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Abstract. - OBJECTIVE: Hypovitaminosis D
may be associated with an increased suscepti-
bility to infection, more severe COVID-19 forms,
and a higher risk of death. The objective of this
study was to investigate any possible connec-
tions between vitamin D status [as measured by
serum 25-hydroxyvitamin D (25(OH)D) levels]
and COVID-19 severity.

PATIENTS AND METHODS: In 2021, a
cross-sectional study of consecutive adult
COVID-19 patients was conducted. Anthropo-
metric data, comorbidities, hospital setting,
length of stay, respiratory support, outcome da-
ta, and vitamin D status were all evaluated.

RESULTS: The length of hospitalization
among participants (n = 74; mean age 57.64 *
17.83 years, 55.4% male) was 18.58 = 10 days, the
majority of the hospital setting was a medical
ward (67.6%), and the respiratory support in the
form of mechanical ventilation was represented
by 12.2%. Hypertension (54.1%), obesity (64.9%),
and overweight (64.9%) were the most common
cardiometabolic risk factors. In the study group,
44.6% of participants had severe vitamin D defi-
ciency (< 30 nmol/l), while 8.1% had vitamin D in-
sufficiency (50 - 74.9 nmol/l). Furthermore, pa-
tients with severe COVID-19 (semi-intensive care
unit, intensive care unit) had significantly lower
serum 25(0OH)D levels (32.9 vs. 20.5 nmol/l; p =
0.007). Participants with severe vitamin D defi-
ciency were older and had more prevalent hyper-
tension, requiring mechanical ventilation; 24.2%
experienced a fatal outcome.

CONCLUSIONS: Severe vitamin D deficiency
may contribute significantly to the influence of
other cardiometabolic risk factors in COVID-19.
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Introduction

In December 2019, a new microbiological agent
was suspected of being the source of a cluster of
pneumonia cases. WHO (World Health Organiza-
tion) declared a pandemic following the isolation
of a novel coronavirus (2019-nCoV, later renamed
severe acute respiratory syndrome coronavirus 2
- SARS-CoV-2), a member of the beta coronavi-
rus subgroup. The manifestation of coronavirus
disease 2019 (COVID-19) is highly diverse, rang-
ing from asymptomatic to life-threatening infec-
tious diseases'. Coronaviruses belong to the fam-
ily of viruses called Coronaviridae. Humankind
became aware of the potential severity of respira-
tory illnesses caused by beta coronaviruses, one
of the four genera of coronaviruses, during the
epidemics of severe acute respiratory syndrome
coronavirus (SARS-CoV) and Middle East respi-
ratory syndrome coronavirus (MERS-CoV), with
mortality rates of 10% and 37%, respectively, and
now the pandemic of SARS-CoV-2 (alpha-, beta-,
gamma-, delta-)’>. According to WHO data, as of
January 16", 2023, there have been 662,445,150
confirmed cases of COVID-19 worldwide, with
6,704,827 confirmed deaths, with Europe lead-

Corresponding Author: Mia Manojlovic, MD; e-mail: mia.manojlovic@mf.uns.ac.rs



Vitamin D hypovitaminosis and severe forms of COVID-19

ing the list of the most affected regions. As of the
same date, the most recent COVID-19 data con-
firms 2,460,387 cases in the Republic of Serbia,
with 17,619 deaths and a mortality rate of 0.72%°.
COVID-19 is a systemic disease, and viral pres-
ence has been demonstrated in tissues other than
the lungs, such as the heart and kidneys*.

Vitamin D is responsible for regulating 3% of
the human genome. Vitamin D receptors (VDR)
are widely distributed in human tissues®. Sever-
al mechanisms for vitamin D’s protective role in
COVID-19 have been proposed, including the fol-
lowing: reduced lung permeability via increased
angiotensin-converting enzyme 2 (ACE2) protein
levels and subsequent downregulation of brady-
kinin 1 and 2 receptors, inhibition of cytokine
storm via immunomodulating effects, and rein-
forcement of multiprotein junctional complexes®’.
A meta-analysis of 11,321 participants found that
vitamin D supplementation reduced respirato-
ry tract infections®. Hypovitaminosis D (serum
25(0OH)D < 75 nmol/l) may be associated with
increased susceptibility to infection, more se-
vere forms of COVID-19, and an increased risk
of death™6?.

