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Abstract
Background: Traumatic brain injury (TBI) is one of the most 
common neurological disorders worldwide. We aimed to 
investigate the efficacy of high-dose vitamin D3 on inflammatory 
biomarkers in patients with moderate to severe TBI. 
Methods: Thirty-five moderate to severe TBI patients were 
randomly assigned to intervention and control groups. Patients in 
the intervention group received a single intramuscular (IM) dose 
of 300,000 IU vitamin D. The primary endpoints were interleukin 
levels (IL-1β and IL-6), and the secondary endpoints were changes 
in neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte 
ratio (PLR), Glasgow Coma scale (GCS), and Glasgow Outcome 
Scale-Extended (GOS-E) scores compared between intervention 
and control arms of the study. The linear Generalized Estimating 
Equations were used for trend analysis and evaluating the 
association of independent factors to each outcome.
Results: The results revealed a significant decrease in IL-1β levels 
(-2.71±3.02, in the intervention group: P=0.001 and -0.14±3.70, 
in the control group: P=0.876) and IL-6 (-88.05±148.45, in 
the intervention group: P=0.0001 and -35.54±175.79, in the 
control group: P=0.325) three days after the intervention. The 
improvement in the GCS score (P=0.001), reduction in NLR 
(P=0.001) and PLR (P=0.002), and improvement in the GOS-E 
score (P=0.039) was found to be greater in the vitamin D3 arm 
of the study than the control group.
Conclusion: Administration of high-dose vitamin D3 in the acute 
phase of TBI could be effective in lowering the inflammatory 
markers and improving the level of consciousness and long-
term performance outcomes.
Trial registration number: IRCT20180522039777N2.
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What’s Known

• Vitamin D deficiency is common in 
traumatic brain injury patients and may affect 
negatively the clinical course of the disease.
•  Numerous studies have been 
conducted on vitamin D deficiency in 
patients with brain injury, but few clinical 
trials have focused on its administration, 
dosing, and its anti-inflammatory role.

What’s New

• High-dose vitamin D administration 
resulted in a reduction in interleukin-1β 
level, as a relatively specific biomarker in 
traumatic brain injury patients.
• The reduction in neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) confirms the anti-
inflammatory effect of vitamin D. 
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Introduction

Traumatic brain injury (TBI) is a major worldwide neurological 
disorder that can be defined as any impact on the brain that 
disrupts the normal function of the brain.1 TBI represents a 
significant cause of death and disability in patients with trauma 
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and the annual incidence is variably estimated at 
27 to 69 million cases.2 

TBI has traditionally been categorized 
as mild, moderate, and severe based on a 
neurological scale named the Glasgow Coma 
Scale (GCS) and classified as primary and 
secondary depending on timing and type 
of injury. Primary injury is reversible and 
occurs at the time of injury by mechanical 
force, while secondary damage results from 
oxidative stress caused by trauma, ischemia, 
edema, and inflammatory response, leading 
to neurological dysfunction.3 Therefore, 
inflammation plays an important role in TBI 
physiology. Within minutes of trauma, a robust 
inflammatory response occurs in the injured 
brain. This inflammatory response after trauma 
is initiated and regulated by a set of pro- and 
anti-inflammatory cytokines. Tumor necrosis 
factor (TNF)-α, interleukin (IL)-1β, and IL-6 are 
the most important proinflammatory cytokines.4 

Serum level of IL-1β is correlated with initial 
TBI severity, increased intracranial pressure, 
and poor outcome 5, 6 and can be detected in 
blood for a maximum of 48 hours after TBI.7 
The result of a study indicated that by 72 hours 
post-injury, there was a nearly fivefold increase 
in IL-6 levels, thereby suggesting that deficient 
levels of vitamin D may have a significant impact 
on the pathogenesis of TBI.8

The role of various inflammatory cells in 
TBI, such as neutrophils, lymphocytes, and 
other blood cells in brain damage, has been 
investigated. The mentioned various ratios could 
be determined based on the blood count results 
that show ongoing inflammatory processes; 
among them, the neutrophil to lymphocyte ratio 
(NLR) and platelet to lymphocyte ratio (PLR) are 
reliable and simple indicators of inflammation 
with great diagnostic power for short-term 
mortality, thereby being directly associated with 
poor clinical outcomes.9-11

There are numerous predictors of outcomes 
in patients with TBI. Glasgow Outcome Scale-
Extended (GOS-E) has become one of the most 
widely used outcome measures for assessing 
overall disability and recovery following TBI.12 
It adequately presents clinical outcomes at 
discharge and in the months following patient 
discharge.13 Another predictor is a Computed 
tomography (CT) scan, which is also increasingly 
being used as a major predictors of TBI. The 
international guideline on prognosis considers 
the CT classification as a significant predictor 
of prognosis, based on class 1 evidence.14 
Marshall15 and Rotterdam16 are two grading 
systems that are great in predicting early 
mortality and 30-day outcomes after TBI.

