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Abstract

Objective: There are currently no studies on the role of vitamin D receptor (VDR) levels as a
cause of or risk factor for sepsis. We aimed to establish the association between VDR levels and
28-day mortality in critically ill patients with sepsis.

Methods: This prospective cross-sectional observational study included 148 patients diagnosed
with sepsis who were treated in the intensive care unit. VWe measured VDR levels, laboratory
characteristics, and health scores and related them to survival.

Results: The 48 patients included 96 survivors and 52 non-survivors, with VDR levels of 1.92
and 1.36 ng/mL, respectively. Baseline VDR was a significant predictor of 28-day mortality, with an
area under the curve of 0.778. A low VDR level was significantly associated with lower overall
survival in patients with sepsis according to Kaplan—Meier curve analysis. VDR levels were also
negatively correlated with lactate, C-reactive protein, acute physiological and clinical health eval-
uation (APACHE) Il and sequential organ failure assessment (SOFA) scores, and disease severity.
Conclusions: VDR levels were associated with high 28-day mortality and negatively correlated
with lactate, C-reactive protein, APACHE Il and SOFA scores, and disease severity in patients
with sepsis. VDR levels can predict poor outcomes in patients with sepsis.

Keywords
Critical care medicine, mortality, survival, sepsis, vitamin D, vitamin D receptor

Date received: 2 February 2021; accepted: 29 June 2021

IDepar‘tment of Internal Medicine Intensive Care Unit,
University of Health Sciences - Adana Health Practice and
Research Center, Adana, Turkey

Introduction

Sepsis is defined as life-threatening organ
dysfunction caused by a dysregulated host
response to infection.! Sepsis can lead to
septic  shock, multi-organ dysfunction
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syndrome, multi-organ failure, and even
death. Extensive research is being con-
ducted to understand the pathophysiology,
risk factors, treatment, and management
strategies of sepsis to prevent its serious
sequelae. The main strategies for the pre-
vention and treatment of sepsis and its com-
plications include glycemic control, use of
broad-spectrum antibiotics, control of the
source of infection, use of ventilatory sup-
port, and use of corticosteroids and vaso-
pressor support.”

Vitamin D plays a vital role in the
human body and vitamin D receptors
(VDRs) have been discovered in most
types of immune cells, including activated
CD4 and CD8 T cells, B cells, neutrophils,
macrophages, and dendritic cells.’ Previous
studies found that 1,25-vitamin D targeted
the tumor necrosis factor pathway to sup-
press inflammatory bowel disease in an
experimental model, and increased the
vasoconstrictor response to noradrenaline
and angiotensin 2.*° Vitamin D levels are
associated with the risk of sepsis. Jeng
et al.® showed that vitamin D insufficiency
was present in 100% of critically ill patients
with sepsis, 92% of critically ill patients
without sepsis, and 66.5% of healthy con-
trols. Recent evidence has also shown that
vitamin D can enhance the function of the
innate immune system by stimulating the
formation of the cathelicidin antimicrobial
peptide, indicating critical roles in the pre-
vention of intestinal perforation and in the
body’s fight and flight response against
infection, and ultimately sepsis and septic
shock.”

The association between vitamin D levels
and immunity has been discussed and vali-
dated in several studies,”® and some studies
have examined the role of VDRs in multiple
sclerosis, autoimmune disease, and B cell-
dependent allergic immune responses.'®!2
However, the role of VDR levels in immu-
nity, sepsis, septic shock, and sepsis-related
mortality remains unclear. We therefore

aimed to establish the association between
VDR levels and 28-day mortality in
patients with sepsis.

Materials and Methods

Patients

This prospective cohort study enrolled
patients of either sex, aged >18 years,
who were diagnosed with sepsis and treated
in the intensive care unit (ICU) at Adana
City Training and Research Hospital from
October 2019 to January 2020. Sepsis was
diagnosed according to Sepsis-3 criteria.'?

