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Summary

Background: Vitamin D binding protein plays a crucial role
in regulating vitamin D levels by carrying vitamin D and its
metabolites and immunological response by binding to
endotoxins and fatty acids. We aimed to compare vitamin
D, DBP, and specific inflammatory markers among inten-
sive care unit (ICU) patients with and without the COVID-
19 virus.
Methods: This multicenter study in two training and
research hospitals included 37 (13 female) COVID-19-
positive and 51 (34 female) COVID-19-negative ICU
patients. 25(OH) vitamin D, DBP, C-reactive protein (CRP),
procalcitonin (PCT), D-dimer, troponin T (TnT), interleukin
6 (IL-6) and ferritin levels, survival, mortality rates, duration
of stay (ICU) were examined.
Results: We observed higher ferritin and CRP levels, along
with lower DBP, TnT, and D-dimer levels, in patients with
COVID-19. ICU patients with COVID-19 exhibited elevated
mortality rates (Odds Ratio: 3.012, 95% Confidence
Interval (1.252–7.248), p=0.013). However, no statistical-
ly significant correlation was observed between mortality
rates and Vitamin D or DBP levels across the ICU patient
cohort.

Kratak sadr`aj

Uvod: Protein koji vezuje vitamin D igra klju~nu ulogu u reg-
ulisanju nivoa vitamina D tako {to nosi vitamin D i njegove
metabolite i imunolo{ki odgovor vezivanjem za endotoksine i
masne kiseline. Cilj nam je bio da uporedimo vitamin D, DBP
i specifi~ne inflamatorne markere me|u pacijentima na
jedinici intenzivne nege (ICU) sa i bez virusa COVID-19.
Metode: Ova multicentri~na studija u dve bolnice za obuku i
istra`ivanje uklju~ivala je 37 (13 `ena) pozitivnih na COVID-
19 i 51 (34 `ene) pacijenata na intenzivnoj intenzivnoj nezi
sa COVID-19 negativnim. 25(OH) vitamin D, DBP, C-reak-
tivni protein (CRP), prokalcitonin (PCT), D-dimer, troponin T
(TnT), nivoi interleukina 6 (IL-6) i feritina, pre`ivljavanje,
stope mortaliteta, trajanje boravak (ICU) su pregledani.
Rezultati: Primetili smo vi{e nivoe feritina i CRP, zajedno sa
ni`im nivoima DBP, TnT i D-dimera, kod pacijenata sa
COVID-19. Pacijenti sa intenzivne nege sa COVID-19 su
pokazali povi{ene stope mortaliteta (odnos {anse: 3,012,
95% interval poverenja [1,252–7,248], p=0,013). Me|u -
tim, nije primenjena statisti~ki zna~ajna korelacija izme|u
stopa mortaliteta i nivoa vitamina D ili DBP u kohorti pacije-
nata na intenzivnoj nezi.
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Introduction

Vitamin D, a cholesterol-derived steroid hor-
mone, is vital for musculoskeletal health and immune
function (1). Vitamin D also affects respiratory viral
infections (2). Vitamin D deficiency also worsens res-
piratory issues, such as bronchiolitis, in neonates
requiring special care (3). Vitamin D deficiency also
potentiates proinflammatory cytokines, including
Tumor necrosis factor (TNF), type 1 interferons (IFN),
and IL-6 (4–5). One of the probable variables influ-
encing COVID-19 risks and outcomes has been iden-
tified as insufficient vitamin D levels (6). Recently, re -
searchers explored the impact of vitamin D
insufficiency and the significance of vitamin D supple-
mentation in COVID-19 patients (7). Vitamin D may
prevent viral entry by interacting with the angio ten sin-
converting enzyme-2 receptor (ACE2), the virus’s
entry site, owing to its (S) protein spike (8). Vitamin D
also controls macrophages to prevent cytokine storms
(9). Vitamin D supplementation has shown to have no
significant influence on the probability of COVID-19
infection, although it did exhibit protective benefits
against mortality and ICU admission in COVID-19
patients, according to a systematic review and meta-
analysis (10).

