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EDITORIAL

Mavrizio Rossini

Department of Medicine,
Rheumatology Section, University of Verona

Dear Readers,

In this issue, we refurn to the theme of a possible relation between vitamin D and the risk of
infection or serious clinical symptoms from infection with SARS-CoV-2.

We propose this topic because many scientific publications continue fo freat it (more than 80
over the last four months, as you can see from the selection of references following the two
aricles). The results of these freatments have sometimes been contradictory and do not by any
means allow us fo draw conclusions, much less certainties, one way or another. At the same
fime, some have taken the liberty of making assertions about the correlation in a way that o my
mind is inappropriate and imprudent.

We are also focusing on this theme because COVID-19 continues fo take a significant number
of lives. Indeed, as we approach winfer, there are still many unknowns regarding the public
health and social impact of clinical manifestations of infection with SARS-CoV-2 variants. We
therefore felt the need to provide an update and a rigorous and objective overview of the cur-
rent state of scientific knowledge on this theme. As is the practice of this journal, this task has
been entrusted fo experts who have worked and published in the field.

The first article presents summaries of the rafionale and evidence for as well as doubts about
the possible role of vitamin D in conditioning the risk of infection with SARS-CoV-2 and the
severity of COVID-19. The author rightly begins by summarizing current evidence on the phys-
iological role of vitamin D in connection with innate immunity, in particular with regard fo
antimicrobial action, and with acquired immunity, in the context of modulating action which is
primarily anti-inflammatory and promotes immune folerance. He then looks at the evidence on
the association between vitamin D levels and the specific risk of infection with SARS-CoV-2.
In addition, he examines indirect evidence, such as the high prevalence of hypocalcemia in
patients hospitalized for COVID-19. These cases are characterized by the possible expression
of the dysregulation of calcium and phosphorus homeostasis caused by vitamin D deficiency or
by reduced exposure to UVB rays, which especially affects vitamin D sfatus, as is well known.
We should note that the author's own published findings have not brought to light any direct
relationship between indices of exposure to sunlight (including confinement to homes during the
lockdown), 25(OH)D serum levels and infection with SARS-CoV-2. At the same time, he does
admit the possible existence of other variables which have not been taken into consideration.
The author correctly highlights the strong dependence on covariables of the association de-
scribed in numerous studies between vitamin D and infection risk, such as old age, comorbidity,
obesity, gender, ethnicity and supplementation (and we should notfe in passing that the last
named factor is often neglected). For this reason, vitamin D deficiency may not be the cause but
the result, or simply a risk marker. The same inferpretive doubts also characterize the numerous
observations which currently report an inverse correlation between vitamin D levels and severity
of COVID-19.

Nonetheless, our current state of knowledge does not allow us to exclude a possible co-respon-
sibility of vitamin D deficiency in conditioning the seriousness of some clinical manifestations
of the illness and its outcomes (hospitalization, recourse fo mechanical ventilation, transfer o
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intensive care, and mortality). Some possi-
ble physio pathological mechanisms through
which vitamin D deficiency might confribute
fo the pathogenesis of COVID-19 are be-
lieved to be known: vitamin D has the ability
fo mitigate the cytokine storm and acts as an
endocrine modulator of the renin-angioten-
sinaldosterone system, both of which are in-
volved in the pathogenesis of acute respira-
tory distress syndrome. A response fo current
uncertainties might come from randomized
confrolled trials (RCTs) on vitamin D supple-
mentation, as long as these are rationally de-
signed and fake into account that vitamin D
could essentially act as a nutrient here and
could therefore be effective only in patients
with deficient levels. The meta-analysis of the
few studies of this type which are currently
available seem to indicate effectiveness on
some outcomes, even if to a limited extent.

It is nonetheless undeniable that our present
knowledge of the theme is characterized by
broad variability and frequent discrepan-
cy of the results. This circumstance indeed
calls for a critical revision of the literature,
which you will find in the second arficle

of this issue. The authors summarize some
of the most critical weaknesses of currently
available publications, highlighting the use
of unsafisfactory research fools or poorly
designed frials. As the author of the first ar-
ficle recognizes, an important shortcoming
is the bias of the temporal relation between
vitamin D dosage and COVID-19 diogno-
sis, which varies in the different studies from
one year before the diagnosis to simultane-
ous evaluation. This also appears relevant in
light of the wellknown phenomenon of re-
verse causality, that is, the fact that through
inflammation the illness itself is associated
with a reduction of 25(OH)D serum levels.

You will note that the statistical significance
of correlations between 25(OH)D serum lev-
els and the different outcomes depends on
whether the dose was given before or dur-
ing hospitalization. In addition, the reliability
of currently available studies is not always
sound, as several have been classified as
low quality, given that they were subject to
confounding facfors or were lacking in de-
fail or methodological adequacy. Then there
is the problem of publication bias, which

derives from the tendency to privilege the
publication of studies with positive results.
Other problems which sometimes charac-
ferize the literature on COVID-19 include
the haste with which some preliminary data
are confirmed, excessive simplification with
generic conclusions which are not support-
ed by statistically significant data, and the
exceplional pracfice — given the urgency
of the situation — of including observational
studies in RCT meta-analyses. This has led
fo the publication of many low quality anal-
yses with numerous confounding factors and
therefore contradictory results. Such devel
opments expose the scientific community to
the risk of losing credibility.

