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Abstract

Background: The aim of the current study was to assess the patients
with COVID-19 and the impact of vitamin D supplementation on the
course of COVID-19.

Methods: This prospective cohort study included patients hospitalized
due to COVID-19 between December 2020 and December 2021.
Patients' demographic, clinical, and laboratory parameters were
analysed.

Results: 301 participants were enrolled in the study. 46 (15,3%) had
moderate, and 162 (53,8%) had severe COVID-19. 14 (4,7%) patients
died, and 30 (10,0%) were admitted to the ICU due to disease
worsening. The majority needed oxygen therapy (n=224; 74,4%).
Average vitamin 25(0OH)D3 levels were below optimal at the
admittance, and vitamin D deficiency was detected in 205 individuals.
More male patients were suffering from vitamin D deficiency. Patients
with the more severe disease showed lower levels of vitamin
25(0H)D3 in their blood. The most severe group of patients had more
symptoms that lasted significantly longer with progressing disease
severity. This group of patients also suffered from more deaths, ICU
admissions, and treatments with dexamethasone, remdesivir, and
oxygen.

Conclusion: Patients with the severe course of COVID-19 were shown
to have increased inflammatory parameters, increased mortality, and
higher incidence of vitamin D deficiency. The results suggest that the
vitamin D deficiency might represent a significant risk factor for a
severe course of COVID-19.
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Introduction

Past pandemic waves of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) led to many critical cases and,
consequently, deaths of high-risk patients. However, previous studies have shown fluctuations in coronavirus disease
2019 (COVID-19) severity throughout the year, especially during different seasons. Notably, seasons also play a role in
immunity variation demonstrated by significant differences in the circulating immune cells such as lymphocytes and
neutrophils.'” Moreover, studies have shown a strong correlation between low levels of serum vitamin D
(25-hydroxyvitamin D3, 25(OH)D3) and the incidence of COVID-19,"? which coincides with most viral respiratory
infections occurring during the winter season.” Previous studies have shown a positive correlation between COVID-19
severity and vitamin D deficiency. Furthermore, vitamin D supplementation was shown to improve the clinical outcome
of COVID-19 patients.” Vitamin D deficiency is a global health problem as many healthy individuals have suboptimal
serum vitamin D levels.'~ Vitamin D has an immunomodulatory role as it decreases the proliferation of Th1 cells and
stimulates the proliferation of Th2 cells, enables the secretion of anti-inflammatory cytokines, and thus lowers the
production of pro-inflammatory cytokines.” In addition to immunomodulatory and anti-inflammatory effects, vitamin D
can also reduce the risk of respiratory tract infections, especially viral infections, such as COVID-19.”~'7 Several studies
confirmed the beneficial role of vitamin D in reducing the risk of susceptibility to acute respiratory infection, a protective
effect of vitamin D against viral and bacterial respiratory pathogens in healthy, hospitalized, or critically ill patients.® "%’
Moreover, a positive correlation was found between low levels of vitamin 25(OH)D3 and worse clinical outcomes
(increased hospital stay, readmission to hospital, severity, sepsis, and mortality).”>~’ Individuals with lower vitamin
25(0OH)D; levels were shown to have an increased risk of SARS-CoV-2 infection, admission to intensive care unit
(ICUs), and increased mortality. 3840

Based on these studies, vitamin D supplementation during the period of respiratory infections and in individuals with
COVID-19 was recommended by our group in October 2020, after the first wave of COVID-19. The ad hoc Slovenian
recommendations for supplementation were as follows: for the healthy adult population, 800 IE to 2000 IE/day from
October to the end of April; for high-risk individuals for vitamin D deficiency and respiratory infections 1000 to 2000
IE/day or 10 000 to 14 000/week. This group included patients with chronic diseases, individuals 70 years of age and
older, individuals who live with COVID-19 patients in the same household, individuals with high-risk contact with
COVID-19 patients, and healthcare workers. Pregnant women were recommended to take of 1500 IE to 2000 IE/day.
Newly diagnosed COVID-19 patients were recommended a loading dose of 14 000 IE/day for four days followed by 2000
1E/day onwards. For hospitalized COVID-19 patients, the measurement of 25(OH)D3 was recommended and supple-
mentation according to the measured serum levels was advised.”"'

Prior to the publication of Slovenian recommendations, many studies were published, where factors that contributed to
low vitamin 25(OH)D; levels and deficiency, including higher age, positive smoking status, obesity with higher body
mass index (BMI), lack of sun exposure, and the presence of chronic illnesses (diabetes, malignancies, high blood
pressure, gastrointestinal disorders, etc.) were identified. Most people with these risk factors have been shown to be at an
increased risk regarding both severity of the disease and mortality from COVID-19."* Thus, it was hypothesized that
optimal levels of vitamin 25(OH)D; in the early phase of SARS-CoV-2 infection could prevent progression to severe or
critical COVID-19 and reduce mortality.** Besides the recommendations, considerable public awareness campaigns
and educational interventions have been conducted with the objective to increase individual vitamin D supplementation
in Slovenia, especially during the second COVID-19 lockdown in December 2020.** Therefore, the purpose of our study
was to assess the severity of COVID-19 patients, who were admitted to our department and determine the impact of
Vitamin D supplementation at the admittance on the clinical course of COVID-19.

