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Introduction

Sepsis is the leading cause of death in the
Intensive Care Unit (ICU) in the United States [1]. The
incidence of sepsis is estimated at 31.5 million cases
annually, and 19.4 million of them are severe sepsis,
with a mortality rate of 5.3 million annually [2]. Data from
the World Health Organization (WHO) reports that in
sepsis patients in the ICU, it is estimated that there are
58 cases per 100,000 people/year and the incidence
of hospital mortality is more than a third (42%). Jawad
et al. reported in 2012 in a meta-analysis study that the
incidence of sepsis ranged from 240 cases per 100,000
people, where the incidence of severe sepsis was
56 cases per 100,000 people, and sepsis shock was
11 cases per 100,000 people. The mortality rate is 30%
for sepsis, 50% for severe sepsis, and 80% for sepsis

shock [3].

Research Rhee et al. In 2017, the United
States reported more than 170,000 cases of sepsis,
and 55% of them required ICU care [4]. Research in
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Abstract

BACKGROUND: Vitamin D deficiency is associated with an increased risk and progression of the disease,
especially sepsis. Low serum Vitamin D levels when patients enter the Intensive Care Unit (ICU) can affect patient
care outcomes.

AIM: This study aims to determine the relationship between Vitamin D levels and sepsis patients’ treatment outcomes
in the Intensive Care Unit.

METHODS: We analyzed 80 sepsis patients admitted from July 2022 to September 2022. This study used a cohort
design. Sampling and collection were carried out from July 2022 to September 2022 in the Intensive Care Unit
of Dr. M. Djamil Hospital, Padang. This study was conducted on 40 case samples and 40 control samples. The
relationship between Vitamin D levels and treatment outcomes for sepsis patients was analyzed using the Chi-
Square/Fisher Exact Test.

RESULTS: Patients with the most Vitamin D deficiency were women (77.5%), obese (57.5%), with the most
comorbid Chronic Kidney Injury (12.5%), the mean APACHE Il score was 21, and SOFA score of 7. Patients with non-
deficiency Vitamin D most was male (7%), obese (52.5%), with the most comorbid Cardiovascular Disease (15.0%),
the mean APACHE Il score was 19, and SOFA score of 5. In 40 patients with Vitamin D deficiency, 24 patients
(57.1%) non-survived, and 16 patients (42.1%) survived (RR = 1.833).

CONCLUSION: Vitamin D deficiency increases the risk of death in septic patients, so further intervention is needed.

the Asia Pacific region constitutes 60% of the world’s
population, with a total population of 4.6 billion. The
incidence of sepsis in this region ranges from 120 to
1600 per 100,000, with a sepsis-related mortality rate of
35%. This figure is higher than in western and other high-
income countries. The incidence of sepsis in Indonesia
is still relatively high at 30.29%, with a mortality rate of
11.56 to 49%. Mortality in sepsis patients ranges from
15 to 40%, and in sepsis shock, from 20% to 72%—
the 2016 Tambojang study on ICU patients at Prof.
RSUP. Dr. R. D. Kandou Manado Indonesia received
82.8% diagnosis of sepsis, 11.4% severe sepsis, and
5.7% sepsis shock requiring vasopressors [5]. Data on
sepsis in the ICU of Dr. M. Djamil Padang, Indonesian
in the 2022 period showed an increase in the mortality
of sepsis patients from 11.53% to 19.64% over the last
6 months.

Several studies have shown that lower
levels of 25(OH)D in ICU patients are associated with
increased infections, length of stay, higher health-
care costs, higher hospital mortality, and higher
mortality after discharge. The prevalence of Vitamin
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D deficiency (25(OH)D < 20 ng/mL) is up to 70% in
critically ill patients. A high risk of death in sepsis
conditions with low serum 25(OH)D levels (<30 ng/mL)
at hospital admission was associated with a higher
risk of death. Low serum 25(OH)D level would be an
independent predictor of poor prognosis for clinically
critical patients [6], [7], [8].

