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Aim: Coronary atherosclerotic plaques can be detected in asymptomatic subjects and are related to low-density 
lipoprotein cholesterol (LDL) levels in patients with coronary artery disease. However, researchers have not yet 
determined the associations between various plaque characteristics and other lipid parameters, such as HDL-C 
and TG levels, in low-risk populations.

Methods: One thousand sixty-four non-diabetic subjects (age, 57.86±9.73 years; 752 males) who underwent 
coronary computed tomography angiography (CCTA) were enrolled and the severity and patterns of atheroscle-
rotic plaques were analyzed. 

Results: Statin use was reported by 25% of the study population, and subjects with greater coronary plaque 
involvement (segment involvement score, SIS) were older and had a higher body mass index (BMI), blood pres-
sure, unfavorable lipid profiles and comorbidities. After adjusting for comorbidities, only age (β=0.085, p＜
0.001), the male gender (β=1.384, p＜0.001), BMI (β=0.055, p=0.019) and HbA1C levels (β=0.894, p＜
0.001) were independent factors predicting the greater coronary plaque involvement in non-diabetic subjects. In 
the analysis of significantly different (＞50%) stenosis plaque patterns, age (OR: 1.082, 95% CI: 10.47-1.118) 
and a former smoking status (OR: 2.061, 95% CI: 1.013-4.193) were independently associated with calcified 
plaques. For partial calcified (mixed type) plaques, only age (OR: 1.085, 95% CI: 1.052-1.119), the male gender 
(OR: 7.082, 95% CI: 2.638-19.018), HbA1C levels (OR: 2.074, 95% CI: 1.036-4.151), and current smoking 
status (OR: 1.848, 95% CI: 1.089-3.138) were independently associated with the risk of the presence of signifi-
cant stenosis in mixed plaques. 

Conclusions: A higher HbA1c levels is independently associated with the presence and severity of coronary 
artery atherosclerosis in non-diabetic subjects, even when LDL-C levels are tightly controlled.

causes of an increased risk in mortality and morbidity, 
and the central component of the pathogenesis is ath-
erosclerosis. Atherosclerosis is currently considered a 

Introduction

Cardiovascular disease (CVD) is one of the main 
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of a general routine health evaluation at the Taipei Vet-
erans General Hospital between December 2013 and 
May 2017 were invited to participate and screened. 
Only patients aged 30-79 years with no prior history 
of coronary artery disease, and non-diabetic subjects 
with a fasting glucose level ＜126 mg/dL and HbA1C 
level ＜6.5% were enrolled to evaluate the association 
between subclinical atherosclerosis and risk factors in 
study subjects. The associations between baseline char-
acteristics, biochemical parameters, coronary athero-
sclerosis involvement and plaque patterns were ana-
lyzed. Hypertensive patients was defined subjects 
whose BP ＞140/80 mmHg or underwent hyperten-
sive medication treatment. Former smokers were 
defined as individuals who declared that they ceased 
smoking at least 6 months prior to the study. The 
study complied with the Declaration of Helsinki and 
the study protocol was approved by the Institutional 
Review Board of Taipei Veterans General Hospital. 

CCTA Measurement 
CCTA was performed using multiple detector 

computed tomography (Definition Flash, Siemens 
Healthier, Erlangen, Germany). Blood pressure and 
heart rate were measured before CCTA, and beta-
blockers with or without a calcium channel blocker 
were administered to patients with an initial heart rate 
faster than 80 beats per minute analyzed with other 
scanners, if the patient had no contraindications, to 
achieve a heart rate of ＜65 beats per minutes, respec-
tively. Prospective electrocardiography-gated axial 
scans for calcium scoring were recorded at 75% of the 
R-R interval with the collimation set to 3.0 mm. The 
scanning sequence began approximately 1 cm above 
the left main coronary artery. CCTA parameters were 
120 kV and 60 mA. A temporal resolution of 230 ms 
was achieved using the half-scan reconstruction 
method with a 350 ms gantry rotation time. The 
CCTA was performed using retrospective gated helical 
scanning, with parameters of 64×0.5 mm–128× 
0.625 mm collimation, a 270 ms–350 ms gantry rota-
tion time, and 80–135 kV adapted to the body size. 
The bolus-tracking method was used after injecting 
50–100 mL of iodinated contrast medium 
(Iopamiro370, Bracco Imaging SpA, Milan, Italy; 
Ultravist 370, Bayer Pharma AG, Berlin, Germany), 
based on the patient’s body size, at a rate of 4.5–5.0 
mL per second, followed by 50 mL of normal saline at 
a rate of 5.5 mL per second. The workstation auto-
matically selected the best phase; if the image quality 
was suboptimal, we manually reconstructed a phase 
with the best possible image quality, which was recon-
structed into images with a slice thickness of 0.75 mm 
and 0.9 mm at 0.45-mm intervals. The degree of cor-