This study aimed to examine the possible links
between vitamin D status (as measured by serum
25(0OH)D levels) and COVID-19 severity.

Patients and Methods

A cross-sectional study was conducted on con-
secutive adult COVID-19 patients (aged >18, both
sexes) admitted to our university medical center
in 2021. During the study, each participant’s de-
mographic, and anthropometric data [age, sex,
body mass index (BMI)], medical history data and
clinical data (length of hospital stay, hospital set-
ting, respiratory support, comorbidities), labora-
tory analysis data, and outcomes data (discharge/
death) were collected from medical documen-
tation. In addition, oxygen therapy, a high-flow
nasal cannula (HFNC), non-invasive ventilation
(NIV), and mechanical ventilation (MV) as re-
spiratory support measures were evaluated. In
addition, we collected information on the fol-
lowing comorbidities of interest: obesity, diabe-
tes mellitus [insulin-dependent diabetes mellitus
(IDDM), non-insulin-dependent diabetes mellitus
(NIDDM)], hyperlipoproteinemia (HLP), arterial
hypertension (HTA), arrhythmia, cardiomyopa-
thies (CMPs), coronary artery disease [myocar-
dial infarction (MI), angina pectoris], anemia,

cerebrovascular insult (CVI). The information
presented above was obtained by reviewing elec-
tronic patient records. Two researchers collected
data as a result of a double-checking process. Due
to anonymous data collection and patient confi-
dentiality, each patient was assigned an identifi-
cation code. Patients with insufficient data were
excluded from participation in the study. Accord-
ing to the current literature definition of severe
vitamin D deficiency', patients were divided into
two groups: those with serum 25(OH)D levels
less than 30 nmol/l and those with serum 25(OH)
D levels greater than 30 nmol/l. According to the
most recent research>'?, serum 25(OH)D levels
less than 50 nmol/l (equivalent to 20 ng/ml) indi-
cate vitamin D deficiency. In contrast, levels less
than 30 nmol/l (equivalent to 12 ng/ml) indicate
severe deficiency. Serum 25(OH)D levels of < 75
nmol/l (equivalent to 30 ng/ml) were used to de-
fine vitamin D insufficiency.

Patients were also divided into two subgroups
for subgroup analyses based on disease form and
the most intensive setting of care: mild form and
severe form. Patients suffering from the mild
form of the disease were cared for in medical
wards. Those with moderately severe, severe, and
very severe forms, on the other hand, were treat-
ed in semi-intensive care and intensive care units,
respectively. The National Protocol for the Treat-
ment of COVID-19 Patients [mild form - medical
ward; moderately severe form - semi-intensive
care unit (SICU); severe/very severe form - inten-
sive care unit (ICU)] defines the disease form!.

Furthermore, each subject’s body mass index
(BMI) was obtained using clinical charts. Patients
were divided into four subgroups based on BMI
values: normal weight (from 18.5 to 24.9 kg/m?),
overweight (from 25 to 29.9 kg/m?), class 1 obe-
sity (from 30 to 34.9 kg/m?), class 2 obesity (from
35 to 39.9 kg/m?), and class 3 obesity (BMI of 40
kg/m? or higher).

The study was conducted following the Hel-
sinki Declaration and was approved by the Ethics
Committees of the Clinical Center of Vojvodina,
Novi Sad, Serbia (approval number: 00-153) and
the Faculty of Medicine Novi Sad, Novi Sad, Ser-
bia (approval number: 01-39/94/1). All subjects
provided informed consent.

Study Protocol

Anthropometric measurements were made fol-
lowing standard procedure'?. A Real-Time reverse
transcription polymerase chain reaction (RT
PCR) SARS-CoV-2 assay technique was used to
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analyze nasopharyngeal swabs and detect SARS-
CoV-2 infection (Gentier 96E/96R Real-time
PCR system - Xi’an Tianlong Science &amp;
Technology Co. Ltd, Xi’an City, Shaanxi, China).
The chemiluminescent microparticle immunoas-
say (CMIA) method was used to measure serum
25(OH)D levels (Alinity, ABBOTT Laboratories,
Chicago, IL, USA).

