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Abstract: Vitamin D has emerged as a potential modulator of immune responses, sparking
interest in its role in COVID-19 susceptibility and clinical outcomes. This review synthe-
sizes current clinical evidence and explores immunological insights into the relationship
between vitamin D levels and COVID-19 infection severity. Epidemiological studies indi-
cate an inverse correlation between vitamin D deficiency and an increased risk of severe
disease, hospitalization, and mortality in COVID-19 patients. Immunologically, vitamin
D exerts regulatory effects on both innate and adaptive immunity, enhancing antimicro-
bial defense mechanisms, reducing excessive inflammatory responses, and potentially
mitigating cytokine storm events observed in severe COVID-19 cases. Despite promising
observational data, clinical trials evaluating vitamin D supplementation have shown mixed
results, underscoring the need for standardized dosing regimens and patient stratification.
Future research should focus on large-scale randomized controlled trials to conclusively
determine the therapeutic potential and optimal supplementation strategies for vitamin D
in managing COVID-19.
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1. Introduction
The research community has intensely studied vitamin D as a potential element to be

used to manage COVID-19. The immune system is strongly supported by vitamin D, which
affects both innate and adaptive immunological responses [1]. This substance can manage
inflammatory responses and cytokine reactions, which in turn could reduce the severity of
inflammatory conditions, like the cytokine storm observed in severe COVID-19 [2,3]. Before
COVID-19, researchers observed that vitamin D deficiency elevated patient susceptibility
to infections of the respiratory system, which prompted assessments of vitamin D’s effects
on COVID-19 outcomes [4]. Research has shown that poor vitamin D concentration leads
to enhanced possibilities of experiencing severe COVID-19 complications that result in
hospitalization, intensive care requirements, and even death [5,6]. The results from clinical
trials that tested vitamin D supplements have shown inconsistent findings. The data
show that these supplements might provide advantages when the baseline vitamin D
levels remain low [7]. Other research indicates that vitamin D supplementation has no
substantial effects on disease prevention or decreased disease severity after infection [8,9].
General health organizations recommend testing vitamin D levels to check whether they
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are >30 ng/mL or 75 nmol/L because this ensures proper health conditions, especially for
the elderly, as well as those with darker skin, those who receive minimal sun exposure, and
those experiencing winter months or pandemic situations [10]. Scientists agree that vitamin
D supplements are generally safe for most adults who take recommended doses between
800 and 2000 IU/day, and they should use these supplements instead of other preventive
measures, such as vaccination and social distancing, along with hygiene practices and
wearing masks [11]. Developing adequate vitamin D levels is useful in terms of both
immune health and reducing COVID-19 severity risks, especially for people who have
vitamin D deficiency [12–14]. Further research is required to establish whether vitamin
D supplements affect COVID-19 prevention or treatment results. This narrative review
attempts to summarize the current knowledge regarding the role of vitamin D in the
immune mechanisms that are involved in SARS-CoV-2 infection, as well as its role in the
management of COVID-19. This study also analyzes the current evidence regarding the
involvement of vitamin D in the evolution of SARS-CoV-2 infection towards severe forms
and complications. Finally, this review attempts to provide data on the action of vitamin D
on the symptoms of long COVID and its role in the evolution of patients with long COVID.

2. Methods
The PubMed (National Library of Medicine, U.S. Department of Health and Human

Services) and Google Scholar (Mountain View, CA, USA) databases were searched for this
review from December 2020 to March 2025 for articles using the following terms: COVID-19,
SARS-CoV2, vitamin D, vitamin D supplements, COVID-19 immune mechanisms, COVID
clinical trials, UTI, COVID-19 severe, and long COVID. Subsequently, the references of the
articles were also searched, and we tried to identify other relevant articles that were omitted
during the initial search, but there were not many found. Original studies, systematic
reviews, and narratives that studied the effects of vitamin D on SARS-CoV-2 infection
were included in the search and we found 145 representative articles. Articles published
in languages other than English were excluded, as well as articles that were preprints
(such as arXiv and medRxiv), letters to the editor, commentaries, case reports, and articles
without full-text content. We preferentially selected articles from journals located in the
Q1-Q2 quartile. This review attempts to provide a synthesis of meta-analyses and narrative
reviews, research articles, and clinical trials on the role of vitamin D in SARS-CoV-2
infection, to help researchers understand the importance of correcting vitamin D deficiency
in the prevention and progression of COVID-19.

3. Immune Mechanisms of Vitamin D in Viral Infections
The immune modulatory function of vitamin D affects both natural and adaptive

immune system responses. Researchers have identified several pathways through which
proper vitamin D levels aid in combating viral infection and providing severe inflammation
protection against SARS-CoV-2 viruses:

✓ The antimicrobial effects of vitamin D include both viral replication suppression
and protection of respiratory tract epithelial barriers [15]. Antimicrobial peptides,
including defensins and cathelicidin, develop from vitamin D activation, improve
lung mucosal protection, and directly destroy viruses [16].

