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The Effect of Vitamin D Supplementation in Patients with Acute Traumatic Brain Injury
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OBJECTIVE: To investigate the acute and long-term
effects of vitamin D supplementation on the recovery of
patients with traumatic brain injury (TBI).

METHODS: A retrospective study was conducted
involving 345 patients with TBI who visited a single trauma
center. Vitamin D serum levels were measured without
supplementation at admission, 1 month, and 3 months post-
TBI (control group) from August to December 2016. From
January 2017, vitamin D supplementation was provided to
patients with TBl with low vitamin D serum levels at
admission (supplement group). The outcomes were inves-
tigated by assessing performance function (Extended
Glasgow Outcome Scale) and cognitive function (Mini-
Mental Status Examination, and Clinical Dementia Rating)
at 1 week and 3 months post-TBI.

RESULTS: The mean vitamin D serum level in patients
with TBI at admission was 13.62 + 9.01 ng/mL. The level
significantly increased from 14.03 + 8.68 ng/mL at admis-
sion to 37.42 + 12.57 ng/mL at 3 months post TBI in the
supplement group (P < 0.001). The cognitive outcomes
(Mini-Mental Status Examination/Clinical Dementia Rating,
P = 0.042/P = 0.044) and GOS-E score (total TBI,
P = 0.003; mild-to-moderate TBI, P = 0.002) significantly
improved from the first week to 3 months post TBI in the
patients with vitamin D supplementation.

CONCLUSIONS: Administration of vitamin D supple-
ments in mild-to-moderate TBI patients with significant
vitamin D deficiency during the acute phase of the injury

outcomes. Therefore, the treatment strategies should be
individually planned for the patients with TBI based on
their baseline vitamin D level.

INTRODUCTION
‘ ’ itamin D is a group of fat-soluble secosteroids responsible

for increasing intestinal absorption of calcium, magne-

sium, and phosphate, as well as for multiple other
biological effects.” For humans, the most important compounds of
this group are vitamins D3 and D2, also referred to as
cholecalciferol and ergocalciferol, respectively.”?> Both com-
pounds can be obtained from a healthy diet and supplements.>*
Cholecalciferol is converted in the liver to calcifediol
(25-hydroxycholecalciferol). The metabolite from this reaction,
25-hydroxyvitamin D3 (25-OH vitamin D3), is measured in the
serum to determine an individual’s vitamin D status.>® Vitamin D
regulates the proliferation and function of immune cells, such as
dendritic cells, macrophages, and lymphocytes, and has been
actively studied in the fields of cardiology and oncology.®® When
administered to patients with osteoporosis, vitamin D supple-
ments reportedly increase bone formation, thereby inducing
calcium regulation and hormonal changes and consequently
reducing the risk of facture.”™ Neurobiological research has
further revealed an association between vitamin D and schizo-
phrenia by means of the metabolism of a substance similar to
proline as well as an association between vitamin D and the
neuroprotective effect against cognitive decline and dementia.”™
Head trauma is divided into primary and secondary injuries

may improve long-term performance and cognitive according to the time of injury; the former is caused by the insult
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from the initial injury, whereas the latter corresponds to any
additional injuries that occur after and as a consequence of the
primary injury.”®" Secondary injury is primarily accounted for by
edema induced by the immune response and free-radical damage
to neural cells, which is associated with the release of calcium
jons.”® As vitamin D is involved in the regulation of
calcium ions, the immune response, and the generation of oxygen
free-radicals,*® vitamin D supplements administered in the acute
phase of the injury may attenuate the secondary injury. Testing
this hypothesis, some studies in animals have demonstrated that
vitamin D is effective in improving recovery from traumatic brain
injury (TBI).* This study was therefore conducted to investigate
the effects of vitamin D supplementation on the patients who
were admitted during the acute phase of a TBI.

MATERIALS AND METHODS

This study was approved by the institutional review board, and the
need for informed consent was waived.

