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ABSTRACT

AIM: To review the correlation between vitamin D (VD) and several common neurological disorders with the aim of providing 
directions and ideas for using VD to treat neurological disorders.   
MATERIAL and METHODS: VD, 1,25-dihydroxyvitamin D3, stroke, epilepsy, and cognitive dysfunction were used as keywords. 
The PubMed and Embase databases were searched for articles published from 2010 to 2021. The inclusion criteria were as follows: 
clear introduction of the research sample, detailed explanation of the sample selection in the research, intervention, and control 
measures, and available odds ratio and 95% confidence interval. The exclusion criteria were as follows: duplicate reports, defects 
in research design and poor quality, incomplete data and unclear results, and unmodifiable errors in the statistical method.
RESULTS: Initially, 1,360 articles were retrieved from the PubMed and Embase databases. Finally, 81 articles were included, 76 of 
which were published within the last 5 years.
CONCLUSION: VD deficiency is very common in the population and is associated with a variety of neurological diseases. VD, a 
neuroactive steroid, plays an important role in the protection of the central nervous system. In contrast, stroke can cause epilepsy 
and varying degrees of changes in cognitive function. Furthermore, seizure and epilepsy can cause changes in cognitive function. 
The degree of alteration in cognitive function affects the occurrence and progression of stroke and epilepsy. Therefore, VD can be 
used for the comprehensive treatment of neurological diseases.
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damage due to the sudden rupture of blood vessels in the 
brain or the inability of blood to flow into the brain because 
of vascular blockage. Stroke is mainly divided into ischemic 
and hemorrhagic types. The incidence of ischemic stroke 
is higher than that of hemorrhagic stroke, accounting for 
69.8%–70.8% of all strokes. Cerebral ischemic stroke, 
also known as cerebral infarction, is associated with blood 
circulation disorders, ischemia, and hypoxia in the brain 
caused by localized avascular necrosis or brain tissue 
softening. Epilepsy is a chronic brain disease characterized 
by repeated seizures. Seizures are mainly caused by the 
abnormal discharge of brain neurons. Epilepsy can occur at 
any age, and its incidence in Taiwan is 5%–7%. This disorder 

█   INTRODUCTION

Vitamin D (VD) is a group of fat-soluble steroid deriva-
tives; in the human body, it is mainly present in the form 
of vitamins D2 and D3. Vitamin D2 is mainly obtained 

from plant foods. Meanwhile, vitamin D3 is mainly produced 
through the ultraviolet radiation-induced conversion of 7-de-
oxycholesterol in the skin; a small amount is also obtained 
from food. Both forms of VD require 25-hydroxyvitamin D [25 
(OH) 2D], which is produced by 25-hydroxylase in the liver 
(37). VD then plays an important role in metabolism.

Stroke, also known as cerebral vascular accident, is an 
acute cerebrovascular disorder. It causes brain tissue 
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is repetitive and transient. Cognitive dysfunction refers to one 
or more impairments related to memory, language, visual 
space, execution, calculation, and comprehension judgment 
that affect an individual’s daily or social abilities.

In recent years, many studies have confirmed that VD plays 
a crucial role in neurological disorders. Stroke, epilepsy, and 
cognitive dysfunction are common neurological disorders 
that are closely related. This article reviews the correlation 
between VD and several common neurological disorders with 
the aim of providing directions and ideas for using VD to treat 
neurological disorders.

█   VD and STROKE
Participation Mechanism

VD plays a crucial role in stroke. It mainly functions through 
the VD receptor, which exists in vascular smooth muscle cells, 
platelets, and many other immune cells. These cells play a 
critical role in stroke and are the link between VD and stroke. 
In addition, Eyles et al. (15) observed that a gene encodes a 
catalytic enzyme in 1.25 (OH) 2D metabolism in neurons and 
glial cells. Researchers have also conducted experiments at 
the animal level. Zhou et al. (81) stated that a low VD status 
is related to renin–angiotensin system (RAS) upregulation 
in experimental mice and healthy individuals; thus, RAS 
regulation is another possible mechanism for the effect of VD 
on stroke.

