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Abstract

Background: Vitamin D deficiency has been suggested to favor a poorer outcome of Coronavirus disease-19
(COVID-19). We aimed to assess if 25-hydroxyvitamin-D (250HD) levels are associated with interleukin 6 (IL-6) levels
and with disease severity and mortality in COVID-19.

Methods: We prospectively studied 103 in-patients admitted to a Northern-ltalian hospital (age 66.1 + 14.1 years, 70
males) for severely-symptomatic COVID-19. Fifty-two subjects with SARS-CoV-2 infection but mild COVID-19
symptoms (mildly-symptomatic COVID-19 patients) and 206 subjects without SARS-CoV-2 infection were controls.
We measured 250HD and IL-6 levels at admission and focused on respiratory outcome during hospitalization.

Results: Severely-symptomatic COVID-19 patients had lower 250HD levels (182 + 114 ng/mL) than mildly-symptomatic
COVID-19 patients and non-SARS-CoV-2-infected controls (30.3 +85 ng/mL and 254 + 94 ng/mlL, respectively, p < 0.0001 for
both comparisons). 250HD and IL-6 levels were respectively lower and higher in severely-symptomatic COVID-19 patients
admitted to intensive care Unit [(ICU), 144 + 86 ng/mL and 43.0 (19.0-56.0) pg/mlL, respectively], than in those not requiring
ICU admission [224 + 1.4 ng/mL, p=0.0001 and 160 (8.0-32.0) pg/mL, p =0.0002, respectively]. Similar differences were
found when comparing COVID-19 patients who died in hospital [13.2 + 64 ng/mL and 45.0 (28.0-99.0) pg/mL] with survivors
[193+120ng/mL, p=0035 and 21.0 (10.5-45.9) pg/mL, p = 0018, respectively). 250HD levels inversely correlated with: i) IL-
6 levels (p —0.284, p=0.004); i) the subsequent need of the ICU admission [relative risk, RR 0.99, 95% confidence interval
(959%(Cl) 0.98-1.00, p = 0.011] regardless of age, gender, presence of at least 1 comorbidity among obesity, diabetes, arterial
hypertension, creatinine, IL-6 and lactate dehydrogenase levels, neutrophil cells, lymphocytes and platelets count; iii) mortality
(RR 097, 95%Cl, 095-0.99, p =0011) regardless of age, gender, presence of diabetes, IL-6 and C-reactive protein and lactate
dehydrogenase levels, neutrophil cells, lymphocytes and platelets count.
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Conclusion: In our COVID-19 patients, low 250HD levels were inversely correlated with high IL-6 levels and
were independent predictors of COVID-19 severity and mortality.

Keywords: Vitamin D, COVID-19, Mortality, Interleukin-6

Background

The consequences of infection with SARS-CoV-2 broadly
varies from benign to fatal. While many infected individuals
remain asymptomatic or experience only mild symptoms
(e.g. fever, dyspnea, cough, myalgia, fatigue or less frequently
diarrhea), others develop moderate to severe coronavirus dis-
ease 2019 (COVID-19), mainly characterized by interstitial
pneumonia, frequently progressing to acute respiratory dis-
tress syndrome (ARDS) and death from respiratory failure or
other complications. Indeed, the occurrence of pneumonia
requiring respiratory support with continuous positive airway
pressure treatment or non-invasive ventilation, seems a crit-
ical event characterizing asymptomatic or mild cases, from
those with more severe disease, which may progress towards
severe acute respiratory failure (in need of invasive mechan-
ical ventilation), with up to 95% prevalence of respiratory dis-
tress described in patients who died for the disease [1].

It is believed that SARS-CoV-2 outcomes may be de-
termined by the extent of the host immune system im-
balance [2—4]. While the primary immune response
exerts a positive effect against infection, facilitating viral
clearance, the secondary immune response, at least in a
subset of subjects, may be exaggerated and challenge tis-
sue integrity, thus leading to multiple organ failure,
ARDS and death [2]. Consistent with this hypothesis,
together with older age and the presence of major co-
morbidities (e.g. diabetes, obesity, hypertension and car-
diovascular diseases), predictors of COVID-19 fatality
mainly include elevated cytokine levels or other inflam-
matory markers [5] suggesting that mortality might be
somewhat related to virally driven hyper-inflammation,
known as “cytokine storm” [3, 4].

In this COVID-19 emergency, given the complex
pathophysiology of this disease, information media have
sometimes conveyed inaccurate or biased information
based on anecdotal or insufficiently supported data. One
of these debated issues is the role of vitamin D in modu-
lating the severity of COVID-19, as this vitamin exerts
well known immuno-modulatory functions spanning
from the innate to the adaptive arms of the immune sys-
tem and including the downregulation of pro-
inflammatory cytokines [6], such as interleukin-6 (IL-6).
A wealth of clinical and preclinical observations sug-
gested that insufficient vitamin D levels may favor viral
infections, particularly in the respiratory tract, as well as
autoimmune disorders [6, 7]. Indeed, the clinical con-
nection between vitamin D and infections stemmed

initially from the recognition that sunlight, likewise the
use of cod liver oil, were beneficial for patients suffering
from tubercolosis. Then, other studies demonstrated
that vitamin D supplementation protects against respira-
tory infections [8, 9] and that there is an association
between vitamin D deficiency [ie. serum 25-
hydroxyvitamin D (250HD) levels below 20 ng/mL] and
increased risk of progression and death from viral infec-
tions such as HIV, due to persistent immune activation,
greater inflammation and activated monocyte pheno-
types [9]. This relationship seems independent from
comorbid conditions, that, likewise in COVID-19, rep-
resent well known determinants of HIV severity and
mortality [10]. In this respect, a recent systematic lit-
erature revision from the UK Government Scientific
Advisory Committee on Nutrition (SACN) suggested
that, albeit stronger evidence should be required,
there may be some benefit from daily, low-dose vita-
min D supplementation (between 10 and 25 pg/day;
400 to 10001U/day) in reducing risk of acute respira-
tory tract infections [11].