Study Design

The present retrospective study included 476 patients who were
treated for TBI at a single regional trauma center between August
2016 and December 2017. The inclusion criteria were as follows:
patients who visited the emergency department with TBI, patients
who were admitted to the neurosurgery department with the
largest injury-severity score for the head, and patients whose
serum level of vitamin D was assessed immediately after arrival to
the emergency department.”* Among the 476 patients with TBI, 73
were excluded due to poly-trauma with TBI, 20 on account of
death in the emergency department, and 38 due to their vitamin D
serum level not having been checked immediately after arrival to
the emergency department. Finally, 345 patients were enrolled in
this study.

Serum Level of Vitamin D

The serum levels of vitamin D were obtained by measuring 25-OH
vitamin D3.3 The reference range for serum 25-OH vitamin D3 was
30—50 ng/mL, whereas vitamin D deficiency was defined as a
serum level of less than 30 ng/mL.**** Control data were collected
from August to December 2016, which corresponded to serum
level of vitamin D checked immediately after a patient’s arrival to
the emergency department. No supplements were administered to
these patients, even if the recorded serum level was outside the
reference range. Supplementation data were collected from
January 2017 to December 2017. If a patient exhibited a vitamin D
deficiency, cholecalciferol was immediately injected at 100,000 IU
intramuscularly; if oral medication was possible on the day
following intramuscular injection, o.5 pg/day of alfacalcidol was
also administered.” Each patient’s serum level of vitamin D was
checked at 1 and 3 months after TBI. It was adjusted by
administering alfacalcidol in cases in which it was outside the
reference range. However, vitamin D supplementation was not
performed when the patient exhibited a renal disease or
hypercalcemia owing to the risk of hypercalcemia associated
with vitamin D supplementation.

Clinical Data Collection

The patients’ clinical information was obtained via retrospective
chart reviews. The data included sex, age, trauma mechanism,
history of diabetes, hypertension, dyslipidemia, end-stage renal
disease, smoking, alcoholism, education level, patient’s job, and
initial score on the Glasgow Coma Scale. The trauma mechanism
was classified as one of the following depending on the cause of
the traumatic incident: a car traffic accident (TA; driver or pas-
senger), motorcycle TA, bicycle TA, pedestrian TA, cultivator
accident, fall, slip, head collision, or an assault. Consumption of
more than 14 standard drinks per week or 4 drinks per day was set
as a criterion to determine alcoholism.*® Education level was
classified based on the degree of education attained: none,
elementary, middle, high school, or college and greater. The
patient’s job was classified as none, production worker, office
worker, service industry, or student. Initial Glasgow Coma Scale
score was defined as the score obtained at the time of patients’
arrival to the emergency department after their accident.

Outcomes and Follow-Up

Outcomes were divided into performance and cognitive functions.
The former was based on the Extended Glasgow Outcome Scale
(GOS-E) classification and was assessed at 1 week and 3 months
after TBL.>” Data were reviewed by 3 neurosurgeons for accurate
GOS-E classification and discussed in case of conflicting opin-
ions. Cognitive function was classified on the basis of Mini-Mental
Status Examination (MMSE) and Clinical Dementia Rating (CDR)
at 1 week and 3 months after TBL.>**° However, because we were
unable to measure cognitive function for the patients with the
most severe TBI, cognitive function was measured only in patients
with mild-to-moderate TBI.

Statistical Analyses

Statistical analyses were performed using SPSS, Version 21.0 (IBM
Corp., Armonk, New York, USA). The relationship between the
serum level of vitamin D and GOS-E score at 1 week after TBI was
analyzed by the Pearson correlation analysis or the Spearman
analysis depending on the distribution of the data. In addition, the
Student t test was applied to the relationship between the serum
level of vitamin D and mortality. In the subgroup analysis of
patients who underwent a 3-month follow-up, baseline charac-
teristics were assessed and compared between the 2 groups
(supplement vs. control) by using the % test, Fisher’s exact test,
linear by linear test, Student t-test, or Mann—Whitney U test. The
paired t test was used to analyze the change in serum level of
vitamin D across the 3 months. For the analysis of the serum level
of vitamin D and the comparison of the change in performance
and cognitive functions between the 2 groups, the repeated
measured analysis of variance test was used. For all analyses, P
values of <o.05 were considered statistically significant.