Vitamin D is a group of fat-soluble 
secosteroids whose role, in addition to calcium 
and phosphorus homeostasis, is to regulate 
proliferative and apoptotic activity. They play 
an immunomodulatory role also known as a 
neuroprotective and anti-inflammatory agent. In 
addition to these known effects, vitamin D also 
acts as an antioxidant throughout the expression 
of multiple molecules.17 Vitamin D deficiency 
is a risk factor for states of high incidence 
of adverse events and mortality in patients, 
particularly in critically ill ones.18 Moreover in 
traumatic brain injury, low serum vitamin D 
levels are common and associated with several 
neurological disorders including coma, slow 
neurological recovery, cognitive impairment, 
and polyneuropathy.19, 20 Studies have shown 
that vitamin D deficiency may affect negatively 
the clinical course of TBI.21, 22 

In addition, numerous studies have been 
conducted on vitamin D deficiency in patients 
with brain injury, but few clinical trials have 
focused on its administration, dosing, and its 
anti-inflammatory role.22, 23 This study aimed to 
assess the effect of high-dose IM vitamin D3 
administration on inflammatory biomarkers such 
as IL-1β and IL-6 after moderate to severe brain 
injury.

Patients and Methods

Study Design
This was a single-center, open-labeled, 

randomized controlled trial that took place in 
the intensive care unit (ICU) of Imam Hussein 
Medical Center, a 600-bed hospital affiliated 
with Shahid Beheshti University of Medical 
Science (SBMU) in Tehran, Iran, from June 
2022 to April 2023. The study was approved 
by the Local Ethics Committee (IR.SBMU.
PHARMACY.REC.1401.075) and registered 
at the Iranian Registry of Clinical Trials 
(IRCT20180522039777N2). 

Study Population
We evaluated the eligibility of all TBI patients 

admitted to Imam Hussein ICU. Inclusion and 
exclusion criteria are given below. Patients who 
did not allocated in one of the study groups 
during 24 hours after trauma, and who died 
within 72 hours of TBI, were excluded. The 
inclusion criteria of this study were TBI patients 
ranged between 18 to 65 years old, a GCS score 
between 3 to 12 within the first 24 hours after 
TBI, and a vitamin D3 level<30 ng/mL.

Non-entry criteria were hypercalcemia 
(Ca>10.5 mg/dL), administration of corticosteroids, 
Non-Steroidal Anti-Inflammatory Drugs 
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(NSAIDs), and statins in the past two weeks, 
pregnancy and breastfeeding, history of vitamin 
D allergy, poor chance of survival, and patients 
with history of cancer, autoimmune disorders, 
liver diseases (Child-Pugh C), and End-stage 
renal disease (ESRD).

Study Protocol
The block randomization method considered 

for this study. TBI patients allocated (in five blocks 
in size of 6, 8, 10) into the intervention group and 
control group. Permuted block randomization 
was carried out by blocks generated by the sealed 
envelope website (https://www.sealedenvelope.
com/simple-randomiser/v1/lists).

Informed consent was obtained from each 
patient’s next of kin, before they were recruited 
into the study. Patients in the intervention and 
control groups were managed with the 2020 TBI 
Guideline.24 Once the patients were hospitalized 
and the inclusion criteria were met, they were 
randomly allocated to receive a single IM dose 
of 300,000 IU of vitamin D3 (DITHERCOL®, 
Daroupakhsh, Iran). During the study, patients’ 
GCS was recorded daily for up to 7 days. The 
serum level of vitamin D3 was obtained by 
measuring 25-OH vitamin D3 at baseline by 
Imam Hussein Hospital Laboratory using a 
chemiluminescence immunoassay. NLR and 
PLR were calculated and recorded on the first 
day and for seven consecutive days after ICU 
admission. The serum levels of IL-1 and IL-6 in 
each patient were checked the first and third 
days after entry into the study. To analyze serum 
cytokine levels, a 10-mL peripheral venous 
blood sample was taken from patients on 
admission and three days later. The serum was 
separated by a centrifuge and transferred into 
a -70 freezer. Demographic data including age, 
sex, mechanism of trauma, and past medical 
and drug history were recorded on admission. 
Clinical and laboratory values were recorded on 
the first day following the assignment and for 
seven consecutive days. The acute physiology 
and chronic health evaluation (APACHE II) 
score was calculated based on the information 
retrieved from the patients in ICU at the start 
of the study.25 We also assessed the Marshal 
and Rotterdam’s scores for each patient in the 
beginning of the study.

