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Abstract: Objective: This study aimed to explore the correlation of Homocysteine (Hcy) and inflammation level with 
cerebral infarction (CI) in hypertensive patients. Methods: A total of 122 hypertensive patients were selected from 
our hospital as the objects of the study and divided into stroke group (SG, n=51) and non-stroke group (NSG, n=71) 
according to whether they were diagnosed with CI. Besides, 50 healthy individuals were selected and included in 
control group (CG). Hcy, total cholesterol (TC), triacylglycerol (TG), low density lipoprotein cholesterol (LDL-C), tumor 
necrosis factor-α (TNF-α), C-reaction protein (CRP) and interleukin-6 (IL-6) were detected and compared among the 
three groups. Active treatment and follow-up visit were provided for SG to compare the changes of Hcy, TNF-α and 
scores for National Institutes of Health Stroke Scale (NIHSS) before treatment and at 1, 3 and 6 months after treat-
ment. The last part was an analysis on correlation of Hcy, TNF-α, IL-6 and CRP with hypertensive cerebral infarction 
(HCI). Results: The levels of Hcy, TC, TG, LDL-C, TNF-α, IL-6 and CRP in SG were higher than those in NSG and CG, and 
those of NSG were higher than those of CG, showing statistically significant difference between groups (P<0.05). 
Hcy, TNF-α and NHISS scores of SG were reduced significantly after treatment, indicating significant difference com-
pared with those before treatment (P<0.05). Conclusion: The levels of Hcy and inflammatory factors were positively 
correlated with CI incidence in hypertensive patients. The hypertensive patients with abnormally higher laboratory 
indices mentioned above should be treated actively to prevent CI and thus improve prognosis.
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Introduction

According to researches, cardiovascular and 
cerebrovascular diseases are not only the lead-
ing cause of death in the world, but also the 
major issue of public health at present. The 
investigation conducted in 2004 indicated that 
about 17 million people died of cardiovascular 
and cerebrovascular diseases worldwide, ac- 
counting for about 29% of deaths due to dis-
eases. Thereinto, 7 million people died of coro-
nary heart disease and 6 million died of stroke. 
As predicted by World Health Organization, 23 
million people will die of cardiovascular and 
cerebrovascular diseases around the world by 
2030 [1-3]. In recent years, with the emergence 
of social aging and the changes of dietary struc-
ture in China, the prevalence of coronary heart 
disease, myocardial infarction, stroke and other 
cardiovascular and cerebrovascular diseases 
has gradually increased [4, 5]. Hypertension is 

a clinical syndrome characterized by abnormal 
increase of blood pressure and complicated 
with multiorgan dysfunction or organic injury in 
heart, brain, kidney, etc. Besides, it is the most 
common chronic disease at present and also 
the risk factor of various cardiovascular and 
cerebrovascular diseases [6, 7]. According to 
an epidemiological investigation of hyperten-
sion, more than 25% adults currently suffer 
from hypertension worldwide, and this figure is 
expected to reach 29% by 2025 [8].

Cerebral infarction (CI), also known as brain 
infarction and ischemic stroke, is a disease of 
local ischemic necrosis or malacia caused by 
ischemia and hypoxia in brain tissues in the 
case of insufficient blood supply to the brain, 
which generally includes cerebral thrombosis, 
lacunar infarction, etc. [9]. According to re- 
searches, CI is the main type of stroke, account-
ing for about 80% of total cases. In addition, CI 
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is a disease with sudden onset, critical condi-
tion and rapid progression. It can attack people 
of all ages. CI patients usually have such symp-
toms as encephaledema, increased intracrani-
al pressure, coma and even cerebral hernia 
due to wide-area infarction of internal carotid 
artery or middle cerebral artery. Delayed treat-
ment often leads to poor prognosis [10]. 
Hypertension is clinically found to be an inde-
pendent risk factor for CI. Further mechanism 
analysis showed that this was because hyper-
tension damaged the blood vessel endothelium 
to a certain extent and thus increased the prob-
ability of platelet aggregation. In recent years, 
medical staffs have been committed to seeking 
for some indices to predict the occurrence of CI 
in hypertensive patients so that the predictive 
intervention can be performed to improve the 
prognosis of hypertensive patients [11].

