
Analysis between carotid atherosclerosis and related risk factors after
ultrasonic testing.

Xiaoyan Cao1, Huayun Zhao2, Wei Liu3*

1Department of Ultrasound Diagnostics, Yanan City Hospital, Qilipu Street, Bao Ta District, Yanan, PR China
2Department of Ultrasound Diagnostics, Xi’an Gaoxin Hospital, No.16, Tuanjie South Road, Xi’an, PR China
3Department of Ultrasound Diagnostics, Yulin City Xingyuan Hospital, No.33, Renmi West Road, Yulin, PR China

Abstract

Objective: To evaluate the relationship between carotid atherosclerosis and related risk factors.
Methods: Patients who were participant in neurology department of our hospital were selected for study.
According to the ultrasound test results, 60 patients with carotid atherosclerosis were divided as the
observation group, another 60 patients with normal carotid artery as the control group. All patients
were subjected to following detection: bilirubin, Homocysteine (Hcy), C-reactive protein, Uric Acid
(UA), blood lipids, blood pressure level. The test results were subjected to univariate and multivariate
comparative analysis.
Results: After univariate comparative analysis, the history of diabetes, hypertension, alcohol
consumption, smoking prevalence in the observation group was significantly higher, the difference was
significant difference (P<0.005). After univariate comparative analysis, two DB, TB, Hcy, UA, High-
Density Lipoprotein Cholesterol (HDL-C), Low-Density Lipoprotein Cholesterol (LDL-C), Triglycerides
(TG), Diastolic Blood Pressure (DBP), Systolic Blood Pressure (SBP), BMI comparative analysis, the
difference was significant difference (P<0.05). After multiple regression analysis, according to the size of
the contribution rate, from low to high was Hcy, history of diabetes, TG, LDL-C, smoking, hypertension,
above risk factors and carotid atherosclerosis was positively correlated the HDL-C is a protective factor.
Conclusion: Carotid atherosclerosis is closely related to traditional risk factors for cardiovascular
disease, the new risk factors can be defined as the assessment of atherosclerosis effective index.
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Introduction
With the continuous social development, cardiovascular and
cerebrovascular diseases have become the top causes
threatening for health of human beings, and the atherosclerosis
is considered as the pathological basis of these diseases; thus,
effective prevention of atherosclerosis can tremendously
contribute to the prophylaxis of cardiovascular and
cerebrovascular diseases [1]. Despite the enormity of the
burden of carotid atherosclerosis and atherosclerosis in general,
the aetio-pathogenesis is unsettled and the occurrence of the
disease process can only be linked to risk factors. Gender and
age are unmodifiable risk factors for cardio-cerebral vascular
disease, and confounding could occur through collinearity in a
logistic regression in cases in which multiple risk factors are
involved. Another risk factors that lead to the atherosclerosis,
including those conventional risk factors, such as smoking,
mellitus diabetes, dyslipidemia and hypertension, have been
brought into the focus, and, accordingly, management of those
risk factors can reduce the occurrence of some cardiovascular

and cerebrovascular diseases [2,3]. However, the above factors
are still inadequate in accounting for the prevailing picture and
some new risk factors have been discovered in the in-depth
fundamental research and epidemiological study. To analyse
the ultrasonic detection of carotid atherosclerosis and the
corresponding risk factors for development the rational
measures for prophylaxis and control of risk factors, we
selected a total of 120 patients who went to the hospital for
outpatient service or were admitted to the department of
neurology between February 2013 and June 2014. Detailed
information on this study is reported as follows.

Materials and Methods

General materials
We enrolled a total of 120 patients who went to this hospital
for outpatient service or were admitted to the department of
neurology of this hospital between February 2013 and June
2014. According to the results of ultrasonic detection, 60
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patients with carotid atherosclerosis were enrolled into the
observation group, in which there were 36 males and 24
females with an average age of (66.5 ± 6.28 y old), and the
other 60 patients whose carotid arteries were normal were
enrolled as the control group, in which there were 33 males and
27 females with an average age of (65.2 ± 6.45 y old). Based
on the consultation with the patients and the diagnosis, patients
with the recent administration of folic acid and vitamin B,
relative diseases such as severe hepatic or renal dysfunctions,
malignant tumor, blood system-associated diseases or gout
were excluded in this study. All patients underwent the
ultrasonic detection of carotid atherosclerosis. In comparison
of gender and age, we found that there is no statistically
significant differences among all patients (p>0.05) (Table 1),
suggesting that the general material of patients was
comparable.

