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Abstract
Background: To observe the correlation between Lp-PLA2, Hcy, CRP, Lp(a), AT-III, and TEG parameters and carotid atherosclerosis
with combined hypertension and cerebral infarction and evaluate their value in risk determination.

Methods: Patients with primary hypertension were selected as subjects and divided into 2 groups based on cerebral infarction:
simple hypertension group and hypertension combined with cerebral infarction group. The differences of Lp-PLA2, Hcy, CRP,
Lp(a), AT- , and TEG were compared. Spearson correlation and multivariate logistic regression model were used to analyze the
correlation. A ROC curve was used to analyse the value of a single item and their combination for the determination of carotid AS
risk.

Results: The levels of single item and CIMT in the hypertension combined with cerebral infarction group were higher, and the
values of R, EPL, and LY30 were lower than corresponding indicators in the simple hypertension group. Furthermore, it was found
that Lp-PLA2 and Hcy were risk factors. The AUC for Hcy and Lp-PLA2 for the determination the carotid AS risk were larger.

Conclusions: The increase or decrease of Lp-PLA2, Hcy, and TEG were important factors in�uencing the development of carotid
AS with combined hypertension and cerebral infarction. The levels of Lp-PLA2, Hcy, and TEG with combined hypertension and
cerebral infarction were signi�cantly different from those with simple hypertension and could be used as independent predictive
factors for determining carotid AS risk.

Background
Cerebral infarction has become a common cardiovascular and cerebrovascular disease in recent years (1). Compared with that in
western countries, the incidence of cerebral infarction in the Chinese population is higher (~ 15 to 50%) (2) (3). Cerebral infarction
involves progressive stenosis or even blood vessel obstruction caused by carotid and/or vertebral atherosclerosis (AS). The
insu�cient blood supply in the brain causes hypoxia, ischaemia, and even necrosis of brain cells. Cerebral infarction can also
result in long-term cardiac insu�ciency and a reduced left ventricular ejection fraction, which can eventually affect cardiac
function (4). The consequences of progression of this disease cannot be ignored (5).

The development and progression of cerebral infarction are associated with various indicators, such as hypertension, AS,
dyslipidaemia, obesity, diabetes mellitus, and smoking (6–8). Hypertension is an important traditional risk factor in the
progression of cerebral infarction (9). A reduction in blood pressure in patients with hypertension reduces the incidence of
cerebral infarction (10–12); however, it is still higher than that in the healthy population (13). A persistent increase in blood
pressure results in vascular endothelial injury and haemodynamic changes that promote platelet activation in the blood (14),
causing AS under the joint actions of multiple factors such as dyslipidaemia, obesity, and in�ammation (15). AS plaques and
thrombosis are major pathological bases of cerebral infarction (16). In�ammation and platelet aggregation are considered the
trigger mechanisms and key links that participate in the development of AS plaques and thrombosis. Changes in the levels of
some factors in patients with combined hypertension and cerebral infarction may have a certain association with disease
progression.

Looking for risk factors and disease-associated factors has become a focus of scienti�c research and clinical diagnosis and
treatment. Exploration of novel markers is very important for predicting the development of cerebral infarction, evaluating the
disease condition of patients, and scienti�cally selecting treatment regimens. Some recent studies have shown that several
mediators such as lipoprotein-associated phospholipase A2 (Lp-PLA2), homocysteine (Hcy), C-reactive protein (CRP), and
lipoprotein(a) (Lp(a)) might be risk factors for AS (17–19).

Carotid intima thickening is an early sign of AS, therefore, it is selected as a predictive indicator of cardiovascular and
cerebrovascular events. Carotid intima-media thickness (CIMT) is detected by colour Doppler ultrasound as the standard, to
screen for plasma in�ammation and coagulation-related indicators (Lp-PLA2, Hcy, CRP, Lp(a), AT- , and TEG) that participate in
AS plaques and thrombosis to investigate the correlation between each indicator and CIMT in order to provide bases for the
prevention of AS and treatment of patients with combined hypertension and cerebral infarction.
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Methods
1 Material and methods

1.1 General data Patients with primary hypertension who were admitted to the A�liated Hospital of Nanjing University of
Traditional Chinese Medicine for treatment between January 2018 and May 2019 were used as subjects. The Medical Ethics
Committee of our hospital approved the study, and patients who participated the research were informed and signed a consent
form. The inclusion criteria were  patients who met the diagnostic criteria of primary hypertension in the Chinese Guidelines for
Prevention and Treatment of Hypertension (2010 revised edition); blood pressure at admission indicated stage 2-3 hypertension;
systolic blood pressure ≥160 mmHg and/or diastolic blood pressure ≥100 mmHg; no previous history of peripheral
arteriosclerosis and cardiovascular and cerebrovascular diseases; and no positive sign during the physical examination; 
patients who met the diagnostic criteria of cerebral infarction revised during the Fourth National Cerebrovascular Disease
Conference and in whom the diagnosis was con�rmed by magnetic resonance imaging (MRI) or brain computed tomography
(CT); and  healthy individuals who received a physical examination, did not have previous history of peripheral arteriosclerosis
and cardiovascular and cerebrovascular diseases after inquiry of the medical history, did not have diseases that caused
increased levels of Lp-PLA2, Hcy, CRP, and Lp(a), and had not recently taken any medication. The exclusion criteria were 
patients who had secondary hypertension, atrial �brillation, diabetes mellitus, coronary heart disease, and malignant tumours; 
patients who had kidney and coagulation diseases and thyroid dysfunction;  patients who had haematopoietic diseases,
rheumatic and immune system diseases, tissue necrosis, and acute and chronic in�ammation diseases combined with infection
and fever;  patients with a history of surgery, trauma, deep vein thrombosis, and organ transplantation;  patient who took
medication that affected Lp-PLA2, Hcy, CRP, and Lp(a) levels (such as diuretics, folic acid, vitamin B complex, and statins); 
patients with a history of long-term smoking and drinking; and  pregnant or lactating women. The simple hypertension group
had 193 patients (106 males and 87 females) whose ages ranged from 23 to 91 years (average age, 64±14 years). The
hypertension combined with cerebral infarction group had 192 patients (117 males and 75 females) whose ages ranged from 34
to 90 years (average age, 69±12 years). In addition, a healthy population who received a physical examination was used as the
control group. In the control group, there were 151 patients (105 males and 46 females), whose ages ranged from 31 to 85 years
(average age, 65±13 years). These people of control group had never had a stroke or a history of high blood pressure.

