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Abstract

Purpose This study aims to develop a low-radiation dose, one-step integrated coronary—carotid—cerebral

computed tomography angiography (ICCC-CTA) technigue to analyze the relationship between cardiovascular and
cerebrovascular atherosclerosis and evaluate the risk factors of plaque to provide an early-stage treatment to patients
and reduce vascular events.

Methods A total of 300 consecutive asymptomatic patients with cardiovascular risk factors who underwent
ICCC-CTA were enrolled in this prospective study. The association between coronary and carotid-cerebrovascular
atherosclerosis was assessed. The primary cardiovascular risk factors for various plaque types in cardiovascular or
cerebrovascular disease were evaluated using multivariate analysis.

Results Among 300 patients, 189 (63%) had plaques in their coronary and cerebral arteries. The presence of calcified
and mixed plaques in the carotid-cerebral and coronary arteries was strongly correlated (x>=20.71, P=0.001; x> =8.96,
P=0.003, respectively). Multivariate logistic regression analysis revealed that abnormal blood glucose [OR=1.44, 95%
Cl0.12-0.62, P=0.01] and abnormal total cholesterol [OR=1.28, 95% C| 0.07-0.46, P=0.01] are risk factors in all the
models in the coronary artery, non-calcified plaque group. Abnormal blood glucose [OR=1.43,95% CI 0.11-0.61,
P=0.01] and abnormal systolic blood pressure [OR=1.02, 95% C| 0.01-0.04, P=0.02] are risk factors in all the models in
the coronary artery calcified plague group. Abnormal blood glucose level [OR=1.44, 95% Cl=0.12-0.62, P=0.01] was
only a risk factor in the non-calcified plaque carotid—cerebral artery group.

Conclusions We confirm that elevated blood glucose and total cholesterol levels are associated with coronary and
carotid-cerebrovascular plaques using the novel one-step low dose cerebral-carotid-cardiac CTA technique. These
findings will provide insights for further studies focusing on developing low-radiation dose one-step ICCC-CTA to
screen cardiovascular/cerebrovascular plaques in general population with cardiovascular risk factors.
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Advances in knowledge We developed a low-radiation dose, one-step ICCC-CTA technique to detect
cardiovascular and cerebrovascular atherosclerosis. We evaluated the risk factors for plaque burden for the early
treatment and reduction of vascular events. These findings supported the development of low-radiation dose one-
step ICCC-CTA to screen for cardiovascular/cerebrovascular disease in general population with cardiovascular risk

Keywords Atherosclerosis, Carotid artery, Cerebrovascular disease, Computed tomography angiography, Coronary

Introduction

Atherosclerosis is the major cause of ischemic stroke
and acute coronary syndrome [1, 2]. Atherosclerosis
commonly affects multiple vascular beds. Different arte-
rial beds typically share the same risk of stenosis during
atherosclerosis formation [3, 4]. Previous studies [5, 6]
demonstrated that plaque accumulation in the coronary
and carotid arteries had the same genetic basis, and a
association existed between carotid and coronary dis-
eases because they shared similar risk factors [7-9].
Thus, identifying the risk factors for, and the association
between, coronary and carotid/cerebrovascular athero-
sclerosis to enable early treatment and reduce vascular
events is highly significant.

Cardiac computed tomography angiography (CTA)
is used to study plaques and plaque components due to
its higher spatial and contrast resolution. Recent stud-
ies have revealed that a comprehensive CTA protocol
is an attractive tool that can be used to evaluate coro-
nary, carotid, and cerebral artery atherosclerosis simul-
taneously [12-14]. We previously reported using a low
radiation dose and a dual-source computed tomography
(CT) system with good image quality and high diagnos-
tic accuracy to evaluate coronary, carotid, and cerebral
artery stenosis simultaneously in 2015 [12].

The present study aims to advance our previous inves-
tigation by developing the ICCC-CTA technique to
analyze the association between cardiovascular and cere-
brovascular atherosclerosis and evaluating risk factors for
plaque burden to enable early intervention and reduce
the burden of cardiovascular/cerebrovascular disease.