Based on all the above premises, it is not surprising
that information media, physicians and even health au-
thorities had been debating about the possibility that
vitamin D replacement might represent an useful inter-
vention to strengthen the immune system and help in
the fight against COVID-19 [12]. Such a possibility is
further supported by recent reviews of epidemiology
data, suggesting a likely relationship between COVID-19
severity and the prevalence of vitamin D deficiency in a
population [13-15], as well as from small reports in pa-
tients with or without COVID-19 [16-22]. However, it
still remains to be demonstrated, on a prospective basis
and taking into account possible confounding factors
(e.g. age, gender and major comorbidities), whether vita-
min D deficiency or low 250HD levels, as assessed at
the time of diagnosis, are associated with the severity of
COVID-19, a demonstration that would be required to
further support the planning of clinical trials aimed at
assessing the efficacy of vitamin D administration in pa-
tients infected with SARS-CoV-2.

Therefore, we aimed to prospectively investigate, in a
well characterized cohort of consecutive COVID-19 pa-
tients admitted to our COVID-19 hospital, the associ-
ation between 250HD levels at hospital admission and
COVID-19 severity and related mortality during the
course of hospitalization.
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Methods

Subjects

We recruited a cohort of 103 consecutive, white Cauca-
sian patients affected with severely-symptomatic COVID-
19 (severely-symptomatic COVID-19 patients), admitted
to the COVID-19 Units of San Luca Hospital, Istituto
Auxologico Italiano in Milan, Italy, due to respiratory in-
sufficiency between March 9th and April 30th 2020. The
criteria for inclusion in the severely-symptomatic COVID-
19 patients group were acute respiratory failure (namely,
spontaneous oxygen saturation <93% and/or PaO2/FiO2
ratio < 300 mmHg) requiring invasive or non-invasive ven-
tilation, with or without the presence of fever (>37.5°C)
and other organ dysfunction.

These patients were matched by age, weight and gender
with a 206 (2:1 ratio) non SARS-CoV-2 infected controls
derived from a reference population of 3174 consecutive
subjects (defined from now on as controls), who under-
went 250HD measurement in Siena (Italy) between Janu-
ary 01 and March 31, 2020, during a medical check-up,
regardless of hospitalization status (with up to 65% of as-
sessments deriving from non-hospitalized subjects). These
individuals were included in the control group if they had
no epidemiological and clinical evidence of SARS-CoV-2
infection at the time of 250HD measurement.

Moreover, during March—April 2020 period, a cohort
of 52 subjects was recruited as a reference group with
milder disease (so called “mildly-symptomatic” COVID-
19 patients). The inclusion criteria for the “mildly-symp-
tomatic” COVID-19 cases were the laboratory evidence
of SARS-Cov-2 infection with only mild symptoms of
COVID-19 (e.g. fever, dry cough, tiredness, loss of taste
or smell) but without respiratory failure. These mildly-
symptomatic COVID-19 subjects were consecutively re-
cruited from either the Istituto Auxologico Italiano
Nursing Home (n =20, age 86.5+ 6.8 years) or among
the Istituto Auxologico Italiano employees who were
screened for SARS-Cov-2 infection (1 =32, age 49.6 £
10.2 years).

Overall, our study included 361 subjects (52 mildly-
symptomatic COVID-19  patients, 103  severely-
symptomatic COVID-19 patients and 206 non SARS-
CoV-2 infected controls) with 250HD measurement.
For the severely-symptomatic COVID-19 patients, data
about disease progression and in-hospital mortality were
recorded. During the course of the disease in-hospital,
54 severely-symptomatic COVID-19 patients needed to
be admitted to the intensive care unit (ICU) with venti-
lator support through either CPAP (n=38) and/or
endo-tracheal intubation (#=16), while the remaining
patients (n = 49) remained in a ward (Fig. 1). The indica-
tion for invasive or non-invasive mechanical ventilation
was mainly based on the Brescia-COVID Respiratory Se-
verity Scale (BCRSS)/Algorithm [23].
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Among mildly-symptomatic COVID-19 patients and
severely-symptomatic COVID-19 patients, 8 (15.3%) and
13 (12.6%, p = n.s.) subjects, respectively, were affected by
chronic obstructive pulmonary disease, and 41 (78.8%)
and 31 (30.1%, p<0.005), respectively, were taking
cholecalciferol supplements. No differences in gender
distribution, age, BMI and comorbidities were found be-
tween patients supplemented with cholecalciferol and
those not taking cholecalciferol supplements in both
mildly-symptomatic COVID-19 and severely-symptomatic
COVID-19 groups (data not shown). Among severely-
symptomatic COVID-19 patients 8, 23 and 53 subjects
were treated with tocilizumab, dexamethasone and
chloroquine, respectively, during hospitalization. Five pa-
tients (3 females and 2 males) had serum creatinine levels
above the upper normal limits (106.1 pmol/L for men and
88.4 umol/L.  for women), of which 2 were above
176.8 umol/L. The diabetes control was inadequate (ie.
glycated hemoglobin above 58 mmol/mol) in 4 and 2 sub-
jects with severely-symptomatic or mildly-symptomatic
COVID-19 (p = n.s.), respectively.

