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Vitamin D and COVID-19: where are we now?
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ABSTRACT ARTICLE HISTORY
The pandemic caused by the SARS-CoV-2 virus has triggered great interest in the search for the Received 12 August 2021

pathophysiological mechanisms of COVID-19 and its associated hyperinflammatory state. The presence Accepted 9 December 2021

of prognostic factors such as diabetes, cardiovascular disease, hypertension, obesity, and age influence

the expression of the disease’s clinical severity. Other elements, such as 25-hydroxyvitamin D (25(OH)

D3) concentrations, are currently being studied. Various studies, mostly observational, have sought to D: vitami .
X X X . ; vitamin D receptor (VDR);

demonstrate whether there is truly a relationship between 25(0H)D3 levels and the acquisition and/or 25-hydroxyvitamin D-Talpha-

severity of the disease. The objective of this study was to carry out a review of the current data that hydroxylase (CYP27B1); SARS-

associate vitamin D status with the acquisition, evolution, and/or severity of infection by the SARS-CoV CoV-2; COVID-19

-2 virus and to assess whether prevention through vitamin D supplementation can prevent infection

and/or improve the evolution once acquired. Vitamin D system has an immunomodulatory function and

plays a significant role in various bacterial and viral infections. The immune function of vitamin D is

explained in part by the presence of its receptor (VDR) and its activating enzyme 25-hydroxyvitamin

D-1alpha-hydroxylase (CYP27B1) in immune cells. The vitamin D, VDR, and Retinoid X Receptor complex

allows the transcription of genes with antimicrobial activities, such as cathelicidins and defensins.

COVID-19 characteristically presents a marked hyperimmune state, with the release of proinflammatory

cytokines such as IL-6, TNF-a, and IL-1f. Thus, there are biological factors linking vitamin D to the

cytokine storm, which can herald some of the most severe consequences of COVID-19, such as acute

respiratory distress syndrome. Hypovitaminosis D is widespread worldwide, so the prevention of COVID-

19 through vitamin D supplementation is being considered as a possible therapeutic strategy easy to

implement. However, more-quality studies and well-designed randomized clinical trials are needed to

address this relevant question.
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Vitamin D; 25-hydroxyvitamin

1. Introduction Some studies have shown that low 25-hydroxyvitamin
D (25(0OH)D3) concentrations are related to pathological con-
ditions such as bacterial and/or viral infections [9-13]. In fact,
vitamin D deficiency is a documented risk factor for the devel-
opment of exaggerated and persistent inflammation, which is
a precursor to ARDS [14]. The rapid spread of COVID-19 in the
northern hemisphere during the winter season has been
linked to vitamin D deficiency [15]. Adequate 25(0OH)D3 levels
in patients with COVID-19 could be considered a possible
protective factor and may have prognostic value for the sus-
In the immune response to SARS-CoV-2, the point at which ceptibility and evolution of the disease.
the immune response is no longer regulated and becomes an It has been described that the active form of vitamin D exerts
exacerbated response appears to be at the transitional phase  an immunomodulatory and antimicrobial effect, which supports
between innate and adaptive immunity. A correct protective the use of vitamin D supplementation for the prevention of
response involves CD4 T cells, which influence antibody- infections [12,13]. In COVID-19, different studies suggest different
producing B cells, as well as cytotoxic CD8 T cells, which are  mechanisms. Although the exact mechanism by which vitamin
responsible for the elimination of infected cells. If these cells D could prevent Sars-Cov-2 infection or improve COVID-19 prog-
are not eliminated, and viral replication is not inhibited, the nosis is unclear several studies have shown that vitamin D and its
immune response will be perpetuated and exacerbated, metabolites may be involved both in the viral replication process
resulting in acute respiratory distress syndrome (ARDS) or and in the binding of the virus to the host, so that supplementa-
disseminated intravascular coagulation [7,8]. tion with vitamin D metabolites as well as with its biologically

The pandemic caused by the SARS-CoV-2 virus has triggered
great interest in the search for the pathophysiological
mechanisms of COVID-19 (the infectious disease caused by
SARS-CoV-2) and the associated hyperinflammatory state.
Several studies have noted that factors such as age, sex,
race, obesity, diabetes and hypertension act as risk factors in
establishing an uncontrolled cytokine release that leads to an
exacerbated and unbalanced immune response [1-6].
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active hydroxyderivatives could be a promising therapeutic strat-
egy [16,17].

Based on these premises, the aim of this review was to
contemplate whether 25(0OH)D3 levels and its derivatives can
influence the acquisition, evolution, and/or severity of COVID-
19 through its possible mechanisms of action. In addition, we
also consider whether vitamin D supplementation may pre-
vent infection and/or improve the evolution of the infection
once acquired analyzing delivery routes and doses.

2. Materials and methods

A search of the scientific literature published in PubMed
through July 2021 was conducted to identify peer-reviewed
articles on COVID-19 -especially about the immune functions
of vitamin D and COVID-19 acquisition- as well as the evolu-
tion and its resolution or prevention through the presentation
of optimal 25(0OH)D3 levels. Original human research articles
published in English, prospective and retrospective observa-
tional studies and randomized controlled trials were included.
Also, single case reports, case series, editorials, letters to the
editor, comments (to an article or from the editor), responses
(to a comment, letter or article), short reports and communi-
cations, corrections, opinions perspectives and debates were
considered. The largest studies and the most recent and
strongest available evidence were prioritized.

3. COVID-19 and biological activity of vitamin D

The term vitamin D includes vitamin D3 (cholecalciferol) and
vitamin D2 (ergocalciferol). Vitamin D3 is synthetized mainly in
the skin, from its precursor 7-dehydrocholesterol by ultraviolet
irradiation. Other sources of vitamin D3 include the diet.
Circulating vitamin D3 is bound to vitamin D binding protein
(DBP), which transports it to the liver where is hydroxylated by
vitamin D25-hydroxylase to 25-hydroxyvitamin D3 (25(OH)D33
or calcidiol). This hydroxylated form is metabolized to its active
metabolite 1,25-dihydroxyvitamin D3 (1,25(0OH),D3 or calcitriol),
preferentially in the kidney by the enzyme CYP27B1. Vitamin D2
is obtained mainly from dietary. It is excreted mainly in the bile,
but a small amount is reabsorbed in the small intestine [18].

The fact that CYP27B1 is expressed in several tissues that
also express the vitamin D receptor (VDR), linked to about 3%
of the human genome is regulated by the hormone 1,25(0H),
D3 [18-21], suggests that vitamin D could have additional
functions different than bone metabolism [22,23].