Materials and methods

Ethical statement

The clinical study was approved by the ethics commit-
tee of the Inner Mongolia Medical University of China
(No. YKD2015061) and The Third People’s Hospital of
Longgang District, Shen Zhen. All procedures were by
the Declaration of Helsinki. All patients provided their
written informed consent to participate in the study. The
data did not contain any information that could identify
patients.

Study participants
A total of 386 consecutive asymptomatic patients with
cardiovascular risk factors were enrolled and underwent
ICCC-CTA between January 2015 and December 2017.
Patients with iodinated contrast allergies, renal disease
with a serum creatinine concentration of 1.5 mg/mL,
pregnancy, and irregular heart rate were excluded. After
exclusion, 300 patients remained in the study. Figure 1
displays the flow chart depicting patient inclusion results.
All patients provided baseline demographic data. The
clinical and laboratory data, including sex, age, height,
weight, smoking history, family history, history of dia-
betes, blood pressure, hyperlipidemia, total cholesterol
concentration, high-density lipoprotein cholesterol
concentration, low-density lipoprotein cholesterol con-
centration, triglyceride concentration, and creatinine
concentration, were obtained.

Cardiovascular risk factor assessment

The primary cardiovascular risk factors included diabe-
tes mellitus, hypertension, dyslipidemia, smoking, alco-
hol consumption, and family history of coronary artery
disease (CAD). Diabetes mellitus was defined as a fast-
ing glucose concentration of 26.1 mmol/L, a non-fasting
glucose concentration of >11.1 mmol/L, or hypoglyce-
mic therapy administration (insulin, oral hypoglycemic
therapy, or dietary advice). Hypertension was considered
if the patient had a previously established diagnosis, a
systolic blood pressure of >140 mm Hg, a diastolic blood
pressure of 290 mm Hg, or an intake of antihypertensive
medications. Dyslipidemia was defined according to the
patient’s medical history or based on their current use
of lipid-lowering drugs. The smoking status and alcohol
consumption were ascertained by the medical history.

Acquisition of CT data

A single 0.8 mg dose of nitroglycerin aerosol (Yixinbao,
Shandong Jingwei Pharma, China) was administrated to
the patient 3 min before scanning. The low-radiation dose
ICCC-CTA scans were performed using a third-gener-
ation dual-source CT scanner (SOMATOM Force; Sie-
mens Healthcare, Forchheim, Germany) equipped with
a fully integrated circuit detector system (Stellar Infin-
ity, Siemens). The contrast agent (Omnipaque 350 mg/
mL; GE Healthcare, USA) was injected intravenously via
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386 patients prospectively included
in this study

e 6 patients excluded due to poor image quality of CTA
e 9 patients excluded for not using integrated CTA protocol
e 71 patients excluded because of no laboratory data

300 patients finally enrolled for
analysis

Plaque detected by coronary-

cerebrovascular integrated CTA
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(n=189)
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(n=111)

Position of plaque
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Fig. 1 Flow chart depicting results of patient inclusion

the antecubital vein using a power injector (Missouri-
XD2001; Ulrich GmbH & Co. KG, Germany) with a 20G
needle. The operator interface and protocol of ICCC-
CTA are depicted in Fig. 2; Table 1, respectively.

Image reconstruction

The axial images were transferred to the workstation
(Syngo. Via CTA, Siemens Healthcare). All studies were
reconstructed using an advanced modeled iterative
reconstruction at a strength of 3, using a medium sharp
convolution kernel (Bv36), a 0.6-mm section thickness,
and an increment of 0.4 mm. Curved planar reformatting
(CPR) (thickness 8.0 mm), maximum intensity projec-
tion (thickness 10.0 mm), multiplanar reformatting, and
volume rendering (VR) were used to evaluate the carotid,
cerebrovascular, and coronary arteries.