1.2 Detection methods

1.2.1 Bilateral carotid ultrasound A PHILIPS iu-22 multi-functional colour Doppler ultrasound diagnostic apparatus (Philips,
Netherlands) was used; the probe frequency was 5 to 12 MHz. CIMT of the subjects was measured seperately. The following
were the determination standards for CIMT: CIMT <1.0 mm and normal carotid ultrasound suggested smooth arterial intima; 1.0
mm≤ CIMT ≤1.5 mm suggested intimal thickening and rough arterial intima; and CIMT >1.5 mm and localized eminences
suggested by ultrasound indicated carotid intimal plaque formation. Carotid AS was diagnosed when there was intimal
thickening and/or plaque formation in either side of the carotid artery.

1.2.2 Measurement of Lp-PLA2 Hcy CRP Lp(a) AT-  and TEG levels The blood from each subject was obtained for testing. The
levels of Lp-PLA2 were measured by a Model 680 enzyme-labeled instrument (Bio-Rad, America) with a functional assay
sensitivity of 10 ng/ml. The levels of Hcy were measured by an ARCHITECT i2000SR immunoanalyzer (Abbott, America) with a
functional assay sensitivity of 1.0μmol/L. The CRP levels were detected by a QuikRead go immunity analyzer (Orion Diagnostica
Oy, Finland) with a functional assay sensitivity of 1.0 mg/L. The levels of Lp(a) were measured by an OLYMPUS AU5800
biochemical analyzer (Beckman Coulter, America). The levels of AT-  were measured by a STA-R Evolution coagulation analyzer
(STAGO, France). Simulation of the coagulation process in the body and dynamic monitoring of coagulation system functioning
are used to detect various indicators such as the coagulation factor activity, platelet function, and �brinolytic activity. The
detection parameters in this study included coagulation reaction time (R), clot formation time (K), clot formation rate (α-angle),
maximum clot strength or hardness (MA), estimated percent lysis (EPL), clot amplitude reduction rate (LY30), coagulation
comprehensive index (CI), clot mechanic strength (G), and platelet aggregation function (A). We detected TEG with a
Thrombelastograph 5000 analyzer Haemonetics America . In addition, blood lipids parameters were detected using an
OLYMPUS AU5800 biochemical analyser. The instruction manual was referenced for speci�c protocols.
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1.3 Statistical analysis

Normally distributed data were expressed as median plus or minus standard deviation and one-way anova was performed
between groups. Percentage data were expressed as percentage (%) and χ2 test was performed between groups. The p-values
were corrected for the number of comparisons using the Bonferroni method, and all tests were two-tailed. Sperson correlation
and multivariate logistic regression model were selected to analyze the correlation between each index and CIMT. Receiver
operating characteristics (ROCs) were analyzed to determine the optimal cut-off values, and the area under the curve (AUC)
values were compared to select the variables that predict the differentiation. P<0.05 was considered statistical signi�cant. All
statistical analysis was performed using the Statistical Package for Social Sciences software, version 20.0 (SPSS, Chicago, IL,
USA).

Results
2.1 Comparison of body mass index (BMI), cigarette, sex and age as well as TC, TG, HDL-C, LDL-C, Lp-PLA2, Hcy, CRP, Lp(a), AT-III,
CIMT, and TEG among the 3 groups

The differences in age, sex, cigarette and BMI as well as TC, TG, HDL-C, and LDL-C among the 3 groups were not statistically
signi�cant (p 0.05). The levels of Lp-PLA2, Hcy, Lp(a), CIMT, and the TEG-related parameters MA, A, G in the hypertension
combined with cerebral infarction group were signi�cantly higher, whereas the R, EPL, and LY30 values were signi�cantly lower
than corresponding indicators in the simple hypertension group (Lp-PLA2: p<0.001; Hcy: p<0.001; Lp(a): p=0.020; CIMT: p=0.001;
MA: p<0.001; A: p<0.001; G: p=0.015; R: p=0.038; EPL: p=0.029; LY30: p=0.007) (Table 1 and Figure 1).

2.2 Detection of carotid AS in the 3 groups

In the hypertension combined with cerebral infarction group, 80 patients had carotid intima thickening, and 51 patients had
plaque formation; therefore, there were 131 patients with carotid AS, accounting for 68.23% of the group. In the hypertension
group, 80 patients had carotid intima thickening, and 23 patients had plaque formation; therefore, there were 103 patients with
carotid AS, accounting for 53.37% of the group. In the control group, 23 patients had carotid intima thickening, and 13 patients
had plaque formation; therefore, there were 36 patients with carotid AS, accounting for 23.84% of the group. Analysis using the
χ2 test showed that among the 3 groups, those with normal carotid intima, intima thickening, and plaque formation differed
signi�cantly (χ2=16.162, p<0.001). The percentage of AS increased signi�cantly in the hypertension combined with cerebral
infarction group (χ2=67.702, p<0.001) (Table 2).