Vitamin D binding protein (DBP) binds 85–90%
of circulating vitamin D molecules under normal
physiological circumstances (11). DBP also activates
macrophages, enhances the leukocyte chemotactic
potential of activated complement peptides, scav-
enges actin, and transports fatty acids (12). After
hyperinflammation and complement system activa-
tion, COVID-19 pneumonia patients may develop
acute respiratory distress syndrome (ARDS), which
involves the C5a-C5aR axis. DBP has been discovered
in ARDS patients’ bronchoalveolar lavage fluid. DBP
release boosts monocyte and neutrophil recruitment,
aggregation, and activation at endothelium damage
sites, causing an oxidative burst. 25(OH) vitamin D
and 1,25(OH)2 vitamin D may impede this chemo-
taxis by competing for DBP’s binding site, influencing
the illness’s course and prognosis (13). Extracellular
globular actin (G-actin) polymerizes into filamentous
actin (F-actin) after COVID-19 cell death and lung tis-
sue injury. In ARDS patients’ sera, F-actin is linked to
microembolisms, pulmonary vascular angiopathy,
and multiple organ failure syndrome. Under stress,

SARS-CoV can induce apoptosis and actin rearrange-
ment in mammalian cells (14). DBP and gelsolin
cleave actin and impede its repolymerization as com-
ponents of the extracellular actin scavenger system.
However, excessive concentrations and/or extended
exposure to VDBP-actin complexes may trigger
endothelial cell damage and death, notably in the
microvasculature of the lungs (15).

Materials and Methods

Patients

This multicenter study was conducted at two
separate training and research hospitals with 37 (13
females) COVID-19-positive and 51 (34 females)
negative patients hospitalized in the ICU between July
2021 and April 2022. COVID-19 status was con-
firmed by the polymerase chain reaction (PCR)
method for the negative and positive groups. Patients
were hospitalized in separate ICU rooms (Covid ICU
and non-Covid ICU). The following ICU criteria were
established for COVID-19-positive patients: respirato-
ry rates ≥ 30 breaths per minute, oxygen saturation 
93%, lung infiltrates > 50%, and at high risk for clin-
ical deterioration and for developing a critical illness,
including acute respiratory distress syndrome (ARDS)
(16). For COVID-19-negative patients, an adapted
guideline from the London Department of Health was
used for ICU criteria (17). Blood samples drawn from
the patients within three days of ICU hospitalization
were taken into gel tubes without additives and EDTA-
K3 tubes. Then, the tubes were centrifuged at
1500*g for 15 minutes to obtain serum and plasma.
Afterward, serum and plasma samples were kept at
-80 degrees Celsius until the study day. Informed con-
sent was obtained from the patients for the study.
Relatives of those unable to give consent signed an
informed consent form. The study was carried out fol-
lowing the Declaration of Helsinki. Ethics committee
approval was obtained on 08/11/2022 with the
number 2022-63.

Study Design

COVID-19-positive and negative ICU patients
hospitalized in two training and research hospitals
were divided into two groups. Survival, ICU length of

Conclusions: Vitamin D values   were found to be low in all
intensive care patients, regardless of their COVID-19 sta-
tus. Contrary to the literature, COVID-19 patients had
lower D-dimer and TNT levels than negative controls.
However, COVID-19-positive ICU patients have decreased
DBP. Further, DBP gene polymorphism studies are needed
to explain this situation.

Keywords: COVID-19, vitamin D, vitamin D binding pro-
tein, intensive care unit, SARS-CoV-2

Zaklju~ak: Utvr|eno je da su vrednosti vitamina D niske kod
svih pacijenata na intenzivnoj nezi, bez obzira na njihov
COVID-19 status. Suprotno literaturi, pacijenti sa COVID-19
imali su ni`e nivoe D-dimera i TNT-a od negativnih kontrola.
Me|utim, pacijenti sa intenzivne nege pozitivni na COVID-
19 imaju smanjen DBP. Dalje, potrebne su studije
polimorfizma DBP gena da bi se objasnila ova situacija.