Methods

In all patients the diagnosis of SARS-Cov-2 infection
was defined as a positive result from naso-pharyngeal
swab associated with reverse transcription-polymerase
chain reaction analysis (GeneXpert, Cepheid, Sunnyvale,
USA). In all subjects, circulating 250HD levels (250HD,
LIASON 25-OH Vitamin D TOTAL Assay; Diasorin
Diagnostics) were measured. For each patient we defined
the presence of vitamin D deficiency in case of 250HD
<20 ng/mL. The measurement of 250HD levels was per-
formed at hospital admission in severely-symptomatic
COVID-19 patients, as well as at the time of SARS-CoV-
2 infection diagnosis in mildly-symptomatic COVID-19
cases. In all subjects the body mass index was directly
calculated or derived from medical reports, and informa-
tion concerning demographics, medical history and the
presence of common comorbidities (i.e. hypertension,
type 2 diabetes, obesity) was recorded within the first 24
h following SARS-Cov-2 infection diagnosis. In all
hospitalized COVID-19 patients, at admission, we also
assessed serum IL-6 (electrochemiluminescence assay,
Roche Diagnostics, normal values < 7 pg/mL), C-reacting
protein levels (by immune-turbidimetric method), lactate
dehydrogenase, calcium, creatinine, D-dimer, and blood
count by automatic auto-analyzer.

Statistical analysis

An unambiguous and progressive alphanumeric code
was assigned to all patients and controls, in order to ob-
tain an anonymously recorded database. Continuous var-
iables are shown as mean and standard deviation (SD)
for data with normal distribution (evaluated with
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103 COVID-19 pts with respiratory failure
(admitted between March 9" and April 307, 2020)

Admitted to hospital ward
(=49, 47.6%)

049 (100%) discharged
[mean 16.30 +8 days]

Fig. 1 Clinical Course of Symptomatic COVID-19 Cases
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Admitted to ICU
(n=54, 52.4%)

o CPAP (n=38)
o Endo-tracheal intubation (n=16)

0 19 (35.2%) deceased

[mean 19.1 + 9days]
0 35 (64.8%) discharged

[mean 21.0+ 9days]

Kolmogorov-Smirnov test) and median and interquartile
range (IQR) in case of no normal data. Categorical data
are reported as frequencies and proportions. Compari-
sons of continuous variables among more than two
groups were carried out by means of ANOVA model (or
Kruskal-wallis test in case of no normal data), while T-
test (or Wilcoxon test) was used to compare continuous
variables between two groups. Chi-square and Fisher test
were used to compare categorical variables among
groups. To compare the mean level of 250HD among
groups adjusting for other covariates we applied an
ANOVA model with Tukey method to control the infla-
tion of type I error due to head to head comparisons.
Correlation between two continuous variables were
tested by Pearson coefficient (or Spearman in case of no
normal distribution). Two multivariable Poisson regres-
sion models with robust variance were implemented to
estimate the association between 250HD and the need
of admission to ICU or death [24]. These association es-
timates were reported as Relative Risk (RR) and its rela-
tive 95% confidence interval (95%CI). These associations
were adjusted for possible confounding factors (age and
gender) and/or for the variables (e.g. biomarkers and
major comorbidities) that were found to be statistically
different (p-value <0.05) between patients who needed
or not the admission to ICU or who died or survived, re-
spectively. All analyses were performed by two statisti-
cians (DS and AZ) using the Statistical Analysis System
Software (version 9.4; SAS Institute, Cary, NC). Statis-
tical significance was set at the 0.05 level. All P values
were 2-sided.

A sample size of 95 patients was estimated in order to
identify as significant a 3% reduction in the risk of death

assuming I type error of 5%, a power of 80% and a pro-
portion of deaths of 15% (taking into account a 13—18%
of death rates for Covid-19, as observed in Lombardia
region during the first pandemic flow). This sample size
was calculated considering a logistic model with one
continuous predictor and it was based on the likelihood
ratio test. The analysis was performed using the tool
Power and Sample Size (PSS) of the Statistical Analysis
System software (SAS - version 9.4).

Results

Clinical characteristics and vitamin D levels in severely-
symptomatic COVID-19 patients, mildly-symptomatic
COVID-19 patients and non SARS-CoV-2 infected controls
The clinical characteristics of mildly-symptomatic
COVID-19 patients, severely-symptomatic COVID-19
cases and non SARS-CoV-2 infected controls are re-
ported in Table 1.

No difference was observed for age and gender and car-
diovascular (CV) disease, while a higher prevalence of
hypertension or at least one major comorbidity (among
obesity, diabetes and hypertension) was observed in
severely-symptomatic COVID-19 patients than in mildly-
symptomatic COVID-19 cases and controls. Moreover,
significant difference was observed for mean 250HD
levels among severely-symptomatic COVID-19 patients
(18.2 £ 11.4 ng/mL), mildly-symptomatic COVID-19 pa-
tients (30.3 + 8.4 ng/mL) and controls (25.4 + 9.4 ng/mL).
Head to head comparisons between mean levels of
250HD showed significant lower values in severely-
symptomatic COVID-19 patients respect to mildly-
symptomatic COVID-19 patients and to non SARS-CoV-
2 infected controls. Moreover, mildly-symptomatic
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COVID-19 cases showed significantly higher mean
250HD values than non SARS-CoV-2 infected controls
(Fig. 2). All comparisons are adjusted for age, gender, CV
disease and each comorbidity.

Table 1 also shows a significant difference among the
proportion of patients with vitamin D deficiency among
the 3 groups (62% in severely-symptomatic COVID-19
patients, 12% in mildly-symptomatic COVID-19 patients
and 28% in controls).