2.3 Correlation analysis between plasma Lp-PLA2, Hcy, CRP, Lp(a), AT-III, and TEG and CIMT of patients in the hypertension
combined with cerebral infarction group

Correlation analysis showed that the plasma levels of Lp-PLA2 and Hcy positively correlated with CIMT of patients in the
hypertension combined with cerebral infarction group (Lp-PLA2: r=0.413, p<0.001; Hcy: r=0.510, P<0.001). The level of the TEG-
related parameter R negatively correlated with CIMT (R: r=-0.211, p=0.003). After adjusting for age, sex, smoking and blood lipid,
the correlation was still found (Table 3 and Figure 2). The results showed that Lp-PLA2, Hcy, R were linearly correlated with CIMT
after gradual correction of age, sex, smoking and blood lipid by stepwise linear regression analysis of multiple factors. In
addition, the VIF (Variance In�ation Factor) values of each variable in the model are less than 2, indicating that there is no
collinearity among the variables (Table 4).

Analysis of the correlation among plasma Lp-PLA2, Hcy, CRP, Lp(a), AT-III, and TEG parameters in all enrolled subjects showed
that Lp-PLA2 positively correlated with Hcy, α-angle, MA, A, CI, and G and negatively correlated with AT-III and K. Hcy positively
correlated with CRP, Lp(a), α-angle, MA, A, CI, and G and negatively correlated with AT-III, R, K, and EPL (Table 5).

2.4 Logistic regression analysis between plasma Lp-PLA2, Hcy, CRP, Lp(a), AT-III, TEG and CIMT

The results showed that Lp-PLA2 and Hcy were risk factors for carotid atherosclerosis after adjusting for age, sex, smoking and
blood lipid. The OR values (95% CI) were 1.019 (1.012-1.027) and 1.190 (1.110-1.277), respectively (Table 6).
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2.5 Diagnostic value of Lp-PLA2, Hcy, CRP, Lp(a), AT-III, or TEG alone and in combination for the determination carotid AS risk.

The ROC curve showed that in the evaluation of carotid AS risk using Lp-PLA2, the AUC was 0.677, the 95% CI was 0.632 to
0.722, and the threshold value was 140.01 ng/ml; in the evaluation of carotid AS risk using Hcy, the AUC was 0.707, the 95% CI
was 0.663 to 0.750, and the threshold value was 12.79 μmol/L; in the evaluation of carotid AS risk using Lp(a), the AUC was
0.557, the 95% CI was 0.509 to 0.606, and the threshold value was 12.50 mg/L; and in the evaluation of carotid AS risk using AT-
III, the AUC was 0.555, the 95% CI was 0.506 to 0.604, and the threshold value was 94.5%. The TEG-related parameters that were
signi�cant in the evaluation of carotid AS risk were R, K, α-angle, MA, CI, and G; their AUCs were 0.600, 0.621, 0.624, 0.562, 0.555,
and 0.562, respectively, and the threshold values were 6.95 min, 1.65 min, 65.95°, 56.75 mm, 1.75, and 6551 d/sc, respectively.
For the determination of carotid AS risk using the combination of all TEG parameters, the AUC was 0.663, and the 95% CI was
0.617 to 0.708. For the determination of carotid AS risk using the combination of Lp-PLA2, Hcy, CRP, Lp(a), and AT-III, the AUC
was 0.747, and the 95% CI was 0.706 to 0.787. For the determination of carotid AS risk using the combination of all items, the
AUC was 0.759, and the 95% CI was 0.719 to 0.798; the AUC was the largest (Table 7 and Figure 3).

Conclusions
Hcy and Lp-PLA2 were better diagnostic indicators in the prediction of carotid AS risk

The pathology of AS involves chronic in�ammation with slow progression. Various in�ammatory mediators and chemokines
participate in its development and progression (20, 21). The stability of AS plaques is key to determining disease prognosis (22).
The rupture of AS plaques can cause a series of serious life-threatening consequences such as cerebral infarction or myocardial
infarction. The development and progression of AS is closely associated with oxidative stress, in�ammation, and dyslipidaemia
(23). The formation of foam cells from mononuclear macrophages through a series of pathological processes involving the
phagocytosis of lipids under the arterial intima has been recognized as a marker of the development and progression of AS
plaques (24). Abnormal autophagy in macrophages and macrophages themselves play a pivotal role in the progression of AS
plaques (25). After autophagy, macrophages can release Lp-PLA2 to promote foam cell formation, which is closely associated
with plaque instability (26). Abnormal autophagy in macrophages is also closely associated with the process of in�ammation
(27). Autophagy can directly regulate the production and secretion of in�ammatory factors such as IL-1β. In addition,
in�ammatory factors released by mononuclear macrophages also play an autophagy regulatory role (28, 29).

In mediators associated with carotid AS, Lp-PLA2 can hydrolyse oxidized LDL in the arterial wall to produce
lysophosphatidylcholine and oxidized free fatty acids. These 2 in�ammatory mediators have very strong AS-promoting functions
(30). Earlier studies considered that elevated LP-PLA2 levels were associated with cardiovascular events (31). Hcy is a cytotoxic
sulfur-containing amino acid and is an intermediate metabolite produced by the demethylation of methionine. Through oxidative
stress, Hcy can attenuate endothelial system functions, promote vascular smooth muscle proliferation, and increase the
incidence of thrombotic diseases (32). CRP is not only a highly sensitive in�ammation marker but also a component of the non-
speci�c immune system in the body. It activates complements that participate in in�ammation and promote thrombosis (33).
Lp(a) is a lipoprotein containing speci�c antigens. It is involved in the development and progression of coronary AS (34). Some
researchers have reported that plasma Lp(a) has a very close relationship with AS (35, 36). It indicated that there were
differences in the percentage of carotid AS and the levels of Lp-PLA2, Hcy, Lp(a) between the hypertension combined with
cerebral infarction group and the simple hypertension group. Furthermore, we found that CIMT was positively correlated with Lp-
PLA2 and Hcy. It was hypothesized that Lp-PLA2 and Hcy correlated with carotid AS of patients with combined hypertension and
AS. We found that the AUCs of Hcy and Lp-PLA2 in the ROC analysis were larger (0.707 and 0.677, respectively), suggesting that
Hcy and Lp-PLA2 were also better diagnostic indicators in the prediction of carotid AS risk.