Table 1. Characteristics of the two groups.

Groups n Male/female (Cases) Age (y

Observed group 60 36/24 66.5 ± 6.28

Control group 60 33/27 65.2 ± 6.45

T value 0.3069 1.1186

P value 0.5796 0.2656

Methods

Ultrasonic examination
Ultrasonic examination was carried out using the Philips IU-22
color ultrasonography scanner with a probe, in which the
frequency was set as 7.5 to 10 MHz. The probe was moved
from the proximal end of carotid artery in bottom-top
orientation, and the real-time two-dimensional images of
bilateral common carotid arteries, bifurcation of internal and
external carotid arteries and the extracranial segment of
internal carotid artery were used to perform segmental
detection for quantitative measurement of the thickness
between intima and media of vascular wall and the plaque, and
calculation of stenosis rate of vascular lumen. Judgment
criteria were stipulated in accordance with the definitions of
target organ injuries in Guidelines for prophylaxis of
hypertension in China, i.e. atherosclerosis refers to the
thickness between the intima and media of vascular lumen in
any segment of carotid artery system is higher than 0.9, or the
formation of plaque (the thickness between the intima and
media of vascular lumen in any segment of carotid artery
system is higher than 1.3), or stenosis in lumen. Stenosis of
vascular lumen=(Diameter of lumen in original vessel-diameter
of lumen in residual vessel)/diameter of lumen in original
vessel × 100%, in which measurement ≥ 70% was for severe
stenosis, ≥ 50% for moderate stenosis and <50% for mild
stenosis.

Assay of biochemical indicators
Before blood collection, 120 patients were required to
withdraw from the alcohol for 24 h, and the venous blood was
collected in the morning after patients were fasted for 12 h for
detection of Direct Bilirubin (DB), Total Bilirubin (TB),
Homocysteine (Hcy), Uric Acid (UA), High Density
Lipoprotein Cholesterol (HDL-C), Low Density Lipoprotein
Cholesterol (LDL-C) and Triglyceride (TG). All biochemical
indicators were measured using the Hitachi-7060 Automatic
Biochemical Analyzer, in which TG and UA levels were
detected by enzymatic method, HDL-C and LDL-C by
immunoturbidimetry (kits provided by Shanghai Yulan
Biotechnology Co., Ltd), Hcy by ADVIA centaur automatic
immunochemiluminescence system and the corollary reagent
that were provided by Bayer (Germany), bilirubin by end-point
method of diazonium (kits provided by Shanghai Kehua
Dongling Biotechnology Co., Ltd.).

Statistical analysis
The single factor and multiple factors leading to the risk of
carotid atherosclerosis were identified through comparison and
analysis. SPSS 14.0 was adopted for statistics. Measurement
data were presented as mean ± Standard Deviation (SD), and t
test was performed for comparison between groups. Chi-square
test was carried out for the comparison of enumeration data,
and ranked sum test (Wilcoxon test) for ranked data. p<0.05
suggested that the difference had statistical significance.

Results

Comparison and analysis of the enumeration data of
single factor for carotid atherosclerosis of patients in
the two groups
Through the single-factor comparison and analysis, we found
that the incidence rates of history of diabetes mellitus,
hypertension, alcohol intake and smoking were significantly
higher than those in the control group, and the differences
between the two groups had statistical significance (p<0.005;
Table 2).

Table 2. Single factor analysis of atherosclerosis between the two
groups (n (%)).

Factors Observed
group (n=60)

Control
group (n=60)

χ2 value P value

Diabetes history (cases) 35 (58.33) 1525.0) 13.7143 0.0002

Hypertension history
(cases)

42 (70.0) 2135.0) 14.7368 0.0001

Alcoholism (cases) 38 (63.33) 17 (28.33) 14.8028 0.0001

Cao/Zhao/Liu

10172 Biomed Res 2017 Volume 28 Issue 22



Smoking (cases) 43 (71.67) 19 (31.67) 19.2214 0.0000

Comparison and analysis of the measurement data of
single factor for carotid atherosclerosis of patients in
the two groups
Through the single-factor comparison and analysis, we found
that the differences in comparisons of the DB, TB, Hcy, UA,
HDL-C, LDL-C, TG, DBP, SBP and BMI between the two
groups had statistical significance (p<0.05; Table 3).