chronic inflammatory process in the arteries that 
causes endothelial damage, atheroma formation, and 
vessel occlusion. Vulnerable plaque rupture is the first 
step in a myocardial infarction and plays a central role 
in pathogenesis of cardiovascular disease. Therefore, 
the early detection of subclinical atherosclerosis can 
identify subjects at risk, and treatment must be initi-
ated in a timely manner to prevent disease progres-
sion. Among the risk factors associated with CVD, 
diabetes mellitus (DM) is a well-known risk factor for 
cardiovascular events and is often accompanied by 
macrovascular complications1). According to the 
American College of Cardiology/American Heart 
Association guidelines 2019, diabetes should be 
treated as equivalent to CAD and statin treatments are 
recommended to control LDL-C levels2). The athero-
sclerotic process likely begins during the pre-diabetic 
stage3), suggesting that atherosclerosis begins very 
early and is still associated with some risk of develop-
ing adverse events, even in subjects without diabetes. 

As shown in a recent study, subclinical athero-
sclerosis (plaque or coronary artery calcification) is 
detected in 49.7% of subjects without a cardiovascular 
risk factor (CVRF)4). In that study, serum LDL-C lev-
els were independently associated with the presence 
and extent of subclinical atherosclerosis, even in 
CVRF-free subjects with an optimal LDL-C level, 
suggesting that the LDL-C level should be lowered to 
prevent atherosclerotic plaque formation and disease 
progression in low-risk subjects. Lipid-lowering ther-
apy with statins now has been widely used to prevent 
atherosclerosis, and a high proportion of the popula-
tion, even individuals without prior history of CVD, 
have already received statin therapy. Therefore, clini-
cians should determine whether other important risk 
factors are related to plaque progression, even if 
LDL-C levels are already tightly controlled. To our 
knowledge, the risk factors that contribute to athero-
sclerotic plaques in patients without diabetes have 
been investigated less frequently. Additionally, few 
studies have examined the relationships between dif-
ferent plaque characteristics and other lipid parame-
ters, such as HDL-C and TG levels. Therefore, the 
aim of our current study is to investigate the risk fac-
tors contributing to atherosclerosis in the coronary 
artery and evaluate the relationships with various 
plaque characteristics in non-diabetic subjects. 

Methods

This study employed a cross-sectional observa-
tional design. Participants who underwent coronary 
computed tomography angiography (CCTA) using 
256-slice multidetector computed tomography as part 
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or means±standard deviation (SD). All participants 
were divided into groups based on the presence of ath-
erosclerotic plaque segment (SIS score). Because all 
study subjects were enrolled at our healthcare center, 
they were non-diabetic or had no prior history of 
CAD, and the coronary atherosclerosis was not severe. 
Therefore, we used SIS (1-16) to represent the degree 
of coronary plaque involvement. Parametric continu-
ous data were compared between groups using a one-
way analysis of variance. Categorical data were com-
pared between groups using a Chi-square test or Fish-
er’s exact test. A multivariate logistic regression analy-
sis was performed to investigate the independent fac-
tors related to the coronary plaque involvement. 
Regarding variable plaque characteristics and patterns, 
a plaque with ＞50% stenosis was defined as signifi-
cant stenosis and various plaque patterns, including 
calcified plaques, non-calcified plaque (soft) and par-
tial calcified (mixed) plaques, were analyzed separately 
to investigate which parameters independently associ-
ated with the presence of various significant (＞50% 
stenosis) plaque morphology. The presence of specific 
type plaque is the binary outcome variables and odds 
ratios are calculated adjusted for possible confounding 
factors. The p-value was two-sided, and P＜0.05 was 
considered statistically significant. Statistical analyses 
were performed using SPSS software (version 15.0, 
SPSS Inc.).