Homocysteine (Hcy) is an important metabolic 
intermediate in human body. Many studies 
showed that Hcy may be the independent risk 
factor for atherosclerosis and other cardiovas-
cular diseases. Some other investigations have 
indicated that Hcy is abnormally expressed in 
blood samples of hypertensive patients compli-
cated with CI. This implied that this factor may 
be correlated with the occurrence of CI in 
hypertensive patients [12, 13]. Some studies 
have found that inflammatory factors are also 
abnormally highly expressed in hypertensive 
patients complicated with CI. This was because 
ischemia and hypoxia could cause the death of 
brain cells and thus activate the immune sys-
tem [14]. This study aimed to explore the cor-
relation of levels of Hcy and inflammatory fac-
tors with CI in hypertensive patients so as to 
seek for early-warning indices of CI for hyper-
tensive patients and thus provide a theoretical 
basis for the improvement of quality of life 
(QOL) in clinical practice. The details are shown 
below.

Materials and methods

General materials

A total of 122 hypertensive patients treated in 
our hospital were selected as the objects of the 
study and divided into stroke group (SG, n=51) 
and non-stroke group (NSG, n=71) according to 
whether they were diagnosed with CI. Besides, 
50 healthy individuals were selected and in- 
cluded in control group.

Inclusion criteria: (1) SG was in a state of typical 
hypertension and diagnosed with CI through 
imaging evaluation; (2) NSG suffered from 
hypertension, without any symptom of CI based 
on detection; (3) Three groups all had complete 
medical records; (4) The investigation was con-
ducted with the permission of Ethics Committee 
of the First People’s Hospital of Wenling; (5) All 
individuals involved or their family members 
had a clear understanding of procedures, meth-
ods and principles and signed the Informed 
Consent Form.

Exclusion criteria: (1) Patients complicated with 
mental diseases; (2) Those complicated with 
malignant tumors; (3) Those complicated with 
acute or chronic systemic inflammation; (4) 
Those complicated with brain tumors, cerebral 
hemorrhage, acute infarction or other diseases 
that affected investigation results; (5) Those 
complicated with autoimmune diseases; (6) 
Those who took the drugs that affected the 
metabolism of Hcy within 1 month or so; (7) 
Those complicated with hematological diseas-
es; (8) And female patients in gestation period 
or lactation period were excluded from the 
study.

Intervention methods

Collection of blood samples: 5 ml of fasting 
venous blood was collected from SG, NSG and 
CG in the early morning. A part of blood sam-
ples were centrifuged by centrifugal machine at 
the speed of 3000 r/min and then stored at the 
temperature of -80°C. The indices were detect-
ed after the collection of all samples.

Treatment of CI: After admission to hospital, SG 
received clinical examinations actively, includ-
ing brain CT scanning, MRI examination, and 
detection of hepatic and renal function, coagu-
lation function, cardiac function and ambulato-
ry blood pressure, etc. Meanwhile, the patients 
of SG in acute stage stayed in bed as much as 
possible and received nutritional intervention. 
In addition, such drugs as mannitol and furose-
mide, etc. were used for active treatment of 
encephaledema. Streptokinase, urokinase, bar- 
biturate and heparin calcium were used as 
early as possible for thrombolysis, cerebral pro-
tection and anticoagulation treatment.

