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Abstract

Purpose Hypovitaminosis D has emerged as potential risk factor for severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection in the general population with variable effects on the outcome of the coronavirus disease-19 (COVID-19).
The aim of this retrospective single-center study was to investigate the impact of hypovitaminosis D and secondary hyper-
parathyroidism on respiratory outcomes of COVID-19.

Methods Three-hundred-forty-eight consecutive patients hospitalized for COVID-19 at the IRCCS Humanitas Research
Hospital, Rozzano, Milan (Italy) were evaluated for arterial partial pressure oxygen (PaO2)/fraction of inspired oxygen
(Fi02) ratio, serum 25hydroxy-vitamin D [25(OH)D], parathyroid hormone (PTH) and inflammatory parameters at study
entry and need of ventilation during the hospital stay.

Results In the entire population, vitamin D deficiency (i.e., 25(OH)D values < 12 ng/mL) was significantly associated with
acute hypoxemic respiratory failure at the study entry [adjusted odds ratio (OR) 2.48, 95% confidence interval 1.29—4.74;
P =0.006], independently of age and sex of subjects, serum calcium and inflammatory parameters. In patients evaluated for
serum PTH (97 cases), secondary hyperparathyroidism combined with vitamin D deficiency was significantly associated with
acute hypoxemic respiratory failure at study entry (P=0.001) and need of ventilation during the hospital stay (P=0.031).
Conclusion This study provides evidence that vitamin D deficiency, when associated with secondary hyperparathyroidism,
may negatively impact the clinical outcome of SARS-CoV-2-related pneumonia.

Keywords PTH - Vitamin D - Hyperparathyroidism - Vitamin D deficiency - COVID-19 - SARS-CoV-2 infection -
Pneumonia

Introduction

G. Mazziotti and E. Lavezzi equally contributed to this work. The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is an enveloped RNA beta-coronavi-
rus responsible for the coronavirus disease-19 (COVID-
19) ranging from asymptomatic cases to severe respiratory
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Hypovitaminosis D is a pandemic clinical condition
[2] involving mainly elderly subjects [3, 4], who are also
those at higher risk of severe COVID-19 [5, 6]. Interest-
ingly, hypovitaminosis D has emerged as potential risk factor
of SARS-CoV-2 infection in the general population [7, 8],
consistently with the hypothesis that deregulated innate and
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adaptive immunity may occur as effects of hypovitaminosis
D [9]. Indeed, the interplay between vitamin D and viral
infection is an area of growing interest and pre-COVID-19
studies reported an association between hypovitaminosis D
and higher susceptibility to viral infections of the respira-
tory tract [10]. Moreover, vitamin D supplementation was
revealed to be effective in preventing respiratory infections
in patients with vitamin D deficiency [11].

A clinically relevant issue is to understand whether hypo-
vitaminosis D may influence the outcome of COVID-19
[12]. Some studies provided evidence that subjects exposed
to vitamin D deficiency may develop a more severe COVID-
19 [13-16], whereas other studies failed to find such an asso-
ciation [17-19]. Moreover, the effects of vitamin D supple-
mentation on clinical outcome of COVID-19 is still a matter
of uncertainty [20-22]. Variability in clinical end-points
may explain the heterogeneity of results of these studies
evaluating the impact of hypovitaminosis D and its treatment
on COVID-19 outcome. Moreover, the potential effects of
low calcium [23-25] and high parathyroid hormone (PTH)
[17, 25] may influence the impact of hypovitaminosis D on
the outcome of COVID-19.

In this retrospective and single center study, we aimed at
investigating the impact of hypovitaminosis D on respira-
tory outcomes in patients hospitalized for COVID-19, taking
also into account hypocalcemia and secondary hyperpar-
athyroidism that may occur as a consequence of vitamin D
deficiency.

Materials and methods

This is a retrospective single-center study performed on
348 consecutive patients hospitalized for COVID-19 at
the IRCCS Humanitas Research Hospital, Rozzano-Milan,
Italy in the period between March 8th and November
15th 2020. The inclusion criteria were: (1) hospitaliza-
tion for COVID-19 diagnosed by real-time reverse-tran-
scriptase—polymerase-chain-reaction assay of nasal and
pharyngeal swab specimens and or bronco-alveolar lav-
age fluid associated with clinical and radiological signs of
pneumonia [1]; (2) at least one serum 25hydroxy-vitamin
D [25(0OH)D] measurement after COVID-19 diagnosis.
Patients with requirement of intubation and mechanical
respiratory support at the time of 25(OH)D evaluation were
excluded from the study.