R value was also a better diagnostic indicator for the prediction of carotid AS

In the development of AS, deregulation the coagulation and anti-coagulation system in the body also plays a very important role.
The human body as a whole relies on the collaboration among multiple systems and multiple tissues. Mediators and systems
never work in isolation. The complement system, in�ammatory system, and coagulation system in�uence and regulate one
another during the development of AS. AT-III is closely associated with the hypercoagulable state, and a reduction in its activity
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suggests thrombosis. It has been shown that a reduction in AT-III activity might predict the progression of acute coronary events
in patients with coronary artery disease; in addition, the level of reduction in AT-III activity positively correlated with coronary
artery stenosis (37, 38). This study showed that the AT-III levels in the hypertension combined with cerebral infarction group and
the simple hypertension group were not statistically different and that the AT-III levels in the two groups were much lower than
corresponding indicators in the control group. These results indicated that patients with hypertension were already in a
thrombophilic state whether or not they had combined cerebral infarction. The correlation analysis results showed that AT-III did
not correlate with AS. The ROC curve analysis showed that AT-III was not suitable for the diagnosis of carotid AS.

Blood �ow status, vascular wall injury, and blood component changes are 3 elements of thrombosis. During hypertension, high
�uid shear stress can easily damage the vascular intima. Injured endothelial cells release various types of cytokines that increase
the levels of many coagulation factors and adhesion between platelets, exposed collagen under the endothelium, and �bres;
subsequently, platelets are activated and release active substances that cause vasoconstriction and induce adhesion and
aggregation of more platelets (39–41). Therefore, the body of patients with hypertension is in a hypercoagulable state. TEG can
monitor dynamic changes in coagulation during the diagnosis and treatment of common cerebral infarction complications in
patients with hypertension and analyse the types of abnormal coagulation. Compared to conventional coagulation detection,
TEG can detect abnormal coagulation earlier (42). The coagulation reaction time R mainly re�ects the activity of coagulation
factors; the K value and α-angle re�ect the clot formation rate and �brinogen function; MA re�ects platelet function; the CI value
re�ects the coagulation comprehensive index; the G value re�ects the mechanical strength of clots; and the amplitude value A
re�ect the aggregation function of platelets. Through our correlation analysis, we found that the R value decreased as CIMT
increased, suggesting that the R value was negatively correlated with carotid AS. The ROC analysis result showed that the AUC of
the R value in the determination of carotid AS risk was 0.600, suggesting that the R value was also a better diagnostic indicator
for the prediction of carotid AS. Meanwhile, we found that the α-angle, MA, A, and CI values increased, the R and K values
decreased in both of the hypertension groups compared with the control group. These results suggested that patients with
hypertension, whether or not combined with cerebral infarction, had increased �brinogen activity, increased platelet activity and
coagulation factor activity, and increased CI compared to the normal population; in addition, their bodies tended to remain in a
hypercoagulable state.

In summary, in patients with combined hypertension and cerebral infarction, an increase or decrease in plasma levels of Lp-PLA2,
Hcy, and TEG-related parameters in�uenced the formation of carotid AS. The levels of Lp-PLA2, Hcy, and TEG indicators in
patients with combined hypertension and cerebral infarction could be used as independent predictive factors for determining
carotid AS risk. Analysis using a combination of indicators could help increase the reliability of carotid AS risk determinations.

Declarations
Ethics approval and consent to participate

The study was approved by the Ethical Committee of A�liated Hospital of Nanjing University of Traditional Chinese Medicine. All
subjects agreed the study and signed informed consent letters.

Consent to publish

The manuscript is approved by all authors for publication.

Availability of data and materials

The data and materials are available.

Competing interests

The authors declared they do not have anything to disclose regarding con�ict of interest with respect to this manuscript.

Funding



Page 7/14

The manuscript is funded by National Natural Science Foundation of China(NO: 81603358).

Authors' Contributions

Dr Gu and Dr Yang conceived and designed the study. Dr Ji and Dr Wang performed the experiments. Dr Zhu provided the
mutants. Dr Ji and Dr Gu wrote the paper. Dr Zhuo and Dr Gu reviewed and edited the manuscript. All authors read and approved
the manuscript.

Acknowledgements

I would like to extend my sincere gratitude to Dr Yang and Dr Ji, for their instructive advice and useful suggestions on my thesis. I
am deeply grateful of all the authors’ help in the completion of this thesis.

Abbreviations
 AS: atherosclerosis; Lp-PLA2: lipoprotein-associated phospholipase A2; Hcy: homocysteine; CRP: C-reactive protein; Lp(a):
lipoprotein(a); AT- : antithrombin ; TEG: thrombelastograph; CIMT: Carotid intima-media thickness; MRI: magnetic resonance
imaging; CT: computed tomography; R: coagulation reaction time; K: clot formation time; α-angle: clot formation rate; MA:
maximum clot strength or hardness; EPL estimated percent lysis LY30 clot amplitude reduction rate CI: coagulation
comprehensive index; G: clot mechanic strength; A: platelet aggregation function; ROC: Receiver operating characteristics; AUC:
area under the curve; BMI: body mass index; TC: total cholesterol; TG: triglyceride; HDL-C: high density lipoprotein cholesterol;
LDL-C: low density lipoprotein cholesterol; VIF: Variance In�ation Factor

References
1. Wang X, Shen B, Sun D, Cui X. Aspirin ameliorates cerebral infarction through regulation of TLR4/NFkappaBmediated

endoplasmic reticulum stress in mouse model. Mol Med Rep. 2018 Jan;17(1):479-87.

