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Abstract: Objective: This study aimed to measure the incidence rates and detect the pathological characteristics 
of intracranial and extracranial atherosclerosis using color Doppler ultrasound in elderly patients with type 2 dia-
betes mellitus (T2DM). Methods: A total of 96 T2DM patients without cerebral ischemia diagnosed in our hospital 
were selected and divided into the observation group (n = 47, receiving atorvastatin) and control group (n = 49, 
receiving placebo). Sound Doppler ultrasound and carotid ultrasound were performed to detect the pathological 
characteristics of intracranial atherosclerosis (stenosis analysis), extracranial atherosclerosis and carotid artery 
plagues followed by the analysis of influencing factors on T2DM patients. The blood lipid levels, vascular endothelial 
function, carotid artery intima-media thickness (IMT) and detection rates of carotid atherosclerotic plaque before 
and after treatment in the two groups were recorded. Results: The detection rates of isolated intracranial or ex-
tracranial atherosclerosis were 8.34% and 35.41% respectively; the detection rates of intracranial atherosclerotic 
stenosis with extracranial atherosclerosis and combined intracranial and extracranial atherosclerosis were 16.67% 
and 58.34% respectively; the incidence rates of cerebral artery stenosis were 17.0%, accounting for 58.5% of all 
arterial stenosis. The number of cases for extracranial atherosclerosis, stenosis, and plaque was 47 (48.95%). The 
leading causes of intracranial and extracranial atherosclerosis were shown to be diabetes and hypertension from 
logistic regression analysis; the sizes of carotid atherosclerotic plaques were reduced, the vascular endothelial func-
tion was significantly improved, TC and LDL-C levels were significantly decreased, and HDL-C levels were significantly 
increased after treatment (P < 0.05). Conclusion: All T2DM patients diagnosed with out cerebral ischemia after 
hospitalization were shown to have carotid artery atherosclerosis, and the main risk factor of carotid atherosclerosis 
was the combination of hypertension and diabetes. Treatment with atorvastatin can improve vascular endothelial 
function and delay the progression of atherosclerosis in patients. 
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Introduction

With the improvement of living standards in 
recent years, the incidence rates of diabetes 
mellitus (DM) has significantly increased, and 
1/4 to 1/2 of all patients have a family history 
[1]. DM can lead to chronic complications that 
affect many organ systems, which critically en- 
danger the life and health of the patients. Ac- 
cording to the Guidelines for the Prevention  
and Treatment of Type 2 Diabetes in China 
(2017 edition), the incidence rates of T2DM in 
adults is as high as 10.4% and the incidence 
rates in patients ≥60 years old are 20% [2].  
The increase of blood glucose levels in DM 

patients led to abnormalities in cardiomyocy- 
tes, resulting in cardiac hypofunction and indu- 
ced heart failure, which seriously affects the 
quality of lives in DM patients [3]. Diabetes is 
classified into type 1 and type 2 based on the 
different pathologies of islet cells. T2DM is  
also known as adult-onset diabetes in clinical 
practice and accounts for more than 90% of  
all types of diabetes [4]. Studies have found 
that macroangiopathy is the leading cause of 
mortality and disability in T2DM patients. Early 
detection of macroangiopathy and prompt  
clinical treatment can effectively reduce the 
incidence rates of disability and mortality in 
patients [5]. With the continuous development 
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of ultrasonic technology in recent years, the 
application of ultrasonic detection of carotid 
atherosclerosis has been widely used in clini- 
cal practice. Color Doppler ultrasound is frequ- 
ently used in clinics for detecting intracranial 
and extracranial atherosclerosis. The results of 
a clinical study on 90 patients with suspected 
carotid atherosclerosis showed that the diag-
nostic accuracy and sensitivity of color Dop- 
pler ultrasound in carotid atherosclerosis were 
as high as 98.16% and 89.11%, respectively 
[6]. However, there are few reports on its com-
bination with carotid ultrasound to detect in- 
tracranial and extracranial atherosclerosis in 
patients with T2DM. Some studies have indi-
cated that atorvastatin has a significant effect 
in the treatment of atherosclerosis by re- 
ducing platelet aggregation, regulating blood 
lipid levels, and improving vascular endothelial 
function [7]. In this study, 96 patients diag-
nosed with T2DM in our hospital were selected 
as research subjects, and the characteristics  
of lesions and disease distribution were ana-
lyzed by color Doppler ultrasound combined 
with carotid ultrasound, in order to provide cli- 
nical reference for improving the prognosis of 
such patients. 

