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Introduction

The rising global prevalence of allergic diseases, including
asthma, allergic rhinitis, atopic dermatitis, and food allergies,
has prompted intensive research into the environmental,
genetic, and immunological factors driving these conditions.
Among the various hypotheses proposed to explain this
epidemiological trend, vitamin D deficiency has emerged as a
significant area of interest. Vitamin D, traditionally recognized
for its essential role in calcium homeostasis and bone health, is
now understood to exert pleiotropic effects on the immune
system. Its active metabolite, calcitriol (1,25-dihydroxyvitamin
D3), interacts with the vitamin D receptor (VDR) expressed on
numerous immune cells, including dendritic cells, macrophages,
T lymphocytes, and B cells, thereby influencing both innate and
adaptive immune responses. This immunomodulatory capacity
places vitamin D at the crossroads of immune tolerance and
inflammation, suggesting that insufficient levels may predispose
individuals to immune dysregulation and, consequently, the
development or exacerbation of allergic disease. The following
discussion explores the mechanisms through which vitamin D
influences immune function, its role in allergic disease
pathogenesis, clinical evidence linking deficiency to allergy
outcomes [1].

Description

Vitamin D exerts multifaceted effects on the innate immune
system, which serves as the first line of defense against
pathogens and allergens. The vitamin enhances the
antimicrobial activity of macrophages by inducing the
expression of cathelicidins and defensins, peptides that provide
a barrier against microbial invasion and infection. This function
is relevant to allergic diseases, as microbial dysbiosis and
impaired microbial clearance can increase epithelial
inflammation and skew immune responses toward a pro-allergic
phenotype. Moreover, vitamin D promotes the maturation of
epithelial barriers by regulating tight junction integrity and
reducing permeability. A well-maintained barrier is crucial in
preventing allergen entry and limiting inappropriate immune
activation. Deficiency in vitamin D may weaken epithelial
defenses, facilitating allergen penetration in the skin, airways,
and gut, thereby fueling the development of atopic dermatitis,
asthma, and food allergies [2].

The role of vitamin D in T helper cell differentiation is another
critical aspect of its immunomodulatory function. Allergic
diseases are typically characterized by a skewing of the immune
system toward Th2 dominance, with excessive production of IL-
4, IL-5, and IL-13 driving IgE production, eosinophilia, and airway
hyperresponsiveness. Vitamin D counters this by suppressing
Th2 cytokine production and enhancing the activity of Tregs,
thereby restoring immune equilibrium. At the same time,
vitamin D reduces Thl7-mediated responses, which are
implicated in severe asthma and chronic rhinosinusitis with nasal
polyps. By modulating the balance between Th1, Th2, Th17, and
Treg subsets, vitamin D orchestrates an immunological
environment less conducive to allergic inflammation.
Additionally, vitamin D has direct effects on B cell function,
inhibiting proliferation, plasma cell differentiation, and
immunoglobulin production, particularly IgE, which is a central
mediator of allergic hypersensitivity [3,4].

The mechanistic insights into vitamin D’s immunomodulatory
roles are supported by clinical and epidemiological evidence
linking deficiency with allergic disease outcomes. Numerous
observational studies have demonstrated an association
between low serum 25-hydroxyvitamin D levels and increased
prevalence or severity of asthma, allergic rhinitis, atopic
dermatitis, and food allergies. For example, children with
vitamin D deficiency are more likely to experience wheezing,
recurrent respiratory infections, and asthma exacerbations.
Similarly, low maternal vitamin D status during pregnancy has
been correlated with increased risk of allergic sensitization and
asthma development in offspring, highlighting the importance of
prenatal vitamin D sufficiency in shaping long-term immune
health. In atopic dermatitis, lower vitamin D levels are often
associated with greater disease severity and impaired skin
barrier function. Furthermore, vitamin D deficiency has been
linked to reduced effectiveness of corticosteroids in asthma
management, suggesting a role in therapeutic responsiveness.
However, the relationship between vitamin D and allergic
diseases is not uniformly consistent across all studies, and the
evidence from interventional trials remains mixed. Some
randomized controlled trials have reported that vitamin D
supplementation reduces the frequency of asthma
exacerbations, improves lung function, and enhances
corticosteroid responsiveness [5].
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Conclusion

Vitamin D plays a vital role in the regulation of immune
responses and the maintenance of tolerance to allergens.
Through its effects on dendritic cells, T helper cell subsets,
regulatory T cells, and B cell function, vitamin D orchestrates a
finely tuned balance between immunity and tolerance.
Deficiency in this essential micronutrient predisposes individuals
to barrier dysfunction, dysregulated adaptive immunity, and

increased  susceptibility to allergic disease. = While
epidemiological studies strongly support the association
between low vitamin D levels and allergic outcomes,

interventional evidence remains variable, underscoring the need
for further high-quality trials to clarify causality and define
optimal supplementation strategies. Nevertheless, maintaining
adequate vitamin D levels is a rational component of allergy
prevention and management, especially in populations with
high prevalence of deficiency. As our understanding of vitamin
D’s immunological functions expands, its role in the
pathogenesis and treatment of allergic diseases will likely
become an increasingly important focus in clinical immunology
and translational research.
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