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 Background: The aim of this study was to investigate the correlations of C-reactive protein (CRP), interleukin-6 (IL-6), and 
insulin resistance (IR) with cerebral infarction in hypertensive patients.

 Material/Methods: A total of 80 patients with cerebral infarction admitted to our hospital from March 2016 to November 2017 
were selected and divided into 2 groups according to the diameter of cerebral infarction, namely, lacunar ce-
rebral infarction group (n=40) and cerebral infarction group (n=40). The levels of high-sensitivity CRP (hs-CRP) 
and IL-6, homeostasis model assessment of IR (HOMA-IR) index and blood pressure level were compared be-
tween the 2 groups. The correlations of hs-CRP level, IL-6 level, and IR with the diameter of cerebral infarction, 
as well as the relationships of hs-CRP level and IR with the neurological function score after cerebral infarction 
were analyzed.

 Results: The levels of hs-CRP and IL-6 in the cerebral infarction group were significantly higher than those in the lacu-
nar cerebral infarction group (P<0.05). The cerebral infarction group had a markedly higher HOMA-IR index than 
the lacunar cerebral infarction group (P<0.05), but it had remarkably decreased systolic blood pressure and di-
astolic blood pressure compared with those in the lacunar cerebral infarction group (P<0.05). There were posi-
tive correlations of hs-CRP level, IL-6 level, and IR with the diameter of cerebral infarction (P<0.05). The hs-CRP 
level and IR had positive correlations with the neurological function score after cerebral infarction (P<0.05).

 Conclusions: In hypertensive patients complicated with cerebral infarction, the body’s inflammatory factors, and IR are pos-
itively correlated with the diameter of cerebral infarction, as well as the neurological prognosis of the patients.
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Background

Cerebrovascular diseases, as one of the major causes affecting 
human life and health at present, are one of the top 3 ma-
jor fatal diseases that lead to the death in the world’s pop-
ulation [1]. With the aging of population and the changes of 
people’s life and diets in China, the morbidity, disability, and 
mortality rates of cerebrovascular diseases are significantly 
increased [2], seriously affecting the quality of life and life 
safety of people in China, especially the middle-aged and el-
derly [3]. Meanwhile, the incidence rate of hypertension in the 
middle-aged and elderly population has been at a high level. 
Hypertension is mainly treated with long-term drug conserva-
tive therapy of internal medicine. However, with the extension 
of the course of the disease, the long-term blood pressure ele-
vation will lead to impairment of endothelial function [4], and 
hypertension acts as an independent risk factor for the onset 
of cerebral infarction. Even hypertensive patients with stable 
blood pressure control previously have an obviously higher in-
cidence rate of cerebral infarction than normal population [5].

High-sensitivity C-reactive protein (hs-CRP), which can effec-
tively reflect the inflammatory conditions of the body [6], has 
extremely high sensitivity to the mild aseptic inflammation, 
and has been widely applied to clinical detection of inflamma-
tory conditions in various diseases. Insulin resistance (IR) is 
considered as a related risk factor for various medical diseases 
such as diabetes, hyperlipidemia and hypertension. In addi-
tion, recent studies have confirmed that the pathogenesis of 
IR in cerebral infarction has attracted more and more clinical 
attention [7]. To better guide clinical treatment and improve 
the prognosis of hypertensive patients complicated with ce-
rebral infarction, this study mainly explores the correlations 
of the changes in the body’s inflammatory factors and IR with 
the occurrence of cerebral infarction in hypertensive patients, 
especially the correlation between their changing trends.

Material and Methods

General data

A total of 80 patients with cerebral infarction admitted to our 
hospital from March 2016 to November 2017 were selected. 
Before patients were included into groups, all of them and their 
family members signed the voluntary inclusion agreement, 
which was then submitted to the Hospital Ethics Committees 
for approval. All patients were diagnosed by magnetic reso-
nance imaging (MRI) combined with clinical manifestations 
before inclusion. Patients were aged over 50 years old, with 
previous normal neurological and mental function, in line with 
emergency department admission, and they received MRI. 
Patients were excluded for the following: complicated with 

