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Vitamin D deficiency is associated with acute ischemic stroke,
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Abstract The aim of this study was to investigate whether
vitamin D deficiency (VDD) is associated with acute ischemic
stroke, inflammatory markers, and short-term outcome. 168
acute ischemic stroke patients and 118 controls were included.
The modified Rankin Scale (mRS) was applied up to 8 h of
admission (baseline) and after three-months follow-up, and
blood samples were obtained up to 24 h of admission to eval-
uate serum levels of 25-hydroxivitamin D [25(OH)D] and
inflammatory markers. Vitamin D levels classified the indi-
viduals in sufficient (VDS ≥ 30.0 ng/mL), insufficient (VDI
20.0–29.9 ng/mL), and deficient (VDD < 20.0 ng/mL) status.
Patients had lower levels of 25(OH)D, higher frequency of
VDD (43.45% vs. 5.08%, OR: 16.64, 95% CI: 5.66–42.92,
p < 0.001), and higher inflammatory markers than controls
(p < 0.05). Patients with VDD showed increased high sensi-
tivity C-reactive protein (hsCRP) levels than those with VDS
status (p = 0.043); those with poor outcome presented with
lower 25(OH)D levels than those with good outcome (p =
0.008); moreover, 25(OH)D levels were negatively correlated

with mRS after three-months follow-up (r = −0.239, p =
0.005). The associations between VDD and higher hsCRP
levels and between 25(OH)D levels and poor outcome at
short-term in acute ischemic stroke patients suggest the im-
portant role of vitamin D in the inflammatory response and
pathophysiology of this ischemic event.
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Introduction

Stroke is sudden onset of focal neurological deficit and a ma-
jor cause of disability and mortality worldwide (Sacco et al.
2013). Acute ischemic stroke has a heterogeneous etiology
caused by unmodifiable risk factors, such as genetic, age,
and sex, as well as by modifiable risk factors including hyper-
tension, diabetes mellitus (DM), dyslipidemia, sedentary life-
style, and smoking (Mozaffarian et al. 2015). Cerebral ische-
mic injury is associated with the induction of several inflam-
matory events, including the infiltration of circulating immune
cells and activation of microglia, astrocytes, and endothelial
cells (Ladeby et al. 2005).

Previous studies have reported that vitamin D deficiency is
associated with cardiovascular disease events and mortality
(Kendrick et al. 2009; Durup et al. 2015). VDD has been
associated with increased prevalence of individual cardiovas-
cular risk factors, such as endothelial dysfunction (Tarcin et al.
2009), DM (Mitri et al. 2011), dyslipidemia (Zittermann et al.
2011), and hypertension (Martins et al. 2007), and is consid-
ered an independent risk factor for the occurrence of acute
ischemic stroke (Marniemi et al. 2005; Pilz et al. 2008; Sun
et al. 2012; Brøndum-Jacobsen et al. 2013; Chaudhuri et al.
2014). Moreover, hypovitaminosis D was independently
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associated with larger ischemic infarct volume (Tu et al. 2014;
Turetsky et al. 2015) and poor outcome (Park et al. 2015).

Bone and skeletal muscle, brain, prostate, breast and colon
tissues as well as immune cells have a vitamin D receptor
(VDR) and respond to the active form 1,25 dihydroxyvitamin
D [1,25(OH)2D] (Holick 2007). Therefore, apart from its clas-
sical effects on bone and skeletal homeostasis (Ebeling 2014),
vitamin D has been associated with the regulation of inflam-
mation through several mechanisms, including inhibition of
prostaglandin, mitogen-activated protein kinase (MAPK) and
nuclear factor kappa B (NF-κB) pathways (Cohen-Lahav
et al. 2006; Liu et al. 2014; Huang et al. 2015), down regula-
tion of pro-inflammatory cytokines, such as tumor necrosis
factor (TNF)-α, interleukin (IL)-6, IL-12, and interferon
(IFN)-γ, and up regulation of anti-inflammatory T regulatory
(Treg) and Th2 cells and their cytokines (Boonstra et al. 2001;
Penna et al. 2005; Zhang et al. 2012). All these potential
mechanisms may explain the link between vitamin D with
cardiovascular diseases and stroke.

The association between vitamin D and acute ischemic
stroke has been evaluated in different populations; however,
conflicting results were found.While some studies reported an
association between low levels of vitamin D and stroke
(Marniemi et al. 2005; Sun et al. 2012; Michos et al. 2012;
Brøndum-Jacobsen et al. 2013; Chaudhuri et al. 2014; Tu
et al. 2014; Park et al. 2015), as well as its relationship with
outcome and prognosis (Brøndum-Jacobsen et al. 2013;
Daubail et al. 2013, 2014; Wang et al. 2014; Tu et al. 2014;
Turetsky et al. 2015; Park et al. 2015), others have not found
such associations (Bolland et al. 2010; Drechsler et al. 2010;
Kühn et al. 2013; Gupta et al. 2014; Majumdar et al. 2015).
Moreover, only two of these previous studies evaluated the
association of vitamin D and inflammatorymarkers in patients
with acute ischemic stroke (Tu et al. 2014; Park et al. 2015)
and also showed conflicting results. To clarify this issue, the
aim of the present study was to evaluate the association be-
tween vitamin D levels and acute ischemic stroke, as well as
with inflammatory markers and short-term outcome in these
patients.

Materials and methods

Study subjects

The protocol was approved by the Institutional Research Ethic
Committee of the State University of Londrina, Paraná State,
Brazil (CAAE 0250.0.268.000-11) and a written consent form
was obtained from all of the individuals. A total of 168 acute
ischemic stroke patients diagnosed with focal neurological
signs or symptoms of vascular origin that persisted for
>24 h, confirmed by brain computed tomography (CT) and
clinic examination were consecutively recruited from January

2013 to January 2015 from the Emergency Room of the
University Hospital of State University of Londrina. The acute
ischemic stroke subtypes were classified according to the
TOASTcriteria (Adams et al. 1993). As controls, 118 individ-
uals from the general population of Londrina, controlled for
age, sex, ethnicity, and body mass index (BMI), and with no
history of stroke or myocardial infarction were enrolled in the
same period. Patients and controls with fever, acute infections,
hematological, inflammatory or autoimmune diseases, with
renal or liver failure, cancer, cerebral hemorrhage, and those
using calcium and/or vitamin D supplements were excluded.
Demographic, epidemiological, anthropometric, and clinical
data including traditional stroke risk factors and the use of
any therapeutic drug were obtained using a standard question-
naire at the admission of the individuals. Anthropometric
measures were verified by body weight and height reported
by the individuals, when it was possible, or by the patient’s
family. BMI was calculated as weight (kg) divided by height
(m) squared. The ethnicity was self-reported as Caucasian and
non-Caucasian (Asiatic, Black, and Afro-Brazilian) (Brazil
2011).

