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Abstract:

Background: “Vitamin D deficiency is common among critically ill patients and may influence immune function,
inflammation, and clinical outcomes in the intensive care unit (ICU).

Aim: To assess the prevalence of vitamin D deficiency and its association with disease severity and 28-day
mortality in ICU patients.

Methodology: This hospital-based cross-sectional observational study included 80 adult ICU patients over 12
months. Serum 25-hydroxyvitamin D [25(OH)D] levels were measured within 24 hours of admission and
classified as deficient (<20 ng/ml), insufficient (21-29 ng/ml), or sufficient (=30 ng/ml). Severity was assessed
using APACHE 1II and SOFA scores. Associations with laboratory parameters and 28-day mortality were
analyzed, and ROC curve analysis was performed to determine predictive value.

Results: Vitamin D deficiency was observed in 60% of patients, with a mean level of 19.4 + 8.7 ng/ml. Deficient
patients had significantly higher APACHE II and SOFA scores, elevated CRP and lactate levels, and lower serum
calcium (p < 0.05). Mortality was significantly higher in deficient patients (83.3% of non-survivors; p = 0.003).
ROC analysis showed good predictive ability (AUC 0.79), with 83.3% sensitivity and 71.4% specificity at <18
ng/ml.

Conclusion: Vitamin D deficiency is highly prevalent in ICU patients and is significantly associated with
increased severity and 28-day mortality.
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Introduction

The fat-soluble secosteroid, vitamin D, has been dis-
covered to be a key modulator of non-skeletal phys-
iological functions such as immune response, cellu-
lar growth, inflammation, and cardiovascular activ-
ity [1] despite its long-standing recognition as an im-
portant regulator of calcium homeostasis and bone
metabolism. The biologically active vitamin D,
1,25-dihydroxyvitamin D (calcitriol) acts through
the vitamin D receptor (VDR), which is found in
many other tissues in addition to the traditional lo-
cations of bone and intestine, including immune
cells, endothelial cells, and heart muscle. The wide
tissue distribution highlights the pleiotropic effects
of vitamin D and offers a mechanism of its role in
the pathophysiological reaction to critical disease.
During the last 20 years, the rates of vitamin D
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deficiency in hospitalized patients admitted to inten-
sive care units (ICUs) have gained more investiga-
tions, and in such cases, systemic inflammation, ox-
idative stress, and metabolic dysregulation meet and
predetermine morbidity and mortality [2].

Vitamin D deficiency, which is commonly defined
as circulating level of 25-hydroxyvitamin D
[25(OH)D] less than 20 ng/mL (50 nmol/L) is com-
mon worldwide and is disproportionately prevalent
in people with limited access to sunlight, older age,
chronic diseases, or malnutrition [3]. Some epidemi-
ological surveys have reported very high levels of
deficiency with prevalence rates of 40-90% based on
geographical area, assay technique and cut off point.
This prevalence is explained by the combination of
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several overlapping factors, such as underlying defi-
ciency in the general population, stress-induced
changes in the metabolism of vitamin D, fluid and
hemodilution. Additionally, acute inflammatory
conditions that are typical of the critical conditions
like sepsis, trauma, and acute respiratory distress
syndrome (ARDS) can also worsen deficiency by re-
ducing carrier protein synthesis, changing hepatic
synthesis, and the activity of the vitamin D convert-
ing enzymes [4].

Pathophysiologically, vitamin D deficiency in pa-
tients in critical care is no longer a biomarker of ill
health but may actually promote the dysregulated
host response of severe illness. Vitamin D affects
both innate and adaptive immunity, improving the
work of macrophage and monocytes, triggering the
production of antimicrobial peptides such as catheli-
cidin and defensins, and controlling the differentia-
tion of T-cells [5]. This is especially applicable to
sepsis and other infectious critical diseases since im-
mune competence is the most important factor in
these conditions. Vitamin D has anti-inflammatory
and anti-atherogenic effects, endothelial-stabilizing
effects, and possibly anti-pro-coagulant effects in
the vascular system, which are essential in the sys-
temic inflammatory response syndrome (SIRS) and
multi-organ dysfunction. Also, deficiency was
found to cause an impaired function of the muscles,
weakness, which is relevant to respiratory mechan-
ics and long-term ventilator dependence in ICU pa-
tients [6].