Relationship Between the VD Level and Stroke

Numerous experiments have supported the effect of VD on 
stroke. In a cross-sectional study, Talebi et al. (71) showed that a 
decreased serum vitamin D3 level is related to ischemic stroke 
occurrence. They demonstrated that patients in the stroke 
group had lower VD levels than those in the control group (15.1 
[8.2–27.9] vs. 22.7 [10.4–39.2], p=0.004). Other studies have 
shown that insufficient VD can increase the stroke risk, and a 
low plasma 25 (OH) D level is the main risk factor for ischemic 
stroke. In this study, the odds ratio (OR) for ischemic stroke 
was 0.98 (95% confidence interval [CI]: 0.86–1.13) (1). In these 
studies, the type of stroke that was more closely related to VD 
was ischemic stroke. Gu’s (24) analysis of 402 patients with 
acute stroke revealed that these patients had a high incidence 
of VD deficiency. Schneider (66) reached a similar conclusion 
in a study of 382 patients with stroke. Among patients with 
acute stroke, the incidence of VD deficiency was high, and low 
VD intake was found as an independent risk factor for stroke. 
In recent years, supplementary research has been conducted 
on the form of VD affecting patients with stroke. Feng et al. 
(17) found that VD deficiency can increase the risk of cerebral 
small vessel disease in patients with stroke. In their study, they 
included 234 patients based on MRI load values to evaluate 
the severity of cerebral small blood vessel lesions. The study 
results indicated that patients with low 25 (OH) D levels were 
more likely to have severe white matter lesions (OR: 3.31; 
95% CI: 1.74–9.67; p=0.004), enlarged perivascular spaces 
(OR: 2.35; 95% CI: 1.11–6.02, p=0.046), and a high total 
MRI cSVD burden (OR: 3.00; 95% CI: 1.36–6.53, p=0.006). 
Conversely, some studies have suggested that low VD levels 

do not increase the stroke risk but affect stroke outcomes and 
that only severe VD deficiency leads to stroke (8).

VD Level and Stroke Prognosis

As research progressed, VD was also found to be related to 
stroke prognosis. Nie et al. (56) proposed that the 25 (OH) 
D level is a prognostic indicator of ischemic stroke after the 
diagnosis of cardio-cerebrovascular disease. Wajda et al. 
(74) conducted a retrospective study and reached similar 
conclusions: The VD level is an important prognostic indicator 
of ischemic stroke, and the lower the VD level, the worse 
the prognosis. Wu and He (76) showed that in patients with 
stroke and severe VD deficiency and those without severe 
VD deficiency, the mortality rates were 4.81 and 1.89, 
respectively, with an incidence rate of 2.52, and the probability 
rates were 4.34 and 1.77, respectively, with an incidence rate 
of 2.42. Thus, he suggested that low VD levels are related to 
a poor stroke prognosis. VD has direct and indirect effects 
on the prognosis of patients. Sayeed et al. (65) observed 
that VD deficiency can lead to increased blood–brain barrier 
damage after stroke, stroke severity, and disease complexity. 
The indirect effects are mainly associated with related stroke 
complications. In a controlled study of 180 patients with 
stroke, Wu and He (76) found an independent correlation 
between VD deficiency and deep vein thrombosis (OR: 4.683, 
95% CI: 1.396–15.703, p=0.012). In addition, the VD level 
plays a crucial role in the association between seasons and 
post-stroke depression (24).

VD as An Adjuvant Treatment for Stroke

Many researchers have studied the effects of VD on adjuvant 
stroke. In this study of the effect of VD as an adjuvant treat-
ment for cerebral infarction, 105 patients with cerebral infarc-
tion were included, and VD was administered continually for 6 
months after adjuvant therapy. The analysis showed that the 
NIHSS score of the intervention group was lower than that of 
the control group, and the modified Fugl–Meyer motor func-
tion score and Barthel index were significantly higher in the 
former than in the latter. In terms of cerebral hemodynamics, 
the maximum flow rate, end-diastolic flow rate, and blood flow 
resistance index of the intervention group were higher than 
those of the control group. Moreover, the recurrence rates in 
the intervention group at 1 and 2 years after infarction were 
significantly lower than those in the control group. The survival 
rate in the intervention group was also higher than that in the 
control group. However, another study reached an opposite 
conclusion (48). VD inhibits proinflammatory factor production 
through MKP-1 upregulation (79). VD supplementation can 
suppress proinflammatory cytokine expression and reduce 
inflammatory responses in patients (22). As a steroid, VD is 
closely related to nerve function (60) and can effectively pro-
mote nerve function recovery after supplementation (78). In 
addition, a correlation exists between VD and intima–media 
thickness (IMT) (63). Studies have shown that VD supplemen-
tation can also reduce the IMT and plaque area (53). Sultan 
et al. (70) observed that VD supplementation can improve 
the hypercoagulable state of platelets and prevent thrombo-
sis. Sufficient VD supplementation after stroke can improve 
neuromuscular function, increase muscle strength, reduce 