Baseline blood pressure evaluations were obtained at the
admission of the individuals (patients and controls) using dig-
ital apparatus properly calibrated, and the mean of three mea-
surements was used in the analysis. The use of antihyperten-
sive medication was an indication of hypertension (James
et al. 2014); DM was defined as a fasting serum glucose ≥
126 mg/dL, a non-fasting serum glucose ≥ 200 mg/dL and/or
use of anti-diabetic medication (American Diabetes
Association 2014); dyslipidemia was defined by the presence
of one or more than one of the abnormal serum lipid concen-
tration: total cholesterol ≥ 200 mg/dL, low-density lipoprotein
cholesterol ≥ 130 mg/dL; high-density lipoprotein cholesterol
< 40 mg/dL, triglycerides > 150 mg/dL [National Cholesterol
Education Program (NCEP) Expert Panel on Detection,
Evaluation 2002]. The functional impairment was evaluated
using the modified Rankin Scale (mRS) (Bonita and
Beaglehole 1988) applied within the first 24 h of admission
(baseline) and the values were used to categorize the patients
with mild (mRS < 3) or moderate/severe functional impair-
ment (mRS ≥ 3). The mRS was also applied after three-
months follow-up through clinical examination or using tele-
phone interviews with the patients or their relatives (Wang
et al. 2014) and the values were used to categorize the patients
with good (mRS < 3) or poor outcome (mRS ≥ 3) (Park et al.
2015).

Vitamin D and inflammatory markers

Peripheral blood samples were obtained under non-fasting
state, with and without EDTA as anticoagulant. From the
stroke patients, the samples were obtained within the first
24 h of admission in the hospital; from controls, the
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samples were obtained at the time of inclusion in the study.
Plasma and serum samples were immediately separated by
centrifugation (2,500 rpm for 15 min) and stored in ali-
quots at −80 °C until analyzes. Serum levels of 25
dihydroxyvitamin D [25(OH)D] were determined using
chemiluminescent microparticle immunoassay (CMIA)
(Architect, Abbott Laboratory, Abbott Park, IL, USA).
Vitamin D sufficiency (VDS) was defined with values ≥
30.0 ng/mL, vitamin D insufficiency (VDI) was defined
with values from 20.0 to 29.9 ng/mL and vitamin D defi-
ciency (VDD) with values < 20.0 ng/mL (Holick 2007).
Plasma levels of TNF-α, IL-6, and IL-10 were evaluated
using a sandwich enzyme-linked immunosorbent assay
(ELISA, eBioscience, San Diego, California, USA).
White blood cell, platelet counts and erythrocyte sedimen-
tation rate (ESR) were determined using hematological
autoanalyzers. Serum levels of high sensitivity C-reactive
protein (hsCRP) and ferritin were determined using CMIA
(Architect, Abbott Laboratory, Abbott Park, IL, USA).

Statistical analysis

Analyses of contingency tables (χ2 test) were employed to
check the associations between categorical variables and di-
agnostic groups. We assessed the differences in continuous
variables between groups using analysis of variance
(ANOVAs) followed by the Tukey test to examine multiple
comparisons among subgroup means, when appropriated.
Categorical variables were expressed as absolute number (n)
and percentage (%) and continuous variables were expressed
as mean ± error standard of mean (SEM). The mRS values
were expressed as median and interquartile range (IQR) of
25–75%. The Kolmogorov-Smirnov test was used to assess
normality of distribution. Logarithmic (Ln) transformation of
continuous data was used in the analysis when the variables
were not normally distributed or when there was heterogeneity
of variance (as assessed with the Levene test) and rechecked
the assumptions for parametric analysis. Bivariate logistic re-
gression analysis was used to define the significant predictor,
with odds ratio (OR) and 95% confidence intervals (CI) of
stroke patients versus controls using the markers and other
significant characteristic data, in six different models.
Further, the significant variables were also evaluated using
Bonferroni post-test. Multinomial logistic regression analysis
was used to define the significant associations, with OR and
95% CI of vitamin D status in acute ischemic stroke using the
variables with p value < 0.10. Correlations between the serum
levels of 25(OH)D and mRS after three-months follow-up
were performed by Pearson’s correlation. The statistical anal-
ysis was performed with SPSS for Windows, version 20.0
(SPSS Inc., Chicago, IL, USA) and significance was defined
as p < 0.05.

Results

Table 1 shows the baseline characteristics and vitamin D status
in patients and controls. As expected, patients and controls did
not differ in the controlled variables, such as sex, age, ethnicity,
and BMI. Most patients were men (96/57.1%), Caucasians
(132/78.6%) and the mean age (±SEM) was 67.9 ± 1.0 years.
Patients had higher frequency of smoking (p < 0.001), DM (p =
0.025), and VDD than controls (p < 0.001). Seventy-three
(43.5%) patients showed VDD, whereas it occurred in only 6
(5.08%) controls (p < 0.001). The mean (±SEM) of 25(OH)D
was 22.54 ng/mL (0.82) in patients and 30.37 ng/mL (0.80) in
controls (p < 0.001). The outcome of ANOVAs performed in
the different inflammatory markers demonstrated higher ESR
(p = 0.002), total peripheral leukocyte counts (p < 0.001),
hsCRP (p < 0.001), ferritin (p = 0.002), IL-6 (p < 0.001), and
TNF-α (p = 0.014) in the patients compared with controls.

Among stroke subtypes, 58 (34.5%) patients had large ar-
tery atherosclerosis stroke (LAAS), 53 (31.6%) lacunar infarct
(LAC), 26 (15.5%) cardio-embolic infarct (CEI), 5 (3.0%) oth-
er determined etiology (ODE), and 26 (15.5%) had undeter-
mined etiology (UDE). Moderate/severe functional impair-
ment in admission was found in 124 (79.0%) patients with a
median (IQR) mRS score of 4.00 (3.00–5.00), and after three-
months follow-up, 90 (67.2%) patients had poor outcome, with
a median (IQR) mRS of 4.00 (5.00–2.00) (data not shown).

