The Journal of Clinical Endocrinology & Metabolism, 2023, 108, 1034-1042
https://doi.org/10.1210/clinem/dgac719
Advance access publication 8 December 2022

Mini-Review

OXFORD

ENDOCRINE
SOCIETY

Consensus and Controversial Aspects of Vitamin D

and COVID-19

John P. Bilezikian,"® Neil Binkley,?
Anna Maria Formenti,®
and Andrea Giustina®

Hector F. De Luca,®
Ghada El-Hajj Fuleihan,®

Angelo Fassio,*
Annemieke C. Heijboer,”3*

'Department of Medicine, Vagelos College of Physicians and Surgeons, New York, New York 10032, USA

2Department of Medicine, Geriatrics Faculty, Medical Sciences Center, University of Wisconsin, Madison, Wisconsin 53705, USA
®Department of Biochemistry, University of Wisconsin-Madison, Madison, Wisconsin 53706, USA

*Rheumatology Unit, Department of Medicine, University of Verona, 37134 Verona, ltaly

SInstitute of Endocrine and Metabolic Sciences (IEMS), San Raffaele Vita-Salute University, IRCCS San Raffaele Hospital, 20132 Milan, Italy
8Calcium Metabolism and Osteoporosis Program, WHO Collaborating Center for Metabolic Bone Disorders, American University of Beirut,

Beirut, Lebanon

7Department of Clinical Chemistry, Endocrine Laboratory, Amsterdam UMC, Vrije Universiteit Amsterdam, 1105AZ Amsterdam,

the Netherlands

8Amsterdam Gastroenterology, Endocrinology & Metabolism, 1105AZ Amsterdam, the Netherlands
®Department of Clinical Chemistry, Endocrine Laboratory, Amsterdam UMC, University of Amsterdam, 1105AZ Amsterdam,

the Netherlands

Correspondence: Andrea Giustina, MD, Endocrinology Unit, San Raffaele IRCCS Hospital, Via Olgettina 60, 20132 Milan, Italy. Email: Giustina.andrea@hsr.it.

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, ltaly, September 15 to 18, 2021.

Evidence: Before the event, participants reviewed available studies on their assigned topic, drafted a related abstract, and presented their findings
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 been merged to prepare a preliminary document. After the conference presentations, in-
depth discussionsin open sessions led to consensus. The document was subsequently modified according to discussions and up-to-date literature
inclusion.

Conclusions: There is quite consistent evidence for an association between low 25 OH vitamin D (25(0OH)D) levels and poor COVID-19 outcomes,
despite heterogeneous publications of variable quality. However, the low vitamin D status in COVID-19 patients might also reflect reverse causality.
Vitamin D supplementation might have a positive role in COVID-19 prevention. The evidence supporting a beneficial effect of vitamin D treatmentin
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(0H)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 vitamin D metabolism
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 vitamin D deficiency in the general population
to improve health outcomes.

The International Conferences “Controversies in Vitamin D”
are a series of workshops that started in 2017 (17-24) in which
international experts and leaders in vitamin D research and clin-
ical practice review and discuss controversial topics. The fifth an-
nual conference was held in Stresa, Italy, September 15 to 18,
2021. During this meeting, the following major aspects related
to vitamin D were 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 document was 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 involve many 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 so many 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 40996 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 and meta-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 1403 715 individuals)
(61) and 76 studies for a total of 1976099 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; I* =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 401 460
from the UK Biobank, suggested no association between se-
rum 25(OH)D levels and disease severity; unfortunately,
25(0OH)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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Table 1. Continued

Refs

Outcomes

Intervention

Sample size

Author/Country

Type of study

length of hospital stay, ICU admissions, in-hospital

mortality, and serious adverse events

(86)

Greater proportion of vitamin D-deficient individuals

60000 IU of D3 for 7 d vs placebo

40 SARS-CoV-2 RNA-positive individuals

Rastogi/India

RCT

with SARS-CoV-2 infection turned SARS-CoV-2 RNA

negative with significant decrease in fibrinogen on

high-dose cholecalciferol supplementation

85 patients hospitalized for > 7 d from onset 10 000 IU/d of D3 vs 2000IU/d for 14 d Increase in IL-10, higher levels of CD4+ T cells, 4-fold

(92)

Torres/Spain

RCT

increase in cytotoxic response against SARS-CoV-2—
infected cells, higher levels of IFNy, and significantly

shorter length of hospital stay in participants who

of COVID-19 symptoms

developed ARDS (8.0 vs 29.2 d) in 10 000 IU/d vs

2000 IU/d group
Serum 25(OH)D level on 9th day negatively associated

(96)

=56) received 50 000 IU
bolus of D3 on 1st and 8th d of

Group I (n

129 patients hospitalized with COVID-19

Karonova/Russia

Randomized,

with number of hospitalization days. In group I,

open-label,

neutrophil and lymphocyte counts were significantly

hospitalization. Patients from group

single-center study

.02), while C-reactive protein level

0.04; P=
was significantly lower on 9th d of hospitalization

higher (P

54) did not receive

supplementation.