CT angiography analysis

The coronary tree was subdivided for segment-based
analysis according to the American Heart Association
standards [15]. Segments 1-4 were designated the right
coronary artery, while segment 5 was designated the left
main coronary artery. The left anterior descending artery

Plaque feature and
biochemical analysis

Mixed plaque
(n=52)

Non-calcified
plaque
(n=37)

Calcified plaque
(n=37)

comprised segments 6-—10, whereas the left circum-
flex artery comprised segments 11-15. An intermedi-
ate artery was defined as segment 16. According to the
criteria of the North American Symptomatic Carotid
Endarterectomy Trial, the bilateral carotid and cerebro-
vascular arteries were divided into 40 segments [16]:
common carotid arteries (two sides, one segment per
vessel), carotid bifurcation (two sides, one segment per
vessel), external carotid arteries (two sides, one segment
per vessel), internal carotid arteries (two sides, seven
segments per vessel), vertebral arteries (two sides, two
segments per vessel), basilar artery (two sides, one seg-
ment per vessel), anterior cerebral artery (two sides, two
segments per vessel), middle cerebral artery (two sides,
two segments per vessel), posterior cerebral artery (two
sides, two segments per vessel), anterior communicat-
ing artery (one side, one segment per vessel), and pos-
terior communicating artery (two sides, one segment
per vessel). The plaque characteristics in each vascular
segment were identified and evaluated as calcified, non-
calcified, or mixed as previously described [11, 17]. The
coronary atherosclerotic lesions were quantified for ste-
nosis using quantitative analysis. The degree of stenosis
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Fig. 2 Operator interface (A) and typical image (B) of the high-pitch protocol for one-step ICCC-CTA. Scan direction and the relationship between
contrast agent injection time and scan time with the ICCC-CTA protocol (C). ICCC-CTA, Integrated coronary-carotid—cerebral computed tomography

angiography

Table 1 The parameters of CT scanning and injection of contrast agent

CT scanning parameters

Parameters of contrast agent injection

Acquisition protocol mode Turbo high-pitch mode
2*192* 0.6 mm

0.25s

3.2 pitch

Automated tube voltage adaptation

Detector collimation
Rotation time

Pitch

Tube voltage

Tube current Automated tube current modulation
Scan area From the diaphragm to the vertex
Caudo-cranial direction

0.6 mm

0.78+0.12s

1.48+0.33(0.79-2.77)mSv

Scan direction

Slice width

Scan time

Effective radiation dose

Image acquisition phase
the RR interval on ECG

30% (HR> 65 bpm) or 60% (HR< 65 bpm) of

Needle-gauge 20-gauge
Contrast agent Omnipaque
Concentration of contrast agent 350mgl/ml
Contrast volume 45 ml
Contrast flow rate 4.5 ml/s
Saline solution volume 45 ml

Saline solution flow rate 4.5 ml/s
Intravenous bolus technique Bolus-tracking
Signal attenuation threshold 100Hu

Region of interest (ROI)
Heart rate

Ascending aorta
7850+21.62(54 ~285)bpm
Delay time 8s

Abbreviations: HR=heart rate; bpm=beats per minute;ECG=electrocardiogram

was measured as the ratio between the luminal diameters
of the segments exhibiting obstruction and the luminal
diameter of the most normal-appearing site immediately
proximal to the plaque in multiplanar curved reformat-
ted images. The evaluable coronary artery segments were
assessed for stenosis using six predefined categories: 0%,
1-24%, 25-49%, 50—69%, 70—-99%, or 100% (total occlu-
sion) according to the CAD Reporting and Data System
(CAD-RADS) [18].

Estimation of radiation dose

The volume CT dose index and dose-length prod-
uct (DLP) were recorded automatically at the end of
each scan. The effective radiation dose (in mSv) was

estimated by multiplying the DLP with a conversion fac-
tor (k=0.026 mSv-mGy~! cm™! for cardiovascular imag-
ing and k=0.0031 mSv mGy~! cm™! for the head and
neck) according to the previous studies [19, 20].

Statistical analysis

The continuous variables were presented as mean+stan-
dard deviation or median (interquartile range) if appro-
priate (non-normal distribution). The categorical
variables were displayed as numbers (%). The Student
t-test for independent samples was used to compare
normally distributed continuous variables. When the
variable distribution was non-normal, the Wilcoxon
rank-sum test was used for independent samples. The
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chi-squared and Fisher’s exact tests were used to com-
pare categorical and skewed variables. The influence of
selected patient characteristics, plaque risk factors, and
scan characteristics on plaque burden was visualized
using odds ratio (OR) with 95% confidence interval (CI)
in a multivariate logistic regression model. A P-value of
<0.05 indicated a statistically significant difference. All
statistical analyses were performed using IBM SPSS Sta-
tistics version 21.0 (NY, USA) or GraphPad Prism version
4.02 (CA, USA) and Quickcalcs 2014.

