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Abstract
Purpose Low vitamin D in COVID-19 have been related to worse outcomes. However, most of the studies conducted so far
were not-controlled and retrospective, including biases potentially influencing this association. We evaluated 25(OH)vitamin
D levels of patients with both severe and non-severe disease at hospital-admission, and in a cohort of control subjects.
Moreover, we evaluated sACE-2 levels to investigate the mechanisms underlying the association between vitamin D and
COVID-19.
Methods COVID-19 patients were enrolled in a matched for age, sex and comorbidities 1:1-ratio based on the presence/or
not of respiratory-distress/severe-disease at hospital-admission. Control matched subjects were enrolled from an outpatient-
setting.
Results Seventy-three COVID-19 patients (36 severe and 37 non-severe) and 30 control subjects were included. We
observed a higher vitamin D deficiency (<20 ng/mL) prevalence in COVID-19 patients than control subjects (75% vs 43%).
No differences were found regarding 25(OH)vitamin D and sACE-2 levels between patients with and without severe-disease
at study entry. During the disease-course, in the severe group a life-threatening disease occurred in 17 patients (47.2%), and,
in the non-severe group, a worsening disease occurred in 10 (27%). 25(OH)vitamin D levels, at admission, were negatively
correlated with sACE-2 levels, and were lower in patients whose disease worsened as compared to those in whom it did not,
independently from the disease severity at admission. In multivariate-analysis, lower 25(OH)vitamin D resulted as an
independent risk factor for disease worsening.
Conclusions 25(OH)vitamin D levels at hospital-admission strongly predicted the occurrence of worsening outcomes in
COVID-19 independently of the disease severity at presentation.

Keywords COVID-19 ● Vitamin D ● ACE-2 ● SARS-CoV-2 ● Hypovitaminosis D

Introduction

The negative role of vitamin D deficiency in patients
affected by Coronavirus disease-19 (COVID-19) was
hypothesized from the early pandemic spread due to the
well-known influence of vitamin D on immune response
and immunocompetence both regarding innate and
adaptive immunity supporting antimicrobial and antiviral
immune responses [1–4].

Low 25(OH) vitamin D levels were early reported as a
possible risk factor for worse clinical outcomes in COVID-19
patients [1, 3] particularly in European Mediterranean
Countries characterized by widespread vitamin D deficiency
(and heavily impacted by the early pandemic spread) [5] in
line with the associations between vitamin D deficiency and
acute respiratory infections (ARIs) and immune-modulating
role of vitamin D. Some observational studies have reported
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that higher 25(OH) vitamin D levels were independently
associated with reduced risk for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection and severe
COVID-19, which was confirmed by several systematic
reviews and meta-analyses [6–12]. However, study designs
were mainly retrospective without a control group and
included patients with demographic differences and biases
potentially influencing the correlations between lower
25(OH) vitamin D levels and severe COVID-19. In fact, a
few prospective clinical studies regarding these associations
reported contrasting results [13–17].

Membrane-bound Angiotensin-Converting Enzyme 2
(mACE-2) is part of the renin-angiotensin-aldosterone sys-
tem (RAAS) and the main important host receptor for
SARS-CoV-2 infection, and the internalization of the ACE-
2-virus complex promotes its shedding increasing soluble
ACE-2 (sACE-2) form in circulation [18–22]. Though, the
role of sACE-2 in the overall SARS-CoV-2 infection pro-
cess has not been clarified. Vitamin D is known to regulate
and modulate RAAS negatively, promoting ACE-2/Ang‐(1‐
7)/MasR axis activity by preventing mACE-2 shedding,
stimulating their gene expressions [23] and inhibiting renin
secretion and the ACE/Ang II/AT1R axis, leading to a
potential protective role against acute lung injury (ALI) and
acute respiratory-distress syndrome (ARDS) [24, 25].

Some authors proposed that low 25(OH) vitamin D
levels found in upper and lower tract ARIs [26] as well as in
other inflammatory diseases [2, 27, 28] could be part, of the
so called “acute phase reaction” since acute inflammatory
and immune responses are associated with an acute reduc-
tion of circulating vitamin D binding protein [29–33]. In
fact, a systematic review showed that, in the presence of an
acute inflammatory status, a reduction of about 30% in
25(OH) vitamin D levels occurred following the onset of
the immune response [34].

Therefore, it is still a matter of debate if the low 25(OH)
vitamin D levels observed in COVID-19 patients during acute
illness are only a biochemical marker and epiphenomenon of
the disease or a potential pre-existing risk factor for infection
and worse outcomes [35–37]. Unfortunately, the data
regarding the vitamin D role in COVID-19 patients are mostly
based on retrospective collections and focused on severe
patients in whom 25(OH) vitamin D levels were evaluated
when the acute phase of the disease had already occurred.
Therefore, at this time, the debate if severe COVID-19 could
be the cause or the effect of a poor vitamin D status is of
paramount interest and bears clear treatment implications [38].

In order to better understand the relationship between
COVID-19 and vitamin D, we carried out this prospective
study in which 25(OH) vitamin D levels were measured at
first hospital evaluation of patients with both severe and
non-severe disease matched for age, sex, and comorbidities.
These patients were also matched with a cohort of control

subjects enrolled in the same period in an outpatient-setting.
Moreover, we evaluated the circulating sACE-2 levels of
COVID-19 patients at the study entry to investigate the
pathophysiological mechanisms underlying the associations
between vitamin D deficiency and COVID-19.

Patients and methods

Study design

This was a prospective study performed at San Raffaele
University Hospital, a tertiary healthcare center in Milan,
Italy. The study protocol complies with the Declaration of
Helsinki and was approved by the hospital ethics committee
(protocol ABIO/NC/03 no. 367/2020). Signed informed
consent was obtained from all patients participating in this
study. Adult patients (age ≥18 years) admitted to San Raffaele
University Hospital for COVID-19 from March to June 2021
were evaluated for the enrollment in the study. Confirmed
COVID-19 was defined as positive real-time reverse-tran-
scriptase polymerase chain reaction from a nasal and/or throat
swab together with signs, symptoms, and/or radiological
findings suggestive of COVID-19 pneumonia. Patients
admitted for other reasons and subsequently diagnosed with
superimposed SARS-CoV-2 infection were excluded.