Il (n
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Abbreviations: ARDS, acute respiratory distress syndrome; D3, vitamin D3; ICU, intensive care unit; IFN, interferon; IL, interleukin; IU, international unit; RCT, randomized controlled trial; RT-PCR, real-time

polymerase chain reaction; WHO, World Health Organization.

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 drug more 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 vitamin D 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,
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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 vitamin D 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 vitamin D 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.

Acknowledgments

We would like to acknowledge the support of Fabio Perversi
(Polistudium, Milan, Italy) for medical writing, and
Valentina Attanasio and Aashni Shah (Polistudium, Milan,
Italy) for linguistic and editorial assistance of the original sub-
mission. We also wish to acknowledge Adrian Martineau for

helpful discussion and all other participants in the conference:
Roger Bouillon, Bess Dawson-Hughes, Peter R. Ebeling,
Marise Lazaretti-Castro, Paul Lips, Claudio Marcocci,
Daniel D. Bikle, Salvatore Minisola, Silvia Trasciatti, Nicola
Napoli, Giulia Martina Cavestro, Giovanni Latella, David
Feldman, Salvatore Minisola, Anastassios G. Pittas, René
Rizzoli, and Fabio Massimo Ulivieri.

Financial Support

The conference and editorial assistance were supported by an
unrestricted educational grant by Abiogen Pharma, Pisa, Italy.
This work was also supported in part by the International
Vitamin D Expert Association (IDEA). The sponsors had no
role in selecting discussion topics, speakers, authors, prepar-
ation, or review of this paper.

Author Contributions

A.G. and J.P.B. reviewed conception and design and manu-
script drafting; and all authors performed collection and inter-
pretation of data from the literature, manuscript editing, and
approval to submit.

Disclosures

J.P.B., N.B.,, HF.D.L.,, AM.F, GEH.F, and A.C.H. have
nothing to disclose. A.F. has received consultant fees from
Abiogen. A.G. is a consultant for Abiogen and Takeda, and
has received research grants for his institution from Takeda.

Data Availability

Data sharing is not applicable to this article as no data sets
were generated or analyzed during the present study.

References

1. Wouters OJ, Shadlen KC, Salcher-Konrad M, et al. Challenges in
ensuring global access to COVID-19 vaccines: production, afford-
ability, allocation, and deployment. Lancet. 2021;397(10278):
1023-1034.

2. Dror AA, Eisenbach N, Taiber S, et al. Vaccine hesitancy: the next
challenge in the fight against COVID-19. Eur | Epidemiol.
2020;35(8):775-779.

3. Williams TC, Burgers WA. SARS-CoV-2 evolution and vaccines:
cause for concern? Lancet Respir Med. 2021;9(4):333-335.

4. Greiller CL, Martineau AR. Modulation of the immune response
to respiratory viruses by vitamin D. Nutrients. 2015;7(6):
4240-4270.

5. Bilezikian JP, Bikle D, Hewison M, et al. Mechanisms in endocrin-
ology: vitamin D and COVID-19. Eur | Endocrinol. 2020;183(5):
R133-R147.

6.  Bishop EL, Ismailova A, Dimeloe S, Hewison M, White JH.
Vitamin D and immune regulation: antibacterial, antiviral, anti-
inflammatory. JBMR Plus. 2020;5(1):e10405.

7. Keutmann M, Hermes G, Meinberger D, ez al. The ratio of serum
LL-37 levels to blood leucocyte count correlates with COVID-19
severity. Sci Rep. 2022;12(1):9447.

8.  Kudryashova E, Zani A, Vilmen G, et al. Inhibition of SARS-CoV-
2 infection by human defensin HNP1 and retrocyclin RC-101. |
Mol Biol. 2022;434(6):167225.

9.  Jolliffe DA, Griffiths CJ, Martineau AR. Vitamin D in the preven-
tion of acute respiratory infection: systematic review of clinical
studies. | Steroid Biochem Mol Biol. 2013;136:321-329.