Although the best known activation pathway for vitamin
D is through the sequence previously described, several evi-
dences have shown an additional non-canonical vitamin
D activation pathway through steroidogenic enzyme cyto-
chrome P450scc (CYP11A1) produced by placenta, adrenal
glands, and epidermal keratinocytes that generates novel vita-
min D-hydroxyderivatives different from 25(0OH)D3 and
1,25(0H),D3. Although the importance and physiological role
of the CYP11A1-derived vitamin D metabolites remain to be
established, some studies suggested that they could act as
hormones in vivo playing immunomodulatory roles, participat-
ing in the induction of intracellular free radical scavenging and
attenuating DNA damage through the activation of the NRF2-

regulated antioxidant response, p53-phosphorylation and its
translocation to the nucleus [24-28].

VDR is the best known receptor of vitamin D belonging to
the family of nuclear receptors involved in DNA transcription
[29,30]. The VDR acts mainly as a nuclear transcription factor,
however, non-genomic actions of vitamin D have been postu-
lated that involve the rapid binding of 1,25(0OH),D3 to the
cytosolic and membrane VDR activating numerous second
messenger  systems [31]. Some of the vitamin
D hydroxyderivatives, can act as biased agonists of the VDR
as well as inverse agonists of retinoic acid orphan receptors
(ROR) a and y [32,33].

Retinoid X Receptor (RXR) is the heterodimeric partner of
VDR, and is found widely distributed in tissues and cells, and
including those that do not express the VDR [34]. The VDR-
RXR heterodimer binds to VDRs located in the promoter
regions of target genes. VDR can either positively or negatively
regulate the expression of certain genes by binding to the
VDRs present in their promoter regions [35-37] or inhibit the
expression of some genes by antagonizing the action of cer-
tain transcription factors, such as nuclear factor (NF)-AT and
NF-kB [38-40]. 1,25(0OH),D3 leads to the activation of VDRs
and acts by forming a complex with RXR that, in turn, influ-
ences the proteins of the innate and adaptive immune system.
Additionally, liver X receptor (LXR) has been identified as
the second nuclear receptor pathway for several D3-
hydroxyderivatives, including 1,25(0H),D3 suggesting a new
mechanism of action for these compounds [41].

On the other hand, glutathione plays an important role in
a multitude of cellular processes, and disturbances in glu-
tathione homeostasis are involved in the etiology and/or pro-
gression of several diseases, including diseases of aging,
cardiovascular, inflammatory, immune, metabolic and neuro-
degenerative diseases, and cancer. Moreover, low levels of
intracellular glutathione are associated with decreased cellular
antioxidant capacity [42]. The glutathione level also is involved
in the regulation of vitamin D levels being essential for the
conversion of provided vitamin D into active vitamin
D metabolites: 25(0OH)D3 and 1,25(0H),D3 and regulating
positively the bioavailability of 25(0H)D3 [43,44]. Moreover,
vitamin D also increases glutathione level thus contributing
to the reduction of the oxidative stress [45]. SARS-CoV2 infec-
tion triggers massive ROS production and oxidative damage.
Jain et al have proposed that overproduction of ROS and
excessive oxidative damage are responsible for impaired
immunity, cytokine storm secretion and the onset of lung
dysfunction in response to COVID-19 infection [46].

Vitamin D is a pluripotent hormone that modulates innate
and adaptive immune responses [47]. Immunocytes such as
macrophages, B and T lymphocytes, neutrophils, and dendritic
cells express VDR, which enables the actions of vitamin D [48].
The role of vitamin D in immune functions appears to be
mainly related to the bioavailability of the 25(0OH)D3 form,
the induction of the enzyme CYP27B1, and the peripheral
tissue action of the active form [49].

Epithelia are the main barrier separating the environment
from the body and are the first to respond to invading patho-
gens that lead to the activation of the innate immune system.
These activate macrophages and dendritic cells and recruit



neutrophils and T lymphocytes to the infection site. Epithelia
express the CYP27B1 enzyme, and vitamin D stimulates the
expression of gap protein and tight junction protein in the
epithelia, which helps maintain the integrity of the epithelium,
preventing virus penetration. In addition, vitamin D acts indir-
ectly by stimulating autophagy and facilitating the death of
epithelial virus-infected cells through the modulation of the
mMTOR pathway [49].

In addition, through the VDR-RXR complex, the production
of peptides such as cathelicidin, defensin, and nucleotide
binding oligomerization domain-containing protein 2 is stimu-
lated, promoting the microorganisms destruction [49].
Furthermore, 1,25(0H),D3 increases the synthesis of hepcidin,
which contributes to the accumulation of iron intracellularly,
thus preventing its use by microorganisms, and stimulates the
production of nitric oxide and superoxide. The stimulation of
innate immunity associated to vitamin D results in the synth-
esis of these proteins that exert antiviral activity [50].

A potential role for vitamin D in reducing the effects of the
cytokine storm associated to severe COVID-19 is under study. In
these severe cases, the initial infection of the airway epithelium
leads to rapid viral replication linked to a delayed expression of
class 1 interferon (IFNa/p) in dendritic cells due to viral infection
[51]. IFNa/B normally stops viral replication allowing viral clear-
ance by CD8 T cells, processes that in these severe cases, are
inhibited [52]. On the other hand, the delayed expression of
IFNa/B increases recruitment of proinflammatory cells, which
secrete several proinflammatory cytokines/chemokines which
attract other inflammatory cells such as monocytes, neutrophils
and macrophages while sensitizing T cells to apoptosis [53]. The
T cell response required for viral clearance is damped, and their
role in buffering the cytokine storm is decreased [54].

Airway epithelia constitutively express both CYP27BI,
1,25(0H),D3, and the VDR. Furthermore, several respiratory
pathogens induce the expression of CYP27B1 and VDR in
pulmonary alveolar macrophages, leading the activation of
innate immunity and increasing local 1,25(0H),D3 that has
been shown to enhance viral neutralization and clearance
while modulating the subsequent proinflammatory response.
This hypothesis has to be confirmed for coronaviruses, such as
SARS-CoV-2.

The role of vitamin D in the acquired immune response
focuses on inhibition of the proliferation and differentiation
of B and T cells, a reduction of the stimuli that give rise to
the synthesis and secretion of antibodies and proinflamma-
tory cytokines by these cells, and the proapoptotic effects of
these cells, thus increasing immunotolerance in the organ-
ism. Thus, 1,25(0OH),D regulates adaptive immunity by limit-
ing the maturation of dendritic cells and its capacity to
present antigen to the T cells, as well as stimulating con-
version of Th1 and Th17 proinflammatory subsets to Th2
and Treg subsets [55]. The result is a decrease in proinflam-
matory cytokines and an increase in anti-inflammatory cyto-
kines, which can be mediated through the NFkp
pathway [55].