All of these circumstances have contribufed
fo the ongoing uncertainty as fo the ufility of
vitamin D supplementation for the prevention
and freatment of COVID-19. | personally
fear that one day some people might con-
clude that in this field as well all we needed
fo do was rely on common sense to remedy
a deficit, given the sfate of our knowledge
about vitamin D and its degree of safety.

What do you think?
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Correlation between vitamin D
deficiency and COVID-19:
a critical review of the literature

Angelo Fassio', Givlia Zanetti', Davide Bertelle', Marcella Sibani?

' Department of Rheumatology, Verona; 2 Department of Infectious Diseases,
P 9y, P

University Hospital of Verona

Just over two years since the World Health Or-
ganization (WHO) declared the SARS-CoV-2
outbreak a pandemic !, we find on PubMed
a surprising number of publications (256,087
articles as of June 19, 2022). A smaller but still
significant number of these — 1,189 - regard
"COVID-19 and vitamin D,” a figure which
amounts to an average of 1.5 publications
daily. In comparison, 10,914 articles about
"osteoporosis and vitamin D" have been pub-
lished, although the first of these date to the
beginning of the 1950's.

In fact, from the beginning of the outbreak in-
terest in vitamin D has been infense. Toward
the end of 2020, this journal published a
summary of the first handful of studies avail-
able at that time, and in particular those that
provided the first data on the association be-
tween vitamin D levels and risk of SARS-CoV-2
infection 2.

Since then, a tremendous number of articles
have been published. In this arficle, we will
summarize the observations obtained from
a meta-analysis performed by ltalian experts
regarding the association between vitamin D
status and clinical outcomes in patients with
COVID-19 3. This meta-analysis is available
on Open Access: we suggest that those infer-
ested in the topic read it in full. In this article
we also offer a brief comment about the qual-
ity of the current evidence available on the
benefits of vitamin D supplementation in these
patients.

VITAMIN D STATUS AND CLINICAL
OUTCOMES: MATERIALS AND METHODS
The primary endpoint of this analysis was to
clarify the relationship between vitamin D sta-
tus as a predictor of the severity of the disease,
defined by the need for intensive care (IC) or
mortality. The secondary endpoint, meanwhile,
was fo analyze the relationship between vita-
min D status, susceptibility to SARS-CoV-2 in-
fection and risk of hospitalization.
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It is imporfant nofe that because the disease
itself is most likely associated with a reduction
of  25-hydroxivitaminD [25(OH|D] plasma
levels °, to overcome reverse causality bias
(Fig. 1), the analysis separated those studies
in which 25(OH)D values were measured be-
fore the infection (and which, therefore, were
less influenced by this problem) from those in
which 25(OH|D values were taken at the time
of hospitalization.

Of 3,205 fotal studies that were initially iden-
tified, the selection reduced the sample to 54.
As one would expect in a meta-analysis which
includes observational studies, the quality of
the selected works — which were assessed
using the Newcastle-Ottawa scale, a special-
ized tool used fo evaluate nonrtandomized
studies — tumed out to be quite heteroge-
neous, with several studies classified as low
quality (scale score < 6). As is well known,
non-randomized studies are in fact subject fo
the influence of several confounding factors.
Moreover, authors sometimes fail to adequate-
ly explain the methods with which studies are
performed. Nonetheless, as the meta-analysis
in question was limited to only studies of high
quality (sensibility analysis), it has not given
rise o specific concerns.

Another important aspect of a meta-analysis is
the evaluation of the publication bias. This is
a phenomenon that can be traced fo today's
world of scientific publishing, which tends to
favor studies with “positive” (that is, statistical-
ly significant] results 4. To contextualize and in-
ferpret results obtained from the analysis, then,
it is essential fo understand whether there is a
significant risk of publication bias. This issue
can be addressed by using specific tests, such
as the Egger test and funnel plot inspection.
Figure 2 shows two imaginary examples of
funnel plots.

The meta-analysis in question revealed a cer-
fain degree of publication bias with regard
fo the outcome “fransfer to ICUs" when the
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Association between suboptimal vitamin D status and poor COVID-19 outcomes

Supposed cause-effect relationship

Hypovitaminosis D

Reverse causality bias:

Severe COVID-19

FIGURE 1.

Severe COVID-19

Hypovitaminosis D

Reverse causality (sometimes also called reverse causation). Bias in which dependent and
independent variables are mistakenly confused.

Standard error

0dds ratio
FIGURE 2.

Standard error

0dds ratio

Example of funnel plot in evaluating publication bias. Panel A: distribution of studies (each
represented by a blue dot) is clearly asymmetrical, indicating probable publication bias.
Panel B: no evident asymmetry; plot does not indicate publication bias.

threshold of plasma 25(OH)D < 75 nmol/L
was used, and fo that for mortality when the
threshold of < 50 nmol/L was adopted.
On the basis of these observations, we can-
not therefore exclude the possibility that re-
sults concerning these outcomes are, af least
in part, overrated (even though additional
analyses performed subsequently did not
confirm this suspicion).

VITAMIN D STATUS AND CLINICAL
OUTCOMES: RESULTS

Primary endpoint:

transfer to IC and mortality

Probably the most important result of the
mefa-analysis was the observation of an

increased risk for transfer to IC in patients
with values of 25(OH)D < 25 nmol/L, both

for dataset of all 11 analyzed studies [OR
[odds ratio] 2.63; 95% Cl [confidence in-
terval] 1.45-4.77) and for studies in which
25(OH)D measurements were performed,
for other reasons, before hospitalization [OR
2.55; 95% Cl 1.28-5.08). As we have
seen, this would exclude reverse causality
because observation of low vitamin D levels
in these studies preceded the development
of the disease.

