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Abstract

Background: Vitamin D deficiency is an independent risk factor for cardiovascular disease
and a predictor of chronic kidney disease, especially in traumatic patients admitted to the inten-
sive care unit. This study aims to investigate the effect of single-dose intramuscular injection of
vitamin D3 on renal function in patients with traumatic injuries.

Methods: This was a randomized clinical trial with a control group in a parallel, double-
blind, randomized study that enrolled patients from 2023-08 to 2023-10. The patients were di-
vided into intervention (receiving vitamin D) and control groups. During the first 24 hours of
hospitalization, both groups received either an intramuscular dose of the drug (300,000 units of
vitamin D) or a placebo (which was identical to the original drug). Demographic information of
patients (age, sex, underlying disease, height, and weight), trauma severity score (revised trauma
score and new trauma score), the number of days requiring ventilation, anthropometric indices
(BMI, abdominal circumference, and the ratio of abdominal circumference to hip circumference),
length of hospital stay, blood urea nitrogen, and creatinine levels, were checked and recorded.

Results: Finally, 60 patients were included in this study. Most of the patients (85%) were
male. The mean age of the patients (35.2 £ 13.96 years), the average new trauma score and
revised trauma score showed no any significant differences between two groups (P>0.05). Sta-
tistical analysis showed that the differences of average number of hospitalization days, the days
requiring ventilation and the increase in blood urea nitrogen and creatinine levels between inter-
vention and control groups were not significant (P>0.05).

Conclusion: Administration of vitamin D in patients hospitalized in intensive care unit does
not have a significant and beneficial effect on blood urea nitrogen, creatinine, the number of
hospitalization days and the days requiring ventilation.
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INTRODUCTION

Acute renal failure is one of the common symp-
toms in critical patients admitted to the intensive
care unit (ICU) [Weisbord S, Palevsky P 2016].
Some studies have associated acute renal failure
with a rapid decrease in glomerular filtration rate
within several hours to several weeks, retention of
excess nitrogen products, and disturbances in ex-
tracellular fluid volume, and acid-base and elec-
trolyte balance [Makris K, Spanou L. 2016]. Acute
renal failure is usually asymptomatic and is diag-
nosed when an increase in plasma urea and creati-
nine concentration is detected in the biochemical
tests of hospitalized patients [Akcay A et al., 2010].

Acute renal failure affects 5-25% of patients in
the ICU, increases mortality rate by 15-60%, and
brings about many problems by increasing treat-
ment costs and length of stay in hospital [Korkeila
M et al., 2000]. Epidemiological studies have shown
that acute renal failure can be an independent factor
for death [Weisbord S, Palevsky P, 2006]. However,
therapeutic interventions to prevent the occurrence
of acute renal failure are limited, and there is no ef-
fective drug for its treatment [Kasper D 2015]. The
level of vitamin D in people with sepsis hospitalized
in ICU is lower than that in other ICU patients, but it
is not different from the level of vitamin D in healthy
individuals [Quraishi S, 2016]. On the other hand,
lack of serum vitamin D levels in patients hospital-
ized in ICU causes a 1.5-fold increase in the likeli-
hood of disease development and up to a 2-fold in-
crease in the likelihood of a bad prognosis [Guan J,
2017]. Moreover, there were 86% of patients in the
intensive care unit who did not have enough serum
vitamin D, which was associated with a 2-fold in-
crease in the likelihood of death [Amrein K, 2014].
Furthermore, lack of vitamin D levels in patients
hospitalized in ICU is associated with an increase in
the likelihood of disease and mortality caused by it,
which lack of vitamin D level worsens the prognosis
of ICU patients [Izadpanah M, Khalili H 2013].