Material and methods 

Clinical material

A total of 96 patients diagnosed with type 2 
diabetes in our hospital from May 2018 to May 
2019 was selected, including 52 males and 44 
females, aged 55-80 years old with an average 
age of (86.5±11.8) years old. The patients had 
a disease duration of 3-35 years with a median 
disease duration of 5.6 years. The included 
patients all met the 1999 diagnostic criteria of 
the World Health Organization (WHO) [8]. All the 
96 patients did not have transient ischemic 
attack (TIA) or histories of ischemic stroke. 
Among the 96 patients, 33 patients had hyper-
lipidemia (34.37%), 22 patients consumed 
alcohol (22.92%), 52 patients had hyperten-
sion (54.16%), and 30 patients smoked ciga-
rettes (31.25%). The patients were notified of 
this study and signed an informed consent dur-
ing the carotid artery ultrasound and color 
Doppler ultrasound. Exclusion criteria: Patients 
with severe anemia, congestive heart failure, 
hyperthyroidism, and poor detection results of 
TCD Doppler ultrasound through the trans-tem-
poral window were excluded. This study was 

approved by The First Affiliated Hospital of 
Hainan Medical University.

Diagnostic methods 

Clinical diagnosis of extracranial carotid steno-
sis or plaque: The GE Logiq 9 ultrasound sys-
tem and Philips iU 22 color doppler ultrasound 
were used, with the transducer frequencies of: 
5.0-12.0 MHz. Diagnosis of plaque: a focal 
thickening with Intima-media thickness (IMT)  
of ≥1.3 mm. Definition of arterial stenosis: the 
arterial stenosis was defined as ≥50% diame-
ter reduction. The cases of extracranial carotid 
stenosis or arterial occlusion with the plaque 
were counted. 

Diagnosis of intracranial arterial stenosis: The 
degree of arterial stenosis in 96 T2DM pati- 
ents was determined from color Doppler ultra-
sound, and ≥50 was considered as intracranial 
artery stenosis. The intracranial arteries invol- 
ved in stenosis were: bilateral superior cerebel-
lar artery (SCA), bilateral basilar artery (BA), 
bilateral middle cerebral artery (MCA), bilateral 
anterior cerebral artery (ACA), and bilateral pos-
terior cerebral artery (PCA). After risk factor 
analysis, 96 patients were divided into an ob- 
servation group of 47 patients and a control 
group of 49 patients. All patients were on 0.1 
g/d aspirin. The observation group was given 
20 mg atorvastatin once, every night and the 
control group was given placebo with identical 
dosing. The treatment lasted for 24 weeks. 

Measurement of various blood biochemistry 
parameters: Venous blood samples were taken 
from the hospitalized patients who were in a 
fasted state for 10-12 hours and were collect-
ed in the morning, and the glycated hemoglobin 
(HBAlc) level, total cholesterol (TC) level, fasting 
blood glucose (FBG) level, triglyceride (TG) level, 
apolipoprotein a level, high density lipoprotein 
cholesterol (HDL-C) level, and low density lipo-
protein cholesterol (LDL-C) level in patients 
were measured using a biochemical sensor. 

Statistical methods 

The data statistical analysis was performed 
using SPSS 13.0 software. The measurement 
data were expressed as x ± sd and assessed  
by t tests; the median value of minimum-maxi-
mum was used for measurement data with 
skewed distribution and assessed by Mann-
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Whitney U test. The count data were expressed 
by frequency and percentage and assessed by 
chi-squared test. The related parameters of 
intracranial and extracranial atherosclerosis 
were analyzed by backward stepwise multiple 
logistic regression, with P < 0.05 considered as 
statistically significant. 

