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Abstract

Background: To investigate the correlation between serum vitamin D levels
and the outcome of critically ill children. Materials and Methods: The research
included all patients hospitalised to the PICU who had 25-hydroxyvitamin D
(25(0OH)D) levels available within 24 hours of admission. Only the first PICU
admission of each patient was included in the research. Randomly collected
25(0OH)D levels were obtained during the first 24 hours of admission to the
PICU. Upon admission to the PICU, essential information about the patient was
documented, such as their age, gender, BMI in kilogrammes per square metre
(kg/m2), pre-existing medical conditions, cause for admission, time of year, and
if they had a history of Vitamin D supplementation. Analysed were laboratory
variables acquired during the first 24 hours after hospital admission, including
serum levels of total calcium, ionised calcium, phosphate, magnesium, and
25(OH)D. Results: Out of the total number of patients, 40 individuals,
accounting for 40% of the sample, were under the age of 2 years. Neurologic
illnesses accounted for 22% of the causes for admission to the Paediatric
Intensive Care Unit (PICU), followed by respiratory tract infections at 21% and
sepsis at 15%. The average 25(OH)D level of the entire groups was 20.11 +
2.47 ng/ml. The VDD (25[OH]D levels below 20 ng/ml) was measured in 70
children, which accounted for 70% of the total. The average 25(OH)vitD levels
were comparatively lower (17.11 + 3.41 ng/ml) in children who had sepsis at
admission, as opposed to other critically sick patient groups (21.04 + 2.88).
However, this difference did not reach statistical significance (P = 0.07). During
their stay in the PICU, 10 patients, accounting for 10% of the total, unfortunately
passed away. Conclusions: We concluded that the prevalence of Vitamin D
deficiency was significantly high among Indian children upon admission to the
PICU. There was no notable link seen between several indicators of sickness
severity, such as death, and the amount of Vitamin D.

INTRODUCTION

Vitamin D is a crucial hormone that is necessary for
healthy health.[Y! Vitamin D is a fat-soluble vitamin
that may be acquired by diet (food or supplements) or
produced by the skin, with the skin being the main
source. Vitamin D plays a crucial role in the process
of bone mineralization and calcium metabolism via
its endocrine-like functions.?®l The non-classical
function encompasses the control of cell proliferation
and differentiation, the regulation of hormone
production, and the modulation of immunological
function. These effects occur at the cellular level and
are directly influenced by the substrate-dependent
25(0OH)D level.1 25(OH)D is the primary form of
vitamin D that circulates in the body. It has a half-life
of 2-3 weeks and its levels provide the most accurate
indication of a person's vitamin D status.[ Vitamin

D is a prohormone that exists in its active state as
1,25(0H)2D."1 The regulation of serum 1,25(0H)2D
is closely controlled by parathyroid hormone (PTH),
serum calcium, and fibroblast growth factor 23.!

The action of 1,25(0OH)2D occurs via the vitamin D
receptor (VDR), which is present in several kinds of
tissues. In addition, the majority of these cells exhibit
the presence of the 25(OH)D-la-hydroxylase
(CYP27B1), which is a mitochondrial P450 enzyme.
This enzyme is responsible for producing the active
hormone calcitriol, which is used by the target cell
itself for autocrine purposes. Furthermore, recent
research has shown that vitamin D plays a crucial role
in combating infections by enhancing the production
of AMPs, namely CAMP, and bolstering the body's
defenses.[l Several genes that encode proteins
involved in controlling cell growth, specialisation,
and programmed cell death are known to be
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influenced, at least partially, by vitamin D.[?! Vitamin
D has recently been the subject of attention due to its
involvement in non-skeletal disorders, particularly in
relation to immunity.f’l Subclinical vitamin D
insufficiency is quite widespread in both children and
adults[8]. Vitamin D deficiency (VDD) is a common
illness that affects more than one billion individuals
globally. It is often overlooked and not properly
addressed as a nutritional insufficiency.[® There is
data indicating that India has a high prevalence of
subclinical vitamin D insufficiency, despite being
located in a low latitude region with abundant
sunlight. The prevalence of vitamin D insufficiency
in children, as reported in various research, ranges
from 75% to 90%.0'% In India, community-based
research have shown a prevalence of vitamin D
insufficiency ranging from 50% to 90%.0Y
Contemporary lifestyles have greatly decreased the
overall amount of time that youngsters are exposed to
sunlight. UV B rays, with a shorter wavelength, have
atendency to disperse sooner or later in the day. As a
result, the synthesis of vitamin D in the skin is at its
highest between 10 AM and 3 PM. Unfortunately, at
this period, most youngsters are either in school or
inside.! In addition to sunlight, exposure to
endocrine disrupting chemicals such as bisphenol A
and phthalates, which are commonly used industrial
substances present in many commercial items, might
potentially change the levels of blood
25(OH)D3.These substances have been discovered to
alter the expression of cytochrome P450 and
CYP27B1 genes in mice. Hence, the prevalence of
vitamin D insufficiency may be influenced by the
exposure to ubiquitous pollutants often seen in
Western society.[**14 Surveys of vitamin D levels in
severely ill children often provide divergent and
conflicting findings.