Further, some results of the univariate statistical analysis
were used to delineate the significant explanatory variables as
determinants of independent association between vitamin D
status and diagnostic groups in subsequent models of logistic
regression analysis (Table 2). With model 1, controlled for
age, sex, BMI, and ethnicity, VDD remained associated with
acute ischemic stroke (OR 16.32, 95% CI: 5.89–45.17;
p < 0.001); with model 2, that included model 1 and smoking
status, this association remained significant (OR 16.07, 95%
CI: 5.77–44.70; p < 0.001); when DM was added into model
3, the association was also significant (OR 14.60, 95% CI:
5.21–40.23; p < 0.001); with model 4, that included dyslipid-
emia, the association also remained significant (OR 14.44,
95% CI: 5.15–40.53; p < 0.001). Finally, with model 5, after
additional adjustment for drugs, including use of antihyper-
tensive, hypoglycemic, and hypolipemiant medication, the
VDD remained associated with acute ischemic stroke (OR
16.64, 95% CI: 5.66–42.92; p < 0.001).

The characteristics of the patients stratified by their vitamin
D status are summarized in Table 3. Patients with VDD were
more likely to be female, older, and with higher mRS at base-
line than those with VDI and VDS (p = 0.003, p = 0.008, and
p = 0.047, respectively). However, there were no statistically
significant differences between stroke subtypes in relation to
vitamin D status (p = 0.861). Furthermore, sex, age, and mRS
were evaluated using Bonferroni post-test and these variables
remained associated with VDD.
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Regarding the inflammatory markers, ESR levels were
higher in patients with VDD than those with VDS (p =
0.016) and hsCRP and serum IL-6 levels were higher in pa-
tients with VDD than in patients with VDI and VDS (p =
0.002 and p = 0.001, respectively) (Table 4). After multinomi-
al logistic regression analysis with these subgroups of patients
as dependent variable and those variables with p-value <0.10
described in Tables 3 and 4 as explanatory variables, VDD
status remained significantly associated with sex and serum
hsCRP levels of the patients (p = 0.023 and p = 0.043, respec-
tively). In addition, these variables remained significant after
Bonferroni post-test (Table 5).

When we analyzed the association between outcome of the
patients after three-months follow-up and serum 25(OH)D
levels, those with poor outcome had lower 25(OH)D levels than
those with good outcome (p = 0.010) (Fig. 1a). Moreover,

serum 25(OH)D levels showed negative correlation with mRS
at three-months follow-up (r = −0.250, p = 0.005) (Fig. 1b).
After logistic regression analysis adjusted for age, sex and
mRS baseline, serum 25(OH)D levels remained significantly
associated with poor short-term outcome (p = 0.008) (Table 6).

Discussion

The main finding of the present study is that VDD can be
considered an independent marker associated with acute is-
chemic stroke. Even after controlling for the classical vari-
ables associated with the occurrence of this ischemic event,
such as age, sex, ethnicity, BMI, smoking status, presence of
DM, dyslipidemia and medications used prior to the ischemic
event (antihypertensive, hypoglycemic and hypolipemiant

Table 1 Baseline characteristics
and vitamin D status of acute
ischemic stroke patients and
controls

Characteristics Controls

(n = 118)

Stroke Patients

(n = 168)

p-value

Age (years) 65.16 (±1.12) 67.87 (±1.03) 0.080

Sex

Male 57 (48.30) 96 (57.14) 0.140
Female 61 (51.69) 72 (42.86)

Ethnicity

Caucasian 97 (82.20) 132 (78.57) 0.449
Non Caucasian 21 (17.80) 36 (21.43)

BMI (kg/m2)† 27.26 (±0.41) 26.42 (±0.49) 0.085

Diabetes mellitus 30 (25.42) 64 (38.10) 0.025

Dyslipidemia 41 (34.74) 74 (44.04) 0.221

Smoking 8 (6.78) 39 (23.21) <0.001

Antihypertensive 51 (43.22) 119 (70.83) <0.001

Hypoglycemic 20 (16.95) 42 (25.00) 0.065

Hypolipemiant 25 (21.19) 45 (26.79) 0.188

Vitamin D (ng/mL) 30.37 (±0.80) 22.54 (±0.82) <0.001

Vitamin D status

Deficient (<20.0 ng/mL) 6 (5.08) 73 (43.45) <0.001
Insufficient (<30.0 ng/mL ≥20 ng/ML) 59 (50.00) 57 (33.93)

Sufficient (≥30 ng/mL) 53 (44.92) 38 (22.62)

Platelets (×103cells/mm3)† 226.14 (±5.95) 225.8 (±7.39) 0.303

Leukocyte (cells/mm3) 6700 (±221) 9529 (±250) <0.001

ESR (mm/h)† 11.80 (1.00) 20.05 (±1.70) 0.002

hsCRP (mg/L)† 2.77 (±0.26) 19.93 (±2.29) <0.001

Ferritin (ng/mL)† 153.98 (±12.38) 273.74 (±27.35) 0.002

TNF-α (pg/mL)† 4.61 (±1.02) 6.50 (±1.06) 0.014

IL-6 (pg/mL)† 13.25 (±39.89) 21.05 (±2.53) <0.001

IL-10 (pg/mL)† 7.54 (±0.51) 11.85 (±2.63) 0.088

The continuous variables were expressed as mean ± standard error of mean (SEM); the categorical variables were
expressed as number (n) and percentage (%)

BMI body mass index, ESR Erythrocyte Sedimentation Rate, hsCRP high sensitivity C reactive protein, TNF-α
tumor necrosis factor alpha, IL interleukin
† These variables are processed in Ln transformation
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Table 2 Odds ratio (95%
confidence interval) of acute
ischemic stroke for vitamin D
status at baseline

Vitamin D status Model 1 Model 2 Model 3 Model 4 Model 5

Deficient

(<20.0 ng/mL)

16.32

(5.89–45.17)

p < 0.001

16.07

(5.77–44.70)

p < 0.001

14.60

(5.21–40.53)

p < 0.001

14.44

(5.15–40.53)

p < 0.001

16.64

(5.66–42.92)

p < 0.001

Insufficient

(<30.0– ≥ 20 ng/mL)

1.615

(0.87–2.98)

p = 0.127

1.44

(0.77–2.72)

p = 0.250

1.40

(0.74–2.65)

p = 0.291

1.39

(0.73–2.64)

p = 0.308

1.27

(0.63–2.54)

p = 0.39

Sufficient

(≥30 ng/mL)
1

(Reference)

1

(Reference)

1

(Reference)

1

(Reference)

1

(Reference)

CI: confidence interval

Model 1: adjusted for age (years), gender, body mass index levels (kg/m2 ), and ethnicity

Model 2: additionally adjusted for smoking status (yes/no)

Model 3: additionally adjusted for diabetes (yes/no)

Model 4: additionally adjusted for dyslipidemia (yes/no)

Model 5: additionally adjusted for antihypertension, hypoglycemic, and hypolipemiant drugs

Table 3 Demographic,
epidemiological, and clinical
characteristics of acute ischemic
stroke patients, according to their
vitamin D status

