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ABSTRACT
Background :The initial inflammatory reaction starts following 
occlusion in ischemic stroke (IS). Interleukin-1β (IL-1β) is a pro-
inflammatory cytokine with a crucial role in the pathogenesis of 
neurodegenerative disorders. 
Objective: To investigate the levels of IL-1β and vitamin D (VitD) 
in patients with IS compared with controls and their correlation. 
Methods: The serum level of 25-OH VitD and IL-1β was assessed 
in 102 IS patients (0-24 h after stroke) and 102 controls with an 
enzyme-linked immunosorbent assay (ELISA) kit. 
Results: We found a significant increase in IL-1β (80.14±6.8 vs. 
60.32±4.1 pg/ml, p<0.05) and a decrease in VitD level (24.3±1.4 
vs. 29.9±1.5 ng/ml, p<0.01) in the IS patients compared with the 
controls. There was a significantly positive correlation between 
the National Institutes of Health Stroke Scale (NIHSS) and IL-1β 
according to both the Spearman correlation (r=0.35, p=0.0003) 
and the linear regression (beta=0.255, p=0.014). Also, a significant 
negative association between VitD and NIHSS was detected by the 
Spearman correlation (r=-0.41, p<0.0001) and the linear regression 
(beta=-0.381, p=0.000). Moreover, we found a significant negative 
correlation (r=-0.26, p=0.006) between the serum levels of VitD 
and IL-1β in the patient group. 
Conclusion: Ischemic stroke correlates positively with IL-1β and 
negatively with VitD levels. The speculated role of VitD deficiency 
in the evolution and severity of stroke may be justified by its role in 
the modification of inflammation. 
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INTRODUCTION

Stroke with a high mortality rate and 
permanent disability incidence has attracted 
extensive clinical and experimental research 
attention. Current therapeutic options for 
patients with ischemic stroke (IS) are limited 
to the tissue plasminogen activator (tPA) and 
endovascular mechanical thrombectomy, 
which have their own limitations (1). 

Meanwhile, inflammation plays a critical 
role in IS pathogenesis, and the suppression 
of inflammation may improve the functional 
outcomes (2). The damaged brain cells 
can produce soluble glycoproteins called 
cytokines. The high pro-inflammatory to anti-
inflammatory cytokines ratio is associated 
with stroke damage in patients (3).The family 
of interleukin-1 (IL-1) has eleven isoforms, and 
IL-1β has shown a key role in the pathogenesis 
of neurodegenerative disorders (4). Different 
intracellular signaling pathways are activated 
in response to increases in IL-1β following 
brain damage, leading to more inflammatory 
damage in the brain tissue (5). Although there 
have been some contradicting results (6, 7), 
most studies showed a significant increase in 
serum levels of IL-1β in the IS patients (8-11). 
At the same time, the association of vitamin 
D (VitD) deficiency with the evolution and 
severity of IS has been vastly studied (12). It 
seems that inflammatory processes may be 
suppressed following an increase in VitD serum 
level (13). In the current study, IL-1β  and VitD 
in acute-stroke patients were compared with 
the controls, and their possible correlations 
were investigated. We hypothesized that VitD 
deficiency might affect stroke evolution through 
inflammatory pathways. Our findings will help 
identify the benefit of treatment of acute stroke 
with VitD supplementation in countries with a 
high prevalence of VitD deficiency.

MATERIALS AND METHODS 

Study Subjects
This study was performed at Shiraz Namazi 

Hospital between August 2020 -2021. Our 
study included those over 18 years old who were 
0-24 h from symptom onset (n=102)  and 102 
age-sex-matched controls. Brain non-contrast 
computed tomography (CT) or diffusion-
weighted magnetic resonance imaging (MRI) 
confirmed IS. We excluded patients with severe 
inflammation, malignancy, transient ischemic 
attack, and immunosuppressive therapy from 
this study. Stroke severity was scored upon 
admission using the National Institutes of 
Health Stroke Scale (NIHSS), while the higher 
scores indicated greater severity (14, 15). 
Hypertension and diabetes were diagnosed 
based on defined criteria (16, 17). 

