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Abstract 

Object  Patients with type 2 diabetes mellitus (T2DM) are at higher risk of developing atherosclerosis. Previous stud-
ies have analyzed the factors associated with diabetic macrovascular disease, although whether these factors are 
applicable to T2DM patients with carotid atherosclerosis remains unclear. Therefore, the aim of this study was to inves-
tigate the risk factors for the formation of carotid atherosclerotic plaque in hospitalized T2DM patients and to provide 
a theoretical basis for early prevention and treatment of carotid atherosclerosis in these patients.

Methods  A total of 949 patients with T2DM were included in the study. Carotid ultrasound identified 531 patients 
with carotid atherosclerotic plaque. The waist-to-hip ratio (WHR), blood glucose, liver and kidney function, blood lipid 
profile, islet function, and other indicators were measured at the same time to identify the risk factors and predictive 
significance of T2DM carotid plaque.

Results  The proportions of men, diabetes nephropathy (DN) and hypertension in T2DM patients with carotid plaque 
are higher than those without carotid plaque(P < 0.05). Age, duration of diabetes, WHR, Postprandial glucose (PPG), 
lipoprotein (a) [Lip (a)], carcinoembryonic antigen(CEA) and estimated glomerular filtration rate (eGFR) in T2DM 
patients with carotid plaque were higher than those without plaque (P < 0.05). Age, WHR, duration of diabetes, hyper-
tension, males, and Lip (a) were independent risk factors for T2DM patients with carotid plaque. Age, WHR, duration 
of diabetes, and Lip (a) had a higher AUC to predict T2DM with carotid artery plaque (AUC: 0.750, 0.640, 0.678, 0.552 
respectively; P all < 0.001). After constructing the logit (P) value of the above risk factors, the area under the ROC curve 
was 0.816 (0.789–0.842, P < 0.001).

Conclusion  Age, WHR, duration of diabetes, hypertension, males, and Lip (a) levels are the main risk factors 
for the formation of carotid plaque in T2DM patients. Combining the above risk factors provides a better prediction 
of carotid plaque formation in T2DM.
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Introduction
Type 2 diabetes mellitus (T2DM) is a multi-etiological 
metabolic disease characterized by chronic hyperglyce-
mia, which is caused by deficiencies in insulin secretion 
and/or utilization. With the continuous improvement 
of social and economic levels, the prevalence of T2DM 
has increased globally and shows a trend of develop-
ing in younger people [1]. The prevalence rate of dia-
betes is also increasing yearly. In 2018, the prevalence 
of T2DM was 12.4% in a national survey in China, with 
its complications having become an important burden 
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on the health of Chinese people. Macrovascular dis-
ease is not only the main cause of disability in patients 
with T2DM, but also may lead to their death and 
therefore poses a serious threat to the life and health 
of these patients. Atherosclerosis (AS) is the pathologi-
cal basis of complications in large vessels such as the 
coronary arteries, brain, kidney, and lower limb arter-
ies, although it primarily involves the aorta. This may 
lead to coronary heart disease, cerebrovascular events, 
lower limb arteriosclerosis, and occlusive diseases. Car-
diovascular disease (CVD) is the main cause of mortal-
ity in patients with T2DM, with these patients having a 
2–4 times greater risk of CVD events than those with-
out diabetes [2]. Chronic hyperglycemia is known to 
induce the formation of late glycation end products, 
resulting in vascular endothelial damage and decreased 
arterial wall elasticity. Chronic hyperglycemia can also 
lead to lipid metabolism disorders, oxidative stress, 
and inflammation, which form the pathological basis 
of AS. Carotid AS is a recognized marker of subclinical 
AS and a strong predictor of future clinical cardiovas-
cular events [3]. Therefore, it is important to develop 
new methods for the early prediction of macrovascular 
complications in patients with T2DM. T2DM is associ-
ated with a higher risk of carotid plaque formation. The 
aims of this study were to analyze the main risk factors 
for carotid plaque occurrence in hospitalized T2DM 
patients with poor blood glucose control and to provide 
a theoretical basis for early prevention and treatment of 
diabetic great vessel lesions in these patients.

