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Abstract: The status and risk factors for atherosclerosis (AS) were investigated and the sensitivity and accuracy of existing 

examine methods of AS were evaluated in patients with diabetes mellitus(T2DM). Ninety nine patients who diagnosed with the 

WHO 1999 criteria for T2DM were enrolled in this study, which were divided into atherosclerotic group(group A) and 

non-atherosclerosis group(group B). The clinical characteristics, including fasting plasma glucose(FPG), postprandial plasma 

glucose(PPG), total cholesterol(TC), triglyceride(TG), high-density lipoprotein cholesterol(HDL-C), low-density lipoprotein 

cholesterol(LDL-C), glycosylated hemoglobin A1c(HbAlc) and early examination methods of AS, including carotid 

intima-media thickness(CIMT), ankle brachial index(ABI) and pulse wave velocity  (PWV) were recorded. The t-test, χ2 test or 

linear regression model were used for retrospective analyses then showed that the prevalence rate of carotid plaque was 

29.3%( 29/99), there is no difference between the distribution of age and gender in the group with or without plaque (χ2 = 0.044, 

P>0.05; t = 0.850, P>0.05). It also demonstrated that systolic blood pressure(SBP), diastolic blood pressure (DBP), LDL-C, 

CIMT, history of smoke were significantly higher in plaques group than that of without plaques ( P＜0.05). Logistic analysis 

showed that LDL-C and CIMT were independent risk factors for incidence of cervical atheromatous plaques in type 2 diabetic 

patients (P＜0.05). The risk of AS has increased by 1.7 times by every unit of LDL-C, as well as increased by 13.8 times by every 

unit of CIMT. CIMT and PWV, but not ABI, are valuable for AS diagnosing. According to sensitivity and specificity, the best 

diagnostic value for CIMT is 0.9mm and for PWV is 1560.As a result, LDL-C and CIMT are independent risk factors for AS. 

Early intervention and controlling of risks factors will have clinical value for prevention and treatment of macrovascular diseases 

in T2DM. The corresponding cut-off points 1560 of PWV is better than 1400 for diagnosis of AS in this hospital. 
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1. Introduction 

Atherosclerosis in type 2 diabetes mellitus (T2DM) patients 

is the major reason of cardiovascular disease and death. A 

previous study showed that the incidence of coronary 

atherosclerotic plaque in diabetic patients was significantly 

higher than patients without diabetes [1], and the increasing 

incidence of coronary artery disease resulted in more serious 

cardiovascular outcomes with the accelerated atherogenic 

processin in diabetes patients [2]. Arterial calcification and 

atheromatous plaque are common manifestations of 

atherosclerosis (AS) [3]. The damage starts from early lesion 

in intima, followed by thickening of intima-media, the 

formation of atheromatous plaque, and vascular calcification 

[4]. Carotid intima-media thickness (CIMT) and atheromatous 

plaque are early signs for detection of cardiovascular and 

cerebrovascular atherosclerosis [5]. So it’s essential to have a 

correct understanding of atherosclerotic pathogenesis, which 

can substantially improve prevention and diagnosis of AS in 

patients with T2DM [6, 7]. As an approach of detecting early 

onset of atherosclerosis, Omron atherosclerosis testing 

instruments, which are used for non-invasive measurements 

of atherosclerosis, can measure the ankle-brachial index (ABI) 

and pulse wave velocity (PWV) [8]. PWV is used as an index 
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of arterial wall hardening and closely related to cardiovascular 

disease [9, 10].
 

The aims of the present study were therefore to (i) analyze 

the incidence and risk factors of diabetic macrovascular 

diseases. (ii) evaluate the accuracy and sensitivity of existing 

methods for early detection of atherosclerosis, and to provide 

valuable reference for clinical diagnosis and to find out 

whether they are significant for early stage diagnosis of 

atherosclerosis in T2DM patients. 