  3 Turk Neurosurg, 2021 | 3

Wang M. et al: Vitamin D and Neurological Disorders

fall incidence during recovery, change bone density, and re-
duce the fracture risk. Views on how VD is supplemented vary. 
Narasimhan and Balasubramanian (55) found that patients re-
ceiving intramuscular VD injection showed a significant im-
provement in stroke prognosis after 3 months. The SSS score 
of the intervention group was significantly higher than that of 
the control group. In contrast, Momosaki et al. (51) found that 
oral VD supplementation did not improve the rehabilitation of 
patients after acute stroke. In summary, the use of VD as an 
adjuvant treatment for cerebral infarction is clinically important 
(Figure 1).

█   VD and EPILEPSY
VD Level and Epilepsy

In recent years, the role of VD in epilepsy treatment has 
received increasing attention. Studies have revealed that 
during the acute phase of epilepsy and when the condition 
worsens, vitamin D3 metabolism in the body is dysregulated, 
and the plasma 25 (OH) D3 level declines rapidly; thus, the 
VD level can be used as a marker of seizures (27). Jésus et al. 
(33) conducted a 46-patient study on the VD status of patients 
with epilepsy and showed that their average VD level was 15.3 
± 99.9% and that 87.0% and 40.0% of the patients had VD 
deficiency and severe VD deficiency (< 10 ng/mL), respectively. 
The VD levels in children with epilepsy have been studied. Kija 
et al. (36) selected 75 children with epilepsy and 75 healthy 
children for a controlled trial. The analysis showed that the 
proportion of patients with VD deficiency in the experimental 
group was 60.3%, whereas that in the control group was 
48.5%. The average VD level [24, 25 (OH) 2D3 level] in the 
experimental group was significantly lower than that in the 

control group. These data show that the level of VD affects 
the occurrence of epilepsy, and this influence is thought 
to be related to hormones and genes. VD can regulate the 
expression of dopamine, norepinephrine, serotonin, and other 
neurotransmitters. These neurotransmitters are susceptible 
to inducing epilepsy; thus, they can reduce seizure frequency 
(47,67). In addition, Wang et al. (75) studied the genetic link 
between VD and epilepsy. This controlled study included 
220 patients with epilepsy and 210 healthy individuals. 
Polymorphisms of different VDBP genotypes were detected 
by PCR testing, including rs4588, rs7041, rs2298849, and 
rs2282679. The results indicated that VDBPrs4588 and 
rs2282679 polymorphisms may play an essential role in the 
susceptibility to epilepsy in the Chinese Han population.

VD Supplementation and Epilepsy

The medical community has diverse opinions regarding the 
effect of VD supplementation on epilepsy. In a case-control 
study, the serum levels of inflammatory factors, such as IL-
1β, IL-2, IL-6, IL-8, and TNF-α, in patients with epilepsy were 
significantly higher than those in the controls. Furthermore, 
these factors may have synergistic effects on the process 
of epilepsy. Li (43) found that after vitamins B12 and D were 
administered to patients with epilepsy, the serum levels of 
these inflammatory factors were significantly reduced. A 
controlled study of VD treatment in patients with epilepsy 
showed that the seizure frequency in the treatment group was 
reduced by 40% compared with that in the controls (29). In 
contrast, Tombini et al. (72) pointed out that although studies 
have indicated that patients with epilepsy have a higher 
likelihood of VD deficiency than healthy individuals, oral 
supplementary VD preparations did not reduce the seizure 

Figure 1: Vitamin D deficiency increases the risk of cerebral small blood vessels. Vitamin D deficiency can lead to increased damage to 
the blood-brain barrier and increase the severity and complexity of stroke. Vitamin D deficiency is associated with deep vein thrombosis 
and post-stroke depression. Vitamin D protects nerve insufficiency and neurons by activating ERK. Vitamin D inhibits the production of 
pro-inflammatory factors by up-regulating MKP-1 and reduces inflammation. Improve the platelet hypercoagulability in the body and 
prevent thrombosis.
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█   VD and Cognitive Dysfunction
Participation Mechanism