Results

This study enrolled 386 consecutive patients to undergo
ICCC-CTA. After exclusion, the study included 300
patients (77.7%). Exclusion criteria included poor image
quality on CTA (n=6), failure to use the ICCC-CTA pro-
tocol (n=9), and a lack of laboratory data (n=71). Fig-
ure 1 presents that 72.5% of 189 patients with plaques
had only coronary plaques, 22.8% had only cerebrovas-
cular plaques, and 4.8% had plaques in both territories.
In this study, the mean age of patients was 56110 years
(range, 37-92 years), with 66% (199 out of 300) male. The
mean heart rate during CTA was 74%11 beats per min-
ute (bpm) (range, 40—128 bpm). The average DLP for the

Table 2 Baseline and characteristics of the patient population
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ICCC-CTA was 138.571+31.6 mGy cm with a calculated
corresponding effective radiation dose of 1.48+0.33 mSv.
Tables 1 and 2 present the patient’s baseline and clinical
characteristics.

Association between coexisting plaques in coronary,
carotid, and cerebral arteries

Among 300 patients, 189 (63%) presented with plaques,
whereas 111 patients (37%) did not present with plaques
in the coronary and cerebral arteries. Of these plaques,
180 (60%) were in the coronary artery, and 52 (17.3%)
were in the carotid and cerebral arteries. A total of 43
patients (14.3%) had coexisting plaques in carotid or
cerebral arteries. A association was discovered between
the constituent ratio of coronary plaques and carotid—
cerebral artery plaques (y*=14.22, P=0.001, Table 3).
A strong association was observed between the pres-
ence of calcified and mixed plaques in the carotid—cere-
bral and coronary arteries (y*=20.71, P=0.001; y*=8.96,
P=0.003, respectively), while no association was discov-
ered between non-calcified plaques in the coronary and
the carotid—cerebral arteries (y*=2.93, P=0.087, Table 4).
A significant association was observed between coronary
and cerebrovascular plaques. However, 76% of patients

All Population Patients with plaque Patients without plaque pvalue
(n=300) (n=189) (n=111)
Clinical characteristics
Gender,%(Male) 66.33(199) 70.37(133) 59.45(66) 0.059
Age years 56+10 58+10 53+9 0.001
Mean Heart rate (bpm) 74+11 74412 73110 0.868
Hypertension,%(n) 10.3(81) 35.4(67) 12.6(14) 0.001
Diabetes,%(n) 7.4(58) 28.6(54) 3.6(4) 0.001
SBP. mmHg 13548+ 11.54 13560+18.31 13430+10.86 0495
DBPmmHg 81.32+£8.95 81.73£8.80 79.48+7.65 0.028
B!\/H,kg/mZ 2242+2.29 22.62+259 2228+192 0224
Education level,%(n) 0.593
<6years 0.6(5) 2.1(4) 0.9(1)
6-12years 17.1(135) 43.4(82) 47.7(53)
>12years 20.3(160) 54.5(103) 51.4(57)
Health habits
Current cigarette user,%(n) 23.9(188) 65.6(124) 57.7(64) 0.169
Current alcohol user,%(n) 26.8(211) 73.5(139) 64.9(72) 0.118
Physical activity,%(n) 0976
Active 37.1(292) 97.4(184) 97.3(108)
Not Active 1(8) 2.6(5) 2.7(3)
Laboratory data
FG,mmol/L 558+1.14 558+2.50 476+1.31 0.001
TC,mmol/L 1.69+0.98 1.82+1.14 1.66+0.94 0.004
LDL-C;mmol/L 248+0.79 2.55+0.90 233+0.59 0.04
HDL-C,;mmol/L 1.68+0.75 1.73+£0.77 1.56+0.93 0.119
Uric acid,umol 6.04+2.15 6.02+2.72 6.26+1.68 0442
Creatinine,umol/L 65.92+20.39 67.55+26.88 66.33+£13.53 0.683