2. Materials and Methods 

2.1. Study Participants 

A total of 99 patients were enrolled in this study with T2DM 

who were hospitalized in the Department of Endocrinology at 

the first affiliated hospital of Kunming Medical University 

from 2014 to 2015, included 46 males, 53 females,( mean 

age±SD =55.59 +11.60). Eligible subjects were those who are 

in line with the WHO 1999 diagnostic criteria for T2DM 

without acute complications of diabetes and other primary 

diseases which may cause vascular damages of heart, brain 

and lower limbs. Based on carotid ultrasound test, participants 

were divided into atherosclerotic group (group A) and 

non-atherosclerosis group (group B). The study is approved 

by the hospital ethics committee, and all subjects signed 

written informed consent. 

2.2. Collect Patients’ Clinical Data 

The data were collected through questionnaire survey about 

the patients’ information on the general condition of patients 

(including smoking history), age, gender, duration of diabetes. 

The general clinical and laboratory data were recorded by 

researchers including fasting plasma glucose (FPG), 

postprandial plasma glucose (PPG), HbA1c, insulin, C peptide, 

lipid profile (TC, TG, HDL-C, LDL-C). During physical 

examination, height, weight and blood pressure were recorded. 

Blood pressure (BP) was measured with standard mercury 

sphygmomanometers and appropriately-sized cuffs. Smoking, 

drinking, caffeinated beverages and exercise were avoided at 

least 30 minutes before measuring blood pressure [11]. 

2.3. Atherosclerosis Check 

2.3.1. Atherosclerosis Indices 

The atherosclerosis indices of each subject were recorded. 

These indices include whether plaque is detected by neck 

vascular ultrasound, the extent of endovascular thickening, 

CIMT, PWV and ABI. The above examinations were 

completed by professional staffs of the hospital. 

2.3.2. Atherosclerosis Measurement Methods and 

Diagnostic Criteria 

(1) Measurement of carotid artery plaque. According to 

Wang Hongyu, Hu Dayi, e et al [12], the patient is placed in 

the supine position with a pillow underneath his or her neck. 

Continues ultrasound scan in the longitudinal and transverse 

planes starts from the beginning of carotid artery, continues to 

internal and external carotid arteries. Intima was carefully 

examined in the carotid arteries and at the bifurcation. 

Diagnostic criterion of atherosclerosis is formation of 

atherosclerotic plaque or local uplift of carotid intima to the 

extent that endovascular thickness is equal to or greater than 

1.3mm [13]. 

(2) Measurement of CIMT: The carotid intima-media 

thickness was measured using ultrasound as mentioned above. 

The carotid intima-media thickness was defined as the average 

of 3 highest values measured within 1 cm from bifurcation. 

According to 2003 European hypertension treatment 

guidelines [14], the condition that CIMT>0.9mm can be 

diagnosed as arterial intima-media thickening. (This 

diagnostic criteria was used in this study)  

(3) Calculation of ABI: The ankle-brachial index is the ratio 

of the ankle to brachial systolic blood pressure. ABI is widely 

used as an indicator for arteriosclerosis obliterans (ASO). The 

diagnostic criteria for ABI was set by AHA (American Heart 

Association) in 1993. A value of ≤0.9 indicates the possibility 

of clogged arteries. The recommended normal range of ABI is 

0.91 to 1.3 according to American Diabetes Association 

(ADA). 

(4) The measurement of PWV: The height and weight 

parameters of each subjects have been inputted, then the PWV 

between the upper arm to the ankle was measured with double 

cuff using linear expansion technology by shock method. 

2.4. Statistical Analyses 

A database was established by using EpiData3.1 that can 

collect and enter the data. The central tendency of the data was 

described in form of mean±standard deviation (x±S). To 

compare the two groups, two independent samples t-test was 

used after test of normality. The qualitative variables were 

compared by using R×C table χ2 test and linear regression 

analysis. In addition, the logistic regression was adopted in 

multivariate analysis. All of the analysis and process were 

carried out by SPSS17.0. The predictive value index was 

analyzed through ROC analysis method by MedCalc. The 

level of significance was taken as a P value ＜0.05. 

