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Abstract: Objective: The purpose of this research was to observe the characteristics of atherosclerosis in diabetic 
patients by ultrasound and analyze the factors influencing the development of atherosclerosis in these patients. 
Methods: Ninety diabetic patients treated in our hospital from January 2019 to December 2019 were enrolled in this 
retrospective analysis. The transcranial Doppler ultrasound (TCD) and carotid ultrasound were used to determine 
the presence of intracranial (stenosis) and extracranial (plaque) atherosclerosis. The differences in characteristics 
of different lesions and risk factors for the development of atherosclerosis were compared. Results: Ultrasound 
examination of the 90 enrolled patients showed that 5 (5.56%) had only intracranial artery stenosis, 30 (33.33%) 
had only extracranial atherosclerosis, 20 (22.22%) had intracranial artery stenosis combined with extracranial ath-
erosclerosis, and 35 (38.89%) had no lesions. The intracranial stenosis rate (27.78%) was significantly higher than 
that of extracranial carotid stenosis or occlusion (2.22%) (P < 0.001). Logistic regression analysis revealed that 
the duration of diabetes mellitus and concomitant hypertension were independent risk factors for intracranial and 
extracranial atherosclerosis (P < 0.05). Compared with the control group, the study group showed reduced carotid 
plaque, decreased inflammatory response, total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) as 
well as elevated high-density lipoprotein cholesterol (HDL-C) (P < 0.05). Conclusion: Diabetic patients have a higher 
incidence of atherosclerosis, which is related to the duration of the diabetes mellitus and concomitant hypertension, 
so the monitoring of these patients needs to be strengthened. In addition, the administration of atorvastatin can 
better improve hyperlipidemia and slow down the development of atherosclerosis.
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Introduction

Diabetes mellitus is an endocrine/metabolic 
disorder caused by insufficient insulin secre-
tion or insulin resistance, characterized by 
chronic hyperglycemia. With the general aging 
of society and the acceleration of lifestyle 
changes, the incidence of diabetes mellitus 
shows an increasing trend. According to a sur-
vey done in 2017, there were about 425 million 
diabetic patients worldwide, of whom 114 mil-
lion are in China, ranking highest in the world. 
Some scholars predict that by 2045, there will 
be 700 million people with diabetes mellitus 
worldwide [1-3].

Intracranial and extracranial atherosclerotic 
lesions are the main causes of ischemic stroke. 
Clinical studies have found that diabetes melli-

tus is a vital risk factor for the development  
of intracranial and extracranial complex lesions; 
if clinical screening and interventions can be 
implemented in the early stages, intracranial 
and extracranial macrovascular lesions will be 
greatly reduced, which is helpful for the treat-
ment of diabetes mellitus [4, 5]. Ultrasound is 
noninvasive and inexpensive. Previous studies 
have pointed out that transcranial Doppler 
ultrasound (TCD) can detect intracranial arteri-
al stenosis in diabetic patients, whereas carotid 
ultrasound can differentiate and diagnose 
carotid atherosclerosis, but there is no relevant 
study on the influencing factors of diabetic  
atherosclerosis [6, 7]. In this study, the ultra-
sonic characteristics of and influencing factors 
for atherosclerosis in 90 diabetic patients were 
analyzed to provide clinical reference for 
improving the prognosis of diabetic patients.
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Materials and methods

General data

In this retrospective study, ninety diabetic 
patients treated in our hospital from January 
2019 to December 2019 were enrolled, includ-
ing 43 males and 47 females, aged 55-80 
years old, with a mean age of (56.5±11.8) 
years, duration of disease from 3 months to 14 
years, and a median duration of (8.29±1.22) 
years. The 90 enrolled patients were divided 
into the intracranial and extracranial athero-
sclerosis group (n=55) and the non-lesion 
group (n=35) according to the presence or 
absence of atherosclerosis. According to a ran-
dom number table method, 35 cases were 
divided into study group and 20 cases were 
divided into control group. The objective was to 
analyze the risk factors of intracranial and 
extracranial atherosclerosis and the effective-
ness of aspirin + atorvastatin intervention.