MATERIALS AND METHODS

This research was a retrospective analysis that
included screening all children between the ages of 1
month and 16 years who were admitted to the
medical-surgical PICUs and were <18 years old. The
research recorded a total of 100 hospitalisations to the
PICU. The research included all patients hospitalised
to the PICU who had 25-hydroxyvitamin D
(25(0CH)D) levels available within 24 hours of
admission. Only the first PICU admission of each
patient was included in the research. Randomly
collected 25(0OH)D levels were obtained during the
first 24 hours of admission to the PICU.

Upon admission to the PICU, essential information
about the patient was documented, such as their age,
gender, BMI in kilogrammes per square metre
(kg/m2), pre-existing medical conditions, cause for
admission, time of year, and if they had a history of
Vitamin D supplementation. Analysed were
laboratory variables acquired during the first 24 hours
after hospital admission, including serum levels of

total calcium, ionised calcium,
magnesium, and 25(0OH)D.

Blood samples were collected following the standard
procedure of drawing blood upon admission to the
PICU. The tests were conducted using standard
procedures often used in the biochemistry laboratory
of our university hospital. The concentration of 25-
hydroxyvitamin D (25(0OH)D) was assessed on a
weekly basis. The samples were shielded from
sunlight, subjected to centrifugation, and kept in a
refrigerated environment until they were processed.
The concentration of 25(OH)D was determined using
chromatography in conjunction with the tandem mass
spectrometry technique and was expressed in units of
ng/mL. VDD was established as a threshold of
25(0OH)D levels below 20 ng/ml. The range of values
is between 5 and 7, inclusive. The research
categorised all the paediatric patients into two groups
based on their Vitamin D levels: Vitamin D adequate
(25[OH]D >20 ng/ml) or Vitamin D deficient
(25[OH]D <20 ng/ml).

The main objective of this study was to determine the
incidence of vitamin D deficiency (VDD) in critically
unwell children. The secondary objectives were to
evaluate the factors influencing Vitamin D levels and
to compare the severity of sickness between
individuals with Vitamin D deficiency and
sufficiency. The variables included as indicators of
disease severity encompassed the paediatric risk of
mortality (PRISM 1ll) score, catecholamine
demands, mechanical ventilation, PICU length of
stay, and mortality. Sepsis is characterised as a
widespread inflammatory response throughout the
body when there is a suspected or proven infection
caused by any organism in the blood or cerebrospinal
fluid.

Statistical Analysis

The data gathered in the research were subjected to
statistical analysis using SPSS 25.0 software (IBM
Corp. in Armonk, NY, USA). The assessment was
conducted using three categories: descriptive
analysis, single variable analysis, and multivariable
analytic approaches. The categorical data were
expressed as numerical values (n) and proportions
(%).