Moreover, non-calcemic CYP11A1-generated vitamin Ds-
hydroxyderivatives have anti-inflammatory properties, induce
antioxidative responses, and stimulate innate immunity
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against infectious agents. These compounds are involved in
the decrease of proinflammatory cytokines by downregulating
nuclear-NFkB-p65 activity and through an inverse agonism on
ROR y. They can also counteract the oxidative stress through
activation of NRF-2 and p53-dependent pathways and induces
the DNA repair system [28,56-58].

Although 25(0OH)D3 is an important component of the
antimicrobial response through its transformation to
1,25(0H),D3, its role as a circulating lipophilic molecule
bound to DBP is also noteworthy [59]. The ability of 25(0OH)
D3 to access immune target cells is limited by its binding to
DBP, being the ‘free’ fraction of 25(0H)D3 which is acquired by
immune cells to drive the intracrine induction of antimicrobial
responses [60]. This suggests that, it is important to assess
both the level of 25(0OH)D3 and the associated concentration
of DBP when considering the impact of vitamin D system on
antimicrobial immune responses. In addition, it remains possi-
ble that infections and associated inflammatory immune
responses lead to disturbances in vitamin D metabolism.
Thus, 25(0H)D3 deficiency could be a possible consequence
of an infectious disease and may, therefore, be considered
a negative acute phase reactant [55].

Since vitamin D deficiency is a documented risk factor for
the development of exaggerated and persistent inflammation,
which is the prelude to ARDS, there may be a relationship
between 25(0OH)D3 levels and susceptibility to COVID-19.

COVID-19 begins when S protein binds to angiotensin-
converting enzyme-2 (ACE2) [61]. ACE2’s cellular overexpres-
sion facilitates viral entry and replication. In the renin-
angiotensin-aldosterone system (RAAS), the ACE converts
angiotensin-l to angiotensin-Il, a vasoactive peptide respon-
sible for systemic vasoconstriction [62]. By contrast, ACE2
acts by inhibiting the effects of angiotensin-Il, thereby cat-
alyzing angiotensin-l and Il by producing metabolites with
vasodilatory action [63]. This makes it possible to control
the occurrence of deleterious effects on the cardiovascular
and immune system [64]. The down-regulation of ACE2 in
COVID-19 leads to an accumulation of angiotensin-Il and
both pulmonary and cardiac damage, expressed as respira-
tory distress, myocarditis and other vascular complications
[65,66]. ACE2 is less strongly expressed in males and the
elderly, who are at the highest risk of severe COVID-19
infection [67]. Oxidative stress that is increased by viruses
activating toll-like receptors (TLR) with subsequent release
of cytokines constitutes an additional factor in the develop-
ment of ARDS [68].

Vitamin D appears to have a potential effect on the
RAAS. Calcitriol modulates the expression of angiotensin-,
renin, and angiotensin-ll and appears to stimulate ACE2
expression. Thus, vitamin D may exert protective effects in
the lung [69,70]. Moreover, 1,25(0H),D3 has been shown to
have a beneficial outcome in acute lung injury by improving
lipopolysaccharide-induced lung permeability. The vitamin
D/VDR signaling pathway may provide beneficial effects in
lipopolysaccharide-mediated respiratory distress syndrome
by decreasing cytokine storm and by regulating the RAAS
[71] (Figure 1). Similarly, the anti-inflammatory and antiox-
idant properties of vitamin D hydroxyderivatives originating
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Figure 1. Schematic representation of the paracrine and intracrine functions of vitamin D and its metabolites and actions in the innate and adaptive immune
systems. A: Vitamin D synthesis. B1: Adaptive immunity. B2: Innate immunity. C: Inflammatory response mediated by SARS-CoV-2.

through the non-canonical vitamin D activation pathway, as
well as their stimulatory action on innate immunity against
infectious agents, may decrease the cytokine storm asso-
ciated with ARDS. In this context, some metabolites of
vitamin D have been shown to bind with high affinity to
some enzymes of the Sars-Cov-2 virus replication machinery
involved in the stabilization of the infection, inhibiting their
activity. In addition, both vitamin D3 and its biologically
active hydroxyderivatives can inhibit the binding of ACE2
to the RBD of SARS-CoV-2 thereby preventing the entry of
SARS-CoV-2. Thus, treatment based on supplementation of
these compounds appears to be a promising therapeutic
strategy for COVID-19 [16,17,56,72].

Therefore, the activation of innate immunity leading to
increased local production of 1,25(0H),D3 and its hydro-
xyderivatives that has been shown to improve the neutra-
lization and clearance of virus while modulating the
downstream proinflammatory response observed in some
viruses and respiratory pathogens [55], is likely to be simi-
lar in SARS-CoV-2 based on recent findings.

Green and red arrows indicate activation and inhibition
respectively. Proinflammatory cytokines in orange. Anti-
inflammatory cytokines in greenish blue. Calcidiol or 25-
hydroxyvitamin ~ D:  (25(0H)D3).  Calcitriol or  1,25-
dihydroxyvitamin D3: 1,25(0OH),D3. VDR: Vitamin D receptor,
RXR: Retinoid X Receptor. CYP27B1: 25-hydroxyvitamin
D-1alpha-hydroxylase. Lt: T Limfocite. Mo: Macrophages. N+:
Neutrophil. Th: T Limfocite helper. LT CD4: T Limfocite CD4 + .
IFN-a, IFN-y: Interferon a and y; IL: Interleukin. TNF-a: Tumor

Necrosis Factor-a. TGFf: Transforming growth factor a and {.
CCL22: Chemokine (C-C motif) ligand 2. Ang: angiotensin.
ACE2: Angiotensin Converting Enzyme 2.