Vitamin D deficiency is known to be an inde-
pendent risk factor for cardiovascular disease,
and a predictor of chronic kidney disease [Lee M
2019]. Kidney dysfunction is associated with an
increase in the concentration of uric acid and a de-
crease in its renal excretion [Ejaz A 2007]. Para-
thyroid hormone has a strong biological effect on
uric acid concentration. Vitamin D deficiency or

insufficiency can activate the release of parathy-
roid hormone [Peng H 2013]. However, vitamin D
may exert its paracrine function through local acti-
vation of 1-hydroxylase and thus preserve immuni-
ty and vascular function and reduce inflammation
has received less scholarly attention. In kidneys,
the importance of vitamin D may be attributed to
maintaining the health of podocytes, preventing
epithelial-to-mesenchymal transformation, and
suppressing the renin gene expression and inflam-
mation [Agarwal R. Vitamin D, 2009]. Researchers
have shown that the development of end-stage re-
nal disease in people with serum levels of 25-hy-
droxyvitamin D less than 15 ng/ml was 2.6 times
more than in people with higher levels [Melamed
M 2009]. Also, the association between vitamin D
deficiency and reduced glomerular filtration rate
and the inverse relationship between uric acid and
25-hydroxyvitamin D have been reported [Alemza-
deh R, Kichler J 2016].

Aim of the work: According to the studies as
mentioned above, the vitamin D level has a rela-
tionship with kidney function and body mass index
(BMI). Reports also state that the level of vitamin
D in ICU patients is low, and this vitamin is associ-
ated with the recovery rate and the length of hos-
pital stay of these patients. Therefore, the present
study aimed to investigate the effect of single-dose
D3 intramuscular injection during ICU on renal
function in patients with traumatic injuries.

MATERIAL AND METHODS

This study was based on the Consolidated Stan-
dards of Reporting Trials (CONSORT) guideline
[Cuschieri S 2019].

Study design and participants: This was a ran-
domized clinical trial with a control group in a par-
allel, double-blind, randomized study that enrolled
patients from 2023-08 to 2023-10. The ethical ap-
proval under the code IR. AJUMS.HGOLESTAN.
REC.1401.171 from the Research and Technology
Deputy at Jundishapur Ahvaz University of Medi-
cal Sciences. Additionally, the trial was registered
with the code IRCT20221121056570N2 at the
International Clinical Trials Registry Platform of
Iran (https://www.irct.ir/).

Inclusion criteria: Trauma patients with a re-
vised trauma score greater than or equal to 6 and
over 18 years of age have been hospitalized in the
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ICU for at least 24 hours and Revised trauma score
revised trauma score > 6 New trauma score > §
were included.

Exclusion criteria: Having chronic kidney dis-
ease, autoimmune disease or cancer were excluded.

Intervention: Trauma patients in the ICU of
Ahvaz Golestan Hospital, if they met the inclu-
sion criteria, after obtaining written consent, they
randomly divided into two groups A and B based
on blocks of 4 random numbers. Blood urea and
creatinine levels are recorded daily, and anthropo-
metric indices (BMI, abdominal circumference)
are recorded on arrival and at the end of the 28th
day or day of discharge. Both groups received an
intramuscular dose of 300,000 units of vitamin D
or placebo during the first 24 hours of hospital-
ization. Demographic information of patients (age,
sex, underlying disease, height, and weight), trau-
ma severity score (revised trauma score and new
trauma score), the number of days requiring ven-
tilation, anthropometric indices (BMI, abdominal
circumference, and the ratio of abdominal circum-
ference to hip circumference), length of hospital
stay, blood urea nitrogen, and creatinine levels,
and were checked recorded.

Randomization: Randomization was done by in-
dividually assigning random numbers with blocks of
4. The tool generated random numbers with blocks
of 4 is the online software of the www. Sealeden-
velope.com website. Every new patient who was
admitted to the ICU, if he met the inclusion criteria
for entering the study, was placed in one of the A
or B groups in the order of arrival and based on the
order of randomly generated numbers.

Blinding: For allocation concealment, except
for the hospital pharmacist who prepares the drugs
for injection and is not present in the study, no
one else knows which of the placebo or vitamin
D groups referred to each of the A and B groups.
Patients (or the patient’s family), nurses (care pro-
viders), research assistants (who are in charge of
data collection), and the statistical analyst did not
know about the drug groups (intervention or con-
trol) and delivery of medication was done by a per-
son selected from outside the department (hospital
pharmacist).

Statistical analysis: Data was imported into
SPSS software version 25 for analysis. Chi-square
was employed to compare categorical variables.

