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Abstract
Vitamin D (VITD) is a key hormone for bone health and has relevant extra-skeletal effects that might play a role in the
prevention and treatment of COronaVIrus Disease 19 (COVID-19). Literature regarding this scenario is voluminous but
controversial. Glucocorticoid Induced Osteoporosis Skeletal Endocrinology Group (G.I.O.S.E.G) has been present in the
scientific debate about the use of VITD and has regularly interfaced national regulatory agencies to ensure appropriateness of
its employment. Given the current pandemic and the questions on COVID-19 and VITD, G.I.O.S.E.G. appointed an expert
panel to advise how to consider this issue best. The results of these deliberations are reported in the current
recommendation paper.
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Introduction

Vitamin D (VITD) is a key hormone for bone health and has
immunomodulatory actions of relevance in the context of the
COronaVIrus Disease 19 (COVID-19) pandemic [1].
Unfortunately, hypovitaminosis D is widespread, due in part
to reduction in sun exposure without compensatory mea-
sures, such as food fortification with VITD or VITD sup-
plementation. Elderly subjects who are at greatest risk for

adverse outcomes of COVID-19, more frequently present
low levels of VITD [2]. Working at cross purposes, reg-
ulatory authorities in countries such as Italy have limited
reimbursement of VITD for budgetary reasons, thus limiting
access to this important nutrient [3]. The Glucocorticoid-
Induced Osteoporosis and Skeletal Endocrinology Group
(G.I.O.S.E.G.) has co-sponsored International Consensus
Conferences on laboratory, clinical and therapeutic aspects
of VITD [2, 4, 5]. It has also sponsored a document on the
role of VITD in clinical medicine that addresses issues that
include socio-economic ones [6] Our view, antecedent to the
pandemic period, is that the only effective strategy to ensure
adequate intake of VITD is not limiting access to it. To this
point, a relevant emphasis on prevention of hypovitaminosis
D through systematic food fortification and/or supple-
mentation is germane [6, 7]. The European Union (E.U.)
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also plays a relevant role in this regard, tackling differences
between its countries.

Vitamin D deficiency has a potential negative impact on
the incidence and prognosis of COVID-19. which it is also
characterised by high prevalence of vertebral fractures [8].
However, practical guidelines and recommendations on
how to handle this issue are lacking. Instead, only erudite
reviews and expert opinions on vitamin D in COVID-19 are
available in the literature [9]. This position paper has been
produced by an expert panel appointed by G.I.O.S.E.G. in
order to address the clinically relevant issue of VITD sup-
plementation in the COVID-19 scenario.

The literature search refers to the papers, with particular
attention to meta-analysis and systematic review, published
in 2020 and 2021 by Medline, PubMed, Scopus. with the
following keywords: ‘COVID-19’, ‘Vitamin D’, ‘Elderly’.

Extra-skeletal effects of vitamin D

VITD exerts multiple pleiotropic effects beyond its crucial
role in calcium-phosphate metabolism and bone homo-
eostasis. Its deficiency is associated with an increased risk
for cancer, cardiovascular diseases, diabetes, obesity, and
immune-related diseases [1]. VITD production starts in the
skin and ends in the kidney, with the conversion to the
active form 1,25 dihydroxyvitamin D [1,25(OH)2D] that
binds with the vitamin D receptor (VDR), a member of the
nuclear receptor family of transcription factors. VITD/VDR
constitutes a complex that acts as a transcription factor to
induce the genes that enable intestinal calcium and phos-
phate transport, renal reabsorption of calcium, and calcium
and phosphate flow in the skeleton [10]. VDR also plays an
essential role in the pleiotropic effects of VITD. In fact,
VDR is detected in nearly all the cells in the body and 25
hydroxylases are widely expressed. Indeed, all cells may be
targeted for 1,25(OH)2D at least at some stage of their
differentiation [11].