Cognitive dysfunction refers to the impairment of one or more 
cognitive functions, such as memory, language, and execution, 
and affects the daily or social abilities of individuals. Many 
studies have shown that VD plays a crucial role in cognitive 
function. The literature shows that VD exerts various effects 
on the brain through the VD receptor and VD-activating 
enzyme 1a-hydroxylase, and these effects are widely present 
in neurons and glial cells in many cognitive fields of the 
human brain (9). Moreover, studies have found that VD plays 
an important role in maintaining brain homeostasis and nerve 
development (23). Studies have demonstrated that arterial 
hypertension, endothelial dysfunction, and atherosclerosis 
are risk factors for cognitive impairment and dementia, among 
which atherosclerosis plays a key role in cognitive impairment. 
Reduction in the VD levels affects the activity of macrophages 
and lymphocytes in atherosclerotic plaques and promotes 
chronic inflammation of the arterial wall. Therefore, the VD 
levels are important for protecting against cognitive impairment 
and dementia. VD activates tryptophan hydroxylase 2 in the 
brain and inhibits tryptophan hydroxylase 1 transcription in 
tissues outside the blood–brain barrier. Excessive tryptophan 
hydroxylase 1 affects digestive system functions, resulting 
in immune system weaknesses that lead to low serotonin 
transmission and abnormal social behavior (52).

In recent years, a new hypothesis that VD interacts with the 
aggregation of the extracellular matrix–peri nerve cell network 
(PNNS) to regulate brain plasticity has emerged. Hence, VD 
level imbalance causes a PNNS regulation imbalance to 
trigger cognition obstacles (49). VD deficiency plays a role in 
neurodegenerative processes involved in Alzheimer’s disease 
(AD). In the case of severe VD deficiency, a decrease in nerve 
conduction velocity has been observed (4,9). In addition, 
VD supplementation was found to reduce the content of 

frequency after 3 months. Therefore, more evidence is required 
to determine whether a direct correlation exists between VD 
supplementation and seizure frequency.

VD Level and Antiepileptic Drugs

The VD levels are also closely related to the treatment with 
antiepileptic drugs. Most recent studies have suggested 
that antiepileptic drugs reduce the VD levels in patients with 
epilepsy. Lee et al. (42) conducted a study to assess the VD 
levels in patients taking antiepileptic drugs. Their analysis 
showed that the VD level decreased significantly compared 
to that at the start of the study. The average level at the start 
of the study was 31.1 ± 14.7 ng/mL and dropped to 20.2 ± 
14.9 ng/mL during the last test (p<0.01). The detection rate of 
VD deficiency increased significantly from 56.6% (81/143) at 
the beginning of the study to 79.0% (113/143) (p<0.01). Other 
researchers have studied several antiepileptic drugs and 
arrived at the same conclusion (20). There are many studies 
on the commonly used antiepileptic drug, sodium valproate. 
Xu et al. (77) noted that patients with epilepsy treated with 
sodium valproate had significantly lower average VD levels 
than healthy individuals, with a standard mean difference of 
–0.313 [–0.457, –0.169], and their symptoms worsened over 
time. Durá-Travé and Gallinas-Victoriano (13) conducted 
a similar experiment to study the association of sodium 
valproate and levetiracetam with VD deficiency in children 
with epilepsy. Their cross-sectional clinical study included 90 
patients with epilepsy and 244 healthy children. The analysis 
showed that the VD deficiency rates of the sodium valproate 
and levetiracetam groups were significantly higher than those 
of the control group (24.1%, 35.5%:14%; p<0.05). With a 
decrease in the VD levels, corresponding disorders occur; 
for example, low VD levels increase the likelihood of sudden 
epilepsy (71). In addition, studies have shown that antiepileptic 
drugs can affect bone health by reducing the serum VD level 
and that VD has certain benefits for the bone health of adult 
patients with epilepsy (18) (Figure 2).

