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Abstract
Background: This study was designed to clarify the influence of pericoronary adipose
tissue (PAT) on plaque vulnerability using coronary computed tomography angiography
(CCTA).
Methods: A total of 103 consecutive patients who underwent CCTA and subsequent
percutaneous coronary intervention (PCI) using intravascular ultrasound (IVUS) for
coronary artery disease were enrolled. The PAT ratio was calculated as: the sum of the
perpendicular thickness of the visceral layer between the coronary artery and the
pericardium, or the coronary artery and the surface of the heart at the PCI site, divided
by the PAT thickness without a plaque in the same vessel. PAT ratios were divided into
low, mid and high tertile groups. Epicardial adipose tissue (EAT) thickness was measured
at the eight points surrounding the heart. Multivariate logistic analysis was performed to
determine whether the PAT ratio is predictive of vulnerable plaques (positive remodeling,
low attenuation and/or spotty calcification) on CCTA or echo-attenuated plaque on IVUS.
Results: The Hounsfield unit of obstructive plaques was lower in the high PAT group
than the mid and low PAT groups (47.5 ± 28.8 vs. 53.1 ± 29.7 vs. 64.7 ± 27.0, p = 0.04).
In multivariate logistic analysis, a high PAT ratio was an independent associated factor
of vulnerable plaques on CCTA (OR: 3.55, 95% CI: 1.20-10.49), whereas mean EAT
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thickness was not (OR: 1.04, 95% CI: 0.73-1.50). We observed a similar result in
predicting echo-attenuated plaque on IVUS.
Conclusions: PAT ratio on CCTA was an associated factor of vulnerable plaques, while
EAT was not. These results support the important concept of local effects of cardiac
adipose tissue on plaque vulnerability.

Keywords
Pericoronary adipose tissue, Epicardial adipose tissue, Vulnerable plaque, Coronary
computed tomography angiography, Coronary atherosclerosis
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Introduction
The association between increased epicardial adipose tissue (EAT) and
coronary atherosclerosis is well-established [1-8]. More recently, a few studies have
demonstrated that pericoronary adipose tissue (PAT) is indicative of coronary
atherosclerosis in the underlying artery [9-11]. PAT is part of epicardial adipose tissue
that directly surrounds the coronary arteries, and it may be more closely related to the
presence of coronary artery disease (CAD) than overall pericardial adipose tissue [10,
12] . Vulnerable plaques, which display positive remodeling (PR), low attenuation plaque
(LAP) and/or spotty calcification (SC), as well as the napkin-ring sign (NRS), have been
linked to acute coronary syndrome [13-17], periprocedural myocardial injury [18],
transient slow-flow during percutaneous coronary intervention (PCI) [19] and future
revascularization [20]. Coronary computed tomography angiography (CCTA) enables
noninvasive visualization of vulnerable plaques, which correlates well with intravascular
ultrasound and optical coherence tomography [21-25] .However, little is known about the
relationship between PAT and plaque vulnerability. The aim of this study was to clarify
the association between PAT and vulnerable plaques as observed on CCTA.
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Methods
Study population
Of 416 patients who underwent CCTA and subsequently PCI at Gunma
Cardiovascular Hospital (Takasaki, Gunma, Japan) between January 2012 and
December 2014, the following patients were sequentially excluded from this study: those
had the lesions with chronic total occlusion (n=13) or in-stent restenosis (n=73), history
of coronary artery bypass graft (n=45), the interval between CCTA and PCI with >90 days
(n=10), inadequate CCTA image (n=15), severe calcification on CCTA (n=78), lack pre
dilatation IVUS (n=47), inadequate image quality of IVUS (n=19) and severe calcification
on IVUS (n=13) (Figure 1). A total of 103 consecutive patients were enrolled in the current
study. When the patients had more than 2 lesions required PCI, a most stenotic lesion
on CCTA was selected for analysis. All lesions were treated with stent. The medical
records of all patients were retrospectively reviewed. Clinical information was obtained
using a standardized health questionnaire. Hypertension was defined as systolic blood
pressure ≥140 mmHg and/or diastolic blood pressure ≥ 90 mmHg or current
antihypertensive treatment. Diabetes was defined as fasting plasma glucose ≥126 mg/dl,
postprandial plasma glucose ≥200 mg/dl, hemoglobin A1c ≥6.5%, or treatment with a
hypoglycemic agent or insulin. Hyperlipidemia was defined as LDL-cholesterol
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≥140mg/dl, HDL-cholesterol <40 mg/dl or treatment with lipid-lowering agents. Body
mass index (BMI) was defined as weight (kg) divided by the height squared (in meters).
The study protocol and consent form were approved by the Institutional Review Board
Committee of Gunma Cardiovascular Hospital.