✓ Sufficiently high vitamin D levels tend to inhibit overactive inflammatory responses
in bodily systems. The use of vitamin D alters T-cell inflammation by turning dan-
gerous pro-inflammatory Th1 and Th17 cells into safer anti-inflammatory Th2 and
Treg cell responses [17]. When vitamin D levels rise, the immune system releases
fewer pro-inflammatory cytokines, like IL-6 and TNF-α, while increasing the pro-
duction of anti-inflammatory cytokines, such as IL-10, thus stopping the hyperactive
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“cytokine storm”. Active vitamin D modifies immune response control mechanisms
to stabilize inflammatory processes, thereby preventing dangerous cytokine storm
development [18] (Figure 1).

✓ The immune system cells, like macrophages and dendritic cells, that possess a vitamin
D receptor undertake the local transformation of 25(OH)D to active 1,25(OH)_2D.
Such local activity enables vitamin D to enhance innate immune responses [19].
The signaling mechanisms of vitamin D help macrophages fight pathogens while
simultaneously controlling their inflammatory release. Research demonstrates that
vitamin D stimulates both regulatory T-cell population magnitude and activity, which
helps regulate immune system reactions [20].

✓ When vitamin D controls natural immune activation and helps to resolve inflamma-
tory reactions, it diminishes the level of lung tissue damage. Patients with COVID-19
develop severe illness when their bodies display elevated neutrophil-to-lymphocyte
ratios combined with excessive inflammation. A pilot study revealed that patients
given vitamin D treatment (calcifediol) had an increased number of lymphocytes
and reduced neutrophil-to-lymphocyte ratio values, which showed that they had
better immune markers of severe COVID-19 [21]. The immunomodulatory properties
of vitamin D potentially allow for milder inflammatory damage to the body while
fighting infection (Figure 2).
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Figure 1. Differential effects of vitamin D sufficiency and deficiency on the immune response in the
context of SARS-CoV-2 infection. The left side highlights the role of vitamin D in supporting immunity
through activation of the VDR receptor, inhibition of the NF-κB pathway, and induction of antimi-
crobial peptide synthesis (cathelicidins, β-defensins), contributing to a balanced anti-inflammatory
immune response. The right side outlines the consequences of vitamin D deficiency, which favors
the activation of Th1 and Th17 cells, with excessive production of proinflammatory cytokines (IL-6,
IL-17), which may lead to the cytokine storm.
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min D and T-cell receptors. 2. A high level of vitamin D reduces the production of pro-inflammatory
cytokines and stimulates the production of anti-inflammatory cytokines. 3. The process by which
immune cells, such as macrophages and dendritic cells, transform the inactive form of vitamin D into
the active form. 4. Vitamin D treatment reduces the ratio of neutrophils to lymphocytes, indicating
an improvement in the state of the immune system (↑—increased value, ↓—decreased value).

4. Clinical Trials on Vitamin D and COVID-19 Outcomes
Medical studies have examined whether vitamin D supplements prevent COVID-19

contamination in patients and enhance their therapeutic results after becoming infected.
A total of 6200 adults participated in the UK CORONAVIT Trial (2022) through its phase
3 “test-and-treat” design, in which vitamin D levels were measured so that supplements
could be given to vitamin D-deficient patients for six months [22]. According to the research
findings, vitamin D supplementation did not minimize either the number of COVID-19
infections or the incidence of respiratory ailments in participants or control subjects [22].
This extensive population-based pragmatic study proved that vitamin D correction in the
general public did not reduce the number of COVID-19 infections or disease severity in
normal community settings. The double-blind randomized controlled trial (RCT) by Murai
et al. in JAMA in 2021 (n = 240 hospitalized patients) provided one large dose of 200,000 IU
of vitamin D3 to patients who had moderate-to-severe COVID-19 [23]. The results showed
no benefits; the median hospital stay was 7 days for both the vitamin D and placebo groups;
and the differences in ICU admission, the need for ventilation, and in-hospital mortality
(around 8% absolute differences) were not statistically significant. The one-time large-dose
vitamin D given to sick patients in hospitals showed no positive results according to the
study findings. Research from JAMA indicates that when also considering previous trials
of respiratory conditions, such high-dose vitamin D supplementation should not become
a routine treatment option for COVID-19 hospital patients [23]. Castillo et al. (2020) [24]
conducted a pilot study in Córdoba, Spain, in which they monitored the effects of calcifediol
(25-hydroxyvitamin D)-supplemented care on hospitalized patients (n = 76). The calcifediol
group had a dramatically lower rate of ICU admission (only 1 of 50 patients) compared
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to the control group (13 of 26 patients), a difference corresponding to an odds ratio of
0.02 for ICU transfer [24]. This suggests a possible significant benefit of rapid vitamin D
correction, but the trial’s design has been debated because it is a pilot study with a small
sample size and some methodological limitations, so the results should be interpreted with
caution [25]. A clinical study on Indian patients with mild COVID-19 symptoms or no
symptoms who also had vitamin D deficiency received 60,000 IU daily for 7 days (2020,
“SHADE” trial, n = 40 outpatients) [26]. The participants in the vitamin D regimen obtained
high 25(OH)D levels above 50 ng/mL, whereas only 20.8% in the placebo group remained
virus-positive after 21 days (p = 0.018) [26]. Research evidence revealed how vitamin D
supplementation caused the level of fibrinogen markers to decrease in treated patients.
Evidence from this small study shows that significant vitamin D supplementation may
accelerate the elimination of the virus in patients with mild COVID-19 infection, but more
extensive research is needed to validate these findings. The COVIT-TRIAL study in France
tested the effects of vitamin D supplementation on elderly inpatients when comparing
single high doses (400,000 IU) to lower doses (50,000 IU) upon admission [27]. This research
revealed that patients in the high-dose group demonstrated reduced mortality compared
to the patients in the low-dose group at day 14, but the mortality rates became comparable
by day 28 [27]. The findings from this research indicate that critically ill elderly patients
receiving a high bolus injection of vitamin D might have shorter-term protection, but
this benefit did not continue past one month of treatment. One clinical evaluation at a
Mexican research site (2020, n = 198 healthcare workers) demonstrated that a daily vitamin
D intake of 4000 IU for 30 days lowered SARS-CoV-2 infection risk by 77% compared to
placebo distribution [28]. Testing a single 500,000 IU administrated dose on 218 hospitalized
patients in Argentina (2021) showed that there were no changes in respiratory measures
and mortality statistics compared to the placebo group [29]. Research conducted in Saudi
Arabia (2022) analyzed the recovery rate of hospitalized patients (n = 69) between 1000 IU
daily and 5000 IU daily supplementation and found quicker symptom resolution primarily
for cough and diminished taste without differences in disease length or fever duration [30].

