point
in the genome that differs by one base pair, which
may or may not have any effect on an individual.
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A recent study investigated whether genetic variations in
the gene that codes for the enzyme glutathione S-transferase—which helps maintain the antioxidant capacity of vitamin
C—had any effect on serum vitamin C status. Interestingly,
individuals with at least one of two specific genetic polymorphisms within the glutathione S-transferase gene had an
increased risk of serum vitamin C deficiency if they didn’t
meet the RDA for vitamin C.4 This study suggests that it’s
important for people with these polymorphisms to meet the
RDA for vitamin C to maintain serum levels associated with
normal physiologic function and prevent scurvy.
In the future, when individuals are genotyped, those who
have these polymorphisms will receive this recommendation.

Choline
Choline is an essential nutrient that maintains cell membranes and sources of methyl groups, which are single carbons
with three hydrogen atoms attached to them and are readily
transferred between different molecules for protein function
regulation in physiological systems. The body can synthesize
choline with the enzyme phosphatidylethanolamine N-methyl
transferase (PEMT). This is important because when dietary
choline is low, the body usually can meet choline requirements by synthesizing the nutrient endogenously.
A recent study demonstrated that a common SNP in the gene
that codes for the PEMT enzyme increases the risk of liver
or muscle dysfunction in people who are choline deficient.5
Eighty percent of premenopausal women on a low-choline
diet who had both copies of the SNP developed liver or
muscle dysfunction compared with 43% of women with one
copy of the SNP and 13% of those without the SNP.
In the future, those who have the PEMT SNP will be advised
to consume the adequate intake of dietary choline to avoid
liver or muscle dysfunction. Fortunately, choline deficiency is
uncommon in the United States. However, PEMT is regulated
by estrogen, putting postmenopausal women at increased
risk of choline deficiency. So not only do these women have
greater choline requirements, they’re more likely to suffer
health effects if they have the PEMT SNPs compared with
women who aren’t postmenopausal.

Folate
Folate is an essential nutrient that’s necessary for the
synthesis and repair of DNA. A strong association between
folate status and the incidence of neural tube defects in
newborns became apparent in the 1980s.6 While the underlying
link between folate status and neural tube defects is still
unclear, research has shown that individuals with a specific
SNP in the enzyme methylenetetrahydrofolate reductase—
necessary for the production of 5-methyltetrahydrofolate,
which converts homocysteine to methionine—may have a
higher folate requirement than those who don’t have the

genetic variation. These findings were based on reduced
serum folate levels in response to the same dose of folic
acid supplementation.7
The studies on vitamin C, choline, and folate clearly indicate
that genetic variations affect an individual’s nutrient requirements. In the case of these three nutrients, meeting the RDA is
more important for people with specific genetic polymorphisms.
Healthcare professionals won’t know who these individuals are
until they’re genotyped, so dietitians can recommend only that
everyone meet the RDAs for optimal health.

Preventing Chronic Disease Based on Genotype
Chronic illnesses such as cardiovascular disease, diabetes,
and cancer are prevalent in developed countries. They can be
attributed, at least in part, to lifestyle and environmental factors, since our genes haven’t changed appreciably over the last
100 years, although the incidence of chronic disease has skyrocketed. Furthermore, when individuals from cultures that
have a low prevalence of chronic disease begin living in a culture with higher rates of chronic illness, their risk increases,
suggesting that genetics aren’t the sole risk factor.
Recent studies indicate that genetics affects whether a
person will develop a chronic disease in response to diet
and lifestyle. Fortunately, research also shows that people
who are genetically predisposed to chronic disease won’t
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necessarily develop the condition if they follow a specific
preventive diet. In an age of personalized nutrition, individuals who are genetically predisposed to chronic disease will
be advised to adhere to a preventive diet, since they’d be
more likely to develop the disease.