Methods

We designed a prospective cohort study of COVID-19 patients, hospitalised in the COVID-19 unit of the University
medical centre Ljubljana between December 2020 and December 2021. The study was approved by the Slovenian
Medical Ethics Committee (Protocol ID: 0120-60/2021/5) and adhered to the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all participants enrolled in the study.

Study participants

Consecutive patients aged 18 or older, in the acute phase of COVID-19, with a PCR confirmed SARS-CoV-2 were
included in the study, and their clinical charts were prospectively reviewed to collect the following relevant demographic,
clinical, and laboratory parameters: age, sex, presence of comorbidities (diabetes, arterial hypertension, hyperlipidemia,
coronary artery disease, history of stroke), history of smoking, alcohol consumption, the presence of COVID-19 related
symptoms (fever, chest pain, cough, anosmia, dyspnoea, diarrhoea, and headache), time from the symptom’s onset or
positive PCR to hospitalisation, laboratory parameters, COVID-19 related treatment and outcome. All patients under-
went chest X-ray imaging in order to confirm the scale of COVID-19 infection and exclude or confirm COVID-19
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associated pneumonia. Patients were divided into four groups based on the COVID-19 disease severity classification:
(1) asymptomatic (positive PCR, no symptoms), (2) mild (the presence of symptoms but no shortness of breath,
dyspnoea, or abnormal chest imaging), (3) moderate (evidence of lower respiratory disease during clinical assessment
or imaging and who have an oxygen saturation (SpO2) >94% on room air at sea level) and (4) severe disease (SpO2 <94%
on room air at sea level, a ratio of arterial partial pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2) <300 mm
Hg, respiratory frequency >30 breaths/min, or lung infiltrates >50%).

Laboratory parameters

COVID-19 infection was determined by RT-PCR during this initial visit. A nasopharyngeal swab specimen for the
identification of SARS-CoV-2 was taken and sent to Institute of Microbiology and Immunology to confirm the infection.
The patients’ blood pressure was measured at admission and 72 hours after admission. Blood samples were collected on a
day of admission to the hospital and transported to the laboratory at the University Medical Centre in Ljubljana, where
they were stored at minus 80 °C until analysis. Determination of inflammatory biomarkers, C-reactive-protein (CRP),
interleukin-6 (IL-6), procalcitonin (PCT), D-dimer and 25(OH)D; have been carried out according to a routine protocol
using standard laboratory procedures. Patients received COVID-19 specific treatment consisting of oxygen supplemen-
tation, dexamethasone, and/or remdesivir according to the treatment guidelines.

Determination of serum vitamin D (25(0OH)Ds) concentration

Serum 25(OH)Dj; concentration was measured in human serum with the chemiluminescence immunoassay vitamin D
total (25-hydroxy-vitamin D). Vitamin D status was assigned with consideration of serum 25(OH)D; concentration
according to the literature: Deficient below 30 nmol/L, insufficient below 50 nmol/L, non-optimal between 50-75 nmol/L
and optimal >75 nmol/L.****

Statistical analysis

The statistical analysis was performed using SPSS 21.0 (IBM Inc., Chicago, USA). Normally distributed variables were
expressed as arithmetic mean and standard deviation, and One-Way ANOVA test was used for comparisons between
variables. In case of abnormally distributed variables the differences between continuous variables were analysed by the
nonparametric Mann-Whitney test. Binary logistic regression model was used to identify risk factors for moderate-to-
severe COVID-19 course of the disease. Statistical significance for all tests was determined as p-value below 0.05.

Results

Overall, 301 participants were included in the analysis. The baseline demographic and clinical characteristics of patients
are presented in Table 1. There was a similar distribution of female and male patients. The average age was 65 years.
Laboratory parameters showed systemic inflammation with increased proinflammatory factors such as CRP, PCT, IL-6.

Table 1. Basic demographic and clinical characteristics.

