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ABSTRACT

The relationship between diet, nutrition, and immune function is crucial for maintaining health and preventing
disease. This review explores how key nutrients and dietary patterns influence immune responses, highlighting
the role of vitamins, minerals, and macronutrients in supporting both innate and adaptive immunity.
Micronutrients such as vitamins C, D, A, and minerals like zinc, selenium, and iron are essential for the production
of immune cells, antibodies, and regulating inflammation. Macronutrients, including proteins and omega-3 fatty
acids, contribute to the immune system by supporting the synthesis of immune cells and modulating inflammatory
responses. Dietary patterns also significantly affect immune function. The Mediterranean diet, rich in antioxidants,
healthy fats, and fiber, enhances immune regulation and reduces chronic inflammation, while the Western diet,
characterized by high sugar, refined carbohydrates, and unhealthy fats, can suppress immune activity and promote
inflammation, increasing susceptibility to infections and chronic diseases. Malnutrition, whether through
undernutrition or overnutrition, impairs immune function, increasing vulnerability to infections and hindering
recovery. Gut health, closely linked to nutrition, also plays a vital role in immune regulation through the gut
microbiome. This review underscores the importance of a balanced, nutrient-rich diet in supporting optimal
immune function and preventing disease, with implications for both individual health and broader public health
strategies.
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INTRODUCTION
The immune system is a highly complex network of such as COVID-19 [387]. The recognition that what
cells, tissues, and organs that work in unison to we eat directly impacts our immune defense
defend the body against harmful invaders such as mechanisms opens up important implications for
bacteria, viruses, and other pathogens [17. Its role individual health and disease prevention. The

in maintaining health is paramount, not only for
preventing infections but also for protecting against
chronic diseases and ensuring optimal recovery from
illness. The functioning of the immune system is
dependent on various factors, including genetics,
age, stress levels, and notably, nutrition [2].
Nutrition, specifically through diet, has a profound
influence on how well the immune system operates.
The relationship between diet and immune function
has attracted growing scientific attention, especially
in the context of public health challenges, the rising
prevalence of autoimmune diseases, and pandemics
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connection between diet and immunity is not a new
concept. For centuries, societies have linked certain
foods with healing properties, and traditional
medicines around the world, such as Ayurveda and
Traditional Chinese Medicine, emphasize the role of
nutrition in maintaining health and combating
illness [47]. Modern science now provides a more
detailed understanding of how specific nutrients
influence various aspects of the immune system,
from the production of white blood cells and
antibodies to the regulation of inflammation and the
maintenance of healthy mucosal barriers [57]. The
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immune system can be broadly categorized into two
major components: innate immunity and adaptive
immunity [67]. Innate immunity serves as the body's
first line of defense, responding quickly and non-
specifically to pathogens. This includes physical
barriers like skin, as well as cellular mechanisms
involving macrophages and neutrophils that seek
out and destroy invaders [7]. On the other hand,
adaptive immunity involves a more specialized
response, utilizing B-cells and T-cells to recognize
specific pathogens and form immunological memory,
which enables a faster and more effective response
upon subsequent exposure [87]. Both the innate and
adaptive immune systems require a steady supply of
essential nutrients to function properly. Nutritional
deficiencies can compromise these defenses, making
the body more vulnerable to infections, while a
balanced diet can enhance immune responses and
even improve recovery times. In recent years,
researchers have explored how dietary patterns,
such as the Mediterranean diet or Western diet,
either support or hinder immune function. The
nutrient-rich Mediterranean diet, for instance, has
been linked to lower levels of chronic inflammation
and a stronger immune response, whereas the
Western diet, characterized by high consumption of
refined sugars, unhealthy fats, and processed foods,
is associated with impaired immune function and
increased susceptibility to infections and chronic
diseases  [97]. Understanding the intricate
relationship between diet and immune function is
not only critical for individual well-being but also
for addressing broader public health challenges.
With chronic diseases on the rise and the global
population facing increasing threats from infectious
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diseases, the role of nutrition in supporting immune
health has never been more relevant. This article
explores the impact of diet on the immune system,
examining how key nutrients influence immune
function and how dietary patterns can either
promote or impair immune responses, with
important implications for health and disease
prevention.

Understanding the Immune System and Its
Components

The immune system is composed of two main
branches: the innate immune system and the
adaptive immune system.

e The innate immune system provides the
first line of defense through physical
barriers (like skin), cellular defenses (such
as macrophages and neutrophils), and
chemical mediators (such as cytokines)
[10]. This part of the immune system
responds rapidly but non-specifically to
pathogens.

e The adaptive immune system involves a
more specialized response, relying on
lymphocytes (B-cells and T-cells) that
recognize specific antigens and develop
memory for quicker responses to future
infections [117]. This part of the immune
system is slower to activate but offers long-
term protection.

Both aspects of the immune system depend on
proper nutrition to function effectively. Several
nutrients are crucial in supporting these immune
processes, from the development of immune cells to
the production of cytokines and antibodies.