Inclusion criteria: (1) patients who met World 
Health Organization diagnostic criteria for dia-
betes (1999) [8]; (2) patients who could cooper-
ate with the study; (3) patients with complete 
clinical data; (4) patients aged ≥ 18 years old; 
(5) the study was approved by ethics commit-
tee of the First Affiliated Hospital of Hainan 
Medical University (No. NCT01536847); (6) 
patients who signed an informed consent form.

Exclusion criteria: (1) patients with comorbid 
psychiatric disorders; (2) pregnant or lactating 
women; (3) patients with other severe compli-
cations of diabetes; (4) patients with severe 
hepatic or renal dysfunction; (5) patients with 
poor compliance; (6) patients with lower limb 
amputation; and (7) patients with other severe 
organ dysfunction.

Intervention methods 

Clinical diagnosis of extracranial stenosis or 
plaque: Ultrasonography was performed using 
GE Logiq 9 and PHILIPS iU22 color ultrasound 
Doppler with probe frequency of 5.0-12.0 MHz. 
Diagnosis of plaque: intima-media thickness 
(IMT) ≥ 1.3 mm. Arterial stenosis was defined 
as: diameter reduction was ≥ 50%, and extra-
cranial transcranial stenosis or occlusion was 
included in the plaque group [9]. 

Diagnosis of intracranial stenosis: The degree 
of arterial stenosis was determined by color 
Doppler ultrasonography in 90 diabetic patients 

as follows: ≥ 50 as intracranial arterial steno-
sis, including superior cerebellar artery (SCA), 
bilateral middle cerebral artery (MCA), bilateral 
anterior cerebral artery (ACA), bilateral posteri-
or cerebral artery (PCA), and vertebrobasilar 
artery. After risk factor analysis, 55 patients 
were placed into the study group (N=35) and 
the control group (N=20). All 55 patients were 
administered aspirin (Bayer Healthcare Co. 
Ltd., Approval No. J20130078, Specification: 
100 mg/tablet) 0.1 g/d, and the study gro- 
up was additionally treated with atorvastatin 
(Pfizer Pharmaceuticals Ltd., Approval No. H20- 
051408, Specification: 20 mg/tablet) 20 mg, 
once every night, for 24 weeks.

Blood biochemical indicators: After fasting for 
10-12 h, 10 mL of venous blood was drawn in 
the morning, and 7600-200 Automatic Bio- 
chemical Analyzer (Hitachi Ltd., Tokyo, Japan) 
was used to measure the levels of glycat- 
ed hemoglobin (HbAlc), total cholesterol (TC), 
fasting blood glucose (FBG), triglycerides (TG), 
lipoprotein a, high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cholester-
ol (LDL-C), high-sensitivity C-reactive protein 
(hs-CRP) and interleukin-4 (IL-4) by the meth-
ods of chromatography, electrophoresis, and 
enzyme-linked immunosorbent assay.

Statistical analysis

SPSS 22.0 software was adopted for process-
ing data. The measurement data were expre- 
ssed as (

_
x±s), and the independent- and pa- 

ired- t test was used for inter-group and intra-
group comparison, respectively. The counting 
data were expressed as [n (%)], and chi-square 
test was used for comparisons. The risk factors 
of intracranial and extracranial atherosclerosis 
were analyzed by Logistic regression. P < 0.05 
indicated a statistically significant difference 
[10].

Results

Comparison of medical history and biochemi-
cal indicators

Among the 90 patients, 5 (5.56%) had only 
intracranial artery stenosis, 30 (33.33%) had 
only extracranial atherosclerosis, 20 (22.22%) 
had intracranial artery stenosis combined  
with extracranial atherosclerosis, and 35 
(38.89%) had no lesions. The biochemical  
indicators are shown in Table 1. Among the  
90 patients, 25 (27.78%) had intracranial  
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artery stenosis, which was significantly high- 
er than the proportion of extracranial caro- 

ACA (6/32, 18.75%), and PCA (5/32, 15.63%) 
(Figure 1).