Abbreviations: FG=fasting glucose;TC=total cholesterol; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol
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Table 3 The constituent ratio of plaque position in coronary and carotid-cerebrovascular

Plaque in coronary total X p value
(+) ()
Plaque in carotid-cerebrovascular (+) 43 9 52 14.22 0.001
) 137 1 248
total 180 120 300

Table 4 The constituent ratio of various plaque types in coronary and carotid-cerebrovascular

plaque features coronary X p value
(+) ()
calcified (+) 22 15 20.71 0.001
) 62 201
carotid-cerebrovascular non-calcified (+) 18 19 293 0.087
() 0 173
mixed (+) 25 27 8.96 0.003
() 67 181

Fig. 3 A 50-year-old male patient with progressive leg weakness, numbness, and dizziness for 2 days. ICCC-CTA detected coexisting plaques in the ca-
rotid [total occlusion in the proximal brachiocephalic trunk (A)] and coronary arteries [stenosis in RCA (C), LAD (B and D), and LCx (E) arteries]. ICCC-CTA,
Integrated coronary—carotid—cerebral computed tomography angiography; LAD, left anterior descending; LCx, left circumflex; RCA, right coronary artery;
VR, volume rendering

with coronary plaques had no cerebrovascular plaques.  Multivariate analysis of cardiovascular risk factors

Figure 3 presents a patient with coexisting plaques in the  Figure 4 depicts a statistical graph of the multivariate

carotid, and coronary arteries detected using one-step  logistic regression analysis of non-calcified and calcified

ICCC-CTA. plaques for cardio-cerebrovascular risk factors. Multi-
variate analysis revealed that the primary cardiovascular
risk factors, including FG, age, and TC, were associated
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Fig. 4 Multivariate logistic regression analysis of cardiovascular and cerebrovascular risk factors for non-calcified (graph A) and calcified (graph B) plaque

burden

with various plaque types in the coronary and carotid—
cerebral arteries (Table 5-6). Abnormal blood glucose
[OR=1.44, 95% CI 0.12-0.62, P=0.01] and abnormal
total cholesterol [OR=1.28, 95% CI 0.07-0.46, P=0.01]
are risk factors in all the models of non-calcified plaque
group. Abnormal blood glucose [OR=1.44, 95% CI
0.12-0.62, P=0.01] is a risk factor only in model 1 of
the carotid-cerebral artery non-calcified plaque group.
However, abnormal blood glucose [OR=1.43, 95% CI
0.11-0.61, P=0.01] and abnormal systolic blood pressure
[OR=1.02, 95% CI 0.01-0.04, P=0.02] are risk factors in
all the models in the coronary artery of calcified plaque
group. Figure 5 displays a typical image of a diabetic
patient with FG associated with plaques in the coronary
and cerebral arteries.

Discussion

An easy-to-employ technical method is essential to
detect cardiovascular and cerebrovascular atheroscle-
rosis. Tognolini [14] proposed an imaging technique to
assess the carotid and coronary arteries based on a com-
bined carotid and coronary CTA protocol. However, the
average radiation dose was 4.3 mSv under this proto-
col. The protocol required 100 mL of the contrast agent
because CTA was performed with two CT acquisitions of
the helical carotid CTA and prospective sequential elec-
trocardiogram-triggered coronary CTA. Previous stud-
ies discovered that the one-step high-pitch scan protocol
for combined coronary and carotid—cerebral artery CTA
had a greater prognostic value for evaluating coronary
and cerebral artery stenosis with a low radiation expo-
sure of 1.421+0.44 mSv and a lower volume of the con-
trast agent [12]. However, we performed this protocol
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Table 5 Association between non-calcified plaque burden with cardiovascular and cerebrovascular risk factors
Variables Coronary carotid-cerebrovascular