Following the collection of all samples, the 
IL-1β serum level was measured using a human 
ELISA kit demeditec® (Demeditec Diagnostics 
GmbH company, Germany) and IL-6 using 
a chemiluminescence immunoassay. Other 
parameters such as neutrophils, lymphocytes, 
and platelets were retrieved from the Hospital 
Information System (HIS). NLR was calculated 

as the ratio of absolute neutrophil numbers to 
lymphocyte numbers, and PLR was computed 
as the ratio of platelet counts to lymphocytes. 
Brain injuries were classified based on 
neuroradiological results of the admission 
computed tomography (CT) scans.

GOS-E is rated on an eight-point ordinal 
scale, from death (1) to good recovery (8). Three 
months after the patient was discharged from 
the hospital, the patient or their companion were 
called and this score was evaluated.26 

The primary endpoints in this trial were 
changes in IL-1β and IL-6 levels following 
intervention. Secondary outcomes were 
comparing changes in NLR, PLR, GCS and 
GOS-E scores between the intervention and the 
control group.

Sample Size
Based on the results of a previous study, mean 

and standard deviation of IL-6 in active group as 
6.37±4.25 and in control group as 11.04±4.02 
after intervention,27 at 5% significance (α=0.05) 
with 80% power (β=0.2), by a 15% probability 
of attrition rate, about 17 subjects in each group 
were employed (N total=34).

Statistical Analysis
The normality of the continuous variables was 

assessed using Shapiro-Wilk’s test. Mean±SD 
were used for reporting continuous variables, 
and frequency and percentage were used to 
describe categorical variables. 

To compare the mean of continuous 
variables between Vitamin D3 and Control 
groups, parametric or non-parametric tests 
such as student’s t test or Mann-Whitney U 
test were used. The equality of variances for 
continuous variables with normal distribution 
was assessed using Levene’s test. Chi square 
test or Fisher’s exact test was used to compare 
the difference between frequency of categorical 
variables. Paired t test or Wilcoxon signed-rank 
test based on normal distribution of continuous 
variables were employed to compare the paired 
continuous values such as IL-1β and IL-6 (before 
and after the intervention).

Ordinal regression model in univariate and 
multivariable levels was used for assessing 
effect of intervention on three-months Glasgow 
Outcome Scale-Extended (GOS-E) with 
considering confounder variables. 

A linear Generalized Estimating Equations 
(GEE) with exchangeable correlation structure 
was considered as repeated measurements 
to assess the changes in NLR, PLR, and 
GCS in seven days. Besides, for assessing 
the effect of intervention on mean changes of 
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NLR, PLR, and GCS, confounder variables and 
univariate and multivariable linear Generalized 
Estimating Equations (GEE) with exchangeable 
correlation structure was used. For selecting 
the best variables to enter the last multivariable 
models, stepwise selection method with 
backward approach (with P≤0.2) was used. 
Goodness of fit of last model was based on the 
smallest estimation of Quasi-likelihood under 
Independence Model Criterion (QIC). All of the 
statistical analysis performed at a significant 
level less than 0.05 with 95% confidence interval 
(CI) using STATA software version 14 (StataCorp 
LLC, College Station, TX 77845, USA).

Results

42 potential patients in the ICU were identified 
to participate in the study. The flow diagram 
of participants’ progress through the study is 
shown in figure 1. Seven patients, two in the 
intervention and five in the study’s control arms 
were excluded because of death before day 3 
and receiving corticosteroids. Ultimately, 35 
TBI patients based on inclusion criteria were 
recruited, 19 and 16 in intervention and control 
groups, respectively. All these patients were 
deficient in vitamin D3 levels. Table 1 shows 
the demographic, clinical, laboratory, and 

radiological findings upon admission. There 
were no statistically significant differences in 
Marshal and Rotterdam scores and type of TBI 
in the two arms of the study.