KEY NUTRIENTS SUPPORTING IMMUNE FUNCTION

Micronutrients and Immune Function
Micronutrients, including vitamins and minerals,
play essential roles in the development, maintenance,
and optimal function of the immune system. Even
small deficiencies in these nutrients can lead to
significant impairments in immune response,
increasing susceptibility to infections, inflammation,
and disease [127]. Understanding the role of key
micronutrients such as vitamins C, D, A, and E, as
well as minerals like zinc, selenium, and iron, helps
to highlight their importance in immune health.

Vitamin C
Vitamin C, or ascorbic acid, is one of the most well-
known micronutrients for immune support. It acts as
a potent antioxidant, helping to protect immune
cells from oxidative damage during infections and
inflammation [[187. Vitamin C enhances the function
of various immune cells, including neutrophils,
macrophages, and lymphocytes. Neutrophils, which

19

are part of the innate immune system, utilize vitamin
C to improve their capacity to engulf and destroy
pathogens through a process called phagocytosis
[147]. Furthermore, vitamin C promotes the
production of antibodies and stimulates the activity
of natural Kkiller cells, which are essential for
targeting infected or cancerous cells [157]. A
deficiency in vitamin C can impair these immune
processes, leading to an increased risk of infections,

particularly respiratory illnesses such as the
common cold and pneumonia [167].
Vitamin D

Vitamin D is a fat-soluble vitamin that plays a
critical role in regulating the immune system. It
enhances the pathogen-fighting effects of monocytes
and macrophages, which are essential components of
the innate immune response, and it modulates the
production of antimicrobial peptides like cathelicidin,
which helps defend against pathogens [17]. Vitamin
D also has anti-inflammatory properties and helps
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balance immune responses by preventing excessive
inflammation, which can cause tissue damage.
Moreover, vitamin D is crucial for the activation of
T-cells, which are necessary for adaptive immunity.
Deficiencies in vitamin D have been associated with
increased susceptibility to infections, autoimmune
diseases, and chronic inflammatory conditions.
Research also suggests that adequate levels of
vitamin D can reduce the risk and severity of
respiratory infections, such as influenza and COVID-
19[187].
Zinc

Zinc is an essential trace mineral that influences
numerous aspects of immune function. It plays a
pivotal role in the development and activation of
immune cells, particularly T-lymphocytes, which are
crucial for adaptive immunity. Zinc also acts as an
antioxidant, protecting cells from oxidative stress
during immune responses [197]. Moreover, zinc
supports the function of cytokines, small proteins
that help mediate immune responses and coordinate
the activity of different immune cells. Zinc deficiency
has been shown to impair the function of phagocytic
cells, reduce antibody production, and hinder the
function of the thymus, where T-cells mature [207].
Even mild zinc deficiency can increase the risk of
infections, especially in vulnerable populations such
as the elderly and young children. Zinc
supplementation has been found to reduce the
duration and severity of the common cold and
improve immune function in populations at risk of
zinc deficiency [217].

Vitamin A
Vitamin A is crucial for maintaining the integrity of
epithelial barriers, such as those in the skin,
respiratory tract, and gastrointestinal tract, which
act as the first line of defense against pathogens. It
also supports the production and function of immune
cells, including T-cells and B-cells. Vitamin A
enhances the body's ability to produce antibodies,
which are critical for neutralizing pathogens in
adaptive immunity [227]. Deficiency in vitamin A is
associated with increased vulnerability to infections,
especially respiratory and gastrointestinal infections,
as well as impaired tissue repair after infection or
injury [287.

Selenium
Selenium is another important antioxidant that plays
a protective role in immune function by reducing
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oxidative stress and inflammation. It supports the
activity of various immune cells, including
neutrophils, macrophages, and natural killer cells.
Selenium also enhances the production of cytokines
that regulate immune responses [247]. A deficiency
in selenium has been linked to weakened immune
responses and increased susceptibility to viral
infections, particularly in areas where selenium
intake is naturally low due to soil depletion [257].

Iron

Iron is essential for the proliferation and maturation
of immune cells, particularly lymphocytes, which are
a key component of adaptive immunity. Iron also
supports the production of hemoglobin, which is
critical for transporting oxygen to tissues, including
immune tissues. However, both iron deficiency and
overload can negatively impact immune function.
Deficiency can impair immune responses, while
excess iron can promote the growth of certain
pathogens and increase oxidative stress, which
harms immune cells. Proper regulation of iron levels
is crucial for maintaining optimal immune function
[267].