The first end-point of the study was the association
between serum 25(OH)D values and respiratory insuf-
ficiency at study entry. The diagnostic criteria for acute
hypoxemic respiratory failure were PaO, <60 mmHg on
room air or arterial partial pressure oxygen (PaO,)/frac-
tion of inspired oxygen (Fi02) ratio < 300 mmHG on oxy-
gen, as measured by arterial blood gas analysis [26]. As

@ Springer

secondary end-points we also explored the associations
between (1) serum 25(OH)D values before SARS-CoV-2
infection and respiratory insufficiency at study entry, (2)
serum 25(OH)D values at study entry and clinical outcome
of COVID-19, (3) serum 25(0OH)D values and comorbidi-
ties; (4) serum PTH and respiratory insufficiency and out-
come during hospital stay. Moreover, the effects of vitamin
D supplementation on respiratory end-points were also
investigated.

These end-points were addressed by a retrospective
review of laboratory findings and clinical charts of the
patients. The following clinical and biochemical data were
collected: the PaO,/FiO, ratio, hypertension, coronary artery
diseases (CAD), chronic kidney disease (CKD) (from stage
3A and worse, corresponding to eGFR <60 mL/min/1.73
m?, calculated by CKD-EPI), obesity (defined as a Body
Mass Index > 30 kg/m?), past or active cancer, chronic
obstructive pulmonary disease (COPD), treatment with vita-
min D before and during hospitalization, lymphocyte count
(x 1000/mm?), serum 25(OH)D, total calcium (mmol/L),
albumin (gr/dL), interleukin-6 (IL-6, pg/mL), D-Dimer (ng/
mL), ferritin (ng/mL) and C reactive protein (CRP, mg/dL)
at study entry. Serum PTH values at study entry and 25(OH)
D values prior the SARS-CoV-2 infection (measured up to
6 months before hospitalization) were available in 97 and 28
patients, respectively.

In our institution, measurement of 25(OH)D was included
in the routine biochemical evaluation of hospitalized patients
with COVID-19 since March 2020, whereas serum PTH was
measured only in the second wave of COVID-19, which
started in October 2020. Serum 25(OH)D and PTH were
measured by using chemiluminescent methods on the Beck-
man Coulter DxI 800 Access® immunoassay system. In our
laboratory, patients were classified with vitamin D suffi-
ciency when 25(OH)D values were above 30 ng/mL [27].
For the purposes of this study, patients were stratified in
four groups according to the 25(OH)D cut-offs (<12 ng/mL,
12-20 ng/mL, 20-30 ng/mL and above 30 ng/mL) so far used
to define vitamin D deficiency, insufficiency and sufficiency
by different guidelines [27-29]. In our laboratory, the refer-
ence range of PTH was 12—-88 pg/mL. Secondary hyperpar-
athyroidism was defined by high PTH levels in the presence
of either normal or low albumin-corrected calcium levels.

According to the Guidelines of the Italian Society of
Infectious Disease [30] and to the Institutional internal
protocol, patients with COVID-19 at the admission started
treated with standard therapy consisting of enoxaparin at
either prophylactic or therapeutic doses according to the
clinical judgement [31], antiviral agents (lopinavir/ritonavir,
remdesivir), corticosteroids and antibiotics.

Some of the enrolled patients had been already involved
in other COVID-19 studies evaluating endpoints which were
different from the present study [31-35].
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The retrospective study was approved by the Ethical
Committee of IRCCS Humanitas Research Hospital and the
patients gave their consent to use the clinical and biochemi-
cal data for research purposes.

Statistical analysis

Data were presented as median and absolute range, unless
otherwise stated. Since most of variables were non-normally
distributed as assessed by Kolmogorov—Smirnov test, non-
parametric tests were used. The comparisons were per-
formed by Mann—Whitney’s and Kruskal-Wallis’ tests, with
post hoc Bonferroni’s correction when appropriate. Paired
data were compared using the Wilcoxon’s test. Frequencies
were compared by the Chi-Squared test, with Fisher correc-
tion when appropriate. A logistic regression analysis was
performed and the odds ratio (OR) with 95% confidence
interval (95% CI) were calculated to evaluate the determi-
nants of acute hypoxemic respiratory failure at study entry
and need of either invasive or non-invasive ventilation. All
risk factors with a p value under 0.10 were then submitted

to a backward multivariate logistic regression analysis. p
value < 0.05 was considered as significant.

