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ABSTRACT
AIM: Vitamin D, which has immunomodulatory effect, can reduce risk of infections and concentrations of pro-
infl ammatory cytokines. The aim of this study was to investigate the relationship between the levels of vitamin 
D and severity of COVID-19.
METHODS: A total of 204 patients with COVID-19 disease were enrolled in the study. All patients had viral 
pneumonia, which was confi rmed with chest computer tomography. All cases were divided in two groups- 
mild (outpatients); and serious (inpatients)- according to their clinical and laboratory data. Serum vitamin D 
levels were measured by chemiluminescence method.
RESULTS: Vitamin D defi ciency was found in 41.7 % (n = 85) of cases and insuffi ciency was found in 46.0 % 
(n = 94), while in 12.3 % (n = 25) of cases normal vitamin D levels were found. The odds of having a serious 
clinical outcome were increased for vitamin D insuffi ciency patients 5.604 times (%95 CI:0.633–49.584) and 
for vitamin D defi ciency patients 38.095 times (%95 CI:2.965–489.50) for each standard deviation decrease 
in serum 25(OH)D.
CONCLUSION: Adequate levels of vitamin D could suppress infl ammation and reduce the severity of 
COVID-19. Vitamin D supplementation may have an important role in decreasing the impact of the pandemic 
(Tab. 5, Fig. 2, Ref. 27). Text in PDF www.elis.sk
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Introduction

Corona virus disease (COVID-19), fi rst seen in the Wuhan 
region of China in December 2019, is caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV2) (1). Coronaviruses 
are enveloped viruses with a single stranded RNA genome. CO-
VID-19, which is transmitted from person to person, shows serious
progression from simple symptoms of upper respiratory tract in-
fections such as fever and cough to viral pneumonia and acute 
respiratory distress syndrome (ARDS). The binding of SARS-
CoV-2 in the respiratory tracts of infected patients in order to 
enter their host cells is through angiotensin converting enzyme 
2 (ACE2) receptors, which play an important role in the patho-
genesis of infection (2).

The fact that there is a signifi cant difference in COVID-19 mor-
tality among countries, particularly countries in the southern hemi-
sphere which have a relatively low mortality rate, brought with it a 
new debate. When mortality per million is evaluated by latitudes, 

it is seen that all countries below 35 degrees have relatively low 
mortality (3). People who live north of the 35th degree are less 
exposed to sunlight and do not receive suffi cient sunlight to retain 
adequate vitamin D levels during winter season when the pandemic
occurs (3). This makes the possible role of vitamin D prominent in 
determining the clinical status of patients in COVID-19.

Vitamin D is a secosteroid that has classical effects on calcium 
and bone homeostasis as well as plays an important role in the 
immune system and has a wide spectrum of immunomodulatory, 
anti-infl ammatory, antifi brotic, and antioxidant actions (2,4). It 
has been reported that vitamin D helps to increase the production 
of anti-infl ammatory molecules and reduce the production of pro-
infl ammatory molecules (5). Studies have also shown that vita-
min D may alter the immune system response through its effect 
on the production of immune molecules known as cytokines (5). 
There is important experimental data showing that vitamin D has 
a signifi cant role in regulating and suppressing the infl ammatory 
cytokines response to various pathogens, including respiratory 
viruses (3). In an experimental study, vitamin D, which has immu-
nomodulatory properties, has been shown to reduce the effects of 
the angiopietin(Ang)-2-Tie-2 signal pathway and renin-angiotensin 
pathway, thereby reducing acute lung damage due to lipopolysac-
charide in mice (6). Nevertheless, there is little evidence that vita-
min D can protect against infection, and it is assumed that vitamin 
D will not be able to protect against SARS-CoV-2 infection, but 
may be very important in the prevention of cytokine storm and 
ARDS, which is the cause of mortality (3).
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The aim of this study was to investigate the relationship be-
tween vitamin D levels and severity of COVID-19 disease.

Materials and methods

Subjects
This study was carried out in patients treated at the Prof.Dr. 