4. Observational studies
4.1. Vitamin D status and COVID-19

D’Avolio et al. investigated the relationship between plasma
25(0OH)D3 and the results of SARS-CoV-2 tests (polymerase
chain reaction: PCR) showing significantly lower 25(0OH)D3
levels in individuals with positive PCR compared to indivi-
duals with negative PCR (11 vs 24.6 ng/mL). Additionally,
stratifying by age, people older than 70 years with positive
PCR also showed significantly lower 25(0OH)D3 compared to
younger [73]. A study involving elderly showed that the
majority had hypovitaminosis D (10-20 ng/mL) and more
than half showed an important vitamin D deficiency
(<10 ng/mL) that was correlated with inflammatory para-
meters [74]. In a study involving 56 patients admitted with
COVID-19, in which all participants had data on 25(0H)D3
status in the 6 months prior to COVID-19 infection, it was
found lower lymphocyte counts and higher C-reactive protein
levels in patients with vitamin D deficiency (<20 ng/mL). In
addition, the vitamin D status of patients requiring oxygen
therapy was found to be lower than those not requiring
oxygen therapy, and even patients un-supplemented with
vitamin D in the 6 months prior to COVID-19 infection were
more likely to be diagnosed with pneumonia [75]. In this line,
Baktash et al. found lower 25(0OH)D3 levels in patients over



65 years with COVID-19 compared to a control group of the
same age. In the group of patients with vitamin D deficiency
(<12 ng/mL), a higher incidence of the need for endotracheal
intubation and admission to the ICU was found but not
higher rates of mortality [76]. In a United Kingdom study of
hospitalized COVID-19-patients, a lower percentage of
patients with 25(OH)D3 levels above 20 ng/mL were observed
in the group that required endotracheal intubation than in
the group that did not (19% vs. 39%, p = 0.02), suggesting
that low 25(OH)D3 levels may be associated with an increased
risk of mechanical ventilation [77]. Another study showed an
association between vitamin D deficiency (<12 ng/mL) and an
increased risk of serious COVID-19 outcomes such as intuba-
tion or death after adjusting for sex, age, and comorbid-
ities [78].

Additionally, a study in South Korea, showed higher pro-
portion of hospitalized COVID-19 patients presenting 25(0OH)
D3 deficiency (<20 ng/mL) compared to the control group
(74% vs 43.3%, p = 0.003) [79]. Likewise, 24% of hospitalized
patients showed severe 25(0OH)D3 deficiency (<10 ng/mL)
compared to 7.3% of the controls. Accordingly, in a study
including COVID-19 hospitalized patients, a rate of vitamin
D deficiency (<30 ng/mL) was described in 75% of the
patients, among which 85% required ICU care. A study includ-
ing 216 patients and 197 controls, demonstrated that COVID-
19 hospitalized patients had lower 25(0H)D3 (13.8 + 7.2 ng/
mL vs 20.9 + 7.4 ng/mL) and a higher prevalence of vitamin
D deficiency (<20 ng/ml) (82.2% vs 47.2%) [80]. However, the
authors found no relationship  between  vitamin
D concentrations or deficiency and the severity of infection.

An ecological study strengthened the hypothesis that 25
(OH)D3 levels could correlate with the acquisition and severity
of COVID-19. A negative correlation was observed between 25
(OH)D3 levels (deficiency <10 ng/mL) in each of the 20
European countries studied (mean 22 ng/mL £ 4.24 ng/mL
SD) and the number of COVID-19 cases (mean 295.5 + 298.7
SD) and mortality per million population (mean 5.96 + 15.13
SD). At the same time, 25(0OH)D3 levels were markedly lower in
older population, especially in Spain, Italy, and Switzerland
[81]. The analysis of Lanham-New et al. assessing the relation-
ship between COVID-19 severity and vitamin D status in
Europe showed the highest rates of infection and death in
the most vitamin D-deficient countries (<10 ng/mL) [82]. In the
same line, Marik et al. found a higher COVID-19 case fatality
rate in northern USA compared with the southern states [83].
Similarly, in a study involving 88 countries, a correlation ana-
lysis revealed that countries close to the equator had fewer
COVID-19 deaths compared to distant countries, suggesting
a possible relationship between vitamin D and COVID-19 mor-
tality related to approximation to sunlight exposure and lati-
tude [84].

By contrast, Alguwaihes and colleagues found no relation-
ship between 25(0OH)D3 deficiency (<20 ng/mL) the risk of
SARS-CoV-2 infection in COVID19 hospitalized patients (222
SARS-CoV-2 (+) vs 72 SARS-CoV-2 (-)). However, they found
that severe 25(0OH)D3 deficiency (<5 ng/mL) appears to
increase the risk of mortality [85]. Data from a British biobank
found no differences between 25(0OH)D3 concentrations (defi-
ciency <10 ng/mL) and COVID-19 after adjustment for
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confounders, suggesting no association between 25(0OH)D3
levels and the risk SARS-CoV-2 infection [86]. In this line,
a recent study evaluating 148 COVID-19 infected patients
found no significant differences in serum concentrations of
25(0H)D33, 25(0H)D32, 24,25(0H),D33 or 25,26(0H)2D3
between 23% of patients who died within 30 days of admis-
sion and survivors [87].

The meta-analysis by Pereira M et al. is partially consistent
with the results described above. It included studies that
measured serum 25(OH)D3 levels in adults with COVID-19,
with the main variable being the prevalence of 25(0OH)D3
deficiency (<20 ng/mL) in severe cases. The results found
that vitamin D was not related to the probability of COVID-
19 but was related to the severity of the disease, especially in
the elderly subpopulation. As a limitation, the included studies
did not stratify by sex, and many of the data collected from
the hospital samples were taken from secondary sources [88].
Accordingly, a recent systematic review and meta-analysis
concluded that there may be a trend toward an association
between low serum 25(0OH)D3 levels and COVID-19-related
health outcomes (ICU admission, invasive and noninvasive
ventilation, mortality, hospitalization, hospital stay duration
and disease severity), although no statistical significance was
found [89].

All these findings are summarized in Table 1.

4.2. Common risk factors for hypovitaminosis D and
COVID-19 severity

Certain studies have supported the hypothesis of
a relationship between race and COVID-19. Meltzer et al.
found an inverse association between the percentage of
COVID-19 positivity and 25(0H)D3 levels only in black subjects
suggesting that lower 25(0H)D3 levels are related to a higher
risk of infection in this population (insufficiency 20 to <30 ng/
mL and deficiency <20 ng/mL) [3]. Consistently, a recent study
including 1,974 COVID-19 women suggested that US black
women with lower levels of 25(0H)D3 (<20 ng/mL) are at
increased risk of COVID-19 infection [6]. However, the descrip-
tion of gender differences in COVID-19 as a result of ACE2 or
vitamin D could be simplistic. Individual differences could be
attributed to fewer morbidities, associated with the protective
effect that estrogens confer in cardiovascular and immunolo-
gical health [90,91]. Certain polymorphisms in the VDR have
also been associated with increased susceptibility to viral
infections [51]. However, polymorphisms have not only been
found in the VDR but also in DBP. A study aimed to evaluate
whether there was any association between the DBP gene
polymorphism at loci rs7041 and rs4588 and the prevalence
of COVID-19 and its mortality rates among populations from
10 countries revealed a positive association between COVID-
19 prevalence and mortality rate with the GT genotype along
with a negative correlation related to the TT genotype. These
findings suggested that the GT genotype can confer increased
susceptibility to COVID-19 in certain populations, such as
Germans, Mexicans, Czechs, and Turks [92].

