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Abstract

Objective: This work aims to review and discuss controversial topics in the field of vitamin D, SARS-CoV-2 infection, and COVID-19.
Methods: The International Conferences “Controversies in Vitamin D” are a series of workshops that started in 2017 featuring international
experts and leaders in vitamin D research and clinical practice. The fifth annual conference was held in Stresa, Italy, September 15 to 18, 2021.
Evidence: Before theevent, participants reviewedavailable studieson their assigned topic, drafteda relatedabstract, andpresented theirfindings
at the time of the conference. Relevant literature that became available since was also discussed within the panel and updated accordingly.
Consensus: Before the event, the drafted abstracts had beenmerged to prepare a preliminary document. After the conference presentations, in-
depthdiscussions in opensessions led to consensus. Thedocumentwas subsequentlymodified according to discussionsandup-to-date literature
inclusion.
Conclusions: There is quite consistent evidence for an association between low25OHvitaminD (25(OH)D) levels and poor COVID-19outcomes,
despiteheterogeneouspublicationsof variablequality.However, the lowvitaminDstatus inCOVID-19patientsmight also reflect reversecausality.
VitaminDsupplementationmight have apositive role inCOVID-19prevention. Theevidencesupporting a beneficial effect of vitaminD treatment in
decreasing the risk of COVID-19 complications is conflicting. Conclusive statements regarding the beneficial effect of vitamin D in this context
await high-quality, randomized controlled trials.
Key Words: vitamin D, COVID-19, SARS-CoV-2, vitamin D supplementation, respiratory tract infections, inflammation
Abbreviations: 25(OH)D, 25 hydroxyvitamin D; ACE2, angiotensin-converting enzyme 2; ICU, intensive care unit; RCT, randomized controlled trial.

The COVID-19 pandemic has refocused attention on strat-
egies to prevent acute respiratory infection. Although vaccin-
ation represents the mainstay for disease control, its
effectiveness at a global level is compromised by factors in-
cluding cost, availability, vaccine hesitancy, vaccine failure,
and variants, as well as novel respiratory pathogens (1-3).
Complementary, low-cost approaches to enhance immunity
to a broad spectrum of respiratory pathogens could help
in this latter instance. In this regard, vitamin D may play a
major role. Indeed, most immune cells express the vitamin D
receptor.Moreover, enzymes related to vitaminDmetabolism
are present in virtually all cells of the innate and adaptive
immune systems. Vitamin D metabolites modulate

immunopathological inflammation and induce the expression
of genes encoding antimicrobial peptides (4-6). Notably, vita-
min D metabolites have long been recognized to support di-
verse immune responses to respiratory viruses and bacteria.
The vitamin D–inducible antimicrobial peptides cathelicidin
LL-37 and human beta-defensin 2 bind the SARS-CoV-2 spike
protein and inhibit binding to its cellular angiotensin-
converting enzyme 2 (ACE2) receptor (7, 8). Observational
studies have reported that higher 25 hydroxyvitamin D
(25(OH)D) levels and vitamin D supplements are independ-
ently associated with reduced risk and severity of acute re-
spiratory infections, including COVID-19 (9-11). However,
other studies have reported null data (12) or even the opposite
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association (13). A meta-analysis of randomized controlled
trials (RCTs) of vitamin D supplementation to prevent acute
respiratory infections found a small but significant protective
effect, strongest when modest daily doses of vitamin D
(400-1000 IU) are given for up to 1 year (14). Results from
phase 3 clinical trials on prophylactic vitamin D and
COVID-19 are currently scarce and sometimes conflicting
(15, 16), as are studies comparing the effectiveness of different
doses for the prevention of acute respiratory infections of any
cause in adults. There is also a lack of studies designed to
evaluate the effectiveness of practical approaches to identify-
ing and treating vitaminD deficiency in the general population
to improve health outcomes.
The International Conferences “Controversies in VitaminD”

are a series of workshops that started in 2017 (17-24) in which
international experts and leaders in vitaminD research and clin-
ical practice reviewanddiscuss controversial topics.Thefifth an-
nual conference was held in Stresa, Italy, September 15 to 18,
2021. During this meeting, the following major aspects related
to vitaminDwere discussed: aging (24), gastrointestinal system,
guidelines, and COVID-19. Before the event, participants re-
viewed available studies on their assigned topic and presented
their findings at the time of the conference. In-depth discussion
in open sessions led to consensus. A separate documentwas pre-
pared for the 4 major topics of the conference.
This paper summarizes expert deliberations on vitamin D

and COVID-19–related inflammation and on vitamin D and
incidence, severity, and treatment of COVID-19. Due to the
fast-moving nature of the field, the expert panel critically eval-
uated additional literature published since. Further inclusion
of papers occurred throughout the submission period.