Variables Ischemic Stroke Patients p-
value

Vitamin D

Deficient A

(n = 73)

Vitamin D
Insufficient B

(n = 57)

Vitamin D
Sufficient C

(n = 38)

Vitamin D (ng/mL)† 13.85 (±0.51)B,C 23.83 (±0.36) A,C 37.30 (±1.48) A, B <0.001

Age (years) 71.27 (±1.50) B,C 66.47 (±1.60) A 63.34 (±2.40) A 0.008

Sex

Male 32 (33.33) 35 (36.46) 29 (30.21) 0.003
Female 41 (56.94) B,C 22 (30.56) A 9 (12.50) A

Ethnicity

Caucasian 58 (43.94) 44 (33.33) 30 (22.73) 0.951
Non Caucasian 15 (41.67) 13 (36.11) 8 (22.22)

BMI (kg/m2) 26.76 (±0.94) 26.32 (±0.76) 26.07 (±0.79) 0.850

Diabetes mellitus 32 (43.83) 21 (36.84) 11 (28.95) 0.300

Dyslipidemia 33 (45.20) 30 (52.63) 11 (28.95) 0.090

Smoking 14 (19.18) 15 (26.31) 8 (21.05) 0.745

Stroke subtypes

LAAS 21 (28.78) 25 (43.87) 12 (31.58) 0.861
LAC 26 (35.61) 15 (26.31) 12 (31.58)

CEI 14 (19.18) 7 (12.28) 5 (13.15)

ODE 2 (2.74) 2 (3.51) 1 (2.63)

UDE 10 (13.69) 8 (14.03) 8 (21.06)

mRs at baselinea 4.00
(4.00–5.00)B,C

4.00 (3.00–4.50)A 4.00 (2.00–4.00)A 0.047

mRS after three-months
follow-upb

5.00 (3.00–6.00) 4.00 (1.00–6.00) 3.00 (1.00–6.00) 0.068

The continuous variables were expressed as mean ± standard error of mean (SEM)
a Analyzed 157 patients; b Analyzed 134 patients. mRS values were expressed as median and interquartile range
(25–75%)

LAAS Large Artery Atherosclerosis Stroke, LAC Lacunar infarct, CEI Cardio-Embolic Infarct, ODE Other deter-
mined etiology, UDE Undetermined etiology, mRS modified Rankin Scale
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drugs), patients with VDD were 16.64 more likely to have
acute ischemic stroke when compared to those with VDS
status. In addition, VDD status was independently associated
with higher levels of hsCRP and short-term outcome in pa-
tients with acute ischemic stroke.

The association between low levels of 25(OH)D and ische-
mic stroke is consistent with previous studies performed in
other populations worldwide (Pilz et al. 2008; Sun et al.
2012; Brøndum-Jacobsen et al. 2013; Chaudhuri et al.
2014). Studies in both animals and humans demonstrated that
vitamin D decreases renin-angiotensin-aldosterone system ac-
tivity, regulating the genes involved in renin production (Li
2003). VDD has been associated with increased prevalence of
hypertension and endothelial dysfunction in healthy subjects
and the replacement of vitamin D has shown favorable effects
on endothelial function (Tarcin et al. 2009). Moreover, vita-
min D produced a significant reduction in the sera lipid pro-
file, CRP, and adhesion molecules in an experimental model
(Malek and Shata 2014), suggesting beneficial effects on in-
flammation and the atherosclerotic process. However, other
studies have not found association between VDD and stroke
(Bolland et al. 2010; Drechsler et al. 2010; Kühn et al. 2013;
Gupta et al. 2014; Majumdar et al. 2015).

The 25(OH)D is widely considered a superior biomarker
when compared to 1,25(OH)2D for assessing vitamin D status,
because its longer half-life (15 days vs 15 h) (Jones 2008).
Only two studies measured 1,25(OH)2D, and low levels of
this active form were associated with high risk for stroke after
10 years follow-up (Marniemi et al. 2005), as well as it was
also considered an independent predictor for fatal stroke (Pilz
et al. 2008).

The association between VDD and high levels of hsCRP in
patients with ischemic stroke obtained in the present study can

be explained by the anti-inflammatory activities of vitamin D,
including the inhibition of IL-6 synthesis by monocytes, which
is the primary stimulus for CRP production in the liver (Zhang
et al. 2012). The first cells responding to brain ischemia are glial
cells, particularly microglia, with transcription of early pro-
inflammatory cytokines, such as IL-1β, TNF-α, and IL-6,
which are able to activate additional inflammatory pathways
leading to the induction of positive acute phase proteins, includ-
ing CRP. Only two studies analyzed the relationship between
vitamin D and inflammatory markers in patients with ischemic
stroke. Similarly to the results obtained in the present study, Tu
et al. (2014) showed that levels of 25(OH)D were inversely
correlated with CRP (Tu et al. 2014), whereas, Park et al.
(2015) did not find this association in patients with acute ische-
mic stroke (Park et al. 2015); these conflicting results can be
partially explained by the inclusion of patients who were
allowed entering the study up to 7 days after the ischemic event.

Increased serum levels of hsCRP have been considered a
marker for atherothrombotic disease and may reflect the level
of inflammatory activity in atherosclerotic plaques
(Shrivastava et al. 2014) as well as it is a sensitive indicator
of initial and recurrent ischemic stroke (Di Napoli et al. 2001;
Arenillas et al. 2003). CRP acts on endothelial cells inducing
tissue factor expression and promotes smooth muscle and en-
dothelial cell proliferation (Cirillo et al. 2005). Moreover,
CRP is a chemoattractant for monocytes, up regulates adhe-
sion molecules (Pasceri et al. 2000), modulates nitric oxide
bioavailability (Venugopal et al. 2002), increases plasminogen
activator inhibitor–1 expression (Chen et al. 2008), and in-
duces several inflammatory genes via NF-κB activation in
endothelial human cells (Hattori et al. 2003). Therefore,
CRP is directly associated with a proatherothrombotic pheno-
type in the vessel wall.