Similar results regarding an increased risk for
fransfer to IC were also found for the higher
25(OH|D thresholds (< 50 and < 75 nmol/L).
However, these parameters lacked statistical
significance in those studies in which 25(OH)
D was measured before hospitalization.
Regarding the “mortality” oufcome, the in-
creased risk was confirmed for all the thresh-
olds of 25[OH)D (for example: 25(OH)D <

25 nmol/L, 21 studies, mortality OR 2.60;
5% Cl 1.93-3.49), but not in those studies
in which vitamin D was measured before
hospitalization.

Secondary endpoint: risk of SARS-CoV-2
infection and hospitalization

Increased risk of SARS-CoV-2 infection was
confirmed for 25(OH|D levels lower than all
the thresholds taken into consideration and
also confirmed for pre-hospitalization levels
< 25 nmol/L and < 50 nmol/L (4 studies,
OR 1.42; 95% CI 1.09-1.84, and 3 stud-
ies, OR 1.35; 95% CI 1.08-1.69, respec-
fively). A higher risk for hospitalization was
also found for values lower than 75 nmol/L,
but not when the analysis was limited to
pre-hospitalization levels.

Finally, an increased OR was also found af
all the thresholds for risk of hospitalization
itself. However, increased risk for hospital-
ization was significant only for the threshold
< 25 nmol/L in those studies in which vita-
min D was measured before hospitalization

(2 studies, OR 1.99; 95% CI 1.02-3.89).

VITAMIN D STATUS

AND CLINICAL OUTCOMES:

WHAT WE CAN CONCLUDE

With regard to COVID-19 the meta-analysis
again noficed a close correlation between
vitamin D insufficiency, risk of developing the
disease and poor clinical outcomes. As we
have already mentioned, although the au-
thors tried to correct such biases as reverse
causality, it is not in the nature of observa-
fional studies (from which this mefa-analysis
stems) to demonstrate a possible cause-ef-
fect relationship. Observational studies can
bring to light a correlation between two vari-
ables, which does not necessarily imply a
nexus between cause and effect. As is well
known, esfablishing cause-effect relation-
ships is the prerogative of randomized and
controlled studies (RCTs). We will discuss
these briefly below.

Nonetheless, the meticulous methodology
which guided the meta-analysis enabled
the authors to limit the effects of these bias-
es and to produce an overview of currently
available observational data. These findings
suggest that vitamin D deficiency represents
an indicator of risk for SARS-CoV-2 infection
and a resulting unfavorable evolution.

In any case, as we already have extensive-
ly claimed in several editorials published in
the preCOVID-19 erq, it is evident that vi-
famin D deficiency must be treated, in line
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with quality medical (and ethical) practice,
especially in afrisk populations.

VITAMIN D SUPPLEMENTATION

AND INTERVENTION STUDIES:
META-ANALYSIS AND BAD SCIENCE

As we have already emphasized, only data
replication from rigorous RCTs can confirm
the benefit of a specific intervention ac-
tion. In fact, at the top of the hierarchy of
evidence-based medicine, we find results of
mefa-analyses based (exclusively) on RCTs.
In specific cases, however, the Cochrane
Handbook takes info account the possibility
of including nonRCT data in o mefa-analy-
sis®. The first months of the pandemic, char-
acterized by the urgent need fo find safe
and potentially effective treatments, may
represent one of these exceptional cases.
At the same time, we need to remember that
even though a pandemic can lower the bar
that makes this frade-off acceptable, the un-
cerfainty and the effect of confounding foc-
fors that can affect this kind of analysis are
still multifarious and constant.

This pandemic took both doctors and re-
searchers by surprise, and many egregious
errors were made due fo the hurry in endors-
ing some preliminary data, such as the case
of proposed treatment with hydroxychloro-
quine and azithromycin. During the first half
of 2020, observational data that were un-
doubtedly preliminary in nature indeed end-
ed up affecting clinical practice on the part
of many of us, before RCT results proved

them proven to be off base 7. In this case
as well, the limitations of observational stud-
ies came fo light. This is because it is offen
impossible fo properly correct confounding
factors [both confext-sensitive and human),
with the significant risk of producing efficient
data which are both alfered and overesti-
mated”.

| believe that we all wish to avoid repeating
a similar situation in regard fo vitamin D sup-
plementation for COVID-19.

At present, there are only six RCTs on vi-
famin D supplementation and clinical out-
comes &'° (Tab. 1). In addition, in the majority
of these studies the clinical outcome did not
represent the primary endpoint; they were in
fact not designed for this purpose. Of these
six RCTs, only two (which in any case had
significant methodological limitations) seem
fo indicate some degree of effectiveness.

A seventh study (Lakireddy et al.) was even
withdrawn after publication because it was
marred by serious shorfcomings 4.

On the other hand, a cursory glance at
PubMed reveals at least 10 sysfematic re-
views with mefa-analysis (which we won't
treat here so as fo not burden this article).
Clearly, the maijority of these mefa-analyses
also included observational studies, even if
not exclusively. | believe that it is important to
emphasize that this way of proceeding and
this proliferation of qualitatively inadequate
data puts the scientific community at risk of
losing credibility. This is particularly frue to-
day, in light of the fact that we have treat-

ments supported by RCTs and international
recommendations °.

