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Abstract

Background: Clinical studies have reported improved
neurological outcomes in patients who were taking
vitamin D supplements. This study investigates the effect
of intramuscular (IM) vitamin D supplementation in
patients with acute ischemic stroke (AIS) on neurological
outcomes and inflammatory marker levels.

Methods: This study included patients diagnosed
with AlS (n = 60) from the Neurology Unit of Loghman
Hakim Hospital, Tehran, Iran, during the year 2019.
Patients with AIS were allocated randomly into two
groups who received a single dose of 300000 IU IM
vitamin D and a control group that did not receive
vitamin D supplementation. Serum vitamin D
concentration, interleukin 6 (IL-6), and tumor necrosis
factor alpha (TNF-a) levels, as primary outcomes, and
the Modified Rankin Scale (MRS), the National Institute

of Health Stroke Scale (NIHSS), and the Mini-Mental
State Examination (MMSE), as secondary outcomes,
were measured at the baseline and the end of the
study (6 weeks).

Results: Eventually, 59 patients with AIS completed
the intervention study. A single dose of 300000 IU
increased vitamin D level; moreover, vitamin D
supplementation improved MRS and IL-6 levels
significantly (P = 0.01, P = 0.02, respectively). There
were reverse correlations between serum vitamin D
and NIHSS and TNF-a after vitamin D administration.
However, no statistically significant effect of vitamin D
on the TNF-a or NIHSS and MMSE was seen compared
to the control group.

Conclusion: Vitamin D probably due to a single dose
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and short duration of administration, as well as a short
follow-up period, had no favorable effects on TNF-a
level and NIHSS score.

Introduction

Vitamin D deficiency is prevalent in patients with
stroke, and as shown in previous studies, it
preceded stroke. In previous meta-analyses,
vitamin D deficiency was associated with an
increased risk of stroke! and poor functional
outcome, as well as a rise in all-cause mortality of
1.86-fold and 3.56-fold, respectively.? Recent
studies have linked the 25-hydroxyvitamin D
[25(OH)D] deficiency to functional impairments
and poor survival outcomes.’4 Vitamin D
deficiency also increases the severity of stroke
associated with an increase in the National
Institute of Health Stroke Scale (NIHSS) index.5
Inflammation is considered to be a risk factor for
ischemic strokes. Various literature proposes that
vitamin D may exert anti-inflammatory markers, so
that its deficiency is correlated with poorer outcomes
in patients with acute stroke.® The neuroprotective
ability of pretreatment with 1a,25-dihydroxyvitamin
D3 [1a,25(0OH)2D3] has been demonstrated in several
in vivo and in vitro studies. In a rat model of cerebral
ischemia caused by middle cerebral artery (MCA)
ligation, pretreatment with 1,25(OH)2D for eight
days was correlated with a significant decrease in
ischemic brain infarction volume.” A low serum level
of vitamin D has been linked with cognitive decline;?
also, vitamin D deficiency in the short-term phase of
ischemic stroke was associated with a higher
incidence of 1-month cognitive impairment.® Also,
there is increasing evidence showing that vitamin D
deficiency is linked to an increased risk of stroke
“evolution” 10 A recent study showed a significant
improvement in stroke patients’ outcome after
administering vitamin D for three months. They
concluded that screening for vitamin D deficiency in
patients with stroke was essential, and vitamin D
replenishment would improve the stroke outcome.1
In this study, vitamin D level was not measured at the
time of assessing the outcome of stroke after three
months and alteration in the inflammatory markers
and cognitive impairment was not paid attention.
Randomized controlled trials (RCTs) are limited
and have not been sufficiently driven to detect the
association between vitamin D supplementation
level and severity of the stroke; also, its
inflammatory aspects are still unclear.'1> To the
best of our knowledge, there is no clinical trial study
that has investigated the association between
inflammatory markers, cognitive impairment, and
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vitamin D level. Hence, in this study, we attempted
to define whether a single dose of vitamin D
supplementation affected the tumor necrosis factor
alpha (TNF-a) and interleukin 6 (IL-6) levels as the
serum markers of inflammation as well as clinical
status of patients with ischemic stroke.