Data and methods
General information
A cross-sectional study was conducted on 949 patients 
with T2DM according to the WHO diagnostic crite-
ria at Shanghai Changhai Hospital from January 2018 
to January 2020. Subjects who met the following diag-
nostic criteria were included in the study: (1) Diagnos-
tic criteria for T2DM: typical symptoms of polydipsia, 
polyuria, polyphagia, and weight loss, in addition to 
any of the following diagnostic criteria. ① fasting blood 
glucose ≥ 7.0 mmol/L; ②75 g glucose tolerance test 2 
hours postprandial blood glucose ≥ 11.1 mmol/L; ③ 
random blood glucose ≥ 11.1 mmol/L. (2) the diagnos-
tic criteria for T2DM patients with carotid plaque was 
identified by carotid ultrasound. Exclusion criteria: (1) 
acute complications such as lactic acidosis or diabetic 
ketoacidosis; (2) type 1 diabetes; (3) secondary diabetes 
mellitus; (4) severe heart, lung, and liver insufficiency; 
(5) mental diseases; (6) severe cerebrovascular diseases; 
(7) neoplasms or diseases of the blood system; (8) acute 
infection.

Detection index and method
Basic clinical data, including sex, age, and diabetes course 
were collected after admission. On the second day after 
admission, patient’s height, weight, waist circumfer-
ence, and hip circumference were measured after an 
overnight fast of 8  h, and then body mass index (BMI) 
and WHR were calculated. Two hours later, i.e. after 
10  h fasting time, the patients underwent a blood test 
and a steamed bread meal test. Blood biochemistry and 
blood lipid profile were measured using an automatic 
biochemical instrument (Hitachi 7020), while insulin 
(F-Ins) and C-peptide (C-P) levels were determined by 
chemiluminescence (Roche). The homeostasis model of 
insulin resistance index was used to evaluate the insulin 
resistance(IR) status of the patients [(fasting blood glu-
cose (mmol/L) × fasting insulin (mIU/L)]/22.5]. Carotid 
plaque was detected by an experienced doctor who was 
blinded to clinical follow-up data using B-mode ultra-
sound (Siemens Medical).

Statistical analysis
The Kolmogorov-Smirnov test was used initially to test 
the normality of the distribution of measurement data. 
Normally distributed data represented by x ± s, while 
non-normally distributed data are expressed as the 
median (lower quartile, upper quartile). Independent 
samples t-test was used for comparison when data dis-
tribution was normal distribution and homogeneity of 
variance, otherwise, Mann-Whitney U test was analyzed. 
Categorical variables (gender, combined hypertension, 
and combined diabetic nephropathy) were described by 
frequency and rate, and were analyzed using the Chi-
square test. Multivariate logistic regression was used to 
determine the odds ratio (OR) values and 95% confidence 
intervals of T2DM with carotid plaque. Receiver operat-
ing characteristic (ROC) curves were constructed and 
the area under the curve (AUC) was calculated to assess 
the predictive power of the independent risk factors. All 
statistical analyses were performed using the SPSS 20.0 
statistical software package. P values < 0.05 were consid-
ered statistically significant.

Results
Clinical and biochemical characteristics
A total of 949 subjects with T2DM were enrolled in the 
study, including 531 T2DM subjects with carotid athero-
sclerotic plaque and 418 T2DM subjects without carotid 
atherosclerotic plaque. As shown in Table 1, patients with 
carotid plaque were older and had a longer duration of 
diabetes (P < 0.001). The proportion of males with carotid 
plaque was significantly higher than that without carotid 
plaque (P = 0.002). WHR, 2-hour postprandial blood 
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glucose (PPG) levels, Lip (a), CEA and estimated eGFR 
in T2DM patients with carotid plaque were higher than 
those without carotid plaque (P < 0.001,except P = 0.006 
for Lip (a) and P = 0.01 for PPG). While the propor-
tion of hypertension and diabetes nephropathy (DN) in 
T2DM patients with carotid patients was significantly 
higher than that those without carotid plaque (P < 0.001) 
(Table 1).