The 2022 study published by Gibbons in Scientific Reports examined the impact of
vitamin D supplementation on COVID-19 outcomes among U.S. veterans [10]. Vitamin
D2 and D3 supplementation were associated with a 28% and 20% reduction in COVID-
19 infection risk, respectively. Vitamin D3 supplementation was correlated with a 33%
decrease in 30-day mortality following COVID-19 infection. While vitamin D2 showed a
25% reduction, this was not statistically significant. Higher cumulative and daily doses of
vitamin D3 were linked to greater reductions in infection risk, especially among individuals
with baseline serum vitamin D levels below 20 ng/mL. Black veterans experienced a more
substantial reduction in infection risk from vitamin D3 supplementation compared to
white veterans, suggesting potential benefits in addressing racial disparities in COVID-19
outcomes. This study suggests that vitamin D3 supplementation could serve as a safe,
affordable, and accessible strategy to mitigate COVID-19 infection and mortality risks,
particularly in populations with vitamin D deficiency. However, the authors emphasize
the need for randomized controlled trials to establish a causal relationship and inform
public health recommendations. The outcomes of clinical trials have presented conflicting
results so far. The combination of research conducted with vitamin D-deficient study
groups or those using calcifediol indicates that vitamin D supplementation shows potential
for reducing ICU admissions and accelerating recovery paths [22,25,31,32]. Large-scale
trials show that vitamin D supplementation with high doses does not improve the main
clinical indicators, such as hospital stay duration, patient mortality rates, and microbial
protection outcomes among hospitalized patients [21,22,33]. The diverse research results
arise from small sample sizes and different vitamin D administration methods and patient
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demographic groups. The available evidence from these trials shows that vitamin D
remains safe for use in such cases but does not support its effectiveness as a sole or
preventive measure against COVID-19 infection [33,34]. Additional large-scale randomized
controlled trials with high technical standards must be performed to establish vitamin D’s
therapeutic role. There are one hundred and nineteen studies registered on clinicaltrials.gov
regarding COVID-19 and vitamin D: five of them are in the recruitment period, seventy-
six are complete, six have ended, twenty-three have an unknown status, and five have
been withdrawn.

The table below (Table 1) compiles all known clinical studies (interventional trials and
observational studies) investigating the role of vitamin D in COVID-19 and registered on
ClinicalTrials.gov (NCT numbers) and the EU Clinical Trials Register (EudraCT numbers).
Both interventional and observational studies are included, with the study type indicated,
as well as studies from all countries and with all recruitment statuses (ongoing, completed,
etc.). Recruitment status refers to the most updated status obtained from the registry, and
Results Posted indicates whether the results have been posted on the registry. Each study
entry includes a direct link to its registry record. Current data suggest that low vitamin
D levels are associated with an increased risk of COVID-19 infection, as well as more
complications during infection. However, studies looking at the role of vitamin D in SARS-
CoV-2 infection do not provide sufficient evidence to justify its use in the management and
prevention of COVID-19 alongside other established therapies.

Table 1. Clinical studies with focus on vitamin D effects on COVID-19.

Study Title Registry ID Phase Study
Type

Recruitment
Status

Results
Posted

Registry
Link

Efficacy of Vitamin D
Treatment in Patients
Diagnosed with
Pneumonia who Require
Hospital Admission and
have Vitamin D
Deficiency and a Positive
Diagnosis for
SARS-CoV-2 (COVID-19)

EudraCT
2020-001960-28 – (Not stated) I Ongoing No EU CTR [35]

Preventing Disease
Aggravation in COVID-19
by High Dose Vitamin D:
a Randomized Trial
(COVIT-D)

EudraCT
2020-001793-30 – (Not stated) I Prematurely

Ended No EU CTR [35]

Usefulness of Vitamin D
on Morbidity and
Mortality of SARS-CoV-2
Infection (COVID-19) at
the Central University
Hospital of Asturias

EudraCT
2020-002274-28 – (Not stated) I Completed No EU CTR [35]
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Table 1. Cont.