Observational and interventional studies have con-
centrated on the clinical implications of vitamin D
deficiency in the ICU environment [7]. The connec-
tions between low levels of 25(OH)D on ICU admis-
sion and adverse outcomes, such as predisposition to
infections, longer mechanical ventilation, higher
rates of acute kidney injury (AKI), longer ICU stay,
and mortality, were determined in several cohort
studies [8]. The example is that critically ill patients
of severe deficiency seem to have stronger systemic
inflammatory profile and more tendency to develop
sepsis than those with sufficient levels. These rela-
tionships were also observed with adjustment of
possible common confounders including age,
comorbidities, severity of illness scores, and nutri-
tional status, implying ‘that the vitamin D status can
be an independent outcome predictor of critical ill-
ness.

The interventional research on the role of vitamin D
supplementation in intensive care unit patients has
provided contradictory outcomes, which may be
considered as the lack of simplicity in the dosing
strategy, timing, baseline deficiency severity, and
patient heterogeneity [9]. Randomized controlled
trials investigating high-dose cholecalciferol or cal-
cifediol have attempted to find out whether repletion
provides any benefits in the form of immune func-
tionality, length of stay, ventilator-free days and
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mortality. Although there is limited evidence that
show improvements in the chosen surrogate end-
points, including increased antimicrobial peptide ex-
pression or a better decrease in inflammatory mark-
ers, there is little strong evidence of a demonstrable
benefit of mortality or uniform clinical benefit. Ac-
cording to meta-analyses, specific supplementation
of the deficient populations can be used to minimize
the rate of infections and the duration of ICU stay,
yet more substantial and well-planned studies will
be required to provide conclusive clinical guide-
lines.

Besides such direct outcomes on immunity and or-
gan functioning, the problem of vitamin D defi-
ciency in critically ill patients overlaps with other
areas of ICU services, such as nutritional support,
metabolic stress, and rehabilitation prospects. Defi-
ciency is further exacerbated by the prolonged hy-
percatabolic states, malabsorption of nutrients and
lowered sunlight exposure on the critically ill pa-
tients. Thus, the evaluation of vitamin D condition
at ICU admission and the reflection of the measures
to restore it can be a component of a complex of se-
vere care, especially in the high-risk groups of indi-
viduals with heavy deficiency and adverse results.

Overall, deficiency in vitamin D is extensively com-
mon in ICU patients who are admitted with severe
illnesses and linked to immune dysregulation, in-
creased inflammation, and negative patient out-
comes. Despite ‘the support of observational evi-
dence of its relevance as a prognostic marker, the
current intervention trials highlight the necessity of
standard supplementation regimens and additional
research on the causal effect of vitamin D replace-
ment on critical illness progression. These dynamics
can be explored further to inform clinical practice
and enhance outcomes in this population of vulner-
able patients.

Methodology

Study Design: The present study was a hospital-
based cross-sectional observational study conducted
to assess the prevalence and clinical significance of
Vitamin D deficiency among critically ill patients
admitted to the Intensive Care Unit (ICU). The study
was carried out after obtaining approval from the In-
stitutional Clinical Research Ethics Committee.
Written informed consent was obtained from all pa-
tients or their legally authorized representatives
prior to enrollment and

Study Area: The study was conducted in the De-
partment of Anaesthesiology and Critical Care,
Adesh Medical College & Hospital, Haryana, India.

Study Duration: The duration of the study was 12
months.

Study Participants: A total of 80 critically ill adult
patients admitted to the ICU during the study period
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were included in the study. Patients were recruited
consecutively based on eligibility criteria.

Inclusion Criteria

e Patients aged >18 years admitted to the ICU.

e Patients admitted for medical, surgical, or trau-
matic conditions requiring intensive care.

e Patients with ICU stay of more than 24 hours.

e Patients (or ‘their legally authorized representa-
tives) who provided written informed consent.

Exclusion Criteria

e  Pregnant women.

e Patients with prior ICU admission within the
last one year.

e  Patients hospitalized for >7 days before ICU ad-
mission.

e Patients with known malabsorption syndromes
(including post-gastrectomy or bariatric sur-
gery, inflammatory bowel disease).

e Patients diagnosed with hyperparathyroidism,
hyperthyroidism, or chronic renal failure.

e  Patients with granulomatous disorders.

e Patients receiving antiepileptic drugs, antiretro-
viral therapy, vitamin D supplementation, or
medications affecting bone metabolism such as
bisphosphonates.

Sample Size: The sample size for the study was 80
patients.