Scanning and imaging protocol for CCTA
A 64-slice CT scanner (Aquillion-64; Toshiba, Tokyo, Japan) was used. Data
acquisition was performed in the craniocaudal direction with the following settings: 64 ×
0.5-mm collimation, rotation time of 350 ms, tube voltage of 120kV, and tube current of
400 mA. The pitch was dependent on the patients’ heart rates. Before scanning, patients
with a heart rate of ≥65 bpm were intravenously administered 0.125 mg/kg of landiolol
hydrochloride (Ono Pharmaceutical Co, Ltd., Osaka, Japan). All patients received
sublingual nitroglycerin to dilate the coronary arteries. For contrast-enhanced scans, 0.6
ml/kg of nonionic contrast agent (Omnipaque 350, Daiichi Sankyo Co., Tokyo, Japan, or
Iomeron 350, Bracco-Eisai Co.,Tokyo, Japan) was injected intravenously at a flow rate
of 3.5 to 5.5 ml/s followed by 30 ml of saline. The start of image acquisition was
determined by bolus tracking. All scans were performed during a single breath hold.
Transaxial images were retrospectively automatically gated at best diastole. Raw data
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were reconstructed at a slice thickness of 0.5mm using algorithms optimized for
electrocardiogram-gated reconstruction, and transferred to a workstation (ZIO M900,
Amin/ZIO, Tokyo, Japan).

Imaging analysis of coronary arteries by CCTA
In accordance with the Society of Cardiovascular Computed Tomography
guidelines [26], experienced CCTA readers performed the qualitative analysis of CCTA
images to determine the presence and composition of coronary plaques. Image quality
of all CCTA images was excellent or good to assess coronary plaque. Segments were
categorized according to the modified American Heart Association classification of
Cardiovascular Computed Tomography [26]. CCTA images were evaluated on axial,
coronal, sagittal, cross-sectional, and curved multiplanar reformation (CPR) images.
Coronary artery segments with a diameter of >2 mm were evaluated for the presence of
plaques. Obstructive CAD was defined as >50% stenosis of the epicardial coronary
arteries. Vascular remodeling was assessed by the remodeling index (RI), which was
calculated by dividing the cross-sectional vessel lesion area by the proximal reference
vessel area. PR was defined as RI >1.05 [22]. SC was defined as discrete calcification
of ≤3 mm in length and occupying an arc of ≤90° when viewed at the vessel short-axis
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[27]. As previously described, a region of interest was placed on five randomly selected
points within each plaque to identify the presence of LAP, defined as a mean plaque
density of <30 Hounsfield units (HU) [17].
Vulnerable plaques were defined as those displaying at least two of the following
features: PR, LAP or spotty calcification [28]. The definition of NRS was according to
published criteria as follows: 1) the presence of a high attenuation ring around certain
coronary artery plaques; and, 2) CT attenuation of a ring presenting higher than that of
the adjacent plaque and not >130 HU to differentiate from calcium deposition [29].

IVUS image acquisition
IVUS was performed for stenotic lesion before PCI using a 40-MHz rotational
catheter (Boston Scientific, Natric, MA, USA). We evaluated the site from >10mm distal
to the proximal site of the stenotic lesion. The IVUS images were analyzes offline by
independent observers blinded to the patients and angiography using validated software
(QIvus 2.0; Medis Medical Imaging Systems, Leiden, The Netherlands). Qualitative and
quantitative IVUS assessments were performed according to the American College of
Cardiology Clinical Expert Consensus Document [30]. Echo-attenuated plaque (EA) was
defined as an atherosclerotic plaque with ultrasound signal attenuation without very high
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intensity echo reflectors that involved a >90°of the vessel circumference and had a
length >1mm [31].