The type of IS was determined based on the 
Trial of Org 10172 in Acute Stroke Treatment 
(TOAST) classification: cardioembolic 
(CE), large-artery atherosclerosis (LAA), 
small vessel diseases (SVD), and stroke of 
undetermined etiology (UD) (18). Our study 
was ethically approved by the local Ethics 
Committee of Shiraz University of Medical 
Sciences with grant number (IR.SUMS.
REC.1399. 050, 19560). All patients or their 
proxy respondents assigned written informed 
consent. Taking blood samples from patients 
was performed within 24 h after IS.

ELISA Method
After the centrifugation of the coagulated 

blood at 3000g for 10 min, the serum was 
stored at −70°C. 25(OH) VitD is considered 
the primary circulating metabolite and the best 
indicator of VitD (19). The serum levels of 25-
OH VitD were assessed in all the patients with an 
enzyme-linked immunosorbent assay (ELISA) 
kit (Monobind Inc.®, United States). Based on 
the manufacturer’s instructions, serum levels of 
IL-1β were measured with specific ELISA kits 
(Kermania Pars Gen, Kerman, Iran).

Statistical Analysis
The chi-square test compared two categorized 

variables, and an independent two-sample t-test 
was used to compare the two numeric variables. 
The association between VitD and IL-1β levels 
with the risk of IS (between the case and the 
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controls) was assessed by logistic regression 
analyses. We used subgroup analysis and linear 
regression to identify the relationship between 
VitD and IL-1β levels with clinical parameters. 
The correlation between IL-1β  and VitD with 
stroke severity was analyzed by the Spearman 
correlation. The IL-1β and VitD levels were 
shown as the mean±SE. The analyses were 
done using the SPSS software (version 19.0) 
and GraphPad Prism 5.0. The p<0.05 was 
considered a significant value.

RESULTS

Demographic and Clinical Characteristics 
of the Patients and the Controls

This study included 102 patients and 102 

age-sex-matched controls with demographic 
and clinical aspects, shown in Table 1. The 
prevalence of diabetes among the IS patients 
was significantly higher than in the controls 
(72.7% vs. 27.3%, p=0.001). We could also 
identify a significant difference in serum 
levels of IL-1β and VitD between the cases 
and the controls.

Association of IL-1β and VitD with Risk of IS
Once adjusted for significant covariates, 

the multiple logistic regression model showed 
a significant positive association between IL-1β 
level and evolution of IS (adjusted ORIL1β=1.006, 
95% CI=1.000-1.012, p=0.041), while showing 
the non-significant negative association between 
VitD and IS risk (adjusted ORVitD=0.98, 95% 
CI=0.961-1.001, p=0.06, data not shown).

Table 1. Demographic and clinical characteristics of the patients and controls.

Characteristics IS patients (n=102) Controls (n=102) p
Male, n (%) 42 (50%) 42 (50%) 1a

Female, n (%) 60 (50%) 60 (50%)
Age, years 67.6±1.33 67.5±1.3 0.9b

BMI (kg/m2) 25.15±0.34 24.61±0.20 0.2b

Hypertension, n (%) 42 (53.8%) 36 (46.2%) 0.2a

Diabetes, n (%) 32 (72.7%) 12 (27.3%) 0.001a

Hyperlipidemia n (%) 32 (54.2%%) 27 (45.8%%) 0.2a

Smoking, n (%) 17 (56.7%) 13 (43.3%) 0.2a

Drinking, n (%) 7 (36.8%) 12 (63.2%) 0.1a

WBC 7808.53±166 7353.92±173 0.06b

BUN 15.9±.45 16.3±0.44 0.4b

Cr 1.11±.02 0.93±0.08 0.06b

AST 20.50±.61 20.61±0.45 0.8b

ALT 19.03±.70 20.04±0.48 0.2b

IL1β, pg/ml 80.13±6.81 60.31±4.12 0.014b

VitD, ng/ml 24.30±1.42
<20 47(45.6%) 29.91±1.56 0.009b
≥20 56(54.45%)