Cytokine analysis showed no significant 
difference in IL-1β and IL-6 at baseline in two 
groups (table 1). But three days after vitamin 
D3 administration, the mean values showed a 
reduction of IL-1β (10.90±4.53 in the vitamin 
D group and 11.64±4.56 in the control group, 
P=0.638) and IL-6 (61.05±93.73 in vitamin D 
group and 123.53±243.60 in the control group, 
P=0.389) in the intervention group compared 
to the control group. Analysis of within-group 
changes in IL-1β revealed a significant decrease 
in IL-1β levels from baseline to the third’s day of 
the study only in the intervention group (in the 
intervention group: -2.71±3.02, P=0.001 and 
in the control group: -0.14±3.70, P=0.876). In 
the case of IL-6, these within-group changes 
showed a significant decrease in the intervention 
group three days after the intervention (in the 
intervention group: -88.05±148.45, P=0.0001 
and in the control group: -35.54±175.79, 
P=0.325). Furthermore, a between-group 
analysis revealed that there was a statistically 
significant difference in the mean IL-1β levels 
in the vitamin D group following interventions 
compared to the control group (P=0.030). 

Figure 1: This figure represents the CONSORT flow diagram of the study.
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However, the mean differences in IL-6 levels 
between the two arms after three days of the 
study were not statistically significant (P=0.085) 
(table 2).

The GOS-E score analysis after three 
months was higher in the vitamin D3 group 
than in the control group (P=0.017). Patients in 
the vitamin D3 group were found to improve on 
the GOS-E scale three months after discharge, 

roughly five times more likely than the control 
group, according to the results in table 3 
after adjusting for the effects of confounding 
variables. (OR=5.38, 95% CI=1.08-26.71, 
P=0.039).

As shown in figure 2, 7 days after TBI, 
changes in the mean of NLR, PLR, and GSC 
was observed. The mean of NLR in vitamin D3 
group was statistically decreased (P=0.001). 

Table 1: Baseline demographic, radiologic, and clinical characteristics
Variables Vitamin D 

(n=19, 54.29%)
Control
(n=16, 45.71%)

Total
(n=35, 100%)

P value

Age (years) 37.68±13.39 38.12±15.11 37.88±13.99 0.986
Sex Female 1 (5.26) 3 (18.75) 4 (11.43) 0.212

Male 18 (94.74) 13 (81.25) 31 (88.57)
Vitamin D level (ng/mL) 15.95±8.13 17.84±5.34 16.81±6.96 0.432
Initial APACHE II score 7.57±1.80 9.87±3.03 8.62±2.66 0.013*
Marshal score 2.68±1.56 2.43±1.82 2.57±1.66 0.682
Rotterdam score 2.42±1.21 1.87±1.58 2.17±1.40 0.257
Type of traumatic brain injury (TBI) (Yes)
ICH 6 (31.58) 8 (50.00) 14 (40.00) 0.268
EDH 6 (31.58) 2 (12.50) 8 (22.86) 0.244
SDH 5 (26.32) 2 (12.50) 7 (20.00) 0.415
SAH 1 (5.26) 2 (12.50) 3 (8.57) 0.582
Contusion 2 (10.53) 1 (6.25) 3 (8.57) 1.000
Depressed fracture 1 (5.26) 2 (12.50) 3 (8.57) 0.582
DAI 2 (10.53) 1 (6.25) 3 (8.57) 1.000
IVH 1 (5.26) 3 (18.75) 4 (11.43) 0.312
Biomarkers Baseline IL-1β (pg/mL) 13.62±5.24 11.78±4.55 12.78±4.95 0.282

Baseline IL-6 (pg/mL) 149.11±230.07 159.08±251.81 153.66±236.69 0.642
Values described as mean±SD or n (%). *Statistically significant, P<0.05; P value is based on student’s t test or Mann-Whitney 
U test for comparing means and Chi square or Fisher’s exact tests for comparing frequencies. APACHE II: Acute Physiology 
and Chronic Health Evaluation II; ICH: Intracranial Hemorrhage; EDH: Epidural Hemorrhage; SDH: Subdural Hemorrhage; 
SAH: Subarachnoid Hemorrhage; DAI: Diffuse Axonal Injury; IVH: Intraventricular hemorrhage

