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Abstract. Correlations of carotid intima-media thickness 
(IMT), atherosclerotic plaque stability, serum inflamma-
tory factors and serum matrix metalloproteinase (MMP)-2 
and MMP-9 levels with the condition of disease in patients 
with acute cerebral infarction were analyzed to explore the 
predictive value of these risk factors. A total of 56 patients 
diagnosed with acute cerebral infarction in Jingmen First 
People's Hospital from February 2016 to January 2017 were 
selected and divided into the plaque stability group (n=25) 
and plaque instability group (n=31). Our results showed that 
the level of total cholesterol (TC) in the plaque instability 
group was significantly higher than that in the plaque stability 
group (P<0.05). IMT and National Institutes of Health 
Stroke Scale (NIHSS) score in the plaque instability group 
were significantly higher than those in the plaque stability 
group, but eccentricity index (EI) and Barthel index were 
significantly lower than those in the plaque stability group 
(P<0.05). The serum C-reactive protein (CRP), tumor necrosis 
factor-α (TNF-α) and interleukin-6 (IL-6) levels in the plaque 
instability group were significantly higher than those in the 
plaque stability group (P<0.05). The levels of serum MMP-2 
and MMP‑9 in the plaque instability group were significantly 
higher than those in the plaque stability group (P<0.05). 
Barthel index was correlated with IMT (r=-0.693, P<0.01), 
MMP-2 (r=-0.605, P<0.01), CRP (r=-0.765, P<0.01) and EI 
(r=0.811, P<0.01), respectively. Hemoglobin A1c (HbA1c), 
TC, systolic blood pressure, coronary heart disease, diabetes 
mellitus, IMT, EI, CRP, TNF-α, IL-6, MMP-2 and MMP-9 
had independent predictive values for acute cerebral infarc-
tion (P<0.05). Carotid IMT, stability of the atherosclerotic 

plaque, serum inflammation, serum MMP-2 and MMP-9 
levels have close correlations with acute cerebral infarction. 
The larger the carotid IMT is, the more unstable the plaque 
is and the higher the levels of serum inflammatory factors, 
MMP-2 and MMP-9 are, the greater the risk of acute cerebral 
infarction will be.

Introduction

Acute cerebral infarction is a common disease in clinical 
practice, especially in neurology, which frequently occurs 
in elderly patients and has higher disability fatality rates (1). 
With the gradual aggravation of social aging, the incidence 
rates of cardiovascular and cerebrovascular diseases are also 
increased. Acute cerebral infarction is also known as cerebral 
ischemic stroke, under which brain cells are unable to have 
normal blood circulation, and varying degrees of ischemia 
and anoxia lead to malacia or necrosis of brain tissue cells, 
resulting in disability or death of patients, and greatly reducing 
the quality of life of patients (2).

Previous data have shown that carotid artery stenosis is 
the main factor among various factors that cause ischemic 
encephalopathy, but with the continuous strengthening of 
evidence-based basis, it has been found that rupture and 
erosion caused by the instability of atherosclerotic plaque 
also play important roles in promoting the occurrence of 
acute cerebral infarction (3,4). On the other hand, overex-
pressed inflammatory cytokines play an important role in the 
occurrence and development of patients with acute cerebral 
infarction. The most common inflammatory cytokines are 
C-reactive protein (CRP), tumor necrosis factor-α (TNF-α) 
and interleukin‑6 (IL‑6), which significantly affect the patho-
physiological processes of acute cerebral infarction brain cells 
at the same time (5,6). Inflammatory cytokines are closely 
related to the occurrence and the severity of acute cerebral 
infarction. Matrix metalloproteinase (MMP) is a substance 
synthesized and secreted by macrophages (7). MMP-2 and 
MMP-9 are members of various substances decomposed by it, 
and the main roles are to degrade collagen fibers, elastic fibers 
and other extracellular matrixes, resulting in weakened fibrous 
cap function and unstable carotid plaque, thereby increasing 
the risk of acute cerebral infarction (8).
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Therefore, the study on the correlations of carotid artery 
thickness, atherosclerotic plaque stability, serum inflamma-
tory factors and MMP with acute cerebral infarction has an 
important reference value in clinical diagnosis and prognosis.