Procedure: The ICU admission process required
the collection of complete demographic and clinical
information which included age, gender, admission
diagnosis, existing medical conditions, and specific
‘treatment information. The medical assessment of
the patient's condition used the Acute Physiology
and Chronic Health Evaluation II (APACHE II)
score and the Sequential Organ Failure Assessment
(SOFA) score which were measured during the first
day of hospital admission. The three patient groups
medical, surgical, and trauma were formed accord-
ing to the main reason that each patient entered the
ICU.

Venous blood samples were gathered within 24
hours after patients entered the ICU under strict
aseptic conditions to conduct laboratory tests. The
hospital laboratory used chemiluminescence immu-
noassay techniques to determine serum 25-hy-
droxyvitamin D [25(OH)D] levels which were re-
ported in ng/ml. The laboratory tests measured se-
rum glucose and parathyroid hormone and total cal-
cium and ionized calcium and albumin and prealbu-
min and creatinine and sodium and potassium and
phosphorus and magnesium and C-reactive protein
and procalcitonin and lactate levels and liver func-
tion tests and complete blood count and coagulation
profile. The hospital laboratory conducted all labor-
atory tests according to established standardized
procedures which are typical for their operations.
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The study used Endocrine Society (2011) guidelines
‘to classify Vitamin D status because they estab-
lished deficiency conditions, which required serum
25(OH)D to be less than or equal to 20 ng/ml while
they determined insufficiency to exist between 21
and 29 ng/ml and they set sufificiency at levels
above 30 ng/ml. The study defined acute kidney in-
jury according to Acute Kidney Injury Network cri-
teria which required clinical and laboratory assess-
ments during the first 24 hours of patient observation
in the intensive care unit. The medical team moni-
tored patients throughout their intensive care unit
period until they died which happened within 28
days after they entered the unit.

Statistical Analysis: Data were entered into Mi-
crosoft Excel and analyzed using Statistical Package
for the Social Sciences (SPSS) version 27.0. Cate-
gorical variables were expressed as frequencies and
percentages, while continuous variables were pre-
sented as mean =+ standard deviation or median with
interquartile range, depending on data distribution.
The normality of data was assessed using the Kol-
mogorov—Smirnov test.

For comparison between groups, the chi-square test
or Fisher’s exact test was used for categorical varia-
bles. Independent sample t-test or Mann—Whitney U
test was applied for quantitative variables as appro-
priate. Receiver Operating Characteristic (ROC)
curve analysis was performed to determine the opti-
mal cut-off value of serum 25(OH)D for predicting
mortality. Sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV)
were calculated. Binary logistic regression analysis
was performed to identify independent predictors of
mortality, including variables with p < 0.1 in uni-
variate analysis. A p-value < 0.05 was considered
statistically significant.

Result

Table 1 presents the demographic and clinical char-
acteristics of the 80 study participants, demonstrat-
ing that ‘the majority of patients were in the 41-60
years age group (40.0%), followed closely by those
aged above 60 years (37.5%), while 22.5% were be-
tween 18—40 years, with an overall mean age of 54.8
+ 15.6 years, indicating a predominantly middle-
aged to elderly population. In terms of gender distri-
bution, males constituted a higher proportion
(57.5%) compared to females (42.5%). Regarding
the type of admission, nearly half of the patients
were admitted for medical reasons (47.5%), fol-
lowed by surgical cases (32.5%) and trauma cases
(20.0%). The mean APACHE 1I score of 19.6 £ 6.2
and mean SOFA score of 7.8 = 3.1 reflect a moder-
ately severe level of illness and organ dysfunction
among the study participants, suggesting that a sub-
stantial proportion of patients required intensive
monitoring and management.
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Table 1: Demographic and Clinical Characteristics of Study Participants (n = 80)

Variable | Frequency (n) | Percentage (%)
Age (years)

18-40 18 22.5
41-60 32 40.0
>60 30 37.5
Mean Age (years) 54.8+£15.6 —
Gender

Male 46 57.5
Female 34 42.5
Type of Admission

Medical 38 47.5
Surgical 26 325
Trauma 16 20.0
Mean APACHE II Score 19.6+£6.2 —
Mean SOFA Score 7.8+3.1 —

Table 2 shows ‘the distribution of serum Vitamin D
[25(OH)D] levels among the 80 study participants.
A majority of the subjects, 48 (60.0%), were classi-
fied as Vitamin D deficient (<20 ng/ml), indicating
a high prevalence of deficiency in the study popula-
tion. Additionally, 20 participants (25.0%) had in-
sufficient Vitamin D levels (21-29 ng/ml), while
only 12 individuals (15.0%) had sufficient levels

(>30 ng/ml). The mean serum 25(OH)D concentra-
tion was 19.4 + 8.7 ng/ml, which falls within the de-
ficient range, further emphasizing the overall low
Vitamin D status of the participants. These findings
suggest that a substantial proportion of the study
population had suboptimal Vitamin D levels, with
deficiency being the most common category.