Table 3. Single factor analysis of atherosclerosis between the two
groups (x̄ ± s).

Factors Observed
group (n=60)

Control group
(n=60)

T value P value

DB (μmol/L) 4.06 ± 1.97 5.82 ± 3.93 3.1011 0.0024

TB (μmol/L) 13.66 ± 5.13 16.23 ± 8.11 2.0745 0.0402

Hcy (μmol/L) 24.36 ± 13.59 18.89 ± 10.95 1.9839 0.0496

UA (μmol/L) 411.29 ± 69.95 325.88 ± 74.25 6.4855 0.0000

HDL-C (nmol/L) 1.28 ± 0.37 2.85 ± 1.07 10.7415 0.0000

LDL-C (nmol/L) 3.75 ± 0.99 2.26 ± 0.38 10.8838 0.0000

TG (mmol/L) 2.58 ± 1.68 1.78 ± 1.26 2.9508 0.0038

DBP (mmHg) 87.89 ± 13.58 82.75 ± 14.79 1.9829 0.0497

SBP (mmHg) 146.98 ± 23.18 131.95 ± 21.34 3.6951 0.0003

BMI (kg/m²) 25.78 ± 2.71 24.53 ± 2.51 2.6213 0.0099

Multivariate regression analysis of the related risk
factors of carotid atherosclerosis
Through multivariate regression analysis, Hcy, history of
diabetes mellitus, TG, LDL-C, history of smoking and history
of hypertension were identified as the risk factors, which were
in positive correlation with the onset of carotid atherosclerosis.
Among these factors, the contribution rate of Hcy was the
lowest, followed by history of diabetes mellitus, TG, LDL-C,
history of smoking and history of hypertension. However,
HDL-C was identified as the protective factor (Table 4).

Table 4. Multiple factor analysis of atherosclerosis between the two
groups.

Factors Standard β P value

Constant 1.595

HDL-C (nmol/L) -0.465 0.016

Hcy (μmol/L) 0.032 0.005

Diabetes history 0.118 0.043

TG (mmol/L) 0.178 0.004

LDL-C (nmol/L) 0.259 0.006

Smoking 0.342 0.035

Hypertension history 0.615 0.013

Discussion
As a systemic diffusion disease, atherosclerosis is
characterized with the pathological changes of formation of
atherosclerotic plaque that is a kind of hyperplastic,
degenerative and non-inflammatory lesions in arteries; those
lesions refer that after the damages to the intima in an early
stage, plaque will be formed through the continuous
accumulation of lipid in blood followed by sclerosis and local
stenosis, which results in the blockage of vessels and affect the
vascular patency, thereby leading to the ischemia and
dysfunction of relevant organs [4,5]. The onset of
atheromatous plaque may be from the youth of patients, and
without any obvious clinical symptoms in the following
decades. With the accumulation of the plaque, several organs,
including kidney, brain and heart, will form atheromatous
plaque. Thus, detecting or monitoring the progression of
atherosclerosis and identifying the relevant risk factors of
atherosclerosis in asymptotic phase are of great significance for
prophylaxis and treatment of cerebrovascular and
cardiovascular diseases [6,7].

In this study, a total of 120 patients who went for outpatient
service or were admitted to the department of neurology of this
hospital between February 2013 and June 2014 were enrolled.
The study showed that atherosclerotic lesions are categorized
as a kind of very complicated, multifactorial diseases, and
metabolic disorder, hyperglycemia and hypertension are
considered as the major risk factors followed by obesity and
smoking. However, new risk factors have also been
discovered; for example, Hcy is correlated with the carotid
atherosclerosis. The results of this study are similar to those of
clinical studies [8,9]. Multiple studies showed that metabolic
disorder, hyperglycemia, hypertension, obesity, smoking and
Hcy as the risk factors are correlated with the carotid
atherosclerosis.

Some unhealthy life styles are also one of the key risk factors
contributing to carotid atherosclerosis, and the correlations of
the onset of atherosclerosis with hypertension, dyslipidemia,
obesity and smoking have been ascertained [10,11]. In serum,
TG exists in the very low density chylomicron and the
lipoprotein containing TG that not only can cause the onset of
atherosclerosis with other factors of blood lipid, but also shows
toxicity to vascular endothelial cells. In addition, changes in
function and damage of endothelial cells also play an important
role in atherosclerosis pathogenesis.

