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Abstract
Objective. This study aimed to determine the role of vitamin D-binding protein (VDBP) gene polymorphisms (especially at 
locus rs7041), vitamin D-binding protein levels, and vitamin D levels in mortality in sepsis patients. Patients and Methods. We 
performed the analytic observational study with a case-control approach. A total of 80 patients were included in this study, 40 
patients were grouped as the case group and 40 patients were grouped as the control group. The patients were diagnosed with 
sepsis and treated in the Intensive Care Unit (ICU), M. Djamil Hospital, Indonesia. The VDBP rs7041 gene polymorphism was 
analyzed using the polymerase chain reaction procedure. VDBP and vitamin D levels were examined using the enzyme-linked 
immunosorbent assay (ELISA) method. Results. The case group showed lower mean vitamin D and VDBP levels than the con-
trol group (P<0.05). There were more variations in the rs7041 gene VDBP (mutant) locus in the case group than in the control 
group, and this difference was considered statistically significant, P<0.05. The results of this study indicate that the occurrence 
of polymorphism or variations at locus rs7401 (mutant) causes a decrease in VDBP and vitamin D levels. A decrease in vitamin 
D levels correlates with the incidence of mortality in sepsis patients. Conclusion. Polymorphism gene VDBP at locus rs7041 
causes a decrease in the production of VDBP, a vitamin D carrier protein.
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Clinical Medicine

Introduction
Sepsis is a severe medical condition when the 
body responds to infection by releasing an exces-
sive inflammatory reaction (1). This situation can 
cause organ damage, organ failure, and even mor-
tality in patients (2). Sepsis is a significant global 
health problem, with high mortality rates world-
wide (3, 4). Although many factors can influence 
the development of sepsis and patient outcomes, 
recent studies have shown that genetic polymor-
phisms in the immune system and vitamin D me-
tabolism can contribute to the variability of patient 
response to sepsis (5, 6).

Vitamin D plays a role in regulating the im-
mune system (7). Adequate levels of vitamin D 
help maintain a balance between inflammatory and 
anti-inflammatory responses. In septic patients, an 
exaggerated inflammatory response can lead to or-
gan damage (8). Vitamin D is essential in protecting 
these organs and minimizing the damage caused by 
sepsis (9). Vitamin D deficiency or changes in vita-
min D metabolism can affect the body’s ability to 
fight infections associated with sepsis. 

Vitamin D-binding protein (VDBP) is a pro-
tein produced by the liver and serves as the prima-
ry “vehicle” for transporting vitamin D in blood 
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circulation. Most of the vitamin D produced by 
the skin in response to sun exposure (vitamin D3) 
or taken from food (vitamin D2 or D3) must be 
bound to VDBP to circulate in the blood (7). This 
is a critical step in delivering vitamin D through-
out the body. VDBP also has a role in protecting 
vitamin D from the degradation that can occur 
in the blood. This helps ensure that vitamin D re-
mains active and ready for use by various cells in 
the body. Once bound to VDBP, vitamin D can 
easily be distributed to various cells and tissues in 
the body.

One gene that has caught the attention of re-
searchers is the gene that encodes the vitamin D 
binding protein (VDBP). The genetic polymor-
phism at the rs7041 locus of the VDBP gene has 
been the subject of intense research because it is 
associated with variations in VDBP levels and 
blood levels of vitamin D (10, 11). VDBP, also 
known as Gc-globulin, plays a role in the trans-
port of vitamin D in the blood, and can also have 
critical immunomodulatory effects (12). Vitamin 
D levels, which can also be affected by the rs7041 
polymorphism, are essential in regulating the 
immune system and response to infection (11). 
Genetic polymorphisms are variations in the DNA 
sequence that can affect how specific genes func-
tion (13). Locus rs7041 is a VDBP gene locus with 
genetic variations that can affect VDBP expression 
and function (13). VDBP is a protein in the blood 
that binds to circulating vitamin D. Variations in 
the rs7041 locus can affect blood levels of VDBP. 
Some variants of rs7041 are associated with lower 
or higher blood levels of VDBP (14). VDBP levels 
strongly influence vitamin D levels in the blood 
(15). VDBP helps transport vitamin D from the 
skin and intestines throughout the body (12). 
Variations in VDBP levels can affect how efficient-
ly vitamin D is distributed to the cells (16). Recent 
studies have shown that differences in the rs7041 
polymorphism, VDBP levels, and vitamin D levels 
can affect an individual’s susceptibility to sepsis, 
and the outcome (17, 18). These factors can affect 
the inflammatory response, the body’s ability to 
overcome infection, and potential complications 
that may occur during sepsis. 

