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ABSTRACT

Objective: To explore the correlation between hemorheology indexes, serum Hcy, CatS and hs-CRP and the degree of carotid
artery stenosis in patients with ischemic cerebrovascular disease.

Methods: A total of 89 patients with ischemic cerebrovascular disease treated in our hospital from May 2017 to April 2019 were
recruited as the observation group, and 50 adults who received a physical examination in our hospital during the same period were
selected as the control group. Patients in the observation group were divided into different subgroups according to the degree of carotid
artery stenosis (52 cases in the mild stenosis group, 24 cases in the moderate stenosis group, 13 cases in the severe stenosis group),
plaque nature (35 cases in the hard plaque group, 30 cases in the other types group, 24 cases in the soft plaque group), and carotid
artery intima-media thickness (29 cases in the intimal thickening group, 60 cases in the plaque formation group). The whole blood
viscosity, plasma viscosity, Hcy, CatS, and hs-CRP levels were compared between each subgroup, and the correlation between these
indicators and the degree of carotid artery stenosis, plaque properties, and intima-media thickness was further analyzed.

Results: The levels of hs-CRP, Hcy, CatS, whole blood viscosity and plasma viscosity were significantly higher in different
stenosis groups than levels in the control group (P<0.05). The levels of hs-CRP, Hcy, CatS, whole blood viscosity and plasma viscosity
in the severe stenosis group and the moderate stenosis group were significantly higher than those in mild stenosis group (P<0.05),
while the levels in the severe stenosis group were significantly higher than those in the moderate stenosis group (P<0.05). The levels
of hs-CRP, Hcy, CatS, whole blood viscosity, and plasma viscosity were significantly higher in the various plaque groups compared
to the control group (P<0.05), while the levels of hs-CRP, Hcy, CatS, whole blood viscosity, and plasma viscosity in the other type
groups and soft plaque groups were significantly higher compared to the hard plaque groups (P<0.05). The levels of hs-CRP, Hcy,
CatS, whole blood viscosity, and plasma viscosity in the soft plaque group were significantly higher than those in other types of groups
(P<0.05). Additionally, the levels of hs-CRP, Hcy, CatS, whole blood viscosity and plasma viscosity were significantly higher in the
intimal thickening group and plaque formation group than in the control group (P<0.05); the levels in the plaque formation group
were significantly higher than those in the intimal thickening group (P<0.05). Lastly, the whole blood viscosity, plasma viscosity, Hcy,
CatS, and hs-CRP of patients with ischemic cerebrovascular disease were positively correlated with carotid artery stenosis, plaque
properties, and intima-media thickness (P<0.05).

Conclusion: Serum whole blood viscosity, plasma viscosity, Hcy, CatS, and hs-CRP are all involved in the onset and progression
of ischemic cerebrovascular disease and are positively correlated with the degree of carotid artery stenosis, plaque properties, and
intima-media thickness. This study demonstrates that these indicators are important for evaluating the severity of patients with ischemic
cerebrovascular disease.
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Introduction

The incidence rate of ischemic cerebrovascular
disease is extremely high, which seriously
threatens the lives and quality of life of many
people. Research on the pathogenesis of ischemic
cerebrovascular disease has been an area of major
focus in the clinical professional field. Presently,

factors such as age, gender, family history are
associated with ischemic cerebrovascular disease —
factors that cannot be altered. Therefore, prevention
and treatment of intervenable risk factors has been
the focus for treating ischemic cerebrovascular
disease'V. Previous reports have shown that the onset
and progression of ischemic cerebrovascular disease
are closely related to atherosclerotic stenosis and
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unstable plaque shedding®. Related studies have
identified many markers that can reflect the degree
of vascular stenosis and plaque biology in ischemic
cerebrovascular disease, such as serum cathepsin S
(CatS), serum homocysteine (homocysteine, Hcy),
high sensitive reactive protein (hs-CRP).

CatS participates in the pathophysiology of
atherosclerosis and can also play an important role
in determining the degree of neurological deficit in
patients with ischemic stroke®*. Hcy and hs-CRP
have been confirmed to be independent risk factors
affecting ischemic cerebrovascular disease®®. Clinical
studies have shown that there are many factors that
cause atherosclerosis, including increased blood
viscosity®. Therefore, this study is aimed to explore
the correlation between these indicators and the
degree of carotid artery stenosis by detecting levels
of the hemorheological indicators serum Hcy, CatS
and hs-CRP in ischemic cerebrovascular disease.