Table 1. Comparison of medical history and biochemical indicators (
_
x±s)/ [n (%)]

Factor
Intracranial 

artery stenosis 
alone (n=5) 

Extracranial carotid 
atherosclerosis alone 

(n=30)

Intracranial artery stenosis  
combined with extracranial 

carotid atherosclerosis (n=20)

No lesions 
(n=35)

Mean age (years) 50.19±4.33 56.54±5.01 60.22±6.50 50.11±4.34
Male 2 (40.00) 16 (53.33) 6 (30.00) 19 (54.29)
Mean duration (years) 6.29±1.11 9.98±2.11 14.01±1.21 6.23±0.98
Hypertension 4 (80.00) 18 (60.00) 10 (33.00) 6 (17.14)
Hyperlipidemia 1 (20.00) 8 (26.67) 8 (40.00) 10 (28.57)
Smoking 2 (40.00) 7 (23.33) 4 (20.00) 14 (40.00)
Alcohol consumption 1 (20.00) 4 (13.33) 2 (10.00) 11 (31.43)
FBG (mmol/L) 10.11±2.12 8.12±1.29 7.21±1.29 8.39±1.09
HbAlc (%) 9.08±1.22 8.13±1.21 9.02±1.11 9.24±0.98
TC (mmol/L) 4.89±0.87 5.30±1.11 5.23±0.98 4.78±0.79
HDL-C (mmol/L) 1.13±0.21 1.23±0.29 1.31±0.43 1.13±0.23
LDL-C (mmol/L) 3.03±0.89 3.29±0.91 3.08±0.78 3.02±0.87
TG (mmol/L) 1.77±0.21 1.54±0.19 1.41±0.21 1.34±0.19
Lipoprotein a (mg/L) 150.12±20.11 134.28±10.89 311.18±9.98 111.29±10.22

Figure 1. Comparison of arterial stenosis between different groups of patients. A: The incidence rate of intracranial 
and extracranial arterial stenosis; B: The stenosis rate of different intracranial arteries. #represents statistically sig-
nificant difference in the same index between groups P < 0.05. Chi-square test was applied.

Figure 2. Comparison of medical history and biochemical indicators between 
the intracranial and extracranial atherosclerosis group and the non-lesion 
group. #indicates statistically significant difference in the same index be-
tween groups, P < 0.05. t test and chi-square test were used.

tid stenosis or occlusion (2/ 
90, 2.22%) (χ2=23.05, P < 
0.001). The most frequently 
involved intracranial artery 
was MCA (16/90, 17.78%), 
with a total of 32 cas- 
es (35.56%) presenting with 
extracranial carotid plaque  
or stenosis and 32 cases  
presenting with stenotic ar- 
teries in intracranial TCD 
examination, among which 
MCA accounted for the hi- 
ghest proportion (16/32, 
50.00%), followed by SCA 
(14/32, 43.75%), vertebro-
basilar artery (7/32, 21.88%), 
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Comparison of medical history and biochemi-
cal parameters between the intracranial and 
extracranial atherosclerotic lesion group and 
the non-lesion group

The enrolled patients were divided into intra-
cranial and extracranial atherosclerosis group 
and non-lesion group according to the pres-
ence or absence of atherosclerosis, and the 
disease history and biochemical data were 
compared between the groups. The results 
showed that the mean age, mean duration of 
diabetes mellitus, and incidence of combin- 
ed hypertension in the intracranial and extra-
cranial atherosclerosis group were significantly 
higher than those in the non-lesion group (P < 
0.05), whereas the difference between groups 
was not statistically significant in terms of gen-
der, history of hyperlipidemia, smoking, and 
blood biochemical parameters (P > 0.05) 
(Figure 2).

Logistic regression analysis of risk factors for 
intracranial and extracranial atherosclerosis

Logistic regression analysis was performed by 
backward stepwise method using mean age, 
mean duration of diabetes mellitus, and his- 
tory of combined hypertension as variables. 
Multifactorial analysis showed that the dura-
tion of diabetes mellitus and the history of com-
bined hypertension were independent risk fac-
tors for extracranial atherosclerosis (P < 0.05) 
(Table 2). 