Concerning severely-symptomatic COVID-19 patients
no statistically significant differences in 250HD values
were found between patients taking tocilizumab (12.5 £
5.8 ng/mL), dexamethasone (18.8 + 11.7 ng/mL) or chloro-
quine (16.3+10.2ng/mL), as compared to those not
taking these drugs (19.5 + 11.3 ng/mL, 18.7 + 11.6 ng/mL,
18.8 + 11.7 ng/mL, 20.3 + 12.4 ng/mL, respectively, p > 0.1
for all comparisons). Similarly no statistically significant
differences in IL-6 values were found between patients
taking tocilizumab (34.5 + 24.5 pg/mL), dexamethasone
(38.0 £ 36.8 pg/mL) or chloroquine (39.8 + 38.8 pg/mL), as
compared to those not taking these drugs (42.0 + 50.6 pg/
mL, 40.2 +45.2 pg/mL, 40.2 +45.9 pg/mL, 39.6 +49.1 pg/
mL, respectively, p > 0.1 for all comparisons).

Vitamin D status and severe respiratory dysfunction
requiring admission to ICU in severely-symptomatic
COVID-19 patients

After hospital admission, 54 subjects (52.4%) were admit-
ted to ICU, because of severe respiratory failure requiring
continuous positive airway pressure and/or endo-tracheal
intubation (Fig. 1). The presence of interstitial pneumonia
was confirmed by computed tomography in all these
cases. As shown in Table 2, these patients were more
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likely to be males, and affected with at least one major co-
morbidity. Concentrations of IL-6, lactate dehydrogenase
(LDH) and neutrophils levels were higher, while 250HD,
lymphocytes and platelets levels were lower in patients
subsequently admitted to ICU than in those without se-
vere respiratory distress. Although severely-symptomatic
COVID-19 patients admitted in ICU tended to have
higher D-dimer levels than severely-symptomatic COVID-
19 patients not admitted to ICU and were more frequently
treated with tocilizumab (11.1% vs 4.1%, respectively p =
0.183), dexamethasone (27.8% vs 16.3%, respectively, p =
0.163) or chloroquine (57.4% vs 42.9%, p = 0.140), these
differences were not statistically significant. In severely-
symptomatic COVID-19 patients 250HD levels were in-
versely associated with interleukin-6 (IL-6, p = - 0.282, p-
value = 0.004) and directly with platelets levels (p =0.178,
p-value = 0.073).

The prevalence rates of vitamin D deficiency were sig-
nificantly higher in patients requiring ICU admission
than in those who did not (Table 2). ICU admission was
inversely associated with 250HD levels controlling for
age, gender, creatinine, IL-6, LDH, neutrophil cell, lym-
phocytes and platelets levels and the presence of at least
one major comorbidity (Table 3). A 1 ng/mL increase in
250HD levels was associated with a reduction of 1%
(95%CI 0 to 2% p —value = 0.011) of ICU admission risk.

Vitamin D status and COVID-19 mortality in severely-
symptomatic COVID-19 patients

After a mean of 19.1 + 8.7 days of hospital stay (range 3—
36 days) 19 patients (18.4%) died, all of them due to
ARDS (Fig. 1). These subjects were older and showed
significantly lower 250HD levels, lymphocytes and

Table 1 Clinical characteristics of severely-symptomatic COVID-19 patients, mildly-symptomatic COVID-19 patients and non SARS-

CoV-2 infected control subjects

Whole Non SARS-CoV-2 infected Mildly symptomatic Severely Symptomatic P-value
cohort Control COVID-19 CoviID-19
(N =361) (N =206) (n =52) (n =103)
Age, years median [IQR]  66.00 67.00 57.50 66.70 0.649
[54.00-78.00] [57.00-77.00] [51.00-86.05] [56.10-77.40]
Male N(%) 243 (67%) 142 (69%) 31 (60%) 70 (68%) 0435t
CV disease ® N(%) 54 (15%) 31 (15%) 11 (21%) 12 (12%) 0293t
At least 1 comorbidity b 181 (50%) 95 (46%) 23 (44%) 63 (61%) 0.03t
N(%)
Obesity N (%) 67 (19%) 42 (20%) 5 (10%) 20 (19%) 0.196t
Diabetes N (%) 61 (17%) 31 (15%) 11 (21%) 19 (18%) 0.510t
Hypertension N (%) 140 (39%) 75 (36%) 13 (25%) 52 (51%) 0.005t
vitamin D deficiency 127 (35%) 57 (28%) 6 (12%) 64 (62%) <
(250HD <20 ng/mL) N(%) 0.0001+
250HD ng/mL mean (SD)  24.0 (10.6) 254 (9.4) 303 (84) 182 (114) <
0.0001%

IQR Interquartile range; SD Standard Deviation; CV Cardiovascular; # = Kruskal-Wallis test; t = Chi square test; + = ANOVA model;
2 cardiovascular disease: coronary heart disease, stroke, myocardial infarction; ® at least 1 comorbidity among obesity, diabetes, arterial hypertension
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250HD ng/mL

Matched non SARS-
COV-2 infected
control subjects

method is used to control the inflation of type | error due to head to head

P-value =<0.0001

Fig. 2 25-hydroxy-vitamin D levels in mildly-symptomatic COVID-19 patients, in severely-symptomatic COVID-19 patients and in matched non
SARS-CoV-2 infected control subjects. Legend: Data are shown as mean 25-

symptomatic COVID-19 patients 0.006, SARS-CoV-2 infected control subjects vs severely-symptomatic COVID-19 patients < 0.0001, mildly-
symptomatic COVID-19 patients vs severely-symptomatic COVID-19 patients < 0.0001

+

Midly- Moderately-to-severely-
symp i symp ic COVID-19
COVID-19 patients

patients

hydroxy-vitamin D values and their 95% confidence interval Tukey
comparisonsP-value: SARS-CoV-2 infected control subjects vs mildly-

platelets levels and higher IL-6, C-reacting protein
(CRP), LDH and neutrophil levels than COVID-19 pa-
tients who survived (Table 4). The prevalence of diabetes
was also significantly higher among deceased patients,
while there were no differences for the presence of other
comorbidities. Although deceased, severely-symptomatic
COVID-19 patients tended to have higher D-dimer
levels than severely-symptomatic COVID-19 patients
who survived, this difference was not statistically signifi-
cant. Likewise, the use of tocilizumab, dexamethasone
and chloroquine was not different between patients who
deceased and those who survived.