Types of stroke
LAA 39 (38.2%)
SVD 33 (32.4%)
CE 16(15.7%)
UD 14(13.7%)

NIHSS at admission
≤6 37 (36.3%)
≥7 65 (63.7%)

Data were shown as mean±SEM or as n (%). a Chi-square Test; b Independent two-sample t-test. IS, ischemic 
stroke; BMI, body mass index; WBC, white blood cell; Cr, creatinine; BUN, blood urea nitrogen; AST, Aspartate 
aminotransferase; ALT, Alanine Aminotransferase; IL-1β, interleukin-1β; VitD, vitamin D; LAA, Large artery 
atherosclerosis; SVD, Small-vessel disease; CE, cardiac embolism; NIHSS, National Institutes of Health Stroke Scale.
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Serum levels of IL-1β and VitD in the 
patients and the controls 

A significant increase was identified in 
the serum level of IL-1β  in the IS patients 
compared with the controls (IS=80.14±6.8 vs. 
CTRL=60.32±4.1 pg/ml, p<0.05, Fig. 1A). 
There was a significant difference in the VitD 
level between the two groups (IS=24.3±1.4 vs. 
CTRL=29.9±1.5 ng/ml, p<0.01). Our patients 
showed a lower level of VitD compared with the 
controls (Fig. 1B). We also found no difference 
in serum levels of IL-1β between the patients 
with different types of stroke (Fig. 1C).

Subgroup Analysis for the Association 
between IL-1β and VitD levels with Clinical 
Parameters in the IS Patients

As shown in Table 2, the subgroup 
analysis for 102 IS patients showed that 
the level of IL-1β significantly increased in 
the female gender compared with the male 
ones (96.6±12.4 vs. 68.5±7.3, p=0.04). IL-1β 
significantly increased in the patients with 
NIHSS ≥7 compared with those with NIHSS 
≤6. Also, in patients with VitD levels lower 
than 20 ng/ml, the serum level of IL-1β 
significantly increased in those with high 
VitD (>20 ng/ml). However, no statistically 
significant differences were observed in 
the other subgroups, such as diabetes, 
hypertension, hyperlipidemia, drinking, and 
smoking, in the levels of IL-1β  and VitD. 
We also found a significant decrease in the 
VitD level of the IS patients with NIHSS 

Table 2. Association of IL-1β and VitD with demographic and clinical parameters in IS patients 
by Subgroup analysis

Characteristics N Mean±SE p Mean±SE  
VitD (ng/ml) pIL-1β (pg/ml)

Sex
Male 60 68.5±7.3 0.04 24.2±1.7 0.9Female  42 96.6±12.4 24.3±2.4
Age
<70 56 70.4±7.3 0.1 23.3±1.8 0.4≥70 46 91.9±12.1 25.4±2.1

NIHSS
≤6 37 57.1±8.1 0.01 30.8±2.6 0.000≥7 65 93.2±9.2 20.5±1.4

Smoking
Negative 89 84.6±7.5 0.08 23.8±1.5 0.4Positive 13  49.06±8.9 27.07±4.2

Alcoholism
Negative 95 81.1±7.1 0.5 24.04±1.4 0.5Positive 7 65.7±19.1 27.8±3.7

Hypertension
Negative 60 83±9.7 0.4 23.7±2.1 0.6Positive 42 74±6.9 24.8±1.9

Hyperlipidemia
Negative 69 83.9±8.8 0.4 24.8±1.8 0.6Positive 32 73.09±10.1 23.5±2. 1
Diabetes
Negative 70 78.90±7.5 0.8 25.3±1.9 0.2Positive 32 82.6±14.3 22.09±1.5

VitD level
≤20 47 96.7±11.9 0.02>20 55 65.9±7

Data were shown as mean±SEM, independent two-sample t-test. NIHSS, National Institutes of Health Stroke 
Scale; IL-1β, interleukin-1β; VitD, vitamin D.
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≥7 compared with those who had NIHSS≤6 
(20.5±1.4 vs. 30.8±2.6 ng/ml, p=0.000).

