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Abstract

Background: Vitamin D is a pleiotropic hormone that plays an important role in calcium homeostasis, bone
health, cardiovascular system and immunity. Vitamin D has other roles in the body, including modulation of cell
growth, neuromuscular and immune functions, and reduction of inflammation. Its deficiency may aggravate the
incidence and outcome of infectious complications in critically ill patients.

Aim: The aim of this work was to determine the frequency of vitamin D deficiency in critically ill patients
admitted to pediatric intensive care unit [PICU], Alexandria university children's hospital (AUCH) and relate
the state of serum 25(OH) D to disease severity.

Methods: Study was carried out on 102 critically ill children admitted to PICU at AUCH. Blood was collected
on PICU admission and analyzed for 25(OH) D concentration by using enzyme linked immunosorbent assay
(ELISA) kits.

Results: Low vitamin D levels had been found in most of our patients where 37.3% of cases were vitamin D
deficient and 38.2% of cases were vitamin D insufficient while only 24.5 % of cases were vitamin D sufficient.
High Pediatric logistic organ dysfunction (PELOD) score and high alkaline phosphatise (ALP) were associated
with 25(0OH)D deficiency while summer season and sun exposure were protective. There was no significant
difference according to vitamin D level as regards PICU stay, patient mortality, presence of sepsis or septic
shock and main affected system on admission.

Conclusion: We found a high rate of vitamin D deficiency in critically ill children and vitamin D level was
negatively correlated with PELOD score. We recommend screening of critically ill children for vitamin D
deficiency to restore their serum levels.

Introduction Vitamin D promotes calcium absorption in the gut
Vitamin D is a fat-soluble vitamin, normally and maintains adequate serum calcium and
produced in skin through a robust photolytic phosphate concentrations to enable normal
process acting on a derivative of cholesterol (7- mineralization of bones and to prevent
dehydrocholesterol) to produce previtamin D, hypocalcemictetany. It is also needed for bone
which is then slowly isomerized to vitamin D3 growth and bone remodeling by osteoblasts and
(the natural form of vitamin D). osteoclasts.®
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Vitamin D has other roles in the body, including
modulation of cell growth, neuromuscular and
immune functions, and reduction of inflamm-
ation.?*® Many genes encoding proteins that
regulate cell proliferation, differentiation, and
apoptosis are modulated in part by vitamin D.®
Many cells have vitamin D receptors, and some
convert 25(0OH) D to 1, 25(OH);D. It is now
recognized that not only the kidneys have the
ability to produce 1, 25(OH),D but also a wide
variety of other tissues, cells and organs have the
enzymatic machinery. 7

The 25 (OH)D level in the serum is the best
indicator of vitamin D status. Patients with levels
<20 ng/mL are commonly categorized as vitamin
D deficient @9 while, children with 25(0H) D
levels <30 ng/mL are considered to be
insufficient. %1%

Vitamin D plays a key role in immune functions.
Its deficiency may aggravate the incidence and
outcome of infectious complications in critically
ill patients. ?

Vitamin D deficiency has been associated with
higher levels of admission ill nessseverity in adult
intensive care unit [ICU] patients.®*'Critically
ill adult patients with sepsis have lower vitamin D
levels.*®

Though high prevalence of vitamin D deficiency
in critically ill adults and children has been
documented, the impact of such deficiency is not
yet clear. Few studies have documented
significant association of deficiency with poor
outcomes such as longer duration of ICU stay “®
) increased inotropic requirement “®*¥ and
higher admission illness severity scores (62

Subjects and Methods

Subjects

In this prospective observational clinical study,
our sample size was 90 cases as assigned by
biostatistics department in high institute of health,
Alexandria University. One hundred and ten
patients admitted to PICU in AUCH were
included and investigated for serum vitamin D
level at the time of admission. Eight patients were

excluded from the study due to insufficient
samples. We investigated the relation between
serum 25(0OH) D level and important clinical
outcomes including PICU stay and patient
mortality as well as risk factors for its deficiency.
Inclusion criteria included the followings: (1)
Patients aged >1 month to < 5 years. (2) PICU
stay >48 hours. Exclusion criteria included the
followings: (1) Patients aged <1 month and > 5
years. (2)Patients remain in PICU <48 hours. (3)
Patients with metabolic disease affecting vitamin
D metabolism as Hypo/hyperparathyroidism, bone
disease or malignancy. (4) Surgical patients.