Methods

Study populations

This study used a cohort design. Sampling
and collection were carried out from July 2022 to
September 2022 in the Intensive Care Unit of Dr. M.
Djamil Hospital, Padang. Vitamin D levels were
examined using the Biochem Canada Diagnostic Kit,
catalog number CAN-VD-510, LOT 222590, at the
Biomedical Laboratory of the Faculty of Medicine,
Andalas University.

This study was conducted on 40 case samples
and 40 control samples that met the inclusion and
exclusion criteria and who had agreed to the informed
consent of the study. In each sample, Vitamin D levels
were checked. The inclusion criteria in this research
were all patients with sepsis caused by bacteria, have
known Vitamin D level, age between 18 until 60 years
old, procalsitonin =22 ng/mL, lactate 21,6 mmol/L,
APACHE score >10, and SOFA score 22. The exclusion
criteria in this research were the patients who had
received Vitamin D supplement, and sepsis caused by
viral, parasite or fungal infection.

This research involves human as research
subjects. The ethical implications of this research
follow the provisions of the Declaration of Helsinki and
have passed the ethical test of the ethic committee
of RSUP Dr. M. Djamil in Padang with number:
LB.02.02/5/7/383/2022. All medical matters relating
to this research are confidential. Research subjects
have the right to refuse to participate in the study if
they do not agree. All research cost and other cost
incurred as a result of this research are borne by the
researcher.

Statistical analysis

Data analysis was done computerized. First,
a univariate analysis was conducted to obtain the
basic characteristics of the research sample. After
that, a bivariate analysis was carried out using the Chi-
square test to obtain the relationship between each
dependent variable and the independent variable. The
relationship between the independent variable and the
dependent variable is said to be statistically significant
if p < 0.05.

Results

The distribution of the basic characteristics of
this study is shown in Table 1. The research sample
comprised 40 sepsis cases with vitamin D deficiency and
40 samples of non-deficient controls. Sepsis patients
treated in the ICU by Dr. M. Djamil Padang on vitamin
D deficiency levels, the average age was 52 years.
The most women were 31 people (77.5%), with BMI
obesity of 23 people (57.5%), had the most comorbid
Chronic Kidney Injury (CKD) 5 people (12,5%), the
mean APACHE Il score was 21 and SOFA 7 score.
Sepsis patients with non-vitamin D deficiency had an
average age of 61 years; most were men, 28 (70%),
with an obese BMI of 21 (52.5%). The most comorbid
Cardiovascular Disease was six people (15%), the
mean APACHE Il score was 19, and the SOFA score
was 5.

Table 1: Distribution of the basic characteristics of the research
sample

Variable Vitamin D level p
Deficiency, n (%) Nondeficient, n (%)
Age (years) 51.80 + 10.825 49.98 + 14.130 0.003
Sex
Men 9 (22.5) 28 (70.0) 0.000
Women 31 (77.5) 12 (30.0)
BMI
Underweight 3(7.5) 0 0.653
Normo weight 14 (35.0) 19 (47.5)
Obesities 23 (57.5) 21 (52.5)
DM 4 (10.0) 1(2.5) 0.359
Chronic kidney injury 5(12.5) 3(7.5) 0.712
Cardiovascular disease 3(7.5) 6(15.0) 0.481
COPD 0 4(10.0) 0.116
APACHE Il score 20 (11-30) 21.5(9-33) 0.964
SOFA score 7 (1-18) 5 (1-20) 0.143

DM: Diabetes mellitus, BMI; Body mass index, COPD: Chronic obstructive pulmonary disease.

From the table above, based on the level
of Vitamin D which was characteristic basic BMI,
comorbidities such as diabetes mellitus (DM), chronic
kidney injury, cardiovascular disease, and COPD,
APACHE Il score, and SOFA score did not show a
significant difference between sample deficiencies and
non-deficiencies, or both groups have value p > 0.05.
However, there was a significant relationship between
age and sex against the level of vitamin D (p < 0.05).