3. Results 

3.1. Baseline Characteristics of T2DM (Table 1) 

All patients with T2DM had 2w-14 years history of diabetes. 

The comparisons between the two groups show that the 

disease duration, BMI, SBP, DBP, HDL-C, TC, TG, FPG, 

PPG or HbA1c are not significantly different (P＞0.05) while 

the difference of LDL-C is statistically significant (P＜0.05) 

(see Table 1). 
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Table 1. Results of general clinical examination (x±s). 

VAR Group A Group B t p 

AGE 56.67±11.31 54.52±11.87 0.850 0.397 

DISEASE DURATION 6.72±6.67 4.43±4.40 -1.702 0.097 

BMI 27.10±12.50 24.25±4.43 -1.678 0.097 

SBP 126.69±24.04 130.84±21.01 0.858 0.393 

DBP 75.55±12.36 90.11±83.37 0.934 0.353 

HDL-C 1.04±0.40 1.02±0.27 -0.272 0.786 

LDL-C 3.27±1.33 2.87±0.77* -2.086 0.040 

TC 4.76±0.93 4.65±0.96 -0.510 0.611 

TG 2.14±1.58 2.05±2.22 -0.200 0.842 

FPG 7.16±2.14 7.03±2.07 -2.70 0.788 

PPG 10.23±4.18 10.61±3.53 0.469 0.640 

HbA1c 9.36±2.54 9.64±2.82 0.473 0.637 

Note: *P＜0.05. 

3.2. Variables Associated with Atherosclerosis 

In the investigation there are 99 cases in which the number 

of atherosclerosis is 29 and of non-atherosclerosis is 70. The 

atherosclerotic percentage of diabetes is 29.3%.  

There is no difference in gender (χ2= 0.044，P>0.05)and 

age distribution (t=0.850, P>0.05), smoking history (P＞0.05), 

uric acid (P＞0.05) or HOMA-IR ( linear regression analysis, 

P=0.709). These data indicate these two groups are 

comparable. 

3.3. The Risk Factors of Atherosclerosis 

The multi-factor logistic regression equation was 

established with two unknowns, through setting the 

atherosclerosis of diabetes as dependent factor while the risk 

factors and the early results of examination CIMT, ABI, PWV 

as the independent factors. Then the equation is solved and 

two risk factors LDL-C and CIMT are incorporated with no 

protective factors. The final regression equation is as follows: 

AS =0.5LDL-C+2.6CIMT -5.1. The χ
2
 testing of the model is 

carried out as: χ
2
=10.295, P<0.05. The result of 

multiple-factor analysis shows that LDL-C and CIMT are the 

risk factors of atherosclerosis. The OR value of LDL-C is 1.7 

while of CIMT is 13.8, which means that the possibility of 

atherosclerosis increases by 1.7 more times (1.0-2.9) as the 

LDL-C value increases by a unit while increases by 13.8 more 

times (1.7-114.4) as the CIMT value increases by a unit. The 

CIMT value of the atherosclerosis group is higher than that of 

non-atherosclerosis group (see Table 2). 

Table 2. Risk factors of atherosclerosis. 

risk factor B S. E Wald df Sig. OR 
OR.95% C. I. 

Lower bound Upper bound 

LDL-C 0.5 0.3 3.5 1 0.06 1.7 1.0 2.9 

CIMT 2.6 1.1 5.9 1 0.01 13.8 1.7  

constant -5.1 1.5 11.1 1 0.001 —   

 

To further exploring the two risk factors between two groups, 

we regard the two risk factors as the independent variables and 

the existence of atherosclerosis as the dependent variable. Then 

the results of two groups are compared (see Table 3). 