Study Title Registry ID Phase Study
Type

Recruitment
Status

Results
Posted

Registry
Link

COVID-19 and Vitamin D
Supplementation: a
Multicenter Randomized
Controlled Trial of High
Dose versus Standard
Dose Vitamin 3 in
High-Risk COVID-19
Patients

EudraCT
2020-001602-34 – (Not stated) I Completed No EU CTR [35]

COVID-19 Prophylaxis
with
Hydroxychloroquine,
Vitamin D, and Zinc
Supplementation in
Danish Nursing Home
Residents—a
Randomized Controlled
Trial

EudraCT
2020-001363-85 – (Not stated) I Prematurely

Ended
Yes
(Posted) EU CTR [35]

A Randomized Clinical
Trial (IIIb) of Efficacy of a
Single Dose of
Tocilizumab or a
Combination of
Tocilizumab plus Vitamin
D for the Treatment of
COVID-19 Hyperimmune
Complications

EudraCT
2020-001903-17 IIIb I Ongoing No EU CTR [35]

Phase III Randomized
Open-Label Trial to
Evaluate High-Dose
Cholecalciferol (Vitamin
D3) in Patients with
COVID-19 Pneumonia

EudraCT
2020-002312-43 III I Completed No EU CTR [35]

COVitaminD Trial:
Prevention of
Complications from
COVID-19 in Cancer
Patients Under Active
Treatment

EudraCT
2020-002119-23 – (Not stated) I Prematurely

Ended No EU CTR [35]

Multicenter,
Double-blind,
Randomized Trial to
Evaluate the Efficacy of
Calcifediol Soft Capsules
versus Placebo in
Reducing Hospital
Admissions in Patients
with COVID-19

EudraCT
2021-000316-31 – (Not stated) I Prematurely

Ended
Yes
(Posted) EU CTR [35]
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Table 1. Cont.

Study Title Registry ID Phase Study
Type

Recruitment
Status

Results
Posted

Registry
Link

Prevention and Treatment
with Calcifediol of
Coronavirus
COVID-19–Induced
Acute Respiratory
Syndrome (COVIDIOL)

EudraCT
2020-001717-20 – (Not stated) I Prematurely

Ended No EU CTR [35]

Prevention and Treatment
with Calcifediol of
COVID-19–Induced
Acute Respiratory
Syndrome (COVIDIOL
trial, Spain) [24]

NCT04366908 2 I Recruiting
(ongoing) No CT.gov [36]

Oral 25-hydroxyvitamin
D3 and COVID-19 (Iran) NCT04386850 2/3 I Recruiting

(ongoing) No CT.gov [37]

Evaluation of the
Relationship Between
Zinc, Vitamin D, and B12
Levels in
COVID-19-Positive
Pregnant Women
(Turkey)

NCT04407572 N/A O Completed No CT.gov
[38,39]

International ALLIANCE
Study of Therapies to
Prevent Progression of
COVID-19 (includes
Vitamin D3 arm)

NCT04395768 2 I Recruiting
ongoing No CT.gov

[40,41]

Vitamin D for COVID-19
Trial (VIVID—U.S.) NCT04536298 3 I Completed

No (No
results
posted)

CT.gov [42]

Effect of Vitamin D on
Morbidity and Mortality
of the COVID-19
(COVID-VIT-D Trial)
(Spain/Argentina)

NCT04552951 3 I
Completed
(status last
known)

No (No
results
posted)

CT.gov
[43,44]

Prevention of COVID-19
With Oral Vitamin D
Supplementation
(CORONAVIT trial, UK)

NCT04579640 3 I Completed
No (No
results
posted)

CT.gov
[22,45]

High-Dose Vitamin D
Supplementation in
COVID-19 Patients
(Angers trial, France)

EudraCT
Number:
2020-001602-34

3 I
Completed
(status last
known)

No CT.gov [46]

The LEAD COVID-19
Trial: Low-risk, Early
Aspirin, and Vitamin D to
Reduce COVID-19
Hospitalizations (LEAD
COVID-19,
USA)

NCT04363840 2 I

Withdrawn
(lack of
funding) No CT.gov

[47,48]
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Table 1. Cont.

Study Title Registry ID Phase Study
Type

Recruitment
Status

Results
Posted

Registry
Link

COVID-19 and High-dose
Vitamin D
Supplementation in
High-Risk Older Patients
(COVIT-TRIAL, Europe)

NCT04344041 3 I
Completed
(status last
known)

No CT.gov
[27,46,49]

Pilot Study of Vitamin D
in COVID-19 Patients
(single-arm trial, USA)

NCT04407286 N/A
I
(single-
arm)

Completed
(status last
known)

No CT.gov
[50,51]

Trial of Combination
Therapy to Treat
COVID-19 Infection
ProgenaBiome

NCT04482686 1 I
Completed
(status last
known)

No CT.gov [52]

Vitamin D
Supplementation in
Patients With COVID-19
(Brazil)

NCT04449718 3 I
Completed
(status last
known)

No CT.gov
[53–56]

High Dose Vitamin-D
Substitution in Patients
With COVID-19: a
Randomized Controlled,
Multi-Center Study
(VitCov)

NCT04525820 N/A I
Completed
(status last
known)

No CT.gov
[57,58]

Efficacy of Vitamin D
Supplementation to
Prevent the Risk of
Acquiring COVID-19 in
Healthcare Workers
(COVID-19)

NCT04535791 3 I
Completed
(status last
known)