Materials and methods

General information

Eighty-nine patients with ischemic
cerebrovascular disease treated in our hospital
from May 2017 to April 2019 were recruited as
the observation group. Of these patients, 42 were
males and 47 were females, with an average age of
48.16+10.13 years. Patients in the observation group
were divided into groups according to the degree
of carotid artery stenosis, with 52 cases in the mild
stenosis group, 24 cases in the moderate stenosis
group, and 13 cases in the severe stenosis group.
Patients in the observation group were additionally
grouped based on the nature of the plaque, with
35 cases in the hard plaque group, 30 cases in the
other types group, and 24 cases in the soft plaque
group. Lastly, patients in the observation group were
divided into groups on the basis of the carotid artery
intima thickness, with an intimal thickening group of
29 cases and a plaque formation group of 60 cases.

Inclusion criteria

* All patients met the diagnostic criteria for
ischemic stroke as indicated in the 2016 "Guidelines
for the Diagnosis and Treatment of Acute Ischemic
Stroke in China";

* Patients were 45 to 75 years old;

* All patients were diagnosed with ischemic
stroke with head imaging and color Doppler
ultrasound examination;

e All patients were admitted to the hospital
within one day following the onset of illness;

* All patients and their families were informed
about the study, and informed consent was obtained
before the study;

* All patients met the relevant requirements
of the ethics committee in our hospital and were
approved.

Exclusion criteria:

e Patients who had taken antibiotics,
anticoagulant drugs, or dopamine in the previous
month;

* Patients who had recent trauma and trauma
surgery;

* Patients with poor compliance that withdrew
from the research study halfway through.

In addition, 50 adults who underwent a physical
examination in our hospital during the same period
were collected as the control group, consisting of
25 males and 25 females with an average age of
46.78+9.48 years. The general data of experimental
subjects in the two groups were not statistically
different after statistical software analysis (P<0.05).

Methods

* On the first day following admission, 5 mL of
fasting venous blood was drawn from the observation
and the control groups on the physical examination
day and placed in a centrifuge tube. Using a Hettich
ROTOFIX32A centrifuge (produced by Tegent
Scientific Ltd.), the samples were centrifuged at 1500
rrmin-1 for 20 minutes, after which the supernatant
was removed and placed in an ultra-low temperature
refrigerator for testing.

* The levels of hs-CRP and CatS of the serum in
each group were detected using an ELISA kit (produced
by Shanghai Xitang Biotechnology Co., Ltd.).

* The Hey level, whole blood viscosity, and plasma
viscosity of the serum in each group were detected
using an automatic immune analyzer (produced by
Shenzhen Boride Biotechnology Co., Ltd.).

¢ A correlation of the whole blood viscosity,
plasma viscosity, and levels of Hcy, CatS, and hs-
CRP with carotid artery stenosis, plaque properties,
and intima-media thickness in patients with ischemic
cerebrovascular disease was analyzed using Pearson’s
correlation.

Statistical methods

Measurement data such as whole blood
viscosity, plasma viscosity, and level of Hcy in each
group were expressed as (x+s). A comparison of two
groups was carried out by performing a t-test, while
a comparison of multiple groups was performed
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with an F-test. A correlation analysis was carried out
with a Pearson analysis. All data in this study were
analyzed and processed with SPSS19.0, and P<0.05
was regarded to be statistically significant.

Results

Comparison of whole blood viscosity, plasma
viscosity, and levels of Hcy, CatS, and hs-CRP in
patients with different degrees of stenosis

The whole blood viscosity, plasma viscosity,
and levels of hs-CRP, Hcy, and CatS of patients in
different stenosis groups were significantly higher
compared to the control group (P<0.05). The
levels of hs-CRP, Hcy, and CatS in addition to the
whole blood viscosity and plasma viscosity were
significantly higher in the severe stenosis group and
the moderate stenosis group compared with the mild
stenosis group (P<0.05). Additionally, the levels of
hs-CRP, Hcy, and CatS, whole blood viscosity, and
plasma viscosity were significantly higher in the
severe stenosis group compared with the moderate
stenosis group (P<0.05). See Table 1.

Whole

Plasma

hs-CRP Hcy CatS blood . .

Group (umol/L) (mg/L) (pg/L) viscosity V(‘Sclfs,“)y

(mPa’s) mPa’s

Control |15 604382 | 1244053 | 50712876 | 3231.19 | 2.090.65
group
Mild

stenosis 16.00+3.93¢
group

3.18£1.13* |55.34£10.57*| 3.67+1.23* | 2.24+0.80°

Moderate
stenosis 19.7244.33® | 4.23+1.32® |68.60+11.57( 4.48+1.50® | 2.96+0.89

group

Severe
stenosis | 23.55+4.88%¢ [ 5.52+1.56 | 80.77+9.16™ | 5.46+1.33 [ 3.98+1.04*>

group

Table 1: Comparison of whole blood viscosity, plasma
viscosity, Hey, CatS, and hs-CRP levels in patients with
different degrees of stenosis (x+s).