Table 2: Distribution of Serum Vitamin D Levels (25(OH)D) (n = 80)

Vitamin D Status Serum 25(OH)D (ng/ml) Frequency (n) Percentage (%)
Deficient <20 48 60.0
Insufficient 21-29 20 25.0

Sufficient >30 12 15.0

Mean 25(OH)D level (ng/ml) 19.4+£8.7 — —

Table 3 demonstrates a significant association be-
tween vitamin D status and 28-day ICU mortality .
Among the ‘total 80 patients, 48 (60%) were vitamin
D deficient, 20 (25%) were insufficient, and 12
(15%) were sufficient. A markedly higher propor-
tion of non-survivors were vitamin D deficient (20
out of 24; 83.3%) compared to survivors (28 out of
56; 50%), indicating that deficiency was more com-
mon among patients who died. In contrast, vitamin

D insufficiency and sufficiency were more fre-
quently observed among survivors, with only 2
deaths each reported in these categories. The p-value
of 0.003 suggests that the association between vita-
min D deficiency and increased ICU mortality is sta-
tistically significant. Overall, the findings indicate
that lower vitamin D levels, particularly deficiency,
are strongly associated with higher 28-day mortality
in ICU patients.

Table 3: Association Between Vitamin D Status and ICU Mortality (28-day)

Vitamin D Status Survivors (n=56) Non-Survivors (n=24) Total p-value
Deficient 28 20 48 0.003
Insufficient 18 2 20

Sufficient 10 2 12

Total 56 24 80

Table 4 demonstrates a significant association be-
tween vitamin D status and clinical severity as well
as laboratory parameters. Patients in ‘the vitamin D
deficient group (n=48) had markedly higher mean
APACHEII Score (22.4 + 5.8) compared to the non-
deficient group (16.2 + 4.9), with a highly signifi-
cant p-value (<0.001), indicating greater disease se-
verity among deficient patients. Similarly, the mean
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SOFA Score was significantly elevated in the defi-
cient group (9.2 £ 2.8) versus the non-deficient
group (5.6 £ 2.4) (p < 0.001), reflecting increased
organ dysfunction. Serum calcium levels were sig-
nificantly lower in vitamin D deficient patients (8.1
+ (0.6 mg/dl) compared to non-deficient patients (8.8
+ 0.5 mg/dl) (p = 0.002). Inflammatory and meta-
bolic markers were also significantly higher in the
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deficient group, with elevated C-reactive protein
(68.5 +£24.2 mg/L vs. 42.3 = 18.6 mg/L; p = 0.001)
and lactate levels (3.8 + 1.4 mmol/L vs. 2.4 + 1.1
mmol/L; p = 0.004). Overall, vitamin D deficiency
was associated with higher severity scores, greater
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inflammatory response, metabolic derangement, and
hypocalcemia, suggesting a strong correlation be-
tween deficiency status and poorer clinical condi-
tion.

Table 4: Comparison of Laboratory and Severity Parameters According to Vitamin D Status

Parameter Deficient (n=48) Non-Deficient (n=32) p-value
APACHE II Score 22.4+5.8 16.2+4.9 <0.001
SOFA Score 9.2+28 56+24 <0.001
Serum Calcium (mg/dl) 8.1£0.6 8.8+£0.5 0.002
C-Reactive Protein (mg/L) 68.5+24.2 423 +£18.6 0.001
Lactate (mmol/L) 38+14 24+1.1 0.004

Table 5 presents the ROC curve analysis evaluating
serum Vitamin D levels as a predictor of 28-day
mortality. The Area Under ‘the Curve (AUC) was
0.79 (95% CI: 0.68-0.89), indicating good discrim-
inatory ability of Vitamin D levels in distinguishing
between survivors and non-survivors. An optimal
cut-off value of <18 ng/ml was identified, at which
the sensitivity was 83.3% and specificity was
71.4%, demonstrating that the test correctly identi-
fied a high proportion of patients who died within 28
days while maintaining acceptable accuracy in

identifying survivors. The positive predictive value
(PPV) of 55.5% suggests that just over half of the
patients with Vitamin D levels <18 ng/ml experi-
enced mortality, whereas the high negative predic-
tive value (NPV) of 90.0% indicates that patients
with levels above this threshold were highly likely
to survive. The statistically significant p-value
(0.001) confirms that Vitamin D level is a significant
predictor of 28-day mortality in the studied popula-
tion.

