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Vitamin D is pivotal to the maintenance of human health 
and preventing diseases.[1] Being a highly studied vitamin, 
vitamin D is required for the functioning of almost all the 
cells of the human body. Recognized for its ability to support 
musculoskeletal health, the function of vitamin D extends 
to neurological and cognitive junctions, gastrointestinal 
functions, blood pressure regulation, glucose metabolism, and 
physiological cellular functions, besides its hormonal actions to 
maintain calcium and phosphorous homeostasis.[2-4] Recently, 
scientific interest has riveted toward the immune regulatory 
functions of vitamin D. Nearly, all the immune cells express 
vitamin D receptor (VDR), hence pointing to its ability to 
modulate innate and adaptive immune mechanisms.[5,6] This 
editorial presents the current knowledge of the functional 
influence of vitamin D on health and disease, with emphasis 
on the immunoregulatory mechanisms. It also discusses the 
possible benefits of vitamin D as therapeutics for degenerative, 
autoimmune, allergic, and infectious disorders.

Vitamin D, also termed calciferol, is synthesized 
by thermal-photochemical transformation of cutaneous 
7-dehydrocholesterol upon sun (UVB) exposure, and further 
metabolized by the liver to 25’OH-vitD, the main circulating 
form, calcidiol. The subsequent step converting 25’OH-D 
to hormonal form, 1,25(OH)2D (calcitriol), occurs majorly 
in the kidney but also in paracrine/autocrine tissues such as 
parathyroid gland, intestinal epithelium, prostate, breast, and 
immune cells.[7,8] Although calcitriol is the bioactive form, 
vitamin D concentrations are assessed by measuring calcidiol, 
generated by first hydroxylation in the liver.[9] Hence, there 
exist discrepancies in addressing vitamin D deficiencies in the 
general population. It must therefore be acknowledged that no 
single standard or methodology defining the normal levels of 
vitamin D exists thus far. Due to the connection of sun exposure 
to vitamin D activation, it is conjectured that cutoff serum values 
reflect seasonal variation, wherein normal values in late winter 
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to early spring are approximately 30 ng/mL (~75 nmol/L).[10] 
A level ≥20 ng/mL is considered sufficient, 11–20 ng/mL is 
considered inadequate, and a serum concentration ≤10 ng/mL 
is considered a deficient state. Although vitamin D intake to 
achieve optimal serum values remains debatable, the safest 
amounts are approximated between 800–2000 IU of dietary 
vitamin D yielding a serum value of 20–50 ng/mL of 25(OH)
D. The serum concentration of 25-(OH)D determines the 
nutritional status of vitamin D in an individual.

The intricate connection between vitamin D and the immune 
system is yet to be fully uncovered, however, numerous studies 
have deciphered that vitamin D lies at the key regulatory 
junctures of innate and adaptive immune responses.[11] The 
extensive immune effect of vitamin D is facilitated by the 
strategic expression of the VDR and inducible enzyme 
25-hydroxyvitamin D 1a-hydroxylase (CYP27B1) in most 
immune cells.[12] Furthermore, about 3–4% of the genome-
spanning immune effectors are regulated by vitamin D through 
VDR and subsequent heterodimerization with nuclear retinoid 
X receptor-α.[13,14]

Although both innate and adaptive responses are regulated 
by vitamin D, it prominently activates the innate responses, 
while the effect on adaptive immune responses is majorly 
suppressive.[15] The immune mechanisms that underlie vitamin 
D-regulated inflammation occur through 25(OH)D and 
1,25(OH)2D forms. The 1,25(OH)2D form is multifactorial 
in regulating immune homeostasis through effectors such 
as B- and T-lymphocytes, monocytes, macrophages, natural 
killer cells, and dendritic cells. In macrophages, immune 
signals mediate the induction of CYP27B1 to subsequently 
synthesize 1,25(OH)D at the infection site, thereby inducing 
genes associated with antimicrobial peptides. 1,25(OH)2D 
induces specific chemical modulators such as cathelicidin, 
which are effective in exerting antibacterial and antiviral 

https://orcid.org/0000-0002-4631-2769


Farhana, et al.: Vitamin D-immunity nexus in health and disease

2International Journal of Health Sciences
Vol. 18, Issue 4 (July - August 2024)

effects.[14,15] Furthermore, the 1,25(OH)2D form also maintains 
immune tolerance by modulating the surface expression of 
MHCII molecules, co-stimulatory signals, and immunogenic 
cytokines.[16] Thus, the 1,25(OH)D form stimulates the 
inflammatory immune regulatory axis.[16] Therefore, in 
healthy individuals, the balance of 25(OH)D to 1,25(OH)2D 
form shifts toward normal 1,25(OH)2D and low 25(OH)D. 
Contrarily, individuals with health conditions demonstrate 
higher serum levels of 1,25(OH)D, wherein pro-inflammatory 
and inflammatory cytokines are increased to facilitate 
inflammatory responses to counter disease.

Vitamin D deficiency intensifies the risk of immune-
associated diseases; autoimmune diseases, allergies, sepsis, 
viral and bacterial infections, and neurodegenerative 
diseases. Epidemiological and clinical studies confirm 
the association of vitamin D deficiency with autoimmune 
diseases.[17] In rheumatoid and psoriatic arthritis, systemic lupus 
erythematosus, Sjogren’s syndrome, ankylosing spondylitis, 
irritable bowel disease, and idiopathic inflammatory 
myopathies, vitamin D deficiencies have been observed.[18] 
Moreover, the deficiency may be linked to the development 
and exacerbation of disease pathologies. It is interesting 
to note that during the surge of autoimmune diseases, the 
worldwide prevalence of vitamin D deficiency was also 
noted.[19,20] Autoimmune diseases show a peak in winter 
months, wherein sun exposure is limited and is often linked 
with vitamin D deficiency. This points to the function of 
vitamin D in autoimmune disease development and immune 
tolerance. Adequate dosages of vitamin D are noted to alleviate 
inflammation and reduce pain and symptoms of autoimmune 
rheumatic diseases. Autoimmune thyroid diseases, especially 
Hashimoto’s thyroiditis, are linked to vitamin D deficiency.[21] 
The manifestation of these diseases usually encompasses 
inflammatory processes, wherein vitamin D harbors the ability 
to normalize the inflammation process and alleviate pain and 
other disease symptoms.