Laboratory characteristics are as in Table 2.
The average Hb in sepsis patients with Vitamin D
deficiencies were 10.18 g/dI, leukocytes 16.040/mm®,
platelets 207.500/mm?®, procalcitonin 17.32 ng/mL,
lactate 2.7 mmol/L, albumin 2.60 g/dl, bioavailable
25(OH)D 2.270 ng/dl, and VDBP 105.347 ug/mL.

Table 2: Laboratory results of sepsis patients in intensive care
unit

Variable Vitamin D Level P
Deficiency Nondeficiency

Hb, g/di 10.18 £2.21 11.66 +2.19 0.004
Leukocytes, x10%/mm?® 16.04 (3.25-43) 13.145 (2.89-42.6) 0.097
Platelets, x10%/mm? 207.5 (10-610) 220 (38-478) 0.825
Procalcitonin, ng/mL 17.32 (2.41-200.0) 12.26 (1.50-200.0) 0.290
Lactate, mmol/L 2.7 (1.6-15.0) 2.30 (1.6-5.4) 0.368
Albumin, g/dI 2.60+0.64 2.73+0.70 0.123
Bioavailable 25(OH) D, ng/mL 2.270 (0.31-7.96) 5.194 (1.88-37.83) 0.000
VDBP, ug/mL 105.347 (25.81-290.89) 132.015 (60.26—-280.195) 0.032

Hb: Hemoglobin, VDBP: Vitamin D binding protein.
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Patients with non-deficient Vitamin D levels had a mean
Hb of 11.66 d/dl, leukocytes 13.145/mm° platelets
220.000/mm®,  procalcitonin  12.26 ng/mL, lactate
2.30 mmol/L, albumin 2.73 g/dl, bioavailable 25(OH)D
5.194 ng/dl, and VDBP 132.015 ug/mL.

The table above showed that the values of
leukocytes, platelets, procalcitonin, lactate, and albumin
did not show a significant difference between samples of
Vitamin D deficiency and non-deficiency levels, or both
groups had p > 0.05. However, there were significant
differences in the values of Hb, bioavailable 25(OH)D,
and VDBP with Vitamin D levels (p < 0.05).

The relationship between Vitamin D levels and
mortality showed in the Table 3. Of the sepsis patients
in the ICU who experienced the most deficiency, 24
people (57.1%) did not survive, and 18 people (55.0%).
The Chi-square analysis results showed no significant
relationship between Vitamin D levels and survival rate
in sepsis patients with p-value = 0.179 (RR = 1.833).

Table 3: Relationship of Vitamin D levels in sepsis patients with
the survival rate

Variable Vitamin D level Survival rate p RR
Non-survive, n (%) Survive, n (%)

Deficiency 24 (57.1) 16 (42.1) 0.179 1.833

Non-deficiency 18 (42.9) 22 (57.9)

RR: Risk ratio.

Discussion

Vitamin D has been shown to play an important
role in many physiological processes involved in the
pathogenesis of sepsis. Vitamin D has an important
role in maintaining and regulating the innate and
adaptive immune systems, which may therefore have
a protective effect against severe infections and an
overactive inflammatory response. Moreover, through
interactions with widely distributed Vitamin D receptors
and subsequent signaling pathways, Vitamin D can
maintain the functional status of various susceptible
organs during severe infections, such as the heart,
lung, and kidney [9].

The pathophysiology of sepsis in Vitamin D
deficiencymaybeinnateimmunedysfunction. Inaddition,
decreased levels of 1,25(0OH)2D at the tissue level may
decrease its pleiotropic effect on immune regulation,
mucosal, and endothelial function [10]. Sepsis due
to bacteremia was significantly more common in
patients with Vitamin D deficiency (19%) than in
patients without deficiency (0%). Sepsis associated
with pneumonia occurred significantly more frequently
(p = 0.01) in non-deficient patients (46%) than Vitamin
D-deficient (25%) [11].

