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CLINICAL STUDY

The prognostic signifi cance of vitamin D defi ciency in 
patients with COVID-19 pneumonia
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ABSTRACT
BACKGROUND: Vitamin D has anti-infl ammatory and immunomodulatory effects via the downregulation of 
pro-infl ammatory cytokines. We aimed to demonstrate the effect of vitamin D levels on survival in COVID-19 
patients. 
MATERIALS AND METHODS: 207 COVID-19 patients were included in the study. Serum vitamin D levels were 
measured, and patients with levels <20 ng/ml or 21 to 30 ng received a single 300.000 IU dose of vitamin D. 
RESULTS: Of 207 patients, 37 received vitamin D, while 170 did not. Demographic, radiologic and mean 
laboratory values were similar between the groups. The mean plasma vitamin D level without vitamin D 
support (n=170) was 50.82±16.12 ng/ml (30.28–81.35) vs. 16.98±6.2 ng/ml (4.20–28.30) in vitamin D 
group. The most remarkable fi nding were the mortality rates; while only 1 patient (2.7 %) died in the vitamin 
D group, 24 patients (14.1 %) died in no vitamin D supplementation group (p=0.038).
CONCLUSION: Although a few retrospective studies put forth a relation between vitamin D defi ciency and 
COVID-19 course severity there is still paucity of data about the effi cacy of vitamin supplementations in COVID-19 
patients. A single 300.000 IU dose of vitamin D seems to represent a useful, practical, and safe adjunctive 
approach for the treatment or prevention of COVID-19 (Tab. 1, Fig. 1, Ref. 30). Text in PDF www.elis.sk
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Introduction 

Vitamin D is a steroi d hormone that is endogenously synthe-
tized from 7-dehydrocholesterol in the skin to its active form, i.e. 
1,25-dihydroxyvitamin D3 (1,25 (OH) 2D3) under the effect of 
ultraviolet light (1). Vitamin D synthetized in the skin or obtained 
through diet is hydroxylated in the liver to 25-hydroxyvitamin D 
(25 (OH) D), which is the measured vitamin in the serum (2). Vi-
tamin  D has immuno-modulatory properties and has been shown 
to alleviate acute pulmonary injury induced by lipopolysaccha-
rides via downregulation of pro-infl ammatory cytokines (3), and, 
in mice, by blocking the effects on angiopoietin (Ang)-2-Tie-2 
signal pathway and renin-angiotensin pathway (4). In addition to 
its anti-infl  ammatory and immuno-modulatory effects, it has also 
been shown to directly prevent viral replication (5). 

Severe a cute respiratory syndrome – Coronavirus-2 (SARS 
CoV2) infection is a major global health problem with a wide range 
of clinical manifestations from asymptomatic infection to cytokine 

storm and life-threatening acute respiratory distress syndrome 
(ARDS) (5). Currently, it is not possible to accurately predict these 
clinical manifestations or the prognosis on an individual basis. SARS 
CoV-2 virus enters cells through angiotensin converting enzyme 2 
(ACE2) receptors, which are found on the cells of the respiratory 
tract of the host (7). Acquired impairment of the renin-angiotensin 
system may lead to cytokine production that can cause ARDS (8).

The protective immune responses are responsible for elimi-
nating the virus in the early phase of the infection, indicating the 
importance of strengthening the immune responses. As the diseases 
progresses, pulmonary infl ammation and fi brosis develops due to 
the secretion of pro-infl ammatory cytokines, i.e. interleukin (IL) 
1 and IL 18 as well as due to the effect of activated macrophages 
and type 1 T and T helper (Th1) cells (9). In a recent study, vitamin 
D has been reported to reduce the likelihood of developing CO-
VID-19 symptoms, via induction of anti-microbial peptides (10). 
In this study, we examined the prognosis in COVID-19 patients 
who received vitamin D support. 

Materials and methods

This study was undertaken at the tertiary chest disease and 
surgery training hospital with the inclusion of patients admitted to 
our unit between 01 Sep 2020 and 01 Oct 2020 with a diagnosis 
of COVID-19 infection. The diagnosis of COVID-19 was based 
on a real-t ime transcription polymerase chain reaction (RT-PCR) 
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testing. Subjects > 18 years of age who had 
a positive RT-PCR test result were eligible 
if they had thoracic computed tomography 
(CT) and/or chest x-ray results available to-
gether with adequate clinical data in patient 
fi les or hospital database. Excluded patients 
were < 18 years of age, without PA chest x-
ray or thoracic CT results available, or who 
had insuffi cient clinical data. Age, gender, 
concomitant conditions, laboratory results, 
and length of hospital stay were recorded. 
Chest x-ray fi ndings were evaluated in two 
categories as unilateral and bilateral fi nd-
ings. CT results were grouped according 
to the number of lobes involved. Serum 
vitamin D levels were measured, and those 
with a vitamin D level of < 20 ng/ml or 21 to 
30 ng received a single 300.000 IU dose of 
vitamin D. Thus, the patients were grouped 
based on who did or did not receive vitamin 
D support. The need for intensive care unit 
admission, discharge status, and mortality 
was recorded in all patients.