PAT ratio and EAT thickness
The PAT ratio was determined by analyzing the 103 vessels on which PCI was
performed. As shown in Figure 2, the short-axis of CPR images was used to measure
PAT thickness in the PCI-treated vessels. PAT thickness was defined as the sum of the
perpendicular thickness of the visceral layer between the coronary artery and the
pericardium, or the coronary artery and the surface of the heart. When there were two
perpendicular thickness of the visceral layer between the coronary artery and the
pericardium, we selected the shorter thickness in visual inspection. We measured the
PAT thickness at the site on minimal lumen area (MLA). As a reference value, mean PAT
was measured at proximal and distal site without plaque in the same vessel. The
representative case of the low PAT ratio without vulnerable plaque and that of high PAT
ratio with vulnerable plaque are shown in Figures 3 and 4, respectively. The PAT ratio
was calculated as PAT thickness at the site on MLA, divided by the reference PAT
thickness. Among 103 lesions, according to PAT ratio, the ratios were divided into tertile
groups: low (PAT ratio <0.93, n = 34), mid (≥0.93 to ≤1.19, n = 35), and high (>1.19, n =
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34). To assess the overall EAT, EAT thickness was measured at eight points, as
previously reported [32]. EAT thickness in the grooved segments was measured at three
sites in the horizontal long-axis plane (right atrioventricular groove, left atrioventricular
groove, and anterior interventricular groove) and two sites in the basal short-axis plane
(superior interventricular groove and inferior interventricular groove). EAT thickness over
the right ventricular free wall was measured at three equally-spaced points along the
right ventricular free wall in the basal short-axis plane. The mean of the eight
measurements was used in statistical analysis.

Interventional protocol
Before PCI, patients received aspirin (100 mg) and clopidogrel (75 mg).
Intravenous boluses of unfractionated heparin were administered to maintain an
intraprocedural activated clotting time of >250 s. All procedures were performed using
current standard PCI techniques via the radial or femoral approach using a 6-Fr or a 7Fr guide catheter. Vessel narrowing was measured using quantitative coronary
angiography analysis. Obstructive stenosis was defined as luminal diameter narrowing
of >50% in comparison with the reference vessel diameter. Revascularization was
clinically indicated in the case of >70% diameter stenosis on coronary angiography or
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>50% stenosis together with positive stress single-photon emission computed
tomography or ischemic symptoms. At the end of the procedure, TIMI flow grade 3 was
obtained in all cases.

Statistical analysis
Continuous variables are expressed as the mean ± SD, and categorical
variables as frequencies or percentages. Categorical variables were compared using
Pearson Chi-squared tests. A one-way ANOVA or the Kruskal-Wallis test was used to
conduct intergroup comparisons among the PAT tertile groups. Univariate logistic
regression analysis was performed to determine whether PAT ratio is an associated
factor of vulnerable plaques and a p value <0.15 were included in the multivariate model.
Subsequently, multivariate logistic regression analysis was performed to determine this
association. PAT ratios of the mid and high PAT tertile groups were entered into the
multivariate logistic regression analysis adjusting for current smoking, BMI > 25kg/m2
and high tertile group and average EAT thickness compared with the low PAT tertile
group. Additionally, to investigate whether PAT ratio is associated with vulnerable plaque
with NRS on CCTA or attenuation plaque by IVUS, multivariate logistic analyses were
also performed. Intra- and Interobserver reliability of the PAT ratios and vulnerable
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plaques detected by CCTA and IVUS were evaluated using intraclass correlation
coefficient. In addition, intra- and interoberver variability of the PAT ratio were analyzed
using Bland-Altman analysis. In all analyses, a p-value of <0.05 was considered to be
statistically significant. STATA (Version11, Stata Corp LP, College Station, Texas, USA)
was used for data analysis.