2. Tsai CF, Thomas B, Sudlow CL. Epidemiology of stroke and its subtypes in Chinese vs white populations: a systematic
review. Neurology. 2013 Jul 16;81(3):264-72.

3. DuPont JJ, Jaffe IZ. 30 YEARS OF THE MINERALOCORTICOID RECEPTOR: The role of the mineralocorticoid receptor in the
vasculature. J Endocrinol. 2017 Jul;234(1):T67-T82.

4. Bieber M, Werner RA, Tanai E, Hofmann U, Higuchi T, Schuh K, et al. Stroke-induced chronic systolic dysfunction driven by
sympathetic overactivity. Ann Neurol. 2017 Nov;82(5):729-43.

5. Gao J, Chen G, He H, Liu C, Xiong X, Li J, et al. Therapeutic Effects of Breviscapine in Cardiovascular Diseases: A Review.
Front Pharmacol. 2017;8:289.

�. Sun W, Li G, Zeng X, Lai Z, Wang M, Ouyang Y, et al. Clinical and Imaging Characteristics of Cerebral Infarction in Patients
with Nonvalvular Atrial Fibrillation Combined with Cerebral Artery Stenosis. J Atheroscler Thromb. 2018 Aug 1;25(8):720-32.

7. Kim DE, Lee KB, Jang IM, Roh H, Ahn MY, Lee J. Associations of cigarette smoking with intracranial atherosclerosis in the
patients with acute ischemic stroke. Clin Neurol Neurosurg. 2012 Nov;114(9):1243-7.

�. Yeh PS, Yang CM, Lin SH, Wang WM, Chen PS, Chao TH, et al. Low levels of high-density lipoprotein cholesterol in patients
with atherosclerotic stroke: a prospective cohort study. Atherosclerosis. 2013 Jun;228(2):472-7.

9. Liu M, Wu B, Wang WZ, Lee LM, Zhang SH, Kong LZ. Stroke in China: epidemiology, prevention, and management strategies.
Lancet Neurol. 2007 May;6(5):456-64.

10. Goldstein LB, Adams R, Alberts MJ, Appel LJ, Brass LM, Bushnell CD, et al. Primary prevention of ischemic stroke: a guideline
from the American Heart Association/American Stroke Association Stroke Council: cosponsored by the Atherosclerotic
Peripheral Vascular Disease Interdisciplinary Working Group; Cardiovascular Nursing Council; Clinical Cardiology Council;
Nutrition, Physical Activity, and Metabolism Council; and the Quality of Care and Outcomes Research Interdisciplinary
Working Group: the American Academy of Neurology a�rms the value of this guideline. Stroke. 2006 Jun;37(6):1583-633.



Page 8/14

11. Zhang H, Thijs L, Staessen JA. Blood pressure lowering for primary and secondary prevention of stroke. Hypertension. 2006
Aug;48(2):187-95.

12. Ravenni R, Jabre JF, Casiglia E, Mazza A. Primary stroke prevention and hypertension treatment: which is the �rst-line
strategy? Neurol Int. 2011 Jul 5;3(2):e12.

13. Rosenberg GA. Extracellular matrix in�ammation in vascular cognitive impairment and dementia. Clin Sci (Lond). 2017 Mar
1;131(6):425-37.

14. Kidd DP. Neurological complications of Behcet's syndrome. J Neurol. 2017 Oct;264(10):2178-83.

15. van Rooy MJ, Pretorius E. Obesity, hypertension and hypercholesterolemia as risk factors for atherosclerosis leading to
ischemic events. Curr Med Chem. 2014;21(19):2121-9.

1�. Dai YY, Huang ZX, Liu XT, Wang QZ. [Risk factors for recurrence of large atherosclerotic cerebral infarction]. Nan Fang Yi Ke
Da Xue Xue Bao. 2017 Dec 20;37(12):1678-82.

17. Thompson A, Gao P, Orfei L, Watson S, Di Angelantonio E, Kaptoge S, et al. Lipoprotein-associated phospholipase A(2) and
risk of coronary disease, stroke, and mortality: collaborative analysis of 32 prospective studies. Lancet. 2010 May
1;375(9725):1536-44.

1�. Ballantyne CM, Hoogeveen RC, Bang H, Coresh J, Folsom AR, Chambless LE, et al. Lipoprotein-associated phospholipase A2,
high-sensitivity C-reactive protein, and risk for incident ischemic stroke in middle-aged men and women in the
Atherosclerosis Risk in Communities (ARIC) study. Arch Intern Med. 2005 Nov 28;165(21):2479-84.

19. Zhang CE, Wei W, Liu YH, Peng JH, Tian Q, Liu GP, et al. Hyperhomocysteinemia increases beta-amyloid by enhancing
expression of gamma-secretase and phosphorylation of amyloid precursor protein in rat brain. Am J Pathol. 2009
Apr;174(4):1481-91.

20. Hansson GK, Libby P, Tabas I. In�ammation and plaque vulnerability. J Intern Med. 2015 Nov;278(5):483-93.

21. Libby P. Mechanisms of acute coronary syndromes and their implications for therapy. N Engl J Med. 2013 May
23;368(21):2004-13.

22. Libby P, Aikawa M. Stabilization of atherosclerotic plaques: new mechanisms and clinical targets. Nat Med. 2002
Nov;8(11):1257-62.

23. Libby P, Ridker PM, Hansson GK. In�ammation in atherosclerosis: from pathophysiology to practice. J Am Coll Cardiol. 2009
Dec 1;54(23):2129-38.