Materials and Methods

Study design and ethics statements: The study has
been approved by the Ethics Committee of Shahid
Beheshti University of Medical Sciences, Tehran,
Iran (ethics committee number:
IR.SBMU.RETECH.REC.1397.642). Furthermore,
this double-blind randomized controlled clinical
trial was registered in the Iranian Registry of
Clinical Trials (number: IRCT20170104031773N2).

Sample size: G'Power software version
3.1 (Erdfelder, Faul, and Buchner, 1996) was
employed to estimate the sample size. The below
values were assumed to estimate the sample size.
Effect size was equal to 1.65, obtained from
previous studies,! a error probability was equal to
0.05, and {3 error probability equal to 0.95. Finally,
the sample size was estimated as 11 patients for
each group. Regarding dropout (30%), the sample
size was considered 30 patients per group.

Participants: A total of 60 patients with first-ever
stroke were recruited from the Neurology Unit of
Loghman Hakim Hospital, Tehran, from November
2018 to September 2019. Patients aged 40-70 years
hospitalized within 24 hours after the onset of the
stroke symptoms who had a deficiency of vitamin D
were eligible for the study. Diagnosis of ischemic
stroke was made on the basis of clinical presentation
and neurologic examination and was confirmed by a
brain computed tomography (CT) scan without
contrast. Patients with a previous history of any types
of stroke [intracerebral hemorrhage (ICH),
hemorrhagic and ischemic infarct, or transient
ischemic attack (TIA)], neurodegenerative diseases
[Alzheimer’s disease (AD), Parkinson’s disease (PD),
multiple sclerosis (MS), amyotrophic lateral sclerosis
(ALS)], current mental or psychiatric disorders,
malignancy, renal or liver diseases, a current history
of alcohol, tobacco, and drug dependency, receiving
tissue plasminogen activator (tPA), or thrombectomy
were excluded from the study. The aphasic patients,
patients with loss of consciousness, patients with
severe stroke, and those with high NIHSS who could
not participate in the Mini-Mental State Examination
(MMSE) were also excluded. Each subject agreed and
signed the written informed consent prior to
participation in the study.
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Intervention: Patients with serum 25(OH)D <
20 ng/ml were categorized as deficient in vitamin
D, 21-29 ng/ml as vitamin D insufficient, and > 30
ng/ml as usual vitamin D level. The research
included only patients with vitamin D deficiency.
Participants were randomized into two groups
using computer-generated block randomization.
Group A received a single dose of intramuscular
(IM) vitamin D (300000 IU). According to the
Endocrine Society guidelines, a common approach
for patients with severe vitamin D deficiency is to
treat with 50000 IU of vitamin D2 or D3 orally once
per week for six to eight weeks. The single IM dose
of 300000 IU vitamin D equals to an oral dose of
50000 IU per week for six weeks.!® Group B did not
receive a vitamin D supplement. Routine medical
treatment of acute ischemic stroke (AIS) and
physiotherapy sessions were continued in both
groups. The final follow-up visit was carried out
six weeks after discharge.

Primary and secondary outcomes: A detailed
clinical examination and medical history were taken
on the first visit. The quantitative analysis of serum
vitamin-D was determined by high-performance
liquid chromatography (HPLC) (Agilent-1100 series,
Germany). The time it took to obtain a response was
24 hours. Enzyme-linked immunosorbent assay
(ELISA) kits for IL-6 and TNF-a were used from
Diaclone Company, France. Whole-blood samples
were collected in the early morning after overnight
fasting. The samples were stored for 15 hours at room
temperature and then centrifuged at 1000 x g for 20
minutes. The supernatant was then separated and
stored at -70 °C until testing. Repeated freezing and

thawing were avoided for all samples. The
procedures for the measurement of IL-6 and TNF-a
level followed the instructions provided by the kit
manufacturers. The clinical consequences were
measured through NIHSS, Modified Rankin Scale
(MRS), and MMSE scales as secondary outcomes. All
measurements were performed at the initiation and
termination of the follow-up by trained neurologists
blinded to the subject in a neurology clinic (6 weeks
after patient discharge).