At first admission in-hospital emergency department
(ED), before performing any biochemical or radiological
evaluations, patients were consecutively enrolled in a
matched for age, sex and comorbidities 1:1 ratio based on
the presence or not of clinical signs of pneumonia and
respiratory-distress (i.e., detection of at least two of the
following signs and symptoms of lower respiratory disease
longer than seven days [dry cough (YES/NO); shortness of
breath (YES/NO); wheezing (YES/NO); chest pain or
tightness (YES/NO)], general status impairment [confusion
(YES/NO), disorientation (YES/NO)], fever (tympanic
temperature >38 °C) longer than five days [YES/NO], pulse
oximetric saturation of oxygen SpO2 < 90% on room air
[YES, NO], respiratory frequency >30 breaths/min [YES,
NO]) defining those with severe and non-severe disease
[39]. This differentiation was confirmed by subsequent
biochemical and radiological examinations (chest X-rays
and/or CT scan) performed during the same day. Control
matched subjects were enrolled from the outpatient
Endocrinology Unit of the same hospital during the same
time-period. The study design and the enrollment flow
chart are summarized in Fig. 1.

Data collection

Data were collected directly by patient interview or from
medical chart review and entered in a dedicated electronic
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case record form specifically developed for the study.
Before the analysis, data were cross-checked with medical
charts and verified by data managers and clinicians for

accuracy. For this study the following variables were col-
lected: age, sex, body mass index (BMI) (calculated as the
ratio of weight in kilograms divided by height in meters

Fig. 1 Study design and
enrollment flow chart
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squared; overweight was defined as a BMI > 25 kg/m2 [40]),
SpO2/FiO2 and PaO2/FiO2 ratios (calculated as the ratio
between the pulse oximetric saturation and arterial partial
pressure of oxygen, respectively, and the fraction of
inspired oxygen), high-sensitivity C-reactive protein (CRP,
mg/dL), ferritin (ng/mL) on admission to the ED, comor-
bidities (including history of hypertension, diabetes melli-
tus, cardiovascular disease, active and history of neoplasia,
chronic kidney disease [CKD]), and clinical outcomes
occurred during the entire disease course (hospitalization,
need for non-invasive mechanical ventilation [NIMV],
admission to intensive care unit [ICU], and mortality).

25(OH) vitamin D was measured, at study enrollment in
ED, by Roche Cobas 8000 WKC/MET/036 using electro-
chemiluminescence immunoassays (ECLIA) (ng/mL)
(coefficient of variation of 5%). Vitamin D deficiency was
defined as 25(OH) vitamin D levels below 20 ng/mL,
according to the cut-off values reported by Sempos et al.
[41]. Ionized serum calcium (Ca2+) was measured on
arterial blood gas test (RapidPoint 500 Analyzer, Siemens
Healthcare, VA, USA, mmol/L) and hypocalcemia was
defined as a Ca2+ level below 1.18 mmol/L.

Circulating sACE-2 levels (ng/mL) were measured by
Human ACE-2 enzyme-linked immunosorbent assay
(ELISA) Kit (no. MBS849243 MyBioSource) (detection
range: 0.391 ng/mL–25 ng/mL).

Patients were classified as severe and non-severe
according to the presence or absence of clinical signs of
pneumonia and respiratory-distress at first admission [39].
Worsening disease was defined by the occurrence of critical
clinical course (critical COVID-19) in patients who were
initially characterized as non-severe in ED, during the entire
clinical course of the disease. Critical COVID-19 was
defined in the entire cohort by the requirement of high flow
oxygen therapy and/or NIMV at admission in ED or during
the hospitalization and/or ICU admission and/or those who
died for COVID-19 related complications, evaluating the
entire clinical course of the disease [42]. Life-threatening
disease was defined in the severe group by the occurrence of
serious and fatal outcomes including the requirement of
NIMV and/or ICU admission and/or death for COVID-19
related complications, evaluating the entire clinical course
of the disease. Hyperinflammation was defined in the entire
cohort as an increase in either the serum inflammation
marker CRP (≥100 mg/L) or ferritin (≥900 ng/mL), or both,
evaluating the entire clinical course of the disease [43].
Based on PaO2/FiO2 ratio values and on degree of
hypoxemia, ARDS and ALI were defined as PaO2/
FiO2 ≤ 200 and ≤300 mmHg, respectively, evaluating the
entire clinical course of the disease [44, 45]. High flow
oxygen therapy, NIMV use, and ICU admission require-
ment were decided on the basis of severity of patients’
respiratory impairment [44, 45] and physicians experience.

Needs of hospitalization was based on patients’ disease
severity, patients’ social conditions (i.e., self-isolation
impossibility) and physicians decision to prudently pro-
long or not the hospital observation.

Patients with the following comorbidities and con-
comitant active therapies influencing vitamin D metabolism
were excluded: CKD, active neoplasia, osteoporosis,
patients on chronic glucocorticoids and antiepileptic drugs,
vitamin D/calcium, loop/thiazide diuretics, and patients
with an estimated glomerular filtration rate of less than or
equal to 30 mL/min/1.73 m2 using creatinine levels at initial
evaluation. In addition, also patients with at least one anti-
SARS-CoV-2 immunization dose were not enrolled.

Statistical analysis

Descriptive statistics were obtained for all study variables.
Categorical variables were summarized as counts and per-
centages. Kolmogorov–Smirnov normality test was per-
formed (p < 0.05) and continuous variables were expressed
as medians and interquartile range [IQR] [25th–75th per-
centile]. Fisher exact test or χ2 test and the Wilcoxon
signed-rank test or the Kruskal–Wallis test were used to
determine the statistical significance of differences in pro-
portions and medians, respectively. Correlations were ana-
lysed using the Spearman rank correlation analysis.
Multiple logistic regression analyses were used to estimate
the odds ratios (ORs) with 95% confidence interval (CI) of
variables included in the study for the different outcomes
evaluated. The performances of 25(OH) vitamin D levels in
predicting the different outcomes were estimated using the
area under the receiver operating characteristic curve
(AUROC) with the 95% CI, and the optimal cut-off value
was chosen to maximize the sum of the sensitivity and
specificity on the Youden index. All statistical tests were
two-sided. P value of <0.05 was considered statistically
significant. Statistical analysis was conducted using IBM
SPSS Statistics (IBM SPSS Statistics for Windows, Version
23.0. Armonk, NY: IBM Corp.) and GraphPad Prism
(GraphPad Software for Windows, version 9.0.0, San
Diego, California USA).