Furthermore, many of these cells make their own 1,25
(OH)2D and are not dependent on this metabolite’s renal
production [11]. VDR is an intranuclear receptor capable of
binding specific DNA sequences (VDR response elements),
regulating the transcription of over 60 genes belonging to
different cell lines. VITD, therefore, regulates mineral
metabolism and influences the processes of cell prolifera-
tion, differentiation and adhesion, cardiovascular physiol-
ogy, immune functions, and carcinogenesis.

The cardiovascular system appears to be a target for
VITD. VDR is present in vascular smooth muscle cells and
cardiomyocytes. Human observational data also indicate
that insufficient VITD levels are associated with several
cardiovascular risk factors, an increased risk of myocardial
infarction and cardiovascular disease mortality. It is better
established in the association between VITD deficiency and

obesity. Although VITD actions on adipose metabolism are
controversial, there are several pieces of evidence that it
regulates lipid synthesis, lipolysis and improves insulin
signalling pathways. These results suggest that VITD may
ameliorate adipose tissue dysfunctions, linking low VITD
status to metabolic disease in obesity [12]. On the other
hand, obesity per se seems to involve low circulating levels
of VITD, due to low sun exposure, low physical activity,
low intake of foods rich in VITD and volumetric dilution
and sequestration in the adipose tissue. This connection is
essential when considering obesity-related diseases. Low
VITD levels and severe obesity are significantly associated
with some cardio-metabolic risk factors, including high
body mass index, waist circumference, blood pressure,
impaired lipid and glycaemic profile, and insulin resistance,
as they seem associated with worse cardiovascular out-
comes and higher cancer incidence and mortality [13]. Most
of the immune cells, such as macrophages, T and B lym-
phocytes, neutrophils and dendritic cells express VDR. This
suggests that VITD may carry out pleiotropic actions on the
innate and acquired immune system. VDR and VITD
metabolic enzymes are present in virtually all immune
system cells’ innate and adaptive arms [14, 15]. Numerous
clinical studies have revealed associations between VITD
deficiency and increased risk of infections, particularly in
the upper respiratory tract [4, 16]. In innate immunity,
VITD has several antimicrobial activities, ranging from
interference in iron metabolism to generation of reactive
oxygen species, enhancement of killing functions in neu-
trophils, stimulation of phagocytic and auto-phagocytic
activity in macrophages, induction of antimicrobial anti-
viral compounds cathelicidins and β-defensin 2 [17, 18].

For all these reasons, there is a growing interest in the
possible correlation between low levels of VITD and
infection from the SARS-CoV-2 and the supplementation
with VITD for COVID-19 prevention and management.

Vitamin D in the elderly

VITD deficiency is a widespread medical issue among the
elderly. Its prevalence is higher in older adults and highest
in community-dwelling older people [19]. This condition
tends to increase in the range of ‘oldest old’ adults (>80
years): data from the KORA-Age study [20] show that the
proportion of older adults with serum 25(OH)D con-
centrations <50 nmol/l increases from 44% in the 65–74
years old to 74% in the 85–93 years old. Seniors had two
times higher odds of having low plasma levels of 25(OH)D
than their 65–74- year-old counterparts [20]. Several rea-
sons are currently recognised for the higher tendency to
develop VITD deficiency in the elderly. First of all, they
have less daily sun exposure and a reduced cutaneous
synthesis, thus leading to decreased dermal productions of
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cholecalciferol [21]. Secondly, renal function, declining
with age, leads to a decrease in the activity of the renal
enzyme 1alpha-hydroxylase that converts 25(OH)D into
calcitriol. Calcitriol levels have been shown to be inversely
linked to the serum creatinine levels and to the glomerular
filtration rate [22]. Other factors involved are the reduced
VDR expression in skeletal muscles and the decline in the
intestine’s sensitivity to calcitriol, and the consequent
reduction in calcium absorption [21]. Low levels of VITD
have been implicated in various frequent diseases in the
geriatric population, including fractures, functional limita-
tions, cancer, cardiovascular diseases and depression.
Additionally, mortality has been associated with low VITD
[21]. Serum levels of VITD are independently related to the
loss of muscle mass and to muscle strength decline [23],
suggesting that older people with VITD deficiency are
overly exposed to develop sarcopenia. Besides that, obser-
vational studies suggest that older individuals with VITD
deficiency have a significant risk of other critical geriatric
outcomes, such as frailty and falls [24, 25]. Although the
‘oldest-old’ are most at risk of VITD deficiency, sarcopenia,
and functional decline, only a few studies have focused
explicitly on this population [26].