An assessment was conducted to see whether the data
adhered to a normal distribution. In the context of
comparing independent groups, the Mann Whitney
U-test was used to compare two groups where the
numerical variables did not exhibit a normal
distribution. For comparisons involving more than
two groups, the Kruskal-Wallis nonparametric
analysis of variance was utilised. Chi-square statistics
were used to compare categorical data between
independent groups. The Cox regression model was
used to assess censored time-to-event data in the
multi-variable analysis. When examining mortality, a
logistic regression model was used to dichotomized
data. The quantitative evaluation of Vitamin D level
was conducted using a multi-variable linear
regression model. The research used a 2-way

phosphate,
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hypothesis structure and a Type-1 error threshold of
5% in all statistical analyses.

RESULTS

The fundamental attributes of the group are shown in
Table 1. The trial included 100 critically sick
children, with a median age of 5.28+1.58 years. Out
of the total number of patients, 40 individuals,
accounting for 40% of the sample, were under the age
of 2 years. Neurologic illnesses accounted for 22% of
the causes for admission to the Paediatric Intensive
Care Unit (PICU), followed by respiratory tract
infections at 21% and sepsis at 15%. Based on the
family history, it was found that 80 patients had been
receiving Vitamin D supplementation prior to
admission, with the majority (80%) being under the
age of 2.

The average 25(OH)D level of the entire groups was
20.11 £ 2.47 ng/ml. The VDD (25[OH]D levels
below 20 ng/ml) was measured in 70 children, which
accounted for 70% of the total. There was a
correlation between a past record of Vitamin D
administration and elevated levels of 25(OH) vitamin
D. Children who had taken Vitamin D supplements
had significantly higher mean 25(OH)D levels
compared to children who had not taken any Vitamin
D supplements (30.17 £ 3.44 ng/mL vs. 17.18 £ 3.74
ng/mL, P<0.001). The average 25(OH)vitD levels
were comparatively lower (17.11 £ 3.41 ng/ml) in
children who had sepsis at admission, as opposed to
other critically sick patient groups (21.04 + 2.88).

However, this difference did not reach statistical
significance (P = 0.07). During their stay in the PICU,
10 patients, accounting for 10% of the total,
unfortunately passed away. Although the average
25(0OH) D levels were lower in the children who died
compared to those who survived [19.44 + 3.55 ng/ml
vs. 21.05 + 3.66 ng/ml], the difference did not have a
statistically significant impact (P = 0.88). A
comparison was made between the features of
children who were low in Vitamin D and those who
had appropriate levels, as shown in Table 2. There
were no discernible gender disparities among the
groups, while the patients with Vitamin D deficiency
had advanced age and higher body weight. those with
Vitamin D deficiency had a considerably higher
median age compared to those with appropriate
Vitamin D levels (P < 0.001).

The multivariable linear regression model shows that
only patient age has a significant effect on the relative
risk (RR) with a coefficient of -0.41 (95% confidence
interval [CI]: -0.07 to -0.04; p < 0.001). The well-
established risk variables of body mass index (BMI),
gender, and underlying disorders did not show
independent associations with vitamin D deficiency
(\VDD). The logistic regression analysis revealed that
two covariates, catecholamine needs (OR: 42.55;
95% CI: 5.25-366.52; P = 0.002) and PRISM-III
score (OR: 2.41;95% ClI: 1.22-2.63; P = 0.003), were
substantially linked with death. The study did not find
any association between mortality and other
characteristics such as underlying disease, Vitamin D
levels, requirement for mechanical ventilation, and
presence of sepsis upon admission.[Table 3]