For instance, one of these mefa-analyses '
(which can be defined as an umbrella me-
fa-analysis because it in turn summarized
seven systematic reviews with meta-analysis
— all of observational studies) cites a reduc-
fion of as much as 50% in mortality due to
COVID-19 in patients freated with vitamin D
(OR 0.479; 95% Cl 0.346-0.664). To
better contextualize all of this, none of the
freatments faken info consideration by the
recommendations of the European Society
of Clinical Microbiology and Infecfious Dis-
eases '° has an effect size that comes any-
where near such a figure. One can readily
understand that such result is lacking in cred-
ibility and represents a typical example of
the saying “garbage in, garbage out.” No
matter how powerful and refined our meth-
od might be (in this case, the meta-analytic
method), the result will be misleading, be-
cause if the quality of the data is poor the
final output will be too.

To date, unfortunately, not even those who
set out to perform a more selective anal-
ysis have demonstrated sufficient method-
ological rigor. Rawat ef al. 17, for example,
included only RCTs and “almostexperimen-
fal” studies (as they specified in the Materi-
als and Methods section of their meta-anal-
ysis). In any case, classifying these studies
as “almostexperimental” seems controver-
sial, o say the least. Such trials were de-
signed as simple observational studies and

TABLE I.
Summary table of currently available randomized controlled trials on treatment of COVID-19 with vitamin D.
Reference Country SamE|e Intervention and duration Results
numbper
Sabico, Nutrients 2021 Soudi Arabia 69 5.000 vs 1.000 Ul di D, for 2 weeks Treated group §h0wed fu.ster fecovery in ferms of
3 resolving coughing and ageusia
) . , No significant differences in terms of hospital mortal
Murai, JAMA 2021 Brazil 240 200.000 UI D, (single dose) s placebo t, onste fo IC or need for mechanical venfofion
Calcifediolo 0,532 mg on days 1, - . .
Castillo, J Steroid Biochem Mol Biol 2020 Spain 76 0,266 mg then weekly 3 and 7, Treated group had significant reduction of sk of
o transfer to IC
until discharge from IC, vs placebo
Maghbooli, Endocr Pract 2021 Iran 106 Calcifediolo 25 pg/die for 60 days vs placebo No significant difference in clinical outcomes
No significant difference in clinical outcomes;
Elomir, Bone 2022 Iran 50 Calcifriolo 0,5 pg,/die for 2 weeks vs placebo  statistically significant reduction of use of oxygen in
treated group
Cannata Andia, BMC Med 2022 Spain 543 Single bolus of 100,000 vs placebo No significant difference in clinical outcomes

D,: cholecalciferol; IC: infensive care: IU: international units.
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have been indeed registered as such on
clinicaltrials.gov.

Finally, | believe it is worth mentioning the
systematic review with meta-analysis by Vari-
kasuvu et al. '8, published in Expert Review
of Antirinfective Therapy (a journal with an
impact factor of greater than 5). The authors
of this review, which includes only RCTs,
demonstrate that COVID-19 patients who
receive vilamin D supplementation have a
lower degree of probability to be transferred
to IC and lower chances of mortality and
positive RT-PCR tesfing.

Nonetheless, upon closer examination of
this paper we find elements which are not
convincing. First of all, how should one in-
terpret these conclusions® | expect that one
would atiribute significance to the fact that
COVID-19 patients who receive vitamin D
supplementation benefit in ferms of fewer
fransfers to IC, a lower mortality rate and
less frequent positive RFPCR tfesting. How-
ever, the analysis of mortality, for example,
does not provide a single significant result:
OR 0.78; 95% Cl 0.25-2.40.

We believe it is further important to note that
some studies were used many times in the
same analysis (for example, in the analysis
of “severity”, the same study was used both
for the “mechanical ventilation” parameter
and for that of “transfer to IC"). In addition,
it is also important to nofe that a “significant”
result [very ambiguous from our point of
view| cited by the authors in the conclusion
in fact referred to the overall analysis of all
the outcomes faken together. In other words,
a result was deemed “significant” (OR 0.6;
95% Cl 0.4-0.92) by summing all the data
perfaining to “COVID-19 severity”, “RT-PCR
positivity”, “COVID-19  seropositivity” and
"Deaths”.

Although this fact was mentioned in the con-
clusions of the fulltext article, we believe that
for the sake of accuracy this should have
been mentioned in the abstract, as well, the
first part of the article to be read.

Finally, this study also unfortunately includ-
ed the Llakireddy study, which, as we have
seen, was refracted after publication. The
bias risk evaluation of the above-mentioned
mefa-analysis (which can be consulted in the
supplementary materials section] defermined
that it was of “some concemn”, a judgment
that is nevertheless sufficient for its inclusion
in the analysis. More specifically, the authors
give it a positive assessment — “green light”
— for the entry “randomization process.”

CONCLUSIONS

Hypovitaminosis D is a widespread and
problematic condition. In light of the great
quantity of epidemiological studies which
have brought to light a correlation with
many pathological conditions °, the use of
inadequate research tfools or poorly de-
signed frials ® has created much confusion
among clinicians as to recommendations
and modes of supplementation.