Results

COVID-19 patients vs. control subjects

A total of 73 COVID-19 patients and 30 control subjects were
enrolled in this study. Statistical differences regarding
demographic characteristics and concomitant comorbidities
prevalence between these groups are summarized in Table 1.

Median [IQR] age of COVID-19 patients was 68 [54–73]
years and 43 (58.9%) were male. The most frequent
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concomitant comorbidity in this cohort was history of
hypertension (57.5%), and none of the patients was affected
by active malignancy and/or CKD. There were no statistical
differences regarding demographic characteristics and
comorbidity prevalence between COVID-19 and control
cohort (Table 1).

Median 25(OH) vitamin D level in the entire cohort was
16.2 [10.4–25.1] ng/mL and vitamin D deficiency was
found in 68 patients (66%). Although there was no differ-
ence in demographic characteristics, we observed lower
25(OH) vitamin D levels and higher prevalence of vitamin
D deficiency in COVID-19 patients than control subjects
(13.8 [8.8–20.1] vs. 23.6 [16.3–28.2] ng/mL, p < 0.001)
(75% vs. 43%, p= 0.002).

25(OH) Vitamin D in COVID-19 patients: descriptive
and correlation analyses

Baseline data: the whole COVID-19 cohort

A total of 73 COVID-19 patients were prospectively
enrolled in the study in a 1:1 ratio for the presence or not of
severe disease matched for age, sex, and comorbidities. The
cohort included 36 (49.3%) and 37 (50.7%) patients with
and without severe disease, respectively.

In the whole COVID-19 cohort, we observed a higher
prevalence of vitamin D deficiency in male patients than
female (83.7% vs. 63.3%; p= 0.047), and in those over-
weight than normal weight (81.8% vs. 50%, p= 0.013). No
other statistically significant differences were found
according to vitamin D deficiency status.

Sixty-two patients (84.9%) were hospitalized, and 11
(15.1%) patients were discharged from the hospital,
respectively, after the evaluation in ED. Those who were
discharged did not require any other following in-hospital
evaluations for the management of their acute illness. In
those hospitalized, critical COVID-19 occurred in 46
patients (64%), an ALI-ARDS form in 43 (60%), hyperin-
flammation in 32 (45%), and 18 (24.7%) and 8 (11%)
patients required NIMV and ICU admission, respectively.
Three patients (4.1%) died for COVID-19 related
complications.

No statistical differences were found regarding demo-
graphic characteristics and comorbidity prevalence in
patients with critical and/or ALI-ARDS COVID-19 form as
compared to those without, as well between those with or
without hyperinflammation. A higher BMI was observed in
patients who required hospitalization as compared to those
non-hospitalized (28.1 [25.6–32] vs. 26 [20.3–27] kg/m2,
p= 0.005) (Table 2), and/or NIMV (31 [28–36] vs. 26.3
[25–29] kg/m2, p= 0.003) and/or ICU admission (33
[31–37] vs. 26.5 [25–29.7] kg/m2, p= 0.014), and no other
statistical differences were found regarding demographic
characteristics and comorbidity prevalence in these groups.
Five patients presented at admission a glomerular filtration
rate between 30 and 60 mL/min/1.73 m2; three were in
severe and two in non-severe group (p= 0.67), and no
statistical differences were observed regarding their out-
comes compared to the other patients. Median Ca2+ level
was 1.15 [1.11–1.17] mmol/L and hypocalcemia was
observed in 55 patients (75%). We observed significantly
lower Ca2+ levels (but not significantly higher prevalence
of hypocalcemia) in patients with critical vs non critical
COVID-19 (1.12 [1.1–1.17] vs. 1.15 [1.13–1.19] mmol/L,
p= 0.028), and in those requiring hospitalization (1.13
[1.1–1.17] vs. 1.16 [1.15–1.21] mmol/L, p= 0.013), NIMV
(1.12 [1.09–1.15] vs. 1.15 [1.11–1.18] mmol/L, p= 0.039),
and ICU admission (1.1 [1.07–1.13] vs. 1.15 [1.11–1.17]
mmol/L, p= 0.028), as compared to patients who did not
require these measures.

We observed significantly lower 25(OH) vitamin D
levels in patients with critical disease, with an ALI-ARDS
form and those with hyperinflammation, as compared to
those without (Table 3). Furthermore, we found significant
lower 25(OH) vitamin D levels in patients who required
NIMV and ICU admission, as compared to those who did
not (Table 3). We showed more frequent vitamin D defi-
ciency in patients with critical COVID-19, in those with
ALI-ARDS forms, and who required NIMV and ICU
admission (Table 3).

Patients with vitamin D deficiency presented significant
lower levels of SpO2/FiO2 and PaO2/FiO2 ratios (SpO2/FiO2:
433 [408–448] vs. 447 [438–458], p= 0.005) (PaO2/FiO2:
261 [303–230] vs. 311 [298–357], p < 0.001) and a non-

Table 1 Demographic characteristics, concomitant comorbidities and
vitamin D status in COVID-19 patients and control subjects

COVID-19
patients (n.73)

Control subjects
(n.30)

P value

Age, years 68 [54–73] 65 [62–70] 0.89

Male gender, n. (%) 43 (58.9%) 18 (60%) >0.99

BMI, kg/m2 27.1 [25–31] 26.6 [24–28.1] 0.1

Overweight, n. (%) 55 (75.3%) 21 (70%) 0.4

Hypertension, n. (%) 42 (57.5%) 20 (66.7%) 0.5

Cardiovascular
disease, n. (%)

10 (13.7%) 5 (16.7%) 0.76

Diabetes mellitus,
n. (%)

20 (27.4%) 5 (16.7%) 0.31

History of neoplasia,
n. (%)

8 (11%) 5 (16.7%) 0.52

25(OH) vitamin D
levels, ng/mL

13.8 [8.8–20.1] 23.6 [16.3–28.2] <0.001

Vitamin D deficiency,
n. (%)

55 (75%) 13 (43%) 0.002

n. number, BMI body mass index

P values reported in bold are those statistically significant
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significant trend toward lower Ca2+ levels (1.13 [1.1–1.15] vs.
1.15 [1.11–1.17] mmol/L, p= 0.081) as compared to those
without vitamin D deficiency. In correlation analyses, there was
a significantly positive correlation between 25(OH) vitamin D
levels and SpO2/FiO2 and PaO2/FiO2 ratios (p= 0.021
r= 0.32; p < 0.001 r= 0.48; respectively).