This study aims to determine the role of the 
vitamin D binding protein polymorphism gene, 
vitamin D binding protein (VDBP) levels, and 
vitamin D levels in relation to mortality in sepsis 
patients.

Methods

Study Design and Participants

This study is an analytic observational study with 
a case-control approach. A total of 80 patients 
were included in this study, where the research 
subjects consisted of 40 patients grouped into the 
case group and 40 patients grouped into the con-
trol group. The patients were diagnosed as hav-
ing sepsis and treated in the Intensive Care Unit 
(ICU), M. Djamil Hospital, Padang, Indonesia, 
from July to September 2022. The sampling pro-
cess was carried out using consecutive sampling 
until the number of samples for the case and con-
trol groups was fulfilled. The inclusion criteria for 
the case group were sepsis patients aged 18-60 
years who died in ICU care within 30 days of hos-
pitalization, and who had complete medical re-
cord data, while the criteria for the control group 
were sepsis patients caused by bacterial infection, 
aged 18-60 years who did not die in ICU care and 
had complete medical record data. Sepsis diagno-
sis was based on Acute Physiology Age Chronic 
Health Evaluation (APACHE)-II and Sequential 
Organ Failure Assessment (SOFA) scores. Age and 
gender were matched in this study. Patients who 
received vitamin D supplementation and had vi-
ral, parasite, or fungal infections were exclud-
ed from this study. This study included observa-
tions on sociodemographic data as well as the clin-
ical and laboratory test results of the patients, in-
cluding routine blood laboratory tests and blood 
chemistry.

Gene Polymorphism Analysis

The VDBP rs7041 gene polymorphism was ana-
lyzed using the following procedure: genomic DNA 
was isolated from peripheral blood taken from 
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patients using a Vivantis Technologies, GF-1, and 
Blood DNA Extraction Kit, Malaysia, as instructed 
by the manufacturer. The amplification of 482 bp 
PCR rs7041 at the VDBP gene was accomplished 
using the following pairs of primers: F. Primer 
(5‘AAATAATGAGCAAATGAAAGAAGAC3’) R. 
Primer (5‘CAATAACAGGAAAGAAATGAGTAG 
A3’). PCR reactions contained 10 μM of each 
primer, 12.5 μl of OnePCR™ Mix (2X) (GeneDirex 
Inc., Seoul, South Korea), 6.5 μl of nuclease-free 
water, and 3 μl of genomic DNA. A nuclease-free 
water test was run with each PCR experiment for 
contamination detection (negative control). PCR 
reactions were done using the Eppendorf Master 
Cycler. The amplified products were electropho-
resed in 2% agarose gel containing ethidium bro-
mide, visualized, and photographed using a UV 
transilluminator (Olympus, Tokyo, Japan). Each 
482 bp PCR fragment was digested twice for all 
cases and controls using HaeIII restriction enzyme 
(Thermo Scientific, 2000 U) to determine geno-
types of the c.1296 T > G variant (rs7041) accord-
ing to the manufacturer’s instructions. Fragments 
were analyzed by 2% agarose gel electrophoresis 
using a 100 bp DNA Ladder (Thermo Scientific, 
GeneRuler).

VDBP and Vitamin D Level Evaluation

VDBP and vitamin D levels were examined us-
ing the ELISA (Enzyme-Linked Immunosorbent 
Assay) method, using an ELISA kit (CloudClone®, 
Hangzhou, China) according to the manufactur-
er’s instructions. According to the manufacturer’s 
protocols (CloudClone®, Hangzhou, China), 50 µl 
of standard diluent or serum samples were added 
to the well and incubated at 37˚C for 30 minutes. 
After the plates were washed, 100 µl of the bioti-
nylated antibody solution was added and set for 
30 minutes at 37˚C. After washing three times, 50 
ul avidin-peroxidase complex solution was added 
and incubated for 15 minutes at 37˚C. After wash-
ing, 50 μl of tetramethylbenzidine color solution 
was added and set in the dark for 15 minutes at 
37˚C. Finally, a 50 ul stop solution was added to 
stop the reaction. The absorbance was measured 

at 450 nm using an ELISA reader (Epoch, Biotek, 
Winooski, VT, United States). 