Cemil Tascioglu City Hospital. A total of 204 patients with the 
COVID-19 were included in the current study. According to the 
treatment protocol of our hospital COVID-19 patients who are 
diagnosed as critical or serious are treated in the hospital while 
others are treated at home. All included cases were divided in two 
groups -Group A, mild (outpatients); and Group B, serious pa-
tients (inpatients)-according to their clinical and laboratory data.
Although all patients underwent PCR test, only 22 patients were 
confi rmed with PCR test. All patients had viral pneumonia, which 
was confi rmed with chest computer tomography, with fever and 
other respiratory symptoms and were treated as a covid-19 patient.

Vitamin D status of the patients was classifi ed according to 
their serum 25(OH)D level. 25(OH)D of < 10 μgr/L was conside-
red vitamin D defi ciency; 25(OH)D of 10–20μg/L was considered 
insuffi cient; and, 25(OH)D of> 20μg/L was considered normal (7).

Patients who were starting vitamin D drugs at the hospital 
were excluded from the study.

Sample collection and preparation
Blood samples were collected in anti-

coagulant-free tubes. Immediate centrifu-
gation (3500 rpm) was performed for 10 
minutes and then the serum was analysed. 
Serum vitamin D levels were measured by 
chemiluminescence method with an auto-
analyzer (Beckman Coulter in DXI 800). 
Other biochemical parameters were deter-
mined with commercial kits and an auto-
analyzer (Beckman Coulter in DXI 800).

Ethics
All the participants were informed 

about the survey and signed and dated the 
consent form of free will. The protocol was 
approved by the Ethics Committee of Prof.
Dr. Cemil Tascioglu City Hospital and was 
conducted in accordance with the Declara-
tion of Helsinki.

Statistics
In descriptive statistics, normally dis-

tributed parameters were given as mean ± 
standard deviation while non-normally dis-
tributed parameters were given as median 
(25th–75th percentile). Frequency and per-
centage were used for categorical variables. 
Student-t test or Mann-Whitney U test was 
used as appropriate for comparing quan-

titative data while Pearson’s chi-squared test was used for the 
comparison of qualitative data. One-way Anova test was used 
in comparisons of three or more groups with normal distribution 
and Bonferroni test was used in binary comparisons; Kruskal-
Wallis test was used for comparisons of three or more groups that 
did not show normal distribution and Bonferroni-Dunn test was 
used for binary comparisons. Multivariate logistic regression was 
used to explore the association between biochemical parameters 
and clinical outcomes of the cases. Spearman correlation test was 
used to evaluate the correlations between 25(OH)D and the other 
parameters. All statistical analyses were performed using NCSS 
(Number Cruncher Statistical System) 2007 (Kaysville, Utah, 
USA) software program. A p value below 0.05 was considered 
statistically signifi cant.

n   %

Age (year) Min–Max (Median)  23–94 (59)
Mean±Sd  57.55±17.89

Gender Female 103 50.5
Male 101 49.5

Clinical status Inpatient 162 79.4
Outpatient 42 20.6

25(OH)D

Min–Max (Median) 0.2–44.1 (10.8)
Mean±Sd 12.18±7.18
Defi cient (<10 μg/L) 85 41.7
Insuffi cient (10–20 μg/L) 94 46.0
Normal (>20 μg/L) 25 12.3

Tab. 1. Demographic values of patients.

Clinical Status
p

Inpatient (n=162) Outpatient (n=42)
Age (year) Min–Max (Median) 24–94 (63.5) 23–80 (42) a0.001**

Mean±Sd 61.51±16.80 42.29±13.22
Gender; n (%) Female 82 (50.6) 21 (50.0) b0.943

Male 80 (49.4) 21 (50.0)
25(OH)D (μgr/L) Min–Max (Median) 0.2–36.4 (10) 9–44.1 (15.5) c0.001**

Mean±Sd 10.71±6.10 17.84±8.24
Vitamin D status; n (%) Defi cient 80 (49.4) 5 (11.9) b0.001**

Insuffi cient 72 (44.4) 22 (52.4)
Normal 10 (6.2) 15 (35.7)

Ferritin (μgr/L) Min–Max (Median) 2.2–4721 (150.8) 7.6–338.4 (68.6) c0.001**
Mean±Sd 335.16±580.7 94.06±88.51