Considering the whole cohort, higher sACE-2 levels
were observed in patients with critical disease as compared
to those without (1.47 [0.7–3.8] vs. 0.97 [0.5–1.65] ng/mL,
p= 0.025). In correlation analyses, significant negative

correlations were found between 25(OH) vitamin D and
sACE-2 levels (p= 0.027 r=−0.3) and patients with
vitamin D deficiency had significantly higher sACE-2 levels
than those without vitamin D deficiency (1.37 [0.6–3.76]
vs. 1 [0.47–1.65] ng/mL, p= 0.04).

Severe COVID-19 patients

In ED were prospectively enrolled 36 patients with severe
disease, matched for age, sex, and comorbidities with non-
severe patients. No statistical differences were found
regarding demographic characteristics, comorbidity pre-
valence, 25(OH) vitamin D and sACE-2 levels between
these two groups (Table 4).

In the severe group (n.36), all patients (100%) were
hospitalized after the evaluation in ED. Critical COVID-19
was observed in all severe patients (100%), an ALI-ARDS
form in 29 (80.6%), hyperinflammation in 18 (50%).
Moreover, 16 (44.4%) and 7 (19.4%) patients required
NIMV and ICU admission, respectively. Three patients
(8.3%) died for COVID-19 related complications. Life-
threatening disease occurred in 17 patients (47.2%).

No statistical differences were found regarding demo-
graphic characteristics and comorbidity prevalence in
patients with ALI-ARDS COVID-19 form as compared to
those without, as well between those with or without
hyperinflammation, and those admitted and not to ICU.
BMI was higher in patients with life-threatening disease
than those without (31 [26.4–35.5] vs. 26.2 [25–31] kg/m2,
p= 0.033) and those who required NIMV than those did

Table 2 Demographic characteristics and concomitant comorbidities
prevalence differences in whole patients hospitalized and not
hospitalized

Hospitalized
(n.62)

Non-Hospitalized
(n.11)

P value

Age, years 68 [55–74] 53 [39–70] 0.1

Male gender, n. (%) 37 (59.6%) 6 (54.5%) 0.75

BMI, kg/m2 28.1 [25.6–32] 26 [20.3–27] 0.005

Overweight, n. (%) 49 (79%) 6 (54.5%) 0.12

Hypertension, n. (%) 35 (56%) 7 (63.6%) 0.75

Cardiovascular
disease, n. (%)

9 (14.5%) 1 (9%) >0.99

Diabetes mellitus,
n. (%)

18 (29%) 2 (18%) 0.71

History of neoplasia,
n. (%)

8 (13%) 0 (0%) 0.59

n. number, BMI body mass index

P values reported in bold are those statistically significant

Table 3 25(OH) vitamin D
levels and vitamin D deficiency
prevalence among the different
disease outcomes and
characteristics in whole cohort
of COVID-19 patients

25(OH) vitamin D levels (ng/mL) P value

Hospitalization, yes/no Yes (n.62): 13.5 [8–20] No (n.11): 13.2 [10–22] 0.78

NIMV, yes/no Yes (n.18): 8.5 [6–16] No (n.55): 14.4 [11–23] 0.003

ICU, yes/no Yes (n.8): 6.9 [6–10.4] No (n.65): 14 [9.7–21] 0.01

Death, yes/no Yes (n.3): 13 [8–22] No (n.70): 13.2 [9–20] 0.55

Critical disease, yes/no Yes (n.46): 11.7 [7–17] No (n.27): 16.7 [11–31] 0.007

ALI-ARDS, yes/no Yes (n.43): 10.8 [7–11] No (n.30): 17 [13–29] <0.001

Hyperinflammation, yes/no Yes (n.32): 11.2 [7.8–17] No (41): 16.2 [10.7–23.2] 0.039

Vitamin D deficiency, n. (%)

Hospitalization, yes/no Yes: 47 (75.8%) No: 8 (72.7%) >0.99

NIMV, yes/no Yes: 17 (94%) No: 38 (69%) 0.032

ICU, yes/no Yes: 7 (87%) No: 48 (74%) 0.67

Death, yes/no Yes: 1 (33.3%) No: 54 (77%) 0.15

Critical disease, yes/no Yes: 39 (85%) No: 16 (59%) 0.015

ALI-ARDS, yes/no Yes: 39 (91%) No: 16 (53%) 0.001

Hyperinflammation, yes/no Yes: 28 (87%) No: 27 (66%) 0.054

n. number, NIMV non-invasive mechanical ventilation, ICU intensive care unit, ALI Acute Lung Injury,
ARDS Acute Respiratory-Distress Syndrome

P values reported in bold are those statistically significant
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not need it (31 [26.4–35.5] vs. 26 [24.8–31] kg/m2,
p= 0.02), and no other statistical differences were found
regarding demographic characteristics and comorbidity
prevalence between these groups.

In severe COVID-19 group, we observed significantly
lower 25(OH) vitamin D levels in patients with an ALI-
ARDS form as compared to those without, who required
NIMV and ICU admission as compared to those who did
not require, and we showed more frequent vitamin D defi-
ciency in patients with ALI-ARDS form (Table 5). sACE-2
levels were found similar between these groups, particularly
between those with or without life-threatening disease (1.64
[0.83–3.8] vs. 1.15 [0.48–2.5] ng/mL, p= 0.41).

Non-severe COVID-19 patients

In ED we prospectively enrolled 37 patients with non-
severe disease, matched for age, sex, and comorbidities with
patients with severe disease. As reported above, no statis-
tical differences were found regarding demographic char-
acteristics, comorbidity prevalence and 25(OH) vitamin D
levels between these two groups (Table 4).

In the non-severe group (n.37), 26 patients (70%) were
hospitalized after the evaluation in ED. Worsening disease
was observed in 10 patients (27%), an ALI-ARDS form in
14 (37.8%), hyperinflammation in 14 (37.8%). Two (5.4%)
and one (2.7%) patient required NIMV and ICU admission,
respectively. No patients died for COVID-19 related
complications.

BMI was higher in hospitalized patients as compared to
those discharged from the ED (28 [26–30.5] vs. 26
[20.3–27] kg/m2, p= 0.01). No statistical differences were
found regarding demographic characteristics and comor-
bidities between patients with or without ALI-ARDS form,
hyperinflammation, worsening disease, NIMV requirement,
and ICU admission.

