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Abstract 

The aim of this study was to evaluate the relation between stroke-related mortality and post-stroke blood levels of 

interleukin-6 (IL-6). PubMed, Embase, Web of Science and Scopus were systematically searched for relevant articles 

published up to November 2019. Cohort studies which investigated post-stroke IL-6 levels in the blood and mortality rates in 

patients with acute ischemic stroke or transient ischemic attack were included. Among the retrieved items, six studies were 

finally included in the meta-analysis. IL-6 levels were found to be associated with higher rates of mortality after stroke 

(adjusted relative risk [RR]: 1.55, 95% confidence interval [CI]: 1.16 - 2.07; I2 = 73.5%, p = 0.002). Subgroup analysis 

showed that IL-6 increases the risk of 3-month mortality (RR: 1.68, 95% CI: 1.15 - 2.47). One study confirmed the 

independent prognostic value of IL-6 for functional outcomes in these patients. Based on the present analysis, IL-6 can be 

considered a predictive factor for stroke-related mortality. IL-6 suppression might decrease mortality; however, this finding 

warrants further clinical investigations. 

 

Rezumat 

Scopul acestui studiu a fost evaluarea corelației dintre mortalitatea asociată accidentului vascular cerebral (AVC) și valorile 

sanguine ale interleukină-6 (IL-6) post-AVC. Bazele de date PubMed, Embase, Web of Science și Scopus au fost consultate 

sistematic privind articolele relevante publicate până în noiembrie 2019. Au fost incluse studii de cohortă care au investigat 

nivelurile IL-6 post-AVC în sânge și ratele de mortalitate la pacienții cu AVC ischemic acut sau atac ischemic tranzitoriu. 

Din articolele identificate, șase studii au fost incluse în meta-analiză. Nivelurile IL-6 s-au dovedit a fi asociate cu rate mai 

mari de mortalitate după AVC (risc relativ ajustat [RR]: 1,55, interval de încredere 95% [CI]: 1,16 - 2,07; I2 = 73,5%, p = 

0,002). Analiza subgrupurilor a arătat că IL-6 crește riscul mortalității la 3 luni (RR: 1,68, 95% CI: 1,15 - 2,47). Un studiu a 

confirmat valoarea prognostică independentă a IL-6 la acești pacienți. Pe baza prezentei analize, IL-6 poate fi considerat un 

factor predictiv al mortalității determinate de AVC. Inhibiția IL-6 ar putea scădea mortalitatea, fiind necesare investigații 

clinice suplimentare. 
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Introduction 

Stroke as a high-burden disease, is globally the 

second leading cause of death [1-3]. Death occurs 

in approximately one third of stroke cases; also, one 

third of stroke patients experience permanent disabilities, 

requiring hospital care [2]. Therefore, improvement of 

early and precise decision-making is crucial to predict 

post-stroke outcomes [4]. In this context it was shown 

that a variety of factors including age, gender, co-

morbidity, severity and site of injured cerebral tissue, 

post-stroke infection and some other complications 

are associated with increased morbidity and mortality 

following stroke [5, 6]. Moreover, early prediction 

of other stroke outcomes can be considered as an 

interesting focus of research in this field [5, 7]. 

Following the initiation of inflammatory responses in 

the stroke-affected tissue [8], a variety of cytokines 

including interleukin (IL)-6 surge [4, 9]. Previous 

studies demonstrated a relation between high levels 

of inflammatory markers and short-term post-stroke 

mortality [2, 3, 7, 10]. It has not been cleared yet if 

there is a probable casual relation, or mere association, 

between IL-6 and poor outcome after stroke. Mice 

with low IL-6 levels had similar stroke volume and 

disability after 24 hours compared with those with 

normal IL-6 levels [11], suggesting that it may simply 

be a part of an inflammatory response to stroke and not 

an underlying pathogenic factor. Since the association 
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of IL-6 with poor outcome has been demonstrated in 

many conditions such as cancers [12], and vascular 

diseases [13], it seems to be more plausible that IL-

6 is a general marker of disease severity rather than 

playing a part in numerous disease-specific pathways 

resulting in poor outcome.  

There is also evidence on a relation between acute 

phase reactants, including IL-6, and short-term mortality 

[4]. Assessment of long-term stroke survivors indicated 

IL-6 as an independent predictor of mortality [5, 14]. 

Besides, levels of cytokines, including IL-6, increase 

with increasing age and age-related disorders such 

as atherosclerosis, which should be contemplated as 

confounding factors [15].The aim of this systematic 

review and meta-analysis was to pool current evidence 

on the association of IL-6 levels with mortality after 

acute stroke. 

