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Abstract: Background/Objectives: Sepsis is a life-threatening organ dysfunction caused by a dysreg-
ulated host response to infection. Sepsis is a significant cause of hospital admission and the leading
reason for admission to the ICU and is associated with high mortality. Vitamin D has shown promis-
ing immunomodulatory effects by upregulating the antimicrobial peptide, cathelicidin. However,
previous studies analysing the use of calcitriol in sepsis have shown variable results and did not
utilise APACHE II (Acute Physiology and Chronic Health Evaluation II) scores as endpoints. This
study evaluates the efficacy of intramuscular calcitriol in patients admitted to the ICU with sepsis,
focusing on its impact on APACHE II scores. The primary aim was to determine if intramuscular
calcitriol improved APACHE II scores from day 1 to day 7 or discharge from the ICU, whichever
was earlier. Secondary outcomes included 28-day mortality, ventilator days, vasopressor days, ICU
stay length, adverse events, and hospital-acquired infections in ICU patients. Methods: This was a
triple-blinded phase III randomised control trial. A total of 152 patients with suspected sepsis were
block-randomised to receive either intramuscular calcitriol (300,000 IU) (n = 76) or a placebo (n = 76).
The trial was registered with the Clinical Trials Registry—India (CTRI No: CTRI 2019/01/17066)
following ethics committee approval and was not funded. Results: There was no significant differ-
ence in APACHE II scores between the calcitriol and placebo groups from day 1 to day 7 (p = 0.382).
There were no significant changes in 28-day mortality (14.4% vs. 17%, p = 0.65), number of days on a
ventilator (5 vs. 5, p = 0.84), number of days on vasopressors (3 vs. 3, p = 0.98), length of ICU stay
(10 days vs. 11 days, p = 0.78), adverse events (27.6% vs. 19.7%, p = 0.25), and hospital-acquired
infections (17.1% vs. 15.8%, p = 0.82). Conclusions: There was no effect of intramuscular calcitriol in
patients admitted to the ICU with sepsis.

Keywords: calcitriol; sepsis; APACHE II

1. Introduction

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response
to infection. The balance between pro-inflammatory and anti-inflammatory cytokines is
dysregulated in sepsis, with increased levels of IL-6 and 10 and TNF alpha [1,2] along with
an imbalance of reactive oxygen species [3]. In sepsis, stimulation of Toll-like receptors
[TLRs] causes conversion of 25[OH]D to 1,25[OH]2-D. After 1α-hydroxylation, 25[OH]D
enters the monocyte and converts into 1,25[OH]2-D in the mitochondria. It binds to the
vitamin D receptor, ultimately acting as a transcription factor for human cathelicidin—an
antimicrobial peptide [4]. This forms the principle for which calcitriol has been evaluated
for sepsis.

Sepsis is a significant cause of hospital admission and the leading reason for admission
to the ICU [5]. A retrospective analysis showed a global incidence of 437 per 100,000 person-
years from 1995–2015 [6]. About 12% of admissions into the ICU are due to sepsis [7],
associated with a mortality of 34.6%.
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Studies appraising the role of vitamin D in critical illness are emerging [8]. However,
there is a lot of variability in the evidence. Many studies postulate vitamin D deficiency
as a risk factor for sepsis, but these studies were retrospective observational studies using
varied definitions of sepsis [9,10]. Some prospective studies [11,12] showed that vitamin
D deficiency is seen in 30–75% of critically ill patients but did not affect the outcome of
patients in terms of 30-day mortality. There was no difference in mortality between those
with vitamin D deficiency and those without [12]. The association between treatment
assignment and mortality was not affected by the extent of vitamin D deficiency at baseline.

There is variability in the route of administration even among the randomised control
trials. The trial by Leaf et al. [13] used parenteral vitamin D, but it was a small trial involving
67 patients with sepsis following calcitriol, and there was no difference in cathelicidin
levels. Ginde et al. [14] used enteral vitamin D in a heterogeneous group of critically ill
ICU patients. However, absorption may have been altered in these patients, and this study
showed no significant differences in outcomes between intervention and placebo groups.

Moreover, none of the above trials used estimates of APACHE II scores as endpoints.
Due to the variability in evidence, our study determined the efficacy of intramuscular
calcitriol in sepsis patients admitted to the ICU.

