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Background: Acute ischemic stroke (AIS) is closely related to the level of inflammatory factors. This study 
aimed to explore the correlation between interleukin-6 (IL-6), interleukin-8 (IL-8), and the modified early 
warning score (MEWS) of AIS patients and their condition and prognosis. 
Methods: The clinical data of 95 AIS patients admitted to our hospital from January 2019 to October 2019 
were selected, and 91 cases were finally recruited to the study group according to the inclusion and exclusion 
criteria. A control group was recruited comprising 70 healthy patients. The differences in IL-6 and IL-8 
levels between the 2 groups were compared. Multiple logistic regression analysis was used to analyze the 
independent risk factors affecting the prognosis of AIS patients. A receiver-operating characteristic (ROC) 
curve was used to analyze the predictive value of IL-6, IL-8, and MEWS for the poor prognosis of AIS 
patients. 
Results: The levels of IL-6 and IL-8 in the study group were higher than those of the control group 
(P<0.05). After 90 days of treatment, 69 cases in the study group allocated into the good prognosis group, 
and 22 were allocated into the poor prognosis group. The National Institutes of Health Stroke Scale 
(NIHSS) scores before thrombolysis, blood glucose before thrombolysis, systolic blood pressure 2 h after 
thrombolysis, IL-6, IL-8, and MEWS scores within 24 h of admission in the good prognosis group were 
lower than those of the poor prognosis group (P<0.05). The area under the curve (AUC) of IL-6, IL-8, 
MEWS, and the 3 combined curves were 0.937, 0.897, 0.839, and 0.976, respectively, and the area under the 
combined detection curve was the largest. 
Conclusions: The inflammatory response and secondary brain damage after AIS are influenced by IL-6 
and IL-8. Combined with the MEWS score, IL-6 and IL-8 can be used as important indicators to judge the 
severity of the early condition of AIS patients. The combination of these 3 indicators has high accuracy in 
evaluating the prognosis of patients and is worthy of clinical promotion.
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Introduction

Acute ischemic stroke (AIS) is a series of clinical syndromes 
of neurological dysfunction, in which the blood supply of 
brain tissue is impaired due to various reasons, resulting 
in ischemic hypoxic necrosis (1). The incidence of AIS is 
high, and it progresses rapidly; accurate evaluation of the 
patient’s condition at the early stage is critical for effective 
intervention in the disease progression (2). The modified 
early warning score (MEWS) is a physiological scoring 
system for early identification of critically ill patients or 
potentially critically ill patients, and has been widely used in 
clinical practice (3).

Besides, the pathogenesis of AIS is predominantly related 
to atherosclerosis. Atherosclerosis itself and necrotic brain 
tissue can activate inflammatory cells to release inflammatory 
mediators and aggravate tissue damage, which means 
the level of inflammatory factors is closely related to the 
condition and prognosis of AIS patients (3). Interleukin-6 
(IL-6) and interleukin-8 (IL-8) are markers of the acute 
inflammatory response, and therapy both promoting and 
diminishing interleukin levels is becoming increasingly 
applied clinically (4). However, although the value of IL-6 
and IL-8 in diagnosis, treatment, and prognostic evaluation 
is significant, the correlation between ASI and the three 
(IL-6, IL-8, MEWS) has not been reported in China. 
Therefore, this study analyzed the correlation between 
IL-6, IL-8, and MEWS in patients with AIS and their 
condition and prognosis, in order to gather ideas for clinical 
treatment. We present the following article in accordance 
with the STARD reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-2200).

Methods

General information

The clinical data of 95 AIS patients admitted to our 
hospital from January 2019 to October 2019 were selected 
as study participants. The inclusion criteria were: (I) all 
were diagnosed by magnetic resonance imaging (MRI) and 
other examinations to meet the AIS diagnostic criteria; (II) 
participants were at their first onset of AIS, with no history 
of cerebral infarction or cerebral hemorrhage; (III) complete 
clinical data available; (IV) participants aged 18–80 years 
old. Participants were excluded if any of the following: (I) 
comorbidity of other hemorrhagic brain diseases or other 
brain diseases, such as aneurysm, tumor, or intracranial 
infection; (II) had been taking anticoagulant drugs before 

admission; (III) a history of thrombolysis; (IV) incomplete 
clinical data; (V) insufficiency of vital organs such as liver 
and kidney or other infectious diseases. Finally, a total of  
91 cases who met all the inclusion and exclusion criteria 
of this study constituted the study group, which included 
40 males and 51 females, aged 35–70 years (average age 
61.75±8.96 years old).