Figure 2: Vitamin D can regulate the expression 
of dopamine, norepinephrine, serotonin and 
other neurotransmitters to reduce the frequency 
of seizures. Serum inflammatory factors such 
as IL-1β, IL-2, IL-6, IL-8 and TNF-α, which 
may have a synergistic effect during epileptic 
seizures, are significantly reduced after vitamin D 
supplementation.
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cognitive function was not significant. In addition, Gepner 
(39) stated that low VD levels cannot predict the trajectory of 
cognitive function.

VD Supplementation and Cognitive Function

Relatively few studies have investigated whether VD 
supplementation improves cognitive function. After 18 
weeks of supplementation with high-dose VD (4000 U/day) 
in the study by Pettersen, the Beck Depression Scale 2 and 
a standardized cognitive test package (including a digital 
modal test and digital span forward and backward tests) 
were used for the assessment. After learning of the function, 
spatial visual memory was found to have improved; however, 
no effect was found on other cognitive fields (58). Jia et al. 
(34) found that elderly patients with AD taking oral VD (800 
IU/day) for 12 months showed improved cognitive function. 
Regarding supplement dosage, the researchers stated that 
compared with low-dose VD supplements, high-dose calcium 
plus VD supplements may have better cognitive effects, and 
the concise mental state score increased from 0.11 ± 0.72 
to 0.14 ± 0.69 (64). Furthermore, animal experiments have 
shown the potential effect of vitamin D3 supplementation on 
the cognitive function of diabetic animals (2) (Figure 3).

█   VD and OTHER VASCULAR DISEASES
VD is closely associated with vascular diseases, and its 
connection with atherosclerosis is particularly important. 

hippocampal nuclear factor-B, increase the level of brain-
derived neurotrophic factor, regulate blood–brain barrier 
permeability, and reverse high fat-related cognitive impairment 
due to blood sugar spikes in an animal experiment (25).

Link Between the VD Level and Cognitive Function

Many studies have examined the relationship between the 
VD levels and cognitive function, and the perspectives vary 
considerably. Song and colleagues observed significant 
differences between an adequate VD group and a VD 
deficiency group in terms of daytime dysfunction. Sleep is an 
important factor in this association (69). In addition, relevant 
studies have demonstrated that the VD levels are significantly 
and negatively correlated with executive function and that 
low VD levels can lead to an increased likelihood of cognitive 
dysfunction in elderly adults and those with dementia (9,31). 
Shih et al. (68) included 146 patients in a related study and 
found that the 25 (OH) D level was an independent predictor 
of the Concise Psychiatric Scale score (β=0.322, p<0.001). A 
decrease in the (OH) D level reduced the Concise Psychiatric 
Scale score. In addition, Aspell et al. (6) stated that serum 25 
(OH) D may affect brain health. Nagel et al. (54) found that VD 
deficiency affects cognitive functions in specific areas, such 
as executive function, vocabulary coding, and visual memory 
(coding and recall). However, some scholars believe that the 
VD levels are not associated with cognitive dysfunction. Lee 
et al. (40) conducted a multiple regression analysis on subject 
data and found that the association between 25 (OH) D and 

Figure 3: Decline in vitamin D levels will reduce the inhibition of tryptophan hydroxylase 1 (TPH1) transcription, leads to low serotonin 
transmission and abnormal social behavior. The imbalance of vitamin D levels will cause the imbalance of PNNS regulation to trigger 
cognition obstacle. The reduction of vitamin D level will affect the activity of macrophages and lymphocytes in atherosclerotic plaques, 
and promote the occurrence of chronic inflammation in the arterial wall. vitamin D supplementation can reduce the content of NF-
κB (hippocampal nuclear factor-B) in the hippocampus, increase the concentration of brain-derived neurotrophic factor, regulate the 
permeability of the blood-brain barrier, and improve cognitive dysfunction.
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early (≤ 7 days) and late (> 7 days) types according to 
pathophysiological differences. Furthermore, it can be divided 
into early-onset and late-onset types, which may be related 
to local ion transfer. Ion transfer is related to the release of 
high levels of excitotoxic neurotransmitters in the area of 
ischemic injury. The risk of late-onset seizures may increase 
over time, leading to potentially permanent damage as a result 
of continuous changes in neuronal excitability. Ion transfer 
seems to be the cause of late-onset epilepsy after stroke. 
Meanwhile, early-onset epilepsy has a poor prognosis and 
high in-hospital mortality rates. It is common in patients with 
hemorrhagic stroke. Late-onset epilepsy refers to an epileptic 
seizure that occurs between 6 months and 2 years after a 
stroke, with a high recurrence rate. As 20% of seizures that 
occur in patients with previous cerebral infarction are new, the 
clinical manifestations of early- and late-onset seizures are 
arbitrary. However, the differences between these seizures are 
uncertain. Moreover, post-stroke epileptic seizures are closely 
related to stroke severity and cortical location (19,62).