severe mental illness, serious cardiovascular diseases, previous 
brain-related surgical treatment, intracranial tumor, systemic 
infection, diabetes, chronic obstructive pulmonary disease, 
immune system diseases, expected survival time £24 hours, 
cerebral hernia after the onset or hemorrhagic brain disease. 
Patients were divided into 2 groups according to the diameter 
of cerebral infarction, with 40 cases in each group. In the lacu-
nar cerebral infarction group, there were 26 males and 14 fe-
males aged 50–80 years old, with an average age of 68.9±1.3 
years old, including 21 smokers, the course of hypertension 
was 10–35 years, with an average of 18.1±1.3 years, and the 
body mass index (BMI) was 23–31 kg/m2, with an average of 
28.1±0.3 kg/m2. In the cerebral infarction group, there were 
27 males and 13 females aged 50–80 years old, with an av-
erage age of 68.8±1.3 years old, including 20 smokers, the 
course of hypertension was 10–35 years, with an average of 
18.0±1.3 years, and the BMI was 23–31.5 kg/m2, with an av-
erage of 28.2±0.3 kg/m2. There were no statistically significant 
differences in gender, age, smoking history, course of hyper-
tension and BMI (P>0.05). This study has been pre-approved 
by the ethical committee of Linyi Central Hospital. All patients 
have signed the consent forms before recruitment in this study.

Material and Methods

All the included patients were first diagnosed with hyperten-
sion in line with the diagnostic criteria for hypertension of the 
World Health Organization in 1978, or had definite hyperten-
sion previously and received drug therapy regularly. Moreover, 
brain infarction was confirmed by brain MRI before the patients 
were re-included into groups. Improvement of the blood sup-
ply of cerebral ischemia site and promotion of the recovery of 
neurological function as early as possible were taken as the 
treatment standard such as early thrombolysis, vascular in-
terventional recanalization, and anticoagulation. Furthermore, 
antihypertensive treatment for hypertension should be paid 
attention to, and the patients should be treated with symp-
tomatic and supporting treatment after the onset of the dis-
ease, such as strengthening the nutrition and psychological 
intervention of the patients, maintaining the internal environ-
mental balance, and improving the balance of oxygen supply 
and demand of the body. After the patients were included into 
groups, their elbow venous blood was immediately sent for 
testing. The LX-20 automatic biochemical analyzer (Beckman, 
USA) was adopted for determination of hs-CRP and interleu-
kin-6 (IL-6) levels in the body. At the same time, insulin-related 
indicators were detected, and the homeostasis model assess-
ment of IR (HOMA-IR) index was calculated.
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Observation indicators

The levels of inflammatory factors (hs-CRP and IL-6), HOMA-
IR index, and blood pressure level were compared between 
the 2 groups. The correlations of hs-CRP level, IL-6 level, and 
IR with the diameter of cerebral infarction, as well as the re-
lationships of hs-CRP level and IR with the neurological func-
tion score after cerebral infarction, were analyzed.

Evaluation criteria

The area of cerebral infarction was assessed in accordance 
with the results of brain MRI, which was performed using the 
1.5 T superconducting MRI (GE). Additionally, a comprehensive 
diagnosis was conducted through the T1 weighted imaging 
(WI), T2WI, diffusion WI (DWI), and MRA4 models. Among 
them, infarct lesions with a diameter of 1.5 cm or below were 
considered as lacunar infarction, and infarct lesions with a di-
ameter of over 1.5 cm were considered as cerebral infarction. 
Inflammatory factor indicators were mainly detected as follows: 
IL-6 was determined via enzyme-linked immunosorbent assay 
(0.37–0.46 μg/L), hs-CRP was determined via latex-enhanced 
immunoturbidimetry (£10 mg/L), IR was expressed as HOMA-IR 
index [with 1 as the clinical reference value, HOMA-IR=fasting 
blood glucose level (mmol/L) x fasting insulin level (mu/L)], and 
neurological assessment was conducted using the National 
Institutes of Health Stroke Scale (NIHSS) score. Assessment 

was made by the middle-level physicians and above with more 
than 5 years of clinical experience in neurology twice at an in-
terval of more than 8 hours on the same day to take the av-
erage as standard for all assessment scores. The score ranges 
from 0 to 42 points: the higher the score, the more serious 
the neurological impairment.