Results
Entire population (no. 348 cases)

At study entry, the median serum 25(OH)D values were
12.1 ng/mL (range: 1-67) and 161 patients (46.3%) had
serum 25(OH)D values below 12 ng/mL, whereas only 36
patients (10.3%) had vitamin D sufficiency (i.e., 25(OH)
D >30ng/mL) (Table 1). At the hospitalization, 28 patients
(8.0%) were on treatment with cholecalciferol (median
dose 1500 units per day, range: 800-2000) and 10 of
them (35.7%) had serum 25(OH)D values above 30 ng/
mL (Table 1). Subjects with serum 25(OH)D values below
12 ng/mL showed lower PaO,/FiO, ratio (P=0.017) and had
more frequently acute hypoxemic respiratory failure at study
entry (P=0.001) as compared to subjects with 25(OH)D
values > 12 ng/mL, without significant differences between

Table 1 Demographical and clinical data of 348 COVID-19 patients, stratified for vitamin D status at study entry. Categorical data were pre-
sented as n/n or n (%), whereas continuous data were presented as median and absolute range

Variables Entire population  Subgroups by serum 25(OH)D values at the study entry

<12 ng/mL 12-20 ng/mL 20-30 ng/mL >30 ng/mL P values
N 348 161 98 53 36
Age (years) 68.0 (26.0-95.0)  69.0 (30.0-95.0) 67.0 (26.0-94.0) 67.0 (35.0-95.0)  69.0 (45.0-87.0) 0.795
Sex (F/M) 124/224 43/118 38/60 24/29 19/17 0.005
BMI (kg/m?) 26.0 (17.0-53.0)  26.1 (18.0-53.0) 25.0 (17.0-40.0) 26.0 (18.0-38.0)  28.0 (18.0-40.0) 0.139
Obesity 83 (23.9) 43(27.2) 21 (21.4) 9 (17.0) 10 (27.8) 0.436
Arterial hypertension 163 (46.8) 84 (52.2) 44 (44.9) 22 (41.5) 13 (36.1) 0.235
Diabetes mellitus 124 (35.6) 54 (33.5) 36 (36.7) 15 (28.3) 19 (52.8) 0.102
CAD 76 (21.8) 36 (22.4) 23 (23.5) 13 (24.5) 4(11.1) 0.419
Active or past cancer 51 (14.7) 24 (14.9) 16 (16.3) 10 (18.9) 1(2.8) 0.169
COPD 48 (13.8) 19 (11.8) 15 (15.3) 9 (17.0) 5(13.9) 0.758
CKD 39 (11.2) 20 (12.4) 14 (14.3) 191.9) 4(11.1) 0.122
>2 comorbidities 106 (30.5) 55 (34.2) 31 (31.6) 13 (24.5) 7(19.4) 0.256
Treatment with vitamin D3 28 (8.0) 1(0.6) 9(9.2) 8 (15.1) 10 (27.8) <0.001
Lymphocyte (n/mm?) 900 (100-5600) 1000 (200-5600) 800 (100-3300) 900 (300-4000) 900 (700-2700) 0.389
IL-6 (pg/mL) 69 (3-1600) 74.0 (4-1573) 53.0 (3-1600) 61.0 (3-1355) 22.0 (8-451) 0.388
p-Dimer (ng/mL) 530 (200-61,000) 530.0 (200-61,000) 554.0 (200-59,920) 511 (200-35,589) 524 (200-1950) 0.944
Ferritin (ng/mL) 553 (15-7647) 561.0 (15-3765) 579 (38-7647) 587 (78-3842) 195.0 (32-930) 0.048
CRP (mg/dL) 10 (0-333) 10.5 (0-227) 9.8 (1-329) 8 (1-333) 6 (0-21) 0.528
Corrected calcium (mmol/L) 2.15 (1.64-2.78)  2.15 (1.64-2.78) 2.13 (1.65-2.55) 2.14 (1.94-2.77)  2.18 (1.85-2.41) 0.757
PaO,/FiO, (mmHG) 300 (46-561) 290.0 (46-504) 306.0 (54-561) 314.0 (105-523)  317.5 (110-480) 0.017
Acute hypoxemic respiratory 169 (48.6) 97 (60.2) 41 (41.8) 18 (34.0) 13 (36.1) 0.001