Concurrently, 70 patients with normal health examination 
results and complete clinical data in the same hospital 
during the same period were included into the control 
group, which included 36 males and 34 females, aged 
32–72 years (average age 61.39±8.71 years). There was no 
significant difference in general information such as gender 
or age between the two groups (P>0.05). All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). This study was approved by the 363 Hospital (No. 
2020-30). Informed consent was taken from all the patients.

Research methods

Clinical data of all participants were collected, and the 
differences in IL-6 and IL-8 levels between the 2 groups 
were compared. The prognosis of patients in the study 
group were recorded, and then multivariate logistic 
regression analysis was used to analyze the independent risk 
factors affecting the prognosis of AIS patients. And finally, 
a receiver-operating characteristic (ROC) curve was used to 
analyze the predictive value of IL- 6, IL-8, and MEWS for 
the poor prognosis of AIS patients.

Observation indicators

Detection of IL-6 and IL-8 levels 
The cubital venous blood of patients in the study group was 
collected on admission, and fasting venous blood of 3 mL 
was collected in the control group in the morning. After 
standing for 30 min at room temperature, the blood samples 
were centrifuged (1,500 r/min, 20 min) to separate the 
supernatant. Then the level of serum IL-6 and IL-8 were 
detected using double antibody sandwich enzyme-linked 
immunosorbent assay (ELISA) with detection kits (YES 
biotech laboratory Ltd., Mississauga, ON, Canada), and the 
results were measured with AU5800 automatic biochemical 
analyzer (Beckman Coulter Inc., Brea, CA, USA). 

MEWS score (5)
After patient recruitment, a MEWS score sheet was used 
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by the same nursing staff to obtain the MEWS score 
according to the clinical data of participants in the study 
group, including mental response, systolic blood pressure, 
heart rhythm, respiratory rate, and body temperature. The 
scores of each physiological indicator were 0–3 points, and 
the total scores were 15 points. The higher the score, the 
more serious the potential condition of the patient. When 
MEWS ≥8 points, it indicated that the patient is at very 
high risk.

Prognosis evaluation

After admission, all patients underwent imaging examinations 
such as MRI. At the same time, active medical treatments 
were performed, including blood pressure maintenance, 
diuretics to reduce intracranial pressure and cerebral edema, 
vasodilators to dilate blood vessels, anticoagulant therapy, 
calcium antagonists and intravenous thrombolytic therapy. 
The prognosis of thrombolysis was evaluated by the  
90-day modified Rankin Scale (mRS) scores after the 
onset of ASI (6): patients with 0–1 point indicated a good 
prognosis of thrombolysis and were allocated to the good 
prognosis group, while patients with 2–6 points indicated 
poor prognosis of thrombolysis and were assigned to the 
poor prognosis group.

Statistical methods

The data in this study were analyzed using SPSS version 
18.0 software (IBM Corp., Armonk, NY, USA). The count 
data were expressed as n (%), and analyzed using F/t-test,  
and the measurement data were described as mean ± 
standard deviation (x±SD), and analyzed by chi-squared (χ2) 
test. Multiple logistic regression was performed to analyze 
the independent risk factors affecting the prognosis of AIS 
patients. The ROC curve was used to analyze the predictive 

value of IL-6, IL-8, and MEWS for poor prognosis of 
AIS patients. Results with P<0.05 were considered to be 
statistically significant.

Results

Comparison of IL-6 and IL-8 levels between groups

The levels of IL-6 and IL-8 in the study group were higher 
than those in the control group (P<0.05, Table 1).