N=301
Age [years] 64,8+14,7
Sex
m/f 165/136
Duration of symptoms [days] 7,8+5,3
Systolic pressure at admission [mmHg] 126,3+19,0
Diastolic pressure at admission [mmHg] 74,8411,6
Systolic pressure after 72h [mmHg] 132,0+19,0
Diastolic pressure after 72h [mmHg] 74,6+11,4
Laboratory parameters
HbA1c [%] 6,6+1,8
Glucose [mmol/L] 7,04+3,4
LDH [pkat/L] 5,0+£2,2
Ferritin [ug/L] 864,6+748,9
CRP [mg/L] 70,0+62,4
Procalcitonin [pg/L] 0,4+3,6
Leucocytes [10%/L] 7,3+3,7
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RDW [%]

Thrombocytes [10%/L]
Lymphocytes [10°/L]
D-dimer [pg/L]

IL-6 [ng/L]

25-OH-D3 [nmol/L]
Season

Jan-Feb

Mar-Apr

May-jun

Jul-Aug

Sep-Oct

Nov-Dec

D3 deficiency

D3 deficiency level

<30 nmol/L deficient
30-50 nmol/L insufficient
50-75 nmol/L non-optimal
>75 nmol/L sufficient
Diabetes
Hyperlipidaemia
Coronary artery disease/stroke
Uncontrolled hypertension
Hypertension

ACEi

ACT

AAT

Smoking

Alcohol

Diagnosis

ARI

SARS-CoV-2 with pneumonia (X-ray)
SARS-CoV-2

COVID-19 severity
Asymptomatic

Mild

Moderate

Severe

SYMPTOMS

Fever

Chest pain

Cough
Anosmia/ageusia

N=301
16,2425,4
236,2+116,4
1,442,4
1869,5+3555,9
47,4+48,7
63,4+33,2

96 (31,9%)
61 (20,3%)
19 (6,3%)
41 (13,6%)
60 (19,9%)
22 (7,3%)
205 (68,1%)

45 (15,0%)
73 (24,3%)
87 (28,9%)
96 (31,9%)
69 (22,9%)
95 (31,6%)
58 (19,3%)
10 (3,3%)
161 (53,5%)
103 (34,2%)
41 (13,6%)
51(16,9)

22 (7,3%)
1(0,3%)

1(0,3%)
233 (77,4%)
67 (22,3%)

37 (12,3%)
55 (18,3%)
46 (15,3%)
162 (53,8%)

227 (75,4%)
78 (25,9%)
196 (62,1%)
31(10,3%)
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Table 1. Continued

N=301

Dyspnoea 166 (55,1%)
Diarrhea 52 (17,3%)
Headache 42 (14,0%)
DVT/PE 24 (8,0%)
Death 14 (4,7%)
ICU admission 30 (10,0%)
Dexamethasone 203 (67,4%)
Remdesivir 59 (19,6%)
Antibiotic 71 (23,6%)
Oxygen 224 (74,4%)

DVT, deep vein thrombosis; PE, pulmonary embolism; LDH, lactate dehydrogenase; CRP, C reactive protein, RDW, red cell distribution
width.

Most patients (77%) had COVID-19 pneumonia detected by chest X-ray imaging. One case of acute respiratory
insufficiency (ARI) was determined. 46 (15,3%) patients had moderate, and 162 (53,8%) patients had a severe course
of COVID-19. Most patients were admitted to the hospital during winter season. 14 (4,7%) patients died during the
follow-up, 30 (10,0%) were admitted to the ICU due to the disease worsening. A vast majority needed oxygen
supplementation (n=224; 74,4%).

Average vitamin 25(OH)Dj; levels were below optimal, and vitamin D deficiency and insufficiency was detected in
205 (68.1%) individuals. Approximately one third of patients had optimal 25(OH)Dj; levels above 75 nmol/L. Serum
vitamin 25(OH)Dj; levels were significantly lower in winter months (November-April) (p<0.001) (Figure 1). Higher
levels of serum vitamin 25(OH)D3 were present in the summer months (Figure 2).
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Figure 1. The levels of vitamin 25(0H)Ds throughout the year.
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Figure 2. The levels of vitamin 25(OH)D; between the summer and winter season.

Patients were divided into four groups based on their serum vitamin 25(OH)Dj;-deficient, insufficicient, sufficient and
optimal. The difference is clinical characteristics between the groups are presented in Table 2. Vitamin D deficiency was
more common in males. A shorter duration of symptoms before hospitalisation was seen in the most deficient group.
Fever and cough were more frequent with the optimal group of patients. In addition, severe course of COVID-19 was
more common in groups with higher levels of serum vitamin 25(OH)D3; Group of patients with optimal vitamin 25(OH)
Dj; levels have experienced more frequent pneumonia so they needed dexamethasone and oxygen therapy.

Table 3 presents the distribution of patients according to the severity of COVID-19. There were notable differences in
proinflammatory markers between the groups for LDH, ferritin, CRP, PCT. Patients with more severe disease had
increased levels of proinflammatory markers, and significantly lower levels of serum vitamin 25(OH)D;. However, the
lowest levels of vitamin 25(OH)D; were detected in the asymptomatic group (Figure 3). Patients with severe COVID-19
exhibited more symptoms, had a higher rate of ICU admissions and mortality.

