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INTRODUCTION

Early-life nutrition plays a crucial role in shaping
the health outcomes of individuals, especially during
the first few years of life, when the body undergoes
rapid development. This period of rapid growth and
development is not limited to physical changes but also
includes the development of the immune system, which
is essential for defending the body against infections,
allergens, and other harmful agents. Proper nutrition
during infancy and early childhood is fundamental to
establishing a strong immune system that can protect
against diseases throughout life. The impact of early-life
nutrition on immune development is an area of growing
research, as scientists aim to uncover how specific nutrients
and feeding patterns influence immune responses and
long-term health outcomes. The first few months and
years of life are critical for immune system development,
with nutrition playing a pivotal role in shaping both
innate and adaptive immunity. Innate immunity serves
as the body's first line of defense against pathogens,
while adaptive immunity involves a more specialized and
long-lasting immune response, particularly in recognizing
and neutralizing specific pathogens. Factors such as the
type of feeding (breastfeeding vs. formula feeding), the
introduction of complementary foods, and the intake
of specific nutrients like vitamins, minerals, fats, and
proteins all influence immune function in significant
ways. As the immune system develops, early exposures
to various dietary components can set the stage for the
development of either protective or harmful immune
responses, potentially affecting susceptibility to allergies,
infections, autoimmune diseases, and chronic conditions
later in life [1].

DESCRIPTION

Nutrition during early life influences immune
development through a variety of mechanisms, including
the modulation of immune cell differentiation, cytokine
production, and the maintenance of gut microbiota
balance. One of the most critical periods for immune
system programming is during the first 1000 days of
life, which spans from conception to the child’s second
birthday. During this time, the immune system undergoes
substantial maturation, and its responses to pathogens,
allergens, and other environmental exposures are shaped.
The nutrients children receive during this period play a
central role in determining the efficacy and robustness
of their immune responses. Breastfeeding, for example,
provides infants with essential nutrients, antibodies,
and immune cells that help to strengthen their immune
systems. Human breast milk contains a variety of bioactive
components, such as immunoglobulins, cytokines, and
oligosaccharides, that not only protect infants from
infections but also promote the development of the
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immune system. The benefits of breastfeeding extend
beyond providing nutrition—it has been shown to
promote the development of a healthy gut microbiome,
which plays a significant role in immune function. Studies
suggest that breastfed infants have a reduced risk of
infections, asthma, and other allergic conditions later
in life, likely due to the immune modulation that occurs
through breastfeeding. In contrast, formula-fed infants
may not receive the same immunological advantages,
although advances in infant formula composition have
sought to bridge some of the gaps [2].

The introduction of complementary foods between
4 to 6 months of age also plays an essential role in
shaping the developing immune system. Complementary
foods provide additional nutrients that are necessary for
growth, but they also expose infants to new antigens,
which can help train the immune system to distinguish
between harmful pathogens and harmless substances.
Proper introduction of a variety of solid foods, rich in
vitamins, minerals, and other essential nutrients, supports
immune development. For example, zinc, iron, and
vitamin A are crucial for maintaining immune cell function
and ensuring an appropriate immune response. On the
other hand, an inadequate or imbalanced introduction of
complementary foods may disrupt immune development,
leading to an increased susceptibility to infections and
allergies. The composition of the diet, particularly the
balance of fats and proteins, also influences immune
function. Fatty acids, such as omega-3 and omega-6 fatty
acids, are important in the modulation of inflammatory
responses. Omega-3 fatty acids, found in fish oils and
certain plant-based sources, have been shown to
reduce inflammation and support the development of a
balanced immune response, whereas an overabundance
of omega-6 fatty acids, found in many processed foods,
may promote chronic inflammation. Protein intake is also
essential for the proper functioning of immune cells, with
certain amino acids, like glutamine, playing vital roles
in supporting immune cell proliferation and function.
Nutritional deficiencies during the early years, particularly
in key nutrients like vitamin D, vitamin A, and zinc, can
impair immune development, leading to a higher risk of
infections and chronic inflammatory conditions [3].