TABLE 1.
Demographic information of the studied patients
Variable Mean = SD P-Value
Age (year) Int  35.27 £14.161 0.993
C 35.30 + 14.015
Sex (female%) Int 16.66
C 13.33 0.100
Ad Int 27.08 + 3.92 0.690
, Dis C 27.18 £3.70
BMI(kg/M?) Ad Int 2661338 0.964
Dis C 27.08 + 3.64 '
Ad Int 0.87 £0.42
Ig‘gor;te'g/ﬁ‘;p Dis C 089051 012
circumference A?‘ Int 0.87+0.04 0.998
Dis C 0.88 + 0.05
24-hour urine Ad Int 2369.67 + 1148.66 0.163
volume (ml) Dis C 2327.00 + 1327.84
Ad Int 2793.33 +£1124.00 0.833
Dis C 2872.33 +1089.85 )
NoTtESs: Ad - Admission, Dis - Discharge, Int - Inter-
vention group, C - Control group.

Also, one-way ANOVA was used to compare the
means of independent groups. P<0.05 was consid-
ered statistically significant.

RESULTS

In the final report of this study, 60 patients were
studied (51 (85%) were males, and 9 (15%) were
females). The average age of the participants was
35.2 £ 13.96 and ranged between 18 and 75 years.
The patients’ demographic characteristics are pre-
sented in Table 1.

As to their age, gender, height, weight, 24-hour
urine volume, and anthropometric indices, there
were no substantial differences between the two
groups (P > 0.05).

According to the results, the length of stay in
ICU was more extended in the intervention group,
while patients in the control group experienced a
longer period of mechanical ventilation. However,
these differences were not statistically significant
(P > 0.05) (Table 2). Revised trauma score was
higher in the intervention group, whereas a high-
er new trauma score was observed in the control
group. Of course, these differences were not statis-
tically significant (P > 0.05). As shown in Table 3,
no statistically significant difference was observed
between the two groups regarding increased or cre-
atinine levels (P > 0.05).
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TABLE 2.
The average number of hospitalization days and
the need for a ventilator in the studied patients.

Variable Mean = SD P-Value
Length of ICU ad- Int 10.07 +7.59 0.827
mission (days) C 10.77 £ 7.10
Length of mechanical  Int 10.07 £7.59 0.066
ventilation (days) C 10.77 +7.10

Notes: ICU -intensive care unit, Int - Intervention
group, C - Control group.

TABLE 3.
Trauma severity scale, and changes in blood
urea nitrogen and creatinine levels in the studied
patients in the studied patients.
Variable Mean + SD P-Value
New trauma score Int 11.20 £ 0.961 0.162
C 11.53+0.860
Int 10.67 £1.44 0.547

Revised trauma score

C 10.53+1.30
Increased blood urea nitro- Int 11 (36.6)  0.199
gen, N (%) C  7(23.3)
Increased creatinine, N (%) Int 9 (30) 0.209
C 4(13.3)

Notes: ICU -intensive care unit, Int - Intervention
group, C - Control group.

DiscussioNn

This study was conducted to examine the ef-
fect of vitamin D3 on renal function in patients
who were being treated at an intensive care unit.
Overall, our studies have shown that vitamin D3
supplementation had no significant effect on these
patients’ critical condition. The vitamin D3 supple-
mentation and placebo groups did not differ signif-
icantly in length of stay at the Intensive Care Unit
or duration of days that had to be mechanically
ventilated. In addition, no statistically significant
difference was observed between the two groups
in terms of the mean revised trauma score and new
trauma score.

The results of the present study are generally
consistent with those of a meta-analysis by Lan et
al. [Lan S et al., 2020]. Their results showed that
vitamin D supplementation did not reduce mortali-
ty, length of stay in the ICU length of hospital stay,
or the length of mechanical ventilation. However,
our results showed that vitamin D3 supplementa-
tion reduced the length of ICU stay.

In line with our research, Shen et al [Shen H et
al., 2020] reported that the administration of vita-

min D supplements reduced the length of stay in
the ICU and the length of mechanical ventilation.