Ethical Approval

This study received approval from the medical and 
health research ethics committee of M. Djamil 
Hospital, Padang, Indonesia (LB.02.02/5/7/385/ 
2022). In addition, participants, or their legal 
guardians, were informed about the study’s ob-
jectives, and they provided informed consent to 
participate.

Statistical Analysis

Univariate and bivariate data analysis was per-
formed using SPSS software version 25 (IBM, 
Jakarta, Indonesia). Univariate analysis was per-
formed to present the distribution of data fre-
quencies for each test variable. Meanwhile, bivari-
ate analysis was carried out to determine the rela-
tionship between the test variables, where P<0.05.

Results

The basic clinical characteristics of research sub-
ject are summarized in Table 1. There was no sta-
tistically significant difference between the case 
and control groups in the variables age, gender, 
and body mass index (BMI), P>0.05. There was 
no difference between the case and control groups 
in the variables of past medical history (diabe-
tes mellitus, chronic kidney injury, cardiovascu-
lar, and chronic obstructive pulmonary disease 
(COPD)), P>0.05. The study results showed no 
differences in the Acute Physiology Age Chronic 
Health Evaluation (APACHE)-II and Sequential 
Organ Failure Assessment (SOFA) scores between 
the case and control groups, P>0.05. Table 1 shows 
no difference between the case and control groups 
in the laboratory test results, P>0.05. The absence 
of statistically significant differences between the 
case and control groups in relation to demograph-
ic variables, medical history, and laboratory eval-
uation indicated that patients in the case and con-
trol groups were in equal and matching conditions.  
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Table 1 also shows vitamin D levels, vitamin D 
binding protein (VDBP) levels, and variant locus 
rs7041. The case group showed lower mean vita-
min D and VDBP levels than the control group, 
and they differed significantly statistically, P<0.05. 
The case group indicated a condition of vitamin D 
deficiency (16.12+1.5 ng/ml), whereas the control 
group exhibited a state of vitamin D insufficiency 
(24.68+1.97 ng/ml), when compared to the stan-
dard reference value for normal vitamin D levels 
in blood (30 ng/ml).There were more variations in 
the rs7041 gene VDBP (mutant) locus in the case 
group than in the control group, and this difference 

was also considered statistically significant, P<0.05. 
The study showed that in patients who died, there 
was polymorphism or variation at locus rs7401, 
and they had lower VDBP and vitamin D levels 
compared to patients who did not die.

A correlation test was performed to explore 
the correlation between the test variables, and 
this is presented in Table 2. Table 2 shows the 
very strong and statistically significant correla-
tion between vitamin D and mortality. Strong 
correlations were also found between the mortal-
ity variables and VDBP levels. Moderate correla-
tions were found between the mortality variables 

Table 1. Basic Clinical Characteristics of Patients

Characteristics
Group

P-value
Case, N (%) Control, N (%)

Age (years), Mean±SD 52.6±4.9 52.1±4.6 0.132*

Gender

Male 15 (37.5) 15 (37.5) 1.000†

Female 25 (62.5) 25 (62.5)

Body mass index

Underweight 4 (10) 3 (7.5)

0.544†Normoweight 14 (35) 15 (37.5)

Overweight 22 (55) 22 (55)

Diabetes mellitus 5 (12.5) 4 (10) 0.575†

Chronic kidney injury 4 (10) 5 (12.5) 0.537†

Cardiovascular disease 5 (12.5) 4 (10) 0.524†

COPD 3 (7.5) 3 (7.5) 1.000†

APACHE II Score, Mean±SD 21.3±1.4 21.8±1.6 0.622*

SOFA score, Mean±SD 7.6±0.7 7.1±0.8 0.562*

Hemoglobin, g/dL 10.24±1.4 10.64±1.6 0.122*

Leukocytes, x103/mm3 14.11±1.9  13.96±1.8 0.132*

Platelets, x103/mm3 208.9±16.2 208.2±17.7 0.089*

Procalcitonin, ng/mL 15.88±2.7 13.43±3.3 0.082*

Lactate, mmol/L 2.8±0.7 2.4±1.6 0.113*

Albumin, g/dL 2.69 ± 0.84 2.72±0.81 0.138*

Vitamin D, ng/mL 16.12±1.5 24.68±,97 0.002*

VDBP, ug/mL 161.29±14.12 224.36±17.98 0.003*

Variant locus rs7041

Mutant (G/G) 28 (70) 14 (35)
0.011†

Wild type (T/T or T/G) 12 (30) 26 (65)