B OR 95%Cl p value B OR 95%Cl p value
Model 1*
FG 043 1.55 0.21-0.68 0.00 0.35 1.41 0.00-0.68 0.04
TG -0.04 0.96 -0.31-0.23 0.78 -0.28 0.76 -0.95-0.23 0.35
TC 0.22 1.25 0.05-0.42 0.02 -0.02 0.98 -0.30-0.20 0.88
Model 2*
FG 0.37 145 0.13-0.63 0.00 0.28 1.33 -0.08-0.65 0.13
TG -0.05 0.95 -0.33-0.22 0.71 -0.26 0.77 -0.95-0.27 0.40
TC 0.23 1.26 0.06-0.44 0.02 -0.01 0.99 -0.32-0.22 0.94
HDL-C 0.02 1.02 -0.39-0.39 093 -0.14 0.87 -0.96-0.39 0.69
LDL-C -0.04 0.96 -0.45-0.36 0.83 0.13 1.14 -0.56-0.82 0.71
SBP 0.02 1.02 0.00-0.04 0.06 0.01 1.01 -0.02-0.04 045
DBP -0.02 0.98 -0.06-0.02 031 0.03 1.03 -0.03-0.09 0.25
Model 3A
FG 0.36 144 0.12-0.62 0.00 0.28 1.32 -0.09-0.65 0.13
TG,mmol/L -0.09 091 -0.38-0.19 0.53 -0.26 0.77 -0.95-0.28 0.41
TC,mmol/L 0.25 1.28 0.07-0.46 0.01 -0.01 0.99 -0.32-0.23 0.96
HDL-C,mmol/L 0.10 1.1 -0.30-0.50 0.59 -0.16 0.85 -1.00-0.39 0.64
LDL-C;mmol/L 0.02 1.02 -0.40-043 0.94 0.12 1.13 -0.57-0.82 0.73
SBP, mmHg 0.02 1.02 0.00-0.04 0.09 0.01 1.01 -0.02-0.04 0.44
DBPmmHg -0.02 0.98 -0.06-0.01 0.21 0.03 1.03 -0.03-0.09 0.27
Uric acid,umol -0.17 0.84 -0.34-0.01 0.04 0.05 1.05 -0.22-0.34 0.73
Creatinine,umol/L 0.00 1.00 -0.02-0.02 0.82 -0.01 0.99 -0.04-0.03 0.72

*crude model
#adjusted for age, gender, BMI, Uric acid and creatinine

Afurther adjusted for other cardiovascular and cerebrovascular risk factors

Abbreviations: FG=fasting glucose; BMI=body mass index;TC=total cholesterol; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein

cholesterol; DBP=diastolic blood pressure

only in patients with a stable heart rate below 65 bpm to
avoid poor image quality. Furthermore, the association
between cardiovascular and cerebrovascular atheroscle-
rosis and the risk factors for plaque burden, which would
enable early intervention and reduce the cardiovascu-
lar/cerebrovascular disease burden, required further
investigation.

This study developed the ICCC-CTA technique to ana-
lyze the association between cardiovascular and cere-
brovascular atherosclerosis. Moreover, we evaluated the
risk factors for plaque burden to enable early interven-
tion and reduce the cardiovascular and cerebrovascular
disease burden. The total effective radiation dose for the
coronary and carotid CTA was 1.4240.44 mSv, which
was significantly lower than that reported by Tognolini et
al. (4.3 mSv) [14] and Yasmin et al. (7.3 and 3.8 mSv for
coronary and carotid CTA, respectively) [21].

The association between the coronary and carotid
arteries lesions is well known. Calcified atherosclerotic
plaques in the coronary and carotid arteries share com-
mon risk factors [22]. A moderate-to-strong association
was observed between calcification in the coronary and
carotid vessel beds [23]. Yasmin et al. [21] associated cal-
cified plaques in the carotid artery with total and calcified

plaques in the coronary bed, but noncalcified plaques in
the coronary arteries were not. This study observed a
strong association between calcified and mixed plaques
in the carotid—cerebral and coronary arteries. How-
ever, we identified no association between non-calcified
plaques in the coronary and the carotid—cerebral arteries.
This study identified a association between coronary ath-
erosclerotic and carotid artery plaques, supporting the
previous studies that CAD was related to atherosclerotic
CAD. This finding might be valuable to understand car-
diovascular atherosclerosis and cerebrovascular diseases
as systemic responses.

