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Abstract

Background: Several studies have demonstrated that intensive care unit (ICU) patients
with lower vitamin D levels are associated with increased complications and mortality;
however, some studies have failed to confirm these findings. ICU patients requiring MV
generally exhibit higher mortality rates compared to those not needing respiratory support.
We conducted a prospective observational study to evaluate whether ICU patients receiving
MYV have a higher prevalence of vitamin D deficiency than those who do not.

Methods: Between January 2021 and December 2022, 62 ICU patients were enrolled.
Thirty-one received MV (Group I), and 31 did not (Group II). Collected parameters included
liver and renal function, fasting glucose, HbAlc, total calcium, phosphate, intact parathyroid
hormone, C-reactive protein (CRP), and serum 25-hydroxyvitamin D [25(OH)D3] levels.
Additionally, APACHE II scores, ICU length of stay, and in-hospital mortality were
recorded. Patients were stratified by serum vitamin D levels as deficient (<30 ng/mL) or
sufficient (=30 ng/mL). Clinical outcomes were compared accordingly.

Results: Group I patients had significantly longer ICU stays (p < 0.001), higher CRP
levels (p < 0.05), higher APACHE II scores (p < 0.01), and lower albumin levels (p < 0.001)
than Group II. Serum 25(OH)D3 levels were significantly lower in Group I (18.21 £4.32
ng/mL) compared to Group II (28.38 £ 6.31 ng/mL, p < 0.001). Vitamin D levels were
not associated with APACHE II scores or mortality. However, vitamin D deficiency was
significantly associated with MV use (p = 0.012). No variables independently predicted
mortality.

Conclusion: ICU patients requiring MV have significantly lower serum vitamin D3
levels than those without (p < 0.001). Additionally, these patients have worse clinical
indicators and poorer prognosis.
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Background and Significance

Several studies have shown that intensive care
unit (ICU) patients with lower serum vitamin
D levels are associated with higher rates of
complications and mortality."* However, some
studies have failed to confirm these associations.>®
The prevalence of vitamin D deficiency in
critically ill patients has been reported to vary
widely (20-70%), depending on the geographic
location of the study population.>” Vitamin D
deficiency has also been significantly associated
with increased 90-day and 1-year mortality
compared to patients with sufficient levels.*’
In Australia, approximately 15% of the adult
population is considered vitamin D deficient,
depending on the criteria used.* This high
prevalence may be attributed to several factors,
including reduced ultraviolet B (UVB)-induced
vitamin D synthesis due to high skin melanin
content, aging, extensive skin coverage, limited
sun exposure, and insufficient dietary intake."

Vitamin D status is generally assessed by
measuring serum 25-hydroxyvitamin D [25(OH)
D] levels. According to most descriptive
studies, serum levels >30 ng/mL are considered
sufficient, 15-30 ng/mL insufficient, and <15 ng/
mL deficient."" Both vitamin D insufficiency and
deficiency have been linked to adverse clinical
outcomes across various populations.

Acute respiratory failure is a common reason
for ICU admission and may result from pulmonary
disease, neuromuscular disorders, shock, or the
need for airway protection or respiratory support
post-surgery. Mechanical ventilation (MV)
remains the cornerstone of management for such
cases.'™" Patients requiring MV tend to have
higher mortality rates compared to those not
needing ventilatory support."* This prospective
observational study was designed to investigate
whether ICU patients requiring mechanical
ventilation have a higher prevalence of vitamin D
deficiency compared to those not requiring MV.

Purpose

To evaluate whether ICU patients who receive
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mechanical ventilation (MV) have a higher
prevalence of vitamin D deficiency compared to
those who do not.

Methods

Patient Selection

Patients aged =20 years who were admitted
to our ICU and expected to remain for more than
48 hours were eligible for inclusion. Prior to
enrollment, we matched patients by age (within
a 10-year range) and sex. Patients were then
stratified into two groups based on the requirement
for MV: Group I (MV support) and Group II (no
MYV support). A total of 62 patients were enrolled:
31 in Group I and 31 in Group 1L

Exclusion criteria:

Patients were excluded if they had any of
the following conditions: severe gastrointestinal
dysfunction, pregnancy or lactation, hypercalcemia
(total calcium >10.6 mg/dL), or tuberculosis.