Something similar is taking place with regard
to COVID-19. In this case the correlation be-
tween severe illness and hypovitaminosis D
has been confirmed by solid data, while the
question of whether supplementation confers
real benefits once the pathology has devel-
oped is sfill open. My personal opinion is
that it is our duty fo demand that the quality
of research in this field remain up fo stan-
dard, so as fo prevent further confusion cre-
ated by studies which are compromised by
evident methodological shortcomings.
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INTRODUCTION

Vitamin D is a key regulator for the develop-
ment and maturation of all immune system
lineages. In cases of deficiency, supplemen-
fafion has shown positive effects in acute re-
spiratory infections, even though it does not
reduce the incidence of serious events.

Many reports, based on observations made
during the first pandemic wave in ltaly, sug-
gest an associafion between vitamin D de-
ficiency, risk of infection with SARS-CoV-2,
incidence and severity of COVID-19, and
mortality. Speculative observations have pro-
posed a correlation between the fact that ltaly
has the highest prevalence of hypovitamino-
sis D among European countries and that the
country experienced a very high incidence of
infections with SARS-CoV-2 and COVID-19,
above all in the northern regions. These stud-
ies, however, associate the two events without
verifying the causal nexus and without exclud-
ing random facfors. Vitamin D status, infection
risk and development of serious pathological
forms are complex phenomena which de-
pend on countless variables, whose multifac-
forial relations of inferdependence cannot be
described by their mere summation. For this
reason, only large cohort studies, which do
not ignore fundamental variables, can take on
epidemiological relevance '.

ROLE OF VITAMIN D IN INNATE

AND ADAPTIVE IMMUNE RESPONSES
Vitamin D plays significant roles in connection
with innate immunity by means of antimicro-
bial action (regulation of iron metabolism,
autophagy and enhancement of the epitheli-
al barrier function, oxidative stress, induction
of antimicrobial gene expression — defensins

and cathelicidins = and tolllike receptors),
adaptive response modulation and tolerance
induction . More specifically, 1,25(OH)2D
carries out anfimicrobial activity on its own,
in that it is able to induce the expression of
cathelicidin and B-defensin 2, proteins with
antimicrobial effectiveness, both direct and
indirect (by stimulating the chemotaxis of
cells of the immune system, by inducing the
expression of proinflammatory cytokines and
by effecting the removal of infected cells in
the respiratory fract]. Vitamin D also stimulates
B-defensin 2 expression through the induction
of the nucleotide-binding oligomerization do-
main-containing protein 2 (NOD2) 2. In ad-
dition, 1,25(OH),D inhibits the expression of
hepcidin and therefore suppresses the hepci-
din-mediated block of iron export through fer-
roportin: the net result is an increased outflow
of iron from the infected cell and, consequent-
ly, a reduction of the availability of this ele-
ment for microbial growth 2.

In fact, the antimicrobial effects of vitamin D
are several: they also include stimulation of the
barrier function of the infestinal* and alveolar®
epithelia, of the production of reactive oxygen
species (ROS) ¢, of the neutrophilic function”
and of the phagocytic and auto phagocytic
activity (through the induction of the key effec-
tors of autophagy: LC3, beclin 1 and PI3Ky3)
of macrophages®. Both the induction of cathe-
licidins and defensins and the stimulation of the
pro-aufophagic pathways in cells with anfigen
have significant antiviral effects: respectively,
they inhibit the replication of viruses ? and aid
in the clearance of viral parficles '°. In con-
nection with adaptive immunity, calcitriol limits
the activation of T lymphocytes ' and induces
the expression of regulatory phenotypes (Treg)
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which mediafe immune tolerance and limit
abnormal immune responses as well as the
phenotypic shift from T helper Th1/Th17 1o
Th2 (from proinflammatory to regulatory) '2.
The effectiveness of vitamin D action is a
function of the activity of its receptor, VDR. In
fact, singlenucleotide polymorphisms (SNPs)
in the VDR gene affect protein responsive-
ness and have been associated with a num-
ber of immune dysfunctions: compared fo
the CT and CC genotypes, the TT genotype
of the Fokl polymorphism, for example, has
been associated with greater risk of infection
with respiratory syncyfial virus (RSV) 1°.

VITAMIN D AND RISK OF INFECTION
WITH SARS-COV-2

The hypothesis of a role of vitamin D in the
risk of infection with SARS-CoV-2 stems in
part from the observation of a high preva-
lence of hypocalcemia (50%) among pa-
fients hospitalized during the Ebola (2016)
and SARS (2003) epidemics. Up to 80%
of COVID-19 patients hospitalized in ltaly
during the first wave had [Ca?] < 1,18
mmol/L. Free calcium is necessary for vi-
ruscell inferaction (through the spike profein
and ACE2), viral replication and the inflam-
matory response fo the infection. The cor
relation between vitamin D status and risk
of infection may be — at least in part - a
result of the deregulation of calcium and
phosphate homeostasis 4. That calcium
plays a fundamental role in infection has
been demonstrated by, among other things,
the fact that the pharmacological block of
Ltype calcium channels slows the replication
velocity of the Porcine Deltacoronavirus °.
Infercellular free calcium is needed during the
response to SARS, mediated by the complex
of NOD-, IRR- and Pyrin Domain-contain-
ing protein 3 (NLRP3) inflammasome '¢17.
During a coronavirus infection, including
SARS-CoV-2, calcium mediates the fusion of
the viral envelope with the membrane of the
host cell: the S1/S2 subunits of the spike
fusion viral protein (S) interact in a calci-
um-dependent way with the endocytic pro-
tein machinery of the host cell and/or with
the ACE2 [angiotensin-converting enzyme
2) transmembrane dominion, the designat-
ed receptor of SARS-CoV-2 expressed by
the cells of the alveolar, intestinal and renal
tubular epithelia, cardiomyocytes and endo-
thelial cells 1819,