CRP (mg/L) Min–Max (Median) 0.7–372.2 (67.5) 0.4–19.3 (2.4) c0.001**
Mean±Sd 87.54±80.23 3.83±4.05

D-dimer (ug/L) Min–Max (Median) 125–8840 (907.5) 80–805 (291.5) c0.001**
Mean±Sd 1352.55±1504.62 337.64±192.04

ALT (U/L) Min–Max (Median) 4–246 (20) 8–184 (23) c0.282
Mean±Sd 31.23±32.15 32.29±29.98

AST (U/L) Min–Max (Median) 7–157 (23.5) 14–74 (20.5) c0.190
Mean±Sd 30.82±21.02 25.02±12.09

Leukocyte (×103/mm3) Min–Max (Median) 2.4–76.5 (7.2) 3.9–13.8 (7.5) c0.273
Mean±Sd 8.01±6.33 7.83±2.19

Lymphocyte (×103/mm3) Min–Max (Median) 0.2–7.3 (1.3) 0.7–3.8 (2.1) c0.001**
Mean±Sd 1.48±0.83 2.18±0.72

Platelet (×103/mm3) Min–Max (Median) 4.7–925 (235) 153–421 (240) c0.756
Mean±Sd 252.16±113.23 250.67±68.83

aStudent t Test, b Pearson’s chi-squared Test, cMann–Whitney U Test, **p<0.01

Tab. 2. The relationship between patients clinical outcomes with demographic and biochemi-
cal parameters.
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Data availability
The data associated with the paper are not publicly available 

but are available from the corresponding author on reasonable 
request.

Results

The demographic values of the patients are shown in Table 
1. Of the 204 cases of COVID-19, 42 (20.6 %) were outpatients 
(mild cases), and 162 (79.4 %) were inpatients (serious cases). 
Mean serum 25(OH)D level was 12.18±7.18 μg/L. Vitamin D de-
fi ciency was found in 41.7 % (n = 85) of cases and insuffi ciency 
was found in 46.0 % (n = 94), while in 12.3 % (n = 25) of cases 
normal vitamin D levels were found. 

The relationship between patients clinical outcomes with de-
mographic and biochemical parameters are given Table 2. No sig-

nifi cant differences were observed between the inpatient and the 
outpatient groups with regards to gender, ALT, AST, leukocyte, 
and platelet levels (p>0.05). There were signifi cant differences 
between the two groups according to age, 25(OH)D, ferritin, CRP, 
d-dimer, and lymphocyte. The inpatients group had signifi cantly 
lower levels of 25(OH)D (p=0.001) and lymphocyte (p=0.001), 
while had signifi cantly higher ferritin (p=0.001), CRP (p=0.001), 
and d-dimer levels (p=0.001) than those in the outpatient group. 
According to the clinical status, vitamin D defi ciency was higher 
in patients who were hospitalized, while vitamin D normal status 
was higher in the outpatient patients (Fig. 1).

The relationship between vitamin D status and other parame-
ters are given Table 3. There was no signifi cant difference in the 
age and gender according to vitamin D levels. According to the 
vitamin D status, ferritin and CRP levels of the patients were found 
statistically different (p=0.034, p=0.001, respectively). As a result 
of the binary comparisons made to determine the group that creates 
the difference, ferritin and CRP levels in the cases with vitamin D 
defi ciency were higher than those with vitamin D insuffi ciency and 
normal vitamin D levels (p=0.048, p=0.023; p=0.013; p=0.001, 
respectively), while no signifi cant difference was found for ferritin 
levels of cases with normal vitamin D levels (p>0.05). In terms 
of vitamin D status, the lymphocyte counts of the patients with 
vitamin D defi ciency were lower than those with normal vitamin 
D levels (p=0.002) while there were no signifi cant differences be-
tween the lymphocyte counts of other groups (p>0.05).

The correlations between the levels of vitamin D and other pa-
rameters in all patients are shown in Table 4. Vitamin D was negative-
ly correlated with ferritin, CRP, and d-dimer (r = –0.236, p=0.001; r = 
–0.353, p=0.001; r = –0.185; p=0.008, respectively) (Figs 2 A,B,C). 
Positive correlations were observed between vitamin D levels and 
the lymphocyte and leukocyte counts (r = 0.294, p=0.001; r = 0.143, 

Fig. 1. Clinical status of patients according to vitamin D levels.