Several factors can cause Vitamin D deficiency
in sepsis patients with prolonged hospitalization:
lack of sun exposure, malnutrition, decrease renal

hydroxylation, and increased tissue conversion of
25(0OH)D3 to 1,25(0H)2D3. Decrease serum Vitamin D
levels on the first day of hospitalization may be due to
decrease serum albumin or Vitamin D-binding protein
levels or receiving intravenous volumes to correct
hypovolemia or hypotension [12].

The average age for Vitamin D deficiency was
52 years old and was higher than for non-deficiency
patients, which was 50 years old. In this study, the age
was lower than in other studies. Bayat’s study found that
the age of Vitamin D deficiency was more than 65 years
old [13]. Rech’s study obtained the appropriate results
where the mean age of septic patients was more than
65 years old [11]. This study found that age difference
was lower compared to other studies because the
mean age of the participants in our study was almost a
decade younger than the previous study based on the
sepsis management guidelines [14].

This study found that women had higher levels
of Vitamin D deficiency in sepsis patients than men
(77.5% vs. 22.5%). In line with the study of Mishal,
found that serum 25(OH)D levels lower in women than
men [15].

This result was different from Bayat's
study, Vitamin D deficiency was higher in men than
women [13] and similar with Yoo’s study (55.6%) [6].
Deficiency in women occur due to menopause, due to
estrogen levels and dressing styles (following religious
and cultural teachings) that cover the body to a certain
extent despite adequate sun exposure [15], [16].

The highest body mass index (BMI) was in
conditions of Vitamin D deficiency and non-deficiency,
namely, obesity (57.5% and 52.5%). In line with the
Arabi’'s study, found that sepsis patients were obese
(57.3%), followed by the normoweight (35.3%) [17]
and similar with Gonzale’s study [18]. Vitamin D is fat
soluble, so in obese patients, there is a decrease in
Vitamin D bioavailability, and a lot of Vitamin D 25(0OH)
D is trapped in adipose tissue [19].

This study found diabetes mellitus patients
had lower of Vitamin D level (10.0%). The association
between Vitamin D deficiency and insulin resistance
developed through inflammation, as Vitamin D
deficiency was associated with increased inflammatory
markers [20].

Patient with chronic kidney disease (CKD) had
lower of Vitamin D level (12.5%). In line with the Jean’s
study, found patient underwent hemodialysis had low
Vitamin D level. Vitamin D deficiency occurred because
of impaired Vitamin D synthesis in renal proximal
tubular cells that increased fibroblast growth factor
(FGF)-23 [21]. Abnormalities of vitamin D metabolism
play a major role in the pathogenesis of secondary
hyperparathyroidism in CKD [22].

Patients with cardiovascular disease had lower
of Vitamin D level (15.0%). This result was different
from existing research. Cosentino’s study found low
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Vitamin D levels in cardiovascular diseases such as
stable angina, acute myocardial infarction (AMI), and
hypertension [23]. Several mechanisms of Vitamin D
deficiency in cardiovascular disease were caused by:
First, experimental studies had shown that 1,25-(OH)
D controlled the regulation of the renin-angiotensin
axis by directly suppressing the expression of the renin
gene. Renin overexpression could be produced through
pharmacological inhibition of Vitamin D synthesis.
Second, vascular smooth muscle cells and endothelial
cells expressed receptors for Vitamin D. This process
can convert circulating 25(OH)D to 1,25(OH)D. Vitamin
D-24-hydroxylase, the enzyme that catalyzed the
breakdown of 1 to 25(OH)D, progressed to significant
atherosclerosis. Third, Vitamin D deficiency triggers
secondary hyperparathyroidism. Parathyroid hormone
(PTH) promotes myocyte hypertrophy and vascular
remodeling. Another study showed that PTH had a pro-
inflammatory effect, stimulating the release of cytokines
by vascular smooth muscle cells [24].