Klju~ne re~i: COVID-19, vitamin D, vezuju}i protein za
vitamin D, jedinica intenzivne nege, SARS-CoV-2
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stay, 25(OH) vitamin D, vitamin D binding protein
(DBP), CRP, procalcitonin (PCT), D-dimer, troponin-t
(TnT), interleukin-6 (IL-6), and ferritin levels were
analyzed. These markers were examined in terms of
mortality and COVID-19. In addition, comparative
analyses based on age and gender were performed.
The working methods of the relevant parameters and
the devices used are presented in Table I. The study
was started after the patients were admitted to the
ICU, and the data were created prospectively, not
from a retrospective file but from the data obtained as
a result of patient follow-up.

Statistics

Frequency and percentage values were given for
categorical variables. Mean, standard deviation,
median, minimum, and maximum values were given
for continuous variables. The normal distribution of
variables was tested with the Kolmogorov-Smirnov
test. The Wilcoxon test was used to compare non-
parametric group means because no two samples are
produced from the same population. The paired sam-
ple t-test was employed to compare parametric group
means for two different categories since the variances
of the two groups are assumed to be equal. The cor-

relation between parameters was analyzed by the
Spearman test. An odds ratio (OR) is calculated with
logistic regression analysis for the association
between COVID-19 and mortality. ROC curves were
used to examine the effects of vitamin D and DBP lev-
els on mortality. A p-value < 0.05 was considered sig-
nificant. Statistical analyses were assessed via SPSS
26 software (IBM Inc, Illinois, USA).

Results

In the COVID-19-positive group, 35% of the
participants were female, compared to 66% in the
opposing group. There were no age differences
between groups (61.3±16.6 vs. 64.4±19.7,
p=0.439). While DBP, D-dimer, and TNT values were
lower in COVID-19 patients compared to the other
group, CRP and ferritin values were higher. ICU stay
was shorter in COVID-19 patients. Descriptive statis-
tics are presented in Table II. Both ICU groups had
inadequate vitamin D levels (<20 ng/L). According
to the chi-square test, OR: 3.012, with 95%CI
(1.252–7.248), was detected in terms of the effect of
COVID-19 on mortality in ICU patients (p=0.013). In
Pearson correlation analysis, a significant positive cor-
relation was found between DBP and ICU stay

Table I The parameters studied and the devices used are indicated in the list.

Test Method Range Unit Device Reactive

Ferritin ECLIA
Female: 13–150

mg/L Roche cobas c 702 and
cobas e 801

Roche Diagnostics

Male: 30–400 Sandhofer Strasse,

IL-6 ECLIA 0–7 pg/mL Roche cobas c 702 and
cobas e 801

Roche Diagnostics

Sandhofer Strasse,

TnT ECLIA <14 ng/L Roche cobas c 702 and
cobas e 801

Roche Diagnostics

Sandhofer Strasse,

CRP ECLIA <5 mg/L Roche cobas c 702 and
cobas e 801

Roche Diagnostics

Sandhofer Strasse,

D-dimer İmmüno 
türbidimetrik 0–0.50 mg/mL FEU Sysmex cs2500

Innovance, Siemens

Erlangen, Germany

PCT ECLIA <0.5 mg/L Roche cobas c 702 and
cobas e 801

Roche Diagnostics

Sandhofer Strasse,

Vit-D ECLIA 20–80 mg/L Roche cobas c 702 and
cobas e 801

Roche Diagnostics

Sandhofer Strasse,

DBP ELISA 104–477 mg/mL
Thermo scientific Multiskan SunRed, Baoshan

Massachusetts, USA Shanghai, China

Vit-D, 25-OH vitamin D; DBP, Vitamin D binding protein; PCT, Procalcitonin; TnT, Troponin-t; IL-6, Interleukin-6, ECLIA,
Electrochemiluminescence Immunoassay;  FEU, Fibrinogen Equivalent Unit.



(r=0.628, p<0.001). However, no meaningful rela-
tionship existed between Vitamin D and DBP levels
and mortality in all ICU patients or the COVID-19-
positive group. Table III shows the relationship
between Vitamin D and DBP and mortality in all ICU
patients, and Table IV in COVID-19-positive ICU

patients. Neither parameter provided satisfactory
AUC values. The linear regression analysis within
COVID-19 positive and negative groups found no
correlation between vitamin D and the inflammatory
parameters CRP, D-dimer, and TNT (p=0.552,
p=0.428, and p=0.466, respectively). Similarly, no
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Table II Descriptive statistics.