Table 2: Changes in IL-1β and IL-6 before and after the intervention between groups
Biomarkers Mean±SD difference Paired comparison,  

P value2
Between groups 
comparison3 for IL-1β

Between groups 
comparison3 for IL-6

Vitamin D group 0.030* 0.085
1Difference of IL-1β -2.71±3.02 0.001*
Difference of IL-6 -88.05±148.45 0.0001*
Control group
1Difference of IL-1β -0.14±3.70 0.876
Difference of IL-6 -35.54±175.79 0.325
Values described as mean±SD. 1Difference: Value after–value before; 2Comparison of before intervention value with after 
intervention value (paired comparison) based on paired t test or Wilcoxon signed-rank test. 3Comparison of difference values (IL-
1β or IL-6) between two groups of intervention based on student’s t test or Mann-Whitney U test. *Statistically significant, P<0.05

Table 3: Effect of intervention on three-month Glasgow Outcome Scale-Extended (GOS-E) based on univariate and 
multivariable ordinal regression
Variables Crude OR1 (95% CI) P value Adjusted OR (95% CI) P value
Age (years) 0.98 (0.94–1.02) 0.409 0.97 (0.92–1.01) 0.229
Sex Female Reference 0.074 Reference 0.010*

Male 0.12 (0.01–1.22) 0.04 (0.004–0.47)
Groups Control Reference 0.016* Reference 0.039*

Vitamin D 4.88 (1.33–17.85) 5.38 (1.08–26.71)
Baseline Vitamin D (ng/mL) 1.04 (0.95–1.14) 0.326 1.08 (0.98–1.20) 0.110
Baseline APACHE II score 0.53 (0.38–0.73) <0.001* 0.56 (0.40–0.78) 0.001*
*Statistically significant, P<0.05; 1Odds Ratio, 95% Confidence Interval based on ordinal regression



Effect of high dose vitamin D3 on inflammatory markers

Iran J Med Sci 7

In addition, there was a significant interaction 
effect between time and interventional groups in 
NLR factor (P=0.001). Mean of PLR significantly 
changed in both groups through intervention 
period, and the interaction effect between two 
groups was significant (P<0.001). Mean of GCS 
in vitamin D group was statistically increased 
(P=0.001). Moreover, the interaction effect 
between time and interventional groups in GCS 
was statistically significant (P=0.001) (figure 2).

Table 4 shows the effect of the intervention 
on changes in NLR, PLR, and GCS. In univariate 
model analysis, the average of NLR and PLR 
were significantly decreased, and the mean 
GCS was significantly increased in the vitamin 
D group compared with the control group. 
The results from multivariate model analysis 
revealed a statistically significant association 
between the intervention group and the changes 
in the average of NLR and PLR even after 
accounting for confounding factors such as age, 
sex, baseline vitamin D levels, and admission 
APACHE II score. Thus, the vitamin D group 
had a mean NLR reduction of approximately four 
units (β=-3.78, 95% CI=-6.21–-1.36, P=0.002) 
and a mean PLR reduction of approximately 
65 units (β=-64.63, 95% CI=-103.96, -25.30, 
P=0.001) compared to the control group. For the 
GCS factor, the mean of this scale increased by 
approximately one unit in the vitamin D group 
compared to the control group. Still, this increase 
was not statistically significant (P=0.102). 

There was no statistically significance 
difference in 28-day mortality rate (0% vs. 12.5%, 

P=0.202), length of ICU stay (11.37±5.95 vs. 
12.70±6.47, P=0.571), and need for mechanical 
ventilation (78.95% vs. 75%, P>0.999) between 
the vitamin D and control groups, respectively.

Discussion

In this open-labeled randomized controlled study, 
our main findings were a significant decrease in 
IL-1β and IL-6 levels from baseline to day three 
of the study in the intervention group compared 
to the control. Seven days after intervention, the 
improvement in the GCS score and reduction 
in NLR and PLR was found to be greater in 
the vitamin D3 group than in the control group. 
The improvement of GOS-E score compared to 
control group was recorded.