Table 3. Results of LDL-C and CIMT for atherosclerosis and non-atherosclerosis (x±s). 

index group n （（（（x±s）））） t p 

LDL-C non-atherosclerosis 70 2.95±0.83 
-1.928 0.065 

 atherosclerosis 29 3.36±1.32 

CIMT non-atherosclerosis 70 0.93±0.24 
-2.536 0.027 

 atherosclerosis 29 1.12±0.33 

 

Comparing LDL-C and CIMT between two groups, the 

results imply that the CIMT value of the atherosclerosis group 

is higher than that of non-atherosclerosis group (t=-2.5，

P<0.05), which is of statistical significance. It demonstrated 

that CIMT can be regarded as an early predictor of 

atherosclerosis in type 2 diabetic patients. 

3.4. The Values of CIMT, PWV and ABI 

CIMT and PWV contribute predictive value to the detection 

of atherosclerosis, while ABI is barely satisfactory as a 

prediction. To evaluate the diagnostic value of CIMT, PWV 

and ABI, the area under the ROC curve (AUC) of the each 

index was computed. 

Through analysis of ROC, it turns out that CIMT 

(AUC=0.638) and PWV (AUC=0.625) contribute predictive 

value to the detection of atherosclerosis. The diagnostic curve 

is shown as Figure 1. Considering that the area under the curve 

of ABI is 0.444 which is barely satisfactory as a prediction. 
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Figure 1. ROC curves on PWV (left one) and CIMT (right one)prediction of atherosclerosis. 

Figure 1 through analysis of ROC curves on CIMT and 

PWV, it turns out that CIMT (AUC=0.638) and PWV 

(AUC=0.625) contribute predictive value to the detection of 

atherosclerosis. 

In terms of the results above, the sensitivity and specificity 

of the considerable CIMT and PWV index was further 

analyzed (see Table 4). The diagnostic boundary value was 

identified according to the point in the curve which is nearest 

to the optimal sensitivity and specificity. The results showed 

that the diagnostic boundary value of CIMT is 0.9mm which is 

consistent with the majority of reference while the diagnostic 

boundary value of PWV is 1560. 

Table 4. diagnostic boundary value of CIMT and PWV index. 

index diagnostic boundary value Sensitivity specificity 

CIMT 0.9 82.76 42.86 

PWV 1560 79.31 47.14 

The ability of predicting atherosclerosis equals between the 

combinative index and the single ABI. To detect the ability of 

predicting atherosclerosis in the two indices of ABI and PWV, 

the linear regression analysis was conducted. Using linear 

regression analysis (F=0.083; P=0.921; R
2
=0.002), the results 

as above showed that the combinational indexes and ABI 

alone had the same ability to detect atherosclerosis, that is to 

say they had no statistical significance.  

4. Discussion 

Macrovascular complications are the leading cause of 

cardiovascular disease or even death in patients with T2DM. 

Compared with patients without atherosclerosis, risks of acute 

myocardial infarction is increase in patients with carotid 

atherosclerosis. In a long-term state of hyperglycemia, 

non-enzymatic proteins are glycated to generate advanced 

glycation end products (AGEs), which act as an important part 

to the formation of atherosclerosis. AGEs, which are conducive 

to lipid deposition and esterification of macrophages and foam 

cells, can finally lead to impairment of vascular relaxation due 

to intima thickening, hypercoagulable state and prevention of 

the nitric oxide production in patients with high concentrations 

of AGEs. Nitric Oxide is needed as an important factor of 

vasodilation [15]. Carotid atherosclerotic plaque is regarded as 

an indicators of systemic atherosclerosis, since carotid arteries 

are the predilection sites of atherosclerotic plaques and often 

occur earlier than coronary and cerebral arteries, not only can 

they reflect systemic atherosclerotic lesions, but also they are 

considered as a major risk factor for stroke prediction [16]. 

There is no doubt that positive measures for prevention of 

atherosclerosis are necessary for patients with T2DM. 

Therefore, several relevant researches were carried out to 

explore the atherosclerotic risk factors for patients with T2DM 

and the indices for the early diagnose. 