The plaque analysis using coronary CT could predict
future cardiovascular events [24]. Coronary CTA is a
well-established method for detecting coronary stenosis
and calcified and non-calcified plaques and is a predic-
tor of all-cause mortality. According to the concept of
vulnerable plaques proposed by Naghavi et al., [25] are
typically non-calcified, non-stenotic, and rich in extra-
cellular lipids. These lesions should be identifiable via
coronary CTA. Studies have indicated that carotid and
coronary atherosclerosis share common risk factors,
such as diabetes mellitus, hypertension, smoking, old age,
high triglyceride concentrations, and low high-density
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Table 6 Association between calcified plaque burden with cardiovascular and cerebrovascular risk factors
Variables Coronary carotid-cerebrovascular

B OR 95%Cl p value B OR 95%Cl p value
Model 1*
FG 047 1.59 0.24-0.71 0.00 0.22 1.24 -0.09-0.51 0.16
TG 0.09 1.10 -0.19-0.36 0.50 0.05 1.06 -0.36-0.42 0.77
TC 0.14 0.14 -0.01-0.30 0.09 -0.05 0.95 -0.29-0.14 0.66
Model 2*
FG 0.36 144 0.12-0.62 0.00 0.12 1.13 -0.21-0.45 0.46
TG 0.09 1.10 -0.20-0.37 0.52 0.03 1.04 -0.40-0.41 0.87
TC 0.13 1.13 -0.03-0.30 0.14 -0.08 0.93 -0.35-0.13 0.52
HDL-C 0.04 1.03 -0.40-0.40 0.90 0.20 1.22 -0.28-0.60 033
LDL-C 0.16 118 -0.25-0.58 044 0.08 1.08 -0.47-0.63 0.77
SBP 0.02 1.02 0.00-0.04 0.02 0.02 1.02 -0.01-0.04 0.23
DBP -0.01 0.99 -0.05-0.03 0.69 -0.02 0.98 -0.08-0.03 0.51
Model 3A
FG 0.36 143 0.11-0.61 0.00 0.12 1.13 -0.21-0.44 047
TG,mmol/L 0.07 1.08 -0.22-035 0.62 0.01 1.01 -0.42-0.39 0.94
TC,mmol/L 0.13 1.14 -0.03-0.31 0.12 -0.07 0.93 -0.34-0.13 0.55
HDL-C,mmol/L 0.03 1.03 -0.40-0.41 0.89 0.19 1.21 -0.29-0.59 037
LDL-C;mmol/L 0.17 1.19 -0.25-0.59 042 0.10 1.11 -0.46-0.65 0.72
SBP, mmHg 0.02 1.02 0.00-0.04 0.02 0.02 1.02 -0.01-0.04 0.24
DBPmmHg -0.01 0.99 -0.05-0.03 0.61 -0.02 0.98 -0.08-0.03 043
Uric acid,umol 0.00 1.01 -0.16-0.18 0.92 0.03 1.03 -0.20-0.27 0.83
Creatinine,umol/L -0.01 0.99 -0.03-0.01 032 -0.02 0.99 -0.04-0.01 0.29

*crude model
#adjusted for age, gender, BMI, Uric acid and creatinine

Afurther adjusted for other cardiovascular and cerebrovascular risk factors

Abbreviations: FG=fasting glucose; BMI=body mass index;TC=total cholesterol; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein

cholesterol; DBP=diastolic blood pressure

lipoprotein cholesterol concentrations [26]. These risk
factors have different impacts on different arterial sys-
tems. Cholesterol is particularly important in coronary
atherosclerosis and hypertension in ischemic stroke,
whereas smoking and diabetes are important in intermit-
tent claudication [27, 28]. This study data associated the
traditional risk factors with various plaque types in coro-
nary and carotid—cerebral arteries, reaching statistical
significance with multivariate analysis in models 1 and
3. The multivariate logistic regression analysis revealed
that abnormal blood glucose and abnormal total choles-
terol are risk factors in all models in the coronary artery
non-calcified plaque group. Abnormal blood glucose is a
risk factor only in model 1 in the carotid—cerebral artery
non-calcified plaque group. In the coronary artery non-
calcified plaque, a high prevalence of high-risk plaque
(HRP) was detected in this population of asymptomatic
Type 2 diabetes (T2D) [29]. During a nine-year follow-up
in Halon’s study, the authors discovered that HRP caused
most events, while events in non-HRP were rare. The risk
of acute events in the study increased by the number of
high-risk plaque features and the degree of stenosis [30].
These results are comparable to our study about abnor-
mal blood glucose, although using a slightly different