10. Merzon E, Tworowski D, Gorohovski A, et al. Low plasma
25(OH) vitamin D level is associated with increased risk of

202 UdJB\ /Z UO Jasn jnuiag Jo AjISIaAIUN uedlawy AQ Z1.GE889/7€01/G/80 L/a[01Ke/wadl/woo dno-olwapede//:sdiy woiy papeojumoq



1040

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 108, No. 5

COVID-19 infection: an Israeli population-based study. FEBS ].
2020;287(17):3693-3702.

Panagiotou G, Tee SA, Tlhsan Y, et al. Low serum
25-hydroxyvitamin D (25[OH]D) levels in patients hospitalized
with COVID-19 are associated with greater disease severity.
Clin Endocrinol (Oxf). 2020;93(4):508-511.

Holt H, Talaei M, Greenig M, et al. Risk factors for developing
COVID-19: a  population-based  longitudinal  study
(COVIDENCE UK). Thorax. 2022;77(9):900-912.

Talaei M, Faustini S, Holt H, et al. Determinants of pre-
vaccination antibody responses to SARS-CoV-2: a population-
based longitudinal study (COVIDENCE UK). BMC Med.
2022;20(1):87.

Jolliffe DA, Camargo CA Jr, Sluyter JD, et al. Vitamin D supple-
mentation to prevent acute respiratory infections: a systematic
review and meta-analysis of aggregate data from randomised
controlled trials. Lancet Diabetes Endocrinol. 2021;9(5):
276-292.

Jolliffe DA, Holt H, Greenig M, et al. Effect of a test-and-treat ap-
proach to vitamin D supplementation on risk of all cause acute re-
spiratory tract infection and covid-19: phase 3 randomised
controlled trial (CORONAVIT). BMJ. 2022;378:e071230.
Villasis-Keever MA, Lépez-Alarcon MG, Miranda-Novales G,
et al. Efficacy and safety of vitamin D supplementation to prevent
COVID-19 in frontline healthcare workers. A randomized clinical
trial. Arch Med Res. 2022;53(4):423-430.

Giustina A, Adler RA, Binkley N, et al. Controversies in vitamin
D: summary statement from an international conference. J Clin
Endocrinol Metab. 2019;104(2):234-240.

Sempos CT, Heijboer AC, Bikle DD, et al. Vitamin D assays and
the definition of hypovitaminosis D: results from the First
International Conference on Controversies in Vitamin D. Br |
Clin Pharmacol. 2018;84(10):2194-2207.

Ebeling PR, Adler RA, Jones G, et al. Management of endocrine
disease: therapeutics of vitamin D. Ewur ]| Endocrinol.
2018;179(5):R239-R259.

Bouillon R, Marcocci C, Carmeliet G, et al. Skeletal and extraske-
letal actions of vitamin D: current evidence and outstanding ques-
tions. Endocr Rev. 2019;40(4):1109-1151.

Giustina A, Adler RA, Binkley N, et al. Consensus statement from
2nd International Conference on Controversies in Vitamin D. Rev
Endocr Metab Disord. 2020;21(1):89-116.

Giustina A, Bouillon R, Binkley N, et al. Controversies in Vitamin
D: a statement from the Third International Conference. JBMR
Plus. 2020;4(12):e10417.

Bilezikian JP, Formenti AM, Adler RA, et al. Vitamin D: dosing,
levels, form, and route of administration: does one approach fit
all? Rev Endocr Metab Disord. 2021;22(4):1201-1218.

Giustina A, Bouillon R, Dawson-Hughes B, et al. Vitamin D in the
older population: a consensus statement. Endocrine. 2023;79(1):
31-44.

Johns Hopkins Coronavirus Resource Center. COVID-19 Map.
Accessed July 16, 2022. https:/coronavirus.jhu.edu/map.html
COVID-19 Excess Mortality Collaborators. Estimating excess
mortality due to the COVID-19 pandemic: a systematic analysis of
COVID-19-related mortality, 2020-21. Lancet. 2022;399(10334):
1513-1536.

Gupta A, Madhavan MV, Sehgal K, et al. Extrapulmonary mani-
festations of COVID-19. Nat Med. 2020;26(7):1017-1032.
Thakur V, Ratho RK, Kumar P, ef al. Multi-organ involvement in
COVID-19: beyond pulmonary manifestations. | Clin Med.
2021;10(3):446.

Giustina A, Bilezikian JP. Revisiting the endocrine and metabolic
manifestations of COVID-19 two years into the pandemic. Rev
Endocr Metab Disord. 2022;23(2):133-136.