█   STROKE and COGNITIVE FUNCTION
A mutual relationship exists between stroke and cognitive 
function. In recent years, stroke has gradually been recognized 
as an important cause of cognitive problems and has a strong 
correlation with AD and vascular dementia, both of which 
affect cognitive function (45).

Using a rat model to study cognitive function after a stroke, 
Livingston-Thomas et al. found that damage to the prefrontal 
cortex of rats led to cognitive deficits similar to those in 
humans after a stroke, such as impaired recognition function 
and behavioral flexibility as well as increased anxiety. Such 
behaviors change significantly, whereas spontaneous 
alternation and motor function remain unchanged (44). 
Delavaran et al. applied the Mini-Mental State Examination 
(MMSE) and Montreal Cognitive Assessment (MoCA) to 
survey 145 stroke survivors 10 years after they had a stroke; 
they found that the post-stroke cognitive impairment (PSCI) 
rate was 46% based on the MMSE findings and 61% based 
on the MoCA findings. Among 25 patients with stroke, 35% 
had an MMSE score of ≥ 27 (p<0.001). The probability of 
severe cognitive impairment in the stroke survivors was 
indicated by an MMSE score of < 23, which was higher than 
that of the 354-member control group. Therefore, PSCI is 
considered to be common among stroke survivors. Compared 
with patients without stroke, stroke survivors have severe 
cognitive impairment (12). Some scholars believe that the 
cognitive function of patients with stroke is impaired, and 
the mechanism of which is related to decreased cAMP and 
p-CREB levels and increased p-Tau levels (10). Moreover, 
exercise ability recovery and sleep quality after stroke are 
factors that influence cognitive function after a stroke (16,38).

Research suggests that low cognitive function increases 
the stroke risk (61). In the acute stroke stage, the number of 
years of education can predict alertness, working memory, 
executive function, overall cognition, cognitive deficits, and 
disability (modified Rankine scale) (73).

Studies have shown that decreased serum 25 (OH) D levels 
can cause perivascular endothelial dysfunction, leading to 
accelerated conversion of macrophages to foam cells, which 
consequently accelerates atherosclerosis (7). Furthermore, 
studies have found that the 25 (OH) D levels in patients with 
cardiovascular and cerebrovascular diseases are negatively 
correlated with the levels of inflammatory markers IL-6 and 
hypersensitive C-reactive protein (hsCRP), whereas the hsCRP 
levels are stable with plaque. Further, sex had a negative 
correlation (11). In addition, Ameri et al. (3) conducted a 
study on the relationship between VD regulation of circulating 
insulin-like growth factor (IGF)-1 and carotid IMT. Their 
analysis showed that circulating IGF-1 in the low VD group 
was negatively correlated with the carotid IMT (ITM is a sign of 
vascular aging). In vitro experiments revealed that IGF-1 can 
promote the inhibitory effect of low-dose VD on H2O2-induced 
oxidative stress and apoptosis in endothelial cells.

VD can weaken cerebral artery remodeling and vasospasm by 
upregulating osteopontin phosphorylation, activated protein 
kinase, and eNOS at the Ser1177-dimer in the cerebral arteries 
(14). Qian et al. (59) conducted a study on the relationship 
between VD and myocardial ischemia. They found that VD had 
a protective effect on the heart (the infarct area in the I/R group 
was 39.31% ± 3.71%, while that in the VD group was 15.33% 
± 3.05%); VD can improve myocardial damage (myocardial 
fiber atrophy, interstitial enlargement, and vasodilation 
with hyperemia in the I/R group and non-inflammatory cell 
infiltration in the VD group) and can be reduced. Myocardial 
marker enzyme activity improves coronary blood flow and 
increases cardiac output. Furthermore, VD can reduce blood 
pressure by slowing hypoparathyroidism. VD deficiency can 
then increase blood pressure (57).