Observation targets and evaluation criteria

Comparison of laboratory indices among the 
three groups: The levels of Hcy, cholesterol 
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(TC), triacylglycerol (TG), low density lipoprotein 
cholesterol (LDL-C), tumor necrosis factor-α 
(TNF-α), interleukin-6 (IL-6) and C-reaction pro-
tein (CRP) in blood samples were detected and 
compared among the three groups. Thereinto, 
the Hcy level was detected through high perfor-
mance liquid chromatography (HPLC). The kit 
was purchased from Shanghai Jining Industrial 
Co., Ltd. and used in strict accordance with 
instructions. The levels of TC, TG and LDL-C 
were detected directly through automatic bio-
chemical analyzer (purchased from Shandong 
BIOBASE). The levels of TNF-α and IL-6 were 
detected through enzyme linked immunosor-
bent assay (ELISA) and the kit was purchased 
from Quanzhou Jiubang Biotechnology Co., Ltd. 
All the indices mentioned above were detected 
for 3 times to take the mean value as final 
result.

Changes of Hcy, TNF-α and National Institutes 
of Health Stroke Scale (NIHSS) scores before 
and after treatment in SG: The Hcy, TNF-α and 
NIHSS scores of SG were detected and evalu-
ated before treatment and at 30, 60 and 90 d 
after treatment and compared between groups. 
Thereinto, the levels of Hcy and TNF-α were 
detected through above method. NIHSS was 
used to evaluate the neurological function. It is 
a common, simple and reliable scale to evalu-
ate the neurological function of stroke patients 
in clinical practice, including 11 items, such as 
level of consciousness, staring, visual field, 
facioplegia, upper limb movement and lower 
limb movement, etc. NIHSS is mainly used to 
evaluate the degree of neurological impair-

ment. The scores ranged from 0 to 42, with 0-1 
standing for normal neurological function; 1-4 
for mild stroke; 5-15 for moderate stroke; 
16-20 for moderate-severe stroke; and 21-42 
for severe stroke. Generally, the patients with 
>16 scores have a higher risk of death [15].

Statistical analysis

The data collected were put into SPSS20.0 
software for statistical analysis. The measure-
ment data were expressed as (

_
x  ± s). Student’s 

t test was used for comparison between groups. 
The measurement data were expressed as [n 
(%)]. Chi-square test was used for comparison 
between groups and F test was used for com-
parison among groups. P<0.05 meant that the 
difference had statistical significance [16].

Results

Comparison of general clinical data among the 
three groups

There was no statistically significant difference 
in gender, age, body weight, family income, 
educational level, marital status, etc. among 
the three groups, which was comparable (P> 
0.05) (Table 1).

Comparison of Hcy, TC, TG and LDL-C among 
the three groups

The laboratory detection showed that the levels 
of Hcy, TC, TG and LDL-C in SG were significantly 
higher than those in NSG and CG, and those of 
NSG were significantly higher than those of CG, 

Table 1. Comparison of general clinical data among the three groups (
_
x  ± s)/[n (%)]

General clinical data SG (n=51) NSG (n=71) CG (n=50) F P
Gender Male 30 40 28 0.434 0.872

Female 21 31 22
Average age (years) 51.19±3.32 51.09±3.41 51.21±3.21 0.133 0.901
Average weight (kg) 59.18±3.22 59.11±3.18 59.31±3.02 0.213 0.891
Educational level Illiteracy 3 4 4 0.531 0.802

Primary school 6 6 5
Junior high school 14 21 15
Senior high school or above 28 40 26

Marital status Married 46 61 45 0.657 0.786
Single 5 10 5

Family income <1,000 7 11 5 0.887 0.651
1,000-3,000 14 20 14
More than 3,000 30 40 31
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showing significant difference between groups 
(P<0.05) (Table 2 and Figure 1).

Comparison of TNF-α, CRP and IL-6 among the 
three groups

The laboratory detection showed that the levels 
of TNF-α, CRP and IL-6 in SG were significantly 
higher than those in NSG and CG, and those of 
NSG were much significantly those of CG, show-
ing statistical difference between groups 
(P<0.05) (Table 3 and Figure 2).

