
Abstract

Low serum vitamin D levels have been associated with 
various vascular diseases. Very little is known its 
association with acute stroke in Bangladeshi population. 
We therefore sought to assess whether low serum 25-
hydroxyvitamin D, a marker of vitamin D status is 
associated with acute stroke. We performed a 
prospective study in Comilla Medical Collage, Comilla, 
from November 2016 to November 2017. All the patients 
diagnosed as acute ischemic stroke on the basis of CT 
scan or MRI of brain. Patients were eligible for 
inclusion if they were admitted with onset of symptoms 
within 24 hours. Estimation of 25(OH)D level was done 
at presentation. The patients were stratified by vitamin 
D status, >30 as vitamin D sufficient, vitamin D 20-20.9 
as insufficient and finally vitamin D<20 as deficient. 
Multivariate logistic regression analysis revealed that 
out of the desired 7 variables, smoking, hypertension 
and low serum vitamin D were found independent 
predictors for acute stroke with ORs being 1.44, 4.23 and 
2.39 respectively. Vitamin D deficiency represents an 
important risk factor for acute stroke and it might play a 
causal role in the development adverse events 
associated with stroke.
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Introduction

Stroke is the second leading cause of disability in Europe 
and sixth leading cause worldwide1. Women have a higher 
lifetime risk of stroke than men. It is estimated that about 
one in five women (20% to 21%) and one in six men 
(14% to 17%) will suffer from a stroke in their lifetime1. 
Low serum 25 hydroxy vitamin D [25(OH)D] is 
independently associated with larger infarct volume, 
which may partially explain worse outcomes in ischemic 
stroke patients2. This poor stroke outcome possibly due to 
inhibition of thrombogenic influences and mitigation of 
endothelial dysfunctionin vitamin deficiency3. It also 
triggers secondary hyperparathyroidism which promotes 
myocyte hypertrophy, vascular remodeling and has pro-
inflammatory effects4-5. 

Body vitamin D status is measured by estimation of serum 
25(OH)D because of its long half life6. Early reports 
shows link between  vitamin D deficiency and easily 
treatable cardiovascular risk factor such  as hypertension, 
diabetes mellitus, obesity, metabolic syndrome, left 
ventricular hypertrophy, heart failure, coronary heart 
disease and renal disease7-8. Despite evidence suggesting 
that vitamin D deficiency may lead to elevated 
cardiovascular disease risk but the association of 25(OH) 
D levels with ischemic stroke risk is inconclusive. Recent 
reports of the association of hypovitaminosis D with 
multiple cardiovascular (CV) conditions have been of 
great interest suggesting the need for prospective 
validation and extended observations. We conducted a 
prospective study to examine the relationship between 
plasma 25(OH)D levels and risk of stroke.

Materials and Methods

We performed a prospective study in Comilla Medical 
Collage on the patients presented with acute stroke from 
November 2016 to November 2017. Patients were eligible 
for inclusion if they were admitted to the emergency 
department with onset of  symptom  within 24 hours9. 
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found higher in vitamin D deficient than that of vitamin 
insufficient and sufficient with statistically significant 
difference (p=0.04). Smoking habit was found higher in 
vitamin D deficient patients than that of vitamin 
insufficient and sufficient with statistically significant 
difference (p=0.04).

Hypertension was found higher in vitamin D deficient 
patients than that of vitamin insufficient and sufficient 
with statistically significant difference (p=0.04).The 
remaining factors such as diabetes mellitus, IHD, 
dyslipidaemia and obesity were observed more in vitamin 
D deficient patients but did not reach the level of 
significance (p>0.05) (Table - I).

Table- I: Participants baseline clinical characteristics of the 
study patients as stratified by vitamin D status (n=116).

Data were expressed as mean±SD. p:probability value 
reached from Chi Square test for qualitative data and 
ANOVA test for quantitative data. Ns = Not significant 
(p>0.05), Bold  indicates  significant  (p<0.05 ).

Vitamin D status of patients in percentage with smoking 
habit, diabetes mellitus, hypertension, IHD, dyslipidaemia 
and obesity are plotted in bar diagram in figure-1.