Our main aim was to study patients with
sepsis. Mortality rates are high in patients
with septic shock, which may affect the sta-
tistical results, and we therefore excluded
patients with septic shock from this study.
In addition, antibiotics are one of the main
treatments for sepsis but may also affect the
inflammatory response in septic patients,
and we therefore excluded patients who
had used antibiotics in the previous 2
weeks. VDR levels have been shown to
vary in patients with cancer,'*'> and
inflammatory markers may be elevated in
patients with cancer independent of infec-
tion, and we therefore also excluded
patients with cancer from the study. We
also excluded pregnant women. The
patients were separated into two groups:
survivors (group A), who were discharged
or transferred within 28 days of the first
diagnosis (patients were followed for 28
days if they were discharged or transferred
from the ICU), and non-survivors (group
B), who died within 28 days of the first
diagnosis. A flow diagram for this study is
presented in Figure 1. The Sequential
Organ Failure Assessment (SOFA) score,
Acute Physiological and Clinical Health
Evaluation II (APACHE II) score, and
Charlson Comorbidity Index (CCI) were
calculated for each patient.
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Figure |. Flow diagram for patients.
ICU, intensive care unit.

The study was approved by the Local
Ethics Committee of Adana City Training
and Research Hospital (decision no. 528;
August 28, 2019). Written informed consent
was obtained from all patients or their legal
guardians.

Laboratory tests

Complete blood counts and biochemical
parameters of the patients were measured.
Complete blood counts were analyzed using
a Sysmex XN-10 Automated Hematology
Analyzer (XN series, Sysmex Corporation,
Kobe, Japan) according to the manufac-
turer’s instructions. Serum procalcitonin
levels were measured with a Unicel-DXI
(Beckman Coulter Inc., Brea, CA, USA)
using a commercial chemiluminescence
immunoassay test kit (Access PCT;
Beckman Coulter Inc.). 25-OH vitamin D
and parathormone levels were measured
using a Beckman Coulter Unicell DXI 800

immunoassay analyzer (Beckman Coulter
Inc.) with commercial chemiluminescence
immunoassay kits supplied or validated by

the manufacturer. Other biochemical
parameters were measured using a
Beucher Coulter AU 5800 (Beckman

Coulter GmbH, Krefeld, Germany) with
commercial test kits produced or validated
by the manufacturer.

Serum creatinine, lactate, phosphorus,
calcium, and albumin levels were analyzed
using standardized laboratory procedures.
Serum procalcitonin levels were measured
using an immunoluminometric assay, and
C-reactive protein levels were measured
using nephelometry. Serum parathyroid
hormone levels were measured by immu-
noradiometric assays, and 25-OH vitamin
D levels were measured by chemilumines-
cent immunoassay.

VDR measurement

A 5-mL venous blood sample was taken from
each patient after diagnosis and before treat-
ment. The blood samples were centrifuged at
1790 x g for 10 minutes, and the resulting
serum samples were frozen and stored at
—80°C until testing. VDR levels were deter-
mined using a commercial enzyme-linked
immunosorbent assay kit (MyBioSource,
Inc., San Diego, CA, USA), according to
the manufacturer’s instructions.

Statistical analysis

Statistical analyses were performed using R
version 3.4.2 (R Foundation for Statistical
Computing, Vienna, Austria) and
GraphPad Prism 8.0 (GraphPad Inc., San
Diego, CA, USA). Continuous variables are
presented as means (standard error) and cat-
egorical variables as numbers with percen-
tages. The data were analyzed using »°,
Fisher’s  exact, Mann—Whitney, and
Student’s z-tests, as appropriate. Correlation
coefficients of numerical variables that did
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Table | Patient characteristics.

Total Survivors Non-survivors
Characteristic (n=148) (n=96) (n=>52) P value
Age (years) 70.7+10.9 693+ 11.6 734490 0.029
Sex 0.117
Male 64 (43.2%) 37 (38.5%) 27 (51.9%)
Female 84 (56.8%) 59 (61.5%) 25 (48.5%)
Comorbidities
Hypertension 30 (20.3%) 16 (16.7%) 14 (26.9%) 0.138
Congestive heart failure 12 (8.1%) 7 (7.3%) 5 (9.6%) 0.621
Coronary artery disease 16 (10.8%) 10 (10.4%) 6 (11.5%) 0.834
Stroke 12 (8.1%) 5 (5.2%) 7 (13.5%) 0.077
Chronic obstructive lung disease 22 (14.9%) 13 (13.5%) 9 (17.3%) 0.351
Diabetes mellitus 23 (15.5%) I (11.5%) 12 (23.1%) 0.054
Renal disease 17 (11.5%) 9 (9.4%) 8 (15.4%) 0.274
Liver disease I (6.1%) 5 (5.2%) 4 (7.7%) 0.721
Other 7 (4.7%) 4 (4.2%) 3 (5.8%) 0.697
During ICU stay
Septic shock 57 (38.5%) 24 (25%) 33 (63.5%) <0.001
Invasive mechanical ventilation 53 (35.8%) 20 (20.8%) 33 (63.5%) <0.001
Renal replacement therapy 29 (35.8%) I (11.5%) 18 (34.6%) 0.001
Prognostic scores
APACHE I 23 (16-29) 19 (13-24) 30 (25-36) <0.001
SOFA 6 (3-8) 5 (3-8) 6.5 (4-10) 0.007
Ccl 6 (4-9) 6 (4-8) 7 (4-9) 0.114