Changes of Hcy, TNF-α and NIHSS scores be-
fore and after treatment in SG

Based on the treatment, follow-up visit, labora-
tory detection and scale evaluation provided 
for SG, the levels of Hcy and TNF-α and NIHSS 
scores were reduced significantly in SG with the 
progress of treatment. The SG expressed high-
er Hcy, TNF-α and NIHSS scores before treat-
ment than those at 30, 60 and 90 d after treat-
ment, indicating statistical difference (P<0.05) 
(Table 4 and Figure 3).

Discussion 

Due to the rapid development of society in 
recent years, the life style and dietary structure 
of Chinese people have changed greatly. With 
the emergence of social aging and the aggrava-
tion of unhealthy living habits, the incidence of 
cardiovascular and cerebrovascular diseases  
is increasing year by year. Hypertension is a  
disease typically characterized by abnormal 
increase of systolic blood pressure or/and dia-
stolic blood pressure. Through the examination 
of mercurial sphygmomanometer, hypertensive 
patients mostly have systolic blood pressure of 
≥140 mmHg or diastolic blood pressure of ≥90 
mmHg. At present, it is not only the most com-
mon chronic disease in clinical practice, but 
also the main risk factor for cardiovascular and 
cerebrovascular diseases [17]. Clinical studies 
have shown that long-term hypertension can 
cause multiorgan dysfunction or organic injury 
in heart, brain, kidney, etc. These clinical symp-
toms are not obvious in the early stage. 
However, with the progression of hypertension, 
patients will have pathologic changes, such as 
spasm and sclerosis of arterioles, and intimal 
lipid deposition of main and medium-sized 
arteries. Above lesions can easily lead to ath-
erosclerotic plaque or thrombogenesis and fur-
ther cause multiorgan dysfunction or organic 
injury due to ischemia and hypoxia. Some 
patients even suffer from cerebral hemorrhage, 
heart failure, kidney failure and other lesions, 
threatening their life safety [18]. In the past, 
hypertension was thought to be a senile dis-
ease, with the elderly as high-risk group. 
However, recent studies have found that the 
onset age of hypertension tends to be younger, 
which seriously affects the healthy life of 
Chinese residents.

CI, also known as ischemic stroke, is a disease 
of necrosis or malacia in local brain tissues 
caused by ischemia and hypoxia in the case of 
insufficient blood supply to the brain. CI is the 
most common lesion in stroke, approximately 

Table 2. Comparison of Hcy, TC, TG and LDL-C among the three groups (
_
x  ± s)

Group Number of cases Hcy (μmol/L) TC (mmol/L) TG (mmol/L) LDL-C (mmol/L)
SG 51 20.27±3.21*,# 13.28±2.11*,# 3.98±0.32*,# 4.91±0.33*,#

NSG 71 15.22±2.98* 10.27±2.03* 2.18±0.44* 3.81±0.35*

CG 50 10.28±2.11 6.08±0.31 1.76±0.21 2.71±0.21
Note: * meant P<0.05 in comparison with CG; and # meant P<0.05 in comparison with NSG.

Figure 1. Comparison of Hcy, TC, TG and LDL-C among 
the three groups. The levels of Hcy, TC, TG and LDL-C 
in NSG were much higher than those in CG, showing 
significant difference (P<0.05). The levels of Hcy, TC, 
TG and LDL-C in SG were much higher than those in 
NSG, showing statistical difference (P<0.05). * and 
& referred to the statistical difference in the same 
index between groups.
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accounting for 60%-70% of all stroke cases. 
The patients were mostly over 40 years old, 
and the prevalence in males was much higher 
than that in females [19]. Epidemiological 
investigation indicated that the incidence of CI 
was about 2.03% worldwide. As a common dis-
ease and frequently-occurring disease, it is one 
of the three leading causes of death. In some 
other investigations, stroke has become the 
leading cause of the death in China, with about 
1.3 million new patients diagnosed with cere-
brovascular disease each year [20]. As shown 
in clinical researches, CI is a disease character-
ized by sudden onset, critical condition, rapid 
progression, high fatality rate, disability rate, 
etc. Generally, patients will have such phenom-
ena as encephaledema and increased intracra-
nial pressure due to impaired blood supply to 

especially manifested as abnormal elevation of 
blood pressure in the early morning. This phe-
nomenon is the strongest independent predic-
tive factor of CI. The incidence of CI increases 
by 44% with every increase of 10 mmHg in 
blood pressure in the early morning [22]. In 
clinical practice, many scholars have studied 
the correlation between hypertension and CI. In 
addition to the prediction of CI incidence by 
monitoring blood pressure, the medical staff 
shall emphatically study whether there are 
other more specific and precise indices to mon-
itor the risk of CI in hypertensive patients.