In the review by Grant et al. concluded that any comorbid-
ity or circumstance that directly or indirectly decreases 25(0OH)
D3 could increase susceptibility and severity of COVID-19,
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Table 1. Summary of studies that have assessed the relationship between vitamin D and COVID-19.

Study/Year/Country Study design Sample size Main findings

Meltzer et al., 2021, USA [3] Retrospective cohort study 4638 COVID-19 risk increased among Black individuals with vitamin D level less
than 40 ng/mL compared with those with 40 ng/mL or greater and
decreased with increasing levels among individuals with levels greater
than 30 ng/mL. No significant associations were noted for White
individuals.

Cozier et al, 2021, USA [6] Retrospective cohort study 1974 U.S. Black women with lower levels of 25(0OH)D3 are at increased risk of
infection with COVID-19.

D'Avolio et al., 2020, Switzerland [73] Retrospective cohort study 107 Lower levels of 25(0H)D3 were found in SARS-CoV2 positive individuals.

Boccardi et al., 2019, Italy [74] Retrospective cohort study 237 In very elderly hospitalized subjects, lower serum 25(0OH)D3 levels were
found to be associated with a higher comorbidity burden. In addition,
vitamin D deficiency correlated with a higher inflammatory status which,
together with comorbidity burden, negatively influenced the length of
hospital stay.

Unsal et al., 2021,Turkey [75] Retrospective cohort study 56 Significantly lower lymphocyte counts and higher levels of inflammatory
markers were found in patients with COVID-19 and vitamin D deficiency.

Panagiotou et al., 2020, UK [77] Retrospective cohort study 134 When comparing patients who required admission to ICU versus those who
were treated in medical wards, a higher prevalence of vitamin
D deficiency was observed in the former.

Radujkovic et al., 2020, Germany [78] Retrospective cohort study 185 An increased risk of invasive mechanical ventilation or death was
associated with vitamin D deficiency.

Im et al, 2020, South Korea [79] Retrospective cohort study 50 Selenium or vitamin D deficiency has been linked to a possible decrease in
immune defenses against COVID-19 and to the progression of severe
disease.

Hernandez et al., 2021, Spain [80] Retrospective case-control 413 25(0H)D3 levels are lower in hospitalized COVID-19 patients than in

study population-based controls and these patients had a higher prevalence of
deficiency. They did not find any relationship between vitamin
D concentrations or vitamin deficiency and the severity of the disease.
Alguwaihes et al., 2021, Saudi Retrospective cohort study 222 In hospital settings, 25(0H)D3 deficiency is not associated with SARS-CoV2
Arabia. [85]. infection but may increase risk for mortality in severely deficient cases.

Hastie et al, 2020, UK [86]. Retrospective cohort study 502,624 There is no potential relationship between the risk of COVID-19 infection
and circulating vitamin D levels nor can ethnic differences in COVID-19
infection be explained by vitamin D concentrations.

Zelzer at, 2021, Austria [87] Retrospective cohort study 148 Vitamin D levels did not influence the course and outcome of COVID-19.

Baktash et al., 2021,UK [76] Cohort study 105 The occurrence of cytokine storms and the need for more care was
associated with vitamin D deficiency.

Fasano et al., 2020,Italy [101] Cohort study 1486 The incidence of COVID-19 in patients with Parkinson’s disease was higher

llie et al., 2019, Europe [81]

Lanham-New et al.,2020, UK, Ireland,
USA [82]

Marik et al., 2020, USA [83]

Whittemore et al.,2020 [84]

Mukherjee et al., 2021 [90]

Grant et al., 2020 [93]

Griffin et al., 2020 [96]

Pereira et al., 2020 [88]

Bassatne et al., 2021 [89]

Ecological study

Correlation analysis of
data
Review

Review

Review

Systematic review and
meta-analysis

Systematic review and
meta-analysis

88 countries

61 studies

157 studies

91 studies

21 studies

31 studies

in those younger, obese and COPD. In patients taking vitamin
D supplements it was less frequent.

Vitamin D levels are severely low in the aging population especially in
Spain, Italy and Switzerland. This is also the most vulnerable group of
the population in relation to COVID-19.

It assessed the relationship between COVID-19 severity and vitamin
D status. In Europe, it showed the highest rates of infection and death in
the most vitamin D-deficient countries.

Higher COVID-19 case fatality rate in northern USA compared with the
southern states.

Fewer COVID-19 deaths were observed in countries closer to the equator
than those further away, with 16% of this effect attributed to latitude.

Male patients tend to have higher severity and mortality rates, although
current evidence does not suggest a sex or gender difference in SARS-
CoV-2 infection.

Any comorbidity or circumstance that directly or indirectly decreases 25
(OH)D3 could increase susceptibility and severity of COVID-19,
summarizing that the presence of diseases associated with vitamin
D deficiency, such as diabetes or hypertension, would significantly
increase the case fatality rate of SARS-CoV2.

Evidence linking vitamin D deficiency with COVID-19 severity is
circumstantial but considerable, including associations with age, obesity,
ethnicity and institutionalization; latitudinal association; preliminary
reports of associations with COVID-19 severity in hospitalized patients;
and basic biological studies reporting the impact that vitamin D exert on
the immune system.

The correlation between vitamin D deficiency and severely ill COVID-19
patients is possibly explained by the fact that 25(0H)D3 is inversely
associated with pro-inflammatory cytokines, such as IL-6, increased CRP
and heart failure, which are related to the severity of COVID-19 and to its
unfavorable outcome. Despite the correlation between higher vitamin
D levels, immune defenses and favorable prognosis in other viral
infections, the use of vitamin D blood tests and analysis in SARS-CoV2
patients has not shown a clear causal relationship between vulnerability
to COVID-19 infection and 25(0OH)D3 deficiency.

There appears to be a trend toward an association between vitamin
D deficiency and COVID-19-related health outcomes although not
statistically significant.

(Continued)
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Study/Year/Country Study design Sample size Main findings
Munshi et al.,2021 [97] Systematic review and 6 Vitamin D levels could act as an useful prognostic estimator for COVID-19
meta-analysis retrospective outcomes.
articles

Ohaegbulam et al.,2020, USA [104]  Clinical case series 4 Faster recovery, based on reduced inflammatory markers, comparatively
reduced oxygen requirements and reduced length of hospital stay, was
observed in patients receiving high doses of cholecalciferol or
ergocalciferol supplementation.