All the parents or the legal guardians of the
patients enrolled in this study signed a written
informed consent before participation. The study
was approved by the Medical Ethics Committee of
the Faculty of Medicine, Alexandria University.

Methods

All patients were subjected to full history taking,
thorough clinical examination and laboratory
investigations including complete blood picture,
urea, Creatinine, calcium, phosphorus, alkaline
phosphatase (ALP), total protein, albumin and
cultures of blood and urine. Samples for serum 25
(OH) D levels were taken on PICU admission.
Samples were centrifuged at 1,000 g (4°C, 15
minutes) and serum was stored at -80° C until
analysis. The test was done by using commercial
enzyme linked immunosorbent assay (ELISA) Kits
(DLD Diagnostika GmbH, Hamburg, Germany)
according to the manufacturer’s instructions.®V
Pediatric mortality and prognostic scores were
calculated (Pediatric index of mortality(P1M)2
upon admission and Pediatric logistic organ
dysfunction (PELOD) after the first 24 hours of
admission).

Results

We screened 102 patients whose ages ranged
from1.3 to 50 months with a mean of 9.53 + 10.57
months. Vitamin D levels varied among patients
from 3.0 to 60.0 ng/ml with a mean of 23.18 *
12.49ng/ml; 37.3% of patients were vitamin D
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deficient (VDD) (< 20 ng/ml),38.2% had vitamin
D insufficiency (20-29.9 ng/ml) and 24.5 %had
normal vitamin D level (>30 ng/ml).(Figure 1)
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Figure (1): Distribution of the studied cases
according to vitamin D level

Samples from 52% of the patients were taken in
the autumn/winter seasons (from 1 September till
28 February), while 48 % of the samples were
taken in spring/summer seasons (from 1 March till
31 August). Serum vitamin D levels were
significantly lower in blood samples withdrawn
during autumn/winter than those in spring/summer
(p= 0.001). (Figure 2)Inadequate sun exposure
was significantly associated with lower vitamin D
levels (81.6 % of VDD patients showed history of
inadequate sun exposure) (p=0.041). (Figure3)
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Figure (2): Relation between vitamin D and
season
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Figure (3): Relation between vitamin D and sun
exposure

Despite majority of VDD and insufficient patients
were breast fed (52.6%, 53.8% respectively), there
was no statistically significant difference between
vitamin D level on admission and type of feeding
(M°p =0.065).

Correlations between vitamin D and different
parameters are showed in table (1).

We found that vitamin D level was negatively
correlated to PELOD score, where VDD patients
had the highest PELOD score with a mean of
16.74 % 6.68 then vitamin D insufficient patients
with a mean of 12.16 £ 10.71, while vitamin D
sufficient patients had the lowest PELOD score
with a mean of 5.04 + 8.58(p<0.001).

There was no correlation between vitamin D level
and PIM2 score, where VDD patients had PIM 2
score with a mean of 39.74 + 26.95 , vitamin D
insufficient patients had a mean of 39.24 =+
34.05,while vitamin D sufficient patients had a
mean of 44.62 + 23.19(p=0.732).

According to patients mortality, there was no
statistically significant difference between vitamin
D level on admission and patient mortality
(p=0.442).

The mean length of PICU stay in VDD patients
was 8.0 £ 5.99 days, in vitamin D insufficient
patients was10.56 + 15.80 days, while it was
10.24 + 8.95 days in vitamin D sufficient. There
was no statistically significant difference between
vitamin D level on admission and length of PICU
stay (p=0.448).
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There was no statistically significant difference
between vitamin D level and septic shock or
sepsis. (p=0.064, p=0.355respectively)

Regarding affected system, vitamin D deficiency
did not show any predilection to specific system
(M°p=0.825).

Among laboratory investigations, low vitamin D
levels were negatively correlated to high ALP
levels (p=0.023).

Regarding serum CRP ; VDD patients had a mean
of 142.93 + 81.04 mg/l, vitamin D insufficient
patients had a mean of 44.34 + 53.58 mg/l while
vitamin D sufficient patients had a mean of 45.20
+ 33.40mg/l. There was a negative correlation
between vitamin D levels on admission and serum
C- reactive protein (CRP) (p<0.001).