failure at the study entry

BMI body mass index, CAD coronary artery disease, CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, CRP C-reac-
tive protein, F females, IL-6 interleukin-6, M males, PaO/FiO, arterial partial pressure oxygen/fraction of inspired oxygen ratio, 25(OH)D 25

hydroxyvitamin D
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the other three 25(OH)D categories (i.e., 12—20 ng/mL,
20-30 ng/mL and > 30 ng/mL) (Table 1). Subjects with vita-
min D sufficiency (i.e., 25(OH)D > 30 ng/mL) were more
likely females (P =0.005), were more frequently treated with
vitamin D at study entry (P <0.001) and had lower serum
ferritin (P =0.048) values than patients with serum 25(OH)
D values <30 ng/mL (Table 1).

At study entry, 169 patients (48.6%) had acute hypoxemic
respiratory failure. These patients were older (P =0.012)
and had higher BMI (P=0.034), serum IL-6 (P =0.005),
D-Dimer (P =0.030), ferritin (P <0.001), CRP (P <0.001)
and lower 25(OH)D (P <0.001) values as compared to
patients without acute hypoxemic respiratory failure (Sup-
plemental Table 1). In the multivariate logistic regression
analysis (including sex, age, BMI, IL-6, D-Dimer, CRP, fer-
ritin and 25(OH)D < 12 ng/mL as covariates), acute hypox-
emic respiratory failure maintained the significant and inde-
pendent associations with 25(OH)D < 12 ng/mL (adjusted
OR 2.48,95% C.1. 1.29-4.74; P=0.006) and serum ferritin
values (adjusted OR 1.75, 95% C.I. 1.17-2.61 per 1-tertile
increase; P=0.007), whereas the associations with sex
(P=0.434), age (P=0.194), BMI (P=0.07), serum IL-6
(P=0.123), D-Dimer (P=0.376) and CRP (P=0.308) val-
ues were lost.

Pre-COVID-19 serum 25(OH)D values were available in
28 patients. In these patients, the hospitalization for COVID-
19 was accompanied by a significant decrease in serum
25(0OH)D (from 20.8 ng/mL, range 8.0-52.0 to 12.0 ng/mL,
range 4.0-36.0; P <0.001). The decrease in serum 25(OH)
D was significantly lower in patients who were on treatment
with cholecalciferol as compared to those who did not take
vitamin D supplements before hospitalization (— 23.4%,
from — 53.9 to+62.2 vs. — 55.6%, from — 84.9 to +32.7%;
P=0.05). The decrease in serum 25(OH)D was not signifi-
cantly associated with acute hypoxemic respiratory failure at
study entry (OR 1.02, 95% C.1. 0.99-1.04; P=0.23).

During hospital stay, 261 patients (75.0%) required oxy-
gen support [160 with high-flow nasal or mask oxygen, 59
with continuous positive airways pressure (CPAP), 42 with
invasive ventilation]. As compared to patients who were
not ventilated, those requiring ventilation (either invasive
or non-invasive) were younger (63 years, range 34-92 vs.
69 years, range 26-95; P=0.04), were more frequently
males (72.3% vs. 61.1%; P=0.049), had at study entry lower
PaO,/FiO, ratio (233 mmHG, range: 46-561 vs. 319 mmHG,
range: 72-523; P <0.001), lymphocyte counts (800/mm?,
range 200-5600 vs. 1000/mm?, range: 100-3600; P=0.039),
serum corrected calcium (2.05 mmol/L, range: 1.64-2.37
vs. 2.17 mmol/L, range: 1.70-2.78; P=0.004) and higher
BMI (28.0 kg/m?, range: 19.0-53.0 vs. 26.0 kg/m?, range:
17.0-42.0; P=0.016), serum IL-6 (107 pg/mL, range:
7-1135 vs. 55 pg/mL, range: 3—1600; P <0.001), fer-
ritin (947 ng/mL, range: 15-6613 vs. 431 ng/mL, range:
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26-7647; P<0.001) and CRP (15 mg/dL, range: 0—333 vs.
8 mg/dL, range: 0-227; P<0.001) values, without signifi-
cant differences in 25(OH)D values (P =0.290), diabetes
(P=0.803), hypertension (P =0.267), COPD (P=0.178),
CAD (P=0.148), CKD (P=0.64) and serum D-Dimer
(P=0.140). In the multivariate logistic regression analysis,
the need of ventilation maintained the significant and inde-
pendent associations with age (OR 0.97, 95% CI 0.94-0.99;
P=0.010), PaO2\FiO2 ratio below 300 mmHG (OR 3.62,
95% CI 1.82-7.19; P<0.001), serum corrected calcium (OR
0.10, 95% CI 0.02-0.33; P=0.005) and ferritin (OR 1.65,
95% CI 1.04-2.60 per 1-tertile increase; P=0.03).