Table 5: ROC Curve Analysis of Vitamin D Level for Prediction of 28-Day Mortality

Parameter Value
Area Under Curve (AUC) 0.79 (95% CI: 0.68-0.89)
Optimal Cut-off Value <18 ng/ml
Sensitivity 83.3%
Specificity 71.4%
Positive Predictive Value (PPV) 55.5%
Negative Predictive Value (NPV) 90.0%
p-value 0.001
Discussion ICU patients with vitamin D levels <20 ng/ml had a

The present study demonstrated a high prevalence
of vitamin D deficiency (60%) and insufficiency
(25%) among critically ill patients, findings ‘that are
consistent with earlier international data. In a land-
mark study published in the New England Journal of
Medicine, Lee P et al. (2009) [10] reported that ap-
proximately 57% of ICU patients had vitamin D lev-
els below 20 ng/ml, closely paralleling our observed
mean serum 25(OH)D level of 19.4 = 8.7 ng/ml.
Similarly, Lucidarme O et al. (2010) [11] found de-
ficiency in nearly 69% of critically ill patients at
ICU admission, supporting the concept that hypovit-
aminosis D is highly prevalent irrespective of geo-
graphic region. These similarities suggest that acute
critical illness itself, rather than environmental ex-
posure alone, substantially contributes to reduced
circulating vitamin D levels.

Our finding of a significant association between vit-
amin D deficiency and 28-day mortality (83.3% vs.
50%, p = 0.003) aligns with several observational
studies. Venkatram S et al. (2011) [12] reported that
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mortality rate of 24% compared to 9% in non-defi-
cient patients. Likewise, Braun A et al. (2012) [13]
demonstrated that patients in the lowest vitamin D
quartile had a significantly higher adjusted risk of
mortality (odds ratio approximately 1.8). These
findings are comparable to our results, where defi-
ciency was markedly more frequent among non-sur-
vivors, reinforcing the hypothesis that vitamin D sta-
tus may influence short-term outcomes in critical ill-
ness.

However, contrasting evidence exists. The FIN-
NAKI study by Ala-Kokko TTI et al. (2016) [14], in-
volving over 600 patients with severe sepsis, found
no independent association between vitamin D defi-
ciency and 90-day mortality. In that cohort, mortal-
ity rates were comparable between deficient and
non-deficient groups after adjustment for confound-
ers. This discrepancy may be attributed to differ-
ences in patient populations, as the FINNAKI cohort
was limited to septic patients, whereas our study in-
cluded a broader spectrum of critically ill individu-
als. Furthermore, variations in deficiency cut-off
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values and timing of measurement could partly ex-
plain the heterogeneity of findings across studies.

Our study also demonstrated that vitamin D defi-
cient patients had significantly higher APACHE II
(22.4 £5.8 vs. 16.2 + 4.9) and SOFA scores (9.2 £
2.8 vs. 5.6 + 2.4), indicating more severe physiolog-
ical derangement. Comparable observations were
reported by Moraes RB et al. (2015) [15], who found
that vitamin D deficient ICU patients had signifi-
cantly higher severity scores and an independent as-
sociation with mortality (hazard ratio 2.2). Addition-
ally, Amrein K et al. (2014) [16] reported that severe
deficiency (<12 ng/ml) was associated with in-
creased hospital mortality, particularly in septic pa-
tients. These findings support our conclusion ‘that
vitamin D deficiency correlates closely with disease
severity at admission.

Inflammatory and metabolic markers in our study
further strengthen this association. Higher CRP and
lactate levels among deficient patients reflect aug-
mented systemic inflammation and tissue hy-
poperfusion. Moromizato T et al. (2014) [17] simi-
larly observed that low vitamin D levels were asso-
ciated with increased risk of sepsis and inflamma-
tory complications in surgical ICU patients. The bi-
ological plausibility of this association is supported
by vitamin D’s immunomodulatory role, including
regulation of cytokine production and maintenance
of endothelial function.