Mortality was inversely associated with 250HD levels
controlling for age, gender, diabetes, IL-6, CRP, LDH,
neutrophil cell, lymphocytes, and platelets levels
(Table 5). A 1ng/mL increase in 250HD levels was as-
sociated with a reduction of 4% (95%CI 1 to 6% p —
value = 0.002) of death risk. All severely-symptomatic
COVID-19 patients who survived were discharged after
a mean = SD hospital stay of 16.3+8.0 and 21.0+9.1
days, respectively, for those admitted to a ward and
those in need of ICU.

The proportions of patients grouped by different thresh-
olds of vitamin D levels (< 10 ng/mL; 10-20 ng/mL, 20—
30 mg/mL and >30ng/mL) for the mildly-symptomatic

COVID-19 patients, severely-symptomatic COVID-19 pa-
tients not needing ICU, severely-symptomatic COVID-19
patients admitted in ICU, deceased severely-symptomatic
COVID-19 patients, non SARS-CoV-2 infected controls
and the reference population (Siena’s cohort as the source
of our control group) are depicted in Fig. 3. As is evident,
the prevalence of both vitamin D 250HD < 10 ng/mL and
250HD between 10 and 20 ng/mL was higher in severely
COVID-19 cases (considered as overall group as well as in
ICU-admitted and deceased cases) than in mildly-
symptomatic COVID-19 patients or controls, respectively.

Discussion

The dramatic evolution of SARS-CoV-2 pandemic, along
with its higher morbidity and mortality rates, urged us to in-
vestigate the possible mechanisms leading to severe clinical
outcomes in the attempt to identify effective treatments [1].
Within this context, we measured 250HD levels in a series
of SARS-CoV-2 infected patients from the first pandemic
flow, including either mildly-symptomatic subjects or se-
verely symptomatic COVID-19 cases, the latter admitted to
hospital because of different degrees of respiratory insuffi-
ciency. An age and sex matched group of uninfected subjects
was also recruited as reference.
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Table 2 Clinical characteristics of severely-symptomatic COVID-19 patients admitted to hospital ward or to Intensive Care Unit

Whole cohort Patients admitted Patients admitted to Intensive P-value
(N =103) to hospital ward Care Unit
(n =49) (n =54)
Age, years mean(SD) 66.12 (14.14) 68.82 (14.93) 63.67 (13.00) 0.064
Males N(%) 70 (68%) 28 (57%) 42 (78%) 0.025%
CV diseases® N (%) 12 (12%) 4 (8%) 8 (15%) 0.293t
At least 1 Comorbidityb N(%) 63 (61%) 25 (51%) 38 (70%) 0.044t
Obesity N (%) 20 (19%) 7 (14%) 3 (24%) 0210t
Diabetes N (%) 19 (18%) 7 (14%) 12 (22%) 0.300t
Hypertension N (%) 52 (50%) 21 (43%) 1 (57%) 0.140%
250HD ng/mL mean(SD) 182 (114) 224 (12.7) 144 (86) 0.0003%
vitamin D deficiency (250HD <20 ng/mL) N(%) 64 (62%) 22 (45%) 42 (78%) 0.0006t
Creatinine pmol/L 0.86 093 0.80 0.008%
median [IQR] [0.72-1.04] [0.81-1.04] [0.66-0.95]
IL-6 pg/mL 25.00 16.00 4295 0.0002%
median [IQR] [13.00-51.00] [8.00-32.00] [19.00-56.00]
D-Dimer ng/mL 2482 2118 2786 0403
median [IQR] [1697-3267] [1125-3110] [1585-3986]
C-reactive Protein, nmol/L 2.16 267 1.81 0.872%
median [IQR] [0.78-8.21] [0.88-5.82] [0.72-9.83]
Fibrinogen, g/L mean(SD) 482.3 (167.4) 503.6 (144.4) 463.0 (181.5) 0.222%
Lactate dehydrogenase, mU/mL median [IQR] 260.00 253.00 284.50 0.009+
[230.00-312.00] [222.00-279.00] [238.00-364.00]
Leukocytes count, x107/L 7.90 7.00 8.50 0.052%
median [IQR] [5.50-10.10] [5.20-8.30] [6.10-10.80]
Neutrophils count, x 10%/L 5.60 3.90 6.70 0.002%
median [IQR] [3.30-7.40] [3.10-5.70] [3.80-8.00]
Lymphocytes count, x10%/L median [IQR] 1.50 1.50 1.30 0.039+
[1.00-2.00] [1.30-2.20] [0.90-1.90]
Platelets count, x107/L 283.00 330.00 228.00 0.0005%

median [IQR]

[214.00-369.00]

[276.00-399.00]

[186.00-345.00]

P-value are referred to the comparison between patients admitted to Intensive Care Unit and those admitted to hospital ward

2 cardiovascular disease: coronary heart disease, stroke, myocardial infarction; ® at least 1 comorbidity among obesity, diabetes, arterial hypertension. SD Standard
Deviation, IQR interquartile range, = T-test, ¥ = Wilcoxon test, t = Chi-square test

Patients in intensive care unit: patients with respiratory distress requiring continuous positive airway pressure and/or endo-tracheal intubation. 250HD

