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Introduction

The human body is a complex system of biochemical processes that
rely heavily on the intake, breakdown, absorption, and utilization of
nutrients. Traditionally, nutritional guidelines have been developed
using population averages, assuming a "one-size-fits-all" approach.
However, recent advances in genetics have unveiled a deeper layer
of individuality our genetic makeup. Specifically, genetic variants,
such as single nucleotide polymorphisms (SNPs), play a pivotal role
in how each individual metabolizes nutrients. These small variations
in DNA sequences can significantly impact enzyme efficiency,
nutrient absorption, transport, and cellular utilization. As a result,
what constitutes a "healthy diet" for one person may not necessarily
be ideal for another. Understanding these genetic differences in
nutrient metabolism is reshaping the landscape of nutritional science
and paving the way for personalized nutrition and precision health
strategies. Genetic variants influence nutrient metabolism in numerous
ways, often by altering the activity of enzymes involved in metabolic
pathways [1]. One of the most well-known examples is the MTHFR
gene (methylenetetrahydrofolate reductase), which plays a crucial
role in folate metabolism. Individuals with a common variant, such as
C677T, have reduced enzyme activity, leading to impaired conversion
of folic acid to its active form, 5-MTHE This can result in elevated
homocysteine levels a risk factor for cardiovascular disease and neural
tube defects during pregnancy. For such individuals, standard folic acid
supplementation may be less effective, and methylated folate forms
may be more beneficial. This genetic insight has major implications for
dietary recommendations, especially in prenatal care [2].

Another widely studied gene is LCT, which affects the body’s ability
to digest lactose the sugar found in milk. Variants in the LCT gene
determine whether an individual maintains lactase enzyme activity
into adulthood. Those with lactase non-persistence, often referred to
as lactose intolerance, may experience gastrointestinal symptoms when
consuming dairy. This condition is more prevalent in certain ethnic
groups, emphasizing the importance of genetic diversity in dietary
planning. For lactose-intolerant individuals, calcium and vitamin D
must be obtained through non-dairy sources or supplements, making
personalized dietary guidance essential for meeting nutritional needs
without discomfort [3].

Description

The FADS1 and FADS2 genes, involved in the metabolism of
omega-3 and omega-6 fatty acids, present another case of genetic
influence. These genes encode enzymes that convert shorter-chain fatty
acids, like ALA (alpha-linolenic acid), into longer-chain active forms
such as EPA and DHA, which are critical for brain function and anti-
inflammatory processes. Variants in these genes can reduce conversion
efficiency, making it harder for some individuals to produce enough
EPA and DHA from plant-based sources. As a result, people with
certain FADS gene variants may require direct supplementation from
marine sources or fortified foods to achieve optimal levels of omega-3s

(4].

Vitamin D metabolism also highlights the role of genetics. Genes
such as GC (which codes for the vitamin D-binding protein) and
CYP2R1 (a key enzyme that converts vitamin D into its active form)
contain variants that influence circulating vitamin D levels. Individuals
with certain SNPs in these genes may have a reduced ability to maintain
adequate vitamin D status, even with sufficient sun exposure or dietary
intake. This explains why some individuals are more prone to vitamin
D deficiency and its associated risks, such as bone demineralization,
immune dysfunction, and mood disorders. Personalized vitamin D
recommendations, therefore, may need to account for these genetic
differences, especially in populations at risk for deficiency [5].

Iron metabolism is another nutrient pathway affected by genetic
variants. The HFE gene, particularly the C282Y and H63D variants,
is associated with hereditary hemochromatosis a condition that leads
to excessive iron absorption. Individuals with these mutations may
accumulate toxic levels of iron over time, resulting in joint pain,
fatigue, liver damage, and other complications if left unmanaged.
On the opposite spectrum, variants that impair iron absorption or
increase needs can predispose individuals to anemia. Understanding
a person’s HFE status and other related gene variants can guide dietary
recommendations around iron-rich foods, supplements, and even the
use of iron chelators if necessary [6].

Choline, a lesser-known yet essential nutrient, is significantly
influenced by genetic variants, particularly in the PEMT and CHDH
genes. These genes help synthesize choline endogenously, but individuals
with certain SNPs may have impaired synthesis and therefore greater
dietary requirements. Choline is vital for liver function, cell membrane
integrity, and fetal brain development, especially during pregnancy.
Women with PEMT variants, for example, may be at increased risk of
choline deficiency and its associated complications unless their diets
are adjusted accordingly.

Moreover, genetic variation affects caffeine metabolism through the
CYP1A2 gene, which encodes a liver enzyme responsible for breaking
down caffeine. Individuals with the “slow metabolizer” variant are
more likely to experience heightened blood pressure or anxiety with
caffeine intake, while “fast metabolizers” tend to tolerate it better. This
example illustrates how even common dietary components like coffee
can have vastly different effects based on genetic makeup, influencing
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both enjoyment and health outcomes [7].

The growing understanding of how genetic variants impact nutrient
metabolism has catalyzed the development of nutrigenetic testing,
which analyzes specific SNPs related to nutrition. These tests provide
insights into an individual’s ability to process various nutrients, helping
to identify potential deficiencies, intolerances, or overaccumulations
before they manifest as clinical symptoms. When combined with dietary
counseling, these insights can form the foundation for personalized
nutrition plans that are more effective than generalized dietary advice.
For example, a person with reduced vitamin A conversion efficiency
due to BCMO1 gene variants might be advised to prioritize animal
sources of vitamin A rather than relying solely on plant-based beta-
carotene [8].

However, while the promise of using genetic variants to inform
nutrition is exciting, it is essential to acknowledge the limitations
and challenges. Nutrient metabolism is influenced not just by single
gene variants, but by complex interactions among multiple genes, the
environment, lifestyle, and even the gut microbiome. Additionally,
many SNPs have small effects and are not fully understood, meaning
that not all findings are immediately actionable. Interpretation must
be done cautiously, ideally with guidance from trained healthcare
or genetic professionals who can integrate genetic data with clinical,
biochemical, and lifestyle factors [9].

Conclusion

The role of genetic variants in nutrient metabolism is a
transformative area of science that brings us closer to truly
individualized nutrition. By uncovering the unique ways in which our
bodies respond to dietary inputs, we can move beyond broad dietary
guidelines and towards precision nutrition an approach that enhances
health, prevents disease, and improves quality of life through tailored
recommendations. Whether managing nutrient deficiencies, avoiding
adverse food reactions, or optimizing wellness, genetic insights provide
a powerful tool for customizing diets in harmony with our biological
individuality. As research continues to evolve and access to genetic

testing expands, personalized nutrition guided by genetic information
is poised to become a cornerstone of modern healthcare, offering a
more precise and proactive path to lifelong well-being.
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