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Effects of vitamin D deficiency on prognosis in intensive care unit patients
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Abstract

Aim: Vitamin D deficiency is frequently observed in intensive care unit patients, but its clinical effects on patients are still debated. The aim of this study is to
determine the prevalence of vitamin D deficiency in intensive care patients and its effect on patient outcomes and mortality.

Methods: 384 patients accepted to the study were divided into two groups as patients with (Group 1) and without (Group 2) Vitamin D deficiency according
to their 25(0H)D levels. Demographic data of the patients, APACHE-2 scores, additional diseases, laboratory data, mechanical ventilation needs, follow-up
periods in the intensive care unit, and mortality rates were recorded retrospectively from patient records.

Results: Vitamin D deficiency was detected in 279 of the patients. The two groups were similar in terms of demographic characteristics of the patients. There
was no significant difference between the two groups in terms of APACHE-2 scores, length of stay in the intensive care unit, need for endotracheal intubation,
and mortality rates. The incidence of septicemia and infection parameters was significantly higher in the group with vitamin D deficiency (p<0.05). There was
no significant difference between the two groups in terms of the incidence of malignancy.

Conclusion: Vitamin D deficiency is frequently seen in critically ill patients and increases their susceptibility to infections, but there is no consensus on its effect
on mortality. More extensive studies are needed on this subject.
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Introduction

Vitamin D can be defined as a fat-soluble vitamin, a prohormone
in steroid structure, most of which is synthesized in the skin
by exposure to sunlight, and a negligible portion can be
obtained from dietary sources.” Vitamin D deficiency (VDD) is
widely reported in Turkey as well as all over the world.? VDD
is frequently seen in patients monitored in the intensive care
unit (ICU), decreased exposure to sunlight, impaired synthesis,
altered metabolism, and preexisting deficiencies.®* The impact
of vitamin D on musculoskeletal health and bone mineralisation
is well documented; nevertheless, the presence of vitamin D
receptors in diverse cell types suggests that it might have broader
physiological implications beyond bone metabolism.* VDD has
been associated with diseases affecting bone health, such as
osteoporosis and osteomalacia, as well as myocardial remodeling
and cardiovascular diseases.® Autoimmune diseases, and some
types of malignancy.® In addition, research indicates that vitamin
D plays a role in immunomodulation with its receptors on
various immune cells (neutrophils, lymphocytes, macrophages,
dendritic cells) and significantly influences the immune system
by regulating cell growth, proliferation, differentiation, apoptosis,
and immunoglobulin synthesis.”® In critically ill patients requiring
ICU admission, VDD has been associated with poor prognosis and
increased mortality rates due to disturbances in physiological,
immunological, and metabolic functions,® although some studies
provide conflicting results on this association.” Currently, serum
25-hydroxyvitamin D (25(OH)D) concentration is considered the
most reliable biomarker for assessing vitamin D status due to
its long half-life of roughly 14-21 days. In the literature, 25(0OH)
D levels below 20 ng/ml are classified as vitamin D deficiency;
values between 21-29 ng/ml as vitamin D insufficiency; and
values above 150 ng/ml as intoxication.’ Given the cheapness,
availability, relatively broad safety profile, and potential to
improve prognosis of vitamin D, some studies advocate routine
administration of vitamin D to ICU patients.”” However, there is
no consensus on the best methods of monitoring, target serum
25(0H)D levels, and treatment modifications.This study aims to
determine the prevalence of VDD in ICU patients and to reveal
its effects on disease prognosis, sepsis frequency, and mortality
in the ICU.

