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INTRODUCTION: Vitamin D, which is a fat-soluble vitamin, plays a key role in enhancing the intestinal absorption of
calcium, magnesium and phosphate. In severely ill patients, vitamin D can adversely affect immune and metabolic
functions, contributing to poorer outcomes. The aim of this study was to correlate vitamin D with mortality in critically ill
patients.

MATERIALS AND METHODS: A prospective observational study was conducted, involving 162 patients in an intensive
care unit (ICU). 162 patients were divided into two groups according to vitamin D Deficiency Group levels < 20 ng/ml and
Non vitamin D deficiency group levels <20 ng / ml and non-vitamin D deficiency group B levels > 20ng/ml. Data collected
during the study included the APACHE II (acute physiology and chronic health evaluation) score at ICU admission, SOFA
(sequential organ failure assessment) scores throughout the ICU stay, the need for mechanical ventilation, inotropic
support, length of stay in ICU, and ICU outcomes, which were classified as either discharge or mortality.

RESULTS: Of the 162 patient admitted to ICU, the prevalence of vitamin D deficiency in this study was 140 (86.4%) and
nondeficient 22 (13.6%). The mortality rate in the vitamin D deficient group was 40% compared to 18.18% in the non-
deficient group. The difference in mortality in both groups for mortality was statistically significant (p-value < 0.05). Vitamin
D deficiency was not associated as an independent risk factor for ICU mortality [Odds ratio (OR) 1.220, 95% CI (0.825-
1.805) (p-value -0.320)].

CONCLUSIONS: The vitamin D-deficient group had a significantly higher mortality rate compared to the patient in the non-
deficient group. But vitamin D deficiency was not found to be an independent risk factor for mortality.

KEY WORDS: Intensive care unit, mortality, vitamin D.
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Vitamin D is a fat-soluble vitamin that plays a role in increasing intestinal absorption of calcium,
magnesium, and phosphate [1]. About 90 % of vitamin D needs are met with adequate exposure while
dietary sources contribute only to the remaining 10 % of the daily requirement [2]. The role of vitamin D as
pleiotropic hormone is primarily involved in calcium haemostasis and acts as an essential factor involved
in different immune modulations and also plays a key role in several pathways of the innate immune
response system, controlling cell growth, differentiation, and apoptosis besides skeletal and muscle

development, and is also required for cardiovascular and central nervous system functioning [2,3].

It is said that any critically ill patient has affected the internal environment of the body and may
disturb the reserves of vital nutrients and minerals of the body. Nutrition is usually inadequate in these
patients, and this may further aggravate any deficiencies. Vitamin D deficiency may hinder immune and
metabolic functions in severely ill patients, leading to worse outcomes [4,5]. Other important roles for
vitamin D have been determined, such as affecting cell growth, proliferation, apoptosis and modulating the
innate and adaptive immune response to infectious pathogens along with anti-inflammatory properties [6].
Vitamin D deficiency decreases the production of the antimicrobial peptide Cathelicidin, which increases
the susceptibility to viruses and bacteria [7,8], and influences cytokine profiles through the immune system
(innate and adaptive) and the NFkB (nuclear factor kappa light chain enhancer of activated B cells)
pathway [9,10]. Therefore, vitamin D deficiency may lead to a pro-inflammatory state and increase the

severity of the disease, which leads to multi-organ failure [11].

The most widely used are the Clinical Practice Guidelines of the Endocrine Society that define
vitamin D deficiency as a serum level below 20 ng/ml (50 nmol/l), vitamin D insufficiency as 20-30 ng/ml
(50-75 nmol/l) and a normal vitamin D status above 30 ng/ml (75 nmol/l) [11,12]. The prevalence of
vitamin D deficiency in intensive care patients has been reported to range from 26% to 82% [4,13]. The
individual's vitamin D status depends on a variety of factors including age, skin pigmentation, clothing,
genetic factors, nutrition, seasonality, latitude, sea level, body mass index (BMI), sunscreen use, outdoor
activities, pollution, comorbidities such as malabsorption syndromes and drugs that interfere with vitamin D

metabolism such as ant seizure medication or glucocorticoids [11,13,14].