█   STROKE and EPILEPSY
Stroke and epilepsy are common neurological disorders 
that are closely related. Stroke is an important cause of 
epilepsy in adults, especially in older adults, and accounts 
for approximately 10% of all seizures in adults. Studies 
have revealed that the number of post-stroke seizures and 
patients with epilepsy has increased with an increase in the 
number of patients with stroke in recent years. Nearly 50% of 
patients with newly diagnosed epilepsy > 60 years of age have 
post-stroke epilepsy (PSE) (78). After a stroke, 3%–30% of 
patients may develop PSE, which negatively affects patients’ 
prognosis and quality of life (80). The incidence of PSE was 
23/1000 person-years. A total of 240 patients who met the 
inclusion criteria were included, and the median follow-up 
time was 1062 days. According to the research criteria, 13 
patients were diagnosed with PSE. The median time from 
stroke onset to PSE diagnosis was 237 days (26). A cohort 
analysis conducted by Hsu et al. revealed that patients with 
epilepsy of different ages and sexes have a higher stroke risk 
after admission than healthy populations (30).

Most seizures after stroke are focal; however, secondary 
generalized seizures are common, especially in patients 
with late-onset seizures. Status epilepticus is a relatively 
rare condition. Stroke-associated epilepsy is divided into 
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application. The treatment of patients with systemic diseases 
opens up new ideas that have certain clinical prospects and 
significance.

█    CONCLUSION
VD can be used for the comprehensive treatment of 
neurological diseases,which advantages of economic 
benefits, convenient access, few side effects, and long-
term application.

█    ACKNOWLEDGEMENTS
This study was supported by grants from the Key Research 
and Development Program of Jining Science and Technology 
(2018SMNS005), A Project of Shandong Province Medical 
Health and Technology Development Program (2014WS0518) 
and Research Support Fund for Teachers of Jining Medical 
University (JYFC2018FKJ100). 

█   AUTHORS’ CONTRIBUTIONS
WMJ drafted the manuscript. JF and CCM revised the 
manuscript. All the authors approved the final version of the 
manuscript.

█    REFERENCES
1. Afzal S, Nordestgaard BG: Vitamin D, hypertension, and 

ischemic stroke in 116 655 individuals from the general 
population: A genetic study. Hypertension, 2017 (Online 
ahead of print)

2. Alrefaie Z, Alhayani A: Vitamin D(3) improves decline in 
cognitive function and cholinergic transmission  in prefrontal 
cortex of streptozotocin-induced diabetic rats. Behav Brain 
Res 287:156-162, 2015

3. Ameri P, Canepa M, Fabbi P, Leoncini G, Milaneschi Y, Mussap 
M, AlGhatrif M, Balbi M, Viazzi F, Murialdo G, Pontremoli R, 
Brunelli C, Ferrucci L: Vitamin D modulates the association 
of circulating insulin-like growth factor-1 with carotid artery 
intima-media thickness. Atherosclerosis  236(2):418-425, 
2014

4. Annweiler C, Bartha R, Goncalves S, Karras SN, Millet P, 
Feron F, Beauchet O: Vitamin D-related changes in intracranial 
volume in older adults: A quantitative  neuroimaging study. 
Maturitas  80 (3):312-317, 2015

5. Ashenafi S, Amogne W, Kassa E, Gebreselassie N, Bekele A, 
Aseffa G, Getachew M, Aseffa A, Worku A, Hammar U, Bergman 
P, Aderaye G, Andersson J, Brighenti S: Daily nutritional 
supplementation with Vitamin D(3) and phenylbutyrate to 
treatment-naive HIV Patients tested in a randomized placebo-
controlled trial. Nutrients 11(1):133, 2019

6. Aspell N, Lawlor B, O’Sullivan M: Is there a role for vitamin D 
in supporting cognitive function as we age? Proc Nutr Soc  
77:124-134, 2018

7. Barthelmes J, Nagele MP, Ludovici V, Ruschitzka F, Sudano 
I, Flammer AJ: Endothelial dysfunction in cardiovascular 
disease and Flammer syndrome-similarities and differences. 
EPMA J  8(2):99-109, 2017

█   EPILEPSY and COGNITIVE FUNCTION
Cognitive problems are common in patients with epilepsy. 
They are considered secondary to or caused by epilepsy 
and often occur during seizures. Epilepsy and seizures are 
hypothesized to cause brain damage, leading to changes in 
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