Material and Methods

This retrospective study included data from 1032 patients
admitted to the general ICU between 01.01.2023 and
01.08.2024, following approval from the ethics committee. In
this study, patients who had been admitted to more than one ICU
during the study period or whose initial 25(0OH)D measurements
were unavailable were excluded, resulting in a final sample
of 384 patients. Patients were classified into two groups
according to serum 25(0OH)D levels: Group 1, with VDD (25(0OH)
D < 20 ng/mL), and Group 2, without VDD (25(0H)D = 20 ng/
mL). Retrospective medical records were obtained from clinical
data, including demographic information, APACHE-II scores,
comorbidities, laboratory findings,
(MV) requirements, ICU duration of stay, and mortality rates.
No artificial intelligence-based technologies were used in the
process; this study was done following the ethical guidelines of
the Declaration of Helsinki.

mechanical ventilation

Ethical Approval

This study was approved by the Ethics Committee of Ankara
Etlik City Hospital Scientific Research and Evaluation Ethics
Committee (Date: 2024-04-03, No: 107).

Statistical Analysis

The data were analyzed using the GNU PSPP 2.0.0 software
package (GNU Project, Free Software Foundation, Boston,
MA). Continuous variables were reported as mean + standard
deviation (SD) or median with interquartile ranges, while
categorical expressed as percentages.
Comparisons between groups were conducted using the Mann-
Whitney U test for continuous variables and the Chi-square test
for categorical variables. Correlations between variables were

variables were

evaluated using Spearman’s rank correlation analysis. A p-value
of < 0.05 was considered indicative of statistical significance.

Reporting Guidelines
This retrospective observational study was
accordance with the STROBE guidelines.

reported in

Results

384 patients, aged between 18 and 98, were included in this
study. Of these, 279 patients (72.7%) were categorized as the
group with VDD (Group 1) and 105 patients (27.3%) as the
group without VDD (Group 2). The two groups were statistically
similar in terms of demographic characteristics at baseline
(Table 1).Comparison of MV requirements, MV duration, and
ICU length of stay between Group 1 and Group 2 demonstrated
no statistically significant differences. Similarly, no significant

Table 1. Demographical data

Age (years) 69 (18-98) 74 (18-96) 0.69
Gender

Female 129 (46.2%) 57 (45.7%) 0.159
Male 150 (53.8%) 48 (54.3%)

APACHE-II 23 (3-134) 21 (4-52) 0.291

Values are median (min-max) for numerical data and n (%)
for categorical data.

Table 2. Prognostic features

ETI need 0.568
Needed 134 (48%) 47 (44.8%)
Not needed 145 (52%) 58 (55.2%)
MV duration (days) 0 (0-72) 0 (0-70) 0.688
LOS ICU (days) 6 (1-72) 6 (1-70) 0.374
Nonsurvivors 118 (42.29%) 38 (36.19%) 0278

Values are median (min-max) for numerical data and n

(%) for categorical data. ETI: endotracheal intubation, MV:
mechanical ventilation, LOS ICU: length of stay in intensive
care unit
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Table3. Infective properties and malignancy frequency

Group 2

(n=105)
Sepsis 155 (55.6%) 45 (42.9%) 0.026
Septic shock 115 (41.2%) 34 (32.4%) 0.113
Pneumonia 45 (16.1%) 19 (18.1%) 0.645
CRP (mg/l) 104 (0.31-486) 76.70 (0-334) 0.001
Procalcitonin (ng/ml) 1.32 (0.02-100) 0.49 (0-100) 0.001
Malignancy frequency 106 (37.9%) 33 (31.4%) 0.234
Hematological 22 (7.8%) 3(2.86%) 0075
malignancy
Solid organ tumor 84 (30.1%) 30 (28.6%) 0.770

Values are median (min-max) for numerical data and n (%) for
categorical data

difference was found between the two groups in terms of
intensive care unit mortality. (Table 2). The groups with and
without VDD were compared in terms of infection parameters
(CRP and procalcitonin) and sepsis frequency (Table 3). A
significant increase in infection indicators and sepsis incidence
was observed in Group 1. No significant difference was
observed between the groups in terms of the incidence of
pneumonia and septic shock.Comorbidities were present in
88% of the study population. The most prevalent comorbidities
were malignancies, hypertension, and diabetes mellitus. Among
the 384 patients, 139 had a documented malignancy, with
prevalence rates of 37.9% in Group 1 and 31.4% in Group 2
(Table 3). No statistically significant difference was found
between the two groups in terms of the incidence of malignancy.