COVID-19, a Multisystem Disease

COVID-19 was first recognized as a severe respiratory dis-
ease. SARS-CoV-2 has infected more than 630 million human
beings and caused more than 6.6 million deaths (25).
However, actual deaths might have been underestimated
and be more than 18 million (26). Currently, SARS-CoV-2
is now recognized as having the potential to involvemany oth-
er organ systems (27-29). This can be attributed to the ubi-
quity of the ACE2 receptor, to which the virus spike protein
binds to enter cells. The pervasiveness of ACE2 receptors
helps explain how this virus can invade somany organ systems
and, even within an organ system, how the virus can infect dif-
ferent cell types. Vitamin D status has been implicated
through various studies in the susceptibility and severity of
SARS-CoV-2 infection, as well as innate and acquired immun-
ity (5). It might be possible that low 25(OH)D levels could
lead to a destructive, exuberant immune response, a major
complication of COVID-19 (5). Interestingly, the systems
that SARS-CoV-2 can affect are those in which vitamin D
has been proposed to have a physiological role: the lungs, im-
mune system, coagulation, cardiac function, gastrointestinal,
skin, and endocrine systems (27-31). Moreover, an osteome-
tabolic phenotype of the disease has been recently reported
(32), including hypocalcemia (33), hypovitaminosis D (34),
and vertebral fractures (35).

Vitamin D, Inflammation, and COVID

Inflammation is a complex and heterogeneous response to
various acute and/or chronic stressors (36, 37). To consider

“inflammation” as a single entity, as is often done in
vitamin D research related to this topic, is an oversimplifica-
tion. Nonetheless, several studies have evaluated the effect
of vitamin D supplementation on autoimmune conditions
(38) and associations between various acute and chronic in-
flammatory conditions and circulating levels of 25(OH)D
(39-50), the widely accepted biomarker of vitamin D status
(51). Current data generally support a conclusion that the
acute inflammatory response may be associated with acute
lowering of the circulating 25(OH)D concentration. A meta-
analysis of 8 longitudinal studies suggested that there could
be an abrupt approximately 20% to 40% decrease in circulat-
ing 25(OH)D following the onset of an inflammatory stimulus
(52). Thus, current data seem to suggest that acute inflamma-
tion could also acutely lower circulating 25(OH)D concentra-
tion although the underlying mechanisms are still unclear. In
fact, it has been suggested that the decline is a dilution effect
due to the large amounts of intravenous fluids administered
to very sick individuals (44), an observation not replicated
by others (43). Alternatively, it has been postulated that this
decline is due to a reduction in plasma proteins that bind
25(OH)D, namely vitamin D binding protein and/or albumin
(40). Regardless of the possible underlying mechanism(s),
acute reduction in circulating 25(OH)D could be hypothe-
sized to occur in COVID-19 in the context of the acute inflam-
matory response induced by SARS-CoV-2 infection (reverse
causality?) with possible functional consequences at the tis-
sue/cellular level (53, 54). Since experimental evidence (55)
and RCT data show that vitamin D attenuates inflammation
(38, 56), and studies showed preexisting low 25(OH)D levels
in patients developing COVID-19 (57), a possible bidirection-
al relationship between inflammation and low circulating
25(OH)D concentrations may be considered, leaving still
open the issue of inflammation as a cause and/or effect of vita-
min D status.