Results

One thousand four hundred seven subjects were 
initially screened. After excluding 85 subjects with a 
prior history of coronary artery disease, 4 patients 
with unclear images and 254 patients with diabetes 
(Fig.2), 1064 non-diabetic subjects (age, 57.86±9.73 
years; 752 males and 312 females) were enrolled in 
our study. Coronary artery plaques were observed in 
546 (56.9 %) subjects, and Table 1 shows the baseline 
characteristics of the study population, which were 

onary luminal stenosis were assessed based on estab-
lished guidelines5). Furthermore, independent radiolo-
gist reviewed plaque morphology in current study and 
defined plaque morphology as calcified (pure calcified 
plaque), non-calcified (soft, no calcified plaque 
detected) and mixed (partial calcified and partial soft 
plaque) (Fig.1). The coronary artery calcification 
(CAC) was calculated using the Agatston method and 
graded as follows: 0, 1–99, 100–399, and ≥ 400. Sev-
eral CCTA parameters were measured, including CAC 
scores, segment involvement score (SIS), segment ste-
nosis score (SSS) and atheroma burden obstructive 
score (ABOS)3). The SIS was calculated as the total 
number of coronary artery segments that contained 
plaques, regardless of the degree of luminal stenosis 
within each segment (minimum=0; maximum=16). 
The SSS was used to measure the overall extent of cor-
onary artery plaques. Each individual coronary seg-
ment was graded as having no plaques to severe 
plaques (i.e., scores ranging from 0 to 3 points), based 
on the extent of coronary artery luminal diameter 
obstruction. The extent scores in all 16 individual seg-
ments were added to yield a total score that ranged 
from 0 to 48 points6, 7). The ABOS was defined as the 
number of plaques with ＞50% stenosis in the entire 
coronary artery tree. 

Laboratory Measurements
Blood samples were collected after an overnight 

fast. Serum biochemical parameters, including triglyc-
eride, HDL-C, LDL-C, blood urea nitrogen (BUN), 
creatinine, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), uric acid, fasting blood glu-
cose, and HbA1c levels, were measured using a TBA-
c16000 automatic analyzer (Toshiba Medical Systems, 
Tochigi, Japan). Biochemical parameters were mea-
sured using a previously described method8). 

Statistical Analysis
All data are reported as frequencies (percentages) 

Fig.1. Longitudinal and cross sectional views of significant (＞50%) stentic calcified (A), non-calcified (soft)(B) and 
partial calcified (mixed) (C) in coronary artery



Wang et al.

792

and glucose, and lower HDL-C levels (p for trend ＜
0.05). Interestingly, 32.7% of patients in the multiple 
atherosclerotic plaque group used statins, and the 
LDL-C level did not significantly correlate with a 
higher SIS score. Table 2 shows the patterns and 
severity of atherosclerotic plaques in the coronary 
artery. Coronary atherosclerotic plaques (lesions) were 
observed in approximately half the subjects, including 
354 (33.2%) with calcified plaques, 175 (16.4%) with 

divided into groups with no atherosclerosis (SIS=0), 
few (SIS=1-2, n=300) and multiple (SIS ≥ 3, n=306) 
atherosclerotic plaques. 

Subjects with higher SIS scores were older and 
had a higher BMI and blood pressure, as well as a 
higher prevalence of hypercholesterolemia, hyperten-
sion, smoking, and statin use (p for the trend ＜0.05). 
Additionally, subjects with a higher SIS had higher 
serum levels of uric acid, triglycerides (TG), HbA1c, 

Fig.2. Study flow 

Table 1. Baseline characteristics of study subjects

SIS=0
N=458

SIS=1or 2
N=300

SIS ≥ 3
N=306

P value P for trend

Age, years
Male, n (%)
Hypercholesterolemia, n (%) 
Hypertension, n (%)
＊Former smoker, n(%)
Current smoker, n (%)
Statin use, n (%) 
BMI, Kg/m2

SBP, mmHg
DBP, mmHg
LVEF, %
Framingham 10-year risk20), % 
HbA1c, %
Glucose, mg/dL
eGFR, mL/min/1.73 m2

Uric Acid, mg/dL
Cholesterol, mg/dL
TG, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL

54.93±9.72
266 (58.1)

85 (18.6)
72 (15.7)
32 (7)
93 (20.4)
89 (19.4)

24.17±2.95
120.38±17.16

76.80±9.86
61.79±6.93

6.09±6.00
5.61±0.27

90.60±8.55
83.09±13.30

6.24±1.59
207.24±35.37
127.89±73.95

50.15±13.87
128.89±31.67

58.45±8.97
210 (70)
69 (23.1)

102 (34.1)
38 (12.7)
62 (20.7)
76 (25.4)