25hydroxyvitamin D; IL-6 interleukin-6

Lactate dehydrogenase normal values: 8-300 mU/mL; Fibrinogen normal values: 2.0-4.0 mg/dL; Leukocyte normal values: 4.5-11.0 x 109/L; Neutrophil normal
values: 1.5-8.0 x 109/L; Absolute Lymphocyte Count normal values: 0.9-2.9 x 109/L; Platelet normal values: 150-400 x 109/L

In the overall sample, circulating 250HD levels were
lower in hospitalized, severely-symptomatic COVID-19
patients than in midly-symptomatic-COVID-19 subjects
and in non SARS-CoV-2 infected controls. Moreover, in
severely-symptomatic COVID-19 patients 250HD levels
at hospital admission predicted both the severity of the
respiratory distress (as mirrored by the needing of ICU
admission) and the mortality. Overall, these data confirm
previous similar studies [16—22] and demonstrate on a
prospective setting that vitamin D deficiency is associ-
ated with the clinical outcomes of COVID-19, independ-
ently of inflammatory markers (e.g. IL-6 and CRP), age,
or the presence of major comorbidities such as obesity,
diabetes and hypertension, that are commonly observed
among hospitalized COVID-19 patients.

Likewise, different studies suggested a possible associ-
ation between 250HD levels and COVID-19 on the
basis of indirect evidences only, such as the relationship
between the risk of SARS-CoV-2 infection and latitude
[14] or the occurrence of an inverse correlation between
mean vitamin D levels and the number of COVID-19
cases in European countries [15]. Interestingly, other lar-
ger observations, including cohort studies, reported the
presence of significantly lower vitamin D levels in SARS-
CoV-2 infected subjects compared with SARS-CoV-2
negative patients, thus suggesting a relationship between
insufficient vitamin D levels and SARS-Cov-2 positivity
[25, 26].

Our data, therefore, are in line with most of the above
observations, potentially suggesting that reduced vitamin
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Table 3 Factors independently associated with admission to
intensive care Unit in severely-symptomatic COVID-19 patients

RR (95% Cl) P-value
Age 0.993 (0.980 to 1.007) 0325
Gender

Female Ref

Male 1.222 (0.793 to 1.882) 0.363
At least 1 comorbidity *

No Ref.

Yes 1.556 (1.079 to 2.244) 0.018
Creatinine 0.503 (0.268 to 0.944) 0.032
IL-6 1.000 (0.997 to 1.004) 0.907
Lactate dehydrogenase 1.000 (1.000 to 1.001) 0459
Neutrophil cells count 1.076 (1.018 to 1.136) 0.009
Lymphocytes count 0.860 (0.651 to 1.137) 0.289
Platelets count 0.998 (0.996 to 1.000) 0.089
250HD 0.989 (0.981 to 0.997) 0.011

Patients in Intensive Care Unit: patients with respiratory distress requiring
continuous positive airway pressure and/or endo-tracheal intubation. 250HD
25hydroxyvitamin D; IL-6 interleukin-6;

2 at least 1 comorbidity among obesity, diabetes, arterial hypertension

D levels may favor SARS-Cov-2 infection and may have
a role in the risk of severe respiratory dysfunction and
mortality during the course of hospitalization in patients
affected by COVID-19. The observed inverse association
between circulating 250HD and IL-6, a cytokine in-
volved in inflammatory response and autoimmune dis-
eases, contributes to characterize, at least in part, the
possible role exerted by vitamin D in this disease. In-
deed, IL-6 is crucial in regulating the inflammatory re-
sponse, and increased IL-6 levels in COVID-19 patients
have been repeatedly related to the severity and progno-
sis of this disease [4, 5]. Consistent with this hypothesis,
tocilizumab, a recombinant humanized antihuman IL-6
receptor monoclonal antibody, has been widely used
with the aim to improve the clinical outcome and pos-
sibly reduce mortality in severe and critical COVID-19
patients [27-29]. Interestingly, we previously demon-
strated that a low vitamin D status is associated with an
enhanced acute inflammatory reaction in patients under-
going bisphosphonate treatment, that becomes particu-
larly relevant when 250HD levels are below 20 ng/mL
[30]. Vitamin D supplementation in those patients was
able to reduce IL-6 levels and to decrease the prevalence
of such inflammatory response. Importantly, while toci-
lizumab non-selectively blocks both anti-inflammatory
and pro-inflammatory actions of IL-6, vitamin D does
not target IL-6 receptors and thus directly reduces IL-6
production from immune cells avoiding potential dele-
terious effects related to the complete suppression of the
anti-inflammatory actions of IL-6 [31].
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In addition, previous experimental studies demon-
strated that vitamin D is locally activated in lung tissues
and may exert a preventive effect on experimental inter-
stitial pneumonia [32]. This might occur through differ-
ent mechanisms that not only include the suppression of
the pro-inflammatory cytokine production, but also the
modulation of neutrophil activity (thereby reducing their
excessive activation and recruitment into inflamed lung
that is in part responsible of alveolar damage) and the
killing of enveloped viruses through induction of catheli-
cidin and defensins [7, 15].

Moreover, vitamin D protected the pulmonary vascu-
lar barrier from acute inflammatory injury in mice by lo-
cally targeting the renin-angiotensin system [33], whose
dysregulation has been implicated in favoring the SARS-
CoV-2 entry into alveolar cells with massive cytokine ac-
tivation and development of ARDS [2, 34]. Additional
positive effects of vitamin D at the lungs level also in-
clude the stimulation of surfactant synthesis by alveolar
type-1I cells, thus improving alveolar surface tension and
exerting a protective role against inflammation and oxi-
dative stress [35]. These data suggest that an adequate
vitamin D status might have potentially favorable effects
on the clinical outcome of COVID-19, by improving the
pulmonary vascular barrier and limiting the cytokine
storm.