2. Materials and Methods

Primary objective: To determine if there was a significant difference in APACHE II
scores between calcitriol and placebo groups from day 1 to day 7, or discharge from ICU,
whichever was earlier.

Secondary objective: To determine if there was a significant change in 28-day mortality,
number of days on ventilator, number of days on vasopressors, length of ICU stay, incidence
of adverse events, and hospital-acquired infections in the ICU between calcitriol and
placebo groups.

Patients: The trial was a single-centre, triple-blinded randomised controlled phase 3
superiority trial with a 1:1 allocation ratio conducted from January 2019 to August 2020 in
non-COVID patients. Patients recruited were 18 years of age or older. Only non-COVID
patients were recruited, as the trial had already begun prior to the COVID pandemic.

Inclusion criteria: Patients with suspected sepsis (either presumed or confirmed to be
due to an infectious etiology) as defined by the presence of SIRS ≥ 2 and qSOFA ≥ 2 were
included in the study.

Exclusion criteria: Pregnancy, brain injury after cardiopulmonary arrest before recruit-
ment, patients who were severely ill with APACHE II > 45 (85% mortality) and unlikely
to survive for more than 24 h, baseline hypercalcemia > 10.8 mg/dL, history of therapy
with high-dose vitamin D3 in the past six months, patients with platelets < 50,000 or
INR > 1.3, and patients with chronic kidney disease who had received any form of vitamin
D supplementation were excluded.

Sample size: An a priori power analysis was conducted using G*Power to determine
the minimum sample size required to test the study hypothesis. Results indicated the
required sample size to achieve 80% power for detecting a medium effect (Partial η2 = 0.10)
at a significance criterion of α = 0.05 was 124 for a two-way repeated measures ANOVA
(within-subject factors of APACHE II score and between-subject factors—calcitriol vs.
placebo). With a presumptive loss to follow-up of 10%, the final sample size required was
calculated to be 139. We decided to recruit 150 patients for the study. Since it was a block-
randomisation of 4 samples per block, there were 38 blocks of 4. Hence, 152 participants
were recruited for the study (Figure 1).

Randomisation: An independent statistician generated a computer-generated se-
quence of random numbers. The primary investigator enrolled patients meeting the criteria.
Allocation was concealed using sealed envelopes. An independent person assigned partici-
pants to the intervention using these sealed envelopes and had no other role in the study.
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Patients and the primary investigator were blinded to the intervention. A participant 
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sorium, then the study details were provided to the next of kin, and the primary investi-
gator obtained consent from the next of kin. All patients were followed up for 28 days. 

Statistics and data analysis: IBM SPSS version 27 was used for the analysis of the data. 
Intention-to-treat analysis was performed for primary and secondary outcomes. No in-
terim analyses were performed. 

Descriptive statistics were used to present the clinical profile of patients. Continuous 
data were represented as means and standard deviation, and categorical data as propor-
tions with confidence intervals. Two groups were compared using the chi-square test for 
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model with two-way repeated measures ANOVA (analysis of variance) was performed to 
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1. If there was any significant change in serial APACHE II scores across seven days 

(within-subject factors—APACHE score trend from day 1–7). 
2. If there was any difference in change of APACHE II scores between the groups of 

placebo and calcitriol (between-subject factors—calcitriol vs. placebo). 
3. If there was a significant interaction (time*treatment interaction) among the within-

subject factors (APACHE score) and the between-subject factors (calcitriol vs. placebo). 
All were represented as p values and <0.05 was considered as statistically significant. 
Ethical considerations: Data confidentiality was maintained, and each patient was 

assigned a unique serial number to maintain confidentiality. Individual identifying data 
were removed in any publication of this data. 

The study protocol was presented to the institute research and ethics committee, and 
approval for the conduct of the study was obtained (RC 18/74). This clinical trial was 

Figure 1. CONSORT flow diagram (ITT—intention to treat; TBM—tubercular meningitis).

Recruited patients were randomised within the first six hours of ICU admission into
two groups, receiving either calcitriol 300,000 IU intramuscularly as a single dose or a
placebo. The placebo was an inert solution (sterile water for injection), similar in colour
and quantity to the intervention drug.