 

Materials and Methods 

Search Strategy 

We searched scientific databases, including PubMed, 

Embase, Web of Science and Scopus, up to November 

7, 2019, using the following keywords: IL-6, stroke, 

cerebrovascular accident, and mortality. First, two 

authors (A.KH.Z. and M.S.) excluded 656 citations 

through Titles and Abstracts review. Then, the full 

texts of all relevant studies and those needed deeper 

evaluation, were checked. A third assessor (N.M.) 

helped with making decision over disagreements. Also, 

the reference lists of relevant articles and reviews were 

hand-searched for missing studies.  

Inclusion Criteria 

In the present work, cohorts reporting post-stroke IL-6 

levels in the blood and mortality rates in patients with 

acute ischemic stroke or transient ischemic attack were 

included. Of note, only studies done on humans and 

written in English were included and letters to editors, 

duplicate articles, congress abstracts and reviews were 

not considered. 

Data Extraction and Quality Assessment 

The following indices were extracted from each article: 

The first author’s name, publication year, country 

where the research was done, study type, inclusion 

and exclusion criteria, study follow-up period and time-

to-death, stroke type, number of patients, mean age 

(years), sex ratio and time of IL-6 measurement. Data 

on risk ratio or relative risk (RR), odds ratio (OR) or 

hazard ratio (HR) values were used to analyse the 

summary association between IL-6 and mortality after 

stroke.  

The Joanna Briggs Institute Critical Appraisal Checklist 

was used for evaluation of the quality of the retrieved 

studies [16]. Two reviewers (M.S. and A.KH.Z.) 

independently did data extraction and quality assessment. 

Another author (N.M.) checked for inconstancies 

between the reviewers. Studies with a score higher 

than 5 out of 11, were considered of “high quality” and 

selected for data extraction [17]. 

Statistical analysis 

Data from individual studies were pooled using random-

effect model depending on the heterogeneity in order 

to assess possible associations. Adjusted RR along 

with 95% confidence intervals (CIs), was used. The 

inconsistency index (I2) was used to measure heterogeneity, 

with an I2 > 50% indicating a substantial heterogeneity. 

Subgroup analysis was done based on study follow-

up period. Publication bias was assessed using Begg’s 

test. All analyses were performed using STATA version 

11 and a p-value < 0.05 was considered statistically 

significant. 

 

Results and Discussion 

Scientific databases search yielded 1082 articles and 

after removing duplicates, Title/Abstract review was 

accomplished. Initially, 656 citations were excluded 

through the Title/Abstract review (Figure 1). After 

reviewing 16 full texts, 6 studies that reported adjusted 

RR/HR were found eligible for the meta-analysis. 

The following items were eventually pooled in the 

analysis: five articles reported values of IL-6 in pg/mL, 

as the measurement unit, and one reported logarithmic 

value of IL-6 in ng/mL (Table I and Figure 2). 

Main characteristics of the included articles are 

summarized in Table I. Four articles reported 3-month 

mortality risk [2, 3, 18, 19], and two studies had 5 

years of follow-up [14, 15]. The quality of the included 

articles was high as the quality scores ranged from 

8 to 11. In the meta-analysis, 2113 patients were 

studied. IL-6 levels were associated with increased 

risk of mortality (RR: 1.55, 95% CI: 1.16 - 2.07), with 

high heterogeneity between studies (I2 = 73.5%, p = 

0.002) (Figure 2). In sensitivity analysis concerning 

the unit of measurement of IL-6, results were not 

affected by excluding any of the included studies 

(Figure 3). Based on the follow-up period, subgroup 

analysis was done; the results suggested that IL-6 is 

associated with an increased risk of 3-month mortality 

(RR = 1.68, 95% CI: 1.15 - 2.47; Figure 4). 

Publication bias assessed by Begg’s test indicated a 

p value of 0.3 (Figure 5). 
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Figure 1. 

PRISMA flow diagram of the study 

 

 
Figure 2. 

Forest plot for association between IL-6 and mortality after ischemic stroke 

 

 
Figure 3. 

Forest plot for sensitivity analysis of association between IL-6 and mortality after ischemic stroke 
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Figure 4. 

Subgroup analysis of association between IL-6 and mortality after ischemic stroke based on the follow-up period 
 

 
Figure 5. 

Funnel plot 

 

In the setting of acute ischemic stroke, IL-6 seems 

to be a cytokine of considerable importance. Its 

association with the production of C-reactive protein 

and fibrinogen in the liver, as a response to an acute 

injury, seems to set the level of inflammatory response, 

while it is the only inflammatory biomarker that can 

pinpoint the aetiology of ischemic stroke due either to 

large or small artery occlusion at the first hours post 

hospital admission [20]. Inflammatory cytokines release 

after an acute ischemic stroke is caused by both the 

infiltrating inflammatory cells and the vascular 

endothelium. Infarct evolution is probably related to 

cytokines concentration in the penumbra, while IL-6 

is closely related to the extent of cerebral injury [21]. 