24. Moore KJ, Tabas I. Macrophages in the pathogenesis of atherosclerosis. Cell. 2011 Apr 29;145(3):341-55.

25. Grootaert MOJ, Roth L, Schrijvers DM, De Meyer GRY, Martinet W. Defective Autophagy in Atherosclerosis: To Die or to
Senesce? Oxid Med Cell Longev. 2018;2018:7687083.

2�. Cai A, Li G, Chen J, Li X, Li L, Zhou Y. Increased serum level of Lp-PLA2 is independently associated with the severity of
coronary artery diseases: a cross-sectional study of Chinese population. BMC Cardiovasc Disord. 2015 Feb 26;15:14.

27. Razani B, Feng C, Coleman T, Emanuel R, Wen H, Hwang S, et al. Autophagy links in�ammasomes to atherosclerotic
progression. Cell Metab. 2012 Apr 4;15(4):534-44.

2�. Dupont N, Jiang S, Pilli M, Ornatowski W, Bhattacharya D, Deretic V. Autophagy-based unconventional secretory pathway for
extracellular delivery of IL-1beta. EMBO J. 2011 Nov 8;30(23):4701-11.

29. Sergin I, Evans TD, Zhang X, Bhattacharya S, Stokes CJ, Song E, et al. Exploiting macrophage autophagy-lysosomal
biogenesis as a therapy for atherosclerosis. Nat Commun. 2017 Jun 7;8:15750.

30. Cen JM, Cheng J, Xiong QY, Mei BQ, Cai WB, Yang XL. Study on the correlation between the concentration of plasma
lipoprotein-associated phospholipase A2 and coronary heart disease. Chronic Dis Transl Med. 2015 Jun;1(2):105-9.

31. Packard CJ, O'Reilly DS, Caslake MJ, McMahon AD, Ford I, Cooney J, et al. Lipoprotein-associated phospholipase A2 as an
independent predictor of coronary heart disease. West of Scotland Coronary Prevention Study Group. N Engl J Med. 2000
Oct 19;343(16):1148-55.

32. Zhong J, Wang Y, Wang X, Li F, Hou Y, Luo H, et al. Signi�cance of CAVI, hs-CRP and homocysteine in subclinical
arteriosclerosis among a healthy population in China. Clin Invest Med. 2013 Apr 1;36(2):E81-6.



Page 9/14

33. Tsuriya D, Morita H, Morioka T, Takahashi N, Ito T, Oki Y, et al. Signi�cant correlation between visceral adiposity and high-
sensitivity C-reactive protein (hs-CRP) in Japanese subjects. Intern Med. 2011;50(22):2767-73.

34. Nordestgaard BG, Chapman MJ, Ray K, Boren J, Andreotti F, Watts GF, et al. Lipoprotein(a) as a cardiovascular risk factor:
current status. Eur Heart J. 2010 Dec;31(23):2844-53.

35. O'Donoghue ML, Morrow DA, Tsimikas S, Sloan S, Ren AF, Hoffman EB, et al. Lipoprotein(a) for risk assessment in patients
with established coronary artery disease. J Am Coll Cardiol. 2014 Feb 18;63(6):520-7.

3�. Nestel PJ, Barnes EH, Tonkin AM, Simes J, Fournier M, White HD, et al. Plasma lipoprotein(a) concentration predicts future
coronary and cardiovascular events in patients with stable coronary heart disease. Arterioscler Thromb Vasc Biol. 2013
Dec;33(12):2902-8.

37. Brummel-Ziedins K, Undas A, Orfeo T, Gissel M, Butenas S, Zmudka K, et al. Thrombin generation in acute coronary
syndrome and stable coronary artery disease: dependence on plasma factor composition. J Thromb Haemost. 2008
Jan;6(1):104-10.

3�. Lipets EN, Ataullakhanov FI. Global assays of hemostasis in the diagnostics of hypercoagulation and evaluation of
thrombosis risk. Thromb J. 2015;13(1):4.

39. Remkova A, Remko M. The role of renin-angiotensin system in prothrombotic state in essential hypertension. Physiol Res.
2010;59(1):13-23.

40. Remkova A, Kratochvil'ova H. Effect of the new centrally acting antihypertensive agent rilmenidine on endothelial and
platelet function in essential hypertension. J Hum Hypertens. 2002 Aug;16(8):549-55.

41. Remkova A, Kratochvil'ova H, Durina J. Impact of the therapy by renin-angiotensin system targeting antihypertensive agents
perindopril versus telmisartan on prothrombotic state in essential hypertension. J Hum Hypertens. 2008 May;22(5):338-45.

42. Haas T, Spielmann N, Mauch J, Speer O, Schmugge M, Weiss M. Reproducibility of thrombelastometry (ROTEM(R)): point-of-
care versus hospital laboratory performance. Scand J Clin Lab Invest. 2012 Jul;72(4):313-7.

Tables

Tables

Tab.1 Comparison of the levels of Lp-PLA2 Hcy CRP Lp(a) AT- TEG and CIMT in three groups

groups      n   age  gender  cigarette  BMI      TC      TG    HDL C    LDL C

               (year)  (m/f)  (yes/no)          (mmol/L)  (mmol/L)  (mmol/L) (mmol/L)

Group A      192   69±12  117/75   73/119      24.1±2.5    4.85±1.17    1.55±0.97    1.46±0.37    2.86±0.97

Group B       193  64±14  106/87   67/126      23.8±2.4    4.91±1.16    1.47±0.91    1.53±0.43    2.96±0.89