Patients and the primary investigator were blinded to the intervention. A participant
information sheet and consent form were provided to the participants. If they agreed to
participate in the study, the consent form was signed and obtained. Participants were
free to withdraw consent at any point in time. If the patient was unconscious or had
poor sensorium, then the study details were provided to the next of kin, and the primary
investigator obtained consent from the next of kin. All patients were followed up for
28 days.

Statistics and data analysis: IBM SPSS version 27 was used for the analysis of the data.
Intention-to-treat analysis was performed for primary and secondary outcomes. No interim
analyses were performed.

Descriptive statistics were used to present the clinical profile of patients. Continuous
data were represented as means and standard deviation, and categorical data as propor-
tions with confidence intervals. Two groups were compared using the chi-square test
for categorical variables. CONSORT reporting guidelines were followed. A linear mixed
model with two-way repeated measures ANOVA (analysis of variance) was performed to
determine the following:

1. If there was any significant change in serial APACHE II scores across seven days
(within-subject factors—APACHE score trend from day 1–7).

2. If there was any difference in change of APACHE II scores between the groups of
placebo and calcitriol (between-subject factors—calcitriol vs. placebo).

3. If there was a significant interaction (time*treatment interaction) among the within-
subject factors (APACHE score) and the between-subject factors (calcitriol vs. placebo).

All were represented as p values and <0.05 was considered as statistically significant.
Ethical considerations: Data confidentiality was maintained, and each patient was

assigned a unique serial number to maintain confidentiality. Individual identifying data
were removed in any publication of this data.

The study protocol was presented to the institute research and ethics committee, and
approval for the conduct of the study was obtained (RC 18/74). This clinical trial was
registered with the Clinical Trials Registry of India (CTRI) after obtaining approval from
the institute’s ethics committee (No: CTRI 2019/01/17066).

Quality control of data was ensured using a preformed proforma, double data entry
into software, and random quality control checks for every 10% of samples. Data collection
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was performed by the principal investigator in preformed proforma and entered in MS
Excel. The trial was not funded.

3. Results
3.1. Baseline Characteristics

The baseline characteristics are described below (Table 1). Characteristics were similar
in both groups.

Table 1. Baseline Characteristics.

Calcitriol (n = 76) Placebo (n = 76) Overall
n = 152

Age (Years) 61.68 ± 14.08 60.78 ± 13.83 61.2 ± 13.90

Males 47/76 (61.8%) 48/76 (63.1%) 95/152 (62.5%)

Females 29/76 (38.2%) 28/76 (36.8%) 57/152 (37.5%)

qSOFA Resp Rate > 22 70/76 (92.1%) 69/76 (90.7%) 139/152 (91.4%)

Altered Sensorium GCS < 15 54/76 (71.0%) 67/76 (88.1%) 121/152 (79.6%)

Systolic BP < 100 37/76 (48.6%) 25/76 (32.8%) 62/152 (40.7%)

SIRS Temp < 36 or > 38 41/76 (53.9%) 37/76 (48.6%) 78/152 (51.3%)

HR > 90 51/76 (67.1%) 50/76 (65.7%) 101/152 (66.4%)

Tachypnea > 20 70/76 (92.1%) 69/76 (90.7%) 139/152 (91.4%)

WBC < 4000 or > 12,000 55/76 (72.3%) 54/76 (71.0%) 109/152 (71.7%)

Focus of Sepsis Urosepsis 22/76 (28.9%) 29/76 (38.1%) 51/152 (33.5%)

Undifferentiated 25/76 (32.8%) 16/76 (21.0%) 41/152 (26.9%)

Pulmonary 10/76 (13.1%) 16/76 (21.0%) 26/152 (17.1%)

Wound 8/76 (10.5%) 10/76 (13.1%) 18/152 (11.8%)

Skin 2/76 (2.6%) 5/76 (6.5%) 7/152 (4.6%)

Central Nervous System 3/76 (3.9%) 4/76 (5.2%) 7/152 (4.6%)

Central Line 4/76 (5.2%) 1/76 (1.3%) 5/152 (3.2%)

Baseline APACHE II Score 22.42 ± 7.55 22.28 ± 7.05 22.35 ± 7.28

Comorbidities Diabetes 45/76 (59.2%) 44/76 (57.8%) 89/152 (58.5%)

Hypertension 33/76 (43.4%) 34/76 (44.7) 67/152 (44.0%)

Ischemic Heart Disease 14/76 (18.4) 12/76 (15.7) 26/152 (17.1%)

Table 1—Description of baseline characteristics of analysed participants.