A number of articles have been published
supporting the hypothesis of a connection
between vitamin D levels and risk of infection
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with SARS-CoV-2. The first of these studies,
conducted in the U.S., analyzed 191,779
subjects in the threemonth period from mid-
March to midJune 2020 and demonstrated
a close correlation, even after adjusting for
demographic factors (such as latitude, eth-
nicity, gender and age) %°.

A very recent systematic revision has found
an inverse relationship between low tem-
peratures, UV indices, cloudfree vitamin D
UV doses (UVDVF) and prevalence of
COVID-19 in Europe 2. By confrast, one
of our own studies (2021), conducted on
101,035 subjects in the greater Milan
area, compared the pre-pandemic period
(2019) with periods that included the so-
called “first” (January-August 2020) and
"second” (June-November 2020) waves.
The results did not show any direct rela-
tionship between the indices of exposure to
sunlight, 25(OHID levels and infection with
SARS-CoV-2. In addition, the study did not
demonstrate any correspondence between
25(OH)D and domestic confinement during
the lockdowns, while presupposing the exis-
fence of other variables which did not merit
consideration ?2.

Studies carried out on biobank sfafistics are
also revealing: in 348,598 parficipants in
the UK Biobank (ages 37-73), a correlation
between 25(OH|D and risk of infection was
lost after adjustments were made for con-
founding factors and ethnicity 2324, Another
relevant factor, one which is often not report-
ed in studies, is supplementation.

Given the great quantity (and variety] of
studies on the topic, we must have recourse
fo meta-analyses. A large number of these
point to an inverse associafion between vi-
tamin D deficiency and risk of infection with
SARS-CoV-2 (Tab. 1). Some of these reports,
however, highlight the close dependence of
this association on other variables, such as
advanced age, comorbidity (e.g., diabetes,
hypertension and obesity) and in some cas-
es male gender. For this reason, it is impos-
sible fo establish whether vitamin Deficiency
represents a cause of increased risk of infec-
tion or rather whether it reflects (or is a result
of) a physio pathological condition that in
itself increases the risk of infection.

VITAMIN D AND SEVERITY OF COVID-19

The current scenario suggests a connection
between hypovitaminosis D and the severi-
ty of COVID-19. Yet is equally evident the
comorbidity and age play decidedly more
significant roles. Nonetheless, chronic hy-

povitaminosis D can predispose patients o
developing comorbidity and can for this rea-
son have a more or less indirect determining
effect on the severity of the illness: in foct,
advanced age and obesity are connected
both to the development of more severe
COVID-19 and to hypovitaminosis D .
Some researchers have hypothesized that vi-
famin D plays a role in acute respiratory dis-
fress syndromes [ARDS). As we have seen,
ACE2 functions as a binding site for the S
viral protein: it is an enzyme which converts
angiotensin Il [Angil) into angiotensin 1-/
[Ang (1-7)]. The latter has a vasodilatory
and antiinflammatory action and  profects
against organ damage . Following its
bond with the S protein, the ACE2-virus par-
ficle complex is infernalized, which therefore
downregulates ACE2 enzymatic activity. The
downregulation of ACE2 is associated with
an abnormal inflammatory response which
can cause fissue damage, which in fun
leads to further downregulation of ACE2.
This process can produce acute respiratory
distress syndrome [ARDS) 3. Vitamin D
plays a protective role against ARDS, giv-
en its capacity to inhibit the expression of
renin and the activity of the ACE/Angl/
AT1R axis; on the other hand, it stimulates
the ACE2/Ang{1-7)/MasG axis (the Mas
receptor associated with the G protein). For
this reason, vitamin D acts as a negative
endocrine modulator of the renin—angioten-
sin—aldosterone system (RAAS) “°41. Abnor-
mal inflammatory response (cytokine storm)
that results from infection with SARS-CoV-2
is in fact responsible for the development of
COVID-19 and in some cases of manifesta-
fions of increased severity 42.

The socalled “cytokine storm,” which is
characterized by a massive, ongoing re-
lease of proinflammatory cytokines (IL-1,
I-6, TNFa, IFNy), is responsible for the
symptoms and organ damage [af the ex-
pense of the lungs and heart especially).
Of these cytokines, IL-6 has been shown to
be connected with prognoses and mortality
in severe COVID-19 cases (circulating lev-
els 2.9 times those recorded in less severe
cases). The available dafa support the role
of vitamin D in mitigating the cytokine storm
by means of the induction of anfi-inflamma-
tory mediators (I-10, -4, TGFB). Further-
more, as we have seen, the induction on
the part of 1,25(0OH)2D in the expression
of the phenotypes Th2 and Treg — whose
function is more strictly anti-inflammatory and
regulating, at the expense of the proinflam-
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TABLE I.

Summary of results from meta-analyses relative to association of three circulating levels of 25(OH)D with risk of infection with SARS-
CoV-2.