Age, comorbidities, and laboratory re-
sults at admission were compared between 
patients who did or did not receive vitamin 
D support during the study period and also, 
mortality difference was evaluated.

Statistical analysis
Statistical analysis was performed using SPSS 21.0 software 

(IBM, Inc., Chicago, Illinois, USA). The compatibility of the 
data to normal distribution was investigated by the Kolmogorov-
Smirnov test. Data showing continuous variables were expressed 
as mean±standard deviation or median (minimum-maximum), 
and categorical data were expressed as number and percentage 
(%). Independent groups were compared using the Student T-test 
or Mann-Whitney U test whereas the Chi-square test was used 
for Categorical variables. A p value <0.05 was considered statis-
tically signifi cant.

Results

A total of 207 patients were included. Of these patients, 37 
received vitamin D, while 170 did not. Twenty-four (64.9 %) of 
those in vitamin D group were males, and 13 (35.1 %) were fe-
males, and the corresponding fi gures in no-Vitamin D group were 
102 (60 %) and 68 (40 %), respectively. The mean age in patients 
who received vitamin D was 61.81±12.98 years vs. 64.27±14.49 
years in those who did not receive vitamin D (p = 0.342). The 
mean plasma vitamin D concentration in subjects without vita-
min D support (n=170) was 50.82±16.12 ng/ml (30.28–81.35) vs 
16.98±6.2 ng/ml (4.20–28.30) in those who received vitamin D.

Total white blood cell and lymphocyte count, neutrophil/lym-
phocyte ratio, C-reactive protein, D-dimer, and ferritin were not 

statistically different between the two groups (Tab. 1). Also, there 
were no signifi cant differences in the proportion of patients with 
comorbid conditions (78.4 % vs 72.4 %, p=0.585), as well as in 
oxygen saturation at presentation (p=0.835). Furthermore, the 
two groups were not signifi cantly different in terms of radiologi-
cal pulmonary involvement and mean duration of hospital stay.

There were no patients requiring intensive care unit admis-
sion in the vitamin D group (0 %, n=0), as compared to the group 
without vitamin D support (7.1 %, n=12), although the difference 
was not statistically signifi cant. Only two patients in the vitamin 
D group (5.4 %) required advanced medical treatment (e.g. high 

Vitamin D group 
(n=37)

No vitamin D 
(n=170)

p

Gender
Male
Female

24 (64.9%)
13 (35.1%)

102 (60%)
68 (40%)

0.716

Age 61.81±12.98 64.27±14.49 0.342
Presence of comorbidity 29 (78.4%) 123 (72.4%) 0.585
At presentation 

WBC
Lymphocyte 
NLR 
CRP 
D-dimer 
Ferritin 
SO2 

7810.81±2807.25
1067.57±499.89

7.2±4.62
90.12±54.09

1212.22±955.05
446.52±365.14

87.59±9.07

7615.18±4709.56
1152.64±586.8

7.25±9.67
93.03±74.01

2489.02±7132.48
423.57±403.22

87.26±8.72

0.808
0.414
0.974
0.785
0.286
0.763
0.835

Radiological fi ndings
Normal
Unilateral
Bilateral

2 (5.4%)
17 (45.9%)
18 (48.6%)

25 (14.8%)
61 (36.1%)
83 (49.1%)

0.244

Length of hospital stay (days) 6.43±3.38 7.11±4.96 0.316
Re-admission 3 (8.1%) 8 (4.7%) 0.418
Admission to ICU - 12 (7.1%) 0.132
Need for advanced oxygen therapy 2 (5.4%) 18 (10.6%) 0.539
Need for advanced medical therapy 3 (8.1%) 15 (8.8%) ns
Outcome

Died
Discharged

(2.7%)
36 (97.3%)

24 (14.1%)
146 (85.9%)

0.038

NLR – Neutrophil/lymphocyte ratio, CRP – C-reactive protein, SO2 – Oxygen saturation, ICU – Intensive care unit.

Tab. 1. Clinical, demographic and radiologic features of groups.

Fig. 1. Mortality rates in the groups. WBC – White blood cell count. 
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dose steroids, plasma therapy, tocilizumab etc.), as compared to 
15 (8.8 %) in the other group; however this difference was not 
statistically signifi cant. The most remarkable result was found 
in mortality rates in the study; namely, in which only 1 patient 
(2.7 %) died in the vitamin D group and 24 patients (14.1 %) in 
the other group (p=0.038).