25.04±3.31
124.24±15.65

78.82±9.78
62.41±6.77
9.40±6.98
5.64±0.29

90.91±9.50
83.37±14.16
6.59±1.57

213.06±39.02
137.07±91.22

48.21±13.53
135.47±34.91

62.79±8.56
276 (90.2)

82.92 (6.8)
157 (51.3)

36 (12)
79 (26.2)

100 (32.7)
25.71±3.32

127.81±16.43
79.71±10.14
62.95±8.29
13.65±7.23
5.77±0.36

92.29±9.34
79.41±15.26
6.96±1.51

200.38±39.19
146.40±75.47

43.85±10.22
126.45±34.58

＜.001
＜.001
0.025
＜.001
＜0.05
＜0.05
＜.001
＜.001
＜.001
＜.001
0.171
＜.001
＜.001
0.034
＜.001
＜.001
＜.001
0.007
＜.001
0.003

＜.001
＜.001
0.007
＜.001
＜0.05
＜0.01
＜.001
＜.001
＜.001
＜.001
0.063
＜.001
＜.001
0.011
＜.001
＜.001
0.013
0.002
＜.001
0.324

Data are mean±SD or n (%). SIS indicates segment involvement score; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; LVEF, left ventricular ejection fraction; HbA1c, hemoglobin A1c; eGFR, estimated Glomerular filtration; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol
＊Former smokers were defined as individuals who declared that they ceased smoking at least 6 months prior to the study
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coronary arteries and Supplementary Fig.1 and 2 
showed the distribution of patients having various 
plaque in our study population.  

Supplementary Tables 1 and 2 show the base-
line characteristics in subgroups stratified by gender. 
Males had more risk factors and unfavorable biochem-
ical profiles than females. In addition, males had more 
severe coronary atherosclerosis than females. Table 3 
shows the independent predictors of coronary athero-
sclerosis (SIS) after adjusting for comorbidities, and 

non-calcified (soft) plaques and 282 (26.5%) with 
partial calcified (mixed) plaques. Subjects with a 
higher SIS score had a higher incidence of plaques, 
including calcified, non-calcified (soft) and partial cal-
cified (mixed) plaques. Among the significant (＞
50%) stenotic plaques observed, 28% subjects with 
multiple atherosclerotic lesions (SIS ≥ 3) had ＞50% 
stenotic partial calcified (mixed) plaques and 7.5% 
non-calcified (soft) and 20.6% calcified plaques. Sub-
jects may have more than one type plaques in their 

Table 2. Atherosclerotic plaque patterns and severity in the coronary artery in different groups of SIS

SIS=0
N=458

SIS=1or 2
N=300

SIS ≥ 3
N=306

P value P for trend

Total calcium score
ABOS
SIS
SSS
＊Calcified plaque, n (%)
＊Non-calcified plaque, n (%) 
＊Mixed plaque, n (%)
＊
＞50% calcified plaque, n (%)
＊
＞50% non-calcified plaque, n (%)
＊
＞50% mixed plaque, n (%)
＊＊CAD

1 vessel, n (%) 
2 vessels, n (%)
3 vessels, n (%)

Planed revascularization, n (%)

1.74±19.48
0.00±0.00
0.00±0.00
0.00±0.00

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

 
0 (0)
0 (0)
0 (0)
0 (0)

45.44±106.36
0.09±0.29
1.49±0.50
1.63±0.82
160 (53.3)

81 (27)
100 (33.3)

9 (3)
8 (2.7)
9 (3)

 
2 (0.7)
0 (0)
0 (0)
1 (0.3)

408.43±519.91
1.12±1.59
5.13±2.18
7.29±4.56
194 (63.4)

94 (30.7)
182 (59.5)

63 (20.6)
23 (7.5)
87 (28.4)

 
33 (10.8)

8 (2.6)
1 (0.3)

37 (12)

＜.001
＜.001
＜.001
＜.001
＜.001
＜.001
＜.001
＜.001
＜.001
＜.001

 
＜.001

 
 

＜.001

＜.001
＜.001
＜.001
＜.001
＜.001
＜.001
＜.001
＜.001
＜.001
＜.001

 
＜.001

 
 

＜.001

Data are mean±SD or n (%). ABOS indicates atheroma burden obstructive score; SIS, segment involvement score; SSS, segment stenosis score 
SIS. ＊Patients who have such kinds of lesion in their coronary artery; ＊＊CAD: ＞70% stenosis

Table 3. Independent predictors for coronary atherosclerosis (SIS)