Table 4 Inflammatory markers of acute ischemic stroke patients, according to their vitamin D status

Variables Ischemic Stroke Patients p-value

Vitamin D
Deficient A

(n = 73)

Vitamin D Insufficient B

(n = 57)
Vitamin D Sufficient C

(n = 38)

Platelets (×103cells/mm3) 224.42 (±9.67) 236.11 (±16.8) 225.83 (±9.04) 0.510

Leukocyte (cells/mm3) 9464 (±423) 9547 (±371) 9629 (±517) 0.967

ESR (mm/h)†’ 23.47 (±2.90) C 19.77 (±2.70) 14.16 (±2.50) A 0.016

hsCRP (mg/L)† 30.09 (±4.57) B,C 14.40 (±2.39) A 8.55 (±2.02) A 0.002

Ferritin (ng/mL)† 286.30 (±41.54) 252.44 (±44.18) 281.64 (±64.33) 0.877

TNF-α (pg/mL)† 4.13 (±0.52) 9.83 (±1.83) 6.55 (±2.67) 0.101

IL-6 (pg/mL)† 28.92 (±4.93)B,C 16.07 (±3.28)A 11.46 (±2.42) A 0.001

IL-10 (pg/mL)† 13.72 (±5.22) 9.10 (±1.83) 12.35 (5.19) 0.357

The continuous variables were expressed as mean ± standard error of mean (SEM)
† These variables are processed in Ln transformation

ESR Erythrocyte Sedimentation Rate, hsCRP high sensitivity C reactive protein, TNF-α tumor necrosis factor alpha, IL interleukin
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Prospective studies with healthy individuals have proposed
that, regardless of other cardiovascular risk factors, increased
plasma hsCRP levels are significant predictors of ischemic
stroke and transient ischemic attack (TIA) (Rost et al. 2001).
Moreover, acutely elevated CRP showed significant and pos-
itive association with unfavorable short-term outcome (Muir
et al. 1999; Di Napoli et al. 2001; Winbeck et al. 2002).

In the present study, we demonstrated an association be-
tween low levels of 25(OH)D and poor outcome after three-
months follow-up, independently of age, sex, and the neuro-
logical deficit at the admission of the patients. This result
suggests that hypovitaminosis D could exacerbate stroke inju-
ry affecting post-stroke inflammatory responses, which play a
critical role in the pathophysiology of cerebral ischemia (Vila
et al. 2000).

It is likely that vitamin D functions to dampen cell-
mediated immune responses preventing the strong Th1 re-
sponses through acting on the antigen presenting cells, while
simultaneously acting on the T cell to enhance Th2 cell devel-
opment (Boonstra et al. 2001). In addition to its ability to
induce a switch from Th1 to Th2 response, vitamin D

increases the anti-inflammatory Treg development and cyto-
kine production, whereas Th17 subset is suppressed (Tang
et al. 2009). All these effects suggest a possible mechanism
by which VDDmay exacerbate the cerebral inflammation and
neuronal ischemic cell death. The possible modulation of the
inflammatory response after stroke by anti-inflammatory
mechanisms, including vitamin D, is important due to the
direct association between inflammation and secondary dam-
age following stroke.

Moreover, vitamin D induces neuroprotection by increas-
ing neurotrophic factors, such as nerve growth factor (NGF),
neurotrophins, and glial cell line-derived neurotrophic factor
(GDNF) (Neveu et al. 1994; Wang et al. 2000; Balden et al.
2012). Therefore, VDD may also exacerbate ischemic neuro-
nal cell loss by decreasing the availability of neuroprotective
growth factors.

Our results are also consistent with those that showed an
association between hypovitaminosis D and poor outcome
and mortality in stroke (Kühn et al. 2013; Brøndum-
Jacobsen et al. 2013; Daubail et al. 2013, 2014; Wang
et al. 2014; Park et al. 2015). Of note, Durup et al.

Table 5 Results of multinomial
logistic regression analysis
between explanatory variables
and vitamin D status of acute
ischemic stroke patients

Variables Wald for contrasts p-value Odds ratio 95% CI

Age (Years) A vs B: 2.186 0.139 0.971 0.934–1.010

A vs C: 1.905 0.168 1.032 0.987–1.079

B vs C: 0.071 0.933 1.002 0.960–1.045

Sex (female) A vs B: 2.154 0.142 0.483 0.183–1.276

A vs C: 5.169 0.023 3.989 1.210–13.146

B vs C: 1.163 0.281 1.927 0.585–6.347

Dyslipidemia A vs B: 0.001 0.992 0.995 0.380–2.609

A vs C: 3.430 0.064 3.114 0.937–10.347

B vs C: 3.729 0.053 3.098 0.983–9.765

hsCRP (mg/L) A vs B: 2.895 0.089 0.980 0.957–1.003

A vs C: 4.076 0.043 1.038 1.001–1.077

B vs C: 0.762 0.383 1.017 0.979–1.057

IL-6 (pg/mL) A vs B: 0.453 0.501 0.994 0.978–1.011

A vs C: 0.651 0.420 1.009 0.987–1.033

B vs C: 0.087 0.769 1.004 0.979–1.029

ESR (mm/h) A vs B: 0.663 0.416 0.991 0.969–1.013

A vs C: 0.811 0.368 1.014 0.983–1.047

B vs C: 0.90 0.764 1.005 0.973–1.038

mRs at baseline A vs B: 0.058 0.809 0.944 0.591–1.507

A vs C: 0.193 0.666 0.885 0.512–1.529

B vs C: 0.497 0.481 0.835 0.506–1.378

mRS after three-months follow-up A vs B: 0.135 0.519 0.917 0.704–1.194

A vs C: 1.026 0.311 1.167 0.866–1.572

B vs C: 0.217 0.641 1.070 0.806–1.402

CI confidence interval, ESR Erythrocyte Sedimentation Rate, hsCRP high sensitivity C reactive protein, TNF-α
tumor necrosis factor alpha, IL interleukin, mRS modified Rankin Scale
a Vitamin D deficient, b Vitamin D insufficient, c Vitamin D sufficient
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(2015) showed a nonlinear association between 25(OH)D
and stroke mortality with both low and high levels of
25(OH)D. These results should be taken into account re-
garding the importance to define the appropriate levels of
vitamin D that may be sufficient to its major biological
functions. In contrast, Ford et al. (2014) showed that al-
though vitamin D supplementation might protect against
cardiac failure in older people, it does not offer protection
against myocardial infarction or stroke.

Some limitations deserve to be discussed, such as the
unavailable data on potential confounding factors, includ-
ing serum parathyroid hormone, calcium concentrations,
data on sun exposure, dietary intake of vitamin D and out-
door physical activity. Moreover, the level of hsCRP was
measured only once for each patient and could not be able
to reflect its potentially dynamic changes in ischemic
stroke and the samples were not obtained just after the
ischemic stroke symptoms onset, but as soon as possible
after admission of the patients to hospital. However, pre-
vious studies suggested that the level of hsCRP in ischemic

stroke patients varies 7 days after symptom onset
(Worthmann et al. 2010) and that the high level of CRP
obtained within 30 days of stroke had a strong predictabil-
ity for long-term survival of patients study (Whiteley et al.
2011). On the other hand, the strength of this study is that
we have found an association between low vitamin D sta-
tus with acute ischemic stroke, hsCRP, as well as with
short-term outcome, which remained significant after
adjusting for several confounder variables that could have
influenced the results.