In addition to nutrient intake, the development of
the gut microbiota during early life plays a central role in
immune development. The gut microbiome, which consists
of trillions of microorganisms, including bacteria, viruses,
and fungi, has a profound impact on the maturation of
the immune system. During infancy, the gut microbiota
is shaped by feeding practices, hygiene, environmental
exposures, and the use of antibiotics. Breastfeeding helps
to establish a healthy microbiota by providing beneficial
bacteria and prebiotics, which encourage the growth
of protective microorganisms. A diverse and balanced

microbiome is essential for the regulation of immune
responses, as it helps to prevent overactive immune
reactions that could lead to allergies or autoimmune
diseases. Disruptions to the microbiome, such as those
caused by antibiotic use or a poor diet, can contribute to
immune dysregulation and increase the risk of infections,
allergies, and inflammatory diseases. There is also evidence
suggesting that early-life nutrition may play a role in the
programming of immune responses that extend well into
adulthood. Early dietary exposures have been linked to
the development of chronic conditions, including obesity,
type 1 diabetes, asthma, and autoimmune diseases. For
example, diets rich in processed foods, high in refined
sugars and unhealthy fats, may promote an inflammatory
environment that can lead to the development of obesity
and associated immune dysfunction. Conversely, diets
high in fruits, vegetables, and whole grains, rich in
antioxidants and anti-inflammatory compounds, may
help to maintain immune balance and reduce the risk of
chronic diseases. As researchers continue to explore the
intricate relationship between early-life nutrition and
immune development, there is increasing evidence to
suggest that the foundations of immune health are laid in
childhood and that the effects of early nutrition can have
lasting impacts on health throughout life [4,5].

CONCLUSION

Early-life nutrition plays an essential role in shaping
the immune system, setting the stage for lifelong health
and well-being. Proper nutrition during the first few years
of life supports immune system development, promoting
strong innate and adaptive immune responses.
Breastfeeding, the introduction of complementary
foods, and adequate nutrient intake are all key factors
in supporting immune development and ensuring that
the immune system is well-equipped to defend against
infections and other threats. Additionally, a balanced
gut microbiome is crucial for immune regulation and the
prevention of chronic diseases, allergies, and autoimmune
conditions. As more research is conducted in this area, it
is becoming increasingly clear that early-life nutrition has
lasting effects on immune health and the prevention of
disease. By promoting optimal nutrition during infancy
and early childhood, we can lay the foundation for
healthier immune systems and better health outcomes in
the long term.

ACKNOWLEDGMENT

None.

CONFLICT OF INTEREST

None.

1. Fragkou PC, Karaviti D, Zemlin M, et al. Impact of early life
nutrition on children’s immune system and noncommunicable
diseases through its effects on the bacterial microbiome, virome
and mycobiome. Front Immunol. 2021 18;12:644269.

2. Amarasekera M, Prescott SL, Palmer DJ. Nutrition in early life,
immune-programming and allergies: The role of epigenetics.
Asian Pac J Allergy Immunol. 2013 1;31(3):175-182.

3. Jain N. The early life education of the immune system:

Moms, microbes and (missed) opportunities. Gut Microbes. 2020
9;12(1):1824564.

4. Ames SR, Lotoski LC, Azad MB. Comparing early life nutritional
sources and human milk feeding practices: personalized and
dynamic nutrition supports infant gut microbiome development and
immune system maturation. Gut Microbes. 2023 31;15(1):2190305.

5. Prentice S. They are what you eat: Can nutritional factors during
gestation and early infancy modulate the neonatal immune
response?. Front Immunol. 2017 28;8:1641.



https://www.frontiersin.org/articles/10.3389/fimmu.2021.644269/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.644269/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.644269/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.644269/full
https://www.apjai-journal.org/wp-content/uploads/2016/10/2NutritionandimmuneprogrammingAPJAIVol31No3September2013P175.pdf
https://www.apjai-journal.org/wp-content/uploads/2016/10/2NutritionandimmuneprogrammingAPJAIVol31No3September2013P175.pdf
https://www.tandfonline.com/doi/abs/10.1080/19490976.2020.1824564
https://www.tandfonline.com/doi/abs/10.1080/19490976.2020.1824564
https://www.tandfonline.com/doi/abs/10.1080/19490976.2023.2190305
https://www.tandfonline.com/doi/abs/10.1080/19490976.2023.2190305
https://www.tandfonline.com/doi/abs/10.1080/19490976.2023.2190305
https://www.tandfonline.com/doi/abs/10.1080/19490976.2023.2190305
https://www.frontiersin.org/articles/10.3389/fimmu.2017.01641/full
https://www.frontiersin.org/articles/10.3389/fimmu.2017.01641/full
https://www.frontiersin.org/articles/10.3389/fimmu.2017.01641/full