Laboratory Measurements

Blood samples were collected after an
overnight fast. The following laboratory
parameters were measured: liver and renal
function tests, lipid profile, fasting glucose, and
HbAlc. Serum 25(OH)D was measured using
an electro-chemiluminescence immunoassay.
Additional data collected included APACHE
II scores, ICU length of stay, and 30-day in-
hospital mortality. This study aimed to determine
whether patients receiving mechanical ventilation
had worse outcomes than those not requiring
ventilatory support.

Statistical Analysis

All analyses were conducted using SPSS
version 25 (IBM Corp., Armonk, NY, USA).
Discrete variables are presented as counts
(percentages), and continuous variables as means
+ standard deviations (SD). Comparisons between
the MV (Group I) and non-MV (Group II) groups
were made using the chi-square test for categorical
variables and the Mann—Whitney U test for
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continuous variables.

To assess whether vitamin D status correlated
with outcomes, patients were further stratified
based on serum 25(OH)D levels (<30 ng/mL
vs. =30 ng/mL). Outcome measures included
APACHE II score, ICU stay, and mortality.
Logistic regression analyses were used to identify
predictors of MV use and in-hospital mortality.
Variables with p-values <0.05 in univariate
analysis were entered into multivariable logistic
regression models.

Results

A total of 64 patients were included in the final
analysis: 32 in Group I (MV) and 32 in Group
IT (non-MV). Group I patients had significantly
longer ICU stays (15.3 = 11.5 vs. 4.9 + 3.0 days,
p < 0.001), longer total hospital stays (24.6 +
19.5 vs. 11.1 = 13.0 days, p = 0.002), higher CRP
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levels (11.02 £ 4.11 vs. 4.11 = 6.96 mg/dL, p <
0.001), higher APACHE II scores (26.9 + 10.1 vs.
17.2 £ 4.7, p < 0.001), and lower albumin levels
(2.91 £ 0.69 vs. 3.53 = 0.61 g/dL, p < 0.001).
Group I also had significantly lower 25(OH)D3
levels (20.2 = 6.7 ng/mL vs. 26.5 £ 7.3 ng/mL,
p = 0.001). No significant differences in other
variables were observed between the groups (Table
D).

Further analysis revealed no statistically
significant relationships between vitamin D levels
and APACHE II score or mortality (Table 2, Talbe
3). However, vitamin D deficiency (<30 ng/mL)
was significantly associated with the need for MV
(p =0.012) (Table 4).

Univariable logistic regression identified age,
ICU length of stay, albumin, CRP, and APACHE
IT score as predictors of in-hospital mortality.
However, none of these variables remained
significant in the multivariable analysis (Table 5).

Table 1. Difference of various variables between two groups

Variables C(}nro:ug 1? %Lro:ug 11? p-value
Age (yrs) 72.5 +£11.80 71.6+ 11.00 0.764
APACHE II score 26.9 +10.1 17247 <0.001
ICU Length of stay 153+11.5 4.9 +3.0 <0.001
Total hospital day 24.6 £ 19.5 11.1+13 0.002
Vitamin D3 Level (ng/mL) 20.2 £ 6.7 265+73 0.001
eGFR (mL/min/1.73m’) 38.5+35.6 49.6 £29.9 0.190
BUN (mg/dL) 52.5+29.7 36.4 +34.2 0.052
Cr (mg/dL) 2.89 +2.33 292+50 0.976
Albumin (g/mL) 291 +0.69 3.53+0.61 <0.001
Total Calcium (mg/dL) 851 85+09 0.960
phosphate (mg/dL) 40+1.5 33+1.2 0.080
Fasting glucose (mg/dL) 211.4+£102.3 177 £ 120.7 0.234
HBAI1C (%) 6.6+ 1.8 62+1.5 0.353
CRP (mg/dL) 11.02 +4.11 4.11 £ 6.96 0.001
Intact PTH (pg/mL) 99.5 +89.4 80.7+71.2 0.373

Data were presented with means + SD or number (%); Group A,B: indicated patients with (A) or without (B) ventilator use; ICU: intensive

care unit, eGFR: estimated glomerular filtration rate, BUN: blood urea nitrogen, CRP: C-reactive protein. PTH: Parathyroid hormone.
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Table 2. Relationship between Vitamin D level and the mortality

Number Mortality Survive P value
Vitamin D <30 ng/mL (n = 47) 8 39
0.434

Vitamin D =30 ng/mL (n = 15) 1 14

Table 3. Relationship between Vitamin D level and the APACHE Il score

APACHE 1II score

Number (mean + SD) P value
Vitamin D <30 ng/mL (n = 47) 222 +92 0.505
Vitamin D =30 ng/mL (n = 15) 21.1 9.1 '