3.2. Primary End Point

Effect of calcitriol versus placebo on APACHE II score (Figures 2–7):
Although both groups had significant reduction in APACHE II Scores over time,

there was no significant difference of APACHE II Scores between groups. There was no
interaction between the number of days and APACHE II scores (time*treatment interaction,
suggesting that the treatment does not differentially affect the rate of improvement in
APACHE II scores compared to the placebo and standard care. This finding was uniformly
noted from Day 1 to Day 2 upto Day 7 (Figures 2–7). The individual subsets are listed below.
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There was no significant difference in mortality in both groups at 28 days (Table 2,
Figure 8).
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Table 2. Effect of calcitriol versus placebo on 28-day mortality.

Treatment Total Number of Deaths Total Patients Percentage

Calcitriol 11 76 14.4%

Placebo 13 76 17.1%

Overall 24 152 p = 0.65
RR 0.84 (0.40–1.76)
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3.3. Primary End Point

There was no benefit in mortality, lengths of hospital and ICU stay, duration of
mechanical ventilation, duration of vasopressors, and incidence of new-onset hospital-
acquired infections and adverse events (Table 3).

Table 3. Secondary outcomes.

Calcitriol
(n = 76)

Placebo
(n = 76)

Overall
n = 152 p-Value dF RR

Mechanical Ventilation

Number of patients 14/76 (18.4%) 15/76 (19.7%) 29/152 (19%) 0.83 1 0.93 (0.48–1.79)

Median Duration 5 days (IQR
9 days)

5 days (IQR
12 days) 0.84

Vasopressors

Single Noradrenaline 14/76 (18.4%) 15/76 (19.7%) 29/152 (19%) 0.83 1 0.93 (0.48–1.79)

Double Noradrenaline +
Dobutamine 1/76 0/76 1/76 0.31 1

Noradrenaline +
Dopamine 4/76 4/76 8/76 0.99 1

Noradrenaline +
Vasopressin 2/76 2/76 4/76 0.99 1

Triple
Noradrenaline +
Dobutamine +
Vasopressin

1/76 1/76 2/76 0.99 1

Quadruple 1/76 0/76 1/76 0.31 1
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Table 3. Cont.

Calcitriol
(n = 76)

Placebo
(n = 76)

Overall
n = 152 p-Value dF RR

Total 23/76 (30.2%) 22/76 (28.9%) 45/152 (29.6%) 0.86 1 1.05 (0.64–1.70)

Median Duration 3 days (IQR
4.25 days)

3 days (IQR
4 days) 0.98

ICU Stay

ICU Stay Median Duration 3 days (IQR
2 days)

3 days (IQR
2.5 days) 0.78

Hospital Stay

Hospital Stay Median Duration 10 days (IQR
8.5 days)

11 days (IQR
11.5 days) 0.50

Hospital Acquired Infections

New Onset UTI 5/76 (6.5%) 5/76 (6.5%) 10/152 (6.5%) 0.99 1 1.00 (0.30–3.31)

New Onset VAP 6/76 (7.8%) 4/76 (5.2%) 10/152 (6.5%) 0.51 1 1.5 (0.44–5.10)

New Onset Central Line Sepsis 2/76 (2.6%) 3/76 (3.9%) 5/152 (3.2%) 0.64 1 0.66 (0.11–3.87)

Total 13/76 (17.1%) 12/76 (15.8%) 25/76 (32.9%) 0.82 1 (0.44–2.45)

Adverse Events

Need for Haemodialysis 16/76 (21.0%) 10/76 (13.1%) 26/152 (17.1%) 0.19 1 1.6 (0.77–3.29)

Seizures 3/76 (3.9%) 3/76 (3.9%) 6/152 (3.9%) 0.99 1 1.00 (0.20–4.80)

Feeding Intolerance 2/76 (2.7%) 2/76 (2.8%) 4/152 (2.7%) 0.97 1 1.00 (0.14–6.91)

Total 21/76 (27.6%) 15/76 (19.7%) 36/152 (23.6%) 0.25 1 1.00 (0.56–2.53)

dF—Degrees of freedom; RR—Relative risk; IQR—Inter-quartile range; UTI—Urinary tract infection;
VAP—Ventilator-associated pneumonia.