No CT.gov
[28,59]

Efficacy of Vitamin D
Treatment in Pediatric
Patients Hospitalized by
COVID-19 (Mexico)

NCT04502667 3 I
Completed
(status last
known)

No CT.gov [60]

Vitamin D, Magnesium,
and B12 in COVID-19
(DMB) (Singapore cohort
study)

– (No NCT,
local study) N/A O Completed – [61]

Hydroxychloroquine,
Vitamin C, Vitamin D,
and Zinc for COVID-19
Prevention (HELP
COVID-19 Trial, USA)

NCT04335084 2 I Active, not
recruiting No CT.gov [62]

High-Dose vs.
Standard-Dose Vitamin
D3 in Patients with
COVID-19 (SHADE trial,
India)

CTRI/2020/06/026189
(no NCT) – I Completed Published

only
CT.gov
[26,63]
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Table 1. Cont.

Study Title Registry ID Phase Study
Type

Recruitment
Status

Results
Posted

Registry
Link

Prevention of COVID-19
With Oral Vitamin D
Supplemental Therapy in
Essential Healthcare
Teams (PROTECT)

NCT04483635 3 I Completed Published CT.gov
[64,65]

Vitamin D and Zinc
Supplementation for
Improving Treatment
Outcomes Among
COVID-19 Patients in
India

NCT04641195 3 I Completed Published CT.gov
[66,67]

Vitamin D
Supplementation in
Patients With COVID-19

NCT04449718 N/A I Completed Published CT.gov
[23,53]

Vitamin D and COVID-19
Management (Canada) NCT04385940 3 I Completed No CT.gov [68]

Investigating the Role of
Vitamin D in the
Morbidity of COVID-19
Patients (UK)

NCT04386044 N/A I Completed No CT.gov [69]

Baseline Vitamin D
Deficiency and COVID-19
Disease Severity (USA)

NCT04628000 N/A O Completed No CT.gov [70]

Increased Risk of Severe
Coronavirus Disease 2019
in Patients with Vitamin
D Deficiency (COVIT-D,
Spain)

NCT04403932 N/A O Completed No CT.gov [71]

Vitamin D Status and
Immune-inflammatory
Status in Different UK
Populations With
COVID-19 Infection

NCT04519034 N/A O Active, not
recruiting No CT.gov [72]

Should Ranges of Vitamin
D be Redefined to Prevent
or Treat Viral Infections?
(Turkey)

NCT04394390 N/A O Completed No CT.gov [73]

Cholecalciferol to
Improve the Outcomes of
COVID-19 Patients
(CARED)

NCT04411446 4 O Unknown
status No CT.gov

[29,74]

Vitamin D on Prevention
and Treatment of
COVID-19 (COVITD-19)

NCT04334005 N/A I Unknown
status No CT.gov [75]

I—interventional; O—observational, N/A—non attributed.

A meta-analysis performed by Zhang et al. examined sixteen research studies (com-
prising eight RCTs with eight cohort studies) among 3359 patients to assess the effects
of vitamin D supplementation on COVID-19 outcomes [76]. Vitamin D supplementation
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failed to produce a meaningful decrease in death rates among patients and their risk of
hospital admission in intensive care units or the need for mechanical ventilation. This
study’s conclusion requires careful interpretation because the research quality remains
low and the number of participants small, and the control factors varied regarding the
doses administered to patients across diverse study designs. The available data, obtained
through both this recent meta-analysis and previous studies, provide insufficient evidence
to determine the impact of vitamin D supplementation on immune function and cytokine
storm prevention. Research indicated that higher vitamin D amounts might decrease
infection frequency, yet no substantial evidence has demonstrated its benefits in terms of
clinical mortality rates and intensive care unit admissions. The researchers incorporated
better methodologies and adjusted odds ratios to minimize bias, which made the study
results more dependable than those of prior analyses. The complete strength of the overall
findings was limited due to a lack of demographic information and differences across the
studied papers.

5. Dosage Recommendations and Guidelines
Modern healthcare experts endorse sufficient vitamin D intake for supporting com-