Changes in lipid levels before and after treat-
ment in the study and control groups

The levels of TC, TG, HDL-C and LDL-C in the two 
groups before treatment were not statistically 
significant (P > 0.05). The levels of TC, TG, and 
LDL-C were significantly decreased, whereas 
the levels of HDL-C were significantly increased 
in the study and control groups after treatment 
compared with those before treatment (P < 
0.05). The study group also showed significant-
ly lower levels of TC, TG, and LDL-C and signifi-
cantly higher levels of HDL-C compared with the 
control group after treatment (P < 0.05) (Figure 
3).

Comparison of serum inflammatory factors 
between the study group and the control group

The serum levels of hs-CRP and IL-4 showed no 
significant difference between the two gro- 
ups before treatment (P > 0.05). Both groups 
showed a significant decrease in the levels of 
hs-CRP and IL-4 after treatment (P < 0.05). The 
levels of the above indicators were lower in the 
study group than in the control group after 
treatment (P < 0.05) (Figure 4).

Comparison of carotid atherosclerotic plaque 
and IMT between the study group and the con-
trol group

Before treatment, the detection rate of carotid 
atherosclerotic plaque was 17 (37.78%) in the 
study group and 15 (33.33%) in the control 

Table 2. Logistic regression analysis of risk factors for intracranial and extracranial atherosclerotic 
lesions
Factor AUC OR SE β 95% CI P
Mean age 0.6667 0.989 0.084 0.039 0.5021-0.8312 0.0645
Mean duration of diabetes 0.7807 1.096 0.078 0.098 0.6279-0.9335 0.011
History of hypertension 0.8843 3.671 0.050 0.089 0.7868-0.9818 < 0.0001

Figure 3. Changes in blood lipid levels before and after treatment between the study group and the control group. 
A: The levels of TC, TG, HDL-C and LDL-C before treatment; B: The levels of TC, TG, HDL-C and LDL-C after treatment. 
#indicates statistically significant difference in the same index between groups, P < 0.05. t test was used.
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group, and IMT was (1.45±0.21) mm in the 
study group and (1.46±0.19) mm in the con- 
trol group, exhibiting no significant difference  
(P > 0.05). After treatment, the study group 
exhibited significantly lower detection rate of 
carotid atherosclerotic plaque [4 (8.89%) vs. 
11 (24.44%)] and smaller IMT [(1.18±0.12) mm 
vs. (1.37±0.14) mm] than the control group (P < 
0.05) (Figures 5 and 6).

Discussion

The incidence of diabetes mellitus has shown  
a year-on-year increase with the changes in 

dietary habits and lifestyles, and it has become 
a major disorder affecting populations world-
wide [11, 12]. It has been found in clinical prac-
tice that long-term hyperglycemia can cause 
lesions in eyes, kidneys, and nerves, with a 
higher probability of dysfunction [13, 14]. 
Therefore, early detection and implementa- 
tion of interventions are recommended in dia-
betic patients. Macroangiopathy is one of the 
common complications of diabetes mellitus, 
and it is clinically found that hyperglycemia, 
insulin resistance, abnormal lipid metabolism, 
impaired coagulation mechanisms, endothelial 
injury, and inflammation may be closely associ-
ated with this process [15, 16]. It has also been 
noted that diabetic patients have elevated 
blood viscosity and fibrinogen levels, leading to 
slow blood flow and predisposing them to 
thrombosis and vascular complications [17, 
18].

In this study, 55 of the enrolled patients were 
found to have intracranial and extracranial  
atherosclerosis or stenosis, of which 20 
(22.22%) had intracranial arterial stenosis 
combined with extracranial atherosclerosis, 
which was similar to the findings of other schol-
ars [19]. Previous studies have confirmed that 
patients with diabetes mellitus can develop 
lipid metabolism disorders and chronic inflam-

Figure 4. Comparison of serum inflammatory fac-
tors between the study group and the control group. 
A: The serum levels of hs-CRP and IL-4 in control 
group; B: The serum levels of hs-CRP and IL-4 in 
study group; C: The intergroup comparison of serum 
levels of hs-CRP and IL-4 after treatment. #indicates 
statistically significant difference in the same index 
between groups, P < 0.05. t test was used.