Vitamin D status p
Defi cient(n=85) Insuffi cient (n=94) Normal (n=25)

Age (year) Min–Max (Median) 24–88 (61) 23–94 (57) 28–82 (50) d0.283
Mean±Sd 59.18±16.32 57.37±19.46 52.72±16.51

Gender; n (%) Female 45 (52.9) 44 (46.8) 14 (56.0) b0.601
Male 40 (47.1) 50 (53.2) 11 (44.0)

Ferritin (μgr/L) Min–Max (Median) 8.4–4721 (174.9) 2.2–4260 (109.7) 9.1–811.7 (81.2) e0.034*
Mean±Sd 356.60±605.46 256.35±507.75 153.54±186.66

CRP (mg/L) Min–Max (Median) 0.4–372.2 (72.5) 0.4–355.7 (26.4) 0.8–193.5 (4.8) e0.001**
Mean±Sd 91.79±86.33 60.27±71.75 35.01±59.83

D-dimer (ug/L) Min–Max (Median) 111–8720 (745) 112–8840 (742) 80–2760 (630) e0.054
Mean±Sd 1375.94±1668.71 1061.88±1258.33 660.88±582.59

ALT (U/L) Min–Max (Median) 4–246 (19) 5–184 (25.5) 10–105 (20) e0.099
Mean±Sd 27.53±30.67 35.78±33.73 28.52±25.17

AST (U/L) Min–Max (Median) 7–157 (22) 9–112 (24) 12–47 (20) e0.593
Mean±Sd 30.05±21.43 30.77±19.95 23.92±8.43

Leukocyte (×103/mm3) Min–Max (Median) 2.4–22.7 (6.8) 2.6–76.5 (7.6) 3.7–16 (7.5) e0.043*
Mean±Sd 7.08±3.02 8.79±7.73 7.93±2.67

Lymphocyte (×103/mm3) Min–Max (Median) 0.3–3.3 (1.3) 0.2–7.3 (1.5) 0.7–3.5 (2) e0.002**
Mean±Sd 1.42±0.64 1.70±1.00 2.01±0.72

Platelet (×103/mm3) Min–Max (Median) 35–577 (223) 4.7–925 (242.5) 134–421 (261) e0.158
Mean±Sd 235.71±99.34 263.34±115.62 262.88±78.02

dOneway ANOVA Test, eKruskal–Wallis Test, **p<0.01, *p<0.05

Tab. 3. The relationship between vitamin D status and other parameters.
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p=0.042, respectively) (Fig. 2 D). No correlations were observed 
between vitamin D and ALT, AST, and platelet levels in all patients.

A multivariate logistic regression analysis is given in Table 5. 
The effects of 25(OH)D, CRP, and D-Dimer levels on the severity 
of the disease were found statistically signifi cant (p <0.05). A lo-
gistic regression analysis showed that the odds of having a serious 
clinical outcome (inpatient) rather than a mild outcome (outpatient) 
were increased for vitamin D insuffi ciency patients approximately 
5.604 times (%95 CI:0.633–49.584) and for vitamin D defi ciency 
patients 38.095 times (%95 CI:2.965–489.50) for each standard de-
viation decrease in serum 25(OH)D. For each standard deviation in-
crease in serum CRP, the odds of having a serious clinical outcome 
rather than a mild outcome were increased approximately 1.256 
times (%95 CI:1.065–1.481). The odds of having a serious clini-
cal outcome were increased approximately 1.004 times (%95 CI: 
1.001–1.008) for each standard deviation increase in d-dimer levels.

Ferritin and lymphocyte levels were effective factors infl u-
encing the severity of the disease in univariate analysis, whereas 
they were not found signifi cant in multivariate logistic regression 
analysis (p>0.05). The age variable is included in the model to 
adjust other variables.