Statistical analysis

Statistical Product and Service Solutions (SPSS) 21.0 software 
(IBM) was adopted for statistical analysis. The measurement 
data were expressed as mean ± standard deviation (c

_
±s), and 

t test was used for comparisons of the mean between the 
2 groups, such as inflammatory factor (hs-CRP and IL-6) levels, 
HOMA-IR index, and blood pressure. Analyses on the correla-
tions of hs-CRP, IL-6 and IR with the size of cerebral infarction 
and the neurological function score after cerebral infarction 
were performed by the correlation coefficient method. P<0.05 
suggested that the difference was statistically significant.

Results

Comparisons of the levels of inflammatory factors (hs-CRP 
and IL-6) between the 2 groups

The levels of hs-CRP and IL-6 in the cerebral infarction group 
were significantly higher than those in the lacunar cerebral in-
farction group (P<0.05) (Table 1).

Comparisons of HOMA-IR index and blood pressure 
between the 2 groups

The cerebral infarction group had a markedly higher HOMA-IR 
index than the lacunar cerebral infarction group (P<0.05), but 
it had remarkably decreased systolic blood pressure and dia-
stolic blood pressure compared with those in the lacunar ce-
rebral infarction group (P<0.05) (Table 2).

IL-6 (μg/L) Hs-CRP (mmol/L)

Lacunar cerebral 
infarction group

 0.53±0.04  11.15±0.16

Cerebral infarction 
group

 1.11±0.11  26.83±0.86

t 31.340 113.368

p 0.000 0.000

Table 1.  Comparisons of the levels of inflammatory factors (hs-
CRP and IL-6) between the 2 groups (c±s).

HOMA-IR index
Systolic blood pressure

(mmHg)
Diastolic blood pressure 

(mmHg)

Lacunar cerebral infarction 
group

 1.13±0.01  135.6±11.3  82.1±5.6

Cerebral infarction group  1.41±0.02  106.2±3.4  71.3±1.7

t 79.796 15.757 11.671

p 0.000 0.000 0.000

Table 2. Comparisons of HOMA-IR index and blood pressure between the 2 groups (c±s).

IR – insulin resistance.

1508
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhang J. et al.: 
Correlations of CRP, IL-6, and insulin resistance with cerebral infarction…

© Med Sci Monit, 2019; 25: 1506-1511
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Analysis on correlation between the hs-CRP level and the 
diameter of cerebral infarction

There was a positive correlation between the hs-CRP level 
and the diameter of cerebral infarction (r=0.9678, P=0.000, 
P<0.05) (Figure 1).

Analysis on correlation between the IL-6 level and the 
diameter of cerebral infarction

There was a positive correlation between the IL-6 level and 
the diameter of cerebral infarction (r=0.9489, P=0.000, P<0.05) 
(Figure 2).

Analysis on correlation between IR and the diameter of 
cerebral infarction

IR had a positive correlation with the diameter of cerebral in-
farction (r 0.9263, P=0.000, P<0.05) (Figure 3).

Analysis on correlation between the hs-CRP level and the 
neurological function score after cerebral infarction

The hs-CRP level was positively correlated with the neurologi-
cal function score after cerebral infarction (r=0.9776, P=0.000, 
P<0.05) (Figure 4).
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Figure 1.  Analysis on correlation between the hs-CRP level and 
the diameter of cerebral infarction. There is a positive 
correlation between the hs-CRP level and the diameter 
of cerebral infarction (P<0.05). CRP – C-reactive protein.
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Figure 3.  Analysis on correlation between insulin resistance 
(IR) and the diameter of cerebral infarction. IR has 
a positive correlation with the diameter of cerebral 
infarction (P<0.05).
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Figure 2.  Analysis on correlation between the interleukin (IL)-6 
level and the diameter of cerebral infarction. There is 
a positive correlation between the IL-6 level and the 
diameter of cerebral infarction (P<0.05).
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Figure 4.  Analysis on correlation between the hs-CRP level 
and the neurological function score after cerebral 
infarction. The hs-CRP level is positively correlated with 
the neurological function score after cerebral infarction 
(P<0.05). CRP – C-reactive protein.
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Analysis on correlation between IR and the neurological 
function score after cerebral infarction

IR was positively correlated with the neurological function score 
after cerebral infarction (r=0.9442, P=0.000, P<0.05) (Figure 5).