Table III ROC analysis shows the relationship between Vitamin D and DBP and mortality in all ICU patients.

COVID-19 Mean Std. Deviation Minimum Maximum p-value

Age
0 64.431 19.791 18.000 92.000

0.439
1 61.324 16.600 30.000 92.000

Vitamin D
0 10.828 8.184 3.000 42.300

0.128
1 14.780 15.688 3.000 89.800

DBP
0 603.892 286.758 115.070 1.956.420

0.007
1 448.197 220.709 170.140 1.418.380

CRP
0 98.687 88.914 1.260 318.020

0.008
1 155.382 106.442 22.330 406.230

PCT
0 9.981 6.611 1.840 24.250

0.745
1 20.836 51.488 1.590 322.100

D-dimer
0 6.292 7.503 0.300 35.200

0.013
1 2.688 4.698 0.390 27.000

TNT
0 87.744 180.429 3.600 1.224.000

0.036
1 23.289 38.649 1.300 223.000

IL-6
0 99.206 88.887 4.420 334.300

0.294
1 376.083 1.380.883 4.240 8.336.000

Ferritin
0 494.705 516.234 11.900 2.078.000

0.016
1 1.096.116 1.450.304 61.600 7.753.000

Days of ICU stay
0 21.549 19.584 1.000 78.000

0.037
1 13.892 11.556 3.000 58.000

Test Result Variable(s) Area Std. Errora Asymptotic Sig.b Asymptotic 95% Confidence Interval

Lower Bound Upper Bound

Vitamin D 0.545 0.062 0.472 0.422 0.667

DBP 0.555 0.063 0.373 0.432 0.678

Vit-D, 25-OH vitamin D; DBP, Vitamin D binding protein; PCT, Procalcitonin; TnT, Troponin-t; IL-6, Interleukin-6; 0, COVID-
19 negative; 1, COVID-19 positive.

a. Under the non-parametric assumption  b. Null hypothesis: true area = 0.5
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association was found between DBP and CRP, D-
dimer, and TNT (p=0.247, p=0.176, and p=0.066,
respectively).

Discussion

In the present study, we investigated the associ-
ation of vitamin D and DBP levels with ICU stays and
mortality rates in COVID-19-positive and negative
patients. The absence of a difference in vitamin D lev-
els between ICU groups was the first of our most
noteworthy study findings. A comprehensive review
and meta-analysis of 31 observational studies sug-
gested that a correlation between low blood 25(OH)
vitamin D levels and COVID-19-related health out-
comes may be interpreted as a trend but was not sta-
tistically significant (18). Although these meta-analy-
sis results were consistent with our study, the literature
had counterexamples. Patients with low vitamin D lev-
els had an increased risk of ARDS necessitating ICU
admission or fatality owing to SARS-CoV-2 infection,
increased susceptibility to SARS-CoV-2 infection, and
accompanying hospitalization, according to a meta-
analysis of 54 studies (19). In addition, vitamin D
insufficiency is related to a more severe COVID-19
infection, according to a second meta-analysis of 17
trials, including 2,756 individuals (20). Besides, in
another systematic review of 21 studies, researchers
found that low serum vitamin D levels increase the
likelihood of contracting COVID-19 but no change in
mortality (21). Moreover, both groups had insufficient
vitamin D levels and showed no difference in mortal-
ity. The research we mentioned emphasized clinical
deterioration in COVID-19 patients and was worried
about low levels of vitamin D. ICU patients who tested
positive and negative for COVID-19 were not com-
pared. It is recognized that there was no correlation
between COVID-19 status and vitamin D levels in ICU
patients, yet both groups have low vitamin D levels.
Considering the negative consequences of vitamin D
deficiency on the immune system, the need for inten-
sive care of patients may be related to low vitamin D
levels, even if COVID-19 is negative. Alternatively, it
may be thought that vitamin D supplementation is
needed in ICU patients, whether due to COVID-19 or
not.