Results
The baseline characteristics of the study population are listed in Table 1. The
mean age was 68.1 ± 12.3 years old, 75.7% were male, the mean BMI was 23.8 ± 3.5
kg/m2, and 33% had a BMI >25 kg/m2. Over 50% of patients had dyslipidemia and
approximately 70% had hypertension. The mean number of coronary risk factors was
2.3 ± 1.1.
CCTA findings in the low, mid and high tertile groups are shown in Table 2. Of
103 lesions, the mean PAT ratio in the low, mid and high tertile groups was 0.79 ± 0.11,
1.07 ± 0.09, and 1.50 ± 0.33, respectively (p < 0.001). There was no difference between
the three groups in the arterial distribution of obstructive lesions or the degree of stenosis.
The high tertile group had significantly lower mean plaque attenuation compared with
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the mid and low tertile groups (47.5 ± 28.8 vs. 53.1 ± 29.7 vs. 64.7 ± 27.0, p = 0.04).
Vulnerable plaques tended to be more frequent in the high tertile group than the mid and
low groups (52.9% vs. 31.4% vs. 26.5%, p = 0.06, respectively). Similarly, there was a
significant frequency of vulnerable plaques with NRS in the high tertile group compared
with the mid or low tertile group (61.8% vs. 37.1% vs. 32.4%, p = 0.03, respectively).
The level of intra- and interobserver variability in the PAT ratio using CCTA was
analyzed in 20 randomly selected patients (25 lesions) assessed by two independent
blinded observers. The intra- and interobserver reliability of vulnerable plaques detected
by CCTA and IVUS were evaluated. The intraclass correlation coefficients for intra- and
interobserver reliability of PAT ratio were 0.96 (95% CI 0.93- 0.98) and 0.95 (95% CI 0.91
-0.98), respectively. In addition, the intraclass correlation coefficients for intra- and
interobserver reliability of plaque vulnerability using CCTA and IVUS were 0.96 (95% CI
0.94- 0.97) and 0.92 (95% CI 0.89- 0.95) and 0.98 (95% CI 0.97- 0.99) and 0.96 (95%
CI 0.94- 0.97), respectively. Bland-Altman analysis showed good agreement of the intraand interobserver variability for PAT ratio [-0.18 to 0.14 with a bias of -0.02 (95% CI -0.06
to 0.03) and (-0.18 to 0.21 with a bias of 0.01 (95% CI -0.04 to 0.07), respectively].
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The relation between PAT ratio and vulnerable plaques
Table 3 lists univariate and multivariate logistic analyses to investigate whether
PAT is associated with vulnerable plaque. In univariate analysis, the high tertile group
was associated with vulnerable plaque. After adjusting for current smoking, BMI >
25kg/m2 and mean EAT thickness, multivariate logistic analysis demonstrated that the
high tertile group was associated with vulnerable plaques on CCTA (p = 0.02), while the
mid tertile group was not (p = 0.72). Similarly, mean EAT thickness was not an associated
factor of vulnerable plaques (p = 0.32) (Table 3). The high tertile group was also
associated with vulnerable plaques with NRS (p = 0.02), whereas the mid tertile group
(p = 0.86) and mean EAT thickness (p = 0.13) were not (Table 4).
We confirmed a similar result in a multivariate logistic analysis examining the
association between the PAT groups and echo-attenuated plaque on IVUS. As shown in
table 5, the high tertile group demonstrated a significant association with echoattenuated plaque (p = 0.03), whereas no association was seen for the relation of the
mid PAT tertile group to echo-attenuated plaque (Table 5).