Hcy in blood is also a risk factor of atherosclerosis. Ever since
some scholars reported the correlation between Hcy in blood
and atherosclerosis in youth, more and more studies have
confirmed that the continuous increased level of Hcy in blood
may contribute to dyslipidemia, hypertension and damages to
vascular wall, thereby increasing the incidence of
cardiovascular and cerebrovascular diseases [12-14]. Among
the patients with carotid atherosclerosis, the level of Hcy in
blood is significantly higher than that in the patients with
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normal carotid arteries. Hcy in blood may cause atherosclerosis
through the following mechanism: a high level of Hcy in blood
can facilitate the generation of oxygen radicals, which then
increase the damages to vascular endothelium; those damages
result in the gradual hyperplasia in aorta smooth muscle, and
accelerate the formation of foamy cells and cholesterol
oxidation in LDL, which will thicken vascular wall; thickened
vascular wall can promote the blood coagulation through
activating the platelet aggregation and affecting the functions
of blood coagulation factor, thereby decreasing the fibrinolytic
activity. In different forms of combination, these factors can
change and influence the normal structure and functions of
arteries, thus causing atherosclerosis under the involvement of
different factors.

High UA is one of the key risk factors of atherosclerosis. UA
at a high level can induce some disorders of blood lipid,
activate the platelet, promote the release of vessel-related
active substance, and damage the vascular endothelium, thus
accelerating the lipid accumulation. Besides, the crystalized
urate accumulates on vascular wall, which can directly damage
the vessel and cause atherosclerosis [15-17].

Research has shown that the capability of bilirubin to capture
the oxygen radicals can prevent the oxidative modification of
LDL, which can decrease chemotactic and cytotoxic effect and
the influence of oxidative LDL on plasmiraogen, thus reducing
the incidence rate of atherosclerosis. In addition, it can increase
the negative feedback on activity of hemeoxygenase, thereby
ameliorating the damages of metabolite on the cells, and
protect the cells through inhibiting the activity of protein
kinase C. Research has also shown that among the patients
with atherosclerosis, the bilirubin level was significantly lower
than that in those with normal carotid arteries, suggesting that
bilirubin in a low level is important to the occurrence of
atherosclerosis [18-20].

In conclusion, carotid atherosclerosis is correlated with
multiple factors. Despite of those conventional risk factors
(smoking, diabetes mellitus, dyslipidemia and hypertension)
that are still focused on nowadays, some new risk factors
(high-level UA and Hcy) also requires more attention. All
these factors are correlated with the occurrence of carotid
atherosclerosis; thus, we should take comprehensive
intervention measures in an early stage to reduce the effect of
these risk factors, thus decreasing the occurrence of carotid
atherosclerosis.

References
1. Wang Y, Gao H, Shi C. Leukocyte integrin Mac-1 regulates

thrombosis via interaction with platelet GPIba. Nat
Commun 2017; 8: 15559.

2. Duan C, Chen K, Yang G, Li T, Liu L.HIF-1a regulates
Cx40-dependent vasodilatation following hemorrhagic
shock in rats. Am J Transl Res 2017; 9: 1277-1286.

3. Zhang Z, Fang X, Hua Y. Combined effect of
hyperhomocysteinemia and hypertension on the presence of

early carotid artery atherosclerosis. J Stroke Cerebrovasc
Dis 2016.

4. Hu F, Zhong Q, Gong J. serum surfactant protein D is
associated with atherosclerosis of the carotid artery in
patients on maintenance hemodialysis. Clin Lab 2016; 62:
97-104.

5. Li MF, Zhao CC, Li TT. The coexistence of carotid and
lower extremity atherosclerosis further increases cardio-
cerebrovascular risk in type 2 diabetes. Cardiovasc
Diabetol 2016; 15: 43.

6. Tun T, Kang YS. Imperatorin is transported through blood-
brain barrier by carrier-mediated transporters. Biomol Ther
(Seoul) 2017.

7. Duan C, Li T, Liu L. Efficacy of limited fluid resuscitation
in patients with hemorrhagic shock: a meta-analysis. Int J
Clin Exp Med 2015; 8: 11645-11656.

8. Ahmed S, Gavin RN, Angela JW. Obesity and carotid
atherosclerosis in African black and Caucasian women with
established rheumatoid arthritis: a cross-sectional study.
Arthritis Res Ther 2012; 14: 67.