*Independent t test; †Chi square test; APACHE II=Acute physiology age chronic health evaluation II; COPD=Chronic obstructive pulmonary disease; SD=Standard 
deviation; SOFA=Sequential organ failure assessment; VDBP=Vitamin D binding protein.

Liliriawati Ananta Kahar et al: VDBP Gene Polymorphisms in Sepsis Mortality
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Table 2. Correlation between Test Variables

Variables Mortality Vitamin D VDBP Variant rs7041

Mortality
r - -0.921 -0.911 0.490

p value - 0.000 0.000 0.001

Vitamin D
r -0.921 - 0.971 -0.653

p value 0.000 - 0.000 0.000

VDBP
r -0.911 0.971 - -0.891

p value 0,000 0.000 - 0.000

Variant rs7041
r 0.490 -0.653 -0.891 -

p value 0.001 0.000 0.000 -

*Pearson correlation-test; VDBP=Vitamin D binding protein. 

Level of VDBP

160.00 180.00 200.00 220.00

1.0

1.2

1.4

1.6

1.8

2.0

V
a

ri
a

n
ts

 o
f 

L
o

cu
s 

rs
7

0
4

1

2R  Linear = 0.149

Level of Vitamin D

16.00 18.00 20.00 22.00

160.00

180.00

200.00

220.00

L
e

ve
l o

f 
V

D
B

P

2R  Linear = 0.984

24.00 26.00

Level of Vitamin D

16.00 18.00 20.00 22.00

1.0

1.2

1.4

1.6

1.8

2.0

M
o

rt
a

lit
y 

o
f 

P
a

tie
n

t

2R  Linear = 0.520

22.00 22.00

Figure 1. The graphs of correlation among the variable tests; (A) Graph of correlation between variant locus rs7041 and 
VDBP level; (B) Graph of correlation between VDBP level and vitamin D level; (C) Graph of correlation between vitamin D 
level and mortality.

A

C

B



217

and polymorphism or variations at locus rs7401. 
Polymorphism or variations at locus rs7401 had a 
strong and statistically significant correlation with 
VDBP levels. VDBP levels correlated strongly and 
statistically significantly with vitamin D levels. The 
correlation between polymorphism or variations 
at locus rs7401, VDBP levels, and vitamin D levels 
can be seen in Figure 1. The results of this study 
indicate that the occurrence of polymorphism or 
variations at locus rs7401 (mutant- G/G) causes a 
decrease in VDBP levels. In contrast, a decrease in 
VDBP protein also caused a decrease in vitamin 
D levels. A decrease in vitamin D levels correlated 
with the incidence of mortality in sepsis patients.

Discussion

This study shows that in sepsis patients who died, 
polymorphism or variation at the locus rs7401 of 
the VDBP gene was more dominant than in septic 
patients who did not die. VDBP protein levels and 
vitamin D levels also showed a decrease in septic 
patients who died compared to septic patients who 
did not die. Further studies were carried out to re-
construct the role of polymorphism or variations 
at the rs7401 locus of the VDBP gene, VDBP pro-
tein, and vitamin D in the incidence of mortality 
in sepsis patients. The correlation test showed that 
polymorphism or variations in the rs7401 gene 
VDBP locus caused a decrease in VDBP protein 
levels. Furthermore, decreased VDBP levels led to 
decreased vitamin D levels, which correlated with 
mortality in septic patients.