Marazuela M, Giustina A, Puig-Domingo M. Endocrine and
metabolic aspects of the COVID-19 pandemic. Rev Endocr
Metab Disord. 2020;21(4):495-507.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4S.

46.

47.

48.

49.

50.

S1.

Puig-Domingo M, Marazuela M, Yildiz BO, Giustina A.
COVID-19 and endocrine and metabolic diseases. An updated
statement from the European Society of Endocrinology.
Endocrine. 2021;72(2):301-316.

di Filippo L, Frara S, Giustina A. The emerging osteo-metabolic
phenotype of COVID-19: clinical and pathophysiological aspects.
Nat Rev Endocrinol. 2021;17(8):445-446.

di Filippo L, Doga M, Frara S, Giustina A. Hypocalcemia in
COVID-19: prevalence, clinical significance and therapeutic im-
plications. Rev Endocr Metab Disord. 2022;23(2):299-308.

di Filippo L, Allora A, Doga M, et al. Vitamin D levels are associ-
ated with blood glucose and BMI in COVID-19 patients, predict-
ing disease severity. | Clin Endocrinol Metab. 2022;107(1):
e348-e360.

di Filippo L, Formenti AM, Doga M, Pedone E, Rovere-Querini P,
Giustina A. Radiological thoracic vertebral fractures are highly
prevalent in COVID-19 and predict disease outcomes. | Clin
Endocrinol Metab. 2021;106(2):e602-e614.

Medzhitov R. Inflammation 2010: new adventures of an old
flame. Cell. 2010;140(6):771-776.

Furman D, Campisi ], Verdin E, et al. Chronic inflammation in the
etiology of disease across the life span. Nat Med. 2019;25(12):
1822-1832.

Hahn J, Cook NR, Alexander EK, et al. Vitamin D and marine
omega 3 fatty acid supplementation and incident autoimmune dis-
ease: VITAL randomized controlled trial. BM]J. 2022;376:
e066452.

Reid D, Toole BJ, Knox S, et al. The relation between acute
changes in the systemic inflammatory response and plasma
25-hydroxyvitamin D concentrations after elective knee arthro-
plasty. Am | Clin Nutr. 2011;93(5):1006-1011.

Ghashut RA, Talwar D, Kinsella J, Duncan A, McMillan DC. The
effect of the systemic inflammatory response on plasma vitamin 25
(OH) D concentrations adjusted for albumin. PLoS Omne.
2014;9(3):¢92614.

Poole KE, Loveridge N, Barker PJ, ez al. Reduced vitamin D in
acute stroke. Stroke. 2006;37(1):243-245.

Duncan A, Talwar D, McMillan DC, Stefanowicz F, O’Reilly DS.
Quantitative data on the magnitude of the systemic inflammatory
response and its effect on micronutrient status based on plasma
measurements. Am | Clin Nutr. 2012;95(1):64-71.

Binkley N, Coursin D, Krueger D, et al. Surgery alters parameters
of vitamin D status and other laboratory results. Osteoporos Int.
2017;28(3):1013-1020.

Krishnan A, Ochola J, Mundy J, et al. Acute fluid shifts influence
the assessment of serum vitamin D status in critically ill patients.
Crit Care. 2010;14(6):R216.

Louw JA, Werbeck A, Louw ME, Kotze TJ, Cooper R, Labadarios
D. Blood vitamin concentrations during the acute-phase response.
Crit Care Med. 1992;20(7):934-941.

Waldron JL, Ashby HL, Cornes MP, et al. Vitamin D: a negative
acute phase reactant. | Clin Pathol. 2013;66(7):620-622.
Bertoldo F, Pancheri S, Zenari S, et al. Serum 25-hydroxyvitamin
D levels modulate the acute-phase response associated with the
first nitrogen-containing bisphosphonate infusion. | Bone Miner
Res. 2010;25(3):447-454.

Bang UC, Novovic S, Andersen AM, Fenger M, Hansen MB,
Jensen JE. Variations in serum 25-hydroxyvitamin D during acute
pancreatitis: an exploratory longitudinal study. Endocr Res.
2011;36(4):135-141.

Barth JH, Field HP, Mather AN, Plein S. Serum 25 hydroxy-
vitamin D does not exhibit an acute phase reaction after acute
myocardial infarction. Ann Clin Biochem. 2012;49(Pt 4):
399-401.

Newens K, Filteau S, Tomkins A. Plasma 25-hydroxyvitamin D
does not vary over the course of a malarial infection. Trans R
Soc Trop Med Hyg. 2006;100(1):41-44.