RESULTS

The mean value of serum levels of vitamin D in the 345 patients
with TBI at admission was 13.62 £ g.or ng/mL. Most patients had
vitamin D deficiency, and only 18 patients (5.2%) had a serum
level of vitamin D within the reference range. The mean GOS-E
score at the first week post-TBI was 5.87 &+ 2.30. There was no
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significant correlation between the serum level of vitamin D and
GOS-E score (P = 0.080).

The initial serum level of vitamin D and first week post-TBI
GOS-E score in the severe TBI group (n = 66) were 10.38 + 7.61
ng/mL and 3.25 £ 2.31, respectively; these values for the mild-to-
moderate TBI group (n = 279) were 14.38 £ 9.15 ng/mL and 6.49
+ 1.80, respectively. There were no significant correlations
between the initial serum levels of vitamin D and GOS-E score in
the 2 groups (severe group, P = 0.980; mild-to-moderate group,
P = 0.923), nor was there a significant correlation between the
initial serum level of vitamin D and MMSE score (20.71 + 7.86,
P = 0.994) or CDR (0.98 + 1.11, P = 0.974) in the mild-to-
moderate TBI group.

Mortality occurred in 25 (7.2%) cases. The initial serum levels of
vitamin D in the deceased and surviving patients were 13.81 + 8.77
ng/mL and 11.52 £+ 11.60 ng/mL, respectively; the difference
between these 2 values was not statistically significant.

In the analysis of the 244 patients who underwent the 3 months
of follow-up, 180 patients received supplementation with vitamin
D, whereas 64 were classified as controls without supplementa-
tion. Serum levels of vitamin D significantly increased from 14.03
+ 8.68 ng/mL at admission to 37.42 + 12.57 ng/mL at 3 months
post-TBI in the supplement group (P < 0.001) and from 13.57 +
9.12 ng/mL at admission to 16.77 £ 1.52 ng/mL at 3 months post-
TBI (P = o0.021) in the control group. Thus, the increase in the
serum level of vitamin D was greater in the supplement group than
in the control group (P < o.oo1) (Table 1). There was no
significant difference between the 2 groups in any of the
baseline characteristics (Table 2).

Concerning the performance outcome of all the patients who
attended the 3-month follow-up, there was no significant differ-
ence between the GOS-E score of the supplement (6.35 £ 1.75) and
control groups (6.53 & 1.78) at the first week post TBI (P = 0.471).
In addition, there was no significant difference between the GOS-
E score of the supplement (4.65 + 2.03) and control groups (4.64
=+ 2.02) at the first week post TBI among patients with severe TBI
who attended the 3-month follow-up (P = 0.992), nor was there a
significant difference between the GOS-E score of the supplement
(6.90 £ 1.41) and control groups (6.75 £ 1.40) at first week post
TBI among patients with mild-to-moderate TBI with 3 months of
follow-up (P = 0.503). The supplement group attained a greater
GOS-E score at 3 months post-TBI than did the control group;
however, there was no statistically significant difference between
the 2 groups across all TBI conditions (total TBI, P = 0.471; severe

Table 1. Comparison of the Serum Levels of Vitamin D at the ‘

Time of Admission and 3 Months Post-TBI in the Supplement
and Control Groups

Vitamin D Level, 3 Months

ng/mL Admission Post-TBI P Value
Control group (n = 64) 13.57 £ 9.12 16.77 £+ 1.52 0.021
Supplement group 14.03 £ 8.68 37.42 + 12.57 <0.001

(n=180)

TBI, traumatic brain injury.