Oristrell et al., 2021, Catalonia-Spain Population based cohort 108,343 An increased incidence of SARS-CoV2 infection was associated with

[105] study reduced serum 25(0OH)D3 levels but not with mortality due to disease
severity in un-supplemented patients with vitamin D deficiency
compared to patients with sufficient vitamin D supplementation.

Nogues et al., 2021, Spain [106] Observational study 838 Treatment with calcifediol significantly reduced mortality and ICU
admission in COVID-19 hospitalized patients.

Tan et al,, 2020, Singapore [102] Cohort Study 43 On admission, patients with 1000 1U/d oral vitamin D3, 150 mg/d oral
magnesium and 500 mcg/d oral vitamin B12 not required oxygen
therapy. Patients receiving DMB showed significantly less deterioration
to the point of requiring oxygen therapy or intensive care support after
correction for demographics and hypertension.

Ye et al. 2020, China [113] Case-control study 142 Elderly and people with comorbidities were susceptible to severe COVID-19
infection. Vitamin D deficiency was a risk factor for COVID-19, especially
for severe/critical cases.

Alcala-Diaz et al., 2021, Spain [107]  Retrospective, multicentre, 537 After diagnosis of COVID-19, treatment with calcifediol was significantly

non-randomized cohort associated with a reduction in 30-day mortality.
study

Annweiler et al.,2020, France [100]  Quasi-experimental study 77 At three months follow-up, an improvement in mortality was found in
elderly patients with regular vitamin D supplementation prior to COVID-
19.

Lakkireddy et al., 2021, India [118]  Prospective randomized, 87 Levels of C-reactive protein, lactate dehydrogenase, ferritin, IL-6 and

open-label study neutrophil-to-lymphocyte ratio showed significant improvement in
patients who received a daily 60,000 IU vitamin D supplement for eight
days compared to patients who did not receive supplementation.

Entrenas-Castillo et al., 2020, Spain  Parallel pilot randomized 76 A reduction in the severity of COVID-19 in patients requiring ICU admission

[103] open-label trial was found with the administration of high-dose calcifediol.
Murai et al., 2021, Brazil [119] Multi-center parallel 240 There was no evidence of a reduction in hospital stay, mortality, ICU

double-blind RCT

admission or need for ventilation in the group receiving a single dose of
cholecalciferol compared to the group receiving placebo.

summarizing that the presence of diseases associated with
vitamin D deficiency, such as diabetes or hypertension,
would significantly increase the case fatality rate of SARS-
CoV-2 [93]. This would explain, at least partially, why mortality
from COVID-19 is higher in hypertensive, diabetic, and heart-
failure patients [94,95]. The reason for the increase in COVID-
19 case fatality rate with age could be doubly explained by the
increased incidence of chronic diseases related to aging and
by the fact that advanced age generally leads to a decrease in
the active form of vitamin D [93].

In a review by Griffin et al. concluded that the evidence
linking vitamin D deficiency (<12 ng/mL) with COVID-19 sever-
ity is circumstantial but considerable, including associations
with age, obesity, ethnicity and institutionalization; latitudinal
association; preliminary reports of associations with COVID-19
severity in hospitalized patients; and basic biological studies
reporting the impact that vitamin D exert on the immune
system [96].

A meta-analysis attempted to demonstrate that COVID-19
severity is not related to the presence of comorbidities or age
but instead to 25(0OH)D3 levels. The results demonstrated that
patients with a worse prognosis (defined by ICU admission,
ARDS, need for mechanical ventilation, or death) presented
lower 25(0OH)D3 levels. Conclusions were drawn while consid-
ering the confounding factors of age, sex, and comorbidities
(diabetes, heart failure, hypertension, and COPD), none of

which had a statistically significant causal relationship with
COVID-19 prognosis. The authors concluded that vitamin
D appears to have an independent causal role in the disease’s
severity [97]. However, since most of the studies analyzed
were retrospective, it remains difficult to demonstrate that
vitamin D deficiency in ICU patients due to COVID-19 is the
real cause of patient admission.

Nevertheless, the clinical data available on observational
studies have been merely preliminary, and many articles are
retrospective, descriptive, or only associative. Thus, the infor-
mation in such studies should be interpreted with caution.
This information, although not unanimous, suggests that
vitamin D may have an influential role in the likelihood of
COVID-19. The putative mechanisms underlying the role of
vitamin D and of its non-calcemic hydroxyderivatives in
immunity and actions non-skeletal- related such as antiinfla-
matory and antioxidant functions, would provide support for
the hypothesis that vitamin D deficiency is a risk factor for
the disease. What is clearer, however, is the higher preva-
lence of vitamin D deficiency among the more severe forms
of COVID-19 based on the most recent and consistent stu-
dies [88].

Although the current evidence suggests an inverse rela-
tionship between 25(0OH)D3 levels and COVID-19 severity,
further research is needed to better understand the relation-
ship between vitamin D and COVID-19 (Table 1).
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5. Interventional studies
5.1. Vitamin D supplementation studies in COVID-19

Studies in critically ill patients without COVID-19 support
the potential therapeutic applications of vitamin D, so that
vitamin D supplementation has been shown to attenuate
acute organ dysfunction secondary to infections, including
acute lung injury in children and adults [12,13] and in adults
[98,99]. It is therefore thought that vitamin
D supplementation may play a role in the acquisition and/
or evolution of COVID-19.

Several quasi-experimental case/control studies and
a pilot study of a cohort of COVID-19 patients with pneu-
monia have been published. Although the sample sizes in
these studies were small (except for one), some favorable
results were obtained [67,80,100-104]. However, these stu-
dies have limitations. These studies include no data on the
baseline or final 25(0OH)D3 values, although all of them
assess important outcome variables, such as disease inci-
dence and mortality. In a case-control study by Hernandez
JL et al, patients with COVID-19 supplemented with differ-
ent doses of vitamin D (cholecalciferol, 25,000 [U/monthly
or 5600 IU/weekly, and calcifediol, 266 ug/monthly) had
a slightly less unfavorable outcome than those not supple-
mented [80]. However, the low number of supplemented
patients (n = 19) compared to unsupplemented (n = 197)
and the lack of extrapolation of the results to other ethni-
cities or countries prevented the authors from drawing
solid conclusions in this regard.

A small study conducted in a nursing home showed
a reduction in the COVID-19 mortality rate among supplemen-
ted patients (80,000 IU vitamin D3) during the week following
suspicion or diagnosis of COVID-19 or in the preceding month
in comparison with un-supplemented group (17.5% vs. 55.6%;
p = 0.023) [100].