The assessment of accurate levels of vitamin D in critically ill patients is difficult due to acute fluid
changes and the inflammatory status, which can alter interpretation of vitamin D. [15] During critical iliness,
there is an increase in the tissue demand for vitamin D. Altered diastolic blood pressure and albumin
levels in the context of inflammation, fluid shifts, capillary leaks, and renal wasting are likely to have a
strong influence on the bioavailability of the vitamin D pool [15-18]. Whether vitamin D deficiency affects
illness severity and clinical outcomes has been the subject of much debate, with vitamin D deficiency in
morbidity and mortality. Despite the increased progress in medical sciences, critically ill patients are still at
high risk for mortality and morbidity. Some of these risk factors are modifiable, and their identification and

management can improve the outcome.
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The purpose of the study was to investigate the correlation of vitamin D deficiency with mortality in
critically ill patients. The correlation of vitamin D status and various mortality predictors, such as the
APACHE Il score at admission to the ICU, the SOFA scores throughout the ICU stay, the number of

ventilator days hospital stay and length of stay in the ICU were also analyzed.

It was a prospective observational study. It was carried out after approval from the institutional
ethics committee (IEC / ABSIMS / RMLH / 212) and the Indian clinical trial registry (CTRI / 2021 / 02 /
031248). The inclusion criteria were all patients with stay in the intensive care unit (ICU) stay > 48 hours
and willingness to give informed consent. Consent refusal, age less than 18 years, resuscitated patient
prior to admission to ICU, pregnant and lactating mothers, patients on multivitamin or nutritional
supplements at home, Chronic malabsorption syndrome or chronic diarrhoea. Cancer patients were

excluded.

The sample size was calculated using a study by Vipul P et al. [19] The proportion of patients in the
ICU with vitamin D deficiency who achieve mortality is 14.77%. Therefore, the minimum sample size for the
study using the Cochran formula for the observational study with a confidence level of 95% and a margin of
error of 10% was 50. However, we studied all patients admitted to the ICU during the 1 year. The study
method included patients being admitted to an intensive care unit and meeting inclusion and exclusion
criteria. Blood samples were drawn for vitamin D levels within the first 24 hours after admission to the ICU.
Measure 25- hydroxyvitamin D [25(OH)D] levels as a form of vitamin D using electrochemiluminescence

methods.

The patients were divided into two groups according to vitamin D, vitamin D Deficiency Group levels
<20 ng / ml and Non-Vitamin D Deficiency Group B levels > 20ng/ml. In addition, we studied the
correlations of mortality and morbidity in two groups. The following data was collected during the study
period. Demographic data like age, sex, weight, comorbidities & admission category. Scores and other
clinical details such as APACHE Il score (acute physiology and chronic health evaluation) at admission to
ICU, SOFA (sequential organ failure assessment) scores for the period of stay in the ICU, ICU morbidities
on need for mechanical ventilation, Inotrope use, length of ICU stay. Outcomes in the ICU include

discharge or mortality.

The primary objective of this study was to correlate vitamin D with mortality in critically ill patients.
Secondary objectives of this study were to correlate deficiency of vitamin D deficiency with morbidity in the
ICU such as inotrope use, number of ventilator days’ length of ICU and APACHE Il score, SOFA scores
and hospital stay. Data analysis was performed with SPSS version 25: 0. All continuous variables were
expressed as mean * standard deviation (SD) or median (interquartile ranges) and all categorical variables

were expressed as percentages.
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After evaluation, qualitative data were analyzed using the Chi square test and quantitative data
using Independent t-Test or Mann—Whitney U test to find the relationship between various parameters with
vitamin D deficiency. Correlations of vitamin D levels with mortality in the ICU were performed by spearman
rho. A multivariate analysis was performed on the entire study population, choosing ICU mortality as the
dependent variable and the associated risk factors for ICU mortality were analysed using relative risk (RR).

The level of significance was assumed at <5% i.e. P-value<0.05.