Statistical Analysis

Statistical Package for the Social Scienc-
es version 23 (IBM Corp., Armonk, NY, USA)
and Jamovi software version 2.3 (available at:
https:/www.jamovi.org) were used for statistical
data analysis. Continuous normally distribut-
ed variables were presented as mean + standard
deviation while continuous asymmetrical vari-
ables were presented as median with interquar-
tile range. Categorical variables were presented
as a percentage. Continuous variables normality
was assessed using the Shapiro-Wilk test. The
Independent-samples #-test was used for para-

Table I. Participants’ baseline characteristics.

metric variables, while Mann-Whitney and Kru-
skal-Wallis tests were used for non-parametric
data. The y? test and Fisher exact test were used
for the categorical data. Statistical hypotheses are
tested at the level of statistical significance (alpha
level) of 0.05.

Results

In total, 74 patients with SARS-CoV-2 infec-
tion were included in this study. Table I sum-
marizes participants’ descriptive statistics. The
participants were mostly men (55.4%), with an av-
erage age of 57.6 = 17.8 (range 18 - 96). The mean
BMI of our study group was a median 27.9 + IQR
7.1 kg/m? (range 18.7 - 44.0 kg/m?). The most
common comorbidity was hypertension, followed
by obesity. Chronic therapy was used by 67.6%
of patients while angiotensin-converting enzyme
(ACE) inhibitors were used by 23%. Tobacco use
was present in 5.4% of patients. Regarding nu-

Demographic and anthropometric data Comorbidities N (%)
Age (years) 57.6 + 17.8 (18-96) HTA 40 (54.1%)
BMI (kg/m?) 27.9+7.1(18.7-44) Obesity 25 (33.8%)
Normal weight 35.1% IDDM 5 (6.8%)

. K NIDDM 3 (4.1%)
Overweight 31.1% HLP 3 (41%
Obesity class I 23.0% (4.1%)

. o CMPs 4 (5.4%)
Obesity class 11 8.1% .
Obesity class IIT 2.7% Anemia 10 (13.5%)
Arrhythmia 6 (8.1%)
Angina pectoris 1(1.4%)
MI 2 (2.7%)
CVI 4 (5.4%)
Sex Male 41 (55.4%)
Woman 33 (44.6%)
Hospital days 18.58 + 10 (2-47)
Hospital setting
Respiratory support Medical ward 50 (67.6%)
Room air 26 (35.1%) fé%U ‘2‘ 0(5 -247“{;)
oT 28 (37.8%) (27%)
HFNC 1(1.4%)
NIV 10 (13.5%) Outcome
MV 9 (12.2%) Discharge 65 (87.8%)
Death 9 (12.2%)

Continuous variables are presented as mean = SD or median (interquartile range). Categorical variables
are presented as a percentage. BMI - body mass index; ICU - intensive care unit; SICU - semi-inten-
sive care unit; OT - oxygen therapy; HFNC - high-flow nasal cannula; NIV - non-invasive ventilation;
MV - mechanical ventilation; HTA - arterial hypertension; IDDM - insulin-dependent diabetes mellitus;
NIDDM - non-insulin dependent diabetes mellitus; HLP -hyperlipoproteinemia; CMPs - cardiomyopa-
thies; MI - myocardial infarction, CVI - cerebrovascular insult.
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tritional status, 64.9% of the 74 patients includ-
ed in the study were overweight (31.1%) or obese
(33.8%). Only 2.7% of patients were classified as
having class 3 obesity. The sample’s mean 25(0OH)
D level was 35 nmol/l. Vitamin D deficiency (30
- 499 nmol/l) was found in 40.5% of patients,
while vitamin D insufficiency (50 - 74.9 nmol/l)
was found in 8.1%. Furthermore, 44.6% of par-
ticipants had severe vitamin D deficiency (< 30
nmol/l) (Figure 1).

Serum 25(OH)D levels did not differ statisti-
cally between normal weight, overweight, and
obese participants (32.7 vs. 33 vs. 26.1; p = 0.6),
but serum 25(OH)D levels were lower in the obese
group (Figure 2).

