
Recent investigations into the interplay between vitamin D status and immune responses to

COVID-19 vaccination have sparked interest in understanding whether vaccinations themselves

influence vitamin D metabolism. While the relationship between pre-existing vitamin D deficiency

and reduced long-term humoral immunity following immunization has been well-documented

, the converse question—whether COVID-19 vaccines directly reduce vitamin D levels—

remains less explored. This report synthesizes evidence from immunological studies, clinical

trials, and observational data to address this critical public health question.

Vitamin D, a secosteroid hormone synthesized through cutaneous exposure to ultraviolet B

radiation or obtained via dietary sources, regulates calcium-phosphate homeostasis and

modulates both innate and adaptive immunity . The active metabolite 1,25-

dihydroxyvitamin D binds to nuclear receptors in immune cells, influencing cytokine production,

T-cell differentiation, and B-cell antibody synthesis . Epidemiological studies consistently

associate vitamin D deficiency (<20 ng/mL 25-hydroxyvitamin D) with increased susceptibility to

respiratory infections, including SARS-CoV-2 .

Experimental models demonstrate vitamin D enhances dendritic cell maturation, promotes

regulatory T-cell function, and potentiates antimicrobial peptide secretion . These

immunomodulatory properties theoretically position vitamin D as a determinant of vaccine

efficacy. Retrospective analyses of COVID-19 vaccine trials reveal individuals with sufficient

baseline vitamin D levels exhibit more durable neutralizing antibody titers compared to deficient

counterparts . For instance, a longitudinal study of 119 Pfizer-BioNTech vaccine recipients

found vitamin D-deficient participants (<20 ng/mL) had 33% lower anti-spike IgG titers at 9

months post-vaccination than those with normal levels .
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No studies to date have reported COVID-19 vaccines causing acute or chronic reductions in

circulating 25-hydroxyvitamin D. A randomized controlled trial supplementing 498 participants

with 600 IU/day vitamin D3 for 14–16 weeks post-vaccination observed no vaccine-related

suppression of vitamin D synthesis . Instead, supplemented individuals achieved significant

increases in 25-hydroxyvitamin D (from 28.73 ± 15.6 ng/mL to 46.48 ± 27.2 ng/mL), correlating

with enhanced anti-SARS-CoV-2 IgG responses . These findings contradict the hypothesis

that vaccination impairs vitamin D homeostasis.

The absence of observed vitamin D depletion post-vaccination aligns with known

pharmacokinetics of mRNA vaccines, which lack direct endocrine-disrupting components. While

systemic inflammation transiently alters vitamin D-binding protein concentrations during acute

infections, COVID-19 vaccines typically induce milder, shorter-lived inflammatory responses

unlikely to perturb vitamin D metabolism . A Turkish study administering 150,000 IU vitamin

D3 to vaccine recipients found no interference between supplementation and vaccine-induced

antibody kinetics, further supporting metabolic independence .

Geographical and seasonal fluctuations in ultraviolet B exposure represent major confounders in

interpreting vitamin D status post-vaccination. A cohort study in Milan noted wintertime

vaccinations coincided with lower population vitamin D levels due to reduced sunlight .

However, this cyclical variation reflects environmental factors rather than vaccine effects.

Similarly, obesity—a risk factor for vitamin D deficiency—correlated with diminished IgG

responses in multiple trials, but body mass index (BMI) acted independently of vaccination

timing .

Prophylactic vitamin D usage increased during the pandemic, complicating observational

analyses. A U.S. veteran cohort study (n=220,265) found vitamin D3 supplementation reduced

COVID-19 incidence by 20% independent of vaccination status . Notably, supplementation

protocols in clinical trials (e.g., 600–150,000 IU doses) exceeded standard dietary intake without

provoking hypercalcemia or altering vaccine safety profiles .
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Pre-COVID evidence offers limited parallels. A study of 391 children receiving trivalent influenza

vaccine found no association between baseline vitamin D and hemagglutination inhibition

titers . Conversely, human papillomavirus (HPV) vaccine recipients with lower vitamin D

displayed paradoxically higher antibody titers, suggesting pathogen-specific

immunomodulation . These divergent outcomes underscore the complexity of vitamin D-

immune interactions, which may not extrapolate to SARS-CoV-2 vaccines.

Bacillus Calmette-Guérin (BCG) studies provide mechanistic clues: vitamin D enhances

macrophage killing of Mycobacterium tuberculosis via cathelicidin upregulation . Analogous

pathways might potentiate SARS-CoV-2 clearance but do not imply vaccination depletes vitamin

D reserves. Chronic hepatitis B patients exhibit poor seroconversion rates post-vaccination

unless supplemented with vitamin D, again highlighting sufficiency’s role in priming responses

rather than vaccine-induced deficiencies .

Given vitamin D’s permissive role in sustaining vaccine-induced immunity, pre-vaccination

screening and supplementation emerge as cost-effective strategies. Mathematical modeling

suggests correcting deficiency (<20 ng/mL) in high-risk populations could reduce booster dose

requirements by 15%–25%, alleviating healthcare burdens . The Italian Society of

Endocrinology advocates routine 25-hydroxyvitamin D testing before vaccination campaigns,

particularly for elderly and comorbid subgroups .

Clinical trials support daily doses of 600–4000 IU vitamin D3 for achieving sufficiency (>30

ng/mL) within 8–12 weeks . Mega-dosing (e.g., 150,000 IU boluses) elevates serum

levels rapidly but risks overshooting the upper tolerable limit (100 ng/mL) . Tailored regimens

accounting for baseline status, BMI, and renal function optimize safety and efficacy.

Scheduling vaccinations during seasons of adequate sunlight exposure—spring and summer in

temperate zones—may synergize with endogenous vitamin D synthesis. A retrospective analysis

of 1,103 Israeli healthcare workers found summer-vaccinated individuals maintained antibody

titers 1.8-fold higher than winter counterparts at six months, though confounding by age and

comorbidities necessitates further validation .
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Current evidence refutes the premise that COVID-19 vaccinations reduce vitamin D levels.

Instead, pre-existing vitamin D insufficiency impairs the longevity of humoral responses,

particularly against emerging variants. Large-scale randomized trials (e.g., NCT05851313,

NCT05447065) affirm supplementation’s safety alongside vaccination, advocating integrated

approaches to address dual pandemics of hypovitaminosis D and SARS-CoV-2. Future research

should prioritize elucidating vitamin D’s adjuvant potential in vaccine formulations and

delineating thresholds for optimal immune protection.
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