Table 2. Comparison of Baseline Characteristics Between the

Vitamin D Supplement and Control Groups

Control Supplement
Group Group
(n = 64) (n = 180) P Value
Sex (male) 53 (82.8%) 132 (73.3%) 0.173
Age, years 5591 + 17.81 56.76 + 16.16 0.724
Trauma mechanism 0.377
Traffic accident
Driver 8 (12.5%) 10 (5.6%)
Passenger 2 (3.1%) 12 (6.7%)
Pedestrian 8 (12.5%) 24 (13.3%)
Bicycle 5 (7.6%) 10 (5.6%)
Motorcycle 8 (12.5%) 25 (13.9%)
Fall 8 (12.5%) 24 (13.3%)
Slip 21 (32.8%) 55 (30.6%)
Head collision 3 (4.7%) 18 (10.0%)
Assault 1(1.6%) 2 (1.1%)
Diabetes 9 (14.1%) 37 (20.6%) 0.273
Hypertension 24 (37.5%) 68 (37.8%) 1.000
Dyslipidemia 8 (12.5%) 26 (14.4%) 0.835
ESRD 0 1(0.6%) 1.000
Smoking 28 (43.8%) 59 (32.8%) 0.130
Alcohol abuse 13 (20.3%) 47 (24.6%) 0.401
Education level 1.000
No 0 4(2.2%)
Elementary school 14 (21.9%) 36 (20.0%)
Middle school 9 (14.1%) 35 (19.4%)
High school 33 (51.6%) 67 (37.2%)
Abave college 8(12.5%) 38 (21.1%)
Job 0.155
No 19 (29.7%) 64 (35.6%)
Production worker 24 (37.5%) 70 (38.9%)
Office worker 7 (10.9%) 19 (10.6%)
Service occupations 10 (15.6%) 23 (12.8%)
Student 4 (6.3%) 4 (2.2%)
Serum level of vitamin D 1357 £+ 9.12 14.03 + 8.68 0.720
at admission, ng/mL
Initial GCS' 12.36 + 3.11 13.14 £+ 2.89 0.070
ESRD, end-stage rental disease; GCS, Glasgow Coma Scale.

TBI, P = 0.286; mild-to-moderate TBI, P = o.191; Table 3). The
patients who received supplementation in the total TBI
(P = 0.003) and mild-to-moderate TBI (P = o0.020) groups
showed a significant improvement in the recovery rate of GOS-E

WORLD NEUROSURGERYMR:E1-E6, B 2019

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY E3


www.journals.elsevier.com/world-neurosurgery

JONG MIN LEE ET AL.

ORIGINAL ARTICLE

VITAMIN D AND TRAUMATIC BRAIN INJURY

Table 3. Comparison of Performance Outcome Between the ‘

Vitamin D Supplement and Control Groups at Different Severity
Levels of TBI

Control Group Supplement Group
(n = 64) (n = 180) P Value

Total TBI

1 week 6.53 + 1.78 6.35 + 1.75 0.471

3 months 6.81 + 1.70 7.16 + 1.40 0.113
Severe TBI

1 week 464 £ 2.02 465 + 2.03 0.992

3 months 529 + 2.23 6.13 + 1.96 0.286
Mild or moderate TBI

1 week 6.90 + 1.41 6.75 + 1.40 0.503

3 months 720 £1.23 743 +1.09 0.191
TBI, traumatic brain injury.

score from the first week to 3 months post-TBI. However, patients
with severe TBI (P = o0.321) demonstrated no significant
improvement in the GOS-E score.

With respect to cognitive outcome, there was no significant
difference in the MMSE score between the supplement and control
groups at first week post TBI (P = 0.981). However, MMSE score
of the supplement group at 3 months post TBI (24.1 £ 7.3) was
significantly greater than that of the control group (21.6 * 8.3;
P = 0.045; Table 4). In addition, the recovery rate of MMSE score
from first week to 3 months was significantly greater in the
supplement group than in the control group (P = 0.042). In the
analysis of CDR, there was no significant difference between the
supplementary and control groups at both the first week
(P = o0.059) and 3 months post-TBI (P = 0.781) (Table 4).
However, the recovery rate of CDR was significantly greater in
the supplement group than in the control group (P = 0.044).