Values given as mean = standard deviation, median (interquartile range), or n (%).
APACHE [I: Acute Physiological and Clinical Health Evaluation Il; SOFA: Sequential Organ Failure Assessment;

CCI: Charlson Comorbidity Index; SD: standard deviation.

not conform to at least one normal distribu-
tion measurement were calculated using
Pearson’s test and statistical significance
was determined using Spearman’s test.
Prognostic factors for 28-day mortality in
patients with sepsis were identified using
Cox proportional hazards regression analysis
with Wald’s test. All variables that were sta-
tistically significant for mortality were includ-
ed in the univariate analysis and all variables
with a P value <0.2 in the univariate analysis
were included in the multivariate analysis.
The predictive role of VDR levels for 28-
day mortality was evaluated by receiver oper-
ating characteristic (ROC) curve analysis.
The optimal threshold value for VDR was
derived from the Youden index. The associa-
tion between VDR level and survival rate was

assessed by Kaplan—Meier curve analysis.
A two-sided value of P < 0.05 was considered
statistically significant.

Results

Patient characteristics

A total of 148 patients were enrolled in the
study, including 96 patients in group A
(survivors) and 52 patients in group B
(non-survivors). The patient characteristics
are shown in Table 1.

Laboratory tests

The results of laboratory tests are shown in
Table 2. The mean CRP level was signifi-
cantly lower in group A (P =0.005), and the
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Table 2 Results of laboratory tests.
Total Survivors Non-survivors

Parameter (n=96) (n=96) (n=152) P value
Leukocytes 11.2 (8.1-16) 11.7 (8.9-16.4) 11.8 (7.4-16) 0.24

Hemoglobin (g/dL) 10.0 (8.7-12.1) 10.3 (8.8-12.1) 9.75 (8.5-12.2) 0.439
Thrombocytes (10%/uL) 199 (141-284) 216 (141-310) I74 (135-263) 0.129
C-reactive protein (mg/L) 39.5 (24.8-59.7) 40 (24-64) 60 (39-89) 0.005
Procalcitonin (ng/mL) 9.1 (1.9-19) 6.35 (7.1-19.2) | I 8 (1.69-19.7) 0.023
Lactate (mmol/L) 22 (12-32.7) 19 (11-29) 25 (16—40) 0.08

Creatinine (mg/dL) 1.6 (0.9-2.4) 1.50 (0.972.42) I 85 (1.4-2.47) 0.039
Calcium (mg/dL) 9.1 (7.6-9.8) 9.5 (7.8-9.9) 3 (7.5-9.5) 0.028
Albumin (g/dL) 2.9 (2.2-3.1) 3(24-32) 6 (2.2-2.9) 0.001
Phosphorus (mg/dL) 3.6 (3.2-3.9) 3.7 (3.3-3.9) 5(3.2-3.7) 0.086
Parathyroid hormone (pg/mL) 47.5 (34.1-69) 45 (32-64) 6 (36-73) 0.058
25-hydroxyvitamin D (ng/mL) 17.5 (14.6-22.9) 18.8 (15-24.6) |6 5 (13-20.1) 0.014
Vitamin D receptor (ng/mL) 1.76 (1.41-2.10) 1.92 (1.64-2.29) 1.36 (1.18-1.85) <0.001

Values given as median (interquartile range).

Table 3 Correlations of serum vitamin D receptor
levels with clinical parameters and blood markers.