The rs7041 genetic polymorphism is a genetic 
variation in the human vitamin D binding protein 
(VDBP) gene (13). This gene encodes a protein 
essential for transporting vitamin D in the blood. 
There are two main variants of rs7041, namely T 
and G. Several studies have shown that individu-
als with the rs7041 G/G variant tend to have lower 
levels of vitamin D in the blood compared to in-
dividuals with the T/T or T/G variants (14, 19). 
The G/G variant is associated with the reduced 
capacity of VDBP to bind to vitamin D, so vita-
min D may not be transported efficiently in the 
blood. Epidemiological studies have shown that 

individuals with the rs7041 G/G variant have a 
higher risk of developing vitamin D deficiency 
(20, 21). Vitamin D deficiency can contribute to 
several health problems, including an increased 
risk of bone diseases such as osteoporosis. Studies 
have also shown that individuals with different 
rs7041 polymorphisms may respond differently to 
vitamin D supplements (22, 23). G/G variants may 
require higher doses of vitamin D supplements to 
achieve the same levels as individuals with T/T or 
T/G variants (24).

A previous study stated that vitamin D can in-
fluence the activity of T cells, which are essential 
components of the adaptive immune system (8). 
In particular, vitamin D can help regulate the bal-
ance between regulatory T cells (Tregs) that inhibit 
inflammation, and cytotoxic T cells that trigger 
inflammatory responses (25, 26). It plays a role in 
controlling excessive inflammation, as occurs in 
sepsis. In particular, vitamin D has been associat-
ed with an increased number and activity of Tregs 
(27). This can result in a reduction in inflamma-
tion as Tregs inhibit the over activity of cytotoxic 
T cells (28). 

One of the main mechanisms by which vi-
tamin D reduces inflammation is by inhibiting 
the production of pro-inflammatory cytokines, 
such as interleukin-6 (IL-6) and tumor necrosis 
factor-α (TNF-α) (29, 30). It is a critical compo-
nent in controlling the inflammatory response in 
the body. IL-6 is one of the main cytokines that 
trigger inflammation in the body. High levels of 
IL-6 may be associated with various inflamma-
tory diseases, such as rheumatoid arthritis, heart 
disease, and autoimmune diseases (29). Vitamin 
D can inhibit the production of IL-6 by immune 
system cells. TNF-alpha is a cytokine that also 
plays a role in inflammation and can contribute 
to various chronic inflammatory diseases, such as 
Crohn’s disease and psoriasis. Vitamin D has been 
shown to reduce TNF-alpha production in inflam-
matory responses. Macrophages are phagocytic 
cells that play an essential role in inflammation 
by producing large amounts of pro-inflammatory 
cytokines. Vitamin D can regulate the activity of 
macrophage cells and reduce the production of 

Liliriawati Ananta Kahar et al: VDBP Gene Polymorphisms in Sepsis Mortality
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pro-inflammatory cytokines by these cells (31). By 
inhibiting the production of pro-inflammatory cy-
tokines, vitamin D helps maintain the proper bal-
ance between the inflammation that is needed to 
fight infection and excess inflammation that can 
damage body tissues (32). It is a crucial element in 
keeping the body healthy and preventing the de-
velopment of chronic inflammatory diseases (32).

Prior studies supported the findings of our in-
vestigation. Shojaei et al. found a significant cor-
relation between decreased blood vitamin D lev-
els and mortality in individuals with sepsis (33). 
Multiple studies have also indicated that adminis-
tering vitamin D supplements to individuals with 
sepsis might diminish the severity and enhance 
the prognosis of sepsis cases. A retrospective study 
by Guan et al., showed that vitamin D supplemen-
tation resulted in a lower risk of sepsis and a lower 
risk of mechanical ventilation requirement (34). 
Other studies by Bayat et al., and Rech et al., found 
an association between vitamin D and sepsis se-
verity (35, 36). Furthermore, Rech et al., reported 
an increased risk of 30-day mortality for sepsis pa-
tients with vitamin D deficiency (36).

This study provides a pathway for connecting 
the rs7041 gene polymorphism, VDBP levels, vi-
tamin D levels, and their correlation with mortal-
ity in sepsis patients. The limitation of this study is 
that it was conducted in a single center. In order to 
obtain results that may be applied to a wider popu-
lation, it is necessary to conduct research involving 
multiple centers and greater sample sizes.

Conclusion

Polymorphism of the VDBP gene at locus rs7041 
causes a decrease in the production of VDBP pro-
tein, a vitamin D carrier protein. This causes a de-
crease in vitamin D levels and plays a role in the 
incidence of mortality in sepsis patients. In fu-
ture, more studies with larger samples and multi-
ple centres in this field of expertise could yield use-
ful data. 