Ross AC, Manson JE, Abrams SA, et al. The 2011 report on diet-
ary reference intakes for calcium and vitamin D from the Institute

202 UdJB\ /Z UO Jasn jnuiag Jo AjISIaAIUN uedlawy AQ Z1.GE889/7€01/G/80 L/a[01Ke/wadl/woo dno-olwapede//:sdiy woiy papeojumoq


https://coronavirus.jhu.edu/map.html

The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 108, No.

52.

53.

54.

55.

6.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

of Medicine: what clinicians need to know. | Clin Endocrinol
Metab. 2011;96(1):53-58.

Silva MC, Furlanetto TW. Does serum 25-hydroxyvitamin D de-
crease during acute-phase response? A systematic review. Nutr
Res. 2015;35(2):91-96.

Heaney RP. Serum 25-hydroxyvitamin D is a reliable indicator of
vitamin D status. Am | Clin Nutr. 2011;94(2):619-620.

Talwar D, St J O’Reilly D, McMillan DC. Reply to RP Heaney.
Am | Clin Nutr. 2011;94(2):620.

Hu J, Wu Z, Wang H, et al. Vitamin D ameliorates apoptosis and
inflammation by targeting the mitochondrial and MEK1/2-ERK1/
2 pathways in hyperoxia-induced bronchopulmonary dysplasia. |
Inflamm Res. 2022;15:4891-4906.

Coussens AK, Wilkinson R], Hanifa Y, et al. Vitamin D acceler-
ates resolution of inflammatory responses during tuberculosis
treatment. Proc Natl Acad Sci US A.2012;109(38):15449-15454.
Kaufman HW, Niles JK, Kroll MH, Bi C, Holick MF.
SARS-CoV-2 positivity rates associated with circulating
25-hydroxyvitamin D levels. PLoS One. 2020;15(9):¢0239252.
Tyrovolas S, Tsiampalis T, Morena M, et al. COVID-19 mortality
in Europe, by latitude and obesity status: a geo-spatial analysis in
40 countries. Nutrients. 2022;14(3):471.

Pedrosa LFC, Barros ANAB, Leite-Lais L. Nutritional risk of vita-
min D, vitamin C, zinc, and selenium deficiency on risk and clin-
ical outcomes of COVID-19: a narrative review. Clin Nutr
ESPEN. 2022;47:9-27.

di Filippo L, Frara S, Doga M, Giustina A. The osteo-metabolic
phenotype of COVID-19: an update. Endocrine. 2022;78(2):
247-254.

Chiodini I, Gatti D, Soranna D, et al. Vitamin D status and
SARS-CoV-2 infection and COVID-19 clinical outcomes. Front
Public Health. 2021;9:736665.

Manios Y, Moschonis G, Lambrinou CP, et al. A systematic re-
view of vitamin D status in southern European countries. Eur |
Nutr. 2018;57(6):2001-2036.

Giustina A, Formenti AM. Hypovitaminosis D play a role in the
high impact of COVID infection in Italy? BMJ. 2020;368:m810.
Giustina A. Hypovitaminosis D and the endocrine phenotype of
COVID-19. Endocrine. 2021;72(1):1-11.

Di Filippo L, Formenti AM, Rovere-Querini P, et al
Hypocalcemia is highly prevalent and predicts hospitalization in
patients with COVID-19. Endocrine. 2020;68(3):475-478.

di Filippo L, Allora A, Locatelli M, et al. Hypocalcemia in
COVID-19 is associated with low vitamin D levels and impaired
compensatory PTH response. Endocrine. 2021;74(2):219-225.
Ferrari D, Locatelli M, Faraldi M, Lombardi G. Changes in
25-(OH) vitamin D levels during the SARS-CoV-2 outbreak:
lockdown-related effects and first-to-second wave difference—
an observational study from northern Italy. Biology (Basel).
2021;10(3):237.

Liu N, Sun J, Wang X, Zhang T, Zhao M, Li H. Low vitamin D
status is associated with coronavirus disease 2019 outcomes: a
systematic review and meta-analysis. Int | Infect Dis. 2021;104:
58-64.

Dissanayake HA, de Silva NL, Sumanatilleke M, et al. Prognostic
and therapeutic role of vitamin D in COVID-19: systematic review
and meta-analysis. | Clin Endocrinol Metab. 2022;107(5):
1484-1502.

Hypponen E, Power C. Hypovitaminosis D in British adults at age
45 y: nationwide cohort study of dietary and lifestyle predictors.
Am ] Clin Nutr. 2007;85(3):860-868.