Serum 25(0OH)D levels were significantly low-
er in patients with the severe form of COVID-19

(semi-intensive care unit, intensive care unit)
(32.9 vs. 20.5; p = 0.007) (Figure 3).

Patients with severe vitamin D deficiency (< 30
nmol/l) and patients with serum 25(OH)D levels
greater than 30 nmol/l had a statistically signifi-
cant age difference (63.7 + 17.8 vs. 52.8 + 16.5; p
= 0.008), along with hypertension as comorbidity
(p =0.004) (Table II).

All patients who received mechanical ventila-
tion (MV) had 25(OH)D levels of < 30 nmol/l (p
< 0.001, Fisher).

The mortality rate differed significantly be-
tween the vitamin D groups. As many as 97.6%
of patients with 25(OH)D levels greater than 30
nmol/l survived, whereas 24.2% of patients with
25(OH)D levels 30 nmol/I or less died (p = 0.009)
(Table III).

Table Il. Participants’ baseline characteristics according to the vitamin D status.

Vitamin D
=< 30 nmol/I > 30 nmol/I P
Age 63.7+17.8 52.8+16.5 57.6 178 0.008¢
BMI 294 27 27.7
(IQR 7.8) (IQR 6.5) (IQR 7.1) 0.521¢
Comorbidities:
HTA Yes 24 (72.7%) 16 (39.0%) 40 (54.1%) 0.004°
No 9 (27.3%) 25 (61.0%) 34 (45.9%)
Obesity Yes 14 (42.4%) 11 (26.8%) 25 (33.8%) 0.217*
No 19 (57.6%) 30 (73.2%) 49 (66.2%)
DM Yes 4 (12.1%) 4 (9.8%) 8 (10.8%) 0.516°
No 29 (87.9%) 37 (90.2%) 66 (89.2%)
HLP Yes 1 (3%) 2 (4.9%) 3 (4.1%) 0.582°
No 32 (97%) 39 (95.1%) 71 (95.9%)
CMPs Yes 3 (9.1%) 1(2.4%) 4 (5.4%) 0.230°
No 30 (90.9) 40 (97.6%) 70 (94.6%)
Anemia Yes 5 (15.2%) 5 (12.2%) 10 (13.5%) 0.712*
No 28 (84.8%) 36 (87.8%) 64 (86.5%)
Arrhythmia Yes 5 (15.2%) 1 (2.4%) 6 (8.1%) 0.059°
No 28 (84.8) 40 (97.6%) 68 (91.9%)
Angina pectoris Yes 1 (3.0%) -
No 32 (97.0%) 41
MI Yes - 2 (4.9%)
No 33 39 (95.1%)
CVI Yes 4 (12.1%) -
No 29 (87.9%) 41
Total (%) 33 (100.0%) 41 (100.0%) 74 (100.0%)
44.6% 55.4% 100.0%

a2 test; °Fisher exact test; ‘independent-samples ¢-test; ‘Mann-Whitney test. BMI - body mass index; HTA - arterial
hypertension; DM - diabetes mellitus (insulin-dependent diabetes mellitus and non-insulin-dependent diabetes mellitus); HLP
- hyperlipoproteinemia; CMPs - cardiomyopathies; MI - myocardial infarction, CVI - cerebrovascular insult.
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Table Ill. Differences in mortality according to vitamin D status.

Vitamin D
< 30 nmol/lI > 30 nmol/I P
Death No 25 (75.8%) 40 (97.6%) 65 (87.8%) 0.009°
Yes 8 (24.2%) 1 (2.4%) 9 (12.2%)
33 41 74
(100.0%) (100.0%) (100.0%)

Fisher’s exact test.

Discussion

To the best of our knowledge, this is the first
study in a Serbian tertiary medical center to in-
vestigate a possible link between vitamin D status
and the clinical course of COVID-19. It is import-
ant to note that a group of researchers conducted
a study"” on 120 SARS-CoV-2 infected subjects in
Serbia to investigate the genetic variation of lower
bioavailability of micronutrients, including vita-
min D, as a possible marker of COVID-19 sever-
ity. The main findings of the current study show
that patients with a severe form of COVID-19 had
significantly lower serum 25(OH)D. This finding
is consistent with the findings of a previous me-
ta-analysis' (1,368 patients) that revealed a causal
role for vitamin D deficiency in COVID-19 sever-
ity, as well as the findings of a German study"
that revealed a 6-fold increased risk of disease