! " \
Table 4. Comparison of Cognitive Outcome Between the

Vitamin D Supplement and Control Groups in Patients with Mild-
to-Moderate TBI

Control Group Supplement Group
(n = 64) (n = 180) P Value

MMSE

1 week 197 £ 75 206 £ 85 0.981

3 months 216 £83 241 £73 0.045
CDR

1 week 0.94 + 1.10 1.10 + 1.13 0.059

3 months 0.90 + 1.23 0.82 £ 1.01 0.781
TBI, traumatic brain injury; MMSE, mini-mental status examination; CDR, clinical

dementia rating.

DISCUSSION

Several Korean studies have reported that only 13.2% and 6.7% of
Korean men and women, respectively, have a sufficiently high
serum level of vitamin D, and that the widespread vitamin D
deficiency is more severe among younger populations due to their
indoor lifestyle. Consequently, researchers recommended that
policies concerning food fortification and vitamin D supplemen-
tation should be made more aggressive.?° At first, the patients in
the present study were observed to have vitamin D deficiency but
recovered with vitamin D supplementation. Although the serum
levels of vitamin D also increased in patients who did not
receive supplements, they were still below the recommended
range. Such an increase may be attributed to the patients having
spent more time outdoors after discharge.

In addition, we found no association between the initial serum
level of vitamin D and the first-week performance or cognitive
outcome of the 345 patients with TBI who participated in the overall
study. These results suggest that the initial serum level of vitamin D
is not associated with the recovery in the acute phase. It might also
not be significantly related with the performance or cognition before
the accident. Therefore, the hypothesis that a patient with a low
serum level of vitamin D before an accident will also exhibit bad
performance and cognition before the accident can be ruled out.

The analysis of the patients who underwent the 3-month
follow-up revealed no statistical difference in any of the baseline
characteristics between the supplement and control groups. The
data on the comparison between the 2 groups is therefore reliable.

In our analysis of the performance outcome, we found no dif-
ferences among total, severe, and mild-to-moderate TBI patients
in the initial serum level of vitamin D and GOS-E score at the first
week post TBL. However, although not statistically significant, the
GOS-E at 3 months post-TBI was greater in the supplement group
than in the control group. Regarding the recovery rate of GOS-E
score, the total TBI and mild-to-moderate TBI patients who
received supplements featured a greater degree of recovery at 3
months than did the control group. However, supplementation
did not influence the recovery rate of GOS-E score for the patients
with severe TBI. These results suggest that the administration of
vitamin D supplements to patients with mild-to-moderate TBI
does not improve recovery in the short term but does in the long
term. In addition, the fact that the majority of the subjects
belonged to the mild-to-moderate TBI group may account for the
recovery observed in the total TBI group.

The neurologic outcome of patients is reportedly affected by the
levels of excitatory amino acids, an increase in intracellular levels
of calcium and free radicals that induce apoptosis, or necrosis of
nerve cells several days or weeks after the primary injury.’®'
Vitamin D supplementation already has been incorporated into a
variety of treatments, such as chemotherapy and immunotherapy,
as it has a positive effect on calcium-ion regulation, immune
response, and regulation of the free radical production.®® How-
ever, it seems to be ineffective in helping patients to recover from
the immense injury-induced destruction of neuronal cells and the
vast release of related metabolites, as vitamin D supplementation
did not improve the outcomes of patients with severe TBI.

Concerning the analysis of the cognitive function in patients
with mild-to-moderate TBI, supplementation did not influence the
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MMSE score and CDR from the first week post-TBI; however, the
MMSE of the supplement group improved significantly by 3
months post-TBI. In addition, we confirmed that the recovery
rates of MMSE score and CDR were greater in the supplement
group.