Discussion

Cerebral infarction, as the most common cerebrovascular dis-
ease diagnosed in the clinic at present, has high morbidity, 
disability, and mortality rates, and shows a younger trend [8]. 
According to studies, the incidence rate is 6–8% in people aged 
over 45 years old [9], and about 1% of people aged less than 
45 years old suffer from this disease [10]. The occurrence of 
this disease has a great negative impact on the patients and 
their families. Hypertension is a related factor leading to hy-
aline degeneration, atherosclerosis and even intimal rupture 
of the arterial wall [11]. At the same time, the long-term blood 
pressure elevation can also lead to the adhesion and aggre-
gation of platelets, thus resulting in thrombus formation. It 
has been recognized by the majority of scholars that hyper-
tension acts as an independent risk factor for cerebral infarc-
tion. Hypertension has certain negative influence on the sever-
ity and prognosis of the disease after cerebral infarction [12].

The inflammatory factors in hypertensive patients complicated 
with cerebral infarction were investigated in this study, and 
it was found that the levels of hs-CRP and IL-6 in the cerebral 
infarction group were significantly higher than those in the 
lacunar cerebral infarction group. Comparisons of HOMA-IR 

index and blood pressure between the 2 groups at the same 
time revealed that the HOMA-IR index in the cerebral infarc-
tion group was markedly higher than that in the lacunar ce-
rebral infarction group, while the systolic blood pressure and 
diastolic blood pressure were remarkably lower than those in 
the lacunar cerebral infarction group. The results indicated that 
in hypertensive patients complicated with cerebral infarction 
whose infarct size is in line with clinical diagnosis for cerebral 
infarction, namely, the diameter of the lesions is equal to or 
greater than 1.5 cm, the levels of inflammatory related fac-
tors in the body after the onset of the disease are higher, and 
the IR in the body is more serious. In addition, studies on the 
correlations of hs-CRP, IL-6 and IR with the diameter of cere-
bral infarction suggested that hs-CRP, IL-6 and IR are positively 
correlated with the diameter of cerebral infarction, that is, the 
larger the diameter of cerebral infarction, the more obvious 
the body’s inflammatory response, and the more serious the 
IR in the body. Finally, studies on the inflammatory factor hs-
CRP, IR and the neurological function score after cerebral in-
farction have revealed that there was a positive correlation be-
tween these indexes and the neurological function of patients 
after onset of the disease, suggesting that the more serious 
the neurological impairment of hypertensive patients compli-
cated with cerebral infarction, the more obvious the body’s in-
flammatory responses, and the more serious the IR in the body.

Hs-CRP is the most sensitive indicator of the body’s inflam-
matory responses, which has a certain impact on the occur-
rence and development of various medical diseases such as 
hypertension, diabetes, stem cells, and hyperlipidemia [13]. At 
2 hours after cerebral infarction, there will be obvious patho-
physiological changes in brain tissues, which lead to the in-
creased IL level and aggravated IR in the body at the same 
time [14]. Among the increased inflammatory factors, the in-
crease in IL-6 level is the most obvious. Besides, IR is aggra-
vated, leading to increased CRP level [15]. With the increase 
of the diameter of the lesions, the infarct size enlarges, espe-
cially the cerebral ischemia and hypoxia sites, thus making the 
aforementioned pathophysiological process more obvious [16]. 
Furthermore, the large number of CRPs produced will further 
activate the body complement system, which aggravates vas-
cular endothelial cell damage to activate the coagulation sys-
tem [17], leads to further enlargement of the thrombus [18], 
and aggravates the progression of the disease and the dis-
turbance of local blood circulation, thereby leading to the oc-
currence of more severe cerebral ischemia and hypoxia [19]. 
Therefore, the level of hs-CRP in hypertensive patients com-
plicated with cerebral infarction is correlated with the diame-
ter of the infarction [20-21], and it is of a certain value in pre-
dicting the prognosis of neurological function of the patients.
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Figure 5.  Analysis on correlation between insulin resistance 
(IR) and the neurological function score after 
cerebral infarction. IR is positively correlated with the 
neurological function score after cerebral infarction 
(P<0.05).
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Conclusions

In summary, in hypertensive patients complicated with cere-
bral infarction, the body’s inflammatory factors and IR are pos-
itively correlated with the diameter of cerebral infarction, as 
well as the neurological prognosis of the patients.
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