Figure-1: Bar diagram showing risks factors of the study 
patients according to Vitamin D status.

The following table displays the binary logistic regression 
analysis of odds ratio (OR) for characteristics of the 
subjects likely for having stroke. Multivariate analysis 
revealed that out of the desired 7 variables smoking, 
hypertension and low serum vitamin D were found to be 
the independently significant predictors for having stroke 
with ORs being 1.44, 4.23 and 2.39 respectively. The 
table revealed that smoking habit, hypertension and low
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Variables

Age, years

Sex (Male)

Sex (Female)

Smoker

Diabetes mellitus

Hypertension

IHD

Dyslipidaemia

Obesity

Total patients

(n=116)

61.7±11.3

70 (60.3%)

46 (39.7%)

57 (49.1%)

38 (32.8%)

52 (44.8%)

37 (31.9%)

35 (30.2%)

15 (12.9%)

Vitamin D

sufficient

(n=26)

58.1±12.8

20 (76.9)

6 (23.1%)

11 (42.3%)

5 (19.2%) 

8 (30.8%)

7 (26.9%)

6 (23.1%)

3 (11.5%)

Vitamin D

insufficient

(n=42)

60.6±12.1

27 (64.3%)

15 (35.7%)

17 (40.5%)

13 (31.0%)

17 (40.5%)

12 (28.6%)

10 (23.8%)

4 (9.5%)

Vitamin D

deficient 

(n=48) 

64.7±9.0

23 (47.9)

25 (52.1%)

29 (60.4%)

20 (41.7%)

27 (56.2%)

18 (37.5%)

19 (39.6%)

8 (16.7%)

P value

0.04s

0.04s

0.04s

0.03s

0.09ns

0.04s

0.54ns

0.17ns

0.58ns

Acute ischemic stroke was diagnosed by with computed 
tomography (CT) and/or magnetic resonance imaging. 
Estimation of 25(OH)D level was done at presentation. A 
single vitamin D level provides an estimate of long-term 
vitamin D status10-11. Patients suffering from malignant 
tumor, renal insufficiency (creatinine>1.5 mg/dl), febrile 
disorders, acute or chronic inflammatory disease at study 
enrolment and autoimmune diseases were excluded from 
this study. The patients who used vitamin and/or calcium 
supplementation before stroke onset were also excluded. 
All the laboratory data, comorbidities, preadmission 
medications and stroke etiology after completion of 
diagnostic evaluation were collected. Written informed 
consent was obtained from all subjects. This study was 
reviewed and approved by our institutional review board. 
Serum levels of 25(OH)D were analyzed using 25-
hydroxy chemiluminescent immunoassay. We 
trichotomized vitamin D status as sufficient (  30 ng/mL 
[75 nmol/L]), insufficient (20-29.9 ng/mL [50-75 
nmol/L]), and deficient ( 20 ng/ mL [50 nmol/L]) 
according to the Endocrine Society criteria9. In addition, 
we dichotomized vitamin D status as 25(OH)D 
concentration of 30 ng/mL or more versus less than 30 
ng/mL and 20 ng/mL or more versus less than 20 ng/mL, 
respectively.

During Statistical analysis continuous variables are 
reported as mean ± standard deviation or median 
(interquartile range), and categorical variables are reported 
as proportions. Between-group comparisons for 
continuous variables were performed using Student's t 
test, ANOVA analysisas appropriate. Categorical variables 
were compared using the chi-square test or the Fisher 
exact test. Univariable regression models were 
constructed to examine associations of serum 25(OH)D 
concentrations and acute stroke. The following 
prespecified variables were included in the multivariable 
linear regression model with backward elimination to 
identify independent predictors for a final acute stroke 
model as they have been associated with acute stroke: age, 
sex, smoking, diabetes mellitus, hypertension and 
dyslipidaemia7. All statistical analyses were performed 
using SPSS statistics version 16 Windows 2007. All the 
authors vouch for the completeness and accuracy of data 
and analyses presented. 