We detected lower DBP levels in COVID-19-pos-
itive ICU patients. However, researchers say high con-
centrations and/or extended exposure to DBP-actin
complexes may cause endothelial cell damage and
death, particularly in the pulmonary microvasculature
(15). They further claimed that DBP regulates vitamin
D-induced T cell responses by sequestering 25(OH)
vitamin D and blocking 1,25(OH) vitamin D synthesis
in T cells (22). There are several reasons for the
inconsistency of our results with the literature. First, to
date, DBP is known as the most polymorphic protein,
with various alleles significantly influencing its biolog-
ical activities (23). Two common DBP alleles, rs7041
and rs4588, have been implicated in the develop-
ment of various clinical disorders, primarily due to
their affinity for vitamin D (23). On the other side, the
rs7041 locus was discovered to be related to
increased vulnerability to hepatitis C virus infection
(24). Because DBP gene polymorphisms have been
linked to increased vulnerability to infections and vita-
min D insufficiency in other populations, they may
also have a role in COVID-19 (25). According to a
Turkish study, vitamin D levels were governed mainly
by the genetic background of both healthy people
and COVID-19 patients. Genetic variants in the DBP
gene, notably SNP in the rs7041 locus, were shown
to be linked with the frequency of COVID-19 and
death rates across nations in their study (26). Based
on this information, we believe the contradiction of
the DBP results in our study data with the literature is
due to our study group’s DBP gene polymorphisms.
Our findings may not be consistent with the literature
because various loci may have distinct impacts on
DBP levels and interaction with the immune system.
Furthermore, because DBP levels impact vitamin D
levels, the difference in vitamin D levels across groups
may be connected to DBP gene polymorphisms.

Another intriguing finding was that COVID-19
patients had lower D-dimer and TNT levels than the
other group. A meta-analysis of 29 studies (4,328
patients) found that high D-dimer levels upon admis-
sion are linked to greater illness severity and the like-
lihood of mortality in SARS-CoV-2 patients (27).
Furthermore, another meta-analysis indicated that
SARS-CoV-2 infected patients with increased D-
dimers tend to have poorer clinical outcomes (all-
cause death, ICU hospitalization, or ARDS), so D-

Table IV ROC analysis demonstrates the relationship between Vitamin D and DBP and mortality in COVID-19-positive ICU
patients.

a. Under the non-parametric assumption  b. Null hypothesis: true area = 0.5

Test Result Area Std. Errora Asymptotic Sig.b Asymptotic 95% Confidence Interval

Lower Bound Upper Bound

Vitamin D 0.575 0.097 0.452 0.385 0.764

DBP 0.453 0.101 0.639 0.254 0.652
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dimer measurement might assist clinical decision-
making (28). In particular, researchers recommended
investigations revealing elevated TNT levels in
COVID-19 patients (29). The fact that the D-dimer
and TNT values of the COVID-19 patients in our
study were lower than the other group may be a
marker of a more severe systemic inflammatory
process in COVID-19-negative patients. In addition, it
should be remembered that these parameters
increased slightly in the COVID-19 group compared
to the other group. In addition, vitamin D and DBP
levels did not correlate with inflammatory parameters,
according to our study data. However, vitamin D lev-
els were insufficient in both groups. At this point, the
importance of vitamin D supplementation comes to
mind. Interestingly, however, as a result of a system-
atic review and meta-analysis, researchers found that
the rates of RT-PCR positivity were significantly
decreased in the vitamin D intervention group com-
pared to the non-vitamin D groups (30). In conclu-
sion, patients with COVID-19 who take vitamin D
supplements had lower rates of intensive care unit
(ICU) admission, death, and RT-PCR positive (30). In
light of the literature data, we interpret that intense
inflammatory processes developing in ICU patients
may have different effects on D-dimer and TNT, with
or without COVID-19. On the other hand, according
to our study results, ICU deaths caused by COVID-19
are three times higher than other ICU patients. At this
point, it can be thought that severe hypoxia and lung
involvement, which may develop in the ICU, are more
common in COVID-19 patients.

Limitations

Our failure to classify the reason for non-
COVID-19 ICU admissions was the primary omission.
The inability to regularly investigate these markers in
patients rendered it hard to track the clinical progress.
The small size of our patient groups was another of
our limitations.