Figure 5. Comparison of carotid atherosclerotic 
plaque and IMT between the study group and the 
control group before and after treatment. #indicates 
statistically significant difference in the same index 
between groups, P < 0.05. t test was used.



Study of atherosclerosis in diabetic patients

3118 Am J Transl Res 2022;14(5):3113-3120

matory lesions in the early stage, and are  
more prone to vascular wall calcification, which 
has been proved to be an important cause of 
atherosclerosis compared with non-diabetic 
patients [20]. We believe that long-term hyper-
glycemia may affect the wall thickness and 
elasticity of the common carotid artery, whi- 
ch may be related to hyperglycemia-induced 
inflammatory response in vivo, leading to ex- 
cessive secretion of inflammatory factors and 
irritation to the vascular endothelium [21].  
The results of this study suggested that more 
than half of diabetic patients had carotid ath-

erosclerosis or stenosis, indicating that diabet-
ic patients had a higher chance of developing 
stroke than normal people, thus the monitoring 
of diabetic patients with atherosclerotic lesions 
should be strengthened to prevent adverse 
events. 

This study also analyzed risk factors for intra-
cranial atherosclerosis in diabetic patients,  
and the results showed that the mean duration 
of diabetes and combined hypertension were 
independent risk factors for intracranial and 
extracranial atherosclerosis. This has also 

Figure 6. Changes of carotid atherosclerotic plaque in the two groups before and after treatment. In the study group, 
the common carotid plaque was obvious before treatment (A), and was significantly alleviated after treatment (C). 
In the control group, the common carotid plaque was obvious before treatment (B), and was alleviated after treat-
ment (D).
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been mentioned in the work of other research-
ers who have concluded that vascular disease 
in diabetic patients is a lengthy process and 
that vascular damage is gradually aggravated 
with the disease progression [22]. Some schol-
ars conducted a long-term follow-up study on 
1000 patients with carotid artery ultrasound 
and found that the increase rate of IMT value in 
diabetic patients was twice that of non-diabetic 
patients, confirming that diabetes accelerates 
the progression of carotid atherosclerosis [23]. 
However, some scholars believe that diabetes 
mellitus is not an independent risk factor for 
MCA stenosis, which remains controversial 
[24]. In this study, we conducted logistic regres-
sion analysis and found that the duration of dia-
betes and combined hypertension were inde-
pendent risk factors for intracranial and extra-
cranial atherosclerosis, which may be related 
to the fact that long-term hyperglycemia aggra-
vates endothelial injury and accelerates the 
accumulation of plaque at the site of endothe-
lial injury. 

This study also revealed that the combination 
of aspirin and statins could reduce lipid-related 
indicators and improve the inflammatory sta-
tus. The underlying mechanism may be that 
statins can improve vascular endothelial func-
tion, inhibit smooth muscle proliferation and 
suppress inflammatory responses, in addition 
to their lipid-regulating effects [25]. Statins 
have also been shown to be effective in slowing 
the progression of carotid atherosclerosis and 
coronary arteries and reducing the incidence of 
cardiovascular events, similar to the study of 
Gao H et al [26]. 

In conclusion, diabetic patients have a higher 
incidence of carotid atherosclerosis which is 
related to the duration of the disease and 
hypertension, so such patients should be moni-
tored more intensively, and the administration 
of atorvastatin can better improve the hyperlip-
idemia of patients and slow down the develop-
ment of atherosclerosis. This study analyzed 
the ultrasound characteristics of diabetic carot-
id atherosclerosis and listed related risk fac-
tors with detailed and reliable data, providing a 
reference for improving diabetic carotid athero-
sclerosis, which has certain innovation. The 
main shortcomings of this study are the lack of 
a large sample multicenter study and long-term 
follow-up.
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