Discussion

This study aimed to assess the severity of COVID-19 among our patients and potential effect of serum levels of vitamin D
levels on the course of COVID-19. Previous studies have speculated about the role of vitamin D supplementation and
COVID-19 but have been inconclusive. However, it is known that vitamin D plays an important role in immune system
and can improve natural resistance to acute viral respiratory infections and moderate their course by inhibiting an
excessive inflammatory response. A high prevalence of vitamin D deficiency especially pronounced in the autumn and
winter months was reported in Slovenia, with up to 80% of adults exhibiting serum vitamin D levels <50 nmol/L, and
severe deficiency with serum vitamin D levels <30 nmol/L was found in 40%. "’ Therefore, our group advised vitamin D
supplementation to mitigate the course of the COVID-19 disease, especially in patients at risk for a severe course. Our
results show that most enrolled patients were still vitamin D deficient despite the recommendations which were published
prior to the conduction of this study. It is noteworthy that vitamin D deficiency was predominantly observed during the
winter months from November till April, which confirms our previous findings."* These results could be explained by
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Table 2. Differences in clinical characteristics based on the level of 25(0H)D; deficiency.

Vitamin 25(0OH)D5 deficiency level

<30 nmol/L 30-50 nmol/L 50-75 nmol/L >75 nmol/L p-value

deficient insufficient non-optimal sufficient

(n=45) (n=73) (n=87) (n=95)
Age 68,22+15,5 63,4+14,2 63,3+13,7 65,7+15,4 0,224
Sex 0,176
m/f 25/20 43/30 53/34 44/52
Duration of 0,020
symptoms 6,2++5,9 7,0+£4,3 8,8+£5,9 8,314,9
Systolic at
admission 128,5+23,1 127,0+18,5 127,8+17,3 123,2+18,8 0,324
Diastolic at
admission 75,3+11,0 74,7+10,7 75,1+10,7 74,3+13,4 0,962
Systolic after 72h 135,0+17,1 132,3+20,2 132,7+18,7 129,8419,2 0,519
Diastolic after 72h 74,9+11,3 74,0+£12,8 74,4+11,2 75,1+10,6 0,937
BLOOD TESTS
HbA1c 6,6+1,9 6,9+2,3 6,8+1,7 6,1+1,1 0,060
Glucose 7,0£3,1 7,6+4,9 7,2£3,0 6,4+2,3 0,179
LDH 41++1,2 5,0+2,7 4,942,0 5,5+2,1 0,008
Ferritin 627,4+544,0 861,3+697,9 1026,6+911,3 837,8+686,5 0,047
CRP 55,5+59,2 72,9+68,1 69,0+60,4 75,6+60,9 0,374
Procalcitonin 0,194+0,48 1,03+7,36 0,18+0,53 0,15+0,34 0,377
Leucocytes 7,843,4 7,5+4,0 7,7+4,3 6,7+2,7 0,316
RDW 14,7+1,5 21,3+48,4 14,2+1,2 14,1+0,9 0,437
Thrombocytes 249,6+99,8 237,24+119,0 228,9+115,3 235,6+123,8 0,838
Lymphocytes 1,3+0,7 1,3+1,2 1,7+4,0 1,2+1,6 0,546
D-dimer 2332,3+2393,4 2015,7+3342,3 1450,1+£2318,3 1911,3+4870,7 0,592
IL-6 64,44+51,0 42,7+56,2 48,4+48,1 33,24+36,9 0,449
25-OH-D3 21,746,2 40,4+6,0 62,9+7,8 101,04+26,7 <0,001
Season 0,259
Jan-Feb 20 (44,4%) 26 (35,6%) 26 (29,9%) 24 (25,3%)
Mar-Apr 11 (24,4%) 14 (19,2%) 19 (21,8%) 17 (17,9%)
May-jun 2 (4,4%) 4 (5,5%) 7 (8,0%) 6 (6,3%)
Jul-Aug 3(6,7%) 10 (13,7%) 10 (11,5%) 18 (18,9%)
Sep-Oct 6 (13,3%) 9(12,3%) 21 (24,1%) 24 (25,3%)
Nov-Dec 3(6,7%) 9(12,3%) 4 (4,6%) 6 (6,3%)
Diabetes 13 (28,9%) 21 (28,8%) 17 (19,5%) 18 (18,9%) 0,291
Hyperlipidaemia 20 (44,4%) 23 (31,5%) 23 (26,4%) 29 (30,5%) 0,204
Coronary artery
disease/stroke 13 (28,9%) 14 (19,2%) 13 (14,9%) 18 (18,9%) 0,295
Uncontrolled
hypertension 2 (4,4%) 2 (2,7%) 2 (2,3%) 4 (4,2%) 0,861
Hypertension 31 (68,9%) 38 (52,1%) 48 (55,2%) 44 (46,3%) 0,082
ACEi 24 (53,3%) 23 (31,5%) 27 (31,0%) 29 (30,5%) 0,035
ACT 15 (33,3%) 6 (8,2%) 10(11,5%) 10 (10,5%) <0,001
AAT 6 (13,3%) 12 (16,4%) 15(17,2%) 18 (18,9%) 0,883
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Table 2. Continued