Regarding serum albumin; VDD patients had a
mean of 3.03 £ 0.75¢/dl, vitamin D insufficient
patients had a mean of 3.13 = 0.63 g/dl while
vitamin D sufficient patients had a mean of 3.10 =
0.55g/dl.There was no a statistically significant
difference between vitamin D levels on admission
and serum albumin (p=0.960).

Regarding serum uric acid, there was no
statistically significant difference between vitamin
D level and serum uric acid (p=0.436).

Table (1) Correlation between Vitamin D with
different parameters

Vitamin D
rs p
Age 0.153 0.125
Weight for age 0.199" 0.045
PIM?2 0.034 0.732
PELOD -0.491" <0.001
Length of PICU stay 0.108 0.282
Septic Shock -0.184 0.064
Sepsis -0.092 0.355
CRP -0.542" <0.001
Alb -0.010 0.921
Ph 0.001 0.991
ALP -0.226" 0.023"
Total Ca 0.063 0.529
lonized Ca 0.012 0.908

rs: Spearman coefficient
*: Statistically significant at p < 0.05

Discussion

We found a high percentage of vitamin D
deficiency and insufficiency among critically ill
patients in our PICU; (37.3%)of patients were
vitamin D deficient (< 20 ng/ml), (38.2%) had
vitamin D insufficiency (20-29.9 ng/ml) and (24.5
%) had normal vitamin D levels (>30 ng/ml). In
agreement with our results, Madden et al ®°,
studied 511 critically ill children admitted to
Boston Children’s Hospital PICU. They found a
high rate of vitamin D deficiency in their critically
ill children as 40.1% of cases were vitamin D
deficient. In addition, Rey et al ™ studied 156
PICU patients (in comparison with 289 healthy
children regarding their 250H D levels and they
found that the incidence of vitamin D deficiency
was higher in the PICU population.

Sun exposure and summer/spring seasons were
found to be protective factors against vitamin D
deficiency. In accordance with our results,
Madden et al®found higher 25(OH)D levels in
patients admitted during summer. Meena et
al®showed that there was a positive correlation
between afternoon sunlight exposure and infant's
vitamin D levels in their patients in a tertiary care
hospital in Delhi.

Vitamin D deficiency is presumed to increase
morbidity and mortality by its pleiotropic effects
on various organ system functions and its effects
on innate and adaptive immunity.?® In this
context, we found that vitamin D levels were
negatively correlated to PELOD score. Also,
Sankar et al®” observed that children who were
vitamin D deficient at admission were more likely
to have higher organ dysfunction scores, although
the differences were not statistically significant.
There was no statistically significant difference
between vitamin D level and PIM2 score. In
accordance to our result, Sankar et al ®” and Rey
et al @reported no significant relation between
them.

There was no statistically significant difference
between vitamin D level on admission and length
of PICU stay. This was in agreement with
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Ponnarmeni et al ®who found that VDD had no
significant effect on length of PICU stay.

In our study, there was no statistically significant
difference between vitamin D level on admission
and mortality. Also in Ponnarmeni et al ¥ study;
VDD had no significant effect on mortality.
Regarding affected system, vitamin D deficiency
did not show any predilection to specific system.
Similarly, Sankar et al ®¥ found that there was no
significant relation between vitamin D level and
the main affected system on admission.

In the present study, there was no statistically
significant relation between vitamin D level and
septic shock or sepsis. In accordance to us, Shah
et al ® found that there was no statistically
significant difference as regard diagnosis of sepsis
or septic shock on admission in patient with VVDD.
In contrast, Ponnarmeni et al ® demonstrated that
the prevalence of VDD among critically ill
children with sepsis was 50.8%, which was
significantly higher than in healthy controls
(40.2%) and found that patients with VDD had an
increased incidence of shock, although the
difference was not statistically significant.

Conclusion

Based on the results of the present study, we
found a high rate of vitamin D deficiency in
critically ill children and vitamin D level was
negatively correlated with PELOD score. We also
found a protective effect of sun exposure. We
recommend screening of those critically ill
children with risk factors for vitamin D deficiency
to restore their serum levels in order to improve
their outcome.
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