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Abstract. Ultrasonography in the evaluation and diagnosis of 
carotid arteries and left ventricular function in patients with 
subclinical atherosclerosis (SA) was explored. In total, 152 
patients with no obvious clinical symptoms of atherosclerosis 
confirmed by carotid ultrasonography in Tengzhou Central 
People's Hospital from September 2015 to March 2016 were 
enrolled as the experimental group, and further 45 patients 
with normal physical examination at the same time were 
collected as the control group. Patients in the experi-
mental group were divided into three groups according to 
Framingham risk assessment: low, middle and high risk. The 
carotid arteries and left ventricular function of all patients 
were detected by Doppler ultrasound. There were differences 
in the systolic pressure, TG and TC between the control 
group and the experimental group (P<0.05). The expression 
levels of β, cIMT, Ep and PWVβ increased with the risk 
degree in the low, middle and high risk groups (P<0.05). 
The expression levels of LVEDV, LVESV, and LVEF in the 
experimental group were significantly decreased compared 
with those in the control group (P<0.05), while the expres-
sion levels of LAV, E/e, GLS and GCS were significantly 
increased compared with those in the control group (P<0.05). 
There was a difference of left ventricular function param-
eters in the low, medium and high risk groups (P<0.05). The 
expression levels of LVEDV, LVESV, LAV and E/e increased 
with the risk degree in the low, middle and high risk groups 
(P<0.05). The detection rate of plaque was lower in the low 
risk group than those in the middle and high risk group 
(P<0.05). By observing the parameters of carotid arteries and 
left ventricular function, it was found that ultrasonography 
has important clinical value in the early diagnosis of SA, and 
can be promoted in clinic.

Introduction

As the most important public health problem in the world, 
cardiovascular and cerebrovascular diseases were reported 
to have a death toll of 8.76 million in 2015, ranking first 
among the 10 leading causes of death according to the World 
Health Organization (WHO)  (1). The number of death in 
China is second only to malignant tumors (2). Atherosclerosis 
usually refers to the stenosis or obstruction of the lumen due 
to coronary atherosclerosis, resulting in local ischemia and 
hypoxia (3). Subclinical atherosclerosis (SA), a type of athero-
sclerosis, refers to the presence of atherosclerotic plaque in 
patients, without any clinical symptom (4). A study (5) showed 
that in recent years, the incidence of SA has decreased in 
developed countries, but increased in developing countries, 
which may be caused by the changes in dietary patterns as a 
result of economic development. Moreover, high fat diet and 
low cholesterol consumption play an important role in the 
pathogenesis of SA.

In the study of Weber et al  (6), more than 50% of the 
patients with first cardiovascular and cerebrovascular disease 
did not have definite clinical symptoms. Therefore, early 
detection of cardiovascular function and intervention through 
clinical protocols in patients with SA can reduce the risk of 
cardiovascular diseases (7). With the continuous improve-
ment of medical equipment, the diagnostic methods for 
atherosclerosis have been increasing, and the importance of 
ultrasonography in the diagnosis of atherosclerosis has been 
widely recognized in clinical practice (8). As a safe, rapid and 
noninvasive imaging tool, ultrasonography can directly reflect 
the structure and function of the heart and blood vessels in 
patients (9).

Therefore, the carotid arteries and left ventricular function 
of patients with SA were detected by ultrasonography in this 
study to provide references for diagnosis in clinic.

Patients and methods

Clinical data. Retrospective analysis was carried out of 152 
patients with no obvious clinical symptoms of atherosclerosis 
as confirmed by carotid ultrasonography in Tengzhou Central 
People's Hospital (Tengzhou, China) from September 2015 to 
March 2016. These patients were enrolled as the experimental 
group, and 45 patients with normal liver, kidney, heart function, 
no stroke, myocardial infarction history examined in the above 
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hospital at the same time were collected as the control group. 
Inclusion criteria were: patients with complete clinical data, no 
malignant tumor, in accordance with SA diagnostic criteria. 
Exclusion criteria were: patients with coronary atherosclerotic 
heart disease, heart valve disease, renal failure, immune defi-
ciency disease, stroke and transient cerebral ischemia history. 
In total 139 cases were enrolled in this study according to the 
above criteria. This study was approved by the Medical Ethics 
Committee of Tengzhou Central People's Hospital. Patients 
who participated in this research had complete clinical data. 
Signed informed consents were obtained from the patients or 
the guardians.