50%

44.60%
45%

40.50%

40%

35

X

30

X

25

xX

20

X

Pecentage of patients (%)

15

X

10%
5%

0%
0to 29.99 nmol/I

30 to 49.99nmol/I

severity. According to a recent review of clinical
studies and the study of Nimer et al'®”, vitamin
D sufficiency may reduce the clinical course of
COVID-19, mortality, and general infection rates.
Bassatne et al'"® conducted a systematic review
and meta-analysis to determine the relationship
between COVID-19 mortality and serum 25(0OH)
D levels. Above all, they discovered significant-
ly lower serum 25(OH)D levels in SARS-CoV-2
positive patients compared to SARS-CoV-2 neg-
ative patients. Furthermore, in this study, lower
serum 25(0OH)D levels were associated with an
increased risk of ICU admission, but mortality
rates remained insignificant. We found a signif-
icant difference in COVID-19 mortality between
groups with severe vitamin D deficiency and those
with 25(OH)D levels greater than 30 nmol/l. This
is consistent with the findings of Ilie et al” previ-
ous meta-analyses. In their study, they observed

0,
8.10% 6.80%

50 to 74.99nmol/l  75nmol/l and over

m Vitamin D

Figure 1. Vitamin D status of the study group (nmol/l).
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Figure 2. Vitamin D status of the study
group according to the BMI classes.
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a crude negative correlation between vitamin D
levels and mortality rates in the populations of
20 European countries. In addition, a two-center
(Boston, New York) cohort study* showed an in-
dependent relationship between vitamin D status
and fatal outcomes in conjunction with MV us-
age. In our study, all patients who required MV
had 25(OH)D Ilevels less than 30 nmol/l. In the
current study, we discovered that patients with se-
vere vitamin D deficiency (< 30 nmol/l) were sig-
nificantly older than patients with serum 25(OH)
D levels greater than 30 nmol/l. Previous stud-
ies?"*? showed that older vitamin D-deficient pa-
tients were more likely to develop a severe course
of COVID-19. Similar to the findings of Ng et al*
in a large meta-analysis of 375,000 subjects and

one of the earliest comprehensive studies from
New York City, our study found that hyperten-
sion and obesity were the most common comor-
bidities in COVID-19 patients®. Furthermore,
our subgroup analysis confirmed that severely
vitamin D deficient patients were more likely to
have hypertension than patients with 25(OH)D
levels above 30 nmol/l. Endothelial dysfunction
has been linked to vitamin D deficiency and an
increased risk of hypertension**. According to
the most recent research, COVID-19 is a poten-
tially endothelial disease with a pathophysiolog-
ical concept of cytokine storm that may worsen
initial pneumonitis, leading to destructive alveo-
litis and acute respiratory distress syndrome®*?.
Endothelial dysfunction can cause thrombosis in

100 4

75 4

50 4

Vitamin D (mmol/L)

25

Figure 3. Vitamin D status of the study
group according to the hospital setting.