4. Discussion

Our study on the role of intramuscular calcitriol did not show significant difference in
the APACHE II score between those who received vitamin D and those who received the
placebo. This is discussed below.

Several significant differences exist between the previous trials evaluating the role of
vitamin D levels in sepsis. Some studies show that vitamin D levels may fail to predict
sepsis [15]. At the same time, other studies show that vitamin D deficiency is a risk factor
for developing sepsis [8,9,16,17]. Even so, vitamin D deficiency may not influence prognosis
and mortality within the intensive care unit [11,12,15].

In a double-blind, randomised, placebo-controlled study among 67 critically ill patients
by Leaf et al. [13], the measured outcomes were plasma cathelicidin levels. The study was a
double-blinded RCT. The patients were randomised to receive a single dose of calcitriol 2 mg
intravenously versus a placebo. The primary outcome measured was plasma cathelicidin
protein levels assessed 24 h after the study drug administration. Secondary outcomes
included leukocyte cathelicidin mRNA expression, plasma cytokine levels (IL-10, IL-6,
tumour necrosis factor-a, IL-1b, and IL-2), and urinary kidney injury markers. Patients
randomised to calcitriol (n = 36) versus placebo (n = 31) had similar plasma cathelicidin
protein levels at 24 h (p = 0.16). Calcitriol administration did not increase plasma cathelicidin
protein levels in critically ill patients with sepsis. There was no difference in clinical
outcomes; however, the study was not powered enough to detect a change.

A Chinese study by Ding et al. [18] in 2017 randomised 57 patients with sepsis by the
2012 definition [19]. Twenty healthy volunteers were also recruited, and their vitamin D
levels were measured. The levels of serum 25(OH)D3 in the sepsis group and SIRS group
were significantly lower than those in the healthy control group.
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The study also divided these 57 patients into general sepsis (n = 15) and severe
sepsis (n = 27). The sepsis patients who had a deficiency were divided into treatment
with calcitriol supplemented with 300,000 IU vitamin D3 and a placebo (injected 1 mL
physiological saline). However, the study did not mention how many had a deficiency. The
study did not mention whether patients with septic shock had a lower vitamin D level.

The 28th day was set as the endpoint, and the patients with sepsis were divided into
a survival group and a mortality group. The levels of calcitriol in the sepsis group and
SIRS group were significantly lower than those in the healthy control group. In patients
with sepsis, there was no significant difference in the duration of mechanical ventilation
[hours: 41.00 (7.50, 82.50) vs. 67.00 (4.75, 127.75)], length of ICU stay (days: 5.48 ± 4.08 vs.
6.68 ± 4.87) and 28-day mortality (10.34% vs. 17.86%) between the D3 treatment group and
the placebo group. The difference in our study is that we used APACHE II scores as an
outcome, while the study by Ding et al. evaluated it as a risk factor. We did not measure
vitamin D in our study due to vitamin D deficiency failing to predict sepsis [13,14].

In 2014, Amrein et al. [20] showed that in the VITdAL-ICU study, which involved 475
critically ill patients (237 in the vitamin D3 group and 238 in the placebo group), vitamin
D3 vs. placebo was given enterally once at a dose of 540,000 IU followed by monthly
maintenance doses of 90,000 IU for five months. There was no significant difference in
duration of hospital stay, in-hospital mortality, and six-month mortality between the two
groups. However, enteral vitamin D may have an impeded absorption within the gut.

Ginde et al. [14], in 2019, conducted a randomised, double-blind, placebo-controlled,
phase 3 trial of early vitamin D supplementation in critically ill, vitamin D-deficient patients
at high risk for death. Randomisation was performed within 12 h of admission into the ICU.
Patients received a single dose (enteral) of 540,000 IU of calcitriol or a matched placebo.
The primary endpoint was 90-day all-cause, all-location mortality. The mortality at 90 days
was 23.5% in the calcitriol group (125 of 531 patients) and 20.6% in the group of patients
who received a placebo (109 of 528 patients). The difference was 2.9% points; 95% CI, −2.1
to 7.9; p = 0.26.