Regression analysis of risk factors for carotid plaque 
in T2DM
We further evaluated variables with different outcomes 
and analyzed their association with the risk of carotid 

plaque formation in T2DM using multivariate analysis. 
The results showed that age, WHR, duration of diabetes, 
hypertension, males, and Lip (a) were independent risk 
factors for T2DM patients with carotid plaque. All these 
variables correlated significantly with the formation of 
carotid plaque ( P all < 0.05) (Table 2; Fig. 1).

ROC curve of carotid plaque formation in type 2 diabetes 
mellitus
ROC curve analysis was performed using patient data to 
evaluate the predictive power of each risk factor. These 
analyses showed that age, WHR, duration of diabetes, 
and Lip (a) had a higher AUC to predict T2DM with 
carotid plaque (AUC: 0.750, 0.640, 0.678, 0.552 respec-
tively; P all < 0.001). According to the results of logistic 
regression, we constructed logit (P) values and analysed 
the ROC curve, which showed that the prediction of 
T2DM with carotid plaque after combining the above 
risk factors had a high AUC (AUC: 0.816; P < 0.001). 
(Figs. 2 and 3).

Discussion
Macrovascular complications are the main cause of 
death and disability in patients with T2DM, with their 
pathological basis being AS. Carotid AS is known to be 
the hallmark of systemic AS and is a strong predictor of 
cardiovascular events. It has been reported that the inci-
dence of carotid plaque correlates significantly with the 
existence of AS, which closely reflects the overall sever-
ity of AS in the vascular system [4–7]. Endothelial injury 
and dysfunction caused by metabolic disorders associ-
ated with diabetes are important causes for initiating and 
promoting AS [8]. In this study, age, sex, WHR, hyper-
tension, diabetic nephropathy, Lip (a), LDL-C, HDL-C, 
HDL-C/LDL-C, residual cholesterol, HbA1c, and the 
HOMA index were evaluated in hospitalized T2DM 
patients The relationship between IR, CEA, CA199, and 
carotid AS and the predictive power of each risk factor 
was evaluated. The results showed that inpatients with 
T2DM had poor blood glucose control with the mean 

Table 1  The clinical and laboratory characteristics of T2DM 
patients with (Plaque group) and without carotid plaque (Non-
plaque group)

BMI body mass index; DN diabetic nephropathy; WHR waist-to-hip ratio; TC total 
cholesterol; TG triglyceride; LDL-C Low density lipoprotein cholesterol; HDL-C 
High-density lipoprotein cholesterol; Lip(a):lipoprotein (a); HbA1c:glycosylated 
hemoglobin; FBG Fasting blood glucose; PPG Postprandial glucose; CEA 
carcinoembryonic antigen; F-ins Fasting insulin; F-CP Fasting C-peptide; 2 h-CP: 
C-peptide 2 h after meal; 2 h-CP C-peptide 2 h after meal