This study found that COPD patients with
sepsis had normal levels of Vitamin D. This result is
different from existing research. Viral or bacterial
infection often triggers acute exacerbations of COPD.
This process causes an increase in the production of
cathelicidin, so Vitamin D levels will decrease. Vitamin
D can increase the production of cathelicidin. This
process can reduce the frequency of exacerbations and
exposure to infection in COPD patients [25].

The mean APACHE Il score in this study
was not much different between deficiency and non-
deficiency of Vitamin D (20 vs. 21.5). This result is
different from Ardehali’s study, where in ICU patients
with Vitamin D deficiency, the APACHE Il score was
higher than normal (12.75 vs. 8.41) [12]. The Aygencel’s
study also found that patients with high APACHE Il had
low levels of vitamin D deficiency (24 vs. 19) [26].

The mean SOFA score in this study was
higher in Vitamin D deficiency than in non-deficiency
(7 vs. 5). This result is in line with Ardehali’s study,
where the median SOFA score was significantly higher
in the deficiency group compared to the normal non-
deficient (8 vs. 5) [12]. This same result was also
found in Aygencel's study; the mean SOFA score in
Vitamin D deficiency was lower than in non-deficiency
(8 vs. 6) [26].

This study found that the mean hemoglobin
of sepsis patients in the ICU with Vitamin D deficiency
was lower than non-deficiency (10.18 vs. 11.66) and
statistically significant (p = 0.004). This result was in
line with Sim’s 2020 study, which found a relationship
between Vitamin D deficiency and anemia. Vitamin D was
related to hemoglobin levels, although the mechanism
was unknown. One possibility was that Vitamin D
modulates the level of systemic cytokine production,
thereby reducing inflammation that causes anemia of
chronic disease. Some additional confounding factors
contributed to reduce erythropoiesis storage and total

25(OH)D levels were that patients with anemia might
have more disease and weakness to prevent them from
adequate sun exposure [27].

This study found that the mean value of
leukocytes and procalcitonin in sepsis patients in the
ICU with Vitamin D deficiency was higher than non-
deficiency. These results align with Aygencel’s study
on leukocyte and procalcitonin levels. This value was
directly associated to the mortality rate [26].

This study found that the mean VDBP in
sepsis patients in the ICU with Vitamin D deficiency
was lower than non-deficiency (105.347 vs. 132.015)
and statistically significant (p = 0.032). In contrast to
Kalousova'’s study, VDBP was not involved in Vitamin
D deficiency [28]. However, another study found that
circulating VDBP levels were positively associated
with a total of 25(OH)D levels [29]. A total of 25(OH)
D bound to VDBP was normally involved in regulating
gene expression, which requires intracellular enzymatic
cleavage of 25(OH)D. This process is thought to
have limited biological activity during acute stress, for
example, in sepsis [6]. VDBP levels were significantly
lower in sepsis patients. VDBP levels in the previous
studies were associated with the incidence of sepsis
mortality [30].

This study found that sepsis patients with low
Vitamin D level were higher risk for non-survival events
(57.1% vs. 42.9%, RR = 1.833). These results align
with Nainggolan’s 2020 study that vitamin D levels
<8.1 ng/mL at admission have a higher risk of death
within 28 days [31]. Macrophage cells, lymphocytes,
and dendritic cells play a role in the innate and adaptive
immune systems, where macrophages, lymphocytes,
and dendritic cells express the Vitamin D receptor
and respond to 1,25(0OH)2D stimulation. Increased
mortality in ICU admission with hypovitaminosis D is
related to the pleiotropic function of Vitamin D. Vitamin
D inhibits vascular smooth muscle cell proliferation,
protects normal endothelial function, and modulates
the inflammatory process [32]. Vitamin D deficiency
has potential risks related to (1) the stimulatory effect
of Vitamin D on innate immunity, (2) suppression
of immune regulators, and (3) negative effects on
pathways that function to reduce the potential for
inflammatory damage [13].

