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ABSTRACT 

Background: stroke is considered a major cause of disability worldwide. 

Vitamin D has been linked to cardiovascular health, including the 

reduction of stroke risk, while its role in stroke outcome has not been 

fully studied yet, so we aimed to find the role of vitamin D in the 

prediction of short-term outcomes of ischemic stroke. Methods: This 

prospective cohort study was conducted on 58 patients with their first 

acute ischemic stroke who underwent assessment of their serum vitamin 

D and their functional outcome three months later by modified Rankin 

scale. Results: serum vitamin D had a significant role in the 

prediction of poor short-term outcomes. The mean vitamin D 

level in our patients was 14.01 ± 8.94ng/ml. Conclusions: the 

poor short-term outcome of a stroke at three months can be 

predicted by the presence of hypovitaminosis D, so vitamin D 

supplementation should be taken into consideration when managing 

ischemic stroke patients. 
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INTRODUCTION 

troke has been rated as the second most 

important reason for universal mortality, 

responsible for more than 10% or 5.7 million 

deaths every year, and it is expected that this 

number will increase in the next few years 

[1]. 

Vitamin D (VD) is a biological substance 

composed of fat-solvable steroids responsible 

primarily for calcium and phosphorous 

regulation besides other important roles [2]. 

Vitamin D insufficiency is proposed to be 

associated with a lesser stroke hazard, which 

is explained by the effect of vitamin D 

insufficiency on the development of 

hypertension, diabetes mellitus, 

atherosclerosis, thrombosis, and 

inflammation [3]. According to the American 

Stroke Association International Conference, 

2015 hypovitaminosis D in ischemic stroke is 

associated with severe strokes, larger 

ischemic infarcts, and worse post-stroke 

outcomes [4]. 

 The prevalence of vitamin D deficiency 

among stroke survivors is high and is 

estimated to be 71% [5]. It has been claimed 

that the severity of stroke, prognosis, and 

outcomes are worse with deficient vitamin 

D [6].  

The role of vitamin D in different ischemic 

stroke outcomes has not been fully studied 

yet, especially in sunny climates like ours, so 

we suppose that patients with poor functional 

post-stroke outcomes tend to have lower 

vitamin D levels. 

This work aimed to find the role of vitamin D 

levels at stroke onset and the short-term 

outcome in those patients. 

Methods 

We conducted this prospective cohort study 

on 58 individuals with their first acute 

ischemic stroke and diagnosed following the 

world health organization criteria (WHO) for 

S 
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stroke [7]. They were 20(34.5%) males and 

38(65.5%) females with their ages ranging 

from 50 years to 85 years and their mean age 

was (±SD) 64.64 ± 7.99 Table (1), the 

patients were admitted to the neurology 

intensive care unit in the era from April 2022 

to July 2022. the exclusion criteria were: 

patients with CT scan findings of old 

infarctions, intracerebral hemorrhage, 

subarachnoid hemorrhage, and venous 

infarctions, those with brain tumors or other 

systemic malignancies, patients with 

metabolic disorders, patients with endocrinal 

diseases and those with exogenous vitamin D 

supplements. 

Written consent was obtained from all 

participants after an explanation of the 

procedure. The Institutional Review Board, 

Faculty of Medicine Zagazig University 

approved this study (ZU-IRB #9044/11-

2021). The study was done according to the 

code of Ethics of the World Medical 

Association (Declaration of Helsinki) for 

studies involving humans. 

All patients were exposed to a detailed 

clinical assessment including a detailed 

neurological history with special attention 

paid to the stroke risk factors and a 

comprehensive general and neurological 

examination including the stroke severity 

evaluation at admittance by the National 

Institutes of Health Stroke Scale (NIHSS) [8]. 

The short-term outcome was valued after 

three months of stroke occurrence via the 

modified Rankin Scale (mRS). This scale was 

interpreted as the following: a worthy 

outcome could be specified at mRS ≤ 2, and 

an unworthy outcome is specified at mRS ≥ 

3 [9]. 

Laboratory assessment: In addition to the 

routine laboratory investigations, 

measurement of 25-hydroxyvitamin D was 

done using the enzyme-linked immunosorbent 

assay (ELISA) technique for the collected 

patient's serum that was drained under 

completely uninfected circumstances. We 

documented the results as sufficient vitamin 

D when its value is ≥30 ng/dl, insufficient at 

20–29 ng/dl, and deficient when less than 20 

ng /ml [10].   