Group C                       151  65±13  105/46    58/93      23.9±2.7    4.78±1.08    1.58±1.13    1.43±0.45    2.91±0.93

p Valuea            0.088                        0.761        0.591         0.467         0.432         0.579

p Valueb            0.094    0.306   0.306        0.835        0.896         0.511         0.531         0.867

p Valuec            0.125                        0.566        0.791         0.768         0.487         0.399
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 groups            Lp-PLA2     Hcy     CRP       Lp(a)     AT-       CIMT

                   (ng/ml)    (μmol/L)   (mg/L)     (mg/L)      (%)       (mm)

 Group A             140.09±29.43    15.92±8.05   13.28±28.13   202.35±267.17  94.35±11.22    1.16±0.37

Group B               119.66±29.29    12.20±4.06    9.45±18.45   144.45±178.96  93.97±13.30    1.03±0.33

Group C                               100.12±30.81     9.13±1.90    5.36±3.35    113.28±152.58  99.88±6.93     0.83±0.35

p Valuea                   <0.001         <0.001        0.191           0.020         1.000         0.001

p Valueb                   <0.001         <0.001        0.192           0.511         <0.001       <0.001

p Valuec                   <0.001         <0.001        0.001           <0.001        <0.001       <0.001

 

 

 groups     R      K     α-Angel    MA     EPL    LY30    A     CI      G 

          (min)    (min)    (°)     (mm)    (%)     (%)    (mm)          (d/sc)

Group A    6.33±1.47  1.63±0.59  66.61±5.42  60.01±4.88  4.53±4.75  3.23±3.76  56.11±6.47  1.79±1.22  7930±1945

Group B      6.69±1.12  1.61±0.37  66.09±4.56  57.62±5.70  6.53±8.69  4.79±5.25  52.79±8.06  1.62±1.06  7281±1903

Group C      7.48±0.86  1.93±0.28  62.11±5.12  55.94±7.88  6.56±8.76  4.79±6.06  50.61±9.75  1.27±1.20  7073±2939

p Valuea         0.038       1.000       0.934       <0.001       0.029      0.007        <0.001      0.406      0.015

p Valueb       <0.001       <0.001     <0.001      0.036        1.000      1.000        0.039       0.017      1.000

p Valuec       <0.001       <0.001     <0.001      <0.001       0.042      0.014        <0.001      <0.001     0.002

Group A: the hypertension combined with cerebral infarction group; Group B: the hypertension group; Group C: control group. p Valuea

Group A versus Group B p Valueb Group B versus Group C p Valuec Group A versus Group C

 

Tab.2 Analysis of the detection of carotid atherosclerosis in three groups

 groups      n      CIMT <1.0    1.0≤ CIMT ≤1.5    CIMT >1.5    Carotid AS
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Group A    192     61 31.77     80 41.67      51 26.56   131 68.23%

Group B    193     90 46.63     80 41.45      23 11.92   103 53.37%

Group C    151     115 76.16    23 15.23      13 8.61     36 23.84%

χ2                                                             16.162                        67.702

p Value                             <0.001                        <0.001

Group A: the hypertension combined with cerebral infarction group; Group B: the hypertension group; Group C: control group.

 

Tab.3 Analysis of the correlation of Lp-PLA2 Hcy CRP Lp(a) AT- TEG and CIMT

  Spearman's r    p Value Partial's r  p Value

Lp-PLA2 0.413          <0.001 0.397        <0.001

Hcy 0.510         <0.001 0.434        <0.001

CRP 0.063          0.385 0.015        0.836

Lp(a) 0.139          0.054 0.136        0.060

AT- 0.111          0.124 0.166        0.121

R -0.211         0.003 -0.217        0.003

K -0.099         0.171 -0.189        0.109

α-Angel 0.102          0.160 0.188         0.099

MA -0.012         0.864 0.032         0.664

EPL 0.145          0.054 0.076         0.299

LY30 0.095          0.192 0.106         0.144

A -0.032         0.659 -0.041         0.571

CI -0.031         0.671 -0.110         0.132

G -0.038         0.603 0.045          0.537         

 

Tab.4 The multiple stepwise linear regression analysis of Lp-PLA2 Hcy CRP Lp(a) AT- TEG and CIMT

  Unstandardized Coefficients Standardized Coefficients t p Value Collinearity Statistics
  B Std. Error Beta Tolerance VIF

(Constant) 0.502 0.153   3.291 <0.001    

HCY 0.019 0.003 0.419 7.269 <0.001 0.999 1.001

lpPLA2 0.005 0.001 0.390 6.768 <0.001 0.999 1.001

R -0.049 0.014 -0.194 -3.372 <0.001 0.998 1.002
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Tab.5 Analysis of the correlation of Lp-PLA2 Hcy CRP Lp(a) AT- TEG

                                          Hcy CRP LPa AT3  R K α-

Angel

MA EPL LY30 A CI G

lpPLA2 r 0.308 -0.010 0.079 -0.109 -0.074 -0.220 0.234 0.117 -0.065 -0.021 0.097 0.194 0.107

p 0.000 0.818 0.067 0.012 0.085 0.000 0.000 0.007 0.132 0.620 0.025 0.000 0.013

Hcy r   0.158 0.148 -0.130 -0.182 -0.347 0.375 0.236 -0.207 -0.041 0.263 0.154 0.223

p   0.000 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.349 0.000 0.000 0.000