Vitamin 25(0OH)D; deficiency level

<30 nmol/L 30-50 nmol/L 50-75 nmol/L >75 nmol/L p-value
deficient insufficient non-optimal sufficient
(n=45) (n=73) (n=87) (n=95)
Smoking 4 (8,9%) 9(12,3%) 5(5,7%) 4 (4,2%) 0,204
Alcohol 0 0 1(1,1%) 0 0,481
Diagnosis <0,001
ARI 0 0 0 1(1,1%)
SARS-CoV-2 with
pneumonia (RTG) 22 (48,9%) 56 (76,7%) 72 (82,8%) 83 (87,4%)
SARS-CoV-2 23(51,1%) 17 (23,3%) 15 (17,2%) 12 (12,6%)
COVID-19 severity 0,001
Asymptomatic 13 (28,9%) 12 (16,4%) 8(9,2%) 4 (4,2%)
Mild 9 (20,0%) 7 (9,6%) 15 (17,2%) 24 (25,3%)
Moderate 6 (13,3%) 11 (15,1%) 12 (13,8%) 17 (17,9%)
Severe 16 (35,6%) 43 (58,9%) 52 (59,8%) 51 (53,7%)
SYMPTOMS
Fever 25 (55,6%) 52 (71,2%) 3 (83,9%) 77 (81,1%) 0,002
Chest pain 8(17,8%) 15 (20,5%) 3 (26,4%) 32(33,7%) 0,116
Cough 19 (42,2%) 47 (64,4%) 59 (67,8%) 71 (74,7%) 0,008
Anosmia/ageusia 1(2,2%) 6 (8,2%) 1(12,6%) 13 (13,7%) 0,156
Dyspnoea 19 (42,2%) 41 (56,2%) 8 (55,2%) 58 (61,1%) 0,186
Diarrhoea 5(11,1%) 14 (19,2%) 4(16,1%) 19 (20,0%) 0,595
Headache 6 (13,3%) 10 (13,7%) 14 (16,1%) 12 (12,6%) 0,928
DVT/PE 3(6,7%) 10 (13,7%) 5(5,7%) 6 (6,3%) 0,237
Death 4(8,9%) 4 (5,5%) 2 (2,3%) 4 (4,2%) 0,381
ICU admission 3(6,7%) 9 (12,0%) 8(9,2%) 10 (10,5%) 0,782
Dexamethasone 19 (42,2%) 47 (64,4%) 65 (74,7%) 72 (75,8%) <0,001
Remdesivir 6 (13,3%) 16 (21,9%) 9 (21,8%) 18 (18,9%) 0,639
Antibiotic 8 (17,8%) 15 (20,5%) 24 (27,6%) 24 (25,3%) 0,553
Oxygen 22 (48,9%) 55 (75,3%) 0 (80,5%) 77 (81,1%) <0,001

increased sun exposure in the summer, which is known to be an important source of natural vitamin D. It has been
established that in the absence of UVB-induced vitamin D biosynthesis, vitamin D supply can be maintained in healthy
adults with a dietary intake of between 600 and 800 IU of vitamin D."*"" At the same time, it should be pointed out that
this does not apply to individuals who already have vitamin D deficiency, and that such doses are sufficient to reach the
threshold value for skeletal and muscle functions (50 nmol/L), but not to reach higher concentrations of serum level,
e.g. 75 nmol/L. The results of our study show, that the Vitamin D deficiency is more prevalent in males. Interestingly, the
duration of symptoms was the shortest in the most Vitamin D deficient group. Furthermore, fever and cough were more
frequent within the group with optimal serum Vitamin D levels. In addition, the severe course of COVID-19 was also
more common in groups with higher concentration of serum vitamin 25(OH)D; levels. These results do not support the
protective role of vitamin D in viral infections suggested in the previous studies, where vitamin D supplementation was
shown to significantly lower the incidence of acute respiratory infections (ARIs) in subjects with severe vitamin D
deficiency.*® Our results can be explained by several hypotheses. First, previous studies have shown that higher serum
levels of vitamin D are required for beneficial effects on the immune system than for skeletal and muscle effects.”” This is
further supported by a study in which patients with levels of vitamin D below 75 nmol/L were shown to 58% more likely
to suffer from ARI"" Most of our patients admitted they only started supplementing Vitamin D after they had already
developed the symptoms, which could explain our results, as the immunomodulatory effects of Vitamin D have not yet
started. Previous studies have shown a correlation between lower average vitamin D levels and a higher incidence of
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Table 3. Comparison of clinical characteristics based on COVID-19 severity level.