What Is Already Known on This Topic: 
Vitamin D-binding protein is a protein produced by the liver essential 
for transporting vitamin D in the blood circulation. Vitamin D levels, 
which can also be affected by rs7041 polymorphism, are essential in 
regulating the immune system and response to infection.

What This Study Adds: 
Our study reveals the vital role of vitamin D binding protein related 
gene polymorphisms (locus rs7041) in the mortality of sepsis patients. 
The correlation test emphasizes a pathway in the pathophysiology of pa-
tient death due to sepsis, namely a gene polymorphism at locus rs7041 
that causes a reduction in VDBP; low VDBP will reduce vitamin D lev-
els. Furthermore, a decrease in vitamin D will affect the immune sys-
tem, which is necessary for the survival and recovery of sepsis patients.

 Authors’ Contributions: Conception and design: LAK, YY 
and TM; Acquisition, analysis and interpretation of data: LAK 
and JJ; Drafting the article: KA and WMS; Revising it criti-
cally for important intellectual content: LAK, YY and JJ; Ap-
proved final version of the manuscript: LAK, YY, JJ, TM, KA 
and WMS.

Conflict of Interest: The authors declare that they have no 
conflict of interest.

References

1. Nedeva C, Menassa J, Puthalakath H. Sepsis: Inflamma-
tion is a necessary evil. Front Cell Dev Biol. 2019;7:108.

2. Sygitowicz G, Sitkiewicz D. Molecular mechanisms of 
organ damage in sepsis: an overview. Braz J Infect Dis. 
2020;24(6):552-60. doi: 10.1016/j.bjid.2020.09.004. Epub 
2020 Oct 23.

3. Kawale P, Kalitsilo L, Mphande J, Romeo Adegbite B, Gro-
busch MP, Jacob ST, et al. On prioritising global health’s 
triple crisis of sepsis, COVID-19 and antimicrobial resis-
tance: a mixed-methods study from Malawi. BMC Health 
Serv Res. 2022;22(1):613. doi: 10.1186/s12913-022-
08007-0.

4. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi 
D, Kievlan DR, et al. Global, regional, and national sepsis 
incidence and mortality, 1990-2017: analysis for the Glob-
al Burden of Disease Study. Lancet. 2020;395(10219):200-
11. doi: 10.1016/S0140-6736(19)32989-7.

5. Zeljic K, Elkilany A, Supic G, Surbatovic M, Djordjevic D, 
Magic Z, et al. Vitamin D receptor gene polymorphisms 
association with the risk of sepsis and mortality. Int J Im-
munogenet. 2017;44(3):129-34. doi: 10.1111/iji.12318. 
Epub 2017 Apr 12.

6. Xiao L, Que S, Mu L, Zheng R. The relationship between 
vitamin D receptor gene and TREM-1 gene polymor-



219

phisms and the susceptibility and prognosis of neonatal 
sepsis. J Clin Lab Anal. 2022;36(5):e24405. doi: 10.1002/
jcla.24405. Epub 2022 Mar 31.

7. Martens PJ, Gysemans C, Verstuyf A, Mathieu AC. 
Vitamin D’s Effect on Immune Function. Nutrients. 
2020;12(5):1248. doi: 10.3390/nu12051248.

8. Colotta F, Jansson B, Bonelli F. Modulation of inflamma-
tory and immune responses by vitamin D. J Autoimmun. 
2017;85:78-97. doi: 10.1016/j.jaut.2017.07.007. Epub 2017 
Jul 18.

9. Delrue C, Speeckaert R, Delanghe JR, Speeckaert MM. 
Vitamin D Deficiency: An Underestimated Factor in 
Sepsis? Int J Mol Sci. 2023;24(3):2924. doi: 10.3390/
ijms24032924.

10. Cave EM, Bhola S, Crowther NJ, Padoa CJ. The associa-
tion of vitamin D binding protein levels and genotypes 
with type 1 diabetes in the black South African popula-
tion. BMC Endocr Disord. 2022;22(1):182. doi: 10.1186/
s12902-022-01097-1.

11. Hidalgo-Bravo A, Rivera-Paredez B, Leon-Reyes G, Patino 
N, Castillejos-Lopez M, Salmeron J, et al. Unravelling the 
Contribution of the rs7041 and rs4588 Polymorphisms 
of the GC Gene and Serum VDBP Levels for Develop-
ing Metabolic Syndrome in the Mexican Population. Int J 
Mol Sci. 2022;23(18):10581. doi: https://doi.org/10.3390/
ijms231810581.

