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Abstract

In December 2019, the first cases of severe acute respiratory syndrome due to a new coronavirus (SARS-Cov-2), later
designated as Covid-19, were described in China. With rapid advance of the infection to several continents, in March 2020,
WHO declared this to be a pandemic. In April 2020, the first papers suggesting a possible role of Vitamin D deficiency in
the severity of this infection began to appear and dozens of articles evaluating a potential relationship of vitamin D with
COVID have emerged subsequntly. This possibility was raised based on pre-existing evidence of the effects of Vitamin D on
the immune system, and more specifically on acute respiratory viral infections. In addition, most Covid-19 victims belong
to groups at risk for vitamin D deficiency such as the elderly, obese, chronically ill, and specific ethnic groups. Although
with some contradictory reports exist, most observational and cohort studies find a relationship of low vitamin D status with
greater Covid severity, others, including the few interventional studies available show inconsistent results. This paper aims to
present the rapidly expanding literature to date regarding the clinical relevance of vitamin D in Covid-19 and, consequently,
the reasonableness of avoiding its deficiency to keep the immune system able to respond in the best way to this acute viral
infection. In the meantime, we wait for publication of several prospective randomized controlled studies that are underway,
evaluating the effects of treatment with vitamin D or metabolites on the severity of Covid-19 outcomes.
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1 Introduction

Active vitamin D (calcitriol) acts on the immune sys-
tem, through its nuclear receptors on monocytes/mac-
rophages (activating the synthesis of cathelicidin and
defensins, which have an anti-microbial function) and
on T and B lymphocytes (leading to greater production
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of immunoglobulins, a reduction in pro-inflammatory
cytokines, and an increase in anti-inflammatory cytokines)
[1-6]. Some clinical data suggest there is possible evidence
for protective vitamin D effects on pulmonary function and
respiratory tract infections, like influenza and tuberculosis
[7-13].

Vitamin D also inhibits expression of the renin-angiotensin-
aldosterone system, which is dysregulated in favor of angiotensin-
2 in SARS-CoV-2 infection, potentially contributing to multi-
ple deleterious effects such as interstitial fibrosis, myocardial
hypertrophy, endothelial fibrosis, increased inflammation, and
vasoconstriction [14-19]. Lansiaux et al suggest COVID-19
mortality is negatively correlated with sunlight exposure [20],
and therefore potentially related to vitamin D status. Indeed,
the mortality rate due to COVID-19 appears to be higher in
North American states, that have less sunlight exposure dur-
ing the year, compared to the southern states [21]. Countries in
Europe that have higher levels of vitamin D deficiency also have
higher rates of infection and death by COVID-19 [22]. Thus, for
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all these reasons, it has been hypothesized that vitamin D status
may have an association with COVID-19.

2 Cross-sectional and cohort studies

Multiple studies relating vitamin D status with COVID-
19 and outcomes have been published; a few examples are
noted. A cross-sectional study evaluated the prevalence of
hypovitaminosis D in 176 patients > age 60 (mean 72 years)
with severe COVID-19 admitted to the Intensive Care Unit
(ICU) in need of invasive ventilation due to Acute Respira-
tory Distress Syndrome (ARDS). The prevalence of hypo-
vitaminosis D was very high in this population (94%, 66%
and 21%, for 25 hydroxyvitamin D (250HD) values <30,
<20 and <10 ng/ml, respectively) [23].

An observational cohort from a tertiary academic hos-
pital in Singapore evaluated the effect of the combination
vitamin D, magnesium, and vitamin B12 in patients over
50 years hospitalized for COVID-19. As the pandemic
evolved, the institution's COVID-19 therapeutic protocol
added a scheme with a single daily oral dose of 1.000 IU
of vitamin D3, 150 mg of magnesium oxide, and 500 mg
vitamin B12 for up to 14 days in patients who initially did
not indicate ICU. Data were collected from electronic health
records. A group of 17 patients who received the regimen
was compared to a control group of 26 patients. The group
that received the scheme had less need for oxygen therapy
and admission to the ICU [24].