Univariate Multivariate

β 95% Confidence 
Interval

P value β 95% Confidence 
Interval

P value

Age, years
Male, n (%)
BMI, Kg/m2

SBP, mmHg
TG, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
HbA1c, %
Uric Acid, mg/dL
eGFR, mL/min/1.73 m2

＊Former smoker
Current smoker 

0.085
1.519
0.142
0.028
0.003

-0.037
-0.006
1.861
0.209

-0.019
0.493
0.338

(0.070 - 0.099)
(1.207 - 1.831)
(0.097 - 0.187)
(0.019 - 0.036)
(0.001 - 0.005)

(-0.048 - -0.025)
(-0.010 - -0.002)
(1.397 - 2.325)
(0.116 - 0.301)

(-0.029 - -0.008)
(0.004 - 0.981)
(-0.015 - 0.692)

＜.001
＜.001
＜.001
＜.001
0.002
＜.001
0.009
＜.001
＜.001
＜.001
0.048
0.061

0.085
1.384
0.055

  
 

 
0.894

(0.069 - 0.100)
(1.022 - 1.745)
(0.009 - 0.101)

 
 
 
 

(0.443 - 1.345)

＜.001
＜.001
0.019

 
 
 
 

＜.001

Data are mean±SD or n (%). BMI indicates body mass index; SBP, systolic blood pressure; TG, triglyceride; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; eGFR, estimated Glomerular filtration;
＊Former smokers were defined as individuals who declared that they ceased smoking at least 6 months prior to the study
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observed in 47% of CV risk-free subjects (blood sugar 
level ＜126 mg/dL and LDL-C level ＜160 mg/dL)4). 
Both observations showed that atherosclerosis exists 
early, even if blood sugar and LDL-C levels are still 
within acceptable ranges in low-risk subjects. Our cur-
rent study further extended the previous observation 
showing that changes in plaque characteristics are 
associated with higher HbA1c levels in non-diabetic 
subjects. As HbA1c levels increase, a higher percent-
age of coronary plaques, particularly partial calcified 
(mixed) plaques, was observed, and approximately 
20% of non-diabetic subjects whose HbA1c level was 
approximately 6.0% had partial calcified (mixed) 
plaques with ＞50% stenosis in their coronary arter-
ies. The results from the current study are consistent 
with previous studies showing a correlation between a 
higher HbA1c level and a higher coronary atheroscle-
rotic burden in non-diabetic patients11), but we 
extended these findings to show that this parameter is 
particularly associated with the presence of high-risk 
mixed plaques. Several features of coronary CTA have 
been identified as characteristics of vulnerable plaques. 
Plaques with spotty calcification were the most fre-
quently reported high-risk plaque feature (risk ratio 
[RR]: 37.2), followed by ＞50% stenosis (RR: 34.4), 
positive remodeling (RR: 11.3), low Hounsfield units 
(HU) plaques (RR: 8.2), and a napkin ring sign (RR: 
8.2)12). Our current study defined ＞50% stenosis and 
partial calcified (mixed) type plaques as the high-risk 
plaques, consistent with the findings described above. 
Additionally, Hou et al. estimated that the 3-year 
probability of major cardiovascular events was 6% for 
a calcified plaque, 23% for a non-calcified plaque, and 
38% for a mixed plaque in a cohort of subjects sus-
pected of having CAD13). These results supported the 
hypothesis that the highest risks are associated mixed 
plaques and suggested that a risky plaque composition 
(less calcified plaques and more mixed plaques) should 
be avoided to prevent adverse cardiovascular events14). 

In the present study, age, the male gender, 
HbA1c level and a current smoking status were inde-
pendently associated with the presence of high-risk 
partial calcified (mixed) plaques in non-diabetic sub-
jects. LDL-C levels are not related to the extent of 
coronary plaques, which is believed to be caused by 
statin therapy and a higher statin prescription rate in 
patients with a higher HbA1c level. Although Fernán-
dez-Friera et al. reported that LDL-C is an indepen-
dent factor associated with the atherosclerosis pro-
cess4), our study revealed that atherosclerosis pro-
gressed even when LDL-C levels were controlled by 
statin therapy. Although statin therapy has been 
widely used to control risks, studies aiming to identify 
if other residual risk factors are needed. As shown in 

only age (β=0.085, p＜0.001), the male gender (β
=1.384, p＜0.001), BMI (β=0.055, p=0.019) and 
HbA1C levels (β=0.894, p＜0.001) were indepen-
dent predictors of greater coronary atherosclerosis 
involvement (SIS) in non-diabetic subjects. 