Note: Compared with the control group, a indicates P<0.05;
compared with the mild stenosis group, b indicates P<0.05,
compared with the moderate stenosis group, ¢ indicates P<0.05.

Comparison of whole blood viscosity, plasma
viscosity, and levels of Hcy, CatS, and hs-CRP in
patients with different plaque properties

The levels of hs-CRP, Hcy, and CatS,
whole blood viscosity, and plasma viscosity were
significantly higher in different plaque groups than
the levels in the control group (P<0.05).

Additionally, the levels of hs-CRP, Hcy, CatS,
whole blood viscosity, and plasma viscosity were
significantly higher in the other types of groups and
the soft plaque groups than those in the hard plaque
groups (P<0.05). Finally, the levels of hs-CRP, Hcy,

CatS, whole blood viscosity, and plasma viscosity
were significantly higher in the soft plaque group
compared to the other types of groups (P<0.05).

Whole Jo

Grou hs-CRP Hey CatS blood | Plasma

P (umol/L) (mg/L) (pg/L) viscosity (fnPai’q)y

(mPa's) A

Control |15 60+3.82 | 124+0.53 | 50712876 | 3.23+1.19 | 2.090.65
group
Hard

plaque | 15.58+4.02¢ | 3.23136" | 58.56:6.57° | 3.50133 | 2.20+1.43¢

group

Other
types of | 19.48+4.354 | 4.62+1.53* | 72.43+10.64 | 447+2.06* | 2.79+1.34«
groups

Soft
plaque [ 23.75+5.06* | 5.58+1.62% | 84.60+11.50 | 5.99+1.55" | 3.17+].22%%
group

Table 2: Comparison of whole blood viscosity, plasma
viscosity, Hey, CatS, hs-CRP levels in patients with diffe-
rent plaque properties (x+s).

Note: Compared with the control group, a indicates P<0.05;
compared with the mild stenosis group, d indicates P<0.05,
compared with the moderate stenosis group, e indicates P<0.05.

Comparison of whole blood viscosity, plasma
viscosity, and levels of Hcy, CatS, and hs-CRP of
patients in different carotid artery intima-media
thickness groups

The levels of hs-CRP, Hey, CatS and the whole
blood viscosity and plasma viscosity in the intimal
thickening group and plaque formation group were
significantly higher compared to the control group
(P<0.05). Additionally, the levels of hs-CRP, Hcy,
CatS as well as whole blood viscosity and plasma
viscosity were significantly higher in the plaque
formation group than the levels in the intimal
thickening group (P<0.05). See Table 3.

hs-CRP Vool Plasma

Group (umol/L) Hcy (mg/L) | CatS(pg/L) viscosity v1scI§)s'1.ty

(mPa'sy | (mPas)

Control |15 60+382 | 12420.53 | 50712876 | 3.23x1.19 | 2092065
group
Intimal

thickening | 18.78+4.76" | 4.53+1.28" | 65.00+6.49" | 4.59+1.61* | 3.08+1.19*
group

Plaque
formation | 24.12+4.98 [ 543+1.55* | 86.19£12.09* | 5.23+1.71* | 3.79+1.35

group

Table 3: Comparison of whole blood viscosity, plasma vi-
scosity, and levels of Hcy, CatS, and hs-CRP of patients in
different carotid artery intima-media thickness groups (x+s).
Note: Compared with the control group, a indicates P<0.05;
compared with the intimal thickening group, fP.

Correlation between patient's whole blood
viscosity, plasma viscosity, Hcy, CatS and hs-CRP
and the degree of carotid artery stenosis

The whole blood viscosity, plasma viscosity,
and levels of Hey, CatS, and hs-CRP of patients with
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ischemic cerebrovascular disease were positively
correlated with carotid artery stenosis, plaque
properties, and intima-media thickness (P<0.05).
See Table 4.

Stenosis Plaque properties lng]rirlcell(}rl‘rgtsiia
Indexes
r P r P r P
Whole blood
viscosity 0.606 0.019 0.574 <0.001 0.734 <0.001
Plasma
viscosity 0.735 0.029 0.489 0.042 0.589 0.039
Hcy 0.544 0.039 0.876 <0.001 0.699 0.022
CatS 0.593 0.019 0.634 0.005 0.7711 <0.001
hs-CRP 0.779 <0.001 0.396 <0.001 0.784 0.007

Table 4: Correlations between patient's whole blood vi-
scosity, plasma viscosity, Hcy, CatS, and hs-CRP levels
and the degree of carotid artery stenosis.