No. inc|u<‘ied studies Patients Association with risk of infection Date O.F

Study design analysis

8 Age <18 - !

(S, Re-Co Europe, North America Yes (defcency) 06-2021 2
13 Average age 49-69 e - !

Co, RCT Asia, Australia, Europe, North America, South America No Ginsufficiency, deficency) 062021 26
72

(C, CS, Os, Pr-Co, Re-Co, RCT Asia, Europe, North Africa, North America, South America Tes 052021 o
49 Avernge/meion age 35-85 Yes (serious deficiency, deficiency, insufficiency) ~ 03-2021 28
Pr, Re Asia, Europe, North America, South America, North Africa ! !

43 Median age 35-90 g )

(C, CS, 0s, Pop, Pr, Pr-Co, Re, Re-CC, Reg Asia, Europe, North Africa, North America Yes (defcency) 01-2071 2
21 Average age 47-81 ’

(C, (S-Co Asia, Europe, North America Yes 122020 30
VA Average/median age 35-77 g ]

Re Asia, Europe, North America Ves (deficency) 122020 31
14 Average/median age 46-81 ]

(S, Pr0s, RecOs Yes 122020 32
34 Average age 42-88 ’

(C, Co, CS, RCT Europe, Asia, North America No 122020 33
14 -

(C, Co, CS Asia, Europe, North America Ves (deficency) 122020 3
10 Asia, Europe, North America Y(?S (deﬁc fncy, 9-2020 35
« insufficiency

(C: case control study: Co: cohort study; CS: cross-sectional study; Os: observational study; Pop: population study; Pr: prospective study; RCT: randomized controlled trial; Re: retrospective study; Reg: population

records.

matory Th1/Th17, which are especially
involved in the cytokine storm — could play
a role in mitigating the hyper-inflammatory
response and, therefore, manifestations of
COVID-19 ™.

An Iranian study based on data collected
during the first wave (until May 2020) re-
ports that 74% of patients hospitalized
for COVID-19 were severely ill; of these,
32.8% had adequate vitamin D levels. Suf-
ficient levels of vitamin D were associated
with a less severe clinical condition, lower
mortality rate, lower CRP levels and a rela-
fively higher lymphocyte count. Only 9.7%
of deceased patients over the age of 40
had adequate vitamin D levels, while 20%
had levels < 30 ng/mL“. An ltalian study
from the same period examined 61 patients
hospitalized for COVID-19, reporting that
72.1% had levels of 25(0OH|D < 20 ng/ml
(of whom 57.4% had levels that were even
lower than 15 ng/ml). Levels of partial pres-
sure of arferial oxygen and CRP as well as

the severity of the pathology were correlated
fo vitamin D status 44,

Hypocalcemia resulting from hypovitamino-

sis D was also associated with more serious
prognoses. Hypocalcemia was shown to be
more frequent in males and elderly subjects,
and calcium levels were inversely connected
fo CRP, LDH and the risk of hospitalization
in intensive care units (ICUs). In addition,
[Ca?t] < 2.00 mmol/L at the time of admis-
sion was associated with more severe clini-
cal conditions, organ damage, septic shock
and mortality af 28 days. Concentration of
serum calcium has in fact a prognostic value
of 0.73, as defined by area below the AUC
curve .

The findings of meta-analyses (Table 1) show
that while low vitamin D levels seem to be
linked to a more severe symptomatology
and greater risk of hospitalization, their as-
sociation with other outcomes, in particular
the risk of requiring mechanical ventilation,
admission fo intensive care and mortality, is

less clear. In one of the most recent system-
atic reviews, which includes 20 studies and
12,806 patients between the ages of 42
and 81, no difference was found between
subjects with deficient levels and those with
normal ones with regard to mortality, ad-
mission to ICUs, recourse to ventilation and
duration of hospitalization #°. Similarly, an
analysis of six studies and 1,424 patients
did not show any difference in 25(OH)
D levels between severe and non-severe
CQOVID-19 patients nor any association with
mortality %.

The results of these studies show not only
great variety and discrepancies but also dif-
ferent forms of bias. One example of bias
is the femporal relation between vitamin D
dosage and diagnosis of COVID-19, which
in the various studies ranges from 12 months
prior the diagnosis fo simultaneous evalua-
fion.

Regarding the utility of vitamin D supplemen-
fation, a meta-analysis of six RCTs and 551
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TABLE II.

Summary of results of meta-analyses relative to association between circulating levels of 25(OH)D and clinical outcomes of COVID-19.

No. included

Inverse association with outcome

. . i Date of
studies Patients Severity/ Duration of Mechanical  Transfer : vsi
Study design Hospitalization h ||!ne§s/ . ventilation to ICU Mortality —analysis

ospitalization
13 Ave. age 49-69
Asia, Australia, Europe, / / / No No 062021 26
Co, RCT X
North America
8 Age <18 !
(S, Re-Co Europa, North America Yes / / / / 062021 25
72 ) .
Asia, Europe, North Africa, !
(C, G, 05, PrLo, North America, South America Tes / / / Yes o>0n 7
Re-Co, RCT
19 Ave./median age 35-85
P Re Asia, Europe, North America, Yes / / Yes Yes 032021 28
! South America, North Africa
8
Po Asia, Europe, North America / / / / Yes 032001 47
43 Medion age 35-90
(o, CS, 0s, 0s:CC,  Asia, Europe, North Africa, Yes / / / Yes 012021 29
Pr, Re, Re-CC, Reg  North America
21 Average age 47-81 .
(C, CS Asia, Europe, North America tes / / / No 122020 30
23 Ave./median age 3577 ]
Re Asia, Europe, North America Yes / / / No 12200 31
17 /
0 Europe, Asia, Middle East Yes Yes / Yes Yes 122020 48
5 .
North America
) Yes (3,
S s Rot ‘}VG'/ medion age 4681 Yes / / / fobetes, 122020 32
T hypertension)
34 Average age 42-88 .
(C, Co, CS, RCT Europe, Asia, North America No No No No No 122020 33