plete health along with immune system function. Adults following standard vitamin D
intake recommendations should take 15 to 20 micrograms per day, which equals 600 to
800 IU [77]. The government of the United Kingdom suggests taking 10 µg (400 IU) of
supplements daily due to sunlight scarcity in winter and fall [78]. In all situations, 400
IU of supplements should be consumed daily by those who face substantial vitamin D
deficiency risks, such as the elderly in care facilities, along with dark-skinned individuals
and young children [79]. The healthcare objective focuses on sustaining 25(OH)D serum
concentrations above 20–30 ng/mL because researchers hope that this range is sufficient
to promote bone health and a stronger immune response [80]. Some COVID-19 guidance
specifically focuses on delivering vitamin D supplements to elderly patients, individu-
als with obesity, and those having chronic illnesses who commonly fall within high-risk
categories [81]. The UK government distributed vitamin D supplements free of charge
at 400 IU per day across 2.5+ million clinically vulnerable people for 4 months due to
maintaining sufficient levels as per research. Medical professionals support the need for
high-risk people to receive additional treatment through daily doses between 1000 and
2000 IU and loading doses to reduce deficiency quickly, but individual requirements must
guide these treatments. Official healthcare organizations emphasize deficiency correction
as an essential part of overall healthcare. Although the authorities have not directly sup-
ported the use of high-dose vitamin D for COVID-19 prevention, they maintain that the
official recommended dosages protect against COVID-19 for vulnerable populations [82].
Different institutions have failed to establish a minimum effective dosage level for treating
COVID-19 patients. A clinical trial implementation of vitamin D included daily doses of
5000 IU alongside a single administration of 200,000–500,000 IU. Medical facilities feed
COVID-19 patients who lack sufficient vitamin D with large single-dose infusions, seeking
rapid level enhancement. Health organizations avoid recommending routine high-dose
vitamin D treatment for hospitalized patients because of inconsistent trial results [83].
The clinical trial NCT04334005 tested the administration of a single dose of 25,000 IU of
vitamin D as an immunomodulatory agent that would improve the prognosis in non-severe
COVID-19 patients as a supplement in addition to standard therapy [84]. Another study
(NCT04363840) recommended the administration of a dose of 50,000 IU of vitamin D once
a week for 2 weeks, in combination with 81 mg of acetylsalicylic acid, but this study was
withdrawn due to a lack of funding [48,84] The standards of care require clinicians to
undertake vitamin D supplementation using protocols for deficiency treatment, which
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might include 50,000 IU doses weekly for several weeks, though this type of care does
not prove effective against COVID-19 [85]. Research organizations maintain that vitamin
D remains vital for general health; however, studies fail to establish it as an effective
COVID-19 treatment. Data currently lack the necessary support to be used to determine
whether vitamin D works for preventing or treating COVID-19 according to the U.S. NIH
COVID-19 Treatment Guidelines [83]. The UK’s NICE rapid guidelines (2020) indicated
that research lacks clear evidence for vitamin D usage in COVID-19 treatment yet recom-
mended continuing standard recommendations for daily 10 µg supplementation for bone
health (which provides possible indirect educational benefits for respiratory infections) [83].
Government health agencies at the NHS level declare that insufficient evidence exists
that supports taking vitamin D solely to handle or protect against COVID-19 cases [86].
People should take vitamin D according to public recommendations, which state its use for
health promotion and deficiency prevention. High-dose vitamin D consumption must be
monitored through medical supervision whenever it exceeds suggested daily guidelines.
Vitamin D accumulates in fat tissue, which means that users need to watch their intake
for safety reasons. Medical experts have established that daily, adults can tolerate upper
intake levels of 100 µg (4000 IU) of vitamin D supplements [87]. The established threshold
for vitamin D safety applies to most individuals in the general population. The use of the
very high vitamin D doses that researchers administered in trials to assess effectiveness
represents a clinical study methodology but should not be conducted as regular practice
because this can lead to safety issues when patients are unsupported [87–90]. Taking too
much vitamin D can cause elevated calcium levels in the blood, which may result in kidney
stones, confusion, and heart arrhythmias [91–93]. The official COVID-19 recommendations
emphasize maintaining sufficient vitamin D levels through moderate daily supplemen-
tation unless a person needs clinical attention for vitamin D deficiency or participates in
active clinical trials [83] (Table 2).

Table 2. Vitamin D and dosage recommendations.

Population Recommended Vitamin D
Intake Purpose/Comments Evidence Level/

Guideline Source

General population 400–800 IU (10–20 µg) daily Maintain general health
and immune support

CDC, WHO, NHS
guidelines

At-risk groups (elderly,
limited sun exposure,
chronic illnesses)

800–2000 IU (20–50 µg)
daily

Ensure adequate vitamin D
status, potentially reducing
severe respiratory
infections

NICE (UK), NIH
guidelines

Hospitalized COVID-19
patients

No routine high-dose
supplementation
recommended

Correct vitamin D
deficiency if present
(typically 1000–2000
IU/day or higher doses
under medical supervision)

NIH COVID-19 Treatment
Guidelines

COVID-19 prevention
(general)

No evidence-based
recommendation beyond
general intake

Maintaining adequate
vitamin D levels might
indirectly support immune
health

CDC, NIH COVID-19
Treatment Guidelines

Safe upper limit for adults 4000 IU (100 µg) per day Avoid potential toxicity
and hypercalcemia

Institute of Medicine
(IOM), NIH guidelines
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6. Vitamin D Status and Severe COVID-19 Outcomes
Research on COVID-19 severity in relation to vitamin D levels continues to grow in