A total of 756 patients were evaluated, 594 patients were excluded from the study according to
exclusion criteria, and 162 patients included and completed the study. The main reason for exclusion was
not being in the ICU for > 48 hours. Demographic data were comparable for the vitamin D deficient group
and the non-deficient vitamin D group and there was no significant differences were found in demographic
profiles between the two groups, that is, the age, gender, weight and height. Out of 162 patients admitted to
the ICU for > 48 hours, the prevalence of vitamin D deficiency in our study was 140 (86.4%) and
nondeficient 22 (13.6%) (Table 1).

Table 1. Shows vitamin D deficiency and vitamin D nondeficiency.

Vitamin D Frequency Percent(%)
Deficient (< 20 ng/mL) 140 86.4
Non Deficient (= 20 ng/mL) 22 13.6

Co-morbidities such as cardiac diseases, respiratory diseases, renal diseases, liver diseases,
hypertension, diabetes, and thyroid diseases did not appear to have a significant association with the
prevalence of vitamin D deficiency (Table 2). The means of baseline investigations on the day of admission
to the ICU such as calcium, phosphorus, urea, creatinine, hemoglobin, and albumin were compared with
both groups, but were found to be statistically insignificant. The mean vitamin D levels in the Deficient
group and the Non-Deficient group were 10.95 (£5.375) and 14.35 (£6.590) respectively, were statistically
significant (p-value <0.03) (Table 3).

The mean duration of stay in ICU was 7.06 (x2.778) days for the vitamin D deficient group and 5.73
(x2.622) days for the non-deficient group. A patient with vitamin D deficiency had a prolonged stay in the
ICU and was found to be statistically significant. The mean (SD) SOFA score of patients of the vitamin D
deficient group was found to be 3.30 (+ 2.855) and the vitamin D non-deficient group was 2.10 (+2.637), so
the vitamin D deficient group had statistically significantly higher SOFA scores. We also analysed APACHE
Il (on admission), number of ventilator days, and hospital stay among two groups that were found to be

statistically insignificant as morbidity due to vitamin D deficiency (Table 4).

© 2024 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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Table 2. Correlation of vitamin D status with admission diagnosis group patients Co morbidities.

Vitamin D status

Cemaney Deficient Non Deficient Total p- Value
Cardiac diseases Present 18 2 20 0.620
Absent 122 20 142
Pulmonary diseases Present 27 6 33 0.390
Absent 113 16 129
Renal diseases Present 18 1 19 0.260
Absent 122 21 143
Liver diseases Present 13 1 14 0.460
Absent 127 21 148
Hypertension Present 35 7 42 0.490
Absent 105 15 120
Diabetes Present 44 7 51 0.970
Absent 96 15 111
Thyroid diseases Present 21 2 23 0.460
Absent 119 20 139
Data analysed by Chi-square test. p- Value < 0.05 significant.
Table 3. Correlation of vitamin D status with various investigations.
Variable Vitamin D Mean Std. Deviation p- Value
Deficiency 8.609 7167
Calcium 0.611
Non Deficient 8.691 .5639
Deficiency 3.513 .6944
Phosphorus 0.430
Non Deficient 3.391 5070
Deficiency 40.137 29.0698
Urea 0.298
Non Deficient 33.545 13.1357
Deficiency 1.20 .66
Creatinine 0.098
Non Deficient .96 .32
Deficiency 9.925 2.0885
Hemoglobin 0.491
Non Deficient 10.259 2.2319
Deficiency 3.014 4673
Albumin 0.558
Non Deficient 3.078 4786
Deficiency 10.95 5.375
Vitamin D levels 0.030
Non Deficient 14.35 6.590

Data analysed by independent t-test. P < 0.05 is significant.
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Table 4. Correlation of vitamin D status and various mortality predictors.

Vitamin D Mean Std. Deviation p- Value

Deficiency 7.06 2.778

Duration of stay in ICU - 0.036
Non Deficient 5.73 2.622
Deficiency 9.00 4.431

APACHE Il (Admission) 0.307
Non Deficient 7.50 4.032
_ Deficiency 3.91 2.836

Number of ventilator days 0.408
Non Deficient 3.36 2.985
Deficiency 3.30 2.855

SOFA score 0.045
Non Deficient 2.10 2.637
_ Deficiency 10.51 4.586

Hospital stay 0.901
Non Deficient 10.64 4.054

Data analysed by independent t-test. P < 0.05 is significant.