Results

Distribution characteristics and incidence 
rates of intracranial and extracranial athero-
sclerosis 

The detection rates of intracranial and extra-
cranial atherosclerosis in T2DM patients were 
58.34% (56/96), with isolated intracranial ar- 
tery stenosis of 6.25% (6/96), isolated extra-
cranial atherosclerosis was 35.41% (34/96), 
and intracranial atherosclerotic stenosis with 
extracranial atherosclerosis was 16.67% (16/ 
96). No intracranial or extracranial atheroscle-
rosis was detected in 40 T2DM patients via 
TCD and carotid ultrasound examination (Table 
1). The detection rate of intracranial artery  
stenosis and extracranial atherosclerosis or 
stenosis was 23.95% and 3.20% (X2 = 16.68,  
P < 0.01) respectively; the detection rate of 
MCA atherosclerosis was 16.67% (16/96); the 
detection rate of extracranial carotid plaque or 
stenosis was 48.95% (47/96); the detection 
rate of atherosclerosis in vertebral and basilar 

arteries was 5.20% (5/96) which was signifi-
cantly lower than that in intracranial internal 
carotid arteries that were 20.83% (20/96)  
(X2 = 10.40, P < 0.01) (Figure 1). 

Comparison of blood biochemistry and basic 
data between groups with and without intra-
cranial and extracranial carotid atherosclero-
sis 

Significantly fewer T2DM patients in the non-
disease group were found to have the coexis-
tence of diabetes and hypertension compared 
to the group with intracranial and extracranial 
carotid atherosclerosis, and the difference is 
statistically significant (P < 0.05). Differences 
in parameters such as age, gender, hyperlipid-
emia, smoking, FBG, HbAlc, TC, HDL-C, LDL-C, 
TG, and lipoprotein levels had no statistical sig-
nificance (P > 0.05) (Table 2). 

Multiple logistic regression analysis 

Variable risk factors such as gender, course of 
the disease, hyperlipidemia, disease course of 
diabetes, smoking, alcohol consumption in 96 
patients were included in the backward step-
wise logistic regression analysis. Logistic re- 
gression analysis indicated that the combina-
tion of hypertension and diabetes was the main 
risk factor of intracranial and extracranial caro- 
tid atherosclerosis (Table 3). 

Table 1. The blood biochemistry of included patients and comparison of the clinical data (x ± s)/[n 
(%)]

Factors 
Isolated  

intracranial  
arterial stenosis

Isolated  
extracranial carotid 

atherosclerosis

Intracranial arterial 
stenosis with extracranial 

carotid atherosclerosis
Non-disease

Cases 6 34 16 40
Age (years old) 49.2±10.3 57.8±9.0 64.9±6.4 51.3±13.2
Male (cases, %) 4 (66.67) 18 (54.5) 6 (37.50) 24 (60.00)
Course of diabetes (years) 7 (0-17) 10 (3-35) 14 (7-30) 6 (0-30)
Hypertension (cases, %) 6 (100.00) 20 (60.6) 12 (75.00) 15 (37.50)
Hyperlipidemia (cases, %) 2 (33.33) 9 (27.3) 9 (56.25) 12 (30.00)
Smoking (cases, %) 2 (33.33) 8 (24.2) 5 (31.25) 16 (40.00)
Alcohol consumption (cases, %) 2 (33.33) 5 (15.2) 2 (12.50) 12 (30.00)
FBG (mmol/L) 10.2±3.4 8.1±2.5 7.4±2.3 8.5±3.0
HbAlc (%) 9.1 (5.8-11.6) 8.3 (6.0-11.8) 9.2 (5.8-12.3) 9.5 (6.2-14.3)
TC (mmol/L) 4.93±1.31 5.32±1.41 5.30±1.46 4.79±1.04
HDL-C (mmol/L) 1.12±0.26 1.24±0.35 1.31±0.37 1.18±0.27
LDL-C (mmol/L) 3.06±0.99 3.34±0.98 3.09±1.10 3.03±0.90
TG (mmol/L) 1.77 (1.38-5.96) 1.55 (0.59-12.10) 1.41 (0.50-23.30) 1.38 (0.47-6.83)
Lipoprotein (mg/L) 150 (34-306) 134 (17-1659) 315 (13-730) 111 (5-704)
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Change in blood lipid levels in two groups 
before and after treatment 