Patients and methods

General data. A total of 56 patients diagnosed with acute cere-
bral infarction in Jingmen First People's Hospital (Jingmen, 
China) from February 2016 to January 2017 were selected and 
divided into the plaque stability group (n=25) and plaque insta-
bility group (n=31) based on the stability of plaque indicated 
in color ultrasonography. Among them, there were 36 males 
and 20 females aged 62-91 years, with an average age of 
79.34±4.82 years. Diagnostic criteria for all enrolled patients 
were based on revised standards of Chinese Fourth Conference 
on Cerebrovascular Disease in combination with brain 
computed tomography (CT) or magnetic resonance imaging. 
Inclusion criteria: patients who had complete clinical data and 
signed the informed consent; patients who were diagnosed with 
acute cerebral infarction. Exclusion criteria: cerebral embolism 
patients with determined source of emboli, such as atrial fibril-
lation and peripheral vascular disease, patients with coma, 
disturbance of consciousness or disability due to other causes, 
for example, drug, malignancy, trauma and arteritis.

This study was approved by the Ethics Committee of 
Jingmen First People's Hospital. Signed informed consents 
were obtained from the patients or guardians.

Methods. General data of patients, including age, sex, 
height, weight, blood pressure, smoking history, and with or 
without coronary heart disease and diabetes mellitus, were 
collected. Biochemical and inflammatory indexes of selected 
patients were measured. National Institutes of Health Stroke 
Scale (NIHSS) score and Barthel index were calculated.

Determination of biochemical indicators: fasting periphe- 
ral blood (10 ml) was drawn from all included patients after 
fasting for solids and liquids for 10 h overnight, and the upper 
serum was used to determine biochemical indicators, including 
glycosylated hemoglobin A1c (HbA1c) measured through a 
glycosylated hemoglobin analyzer, and total cholesterol (TC), 
triglyceride (TG), low-density lipoprotein cholesterol (LDL-C) 
and high-density lipoprotein cholesterol (HDL-C) measured 
by an automatic biochemical analyzer provided by Hitachi, 
Ltd. (Tokyo, Japan).

Measurement of serum inflammatory cytokines, MMP‑2 
and MMP-9: the enrolled patients did not eat or drink for 10 h 
overnight, 10 ml peripheral blood was drawn, and the serum 
was collected. Serum inflammatory cytokines were measured 
by immunoturbidimetry, and serum MMP-2 and MMP-9 
levels were detected using enzyme-linked immunosorbent 
assay. Reagents and instruments were provided by Shandong 
Biological Instrument Co. (Qingdao, China).

Evaluation of carotid artery: carotid intima-media 
thickness (IMT): carotid ultrasound examination was performed 
using the Philips iE33 color Doppler ultrasound equipment. The 
specific sites of the examination were bilateral common carotid 
artery, bifurcation of common carotid artery and internal 
carotid artery outside the brain. Each site was measured 3 times, 
and the average was used as result. Determination of plaque 

stability: the stability of the plaque was determined according 
to the nature of echo displayed in the results of ultrasound 
examination: high-level echo, stable plaque; low-level or equal 
echo, unstable plaque; determination of eccentricity index (EI), 
total thickness of the plaque/measured IMT.

Statistical analysis. Statistical Product and Service Solutions 
(SPSS) 19.0 software (IBM Corp., Armonk, NY, USA) was 
used for data processing. Collected data were expressed as 
mean ± SD. The χ2 test was used to compare enumeration data. 
Correlation analysis was carried out over two factors. Logistic 
regression analysis was performed on relevant risk factors. 
P<0.05 indicates that the difference was statistically significant.

Results

Comparison of general data between plaque stability and 
instability groups. There were no statistical differences in age, 
sex, body mass index (BMI), HbA1c, TG, HDL-C, LDL-C, 
systolic pressure, diastolic pressure, coronary heart disease, 
diabetes mellitus and smoking history between the plaque 
stability and instability groups (P>0.05), but the level of TC in 
the plaque instability group was significantly higher than that 
in the plaque stability group (P<0.05) (Table I).

Comparison of IMT, EI, NIHSS score and Barthel index 
between plaque stability and instability groups. Plaque 

Table I. Comparison of general data between the plaque sta-
bility and instability groups.