The hypothesis of a role for vitamin D deficiency in fa-
voring the COVID-19 related respiratory dysfunction is
further supported by epidemiologic data showing that
the mortality rate of COVID-19 infection between the
onset of the first pandemic flow and the summer time
was higher (> 10%) in southern European countries [13—
15], such as Italy and Spain, in which vitamin D defi-
ciency is known to be highly prevalent in the winter sea-
son, likely due to the lack of fortification and
supplementation policies [36]. Indeed, the SARS-CoV-2
pandemic, between January and May 2020, has shown a
larger diffusion in the Northern hemisphere along the
30-50°N latitude zone, while COVID-19 related mortal-
ity, particularly concerning white Caucasian subjects, im-
portantly decreased (around 2-6%) in most countries
below the 37°N parallel [37], where the sunlight expos-
ure allows to produce adequate vitamin D levels even in
fall and winter seasons [6]. Likewise, death rates have
been lower (well below 5%) in other Countries of Cauca-
sian ancestry from the Southern hemisphere such as
Australia and New Zealand, in concomitance with the
local summer season [38], while have remarkably de-
creased in our country and other European countries
after the wintertime. The more recent pandemic flows in
the Northern hemisphere mostly recapitulated the above
observations, showing a progressive increase in mortality
rates from October—-November 2020 onwards. In
keeping with these findings, in US COVID-19
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Table 4 Clinical characteristics of severely-symptomatic COVID-19 patients who survived and of COVID-19 patients who died in

hospital
Whole cohort (N=103) Surviving patients Non-surviving patients P-value
(n =84) (n=19)
Age, years mean(SD) 66.12 (14.14) 64.72 (14.72) 7232 (8.95) 0.006%
Males N(%) 70 (68%) 57 (68%) 13 (68%) 0.9621
CV diseases® N(%) 12 (12%) 11 (13%) 1 (5%) 0.458¥
At least 1 comorbidity® N(%) 63 (61%) 48 (57%) 15 (79%) 0.078t
Obesity N (%) 20 (19%) 18 (21%) 2 (11%) 0.353¥
Diabetes N (%) 19 (18%) 10 (12%) 9 (47%) 0.001¥
Hypertension N (%) 52 (50%) 40 (48%) 12 (63%) 0.2211
250HD ng/mlL mean(SD) 18.2 (11.5) 193 (12.0) 13.2 (64) 0.0003%
vitamin D deficiency (250HD <20 ng/mL) N(%) 64 (62%) 51 (61%) 13 (68%) 0532t
Creatinine umol/L 0.86 [0.72-1.04] 0.87 [0.74-1.03] 0.75 [0.62-1.25] 0.284%
median [IQR]
IL-6 pg/mL 25.00 21.00 45.00 0.002%
median [IQR] [13.00-51.00] [10.45-45.90] [28.00-99.00]
D-dimer ng/mL 2482 2134 3947 0.08 ¥
median [IQR] [1697-3267] [1303-2965] [1782-6223]
C-reactive Protein, nmol/L 2.16 1.81 11.30 <0.0001%
median [IQR] [0.78-8.21] [0.69-5.55] [4.78-21.71]
Fibrinogen, g/L mean(SD) 4823 (1674) 4755 (151.6) 5126 (2274) 0.505%
Lactate dehydrogenase, mU/mL median [IQR] 260.00 252.00 330.00 <0.0001F
[230.00-312.00] [215.00-294.00] [285.00-643.00]
Leukocytes count, x109/L 7.90 7.80 8.60 0.136%
median [IQR] [5.50-10.10] [5.35-9.80] [6.40-12.30]
Neutrophils count, x 109/L 5.60 4.50 7.20 0.002%
median [IQR] [3.30-7.40] [3.20-6.80] [5.60-9.90]
Lymphocytes count, x109/L median [IQR] 1.50 1.50 1.10 0.029%
[1.00-2.00] [1.15-2.10] [0.80-1.70]
Platelets count, x109/L 299.00 299.00 213.00 0.0015%

median [IQR]

[228.00-378.50]

[228.00-378.50]

[139.00-308.00]

P-value are referred to the comparison between non-surviving patients and surviving patients
2cardiovascular disease: coronary heart disease, stroke, myocardial infarction; ® at least 1 comorbidity: among obesity, diabetes, arterial hypertension. SD Standard
Deviation, IQR interquartile range, = T-test, = Wilcoxon test, ¥ = Fisher test; + = Chi-square test

Lactate dehydrogenase normal values: 8-300 mU/mL; Fibrinogen normal values: 2.0-4.0 mg/dL; Leukocyte normal values: 4.5-11.0 x 10°/L; Neutrophil normal
values: 1.5-8.0 x 10%/L; Absolute Lymphocyte Count normal values: 0.9-2.9 x 10%/L; Platelet normal values: 150-400 x 10°/L

mortality rates have been remarkably higher (up to
4-5 times) among black American patients, that gen-
erally have lower 250HD concentrations than the
other ethnic groups [39].

In our study, 250HD levels were higher in mildly-
symptomatic COVID-19 cases than in non SARS-CoV-2
controls. Although, a selection bias cannot be totally ex-
cluded, this finding could be explained by the large
number of subjects taking cholecalciferol supplements
(i.e. about 79%) among mildly-symptomatic COVID-19
cases, a percentage much higher than that reported in
the healthy Italian population (40.5 and 12% among
adult women and men, respectively) [40]. Moreover,
such an observation is also consistent with the study re-
sults showing an inverse relationship between COVID-
19 severity and 250HD status.