Ling SF et al evaluated the relationship between vitamin
D status and mortality in more than 900 adult patients hos-
pitalized with COVID-19 in three UK hospitals. The mean
age of the patients was greater than 70 years and the average
level of 250HD was less than 20 ng/ml, thus characteriz-
ing most of them as vitamin D deficient. The results were
divided into two cohorts (the first one including 444 partici-
pants with an average 250HD level of 12 ng/ml recruited
from one hospital; the second including 542 participants
with an average 250HD level of 17 ng/ml recruited from
two other medical centers). Those who received high doses
of cholecalciferol (at least 40.000 IU / week) during hospi-
talization had a lower risk of death from the disease (first
cohort OR 0.13, 95% CI1 0.05-0.35, p <0.001; second cohort
OR 0.38,95% CI1 0.17-0.84, p = 0.018) [25].

Other studies have not confirmed the association between
vitamin D status and COVID-19. Hastie CE et al, using data
from the UK biobank, assessed 449 COVID patients and
found no relationship between the SARS-CoV-2 infection
and 250HD levels after adjustments for confounders (OR =
1.00, 95% CI = 0.998-1.01, p = 0.2). However, an important
limitation of this study is that serum 250HD was obtained
more than a decade before infection by COVID-19 (between
2006 and 2010). In this cross-sectional study, ethnicity was
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a risk factor for COVID-19 infection, with blacks and South
Asians having more risk than whites (p <0.001) [26]. A
prospective cohort study, which also used data from the UK
biobank, with a larger number of patients (n = 1,326) also
found no relationship between 250HD levels and the SARS-
CoV-2. Similarly, people from minority ethnicities, such
as black and Asians, had a greater risk of presenting with
COVID-19 [27]. These data suggest that the difference in
the SARS-Cov-2 infection incidence among ethnicities is not
explained by the 250HD levels, and thus other factors must
be involved such as genetic susceptibility and economic,
social and behavioral differences [26, 27].

Brandao et al evaluated 13,930 participants who under-
went COVID-19 RT-PCR (reverse transcriptase polymer-
ase chain reaction) testing and compared the serum 250HD
levels between the groups with positive (n = 2,345) and
negative (n = 11,585) results [28]. These study participants
were men and women, between 18 and 90 years old from the
city of Sao Paulo — Brazil, and the groups were matched for
gender and age. The data were obtained from the database
of a private clinical analysis laboratory that provides supple-
mental health services, so the population was mainly from a
high socioeconomic level. Data collection took place over 6
months starting at the end of summer in the southern hemi-
sphere and this could explain the high mean 250HD levels
in both groups (>28 ng/mL). A previous study held in the
same city has previously demonstrated that the months fol-
lowing summer is a period when the population has a higher
250HD level compared to winter/spring [29]. Besides, there
was no information available regarding Vitamin D supple-
mentation, and it is possible that many of them were taking
it. Nevertheless, no differences on 250HD levels were found
between those with and without confirmed SARS-Cov-2
infection by RT-PCR (positive 28.8 ng/ml vs. negative 29.6
ng/ml, respectively; p = 0.08) [28].