The difference in TC, TG, HDL-C, and LDL-C lev-
els between the observation group and the 
control group before the treatment was not sta-
tistically significant (P > 0.05). The difference in 
TC, TG, HDL-C and LDL-L levels between obser-
vation group and control group after treatment 
was statistically significant (P < 0.05) (Figure 
2). 

The change in vascular endothelial function 
before and after treatment in both groups 

The difference in basal diameter of brachial 
artery, the change ratio of inner diameter after 
reactive hyperemia, and the change ratio of 
inner diameter after nitroglycerin intake bet- 
ween observation group and control group be- 
fore treatment was statistically significant (P > 
0.05). All parameters except basal diameter of 
the brachial artery were improved in both ob- 
servation and control group after treatment, 
while the improvement in the observation group 
was more significant compared to that in the 
control group (P < 0.05) (Figure 3). 

The detection rate of carotid atherosclerotic 
plaque and IMT in two groups after treatment 

The difference in the detection rate of carotid 
atherosclerotic plaque and IMT between ob- 
servation and control group before treatment 

and angiographic analysis [10]. Currently, color 
Doppler ultrasound and magnetic resonance 
angiography are adopted for the diagnosis of 
arterial stenosis with high specificity and sen- 
sitivity [11]. Studies have indicated that the 
incidence rates of intracranial and extracranial 
stenosis in T2DM patients were 23.95% and 
3.20% respectively, and 50% of the patients 
were found to have intracranial and extracrani-
al atherosclerosis [12]. Many clinical research-
ers believed that the main cause of cerebral 
stroke is related to diabetes. However, the cor-
relation between the development of cerebral 
stroke and intracranial and extracranial athero-
sclerosis is controversial [13]. Related studies 
have showen that diabetes is not the main risk 
factor of MCA stenosis [14, 15]. Studies have 
indicated that the increase rate of IMT in dia-
betic patients was more than twice of that in 
non-diabetic patients, which confirmed that 
diabetes could lead to accelerated carotid ath-
erosclerosis [12]. 

Some studies have found that there was a  
correlation among the incidence rates of the 
carotid artery, the left anterior descending 
artery, and the brachial artery [16]. Besides, 
the vascular endothelial function of brachial 
artery could effectively indicate the degree of 
atherosclerosis, and significant morphological 
transformation could be observed in IMT dur- 
ing the development of atherosclerosis. The 
ultrasound examination indicated that there 

Figure 1. Comparison of clinical data between two groups of patients. The 
difference in the age and gender among patients with no atherosclerosis, 
isolated extracranial carotid atherosclerosis, intracranial arterial stenosis 
with extracranial carotid atherosclerosis, and isolated intracranial arte-
rial stenosis was not statistically significant (P > 0.05); in the non-disease 
group, the incidence rates of diabetes combined with hypertension were 
lower than that of isolated extracranial carotid atherosclerosis, intracranial 
arterial stenosis with extracranial carotid atherosclerosis, and isolated in-
tracranial arterial stenosis (P < 0.05). The difference in other indexes had 
no statistical significance (P > 0.05).

was not statistically significant 
(P > 0.05). The detection rate 
of carotid atherosclerotic pla- 
que in the observation group 
after treatment was signifi-
cantly lower than that in the 
control group (P < 0.05), and 
the detection rate of IMT was 
lower than that in the control 
group (P < 0.05) (Figure 4). 

