
 

 

 

 

 

 
 

 

 



 

 

Journal of Research in Diabetes  
Vol. 2014 (2014), Article ID 322292, 36 minipages.   

DOI:10.5171/2014.322292 

www.ibimapublishing.com 

 

 

 

Copyright © 2014. Kohichiro Iwasaki and Takeshi Matsumoto. 

Distributed under Creative Commons CC-BY 3.0 

 

 

 

 

  
 

 

 



 

 

Research Article 

Characteristics of Subclinical Coronary Artery Disease in 

Diabetic Patients without Known Coronary Artery Disease 
 

Authors 
 

Kohichiro Iwasaki and Takeshi Matsumoto 

 
Department of Cardiology, Okayama Kyokuto Hospital,  

Kurata, Naka-ku, Okayama, Japan 

 
 

 

Received date: 25 November 2013; 

Accepted date: 23 January 2014;  

Published date: 14 May 2014 



 

 

Academic Editor: Alessandro Lupi 

 

Cite this Article as: Kohichiro Iwasaki and Takeshi Matsumoto 

(2014), "Characteristics of Subclinical Coronary Artery Disease in 

Diabetic Patients without Known Coronary Artery Disease", 

Journal of Research in Diabetes, Vol. 2014 (2014),  

Article ID 322292, DOI: 10.5171/2014.322292 

 
 

 

 

 

 

 

 



 

 

Introduction 

 

Patients with type 2 diabetes have a two- to four-fold higher risk 

of a cardiovascular event than nondiabetic patients (Redberg et 

al., 2002). Previous studies have shown that the risk of 

myocardial infarction in a diabetic patient is comparable to the 

risk of recurrent infarction in a nondiabetic patient with a 

previous myocardial infarction (Haffner et al., 1998). 

Remarkably, 65% to 75% of diabetic patients die of 

cardiovascular disease (Libby et al., 2005). Thus, there is a clear 

need to identify diabetic patients who are at risk of 

cardiovascular events before the onset of symptoms.  

 

Coronary computed tomographic angiography (CCTA) emerged 

as a promising modality to evaluate coronary artery disease 



 

 

(CAD) noninvasively. Its ability to assess obstructive coronary 

artery disease has been demonstrated to be excellent compared 

with conventional coronary angiography (Hamon et al., 2006, 

Abdulla et al., 2007). Also, its ability to detect coronary plaques 

and characterize plaque composition has been well appreciated 

(Schroeder et al., 2001, Achenbach et al., 2004, Leber et al., 2005, 

Carrascosa et al., 2006).  

 

 There are several reports which studied the coronary artery 

characteristics in diabetic patients (Pundziute et al., 2007, 

Iwasaki ety al., 2008, Gao etal., 2011, Maffei et al., 2011). 

However, no study investigated the coronary characteristics 

associated with vulnerable plaque, so-called high-risk plaque. 

Thus, our aim is to study the coronary characteristics of diabetic 

patients, including not only coronary calcium score (CCS), the 



 

 

prevalence of significant stenosis and coronary plaque, but also 

the prevalence of high-risk plaque, compared with nondiabetic 

patients. 

 

Methods  

 

Patients 

 

 From November 2011 through May 2013, we performed CCTA in 

521 patients. The following patients were included; 1) patients 

without known CAD, 2) patients with no symptoms or atypical 

chest pain. The following patients were excluded; 1) patients who 

underwent coronary revascularization, 2) patients with acute 

coronary syndrome, 3) patients with typical chest pain, 4) 

patients with ECG findings (resting and/or exercise) suggestive 



 

 

of ischemia, 5) patients with serum markers suggestive of 

myocardial injury, 6) patients with known CAD, and 7) patients 

with previous hospitalization. Thus, we analyzed CCTA findings 

of 374 patients. 

 

The patients were divided into two groups according to the 

presence or absence of type 2 diabetes; diabetes group (n=138) 

and nondiabetes group (n=236). We assumed that patients had 

type 2 diabetes when oral diabetic agent or insulin were 

administered, or when they had a history of type 2 diabetes.  

 

Coronary Computed Tomography Angiography (CCTA) 

  

We scanned all patients with a 64 multi-detector computed 

tomography (64-MDCT) scanner (SOMATOM Sensation 64 



 

 

Cardiac, Siemens Medical Solutions and Erlangen, Germany). We 

administered metoprolol 20mg before the 64-MDCT scan in 

patients with a heart rate >70beats/min. We also administered 

sublingual nitroglycerin 0.8mg before the scan to achieve 

maximal coronary vasodilation. 