Our ROC analysis revealed an AUC of 0.79 for pre-
dicting 28-day mortality, with a cut-off <18 ng/ml
yielding sensitivity of 83.3% and specificity of
71.4%. This discriminatory performance is compa-
rable to prior studies. Venkatram S et al. (2011) re-
ported that vitamin D levels <15 ng/ml significantly
predicted ICU mortality, while Amrein K et al.
(2014) identified severe deficiency (<10-12 ng/ml)
as the strongest mortality predictor. Although our
cut-off was slightly higher, it falls within the range
reported in earlier literature, suggesting that moder-
ate to severe deficiency carries prognostic implica-
tions.

Interventional trials, however, have produced mixed
results. The VITdAL-ICU trial by Amrein K et al.
(2014) demonstrated that high-dose vitamin D3 sup-
plementation  significantly  increased serum
25(OH)D levels and reduced hospital length of stay
in severely deficient patients, but did not signifi-
cantly reduce overall mortality. Similarly, random-
ized trials by Nair P et al. (2015) [18] and Han JE et
al. (2016) [19] showed biochemical correction with-
out consistent mortality benefit. These findings sug-
gest that while deficiency is strongly associated with
poor outcomes, supplementation during acute illness
may not uniformly translate into survival advantage,
possibly due to timing, dosing strategies, or the com-
plex pathophysiology of critical illness.
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Overall, our findings are largely concordant with
major observational studies conducted between
2009 and 2015, which consistently report a 50-70%
prevalence of deficiency and a significant associa-
tion with severity and mortality. At the same time,
conflicting prospective and interventional data indi-
cate that vitamin D deficiency may function both as
a marker of illness severity and as a potential modi-
fiable risk factor. The present study adds to the
growing body of evidence suggesting that serum
25(OH)D measurement at ICU admission may serve
as a valuable prognostic biomarker. Nevertheless,
large multicenter randomized trials are required to
clarify causality and determine whether targeted
correction of deficiency can meaningfully improve
clinical outcomes in critically ill patients.

Conclusion

The research showed that 60% of critically ill pa-
tients who entered the ICU had vitamin D deficiency
while their average serum 25(OH)D level fell below
the deficient threshold. Vitamin D deficiency caused
patients to exhibit more severe disease symptoms
which doctors measured through increased
APACHE II and SOFA scores and higher inflamma-
tory markers and hypocalcemia and elevated lactate
levels. The study found a strong statistical link be-
tween vitamin D deficiency and which patients died
in the ICU after 28 days because most non-survivors
had vitamin D deficiency. The ROC analysis con-
firmed that serum vitamin D level accurately pre-
dicts mortality because it had good sensitivity and
specificity when testing patients with levels below
18 ng/ml. The findings show that vitamin D defi-
ciency occurs widely in critically ill patients while it
also serves as a valuable clinical indicator which can
predict their health outcomes.

References

1. Elkhwanky MS. Regulation of Vitamin D me-
tabolism by metabolic state in mice and hu-
mans: Discovery of molecular factors repress-
ing Vitamin D bioactivation and inducing defi-
ciency in diabetes.

2. Cashman KD. Vitamin D deficiency: defining,
prevalence, causes, and strategies of addressing.
Calcified tissue international. 2020
Jan;106(1):14-29.

3. El-Hajj Fuleihan G, Bouillon R, Clarke B,
Chakhtoura M, Cooper C, McClung M, Singh
RJ. Serum 25-hydroxyvitamin D levels: varia-
bility, knowledge gaps, and the concept of a de-
sirable range. Journal of Bone and Mineral re-
search. 2015 Jul 1;30(7):1119-33.

4. Lee KY. Pneumonia, acute respiratory distress
syndrome, and early immune-modulator ther-
apy. International journal of molecular sci-
ences. 2017 Feb 11;18(2):388.

International Journal of Pharmaceutical Quality Assurance

248



International Journal of Pharmaceutical Quality Assurance

10.

11.

12.

Chawriya et al.

White JH. Emerging roles of vitamin D-induced
antimicrobial peptides in antiviral innate im-
munity. Nutrients. 2022 Jan 11;14(2):284.
Berger D, Bloechlinger S, von Haehling S,
Dochner W, Takala J, Z'Graggen WJ, Schefold
JC. Dysfunction of respiratory muscles in criti-
cally ill patients on the intensive care unit. Jour-
nal of cachexia, sarcopenia and muscle. 2016
Sep;7(4):403-12.