Statistical analysis 

Statistical Package for Social Science (SPSS) 

version 22.0, 2013 generated by IBM, 

Armonk, NY, USA was used for the analysis 

of our data.. Numbers and percentages help in 

assessing the qualitative data. A description of 

the distribution normality was performed via 

the Kolmogorov-Smirnov test. Quantitative 

data were described in terms of range, mean, 

and standard deviation. The findings were 

considered significant at the 5% level. We 

used the Marginal Homogeneity Test, Paired 

t-test, Mann-Whitney test, and Receiver 

operating characteristic curve (ROC) to detect 

the best applicable cutoff points and Logistic 

Regression was used to detect factors 

responsible for poor outcomes. 

The study was approved by the Institutional 

Ethics of the Faculty of medicine. Zagazig 

University (ZU-IRB #9044/11-2021).. 

Written informed consent was obtained from 

all the participants after explaining the details 

and benefits as well as risks to them. 

RESULTS 

As demonstrated in Table (2), hypertension 

was found to be the most prevalent risk factor 

among our patients, followed by the presence 

of cardiac diseases and dyslipidemia. Serum 

vitamin D level in our patients ranges from 

5.2 – 33 ng with Mean ± SD14.01 ± 8.94 the 

table (3). Table (4) illustrates the short-term 

outcome of our patients using mRS, which 

ranges from 2-5 with a Mean ± SD of 3.64 ± 

1.18. A significant relationship between 

serum vitamin D at stroke onset and the short-

term outcome was measured by mRs (table 

5). In the table (6) we found that the cutoff 

value of vitamin D that can predict a poor 

short-term outcome was ≤8.21 ng/ml with a 

sensitivity of 83.33% and a specificity of 

73.91%. Table (7) showed that different 

factors could predict poor short-term 

outcomes including old age, low vitamin D 

level, NIHSS at admission, and large 

infarction size, while the multivariate model 

demonstrated that the stroke severity 

measured by NIHSS could predict the 

outcome at three months. 
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Table (1): Distribution of the studied cases according to demographic data (n = 58) 

Demographic data N. % 

Sex   

Male 20                         34.5 

Female 38 65.5 

Age (years)  

Min. – Max. 50 – 85 

Mean ± SD. 64.64 ± 7.99 
IQR: Inter quartile range, SD: Standard deviation, Min : minimum                

Max: maximum 

  

Table (2): Distribution of the studied cases according to risk factors  

Risk factors 
No Yes 

N. % N. % 

DM 26 44.8 32 55.2 

HPN 12 20.7 46 79.3 

Smoker 33 56.9 25 43.1 

Cardiac 22 37.9 36 62.1 

Obesity 15 25.9 43 74.1 

Dyslipidemia 20 34.5 38 65.5 
DM: Diabetes mellitus, HPN: Hypertension  

 

Table (3): Distribution of the studied cases according to Serum Vitamin D at admission 

S. Vit D at admission N % 

Deficient (<20) 38 65.5 

Insufficient (20 – 29) 13 22.4 

Sufficient (≥30) 7 12.1 

Min. – Max. 5.20 – 33.0 

Mean ± SD. 14.01 ± 8.94 

Median (IQR) 8.83 (7.31 – 22.0) 
IQR: Inter quartile range, SD: Standard deviation, S.Vit D : serum vitamin D, 

Min : minimum, Max : maximum  

 

Table (4): Descriptive analysis of the studied cases according to outcome  

 Min. – Max. Mean ± SD. Median (IQR) 

mRS at follow up 2.0 – 5.0 3.64 ± 1.18 4.0 (2.0 – 5.0) 
IQR: Inter quartile range, SD: Standard deviation, mRS: modified rankin scale 

 

 

Table (5): Relation between S. Vitamin D and functional outcome  according to modified rankin 

score)  

Functional Outcome N 
S. Vitamin D (ng/mL) 

U p 
Mean ± SD. Median (IQR) 

mRS 0-2 15 23.79 ± 8.48 22.60 (18.63 – 31.15) 
56.0* <0.001* 

mRS 3 -5 43 10.59 ± 6.19 8.21 (6.89 – 9.80) 

 
IQR: Inter quartile range, SD: Standard deviation, U: Mann Whitney test, p: p value for comparing between the studied 

categories, *: Statistically significant at p ≤ 0.05, mRS:  Modified Rankin Score 
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Table (6): ROC curve for initial serum vitamin D as a prognostic marker for neurological 

deterioration 

 AUC p 95% C.I 
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Initial serum vitamin 

D 
0.805 0.001* 0.654 – 0.957 ≤8.21 83.33 73.91 45.5 94.4 

AUC: Area Under a Curve, p value: Probability value, CI: Confidence Intervals, NPV: Negative predictive value, PPV: 

Positive predictive value , #Cut off was chosen according to Youden index, *: Statistically significant at p ≤ 0.05  

 

Table (7): univariate and multivariate analysis of different predictors of the short term outcome 

 

Neurological deterioration Univariate Multivariate 

No 

(n = 46) 

Yes 

(n = 12) 
P 

OR  

(LL – UL 95%C.I) 
p 

OR  

(LL – UL 

95%C.I) 