Discussion
The main findings of the present study are: 1) the presence of vulnerable
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plaques was associated with a higher PAT ratio; and, 2) a high PAT ratio (>1.19) was
an independent associated factor of plaque vulnerability, even after adjusting for current
smoking, BMI > 25kg/m2. In contrast, an independent relationship between the mean
EAT thickness and the presence of vulnerable plaques was not demonstrated.
The relationship between EAT and the presence, distribution and severity of
coronary atherosclerosis has been well-documented [2, 3, 33, 34]. Yamashita et al.
reported that increased EAT was associated with plaque vulnerability detected by iMAPIVUS system. They showed that EAT volume was positively correlated with necrotic
plaque tissue which reflected the most dangerous type of plaque [8]. Tachibana et al.
also revealed that EAT thickness measured by echocardiography predicted high-risk
coronary artery plaque [35]. Several studies have demonstrated that EAT is more closely
associated with the formation, progression and severity of coronary atherosclerosis
when compared with other adipose tissues such as visceral adipose tissue (VAT) or
thoracic adipose tissue [12, 36, 37]. Briefly, the mechanism that explains these findings
is the local effect of EAT, which directly surrounds the coronary arteries, on proinflammatory and anti-inflammatory cytokines and chemokines [38-40], affecting the
formation and progression of coronary atherosclerosis [5, 41, 42]. In addition, these
inflammatory cytokines are more likely to exist in EAT than VAT [43]. In a pathological
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context, Kitagawa et al. recently showed that a positive correlation exists between
extensive macrophage infiltration or neoangiogenesis and increased EAT volume, as
well as extensive coronary artery calcium and the presence of non-calcified plaque [43].
Recently, a few studies have explored PAT, the layer of EAT in closest proximity
to the coronary arteries, as a novel marker of the development of atherosclerosis [9, 10,
44]. Mahabadi et al. examined the relationship between PAT volume and coronary
atherosclerosis. In this study, the increased pericoronary fat index, defined as the PAT
ratio over EAT volume, was associated with a >2-fold increase in coronary plaque volume
of any types of coronary plaque [10]. Maurovich-Horvat et al. found that an increased
PAT volume was associated with the presence of coronary plaques, in particular, a higher
volume of mixed plaques, followed by non-calcified and calcified plaques [9]. The authors
suggested that perivascular fat depots play a local role, contributing to the formation of
atherosclerotic processes in the underlying vasculature. Similarly, another recent study
reported a significant association between segmental PAT volume measured by cardiac
magnetic resonance, and the extent and severity of coronary atherosclerosis [44]. PAT
volume was also found to be significantly higher in non-calcified plaque segments with
low CT attenuation (mean attenuation <30HU) than those with high CT attenuation
(>30HU). These studies indicate that local adipose tissue has a potential role in the
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progression of coronary plaques, a theory that is extended by the results of this study,
which suggest that PAT is associated with vulnerable plaques, independently of clinical
risk factors and EAT. However, this relation of PAT to multiple vulnerable plaque features
such as positive remodeling, low attenuation, spotty calcification or napkin ring sign has
not been well examined in these studies. In addition, there have been only little studies
conducted to investigate risk factors associated with plaque vulnerability.
Vulnerable plaques confer an increased risk of acute myocardial infarction, with
plaque rupture leading to cardiac events [13, 15, 16]. The development of vulnerable
plaques may involve multifactorial interactions, including inflammatory biomarkers,
cytokines, and repeated silent plaque ruptures and healing cycles [47, 48]. Taking
together with these mechanisms, the accumulation of PAT including pro-inflammatory
and anti-inflammatory cytokines and chemokines potentially mediates manifestation of
advanced atherosclerosis such as vulnerable plaque.
We firstly demonstrated a relationship between the local effect of PAT and
plaque vulnerability including various features on CCTA. One of the important findings in
the current study is that we also confirmed a similar result of the association by IVUS
which is currently considered as one of golden standards to evaluate plaque morphology.
Our results showed that the high tertile group had a significant associationfor echo-
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attenuated plaque after adjusting for concerning factors (OR: 3.38, 95% CI: 1.13–10.14, p
= 0.03). This result strongly supported the important relationship between PAT and