 Plaque stability Plaque instability
General data group (n=25) group (n=31) P-value

Age (years) 79.53±5.08 81.07±4.76 0.312
Sex (male/female) 16/9 20/11 0.465
BMI (kg/m2) 24.23±1.87 24.96±1.93 0.766
HbA1c (%) 6.08±2.60 6.12±3.08 0.724
TG (mmol/l) 1.27±0.38 1.25±0.29 0.376
TC (mmol/l) 2.99±0.92 4.34±0.88 0.028
HDL-C (mmol/l) 1.09±0.41 1.04±0.25 0.065
LDL-C(mmol/l) 2.88±1.23 2.45±1.01 0.051
Systolic pressure
(mmHg) 145.37±22.12 150.16±20.39 0.072
Diastolic pressure
(mmHg) 82.53±15.13 85.19±17.68 0.142
Coronary heart
disease [n (%)] 14 (56.0) 19 (61.3) 0.595
Diabetes mellitus
[n (%)] 10 (40.0) 13 (41.9) 1.001
Smoking history
[n (%)]   5 (20.0)   8 (25.8) 0.119

χ2 test was used to compare coronary heart disease [n (%)]; diabetes 
mellitus [n (%)] and smoking history [n (%)] between the two groups. 
BMI, body mass index; HbA1c, hemoglobin A1c; TG, triglyceride; 
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol.
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instability group had obviously increased IMT and NIHSS 
scores and clearly reduced EI and Barthel index in comparison 
with the plaque stability group, and the differences were 
statistically significant (P<0.05) (Table Ⅱ).

Comparison of serum inflammatory factor levels between 
plaque stability and instability groups. Serum CRP, TNF-α 
and IL-6 levels in the plaque instability group were overtly 
higher than those in the plaque stability group, with statisti-
cally significant differences (P<0.05) (Table Ⅲ).

Comparison of serum MMP‑2 and MMP‑9 levels between 
plaque stability and instability groups. Serum MMP-2 and 
MMP-9 levels were evidently elevated in the plaque insta-
bility group compared with those in the plaque stability 
group, and the differences were statistically significant 
(P<0.05) (Table Ⅳ).

Correlation analyses of IMT, EI, serum inflammatory factors 
and MMP‑2 with Barthel index. Barthel index was negatively 
correlated with IMT (r=-0.693, P<0.01), CRP (r=-0.765, 

Figure 1. Correlation between IMT and Barthel index. IMT, intima-media 
thickness.

Figure 2. Correlation between CRP and Barthel index. CRP, C-reactive protein.

Figure 3. Correlation between EI and Barthel index. EI, eccentricity index.

Figure 4. Relationship between MMP-2 and Barthel index. MMP, matrix 
metalloproteinase.

Table Ⅱ. Comparison of IMT, EI, NIHSS score and Barthel 
index between the plaque stability and instability groups.

 Plaque stability Plaque instability
Projects group (n=25) group (n=31) P-value

IMT (cm) 0.205±0.103 0.341±0.127 0.001
EI 0.57±0.14 0.38±0.11 0.001
Barthel index 69.30±19.4 60.62±19.3 0.001
NIHSS score 3.9±2.8 6.2±3.1 0.001

IMT, intima-media thickness; EI, eccentricity index; NIHSS, National 
Institutes of Health Stroke Scale.

Table Ⅲ. Comparison of serum inflammatory factor levels 
between the plaque stability and instability groups.

Inflammatory Plaque stability Plaque instability
factors group (n=25) group (n=31) P-value

CRP (mg/l) 2.39±0.99 5.48±1.43 0.001
TNF-α (ng/ml) 6.46±1.09 10.23±1.19 0.001
IL-6 (µg/l) 7.21±1.17 9.24±1.66 0.001

CRP, C-reactive protein; TNF-α, tumor necrosis factor-α; IL-6, inter-
leukin-6.

Table Ⅳ. Comparison of serum MMP‑2 and MMP‑9 levels 
between the plaque stability and instability groups.

 Plaque stability Plaque instability
MMP group (n=25) group (n=31) P-value

MMP-2 (ng/ml) 63.21±0.56 71.38±0.45 0.001
MMP-9 (ng/ml) 301.74±31.19 356.92±30.46 0.001

MMP, matrix metalloproteinase.
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P<0.01), and MMP-2 (r=-0.605, P<0.01), but positively associ-
ated with EI (r=0.811, P<0.01) (Figs. 1-4).