In non-severe COVID-19 group, we observed sig-
nificantly lower 25(OH) vitamin D levels in patients with
worsening disease, critical disease and an ALI-ARDS form
as compared to those without, and who required NIMV and
ICU admission as compared to those who did not require
them, and we observed more frequent vitamin D deficiency
in patients with worsening disease (Table 6). sACE-2 levels
were similar between these groups, particularly between
those with or without worsening disease (1.14 [0.83–4.26]
vs. 0.97 [0.5–1.65] ng/mL, p= 0.19).

25(OH) vitamin D in COVID-19 patients: multiple
logistic regression analyses and ROC curves

Multiple regression analyses including demographic char-
acteristics, comorbidities, and 25(OH) vitamin D levels
were performed for all outcomes of the study to evaluate the
role of 25(OH) vitamin D levels as outcome predictor in
COVID-19 patients.

In non-severe group, lower 25(OH) vitamin D level
resulted as the only variable significantly and independently
associated with the worsening disease (p= 0.026, OR 1.32
CI 1.03–1.68) (Table 7). As well, also in severe group,
25(OH) vitamin D level was the only variable with a trend
although not statistically significant toward an independent
association with the life-threatening disease (p= 0.081, OR
1.14 CI 0.96–1.35) (Table 8).

In the whole population, lower 25(OH) vitamin D level
resulted together with age and sex independently associated
with NIMV (p= 0.008, OR 1.17 CI 1.04–1.31), and with
critical disease (p= 0.01, OR 1.12 CI 1.03–1.21), and, as
the only variable independently associated with ALI-ARDS
form (p= 0.013, OR 1.1 CI 1.02–1.15). No significant
associations of 25(OH) vitamin D level were found for the
other outcomes. Regarding worsening outcomes in whole
COVID-19 population in combination with worsening dis-
ease in non-severe group and life-threatening disease in
severe group, lower 25(OH) vitamin D levels (p= 0.002,
OR 1.161 CI 1.057–1.275) were a significant risk factor
whereas lower BMI was protective (p= 0.031, OR 0.865 CI
0.758–0.987) (Table 9).

ROC analyses showed that the global performances of
25(OH) vitamin D level to predict worsening disease in
non-severe patients, and critical disease, NIMV require-
ment, ICU admission and ALI-ARDS in the whole cohort
forms were significant. The best Youden Index J for the

Table 4 Demographic characteristics and concomitant comorbidities
prevalence differences in severe and non-severe COVID-19 groups

Severe (n.36) Non-Severe
(n.37)

P value

Age, years 68 [56–74] 64 [52–73] 0.32

Male gender, n. (%) 21 (58.3%) 22 (59%) >0.99

BMI, kg/m2 29.1 [25.2–32] 27.7 [25–29.7] 0.28

Overweight, n. (%) 27 (75%) 28 (76%) >0.99

Hypertension, n. (%) 20 (55.5%) 22 (59.4%) 0.81

Cardiovascular disease,
n. (%)

6 (16.6%) 4 (11%) 0.51

Diabetes mellitus,
n. (%)

11 (30.5%) 9 (24.3%) 0.6

History of neoplasia,
n. (%)

5 (13.8%) 3 (8.1%) 0.48

25(OH) vitamin D
levels, ng/mL

12.3 [8–18.9] 13.9 [9.9–22.6] 0.33

Vitamin D deficiency,
n. (%)

29 (80%) 26 (70%) 0.42

sACE-2, ng/mL 1.48 [0.56–3.47] 1.01 [0.58–1.74] 0.36

n. number, BMI body mass index, sACE-2 soluble angiotensin-
converting enzyme 2
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25(OH) vitamin D value in predicting worsening disease
was 11.55 ng/mL (74% sensitivity, 70% specificity and
AUROC 80% (p= 0.005, CI 0.65–0.96)); in predicting
NIMV requirement was 9.4 ng/mL (84% sensitivity, 61%
specificity and AUROC 73% (p= 0.003, CI 0.6–0.87)); in
predicting ICU admission was 9.4 ng/mL (78% sensitivity,
75% specificity and AUROC 78% (p= 0.01, CI 0.6–0.96));
in predicting critical disease was 12.85 ng/mL (67% sensi-
tivity, 57% specificity and AUROC 69% (p= 0.007, CI

0.56–0.81)); in predicting ALI-ARDS forms was 12.85 ng/
mL (77% sensitivity, 65% specificity and AUROC 76%
(p < 0.001, CI 0.64–0.86)). Regarding worsening outcomes
in whole COVID-19 population in combination with wor-
sening disease in non-severe group and life-threatening
disease in severe group, the best Youden Index J for the
25(OH) vitamin D value in predicting worsening outcomes
was 11.55 ng/mL (74% sensitivity, 69% specificity and
AUROC 75% (p= 0.001, CI 0.62–0.86)) (Fig. 2).

Table 5 25(OH) vitamin D
levels and vitamin D deficiency
prevalence among the different
disease outcomes and
characteristics in severe
COVID-19 patients (n.36)

25(OH) vitamin D levels (ng/mL) P value

Life-threatening disease,
yes/no

Yes (n.17): 9.3 [6.5–18.2] No (n.19): 13.9 [10–23.4] 0.06

NIMV, yes/no Yes (n.16): 9.1 [6.5–16.7] No (n.20): 14.5 [10.2–23] 0.026

ICU, yes/no Yes (n.7): 7.3 [6.5–10.8] No (n.29): 13.9 [9–19.4] 0.04

Death, yes/no Yes (n.3): 13 [8–22] No (n.33): 12.2 [8–17.6] 0.4

ALI-ARDS, yes/no Yes (n.29): 15.9 [11.4–29] No (n.7): 23.6 [16.3–28] <0.001

Hyperinflammation, yes/no Yes (n.18): 10.9 [7.4–17.5] No (n.18): 15.4 [8.2–24.2] 0.21

Vitamin D deficiency, n. (%)

Life-threatening disease,
yes/no

Yes: 15 (85%) No: 14 (73%) 0.41

NIMV, yes/no Yes: 15 (94%) No: 14 (70%) 0.1

ICU, yes/no Yes: 6 (86%) No: 23 (79%) 0.99

Death, yes/no Yes: 1 (33.3%) No: 28 (84%) 0.1

ALI-ARDS, yes/no Yes: 27 (93%) No: 2 (28%) 0.001

Hyperinflammation, yes/no Yes: 17 (94%) No: 12 (67%) 0.08

n. number, NIMV non-invasive mechanical ventilation, ICU intensive care unit, ALI Acute Lung Injury,
ARDS Acute Respiratory-Distress Syndrome