Levels of vitamin D
Overall 
(n=204)

Inpatient 
(n=162)

Outpatient 
(n=42)

Ferritin (μgr/L) r –0.236 –0.156 –0.060
p 0.001** 0.047* 0.706

CRP (mg/L) r –0.353 –0.180 –0.104
p 0.001** 0.022* 0.513

D-dimer (ug/L) r –0.185 –0.032 0.259
p 0.008** 0.683 0.098

ALT (U/L) r 0.108 0.105 –0.050
p 0.124 0.185 0.752

AST (U/L) r –0.025 0.020 –0.001
p 0.722 0.804 0.997

Leukocyte (×103/mm3) r 0.143 0.149 –0.068
p 0.042* 0.059 0.668

Lymphocyte (×103/mm3) r 0.294 0.162 0.065
p 0.001** 0.041* 0.684

Platelet (×103/mm3) r 0.125 0.117 0.175
p 0.075 0.140 0.269

R– Spearman’s correlation coeffi cient, *p<0.05, **p<0.01

Tab. 4. Correlation analysis (r) between vitamin D and other labora-
tory parameters.

A B

C D

Fig. 2. The relationship between vitamin D with CRP levels (A), ferritin levels (B), d-dimer levels (C), and lymphocyte counts (D) in all patients.
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Discussion

Research focusing on the role of vitamin D, which can modu-
late the reaction against body infections, in the immune system 
have become increasingly important during the COVID-19 pan-
demic period.

The natural immune system stimulates pro-infl ammatory and 
anti-infl ammatory cytokines in response to viral and bacterial in-
fections, as observed in COVID-19 patients (8). It is reported that 
vitamin D reduces the production of pro-infl ammatory Th1 cyto-
kines, such astumor necrosis factor and interferon-γ and increase 
the expression of anti-infl ammatory cytokines by macrophages 
(8,9). It is known that COVID-19 infection is associated with the 
increased production of pro-infl ammatory cytokines, C-reactive 
protein (CRP), and ferritin, increased risk of pneumonia, acute 
respiratory distress syndrome, and heart failure (10,11). Adequate 
levels of vitamin D can contribute to reduction of severity of the 
disease and the incidence of cytokine storm in COVID-19 patients.

In this study, we investigated the relationship between vitamin 
D levels and severity of disease in COVID-19 patients. In the pres-
ent study, serum 25(OH)D levels in the outpatients of COVID-19 
were determined to be signifi cantly higher than in the inpatients 
of COVID-19 (p<0.001).

There are many studies that review the relationship between 
vitamin D and COVID-19 (12–14). Alipio (14) conducted a mul-
tinomial logistic regression to investigate the association between 
serum 25(OH)D level and clinical outcomes of 212 cases with labo-
ratory-confi rmed infection of SARS–CoV2. The author reported 
that a decrease in serum 25(OH)D level could worsen clinical 
outcomes of COVID-2019 patients (14). Ilie et al (12) searched 
the number of cases of COVID-19/1 million population in each 
of European countries and mortality caused by this disease/1 mil-
lion population. They found signifi cant relationships between vita-
min D levels and the number COVID-19 cases and especially the 
mortality caused by this infection (12). Conversely, a study used 
UK Biobank data (2006–2010) for vitamin D status, and ethnic-
ity and correlated it with COVID-19 cases (15). They reported 
that their fi ndings do not support a potential link between vitamin 
D concentrations and risk of COVID-19 infection. On the other 
hand, recent studies have described the role of vitamin D in viral 
diseases such as respiratory syncytial virus (RSV) and rotavirus 
(16,17). Vitamin D regulates antimicrobial peptides (cathelicidin 

and β-defensin) which reduced other viruses’ replication such as 
RSV and rotavirus (16,17). Our results showed that majority of 
the COVID-19 patients with higher vitamin D levels did not need 
hospitalization during their treatment. Although vitamin D level 
alone is not enough to prevent the infection, our results suggest that 
it may have a role to reduce replication of the SARS-CoV2 virus. 
We think that in vitro studies are required to confi rm this result.

In our study, a logistic regression analyses indicated that the 
odds of having a serious clinical outcome increase when serum 
25(OH)D level decreases. Alipio (14) has also found a similar 
result which is consistent with our fi ndings. The one of the most 
notably fi ndings in this study is that the odds of having a serious 
clinical outcome were increased approximately 38 times for each 
standard deviation decrease in serum 25(OH)D in the vitamin D 
defi ciency patients. This suggests that vitamin D defi ciency may 
play a role in the increase of the disease severity.