COVID-19

COVID-19 is an infectious disease caused by a newly dis-
covered coronavirus [27, 28] that started in the last months
of the year 2019 and was declared to be a pandemic disease
by WHO in March 2020 (WHO Official Updates Cor-
onavisrus disease 2020.). COVID-19 is a global disease. In
Italy, there have been 4832.2 per 100,000 confirmed cases
with 161,59 per 100,000 deaths, according to data provided
on 2 March 2021 [27].

The European Centre for Disease Prevention and Control
[29] (ECDC) claims that high-risk groups for COVID-19 are
people over 60 years. A meta-analysis reported that patients
aged <65 yrs had 30 to 100 fold lower risk of death in
COVID-19 than those >65 yrs in Europe and Canada, 16 to 52
fold lower risk in the U.S.A., and less than tenfold in India and
Mexico [30], confirming that older persons need to be focused
for protective measures to reduce death risk in COVID-19.

Regarding gender, males present a major risk for mor-
tality than women (RR 1.86 95%CI 1.67–2.07) as reported
in a recent meta-analysis focused on age and sex association
with COVID-19 mortality [31].

Patients living in long-term care facilities and people with
underlying health conditions, such as hypertension, diabetes,
cardiovascular diseases, chronic respiratory diseases,
immune-compromised status, cancer, smoking and obesity,
present a high risk of severe/fatal COVID-19. A few recent
meta-analyses have confirmed that these underlying diseases

and conditions are frequently present in hospitalised patients
with COVID-19 and in its dead cases [30–46].

The most prevalent chronic comorbidities associated
with COVID-19 serious event/mortality reported in litera-
ture were up to 42% for obesity [32]; 46% for hypertension
[33, 37]; 13% for cardiovascular diseases; 8% for respira-
tory diseases; 4% for malignancy; 3% for kidney diseases;
2% for liver diseases [32]. Diabetes was reported up to
25.2% [37]. Recently, morphometric vertebral fractures
have been reported to be highly prevalent in COVID-19
patients, and in that context their severity resulted in
increased mortality risk [8].

Regarding the prediction, the OR/RR of the comorbid-
ities in patients with severe/fatal COVID-19 compared with
non-severe/fatal ranged from 1.94 to 6.66 for chronic
respiratory diseases [31, 40, 44, 47]; from 1.82 to 3.17 for
hypertension; [31, 32, 38, 40] from 4.58 to 3.05 for cardi-
ovascular diseases [31, 32, 37, 40, 44]; from 5.3 to 3.02 for
kidney diseases; [31, 37, 38, 40, 44] from 2.74 to 4.78 for
cerebrovascular diseases [31, 32]; from 1.47 (1.01.2.149) to
2.73 for malignancy [31, 32, 37, 38, 40]; from 1.48 to 3.07
for diabetes [31, 38, 40, 48]; of 1.72 for obesity [32]. Non-
univocal results are reported for liver disease and COVID-
19 [49, 50]. Furthermore, 37% of COVID-19 patients had at
least one comorbidities, 28% two comorbidities and 19%
three or more [39].

ECDC estimates that up to 30% of the E.U. and Eur-
opean Economic Area population and that of the United
Kingdom is either over 60 years old or has one of the
underlying conditions associated with the COVID-19 risk.

Although most people with an elevated risk of severe
COVID-19 disease live independently or with family, some
reside in long-term care facilities, where infection tends to
spread quickly.