3 Systematic reviews and metanalysis
of observational studies

Despite the discrepancy in observational results, meta-analyses
support the hypothesis that an adequate vitamin D status posi-
tively influences COVID-19 outcomes. Liu N et al included
10 case-control studies, numbering more than 350 thousand
individuals, most of them over 50 years old, in a meta-analysis.
Despite high heterogeneity among the studies, overall vitamin
D deficiency or insufficiency (250HD <30 ng/ml) was associ-
ated with an increased risk of SARS-CoV-2 infection (OR =
1.43,95% CI 1.00 - 2.05). Additionally, patients with confirmed
COVID-19 had lower 250HD levels than participants who did
not have the disease. The difference between the groups was
subtle but statistically significant (standard mean difference -
SMD =-0.37,95% CI -0.52 to -0.21) [30].
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An additional systematic review evaluated 9 studies,
comprising 1.005.042 participants. It is important to men-
tion that one of these studies had a sample of 1 million
participants while the other 8 were smaller studies with a
maximum of 1.326 people included. Among the studies, 7
demonstrated a correlation between vitamin D status and
COVID-19. Lower 250HD levels were associated with a
greater chance of COVID-19 infection, more severe pres-
entation, more hospitalization and ICU admission, higher
C-Reactive Protein (CRP) levels, and higher mortality.
COVID-19 patients received less vitamin D supplementation
than those who did not have the disease. Also, some factors
were associated with worst outcomes such as age, male sex,
high BMI, and presence of comorbidities [31].

A very recent metanalysis assessed 376 COVID-19
patients, with a mean age of 63.8 years and a very low mean
250HD level of 8.7 ng/ml, in 6 studies (2 Asian, 3 European,
and 1 American). The lowest levels of 250HD were found
in Asian patients (average = 6.7 ng/ml). Those who evolved
with ARDS and/or mechanical ventilation requirement had
lower levels of 250OHD (SMD -0.58, 95% CI -0.83 to -0.34,
p <0.001) compared to those with milder presentation [32].
Similarly to Liu et al systematic review [30], the difference
between the groups was subtle but statistically different.

In another systematic review, Pereira M et al included
27 studies in their analysis. More than 8.000 people with an
average age of 58 participated. Vitamin D deficiency was not
associated with a higher risk of infection by COVID-19, but
those who had more severe presentation had a higher risk
of vitamin D deficiency (OR = 1.64, 95% CI = 1.30 - 2.09).
Vitamin D insufficiency was associated with more hospitali-
zation and higher mortality due to COVID-19 [33].

In these studies relating circulating 250HD concentration
with COVID-19 outcomes, it is important to recognize the
possibility that 20HD may be a negative acute phase reactant
with inflammation reducing the measured value. Clearly, acute
inflammation from endotoxin administration [34] and surgical
intervention [35] promptly reduce circulating 250HD. Mul-
tiple other studies find a relationship of 250HD with inflam-
mation [36-38]. As such, it is possible that circulating 250HD
is a negative acute phase reactant with lower levels indicat-
ing greater inflammation. Given this, it is plausible that low
250HD levels observed in COVID-19 patients reflect reverse
causality, i.e., the SARS-CoV-2 infection causes low 250HD.
If this is indeed correct, lower 250HD might be a marker of
more severe disease. As such, while low 250HD levels may
indicate tissue or cellular level vitamin D deficiency that pre-
ceded infection and be causally related to adverse COVID-19
outcomes, it is also plausible that this is an association iden-
tifying individuals with more severe disease in whom poorer
outcomes could be expected. Prospective randomized trials
of vitamin D supplementation are needed to clarify this issue.

4 Randomized controlled trials

In a pilot randomized open-label trial performed in
one Spanish center, Entrenas Castillo et al studied the
effects of vitamin D treatment on patients with COVID-
19.. Seventy-six patients hospitalized with the infection
(confirmed by chest X-ray and positive SARS-CoV-2 RT-
PCR test) were randomized into 2 groups. The first, with
50 patients, received high dose of calcifediol (25-OH-
vitamin D3) orally on admission, on days 3 and 7, and
then weekly. The 25 remaining patients were allocated to
the control group. All patients also received an associa-
tion of hydroxychloroquine and azithromycin, which at
the beginning of the pandemic was used as a therapeutic
regimen in some countries [39, 40]. As a result, the group
that took calcifediol had less need for ICU admission
compared to the control group, with a notable statistical
difference between them (OR 0.03, 95% CI 0.003 -0.25,
p <0.001) [41]. Although these results were very posi-
tive, there are some limitations to be considered, such
as the small size of the sample and the lack of 250HD
concentrations at baseline and after treatment. Based on
these good results, a multicenter randomized controlled
trial using calcifediol is being carried out in 15 centers
from Spain (see at Clinicaltrials.gov).