This study found that the risk ratio for mortality
in sepsis patients with Vitamin D deficiency was
1.883 times higher than in non-deficiency. These results
align with the Rech’s study, where the risk of death in
sepsis patients admitted to the ICU was 1.375 times
compared to non-deficiency [11]. The same results
were also found in a meta-analysis that found the risk
of death in sepsis patients was 1.9 times [33].

Meta-analysis study by Li et al. found that an
association between lower serum 25(OH)D and higher
mortality in sepsis patients, especially in Vitamin D
deficiency [9]. Study by Nainggolan et al. showed that
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the group of patients with Vitamin D deficiency less
than 8.1 ng/mL had a higher risk of death within 28 days
(RR: 1.95) [31]. Different results were found in Chen’s
study, which found that Vitamin D deficiency was not
associated with 28 or 90-day mortality but with longer
ventilator use and ICU stay [34]. The mortality of sepsis
patients had increased in Vitamin D deficiency. It might
alter glucose and calcium metabolism and immune cell
and endothelial cell dysfunction [26].

The study had several limitations. First, we
could not control all the probable confounding factors
in observational studies, which could affect the study’s
findings. Second, this single-centered study was
performed at an Indonesian national referral hospital
in Padang. Therefore, the patients might have more
complex conditions or comorbidities than the general
population. Furthermore, additional studies are going to
be needed in a wider population.

Conclusion

Vitamin D deficiency increases the risk of death
in septic patients, so further intervention is needed.

Acknowledgement

We want to thank the director of RSUP Dr. M.
Djamil Padang, who has assisted in supporting and
providing data and information to achieve the objectives
of this research. We want to thank Juane Plantika
Menra, M.Si, and dr. Hirowati Ali, Ph.D.

References

1. Mayr FB, Yende S, Angus DC. Epidemiology of severe sepsis.
Virulence. 2014;5(1):4-11. https://doi.org/10.4161/viru.27372
PMid:24335434

2. Gyawali B, Ramakrishna K, Dhamoon AS. Sepsis: The
evolution in definition, pathophysiology, and management.
SAGE Open Med. 2019;7:2050312119835043. https://doi.
org/10.1177/2050312119835043
PMid:30915218

3. Jawad |, Luksi¢ |, Rafnsson SB. Assessing available information
on the burden of sepsis: Global estimates of incidence,
prevalence and mortality. J Glob Health. 2012;2(1):010404.
https://doi.org/10.7189/jogh.02.010404
PMid:23198133

4. Rhee C, Dantes R, Epstein L, Murphy DJ, Seymour CW,
Iwashyna TJ, et al. Incidence and trends of sepsis in US
hospitals using clinical vs claims data, 2009-2014. JAMA.

10.

1.

12.

13.

14,

15.

16.

17.

2017;318(13):1241-9. https://doi.org/10.1001/jama.2017.13836
PMid:28903154

Tambajong RN, Lalenoh DC, Kumaat L. Profile of sepsis
patients in ICU Prof. Dr. R.D. Kandou Manado period December
2014-November 2015. J E Clin. 2016;4(1):452-7.

Yoo JW, Jung YK, Ju S, Lee SJ, Cho YJ, Jeong YY, et al. Serum
Vitamin D binding protein level, but not serum total, bioavailable,
free Vitamin D, is higher in 30-days survivors than in nonsurvivors
with sepsis. Medicine (Baltimore). 2020;99(25):e20756. https://
doi.org/10.1097/MD.0000000000020756

PMid:32569219

Xiao D, Zhang X, Ying J, Zhou Y, Li X, Mu D, et al. Association
between vitamin D status and sepsis in children: A meta-analysis
of observational studies. Clin Nutr. 2020;39(6):1735-41. https://
doi.org/10.1016/j.clnu.2019.08.010

PMid:31495735

Parekh D, Patel JM, Scott A, Lax S, Dancer RC, D’souza V,
et al. Vitamin D deficiency in human and murine sepsis.
Crit Care Med. 2017;45(2):282-9. https://doi.org/10.1097/
CCM.0000000000002095