Detection methods and data collection. MyLab90 color 
Doppler ultrasound (Yum Company, Italy) with Echo-tracking 
technology, digital image management system and LA523 
probe was used at a frequency of 4-13 MHz. Philips iE33 color 
Doppler ultrasound with TomTec workstation (3D speckle 
tracing imaging technology) and S/X5-1 probe was used at a 
frequency of 2-5 MHz. Carotid arteries and left ventricular 
function in the two groups were measured. The parameters of 
common carotid artery function and left ventricular function 
in the two groups were collected. The serum was collected 
and the blood lipid of patients was detected by Hitachi 7600 
automatic biochemical analyzer. Fasting plasma glucose 
(FPG), BMI index, blood pressure and plaque detection rate 
were analyzed.

Subgroups in the experimental group. According to the 
Framingham risk assessment, the incidence probability of 
coronary disease in the next 10 years of the 139 patients in 

the experimental group was analyzed (indicators included 
age, total cholesterol, high density lipoprotein, systolic pres-
sure and smoking). In total, 46 patients, including 26 males 
and 20 females, were included in the low risk group (inci-
dence <10%); 47 patients, including 25 males and 22 females, 
were included in the medium risk group (>10% - <20% inci-
dence); 46 patients, including 29 males and 17 females, were 
included in the high risk group (incidence >20%).

Statistical analysis. SPSS 20.0 software package was used for 
statistical analysis of the collected data. GraphPad Prism 7 soft-
ware was used to draw figures. Countable data were expressed 
as rate (%), analyzed by Chi-square test (χ2). The measurement 
data are expressed as means ± SD. Comparison between the 
two groups was conducted by independent sample t-test and 
expressed by t-test. Rank data were analyzed by rank-sum test 
and expressed by Z. Multigroup comparison was conducted 
by single factor ANOVA, and post pairwise comparison was 
analyzed by LSD-t test and expressed by F. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Analysis of clinical data of patients in the control group and 
the experimental group. The clinical data in the two groups 
showed that, in the control group, there were 27 males and 
18 females, 29 patients were aged >60 years, and 15 patients 
smoked. BMI (kg/m2): 23.54±3.25, FPG (mmol/l): 5.36±0.68, 
systolic pressure (mmHg): 129.50±15.84, diastolic pressure 
(mmHg): 76.84±7.54, TG (mmol/l): 1.18±0.52, TC (mmol/l): 
3.25±1.05, HDL (mmol/l): 1.33±0.60, LDL (mmol/l): 2.69±1.01. 

Table I. Comparison of clinical data between the two groups [n (%)].

Factor	 Control group (n=45)	 Experimental group (n=139)	 t/χ2 value	 P-value

Sex			     0.083	 0.773
  Male	 27 (60.00)	 80 (57.55)
  Female	 18 (40.00)	 59 (42.25)
Age (years)			     0.422	 0.516
  ≥60	 29 (64.44)	 82 (58.99)
  <60	 16 (35.56)	 57 (41.01)
Smoking history			     0.337	 0.562
  Yes	 15 (33.33)	 40 (28.78)
  No	 30 (66.67)	 99 (71.22)
BMI (kg/m2)	 23.54±3.25	 23.84±4.25	   0.434	 0.665
FPG (mmol/l)	 5.36±0.68	 5.29±0.70	   0.587	 0.558
Systolic pressure (mmHg)	 129.50±15.84	 146.35±25.24	   4.213	 <0.001
Diastolic pressure (mmHg)	 76.84±7.54	 79.54±9.44	   1.746	 0.083
TG (mmol/l)	 1.18±0.52	 4.59±1.84	 12.254	 <0.001
TC (mmol/l)	 3.25±1.05	 4.82±1.63	   6.061	 <0.001
HDL (mmol/l)	 1.33±0.60	 1.35±0.62	   0.189	 0.850
LDL (mmol/l)	 2.69±1.01	 2.48±0.84	   1.385	 0.168