During hospital stay, 116 patients (33.3%) were treated
with cholecalciferol; 28 patients continued the previous
supplements at maintenance doses (median dose 1500 U/
day; range: 800-3000) which were adapted to the 25(OH)
D values at study entry, whereas the remaining 88 patients
started supplementation with loading doses of cholecalcif-
erol (from 50.000 to 300.000 units). Treatment with vitamin
D with either regimen was not significantly associated with
need of ventilation during hospital stay (OR 1.67, 95% C.I.
0.95-2.86; P=0.08).

During hospital stay, 64 patients (18.4%) died due to
COVID-19. The mortality was not significantly associ-
ated with serum 250HD values below 12 ng/mL at the
study entry (OR 1.03, 95% C.1. 0.60-1.78; P=0.914) and
treatment with vitamin D3 (OR 0.81, 95% C.I. 0.45-1.47;
P=0.494).

Subjects evaluated for serum PTH values (no. 97
cases)

Ninety-seven subjects were evaluated for serum PTH val-
ues at the study entry. These subjects had higher BMI
(P=0.043), less frequently hypertension (P <0.001), CAD
(P=0.008), multiple comorbidites and 25(OH)D < 12 ng/
mL (P <0.001), had more frequently diabetes (P =0.035)
and COPD (P =0.008) and were more frequently on treat-
ment with cholecalciferol at study entry (P=0.003) than
subjects who were not evaluated by serum PTH measure-
ment, without significant differences in age (P=0.851),
sex (P=0.391), obesity (P =0.808), history of cancer
(P=0.277), CKD (P=0.142), serum corrected calcium
(P=0.643), PaO,/FiO, ratio (P =0.075), acute hypoxemic
respiratory failure (P=0.326) and mortality (P =0.796)
(Table 2).

Secondary hyperparathyroidism was found in 42 of
patients (43.3%) who were evaluated for serum PTH val-
ues. Patients with secondary hyperparathyroidism had
more frequently clinical history of cancer (21.4% vs. 3.6%;
P =0.006) and lower PaO2\FiO2 ratio (233 mmHg, range:
110-342 vs. 324 mmHG, range: 172-480; P <0.001) and
serum 25(OH)D values (19.0 ng/mL, range: 4-39 vs.



Journal of Endocrinological Investigation

Table 2 Demographical and

et - Measurement of PTH values P values

clinical data of 348 patients

with COVID-19 stratified for No Yes

serum parathyroid hormone

(PTH) measurement. N 251 97

Categorical data were presented Age (years) 68.0 (27.0-95.0) 69.0 (26.0-93.0) 0.851

as n/n or n (%), whereas Sex (F/M) 86/165 38/59 0.391

continuous data were presented )

as median and range BMI (kg/m~) 25.9 (17.0-46.0) 27.0 (19.0-53.0) 0.043
Obesity 59 (23.5) 24 (24.7) 0.808
Arterial hypertension 136 (54.2) 27 (27.8) <0.001
Diabetes mellitus 81 (32.3) 43 (44.3) 0.035
CAD 64 (25.5) 12 (12.4) 0.008
Active or past cancer 40 (15.9) 11(11.3) 0.277
COPD 27 (10.8) 21 (21.6) 0.008
CKD 32 (12.7) 7(7.2) 0.142
>2 Comorbidities 91 (36.3) 15 (15.5) <0.001
25(OH)D (ng/mL) 10.0 (1.0-39.0) 21.0 (4.0-67.0) <0.001
25(OH)D < 12 ng/mL 138 (55.0) 23 (23.7) <0.001
Treatment with vitamin D 13(5.2) 15 (15.5) 0.003
Corrected calcium (mmol/L) 2.15 (1.64-2.78) 2.15(1.85-2.41) 0.643
PaO,/FiO, (mmHG) 299.0 (46.0-561.0) 309 (110.0-480.0) 0.075
Acute hypoxemic respiratory failure 126 (50.2) 43 (44.3) 0.326

at the study entry

In-hospital mortality 47 (18.7) 17 (17.5) 0.796

BMI body mass index, CAD coronary artery disease, CKD chronic kidney disease, COPD chronic obstruc-
tive pulmonary disease, F females, M males, PTH parathyroid hormone, 25(OH)D 25hydroxyvitamin D