 

 We performed a native scan without contrast dye to determine 

the total calcium burden of the coronary tree (sequential scan 

with 32X0.6-mm collimation, tube current 60 mAs at 120 kV). We 

acquired contrast-enhanced CT angiography data with the use of 

a spiral scan with 32x0.6-mm collimation, 330-ms gantry 

rotation, pitch of 0.2, and tube voltage at 120 kV. We acquired a 

total of 64 overlapping 0.6-mm slices per rotation, with the use of 

a focal spot periodically moving in the longitudinal direction (z-

flying focal spot). We modulated tube current according to the 



 

 

ECG, with a maximum current of 850 to 950 mAs during a time 

period of approximately 330 ms centered at 375 ms before the 

next R-wave, and reduction by 80% during the remaining cardiac 

cycle. We injected contrast agent (60 to 70ml; 370mg iodine /ml) 

intravenously (4.0 ml/s) followed by a 30-ml saline chaser. We 

reconstructed transaxial images with the use of an ECG-gated 

half-scan reconstruction algorithm (temporal resolution 164 ms) 

and kernel B30f.  

 

CCTA Image Interpretation 

 

We transferred CT data sets to an offline workstation (Aquarius 

NetStation, Terarecon In, San Meteo, CA, USA) for image analysis. 

We calculated total calcium score with dedicated software and 

expressed as Agatston scores, which is a scoring method that 



 

 

calculates the total amount of calcium on the basis of the number, 

areas, and peak Hounsfield units of the detected calcified lesions 

(Agatston et al., 1990).  

 

The contrast-enhanced CT angiography data were evaluated by 

two independent reviewers with maximum intensity, and curved 

multiplanar reconstruction techniques along multiple 

longitudinal axes and transversely. We defined calcified plaque as 

any structure with a density >130 HU which could be visualized 

separately from the coronary lumen, assigned to the coronary 

artery wall, and identified in at least two independent planes. We 

defined noncalcified plaque as any structure which could be 

assigned to the coronary artery wall, had a CT density less than 

the contrast-enhanced coronary lumen but greater than the 

surrounding connective tissue, and identified in at least two 



 

 

independent planes (Ferencik et al., 2006). We used standard 

display settings for the evaluation of the contrast-enhanced 64-

MDCT scans (window width 800 Hounsfield units; window 

center 250 HU).  

 

We classified plaque calcification as spotty or large. We defined 

the spotty calcification as <3mm in size on curved multiplanar 

reformation images, and occupied only one side on cross-

sectional images (Ehara et al., 2004). We defined the large 

calcification as the calcification larger than spotty calcification. 

We defined the coronary arterial remodeling as a change in the 

vessel diameter at the plaque site in comparison with the 

reference segment proximal to the lesion. We defined positive 

remodeling as the diameter at the plaque site more than 10% 

larger than that of the reference segment (Motoyama et al., 



 

 

2007). In non-calcified plaque or plaque with spotty calcification, 

we measured the lowest CT number of 5 areas of minimum 

region of interest using the axial image. We defined low 

attenuation plaque as CT number less than 30HU (Motoyama et 

al., 2007). We defined high-risk plaque as a plaque with positive 

remodeling and low attenuation plaque. 

 

Two observers, who were blinded to the clinical characteristics of 

studied patients, identified coronary segments by the use of a 

modified American Heart Association classification (Austen et al., 

1975). We classified the segments as normal (smooth parallel or 

tapering borders), non-significant stenosis (luminal irregularities 

or <50% stenosis), or significant stenosis ( >50% stenosis).  

 

 



 

 

Statistical Analysis 

 

Data are expressed as mean±SD. Continuous variables in the 

laboratory data were compared by two group t-test. Because the 

data for CCS and prevalence of coronary plaques did not show a 

normal distribution, the Mann-Whitney test was used to 

determine the differences between the two groups. Discrete 

variables were expressed as counts or percentage, and compared 

with chi-square or the Fisher's exact test. We also performed a 

multiple logistic regression analysis that included all variables. A 

p value <0.05 was considered to be statistically significant. 

 

 

 

 



 

 

Results  

 

Clinical characteristics of studied patients are shown in Table 1. 