The SPSS software (version 22, IBM Corporation,
Armonk, NY, USA) was used to analyze data. We
used the Kolmogorov-Smirnov test (K-S test) to
assess the normal distribution of variables. Numeric
and categorical variables were expressed as mean
and standard deviation (SD) and frequency and
percentage, respectively. Independent samples
t-test and chi-square test were performed to explore
the differences between the treatment and placebo
groups in quantitative and categorical data.
Furthermore, within-group differences before and
after the intervention were assessed by the paired t-
test. The results were expressed as 95% confidence
intervals (Cls), and P-values of < 0.05 were
considered statistically significant in all tests.

Results

In this randomized double-blinded clinical trial
study, 59 patients were enrolled (65% women and
35% men, age: 62.33 +11.23 years). One participant
did not complete the research protocol, and
ultimately, the study was performed by 29 patients
in the A group and 30 patients in the B group.
Figure 1 demonstrates the flowchart of the study.

Assessed for eligibility (n = 80)

Excluded (n = 20)

\ 4

Not meeting inclusion criteria (n = 20)

Randomized (n = 60)

\ 4

A 4

Allocated to intervention
group (n =30)

Allocation Allocated to placebo

group (n = 30)

|

Lost to follow-up (n = 1)

Follow-Up

|

Lost to follow-up (n = 0)

(Not returning to clinic)

!

Analyzed (n=29)

Figure 1. Study flowchart

10 Curr ] Neurol, Vol. 20, No. 1 (2021)

http://cjn.tums.ac.ir

A

Analysis Analyzed (n = 30)

04 January



0. Rezaei, et al.

Table 1. General characteristics of patients with ischemic stroke

Variable Vitamin D group (n =29) Placebo group (n =30) P
Sex [n (%)] 0.787
Men 10 (36.7) 10 (33.3)
Women 19 (63.3) 20 (66.7)
Age (year) (mean + SD) 62.07 +£12.08 62.60 +10.71 0.855
CVD [n (%)] 0.573
Yes 22 (73.3) 20 (66.7)
No 8(26.7) 10 (33.3)
Diabetes [n (%)] >0.999
Yes 14 (46.7) 14 (46.7)
No 16 (53.3) 16 (53.3)

CVD: Cardiovascular disease; SD: Standard deviation

Regarding major risk factors of atherosclerosis,
44 (70.0%) and 28 (46.7 %) patients had cardiovascular
disease (CVD) history and diabetes mellitus (DM),
respectively. No significant differences were shown
in terms of demographic parameters between the
two groups (P > 0.050). The clinical features of the
patients are presented in table 1.

Primary outcomes: The baseline level of
vitamin D in both groups was not statistically
different (P = 0.700). The serum concentration of
vitamin D differed from 18.86 + 6.61 to 37.80 +21.73
ng/ml and from 18.99 + 7.13 to 16.53 £ 14.98 in A
and B groups, respectively (P = 0.001, P = 0.378).
Vitamin D levels were significantly different
between the two groups after six weeks (P = 0.001)
(Table 2). The findings showed no significant
differences for any measured serum inflammatory
markers at baseline between the two groups
(P > 0.050). In this interventional trial, vitamin D
supplementation revealed a statistically notable
effect on the serum IL-6 but no effect on TNF-q,
although after six weeks in the intervention group,
there was a negative correlation between serum
level of vitamin D and TNF-a (r =-0.490, P = 0.021).

Secondary outcomes: As indicated in table 3, there
is no statistical difference between the two groups

based on the evaluation of NIHSS, MRS, and MMSE
in all patients on admission day (P > 0.050). During
the study period, our results showed a decrease in
scores of NIHSS and MRS (P = 0.001) and an
improvement in MMSE (P = 0.050) in both groups.

Comparative analysis revealed substantial
differences for MRS, six weeks following the
stroke, between the intervention and control
groups; however, these differences did not happen
for NIHSS and MMSE scores. Based on the Pearson
correlation test, there was a reverse correlation
between serum level of vitamin D and NIHSS
(r=-0.519, P = 0.003).