22.0 ng/mL, range: 4-67; P <0.001) and required more fre-
quently either invasive or non-invasive ventilation (35.3%
vs. 14.5%; P=0.029) as compared to subjects with normal
serum PTH values, without significant differences in age
(P=0.137), sex (P=0.542), BMI (P =0.159), prevalence
of obesity (P =0.087), hypertension (P =0.888), diabetes
(P=0.569), CAD (P=0.510), COPD (P=0.963), CKD

Fig. 1 Prevalence of acute 100
hypoxemic respiratory failure

(P=0.119), serum corrected calcium values (P =0.320)
and mortality (P=0.161).

Stratifying the subjects for serum 25(OH)D and PTH
values, those with secondary hyperparathyroidism had
more frequently acute hypoxemic respiratory failure as
compared to those with normal PTH values regardless of
serum 25(OH)D values (Fig. 1). Moreover, ventilation was
more frequently needed in subjects with coexistent 25(OH)

P=0.001

at study entry in 97 patients %0 I

with COVID-19 stratified for
serum 25hydroxy-vitamin D
[25(OH)D] and parathyroid
hormone (PTH) values
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D values < 12 ng/mL and secondary hyperparathyroidism
(Fig. 2).

Discussion

This retrospective study reported an association between
vitamin D deficiency and acute hypoxemic respiratory fail-
ure in hospitalized patients with COVID-19. Moreover,
patients with coexistent vitamin D deficiency and second-
ary hyperparathyroidism were shown to be at higher risk to
undertake either invasive or non-invasive ventilation during
hospital stay. However, supplementation with cholecalciferol
did not significantly modify the outcome of lung infection in
patients with COVID-19.

In our study, more than 90% of subjects hospitalized for
COVID-19 were found with hypovitaminosis D and about
one-half of them had vitamin D deficiency, as defined by
serum 25(OH)D values < 12 ng/mL [29]. The reasons of this
finding were not clarified by our study, but some hypotheses
could be made. One could argue that such a high preva-
lence of vitamin D deficiency may reflect the older age and
frailty of hospitalized subjects with SARS-CoV-2 infection
[3, 4]. However, in our series no significant differences in
age and comorbidities were found between subjects with
vitamin D deficiency and those with serum 25(OH)D values
in the range of sufficiency, suggesting that hypovitaminosis
D was not a casual finding but it might be really associated
with SARS-CoV-2 infection and COVID-19. Previous stud-
ies provided evidence that hypovitaminosis D may predis-
pose subjects to SARS-CoV-2 infection [7, 8] consistently
with the several actions of vitamin D on innate and adaptive
immune system [9]. Conversely, we cannot exclude that low
vitamin D values in our hospitalized patients with COVID-
19 might be consequent to the effects of disease-related

Fig.2 Number of cases (%) 100
requiring either invasive or non-

inflammation on vitamin D metabolism [36-38]. In fact, in
our patients who were longitudinally evaluated for vitamin
D status, SARS-CoV-2 infection was accompanied by a sig-
nificant decrease in serum 25(OH)D values.

In our patients, vitamin D deficiency was shown to be
associated with acute hypoxemic respiratory failure. Inter-
estingly, this association was independent of inflamma-
tory status, suggesting a possible direct effect of vitamin
D deficiency on lung parenchyma. In experimental models,
vitamin D deficiency resulted to cause impairment of lung
function and overexpression of profibrotic factors via activa-
tion of renin—angiotensin system [39]. It is possible that this
is further exacerbated by SARS-CoV-2 infection, in which
viral binding with cellular entry receptor angiotensin-con-
verting enzyme 2 leads to dysregulation of the renin-angi-
otensin-system [9, 40]. However, the association between
vitamin D deficiency and acute hypoxemic respiratory fail-
ure may also reflect a reverse causality possibly related to
the effects of critical illness on vitamin D metabolism and
transport [38, 41].