Table 1: ?
Number Percentage
Gender
Male 62 62
Female 38 38
Age in Years
below 2 40 40
2-6 30 30
6-12 28 28
Above 12 12 12
Mean Age 5.28+1.58
Weight (kg) 22.85+2.69
BMI (kg/m?) 17.52+2.56
Reason for PICU admission
Neurological diseases 22 22
Acute respiratory infections 21 21
Sepsis 15 15
Trauma 13 13
Intoxications 12 12
Postoperative diseases 11 11
Others
Underlying illness, 55 55
Mechanical ventilation, n (%) 55 55
PRISM I11 score 7.58+1.58
PICU stay 5.25+2.14
Catecholamine requirements, n (%) 35 35
Mortality n (%) 10 10
Table 2: Basic profile, clinical, and laboratory data in patients with or without Vitamin D deficiency
25(0CH)D P
<20 ng/mL =70 >20 ng/mL=30
Number/ Mean | % Number/ Mean I %
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Gender
Male 45 64.28 17 56.67
Female 25 35.72 13 43.33
Age in years 7.85+1.28 6.69+1.11 <0.001
Weight 23.58+2.96 21.58+2.54 <0.001
BMI (kg/m?), median (IQR) 18.63+1.74 17.55+1.63 0.149
Main admission diagnosis, n (%)
Neurological diseases 15 21.43 7 23.33 0.773
Respiratory track infections 11 15.71 10 33.33 0.076
Sepsis 10 14.28 5 7.14 0.328
Underlying diseases, n (%) 35 50 20 66.67 0.466
Mechanical ventilation n (%) 35 50 20 66.67 0.497
Catecholamine requirements, n (%) 22 21.43 13 43.33 0.034
PRISM-III score median (IQR) 7.58+1.31 6.54+1.44 0.211
PICU stay (days), median (IQR) 5.25+1.74 6.69+1.08 0.799
Mortality, n (%) 8 11.14 2 6.67 0.955
Total calcium (mg/dL) 9.42+0.89 9.78+0.96 <0.001
Phosphate (mg/dL) 4.22+1.16 4.55+1.22 0.095
Magnesium (mmol/L) 0.91+0.11 0.98+0.15 0.375
lonized calcium (mg/dL) 3.37+0.77 3.58+0.88 0.173
Table 3: Multiple logistic regression
OR 95% CI P
Catecholamine requirements 42.55 5.25-366.52 0.002
PRISM-III score 241 1.22-2.63 0.003
Underlying diseases 4.18 1.67-14.63 0.07
Sepsis 1.96 1.21-5.71 0.24
Mechanical ventilation 6.96 1.47-54.85 0.08
Vitamin D deficiency 1.36 1.11-3.67 0.26
DISCUSSION 25(0OH)vitD  levels in  healthy children.[

Based on the findings of this research, it is evident
that a significant proportion (70%) of critically sick
children had insufficient levels of Vitamin D
(25[OH]vitD levels <20 ng/ml) at admission. The
levels seen in this investigation are much more than
the 40% rate reported in a previous study including
440 Turkish children and adolescents, aged 0 to 16
years, who visited the outpatient clinic.l' The
existing research indicates that the incidence of this
condition in severely unwell infants ranges from
about 30% to 84%.[16-21 The significant variations in
the prevalence of VDD across various studies can be
attributed to disparities in the populations under
investigation, levels of sunlight exposure, weather
conditions, dietary intake, Vitamin D
supplementation, genetic variations in the proteins
responsible  for  Vitamin D transportation,
functioning, and metabolism, diverse measurement
techniques for 25(OH)D, and varying threshold
values.?

The current investigation has verified the previously
established  negative  relationship  between
25(0OH)vitD levels and age. The findings from the
present research indicate that the occurrence of
Vitamin D deficiency (VDD) in patients admitted to
the hospital during the autumn and winter seasons
was much greater compared to sunnier months. In
addition, the multivariable linear regression model
found that only patient age and hospitalisation during
the winter season were significantly linked to VDD.
Similarly, studies have repeatedly shown that age, the
season of the year, and dietary calcium consumption
are variables that are consistently linked to

Regrettably, the present investigation lacked any data
pertaining to the calcium consumption of the
youngsters.