In this study, patients in the vitamin D deficient group had a significantly higher mortality rate
compared to the patient in the non-deficient group. The mortality rate in the vitamin D deficient group was
40% compared to 18.18% in the non-deficient group. The difference in mortality in both groups for mortality

was statistically significant (p-value < 0.05) (Table 5).

Table 5. Correlation of vitamin D status and patient mortality.

Vitamin D Discharge  Mortality (%) Total p Value
Deficient 84 (60%) 56 (40%) 140 0.049
Non Deficient 18 (81.82%) 4 (18.18%) '

Data analysed by Chi-square test. p- Value < 0.05 significant.

The mean vitamin D levels were noted to be 10.80 (£4.838) ng/mL in the ICU mortality patient group
and 14.78 (x6.201) ng/mL for the ICU discharge patient group. Therefore, patients with a lower vitamin D
had higher mortality rates and it was found to be statistically significant (p-Value < 0.05) (Table 6).

Table 6. Correlation of Vitamin D levels and outcome of the ICU (discharge and mortality).

Outcome Mean S.td'. p-Value
Deviation
Vitamin D levels Mortality 10.80 4.838 0.030
(ng/mL) Discharge 14.78 6.201

Data analysed by independent t-test. P < 0.05 is significant.

© 2024 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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Logistic regression analysis was performed to identify factors independently associated with
mortality in the ICU. Multivariate analysis with ICU mortality as a dependent variable showed a significant
association between risk factors such as — Pulmonary diseases, renal diseases, length of stay in ICU,
mechanical ventilation, septic shock, development of MODS (Multiple organ dysfunction syndrome) and
SOFA score with ICU mortality (p-Value < 0.05). However, vitamin D deficiency was not associated as an
independent risk factor for ICU mortality (p-value 0.320) (Table 7).

Table 7. Logistic regression analysis for the association of independent risk factors with ICU mortality.

Variables Odds ratio (OR) 95% CI p-Value
Age 1.007 (0.977 - 1.038) 0.657
Sex 1.029 (0.457 - 2.320) 0.944
Weight 0.996 (0.963 - 1.030) 0.818
Cardiac Diseases 1.146 (0.395 - 3.330) 0.802
Hypertension 1.783 (0.737 - 4.317) 0.200
Diabetes 1.031 (0.448 - 2.374) 0.943
Liver Diseases 2.768 (0.736 - 10.407) 0.132
Thyroid Diseases 2.71 (0.920 - 7.985) 0.070
GCS (on admission) 1.059 (0.862 - 1.301) 0.584
Calcium (on admission) 0.867 (0.485 - 1.549) 0.629
Phosphorus(on admission) 1.622 (0.913 - 2.881) 0.099
Urea (on admission) 1.005 (0.979 - 1.031) 0.710
Creatinine (on admission) 0.566 (0.177 - 1.812) 0.338
Hemoglobin (on admission) 1.234 (1.000 - 1.523) 0.053
Albumin (on admission) 1.190 (0.546 - 2.596) 0.661
Length of ICU stay 5.583 (1.710 - 18.227) 0.004
Hospital stay 0.558 (0.152 - 2.055) 0.381
APACHE Il (on admission) 0.701 (0.454 - 1.083) 0.109
Vitamin D Levels 1.220 (0.825-1.805) 0.320
Mechanical ventilation 2.124 (1.084- 4.187) 0.020
Septic shock 2.297 (1.198-4.412) 0.003
Inotropes use 3.023 (0.010 - 6.599) 0.256
MODS 6.558 (2.789 - 15.420) 0.001
SOFA score 3.785 (2.470-5.799) 0.001

OR, odds ratio, Cl — confidence interval. P < 0.05 is significant.

© 2024 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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Vitamin D is ubiquitous nature, with its functioning in multiple domains of the human body. The
question remains: Is vitamin D deficiency a syndrome that is replete, a marker of severe iliness, or both?
Vitamin D is fat soluble; thus, it enters cells acting as a possible steroid hormone to govern hormonal
pathways. The present study aimed to determine whether vitamin D deficiency was associated with
mortality after admission to the ICU or increases in ICU morbidities. By doing so, one might be able to
predict those at high risk and interventional measures could be planned in advance to improve the outcome
after such a complication, achieving a better outcome and a more efficient use of hospital and intensive

care resources.