Prognosis of AIS patients (91 cases)

After 90 days of treatment, a total of 69 cases among the  
91 patients in the study group had a good prognosis, and 
22 cases had a poor prognosis, with a poor prognosis rate of 
27.16%. According to the prognosis status, the participants 
were allocated into the good prognosis group (n=69) and 
the poor prognosis group (n=22).

Single factor analysis of the prognosis of AIS patients

There was no significant difference between the good 
prognosis group and poor prognosis group in gender, body 
mass index (BMI), history of hypertension, and diastolic 
pressure 2 h after thrombolysis (P>0.05). however, there 
were more patients aged <60 years old and with no history 
of diabetes and smoking in the good prognosis group 
than those in the poor prognosis group. The National 
Institutes of Health Stroke Scale (NIHSS) scores and blood 
glucose before thrombolysis, systolic pressure 2 h after 
thrombolysis, IL-6 and IL-8 levels, and MEWS scores 
within 24 h of admission in the good prognosis group were 
lower than those in the poor prognosis group (P<0.05,  
Table 2).

Analysis of multiple factors affecting the prognosis of AIS 
patients

NIHSS score before thrombolysis, systolic pressure 2 h 
after thrombolysis, IL-6, IL-8, and MEWS scores within 
24 h of admission were all independent risk factors that 
affected the prognosis of AIS patients (P<0.05, Table 3).

Analysis of the predictive value of IL-6, IL-8 levels, and 
MEWS score on the poor prognosis of AIS patients

The ROC curve was used to analyze the predictive value of 

Table 1 Comparison of IL-6 and IL-8 levels in the two groups 
(x±SD, pg/mL)

Group IL-6 IL-8

Study group (n=91) 1.46±0.51 4.95±0.46

Control group (n=70) 0.68±0.16 2.57±0.25

t 12.330 35.060

P <0.001 <0.001

IL-6, interleukin-6; IL-8, interleukin-8; x±SD, mean ± standard 
deviation. 
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IL-6 and IL-8 levels, MEWS score, and the combination of 
the 3 indicators on the poor prognosis of patients with AIS. 
The area under the curve (AUC) of IL-6, IL-8, MEWS, 
and the combination of the 3 were 0.937, 0.897, 0.839, and 
0.976, respectively, and the AUC of the combination of the 
3 indicators was the largest (Table 4 and Figure 1).

Discussion

In clinical practice, AIS is the most common cardiovascular 
disease. Patients with AIS often show clinical symptoms 
such as hemiplegia and aphasia, which seriously reduces 
their quality of life, and threatens their health (7). In recent 
years, with cumulative annual increases in the prevalence, 

Table 2 Single factor analysis of the prognosis of AIS patients

Factor 
Good prognosis group 

(n=69)
Poor prognosis group 

(n=22)
χ2/t-value P value

Gender 

Male 30 10 0.026 0.871

Female 39 12

Age (year)

<60 45 3 17.807 <0.001

≥60 24 19

BMI (kg/m2)

>24 36 9 0.847 0.357

≤24 33 13

History of hypertension

Yes 30 12 0.822 0.365

No 39 10

History of diabetes

Yes 20 20 25.965 <0.001

No 49 2

NIHSS score before thrombolysis (point) 11.59±5.16 16.56±5.47 3.878 <0.001

Time from onset to treatment (h) 2.06±0.79 2.63±1.13 3.357 <0.001

Blood glucose before thrombolysis (mmol/L) 5.71±1.59 6.59±1.73 3.571 0.001

Systolic pressure 2 h after thrombolysis (mmHg) 140.59±16.62 149.46±16.46 2.185 0.032

Diastolic pressure 2h after Thrombolysis (mmHg) 85.31±11.53 86.56±11.49 0.443 0.659

IL-6 within 24 hours of admission (pg/mL) 1.21±0.16 1.48±0.47 4.119 <0.001

IL-8 within 24 hours of admission (pg/mL) 4.07±0.41 4.98±0.76 7.224 <0.001

MEWS score at admission (point) 3.79±0.45 6.73±1.51 8.975 <0.001

Smocking 

No 40 2 16.037 <0.001

Yes 29 20

AIS, acute ischemic stroke; IL-6, interleukin-6; IL-8, interleukin-8; NIHSS, National Institutes of Health Stroke Scale; BMI, body mass 
index; MEWS, modified early warning score.
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disability, and mortality rates of AIS, strategies to improve 
the therapeutic effect and ameliorate the poor prognosis of 
AIS patients have highly sought after (8).