In a retrospective study, the aim was to analyze the
associations between cholecalciferol or calcifediol supple-
mentation, serum 25(OH)D3 levels and COVID-19 scores in
a large population in Barcelona (Spain). Cholecalciferol
supplementation (dose equivalent to 400 IU/day) was asso-
ciated with a slight protection against SARS-CoV2 infection
compared to controls. However, the use of calcifediol
(bolus >250 ug) was not associated with a lower risk of
SARS-CoV2 infection or mortality. Nevertheless, patients
supplemented with cholecalciferol or calcifediol who
achieved 25(0OH)D3 levels =30 ng/mL had lower risk of
SARS-CoV2 infection, lower risk of severe COVID-19 and
lower mortality than non-supplemented 25(OH)D3-
deficient patients (insufficiency 20 to <30 ng/mL and defi-
ciency <20 ng/mL) [105].

The study of Ohaegbulam KC et al. observed better out-
comes associated with higher doses of vitamin D (50,000 U
ergocalciferol daily for 5 days vs 1000 IU cholecalciferol daily).
Supplemented patients who were able to normalize their 25
(OH)D3 levels (>30 ng/mL) improved their clinical recovery:
shorter hospital stays, lower oxygen requirements, and
a reduction in inflammatory markers [104]. Likewise, an obser-
vational study including COVID-19 patients in a hospital in

Spain has attempted to elucidate the effect of calcifediol
treatment on COVID-19-related outcomes. The results have
shown the beneficial role of supplementation with calcifediol
(532ug on day 1, plus 266ug on days 3,7,15 and 30) at the
beginning of hospital admission both in terms of severity and
mortality associated with COVID-19. The authors reported
a decrease in the percentage of patients who required ICU
care (4.7% vs. 15.9%) and in the COVID-19 mortality risk
(OR =0.21 vs 0.52) in supplemented patients vs unsupplemen-
ted [106]. In agreement with these results, another retrospec-
tive study concluded that the supplementation with calcifediol
immediately after admission (2 capsules of 0.266 mg on entry
and one capsule on day 3, 7, 14, 21, and 28; n = 79) is
associated with significant lower mortality rate in COVID-19
hospitalized patients during the first 30 days compared with
those unsupplemented (5% vs 20%) [107]. In the meta-analysis
and systematic review by Bassatne et al, it was concluded that
the supplementation with calcifediol could have a protective
effect on COVID-19-related ICU admissions. However, they
infer that the current use of high-dose vitamin D in patients
with COVID-19 is not based on solid evidence [89].

On the other hand, SARS-CoV2 infection triggers massive
ROS production and oxidative damage. Jain et al. have pro-
posed that co-optimizing the redox status of impaired glu-
tathione and excess 25(0OH)D3 deficiencies has the potential to
reduce oxidative stress, boost immunity and reduce the
adverse clinical effects of COVID-19 infection [46]. Studies in
mice revealed that the administration of vitamin D alone
compared to co-supplementation of vitamin D and
L-cysteine (a glutathione precursor) showed greater efficacy
in improving glutathione levels and vitamin D regulatory
genes at the cellular/tissue level, increasing 25(0OH)D3 levels,
and reducing biomarkers of inflammation in the blood. Thus,
Jain et al. suggest that combined vitamin D and glutathione
administration could be useful for COVID-19 treatment [108].
Accordingly, several studies have shown that the supplemen-
tation with vitamin D combined with L-cysteine may be more
successful in increasing both glutathione and vitamin
D metabolism genes compared to vitamin
D supplementation alone. Therefore, this supplementation
form could constitute an effective strategy for the treatment
of vitamin D deficiency related to conditions at risk for severe
COVID-19, such as diseases associated with insulin resistance
like type 2 diabetes [44,45,109,110]. Based on these evidences,
the combined supplementation with vitamin D and L-cysteine
seems to be more potent and promising in providing hope for
treating COVID-19.

These findings agree with the hypothesis that in a state of
hypovitaminosis D, there is an increase in inflammatory para-
meters with a determining influence on the prognosis, severity,
and development of ARDS and the appearance of disseminated
intravascular coagulation associated with COVID-19 [111,112].
On the other hand, the reported stimulatory effect attributed to
CYP11A1-generated hydroxyderivatives of vitamin D3 besides
to their anti-inflammatory and antioxidant effects that are
shared by calcitriol suggests that a direct delivery of these
metabolites deserves consideration as a therapeutic strategy
for ARDS associated with COVID-19 [56,72].



To date, the optimal vitamin D threshold for the prevention
or treatment of COVID-19 and the doses that should be used
remain unknown. The study performed in China, placed this
threshold at 16.5 ng/mL [113]. It has also been postulated that
levels above 20 ng/mL and preferably above 30 ng/mL seem
acceptable [114]. Furthermore, there is speculation on the best
dose to achieve vitamin D sufficiency levels. A high amount of
300,000 U of vitamin D3 in a single dose may be adequate
and was already shown in clinical practice to be safe [115].
However, a review by Griffin et al. concluded that daily sup-
plementation is a better alternative to high-dose intermittent
boluses, suggesting 800-1000 IU of vitamin D3 per day as the
optimal dose to prevent vitamin D deficiency [96]. However,
the upper daily limit established by the Endocrine Society for
healthy adults is 10,000 1U/day. This dose could be adminis-
tered orally preventively to improve the prognosis of COVID-
19. However, for COVID-19 hospitalized patients this dose is
probably not sufficient and higher doses are required as
reported by several past studies treating different pathologies
[116]. Similarly, recent studies have shown that 200,000 IU of
orally delivered vitamin D3 was an effective strategy to attenu-
ate proinflammatory responses without signs of toxicity [117].
Although these data suggest that high doses of vitamin
D could provide a benefit for COVID-19 hospitalized patients
[56], further studies are needed to establish the optimal dose
of vitamin D as well as the type, form and strategy of vitamin
D supplementation to achieve beneficial effects on the infec-
tion and course of COVID-19 since delivery routes could influ-
ence final outcomes [72]. (Table 1).

5.2. Clinical trials: vitamin D COVID-19

Despite the evidence supported by these findings, the lack of
controlled trials to determine the role of vitamin
D supplementation in protection against COVID-19 has been
noted. Currently, more than 30 relevant clinical trials are regis-
tered on clinicaltrials.gov.