The global prevalence of vitamin D deficiency vis-à-vis 
allergic responses has shown an upward trend within the 
past 50–70 years.[22] With observational and interventional 
studies, a plausible contribution of vitamin D deficiency 
in atopic dermatitis, asthma, sinusitis, and food allergies 
has become obvious.[23-25] Allergic diseases are manifested 
through an intersection of genetic traits and environmental 
factors, wherein vitamin D deficiency can be categorized as an 
important environmental mediator.[26] Vitamin D significantly 
modulates the allergen-induced inflammatory mechanisms, 
through skewing of the Th1/Th2 responses and the activation of 
mast cells.[27] Clinical studies have demonstrated that vitamin D 
supplementation reduces allergic symptoms in pollen-induced 
allergies in children. Increased risk of food and skin allergies 
are also associated with vitamin D deficiency.[28] The ability 
of vitamin D to regulate mast cell function is a defining factor 
in slowing down histamine release and hence subduing the 
effectors of allergic responses. The current knowledge points 

that disturbed vitamin D signaling due to deficiency may also 
arbitrate IgE-mediated allergic responses and the development 
of type I hypersensitivity.

Vitamin D maintains a balanced immune response to effectively 
fight infections besides its functional significance in the 
pathogenesis, prognosis, clinical symptoms, and treatment 
of numerous diseases. Vitamin D significantly regulates 
antibacterial and antiviral inflammatory responses. It is easy to 
conjecture that viral diseases are more widespread during the 
winter months, which coincides with an overall observed low 
level of vitamin D. Interestingly, vitamin D was researched to 
be a putative immune regulating nutrient against COVID-19.[29] 
The stimulation of antimicrobials and the immunomodulatory 
response of vitamin D has been significant in subduing cytokine 
release. Maintaining normal serum levels is associated with a 
reduced risk of acute respiratory tract infections and a decrease in 
illness span. Vitamin D therapy is suggested as a novel therapeutic 
approach against tuberculosis.[30] Numerous clinical studies and 
cohorts have identified severely low vitamin D in tuberculosis 
patients. Some randomized controlled trials showed that adjunct 
therapy with vitamin D resulted in increased intracellular 
killing of tuberculosis bacteria within the macrophages.[31] 
However, the protective and therapeutic efficacy of vitamin D 
needs more conclusive data to understand accurate modalities 
and dosage for effective protection and treatment. Studies on 
vitamin D deficiency and HIV highlight its function in T and 
B-cell modulation and macrophage chemotaxis.[32] Vitamin D 
induces antiviral genes, downregulates viral receptors in CD4+ 
T-cells, and enhances HIV-1-restrictive cellular phenotypes 
leading to inhibition of HIV infection of T-cells.[33] Although 
further clinical research is mandated, the current knowledge is 
excessively promising. In addition, due to inherent antimicrobial 
effector mechanisms, optimum vitamin D levels may restrict 
superinfections in HIV patients and help to decrease morbidity.[34]

Notably, the significance of vitamin D deficiency in the 
manifestation of neurodegenerative diseases such as 
Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, 
vascular dementia, and macular degeneration has gained 
prominence.[35] Optimum vitamin D is instrumental in 
preventing neurodegenerative diseases and delaying onset 
and disease progression. The biological role of vitamin D 
in ameliorating neurodegeneration is manifested through its 
genomic and non-genomic actions that impede inflammation, 
maintain signaling events and calcium homeostasis, alleviate 
oxidative stress, and subsequently prevent protein aggregation 
and plaque development.[36,37] Furthermore, classified as a 
neurosteroid, vitamin D exerts its transcription regulatory 
effects on thyroid hormones, androgens, glucocorticoids, and 
vitamin A, influencing a vast number of genes involved in 
maintaining healthy neurological reflexes.[38]

Although current data are limited, the effect of vitamin D 
deficiency on metabolic disease cannot be less emphasized. 
Clinical evidence potentiates vitamin D deficiency as the risk 
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factor for insulin resistance and the development of type 2 
diabetes.[39,40] Vitamin D regulates normal serum calcium and 
reactive oxygen and nitrogen species in the β-cells.[41] The 
increase of serum calcium and reactive species is an incident 
in diabetes and coincident with low concentrations of vitamin 
D. In addition, optimal vitamin D serum values encompass 
reduced colorectal and bladder cancer risk, with sporadic 
reports from other cancer types.[42] The modulatory action 
of vitamin D in cellular proliferation and differentiation is 
central to its response to cancer. Important pathways deranged 
in cancers such as apoptosis, differentiation, cell signaling, 
and cell cycle progression are regulated by vitamin D.[43] 
Recent studies have emphasized the efficacy of vitamin D in 
preventing and improving cancer management.[44]

Vitamin D deficiency presents an important yet easily 
modifiable risk factor for developing a plethora of diseases. 
It is humbling to note that global deficiency prevails with 
significant health-care costs, despite being correctable through 
accurate serum estimations, dietary and supplemental methods, 
and easily through sun exposure.
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