The prognostic role of IL-6 levels in acute ischemic 

stroke seems to expand also in the setting of modern 

therapies implemented in these pathologic conditions, 

such as mechanical thrombectomy. Augmented IL-

6 levels at 24 h indicated futile reperfusion. In such 

cases, the link between IL-6 and worse outcomes 

involves thrombotic and inflammatory pathways leading 

to “no reflow” phenomenon [22]. Impaired tissue 

reperfusion and dysfunction of blood-brain barrier 

(BBB) are the main mechanisms linking inflammation 

and poor outcome in acute ischemic stroke. Brain 

damage is increased by the neutrophil infiltration of 

cerebral cortex due to BBB dysfunction occurring 

through local inflammation, while impaired tissue 

reperfusion involves inflammatory cytokines’ action 

on the endothelin-1 receptors of large brain vessels [23]. 

In close relation to the prognostic value of IL-6 in 

acute ischemic stroke are the observations in coronary 

artery disease, where a linear relationship of IL-6 values 

and cardiovascular morbidity is reported [25]. 

In the current systematic review and meta-analysis, 

six cohorts comprising 2113 patients were included; 

the present analysis indicates that increased IL-6 levels 

are associated with higher mortality rates after stroke, 

independent of age, sex, and stroke severity. All the 

six studies have found a positive correlation between 

increased IL-6 levels and risk of death after acute 

stroke. The biggest association was reported in the 

cohorts published by Kwan et al. (N = 82) [14] and 

Reiche et al. (N = 321) [2]; however, the lowest 

association was observed in the largest cohort that 

enrolled 929 patients [15]. Of  note, the included 

studies varied in the follow-up periods; Chamoro et al., 

Gori et al., Mengel et al. and Reiche et al. [2, 3, 18, 19] 

reported a 3-month follow-up while Greisenegger et 

al. and Kwan et al. [14, 15] had 5- and 2-year follow-

ups, respectively. 

Inflammation plays a key role in acute ischemic stroke 

[25]. Cerebral ischemia triggers an inflammatory response 

characterized by the up-regulation of IL-6 in the brain 

Begg's funnel plot with pseudo 95% confidence limits
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as well as the peripheral blood, suggesting a plausible 

role for IL-6 as a biomarker of acute brain injury [26]. 

In addition, IL-6 level may be elevated due to other 

complications such as post-stroke infections [27]. In 

a cohort on 721 participants, IL-6 and NT-proBNP 

(N-terminal-pro brain natriuretic peptide) were found 

as independent prognostic factors for death, in multi-

variate analyses [7]; in this study, authors showed that 

the prognostic value of IL-6 was additive and clinically 

relevant to the National Institutes of Health Stroke 

Scale (NIHSS), indicating that IL-6-associated immune-

inflammatory responses might contribute to death after 

acute stroke. These results added to prior evidence 

showing that increased peripheral levels of IL-6 and 

high sensitivity C-reactive protein (hsCRP) predict 

an increased mortality rate in individuals with serious 

medical conditions [24, 28, 29]. Besides, another study 

confirmed the independent prognostic value of IL-6 

for functional outcomes in patients who experienced 

acute ischemic stroke [6].  

Cerebral ischemia triggers the release of IL-6 from 

neurons and astrocytes [30]. IL-6 levels increase in 

stroke patients within a few days. In patients with 

ischemic stroke, high IL-6 levels found in the cerebro-

spinal fluid and blood were found to be associated 

with occurrence of neurological deterioration and poor 

functional outcome [31, 32]. Nonetheless, some studies 

could not establish such associations [4, 33]. One 

study showed that IL-6 levels > 13 pg/mL could predict 

in-hospital mortality with a sensitivity of 85% and 

specificity of 93%. However, it should be noted that 

it does not prove a causal role for IL-6 as it may simply 

reflect an ischemic brain injury [10].  

A previous meta-analysis studied the association of 

inflammatory factors and functional outcomes after 

stroke [6] , while the current study is the first to report 

the association between IL-6 and mortality after stroke. 

However, our study has the following limitations: First, 

few studies [4, 8, 34], were excluded from analyses 

because they reported the crude means of the IL-6 

levels in two groups (i.e. control and study groups) 

rather than adjusted RRs. Second, there was a high 

heterogeneity among the included studies. Third, 

since the units of measured IL-6 varied among the 

studies, a pooled value with and without those data 

was estimated. 

 

Conclusions 

Based on the results of the current meta-analysis of 

the data of six cohorts, increased levels of IL-6 as 

an acute inflammatory response, is associated with 

poor survival after stroke. Therefore, IL-6 can be 

used as a predicting factor for stroke-related mortality. 

Hypothetically, IL-6 suppression might decrease 

mortality and this warrants further investigations. 
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