Conclusion

Although the current study design does not allow to link the
VDDwith the causality of acute ischemic stroke, the indepen-
dent association observed between vitamin D status with
hsCRP, that is considered a valuable and sensitive indicator
of initial and recurrent cerebrovascular events, as well as with
functional impairment at short-term outcome, underscores the
important role of vitamin D in the ischemic stroke pathophys-
iology. Further studies with large sample size of individuals
are warranted to better understand the anti-inflammatory
mechanisms of vitamin D and its involvement in acute ische-
mic stroke.
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A p=0.008 B r= -0.250, p=0.0005

Fig. 1 Serum 25-hydroxyvitamin D [25(OH)D] levels according to the
short-term outcome of patients with acute ischemic stroke. a Association
between serum 25(OH)D levels and short-term outcome evaluated using
modified Rankin Scale (mRS) three-months follow-up. Good outcome

(mRS < 3) and poor outcome (mRS ≥ 3); the analyze was adjusted for
age, sex and mRS baseline, p = 0.010. b Pearson correlation between
serum 25(OH)D levels and functional impairment (mRS) after three-
months follow-up (r = −0.250, p = 0.005)

Table 6 Binary logistic regression analyses with acute ischemic stroke
short-term outcome as dependent variable and explanatory variables

Variables Wald p-value Odds ratio 95% CI

Age (years) 0.779 0.377 1.016 0.981–1.053

Sex (female) 2.962 0.085 .407 0.146–1.33

Vitamin D (ng/mL) 7.085 0.008 .929 0.880–0.931

mRS at baseline 25.663 <0.001 3.208 2.044–5.037

CI confidence interval, mRS modified Rankin Scale

Metab Brain Dis



References

Adams HP, Bendixen BH, Kappelle LJ et al (1993) Classification of
subtype of acute ischemic stroke. Definitions for use in a multicenter
clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment.
Stroke 24:35–41

American Diabetes Association (2014) Standards of medical care in diabe-
tes–2014. Diabetes Care 37(Suppl 1):S14–80. doi:10.2337/dc14-S014

Arenillas JF, Alvarez-Sabín J, Molina CA et al (2003) C-reactive protein
predicts further ischemic events in first-ever transient ischemic attack
or stroke patients with intracranial large-artery occlusive disease.
Stroke 34:2463–8. doi:10.1161/01.STR.0000089920.93927.A7

Balden R, Selvamani A, Sohrabji F (2012) Vitamin D deficiency exacer-
bates experimental stroke injury and dysregulates ischemia-induced
inflammation in adult rats. Endocrinology 153:2420–2435.
doi:10.1210/en.2011-1783

Bolland MJ, Bacon CJ, Horne AM et al (2010) Vitamin D insufficiency
and health outcomes over 5 y in older women. Am J Clin Nutr 91:
82–9. doi:10.3945/ajcn.2009.28424

Bonita R, Beaglehole R (1988) Recovery of motor function after stroke.
Stroke 19:1497–500

Boonstra A, Barrat FJ, Crain C et al (2001) 1alpha,25-Dihydroxyvitamin
d3 has a direct effect on naive CD4(+) T cells to enhance the devel-
opment of Th2 cells. J Immunol 167:4974–80

Brazil (2011)Characteristics of the Population andHouseholds: Results of the
Universe. In: Charact. Popul. Households ResultsUniverse. http://www.
ibge.gov.br/english/estatistica/populacao/censo2010/caracteristicas_da_
populacao/default_caracteristicas_da_populacao.shtm. Accessed 8
Feb 2015

Brøndum-Jacobsen P, Nordestgaard BG, Schnohr P, Benn M (2013) 25-
hydroxyvitaminD and symptomatic ischemic stroke: an original study
and meta-analysis. Ann Neurol 73:38–47. doi:10.1002/ana.23738

Chaudhuri JR, Mridula KR, Alladi S et al (2014) Serum 25-
hydroxyvitamin d deficiency in ischemic stroke and subtypes in
Indian patients. J Stroke 16:44–50. doi:10.5853/jos.2014.16.1.44

Chen C, Nan B, Lin P, Yao Q (2008) C-reactive protein increases plas-
minogen activator inhibitor-1 expression in human endothelial cells.
Thromb Res 122:125–33. doi:10.1016/j.thromres.2007.09.006

Cirillo P, Golino P, Calabro P et al (2005) C-reactive protein induces
tissue factor expression and promotes smooth muscle and endothe-
lial cell proliferation. Cardiovasc Res 68:47–55. doi:10.1016/j.
cardiores.2005.05.010

Cohen-Lahav M, Shany S, Tobvin D et al (2006) Vitamin D decreases
NFkappaB activity by increasing IkappaBalpha levels. Nephrol Dial
Transplant 21:889–97. doi:10.1093/ndt/gfi254

Daubail B, Jacquin A, Guilland J-C et al (2013) Serum 25-
hydroxyvitamin D predicts severity and prognosis in stroke patients.
Eur J Neurol 20:57–61. doi:10.1111/j.1468-1331.2012.03758.x

Daubail B, Jacquin A, Guilland J-C et al (2014) Association between
serum concentration of vitamin D and 1-year mortality in stroke
patients. Cerebrovasc Dis 37:364–7. doi:10.1159/000362534

Di Napoli M, Papa F, Bocola V (2001) Prognostic influence of increased
C-reactive protein and fibrinogen levels in ischemic stroke. Stroke
32:133–8

Drechsler C, Pilz S, Obermayer-Pietsch B et al (2010) Vitamin D defi-
ciency is associated with sudden cardiac death, combined cardiovas-
cular events, andmortality in haemodialysis patients. Eur Heart J 31:
2253–61. doi:10.1093/eurheartj/ehq246

Durup D, Jørgensen HL, Christensen J et al (2015) A Reverse J-Shaped
Association Between Serum 25-Hydroxyvitamin D and
Cardiovascular Disease Mortality: The CopD Study. J Clin
Endocrinol Metab 100:2339–46. doi:10.1210/jc.2014-4551

Ebeling PR (2014) Vitamin D and bone health: Epidemiologic studies.
BoneKEy Rep 3:511. doi:10.1038/bonekey.2014.6

Ford JA, MacLennan GS, Avenell A et al (2014) Cardiovascular disease and
vitamin D supplementation: trial analysis, systematic review, and meta-
analysis. Am J Clin Nutr 100:746–55. doi:10.3945/ajcn.113.082602