Medical ward SICU/ICU

Hospital setting
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situ in the pulmonary blood vessels, cerebral ar-
teries, and peripheral veins. A lack of vitamin D
may hasten the cytokine storm by interfering with
the immune response. Baktash et al*! discovered
an increase in cytokine storm markers and sig-
nificantly higher D-dimer levels in patients with
25(0OH)D < 30 nmol/l. Endothelial dysfunction
may be prevented by vitamin D-dependent inhi-
bition of superoxide radical generation and pres-
ervation of functional cells in conjunction with
nitric oxide release**?®. According to a group of
researchers” who examined 1,739 subjects from
the Framingham Offspring Study, a vitamin D
level of 37 nmol/l correlates with a higher risk
of cardiovascular events. Furthermore, vitamin
D deficiency is widely accepted to be associat-
ed with cardiometabolic diseases, and a previous
large meta-analysis (69,994 participants) con-
firmed the inverse relationship between 25(0OH)
D concentration and cardiovascular disease risk.
A small pilot study in Spain® with 34.2% hyper-
tension and 10.5% diabetes among COVID-19 pa-
tients found that subjects who did take vitamin
D supplements spent less time in the intensive
care unit. According to the current study, 64.9%
of people were overweight or obese. An earlier
pilot study discovered that obese subjects with
true vitamin D deficiency (less than 37.5 nmol/l)
had significantly higher levels of sE-selectin, hs-
CRP (high-sensitivity C-reactive protein), and
2hPG (2-hour post-load plasma glucose)*. In our
study, there was no significant difference in BMI
between patients with severe vitamin D deficien-
cy (< 30 nmol/l) and patients with serum 25(OH)
D levels greater than 30 nmol/l. This could be
due to prior abundant vitamin D supplementa-
tion in the obese population, based on previous
data about synchronous epidemics of vitamin D
deficiency and obesity*®. In our study, 72.7% of
patients with vitamin D deficiency (< 30 nmol/l)
had pre-existing arterial hypertension, 15.2% had
arrhythmia, 9.1% had cardiomyopathies, 12.1%
had cerebrovascular insult, and 3% had angina
pectoris. In comparison, the percentage of met-
abolic disorders for obesity was 42.4%, diabetes
was 12.1%, and hyperlipoproteinemia was 3%.
Because of the already present active inflamma-
tory processes, these patients may be at a higher
risk for a severe form of COVID-19. In light of the
abovementioned, a recent review®® emphasized
the role of vitamin D levels in predicting illness
severity and COVID-19 complications as clinical
endpoints in this patient population. The study
has some limitations, including a small number of
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enrolled participants, potential confounders such
as age and comorbidities, and a low number of ad-
verse clinical events (e.g., death, MV), in addition
to unavailable information on prior consumption
of vitamin D supplements and sunlight exposure.

Conclusions

According to the findings of this study, severe
vitamin D deficiency may play a significant role
in the synergy of the influence of other cardiomet-
abolic risk factors in COVID-19. Due to the im-
possibility of determining the causality between
vitamin D hypovitaminosis and adverse clinical
outcomes in observational studies, more research
and randomized controlled trials are urgently
needed to validate this finding and provide evi-
dence for the proper prevention and treatment of
this modifiable risk factor in this pandemic era.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethics Approval

The study was conducted following the Helsinki Decla-
ration and was approved by the Ethics Committees of the
Clinical Center of Vojvodina, Novi Sad, Serbia (approv-
al number: 00-153) and the Faculty of Medicine Novi Sad,
Novi Sad, Serbia (approval number: 01-39/94/1).

Informed Consent
All subjects provided informed consent.

Data Availability
The data associated with the paper are available from the
corresponding author upon reasonable request.

Funding

The research was partially funded by the Ministry of Edu-
cation, Science and Technological Development of the Re-
public of Serbia, Contract No# 451-03-47/2023-01/ 200017.

Authors’ Contributions

Mia Manojlovic contributed significantly to study concep-
tion and design, data acquisition, data interpretation, and
manuscript writing; Branislava Ilincic contributed signifi-
cantly to study conception and design and manuscript writ-



Vitamin D hypovitaminosis and severe forms of COVID-19

ing; Dragana Tomic Naglic contributed significantly to
study conception and study design; Velibor Cabarkapa, Iva-
na Bajkin, and Aleksandra Plecas Djuric contributed sig-
nificantly to study supervision and study design; Ivor Ko-
larski and Marko Bojovic contributed significantly to data
acquisition and data analysis; Ivana Urosevic and Edita Sto-
kic contributed significantly to study supervision; Esma R.
Isenovic contributed significantly to manuscript writing and
critical revision of the manuscript for important intellectual
content; and in the final version of the manuscript was read
and approved by all authors.

ORCID ID

Mia Manojlovic: 0000-0001-5176-5650
Branislava Ilincic: 0000-0001-6160-8173
Dragana Tomic Naglic: 0000-0002-7058-9282
Velibor Cabarkapa: 0000-0001-7166-3379
Ivana Bajkin: 0000-0003-4221-1730
Aleksandra Plecas Djuric: 0000-0002-3905-5047
Ivor Kolarski: 0000-0002-7802-8068

Marko Bojovic: 0000-0002-4304-8974

Ivana Urosevic: 0000-0003-0672-3739

Edita Stokic: 0000-0002-7822-9249

Esma R. Isenovic: 0000-0002-0012-2636

1)

5)

References

Epidemiology Working Group for NCIP Epidemic
Response, Chinese Center for Disease Control
and Prevention. [The epidemiological character-
istics of an outbreak of 2019 novel coronavirus
diseases (COVID-19) in China]. Zhonghua Liu
Xing Bing Xue Za Zhi 2020; 41: 145-151.