It has been determined that infl ammatory factors such as IL-6, 
serum ferritin, and CRP are elevated in patients with COVID-19 
(18). CRP and ferritin are extensively used in clinical practice as 
infl ammatory plasma markers. In our study, CRP and serum ferritin 
were increased above normal levels in all patients. In this study, 
the serum ferritin and CRP levels in outpatients were found to be 
notably higher than the inpatients. Niet al (19) have found higher 
ferritin and CRP levels in severe COVID-19 patients and Zhou et 
al (20) have found results which are consistent with our study. In 
our study, vitamin D showed a negative correlation with ferritin and 
CRP. On the basis of vitamin D status, ferritin and CRP levels in the 
cases with vitamin D defi ciency are higher than those with vitamin 
D insuffi ciency and normal vitamin D levels while no signifi cant 
difference was found for ferritin levels of cases with normal vita-
min D levels. Vitamin D has been demonstrated to downregulate 
the production of infl ammatory cytokines, such as TNF alpha and 
IL-6, while increasing inhibitory cytokines (19). Adequate level of 
vitamin D can contribute to reduction of infl ammation and cytokine 
production in severe COVID-19 disease. Our results support the 
hypothesis that vitamin D can have a possible role in the reduction 
of the level of infl ammatory markers in serious COVID-19 disease. 

Thrombotic complications are common in COVID-19 pa-
tients and over half of those patients have elevated D-dimer levels 
(21,22). The anti-thrombotic effects of vitamin D on the thrombo-
genic and anti-thrombogenic components of the coagulation sys-
tem have been shown by several studies (23–25). In our study, we 
found that d-dimer levels of inpatients were signifi cantly higher 
than those in outpatients. In addition, statistically signifi cant nega-
tive correlation was found between vitamin D and d-dimer levels 
of all the cases. Our results were consistent with other studies as 
expected (10, 11). It is indicated that increased d-dimer levels have 
been related to poor prognosis in patients with the novel coronavi-
rus (26). Our results have shown that vitamin D supplements can 
be effective in preventing poor prognosis of COVID-19.

Our other important fi nding was lymphocytopenia which is 
the general characteristic of viral pneumonia and refl ects the de-
fi ciency of the adaptive immune response (19). Recent studies 
have reported that lymphocyte counts were reduced in patients 
with severe COVID-19 (19, 20, 27). In our study, the lymphocyte 

p ODDS
 %95 CI

Lower Lower
Age 0.951 1.001 0.955 1.051
25(OH)D (normal) 0.018*    
Insuffi cient (10–20 μg/L) 0.121 5.604 0.633 49.584
Defi cient (<10 μg/L) 0.005** 38.095 2.965 489.508
Ferritin (μg/L) 0.368 0.997 0.991 1.003
CRP (mg/L) 0.007** 1.256 1.065 1.481
D -dimer (μg/L) 0.024* 1.004 1.001 1.008
Lymphocyte (×103/mm3) 0.071 0.502 0.238 1.062
**p<0.01, *p<0.05

Tab. 5. Logistic regression analysis of laboratory risk factors and se-
verity of disease.
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counts in COVID-19 outpatients were found to be signifi cantly 
higher than in the inpatients of COVID-19. In terms of vitamin 
D status, the lymphocyte counts of patients with vitamin D defi -
ciency were lower than those with normal vitamin D levels. We 
also found a positive and statistically signifi cant weak correlation 
between vitamin D and lymphocyte counts. Our results suggest 
that adequate vitamin D levels can be effective on the lymphocyte 
count and severity of COVID-19.

The current study has several limitations to consider. First, the 
group sizes and ages are not equal. Second, we did not have critical 
patients’ results that were in the intensive care unit. Furthermore, 
we did not compare the groups according to their comorbidities.

Conclusion

Vitamin D is linked to the development of innate and adap-
tive immunity against various types of infections. Our results sug-
gest that vitamin D defi ciency may be one of the factors on the 
severity of COVID-19 disease. We think that adequate levels of 
vitamin D may suppress infl ammation and cytokine storm with 
immunomodulatory effects and lead to better clinical outcomes. 
Thus, vitamin D supplementation may have a critical role in the 
COVID-19 pandemic period.
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