P values reported in bold are those statistically significant

Table 6 25(OH) vitamin D
levels and vitamin D deficiency
prevalence among the different
disease outcomes and
characteristics in non-severe
COVID-19 patients (n.37)

25(OH) vitamin D levels (ng/mL) P value

Hospitalization, yes/no Yes (n.26): 14.1 [9.6–25] No (n.11): 13.2 [9.8–22] 0.78

Worsening,
yes/no

Yes (n.10): 8.6 [5.7–14] No (n.27): 16.7 [11.4–31] 0.004

NIMV, yes/no Yes (n.2): 6.2 [5.8–6.3] No (n.35): 14.4 [10.6–23.1] 0.04

ICU, yes/no Yes (n.1): 5.8 [5.8–5.8] No (n.36): 14.1 [10.1–22.9] 0.22

ALI-ARDS, yes/no Yes (n.14): 11 [5.7–18.9] No (n.23): 15.9 [11.4–28.7] 0.03

Hyperinflammation, yes/no Yes (n.14): 11.2 [7.9–19.1] No (n.23): 16.7 [11.4–23.1] 0.21

Vitamin D deficiency, n. (%)

Hospitalization, yes/no Yes: 18 (69%) No: 8 (73%) >0.99

Worsening,
yes/no

Yes: 10 (100%) No: 16 (59%) 0.018

NIMV, yes/no Yes: 2 (100%) No: 24 (68%) >0.99

ICU, yes/no Yes: 1 (100%) No: 25 (69%) >0.99

ALI-ARDS, yes/no Yes: 12 (86%) No: 14 (61%) 0.15

Hyperinflammation, yes/no Yes: 11 (78%) No: 15 (65%) 0.47

n. number, NIMV non-invasive mechanical ventilation, ICU intensive care unit, ALI Acute Lung Injury,
ARDS Acute Respiratory-Distress Syndrome

P values reported in bold are those statistically significant
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Discussion

The main finding of our prospective controlled study was
that 25(OH) vitamin D levels at hospital admission strongly
predicted the occurrence of critical disease and worse out-
comes independently of the severity of the disease at

presentation and of all other clinical and biochemical factors
so far associated with negative prognosis in COVID-19
patients.

Vitamin D metabolites are known to support the anti-
microbial and antiviral immune responses through several
mechanisms of action and regulate the adaptive immune
response. They promote a shift from pro-inflammatory to
tolerogenic state by downregulating the immune responses
mediated by T-helper-1 lymphocytes cells and inhibiting the
production of pro-inflammatory cytokines [3, 4]. Interest-
ingly, causality between poor vitamin D status and severity
of COVID-19 was hypothesized. In fact, in vitro data sug-
gest that vitamin D is among the molecules that might be
able to attenuate the effects of COVID-19 through its effects
on gene expression [46, 47]. Many retrospective
case–control studies, cohort studies, as well as meta-
analyses of observational studies, revealed inverse asso-
ciations between serum 25(OH) vitamin D level and the risk
of developing severe COVID-19, including an increased
risk of mortality, ICU admission, length of ICU stay, and
need for mechanical ventilation. However, despite several
observational studies and recently published meta-analyses
[48–51] reported significant benefits of vitamin D supple-
mentation in terms of fewer rates of ICU admission and
mortality, a recent randomized trial was not able to show a
positive impact of fixed supplementation doses of vitamin D
in COVID-19 patients [52].

A retrospective observational study found that low
25(OH) vitamin D levels associated with severity of lung

Table 7 Multiple logistic regression analysis of possible risk factors to
predict worsening disease in non-severe patients at admission

OR 95% CI P value

Sex 0.22 0.014–3.53 0.29

BMI 0.82 0.64–1.05 0.12

Age 0.94 0.842–1.04 0.22

Hypertension 3.1 0.18–5.3 0.43

Cardiovascular disease 0.2 0.008–5.21 0.33

Diabetes mellitus 0.64 0.026–1.61 0.78

History of neoplasia 0.21 0.005–8.1 0.39

25(OH) vitamin D levels 1.32 1.03–1.68 0.026

BMI body mass index, OR odds ratio, CI confidence interval

P values reported in bold are those statistically significant

Table 8 Multiple logistic regression analysis of possible risk factors to
predict life-threatening disease in severe patients at admission

OR 95% CI P value

Sex 0.5 0.04–6.54 0.6

BMI 1.009 0.77–1.32 0.9

Age 1.08 0.96–1.21 0.19

Hypertension 0.1 0.003–3.61 0.21

Cardiovascular disease 0.8 0.09–2.72 0.75

Diabetes mellitus 0.24 0.01–4.46 0.34

History of neoplasia 0.81 0.03–2.15 0.9

25(OH) vitamin D levels 1.14 0.96–1.35 0.081

BMI body mass index, OR odds ratio, CI confidence interval

P values reported in bold are those statistically significant

Table 9 Multiple logistic regression analysis of possible risk factors to
predict worsening disease in non-severe and life-threatening disease in
severe patients at admission

OR 95% CI P value

Sex 0.347 0.088–1.365 0.13

BMI 0.865 0.758–0.987 0.03

Age 0.996 0.942–1.053 0.88

Hypertension 0.649 0.146–2.894 0.57

Cardiovascular disease 3.124 0.442–22.092 0.25

Diabetes mellitus 0.576 0.125–2.652 0.47

History of neoplasia 0.349 0.036–3.346 0.36

25(OH) vitamin D levels 1.161 1.057–1.275 0.002

BMI body mass index, OR odds ratio, CI confidence interval

P values reported in bold are those statistically significant

Fig. 2 Correlation and receiver operating characteristic (ROC) analysis
and area under the receiver operating characteristic curve (AUROC) of
25(OH) vitamin D levels to predict worsening disease in non-severe
and life-threatening disease in severe patients at admission
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involvement as assessed by CT in male patients with
COVID-19 [53]. Also, a negative impact of vitamin D
deficiency, usually at hospital admission, on mortality
besides other clinical endpoints of severe COVID-19
independently of other clinical risk factors was also repor-
ted [54–58]. However, available studies are not concordant
since a recent large Mendelian randomization study based
on the UK Biobank, suggested no association between pre-
existing hypovitaminosis D, as resulting from serum
25(OH) vitamin D levels assayed on samples obtained
several years before, and with development of severe
COVID-19 [59]. In fact, the two major causes for these
discrepant evidences and hence of uncertainty in the field
were suggested to be the patients selection bias and the
difficulty to demonstrate causality. In reference to the for-
mer aspect, enrollment of heterogeneous patient groups
with largely different degrees of disease severity in the
emergency setting which characterized the first wave of the
pandemic, lack of control population and of adjustment for
already ascertained predictive factors such as diabetes and
obesity with which vitamin D deficiency is known to
associate [10] appear to be the major issues. Concerning the
latter aspect several authors have hypothesized that 25(OH)
vitamin D levels may be just decreased by the acute illness
per se [60] representing not the (con)cause of severe
COVID-19 but the effect implying therefore a possible
reverse causality [35, 38].