The Novel Coronavirus Pneumonia Emergency
Response Epidemiology Team. The Epidemio-
logical Characteristics of an Outbreak of 2019
Novel Coronavirus Diseases (COVID-19) — China,
2020[J]. China CDC WKkly 2020; 2: 113-122.

WHO. Coronavirus disease (COVID-19). Available
at: https://www.who.int/lemergencies/diseases/nov-
el-coronavirus-2019. [Accessed 20th Oct 2022).

Pesaresi M, Pirani F, Tagliabracci A, Valsecchi
M, Procopio AD, Busardo FP, Graciotti L. SARS-
CoV-2 identification in lungs, heart and kidney
specimens by transmission and scanning elec-
tron microscopy. Eur Rev Med Pharmacol Sci
2020; 24: 5186-5188.

Kumar R, Rathi H, Hag A, Wimalawansa SJ,
Sharma A. Putative roles of vitamin D in modu-
lating immune response and immunopathology
associated with COVID-19. Virus Res 2021; 292:
198235.

Annweiler C, Beaudenon M, Gautier J, Simon
R, Dubée V, Gonsard J, Parot-Schinkel E; CO-
VIT-TRIAL study group. COvid-19 and high-
dose VITamin D supplementation TRIAL in
high-risk older patients (COVIT-TRIAL): study
protocol for a randomized controlled trial. Trials
2020; 21: 1031.

7)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Hetta HF, Muhammad K, El-Masry EA, Taha AE,
Ahmed EA, Phares C, Kader HA, Waheed Y, Zah-
ran AM, Yahia R, Meshaal AK, EI-Saber Batiha G.
The interplay between vitamin D and COVID-19:
protective or bystander? Eur Rev Med Pharmacol
Sci 2021; 25: 2131-2145.

Mitchell F. Vitamin-D and COVID-19: do deficient
risk a poorer outcome? Lancet Diabetes Endocri-
nol 2020; 8: 570.

Thacher TD. Evaluating the Evidence in Clinical
Studies of Vitamin D in COVID-19. Nutrients 2022;
14: 464.

Amrein K, Scherkl M, Hoffmann M, Neuw-
ersch-Sommeregger S, Kdstenberger M, Tmava
Berisha A, Martucci G, Pilz S, Malle O. Vitamin
D deficiency 2.0: an update on the current status
worldwide. Eur J Clin Nutr 2020; 74: 1498-1513.

COVID-19 Protocol. Belgrade: Medical Chamber
of Serbia. 2021. Available at: https:/www.lkv.org.
rs/Documents/News/TerapijskiProtokolv10.pdf
[Accessed 20th Oct 2022].

WHO | Obesity and overweight [Internet]. Gene-
va: World Health Organization. 2018. Available at:
http://www.who.int/mediacentre/factsheets/fs311/
en/ [Accessed 20th Oct 2022].

Kotur N, Skakic A, Klaassen K, Gasic V, Zukic
B, Skodric-Trifunovic V, Stjepanovic M, Zivkovic
Z, Ostojic O, Stevanovic G, Lavadinovic L, Pav-
lovic S, Stankovic B. Association of Vitamin D,
Zinc and Selenium Related Genetic Variants With
COVID-19 Disease Severity. Front Nutr 2021; 8:
689419.

Munshi R, Hussein MH, Toraih EA, Elshazli RM,
Jardak C, Sultana N, Youssef MR, Omar M, Attia
AS, Fawzy MS, Killackey M, Kandil E, Duchesne
J. Vitamin D insufficiency as a potential culprit in
critical COVID-19 patients. J Med Virol 2021; 93:
733-740.

Radujkovic A, Hippchen T, Tiwari-Heckler S, Dre-
her S, Boxberger M, Merle U. Vitamin D Deficien-
cy and Outcome of COVID-19 Patients. Nutrients
2020; 12: 2757.