COVID-19 severity

Asymptomatic Mild (n=55) Moderate Severe p-value

(n=37) (n=46) (n=162)
Age 60,6+15,4 63,7+£17,2 66,3+14,8 65,6++13,4 0,241
Sex 0,179
m/f 20/17 36/19 20/26 89/73
Duration of symptoms 3,3£3,0 7,0+£4,3 6,7+£4,0 9,5+5,6 <0,001
Systolic at admission 132,0+24,1 128,3+21,6 122,8+16,8 124,9+17,0 0,108
Diastolic at admission 77,1£13,1 76,9+11,9 73,8+£10,8 73,7£11,2 0,196
Systolic after 72h 135,4+19,4 128,0+18,9 125,3+16,0 134,1+£19,3 0,018
Diastolic after 72h 76,3+12,8 74,6+10,5 72,8+11,1 74,7+£11,4 0,612
BLOOD TESTS
HbA1c 6,2+1,1 6,7+2,3 6,3+1,1 6,7+1,9 0,449
Glucose 6,4+2,9 6,8+2,8 6,6+1,8 7,3+£4,0 0,355
LDH 3,9+2,6 4,1£1,6 5,6+2,1 53+2,1 <0,001
Ferritin 449,3+385,3 606,4+721,3 793,6+815,3 1059,7+£742,5 <0,001
CRP 39,9+46,3 72,1+69,1 80,1+58,0 73,7+63,3 0,020
Procalcitonin 0,11+0,17 0,13+0,26 0,27+0,73 0,54+4,95 0,844
Leucocytes 8,1+3,2 6,5+2,8 6,9+5,2 7,5£3,6 0,223
RDW 14,94+1,3 13,9+1,2 14,2+0,9 17,0+£30,8 0,934
Thrombocytes 260,8+117,2 207,8+97,8 214,5+99,0 244,5+123,9 0,097
Lymphocytes 1,6£1,1 1,2+0,9 1,94+4,1 1,3+2,4 0,506
D-dimer 2349,1+2573,9 1993,6+3244,3  1491,8+£2303,3  1821,4+4080,6 0,770
IL-6 22,0+£18,0 53,5+55,4 71,4+52,1 49,7+53,3 0,275
25-OH-D3 44,14+22,5 70,3+37,0 69,7+37,9 64,1+30,8 0,001
Season <0,001
Jan-Feb 18 (48,6%) 14 (25,5%) 6 (13,0%) 58 (35,8%)
Mar-Apr 5 (13,5%) 3(5,5%) 3(6,5%) 50 (30,9%)
May-Jun 1(2,7%) 8 (14,5%) 5(10,9%) 5(3,1%)
Jul-Aug 3(8,1%) 8 (14,5%) 5(10,9%) 5(3,1%)
Sep-Oct 6 (16,2%) 18 (32,7%) 18 (11,1%) 18 (11,1%)
Nov-Dec 4(10,8%9 3(5,5%) 1(2,2%) 14 (8,6%)
Extended season <0,001
Summer May-Oct 10 (27,0%) 34 (61,8%) 36 (78,3%) 39 (24,1%)
Winter Nov-Apr 27 (73,0%) 20 (36,4%) 10 (21,7%) 122 (75,3%)
D3 deficiency 33 (89,2%) 31 (56,4%) 29 (63,0%) 111 (68,5%) 0,009
D3 deficiency level 0,001
<30 nmol/L deficient 13 (35,1%) 9 (16,4%) 6 (13,0%) 16 (9,9%)
30-50 nmol/L
insufficient 12 (32,4%) 7 (12,7%) 11 (23,9%) 43 (26,5%)
50-75 nmol/L non-
optimal 8(21,6%) 15 (27,3%) 12 (26,1%) 52 (32,1%)
>75 nmol/L sufficient 4 (10,8%) 24 (43,6%) 17 (37,0%) 51 (31,5%)
Diabetes 9 (24,3%) 13 (23,6%) 10 (21,7%) 36 (22,2%) 0,991
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Table 3. Continued