Residents in care homes are a particularly vulnerable
population group. In several European countries, these
deaths represent 30–60% of all COVID-19 related deaths
[29]. Currently, there are no specific drug therapies, and
vaccine prophylaxis started only a few months ago. For
these reasons, all measures preventing SARS-COV-2
infection are required to reduce hospitalisation risk and
every measure of pharmacological therapy is essential to
reduce mortality. As previously reported, VITD deficiency
is a widespread condition at all ages, especially in the
elderly and in those with comorbidities, such as diabetes
mellitus and obesity, where severe/fatal COVID-19 is a
more frequent event [51].

COVID-19 and vitamin D

A low VITD status associates with hypocalcaemia, a con-
dition frequently described in the course of other epidemics
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(e.g., Ebola in 2016 and SARS in 2003) [52], as well as in
up to 80% of hospitalised SARS-CoV-2 infected Italian
patients and other cohorts [53]. It was observed that the
lower the calcium, the poorer the prognosis [54]. Free
intracellular calcium is needed for viral replication and the
NOD-, LRR- and pyrin domain-containing protein 3
(NLRP3) inflammasome complex-related SARS response
[55]. Further, in coronaviruses infections, included SARS-
CoV-2, calcium mediates the viral envelope’s fusion with
the host cell membrane throughout the viral spike (S) fusion
protein subunit S1/S2 and the cell endocytic machinery or
the transmembrane domain of angiotensin-converting
enzyme (ACE)2, respectively [56]. The consequent down-
regulation of ACE2 impairs the conversion of angiotensin II
(Ang-II) into angiotensin 1–7 (Ang [1–7].) and, in turn,
triggers an abnormal inflammatory response (‘cytokine
storm’) and tissue damage that cause the acute respiratory
distress syndromes (ARDS) [57]. VITD has a potential
protective role against ARDS, since it inhibits renin
expression and the ACE/Ang-II/AT1R axis and stimulates
the ACE2/Ang-(1–7)/MasG (G protein-coupled Mas
receptor) [58]. VITD may have a direct role in mitigating
the cytokine storm by introducing anti-inflammatory med-
iators (i.e., IL-10, IL-4, transforming growth factor β) and
by inducing immune-tolerance, as described above [59].

Evidence for vitamin D involvement in SARS-CoV-2
infection

Besides the multiple observations of an indirect link, a
cause–effect association between VITD status, SARS-CoV-
2 infection risk and COVID-19 severity has not been defi-
nitively established. Such a scenario is plausible, but
comorbidities and age may play a more significant role than
VITD in COVID-19 fatal events. However, on a long-term
basis, a low VITD status may be itself a determinant of the
subject’s comorbidity status and, hence, more or less
directly of COVID-19 severity [60]. Sunlight exposure is
one (but not the primary) factor involved in endogenous
VITD biosynthesis. The few published studies, mainly
referred to the first pandemic wave, describe a fair but
significant association between diseases’ outbreak and
latitude [61]. From analysis, over 108 days, in 152 coun-
tries, Moozhipurath et al. found that a permanent unit
increase in the ultraviolet index is associated with a 1.2%
decline in daily growth rates of cumulative COVID-19
deaths and a 1.0% decline in the case-fatality daily growth
rate [62]. Similarly, the monthly average per cent positive of
four common coronaviruses (CoVHKU1, CoVNL63,
CoVOC43 and CoV229E) and SARS-CoV-2 are negatively
correlated with the sunlight ultraviolet radiation dose in the
U.S. [63]. Prototypically, Italy, one of the European coun-
tries with the highest prevalence of hypovitaminosis D, has

experienced a high prevalence of SARS-CoV-2 infection
and COVID-19, especially in the Northern regions [64]. In a
large retrospective study, US cohort (over 190,000 subjects,
from the 50 states) from March to June 2020, the COVID-
19 infection correlated with the VITD status was tested in
the previous 12 months. Higher incidence rate of SARS-
CoV-2 resulted positivity correlated with VITD deficiency
compared to subjects with adequate VITD status [25(OH)D
values <20 ng/mL; 12.5%, (95% C.I. 12.2–12.8%); 25(OH)
D values= 30–34 ng/mL, 8.1%, (95% C.I. 7.8–8.4%) and
25(OH)2 ≥ 55 ng/mL, 5.9% (95% C.I. 5.5–6.4%). Such a
relationship persists after multivariate analysis across lati-
tudes, races/ethnicities, gender and age ranges [65].