Discussion

A higher mortality rate was observed among the patients who 
did not receive vitamin D support in this study. Current evidence 
suggests that the main mechanism of pulmonary injury in CO-
VID-19 involves an unrestrained immune response leading to the 
“cytokine storm”, with the net effect of dysfunctional coagula-
tion and extensive tissue injury (11). Several cytokines such as 
tumor necrosis factor α (TNF-α), IL-1B, IL-8, and IL-12 are also 
involved in the pathogenesis of the disease, while IL 6 appears 
to be the most important component of the cytokine storm (12). 
IL-6 is produced by immune system cells (B and T lymphocytes, 
macrophages, dendritic cells, monocytes, mast cells) and is also 
synthesized by stromal cells and many non-lymphocyte cells, 
including fi broblast and endothelial cells. (13). The key activa-
tors for the secretion of IL-6 include IL-1β and TNF-α (14). Vi-
tamin D is involved in the activity of many immune system cells 
including macrophages, B and T lymphocytes, neutrophils, and 
dendritic cells (15). Furthermore, vitamin D prevents the produc-
tion of pro-infl ammatory cytokines and increases the synthesis of 
anti-infl ammatory cytokines (16). Evidence suggests that vitamin 
D may alleviate certain negative immunologic alterations such as 
increased IL-6 and delayed interferon-γ response (17). 

A 25 (OH) D level of less than 20 ng/ml is considered “defi -
ciency, a level between 21–29 is defi ned as “insuffi ciency”, and a 
level between 30 and 100 ng/ml is considered “normal” (18). In 
our study, patients with a 25-hydroxyvitamin D level of < 30 ng/ml
received vitamin D supplementation. 

Calcitriol (1,25-dihydroxyvitamin D3) increases the expres-
sion of ACE2 through the ACE2/Ang(1-7) /MasR axis (19). ACE2 
receptors on the host cell mediate SARS-CoV-2 infection. These 
fi ndings initially suggested that vitamin D may actually predis-
pose the individual to infection. However, vitamin D suppressed 
pro-infl ammatory cytokines released from Th1 cells such as IL6, 
IL-8, IL-12, and IL-17 as well as it has also an important role in 
the killing of phagocytized bacteria through cathelicidin, an anti-
microbial cationic peptide. Moreover, it has also been proven to 
provide defensive induction in the alveoli (20, 21, 22). Studies
from Europe showing an association between low vitamin D levels 
and mortality are also supportive of this view (23, 24). In a study 
by Kerget et al patients with low vitamin D were more likely to 
develop Macrophage Activation Syndrome (MAS) (25). In our 
study, although patients who did or did not receive vitamin D 
were not signifi cantly different in terms of the need for intensive 
care unit admission and need for advanced medical and/or oxygen 
treatment, there were evident numerical differences. 

In another study, Alipio et al divided a total of 40 subjects with 
COVID-19 infection into three groups based on their vitamin D 

levels (i.e. > 30 ng/ml, 21–29 ng/ml, and < 20 ng/ml), and 4 patient 
strata were also defi ned based on clinical status as mild, mode-
rate, severe, and critically ill. Each standard deviation increase in 
serum 25 (OH) D levels was associated with an almost 20-fold 
higher likelihood of having mild disease (26). In a retrospective 
study by Frank H. Lau et al., a link between vitamin D defi ciency 
and severe COVID-19 infection was also reported (27). Similarly, 
in our study, mortality rate was higher among patients who were 
not supplemented with vitamin D. 

Until now, only few published studies have compared different
vitamin D replacement regimens (28). Sayiner et al, did not fi nd 
any signifi cant differences in effi cacy when comparing 50.000 
IU of weekly vitamin D for a total duration of 6 to 8 weeks with 
a single 300.000 IU replacement dose in a group of patients with 
vitamin D defi ciency (29). Carnes et al. compared the effi cacy of 
placebo and high dose vitamin D at a dose of either 300.000 or 
150.000 IU, administered every 6 months over a one year period 
and found that these regimens can be safely used for the treatment 
of vitamin D defi ciency (30). Theoretically a single 300.000 IU of 
vitamin D can be taken orally by subjects in the general popula-
tion or by patients treated on an outpatient or inpatient basis. In 
fact, generally a single 300.000 IU dose of vitamin D is given in 
subjects or pregnant women with vitamin D defi ciency. Also, this 
dose level was tested in some clinical studies involving HIV-in-
fected patients (31). Similarly, we administered a single 300.000 
IU dose of vitamin D orally to our patients with vitamin D defi -
ciency or insuffi ciency.

In conclusion, clinical and cohort studies examining the role 
of vitamin D in preventing or reducing the severity of COVID-19 
infections are relatively scarce in number. On the other hand, ret-
rospective studies suggested that COVID-19 has a more severe 
course in patients with vitamin D defi ciency. In line with these 
reports, a higher mortality rate was observed among our patients 
who did not receive vitamin D support. Based on these data as 
well as the reported anti-viral and anti-infl ammatory effects, we 
believe that a single 300.000 IU dose of vitamin D may represent 
a useful, practical, and safe adjunctive approach for the treatment 
or prevention of COVID-19 disease, for which there are currently 
no defi nitive treatments or treatments that can alter the prognosis. 
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