PMid:27632669

LiY, Ding S. Serum 25-hydroxyvitamin D and the risk of mortality
in adult patients with sepsis: A meta-analysis. BMC Infect Dis.
2020;20(1):189. https://doi.org/10.1186/s12879-020-4879-1

PMid:32131740

Upala S, Sanguankeo A, Permpalung N. Significant association
between vitamin D deficiency and sepsis: A systematic review
and meta-analysis. BMC Anesthesiol. 2015;15(2):84. https://
doi.org/10.1186/s12871-015-0063-3

PMid:26041306

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. https://doi.org/10.4037/ajcc2014723

PMid:25179041

Ardehali SH, Dehghan S, Baghestani AR, Velayati A,
Shariatpanahi ZV. Association of admission serum levels
of Vitamin D, calcium, phosphate, magnesium and
parathormone with clinical outcomes in neurosurgical ICU
patients. Sci Rep. 2018;8(1):2965. https://doi.org/10.1038/
s41598-018-21177-4

PMid:29445220

Bayat M, Gachkar L, Zahirnia M, Hadavand F. Association
between low serum Vitamin d levels and sepsis: A single-center
study in Tehran, Iran. Arch Clin Infect Dis. 2021;16(1):e102926.
https://doi.org/10.5812/archcid.102926

Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich
B, et al. Early goal-directed therapy in the treatment of severe
sepsis and septic shock. N Engl J Med. 2001;345(19):1368-77.
https://doi.org/10.1056/NEJMoa010307

PMid:11794169

Mishal AA. Effects of different dress styles on Vitamin D
levels in healthy young Jordanian women. Osteoporos Int.
2001;12(11):931-5. https://doi.org/10.1007/s001980170021
PMid:11804019

LeBlanc ES, Desai M, Perrin N, Wactawski-Wende J,
Manson JE, Cauley JA, et al. Vitamin D levels and menopause-
related symptoms. Menopause. 2014;21(11):1197-203. https://
doi.org/10.1097/GME.0000000000000238

PMid:24736200

Arabi YM, Dara SlI, Tamim HM, Rishu AH, Bouchama A,
Khedr MK, et al. Clinical characteristics, sepsis interventions
and outcomes in the obese patients with septic shock: An
international multicenter cohort study. Crit Care. 2013;17(2):R72.
https://doi.org/10.1186/cc12680

126

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Kahar et al. Association between Vitamin D Levels and Mortality in Sepsis Patients Admitted to an Intensive Care

18.

19.

20.

21.

22.

23.

24.

25.

26.

PMid:23594407

Cashman KD, Dowling KG, Skrabakova Z, Gonzalez-Gross M,
Valtuefa J, De Henauw S, et al. Vitamin D deficiency in Europe:
Pandemic? Am J Clin Nutr. 2016;103(4):1033-44. https://doi.
org/10.3945/ajcn.115.120873

PMid:26864360

Lamendola CA, Ariel D, Feldman D, Reaven GM. Relations
between obesity, insulin resistance, and 25-hydroxyvitamin
D. Am J Clin Nutr. 2012;95(5):1055-9. https://doi.org/10.3945/
ajcn.111.032060

PMid:22440850

Lips P, Eekhoff M, van Schoor N, Oosterwerff M, de Jongh R,
Krul-Poel Y, et al. Vitamin D and Type 2 diabetes. J Steroid
Biochem Mol Biol. 2017;173:280-5. https://doi.org/10.1016/j.
jsbmb.2016.11.021

PMid:27932304

Jean G, Souberbielle JC, Chazot C. Vitamin D in chronic kidney
disease and dialysis patients. Nutrients. 2017;9(4):328. https://
doi.org/10.3390/nu9040328

PMid:28346348

Al-Badr W, Martin KJ. Vitamin D and kidney disease. Clin J
Am Soc Nephrol. 2018;3(5):1555-60. https://doi.org/10.2215/
CJN.01150308