12. Charoenngam N, Holick MF. Immunologic Effects of 
Vitamin D on Human Health and Disease. Nutrients. 
2020;12(7):2097. doi: 10.3390/nu12072097.

13. Usategui-Martín R, De Luis-Román DA, Fernández-Gó-
mez JM, Ruiz-Mambrilla M, Pérez-Castrillón JL. Vitamin 
D Receptor (VDR) Gene Polymorphisms Modify the Re-
sponse to Vitamin D Supplementation: A Systematic Re-
view and Meta-Analysis. Nutrients. 2022;14(2):360. doi: 
10.3390/nu14020360.

14. Rozmus D, Płomiński J, Augustyn K, Cieślińska A. rs7041 
and rs4588 Polymorphisms in Vitamin D Binding Pro-
tein Gene (VDBP) and the Risk of Diseases. Int J Mol Sci. 
2022;23(2):933. doi: 10.3390/ijms23020933.

15. Surve S, Begum S, Joshi B, Khatkhatay MI, Kadam S, 
Chauhan S. Significance of Vitamin D Binding Protein in 
Assessing Vitamin D Status Among Under-Five Children. 
Indian J Clin Biochem. 2021;36(2):167-74. doi: 10.1007/
s12291-020-00873-x. Epub 2020 Feb 1.

16. Bastyte D, Tamasauskiene L, Golubickaite I, Ugenskiene 
R, Sitkauskiene B. Vitamin D receptor and vitamin D 
binding protein gene polymorphisms in patients with 
asthma: a pilot study. BMC Pulm Med. 2023;23(1):245. 
doi: 10.1186/s12890-023-02531-3. Erratum in: BMC 
Pulm Med. 2023;23(1):288.

17. Karcioglu Batur L, Hekim N. The role of DBP gene polymor-
phisms in the prevalence of new coronavirus disease 2019 
infection and mortality rate. J Med Virol. 2021;93(3):1409-
13. doi: 10.1002/jmv.26409. Epub 2020 Aug 16.

18. Sirisomboonlarp K, Chuaypen N, Honsawek S, Sintusek 
P, Chongrisawat V, Tangkijvanich P. Association of vita-
min-D related genetic variations and the susceptibility 
among Thai children with biliary atresia. Chula Med J. 
2019;63(4):253-60.

19. Ganz AB, Park H, Malysheva OV, Caudill MA. Vitamin D 
binding protein rs7041 genotype alters vitamin D metab-
olism in pregnant women. FASEB J. 2018;32(4):2012-20. 
doi: 10.1096/fj.201700992R. Epub 2018 Jan 5.

20. Das S, Hasan MM, Mohsin M, Jeorge DH, Rasul MG, 
Khan AR, et al. Sunlight, dietary habits, genetic poly-
morphisms and vitamin D deficiency in urban and ru-
ral infants of Bangladesh. Sci Rep. 2022;12(1):3623. doi: 
10.1038/s41598-022-07661-y.

21. Santos BR, Lecke SB, Spritzer PM. Genetic variant in vita-
min D-binding protein is associated with metabolic syn-
drome and lower 25-hydroxyvitamin D levels in polycys-
tic ovary syndrome: A cross-sectional study. PLoS One. 
2017;12(3):e0173695. doi: 10.1371/journal.pone.0173695.

22. Mimpen M, Rolf L, Poelmans G, van den Ouweland J, 
Hupperts R, Damoiseaux J, et al. Vitamin D related ge-
netic polymorphisms affect serological response to high-
dose vitamin D supplementation in multiple sclerosis. 
PLoS One. 2021;16(12):e0261097. doi: 10.1371/journal.
pone.0261097.

23. Enlund-Cerullo M, Koljonen L, Holmlund-Suila E, Hau-
ta-Alus H, Rosendahl J, Valkama S, et al. Genetic Varia-
tion of the Vitamin D Binding Protein Affects Vitamin D 
Status and Response to Supplementation in Infants. J Clin 
Endocrinol Metab. 2019;104(11):5483-98. doi: 10.1210/
jc.2019-00630.