Bouillon R, Carmeliet G, Verlinden L, et al. Vitamin D and human
health: lessons from vitamin D receptor null mice. Endocr Rev.
2008;29(6):726-776.

Shah Alam M, Czajkowsky DM, Aminul Islam M, Ataur Rahman
M. The role of vitamin D in reducing SARS-CoV-2 infection: an
update. Int Immunopharmacol. 2021;97:107686.

De Smet D, De Smet K, Herroelen P, Gryspeerdt S, Martens GA.
Serum 25(OH)D level on hospital admission associated with

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

5 1041

COVID-19 stage and mortality. Am ] Clin Pathol. 2021;155(3):
381-388.

Seal KH, Bertenthal D, Carey E, Grunfeld C, Bikle DD, Lu CM.
Association of vitamin D status and COVID-19-related hospital-
ization and mortality. | Gen Intern Med. 2022;37(4):853-861.
Vanegas-Cedillo PE, Bello-Chavolla OY, Ramirez-Pedraza N,
et al. Serum vitamin D levels are associated with increased
COVID-19 severity and mortality independent of whole-body
and visceral adiposity. Front Nutr. 2022;9:813485.

Neves FF, Pott-Junior H, de Sousa Santos S, et al. Vitamin D defi-
ciency predicts 30-day hospital mortality of adults with
COVID-19. Clin Nutr ESPEN. 2022;50:322-325.

Wang Z, Joshi A, Leopold K, et al. Association of vitamin D defi-
ciency with COVID-19 infection severity: systematic review and
meta-analysis. Clin Endocrinol (Oxf). 2022;96(3):281-287.
Pereira M, Dantas Damascena A, Galvio Azevedo LM, de
Almeida Oliveira T, da Mota Santana J. Vitamin D deficiency ag-
gravates COVID-19: systematic review and meta-analysis. Crif
Rev Food Sci Nutr. 2022;62(5):1308-1316.

Chakhtoura M, El Hajj Fuleihan G. Reply to vitamin D deficiency
in COVID-19: mixing up cause and consequence. Metabolism.
2021;115:154462.

Arnau-Barrés I, Pascual-Dapena A, Lopez-Montesinos I, et al.
Severe hypoalbuminemia at admission is strongly associated
with worse prognosis in older adults with SARS-CoV-2 infection.
J Clin Med. 2021;10(21):5134.

Bassatne A, Basbous M, Chakhtoura M, El Zein O, Rahme M,
El-Hajj Fuleihan G. The link between COVID-19 and VItamin
D (VIVID): a systematic review and meta-analysis. Metabolism.
2021;119:154753.

Butler-Laporte G, Nakanishi T, Mooser V, ef al. Vitamin D and
COVID-19 susceptibility and severity in the COVID-19 host gen-
etics initiative: a Mendelian randomization study. PLoS Med.
2021;18(6):100360S5.

Entrenas Castillo M, Entrenas Costa LM, Vaquero Barrios JM,
et al. Effect of calcifediol treatment and best available therapy ver-
sus best available therapy on intensive care unit admission and
mortality among patients hospitalized for COVID-19: a pilot
randomized clinical study. ] Steroid Biochem Mol Biol.
20205203:105751.

Murai IH, Fernandes AL, Sales LP, et al. Effect of a single high
dose of vitamin D3 on hospital length of stay in patients with mod-
erate to severe COVID-19: a randomized clinical trial. JAMA.
2021;325(11):1053-1060.

Sanchez-Zuno GA, Gonzalez-Estevez G, Matuz-Flores MG, et al.
Vitamin D levels in COVID-19 outpatients from western Mexico:
clinical correlation and effect of its supplementation. | Clin Med.
2021;10(11):2378.

Rastogi A, Bhansali A, Khare N, et al. Short term, high-dose vita-
min D supplementation for COVID-19 disease: a randomised,
placebo-controlled, study (SHADE study). Postgrad Med ].
2022;98(1156):87-90.

Caballero-Garcia A, Pérez-Valdecantos D, Guallar P, et al. Effect
of vitamin D supplementation on muscle status in old patients re-
covering from COVID-19 infection. Medicina (Kaunas). 2021;57-
(10):1079.

Maghbooli Z, Sahraian MA, Jamalimoghadamsiahkali S, et al.
Treatment with 25-hydroxyvitamin D3 (calcifediol) is associated
with a reduction in the blood neutrophil-to-lymphocyte ratio
marker of disease severity in hospitalized patients with
COVID-19: a pilot multicenter, randomized, placebo-controlled,
double-blinded clinical trial. Endocr Pract. 2021;27(12):
1242-1251.