25 Hydroxyvitamin D Levels and Incidence

of SARS-CoV-2 Infection

From the beginning of the pandemic, it was hypothesized that
high latitude with consequent differences in sun exposure (58)
as well nutritional risk of vitamin D deficiency (59) or lack of
systematic food fortification with vitamin D (60) could influ-
ence the risk for SARS-CoV-2 infection and COVID-19 sever-
ity. Since then, many studies have been published to
investigate a possible link between vitamin D and
COVID-19. These were mostly cross-sectional observational
studies, retrospective cohort studies, and, to a lesser extent,
prospective cohorts or RCTs with different numbers of en-
rolled participants and differing vitamin D doses and supple-
mentation/treatment approaches.
Emerging evidence suggests that vitamin D deficiency may

be associated with an increased risk of COVID-19 (5, 20).
Data from a recent meta-analysis also suggest a correlation
with increased susceptibility to SARS-CoV-2 infection (61).
Unfortunately, hypovitaminosis D is widespread, particularly
in southern European countries (62), where COVID-19 has
had a great effect. This is due, in part, to a reduction in sun ex-
posure without compensatory measures, such as vitamin D
food fortification or supplementation (63). Moreover, older
individuals with comorbidities, such as diabetes and obesity,
are at the greatest risk of adverse outcomes of COVID-19,
and they are more likely to have low vitamin D status
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(24, 64) Furthermore, some evidence suggests that vitamin D
deficiency may be associated with hypocalcemia, a condition
reported in up to 80% of symptomatic SARS-CoV-2-infected
Italian patients seen in hospital emergency departments
(65, 66).
A study based on 40 996 25(OH)D determinations found

no direct relationship between vitamin D status, putative
ultraviolet dose, and SARS-CoV-2 infection risk (67). By con-
trast, in a systematic review andmeta-analysis to assess the as-
sociation between low vitamin D status and COVID-19,
which included individuals older than 50 years within a
wide range of ages from Asia, Europe, and the United States,
vitamin D deficiency was associated with an increased risk
of symptomatic SARS-CoV-2 infection. In addition, a lower
mean 25(OH)D level was found in SARS-CoV-2–positive
individuals compared to SARS-CoV-2–negative individuals.
The authors concluded that, despite a significant publication
bias, low vitamin D status might be associated with an in-
creased risk of SARS-CoV-2 infection (68). Similar conclu-
sions were achieved in other meta-analyses that included
respectively 49 studies (for a total of 1 403715 individuals)
(61) and 76 studies for a total of 1 976099 patients (69).
In this latter recent meta-analysis, vitamin D deficiency/insuf-
ficiency increased the odds of developing COVID-19 (odds ra-
tio [OR] 1.46; 95% CI, 1.28-1.65; P< .0001; I2= 92%) (69).
Interestingly, low vitamin D status was found to be associated
with an increased risk of SARS-CoV-2 infection and an in-
creased risk of hospitalization, intensive care unit (ICU) ad-
mission, and mortality. No relevant publication bias was
suggested in this paper. In a large, retrospective study of a co-
hort of more than 190000 US patients with SARS-CoV-2,
testing results and matching 25(OH)D data obtained in the
preceding 12 months found that the incidence rate of
SARS-CoV-2 positivity was higher among those with vitamin
D deficiency. This relationship persisted in a multivariable
model across latitudes, races/ethnicities, sex, and age ranges
(57).
Jolliffe et al (15) conducted an RCT to test for effects of

prophylactic vitamin D supplementation on the risk and se-
verity of COVID-19, the phase 3 pragmatic RCT
CORONAVIT. This study enrolled 6200 patients to evaluate
the effectiveness of a “test-and-treat” approach to identify
and treat vitamin D deficiency to prevent COVID-19 and
other acute respiratory infections in UK adults during winter
and spring, a period when vitamin D insufficiency is highly
prevalent (70). Results showed that vitamin D replacement
did not reduce the risk of all-cause acute respiratory infec-
tions or COVID-19, although the enrolled cohorts had a
high baseline prevalence of vitamin D insufficiency (15).
Another study, however, came to different conclusions.
Villasis-Keever and colleagues (16) investigated the effects
of vitamin D supplementation in the prevention of
SARS-CoV-2 infection in highly exposed individuals in a
double-blind, parallel RCT. The SARS-CoV-2 infection risk
was lower in the vitamin D–treated group than in the control
group. It was associated with an increase in serum levels of
25(OH)D, independently of vitamin D status (16).
Therefore, based on the aforementioned results, it appears
that low 25(OH)D levels either before or at time of testing
may be associated with a higher risk of SARS-CoV-2 infec-
tion. On the other hand, conflicting evidence has been re-
ported on the efficacy of vitamin D supplementation to
reducing the risk of infection.