Table 4. Relationship between Vitamin D level and the ventilator use
Number ventilator use (+)  ventilator use (-) P value
Vitamin D <30 ng/mL (n =47) 29 18 0.012
Vitamin D =30 ng/mL (n = 15) 2 13 '

Discussion

This study demonstrated that critically
ill patients receiving MV had significantly
lower serum 25(0OH)D3 levels, lower albumin
concentrations, longer ICU stays, elevated CRP
levels, and higher APACHE II scores compared
to those not requiring MV. The need for MV
may reflect the severity of the underlying illness.
Elevated CRP and APACHE II scores in MV
patients support this assumption.

The APACHE II score, first developed by
Knaus et al. in 1981, is widely used to assess
disease severity and predict ICU outcomes.”*"” Our
findings that MV patients had higher APACHE
II scores align with prior evidence showing that
survivors tend to have lower APACHE II scores
than non-survivors.

CRP is a well-known acute-phase reactant and
a marker of systemic inflammation or infection,
peaking within 48 hours of an inflammatory
trigger.'"™" The higher CRP levels among MV
patients suggest greater inflammation or infection
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severity, potentially contributing to poorer
prognoses.

Lower albumin and vitamin D levels in MV
patients may reflect both chronic undernutrition
and acute metabolic stress. Previous research has
identified hypoalbuminemia as a significant factor
in vitamin D deficiency, with serum albumin
levels independently associated with vitamin D
status.”? Although we did not assess SOFA scores
in this study, the elevated APACHE II scores
in MV patients are consistent with other reports
linking vitamin D deficiency to organ dysfunction
severity.

Vitamin D plays an important role in immune
regulation and inflammation control. Various
immune cells—such as macrophages, dendritic
cells, and respiratory epithelial cells—express
the vitamin D receptor and convert 25(OH)D
to its active form.”* Numerous studies have
demonstrated associations between vitamin
D deficiency and increased susceptibility to
respiratory infections.”**® In particular, Ginde et
al. found that patients with lower 25(OH)D levels
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Table 5. Variables capable of predicting the in-hospital mortality

Variables Univariable Multivariable
OR 95%Cl1 P OR 95%Cl1 P

Age (yrs) 1.195  (1.056,1.352)  0.005 15.020 (0.368,613.096) 0.152
Gender- Male 0.568  (0.137,2.358) 0.568

Length of stay in ICU 1.153  (1.044,1.274)  0.005 8.871 (0.020,4033.803) 0.485
Total hospital day 1.025  (0.992,1.059) 0.152

eGFR (mL/min/1.73m’) 0972  (0.942,1.003) 0.075

BUN (mg/dL) 1.005  (0.985,1.026)  0.603

Cr (mg/dL) 0.997  (0.827,1.203) 0.977

Albumin (g/mL) 0.005  (0.000,0.197)  0.005  0.001  (0.000, 1.239) 0.058
Total calcium (mg/dL) 1.469  (0.704,3.065)  0.305

phosphate (mg/dL) 0.953  (0.566, 1.607) 0.858

Fasting glucose (mg/dL) 1.002  (0.997, 1.008) 0.424

HBAI1C (%) 0.909  (0.579,1.427)  0.680

CRP (mg/dL) 1.157  (1.057,1.265)  0.001 1.054  (0.883,1.258) 0.563
Intact PTH (pg/mL) 1.002  (0.994,1.011) 0.576

APACHE 11 score 1.131  (1.044,1.226) 0.003  21.526 (0.207,2235.993) 0.563
Vitamin D3 Level (ng/mL)  0.904  (0.864, 1.016) 0.090

were significantly more likely to suffer from upper
respiratory tract infections, even after adjusting for
confounding factors.”® These findings suggest that
vitamin D deficiency may predispose patients to
respiratory infections and subsequent respiratory
failure requiring MV, which may explain the
significantly lower vitamin D levels observed in
our MV group.

Limitations

This study was limited by a small sample size
(n = 64), which may affect the generalizability
of our findings. Larger, multicenter studies are
needed to confirm these results.

Conclusion

Critically ill ICU patients requiring mechanical
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ventilation have significantly lower serum 25(OH)
D3 levels than those not requiring ventilatory
support (p < 0.001). Additionally, these patients
exhibit longer ICU stays, elevated CRP levels, and
higher APACHE II scores, indicating a potentially
poorer prognosis.
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