Correlation
Parameter r value P value
Age (years) —0.157 0.057
APACHE Il score —0.224 0.006
SOFA score —0.297 <0.001
C-reactive protein (mg/L) —0.252 0.002
Procalcitonin (ng/mL) —0.68 0411
Lactate (mmol/L) —0.240 0.003

APACHE II: Acute Physiological and Clinical Health
Evaluation Il; SOFA: Sequential Organ Failure Assessment.

mean 25-hydroxyvitamin D and VDR
levels were both significantly higher in
group A (P=0.014 and P=0.001, respec-
tively), compared with group B.
Spearman’s analysis of the correlations
between VDR level, sepsis severity, and
inflammation biomarkers showed that
VDR levels were negatively correlated
with  APACHE-II (P<0.05), SOFA
(P<0.001), and CRP (P <0.05) (Table 3).

Prognostic factors for 28-day mortality

We investigated the potential prognostic
factors for 28-day mortality in patients

with sepsis by univariate and multivariate
Cox proportional hazards regression analy-
ses using 13 potential risk factors routinely
assessed during hospitalization in the inten-
sive care unit (Tables 1 and 2). Univariate
Cox analysis identified the presence of
septic shock, invasive mechanical ventila-
tion, renal replacement therapy, SOFA
and APACHE II scores, creatinine, albu-
min, and VDR levels as potential prognos-
tic factors in patients with sepsis (Table 4).
All variables with a P value <0.2 in univar-
iate analysis were included in the multivar-
iate analysis, which confirmed the presence
of septic shock (P<0.05), APACHE 11
score (P <0.05), and low VDR levels
(P<0.05) as independent prognostic fac-
tors associated with 28-day mortality in
patients with sepsis.

VDR levels and prognosis

Baseline VDR level was a significant predic-
tor of 28-day mortality, with an area under
the curve (AUC) of 0.778 (95% confidence
interval: 0.695-0.861), a cut-off value of
<1.7, a sensitivity of 73.1%, and a specific-
ity of 72.9% (Figure 2). Patient were cate-
gorized into high (>1.7) and low VDR
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Table 4 Univariate and multivariate Cox proportional hazards regression models to identify variables

independently associated with 28-day mortality.

Univariate Multivariate
Variable HR 95% ClI P HR 95% ClI P
Age (years) 1.014  0.990-1.039 0251 - - -
APACHE Il score 1.069 1.037-1.103  <0.001 1.050  1.009-1.092 0.015
SOFA score .09  1.014-1.185 0.021 [.0I5 0.924-1.114 0.757
Septic shock (yes/no) 2735  1.548-4.834 0.001  2.16l 1.150-4.059  0.017
Mechanical ventilation (yes/no) 3.006 1.708-5.291  <0.001 1.827  0.962-3.469  0.065
Renal replacement therapy (yes/no)  2.161 1.218-3.832 0.008 1.241  0.644-2.393 0.519
C-reactive protein (mg/L) 1.003  0.996-1.010 0426 - - -
Procalcitonin (ng/mL) 1.008  0.992-1.024 0345 - - -
Lactate (mmol/L) .06  0.999-1.033 0.064 1.003 0.982-1.024 0.799
Creatinine (mg/dL) 1.254  1.001-1.571 0049 1.168 0.898-1.518 0.247
Calcium (mg/dL) 0.821  0.675-1.005 0.056 1.066 0.838-1.356  0.600
Albumin (g/dL) 0.617 0.383-0.992 0.046 0.965 0.548-1.699 0.901
25-hydroxyvitamin D (ng/mL) 0.958  0.915-1.003 0.066 1.029 0.973-1.089 0311
Vitamin D receptor 0.35 0.198-0.617 <0.001 0486 02590915 0.025

APACHE II: Acute Physiological and Clinical Health Evaluation Il; SOFA: Sequential Organ Failure Assessment; HR, hazard

ratio; Cl, confidence interval.

100+

50- %

Sensitivity%

AUC: 0,778 (95% CI: 0,695-0,861)

0 50 100
100% - Specificity%

Figure 2. Predictive value of vitamin D receptor
for 28-day mortality in septic patients determined
by receiver operating characteristic (ROC) curve
analysis.
AUC, area under the ROC curve; Cl: confidence
interval.

(<1.7) groups, according to the cut-off
value. A low VDR level was significantly
associated with lower overall survival in
patients with sepsis according to Kaplan—
Meier curve analysis with log-rank test
(P <0.05) (Figure 3).