BMI, body mass index; FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density 
lipoprotein.
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In the experimental group, there were 80 males and 59 females, 
82 patients were aged >60 years, and 40 patients smoked. 
BMI (kg/m2): 23.84±4.25, FPG (mmol/l): 5.29±0.70, systolic 
pressure (mmHg): 146.35±25.24, diastolic pressure (mmHg): 
79.54±9.44, TG (mmol/l): 4.59±1.84, TC (mmol/l): 4.82±1.63, 
HDL (mmol/l): 1.35±0.62, LDL (mmol/l): 2.48±0.84. There 
was no significant difference in gender, age, smoking history, 
BMI, FPG, diastolic pressure, HDL and LDL between the two 
groups (P>0.05), while there were differences in the systolic 
pressure, TG and TC (P<0.05) (Table I).

Comparison of carotid artery parameters of patients. By 
comparing the carotid artery parameters of the two groups, it 
was found that the expression levels of β, cIMT, Ep, AI, AC and 
PWVβ in the experimental group were significantly increased 
compared with those in the control group (P<0.05) (Table II). 
Comparison of arterial parameters in the low, middle and high 
risk groups according to the Framingham risk assessment 
found that there was no statistical difference in AC and AI 
among the three groups (P>0.05), but there was a statistical 
difference in other indexes (P<0.05). The expression levels 
of β, cIMT, Ep, PWVβ increased with the risk degree in the 
low, medium and high risk groups, and there were differences 
among the groups (P<0.05) (Table III).

Left ventricular function parameters of patients. Comparison 
of left ventricular function parameters between the two groups 
found that the expression levels of LVEDV, LVESV, and 

LVEF in the experimental group were significantly decreased 
compared with those in the control group (P<0.05), while the 
expression levels of LAV, E/e, GLS and GCS were significantly 
increased compared with those in the control group (P<0.05) 
(Table IV). Comparison of left ventricular function param-
eters in the low, medium and high risk groups according to 
Framingham risk assessment found that there were significant 
differences among the three groups (P<0.05). The expression 
levels of LVEDV, LVESV, LAV and E/e increased with the 
risk degree in the three groups (P<0.05). There was no signifi-
cant difference in GLS expression between low and middle 
risk groups (P>0.05), while the expression was significantly 
increased compared with that in the high risk group (P<0.05), 
and there was no significant difference in LVEF and GCS 
among the three groups (P>0.05) (Table V).

Plaque detection in the experimental group. Analysis of 
plaque detection rate in the experimental group found that 
the detection rate of plaque was 21.74% (n=10) in the low-risk 
group, 48.94% (n=23) in the medium risk group and 58.70% 
(n=27) in the high-risk group. There were significant differ-
ences in plaque detection rate among the three groups (P<0.05) 
(Table VI and Fig. 1).

Discussion

Cardiovascular and cerebrovascular diseases are the most 
prevalent clinical diseases in the world, and coronary heart 

Table II. Comparison of carotid artery parameters between patients in the experimental and control groups.

Index	 Control group (n=45)	 Experimental group (n=139)	 t value	 P-value

β value	 6.24±1.05	 10.90±4.56	   6.786	 <0.001
cIMT (mm)	 0.69±0.13	 0.96±0.19	   8.876	 <0.001
Ep (kPa)	 78.64±20.18	 140.45±61.93	   6.573	 <0.001
AI (%)	 19.88±8.45	 42.17±9.47	 14.075	 <0.001
AC (mm2/kPa)	 0.84±0.22	 2.63±0.79	 14.987	 <0.001
PWVβ (min/sec)	 4.78±1.20	 7.45±1.50	 10.862	 <0.001

β, vascular wall stiffness; cIMT, carotid intima-media thickness; Ep, vascular pressure-strain elastic modulus; AI, amplification index; AC, 
arterial vessel compliance; PWVβ, single point pulse wave velocity.

Table III. Comparison of carotid artery parameters in the low, medium and high risk groups.