plaque vulnerability by current standard invasive and non-invasive methods. PAT may
also contribute to the formation or progression of vulnerable plaques by influencing
several inflammatory markers. Previous studies have clearly demonstrated the
relationship between adipose tissue and cardiac events [6, 7, 49, 50], possibly indicating
that adipose tissue promotes plaque progression or plaque vulnerability associated with
plaque rupture.
Despite the high risk nature of vulnerable plaque, prevention or stability on
coronary plaque vulnerability has not been well-known. Although statins may reduce or
stabilize plaque vulnerability [51], there has been no prospective studied examining the
reduction in cardiovascular disease risk by statins among patients with valuable plaque.
Several studies explored that lifestyle modification and/or reduction in body weight were
associated with reduction in epicardial fat volume [52-54]. The identification of PAT ratio
may help physicians to treat patients by strict lifestyle modification or control in body
weight, which may potentially help stabilizing plaque vulnerability as these factors are
also known as reducing plaque activity and future cardiovascular risk [55, 56]. More
studies examining the association between reduction in epicardial fat, plaque
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vulnerability and subsequently reduction in future cardiovascular risk will be required.

Limitations
This was a single-center, retrospective study with a relatively small sample size.
Because all patients who were deemed to be at high risk were enrolled, it remains
unclear whether the current findings may be extrapolated to patients at low risk of CAD.
Also, since we do not routinely perform IVUS for non-target lesions for PCI in clinical
practice, the lesions where PCI was scheduled were only evaluated. Therefore, it
remains unclear whether our current observation can be seen in non-target lesions.
However, the current study is particularly unique in that we assessed the relationship
between PAT and vulnerable plaque by CCTA and confirmed the finding by examining
IVUS.
Given the effects of lipid-lowering therapy such as statins on stability of plaque
vulnerability [51, 60], it is possible that statins may affect our results on the association
between PAT ratio and plaque vulnerability. Although we do not have the data with
respect to statins use in the current study, statins should be often prescribed in most of
our population since the current guideline recommends using intensive medical therapy
by statins as secondary prevention among patients who underwent PCI [61].
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Levels of serum and tissue inflammatory cytokines and adipokines, which can
accelerate atherosclerosis or plaque vulnerability, were not measured. As previously
reported, although cardiac adipose tissue contains a variety of inflammatory factors,
tissue volume does not always correlate with plasma levels of adipokines [37]. Thus, the
magnitude of adipose tissue may provide a more accurate reflection of the current state
of coronary plaque activity. Only PAT and EAT thicknesses were measured. The volume
metrics that are commonly applied for the assessment of pericoronary or epicardial
adipose tissue using non-contrast cardiac CT were not available. This may influence the
results of the current study that failed to show the association between mean EAT
thickness and vulnerable plaque, because the relationship between overall EAT volume
and the presence of vulnerable plaques was not analyzed, as reported by several
previous studies [28, 62, 63]. Future studies investigating PAT and EAT volume in relation
to coronary plaque vulnerability appear to be warranted.

Conclusion
The higher PAT ratio on CCTA is associated with the presence of vulnerable
plaques compared with lower PAT ratio. Our results support the important concept of the
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local effect of PAT on plaque vulnerability.
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Figure 1
Flow chart of the study.
Abbreviations: PCI = percutaneous coronary intervention; CCTA = coronary computed
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tomography angiography; IVUS = intravascular ultrasound; CTO = chronic total
occlusion; CABG = coronary artery bypass graft.

Figure legends 2

PAT thickness was defined as the sum of the perpendicular thickness of the visceral layer
between the coronary artery and the pericardium, or the coronary artery and the surface
of the heart. When there were two perpendicular thickness of the visceral layer between
the coronary artery and the pericardium, we selected the shorter thickness in visual
inspection. We measured the PAT thickness at the site on minimal lumen area. As a
reference value, mean PAT was measured at proximal and distal site without plaque in
the same vessel. PAT ratio; (A2+B2) / [ ( A1+B1 )+( A3+B3 ) / 2]
Abbreviation: PAT = pericoronary adipose tissue.

Figure 3
This is the representative image of low PAT ratio without vulnerable plaque. This
plaque does not satisfy all criteria for vulnerable plaque (no positive remodering, spotty
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calcification, and low attenuation plaque) and PAT ratio is 0.84.
Abbreviation as in Figure 2.