Macronutrients
In addition to micronutrients, macronutrients such
as proteins, fats, and carbohydrates also play
significant roles in immune function.
Protein: Adequate protein intake is critical for the
synthesis of immune cells and antibodies. Amino
acids like glutamine and arginine are particularly
important for the proliferation and function of
immune cells. A deficiency in protein can lead to a
weakened immune response, increasing
susceptibility to infections and slower recovery
[27].
Omega-3 Fatty Acids: Omega-3 fatty acids,
particularly those found in fish oil (DHA and EPA),
have anti-inflammatory properties that help regulate
immune responses. These fats enhance the function
of immune cells such as macrophages and T-cells
and reduce excessive inflammation, which can cause
tissue damage [287].
Carbohydrates: While carbohydrates are primarily
seen as a source of energy, certain types such as
fibers can positively influence immune function.
Fiber, particularly prebiotic fiber, promotes the
growth of beneficial gut bacteria, which are essential
for maintaining a balanced immune response [297.

THE ROLE OF DIET IN MODULATING IMMUNE FUNCTION

Mediterranean Diet
The Mediterranean diet, rich in fruits, vegetables,
whole grains, olive oil, nuts, and fish, is associated
with reduced inflammation and enhanced immune
function. The diet's high content of antioxidants

(from fruits and vegetables) and omega-3 fatty acids
(from fish and olive oil) helps lower oxidative stress
and chronic inflammation, supporting the proper
functioning of both innate and adaptive immunity

[507.
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Western Diet

In contrast, the Western diet, high in refined sugars,
red meat, and saturated fats, is associated with
chronic low-grade inflammation. This can lead to
dysregulation of the immune system, increasing the
risk of chronic diseases such as cardiovascular
disease, diabetes, and obesity, all of which are linked
to impaired immune responses. Excessive intake of
sugar and refined carbohydrates can also suppress
the activity of immune cells like neutrophils,
weakening the body’s defense against infections

rs1].
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Plant-Based Diets

Plant-based diets, when well-planned, can provide
ample nutrients for immune health. These diets are
rich in fiber, antioxidants, and phytonutrients, which
promote the growth of beneficial gut bacteria [327].
A healthy gut microbiome 1is essential for
maintaining a balanced immune response. However,
individuals on strict vegan diets may need to ensure
they get enough vitamin B12, iron, and zinc, as these
nutrients are typically less bioavailable from plant
sources [(337].

IMPACT OF MALNUTRITION ON IMMUNE FUNCTION

Malnutrition, both undernutrition and
overnutrition, can have severe consequences on
immune function. Undernutrition, which includes
deficiencies in vitamins, minerals, and
macronutrients, is associated with impaired immune
responses and increased susceptibility to infections.
For instance, protein-energy malnutrition can lead
to atrophy of immune organs like the thymus,
reducing the production of lymphocytes and
antibodies [277]. On the other hand, overnutrition
and obesity can lead to chronic inflammation, which
impairs immune regulation. Obesity has been linked
to a higher risk of infections and reduced efficacy of
vaccines. Excess adipose tissue can produce
inflammatory cytokines that disrupt normal immune
function, making obese individuals more vulnerable
to conditions such as influenza, pneumonia, and
other infectious diseases [34].
Gut Health and Immunity

The gut plays a pivotal role in immune function.
The gut-associated lymphoid tissue (GALT) is the
largest immune organ in the body, and the gut
microbiota helps regulate immune responses. Diets
rich in fiber, particularly prebiotics, promote the
growth of beneficial gut bacteria, which enhance the
integrity of the gut barrier and prevent the

translocation of harmful pathogens. Fermented
foods containing probiotics, such as yogurt and
sauerkraut, also contribute to a healthy gut
microbiome, thereby supporting immune health
[35].

Dietary Considerations for Disease Management
and Prevention

Infectious Diseases: A well-balanced diet rich in
essential nutrients supports the body’s defense
against infections. Nutrients such as vitamin C, zinc,
and selenium can reduce the severity and duration of
infections such as the common cold and flu [367.
Autoimmune Diseases: Nutrition plays a role in
regulating inflammation, which is central to
autoimmune conditions like rheumatoid arthritis and
multiple sclerosis. Anti-inflammatory diets, rich in
omega-3 fatty acids, antioxidants, and whole grains,
may help reduce the symptoms of autoimmune
diseases [37].

Chronic Diseases: Chronic diseases like diabetes,
cardiovascular disease, and cancer are often
associated with chronic inflammation. Adopting a
healthy diet rich in fruits, vegetables, lean proteins,
and healthy fats can help reduce inflammation and
improve immune regulation [317.

FUTURE DIRECTIONS

The relationship between diet, nutrition, and
immune function continues to be an area of active
research. While it is clear that a balanced diet rich in
essential nutrients supports optimal immune

function, more research is needed to understand the
precise mechanisms through which specific dietary
components influence immune responses in different
populations and disease conditions.

CONCLUSION

In conclusion, diet and nutrition are fundamental to
maintaining a healthy immune system. Both
deficiencies and excesses in nutrients can lead to
impaired immune responses, increasing the risk of

infections and chronic diseases. Therefore, a
balanced, nutrient-rich diet is essential for both
disease prevention and the promotion of overall
health.
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