Accurate evaluation of the condition of AIS patients 
before hospitalization is essential to ensure that patients 
receive effective treatment. At present, means of assessing 
the severity of clinically critically ill patients mostly relies 
on the Acute Physiology and Chronic Health Score II, 
Simplified Acute Physiological State Score System, the 
Glasgow Coma Score, and some other score systems (9). 
Although these indicators can predict the prognosis of 
critically ill patients to a certain extent, due to the large 

volume of evaluation data and the multitude of impacting 
factors on the scores such as environment, time, and human 
resources, they are not suitable to evaluate the condition of 
critically ill patients in pre-hospital emergency situations. 
The MEWS is an improved scoring system based on 
the British Early Warning Score developed by the Royal 
College of Physicians, which is mainly used to predict 
the trend of critical illness in hospitals at all levels (10). 
The MEWS score is attained using the 5 vital signs of the 
patient as evaluation indicators, including systolic pressure, 
heart rhythm, respiratory rate, body temperature, and 
consciousness, which provides the advantages of accuracy, 

Table 3 Analysis of multiple factors affecting the prognosis of AIS patients

Factor 
Regression 
coefficient

SEM Wald χ
2 
value P value OR (95% CI) value

Age (≥60 vs. <60 years) 0.794 0.674 4.596 0.489 2.21 (0.59–8.29)

History of diabetes (yes vs. no) 0.715 0.649 4.494 0.441 2.04 (0.57–7.29)

Time from onset to treatment (short vs. long) 0.861 0.458 4.356 0.430 2.37 (0.96–5.80)

NIHSS score before thrombolysis (high vs. low) 0.764 0.113 4.569 <0.001 2.15 (1.72–2.68)

Blood glucose before thrombolysis (abnormal 
vs. normal)

0.797 0.586 4.194 0.593 2.22 (0.70–7.00)

Systolic pressure 2 h after thrombolysis 
(abnormal vs. normal)

0.846 0.262 4.298 <0.001 2.33 (1.39–3.89)

IL-6 within 24 h of admission (abnormal vs. 
normal)

0.861 0.163 4.265 <0.001 2.37 (1.72–3.26)

IL-8 within 24 hours of admission (abnormal vs. 
normal)

0.913 0.134 4.389 <0.001 2.25 (1.73–2.93)

MEWS score (high vs. low) 0.718 0.185 4.291 <0.001 2.05 (1.43–2.95)

Smoking (yes vs. no) 0.724 0.583 4.597 0.294 2.06 (0.66–6.47)

SEM, standard error of mean; CI, confidence interval; IL-6, interleukin-6, IL-8, interleukin-8; NIHSS, National Institutes of Health Stroke 
Scale; MEWS, modified early warning score; OR, odds ratio. 

Table 4 Analysis of the predictive value of IL-6, IL-8, MEWS, and the combined detection of the 3 indicators on the poor prognosis of AIS 
patients

Predicted indicator Optimal threshold Sensitivity Specificity AUC of ROC 95% CI

IL-6 26.56 0.886 0.865 0.937 0.846–1.000

IL-8 37.61 0.856 0.856 0.897 0.783–0.975

MEWS 37.46 0.836 0.837 0.839 0.718–0.960

Combination of the three 38.15 0.926 0.964 0.976 0.000–1.000

Predictive exponential model 1.89 0.895 0.769 0.879 0.763–0.869

AUC, area under the curve; ROC, receiver-operating characteristic; IL-6, interleukin-6; IL-8, interleukin-8; MEWS, modified early warning 
score; CI, confidence interval.
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speed, and practicality. The most prominent application 
of MEWS is evaluation of the early onset of AIS that the 
patients can complete within a few minutes of hospital 
admission. The evaluation has high application value 
because it is not affected by the emergency environment, 
manpower, and other factors, and has high repetitive 
operability (11). Hydes et al. have reported that MEWS 
score more accurately evaluates the condition of patients 
with cardiac arrest, and may have a certain relationship 
with the prognosis of patients (12). The results of this study 
showed that the MEWS score was significantly increased 
for AIS patients in the poor prognosis group, and was an 
independent risk factor affecting the prognosis of AIS 
patients (P<0.05). These findings supported the work of 
Hydes et al. by indicating that the MEWS score could 
evaluate the condition of AIS patients accurately, and that it 
may have a certain relationship with patient prognosis.