Interestingly, the design of our study allowed us to
overcome the limitations of previous studies since also
thanks to a decreased hospital emergency pressure it was
possible to subdivide patients at first hospital visit in those
with severe and non-severe conditions based on clinical
judgment which was subsequently confirmed by biochem-
ical and radiologic data. This gave us the chance to verify if
severity of disease per se was able to affect 25(OH) vitamin
D levels and exclude that the negative outcomes could only
have been just the result of a combination of clinical factors
already conditioning the presentation of the disease to
which vitamin D was just associated. Moreover, the careful
selection of a control population allowed us to correct our
COVID-19 patients data for the large prevalence of hypo-
vitaminosis D in our Country. In fact, in our whole study
population vitamin D deficiency, as defined by stringent
criteria [41], was frequent in line with Italian epidemiolo-
gical data [61]. Noteworthy, in our COVID-19 cohort,
vitamin D deficiency appeared a strikingly prevalent feature
observed in three-quarters of them at hospital evaluation
being significantly more prevalent (with lower absolute
levels) than in control subjects matched for age, sex and
comorbidities and enrolled during the same period time.
These data were consistent with the results of different
systematic reviews and meta-analyses reporting association
of higher risk of SARS-CoV-2 infection with lower 25(OH)

vitamin D levels with the odds ratios ranging from 1.43 to
2.71 [6, 8, 9]. Our data reinforced and improved these
findings since most of the studies included in these meta-
analyses were affected by several biases with control sub-
jects and COVID-19 patients often different in age, con-
comitant comorbidities, and timing of 25(OH) vitamin D
evaluation, performed often only during the hospitalization
and therefore possibly influenced by the disease progres-
sion, institutionalization, and concomitant systemic ther-
apeutic treatment. In our study, no differences were found
between control and COVID-19 cohorts regarding demo-
graphics and past medical history. 25(OH) vitamin D levels,
in agreement with the previous literature, were 40% lower
in the COVID-19 cohort than controls with a higher pre-
valence of vitamin D deficiency of 75%, despite the high
prevalence of hypovitaminosis D (43%) found also in the
control population. However, if these comparative findings
vs controls clearly demonstrate that poor vitamin D status is
a distinctive feature of COVID-19 they could not clarify the
issue of possible reverse causality due to the nature of the
control population.

In fact, the higher susceptibility to SARS-CoV-2 infec-
tion observed in subjects with vitamin D deficiency might
be related to the immunomodulatory role of vitamin D,
previously associated with COVID-19 severity and worse
outcome regarding ICU admission and mortality [6, 8, 9].
Also, these studies had several biases in terms of inclusion
criteria and study design, and a few conducted prospectively
reported contrasting results [13–17]. Instead, we enrolled
patients in 1:1 ratio for the presence of severe disease at
early evaluation in ED and matched for age, sex, and
comorbidities, and the patients’ groups with and without
severe outcomes were homogeneous.

Interestingly, we were unable to find significant differ-
ences in 25(OH) vitamin D levels between patients with
different severity at first hospital evaluation. This observa-
tion is consistent with the hypothesis that while low vitamin
D may predispose to SARS-CoV-2 infection it does not
condition the initial clinical presentation of COVID-19
which is likely influenced by many other clinical factors.
Moreover, it suggested that the disease per se is not able to
influence 25(OH) vitamin D levels, the decrease of which
seems based on our data unlikely to be an effect, i.e., a
biochemical marker, of severity of the disease.

Importantly instead, the prospective evaluation particu-
larly of patients who were firstly identified as affected by a
not-severe COVID-19 disclosed that those who developed a
worsening disease, presented lower 25(OH) vitamin D
levels and higher prevalence of vitamin D deficiency at
study enrollment as compared to those who did not worsen.
In line with these findings, also those patients identified as
severe at presentation in whom worse (life-threatening)
outcomes occurred, presented lower 25(OH) vitamin D
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levels and higher prevalence of vitamin D deficiency at
study enrollment as compared to those without a serious
disease progression. These findings were confirmed in
multiple regression analyses showing lower 25(OH) vitamin
D level as an independent risk factor for different outcomes
evaluated in this study. In particular, we observed that lower
25(OH) vitamin D level was the only variable statistically
associated with the occurrence of a worsening disease in
those firstly admitted in not-severe conditions. Additionally,
25(OH) vitamin D level remained a strong predictor of poor
outcomes also combining severe patients at presentation
who developed a life-threatening disease with non-severe
patients who underwent worsening disease. Only in this
specific analysis, and not in the separate analyses of severe
and non-severe patients, also a higher BMI resulted as an
independent risk factor for this worse outcome occurrence.
On one hand, these findings suggest that BMI does not
seem to play a crucial role in worsening of disease parti-
cularly in non-severe patients. On the other hand, this result
is in line with the previous published data that early
reported overweight, obesity and highly visceral adiposity
as some of the main important clinical factors strongly and
negatively associated with a more severe disease course of
patients affected by SARS-CoV-2 infection [62–65]. In
multiple regression analyses we did not observe an inde-
pendent effect of male sex, although male patients in pre-
vious studies were consistently characterized by a worse
COVID-19 and lower 25(OH) vitamin D levels [66].

Interestingly, ROC analyses confirmed the role of
25(OH) vitamin D levels in predicting the disease clinical
course, reporting excellent AUROCs for different out-
comes. In particular, the best cut-off 25(OH) vitamin D
value for the occurrence of worse outcomes was around
12 ng/mL, the level recognized as the cut-off value to define
the severe vitamin D deficiency status [41]. Currently, this
threshold is mainly associated with an increased risk of
rickets and osteomalacia, but our data support its use also to
identify patients and subjects at higher risk to develop the
more severe inflammatory and infectious complications.