Amrein K, Schnedl C, Holl A, Riedl R, Chris-
topher KB, Pachler C, Urbanic Purkart T, Wal-
tensdorfer A, Miinch A, Warnkross H, Stoja-
kovic T. Effect of high-dose vitamin D3 on hos-
pital length of stay in critically ill patients with
vitamin D deficiency: the VITdAL-ICU ran-
domized clinical trial. Jama. 2014 Oct
15;312(15):1520-30.

Alkandari O, Eddington KA, Hyder A, Gauvin
F, Ducruet T, Gottesman R, Phan V, Zappitelli
M. Acute kidney injury is an independent risk
factor for pediatric intensive care unit mortality,
longer length of stay and prolonged mechanical
ventilation in critically ill children: a two-center
retrospective cohort study. Critical care. 2011
Jun 10;15(3):R146.

Langlois PL, Szwec C, D'Aragon F, Heyland
DK, Manzanares W. Vitamin D supplementa-
tion in the critically ill: a systematic review and
meta-analysis. Clinical Nutrition. 2018 Aug
1;37(4):1238-46.

Lee P, Eisman JA, Center JR. Vitamin D defi-
ciency in critically ill patients. New England
Journal of  Medicine. 2009 Apr
30;360(18):1912-4.

Lucidarme O, Messai E, Mazzoni T, Arcade M,
Du Cheyron D. Incidence and risk factors of vit-
amin D deficiency in critically ill patients: re-
sults from a prospective observational study. In-
tensive care medicine. 2010 Sep;36(9):1609-11.
Venkatram S, Chilimuri S, Adrish M, Salako A,
Patel M, Diaz-Fuentes G. Vitamin D deficiency
is associated with mortality in the medical in-
tensive care unit. Critical care. 2011 Dec
10;15(6): R292.

13.

14.

15.

16.

17.

18.

19.

e-ISSN: 0975-9506, p-ISSN: 2961-6093

Braun A, Chang D, Mahadevappa K, Gibbons
FK, Liu Y, Gio vannucci E, et al. Association of
low serum 25-hydroxyvitamin D levels and
mortality in the critically ill. Crit Care Med.
2012; 39:671-7

Ala-Kokko TI, Mutt SJ, Nisula S, Koskenkari J,
Liisanantti J, Ohtonen P, Poukkanen M, Laurila
JJ, Pettild V, Herzig KH, FINNAKI Study
Group. Vitamin D deficiency at admission is
not associated with 90-day mortality in patients
with severe sepsis or septic shock: Observa-
tional FINNAKI cohort study. Annals of medi-
cine. 2016 Jan 8;48(1-2):67-75.

Moraes RB, Friedman G, Wawrzeniak IC,
Marques LS, Nagel FM, Lisboa TC, Czepielew-
ski MA. Vitamin D deficiency is independently
associated with mortality among critically ill
patients. Clinics. 2015; 70:326-32.

Amrein K, Zajic P, Schnedl C, Waltensdorfer
A, Fruhwald S, Holl A, Purkart TU, Wiinsch G,
Valentin T, Grisold A, Stojakovic T. Vitamin D
status and its association with season, hospital
and sepsis mortality in critical illness. Critical
care. 2014 Mar 24;18(2):R47.

Moromizato T, Litonjua AA, Braun AB, Gib-
bons FK, Giovannucci E, Christopher KB. As-
sociation of low serum 25-hydroxyvitamin D
levels and sepsis in the critically ill. Critical care
medicine. 2014 Jan 1;42(1):97-107.

Nair P, Venkatesh B, Lee P, Kerr S, Hoechter
DJ, Dimeski G, Grice J, Myburgh J, Center JR.
A randomized study of a single dose of intra-
muscular cholecalciferol in critically ill adults.
Critical Care Medicine. 2015 Nov
1;43(11):2313-20.

Han JE, Jones JL, Tangpricha V, Brown MA,
Hao L, Hebbar G, Lee MJ, Liu S, Brown LA,
Ziegler TR, Martin GS. High dose vitamin D
administration in ventilated intensive care unit
patients: a pilot double blind randomized con-
trolled trial. Journal of clinical & translational
endocrinology. 2016 Jun 1; 4:59-65.

International Journal of Pharmaceutical Quality Assurance

249