Logistic regression analyses on the prediction of risk factors 
for acute cerebral infarction. HbA1c, TC, systolic pressure, 
coronary heart disease, diabetes mellitus, IMT, EI, serum 
inflammatory cytokines (CRP, TNF‑α and IL-6), MMP-2 and 
MMP-9 had independent prognostic values for acute cerebral 
infarction, with statistical significance (P<0.05) (Table V).

Discussion

Clinically, diseases with the highest morbidity and mortality 
rates are cardiovascular and cerebrovascular diseases, of which 
acute cerebral infarction is the most common disease among 
cerebrovascular diseases (9). The pathogenesis of acute cerebral 
infarction is based on arterial diseases in and outside the brain. 
The common arterial diseases include carotid artery stenosis or 
obstruction caused by the formation of carotid atherosclerotic 
plaques, plaque rupture and erosion (10). Among many risk 
factors of acute cerebral infarction, carotid lesions, especially 
plaque formation, plaque thickness, stability and other pro- 
perties are the most common and important risk factors (11). 
Studies have shown that plaque instability increases the onset 

risk of acute cerebral infarction, and plaque instability is 
caused by factors such as fibrous cap thickness and fixation 
degree. Among various conditions determining the stability of 
the plaque, EI is also an important indicator in addition to echo 
and degree of surface smoothness. The lower the EI, the more 
unstable the plaque (12,13). NIHSS score and Barthel index 
are generally used to judge the neurologic status in patients 
with acute cerebral infarction. A higher NIHSS score and a 
lower Barthel index indicate more severe neurologic impair-
ment (14). In this study, it was found that IMT and NIHSS 
scores in the plaque instability group were significantly higher 
than those in the plaque stability group, while EI and Barthel 
index in the plaque instability group were significantly lower 
than those in the plaque stability group, and the differences 
were statistically significant (P<0.05). In addition, correlation 
analyses revealed that IMT and Barthel index were negatively 
correlated, while EI and Barthel index were positively related, 
suggesting that the thicker the carotid artery thickness is, and 
the more unstable the plaque is, the more serious the condition 
of acute cerebral infarction will be.

With continuous and in-depth studies on the pathogenesis 
of acute cerebral infarction, it has been found that in the 
early stage of acute cerebral infarction, over-reaction of the 
inflammatory system in ischemic and infarct regions is also 
an important factor promoting its development (15). In the 
process leading to over‑reaction of the inflammatory system, 
neutrophils, macrophages and lymphocytes play a key role, 
and the excessive synthesis and release of inflammatory 
cytokines released by the above cells such as interleukin and 
CRP further lead to inflammatory cascade, increasing the 
trauma of brain histiocyte (16,17). In addition, blood-brain 
barrier is damaged in the over‑reaction process of the inflam-
mation system, resulting in increased levels of inflammatory 
cytokines and MMP expression (18). MMP-2 and MMP-9 are 
important components of MMP. In patients with acute cerebral 
infarction, increased activity of MMP causes edema in brain 
histiocytes, and measurement of MMP content can be used 
to determine the severity of acute cerebral infarction (19,20). 
The relationship between inflammatory cytokines and acute 
cerebral infarction was investigated in this study, and it was 
found that the levels of serum inflammatory cytokines in the 
plaque instability group were distinctly higher than those in 
the plaque stability group, and the differences were statistically 
significant (P<0.05). Both CRP and MMP‑2 had a negative 
correlation with Barthel index. Meanwhile, IMT, EI, serum 
inflammatory cytokines (CRP, TNF‑α and IL-6), MMP-2 and 
MMP-9 had independent predictive values for acute cerebral 
infarction.

In conclusion, examining carotid artery thickness, athero-
sclerotic plaque stability, and levels of serum inflammatory 
factors, MMP‑2 and MMP‑9 has important significance in 
judging the severity of acute cerebral infarction and guiding 
its treatment and prognosis. Risk factors of acute cerebral 
infarction should be deeply understood, so as to prevent or 
timely and correctly treat the disease.
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Table V. Logistic regression analyses on the prediction of risk 
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TC 0.024 1.396 0.576-3.572
HDL-C 0.322 0.989 0.991-5.035
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thickness; EI, eccentricity index; CRP, C-reactive protein; IL-6, 
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loproteinase.
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