Conclusions

Vitamin D levels are low in ICU patients inde-
pendent of COVID-19 but do not directly affect mor-
tality. We observed that as DBP levels increase, the
length of stay in the ICU also increases. Our findings,
which contradict the existing literature, show that
DBP is significantly lower in COVID-19-positive ICU
patients than negative ones. This may be traced back
to variations in the DBP gene, called polymorphisms.
We also find that D-dimer and TNT levels were lower
in COVID-19 patients than in negative controls,
which contradicts the literature.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

References

1. Griffin G, Hewison M, Hopkin J, Kenny R, Quinton R,
Rhodes J, et al. Vitamin D and COVID-19: evidence and
recommendations for supplementation. R Soc Open Sci
2020; 7(12): 201912.

2. Jolliffe DA, Camargo CA, Sluyter JD, Aglipay M, Aloia JF,
Ganmaa D, et al. Vitamin D supplementation to prevent
acute respiratory infections: a systematic review and
meta-analysis of aggregate data from randomized con-
trolled trials. The Lancet Diabetes and Endocrinology
2021; 9: 276–92. 

3. Vo P, Koppel C, Espinola JA, Mansbach JM, Celedón JC,
Hasegawa K, et al. Vitamin D Status at the Time of
Hospitalization for Bronchiolitis and Its Association with
Disease Severity. J Pediatr 2018; 203: 416-422.e1.

4. Mirjani}-Azari} B, Peji} I, Miji} S, Pej~i} A, \ur|evi}-
Svraka A, Svraka D, Kne`evi} D, Milivojac T, Bogavac-
Stanojevi} N. The predictive role of biochemical markers
on outcomes of severe COVID-19 patients admitted to
intensive care unit. J Med Biochem 2023; 42 (3): 513–
23.

5. Greiller CL, Suri R, Jolliffe DA, Kebadze T, Hirsman AG,
Griffiths CJ, et al. Vitamin D attenuates rhinovirus-
induced expression of intercellular adhesion molecule-1

(ICAM-1) and platelet-activating factor receptor (PAFR)
in respiratory epithelial cells. J Steroid Biochem Mol Biol
2019; 187: 152–9.

6. Alshahawey M. COVID-19 and Vitamin D deficiency; the
two pandemics. Are they correlated? Int J Vitam Nutr Res
2021; 91(5–6): 383–4.

7. Silberstein M. Vitamin D: a simpler alternative to
tocilizumab for trial in COVID-19? Med Hypotheses
2020; 140: 109767.

8. Alshahawey M, Raslan M, Sabri N. Sex-mediated effects
of ACE2 and TMPRSS2 on the incidence and severity of
COVID-19; the need for genetic implementation. Curr
Res Transl Med 2020; 68(4): 149–50.

9. Helming L, Böse J, Ehrchen J, Schiebe S, Frahm T,
Geffers R. 1A, 25-dihydroxy vitamin D3 is a potent sup-
pressor of interferon g–mediated macrophage activation.
Blood 2005; 106(13): 4351–8.

10. Hosseini B, El Abd A, Ducharme FM. Effects of Vitamin
D Supplementation on COVID-19 Related Outcomes: A
Systematic Review and Meta-Analysis. Nutrients 2022;
14(10): 2134. 

11. Speeckaert M, Huang G, Delanghe JR, Taes YEC.
Biological and clinical aspects of the vitamin D binding



616 Diker et al.: Vitamin D and DBP levels in COVID-19

protein (Gc-globulin) and its polymorphism. Clin Chim
Acta 2006; 372(1–2): 33–42.

12. Lauridsen AL, Vestergaard P, Hermann AP, Brot C,
Heickendorff L, Mosekilde L, et al. Plasma concentra-
tions of 25-hydroxy-vitamin D and 1,25-dihydroxy-vita-
min D are related to the phenotype of Gc (vitamin D-
binding protein): a cross-sectional study on 595 early
postmenopausal women. Calcif Tissue Int 2005; 77(1):
15–22.

13. Raymond M-A, Désormeaux A, Labelle A, Soulez M,
Soulez G, Langelier Y, et al. Endothelial stress induces the
release of vitamin D-binding protein, a novel growth fac-
tor. Biochem Biophys Res Commun 2005; 338(3):
1374–82.

14. Surjit M, Liu B, Jameel S, Chow VTK, Lal SK. The SARS
coronavirus nucleocapsid protein induces actin reorgani-
zation and apoptosis in COS-1 cells in the absence of
growth factors. Biochem J 2004; 383(Pt 1): 13–8.