This study analyzed the correlation of Hcy and 
inflammation level with the occurrence of CI 
among hypertensive patients by setting up dif-
ferent groups. The results showed that the lev-
els of Hcy, TC, TG and LDL-C in SG and NSG 
were significantly higher than those in CG, sug-
gesting that hypertension could increase the 
levels of Hcy, TC, TG and LDL-C to a certain 
extent. As mentioned above, hypertension is a 
high risk factor for various cardiovascular and 
cerebrovascular diseases. Many researches 
have proved that the abnormal increase of Hcy 
level will damage the blood vessel endothelium 
[23]. These results indicated that the abnor-
mally high expression of Hcy not only caused 
vascular endothelial injury and hyperplasia of 
vascular smooth muscle, but also inhibited NO 
synthetase and synthesis of prostacyclin, which 
could increase the incidence of hypertension. 
TC, TG and LDL-C are common detection indi-
ces for blood lipid. Some studies showed that 
the patients with abnormal blood lipid were 
more likely to contract hypertension. In Gui- 
delines for Management of Dyslipidemia 
(2011), there is an obvious correlation between 
TG and cardiovascular diseases. Recent stud-
ies further showed that TG was an independent 
risk factor of essential hypertension and LDL-C 
was one of the indices to detect atherosclero-

Table 3. Comparison of TNF-α, CRP and IL-6 among the 
three groups (

_
x  ± s)

Group Number  
of cases

TNF-α  
(pg/mL) CRP (mg/L) IL-6 (pg/mL)

SG 51 32.98±3.43*,# 23.87±3.41*,# 26.37±3.22*,#

NSG 71 28.28±3.01* 19.28±2.72* 20.31±2.38*

CG 50 20.18±2.33 14.11±2.83 16.27±2.71
Note: * meant P<0.05 in comparison with CG; and # meant P<0.05 in 
comparison with NSG.

Figure 2. Comparison of TNF-α, CRP and IL-6 among 
the three groups. The levels of TNF-α, CRP and IL-6 
in NSG were much higher than those in CG, showing 
significant difference (P<0.05). The levels of TNF-α, 
CRP and IL-6 in SG were much higher than those in 
NSG, showing significant difference (P<0.05). * and 
& referred to the statistical difference in the same 
index between groups.

brain tissues. The clinical symptoms of 
this disease are typically sudden faint, 
disturbance of consciousness, lalopa-
thy, hemiplegia, etc., with poor progno-
sis, which brings great harm and bur-
den to the patients and their families 
[21]. There are many clinical studies on 
the correlation between hypertension 
and CI. According to investigations, 
hypertension is an independent and 
the most important risk factor for CI, 
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sis in clinical practice. Patients with high con-
centration of LDL-C had a higher prevalence of 
hypertension compared with individuals with 
normal LDL-C [24]. In this study, the compari-
son between groups showed that the levels of 
Hcy, TC, TG and LDL-C in SG were much higher 
than those in NSG, indicating that above indi-
ces could be used as predictive indices of 
hypertension. As mentioned above, the abnor-
mally high expression of Hcy increased the inci-
dence of vascular endothelial injury. Vascular 
endothelial injury, as one of the important 
lesion mechanisms for CI, can change the state 
of blood coagulation and cause the platelet 
aggregation at injury site, which will form a solid 
substance that protrudes from blood vessels 
and thus lead to thrombus. The high expres-
sions of TC, TG, LDL-C and other indices that 
reflect blood lipid level can imply the state of 
thicker blood, which will further increase the 