The macrovascular risk factors of patients with T2DM can 

be summarized to two categories, one is directly related to 

glucose metabolism, such as insulin resistance, 

hyperinsulinemia, impaired fasting glucose, postprandial 

plasma glucose, abnormal glycosylated hemoglobin, 

fluctuations of blood sugar, etc. Another category is 

traditional and new cardiometabolic risk factors such as 

gender, race, smoking history, lifestyle, family history of 

cardiovascular disease, hypertension, dyslipidemia, obesity, 

inflammatory cytokines, oxidative shock, adipokines, 

hyperuricemia and hyperhomocysteinemia, etc. To explore 

the atherosclerotic risk factors for patients with T2DM, this 

study used single factor analysis and the two groups were 

compared for atherosclerosis risk factors such as DBP, SDP, 

BMI, TC, TG, HDL-C, LDL-C, HbA1c, FPG, PPG, smoking 
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history, uric acid, insulin resistance. 

As a result, it has been found that level of insulin resistance, 

blood pressure, blood glucose, high-density lipoprotein 

cholesterol, triglycerides, total cholesterol and body weight 

are not different between two groups. Smoking history is a 

risk factor for atherosclerosis. Nevertheless, the reason why 

these results are not consistent with other related findings may 

be related to the small sample size. The results show that uric 

acid doesn’t play a significant role in the development of 

atherosclerosis occurring in patients with T2DM, however, 

the role of uric acid in patients with different gender in the 

development of atherosclerosis is still controversial [17, 18]. 

Serum uric acid level is an independent risk factor for carotid 

atherosclerosis in patients with type 2 diabetes [19]. Our 

results are different from similar studies, the reason could be 

the regional difference. Particularly, the formation of soft 

plaque was set as the criterion in grouping patients of 

atherosclerosis in this study, while the selecting criteria for the 

above mentioned studies are color doppler. 

The analysis of risk factors above indicated that LDL-C was 

statistically significant (P=0.040). LDL-C can damage 

endothelial cells and smooth muscle cells by oxidation, 

modification and glycation. The modified LDL-C finally 

transform macrophagocytes in intima into foam cells after 

they phagocytosed LDL-C. It plays an important role in the 

development of diabetic macrovascular disease, because 

accumulation and deposition of cholesteryl ester can increase 

the content of lipid plaque which is closely related to its 

stability [20]. Multivariate analysis method was used to 

analyze LDL-C, the result indicated that the possibility of 

atherosclerosis increased by 1.7 more times as the LDL-C 

value increased by a unit. This conclusion is also consistent 

with correlational studies by Yanhong W about analysis on 

risk factors of carotid atherosclerotic plaques in patients with 

T2DM who combine with cerebral infarction [21]. 

The indices like ABI, PWV, CIMT were used to detect the 

risk factors for atherosclerosis. CIMT was statistically 

significant in our study (P=0.0270). Combining with 

multivariate analysis method result, CIMT was regarded as an 

early predictor of atherosclerosis. It previously demonstrated 

that the possibility of acute myocardial infarction increased by 

11% as the IMT value increased by a unit. Consistent with this 

conclusion, it suggested that the possibility of atherosclerosis 

increased by 13.8 more times as the CIMT value increased by 

0. 1 mm. So it is necessary, in fact, we should keep a watchful 

eye on CIMT as an early predictor of atherosclerosis. 

Then the indices and the approaches for the early diagnose 

of the atherosclerotic with T2DM were explored. Soft 

atherosclerotic plaques are the plaques which protrude in the 

lumen and their internal structure echos weakly while the hard 

ones which are fibrotic and calcific have an enhancement echo 

with acoustic shadow on the back [22]. Compared with hard 

plaques, soft ones are more instable, which contribute the 

major part to the causes of cardiovascular and cerebrovascular 

disease. In this experiment, CIMT was used to detect the 

formation of plaque and local uplift of artery intima. If the 

thickness of protruding inside the lumen is equal or greater 

less than 1.3mm [21], atherosclerosis is definitely diagnosed. 