Ali N. Role of vitamin D in preventing of COVID-19
infection, progression and severity. J Infect Public
Health 2020; 13: 1373-1380.

Nimer RM, Khabour OF, Swedan SF, Kofahi HM.
The impact of vitamin and mineral supplements
usage prior to COVID-19 infection on disease se-
verity and hospitalization. Bosn J of Basic Med
Sci 2022; 22: 826-832.

Bassatne A, Basbous M, Chakhtoura M, El Zein
O, Rahme M, El-Hajj Fuleihan G. The link be-
tween COVID-19 and Vitamin D (VIVID): A sys-
tematic review and meta-analysis. Metabolism
2021; 119: 1547538.

llie PC, Stefanescu S, Smith L. The role of vitamin
D in the prevention of coronavirus disease 2019
infection and mortality. Aging Clin Exp Res 2020;
32: 1195-1198.

Angelidi AM, Belanger MJ, Lorinsky MK, Kara-
manis D, Chamorro-Pareja N, Ognibene J,



M. Manojlovic, B. llincic, D.T. Naglic, V. Cabarkapa, I. Bajkin, A.P. Djuric, et al

21)

22)

23)

24)

Palaiodimos L, Mantzoros CS. Vitamin D Status
Is Associated With In-Hospital Mortality and Me-
chanical Ventilation: A Cohort of COVID-19 Hospi-
talized Patients. Mayo Clin Proc 2021; 96: 875-886.

Baktash V, Hosack T, Patel N, Shah S, Kandiah P,
Van den Abbeele K, Mandal AKJ, Missouris CG.
Vitamin D status and outcomes for hospitalized
older patients with COVID-19. Postgrad Med J
2021; 97: 442-447.

Ng WH, Tipih T, Makoah NA, Vermeulen JG,
Goedhals D, Sempa JB, Burt FJ, Taylor A, Mahal-
ingam S. Comorbidities in SARS-CoV-2 Patients:
a Systematic Review and Meta-Analysis. mBio
2021; 12: e03647-e03720.

Petrilli CM, Jones SA, Yang J, Rajagopalan H,
O’Donnell L, Chernyak Y, Tobin KA, Cerfolio RJ,
Francois F, Horwitz LI. Factors associated with
hospital admission and critical illness among
5279 people with coronavirus disease 2019 in
New York City: prospective cohort study. BMJ
2020; 369: m1966.

llin¢i¢ B, Stoki¢ E, StoSi¢ Z, Koji¢ NE, Katsiki N,
Mikhailidis DP, Isenovic ER. Vitamin D status and
circulating biomarkers of endothelial dysfunction
and inflammation in non-diabetic obese individu-
als: a pilot study. Arch Med Sci 2017; 13: 53-60.

5326

25)

26)

27)

28)

29)

30)

Latic N, Erben RG. Vitamin D and Cardiovascular
Disease, with Emphasis on Hypertension, Athero-
sclerosis, and Heart Failure. Int J Mol Sci 2020; 21:
6483.

Libby P, Lischer T. COVID-19 is, in the end, an en-
dothelial disease. Eur Heart J 2020; 41: 3038-3044.
Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J,
Wang Y, Song B, Gu X, Guan L, Wei Y, Li H, Wu X,
Xud, TuS, Zhang Y, Chen H, Cao B. Clinical course
and risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet 2020; 395: 1054-1062.

Driggin E, Madhavan MV, Gupta A. The role of vi-
tamin D in cardiovascular disease and COVID-19.
Rev Endocr Metab Disord 2022; 23: 293-297.

Entrenas Castillo M, Entrenas Costa LM, Vaque-
ro Barrios JM, Alcala Diaz JF, Lopez Miranda J,
Bouillon R, Quesada Gomez JM. Effect of calcife-
diol treatment and best available therapy versus
best available therapy on intensive care unit ad-
mission and mortality among patients hospitalized
for COVID-19: A pilot randomized clinical study. J
Steroid Biochem Mol Biol 2020; 203: 105751.

Perna S. The enigma of vitamin D supplementa-

tion in aging with obesity. Minerva Gastroenterol
(Torino) 2022; 68: 459-462.