There were no differences between groups regarding secondary clinical, physiological,
or safety endpoints. The extent of vitamin D deficiency at baseline did not affect the
association between the treatment assignment and mortality.

Only a few randomised control trials were conducted assessing the effect of vitamin
D on sepsis. Further studies done by Bjelakovic [21] in a meta-analysis of 94,148 patients
showed a relative risk reduction in mortality by 6% (RR 0.94, 95% CI 0.91 to 0.98, I2 = 0%),
and two good quality RCTs done by Amrein [20] and Ginde [14] showed no benefit of
vitamin D in terms of mortality and hospital stay. However, unlike our study, the Amrein
and Ginde trials evaluated the use of vitamin D given enterally and not parenterally.

The strengths of our trial are that there was little loss to follow-up, and those lost
to follow-up were analysed by ITT. The trial is generalisable, and all relevant outcomes
were measured. The limitation of the trial was that randomisation was not stratified by the
etiology of sepsis in these patients.

Due to the heterogeneity of evidence of vitamin D levels in predicting sepsis and
its outcomes and the cost of testing, we did not measure vitamin D levels. There were
logistic difficulties in evaluating the levels of cathelicidin and other biomarkers. We did
not evaluate the impact on COVID-19 patients, as the trial commenced in January 2019.
The qSOFA and SIRS score was used for ease of recruitability and rapid intervention with
vitamin D. However, the SOFA score may generate a detailed profile of these patients
within the ICU. The trial was too small to obtain a significant effect in patients admitted
with septic shock.

5. Conclusions

In conclusion, this study indicates that intramuscular calcitriol was not better than a
placebo in improving outcomes of patients with sepsis admitted to the hospital. Future
trials must identify if calcitriol has any role in specific subgroups of sepsis, with a focus
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on particular sources, septic shock, or COVID patients. It is possible that upregulation of
cathelicidins can be dose-dependent, and it would be useful to evaluate the role of high
dose vitamin D (600,000 IU) in sepsis.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm13133823/s1, Table S1: Data Sheet.

Author Contributions: Conceptualization, S.J.T., A.B. and K.T.; methodology, A.B. and K.T.; software,
S.J.T. and K.T.; validation, S.J.T., A.B. and K.T.; formal analysis, S.J.T. and K.T.; investigation, S.J.T. and
A.B.; resources, S.J.T., A.B. and K.T.; data curation, S.J.T. and K.T.; writing—original draft preparation,
S.J.T.; writing—review and editing, S.J.T., A.B. and K.T.; visualization, S.J.T. and K.T.; supervision,
A.B. and K.T.; project administration, S.J.T.; All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Pondicherry Institute of Medical Sciences (RC
18/74; 15 October 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The Master Data Sheet has been uploaded as part of the Supplementary
Materials Table S1: Data Sheet.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Singer, M.; Deutschman, C.S.; Seymour, C.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.-D.;

Coopersmith, C.M.; et al. The third international consensus definitions for sepsis and septic shock (sepsis-3). J. Am. Med. Assoc.
2016, 315, 801–810. [CrossRef] [PubMed]

2. Chaudhry, H.; Zhou, J.; Zhong, Y.; Ali, M.M.; McGuire, F.; Nagarkatti, P.S.; Nagarkatti, M. Role of cytokines as a double-edged
sword in sepsis. In Vivo 2013, 27, 669–684. [PubMed]

3. Sahoo, D.K.; Wong, D.; Patani, A.; Paital, B.; Yadav, V.K.; Patel, A.; Jergens, A.E. Exploring the role of antioxidants in sepsis-
associated oxidative stress: A comprehensive review. Front. Cell Infect. Microbiol. 2024, 14, 1348713. [CrossRef] [PubMed]

4. Pinheiro da Silva, F.; Machado, M.C.C. Antimicrobial peptides: Clinical relevance and therapeutic implications. Peptides 2012, 36,
308–314. [CrossRef] [PubMed]