Pathologic research has revealed that post-traumatic dementia
is caused by the deposition of amyloid precursor proteins, tau
proteins, and neurofibrillary tangles in the cortex.>"3* A recent
study reported that vitamin D affects the production and inhibi-
tion of some metabolites related to the occurrence of mood dis-
order or schizophrenia.”® Although the mechanism by which
vitamin D supplementation affects cognitive dysfunction remains
unknown, it may be possible to reduce the incidence of
cognitive impairment by attenuating the protein synthesis or
deposition that underlies the post-traumatic dementia.*®>* To
completely elucidate the mechanism of post-traumatic dementia
and thereby inform such therapeutic strategies, additional
research on the correlation of the condition with vitamin D sup-
plementation and the synthesis or deposition of proteins that
induce dementia is required.

Limitations

This study is subject to several limitations. Our investigation
features the drawbacks of selective bias and compound effect
inherent to retrospective analyses. However, as there was no sig-
nificant difference in baseline characteristics between the sup-
plement and control groups, the potential bias of the results is
likely minimal. Second, the number of patients in the supplement
group was about 3 times than that of the control group, which may
have affected the results. However, there was no statistically sig-
nificant difference in the baseline characteristics between the 2
groups. Thus, the effect on the outcome is expected to be small.
Third, the number of patients in the control group who were
involved in a car accident as a driver was twice that in the sup-
plement group. The TBI following a car accident is diffuse and
may negatively affect the functional outcome and, hence, the GOS
score. However, there was no statistical difference between the 2
groups with respect to the trauma mechanism. Moreover, the
number of driver TAs was greater in the control group, whereas
that of the passenger TAs was greater in the supplement group.
With car TA as the cause of TBI, the number of cases was similar
between the 2 groups. Therefore, we believe that the effect of a
greater number of driver TA in the control group on our result was
small. In addition, the educational levels of the 2 groups varied,
that may have affected the cognitive outcome. Thus, a subgroup

analysis was performed between the patients who were classified
as above-college and high-school groups. The results indicated
that the MMSE score was significantly greater in the above-college
group at the first week post-TBI (high school vs. above college,
20.86 £ 8.06 vs. 23.96 £+ 6.31, P = 0.007), and at 3 months post-
TBI (23.63 & 7.75 vs. 27.12 £ 5.29, P = 0.003); however, CDR was
greater in the high-school group at the first week post-TBI (0.996
+ 1.200 vs. 0.736 + 1.022, P = 0.171), and at 3 months post-TBI
(0.798 £ 1.092 vs. 0.464 £ 0.893, P = 0.087). However, there
was no significant difference in the recovery rates of the MMSE
score (2.83 + 5.88 vs. 3.29 &+ 4.72, P = 0.659) and CDR (0.230 +
0.792 vs. 0.298 + 0.741, P = 0.643) between the 2 groups.
Moreover, the difference in level of education was not statistically
significant between the supplement and control groups. There-
fore, we believe that it may have had only a small effect on the
results of cognitive recovery.

Fourth, although GOS-E score at 3 months post-TBI was greater
in the supplement group than in the control group, there was no
statistically significant difference in GOS-E score between the 2
groups at 1 week or 3 months post-TBI. However, the recovery
rates of MMSE score and CDR of patients with mild-to-moderate
TBI were greater in the supplement group. Since the performance
and the cognitive outcomes affect one another, the recovery rate of
the GOS-E score may have actually increased. Fifth, mortality
cases, which accounted for 40% of patients with severe TBI, that
had included a 3-month follow-up were excluded from the patient
data. This may have affected the outcomes of severe TBI and total
TBI groups. Therefore, a subgroup analysis of mortality cases was
performed. Mortality was not correlated with the initial serum
levels of vitamin D, and there was no significant difference in the
numbers of mortality cases between the supplement (n = 19,
7.4%) and control groups (n = 7, 7.9%; P = 1.000). A randomized
controlled trial involving a large-scale multicenter study should be
conducted in the future to collect data concerning the long-term
effects of vitamin D supplementation in cases of severe TBIL.

CONCLUSIONS

Administration of vitamin D supplements to patients with mild-to-
moderate TBI with significant vitamin D deficiency during the
acute phase of the injury may improve the long-term performance
and cognitive outcomes. Therefore, treatment strategy should be
individually planned for the patients with TBI based on their
baseline vitamin D level.
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