The detecting methods of atherosclerosis include CIMT, 

Flow-mediated vascular stretch Detection Technology (FMD), 

High-speed spiral CT, which are mainly used for detection of 

the advanced atherosclerosis. In the early detection methods, 

the examination for thickness of carotid intima-media is 

reliable due to the advantage that it can reflect the structural 

feature of arterial wall and lesion in the early period. Other 

noninvasive detections in early years mainly include 

ETRACKING and the examination of arterial elasticity 

containing ABI and PWV. Since atherosclerosis in diabetics 

can affect the whole arterial system and the atherosclerosis in 

carotid occurs earlier, carotid is used as the window to detect 

the macroangiopathy [23]. In current clinic, CIMT thickness 

is regarded as one of the reference index during diagnosing the 

early atherosclerosis. 

Ankle Brachial Index (ABI), which measures the ratio of 

blood pressure of foot joints and wrist artery simultaneously, 

is an important index in evaluating peripheral artery disease 

(PAD). Pulse wave velocity (PWV) is an index of arterial wall 

hardening and closely related to cardiovascular disease. 

According to the theory, once atherosclerosis occurs, cardiac 

output fluctuations in the blood produced (pulse wave) 

conduction velocity will accelerate, the measurable 

fluctuations between two heartbeats (pulse wave) conduction 

velocity determine the degree of flexibility of blood vessels. 

As an equipment to detect early arteriosclerosis, due to the fact 

that its non-invasive, accurate, fast and inexpensive, Omron 

are gradually becoming the major tool used by medical 

workers and patients. Another study also shows that high 

ankle-brachial index (ABI) indicated the risk of 

cardiovascular disease (CVD) and peripheral arterial disease 

(PAD) in Chinese patients with type 2 diabetes mellitus [24]. 

Most people consider that the examination of arterial elasticity 

has a good correlation with risk factors of atherosclerosis due 

to its repeatability and noninvasive features, which plays a 

more and more important role for cardiovascular risk 

prediction in the future [25, 26]. 

ROC was used to analyze CIMT, ABI and area of PWV 

under the curve for the sake of forecasting values of those 

indexes for atherosclerosis. The result conclusively 

demonstrated that the predictive value of ABI was 

unsatisfactory due to the fact that the area of ABI under the 

curve is only 0.444, however, PWV and CIMT had slight 

diagnostic value. Not unexpectedly, a further analysis of the 

sensitivity and specificity for PWV showed that when the 

value was equal to 1560, the sensitivity was 79.3%, and the 

specificity was 47.14%, meanwhile, when the value of CIMT 

was 0.9mm, adopted the maximum referral value, the 

sensitivity was 82.76% and the specificity was 42.86%. When 

the two indices of ABI and PWV was analyzed by the method 

of linear regression model, the final results suggested that the 

combinational indexes and ABI alone had the same ability to 

detect atherosclerosis, that is to say they had no statistical 

significance. In addition, carotid intima-media thickness and 

the examinational results of PWV were consistent with most 

of the recent research results, but the discrepancy between 
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current ABI results and previously reported studies may be 

due to the different detecting method, and possibly 

comparatively smaller sample size in the current study. 

5. Conclusion 

As described in above, in the investigation of 99 diabetic 

patients, the prevalence rate of atherosclerosis is 29.3%. The 

statistical analysis was used to probe the risk factors which can 

accelerate development of AS including clinical indices and to 

evaluate early examination methods of AS including PWV, 

ABI, CIMT in the two groups. It demonstrated that SBP, DBP, 

LDL-C, CIMT, history of smoke were significantly higher in 

plaques group than that of without plaques. The risk of AS has 

increased by 1.7 times by every unit of LDL-C, as well as 

increased by 13.8 times by every unit of CIMT. What’s more, 

CIMT and PWV, but not ABI, are valuable for AS diagnosing. 

The best diagnostic value for CIMT is 0.9mm and for PWV is 

1560 in this hospital. Consequently, Early intervention and 

controlling of risks factors will have clinical value for 

prevention and treatment of macrovascular diseases in T2DM. 
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