Discussion

Many brain regions in diabetic 
patients are prone to macroan-
giopathy [9]. Prior studies have 
shown that there was a signifi-
cant difference in the distri- 
bution of intracranial and ex- 
tracranial atherosclerosis in 
T2DM patients via pathologic 
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was a significant correlation between IMT/
plaque and atherosclerosis [17]. Studies have 
discovered statins could significantly lower 
blood lipid levels, improve vascular endothelial 
function, inhibit smooth muscle proliferation, 
and inhibit inflammatory reactions [18]. Stu- 
dies have found that statins could effectively 

intima in diabetic patients was significantly 
higher than that in normal elderly subjects, and 
the plaque detection rate of diabetic patients 
was significantly increased, suggesting that 
diabetes had a significant impact on the for- 
mation of atherosclerotic plaques [20]. The dif-
ference in the results of this study could result 

Table 3. Multiple logistic regression analysis of risk factors of 
atherosclerosis in type 2 diabetes

Factors OR 
value

95% confidence interval
P value

Lower limit Upper limit
Course of diabetes 1.098 1.022 1.179 0.013
Combined with hypertension 3.685 1.452 9.355 0.006

Table 2. Comparison of medical history and blood biochemical indexes between disease and non-
disease group (x ± s)/[n (%)]

Factors Intracranial and extracranial carotid 
atherosclerosis group (n = 56)

Non-disease group  
(n = 40) t/X2 P value

Age (years old) 58.61±9.81 51.13±13.12 3.197 0.002
Male (cases, %) 28 (50.00) 24 (60.00) 0.94 0.332
Course of diabetes (years) 11.21±0.34 6.45±0.98 33.679 < 0.001
Hypertension (cases, %) 38 (67.86) 15 (37.50) 8.696 0.003
Hyperlipidemia (cases, %) 20 (35.71) 12 (30.00) 0.343 0.558
Smoking (cases, %) 15 (26.78) 16 (40.00) 1.864 0.172
Alcohol consumption (cases, %) 9 (16.07) 12 (30.00) 2.649 0.104
FBG (mmol/L) 8.01±2.61 8.51±3.01 0.868 0.388
HbAlc (%) 8.91±0.81 9.67±0.45 5.367 < 0.001
TC (mmol/L) 5.27±1.39 4.79±1.04 1.845 0.068
HDL-C (mmol/L) 1.24±0.35 1.18±0.27 0.908 0.366
LDL-C (mmol/L) 3.24±1.00 3.03±0.90 1.057 0.293
TG (mmol/L) 1.55±0.31 1.38±0.21 3.008 0.003
Lipoprotein (mg/L) 164.48±20.19 111.28±10.29 15.394 < 0.001

Figure 2. Comparison of changes in blood lipid levels before and after treat-
ment in the two groups. After treatment, the levels of TC, TG, HDL-C, and 
LDL-C in observation group were significantly higher than those in control 
group, and the difference is statistically significant (P < 0.05); # indicates 
statistical differences in the same index between the groups.

delay the progression of carot-
id and coronary artery athero-
sclerosis, and reduce the inci-
dence rates of cardiovascular 
events [19]. 

In this study, different groups 
were established to analyze 
the characteristics of carotid 
atherosclerosis ultrasonogra-
phy in diabetic patients, and 
results revealed that the inci-
dence rates of intracranial and 
extracranial atherosclerosis in 
the disease group were signifi-
cantly higher than that in the 
non-disease group, and diabe-
tes was an independent factor 
causing intracranial and extra-
cranial carotid atherosclerosis. 
In a comparative study of 50 
cases of elderly diabetes pa- 
tients with carotid atheroscle-
rosis and 50 cases of healthy 
elderly individuals, it was found 
that the thickness of carotid 
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from varied regulation of blood 
glucose level in patients. The 
HbAlc level was 9.4% in non-
disease group and 8.8% in dis-
ease group, which indicated 
that poor regulation of HbAlc 
could increase the incidence 
rates of intracranial and ex- 
tracranial atherosclerosis in 
diabetic patients. This study 
found that the percentage of 
patients with hypertension in 
the non-disease group was 
38.5%, which was significantly 
lower than that (69.5%) in the 
disease group with intracran- 
ial and extracranial atheroscle-
rosis (P < 0.0). A study also 
found that age is negatively 
correlated with the incidence 
rates of intracranial and ex- 
tracranial atherosclerosis in 
T2DM patients, and hyperten-
sion is the main influen- 
cing factor causing intracranial 
and extracranial atherosclero-
sis [21]. There are many clini-
cal studies on the risk factor 
analysis of intracranial and 
extracranial atherosclerotic le- 
sions. A retrospective analysis 
of 894 patients with intracra-