Results

The study patients were stratified by vitamin D status>30 
as vitamin D sufficient, vitamin D 20-20.9 as insufficient 
and finally vitamin D<20 as deficient. Patients having 
vitamin D deficient were more older than vitamin D 
insufficient and sufficient respectively with statistically 
significant difference (p=0.04) by ANOVA test. Male 
patients were higher in vitamin D sufficient than that 
of vitamin D insufficient and deficient with statistically 
significant difference (p=0.04). Female patients were



were referred for coronary angiography at baseline19. In a 
prospective population-based cohort study, individuals 
with severe 25(OH)D deficiency (<20 nmol/l) had higher 
risk of ischemic stroke (hazard ratio 1.36, 95% CI 1.09-
1.70) compared with individuals with optimal 25(OH)D 
level (>75 nmol/l) during 21 years of follow- up20. Daubail 
et al found that the mean 25(OH)D level was lower in 
ischemic stroke patients14. In our study, we found that 
circulating serum 25(OH)D levels were deficient and 
insufficient in 77.5 % of patients with acute stroke. 
Another study in Chinese patients also found that vitamin 
D deficiency (78.6 %) was very common15. Tu et al also 
suggested that 25(OH)D was an independent predictor of 
major disability and death within 90 days after onset of 
ischemic stroke with ORs (95% CIs) of 0.79 (0.73-0.85) 
and 0.70 (0.50-0.98) respectively16. Strengths of the 
present study relate to the extensive measurement of 
covariates and rigorous adjustment for variables that have 
been associated with acute stroke. There are some 
limitations relate to the retrospective study design like. 
Uncontrolled or unknown factors that may affect the 
incidence of stroke. For example, we did not collect 
information on nutritional habits. However, surrogate 
markers for the nutritional status were not associated with 
stroke incidence or vitamin D status in our study. This 
may assuage concerns that the noted association of 
vitamin D with acute stroke was a spurious finding related 
to overall poor nutritional health. Nevertheless, careful 
assessment of the nutritional status should be done in 
future studies assessing these associations. Although our 
data show a significant association between 25(OH)D and 
acute stroke, a causal relationship remains to be 
established. Large scale prospective studies in tertiary 
level hospital in different region of this country is 
necessary to establish this relationship. 

Conclusion

In the context of our observations, vitamin D deficiency 
represents an important risk factor for acute stroke and it 
might play a causal role in the development adverse 
events associated with stroke. 
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14.03ng/ml in our patients were similar compared with 
other studies 15.2ng/ml14 and 14.1 ng/ml15. 
Pathophysiological mechanisms remain speculative, but 
several possible biological mechanisms might explain the 
association of low 25(OH)D with poor outcome16. Low 
25(OH)D levels may contribute to pro-atherosclerotic 
changes of vascular smooth muscle cells, endothelial 
dysfunction and increased macrophage to foam cell 
formation17. High dose oral vitamin D supplementation 
produced short-term improvement in endothelial function 
in stroke patients with well controlled baseline blood 
pressure14. Finally, low 25(OH)D levels are known to 
influence macrophage and lymphocyte activity in 
atherosclerotic plaques and to promote chronic 
inflammation in the artery wall18. Various studies suggest 
that vitamin D may exert anti-inflammatory effects. 
Reduced 25(OH)D levels might be associated with overall 
increased inflammatory activity19.

Low level of vitamin D has been associated with an 
increased future risk of stroke and acute myocardial 
infarction during 10 years of follow-up20 and was 
independently predictive for fatal stroke in patients who

MultivariateVariables of interest

Advance age>55

Sex (female)

Smoking

Hypertension

Dyslipidemia

Diabetes mellitus

Low serum Vitamin D (<20 ng/ml)

OR (95% CI)

0. 98 (0.689 - 4.274)

0. 92 (0.409 - 5.274)

1.44 (1.241 - 6.101)

4.23 (1.247- 14.210)

1.11 (0.241 - 6.222)

1.20 (1.189 - 13.112)

2.39 (1.101-6.201)

P value

0.12ns

0.15ns

0.03s

0.02s

0.19ns

0.008s

0.03s

2018  Volume 30 Number  0136 

 
ORIGINAL ARTICLE



12. Brondum-Jacobsen P, Nordestgaard BG, Schnohr P. 
25-Hydroxyvitamin D and symptomatic ischemic stroke: 
an original study and meta-analysis. Ann Neurol. 2013; 
73(1): 38-47.