Variables Non-plaque Plaque p value

n 418 531

Male, n (%) 57.42% 67.23% 0.002

Hypertension, n (%) 167(167/418) 367(367/531)  <0.001

DN,n(%) 140(140/418) 229(229/531)  <0.001

Age, years 52.05 ± 12.15 62.32 ± 9.53  <0.001

BMI, kg/m2 25.49 ± 3.78 25.07 ± 3.75 0.088

WHR 0.92 ± 0.07 0.95 ± 0.06 < 0.001

Duration of diabetes, years 6(1,10) 11(5,19) < 0.001

HOMA-IR 4.23 ± 1.76 4.88 ± 1.09 0.218

TC, mmol/L 4.70 ± 1.20 4.85 ± 1.30 0.074

TG, mmol/L 1.96 ± 0.79 1.83 ± 1.26 0.193

LDL-C, mmol/L 2.85 ± 1.03 2.95 ± 1.09 0.141

HDL-C, mmol/L 1.22 ± 0.61 1.20 ± 0.31 0.312

HDL-C/LDL-C 0.48 ± 0.26 0.46 ± 0.24 0.346

Residual cholesterol, 
mmol/L

0.53(0.34,0.84) 0.58(0.38,0.86) 0.129

Lip(a),mg/L 118.16 ± 42.73 145.81 ± 60.97 0.006

FBG,mmol/L 8.70 ± 3.31 8.67 ± 3.54 0.839

PPG,mmol/L 15.74 ± 3.90 16.60 ± 5.74 0.010

Uric acid, umol/L 327.45 ± 94.94 344.22 ± 94.85 0.277

eGFR, ml/min per 1.73m2 109.01 ± 53.20 95.14 ± 29.22 < 0.001

F-CP,ug/L 1.95 ± 0.91 1.99 ± 1.13 0.716

2 h-CP,ug/L 4.23 ± 2.11 4.30 ± 1.84 0.662

F-ins,mIU/L 7.10(4.10,11.95) 7.70(4.10,14.15) 0.126

2 h-ins,mIU/L 31.22 ± 10.46 31.67 ± 12.43 0.904

HbA1c,% 9.35 ± 2.79 9.34 ± 2.23 0.992

CEA,ng/ml 2.35(1.63,3.37) 2.85(1.95,4.23) < 0.001

CA199,U/ml 8.51(4.31,17.05) 9.45(4.96,9.45) 0.120

Table 2  Regression analysis of risk factors for carotid plaque in 
T2DM patients

Variables B OR value 95%CI p value

Age, years 0.092 1.096 1.075–1.117 0.005

WHR(×10) 0.734 2.083 1.627–2.667 < 0.001

Duration of diabetes, years 0.038 1.038 1.014–1.064 < 0.001

Hypertension 0.637 1.892 1.350–2.650 < 0.001

Sex 0.936 2.551 1.781–3.654 < 0.001

Lip(a),mg/L 0.002 1.002 1.001–1.003 0.002
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HbA1c of the two groups being greater than 9%. T-test 
analysis showed that the blood glucose levels 2  h after 
a meal in patients with carotid artery plaque were sig-
nificantly higher than that measured in patients without 
carotid artery plaque. The proportions of either male 
patients with carotid plaque or patients with hyper-
tension were significantly higher in the group without 
carotid plaque. Previous studies have reported that low 
eGFR or high albuminuria are high-risk factors for car-
diovascular events in patients with diabetes [9, 10]. 
Another observational study showed no significant asso-
ciation between eGFR level and atherosclerotic lesions in 
T2DM, although albuminuria was associated closely with 
AS in these patients [11].

The current study showed that eGFR in patients with 
carotid plaque was significantly lower than that in the 
group without carotid plaque, with the proportion 
of urinary microalbumin/creatinine ≥ 30  mg/g in the 
group with carotid plaque being significantly higher 
than that in the group without carotid plaque. However, 

eGFR and high albuminuria were not risk factors for 
carotid plaque after adjustment for confounding fac-
tors. Follow-up studies are therefore needed for further 
analysis of these relationships. We also found that the 
CEA level in the carotid plaque group was higher than 
that in the control group, although to date no correla-
tion between these two variables has been reported. 
The specific mechanism, therefore, needs to be studied 
in greater detail. Multivariate analysis showed that age, 
duration of diabetes, blood pressure, WHR, and Lip (a) 
level were independent risk factors for T2DM patients 
with carotid artery plaque (P < 0.05). HDL is an anti-AS 
plasma lipoprotein and a protective factor of coronary 
heart disease, and is commonly known as a “vascu-
lar scavenger”. In this study, there was no significant 

Fig. 1  Forest map for predicting carotid plaque in T2DM patients

Fig. 2  ROC curve of various risk factors for prediction of T2DM 
patients with carotid plaque