COVID-19 severity

Asymptomatic Mild (n=55) Moderate Severe p-value
(n=37) (n=46) (n=162)
Hyperlipidemia 10 (27,0%) 18 (32,7%) 15 (32,6%) 52 (32,1%) 0,934
Coronary artery
disease/stroke 9 (24,3%) 11 (20,0%) 12 (26,1%) 26 (16,0%) 0,406
Uncontrolled
hypertension 2 (5,4%) 3(5,5%) 1(2,2%) 3(1,9%) 0,437
Hypertension 17 (45,9%) 26 (47,3%) 21 (45,7%) 97 (59,9%) 0,139
ACEi 10 (27,0%) 19 (34,5%) 16 (34,8%) 57 (35,2%) 0,820
ACT 7 (18,9%) 8 (14,5%) 11 (23,9%) 15 (9,3%) 0,054
AAT 6 (16,2%) 8 (14,5%) 10 (21,7%) 27 (16,7%) 0,802
Smoking 4(10,8%) 5(9,1%) 1(2,2%) 12 (7,4%) 0,438
Alcohol 0 1(1,8%) 0 0 0,215
Diagnosis <0,001
ARI 0 0 1(2,2%) 0
SARS-CoV-2 with
pneumonia (RTG) 0 31 (56,4%) 42 (91,3%) 160 (98,8%)
SARS-CoV-2 37 (100%) 24 (43,6%) 3(6,5%) 2 (1,2%)
SYMPTOMS
Fever 1(2,7%) 45 (81,8%) 39 (84,8%) 141 (87,0%) <0,001
Chest pain 1(2,7%) 14 (25,5%) 9 (19,6%) 53 (32,7%) 0,002
Cough 4(10,8%) 32 (58,2%) 32 (69,6%) 128 (79,0%) <0,001
Anosmia/ageusia 1(2,7%) 8 (14,5%) 4(8,7%) 18(11,1%) 0,315
Dyspnoea 1(2,7%) 19 (34,5%) 26 (56,5%) 119 (73,5%) <0,001
Diarrhea 1(2,7%) 9 (16,4%) 11 (23,9%) 30 (18,5%) 0,060
Headache 0 5(9,1%) 13 (28,3%) 24 (14,8%) 0,001
DVT/PE 1(2,7%) 2 (3,6%) 2 (4,3%) 19 (11,7%) 0,087
Death 1(2,7%) 0 1(2,2%) 11 (6,8%) 0,133
ICU admission 0 0 1(2,2%) 29 (17,9%) <0,001
Dexamethasone 0 21 (38,2%) 37 (80,4%) 145 (89,5%) <0,001
Remdesivir 0 2(3,6%) 9 (19,6%) 48 (29,6%) <0,001
Antibiotic 3(8,1%) 15 (27,3%) 15 (32,6%) 37 (22,8%) 0,057
Oxygen 0 24 (43,6%) 38 (82,6%) 161 (99,4%) <0,001

SARS-CoV-2 infections and higher mortality (Italy, France, Spain, Switzerland).”' For instance, in Chicago, those with
vitamin 25(OH)D; levels below 50 nmol/L had a 1.77 times greater risk of testing positive for the infection. Their vitamin
25(0OH)D; was determined up to a year before they fell ill or were tested.”” In our case unfortunately we did not measure
levels of vitamin 25(OH)Djy at several time points. Similar differences in the vitamin D levels between positive and
negative subjects was also noted in a Swiss study, where those with a positive test had an average level of only 27 nmol/L,”
and those with a negative test had an average level of 61 nmol/L. Also in Israel, it was shown that a lower level of vitamin
D increases the risk of infection with SARS-CoV-2.”* In observational studies in Iran,”” Germany, and Italy, those
patients with COVID who had lower levels of vitamin D had worse outcomes.’® Moreover, an almost 15-fold increased
risk of death was observed in patients with vitamin D deficiency compared with those with higher vitamin 25(OH)D;
levels; similar relationships were also evident when the vitamin 25(OH)Dj3 cut-off was set at 50 nmol/L.’® Our results
show that patients with more severe disease showed higher levels of inflammatory markers and significantly lower levels
of serum vitamin 25(OH)Ds. Interestingly however, again the lowest levels of vitamin 25(OH)D5; were detected in the
asymptomatic group. This can be explained by the same reason as above those patients who had symptoms started taking
high concentrations of vitamin D prior to their admission to the hospital as our recommendations were published over
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Figure 3. Serum 25(OH)D; levels based on COVID-19 severity.

several media and in a public campaign. Patients with asymptomatic course of the disease were not aware of infection and
were not supplementing vitamin D, which explains the lower levels. In addition, the majority of cases were detected
during the winter months, during which the baseline serum Vitamin D levels are lower, which could have influenced the
results. Nevertheless, the most severe group of patients exhibited more symptoms, a higher rate of ICU admission and a
higher mortality rate which is in line with previous reports. The results of a previous study indicate that vitamin D
supplementation decreases the rate of ICU admissions as well as mortality.”’ The favourable outcome of vitamin D
supplementation and increased serum levels can be explained by the fact that vitamin D moderates the excessive
inflammation in the lungs (cytokine storm) that can have detrimental effects in some patients with COVID-19.
Inconsistency in the effect of vitamin D supplementation has been shown previously and attributed to different dosing
regimens, duration of supplementation, and methodology in published reports. Murai et al.”® did not detect differences in
hospital stay of patients with COVID-19 who received vitamin D dose and those who did not receive vitamin D.