Separate analysis in male and female are also performed. Age and 

the prevalence of hypertension, hyperlipidemia, and chronic 

kidney disease were not significantly different between the two 

groups. Laboratory data showed that the value of blood sugar 

and glycated hemoglobin were significantly higher, and total 

cholesterol and LDL-cholesterol were significantly lower in 

diabetes group. The usage of angiotensin converting enzyme 

inhibitor and angiotensin receptor blocker were significantly 

prevalent in diabetes group.  

 

Please see Table1 in the PDF version. 

 



 

 

Figure 1 shows CCS of the two groups. The CCS was significantly 

higher in diabetes group compared with nondiabetes group 

(median with 95% confidence interval (CI) 202, 95% CI: 

7.5－673 vs. 60, 95%CI: 0－291, p=0.0002). In male, the CCS was 

significantly higher in diabetes group compared with 

nondiabetes group (189, 95% CI: 0－1924 vs. 54, 95%CI: 0－936, 

p<0.001). In female, the CCS was significantly higher in diabetes 

group compared with nondiabetes group (97, 95% CI: 0－1446 

vs. 43, 95%CI: 0－890, p<0.001).  

 

Please see Figure 1 in the PDF version. 

 

Table 2 shows the prevalence of significant coronary stenosis, 

coronary plaque, and high-risk plaque. The prevalence of 

significant coronary stenosis was significantly higher in diabetes 



 

 

group compared with nondiabetes group. The prevalence of 

patients with any plaque and segments including any plaque was 

significantly higher in diabetes group compared with 

nondiabetes group. Segments including calcified plaque were also 

significantly higher in diabetic group compared with nondiabetes 

group, but the prevalence of non-calcified plaques was not 

significantly different between the two groups. The prevalence of 

positive remodeling and low attenuation plaque were not 

significantly different between the two groups. Also, the 

prevalence of high-risk plaque was not significantly different 

between the two groups. Table 3 shows the results of multiple 

logistic regression analysis associated with high-risk CCS (CCS 

≥400), significant stenosis, and high-risk plaque. In a multiple 

logistic regression, analysis adjusted for variables associated 

with a high-risk CCS, age and diabetes, were significantly 



 

 

associated with a high-risk CCS. In the same analysis adjusted for 

variables associated with a significant stenosis, diabetes was the 

only variable. Moreover, in the same analysis adjusted for 

variables associated with a high-risk plaque, diabetes was the 

only variable.  

 

Please see Table 2 in the PDF version. 

 

Please see Table 3 in the PDF version. 

 

Discussion   

 

Our results showed that diabetic patients had higher CCS, higher 

prevalence of significant stenosis and coronary plaque compared 

with nondiabetic patients. A multivariate analysis supported 



 

 

these results. Moreover, in a multiple logistic regression analysis 

adjusted for variables associated with a high-risk plaque, only 

diabetes was significantly associated with a high-risk CCS. 

In diabetic patients, myocardial ischemia is often asymptomatic 

and CAD is frequently in an advanced state when it becomes 

clinically manifest (BARI investigators 1997). Also, previous 

studies demonstrate that occult CAD is common among 

asymptomatic diabetic patients, ranging from 20% in healthier 

subjects to >50% in patients with more complicated diabetes 

(Carli et al., 2005). Although, the aggressive medical therapy is 

important, it will remain crucial to identify the individual patient 

with significant silent coronary artery disease. Thus, tests for 

early detection of atherosclerotic vascular disease are therefore 

needed to better assess cardiovascular risk in asymptomatic 

individuals, the main focus of primary prevention. 



 

 

There are several studies which investigated the coronary 

characteristics of diabetic patients compared with nondiabetic 

patients. Pundziute et al (2007) studied 215 symptomatic 

patients (86 with diabetes). They found that diabetic patients 

showed significantly more diseased coronary segments with 

more non-obstructive plaques. Relatively, more non-calcified and 

calcified and less mixed plaques were observed in diabetic 

patients.  Iwasaki et al (2008) studied 93 asymptomatic diabetic 

and 93 age- and sex-matched nondiabetic patients. CCS was 

significantly higher in diabetic patients. CCS more than 400 was 

detected in 9.7% of nondiabetic compared with 36.6% of diabetic 

patients (p<0.0001). Coronary plaques were found in 67.7% of 

nondiabetic compared with 91.4% of diabetic patients 

(p<0.0001). Significant coronary stenosis was found in 16.1% of 

nondiabetic compared with 33.3% of diabetic patients 



 

 

(p=0.0065). Gao et al (2011) studied 594 patients with known or 

suspected CAD (122 with diabetes). CCS was higher in diabetic 

patients compared with nondiabetic patients. The percentage of 

patients with CCS more than 400 among diabetic patients was 

higher than among nondiabetic patients. Diabetic patients had a 

higher percentage of coronary segments with non-calcified 

plaque, calcified plaque, and mixed plaque than nondiabetic 

patients. More diabetic patients had multivessel obstructive 

disease compared to nondiabetic patients. Maffei et al (2011) 

studied 1,126 patients without known CAD (147 with diabetes). 