Linear Regression Analysis for the 
Association of IL-1β and VitD Levels with 

Clinical Parameters in IS Cases
The linear regression showed that age, 

NIHSS, and type of stroke (LAA) were 
significantly associated with the level of 
IL-1β in IS patients. A significant positive 
association was observed between the age 
(beta=0.201, p=0.028, 95% CI=0.114-1.947) 
and stroke severity of patients (beta=0.255, 
p=0.014, 95% CI=0.565-4.998) with IL-1β 

Fig. 1. The serum levels of IL-1β and VitD in patients 
and controls after stroke. Independent Student’s 
t-test revealed that IL-1β   was significantly higher 
in IS patients relative to controls, and patients had 
significantly lower serum levels of VitD relative to 
controls (A, B). The comparison of serum levels 
of IL-1β in different types of IS (C). Results were 
expressed as mean±SEM *p<0.05, **p<0.01, 
***p<0.001. Abbreviations: IS, ischemic stroke; 
LAA, large-artery atherosclerosis; SVD, small-
vessel disease; CE, cardiac embolism; UD, 
undetermined.

Fig. 2. The Spearman Correlation between serum 
levels of IL-1β and VitD with NIHSS in IS patients. 
The Spearman Correlation between IL-1β and 
NIHSS (A), between VitD and NIHSS (B), and 
between IL-1β and VitD (C) in IS patients after 
stroke. Abbreviations: NIHSS, National Institutes 
of Health Stroke Scale.
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level and a negative association between 
LAA stroke (beta=-0.341, p=0.014, 95% 
CI=-85.981 to -9.998) and IL-1β level. 
However, we found a non-significant 
negative association between IL-1β and VitD 
level (p=0.09, Table 3).

In Table 3,VitD was considered a dependent 
factor, and the linear regression analysis 
showed a significant negative association 
between NIHSS with VitD level in the IS 
patients (beta=-0.381, p=0.000, 95% CI=-
1.322 to -0.415).

The Spearman Correlation between IL-1β 
and VitD with Stroke Severity 

We found a significant positive Spearman 
correlation between IL-1β and NIHSS score 
(r=0.35, 95% CI=0.1626-0.5166, p=0.0003, 
Fig. 2A). NIHSS showed a significantly 
negative Spearman correlation with VitD 
level (r=-0.41, 95% CI=-0.5826 to -0.2531, 
p<0.0001) (Fig. 2B). Our results also 
identified a significant negative correlation 
between IL-1β  and VitD level (r=-0.26, 
95% CI=-0.4449 to -0.07255, p=0.006,  
Fig. 2C).

DISCUSSION

In this study, the serum IL-1β levels showed a 
significant increase in peripheral blood of the 
IS patients compared with the controls with 
a negative correlation with VitD level. Our 
patients also had a significantly lower level of 
VitD compared with the controls. We found a 
significant negative relationship between IL-
1β and VitD levels. However, NIHSS showed 
a significant negative correlation with VitD 
and a positive correlation with IL-1β. 

There is a controversy about the role of IL-
1β in acute ischemic stroke. An increase in the 
level of IL-1β after IS was reported by some 
studies (8-11). In contrast, the others saw no 
increase in the IL-1β level (6, 7, 20, 21). The 
sample size and blood sampling time are the 
leading causes of controversies in IL-1β levels 
after IS. IL-1β plays essential roles in both 
acute and chronic inflammation, initiates the 
inflammatory responses when binding to the 
IL-1R1, activating the subcellular signaling 
pathways such as c-Jun N-terminal kinase 
(JNK), p38 MAP kinase, nuclear-factor kappa 
B (NF-κB), extracellular signal-regulated 

Table 3. Linear regression analysis for the association between different parameters with IL-1β 
(A) and VitD (B) levels in ischemic stroke patients.