The largest published double-blind randomized con-
trol trial of vitamin D administration among hospitalized
COVID-19 patients to date compared the effects of a sin-
gle high dose of vitamin D vs placebo in 237 patients with
criteria for hospitalization due to COVID-19 (respiratory
rate greater than 24/minute, O2 saturation less than 93%
while breathing room air, or risk factors for complications
like heart disease, diabetes, systemic arterial hyperten-
sion, neoplasms, immunosuppression, pulmonary tuber-
culosis, obesity) in Brazil. Participants had a mean age of
56 years and serum 250HD of 20.9 ng/ml at baseline. The
intervention group took a single dose of 200,000 UI of
cholecalciferol orally, which led to higher 250HD levels
compared to placebo before discharge (44.4 vs 19.8 ng/ml,
p <0.001). Nevertheless, there was no difference between
groups regarding the length of stay, mortality, admission
to ICU, or need for mechanical ventilation [42]. Although
the results of this trial did not show the benefits of vitamin
D treatment in patients hospitalized with COVID-19 [43],
it should be considered that the majority of the partici-
pants had vitamin D levels greater than 20 ng/ml, which
are specifically those who would have less benefit from
replacement. In addition, critical patients were excluded
from the analysis. This is important because other thera-
pies tested on hospitalized patients with COVID-19, as
dexamethasone and tocilizumab, have shown more ben-
efits exactly in patients with more severe disease [44, 45].
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Additionally, it is important to consider that vitamin D
supplementation with physiologic doses to achieve widely
accepted 250HD levels considered adequate may not be the
same as large pharmacologic doses. In this regard, it is plau-
sible that high-dose vitamin D might have effects as a “drug”
that are not observed with “supplementation” doses. Thus, it
seems prudent to consider vitamin D supplementation stud-
ies as distinct from vitamin D pharmacologic dose treat-
ment studies. Finally, it is also plausible that huge vitamin D
doses might not have a potential pharmacologic effect when
administered later in the disease course often in combination
with extremely potent anti-inflammatory medications (i.e.,
dexamethasone). It may not be possible to further modulate
inflammation in the setting of potent glucocorticoid therapy.
Confounders such as this suggest that well designed animal
model studies may well be essential to define the role(s) of
vitamin D in COVID-19 infection.

The association between COVID-19 and vitamin D is a
hot topic nowadays. There are currently more than 30 inter-
vention studies underway or to be initiated on this subject
registered at the US National Institute of Health (NIH) [46].

5 Conclusion

In summary, despite controversial data, vitamin D intake and
adequate 250HD status may be associated with a lower risk of
COVID-19 and a better clinical outcome in infected patients. As
there are no curative drugs currently for the treatment of the dis-
ease, vitamin D is an inexpensive and safe option that can be used
as an adjuvant in the adopted therapeutic plan. Based on current
evidence, it is not possible to establish an ideal serum 25SOHD
level and an amount of daily intake that could potentially help
with the prevention and treatment of COVID-19. Randomized
control trial data are scarce, with different forms of intervention
(cholecalciferol and calcifediol) and divergent conclusions. How-
ever, considering the results from the meta-analysis that showed
alower risk of COVID-19 in people with 250HD levels>30 ng/
ml and the recommendations adopted by the various guidelines
for the prevention and treatment of bone metabolic disease, it is
reasonable to avoid vitamin D deficiency/insufficiency. Maintain-
ing an adequate 250HD status may be a good approach to help
to prevent COVID-19 and to lower the risk of severe outcome
in infected patients. Further research on the subject is needed.
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