Vitamin D status and SARS-CoV-2 infection risk and
outcomes

Since the pandemic broke out, many studies have been
published bout a link between VITD and COVID-19. They
were mostly observational cross-sectional, retrospective
cohort and, to a lesser extent, prospective cohort or rando-
mised controlled trial.

Nevertheless, they include series that vary in a number of
subjects, VITD levels and outcomes. For this reason, it
seemed more appropriate to refer to the information
obtained from meta-analyses and systematic reviews, to
understand the relation between VITD and COVID-19, in
terms of risk of infection, prognosis (request for intensive
care and mortality) and usefulness of pharmacological
intervention. The cited literature declares to have referred to
the year 2020 and to have been carried out considering the
major databases such as Medline, PubMEd, Google Scho-
lar, EMBASE, Cochrane Trial Register, WHO International
Clinical Trial Registry, and Nexis media database. The
selection of publications was planned according to the
PRISMA guidelines and the quality assessment guaranteed
by the GRADE system or Newcaste–Ottawa scale.

Infection risk

VITD deficiency or insufficiency, defined as 25(OH) D below
20 ng/ml(50 nmol/L) or 25(OH)D between 21–29 ng/ml
(52.2–72.5 nmol/L) respectively, was associated with an
increased risk of COVID-19 infection (OR= 1.43, 95% CI
1.00–2.05). In COVID-19 positive or negative subjects, the
mean value of VITD was lower in the positive ones (SMD=
−0.37, 95% CI= 0.52 to −0.21, I2= 89.6%). The sources
included the over 50 years old within a wide range of ages,
from Asia, Europe and the United States [66]. A very recently
published paper, considering both the so-called first and the
second pandemic waves (1st March–30th April 2020 and 1st
October–30th November 2020, respectively), based on 40996
25-(OH)D determinations, did not find any direct relationship
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between VITD status, putative UV dose, and SARS-CoV-2
infection risk [67].

Prognosis

VITD deficiency has been found to correlate with the
severity of COVID-19 infections, especially in the elderly.
In this category, known to be affected by multiple chronic
diseases that increase the severity of the COVID-19 infec-
tion, it was found that subjects with severe disease had 65%
(OR= 1.65; 95% CI= 1.30–2.09; I2= 35.7%) more VITD
deficiency compared to the mildly affected ones. VITD
insufficiency favours hospitalisation (OR= 1.81, 95% CI=
1.41–2.21) and mortality (OR= 1.82, 95% CI= 1.06–2.58)
[68]. Selecting subjects COVID-19 positive for severity and
prognosis, an average VITD value of 21.9 nmol/L
(15.36–28.45), with a significant heterogeneity (I2= 99.1%,
p < 0.001), lower values were observed in Asian affected
patients. The poorer the prognosis, the worse the VITD
status (mean difference adjusted −0.58 (95% CI= 0.83 to
−0.34, p < 0.001): this discrepancy appears magnified in
patients requiring intensive care unit (ICU) (SMD=−0.50,
95% CI=−1.32 to −0.36, p= 0.001) so that VIT D defi-
ciency seems almost to be an independent cause of disease
severity [69]. On survival analysis, patients admitted to the
ICU with the worst VITD deficiency had a higher risk of
mortality (50%) after ten days of hospitalisation (OR 5.681,
95% CI 1.114–25.974; p= 0.037) [70].

The usefulness of pharmacological intervention

The role of VITD administration in the course of the
infection is a more challenging goal to achieve and some
preliminary data seem to demonstrate its benefit.

In a retrospective study, cholecalciferol booster therapy
was associated with a reduced risk of COVID-19 mortality,
following adjustment for potential confounders (OR: 0.13,
95% CI: 0.05–0.35), regardless of baseline serum 25-(OH)
D levels [71].

The administration of a high dose of calcifediol reduces
the need for ICU in the hospitalised patient: the multivariate
risk estimate for ICU patients who receive or not calcifediol
was 0.03 (95% CI 0.003–0.25) [70].