and CI among hypertensive patients. The 
results showed that the levels of TNF-α, IL-6 
and CRP in SG and NSG were much higher than 
those in CG, implying that hypertensive patients 
were in a more active inflammatory state com-
pared with healthy individuals. Current investi-
gations indicated that inflammation played a 
crucial role in all stages of atherosclerosis and 
most cardiovascular risk factors had a pro-
inflammatory effect. For example, hypertension 
played a pro-inflammatory role by mediating 
the expressions of various inflammatory fac-
tors, such as endothelin-1, angiotensin, etc. 
[25]. Besides, it was also indicated in animal 
experiments that the hormone and cellular 
immune function changed greatly in hyperten-
sive animals and the disease was alleviated by 
injecting anti-inflammatory drugs into animals, 
which supported this study from the side [26]. 
Further comparison between groups showed 
that the levels of TNF-α, CRP and IL-6 in SG 
were much higher than those in NSG, indicating 
that above factors could increase the incidence 
of CI. Some studies indicated that the level of 
inflammatory factors was closely correlated 
with the stability of arterial plaques. The higher 
level of inflammatory factors indicates the 
poorer stability of plaques. Other studies 
showed that the level of inflammatory factors 
increased to promote human body to generate 
superfluous superoxides and peroxides that 
could stimulate blood vessel endothelium and 
increase the incidence of thrombogenesis. In 
this study, the levels of TNF-α, CRP and IL-6 in 
SG were much higher than those in NSG, and 
the Hcy, TNF-α and NIHSS scores of SG were 
reduced significantly after treatment, suggest-
ing that above factors were closely correlated 
with the condition of HCI patients and it was 
possible to take Hcy and inflammatory factors 
as indices to predict CI in hypertensive patients.

In conclusion, the levels of Hcy and inflamma-
tory factors were positively correlated with the 

Table 4. Changes of Hcy, TNF-α and NIHSS scores before and after 
treatment in SG (

_
x  ± s)

Detection index Before  
treatment

30 d after  
treatment

60 d after  
treatment

90 d after  
treatment

Hcy (μmol/L) 20.27±3.21 16.28±2.31* 14.11±1.28* 11.29±1.43*

TNF-α (pg/mL) 32.98±3.43 28.27±3.21* 23.19±3.20* 17.81±2.21*

NIHSS (scores) 15.18±2.31 11.18±1.22* 5.91±0.34* 3.18±0.34*

Note: * meant P<0.05 in comparison with the results before treatment.

Figure 3. Changes of Hcy, TNF-α and NIHSS scores 
before and after treatment in SG. The Hcy level of 
SG were reduced significantly 30, 60 and 90 d after 
treatment, showing statistical difference from that 
before treatment (P<0.05). The changes of TNF-α 
and NIHSS scores were consistent with those of Hcy.

incidence of thrombogenesis. 
Hence, the abnormally high 
expressions of Hcy, TC, TG 
and LDL-C can imply the 
increased incidence of CI in 
hypertensive patients.

It was also explored in this 
study about the correlation 
between inflammation level 
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incidence of CI in hypertensive patients. The 
hypertensive patients with abnormally higher 
laboratory indices mentioned above should be 
treated actively to prevent CI and thus improve 
prognosis. As a control and prospective study, 
this study has following shortcomings in com-
parison with other similar researches. (1) The 
sample size was so small that the results were 
somewhat biased. (2) The results had no theo-
retical reference to a certain extent because 
the mechanism research was not carried out 
focusing on the increase of CI incidence among 
hypertensive patients due to abnormal increase 
of Hcy and inflammatory factors. In view of 
above shortcomings, an animal mechanism 
research with larger sample size and longer 
follow-up period shall be conducted so as to 
provide more precise predictive indices of CI for 
hypertensive patients and thus improve their 
prognosis and QOL effectively.
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