Mechanistically, vitamin D deficient patients presented
with higher levels of inflammatory parameters and a higher
prevalence of hyperinflammation, associated with worse
COVID-19 outcomes [43]. In patients with hyperin-
flammation, who had similar demographic, anthropometric
and past medical history characteristics, we observed lower
25(OH) vitamin D levels and a higher prevalence of vitamin
D deficiency.

This may be explained by vitamin D opposing the effect
of RAAS promoting the expression of mACE-2, MasR, and
Ang‐(1‐7) and inhibited the ACE/Ang II/AT1R axis
favoring the conversion of angiotensin I (Ang I) to Ang 1–9
and Ang II into Ang 1–7 peptides which trigger vasodila-
tion and have anti-inflammatory and antiproliferative

properties protecting against organ injury in many human
diseases, including cardiovascular disease, CKD, liver dis-
eases and lung injury [18, 24, 25].

Vitamin D supplementation decreased lipopolysacchar-
ide (LPS)‐induced ALI by inducing ACE-2/Ang‐(1‐7) axis
and suppressing renin and the ACE/Ang II/AT1R axis [67]
and enhancing the mRNA expression of ACE-2 receptor in
rat models of LPS‐induced ALI [68]. Also, vitamin D
supplementation decreased ACE concentration and ACE/
ACE-2 ratio and enhanced ACE-2 concentration in diabetic
rats [69]. In cell cultures, 1,25(OH)2 vitamin D directly
suppressed renin gene transcription by a VDR-dependent
mechanism [70, 71] and, in a large cohort of patients,
25(OH) and 1,25(OH)2 vitamin D were related to an
upregulated RAAS activity and emerged as independent
predictors of plasma renin and Ang II concentrations [72].

Consistently, we reported for the first time to our
knowledge, a negative correlation between 25(OH) vitamin
D and sACE-2 levels in COVID-19 patients, and patients
with vitamin D deficiency were characterized by higher
levels of sACE-2 as compared to those not deficient. These
data could reflect the previously mentioned negative effects
of vitamin D deficiency on RAAS activity with increased
levels of sACE-2.

Soluble ACE-2 binds circulating SARS-CoV-2 viral S
protein, with a similar pathway to mACE-2, forming sACE-
2-virus complexes and then mediates viral entry into cells
spreading the infection to other organs [73–75]. Supporting
this potentially detrimental role, several studies have
reported higher levels of sACE-2 in patients with a more
severe COVID-19 and worse disease outcomes, proposing
its clinical utility as a possible novel biochemical marker for
disease severity, inflammation, and tissue damage in
patients with SARS-CoV-2 infection [76–84]. Confirming
the possible role as useful biomarker of disease severity of
sACE-2 in COVID-19 patients, as previously reported in
literature, we observed higher sACE-2 levels in patients
with a critical vs non critical disease. However, interest-
ingly, sACE-2 levels at presentation were not able to predict
at odds with respect to 25(OH) vitamin D the worsening of
disease either separately in severe or non-severe patients at
presentation or in our global population. Therefore, it can be
concluded that sACE-2 and vitamin D may have different
roles in COVID-19. In fact, sACE-2 can represent a marker
of the disease (and of vitamin D deficiency) whereas vita-
min D may be a (con)cause of the poor outcome of COVID-
19. In fact, the higher levels of sACE-2 in more severe
patients may reflect an increased viral shedding and inac-
tivation of mACE-2 reducing its anti-inflammatory effects
and altering RAAS activity in favor of Ang II, which is seen
in more severe COVID-19 patients [85–88].

Finally, we confirmed that the effects of 25(OH) vitamin
D occur as part of a distinct and emerging osteo-metabolic
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COVID-19 phenotype typically observed in these patients
[89, 90], characterized, in addition to the highly reported
rates of vitamin D deficiency, by also a marked acute
reduction of calcium levels in patients with a more severe
disease, as reported by consistent previous published data
[91, 92] and also confirmed in this study. In fact, although
no statistical differences in prevalence of hypocalcemia
between severe and non-severe patients, likely due at least
in part to this quite widespread finding in our cohort, it
cannot be excluded based on our data that hypocalcemia
may be one other possible mechanism underlying negative
prognostic role of low vitamin D levels in COVID-19 [93].

Our study has limitations. First of all, the number of
enrolled patients was relatively limited but as previously
mentioned this was due to the use of stringent entry criteria
excluding those with comorbidities possibly affecting vitamin
D metabolism, additionally, this, combined with decreased
hospital emergency pressure, allowed us to carefully and
accurately carry out a 1:1 enrollment in order to include the
patients in two severity groups matched for age, sex and
comorbidities. Therefore, the highly controlled nature of the
study made it candidate to recognize at best the possible role
of vitamin D deficiency in COVID-19 including possible
reverse causality. Moreover, this study was conducted in a
region heavily affected by vitamin D deficiency and poten-
tially reducing the statistical ability to highlight this negative
role in our patients. However, the enrollment of a matched
control population was able to minimize this effect. Finally,
the study was not designed specifically to evaluate the other
biologically active forms of serum vitamin D or other para-
meters of bone metabolism such as serum phosphate and the
whole biochemical ACE-2/RAAS axis and all its compo-
nents. This latter aspect should be considered for further lar-
ger studies to clarify the underlying mechanisms of the
relationship between vitamin D and sACE-2.

In conclusion, we reported a higher prevalence of vitamin
D deficiency in patients affected by COVID-19 as compared
to control subjects matched for age, sex and comorbidities;
our study suggests that lower 25(OH) vitamin D levels are
unlikely to be an effect of the severity of the underlying
disease therefore not supporting key role for reverse causality
between COVID-19 and vitamin D. In fact, we were able to
provide evidence that levels below 12 ng/mL of 25(OH)
vitamin D were independent predictors of worsening of the
disease particularly in hospitalized non-severe patients. The
clinical implications of these findings are extensive suggesting
that repletion of vitamin D in deficient subjects, particularly in
areas in which vitamin D deficiency is endemic, reaching
levels above that threshold could reduce the susceptibility to
the SARS-CoV-2 infection but even more importantly reduce
the risk of a worsening of the disease also in patients with
non-severe presentation at hospital admission thereby acting
clinically in a similar way with respect to available vaccines

[94, 95] and giving a sound pathophysiological basis for
interventional studies in patients with non-severe disease and
eventually for a possible synergistic effect of vitamin D
repletion and vaccination in improving COVID-19 outcomes.
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