Age 63.35 ± 6.78 69.58 ± 10.44 0.023* 1.110 (1.014 – 1.215) 0.914 
1.011 (0.835 –  

1.223) 

Female sex 30 (65.2%) 8 (66.7%) 0.925 1.067 (0.278 – 4.094)   

Diabetes 23 (50.0%) 9 (75.0%) 0.132 3.00 (0.719 – 12.521)   

hypertension 36 (78.3%) 10 (83.3%) 0.700 1.389 (0.261 – 7.393)   

Smoking 21 (45.7%) 4 (33.3%) 0.446 0.595 (0.157 – 2.258)   

Obesity 34 (73.9%) 9 (75.0%) 0.939 1.059 (0.245 – 4.573)   

Dyslipidemia 29 (63.0%) 9 (75.0%) 0.441 1.759 (0.418 – 7.402)   

Serum Vitamin D, 

ng/mL 
15.31 ± 9.16 9.02 ± 6.03 0.024* 0.010 (0.0002 – 0.539) 0.130 

0.010 (0.000 –  

3.841) 

NIHSS Admission 12.46 ± 4.55 20.83 ± 1.85 0.001* 2.197 (1.402 – 3.442) 0.013* 
2.084 (1.167 –  

3.721) 

Size of infarction        

Small or medium 32 (69.6%) 1 (8.3%)  1.0   

 

Large infarction 

 

14 (30.4%) 

 

11 (91.7%) 
0.003* 

25.143 

(2.954 – 213.98) 
0.451 

3.698  

(0.124 –  

110.664) 

OR: Odd`s ratio, C.I: Confidence interval, LL: Lower limit, UL: Upper Limit, #: All variables with p<0.05 was 

included in the multivariate, *: Statistically significant at p ≤ 0.05 

 
DISCUSSION 

Vitamin D is supposed to have both 

neuroprotective and vasoprotective properties 

as it causes slowing down the process of 

atherosclerosis, advancement of endothelial 

function, and inhibition of the renin-

angiotensin system. 

Vitamin D supplements in stroke survivors 

have been proven to deliver a beneficial role 

in recurrent stroke prevention [11]and are also 

proposed to reduce morbidity and mortality 

and improve stroke outcomes  [12]. 

In this study, the presence of hypertension 

was found to be the most dominating risk 

factor among our patients, while diabetes was 

rated as the fifth risk factor and this was in 

agreement with Lewington et al. [13]. 

While Selim et al. [14]registered that diabetes 

mellitus was the most prevalent one.  

A statistically significant relationship between 

lower serum vitamin D and poor stroke short-

term outcome at three months was detected 

and these results are in accordance with [11, 

15, 16, 17, 18]. Narasimhan and his 

colleague [19] assessed the severity of stroke 

by the Scandinavian Stroke Scale (SSS) at the 

onset and three months later, in case-control 

research, vitamin D supplementation at stroke 

onset to one group was done. They 

documented much improvement with better 

outcomes in those who received vitamin D . 

These findings may be clarified by the lack of 
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neuroprotective function of vitamin D which 

may be exerted through enhancing the 

detoxification paths, reduction of nitric oxide 

synthase activity, promoting antioxidant and 

anti-inflammatory pathways, regulation of 

neuronal calcium inflow or improving nerve 

conduction [20]. 

Different previous studies have demonstrated 

different cutoff values of vitamin D predicting 

poor outcomes. As Park et al.[12] found, 

vitamin D level at 20 ng/ml is linked to better 

outcomes, while at 17 ng/ml, worse outcomes 

are predicted. While Selim et al. [14] revealed 

that the vitamin D serum cutoff that can guess 

a poor stroke outcome was ≤17 ng/ml with 

81.4% sensitivity and 42.7% specificity. In a 

similar context, Moraes et al.[21]  reported a 

cutoff value of 12ng/ml that could predict 

post-stroke mortality. Our cutoff value was 

much lower and estimated at ≤8.21 ng/ml. 

Upon evaluating the factors that may affect 

stroke outcome using mRS, the univariate 

analysis showed that older age, increased 

NIHSS score at the onset of stroke, a larger 

size of infarction, and low vitamin D levels 

could be linked to poor functional outcomes 

and this is in agreement with  Tu et al. [15]. 

Also, Zhou et al. [22] demonstrated that each 

nanogram per milliliter reduction in the 

vitamin D quantity causes a rise in the burden 

of a negative outcome by 10.5. 

Conclusion 

Patients with poor functional post-stroke 

outcomes at three months tend to have lower 

vitamin D levels. So we recommend serial 

screening of vitamin D levels among people 

at high risk of having a stroke to diminish the 

possibility of having a stroke and improve the 

outcome if it occurs.  
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