Beta p 95.0%CI
Lower Bound Upper Bound

A
Age 0.201 0.028 0.114 1.947
Sex 0.151 0.095 -3.725 45.835

NIHSS 0.255 0.014 0.565 4.998
VitD -0.170 0.091 -1.762 0.133
LAA -0.341 0.014 -85.981 -9.998
SVD -0.213 0.117 -70.406 7.951
CE -0.146 0.239 -73.582 18.571
B

Age 0.162 0.085 -0.024 0.370
Sex 0.076 0.414 -3.129 7.541

NIHSS -0.381 0.000 -1.322 -0.415
IL1β -0.177 0.091 -0.080 0.006
LAA 0.026 0.855 -7.579 9.124
SVD -.0117 0.401 -11.995 4.841
CE -0.057 0.654 -12.103 7.637

NIHSS, National Institutes of Health Stroke Scale; IL-1β, interleukin-1β; VitD, vitamin D; LAA, Large artery 
atherosclerosis; SVD, Small-vessel disease; CE, cardiac embolism
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kinases (ERKs), and mitogen-activated 
protein kinases (MAPKs) (22). 

Several experimental and human 
studies reported that VitD deficiency was 
accompanied by a high plasma level of 
pro-inflammatory cytokines (23), and VitD 
supplementation could decrease the stroke 
severity (24).

At least two clinical trials have shown the 
beneficial effects of VitD in acute stroke. In 
a nonblinded randomized controlled trial, 
intramuscular injection of a single dose of 
vitamin D after stroke improved the three-
month Scandinavian Stroke Scale (SSS) in the 
patients with vitamin D insufficiency/deficiency 
(25). However, they did not report any VitD 
intoxication. In another study, supplementation 
with oral vitamins A and D decreased IL-1β 
serum levels and improved the 3-month NIHSS 
in ischemic stroke patients (26).

It is suggested that the active form of 
VitD in the brain may be reduced after 
stroke by the upregulation of 24-hydroxylase 
(vitamin D inactivating enzyme) (24). Several 
mechanisms for the anti-inflammatory effect 
of vitamin D have been investigated, such 
as regulation of the immune system, (27) 
cytokine release (28), inhibiting NFκB activity 
(29), and up-regulating MKP5 (30). Vitamin 
D deficiency could increase the secretion and 
release of pro-inflammatory cytokines such as 
monocyte chemoattractant protein-1 (MCP-1) 
and IL-6 by stimulating the expression of NF-
κB (31). In the stroke individuals, serum VitD 
levels are inversely associated with high‐
sensitivity C‐reactive protein (hsCRP) and 
IL-6 (32). An animal study showed that VitD 
deficiency significantly reduced IL-2, IL-1α, 
IL-4, IL-1β, IL-10, and IFN-γ expression in 
the ischemic brain (33). Moreover, serum 
vitamin D has been shown to correlate 
with NIHSS and TNF-α in IS patients (34). 
Our study showed no significant difference 
between the patients with ischemic stroke 
subtypes in serum levels of IL-1β. Zeng et 
al. reported the association between CRP and 
LAA in the pathogenesis of stroke, while IL-
1β could not show any association with stroke 

subtypes (35). However, high median plasma 
levels of IL-6, TNF-α, and IL-1β have been 
reported in the patients with the CE subtype. 
In contrast, the SVD subtype showed low 
median plasma levels of these inflammatory 
markers (36, 37). 

CONCLUSION

We found that ischemic stroke is correlated 
positively with IL-1β and negatively with 
VitD levels. Accordingly, the speculated 
role of VitD deficiency in the evolution and 
severity of stroke may be justified by its role 
in the modification of inflammation. Large 
clinical trials should examine the therapeutic 
effects of VitD in acute ischemic stroke as a 
cost-effective treatment.
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