definition of HRP or non-calcified plaque. Carotid ath-
erosclerotic plaque is the primary risk factor of ischemic
cerebrovascular disease, vulnerable plaques (VP) rupture,
secondary thrombosis, and embolism, leading to stroke.
The older population was closely related to the lipid-rich
necrotic core (LRNC) occurrence [31]. However, after
adjusting for age, we discovered that blood glucose is
abnormal [OR=1.44, 95% CI (0.12, 0.62), P=0.01] only
in model 1 of the non-calcified carotid—cerebral artery
plaque.

A densely calcified plaque was considered a protective
factor [30]. Low-density lipoprotein cholesterol (LDL-
C) has a primary role in forming atherosclerosis plaque.
High serum LDL-C levels may lead to lipid deposition
with macrophage accumulation [32], and a large lipid
pool underneath the endothelium has a high probability
of necrosis [33], accelerating endothelial injury and even-
tually ending with plaque rupture. These results differ
from our study about systolic blood pressure. There are
few studies on the risk factors of calcified plaque in the
carotid—cerebral artery, and this study did not identify
any significant risk factors in establishing the regression
model in the carotid—cerebral artery calcified plaque.
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Fig. 5 ICCC-CTA in a 72-year-old female patient with a 10-year history of diabetes. CPR of the RCA (A), LAD artery (B), and LCx artery (C) showed mild-
to-severe stenosis with non-calcified plaques (white arrow). MIP of the cerebrovascular CTA showed mild stenosis in the M1 segment of the right MCA
and severe stenosis in the M1 segment of the left MCA (green arrow). Invasive angiography confirmed stenosis in the left MCA (E) and right MCA (F)
(green arrow). CPR, Curved planar reformation; ICCC-CTA, integrated coronary—carotid—cerebral computed tomography angiography; LAD, left anterior
descending; LCx, left circumflex; MCA, middle cerebral artery; MIP, maximum intensity projection; RCA, right coronary artery

The present study has several limitations. First, this is
a single-center study, and a multi-center registry is nec-
essary to confirm the present results. Second, this study
classified plaque characteristics as calcified, non-calci-
fied, or mixed according to the traditional classification,
as previously described. Further studies are required to
assess the high-risk plaque characteristics, including low-
attenuation plaques, positive remodeling, napkin-ring
signs, and spotty. Third, no follow-up data were available
to predict cardiovascular events. Further studies over a
3—5-year follow-up period are needed to investigate cor-
onary plaque features on cardiovascular/cerebrovascular
CTA and to predict cardiovascular events. Meanwhile,

the focus predominantly rests on screening healthy indi-
viduals, resulting in less emphasis on statin usage.

This study evaluated atherosclerosis using low-dose
radiation one-step ICCC-CTA and demonstrated a asso-
ciation between cardiovascular and cerebrovascular
atherosclerosis. The finding supports the future develop-
ment of ICCC-CTA to screen for cardio/cerebrovascular
disease in populations with cardiovascular risk fac-
tors. Abnormal blood glucose and abnormal blood lipid
are the risk factors for non-coronary plaque formation
(P<0.05). Abnormal blood glucose and abnormal systolic
blood pressure are the risk factors for calcified coronary
plaque formation (P<0.05).
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Conclusions

We confirm that elevated blood glucose and total cho-
lesterol levels are associated with coronary and carotid-
cerebrovascular plaques using the novel one-step low
dose cerebral-carotid-cardiac CTA technique. These
findings will provide insights for further studies focusing
on developing low-radiation dose one-step ICCC-CTA to
screen cardiovascular/cerebrovascular plaques in general
population with cardiovascular risk factors.
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