Discussion

This study showed that a low baseline level
of VDR was associated with a high inci-
dence of 28-day mortality among patients
with sepsis in an ICU setting.

Numerous studies worldwide'®!'” have
examined the causes of morbidity and mor-
tality in patients with sepsis, and have iden-
tified septic shock, high APACHEII score,
invasive mechanical ventilation, high
SOFA score, and low 25-hydroxyvitamin
D levels as the main associated factors.
However, the current research is the first
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Figure 3. Overall survival rate and vitamin D
receptor levels by Kaplan—Meier curve analysis.
Low vitamin D receptor level (<1.7) was signifi-
cantly associated with a lower overall survival rate
in septic patients, determined by log-rank test.
VDR, vitamin D receptor.

comprehensive study to investigate the role
of VDR levels in 28-day mortality in criti-
cally ill patients.

Tayel et al.* showed that vitamin D defi-
ciency and variations in VDR levels in neo-
nates/mothers  were associated  with
neonatal sepsis, providing evidence of a
role for VDR in the development of
sepsis, independent of other risk factors.
These results were comparable to those of
the current study; however, their study was
conducted in neonates, suggesting that
although the study patients can change the
outcome, the pathophysiology involving
low VDR levels remains the same.

Another study conducted by Olejarova
et al.'® showed that low levels of vitamin
D in patients with sepsis who did not sur-
vive to day 7 (p=0.0076) and day 28
(p=0.0338) of hospital care. They also
found a negative correlation between
levels of vitamin D and the inflammatory
markers CRP (P=0.0003), presepsin
(P=0.0032), and SsTREM-1 (triggering

VDR, we also found negative correlations
between VDR levels and APACHEII score
(P<0.05), SOFA score (P<0.001), and CRP
levels (P<0.05). Overall, these studies sug-
gest that sepsis might result in a reduction
in VDR levels, and that VDR levels are
associated with poor outcome.

Although many studies have examined
vitamin D levels in patients with sepsis,
the present study considered both vitamin
D and VDR levels at the same time, which
represents a strength of our study.
However, the relationship between vitamin
D and VDR levels remains controversial.
Han et al.'® found that low vitamin D
levels were associated with decreased VDR
expression in peripheral blood mononucle-
ar cells in patients with sickle cell anemia.
Lee et al.*® found that VDR gene expres-
sion increased after vitamin D supplemen-
tation in white adipose tissue in obese rats,
while Mazdeh et al.?! found no significant
correlation between vitamin D and VDR
gene expression levels in the peripheral
blood in  epileptic  subjects, and
Tomaszewska et al.*? found no changes in
VDR gene expression in the sinonasal epi-
thelium after oral vitamin D
supplementation.

An important aspect of this study was
that we only included patients with sepsis,
and excluded patients with septic shock. In
contrast, most previous studies included
patients with septic shock, which is an inde-
pendent risk factor for 28-day mortality in
patients with sepsis.
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Albumin is a negative acute-phase pro-
tein that may reflect the degree of inflam-
mation, and the level of hypoalbuminemia
may reflect the severity of the inflammatory
reaction in critically ill patients. The current
study found significantly lower albumin
levels among non-survivors, in accord with
the literature.?> However, multivariate Cox
regression analysis did not identify hypoal-
buminemia as an independent risk factor.
Nutritional status and chronic inflammato-
ry disorders also affect albumin levels, albu-
min levels are therefore low in critically ill
patients, and albumin-based predictions
could have limitations.?** Elevated lactate
levels are also associated with poor clinical
outcomes and high patient mortality,*® and
the current study accordingly found signif-
icantly higher lactate levels among non-
survivors. Lactate can be used for the
early diagnosis, management, and risk
stratification of patients with sepsis.”’ We
also compared VDR levels with other bio-
markers, and showed that VDR levels were
negatively correlated with the inflammatory
marker, CRP, and with the impaired tissue
oxygenation marker, lactate. Low levels of
VDR were an independent factor associated
with a poor outcome.

Calcium plays an important role in
many physiological processes, and hypocal-
cemia is common and is associated with
increased mortality in critical care patients.
However, the ctiology of hypocalcemia in
critical care patients is unclear and
potentially multifactorial. Vitamin D defi-
ciency is a common cause of hypocalce-
mia.?® The current study found a
significant decrease in calcium levels in
non-survivors. The significantly lower
levels of vitamin D and calcium among
non-survivors compared with survivors
supports the previous literature.