15. Ge L, Trujillo G, Miller EJ, Kew RR. Circulating complexes
of the vitamin D binding protein with G-actin induce lung
inflammation by targeting endothelial cells. Immuno -
biology 2014; 219(3): 198–207.

16. Wu Z, McGoogan JM. Characteristics of and important
lessons from the Coronavirus Disease 2019 (COVID-19)
outbreak in China: summary of a report of 72314 cases
from the Chinese center for disease control and preven-
tion. JAMA 2020; 323(13): 1239–42.

17. Smith G, Nielsen M. ABC of intensive care: Criteria for
admission. BMJ: British Medical Journal 1999;
318(7197): 1544–7.

18. Bassatne A, Basbous M, Chakhtoura M, El Zein O,
Rahme M, El-Hajj Fuleihan G. The link between COVID-
19 and VItamin D (VIVID): A systematic review and meta-
analysis. Metabolism 2021; 119(154753): 154753

19. Chiodini I, Gatti D, Soranna D, Merlotti D, Mingiano C,
Fassio A, et al. Vitamin D Status and SARS-CoV-2
Infection and COVID-19 Clinical Outcomes. Front Public
Health 2021; 9: 736665.

20. Wang Z, Joshi A, Leopold K, Jackson S, Christensen S,
Nayfeh T, et al. Association of vitamin D deficiency with
COVID-19 infection severity: Systematic review and
meta-analysis. Clin Endocrinol (Oxf) 2022; 96(3): 281–
7.

21. Kaya MO, Pamukçu E, Yakar B. The role of vitamin D
deficiency on COVID-19: a systematic review and meta-
analysis of observational studies. Epidemiol Health
2021; 43: e2021074.

22. Kongsbak M, von Essen MR, Levring TB, Schjerling P,
Woetmann A, Ødum N, et al. Vitamin D-binding protein
controls T cell responses to vitamin D. BMC Immunol
2014; 15(1).

23. Bikle DD, Schwartz J. Vitamin D binding protein, total
and free vitamin D levels in different physiological and
pathophysiological conditions. Front Endocrinol 2019;
10: 317.

24. Xie C, Yue M, Huang P, Tian T, Fan H, Wu M, et al.
Vitamin D binding protein polymorphisms influence sus-
ceptibility to hepatitis C virus infection in a high-risk
Chinese population. Gene 2018; 679: 405–11.

25. Michos ED, Misialek JR, Selvin E, Folsom AR, Pankow JS,
Post WS, et al. 25-hydroxyvitamin D levels, vitamin D
binding protein gene polymorphisms and incident coro-
nary heart disease among whites and blacks: The ARIC
study. Atherosclerosis 2015; 241(1): 12–7.

26. Karcioglu Batur L, Hekim N. The role of DBP gene poly-
morphisms in the prevalence of new coronavirus disease
2019 infection and mortality rate. J Med Virol 2021;
93(3): 1409–13.

27. Nugroho J, Wardhana A, Maghfirah I, Mulia EPB,
Rachmi DA, A'yun MQ, et al. Relationship of D-dimer
with severity and mortality in SARS-CoV-2 patients: A
meta-analysis. Int J Lab Hematol 2021; 43(1): 110–5.

28. Bansal A, Singh AD, Jain V, Aggarwal M, Gupta S,
Padappayil RP, et al. The association of D-dimers with
mortality, intensive care unit admission or acute respira-
tory distress syndrome in patients hospitalized with coro-
navirus disease 2019 (COVID-19): A systematic review
and meta-analysis. Heart Lung 2021; 50(1): 9–12.

29. An W, Kang JS, Wang Q, Kim TE. Cardiac biomarkers
and COVID-19: A systematic review and meta-analysis. J
Infect Public Health 2021; 14(9): 1191–7.

30. Varikasuvu SR, Thangappazham B, Vykunta A, Duggina
P, Manne M, Raj H, et al. COVID-19 and vitamin D (Co-
VIVID study): a systematic review and meta-analysis of
randomized controlled trials. Expert Rev Anti Infect Ther
2022; 20(6): 907–13.

   Received: December 17, 2023
     Accepted: February 22, 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SRL ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