Our study had several limitations. No clear data about the length of vitamin D supplementation prior to hospitalisation
could be obtained. Our largest limitation is that no follow-up was performed, as in the following period the severity of the
disease might be lower due to higher level of serum vitamin 25(OH)D;. In addition, we did not measure the levels of
vitamin 25(OH)D; in several time points of hospitalisation to confirm its effect over time.

Conclusion

Vitamin D levels showed a reasonable effect in the prevention of SARS-CoV-2 morbidity and mortality. Our results show
the association between lower levels of serum vitamin 25(OH)D; and COVID-19 severity. Patients with the severe course
of COVID-19 were shown to have increased inflammatory parameters, increased mortality, and higher incidence of
vitamin D deficiency. The results suggest that the vitamin D deficiency might represent a significant risk factor for a
severe course of COVID-19. Therefore, we recommend vitamin D supplementation in high-risk patients and hospitalised
COVID-19 patients. Further, prospective longitudinal studies are warranted to assess the long-term effects of Vitamin D
supplementation.
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Giulia Vivaldi
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Siuka and colleagues report findings from a prospective cohort study assessing the effect of
vitamin D supplementation on people hospitalised with SARS-CoV-2 infection. The authors
assessed vitamin D deficiency in 301 participants, who were hospitalised with varying levels of
COVID-19 severity. The majority (68%) of participants had some level of vitamin D deficiency. Key
strengths of this study are detailed data on disease course and laboratory measures, as well as
inclusion of participants with varying disease severity. However, there are some limitations.

Major

The general statistical approach seems suitable. However, I have doubts about the binarisation of
disease severity in order to use logistic regression. People who were asymptomatic had the lowest
levels of vitamin D; as the authors note, this is likely to be an artefact of the guidance around
vitamin D supplementation at the time. However, by combining the vitamin D levels of people with
asymptomatic disease and those with mild disease, the authors create a mean value that is
unlikely to be representative. This leads to a contradiction in the results, whereby analysis by
vitamin D level suggests that severe disease is more common among people with higher levels of
vitamin D, but analysis by disease severity appears to give the opposite result.

As the disease severity outcome is ordered, I believe it would make more sense to use ordered
logistic regression (or, failing that, multinomial regression with a trend test). As the asymptomatic
group appears to be an outlier, the authors should then consider doing sensitivity analyses
excluding asymptomatic participants to see whether they can observe a difference in vitamin D
level between the three remaining severity groups.

The authors say they do not have data on the length of vitamin D supplementation before
hospitalisation, but they do not clarify whether they have any information at all on vitamin D
supplementation (ie, whether or not someone was taking supplements). Any information they do
have should be adjusted for in the model if at all possible.

Minor
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General: One participant with ARI is included: it is unclear whether this participant had SARS-CoV-
2 infection or not. If not, why were they included?

Methods: The first paragraph of the Methods says that participants were hospitalised in the
COVID-19 unit of the medical centre, but it's unclear why asymptomatic participants or those with
mild disease would have been hospitalised. Were they in hospital for another reason? Please

clarify.

Results, paragraph 4: This paragraph would benefit from a more careful rewrite. Sometimes the
authors are comparing each group individually, and sometimes they appear to be grouping them
together.

Eg, the authors say that fever and cough were more common in the optimal group of patients, but
actually fever was most common in the sub-optimal group. So are they comparing the optimal
group with an average of all the other groups?

The authors also say that severe disease was more common in groups with higher levels of serum
vitamin 25(0OH)D3, but given that the percentage dips in the 'optimal' group, it might be more
accurate to say that severe disease was least common in patients who were vitamin D deficient.

Conclusion: The first two sentences of the conclusion are too strong, as I am not sure they are
supported by the data. Firstly, there do not appear to be any statistical differences in mortality by
vitamin D level. Secondly, as mentioned in the major comment, the combination of the
asymptomatic and mild groups introduces problems in the analysis that make it difficult to state
that vitamin D levels prevent disease morbidity as well.

Figure 1: Please add a note to the figure legend explaining what the asterisk for observation 193
represents.

Tables: Female and male sex should be presented in separate rows, with percentages.

Tables: Can the authors please clarify whether the duration of symptoms is duration in total, or
time between symptom onset and hospitalisation? At the moment, it is difficult to interpret.

Table 3: It is surprising that people in the asymptomatic group report symptoms (ie, four
participants reported cough). This would suggest that they were not asymptomatic. The authors
should clarify whether asymptomatic means asymptomatic up to hospitalisation, or asymptomatic
during the course of the disease. If the latter, the presence of symptoms in table 3 suggests there
has been a mistake.

Is the work clearly and accurately presented and does it cite the current literature?
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Yes
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If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly
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