25 Hydroxyvitamin D Levels and COVID-19

Severity

A relationship between low vitamin D status and COVID-19
severity has been consistently reported. This is physiologically
plausible as in vitro data suggest vitamin D is among the mol-
ecules that may attenuate the effects of COVID-19 through its
effects on gene expression (71, 72). Unsurprisingly, there is in-
tense interest in vitamin D and COVID-19; a PubMed search
entering the key words “vitamin D” and “COVID-19” (ac-
cessed October 7, 2022) retrieved 1367 publications (> 200
in the last 6 months). Of these, 67 are systematic reviews,
65 are meta-analyses, and 13 are reports on RCTs exclusively
examining the relationship of vitamin D to COVID-19–
related outcomes. Many retrospective case-control studies,
cohort studies, as well as meta-analyses of observational stud-
ies reveal inverse associations between serum 25(OH)D level
and the risk of developing severe COVID-19, including an in-
creased risk of mortality, ICU admission, length of ICU stay,
and need for mechanical ventilation. A retrospective observa-
tional study found low 25(OH)D levels to be associated with
severity of lung involvement as assessed by computed tomog-
raphy in male patients with COVID-19. In fact, vitamin D de-
ficiency rates increased from 55% in radiologic stage 1 to 74%
in stage 3 pneumonia (73). Also, a negative effect of vitamin D
deficiency, usually at hospital admission, on mortality besides
other clinical end points of severe COVID-19 and independ-
ently of other clinical risk factors, has been consistently re-
ported (74-76). Additionally, the combination of vitamin D
deficiency and diabetes and/or obesity had worse outcomes
(34). Several recently published meta-analyses also consistent-
ly reported a significant association between low serum
25(OH)D level and an increased risk of mortality, ICU admis-
sion, invasive, and noninvasive ventilation (69, 77, 78).
However, it should be noted that several studies included in

the aforementioned meta-analyses suffer from some limita-
tions, such as inadequate selection of controls, confounding
by other covariates, lack of adjustment for other predictive
markers, the wide variability of assays to measure 25(OH)D
levels, as well as cutoffs used to define low levels (79).
Moreover, low levels of 25(OH)D in COVID-19 patients
with severe outcomes admitted to the hospital could be a re-
flection of reverse causality, and can be either related to severe
hypoalbuminemia at hospital admission (40, 80) or, as men-
tioned earlier, to the effect of acute illness per se (81).
At odds with most published evidence, a mendelian ran-

domization study of 443 734 individuals, including 401460
from the UK Biobank, suggested no association between se-
rum 25(OH)D levels and disease severity; unfortunately,
25(OH)D was measured on samples obtained many years be-
fore (82). In conclusion, most published studies support a
negative role of low vitamin D status in the severity of
COVID-19 although, due to previously reported consider-
ation whether low 25(OH)D is a consequence and a marker
of illness severity or has a causal role in this clinical context,
this remains to be established.

Vitamin D Treatment of COVID-19

To date, 14 reports of clinical trials addressing the effect of
vitamin D supplementation in the treatment of COVID-19
have been published (83-96), The country, design, sample
size, intervention, and outcomes of these studies are
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summarized in Table 1.Many longitudinal, retrospective, and
“quasi-experimental” (97, 98) studies have been conducted so
far on vitamin D supplementation in COVID-19, and all the
initial meta-analyses included predominantly observational
studies, performed in the first months after the beginning of
the pandemic with heterogeneous study designs leading to
contradictory and likely not very reliable results (99-104).
Two years into the pandemic, RCTs on vitamin D adminis-

tration in COVID-19 patients became available. Therefore,
the most recent meta-analyses published (105, 106) were
able to include data from 6 RCTs. They showed significant
benefits of vitamin D supplementation in terms of
COVID-19 severity and lower rates of ICU admission and
mortality. In particular, Hosseini et al (106) showed that vita-
min D supplementation was significantly associated with a re-
duced risk (relative risk [RR]) of ICU admission (RR= 0.35;
95% CI, 0.20-0.62) and mortality (RR= 0.46; 95% CI,
0.30-0.70). Moreover, in February 2022, a meta-analysis of
systematic reviews was published (107) confirming that vita-
min D supplementation may effectively reduce the
COVID-19 clinical burden, with a reduction in mortality of
roughly 50% in the odds ratio (OR) and similar results in
ICU admission and need for ventilation. However, some cau-
tion should be used in the interpretation of this latter analysis
because of the magnitude of the benefit of vitamin D supple-
mentation (so far not yet achieved in any RCT) and for the ob-
servational nature of many of the studies that were the
substrate for the systematic reviews (discussed earlier).
Differences in the outcomes of RCTs of vitamin D treat-