Discussion

The present study showed that a single dose of
300000 IU supplementary vitamin D raised the
serum vitamin D level. Following vitamin D
administration, there were reverse correlations
between the serum vitamin D, NIHSS, and TNF-a
levels. Vitamin D supplementation in patients with
stroke significantly decreased serum IL-6 level and
MRS score. However, no statistically significant
effect of vitamin D on the TNF-a levels could be
detected in the current study compared to the
control group.

Table 2. Serum levels of patients with ischemic stroke before and after the intervention

Variable Vitamin D group (n=29) Placebo group (n =30) P

Vitamin D (ng/ml)
Baseline 18.86 +7.01 18.99 +£7.13 0.939
After 37.80+£21.73 16.53 +£14.98 0.001"
P 0.001 0.378

IL-6 (pg/ml)
Baseline 115.88 +43.39 128.97 +38.57 0.214
After 55.72 £22.51 68.91 £23.81 0.028
P 0.001 0.001

TNF-a (pg/ml)
Baseline 274.54 +123.50 309.52 + 154.24 0.328
After 81.70 £43.64 87.52+£42.33 0.596
P 0.001 0.001

Data are presented as mean + standard deviation (SD); P < 0.050
IL-6: Interleukin 6; TNF-a: Tumor necrosis factor alpha
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Table 3. Group comparisons of neurological scores of patients with ischemic

stroke before and after the intervention

Variable Vitamin D group (n=29) Placebo group (n =30) P

NIHSS
Baseline 10.16 £4.70 12.08 £4.14 0.125
After 5.60+£4.16 6.60 £3.30 0313
P 0.001 0.001

MRS
Baseline 3.10+0.84 3.53+1.10 0.121
After 1.60 +1.16 233+1.15 0.014
P 0.001 0.001

MMSE
Baseline 19.73 £5.65 20.26 £6.18 0.807
After 24.40 £3.64 23.26 £4.69 0.466
P 0.001 0.013

Data are presented as mean + standard deviation (SD)
NIHSS: National Institute of Health Stroke Scale; MRS: Modified Rankin Scale; MMSE:

Mini-Mental State Examination

According to the literature, low levels of
vitamin D, especially in the elderly, were
associated with an increased risk of poor
functional performance, all-cause mortality, and
stroke recurrence in patients with ischemic stroke.?
Additionally, it was shown that in vitamin
D-deficient  patients,  cognitive  functions
significantly were impaired after one month of
AIS? Low vitamin D levels may increase cerebral
susceptibility for larger infarctions as well as
endothelial dysfunction.* However, in a study, it
was found that vitamin D toxicity or
hypervitaminosis D could promote larger infarct
sizes. In addition, it can also induce hemorrhagic
stroke through mechanisms, such as endothelial
shear stress and inflammation.’> Our study
showed no significant increase in the hemorrhagic
transformation in the studied patients after
vitamin D administration, which might be due to
the fact that our intervention did not cause
hypervitaminosis in vitamin D-deficient patients.

Inflammation plays a significant role in stroke
pathogenesis. The anti-inflammatory effects of
vitamin D are documented in other diseases such
as MS, epilepsy, and acute stroke.617 The
suggested mechanisms of neuroprotection
induced by vitamin D are complex. Vitamin D has
a strong anti-inflammatory impact through several
pathways, including inhibiting prostaglandin (PG)
and cyclooxygenase-2 (COX-2) pathways, matrix
metalloproteinase-9 (MMP-9) reduction, and
anti-inflammatory  cytokine  upregulation.5¢
Deficiency in 25(0OH)D can increase the ongoing
immune-inflammatory responses and attenuate
neuroprotection, leading to adverse prognosis in
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patients with stroke.’® Therefore, a sufficient
vitamin D level could have a protective role against
ischemic reperfusion in brain ischemia.