Our results are consistent with the meta-analy-
sis of Langlois et al [Langlois P et al., 201], which
stated that vitamin D did not reduce mortality rate,
length of stay in an intensive care unit and hospi-
tal stay or mechanical ventilation time. The second
meta-analysis, conducted by Putzu et al. [Putzu A
et al., 2017], concluded that vitamin supplementa-
tion was associated with a reduction in mortality as
opposed to placebo.

The difference in the size of the sample, dose of
vitamin D injection and length of follow-up may
be related to these differences.

A prior study has shown that, compared to
healthy subjects, the concentration of plasma
250H(12) D in patients with sepsis is strongly re-
lated to a decreased plasma cathelicidin level. A
low level of 25(OH)D was a predictive biomarker
for Acute Kidney Injury and had a significant im-
pact on length of stay, organ dysfunction, infection
rate, and survival in critically ill patients [Bouillon
R et al., 2019]. Another study evaluated the effects
of vitamin D on clinical outcomes (consciousness,
ICU length of stay, mechanical ventilation, and se-
rum cytokines (IL-6, TNF-a, IL-2, IFN-y)) of pa-
tients. The results showed that vitamin D improved
the level of consciousness and shortened the period
of mechanical ventilation in these patients and that
the level of consciousness and Glasgow Outcome
Scale score were significantly higher in patients
receiving vitamin D compared to those receiving
placebo [Sharma S et al., 2020].

Lee et al. reported that most of the studied
trauma patients were deficient in vitamin D, and
that administration of vitamin D in these patients
improved the serum level of vitamin D in three
months. According to their results, the Glasgow
Outcome Scale — Extended score of patients re-
ceiving vitamin D was higher in the control group
[Lee J et al., 2019]. In a study in Austria on 655
patients, Amrein et al. found that 86% of patients
referred to the ICU had a deficiency of serum vita-
min D levels, which was associated with a 2-fold
increase in mortality [Amrein K et al., 202].

In a clinical trial, Abbasi et al investigated the
effect of vitamin D on the prognosis of trauma
patients admitted to ICU. The results of the study
showed that the administration of vitamin D to
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trauma patients admitted to the ICU who are defi-
cient in this vitamin significantly increases the rate
of discharge from the ICU. Also, body mass index
was lower in the group receiving vitamin D com-
pared to the control group [Abbasi S et al., 2020].
The results of Dickerson et al. showed that trauma
patients admitted to the ICU with vitamin D defi-
ciency had a longer length of stay [Dickerson R et
al., 2016].

The two groups of patients have been compared
about increased blood urea nitrogen and creatinine
levels which, to the very best of our knowledge,
had not been assessed before this study. The results
showed an increase in blood urea nitrogen and cre-
atinine levels in the patients of the intervention
group compared to the control group, but the dif-
ference was not statistically significant.

Some previous studies have shown a decrease
in e glomerular filtration rate with 1,25 OH,D ana-
logues, such as paricalcitol, which may be due to a
change in creatinine metabolism rather than a real
decrease in glomerular filtration rate. However,
there were no reports of any effects on creatinine
metabolism with cholecalciferol. Although several
observational studies have demonstrated an asso-
ciation between low circulating 25-hydroxyolD
concentrations and kidney disease, only a limited

number of studies were conducted to investigate
the effects of vitamin D supplementation on renal
function [Kim S et al., 2021]. Acute kidney injury
is a significant decrease in kidney function that
affects the normal enzyme activity of the kidney,
thereby disrupting vitamin D function. Vitamin D
deficiency is usually caused by decreased kidney
function. A progressive decline in kidney func-
tion during acute kidney injury leads to phosphate
retention and accumulation due to the inability to
excrete it. Phosphate acts as a negative regulator of
1-hydroxylase, an enzyme of 1,25 (OH),D synthe-
sis, and thus negatively contributes to vitamin D
metabolism [Graidis S et al., 2020].

CONCLUSION

The results of the present study showed that the
administration of vitamin D in patients admitted to
the ICU does not have a significant and beneficial
effect on the number of days of hospitalization and
the need for ventilator. Despite the absence of sta-
tistically significant results regarding the increase
in blood urea nitrogen and creatinine levels in pa-
tients receiving vitamin D, it is necessary, from
a clinical point of view, to conduct more similar
studies with a larger sample size and a longer fol-
low-up period.
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