Discussion

Atherosclerosis is the main pathological disease
process that promotes ischemic cerebrovascular
disease, and the carotid artery is the region that is the
earliest to be affected”. Clinical reports have shown
that the progression and rupture of atherosclerosis are
inseparable from the body's inflammatory response
and play an important role in the progression of
ischemic cerebrovascular disease®.

Hepatocytes release a large amount of hs-CRP,
which is sensitive to mobilization of the inflammatory
response and activation of interleukin-6. Clinical
studies have confirmed that hs-CRP can activate
the complement system through classic pathways,
produce various inflammatory mediators and harmful
oxygen-free radicals, and severely damage vascular
endothelial cells, ultimately inducing vascular tissue
spasm. Another report showed that serum hs-CRP
can also indicate the severity of atherosclerosis
and the prognosis of patients!'?. Clinical studies
have confirmed that excessive Hcy levels can be
an independent risk factor for atherosclerosis; an
increase in the Hey level can stimulate the production
and release of plasmin activator inhibitors, causing
platelet aggregation, adhesion, and increased blood
coagulation, which can easily lead to thrombosis and
ultimately to atherosclerosis!'!-'?.

Many proteases and endogenous inhibitors
participate in the formation of atherosclerosis.
For example, CatS and its inhibitors can play an
important role in the process'®. Previous clinical
research has shown that CatS expression is present in

the fibrous cap and media smooth muscle layer at the
damaged area, which can cause formation of intimal
thickening and an unstable atherosclerotic plaque and
is associated with a significantly increased incidence
rate of ischemia cerebrovascular disease®. The
hemorheology index is an important reference index
that can indicate cardiovascular and cerebrovascular
diseases. Changes in the hemorheology index is
associated with dysfunction of vascular endothelial
cells, causing many cell molecules and plasma
components to concentrate at the diseased location,
inducing atherosclerosis. The whole blood viscosity
of patients with atherosclerosis is usually higher
compared to healthy people and is closely related to
disease severity and poor prognosis. While clinical
studies have shown that plasma viscosity can affect
the viscosity of the whole blood, both plasma and
whole blood can be used as indicators to evaluate the
formation of atherosclerotic plaques in patients with
coronary heart disease and play an important role in
early treatment and disease intervention!?.

The results of this study showed that the levels
of hs-CRP, Hcy, and CatS, whole blood viscosity,
and plasma viscosity were significantly higher in the
various stenosis groups compared with the control
group (P<0.05), and higher levels were associated
with worsening degrees of carotid artery stenosis.
These findings show that these indicators can predict
the degree of carotid artery stenosis in patients with
ischemic cerebrovascular disease. Hard plaques are
stable plaques, soft plaque are unstable plaques, and
flat plaques and mixed plaques have intermediate
stability. Among these plaque types, hard plaques
have fewer inflammatory cells and are not prone to
rupture. In soft plaques, there are many inflammatory
cells and serious infiltration, which can easily cause
the plaque to rupture and hemorrhage, leading to
thrombosis and inducing ischemic cerebrovascular
disease. The results of this study showed that the
levels of hs-CRP, Hcy, CatS, whole blood viscosity,
and plasma viscosity were significantly higher in
groups with different plaque properties than levels
in the control group (P<0.05), and soft plaque
group>other type group>hard plaque group.

These findings suggest that levels of these
factors may be used as important indicators to assess
the progression of atherosclerotic plaque in patients
with ischemic cerebrovascular disease. The levels of
hs-CRP, Hcy, CatS, whole blood viscosity and plasma
viscosity in the intimal thickening group and plaque
formation group were significantly higher than
levels in the control group (P<0.05); and the plaque
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formation group>the intimal thickening group. The
results of this study show that the above indicators
may help predict plaque shedding in ischemic
cerebrovascular disease. In addition, we also found
that whole blood viscosity, plasma viscosity, Hcy,
CatS, and hs-CRP levels of patients with ischemic
cerebrovascular disease were positively correlated
with carotid artery stenosis, plaque properties, and
intima-media thickness (P<0.05).

In conclusion, serum whole blood viscosity,
plasma viscosity, and levels of Hcy, CatS, and hs-
CRP are all involved in the onset and progression
of ischemic cerebrovascular disease. Furthermore,
these are positively correlated with the degree of
carotid artery stenosis, plaque properties, and intima-
media thickness. These indicators may therefore be
important indicators for evaluating the severity of
patients with ischemic cerebrovascular disease.
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