Fig. 3  ROC curve of comprehensive risk factor for prediction of T2DM 
patients with carotid plaque
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difference in HDL-C levels in hospitalized T2DM 
patients. We observed that advanced age was a risk fac-
tor for carotid arteriosclerosis, again emphasizing age 
as a clinical risk factor for ASCVD events [12]. LDL-C 
level has always been the main lipid target for prevent-
ing CVD in patients with T2DM [13]. However, in the 
current study, there was no statistically significant dif-
ference between the two groups, although the mean 
value of LDL-C in patients without carotid plaque was 
close to 2.6 mmol/L while the value in patients with 
carotid plaque was greater than 1.8 mmol/L. From the 
perspective of the latest CDS guidelines, LDL-C com-
bined with carotid plaque does not achieve the goal 
of control. The HDL-C/LDL-C ratio, a CVD predic-
tor, reflects the protective and atherogenic lipopro-
tein balance [14] and is also considered a predictor of 
plaque vulnerability and coronary fatty plaque [15]. 
However, we observed no significant difference in the 
HDL-C/LDL-C ratio between the two groups. There is 
increasing evidence that Lip(a) may be a determinant 
of the risk of residual CVD when LDL-C is controlled 
at standard targets [16]. We, therefore, investigated the 
relationship between plasma Lip(a) levels and carotid 
AS in patients with T2DM. However, there have been 
conflicting results regarding the relationship between 
Lip(a) levels and CVD risk in patients with diabe-
tes, with some studies reporting a positive correlation 
between carotid AS and Lip(a) levels in both the gen-
eral population and patients with diabetes [17], whereas 
some studies have reported no significant correlation 
between the two variables [18]. For example, a large 
prospective study over 10 years showed only a mod-
erately positive or no correlation [19] between Lip(a) 
levels and future CVD in patients with T2DM [20, 
21]. The current study further confirmed the positive 
effect of Lip (a) in promoting carotid plaque formation, 
although the mechanism of this effect requires further 
investigation. Studies have suggested that oxidized 
Lip(a) is related to the promotion of an anti-fibrinolytic 
environment, foam cell formation, generation of fatty 
streaks, and an increase in smooth muscle cells, that 
together promote the formation of AS [22]. However, 
the specific mechanism of this effect needs to be fur-
ther investigated in our follow-up studies. IR has been 
proved to be common before the onset of T2DM and 
plays an important role in the occurrence and develop-
ment of AS [23, 24]. In the current study, no significant 
difference was observed in the HOMA index between 
the two groups, a result inconsistent with the conclu-
sions of previous studies. This difference may be related 
to the non-onset patients and the influence of insulin 
and other drugs used by patients in our study. We also 
found that the WHR correlated strongly with carotid 

plaque load. There is evidence that an increased WHR 
is a key determinant of atherosclerotic burden in over-
weight subjects [25, 26] with studies also showing that 
the ratio is more strongly associated with all-cause 
mortality and incidence of myocardial infarction in 
obese subjects [27] than that of BMI. The pathophysi-
ological association between abdominal obesity and 
CVD remains challenging. Adipocyte hypertrophy may 
be the first marker of mitochondrial dysfunction, which 
may lead to adipose tissue dysfunction and inflamma-
tory response [28]. Previous studies have shown that 
WHR has good diagnostic consistency with abdomi-
nal fat measured by CT [29], although we did not use 
CT scans or whole-body dual energy X-ray absorpti-
ometry to assess abdominal fat in our study. However, 
taken together, the above results show that patients 
with abdominal obesity and T2DM are at greater risk 
of developing AS. At the same time, our analysis found 
that the prediction of T2DM with carotid plaque after 
four risk factors of age, WHR, disease duration and Lip 
(a) was high (AUC: 0.816; P < 0.001).

Large vessel complications caused by AS are the main 
cause of disability and death in patients with T2DM. 
It is generally believed that the pathogenesis of dia-
betic vascular complications is caused by an imbalance 
between injury and endogenous protective factors. A 
variety of endogenous protective factors secreted by 
the endothelium, liver, skeletal muscle, and other tis-
sues are believed to play an important role in counter-
ing diabetic damaging factors and maintaining vascular 
homeostasis. Some molecules, such as irisin and lipins, 
have recently been identified as new protective factors 
against diabetic AS, and the protective effect of HDL 
has also been reinterpreted. Our findings evaluated 
clinically measurable factors that predicted the risk 
of carotid plaque formation. Atherosclerosis is a mul-
tifactorial and complex process involving endothelial 
dysfunction, vascular inflammation, proliferation of 
vascular smooth muscle cells, thrombosis, monocyte 
expansion and differentiation into macrophages, and 
transformation of pathologically resident macrophages 
into foam cells [30].
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