CRP r     0.151 -0.117 -0.035 -0.133 0.116 0.121 -0.075 -0.067 0.134 -0.001 0.113

p     0.000 0.007 0.425 0.002 0.007 0.005 0.081 0.123 0.002 0.980 0.009

LPa r       -0.019 -0.003 -0.154 0.151 0.088 -0.028 0.013 0.063 0.109 0.089

p       0.659 0.948 0.000 0.000 0.041 0.514 0.772 0.145 0.012 0.039

AT3 r         0.207 0.165 -0.200 -0.069 0.092 0.043 -0.119 -0.037 -0.070

p         0.000 0.000 0.000 0.110 0.033 0.317 0.006 0.394 0.105

R r           0.467 -0.408 -0.177 -0.062 -0.128 -0.102 0.180 -0.180

p           0.000 0.000 0.000 0.149 0.003 0.018 0.000 0.000

K r             -0.765 -0.426 0.061 -0.066 -0.311 0.026 -0.420

p             0.000 0.000 0.159 0.126 0.000 0.551 0.000

α-Angel r               0.451 -0.115 -0.027 0.372 -0.058 0.433

p               0.000 0.008 0.539 0.000 0.180 0.000

MA r                 -0.277 -0.223 0.714 -0.037 0.957

p                 0.000 0.000 0.000 0.388 0.000

EPL r                   0.777 -0.562 -0.157 -0.252

p                   0.000 0.000 0.000 0.000

LY30 r                     -0.577 -0.058 -0.230

p                     0.000 0.179 0.000

A r                       -0.026 0.707

p                       0.554 0.000

CI r                         0.030

p                         0.483

 

Tab.6 The logistic regression anaylsis of Lp-PLA2 Hcy CRP Lp(a) AT- TEG and CIMT



Page 13/14

  B S.E. p Value OR (95%CI)
lpPLA2 0.019 0.004 0.000 1.019 (1.012 1.027)
HCY 0.174 0.036 0.000 1.190 (1.110 1.277)
CRP 0.002 0.005 0.729 1.002 (0.992 1.012)
LPa 0.000 0.000 0.373 1.000 (0.999 1.001)
AT3 0.002 0.009 0.818 1.002 (0.985 1.020)
R -0.199 0.102 0.052 0.820 (0.670 1.002)
K 0.052 0.357 0.884 1.054 (0.524 2.119)
Angel 0.043 0.031 0.174 1.044 (0.981 1.110)
MA -0.043 0.042 0.306 0.958 (0.882 1.040)
EPL -0.010 0.018 0.555 0.990 (0.956 1.024)
LY30 0.045 0.037 0.220 1.047 (0.973 1.125)
A 0.018 0.031 0.566 1.018 (0.958 1.081)
CI 0.093 0.102 0.362 1.097 (0.899 1.339)
G 0.000 0.000 0.660 1.000 (1.000 1.000)
Constant -5.253 3.121 0.092 0.005

 

Tab.7 The use of cut-off values of individual biomarker or in combination for discrimination carotid atherosclerosis.

cut-off value p Value AUC(95%CI), % Sensitivity, % Specificity, % PPV/NPV, % Accuracy, %

Lp-PLA2 (ng/ml) 140.01 <0.001 0.677 (0.632-0.722) 42.2 84.6 33.6/59.1 63.2

Hcy (μmol/L) 12.79 <0.001 0.707(0.663-0.750) 45.6 84.6 35.3/60.5 64.9

CRP (mg/L) 12.50 0.076 0.544(0.495-0.593) 22.2 89.1 20.2/53.0 55.4

Lp(a) (mg/L) 71 0.021 0.557(0.509-0.606) 62.6 47.7 57.1/55.7 55.2

AT-  (%) 94.5 0.027 0.555 (0.506-0.604) 51.1 64.7 44.5/56.6 57.8

R (min) 6.95 <0.001 0.600(0.552-0.648) 75.6 47.4 61.8/65.6 61.6

K (min) 1.65 <0.001 0.621 (0.573-0.668) 75.6 47.4 61.8/65.6 61.6

α-Angel (°) 65.95 <0.001 0.624(0.577-0.672) 74.8 46.6 62.0/64.6 60.8

MA (mm) 56.75 0.014 0.562 (0.513-0.610) 76.7 36.8 67.9/60.9 56.9

EPL (%) 4.55 0.601 0.513(0.464-0.562) 51.9 55.6 48.6/53.2 53.7

LY30(%) 3.25 0.599 0.487(0.438-0.536) 59.3 46.2 56.5/52.8 52.8

A(mm) 55.85 0.054 0.548(0.499-0.597) 48.5 65.4 43.0/55.6 56.9

CI 1.75 0.028 0.555(0.506-0.604) 43.3 71.1 38.2/55.3 57.1

G(d/sc) 6551 0.014 0.562 (0.513-0.610) 77.4 36.5 68.3/61.4 57.1

Combined-a   <0.001 0.663(0.617-0.708) 73.7 52.6 58.7/66.4 63.2

Combined-b   <0.001 0.747(0.706-0.787) 47.0 91.0 34.4/62.9 68.8

Combined-c   <0.001 0.759(0.719-0.798) 41.9 95.9 30.7/61.9 68.7

Combined-a combined the parameters of R K α-Angel MA EPL LY30 A CI G Combined-b combined the paremeters of Lp-PLA2 Hcy CRP

Lp(a) AT- Combined-c combined the paremeters of Lp-PLA2 Hcy CRP Lp(a) AT- R K α-Angel MA EPL LY30 A CI G.
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Figures

Figure 1

Comparison of the levels of Lp-PLA2 Hcy CRP Lp(a) AT- TEG and CIMT in three groups Group A: the hypertension combined
with cerebral infarction group; Group B: the hypertension group; Group C: control group.

Figure 2

Analysis of the correlation of Lp-PLA2 Hcy CRP Lp(a) AT- TEG and CIMT

Figure 3

3 The ROC analysis of combined biomarkers and individual biomarker in the evaluation of carotid AS Combined-a combined the
parameters of R K α-Angel MA EPL LY30 A CI G Combined-b combined the paremeters of Lp-PLA2 Hcy CRP Lp(a) AT-
Combined-c combined the paremeters of Lp-PLA2 Hcy CRP Lp(a) AT- R K α-Angel MA EPL LY30 A CI G.