Regarding age, it has been proposed that vitamin D deficiency in the elderly can be attributed to a
decrease in the skin’s capacity to produce vitamin D due to ageing, because the 7-dehidrocholesterol skin
content as well as the response to UV radiation decreases with aging, resulting in a 50% decrease in
cutaneous production of pre-vitamin D, from a lack of exposure to sunlight, or from a deficient dietary
intake. In addition to the decrease in 25 (OH) D levels, elderly people have a decrease in 1,25-
dihydroxyvitamin D renal production due to the generalized decline in renal function associated with aging,
a decrease in intestinal calcium absorption, resistance to the action of 1,25 (OH) D in the bowel, and a
decrease in the number of cellular receptors of vitamin D (VDR) [20]. In this study, 84.7% of men and 88.3
% of females had vitamin D deficiency. Females had a higher prevalence of vitamin D deficiency, which
was statistically insignificant. Vitamin D status being lower in women than in men was reported in some
Alharbi et al. [21], Cashman et al. [22], and Souse et al. [23] previous studies. One of the reasons for this
gender difference could be the effect of adipose tissue on vitamin D levels. It is well known that the
percentage of fat mass is higher in women than that of men. Alternatively, the effect of volumetric dilution
could explain the lower vitamin D in people with more adipose tissue. This means that in an individual with
a larger fat mass, the fat mass in effect has diluted vitamin D, so less vitamin D is present in the circulation
[24].

In this study, mortality in the vitamin D deficient group was 56 (40%) and in the non-deficient group
it was 4(18.18%), which was significantly lower in the non-deficient group. A very important observation in
this study worth considering was that the mean vitamin D level was significantly higher among discharged
patients than among those with mortality as an outcome. Although some studies have reported positive
associations with vitamin D deficiency and mortality [4,19,25]. In this study, we found a correlation between
mortality and vitamin D deficiency in a univariate analysis; however, vitamin D deficiency was not found as
an independent risk factor for mortality in a multivariate analysis. This correlates well with the study by
Buchtele et al. [26] but not with Zapatero A et al. [27] Variables showed a significant association —length of
stays in the ICU, mechanical ventilation, septic shock, development of MODS and SOFA score were the

variables that were independent predictors of mortality.

© 2024 The Authors. This article is an Open Access article distributed under the terms and conditions of the CC BY-NC license. https://creativecommons.org/licenses/by-nc/4.0/
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Mortality among discharged patients for both groups was higher, but the vitamin D deficient group
had a higher mortality. It was statistically insignificant. Similar result was found in a study by Yoo et al.
which concluded higher mortality among discharged patients [28]. It also evaluated various mortality
predictors such as number of ventilator days, hospital stay, and APACHE Il (on admission) in both groups.
Although most predators had higher mortality in the vitamin D deficient group, the prolonged stay in the ICU
in the vitamin D deficient group showed statistical significance. Studies by authors such as Kumar et al.
[29], Guan et al. [30] showed vitamin D deficiency associated with prolonged stay in the ICU. In this study,
the mean SOFA score in patients of the vitamin D deficient group was found to be 3.30 and the vitamin D
non-deficient group was 2.10. The vitamin D deficient group had significantly higher SOFA scores. This
correlates well with a recent study by Ji-Hyun Lee et al. who have reported that patients with vitamin D

deficiency have higher SOFA scores [31].

The limitations of this study were the small sample size and the short duration of the study
period. Participants were recruited from only one tertiary care hospital. The results would be more precise
and generalised if the participants were recruited from multiple tertiary care hospitals. Studies with a larger

sample size and long duration of the study period are required to produce more robust findings.

The vitamin D-deficient group had a significantly higher mortality rate compared to the patient in the
non-deficient group. But vitamin D deficiency was not found to be an independent risk factor for
mortality. Maintaining sufficient vitamin D levels appears to have a potential positive impact on reducing the
risk of mortality in critically ill patients admitted to intensive care units, suggesting a beneficial role of

adequate vitamin D status in their prevention of mortality.
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