Table 4 shows the predictors of the presence of 
significant ＞50% stenotic calcified, non-calcified 
(soft) and partial calcified (mixed) plaques. For calci-
fied plaques, only age (OR: 1.082, 95% CI: 10.47-
1.118) and a former smoking status (OR: 2.061, 95% 
CI: 1.013-4.193) were independently associated with 
the presence of significant stenotic calcified plaques in 
non-diabetic subjects. For the presence of significant 
stenotic partial calcified (mixed) type plaques, only 
age (OR: 1.085, 95% CI: 1.052-1.119), the male gen-
der (OR: 7.082, 95% CI: 2.638-19.018), HbA1C lev-
els (OR: 2.074, 95% CI: 1.036-4.151), and current 
smoking status (OR: 1.848, 95% CI: 1.089-3.138) 
were independently associated with the risk of the 
presence of significant stenotic partial calcified (mixed) 
plaques. For non-calcified (soft) plaques, no factors 
achieved statistical significance. Fig.3 shows the cor-
relations between HbA1c levels and various coronary 
atherosclerotic characteristics and the LDL values. 
Fig.4 shows the correlations between HbA1c levels 
and CAD severity and the TG and HDL-C levels. 

Discussion

As shown in the present study, a higher HbA1c 
level was associated with more advanced coronary ath-
erosclerosis, even when LDL-C levels were tightly 
controlled. Additionally, although higher HDL-C lev-
els and lower TG levels were associated with a higher 
severity of coronary atherosclerosis, higher HbA1c lev-
els were still independently associated with the risk of 
the presence of high-risk plaques, suggesting that the 
maintenance of lower HbA1c levels is very important 
to prevent atherosclerosis in low-risk subjects. 

DM is a major risk factor for cardiovascular dis-
ease and is often accompanied by macrovascular com-
plications1). Patients with diabetes have a higher prev-
alence of atherosclerosis, CAD, and silent lesions 
within the coronary artery, even in the absence of clin-
ical ischemic symptoms9, 10). However, the atheroscle-
rotic process appears to begin very early, even in 
patients without symptoms and only minimal risk fac-
tors. Although a diagnosis of diabetes was not 
achieved, Scicali et al. reported a higher coronary cal-
cium level and carotid intima-media thickness (IMT) 
in subjects with an HbA1c level of 5.7–6.4% than in 
subjects with an HbA1c level ＜5.7%11), suggesting 
that atherosclerosis was already present in people with 
pre-diabetes. Recently, subclinical atherosclerosis was 
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coronary plaque involvement were observed, TG and 
HDL-C levels were not independently correlated with 
coronary plaque formation after simultaneous adjust-
ment for HbA1c levels, indicating that HbA1c plays a 
crucial role in coronary atherosclerosis, particularly 

the present study, higher serum levels of TGs and 
lower serum levels of HDL-C were associated with a 
higher percentage of coronary plaques with higher 
HbA1c levels. Although the trends for associations 
between changes in TG and HDL-C levels with more 

Table 4. Predictors for the presence of ＞50% stenotic plaque of calcified, non-calcified and mixed characteristics 

Univariate Multivariate

Odd Ratio 95% Confidence 
interval

P value Odd Ratio 95% Confidence 
interval

P value

Calcified plaque
Age, years
Male, n (%)
BMI, Kg/m2

SBP, mmHg
TG, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
HbA1c, %
Uric Acid, mg/dL
eGFR, mL/min/1.73 m2

Former smoker
Current smoker 

 
1.077
1.779
1.027
1.022
1.001
0.974
0.995
3.892
1.144
0.981
2.438
1.176

 
1.050-1.106
0.977-3.239
0.955-1.105
1.008-1.036
0.998-1.004
0.953-0.995
0.988-1.002
1.949-7.770
0.993-1.319
0.965-0.997
1.282-4.638
0.648-2.134

 
＜.001
0.060
0.470
0.001
0.513
0.014
0.196
＜.001
0.062
0.024
0.007
0.594

  
1.080
1.185
0.958 
1.009
1.000
0.976 
0.999 
2.155 
1.062
1.003
2.061
1.331

 
1.045-1.116
0.571-2.461
0.876-1.047
0.994-1.024
0.996-1.003
0.950-1.003
0.992-1.007
0.988-4.700
0.890-1.268
0.984-1.021
1.013-4.193
0.682-2.596