24. Asghari G, Yuzbashian E, Nikparast A, Najd Hassan 
Bonab L, Mahdavi M, Daneshpour MS, et al. Impact of 
daily vitamin D3 supplementation on the risk of vitamin 
D deficiency with the interaction of rs2282679 in vita-
min D binding protein gene (GC) among overweight and 
obese children and adolescents: A one-year randomized 
controlled trial. Front Nutr. 2022;9:1061496. doi: 10.3389/
fnut.2022.1061496.

25. Fisher SA, Rahimzadeh M, Brierley C, Gration B, Doree 
C, Kimber CE, et al. The role of vitamin D in increasing 
circulating T regulatory cell numbers and modulating T 
regulatory cell phenotypes in patients with inflamma-
tory disease or in healthy volunteers: A systematic review. 
PLoS One. 2019;14(9):e0222313. doi: 10.1371/journal.
pone.0222313.

26. Li P, Zhu X, Cao G, Wu R, Li K, Yuan W, et al. 1α,25 
(OH)2D3 reverses exhaustion and enhances antitumor im-
munity of human cytotoxic T cells. J Immunother Cancer. 
2022;10(3):e003477. doi: 10.1136/jitc-2021-003477.

27. Álvarez-Mercado AI, Mesa MD, Gil Á. Vitamin D: Role 
in chronic and acute diseases. Encyclopedia of Human 
Nutrition. 2023:535-44. doi: 10.1016/B978-0-12-821848-
8.00101-3. Epub 2023 Mar 6.

Liliriawati Ananta Kahar et al: VDBP Gene Polymorphisms in Sepsis Mortality



220

Acta Medica Academica 2023;52(3):212-220

28. Campbell C, Rudensky A. Roles of Regulatory T Cells 
in Tissue Pathophysiology and Metabolism. Cell Metab. 
2020;31(1):18-25. doi: 10.1016/j.cmet.2019.09.010. Epub 
2019 Oct 10.

29. Ashtari F, Madanian R, Zarkesh SH, Ghalamkari A. Se-
rum levels of interleukin-6 and Vitamin D at the onset of 
multiple sclerosis and neuromyelitis optica: A pilot study. J 
Res Med Sci. 2022;27:67. doi: 10.4103/jrms.jrms_796_21.

30. Halim C, Mirza AF, Sari MI. The Association between 
TNF-α, IL-6, and Vitamin D Levels and COVID-19 Se-
verity and Mortality: A Systematic Review and Meta-
Analysis. Pathogens. 2022;11(2):195. doi: 10.3390/patho-
gens11020195.

31. Small AG, Harvey S, Kaur J, Putty T, Quach A, Munawara 
U, et al. Vitamin D upregulates the macrophage comple-
ment receptor immunoglobulin in innate immunity to 
microbial pathogens. Communication Biol. 2021;4:401. 
doi: https://doi.org/10.1038/s42003-021-01943-3.

32. Gallo D, Baci D, Kustrimovic N, Lanzo N, Patera B, 
Tanda ML, et al. How Does Vitamin D Affect Immune 

Cells Crosstalk in Autoimmune Diseases? Int J Mol Sci. 
2023;24(5):4689. doi: 10.3390/ijms24054689. 

33. Shojaei M, Sabzeghabaei A, Barhagh HV, Soltani S. The 
correlation between serum level of vitamin D and out-
come of sepsis patients: a cross-sectional study. Arch 
Acad Emerg Med. 2019;7(1):e1.

34. Guan J, Shichen M, Liang Z, Yu S, Zhao M, Zhang L, et 
al. Potential benefits of vitamin D for sepsis prophylaxis 
in critical ill patients. Front Nutr. 2023;10:1073894. doi: 
10.3389/fnut.2023.1073894.

35. Bayat M, Gachkar L, Zahirnia M, Hadavand F. Associa-
tion between low serum vitamin D levels and sepsis: a 
single-center study in Tehran, Iran. Arch Clin Infect Dis. 
2021;16(1):e102926. doi: https://doi.org/10.5812/arch-
cid.102926.

36. Rech MA, Hunsaker T, Rodriguez J. Deficiency in 
25-hydroxyvitamin D and 30-day mortality in patients 
with severe sepsis and septic shock. Am J Crit Care. 
2014;23(5):e72-9. doi: 10.4037/ajcc2014723.