It is well accepted that cytokine levels, 
i.e., TNF-α, IL-1β, and IL-6, increase after 
a severe injury and indicate the extent of 
systemic inflammation.6 IL-1β and TNF-a 
induce activation of the inflammatory cascade 
after TBI and adversely affect improvement in 
trauma patients. Among these cytokines, IL-1β 
is a potent proinflammatory biomarker whose 
expression increases rapidly after injury.28 Our 
study’s findings demonstrated that vitamin D3 
supplementation decreased cytokine levels. 
Although the decrease in the level of cytokines on 
day 3 of the study was not statistically significant, 
the difference in levels of IL-1β and IL-6 between 
baseline and day three in the supplement group 
was significantly different from the control group. 
The results of a study on TBI patients, recorded a 

Figure 2: Changes in the mean of NLR, PLR, and GCS between the two groups during study.

Table 4: Results of univariate and multivariable linear generalized estimating equation about effect of intervention on mean 
changes of NLR, PLR, and GCS during study
Factors Groups Model 1

Crude ß1 (95% CI)
P value Model 2

Adjusted ß (95% CI)
P value

NLR Control Reference 0.002* Reference 0.002*
Vitamin D -3.07 (-5.02–-1.12) -3.78 (-6.21–-1.36)

PLR Control Reference 0.016* Reference 0.001*
Vitamin D -45.95 (-83.35–-8.55) -64.63 (-103.96–-25.30)

GCS Control Reference 0.044* Reference 0.102
Vitamin D 1.12 (0.03–2.22) 0.97 (-0.19–2.13)

1Coefficient (ß), 95% Confidence Interval based on linear GEE; Model 1: Intercept, groups; Model 2: intercept, sex, age, 
groups, initial Vitamin D concentration, initial APACHE II score 
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noticeable reduction in inflammatory biomarkers 
in the vitamin D-treated group (IL-6 P=0.08, 
TNF-α P=0.02, IL-2, P=0.36).8 After seven 
days of vitamin D3 administration, a significant 
decrease in NLR and PLR was observed in the 
intervention group. In a preclinical trial, which 
demonstrated a protective effect of vitamin D3 
supplementation on some inflammatory indices, 
there was a significant decrease in NLR after 
vitamin D supplementation in the normal diet 
rats.29 These results demonstrated the anti-
inflammatory and immunomodulatory effects of 
vitamin D during the acute phase of TBI. 

Our study detected a significant increase in 
GCS levels. The results of a randomized clinical 
trial on 35 moderate to severe TBI patients in 
India showed an improvement in the level of 
consciousness after seven days in the vitamin 
D3-treated group compared with the placebo.8 
In an analysis of the performance outcome, 
the vitamin D3 group were found to achieve a 
greater GOS-E score at 3 months post-TBI 
than the control group; these results agree with 
the data of a recent retrospective study. The 
study’s authors indicated that the GOS-E score 
significantly improved from the first week to 
three months post mild to moderate TBI in the 
patients with vitamin D3 supplementation.22 A 
prospective study of 497 ICU patients concluded 
that vitamin D deficient patients had significantly 
lower GOS scores than the vitamin D sufficient 
group three months after hospital discharge.30 
Another retrospective study by Jamall and 
colleagues indicated that vitamin D deficiency 
is common in TBI patients and is associated 
with cognitive impairment and more severe 
depressive symptoms.19 All patients in our study 
had vitamin D deficiency. Vitamin D deficiency 
may be one of the several culprits for the long-
term outcome and cognitive performance of TBI 
patients. 

As far as we know, clinical studies of vitamin 
D in head injury patients are very limited, and the 
optimum dosage, treatment duration, and route of 
administration are unknown. Numerous studies 
have been done on the effects of high vitamin 
D3 doses in critically-ill patients. Research by 
Miri and colleagues showed that a 300,000-unit 
vitamin D3 injection given via the IM route could 
effectively reduce the duration of mechanical 
ventilation and mortality rate in ICU.31 In another 
study, Miroliaee and colleagues revealed that 
vitamin D supplementation (300,000 units) could 
significantly lower procalcitonin in ventilator 
associated pneumonia (VAP) patients without 
any significant adverse events, and should be 
considered as a preventive and/or therapeutic 
strategy.32 

In our study, a single IM dose of 300,000 
units of vitamin D3 was administered, which is 
considered a high dose.

Finally, it must be noted that major limitation 
of this study was the single-center design. 
Additional research with a longer follow-up is 
advised.

 
Conclusion

This study demonstrated that administration of 
high-dose vitamin D3 in the acute phase of TBI 
could effectively lower the inflammatory markers 
and favorably affect the level of consciousness 
and long-term performance outcomes. To 
bolster these findings, additional research with 
a multi-center design is needed.
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