In previous studies, hospitalized patients with COVID-
19 receiving vitamin D3 [20, 21] or calcifediol [42] showed
a less severe outcome of disease as compared to those not
receiving vitamin D supplements. Moreover, a high-dose
oral vitamin D supplementation helped to achieve SARS-
CoV-2 RNA negativity in greater proportion of asympto-
matic vitamin D-deficient individuals with SARS-CoV-2
infection along with a significant decrease in inflammatory
markers [43]. These favorable effects of vitamin D supple-
mentation were not confirmed in other real-life experiences
[22] and in our study, vitamin D supplementation was not
shown to influence the outcome of SARS-CoV-2-related
pneumonia in terms of preventing acute hypoxemic respira-
tory failure and need of either invasive or non-invasive ven-
tilation. Differences in therapeutic protocols and variability

P=0.031
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in biochemical response to vitamin D supplementation in
terms of changes in serum 25(OH)D, calcium and PTH may
explain the discrepancy between our results and previous
observations reporting clinically relevant benefits of vitamin
D supplementation in COVID-19 patients.

Hypocalcemia has been reported in several patients with
COVID-19 and it has been associated with poor outcome
of disease, defined by the need of hospitalization, the need
for mechanical ventilation, intensive care unit admission or
death of any cause after hospitalization [23, 24]. In our sub-
jects, lower serum corrected calcium levels did not corre-
late with acute hypoxemic respiratory failure at the hospital
admission, but it was associated with more severe outcome
of lung infection as defined by the need of ventilation dur-
ing hospital stay. Vitamin D status was not likely the only
determinant of calcium levels in our hospitalized patients,
since the association between lower calcium values and
unfavorable pneumonia outcome was independent of vita-
min D deficiency. In this context, low calcium levels may
be also caused by an interaction of calcium with unsaturated
fatty acids [44] released during the disease [45] and poten-
tially involved in the modulation of systemic inflammation
induced by SARS-CoV-2 infection [46].

A novel finding of this study was the associations
between secondary hyperparathyroidism and clinical pres-
entation and outcome of SARS-CoV-2-related pneumonia.
One could argue that high PTH values may reflect a more
severe hypovitaminosis D [29]. However, in our patients,
the association between secondary hyperparathyroidism and
clinical end-points of COVID-19 resulted to be independent
of 25(OH)D and calcium levels, suggesting that high PTH
values were likely more important than vitamin D deficiency
and hypocalcemia in predisposing patients with COVID-19
to develop acute hypoxemic respiratory failure. A possible
triggering effect of secondary hyperparathyroidism on sys-
temic inflammation may be hypothesized [47], although we
cannot exclude also possible effects of secondary hyperpar-
athyroidism on cardio-pulmonary performance of patients
[48, 49].

This study has some limitations, partly connected with
its retrospective nature which may have caused selection
biases. The lack of a control group of non-hospitalized sub-
jects with SARS-CoV-2 infection did not allow to define
the true impact of vitamin D deficiency in determining the
severity of COVID-19. Since measurement of PTH values
was performed only in the second wave of COVID-19, one
could argue that this selection may have influenced the final
results due to possible different clinical features of patients
in the two periods of COVID-19 outbreak [50]. As a matter
of fact, subjects included in the analysis of PTH appeared
to have a better vitamin D status as compared to the sub-
jects of the first wave of COVID-19, likely reflecting the
different period of year (Autumn vs. Spring) and a more

frequent treatment with cholecalciferol. Nevertheless, the
better vitamin D status allowed us to better investigate the
independent effects of secondary hyperparathyroidism on
clinical presentation and outcome of COVID-19, although
the small number of subjects evaluated for PTH did not per-
mit to perform a multivariate analysis with all the possible
confounding factors. Finally, treatment with vitamin D sup-
plements was not randomized and biochemical parameters
were not monitored during treatment, precluding a reliable
investigation of the possible favorable effects of vitamin D
supplementation in individuals with vitamin D deficiency
and COVID-19.

In conclusion, this retrospective study provides a first
evidence that secondary hyperparathyroidism and, at lesser
extent, vitamin D deficiency may be associated with unfa-
vorable outcome of SARS-CoV-2-related pneumonia. These
results encourage to perform comprehensive evaluation of
vitamin D status in hospitalized individuals with COVID-19.
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