 
＜.001

.648

.344

.253

.827

.084

.875

.054

.502

.775

.046

.402

Non-calcified plaque (soft)
Age, years
Male, n (%)
BMI, Kg/m2

SBP, mmHg
TG, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
HbA1c, %
Uric Acid, mg/dL
eGFR, mL/min/1.73 m2

Former smoker
Current smoker 

 
1.028 
2.868 
0.999 
0.998 
1.001 
0.990 
0.999 
1.288 
1.224 
0.972 
1.363 
1.072

 
0.991-1.066
0.995-8.264
0.894-1.116
0.977-1.020
0.998-1.005
0.961-1.019
0.989-1.010
0.421-3.945
1.002-1.496
0.949-0.996
0.457-4.067
0.447-2.567

 
0.142 
0.051 
0.988 
0.890 
0.513 
0.490 
0.912 
0.657 
0.048 
0.022 

 0.579
0.877

 
1.026
3.007 
0.966 
0.989 
1.001
1.006
1.000
1.006
1.109
0.980 
1.091
0.885 

 
0.981-1.072
0.891-10.148
0.843-1.106
0.966-1.013
0.996-1.006
0.971-1.043
0.989-1.011
0.297-3.406
0.875-1.406
0.954-1.007
0.355-3.353
0.349-2.241

 
.259
.076
.615
.377
.717
.732
.965
.992
.391
.145
.879
.796

Partial calcified plaque (mixed)
Age, years
Male, n (%)
BMI, Kg/m2

SBP, mmHg
TG, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
HbA1c, %
Uric Acid, mg/dL
eGFR, mL/min/1.73 m2

Former smoker
Current smoker 

 
1.071 
8.453 
1.111 
1.025 
1.003 
0.957 
0.994 
4.504 
1.148 
0.981 
1.208
2.138

 
1.047-1.096
3.401-21.008
1.045-1.182
1.012-1.037
1.001-1.005
0.938-0.977
0.987-1.000
2.439-8.316
1.013-1.301
0.967-0.996
0.576-2.532
1.342-3.404

 
＜.001
＜.001
0.001 
＜.001
0.014 
＜.001
0.048 
＜.001
0.031 
0.011 
0.617
0.001

 
1.085
7.082
1.065
1.010
1.001
0.986 
1.000
2.074
0.931 
1.001
0.675 
1.848

 
1.052-1.119
2.638-19.018
0.986-1.151
0.996-1.024
0.999-1.004
0.961-1.012
0.993-1.007
1.036-4.151
0.796-1.089
0.985-1.017
0.306-1.489
1.089-3.138

 
＜.001
＜.001

.108

.180

.283

.279

.945

.039

.373

.920

.330

.023

Data are mean±SD or n (%). BMI indicates body mass index; SBP, systolic blood pressure; TG, triglyceride; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; eGFR, estimated Glomerular filtration;
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Fig.3. The presence of significant (＞50% stenosis) high-risk plaques (mixed plaques 
with spotty calcification) in the coronary artery (A & B); (C) the associations of 
serum LDL-C levels and statin use and various significant (＞50% stenosis) 
plaques in in non-diabetic subjects with different HbA1c levels

Fig.4. The association between lipid profiles of serum triglyceride (TG) and HDL-C 
levels and the severity of coronary artery atherosclerosis in non-diabetic subjects 
with different HbA1c levels
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Conclusions

An increase in HbA1c levels is independently 
associated with the presence and severity of coronary 
artery atherosclerosis in non-diabetic patients. Addi-
tionally, although higher HDL-C levels and lower TG 
levels were observed in patients with an higher severity 
of coronary atherosclerosis and increased serum 
HbA1C levels, only HbA1C levels were independently 
associated with a higher risk of severe coronary artery 
atherosclerosis and the presence of significant mixed 
type plaques, even if LDL-C levels were controlled by 
statin therapy. Thus, HbA1c is a useful indicator to 
identify high-risk subjects, even in non-diabetic popu-
lations, and maintaining a lower HbA1c level is a ben-
eficial strategy to reduce the cardiovascular risk in 
non-diabetic patients. 
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Supplementary Table 2. Atherosclerotic plaque patterns and severity in the coronary artery in different genders 

All
N=1,064

Male
N=752

Female
N=312

P value 

Total calcium score
ABOS
SIS
SSS
Calcified plaque, n (%)
Non-calcified plaque, n (%) 
Mixed plaque, n (%)
＞50% calcified plaque, n (%)
＞50% non-calcified plaque, n (%)
＞50% mixed plaque, n (%)
＊CAD