9. Mei ZB, Duan CY, Li CB, Cui L, Ogino S. Prognostic role
of tumor PIK3CA mutation in colorectal cancer: a
systematic review and meta-analysis. Ann Oncol 2016; 27:
1836-1848.

10. Chockalingam P, Vinayagam NS, Chockalingam V,
Chockalingam A. Remarkable regression of coronary
atherosclerosis: An interplay of pharmacotherapeutic and
lifestyle factors. Indian Heart J 2016; 68: 188-189.

11. Nahrendorf M, Swirski FK. Lifestyle effects on
hematopoiesis and atherosclerosis. Circ Res 2015; 116:
884-894.

12. Catena C, Colussi G, Nait F, Capobianco F, Sechi LA.
Elevated homocysteine levels are associated with the
metabolic syndrome and cardiovascular events in
hypertensive patients. Am J Hypertens 2015; 28: 943-950.

13. Choi JW, Lee MH, Fujii T, Fujii N, Moon Y. Association of
the urine homocysteine/creatinine ratio to proinflammatory
cytokine, natural anticoagulant, and nitric oxide levels in
cerebrovascular disease. Ann Clin Lab Sci 2014; 44:
461-465.

14. Hooshmand B, Polvikoski T, Kivipelto M, Tanskanen M,
Myllykangas L, Erkinjuntti T, Makela M, Oinas M, Paetau
A, Scheltens P, van Straaten EC, Sulkava R. Plasma
homocysteine, Alzheimer and cerebrovascular pathology: a
population-based autopsy study. Brain 2013; 136:
2707-2716.

15. Kubota Y, McAdams-DeMarco M, Folsom AR. Serum uric
acid, gout, and venous thromboembolism: the
atherosclerosis risk in communities study. Thromb Res
2016; 144: 144-148.

16. Mallamaci F, Testa A, Leonardis D, Tripepi R, Pisano A,
Spoto B, Sanguedolce MC, Parlongo RM, Tripepi G,
Zoccali C. A genetic marker of uric acid level, carotid
atherosclerosis, and arterial stiffness: a family-based study.
Am J Kidney Dis 2015; 65: 294-302.

Cao/Zhao/Liu

10174 Biomed Res 2017 Volume 28 Issue 22



17. Li LX, Lu JX, Shuai HP, Xia HF, Zhang R, Wang JW, Chen
MY, Li TT, Bao YQ, Jia WP. Decreased urine uric acid
excretion is associated with diabetic retinopathy but not
with lower limb atherosclerosis in hospitalized patients
with type 2 diabetes. Atherosclerosis 2015; 242: 13-18.

18. Cho HS, Lee SW, Kim ES, Shin J, Moon SD, Han JH, Cha
BY. Serum bilirubin levels are inversely associated with
PAI-1 and fibrinogen in Korean subjects. Atherosclerosis
2016; 244: 204-210.

19. Akboga MK, Canpolat U, Sahinarslan A, Alsancak Y,
Nurkoc S, Aras D, Aydogdu S, Abaci A. Association of
serum total bilirubin level with severity of coronary
atherosclerosis is linked to systemic inflammation.
Atherosclerosis 2015; 240: 110-114.

20. Kang SJ, Kim D, Park HE, Chung GE, Choi SH, Choi SY,
Lee W, Kim JS, Cho SH. Elevated serum bilirubin levels
are inversely associated with coronary artery
atherosclerosis. Atherosclerosis 2013; 230: 242-248.

*Correspondence to
Wei Liu

Department of Ultrasound Diagnostics

Yulin City Xingyuan Hospital

PR China

 

Analysis between carotid atherosclerosis and related risk factors after ultrasonic testing

Biomed Res 2017 Volume 28 Issue 22 10175


	Contents
	Analysis between carotid atherosclerosis and related risk factors after ultrasonic testing.
	Abstract
	Keywords:
	Accepted on November 30, 2017
	Introduction
	Materials and Methods
	General materials

	Methods
	Ultrasonic examination
	Assay of biochemical indicators
	Statistical analysis

	Results
	Comparison and analysis of the enumeration data of single factor for carotid atherosclerosis of patients in the two groups
	Comparison and analysis of the measurement data of single factor for carotid atherosclerosis of patients in the two groups
	Multivariate regression analysis of the related risk factors of carotid atherosclerosis

	Discussion
	References
	*Correspondence to