Predictive scoring systems are used to
predict mortality in ICU patients. The
APACHE II and SOFA scoring systems
have been widely validated and used by

many ICUs to classify sepsis severity and
predict hospital mortality.?>** In our
study, the APACHE II and SOFA scores
differed significantly between survivors
and non-survivors, comparable to the liter-
ature. In addition, VDR levels were nega-
tively correlated with both APACHE II and
SOFA scores.

This study had some limitations. First, it
was conducted at a tertiary healthcare
center, resulting in a degree of patient
homogeneity. Furthermore, it was a
single-center study with a limited sample
size, and VDR levels were determined
after diagnosing sepsis, which could affect
the results. The calculated P values pre-
sented in this study do not support any
powerful statistical conclusions and should
be interpreted with caution. We excluded
patients with cancer, patients who were
pregnant, patients who had used antibiotics
in the 2 weeks before presentation at the
hospital, and patients who required vaso-
pressors at the time of admission (indicating
septic shock). Although we had reasons
for excluding these patient groups, the
lack of these patients still represents a lim-
itation of our study. In addition, VDR is a
novel biomarker, and it may not be possible

to control for all variables affecting
VDR levels.
Conclusions

Low VDR levels were associated with high
28-day mortality in patients with sepsis.
Furthermore, VDR levels were negatively
correlated with lactate, CRP, APACHE II
and SOFA scores, and disease severity.
VDR levels can act as an early warning in
septic patients. We recommend that the rate
of change in VDR levels after sepsis treat-
ment should be examined. Further studies
are also needed to investigate the specific
role of VDR in sepsis and sepsis-related
mortality.



Erdogan and Findikl

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iD

Murat Erdogan (® https://orcid.org/0000-0001-
9198-2991

References

1.

Tavaré A and O’Flynn N. Recognition, diag-
nosis, and early management of sepsis: NICE
guideline. Br J Gen Pract 2017; 67: 185-186.
Rhodes A, Evans LE, Alhazzani W, et al.
Surviving sepsis campaign: international
guidelines for management of sepsis and
septic shock: 2016. Intensive Care Med
2017; 43: 304-377.

Tayel SI, Soliman SE and Elsayed HM.
Vitamin D deficiency and vitamin D recep-
tor variants in mothers and their neonates
are risk factors for neonatal sepsis. Steroids
2018; 134: 37-42.

Bukoski RD and Xue H. On the vascular
inotropic action of 1, 25-(OH) 2 vitamin
D3. Am J Hypertens 1993; 6: 388-396.

Zhu Y, Mahon BD, Froicu M, et al.
Calcium and la, 25-dihydroxyvitamin D3
target the TNF-o pathway to suppress
experimental inflammatory bowel disease.
Eur J Immunol 2005; 35: 217-224.

Jeng L, Yamshchikov AV, Judd SE, et al.
Alterations in vitamin D status and anti-
microbial peptide levels in patients in the
intensive care unit with sepsis. J Transl
Med 2009; 7: 28.

Liu PT, Stenger S, Li H, et al. Toll-like
receptor triggering of a vitamin D-mediated
human antimicrobial response. Science 2006;
311: 1770-1773.

Khoo AL, Chai LY, Koenen HJ, et al. 1, 25-
dihydroxyvitamin D3 modulates cytokine
production induced by Candida albicans:
impact of seasonal variation of immune
responses. J Infect Dis 2011; 203: 122-130.

10.

11.

13.

14.

15.

16.

17.

18.

20.

. Di Rosa M, Malaguarnera M, Nicoletti F,

et al. Vitamin D3: a helpful immuno-modu-
lator. Immunology 2011; 134: 123-139.
Booth D, Ding N, Parnell G, et al. Cistromic
and genetic evidence that the vitamin D
receptor mediates susceptibility to latitude-
dependent autoimmune diseases. Genes
Immun 2016; 17: 213-219.

Hartmann B, Heine G, Babina M, et al.
Targeting the vitamin D receptor inhibits
the B cell-dependent allergic immune
response. Allergy 2011; 66: 540-548.