5. Tiru, B.; DiNino, E.K.; Orenstein, A.; Mailloux, P.T.; Pesaturo, A.; Gupta, A.; McGee, W.T. The Economic and Humanistic Burden
of Severe Sepsis. Pharmacoeconomics 2015, 33, 925–937. [CrossRef] [PubMed]

6. Fleischmann, C.; Scherag, A.; Adhikari, N.K.J.; Hartog, C.S.; Tsaganos, T.; Schlattmann, P.; Angus, D.C.; Reinhart, K.; International
Forum of Acute Care Trialists. Assessment of Global Incidence and Mortality of Hospital-treated Sepsis. Current Estimates and
Limitations. Am. J. Respir. Crit. Care Med. 2016, 193, 259–272. [CrossRef] [PubMed]

7. Divatia, J.V.; Amin, P.R.; Ramakrishnan, N.; Kapadia, F.N.; Todi, S.; Sahu, S.; Govil, D.; Chawla, R.; Kulkarni, A.P.; Samavedam, S.;
et al. Intensive Care in India: The Indian Intensive Care Case Mix and Practice Patterns Study. Indian J. Crit. Care Med. 2016, 20,
216–225. [PubMed]

8. Jeng, L.; Yamshchikov, A.V.; Judd, S.E.; Blumberg, H.M.; Martin, G.S.; Ziegler, T.R.; Tangpricha, V. Alterations in vitamin D status
and antimicrobial peptide levels in patients in the intensive care unit with sepsis. J. Transl. Med. 2009, 7, 28. [CrossRef] [PubMed]

9. de Haan, K.; Groeneveld, A.J.; de Geus, H.R.; Egal, M.; Struijs, A. Vitamin D deficiency as a risk factor for infection, sepsis and
mortality in the critically ill: Systematic review and meta-analysis. Crit Care 2014, 18, 660. [CrossRef]

10. Gois, P.H.F.; Ferreira, D.; Olenski, S.; Seguro, A.C. Vitamin D and infectious diseases: Simple bystander or contributing factor?
Nutrients 2017, 9, 651. [CrossRef]

11. Yadav, S.; Joshi, P.; Dahiya, U.; Baidya, D.K.; Goswami, R.; Guleria, R.; Lakshmy, R. Admission Vitamin D status does not predict
outcome of critically ill patients on mechanical ventilation: An observational pilot study. Indian J. Anaesth. 2018, 62, 47–52.
[CrossRef]

12. Ralph, R.; Peter, J.V.; Chrispal, A.; Zachariah, A.; Dian, J.; Sebastian, T.; Venkatesh, B.; Thomas, K. Supraphysiological 25-hydroxy
vitamin D3 level at admission is associated with illness severity and mortality in critically ill patients. J. Bone Miner. Metab. 2015,
33, 239–243. [CrossRef] [PubMed]

13. Leaf, D.E.; Raed, A.; Donnino, M.W.; Ginde, A.A.; Waikar, S.S. Randomised controlled trial of Calcitrioln severe sepsis. Am. J.
Respir. Crit. Care Med. 2014, 190, 533–541. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jcm13133823/s1
https://www.mdpi.com/article/10.3390/jcm13133823/s1
https://doi.org/10.1001/jama.2016.0287
https://www.ncbi.nlm.nih.gov/pubmed/26903338
https://www.ncbi.nlm.nih.gov/pubmed/24292568
https://doi.org/10.3389/fcimb.2024.1348713
https://www.ncbi.nlm.nih.gov/pubmed/38510969
https://doi.org/10.1016/j.peptides.2012.05.014
https://www.ncbi.nlm.nih.gov/pubmed/22659161
https://doi.org/10.1007/s40273-015-0282-y
https://www.ncbi.nlm.nih.gov/pubmed/25935211
https://doi.org/10.1164/rccm.201504-0781OC
https://www.ncbi.nlm.nih.gov/pubmed/26414292
https://www.ncbi.nlm.nih.gov/pubmed/27186054
https://doi.org/10.1186/1479-5876-7-28
https://www.ncbi.nlm.nih.gov/pubmed/19389235
https://doi.org/10.1186/s13054-014-0660-4
https://doi.org/10.3390/nu9070651
https://doi.org/10.4103/ija.IJA_531_17
https://doi.org/10.1007/s00774-014-0585-7
https://www.ncbi.nlm.nih.gov/pubmed/24752822
https://doi.org/10.1164/rccm.201405-0988OC
https://www.ncbi.nlm.nih.gov/pubmed/25029202