Index	 Low risk group (n=46)	 Medium risk group (n=47)	 High risk group (n=46)	 F value	 P-value

β value	 8.84±2.54	 10.94±3.54a	 13.22±4.81a,b	 15.735	 <0.001
cIMT (mm)	 0.84±0.18	 0.99±0.17a	 1.08±0.14a,b	 25.070	 <0.001
Ep (kPa)	 120.84±41.55	 149.35±45.37a	 186.47±79.51a,b	 14.800	 <0.001
AI (%)	 42.44±15.28	 49.28±15.66	 46.10±15.75	   2.247	 0.110
AC (mm2/kPa)	 0.79±0.29	 0.77±0.22	 0.75±0.32	   0.236	 0.790
PWVβ (min/sec)	 6.88±1.62	 7.35±1.25a	 8.29±1.71a,b	 10.033	 <0.001

β, vascular wall stiffness; cIMT, carotid intima-media thickness; Ep, vascular pressure-strain elastic modulus; AI, amplification index; AC, arte-
rial vessel compliance; PWVβ, single point pulse wave velocity. aP<0.05, compared to low risk group; bP<0.05, compared to medium risk group.
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disease is the most common disease  (10). Atherosclerosis 
usually refers to the stenosis or obstruction of the lumen 
due to coronary atherosclerosis, resulting in local isch-
emia and hypoxia. A survey shows (11) that patients with 
coronary heart disease are getting younger as a result of 
improved living standards and changes in dietary habits. 
With the increasing incidence of coronary heart disease, it 
is receiving more attention. As a chronic disease process, 
atherosclerosis can be divided into pre-clinical stage and 
end-stage. End-stage patients mainly have coronary heart 
disease, myocardial infarction or ischemic stroke. Once 
patients enter the end-stage, they are prone to death. Patients 
who are rescued in time have a high disability rate, which 
seriously affects the life quality of patients. Patients in the 
pre-clinical stage, also known as SA, can have the presence 
of atherosclerosis through the corresponding examination 
without any corresponding clinical symptoms  (12-14). A 
study has shown (15) that early intervention in patients at SA 
stage can delay the course of disease and reduce the occur-
rence of adverse reactions.

At present, Framingham risk assessment is commonly 
used to evaluate the incidence of coronary heart disease in 
patients, which calculates the incidence rate of coronary heart 
disease in the next 10 years according to the cholesterol level 

and non-cholesterol factors of the patients (16). Although the 
assessment evaluates patients through a variety of factors, 
it can not effectively diagnose and assess SA patients. 
Ultrasonography has been widely used in clinical imaging for 
many years and has been widely recognized by clinicians. It 
is non-invasive, safe, rapid and accurate, and has a high accu-
racy in the diagnosis of cardiovascular disease (17). Carotid 
arteries and left ventricular function between healthy subjects 
and patients with SA were compared and the carotid arteries 
and left ventricular function in patients with SA with different 
risk degrees were further analyzed in this study to provide a 
reference for clinical diagnosis.

Patients in the experimental group and the control group 
were examined by ultrasonography. The indexes of β, cIMT, 
Ep, AI, AC, PWVβ have been reported (18,19) to be impor-
tant for the early lesion of arterial wall, and were detected 
by Echo-tracking technique in this study. After analysis, it 
was found that the above indexes in the experimental group 
were significantly higher than those in the control group, and 
the stratification analysis of the experimental group showed 
that the expression of β, cIMT, Ep and PWVβ increased 
with the risk degree in the low, middle and high risk groups, 
indicating that with the increase of risk degree, the blood 
vessel wall gradually hardened, carotid intima thickness 

Table IV. Comparison of left ventricular function parameters of patients in the experimental and control groups.

Index	 Control group (n=45)	 Experimental group (n=139)	 t value	 P-value

LVEDV (ml)	 83.41±18.24	 63.10±15.61	   7.272	 <0.001
LVESV (ml)	 35.84±9.24	 22.25±7.56	   9.906	 <0.001
LVEF (%)	 70.54±16.38	 63.84±5.81	   4.107	 <0.001
LAV (ml)	 30.84±8.84	 43.69±14.06	   5.768	 <0.001
E/e	 6.84±3.27	 11.68±3.35	   8.472	 <0.001
GLS (%)	 10.12±4.25	 20.57±3.59	 16.204	 <0.001
GCS (%)	 9.15±2.22	 31.92±5.67	 26.255	 <0.001

LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LVEF, left ventricular ejection fraction; LAV, left 
atrium volume; E/e, ratio of mitral annular early diastolic velocity/mitral orifice early diastolic velocity; GLS, global longitudinal strain; GCS, 
global circumferential strain.