1 vessel, n (%) 
2 vessels, n (%)
3 vessels, n (%)

131.38±335.37
0.35±0.99
1.90±2.46
2.56±3.96
354 (33.3)
175 (16.4)
282 (26.5)

72 (6.8)
31 (2.9)
96 (9)

 
35 (3.3)

8 (0.8)
1 (0.1)

170.86±383.56
0.45±1.14
2.34±2.67
3.21±4.40
288 (38.3)
137 (18.2)
243 (32.3)

58 (7.7)
27 (3.6)
91 (12.1)

 
33 (4.4)

8 (1.1)
1 (0.1)

36.92±130.78
0.09±0.38
0.82±1.37
0.97±1.83
66 (21.2)
38 (12.2)
39 (12.5)
14 (4.5)

4 (1.3)
5 (1.6)

 
2 (0.6)
0 (0)
0 (0)

＜.001
＜.001
＜.001
＜.001
＜.001
0.020 
＜.001
0.076 
0.066 
＜.001

 
＜.003

Data are mean±SD or n (%). ABOS indicates atheroma burden obstructive score; SIS, segment involvement score; SSS, segment stenosis score 
SIS. ＊CAD: ＞70% stenosis

Supplementary Table 1. Baseline characteristics of study subjects

All 
N=1,064

Male 
N=752

Female 
N=312

P value

Age, years
Hypercholesterolemia, n (%) 
Hypertension, n (%)
Former smoker, n (%)
Current smoker, n (%)
Statin use, n (%) 
BMI, Kg/m2

SBP, mmHg
DBP, mmHg
LVEF, %
Framingham 10-year risk, % 
HbA1c, %
Glucose, mg/dL
eGFR, mL/min/1.73 m2

Uric Acid, mg/dL
Cholesterol, mg/dL
TG, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL

58.18±9.74
236 (22.2)
331 (31.1)
106 (10)
234 (22.2)
265 (24.9)

24.86±3.23
123.61±16.81

78.21±9.99
62.31±7.32
17.38±13.31
5.67±0.31

91.17±9.07
82.12±14.22
6.55±1.59

91.17±9.07
127.89±73.95

47.79±13.08
130.05±33.61

57.59±9.87
160 (21.3)
266 (35.4)
101 (13.5)
223 (29.9)
186 (24.8)

25.41±3.00
124.90±16.11

79.81±9.63
62.38±7.29
21.41±13.50
5.67±0.32

91.45±9.27
82.21±15.21
7.01±1.50

91.45±9.27
137.07±91.22

43.99±10.50
128.71±34.02

59.62±9.29
76 (24.4)
65 (20.8)

5 (1.6)
11 (3.6)
79 (25.3)

23.53±3.37
120.49±18.03

74.34±9.79
62.16±7.40
7.59±5.41
5.65±0.27

90.50±8.56
81.89±11.50
5.44±1.21

90.50±8.56
146.40±75.47

56.99±14.10
133.29±32.44

0.002
0.313
＜.001
＜0.05
＜0.05

0.911
＜.001
＜.001
＜.001
0.695
＜.001
0.139
0.106
0.713
＜.001
0.106
0.007
＜.001
0.043

Data are mean±SD or n (%).SIS indicates segment involvement score; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; LVEF, left ventricular ejection fraction; HbA1c, hemoglobin A1c; eGFR, estimated Glomerular filtration; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol
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Supplementary Fig.1.  Distribution of subjects with SIS=1 & 2 (A) and SIS=3 (B) having calcified, non-calcified (soft) 
and partial calcified (mixed) lesions in coronary arteries

Supplementary Fig.2.  Distribution of subjects with SIS=1 & 2 (A) and SIS=3 (B) having ＞50% stenotic calcified, non-
calcified (soft) and partial calcified (mixed) lesions in coronary arteries

Supplementary Table 3. Correlation of parameters of CCTA 

CAC score ABOS SIS SSS

CAC score correlation 
Significance 

1 0.627
＜0.0001

0.707
0.0001

0.748
0.0001

ABOS correlation 
Significance 

1 0.643
0.0001

0.776
0.0001

SIS correlation 
Significance 

1 0.944
0.001

SSS correlation 
Significance 

1

CAC indicates coronary artery calcification; ABOS, atheroma burden obstructive score; SIS, segment involvement score
SSS, segment stenosis score
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