13. Witham, M. D., Dove, F. J., Sugden, J. A., et al. The 
effect of  vitamin D replacement on markers of vascular 
health in stroke patients: a randomized controlled trial. 
Nutr Metab Cardiovasc Dis. 2012; 22: 864-870.

14. Daubail, B., Jacquin, A., Guilland, J. C., et al. Serum 
25-hydroxyvitamin D predicts severity and prognosis in 
stroke patients. Eur. J. Neurol. 2013; 20: 57-61.

15. Tu WJ, Zhao SJ, Xu DJ, Chen H. Serum 25-
hydroxyvitamin D predicts the short-term outcomes of 
Chinese patients with acute ischaemic stroke. Clin Sci 
(Lond). 2014; 126: 339-346.

16. Pilz, S., Tomaschitz, A., Drechsler, C., et al.  Vitamin 
D supplementation: a promising approach for the 
prevention and treatment of strokes. Curr. Drug Targets. 
2011; 12: 88-96.

17. Andress, D. L. Vitamin D in chronic kidney disease: a 
Systemic role for selective vitamin D receptor activation. 
Kidney Int. 2006; 69: 33-43.

18. Bobryshev, Y. V. Vitamin D3 suppresses immune 
reactions in atherosclerosis, affecting regulatory T cells 
and dendritic cell function. Arterioscler Thromb Vasc 
Biol. 2010; 30: 2317-2319.

19. Marniemi J, Alanen E, Impivaara O, Seppanen R, 
Hakala P, Rajala T, et al. Dietary and serum vitamins and 
minerals as predictors of myocardial infarction and stroke 
in elderly subjects. Nutr Metab Cardiovasc Dis. 2005; 15: 
188-197.

20. Pilz S, Dobnig H, Fischer JE, Wellnitz B, Seelhorst U, 
Boehm BO, et al. Low vitamin D levels predict stroke in 
patients referred tocoronary angiography. Stroke. 2008; 
39: 2611-2613.

 
ORIGINAL ARTICLE

2018  Volume 30 Number  01 37

3. Aihara K, Azuma H, Akaike M. Disruption of nuclear 
vitamin D receptor gene causes enhanced thrombogenicity 
in mice. J BiolChem. 2004; 279: 35798-35802.

4. Wang TJ, Pencina MJ, Booth SL. Vitamin D deficiency 
and risk of cardiovascular disease. Circulation. 2008; 
117(4): 503-511.

5. Mitsuhashi T, Morris RC Jr, Ives HE. 1,25-Dihydroxy 
vitamin D3 modulates growth of vascular smooth muscle 
cells. J Clin Invest. 1991; 87: 1889-1895.

6. Mc Greevy C, Williams D. New insights about vitamin 
D and cardiovascular disease: a narrative review. Ann 
Intern Med. 2011; 155: 820-826.

7. Lee JH, O'Keefe JH, Bell D, Hensrud DD, Holick MF. 
Vitamin D deficiency: an important, common, and easily 
treatable cardiovascular risk factor? J Am CollCardiol. 
2008; 52: 1949 -1956.

8. Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst U, 
Wellnitz B, et al. Independent association of low serum 
25-hydroxyvitamin D and 1,25-dihydroxyvitamin D levels 
with all-cause and cardiovascular mortality. Arch Intern 
Med. 2008; 168: 1340-1349.

9.  Sacco RL, Kasner SE, Broderick JP. AN updated 
definition of stroke for the 21 st century. Stroke. 2013; 44: 
2064-2089.

10. Turetsky A, Richard P, Goddeau J, Henninger J. Low 
Serum Vitamin D Is Independently Associated with 
Larger Lesion Volumes after Ischemic Stroke. Journal of 
Stroke and Cerebrovascular Disease. 2015; 24(7): 1555-
1563.

11. Major JM, Graubard BI, Dodd KW. Variability and 
reproducibility of circulating vitamin D in a nation wide 
US. J Clin Endocrinol Metab. 2013; 98: 97-104.