Cardiovascular Disease
Connecting genetics to diet and heart disease began with
apolipoprotein E (ApoE) in the mid 1980s.8 ApoE is a protein
associated with lipids in the bloodstream and is involved in
serum lipid metabolism. Individuals have one of three different
forms of ApoE, depending on their genotype: ApoE2, ApoE3, or
ApoE4. Those with ApoE4 (representing approximately 15% of
the population) are more likely to have higher plasma concentrations of cholesterol.9 Interestingly, if a person with ApoE4
consumes a diet low in saturated fat, he or she is less likely to
have high cholesterol despite the genetic predisposition.10 So
for someone with ApoE4, consuming a heart-healthy diet may
be more critical than for a person with ApoE2 or ApoE3. However, until these people can be identified, recommending a
heart-healthy diet to everyone is imperative.
Apolipoprotein A1 (ApoA1) is another lipoprotein that plays
an important role in serum cholesterol metabolism. One study
found that a polymorphism close to the ApoA1 gene determines
how polyunsaturated fatty acid (PUFA) intake affects plasma

HDL cholesterol levels.11 Those with a specific genotype for this
polymorphism had increased HDL in response to an increased
intake of PUFAs (greater than 8% of total calories). Individuals
with a different genotype for this polymorphism had increased
HDL cholesterol with a decreased intake of PUFAs (less than
4% of total calories). According to this study, it would make
sense for some people to consume higher amounts of PUFAs
than others, depending on genotype, to reduce cardiovascular disease risk. These findings demonstrate the complexity
of the role of genes in the relationship between diet and health
outcome.
Another genetic predisposition to cardiovascular disease
involves a cluster of four SNPs in a common area on a particular
chromosome (9p21). Humans have 23 pairs of chromosomes
with each containing a portion of our DNA. Each of the four
SNPs in 9p21 increases the risk of myocardial infarction (MI)
by about 20%.12 A study conducted in 2011 examined the effect
of different diets on the relationship between the SNPs and
the incidence of MI. Surprisingly, those who were genetically
predisposed to MI didn’t have an increased incidence of MI if
they consumed a diet high in raw vegetables and fruits.12
Those who were genetically predisposed and didn’t consume
many raw vegetables and fruits had the greatest incidence of
MI. These findings indicate that following a certain dietary
pattern may prevent an MI even for a person who’s genetically
predisposed. Understanding exactly who’s at risk of MI based
on these SNPs will be helpful for dietitians.
Many studies on genetics, diet, and heart disease focus
on risk factors for heart disease rather than on the disease
itself. Still, research suggests diet may have a strong impact
on whether someone develops heart disease or its risk factors,
despite genetic makeup. Moreover, depending on the genotype,
different diets will work better for some than others. Once
researchers clarify the connection between genetic variation,
diet, and heart disease, dietitians will be able to make specific
dietary recommendations to lower disease risk.

Diabetes
The prevalence of type 2 diabetes is increasing at a rapid
pace. The National Diabetes Education Program reports that
more than 25 million children and adults in the United States
are living with diabetes, and the number of new diagnoses is
increasing by 1.9 million each year; type 2 diabetes accounts for
roughly 95% of cases in adults. The role of diet and lifestyle in
the prevention and management of diabetes has been established. However, the role of genetic variation among individuals in the prevention and management of this disease remains
unclear. Researchers have discovered several polymorphisms
strongly associated with type 2 diabetes risk and in some cases,
this association may be modified by diet.
To date, a SNP in the transcription factor 7-like 2 protein
gene has the strongest association with type 2 diabetes.13
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Enjoy Texmati®

Brown Rice & Apple Salad
Ingredients:

1 cup chopped celery
3/4 cups coarsely chopped pecans,
toasted
3/4 cup dried cranberries

3/4 cup (6oz) low fat orange yogurt
1/2 cup reduced fat mayonnaise
3 cups cooked Texmati® Brown Rice
2 medium apples, diced

Preparation:

Combine yogurt and mayonnaise in large mixing bowl. Add remaining
ingredients, mixing well. Serve immediately or chill before serving.
Yield: 6 Servings
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Consumer: One coupon per purchase only. Consumer pays any sales tax. Void if sold, exchanged,
transferred, altered or copied. Store Manager: Redeem according to terms stated for consumer. Any
other use constitutes fraud. RiceSelect will pay 8 cents handling charge for each coupon if redeemed in
accordance with the terms of this offer. To obtain payment send to RiceSelect, P.O. Box 1305, Alvin,
TX 77512. Invoices showing purchase of stock to cover coupons must be shown upon request. Cash
value 1/20 of one cent.
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People with the higher-risk genotype for this SNP are approximately twice as likely to develop type 2 diabetes than those with
the lower risk genotype for the SNP.14 Since the discovery of this
association, several studies have demonstrated that the relationship between the genotype for the transcription factor
7-like 2 protein gene and diabetes outcome depends on diet
and lifestyle. One study found that people with the higher
risk genotype were 2.7 times as likely to develop type 2
diabetes when they consumed high glycemic index foods and
a high glycemic load; those who ate low glycemic index
foods and a low glycemic load were 1.6 times as likely to
develop the disease.15 Therefore, people who are genetically
predisposed to type 2 diabetes may decrease their risk of
the disease if they consume a low glycemic load diet.
Other genes associated with type 2 diabetes risk include
the sterol response element binding protein, the peroxisome
proliferator-activated receptors, and the intestinal fatty acid
binding protein.16 The proteins for which these genes code are
important for multiple metabolic pathways, such as fatty acid
synthesis, catabolism, and transport, all of which can affect
insulin sensitivity. So the relationships between these genes
and diabetes risk may be less direct and therefore more difficult to pinpoint particularly when different diets are taken into
account. More research is needed to determine which diets
may be more effective to reduce type 2 diabetes risk in people
with specific genotypes.

Obesity
In 2007, while searching for a genetic link to diabetes,
researchers found the gene associated with fat mass and
obesity (FTO) to be significantly related to obesity in a series
of studies that included almost 39,000 participants.17 Researchers found that a SNP within the FTO gene predisposed people to
obesity. Individuals who had both copies (one from each parent)
of the higher-risk SNP in the FTO gene (16% of study participants) were 7 lbs heavier and 1.67 times more likely to be obese
compared with those who didn’t have the higher-risk SNP. While
this genetic association doesn’t explain the obesity epidemic, it’s
the strongest genetic link to obesity risk. Nevertheless, because
researchers believe the variation in BMI in the majority of the
population is determined by genetics, more studies are needed
on the genes involved in weight management.18
Interestingly, more recent studies have demonstrated that
certain lifestyles and diets reduce the incidence of obesity even
if individuals have the higher-risk genotype for the FTO gene
or other genes linked to obesity. One study genotyped more
than 20,000 people for 12 different SNPs associated with an
increased obesity risk.19 Researchers found that a physically
active lifestyle reduced obesity risk by 40% in those genetically
predisposed. Another study showed that individuals who had a
strong genetic predisposition to obesity reduced their risk when
they consumed a diet low in saturated fat.20
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Future Outlook
As you know, two people who have similar lifestyles and
environmental exposures can have very different health outcomes. Research suggests our individual genetic composition
influences our health outcome in response to lifestyle and
environmental factors. Researchers are making progress to
understand the complex relationships among genes, diet, and
disease risk. Personalized nutrition based on genetic composition isn’t widely practiced in healthcare, but individuals seeking
personalized nutrition beyond what their primary care provider
offers can contact companies that sell cheek swab kits to
collect DNA, which is sequenced for specific SNPs. Depending
on their genotype for these SNPs, they can purchase specific
dietary recommendations. The company GenoVive sequences
DNA for 13 SNPs, each of which has been found in intervention
studies to be associated with metabolism and weight management. Based on the person’s genotype for each of the 13 SNPs,
personalized dietary recommendations are offered with the
goal of achieving a healthy weight.
For personalized nutrition to become cost-effective for
widespread use, more of the genetic associations linked with
diets and disease must be determined. Moreover, computer
software must be developed to help dietitians provide personalized dietary recommendations based on thousands of
polymorphisms for a single individual. Education and support programs that will help people adhere to the dietary
recommendations are needed as well.
Meanwhile, you as the nutrition professional can help
advance nutrigenetics by educating yourselves about the
field and by determining whether certain diets are working
for some clients and patients but not for others. These
observations may indicate an underlying genetic link that’s
causing a client to respond to a specific diet and experience
a positive health outcome. It’s important to contact a
researcher who has the tools to uncover this genetic link
and explain your observations. This is how the discovery of a
genetic association begins, for we need to understand more
about the associations among genes, diet, and health outcomes for personalized nutrition to be part of routine care.
— Megan D. Baumler, PhD, RD, CD, is a professor
and the director of the graduate program in
dietetics at Mount Mary College in Milwaukee.
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