At present, it is believed that the pathogenesis of AIS 
includes energy expenditure, nitric oxide and free radical 
damage, along with inflammatory cytokine hypotheses. 
With the proposal of the injury-response theory, increasing 
numbers of studies have begun to focus on the correlation 
between AIS and inflammation (13). Atherosclerosis is 
the main pathogenic factor of AIS that can cause vascular 
obstruction, leading to cerebral ischemia and hypoxia. 
Atherosclerotic plaque and necrotic brain tissue can activate 
inflammatory cells and induce auto-inflammatory responses. 
Therefore, local and systemic inflammatory responses are 

closely related to atherosclerosis (14).
As a pleiotropic cytokine, IL-6 could be mainly produced 

by T cells, B cells, monocytes, and endothelial cells, as 
well as astrocytes and microglia in brain tissue (15). Under 
normal physiological conditions, IL-6 and its receptors 
are continuously expressed at low concentrations in brain 
tissues, participating in various physiological activities such 
as mediating the central immune system, nerve repair, 
coordinated metabolism, and neuroendocrine. When 
cerebral ischemia occurs, IL-6 can be activated to become 
continuously highly expressed. On the one hand, it performs 
physiological functions such as neuroprotection. On the 
other hand, as an important inflammatory mediator, it may 
participate in secondary brain injury (16). A chemotactic 
cytokine, IL-8 is mainly produced by activated monocytes, 
macrophages, and endothelial cells. It acts as a potential 
polymorphonuclear leukocyte chemotactic to induce 
neutrophils to accumulate at ischemic sites, thereby causing 
inflammation and edema both in vivo and in vitro (17,18). 
In addition, interleukin can significantly stimulate and 
improve the activity of acetylcholinesterase in characteristic 
brain regions, reduce the survival of acetylcholine, and 
thus affect the cognitive functions of patients, which is 
not conducive to the recovery of prognosis. The results of 
this study showed that the levels of IL-6 and IL-8 in AIS 
patients were higher than those in the normal healthy group 
at each interval, and the levels of IL-6 and IL-8 in the 
study group reached their peak at 24 h after admission, and 
then gradually decreased (P<0.05). Results of multivariate 
analysis also indicated that IL-6 and IL-8 were independent 
risk factors affecting the prognosis of AIS patients (P<0.05), 
and were closely related to the prognosis of AIS patients; 
therefore, it was suggested that serum IL-6 and IL-8 levels 
can be used as important indicators to assess the disease 
progression of AIS at the early stage, and have a certain 
value in predicting prognosis.

The ROC curve was further used to analyze the 
predictive value of IL-6, IL-8, and MEWS on poor 
prognosis of AIS patients. The results showed that the AUC 
of the combination of the 3 indicators was the largest among 
the multiple indicators, signaling that the combination of 
the 3 indicators had the highest predictive value. Therefore, 
the combined detection of the 3 indicators is an effective 
way to predict the poor prognosis of AIS patients.

Conclusions

In summary, IL-6 and IL-8 are involved in inflammation 

Figure 1 Analysis of the predictive value of IL-6, IL-8, and MEWS 
for poor prognosis of AIS patients. IL-6, interleukin-6; IL-8,  
interleukin-8; MEWS, modified early warning score; AIS, acute 
ischemic stroke.
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and secondary brain damage that follow the onset of AIS. 
The combination of IL-6, IL-8, and MEWS score can be 
used as an important indicator for judging the severity of 
AIS at the early stage, it showed high accuracy in evaluating 
the prognosis of AIS patients, and is worthy of clinical 
adoption.
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