Diabetic patients showed a higher number of diseased segments, 

a higher rate of CCS more than 400, obstructive CAD, and fewer 

normal coronary arteries as compared to non-diabetic patients. 

Taken together, previous studies showed that diabetic patients 

had more atherosclerotic plaque burden manifested by higher 



 

 

CCS, higher prevalence of significant stenosis and higher 

prevalence of calcified and non-calcified plaques compared with 

nondiabetic patients. Our results are consistent with these 

studies. 

 

Recent studies demonstrate that CCTA characteristics of plaques 

associated with vulnerable plaque are positive remodeling, low 

attenuation plaque, and spotty calcification (Motoyama et al., 

2007, Matsumoto et al., 2007, van Velzen et al., 2011). Other 

studies show that the patients with positive remodeling and low 

attenuation plaque are at a higher risk of acute coronary 

syndrome (Motoyama et al, 2009, Motoyama et al, 2013). Thus, 

positive remodeling and low attenuation plaque have been 

regarded as a high-risk plaque. However, there is no study which 



 

 

investigated the prevalence of high-risk plaque in diabetic 

patients.  

 

Our study showed that the prevalence of high-risk plaque was 

not significantly different between the two groups. However, by 

multivariate analysis, only diabetes was significantly associated 

with high-risk plaque. The reason remains to be determined. 

Fujimto et al (2012) studied the prevalence of high-risk plaque in 

1,139 patients with intermediate or high Framingham risk score. 

For intermediate Framingham risk core group, the prevalence of 

high-risk plaque was 3.3%, 4.9%, 9.8%, and 6.5% in patients with 

CCS 0, 1-250, 251-500, >500, respectively. For high Framingham 

risk core group, the prevalence of high-risk plaque was 7.0%, 

20.0%, 17.1%, and 12.5% in patients with CCS 0, 1-250, 251-500, 

>500, respectively. Thus, highest prevalence of high-risk plaque 



 

 

was not observed in patients with CCS>500. In our patients, mean 

CCS was 440.6, and 231.8 in diabetic and nondiabetic patients, 

respectively. So, Fujimoto’s finding may explain the reason why 

there was no significant difference in the prevalence of high-risk 

plaque between the two groups. On the other hand, coronary 

artery calcification signifies the presence of coronary 

atherosclerosis, and a strong linear correlation exists between 

total coronary artery atherosclerotic plaque burden and the 

extent of coronary artery calcification (Rumberger et al., 1995, 

Sangiorgi et al., 1998). The coronary artery calcification has been 

found to be the most powerful predictor of cardiac events, 

providing independent and incremental information over the risk 

factor-based assessment of the asymptomatic patients (Budoff et 

al., 2009, Erbel et al., 2010). Because the progression of coronary 

atherosclerotic change is not homogeneous in the three major 



 

 

coronary arteries, vulnerable plaque may develop even when the 

CCS is high. Thus, we speculate that large calcium in patients with 

high CCS might mask the presence of high-risk plaque.  

 

 There are some limitations in our study. First, the number of 

studied patients is relatively small. A study including large 

number of patients may make the prevalence of high-risk plaque 

between the two groups significantly different. Second, the ability 

of 64 MDCT to detect coronary atherosclerotic plaques is not 

firmly confirmed. One study reported sensitivities of 92.6% and 

96.6% for accurate characterization of calcified and non-calcified 

plaques, respectively (Achenbach et al., 2004). They found that 

the mean CT density between the different plaque types was 

different, but they appeared to be significant overlap.   

 



 

 

In conclusion, our results showed that diabetic patients had 

higher CCS, higher prevalence of significant stenosis and 

coronary plaque compared with those without diabetes. 

Moreover, diabetes was significantly associated with the 

presence of high-risk plaque by multivariate analysis. Thus, CCTA 

would be a valuable tool to identify asymptomatic diabetic 

patients who are at greater risk of cardiovascular events before 

the onset of symptoms.  
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