Importantly, since we measured 250HD levels at the
time SARS-Cov-2 infection we cannot completely rule
out the possibility that our findings could be due to re-
verse causality, i.e. that the acute illness could have led
to a reduction in total 250HD levels via a vitamin D
binding protein suppression or other mechanisms. In-
deed, whether or not free 250HD levels are a better pre-
dictor than total 250HD levels for health outcomes is
still controversial [41]. Likewise, as 250HD levels were
measured when patients were admitted to the hospital,
the finding of lower 250HD in COVID-19 hospitalized
patients may be expected, in view of the fact that vita-
min D is considered an acute phase reactant and might
decrease in case of severe acute infection [42, 43]. In this
respect, however, most of the studies that assessed the
relationship between 250HD levels measured before
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Table 5 Factors independently associated with in-hospital SARS-Cov-2 infection, evidenced a similar association
mortality in severely-symptomatic COVID-19 patients between vitamin D deficiency and the severity of
RR (95% CI) P-value  COVID-19 disease [26, 44—46]. These include a very re-
Age 1.070 (1.029 to 1.114) 0.0008 cent update from the large UK Biobank cohort (n = 353,
Gender 299 participants with 1082 SARS-Cov-2 affected cases)
Fernale Ref 0369 sh‘owing.a signiﬁcantly positive asso.ciation betw?en Vi‘ta.-
min D insufficiency (as assessed in the baseline visit
Male 1672 (0545 t0 5.126) performed between 2006 and 2010) and COVID-19
Diabetes hospitalization or severity [46], thus disconfirming previ-
No Ref. <00001  ous information derived from the same cohort with a
Yes 3446 (1900 to 6.248) much lower number of SARS-Cov-2 affected cases [47—

L6 1,009 (1.002 to 1.017) 0019 49]. In that case reverse-causality is excluded.
Corenctive Protein 1035 (1001 to 1.069) 0042 ‘Addltlonal limitations of our study include the‘rela—
tively small sample of COVID-19 cases and the choice of

Lactate dehydrogenase 1.004 (1.001 to 1.006) 0.006 . . .

a group of mildly-symptomatic patients, who were nurs-
Neutrophil cells count 1064 (0.936 to 1.209) 0344 ing home residents or staff, and, therefore, demographic-
Lymphocytes count 0437 (0.204 to 0.938) 0.034 ally distinct from the patients. The inclusion of such a
Platelets count 1,002 (0.997 to 1.006) 0487 group, however, gave us the possibility to have a further
250HD 0961 (0937 to 0.985) 0002 reference group. Indeed, the finding that the mildly-

symptomatic patients and control subjects had higher
and more frequently normal 250HD levels as compared
with COVID-19 patients showing respiratory insuffi-
ciency (Fig. 2), may strengthen the hypothesis of a

250HD 25hydroxyvitamin D; IL-6 interleukin-6;
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Fig. 3 Prevalence rates of vitamin D insufficiency or deficiency and of severe hypovitaminosis D in mildly-symptomatic SARS-CoV-2 infected subjects
(mildly-symptomatic COVID-19), in COVID-19 patients admitted to hospital ward (COVID-19 non-ICU), in COVID-9 patients admitted to intensive care
unit (COVID-19 ICU), in COVID-19 patients who died COVID-19 deceased) and in control subjects (matched controls). Legend: Data are shown as
prevalence rates of vitamin D insufficiency (250HD < 30 ng/mL), deficiency (250HD < 20 ng/mL), or severe hypovitaminosis D (250HD < 10 ng/mL) (B).
ICU: intensive care Unit. Reference population: 3174 consecutive subjects, who underwent 250HD measurement in Siena (Italy) between January 01
and March 31, 2020 in the frame of a routine health check with no epidemiological and clinical evidence of SARS-CoV-2 infection
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causative role of vitamin D in modulating the progres-
sion from mildly-symptomatic COVID-19 towards a
clinically overt COVID-19 disease with variable severity.
Moreover, the choice of including data from a non
SARS-CoV-2 infected control group, derived from the
large and unbiased reference sample of subjects from the
same population undergoing 250HD measurement dur-
ing the same period of time (i.e. January 01-March 31,
2020), allowed us to obtain a representative picture
about vitamin status in our Country during the SARS-
CoV-2 outbreak. Since the latter group included either
hospitalized patients or community dwelling individuals
a selective pressure is unlikely, thus confirming that vita-
min D deficiency is common among the general popula-
tion in our Country in the winter season. Although
these control individuals did not show epidemiological
and clinical evidence of SARS-CoV-2 infection at the
time of 250HD measurement, however, we have no in-
formation regarding whether or not these individuals got
infected thereafter. Finally, the lack of measurement of
vitamin D levels with the gold standard method (i.e. Li-
quid Chromatography Mass Spectrometry) has to be
considered a further study limit, even though the
method we used is still considered reliable for the rou-
tine clinical purposes.

Conclusions

Notwithstanding all the above limitations, in our sample
of hospitalized COVID-19 patients with respiratory fail-
ure we detected a remarkably high prevalence of vitamin
D deficiency. Importantly, low 250HD levels at hospital
admission were associated with increased IL-6 levels and
predicted both the severity of respiratory distress and
mortality during the course of hospitalization, independ-
ently of other comorbidities. Therefore, these data de-
serve interest since, even without considering the
possible causal link between vitamin D deficiency and
the clinical course of COVID-19, the finding of low
250HD levels in patients with severe COVID-19 could
be at least considered as a useful prognostic marker
(with a greater predictive capacity than IL-6 or CRP). In
addition, our observations, together with the low cost
and the lack of safety concerns related to vitamin D sup-
plementation [50], further support the need of ad-
equately powered and well designed intervention trials
aimed at exploring whether vitamin D replacement ther-
apy might prevent the risk of respiratory failure in pa-
tients with SARS-CoV-2 infection [51], as suggested by
some, but not all, preliminary observations [52—56].
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