nial and extracranial atherosclerosis showed 
that hypertension, hyperglycemia, advanced 
age, and high-fat diet were all risk factors for 
intracranial and extracranial atherosclerosis, 
among which hypertension and hyperglycemia 
were independent risk factors, suggesting 
close attention needs to be paid to such pa- 
tients clinically [22]. This study indicated that 
the size of the carotid plaques in all patients 
significantly reduced after 24 weeks of treat-
ment with atorvastatin, and the IMT was signifi-
cantly reduced after the treatment. This indi-
cated that atorvastatin could effectively delay 
the progression of atherosclerosis in patients. 
This is consistent with the research results of 
other scholars. It has proved that atorvastatin 
is a commonly used lipid-lowering drug in clini-
cal practice, which can inhibit the activity of 
HMG-CoA reductase, thereby reducing the syn-
thesis of cholesterol in individuals and ulti-
mately reducing the level of lipid [23]. Other 
studies indicated that atorvastatin was ab- 
sorbed orally rapidly and inhibited the HMG-

Figure 3. Comparison of vascular endothelial function between the two 
groups after treatment. After treatment, the change ratio of inner diameter 
after reactive hyperemia and the change ratio of inner diameter after nitro-
glycerin intake in the observation group were significantly higher than those 
in the control group, and the difference is statistically significant (P < 0.05). 
There was no statistically significant difference in the basic diameter of the 
brachial artery before and after treatment between two groups (P > 0.05). 
# indicates that the difference of the same index is statistically significant 
compared with the control group.

Figure 4. The change ratio in atherosclerotic plaque 
and IMT in two groups after treatment. The detec-
tion rate of plaque after treatment in observation 
group was 42.55% (20/47). The incidence rate of 
control after treatment in control group was 61.22% 
(30/49), and the difference is statistically signifi-
cant (X2 = 4.12, P < 0.05). The IMT was 1.18±0.12 
(mm) in the observation group after treatment and 
1.37±0.14 (mm) in control group after treatment (X2 
= 5.56, P < 0.05). # indicates that the difference is 
statistically significant compared with the control 
group.
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CoA reductase for up to 30 h, showing a rela-
tively obvious efficacy, which was consistent 
with the results of this study [24].

In conclusion, 50% of the T2DM patients with-
out cerebral ischemia had intracranial and ex- 
tracranial atherosclerosis, and the incidence 
rates of intracranial carotid plaque were higher 
than that of T2DM with hypertension. The inci-
dence rates of intracranial carotid stenosis 
were higher than that of extracranial carotid 
stenosis, and the SCA and MCA in intracranial 
arteries had high incidence rates. As a result, 
early detection with carotid ultrasound and 
color Doppler ultrasound can result in early 
intervention, which can delay the progression 
of intracranial and extracranial atherosclero- 
sis, reduce the incidence rates of cerebral  
ischemia and, improve the long-term quality of 
life for diabetic patients. The innovation of this 
study is to select patients with different types 
of carotid atherosclerosis as the research sub-
jects, and quantify the differences in ultra-
sound indications of patients with different 
lesions through comparative analysis. At the 
same time, the ultrasound indications of pati- 
ents with atherosclerosis in different courses 
were analyzed and compared before and after 
treatment, which has a high reference value. 
The limitation of this study lies in the selection 
of fewer types of atherosclerotic lesions and 
limited coverage. In the next step, a clinical 
study with a larger sample size and more com-
prehensive diseases will be carried out.
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