. Lu M, Taylor BV and Korner H. Genomic

effects of the vitamin D receptor: potentially
the link between vitamin D, immune cells,
and multiple sclerosis. Front Immunol 2018;
9: 477.

Singer M, Deutschman CS, Seymour CW,
et al. The third international consensus def-
initions for sepsis and septic shock
(Sepsis-3). JAM A 2016; 315: 801-810.

Huss L, Butt ST, Borgquist S, et al. Vitamin
D receptor expression in invasive breast
tumors and breast cancer survival. Breast
Cancer Res 2019; 21: 84.

Deuster E, Jeschke U, Ye Y, et al. Vitamin
D and VDR in gynecological cancers—a sys-
tematic review. Int J Mol Sci 2017; 18: 2328.
Mohamed AKS, Mehta AA, James P.
Predictors of mortality of severe sepsis
among adult patients in the medical
Intensive Care Unit. Lung India 2017; 34:
330-335.

Rech MA, Hunsaker T, Rodriguez J.
Deficiency in 25-hydroxyvitamin D and 30-
day mortality in patients with severe sepsis
and septic shock. 4m J Crit Care 2014; 23:
e72-79.

Olejarova M, Dobisova A, Suchankova M,
et al. Vitamin D deficiency-a potential risk
factor for sepsis development, correlation
with inflammatory markers, SOFA score
and higher early mortality risk in sepsis.
Bratisl Lek Listy 2019; 120: 284-290.

. Han J, Zhang X, Saraf SL, et al. Risk factors

for vitamin D deficiency in sickle cell dis-
ease. Br J Haematol 2018; 181: 828—835.

Lee GY, Park CY, Cha KS, et al
Differential effect of dietary vitamin D sup-
plementation on natural killer cell activity in


https://orcid.org/0000-0001-9198-2991
https://orcid.org/0000-0001-9198-2991
https://orcid.org/0000-0001-9198-2991

Journal of International Medical Research

21.

22.

23.

24.

25.

lean and obese mice. J Nutr Biochem 2018;
55: 178-184.

Mazdeh M, Ghafouri-Fard S, Hatami M,
et al. Expression analysis of vitamin D sig-
naling pathway genes in epileptic patients. J
Mol Neurosci 2018; 64: 551-558.
Tomaszewska M, Sarnowska E, Rusetska
N, et al. Role of vitamin D and its receptors
in the pathophysiology of chronic rhinosinu-
sitis. J Am Coll Nutr 2019; 38: 108-118.
Kendall H, Abreu E, Cheng A-L. Serum
albumin trend is a predictor of mortality in
ICU patients with sepsis. Biol Res Nurs
2019; 21: 237-244.

Yin M, Si L, Qin W, et al. Predictive value of
serum albumin level for the prognosis of severe
sepsis without exogenous human albumin
administration: a prospective cohort study. J
Intensive Care Med 2018; 33: 687-694.
Gharipour A, Razavi R, Gharipour M, et al.
Lactate/albumin ratio: An early prognostic
marker in critically ill patients. Am J Emerg
Med 2020; 38: 2088-2095.

26.

27.

28.

29.

30.

Villar J, Short JH, Lighthall G. Lactate pre-
dicts both short- and long-term mortality in
patients with and without sepsis. Infect Dis
(Auckl) 2019; 12: 1178633719862776.
Suetrong B and Walley KR. Lactic acidosis
in sepsis: it’s not all anaerobic: implications
for diagnosis and management. Chest 2016;
149: 252-261.

Chernow B, Zaloga G, McFadden E, et al.
Hypocalcemia in critically ill patients. Crit
Care Med 1982; 10: 848-851.

Vincent JL, De Mendonga A, Cantraine F,
et al. Use of the SOFA score to assess the
incidence of organ dysfunction/failure in
intensive care units: results of a multicenter,
prospective study. Crit Care Med 1998; 26:
1793-1800.

Ho KM, Dobb GJ, Knuiman M, et al. A
comparison of admission and worst 24-
hour Acute Physiology and Chronic Health
Evaluation II scores in predicting hospital
mortality: a retrospective cohort study. Crit
Care 2005; 10: R4.



	table-fn1-03000605211034733
	table-fn2-03000605211034733
	table-fn3-03000605211034733
	table-fn4-03000605211034733
	table-fn5-03000605211034733