Gupta A, Prabhakar S, Modi M et al (2014) Vitamin D status and risk of
ischemic stroke in North Indian patients. Indian J Endocrinol Metab
18:721–5. doi:10.4103/2230-8210.139241

Hattori Y, Matsumura KK, Kasai K (2003) Vascular smooth muscle cell
activation by C-reactive protein. Cardiovasc Res 58:186–195.
doi:10.1016/S0008-6363(02)00855-6

Holick M (2007) Vitamin D deficiency. N Engl J Med 357:266–81
Huang Y-N, Ho Y-J, Lai C-C et al (2015) 1,25-Dihydroxyvitamin D3

attenuates endotoxin-induced production of inflammatory mediators
by inhibiting MAPK activation in primary cortical neuron-glia cul-
tures. J Neuroinflammation 12:147. doi:10.1186/s12974-015-0370-0

James PA, Oparil S, Carter BL et al (2014) 2014 evidence-based guideline
for the management of high blood pressure in adults: report from the
panel members appointed to the Eighth Joint National Committee
(JNC 8). JAMA 311:507–20. doi:10.1001/jama.2013.284427

Jones G (2008) Pharmacokinetics of vitamin D toxicity. Am J Clin Nutr
88:582S–586S

Kendrick J, Targher G, Smits G, Chonchol M (2009) 25-
Hydroxyvitamin D deficiency is independently associated with
cardiovascular disease in the Third National Health and
Nutrition Examination Survey. Atherosclerosis 205:255–60.
doi:10.1016/j.atherosclerosis.2008.10.033

Kühn T, Kaaks R, Teucher B et al (2013) Plasma 25-Hydroxyvitamin D
and Its Genetic Determinants in Relation to Incident Myocardial
Infarction and Stroke in the European Prospective Investigation into
Cancer and Nutrition (EPIC)-Germany Study. PLoS One 8:1–12.
doi:10.1371/journal.pone.0069080

Ladeby R, Wirenfeldt M, Garcia-Ovejero D et al (2005) Microglial cell
population dynamics in the injured adult central nervous system.
Brain Res Brain Res Rev 48:196–206. doi:10.1016/j.
brainresrev.2004.12.009

Li YC (2003) Vitamin D regulation of the renin-angiotensin system. J
Cell Biochem 88:327–31. doi:10.1002/jcb.10343

Liu X, Nelson A, Wang X et al (2014) Vitamin D modulates prostaglan-
din E2 synthesis and degradation in human lung fibroblasts. Am J
Respir Cell Mol Biol 50:40–50. doi:10.1165/rcmb.2013-0211OC

Majumdar V, Prabhakar P, Kulkarni GB, Christopher R (2015) Vitamin D
status, hypertension and ischemic stroke: a clinical perspective. J
Hum Hypertens. doi:10.1038/jhh.2015.10

Malek HA, Shata A (2014) Effect of a high dose of vitamin D on a rabbit
model of atherosclerosis. Int J Immunopathol Pharmacol 27:195–
201

Marniemi J, Alanen E, Impivaara O et al (2005) Dietary and serum vita-
mins and minerals as predictors of myocardial infarction and stroke
in elderly subjects. Nutr Metab Cardiovasc Dis 15:188–97.
doi:10.1016/j.numecd.2005.01.001

Martins D, Wolf M, Pan D et al (2007) Prevalence of cardiovascular
risk factors and the serum levels of 25-hydroxyvitamin D in the
United States: data from the Third National Health and Nutrition
Examinat ion Survey. Arch Intern Med 167:1159–65.
doi:10.1001/archinte.167.11.1159

Michos ED, Reis JP, Post WS et al (2012) 25-Hydroxyvitamin D defi-
ciency is associated with fatal stroke among whites but not blacks:
The NHANES-III linked mortality files. Nutrition 28:367–71.
doi:10.1016/j.nut.2011.10.015

Mitri J, Muraru MD, Pittas AG (2011) Vitamin D and type 2 dia-
betes: a systematic review. Eur J Clin Nutr 65:1005–15.
doi:10.1038/ejcn.2011.118

Mozaffarian D, Benjamin EJ, Go AS et al (2015) Heart Disease and
Stroke Statistics-2016 Update: A Report From the American Heart
Association. Circulation. doi:10.1161/CIR.0000000000000350

Muir KW,Weir CJ, AlwanWet al (1999) C-reactive protein and outcome
after ischemic stroke. Stroke 30:981–5

Metab Brain Dis

http://dx.doi.org/10.2337/dc14-S014
http://dx.doi.org/10.1161/01.STR.0000089920.93927.A7
http://dx.doi.org/10.1210/en.2011-1783
http://dx.doi.org/10.3945/ajcn.2009.28424
http://www.ibge.gov.br/english/estatistica/populacao/censo2010/caracteristicas_da_populacao/default_caracteristicas_da_populacao.shtm
http://www.ibge.gov.br/english/estatistica/populacao/censo2010/caracteristicas_da_populacao/default_caracteristicas_da_populacao.shtm
http://www.ibge.gov.br/english/estatistica/populacao/censo2010/caracteristicas_da_populacao/default_caracteristicas_da_populacao.shtm
http://dx.doi.org/10.1002/ana.23738
http://dx.doi.org/10.5853/jos.2014.16.1.44
http://dx.doi.org/10.1016/j.thromres.2007.09.006
http://dx.doi.org/10.1016/j.cardiores.2005.05.010
http://dx.doi.org/10.1016/j.cardiores.2005.05.010
http://dx.doi.org/10.1093/ndt/gfi254
http://dx.doi.org/10.1111/j.1468-1331.2012.03758.x
http://dx.doi.org/10.1159/000362534
http://dx.doi.org/10.1093/eurheartj/ehq246
http://dx.doi.org/10.1210/jc.2014-4551
http://dx.doi.org/10.1038/bonekey.2014.6
http://dx.doi.org/10.3945/ajcn.113.082602
http://dx.doi.org/10.4103/2230-8210.139241
http://dx.doi.org/10.1016/S0008-6363(02)00855-6
http://dx.doi.org/10.1186/s12974-015-0370-0
http://dx.doi.org/10.1001/jama.2013.284427
http://dx.doi.org/10.1016/j.atherosclerosis.2008.10.033
http://dx.doi.org/10.1371/journal.pone.0069080
http://dx.doi.org/10.1016/j.brainresrev.2004.12.009
http://dx.doi.org/10.1016/j.brainresrev.2004.12.009
http://dx.doi.org/10.1002/jcb.10343
http://dx.doi.org/10.1165/rcmb.2013-0211OC
http://dx.doi.org/10.1038/jhh.2015.10
http://dx.doi.org/10.1016/j.numecd.2005.01.001
http://dx.doi.org/10.1001/archinte.167.11.1159
http://dx.doi.org/10.1016/j.nut.2011.10.015
http://dx.doi.org/10.1038/ejcn.2011.118
http://dx.doi.org/10.1161/CIR.0000000000000350