In vivo and in vitro studies indicated that acute
and subchronic use of calcitriol in the immature
rats with hypoxic-ischemic brain damage and
co-application of this compound together with
glutamate to primary neuronal cultures provided
significant ~ neuroprotection. In  contrast,
post-treatment with calcitriol at the end of the
excitotoxic insult is not appropriate.’” Wang et al.
demonstrated that calcitriol pretreatment was
necessary to improve neuronal survival following
hypoxia-ischemia. Following 8-day pretreatment
of animals with calcitriol, they observed
neuroprotection using a rat model of stroke,
whereas 4-day treatment was ineffective.”
Considering calcitriol administration during the
post-ischemic phase, Oermann et al? and
Losem-Heinrichs et al.2! using a rat model of focal
cerebral ischemia showed that this treatment did
not affect the size of the lesions. However, the
authors found indicators of neuroprotection in
secondarily-injured remote cortical regions.

We observed a reverse correlation among
TNF-a and serum level of vitamin D in the
intervention group. In a randomized placebo-
controlled trial, Pilz et al.22 and Schleithoff et al.23
reported that vitamin D supplementation raised
the cytokine IL-10 and decreased the inflammatory
marker TNF-a in patients with CVDs. Matthews
et al. prescribed vitamin D 50000-100000 IU
immediately after admission and supplemented
with vitamin D for up to five days in surgical
intensive care unit (SICU) patients, showing

04 January



significant improvement in functional outcome in
three months, fewer disabilities, and fewer
deaths.* In addition, a study showed that
single-dose vitamin D replacement improved the
outcome of ischemic stroke considerably. The
authors affirmed that there was no consideration
of confounding factors concerning the stroke, and
the findings could not be generalized. The level of
vitamin D was not assessed after three months
while assessing stroke outcomes.’’ However, in a
RCT conducted by Momosaki et al., there were no
considerable improvements in the rehabilitation
after administering 2000 IU of vitamin D3
compared to the placebo-treated group. This
study's major limitation was that serum 25(OH)D
levels were not measured, so patients without
vitamin D deficiency might have been included.’?
Witham et al. published a RCT versus placebo
where they observed no change in blood pressure
or improvement in other vascular health markers
related to vitamin D supplementation.? There was
no effect of vitamin D supplementation on
myocardial infarction (MI) risk in an analysis of six
RCTs.2627

These findings were consistent with our results
showing that mortality had no significant
difference between groups. Both animal and
clinical studies have indicated that the volume of
infarction is related to low levels of vitamin D. It
has been well-founded that the amount of
infarction is closely linked to initial neurological
defects and is a powerful prognostic indicator of
stroke outcome. The initial neurological deficit was
also indicated to be more severe in patients with
lower 25(OH)D levels.’? The current study
showed no correlation between NIHSS and MRS
scores at the stroke onset and 25(OH)D levels.
Hence, the severity of the initial infarction may not
explain all the correlations between 25(OH)D and
the stroke outcome. However, there was a strong
association between the second NIHSS score and
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25(OH)D in our intervention group.

Conclusion

Vitamin D deficiency is a potential risk factor for
stroke, and vitamin D supplementation showed a
favorable outcome in patients with ischemic stroke
with  vitamin D  deficiency. Single-dose
replacement of IM vitamin D has significantly
improved the outcome of ischemic stroke.
However, due to a single dose, short duration of
supplementation, and short-term follow-up, there
were no favorable effects on the TNF-a level and
NIHSS score. Screening for vitamin D status is
essential in patients with ischemic stroke, and
supplementation should be administered to
maintain vitamin D at a normal level. Nonetheless,
more RCTs are necessary to demonstrate whether
vitamin D supplementation enhances post-stroke
outcomes and to clarify the relationship between
the length of treatment with vitamin D and
neuroprotection.

Limitations: This study has several limitations.
The most important shortcoming of our study
was the small sample size; hence, the findings
should be interpreted with caution. Second, we
could not have assessed the severity of stroke by
radiologic measures like the Alberta Stroke
Program Early CT Score (ASPECTS). Third,
unfortunately, we had dropout rate of over 50%
in a 3-month follow-up. Forth, confounding
factors affecting the patients were not considered,
and the results cannot be generalized.
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