Table V. Comparison of left ventricular function parameters in the low, middle and high risk groups.

Index	 Low risk group (n=46)	 Medium risk group (n=47)	 High risk group (n=46)	 F value	 P-value

LVEDV (ml)	   56.47±10.84	 63.84±11.36a	 71.35±16.88a,b	 14.402	 <0.001
LVESV (ml)	 19.35±5.11	 22.39±6.88a	 26.94±6.58a,b	 17.225	 <0.001
LVEF (%)	 63.87±5.89	 64.27±5.34	 62.25±4.39	   1.926	 0.150
LAV (ml)	 35.04±8.05	 47.33±10.58a	 55.37±15.82a,b	 33.940	 <0.001
E/e	 10.52±2.67	 12.84±3.89a	 14.68±4.42a,b	 14.339	 <0.001
GLS (%)	 20.95±3.81	 20.17±3.80	 18.66±3.17a,b	   4.794	 0.010
GCS (%)	 34.25±5.29	 33.02±5.10	 31.95±6.17	   1.988	 0.141

LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LVEF, left ventricular ejection fraction; LAV, left 
atrium volume; E/e, ratio of mitral annular early diastolic velocity/mitral orifice early diastolic velocity; GLS, global longitudinal strain; GCS, 
global circumferential strain. aP<0.05, compared to low risk group; bP<0.05, compared to medium risk group.
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increased, vascular elasticity gradually weakened, pulse 
wave velocity increased, which increased the risk of adverse 
cardiovascular events. It was assumed that this was mainly 
due to the stimulation of the vascular intima under the influ-
ence of various risk factors, thereby destroying the vascular 
elastic fibers, causing smooth muscle proliferation, vascular 
remodeling and inflammation, ultimately, leading to the 
above symptoms (20-22). Then the left ventricular function of 
the patients in the experimental group and the control group 
was measured by 3D speckle tracing imaging technology 
that is a 3D spatial quantitative measurement of myocardial 
strain and strain rate, and can reflect the early contraction of 
myocardial fiber in patients (23,24). The results showed that 
the LVEDV, LVESV and LVEF in the experimental group 
were significantly lower than those in the control group, 
while the LAV, E/e, GLS and GCS in the experimental group 
were significantly higher than those in the control group. 
Moreover, further analysis found that LVEDV, LVESV and 
E/e increased with the risk of the disease, while LVEF was 
the opposite. This was because the increase of β reduced 
the reserve of vascular elasticity in the patient, and further 
caused the increase of systolic pressure and the decrease of 
diastolic pressure, therefore, causing myocardial ischemia 
in patients. A study by Agoşton-Coldea et al (25) showed 
that atherosclerosis occlusion in lower extremities is closely 
related to carotid stiffness and left ventricular diastolic 
function. The results of our study showed that there was no 
difference in the incidence of LVEF and GCS between the 
groups, but the incidence of GLS in the low and medium 
risk groups was significantly higher than that in the high risk 
group, and there was no significant difference between low 

and medium risk groups. This suggests that the decrease of 
vascular elasticity does not affect LVEF and GCS, and it is 
only when the patient reaches high risk that the left ventric-
ular GLS endocardial blood perfusion is decreased. At the 
end of the study, the carotid plaque in the experimental group 
was examined, and it was found that there were significant 
differences between the three groups, and with the increase 
of the degree of the disease, the number of detected carotid 
plaques increased significantly.

This study preliminarily proved the difference between 
the carotid artery parameters and left ventricular function in 
healthy subjects and SA patients, and further analyzed their 
relationship in patients with different risk degrees. However, 
there are still some limitations in this study. There may be 
some bias in the data in this study as a retrospective analysis. 
Follow-up analysis was not conducted, the specific adverse 
reactions are not clear. Therefore, clinical randomized 
controlled trials and follow-up studies are needed.

In conclusion, by observing the parameters of carotid 
arteries and left ventricular function, it was found that ultraso-
nography has important clinical value in the early diagnosis of 
SA, and can be widely promoted in clinic.
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