Vitamin D has a physiological function in controlling
immunity and regulating the activity of T- and B-
cells, the generation of cytokines, and the expression
of antimicrobial peptides.[?*281 The research findings
indicated that patients diagnosed with sepsis upon
admission had a comparatively lower level of
25(0OH)D. However, it is important to note that this
difference did not reach statistical significance.
Madden et al,*® showed that children who were
hospitalised to the PICU with severe septic shock had
lower levels of serum 25(OH)D compared to other
severely sick children in the same unit. A separate
research conducted in Ireland revealed that children
who were referred to the PICU with suspected sepsis
had lower levels of 25-hydroxyvitamin D (25(OH)D)
compared to a control group. Furthermore, it was
shown that insufficient levels of 25(OH)D were
linked to the development of confirmed sepsis and
unfavourable outcomes. The data collected from
adults in a recent meta-analysis revealed a substantial
rise in the risk of infection and sepsis.

Underlying medical conditions may cause a decrease
in Vitamin D levels due to irregular dietary patterns,
changed metabolic processes, or decreased exposure
to UV radiation in the environment. Contrary to what
was expected, the presence of underlying diseases did
not have a substantial impact on the Vitamin D levels
upon admission to the PICU, as seen in prior research
on critically sick children.[*81 No correlations were
found between the level of Vitamin D and the PRISM
111 score in the present investigation. Similarly, many
prior investigations have failed to establish any
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correlation between Vitamin D deficiency (VDD)
and severity score.['819.281 Nevertheless, McNally et
al,l™ found that for each incremental point rise in
PRISM 111 score, there was an 8% higher probability
of VDD occurrence. Madden et al. reported a slightly
similar finding, seeing an odds ratio (OR) of 1.19
(95% confidence interval [CI] 1.10-1.28) for a 1-
quartile increase in PRISM IlI score per 5 ng/ml
reduction in 25(OH)D levels. The lack of consistency
in the correlation may be attributed to the diverse
patient group across several studies and variability in
the methods employed to evaluate the severity.

In addition, the present investigation found no
discernible difference between the low and normal
25(0H)D groups in terms of the need for ventilation
and length of stay in the PICU. This finding aligns
with the findings published by Rippel et al,*®! and
Rey et al,®l Nevertheless, McNally et al,71 and
Sankar et al,?! discovered that VDD is linked to an
extended length of stay. The disparities across studies
might be attributed to geographical and racial
disparities, diverse causes for admissions to the
Paediatric Intensive Care Unit (PICU), and
variability in how children respond to acute stress and
critical illness.

The discovery of a connection between Vitamin D
levels and myocardial dysfunction, heart failure, and
sudden cardiac death is a recent and significant
finding.?®! The research findings indicate that
individuals with VDD exhibited a significant
increase in their need for catecholamines. Madden et
al,l*® found that patients who were administered
catecholamine had significantly lower levels of
25(OH)D compared to those who were not, with a
median of 19.8 ng/ml vs 24.3 ng/ml (P < 0.0001).
Additionally, there was a strong correlation between
the use of vasopressors and a decrease in 25(OH)D
levels (r = 2.19, P < 0.0001). In a similar manner,
McNally et al,['") observed that patients who needed
catecholamine infusion had lower average levels of
25(OH)D (45 nmol/L vs. 38.5 nmol/L, P = 0.006).
Previous research has shown that there is no
correlation between Vitamin D deficiency and the
need for catecholamine supplementation.[*8%°! The
present investigation did not find any substantial
correlation between Vitamin D level and mortality.
There was no difference in Vitamin D levels between
survivors and nonsurvivors. Additionally, the logistic
regression analysis showed that Vitamin D
deficiency was not linked to death. Research
conducted on adult individuals has shown an
increased likelihood of death in people diagnosed
with Vitamin D deficiency.F% McNally et al "]
discovered that during multivariate regression
analysis, a 25(OH)D concentration below 50 nmol/L
was autonomously linked to a PICU mortality rate of
1.5% (5 out of 326 patients), and all 5 patients who
died had vitamin D deficiency.

CONCLUSION

Overall, it was observed that the prevalence of
Vitamin D deficiency was significantly high among
Indian children upon admission to the PICU. The
individuals diagnosed with VDD had advanced age
and higher body weight, and demonstrated a greater
likelihood of receiving catecholamine treatment.
There was no notable link seen between several
indicators of sickness severity, such as death, and the
amount of Vitamin D.
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