quantity in the scientific literature. Most observational studies suggest a link between
vitamin D deficiency and adverse COVID-19 outcomes, but such findings do not establish
causality [83,87]. Research shows that COVID-19 progresses more severely when patients
have lower vitamin D levels when compared to people with milder illness status and the
average population [89]. Vitamin D deficiency prevalence was higher among 335 COVID-19
patients than 560 healthy controls as researchers recorded 10.6 ng/mL median 25(OH) D
in COVID-19 patients and 13 ng/mL in controls [94]. People with deficiency displayed
greater disease severity according to study findings. A review of 17 studies that examined
2756 COVID-19 patients demonstrated that vitamin D-deficient patients faced significantly
increased risks of poor disease outcomes with higher death rates, longer hospital stays,
and higher admission frequencies [95]. Several examinations of COVID-19 patients have
established that those who are vitamin D-deficient or less replete than recommended expe-
rience more serious health consequences along with higher fatality rates [96–98]. Several
studies analyzing previous data show an association between vitamin D levels in patients
and their need for intensive care admission and survival chances [99,100]. Sartini et al.
conducted a systematic review and meta-analysis to determine whether preventive vitamin
D supplementation reduces the risk of COVID-19 infection and related adverse outcomes
(intensive care unit admission and mortality) [7]. Preventive vitamin D supplementation
was associated with a significantly lower risk of COVID-19 infection. In RCTs, vitamin
D supplementation reduced the odds of contracting COVID-19 by around 60% (pooled
OR ≈ 0.40, 95% CI 0.22–0.75). Similarly, observational studies showed roughly 40% lower
odds of infection in vitamin D-supplemented groups (OR ≈ 0.59, 95% CI 0.48–0.74) despite
high between-study heterogeneity (I2 ~99%) [101–104]. Vitamin D supplementation was
also associated with a markedly reduced likelihood of ICU admission among those who
did become infected (pooled OR ≈ 0.32, 95% CI 0.15–0.68) [14,89,105]. However, no sig-
nificant reduction in COVID-19 mortality was observed in the pooled observational data
(OR ≈ 0.88, 95% CI 0.67–1.17), although one small RCT reported a significant mortality
benefit (OR ≈ 0.16, 95% CI 0.03–0.83 [10,14,89,106–108]. In conclusion, preventive vitamin
D supplementation was associated with a significant decrease in the risk of SARS-CoV-2
infection and the need for ICU-level care. These findings support the protective role of
vitamin D in COVID-19 prevention; however, evidence of a mortality benefit remains
inconclusive, thus warranting further investigation. Nursing home patients who con-
sumed regular high-dose vitamin D supplements had increased survival rates and milder
COVID-19 according to research in France [109]. The same result was documented in a UK
study involving 444 patients with a median age of 74 [110]. Observational evidence shows
that sufficient vitamin D status before COVID-19 diagnosis seems to be associated with
better outcomes.

The application of vitamin D supplements within intervention-based trials resulted in
a 65% reduction in relative ICU admissions and an approximately 54% decreased mortality
risk for COVID-19 patients [111]. This analysis includes different study types showing
protective results, although the evidence base comes mainly from observational studies
rather than randomized trials. Available research evidence does not consistently demon-
strate that vitamin D influences COVID-19 severity levels. It is possible that low levels of
vitamin D are reflective of different risk factors [106]. Another important consideration is
that low levels of vitamin D may simply be a marker of other risk factors, such as older
age, obesity, and chronic illness, all of which can lead to both reduced vitamin D levels and
poorer COVID-19 outcomes [100,106,112,113]. An evaluation of vitamin D levels in 348,598
UK Biobank participants who acquired COVID-19 (449 cases) revealed that factors such as
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age, obesity, ethnicity, and sex did not result in vitamin D levels being linked to COVID-19
infection probability [110]. Likewise, multiple meta-analyses failed to establish a significant
relationship between low baseline vitamin D values (<20 ng/mL) and critical COVID-19
results [112,114–117]. This research indicates that vitamin D deficiency alone may not create
serious COVID-19 conditions, while other high-risk medical situations are more likely to
cause severe illness paths. Disease severity, along with illness, triggers a decrease in vita-
min D levels, thus creating interpretive confusion. The data show that acute inflammation
reduces the concentration of 25(OH) D in serum based on studies that demonstrated a swift
decrease in vitamin D levels following inflammatory challenges [114,118]. The intense
inflammatory response in COVID-19 patients can lower vitamin D levels; thus, the viral
infection itself might cause vitamin D insufficiency instead of poor vitamin D status acting
as a risk factor for severe disease [119]. This reverse causality effect is a recognized issue
because critically ill patients generally exhibit low vitamin D levels, yet late-stage vitamin
D supplementation could possibly fail to improve clinical results. Various studies demon-
strate that vitamin D deficiency presents frequently in patients with severe COVID-19, yet
research shows that vitamin D deficiency predisposes subjects to hospitalization or death
from this disease [120–122]. The data show enough evidence for researchers to develop a
hypothesis about how to achieve better results through enhanced vitamin D status. The
associations between severe COVID-19 disease and vitamin D deficiency cannot be used
to prove causation because confounders exist, and the disease itself could reduce vitamin
D levels. In the medical context, it makes sense to correct vitamin D deficiencies because
sufficient levels promote general health and might assist immune system function, particu-
larly in vulnerable population segments [123]. Scientific evidence confirms that vitamin
D supplementation above the suggested levels does not demonstrate enough benefits to
treat severe cases of COVID-19 based on trial findings [124,125]. The medical community
remains uncertain about how much vitamin D actually helps, while the VIVID trial, along
with other extensive studies, aims to find definitive evidence. Health organizations recom-
mend adequate vitamin D intake as a safe secondary measure against COVID-19 while
retaining their stance that being free from vitamin D deficiency is a reasonable enough form
of protection [42].