G.I.O.S.E.G. panel recommendations

The cited studies suggested that supplementing VITD in
intensive care COVID-19 patients could improve outcomes
and some specific data on the treatment of severe patients
with VITD are available. Currently, however, reliable
interventional data with VITD supplementation in hospita-
lised COVID-19 patients are not available.

We think that in the COVID-19 scenario, VITD has a
primary role in prevention and it is wise to grant an ade-
quate vitamin D level to the population at high risk of both
hypovitaminosis D and COVID-19. VITD extra-skeletal
effects may be beneficial in exerting a protective role in
tackling COVID-19, mainly by the immunomodulatory
action of this steroid hormone.

It is worth mentioning that older males, particularly
affected by the consequences of SARS-CoV-2 infection, are
traditionally less monitored than older women [72]. This is
due to the well-known reverse gender bias, which princi-
pally attributes osteoporosis and bone metabolic disorders
to the female gender; and thus it is not just by chance that
COVID-19 hospitalised males present lower VITD levels
[73] and worse prognosis in comparison to females [72].

Therefore, we recommend that all subjects with known
hypovitaminosis D or under treatments that recommend
VITD supplementations (anti-osteoporotic drugs, gluco-
corticoids and antiepileptic drugs) should continue, resume
or start VITD supplementation [74, 75].

We also recommend that elderly begin, if not already
started, VITD supplementation independently of their
baseline VITD status assessment, considering the high
prevalence of VITD deficiency in this age group [2, 4, 76].
Treatment should be initiated independently from the sub-
jects’ status in terms of self-sufficiency or living in a
community.

We recommend that subjects of both sexes with
comorbidities predisposing to both hypovitaminosis D and
severe COVID-19 such as diabetes or obesity [76] are
carefully evaluated for their risk profile of hypovitaminosis
D based on clinical judgement submitted to 25OH VITD
assay. Optimal VITD levels to achieve in the COVID-19
scenario are still controversial, but for lower than 20 ng/ml
VITD levels, VITD supplementation is mandatory.

We suggest to use forms and doses of VITD as indicated
for VITD supplementation in hypovitaminosis D by the
national regulatory drug agencies and by scientific bodies
that deal with metabolic bone diseases [77], in order to
ensure a rapid achievement of appropriate VITD level. In
fact, we believe that in the current situation it is important to
reach rapidly the appropriate levels to ensure that COVID-
19 hospitalised patients may benefit from the VITD effects.
It should be noted, and it is related to the above recom-
mendations, that obese subjects may require higher doses of
pre-active VITD or active VITD to be adequately supple-
mented [78].

Finally, no evidence is published on the immune
response’s potential improvement with VITD to COVID-19
vaccination [79]. However, the unprecedented worldwide
ant COVID-19 vaccination effort of the whole elderly
population offers, in our view, a unique occasion to bring to
medical attention the widespread hypovitaminosis D issue.
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This approach may allow us to tackle the double pandemic
question, COVID-19 and VITD deficiency [80–82], at once
by co-administering COVID-19 vaccine and VITD in the
forms and doses recommended by the specific current
guidelines.

Conclusions

Reaching an adequate VITD status in the population is a
good clinical practice to prevent extra-skeletal adverse
effects of low VITD levels, which may interfere negatively
with the course of COVID-19.

In a long term-scenario of COVID-19 era, public Health
Authorities should prospect at widespread food fortification
projects with VITD, to preserve the positive extra-skeletal
effects of VITD.

In the short-term scenario of COVID-19 era we think that
public Health Authorities and Scientific Societies should team
up to identify subjects with increased risk for complications or
death from COVID-19 in whom VITD supplementation is
mandatory, due to its alleged or proved deficiency.

In the COVID-19 pandemic conditions, we believe that
these recommendations should become shared measures to
be added to vaccination plans. On the other hand, we think
there is not enough evidence to routinely add VITD to the
treatment protocols in COVID-19 hospitalised patients.
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