ment in COVID-19 may be due to variable study design in
terms of mode of administration and type and doses of
vitamin D. In fact, due to its half-life, a single but high dose
of cholecalciferol (84) may be less effective than repeated low-
er doses (86).
Observational studies and RCTs have been conducted with

cholecalciferol (84, 86), calcifediol (83, 108), or calcitriol (89)
and with doses varying from standard supplementation (87)
to very high dose (93), but head-to-head comparisons for
type of vitamin D are lacking and for high vs standard dose
are very few (93). This aspect may be clinically relevant since
very high vitamin D doses, particularly of the more active
forms, may induce side effects (19). Therefore, the issue of
considering vitamin D in the context of COVID-19 as a nutri-
tional supplementation or as an acute therapeutic for severe
COVID-19 is still open although it has been hypothesized
that vitamin D should be used as a drugmore than as a supple-
ment for treating acute respiratory diseases or other infectious
diseases (108).
Another confounding factor that may be taken into account

when interpreting data of vitamin D administration in
COVID-19 patients is that dexamethasone is commonly
used in the treatment of severe COVID-19 (109), and that glu-
cocorticoids may impair vitamin D synthesis and action (110)
thus possibly interfering with the effect of vitaminD treatment
in such patients (111).
In conclusion, data from interventional studies suggest that

vitamin D administration could positively affect outcome for
COVID-19 patients. However, since available data are still
heterogeneous regarding study design, enrolled population,
intervention strategies, and have also sometimes yielded con-
flicting results, research in this setting should focus on produ-
cing novel, robust data rather than pooling ones with
low-grade evidence. In addition, bearing this in mind,T
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narrative reviews can potentially encompass a larger body of
evidence than would be achieved by adhering to inclusion
based on a rigid trial design.

Vitamin D, COVID-19 Prevention,

and Vaccination

Several studies were recently published including an RCT in
health care workers at high risk of exposure to SARS-CoV-2
infection suggesting that supplementation with vitamin D is
able to effectively prevent COVID-19 (16, 112, 113). Based
on these observations, the Glucocorticoid-Induced
Osteoporosis Skeletal Endocrinology Group expert panel re-
cently suggested that it is reasonable to strive for adequate lev-
els of 25(OH)D in populations at high risk both of
hypovitaminosis D and COVID-19 (114), especially in males,
since vitaminD status could have a primary role in prevention.
In fact, males are not only at risk of more severe disease but
also have traditionally less-monitored vitamin D levels than
females (115) and, as previously reported, have progressively
lower 25(OH)D levels across stages of increased computed
tomography–based severity of COVID-19 pneumonia (73).
These considerations are also important in the setting of

vaccinations. In fact, several recent studies have shown that
adequate vitamin D status may improve the immune response
to messenger RNA vaccines either after the first (116), second
(117), or third dose (118). Accordingly, the Pfizer vaccine’s la-
bel cites a possible positive role of concomitant immunomo-
dulation (119). Moreover, vitamin D supplementation has
been shown to augment antigen-specific immunity, especially
in older individuals without optimal vitaminD status (120). In
this perspective, vitamin D might be useful, specifically where
hypovitaminosis D is prevalent. However, a substudy nested
within the CORONAVIT RCT did not demonstrate signifi-
cant improvement in the response to SARS-CoV-2 vaccination
in adults with relatively low basal vitamin D status with fixed
doses of vitamin D (800 or 3200 IU/d) (121). Finally, the pos-
sible role of adequate 25(OH)D levels (and vitamin D supple-
mentation) in improving the host response to COVID-19
vaccination could represent an opportunity to tackle the wide-
spread prevalence of vitamin D deficiency (114).

Conclusion

There is consistent evidence for the association between low
25(OH)D levels and poor COVID-19 outcomes. However,
it stems in part from observational studies that are limited
by confounding factors such as comorbidities and body
mass index, known risk factors for low 25(OH)D levels and
poor COVID-19 outcomes. Moreover, low 25(OH)D levels
may also reflect reverse causality (122). Evidence supporting
the beneficial effect of vitamin D administration as (co)treat-
ment of COVID-19 is also accumulating but needs to be cor-
roborated by robust RCTs as well as the possible beneficial
effect of vitamin D in COVID-19 prevention.
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