Discussion

The current study was planned to observe the relationship
between serum vitamin D levels of 384 intensive care patients
and their clinical outcomes during intensive care follow-up.

It was determined that patients in the intensive care unit had a
serious VDD, which was linked to higher infection parameters
and more cases of sepsis; however, it did not affect how
long they stayed in the ICU, whether they needed mechanical
ventilation, or their mortality rates.In this study, 279 patients
had VDD, which corresponded to 72.7% of the patients. The
prevalence of VDD in the intensive care unit has been reported
to be in a wide range, ranging from 26% to 82% in the
literature.” It is generally accepted that adequate vitamin D
levels should be provided due to its effects on the respiratory
system, musculoskeletal system, cardiovascular system, and
immune system.® VDD has been linked to a prolonged MV
requirement, prolonged hospitalization, and adverse outcomes
such as pneumonia and sepsis.’”® Research has indicated that
VDD may increase the risk of developing sepsis in critically ill
patients and may also increase sepsis-related mortality, citing
the positive effects of vitamin D on the immune system.® 415
Pham et al. reported that Vitamin D supplementation mitigates
the risk and severity of acute respiratory tract infections,
particularly in deficient individuals.'® However, a study on COPD
patients showed that despite the high incidence of VDD in
intensive care due to reasons such as malnutrition and limited
mobility, there was no relationship between VDD and sepsis,

disease prognosis, and mortality.”? In this study, no significant
difference was found in the incidence of pneumonia between
the VDD and non-VDD groups, while a significant increase
was found in infection parameters and sepsis incidence in the
VDD group.Research noted that vitamin D supplementation
reduces ICU and in-hospital mortality in critically ill patients.’
and that VDD is strongly associated with mortality.> A study
investigating the outcomes of vitamin D supplementation in
patients receiving renal replacement therapy has shown that
vitamin D supplementation significantly reduces in-hospital
mortality.”® There are also studies suggesting that vitamin
D supplementation may improve duration of mechanical
ventilation, the length of hospital stay, and some clinical
outcomes in critically ill patients, but its effect on ultimate
mortality is uncertain.® A large-scale study involving 19,816
patients showed that vitamin D supplementation reduced the
time required for mechanical ventilation and the incidence of
sepsis, but did not change 28-day mortality.” In our study, we
did not find any significant difference between the groups with
and without vitamin D deficiency in terms of length of stay
in the intensive care unit, need for endotracheal intubation,
duration of mechanical ventilation, and intensive care unit
mortality.Many studies have shown a correlation between VDD
and some types of malignancies (colon, prostate, breast, and
some hematological malignancies) and increased metastases
due to the effects of vitamin D on cell growth, differentiation,
and apoptosis, and its effects on the immune system.?® !
Inconsistently, the VIDA study, which included 5108 participants
receiving high-dose Vitamin D supplements, concluded that
supplementation neither prevented cancer nor reduced cancer-
related mortality.?? In this study, no significant association was
observed between Vitamin D deficiency and the incidence of
solid organ malignancies or hematological malignancies.

Limitations

This study has several limitations. First, due to its retrospective
design, causal relationships could not be established, and the
findings are limited to associations. Secondly, selection bias
might have occurred, as only patients with complete records
were analyzed. Lastly, the study was conducted at a single
center, which may limit the generalizability of the results to
other populations.

Conclusion

VDD is a prevalent condition for critically ill patients and
negatively affects the clinical
rates of patients. However, its effects on mortality remain
unclear. Moreover, the effectiveness and dosage of vitamin D
supplementation may vary depending on the patient’s features.
Monitoring the quantity of vitamin D and administering
supplementation, when necessary, has the potential to improve
outcomes in ICU patients, but studies on this topic have yielded
conflicting results. More comprehensive studies with larger
populations are needed to assess vitamin D levels in intensive
care patients and evaluate their effects on improving outcomes.

outcomes and infection
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