PMid: 18450926

Ng LL, Sandhu JK, Squire IB, Davies JE, Jones DJL.
Vitamin D and prognosis in acute myocardial infarction. Int
J Cardiol. 2013;168(3):2341-6.  https://doi.org/10.1016/j.
ijcard.2013.01.030

PMid:23415169

Gongalves TM, Gongalves SE, Guarnieri A, De Freitas DC,
Razuk-filho A, Parrillo EF, et al. Prevalence of obesity and
hypovitaminosis D in elderly with severe acute respiratory
syndrome Coronavirus 2 (SARS-CoV-2). Clin Nutr ESPEN.
2020;40:110-4. https://doi.org/10.1016/j.clnesp.2020.10.008
PMid:33183522

Indraswari Pl, Oviani GA. Review of the effect of Vitamin D
supplementation on lung function in COPD patients. J Acta
Holist Pharm. 2020;2(2):7-12.

Aygencel G, Turkoglu M, Tuncel AF, Candir BA, Bildaci YD,
Pasaoglu H. Is Vitamin D insufficiency associated with mortality
of critically ill patients? Crit Care Res Pract. 2013;2013:856747.
https://doi.org/10.1155/2013/856747

27.

28.

29.

30.

31.

32.

33.

34.

PMid:24455224

Sim JJ, Lac PT, Liu IL, Meguerditchian SO, Kumar VA,
Kujubu DA, et al. Vitamin D deficiency and anemia: A cross-
sectional study. Ann Hematol. 2010;89(5):447-52. https://doi.
org/10.1007/s00277-009-0850-3

PMid:19841921

Kalousova M, Dusilova-Sulkova S, Zakiyanov O, Kostirova M,
Safranek R, Tesar V, et al. Vitamin D binding protein is not
involved in Vitamin D deficiency in patients with chronic kidney
disease. Biomed Res Int. 2015;2015:492365. https://doi.
org/10.1155/2015/492365

PMid:26064917

Li C, Chen P, Duan X, Wang J, Shu B, Li X, et al. Bioavailable
25(0OH)D but Not total 25(0OH)D is an independent determinant
for bone mineral density in Chinese postmenopausal women.
EBioMedicine.  2017;15:184-92. https://doi.org/10.1016/j.
ebiom.2016.11.029

PMid:27919752

Suberviola B, Lavin BA, Jimenez AF, Martin SP, Garcia-
Unzueta M, Santibafiez M. Vitamin D binding protein, but not
Vitamin D or Vitamin D-related peptides, is associated with
septic shock mortality. Enferm Infecc Microbiol Clin (Engl Ed).
2019;37(4):239-43. https://doi.org/10.1016/j.eimc.2018.06.011

PMid:30470461

Nainggolan M, Asdie RH, Mulya DP, Penyakit S, Infeksi T,
Kedokteran F. Kesintasan 28 Hari Pasien Sepsis Berdasarkan
Kadar Vitamin D Pada Awal Perawatan Di RSUP Dr Sardijito.
Indonesia: Univ Gajah Mada Press; 2020. p. 3-18.

Rachmawati N, Ihsan I. Hubungan status Vitamin D dengan
mortalitas dan lama rawatan pada anak sakit kritis. Maj Kedokt
Andalas. 2017;40(2):82.

Garland CF, Kim JJ, Mohr SB, Gorham ED, Grant WB,
Giovannucci EL, et al. Meta-analysis of all-cause mortality
according to serum 25-hydroxyvitamin D. Am J Public Health.
2014;104(8):e43-50. https://doi.org/10.2105/AJPH.2014.302034
PMid:24922127

Chen KW, Chen CW, Yuan KC, Wang IT, Hung FM, Wang AY,
et al. Prevalence of Vitamin D deficiency and associated factors
in critically Il patients: A multicenter observational study.
Front  Nutr. 2021;8(12):768804. https://doi.org/10.3389/
fnut.2021.768804

PMid:34966771

Open Access Maced J Med Sci. 2023 Jan 08; 11(B):122-127.

127