Elamir YM, Amir H, Lim S, et al. A randomized pilot study using
calcitriol in hospitalized COVID-19 patients. Bone. 2022;154:
116175.

Cannata-Andia JB, Diaz-Sottolano A, Fernindez P, et al;
COVID-VIT-D Trial Collaborators. A single-oral bolus of
100,000 IU of cholecalciferol at hospital admission did not

202 UdJB\ /Z UO Jasn jnuiag Jo AjISIaAIUN uedlawy AQ Z1.GE889/7€01/G/80 L/a[01Ke/wadl/woo dno-olwapede//:sdiy woiy papeojumoq



1042

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 108, No. 5

improve outcomes in the COVID-19 disease: the COVID-VIT-D-a
randomised multicentre international clinical trial. BMC Med.
2022;20(1):83.

Sabico S, Enani MA, Sheshah E, et al. Effects of a 2-week 5000 [U
versus 1000 IU vitamin D3 supplementation on recovery of symp-
toms in patients with mild to moderate COVID-19: a randomized
clinical trial. Nutrients. 2021;13(7):2170.

Torres M, Casado G, Vigon L, et al. Changes in the immune re-
sponse against SARS-CoV-2 in individuals with severe
COVID-19 treated with high dose of vitamin D. Biomed
Pharmacother. 2022;150:112965.

Annweiler C, Beaudenon M, Gautier ], er al; COVIT-TRIAL
Study Group. High-dose versus standard-dose vitamin D supple-
mentation in older adults with COVID-19 (COVIT-TRIAL): a
multicenter, open-label, randomized controlled superiority trial.
PL0S Med. 2022;19(5):¢1003999.

Mariani J, Antonietti L, Tajer C, et al. High-dose vitamin D versus
placebo to prevent complications in COVID-19 patients: multi-
centre randomized controlled clinical trial. PLoS One.
2022517(5):e0267918.

De Niet S, Trémege M, Coffiner M, et al. Positive effects of vitamin
D supplementation in patients hospitalized for COVID-19: a
randomized, double-blind, placebo-controlled trial. Nutrients.
2022;14(15):3048.

Karonova TL, Golovatyuk KA, Kudryavtsev IV, et al. Effect of
cholecalciferol supplementation on the clinical features and in-
flammatory markers in hospitalized COVID-19 patients: a
randomized, open-label, single-center study. Nutrients. 2022;14-
(13):2602.

Annweiler C, Hanotte B, Grandin de I’Eprevier C, Sabatier JM,
Lafaie L, Célarier T. Vitamin D and survival in COVID-19 pa-
tients: a quasi-experimental study. | Steroid Biochem Mol Biol.
2020;204:105771.

Annweiler G, Corvaisier M, Gautier ], et al. Vitamin D supple-
mentation associated to better survival in hospitalized frail elderly
COVID-19 patients: the GERIA-COVID quasi-experimental
study. Nutrients. 2020;12(11):3377.

Rawat D, Roy A, Maitra S, Shankar V, Khanna P, Baidya DK.
Vitamin D supplementation and COVID-19 treatment: a system-
atic review and meta-analysis. Diabetes Metab Syndr. 2021;15(4):
102189.

Grove A, Osokogu O, Al-Khudairy L, et al. Association between
vitamin D supplementation or serum vitamin D level and suscep-
tibility to SARS-CoV-2 infection or COVID-19 including clinical
course, morbidity and mortality outcomes? A systematic review.
BM] Open. 2021;11(5):e043737.

da Rocha AP, Atallah AN, Aldrighi JM, Pires ALR, Dos Santos
Puga ME, Pinto ACPN. Insufficient evidence for vitamin D use
in COVID-19: a rapid systematic review. Int | Clin Pract.
2021;75(11):e14649.

Shah K, Saxena D, Mavalankar D. Vitamin D supplementation,
COVID-19 and disease severity: a meta-analysis. QJM.
2021;114(3):175-181.

Stroehlein JK, Wallqvist J, lannizzi C, et al. Vitamin D supplemen-
tation for the treatment of COVID-19: a living systematic review.
Cochrane Database Syst Rev. 2021;5(5):CD015043.

Pal R, Banerjee M, Bhadada SK, Shetty AJ, Singh B, Vyas A.
Vitamin D supplementation and clinical outcomes in
COVID-19: a systematic review and meta-analysis. | Endocrinol
Tnvest. 2022;45(1):53-68.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Varikasuvu SR, Thangappazham B, Vykunta A, et al. COVID-19
and vitamin D (co-VIVID study): a systematic review and meta-
analysis of randomized controlled trials. Expert Rev Anti Infect
Ther. 2022;20(6):907-913.