7. Role of Vitamin D in Long COVID Patients
Vitamin D has been explored as a potential factor in patients experiencing long COVID

(post-acute sequelae of SARS-CoV-2 infection), but evidence is still emerging. The immune
system reacts to vitamin D because this nutrient both regulates inflammatory responses and
controls the production of cytokines. Researchers suppose that vitamin D status determines
long COVID development because of sustained inflammation and abnormal immune func-
tion [126]. The presence of vitamin D insufficiency directly leads to symptoms of fatigue
alongside muscle-related discomfort and weakness, which frequently develop in patients
with long COVID [127]. Vitamin D may benefit neurological health by exhibiting anti-
inflammatory properties and neuroprotective functions, which affect both mental health
symptoms and cognitive function associated with long COVID [128]. The research results
from observational studies show that individuals with deficient vitamin D levels have
increased disease severity and a lengthened duration of symptoms, like fatigue, muscle
weakness, brain fog, and mood disruption, following COVID-19 infection [129]. The Journal
of Clinical Endocrinology & Metabolism (2022) conducted a study that connected vitamin
D deficiency to worse severity, as well as longer-lasting symptoms of long COVID [130].
The recovery rate for patients with vitamin D levels higher than 30 ng/mL proved more
favorable than that for patients demonstrating deficiency [131]. Limited research based
on a small number of participants indicates that providing vitamin D supplementation
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restores long COVID symptoms when patients receive treatment for their vitamin D de-
ficiency [132]. Ongoing research and planned studies continue to evaluate the effects of
vitamin D supplements on the treatment of long COVID [133]. Scientific research has
not established enough evidence to confirm that vitamin D supplements enhance long
COVID outcomes. Health organizations want healthcare professionals to check vitamin D
levels in recovering COVID-19 patients who experience ongoing symptoms. The medical
community recommends treating identified vitamin D shortcomings because this approach
benefits general health and may reduce symptoms [134]. Long COVID patients can receive
vitamin D doses of 800–2000 IU per day to achieve safe serum levels above 30 ng/mL in
their blood [135,136]. Patients should avoid the self-administration of high doses of vitamin
D because they require medical consultation to establish a suitable treatment plan.

8. Highlights
• High-dose vitamin D supplementation has not been recommended as a routine treat-

ment for preventing or treating COVID-19 because researchers lack sufficient proof of
its effectiveness.

• The relationship between vitamin D deficiency with levels under 20 ng/mL in serum
25(OH)D and extreme COVID-19 outcomes remains under debate regarding any
causal connection.

• Patients with long COVID show widespread vitamin D deficiency patterns, which con-
currently worsen all their persistent symptoms, including fatigue, muscle weakness,
cognitive impairment, and mood disturbances.

• Evidence is insufficient to draw firm conclusions on whether vitamin D deficiency
correction through supplementation helps long COVID patients, irrespective of muscle
pain symptoms and fatigue, yet research using randomized controlled trials continues
to provide insights into this topic.

9. Limitations of This Review
Among the major drawbacks of the studies identified and included in this review

is the small sample size, which raises questions about the results obtained. Another
deficiency is that the studies were conducted in different geographical areas, and therefore,
the populations studied were likely affected by different variants of the virus, with the
severity of COVID-19 cases being determined by the circulating variant. There is also a lack
of a global standard of care, with the basic therapeutic regimen varying from one study to
another. Other limitations of the studies reviewed include the lack of data on the prevalence
of vitamin D deficiency in the population at baseline. Different vitamin D formulations
(cholecalciferol and/or calcitriol) were also used, thus making it impossible to assess the
effectiveness of a particular formula. In many cases, the dose of vitamin D was higher
than the standard doses dispensed without a medical prescription, making it unlikely that
patients would take the recommended doses without medical supervision. Although there
is evidence from observational studies that vitamin D plays a role in immune function,
interventional trials have had rather disappointing results. One significant problem is that
most studies did not select patients according to the degree of vitamin D deficiency, and
thus, vitamin D supplementation may not have had a beneficial effect on a person with
normal or high levels. The meta-analysis results indicate that vitamin D supplementation
does not decrease COVID-19 mortality or the number of ICU hospitalizations or mechanical
ventilation procedures, and researchers require well-designed randomized trials with a
significant number of patients to properly analyze the potential advantages of vitamin D
usage for COVID-19 patients.
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10. Conclusions
Experts have recognized vitamin D as an essential factor for immune system man-

agement that strengthens initial defense systems against pathogens while controlling
unnecessary immune responses. Studies on vitamin D in COVID-19 have a biological basis
because sufficient vitamin D enhances immune virus clearance and minimizes harmful
inflammatory responses leading to severe lung injuries. Experimental observations support
vitamin D systems in controlling COVID-19 but studies have yet to demonstrate clear
clinical advantages in trials and scientists continue their investigations.

This narrative review highlighted that there are insufficient data to support the use of
vitamin D supplementation as a treatment for COVID-19 patients, but individuals who are
vitamin D-deficient may benefit from vitamin D supplementation as a nutritional correction
for those with deficient diets or for those who have low levels of vitamin D, as determined
via biochemical tests. Long COVID patients should preserve adequate vitamin D levels
because this strengthens their immune and muscular systems, even if only providing
modest recovery improvement. Multiple clinical investigations must take place before
medical experts can endorse the use of vitamin D as an exclusive therapeutic approach
for patients suffering from long COVID. Scientific studies lack convincing evidence that
shows that high-dose vitamin D can effectively be used to treat long COVID, although
maintaining adequate vitamin D levels remains safe, has general health benefits, and can
possibly aid in mediating numerous long COVID symptoms.
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