J. Clin. Med. 2024, 13, 3823 12 of 12

14. National Heart, Lung, and Blood Institute PETAL Clinical Trials Network; Ginde, A.A.; Brower, R.G.; Caterino, J.M.; Finck, L.;
Banner Goodspeed, V.M.; Grissom, C.K.; Hayden, D.; Hough, C.L.; Hyzy, R.C.; et al. Early high-dose Vitamin D3 for critically ill,
Vitamin D-deficient patients. N. Engl. J. Med. 2019, 381, 2529–2540. [PubMed]

15. Ratzinger, F.; Haslacher, H.; Stadlberger, M.; Schmidt, R.L.J.; Obermüller, M.; Schmetterer, K.G.; Perkmann, T.; Makristathis, A.;
Marculescu, R.; Burgmann, H. 25(OH)D and 1,25(OH)D Vitamin D fails to predict sepsis and mortality in a prospective cohort
study. Sci. Rep. 2017, 7, 40646. [CrossRef] [PubMed]

16. Hewison, M. Antibacterial effects of vitamin D. Nat. Rev. Endocrinol. 2011, 7, 337–345. [CrossRef] [PubMed]
17. Upala, S.; Sanguankeo, A.; Permpalung, N. Significant association between vitamin D deficiency and sepsis: A systematic review

and meta-analysis. BMC Anesthesiol. 2015, 15, 84. [CrossRef] [PubMed]
18. Ding, F.; Zang, B.; Fu, J.; Ji, K. Effect of vitamin D3 on the severity and prognosis of patients with sepsis: A prospective randomised

double-blind placebo study. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue 2017, 29, 106–110. [CrossRef] [PubMed]
19. Dellinger, R.P.; Levy, M.M.; Rhodes, A.; Annane, D.; Gerlach, H.; Opal, S.M.; Sevransky, J.E.; Sprung, C.L.; Douglas, I.S.; Jaeschke,

R.; et al. Surviving sepsis campaign: International guidelines for management of severe sepsis and septic shock: 2012. Crit. Care
Med. 2013, 41, 580–637. [CrossRef] [PubMed]

20. Amrein, K.; Schnedl, C.; Holl, A.; Riedl, R.; Christopher, K.B.; Pachler, C.; Purkart, T.U.; Waltensdorfer, A.; Münch, A.; Warnkross,
H.; et al. Effect of high-dose vitamin D3on hospital length of stay in critically ill patients with vitamin D deficiency: The
VITdAL-ICU randomised clinical trial. J. Am. Med. Assoc. 2014, 312, 1520–1530. [CrossRef]

21. Bjelakovic, G.; Gluud, L.L.; Nikolova, D.; Whitfield, K.; Wetterslev, J.; Gluud, C. Vitamin D supplementation for prevention of
mortality in adults. Cochrane Database Syst. Rev. 2008, 4, CD007470. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.ncbi.nlm.nih.gov/pubmed/31826336
https://doi.org/10.1038/srep40646
https://www.ncbi.nlm.nih.gov/pubmed/28079172
https://doi.org/10.1038/nrendo.2010.226
https://www.ncbi.nlm.nih.gov/pubmed/21263449
https://doi.org/10.1186/s12871-015-0063-3
https://www.ncbi.nlm.nih.gov/pubmed/26041306
https://doi.org/10.3760/cma.j.issn.2095-4352.2017.02.003
https://www.ncbi.nlm.nih.gov/pubmed/28625255
https://doi.org/10.1097/CCM.0b013e31827e83af
https://www.ncbi.nlm.nih.gov/pubmed/23353941
https://doi.org/10.1001/jama.2014.13204
https://doi.org/10.1002/14651858.CD007470

	Introduction 
	Materials and Methods 
	Results 
	Baseline Characteristics 
	Primary End Point 
	Primary End Point 

	Discussion 
	Conclusions 
	References