Hosseini B, El Abd A, Ducharme FM. Effects of vitamin D supple-
mentation on COVID-19 related outcomes: a systematic review
and meta-analysis. Nutrients. 2022;14(10):2134.

Shah K, Varna VP, Sharma U, Mavalankar D. Does vitamin D
supplementation reduce COVID-19 severity? A systematic review.
OJM. 2022;115(10):665-672.

Nogues X, Ovejero D, Pineda-Moncusi M, et al. Calcifediol treat-
ment and COVID-19-related outcomes. | Clin Endocrinol Metab.
2021;106(10):e4017-e4027.

Pinzén MA, Ortiz S, Holguin H, et al. Dexamethasone vs methyl-
prednisolone high dose for COVID-19 pneumonia. PLoS One.
2021;16(5):¢0252057.

Canalis E, Bilezikian JP, Angeli A, Giustina A. Perspectives on
glucocorticoid-induced osteoporosis. Bone. 2004;34(4):593-598.
Efird JT, Anderson EJ, Jindal C, ez al. The interaction of vitamin D
and corticosteroids: a mortality analysis of 26,508 veterans who
tested positive for SARS-CoV-2. Int | Environ Res Public
Health. 2021;19(1):447.

Karonova TL, Chernikova AT, Golovatyuk KA, et al. Vitamin D
intake may reduce SARS-CoV-2 infection morbidity in health care
workers. Nutrients. 2022;14(3):505.

Parant F, Bouloy J, Haesebaert J, ef al. Vitamin D and COVID-19
severity in hospitalized older patients: potential benefit of preho-
spital vitamin D supplementation. Nutrients. 2022;14(8):1641.
Ulivieri FM, Banfi G, Camozzi V, et al. Vitamin D in the
COVID-19 era: a review with recommendations from a
G.LLO.S.E.G. Expert panel. Endocrine. 2021;72(3):597-603.
Brandi ML, Giustina A. Sexual dimorphism of coronavirus 19
morbidity and lethality. Trends Endocrinol Metab. 2020;31(12):
918-927.

Piec I, Cook L, Dervisevic S, et al. Age and vitamin D affect the
magnitude of the antibody response to the first dose of the
SARS-CoV-2 BNT162b2 vaccine. Curr Res Transl Med.
2022;70(3):103344.

Zelini P, d’Angelo P, Cereda E, et al. Association between vitamin
D serum levels and immune response to the BNT162b2 vaccine for
SARS-CoV-2. Biomedicines. 2022;10(8):1993.

Ma 'Y, Zhu P, Zhong G, et al. Serial negative response after stand-
ard and third (booster) dose of COVID-19 inactivated vaccine is
associated with low vitamin D levels in patients with solid cancers.
Front Med (Lausanne). 2022;9:898606.

Food and Drug Administration. 2022. Package Insert—
COMIRNATY (purple cap). Accessed September 16, 2021.
https:/www.fda.gov/media/151707/download

Chambers ES, Vukmanovic-Stejic M, Turner CT, et al. Vitamin
D3 replacement enhances antigen-specific immunity in older
adults. Immunother Adv. 2021;1(1):1taa008.

Jolliffe DA, Vivaldi G, Chambers ES, et al. Vitamin D supplemen-
tation does not influence SARS-CoV-2 vaccine efficacy or im-
munogenicity: sub-studies nested within the CORONAVIT
randomised controlled trial. Nutrients. 2022;14(18):3821.
Smolders J, van den Ouweland J, Geven C, Pickkers P, Kox M.
Letter to the editor: vitamin D deficiency in COVID-19: mixing
up cause and consequence. Metabolism. 2021;115:154434.

202 UdJB\ /Z UO Jasn jnuiag Jo AjISIaAIUN uedlawy AQ Z1.GE889/7€01/G/80 L/a[01Ke/wadl/woo dno-olwapede//:sdiy woiy papeojumoq


https://www.fda.gov/media/151707/download

	Consensus and Controversial Aspects of Vitamin D and COVID-19
	COVID-19, a Multisystem Disease
	Vitamin D, Inflammation, and COVID
	25 Hydroxyvitamin D Levels and Incidence of SARS-CoV-2 Infection
	25 Hydroxyvitamin D Levels and COVID-19 Severity
	Vitamin D Treatment of COVID-19
	Vitamin D, COVID-19 Prevention, and Vaccination
	Conclusion
	Acknowledgments
	Financial Support
	Author Contributions
	Disclosures
	Data Availability
	References