A randomized clinical trial by Entrenas M et al. demonstrated
that administration of high-dose calcifediol or cholecalciferol
reduced the need for ICU admission among hospitalized
COVID-19 patients compared to unsupplemented patients. This
result could be because the treatment improved the severity of
the disease [103]. A prospective, randomized, open-label study
involving COVID-19 87 patients having hypovitaminosis D found
that besides to standard care, vitamin D supplementation sig-
nificantly improved inflammatory markers [118]. Levels of
C-reactive protein, lactate dehydrogenase, ferritin, IL-6 and neu-
trophil-to-lymphocyte ratio showed significant improvement in
patients who received a daily 60,000 IU vitamin D supplement
for eight days compared to patients who did not receive sup-
plementation. By contrast, the multicenter, double-blind, rando-
mized, placebo-controlled trial conducted by Murai et al. in
Brazil found no association between increased 25(0H)D3 levels
derived from the administration of a single high dose of vitamin
D3 (200,000 IU) and reduction in hospital stay in COVID-19
hospitalized patients compared to placebo group. Although,
these findings do not support the use of a high dose of vitamin
D3 for the treatment of moderate to severe COVID-19, it should
be taken into account that the supplemented patients were
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moderately to severely ill in whom the cytokine storm could
have been triggered [119]. Therefore, the results should be
interpreted with caution considering the possibility that earlier
supplementation strategies could be associated with better out-
comes in COVID-19 outcomes as described in recent observa-
tional studies [106,107]. (Table 1).

The CARED-TRIAL (NCT04411446), a multicenter, rando-
mized, double-blind, sequential clinical trial comparing the
administration of high-dose vitamin D with placebo, has
begun. They will evaluate the effects of vitamin
D supplementation on blood oxygenation (physiological
effects), the effects on clinical outcome and to determine
whether vitamin D administration is useful in the prevention
of COVID-19 [120]. A clinical trial is also underway in the UK:
CORONAVIT (NCT04579640) comparing a dose of 800 IU/day
with 3200 1U/day, currently being the recommendation of the
UK government of 400 1U/day. In addition, more clinical trials
are underway that will allow us to understand more precisely
the role of vitamin D supplementation in COVID-19.

However, current literature reports that clinical trials of vita-
min D supplementation are not entirely successful and show
discordant results both in COVID-19 and in non-COVID-19 sub-
jects [121,122]. Although randomized controlled trials are com-
monly accepted as a ‘gold standard’ for assessing the efficacy of
new forms of treatment, have often failed to provide supporting
evidence for the expected health benefits of vitamin
D supplementation. This may be because clinical trials have
used designs developed to test drugs, whereas vitamin D is
a nutrient. In addition, vitamin D absorption varies with factors
such as age or excess weight, which could also affect the results
of clinical trials. Furthermore, it should be stressed that there are
no controlled trials of sufficient duration to test whether achiev-
ing long-term repletion can and will reduce the risks of the very
chronic conditions that it can aggravate, such as cardiovascular
disease, as leaving controls deficient in the long term is unethical.
Finally, there is no consensus on which vitamin D levels are
recommended to be achieved, so this could be another factor
causing heterogeneity in clinical trials [123]. All these insights are
essential to identify health benefits from existing randomized
controlled trial data and to improve the design of future rando-
mized controlled trials.

5.3. Guidelines: vitamin D supplementation and
CoVID-19

An update was published by the National Institute for Health and
Care Excellence (NICE): ‘COVID-19 rapid guideline: vitamin D’ that
recommended vitamin D supplementation for people in con-
fined spaces, those living in residences, with low sun exposure,
or spending more time at home due to the COVID-19 pandemic
[124]. The recommended dose is 400 IU/day of cholecalciferol.
The recommended period is between October and March (indi-
cated all year round for people without sun exposure during
spring and summer). The objective proposed by the authors was
to achieve levels of 25(OH)D3 > 10 ng/mL to maintain optimal
bone health. The authors indicated that low 25(0H)D3 levels are
associated with more severe COVID-19 outcomes. However, they
also cautioned that vitamin D supplementation should not be
administered solely for the purpose of preventing or treating
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COVID-19, as clinical trials are necessary to give this recommen-
dation. The US National Academy of Medicine and the European
Food Safety Authority recommend achieving 25(0H)D3 levels at
least 20 ng/mL. For this purpose, it was indicated that supple-
mentation should be done at 800 IU/day. In addition, in the case
of hospital admissions, it is recommended that 25(0H)D3 levels
be determined on admission [125].

6. Conclusions and perspectives

Currently, the relationship between vitamin D and COVID 19 is
not fully established although it has biological plausibility. The
studies available to date are not conclusive. The presence of
biases in several studies such as the lack of stratification by sex,
or the lack 25(0OH)D3 levels assessment at the time of COVID-19
diagnosis, makes it difficult to detect causality, and if causality is
found, its reliability must still be questioned until it is confirmed
via randomized controlled clinical trials with a large sample size
featuring different age groups, population groups, and climato-
logical/geographical environments. This reality precludes draw-
ing population-based conclusions beyond those found in the
samples. However, there is clearly biological plausibility and
consistency in the findings to date, and the immunomodulatory
function of vitamin D and its hydroxymetabolites has already
been demonstrated on many occasions in the scientific literature.
Therefore, vitamin D could influence the acquisition of COVID-19,
and, in some cases, a positive association between vitamin
D deficiency and SARS-CoV-2 infection has been detected. In
addition, vitamin D has been related to factors that molecularly,
genetically, and immunologically influence the likelihood of
becoming infected with SARS-CoV-2, including sex, country of
origin, DBP, VDR, and ACE2 levels. Vitamin D deficiency is
a common problem, many times related to unhealthy lifestyles,
and vitamin D seems clearly to intervene favorably in the evolu-
tion and decrease in severity of COVID-19. So, vitamin D has been
shown to play a prognostic role in COVID-19 infected patients,
especially in severe cases and the elderly. Therefore, vitamin
D administration could be considered as a measure to be imple-
mented in countries with a high prevalence of vitamin
D deficiency to improve the clinical outcomes of patients with
severe COVID-19. Also, it could be useful to promote healthy
lifestyles as stimulation of physical activity in high risk population
as preventive tool against COVID-19 infection or in order to
reduce the severity of symptomatology in case of infection.

In addition, 25(0OH)D3 levels should be tested in people
admitted with COVID-19, and supplementation should be con-
sidered in case of deficiency based on studies clarifying the
optimal form of supplementation and establishing the levels of
250D that should be achieved to improve COVID-19 outcomes.

Further studies and clinical trials should be conducted to
confirm or rule out the relationship between vitamin D and
the likelihood of acquiring COVID-19 infection, the disease’s
severity, and the possibility of preventing or improving the
disease through vitamin D supplementation as well as to
clarify the optimal form of supplementation and establish
the 250D levels that should be achieved to improve COVID-
19 outcomes.
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