(C: studio caso-controllo; Co: studio di coorte; CS: studio cross-sectional: Os: studio osservazionale; Pop: studio di popolazione; Pr: studio prospettico; RCT: frial randomizzato controllato; Re: studio retrospetfivo;

Reg: registro di popolazione.

COVID-19 patients supports its effectiveness
in terms of hospitalization in ICUs, mortfality
and positive PCR testing 4. Similar results
emerge from a mefa-analysis of systematic
reviews *°. On the other hand, meta-analy-
ses published as of June 2022 show that
supplementation has limited  effectiveness
(Tab. Mll). In this case as well, the great vari-
ety of test designs makes it difficult to draw
general conclusions.

From a physiological point of view, the vi-
tamin D binding protein (VDBP) deserves
attention. In addition o having high bind-
ing affinity to 1,25(0OH)2D, it takes part in
regulating the innafe immune response and
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neutralizes free G-actin, which is released
in great quantities following cellular death
in ARDS. It further stimulates strong inflam-
matory response, infravascular coagulation,
vesicular degranulation and leukocyte che-
moattraction °'.

VITAMIN D AND VACCINE
EFFECTIVENESS

The infroduction of effective treatments in
preventing severe forms of COVID-19,
vaccines in particular, represented a turn-
ing point. Currently we do not possess any
studies on the connection between vitamin D
levels (including the effects of supplemento-

tion) and vaccine effectiveness. A positive
correlation between 25(OH)D and anti-
body fifer has been shown in a Brifish study
after eight weeks following a first dose of
BNT162b2 %8, though not in a Greek sam-
ple following the second dose 7.

CONCLUSIONS

In spite of numerous observations, a cause-ef
fect correlation between vitamin D status, risk
of infection with SARS-CoV-2 and severity of
COVID-19 has not been established. It is rea-
sonable to suppose that sufficient vitamin D
levels indicate balanced homeostasis, which
in furn promotes an effective response fo the



TABLE III.

Vitamin D, risk of infection with SARS-CoV-2 and severity of COVID-19: doubts, possibilities and evidence

Summary of results of meta-analyses relative to effects of vitamin D supplementation on risk of infections with SARS-CoV-2 and clinical
outcomes of COVID-19.

Inverse association with outcome

No. incl. .
studies Pc::ljents . . Duration of . Date of Ref
Study C": ] ‘RISI('OF Se‘ver‘lty/. iness/ Mecl"lon‘lcol Transfer Mortality  anclysis er.
design Iniervention infection  hospitalization hospitalizafi ventilation to ICU
ospitalization
Ages 15103
Asia, Europe,
23 North America,
Eg EL((()C South America 01202 33
Re-Co, RCT  Primary prev. No No / / / /
Secondary prev. / n.d. / / / /
Tertiary prev. / / / / Yes Yes
8 Ave. age 53-88
0s R(T Asia, Europe, / / / Yes Yes No 072021 52
’ South America
9 Ave. age 49-69
RCT Furope / / / / No No 062021 26
South America
Ave./ median
age 45-90
13 Asia, Europe,
({0 6, Souh e / / / / Yes Vs 062021 53
RCT Pre- and /or
post-diagnosis
supplementation
4 .
(€, €S, EKO, &fg';e“ 0ge 4374 / No / / / No 062021 54
Re-Co
Ave. age 53-88
Asia, Europe,
S e / / / No No N 052021 55
Post-diagnosis
supplementation
Ave. age 53-8
Europe, Asia,
10 South America
(o, CS,
Os, P-CS,  Post-diagnosis 032021 56
Re, Re-CC,  supplementation
Re-Os, RCT
© High doses / / / / No No
® Low doses / / / / Yes Yes
3 Europe .
ReCC,RCT  South Ameica / / / / tes Voo 12200 57

(C: case control study: Co: cohort study; CS: cross-sectional study; EKO: ecological study; Os: observational study; Pr: prospective study; RCT: randomized controlled trial; Re: refrospective study.
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infection 1. In support of this supposition, a
recent systematic revision notes that a defi-
ciency of micronutrients, including calcium
and vitamin D, represents a relevant variable

for

risk of hospitalization in ICUs, intubation

and death ¢°. Other authors maintain that
given the proven safety of vitamin D supple-
mentation the mere possibility of a connection

justi

fies the adoption of freatment protocols.

One element which has not been given due

con
tent
ics

defi

cau

siderafion but which deserves closer at
ion in ferms of preventing future epidem-
is the effect of chronic insufficiency or
ciency: this condition may represent a
se of — or af least a contributing factor to

— dysfunctions af the base of the increased

risk

of adverse events. Such a hypothesis

would be more plausible than what has
been esfablished so far.
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