National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation and T of HBC in A (Adult TPI) (2002)
Third Report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III) final
report. Circulation 106:3143–421

Neveu I, Naveilhan P, Jehan F et al (1994) 1,25-dihydroxyvitamin D3
regulates the synthesis of nerve growth factor in primary cultures of
glial cells. Brain Res Mol Brain Res 24:70–6

Park K-Y, Chung P-W, Kim YB et al (2015) Serum Vitamin D Status as a
Predictor of Prognosis in Patients with Acute Ischemic Stroke.
Cerebrovasc Dis 40:73–80. doi:10.1159/000434691

Pasceri V, Willerson JT, Yeh ETH (2000) Direct Proinflammatory Effect
of C-Reactive Protein on Human Endothelial Cells. Circulation 102:
2165–2168. doi:10.1161/01.CIR.102.18.2165

Penna G, Roncari A, Amuchastegui S et al (2005) Expression of the
inhibitory receptor ILT3 on dendritic cells is dispensable for induc-
tion of CD4 + Foxp3 + regulatory T cells by 1,25-dihydroxyvitamin
D3. Blood 106:3490–7. doi:10.1182/blood-2005-05-2044

Pilz S, Dobnig H, Fischer JE et al (2008) Low vitamin d levels predict
stroke in patients referred to coronary angiography. Stroke 39:2611–
3. doi:10.1161/STROKEAHA.107.513655

Rost NS, Wolf PA, Kase CS et al (2001) Plasma concentration of C-
reactive protein and risk of ischemic stroke and transient ischemic
attack: the Framingham study. Stroke 32:2575–9

Sacco RL, Kasner SE, Broderick JP et al (2013) An updated definition of
stroke for the 21st century: a statement for healthcare professionals
from the American Heart Association/American Stroke Association.
Stroke 44:2064–89. doi:10.1161/STR.0b013e318296aeca

Shrivastava AK, Singh HV, Raizada A, Singh SK (2014) C-reactive pro-
tein, inflammation and coronary heart disease. Egypt Heart J 67:89–
97. doi:10.1016/j.ehj.2014.11.005

Sun Q, Pan A, Hu FB et al (2012) 25-Hydroxyvitamin D Levels and the
Risk of Stroke: A Prospective Study and Meta-analysis. Stroke 43:
1470–1477. doi:10.1161/STROKEAHA.111.636910

Tang J, Zhou R, Luger D et al (2009) Calcitriol Suppresses Antiretinal
Autoimmunity through Inhibitory Effects on the Th17 Effector
Response. J Immunol 182:4624–4632. doi:10.4049/jimmunol.0801543

Tarcin O, Yavuz DG, Ozben B et al (2009) Effect of Vitamin D
Deficiency and Replacement on Endothelial Function in

Asymptomatic Subjects. J Clin Endocrinol Metab 94:4023–4030.
doi:10.1210/jc.2008-1212

Tu W-J, Zhao S-J, Xu D-J, Chen H (2014) Serum 25-hydroxyvitamin
D predicts the short-term outcomes of Chinese patients with
acute ischaemic stroke. Clin Sci (Lond) 126:339–46.
doi:10.1042/CS20130284

Turetsky A, Goddeau RP, Henninger N (2015) Low Serum Vitamin D Is
Independently Associated with Larger Lesion Volumes after
Ischemic Stroke. J Stroke Cerebrovasc Dis 24:1555–1563.
doi:10.1016/j.jstrokecerebrovasdis.2015.03.051

Venugopal SK, Devaraj S, Yuhanna I et al (2002) Demonstration that C-
reactive protein decreases eNOS expression and bioactivity in hu-
man aortic endothelial cells. Circulation 106:1439–41

Vila N, Castillo J, Dávalos A, Chamorro A (2000) Proinflammatory cy-
tokines and early neurological worsening in ischemic stroke. Stroke
31:2325–9

Wang Y, Chiang YH, Su TP et al (2000) Vitamin D(3) attenuates cortical
infarction induced by middle cerebral arterial ligation in rats.
Neuropharmacology 39:873–80

Wang Y, Ji H, Tong Y, Zhang Z (2014) Prognostic Value of Serum 25-
Hydroxyvitamin D in Patients with Stroke. Neurochem Res 39:
1332–1337. doi:10.1007/s11064-014-1316-0

Whiteley W, Jackson C, Lewis S et al (2011) Association of circulating
inflammatory markers with recurrent vascular events after stroke: A
prospective cohort study. Stroke 42:10–16

Winbeck K, Poppert H, Etgen Tet al (2002) Prognostic relevance of early
serial C-reactive protein measurements after first ischemic stroke.
Stroke 33:2459–64

Worthmann H, Tryc AB, Goldbecker A et al (2010) The temporal profile
of inflammatory markers and mediators in blood after acute ische-
mic stroke differs depending on stroke outcome. Cerebrovasc Dis
30:85–92

Zhang Y, Leung DYM, Richers BN et al (2012) Vitamin D inhibits
monocyte/macrophage proinflammatory cytokine production by
targeting MAPK phosphatase-1. J Immunol 188:2127–35.
doi:10.4049/jimmunol.1102412

Zittermann A, Gummert JF, Borgermann J (2011) The Role of Vitamin D
in Dyslipidemia and Cardiovascular Disease. Curr Pharm Des 17:
933–942. doi:10.2174/138161211795428786

Metab Brain Dis

http://dx.doi.org/10.1159/000434691
http://dx.doi.org/10.1161/01.CIR.102.18.2165
http://dx.doi.org/10.1182/blood-2005-05-2044
http://dx.doi.org/10.1161/STROKEAHA.107.513655
http://dx.doi.org/10.1161/STR.0b013e318296aeca
http://dx.doi.org/10.1016/j.ehj.2014.11.005
http://dx.doi.org/10.1161/STROKEAHA.111.636910
http://dx.doi.org/10.4049/jimmunol.0801543
http://dx.doi.org/10.1210/jc.2008-1212
http://dx.doi.org/10.1042/CS20130284
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2015.03.051
http://dx.doi.org/10.1007/s11064-014-1316-0
http://dx.doi.org/10.4049/jimmunol.1102412
http://dx.doi.org/10.2174/138161211795428786

	Vitamin D deficiency is associated with acute ischemic stroke, C-reactive protein, and short-term outcome
	Abstract
	Introduction
	Materials and methods
	Study subjects
	Vitamin D and inflammatory markers
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