Figure 4
This is the representative image of vulnerable plaque with high PAT ratio. This plaque
satisfies the two of three criterias for vulnerable plaque (positive remodering +, spotty
calcification-, low attenuation plaque+) and napking ring sign. PAT ratio is 1.31.
Abbreviation as in Figure 2.

Table 1 Clinical characteristics of the study population (n = 103)
Age, years

68.1 ± 12.3

Male gender, n (%)

78 (75.7%)

BMI, kg/m2

23.8 ± 3.5

BMI >25 kg/m2, n (%)

34 (33.0%)
39

Coronary risk factors
Hypertension, n (%)

73 (70.9%)

Diabetes mellitus, n (%)

25 (24.3%)

Dyslipidemia, n (%)

56 (54.4%)

Current smoking, n (%)

19 (18.4%)

BMI >25 kg/m2, n (%)

34 (33.0%)

Number of coronary risk factors

2.3 ± 1.1

Known coronary artery disease, n (%)

39 (37.9%)

LDL-cholesterol, mg/dl

111.7 ± 29.1

HDL-cholesterol, mg/dl

52.1 ± 13.9

Continuous variables are expressed as the mean ± standard deviation and categorical
values as absolute (percentage) values.
Abbreviations: BMI = body mass index; LDL = low-density lipoprotein; HDL = high-density
lipoprotein.
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Table 2 CCTA findings in the tertile groups
Low tertile

Mid tertile

High tertile

(n = 34)

(n = 35)

(n = 34)

Lesion location

P-value
0.66

LAD, n (%)

16 (47.1%)

22 (62.9%)

17 (50.0%)

LCX, n (%)

8 (23.5%)

8 (22.9%)

6 (8.8%)

RCA, n (%)

10 (29.4%)

7 (20.0%)

11 (32.4%)

Degree of stenosis, %

67.7 ± 7.1

66.7 ± 5.9

68.5 ± 8.2

0.56

Remodeling index

1.06 ± 0.14

1.01 ± 0.13

1.10 ± 0.14

0.03

Remodeling index >1.05, n (%) 16 (47.0%)

14 (40.0%)

22 (64.7%)

0.11

Mean CT attenuation value

64.7 ± 27.0

53.1 ± 29.7

47.5 ± 28.8

0.04

Presence of LAP, n (%)

5 (14.7%)

9 (25.7%)

10 (29.4%)

0.34

Presence of spotty

11 (32.4%)

11 (31.4%)

17 (50.0%)

0.23

Presence of NRS, n (%)

6 (17.6%)

9 (25.7%)

14 (41.2%)

0.11

Vulnerable plaque, n (%)

9 (26.5%)

11 (31.4%)

18 (52.9%)

0.06

13 (37.1%)

21 (61.8%)

0.03

7.6 ± 1.2

7.2 ± 1.0

0.42

in the plaque, HU

calcification, n (%)

Vulnerable plaque with NRS, n 11 (32.4%)
(%)
Average EAT thickness, mm

7.4 ± 1.1

Continuous variables are expressed as the mean ± standard deviation and categorical
values as absolute (percentage) values.
Abbreviations: CCTA = coronary computed tomography angiography; LAD = left anterior
descending artery; LCX = left circumflex artery; RCA = right coronary artery; HU =
Hounsfield units; LAP = low attenuation plaque; NRS = napkin-ring sign; EAT = epicardial
adipose tissue.
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Table 3 Univariate and multivariate analyses of vulnerable plaque
Univariate

Odds ratio (95%

Multivariate

P-value

confidence

Odds ratio (95%

P-value

confidence interval)

interval)
Age

0.99 (0.96-1.03)

0.75

Male gender

1.70

0.29

(0.63-4.54)

Number of coronary 0.94 (0.66-1.34)

0.75

risk factors
0.83 (0.35-1.99)

0.68

Diabetes mellitus, n 0.95 (0.37-2.43)

0.92

Hypertension, n (%)
(%)

1.77 (0.78-4.01)

0.17

Current smoking, n 2.22 (0.81-6.09)

0.12

2.07 (0.70-6.04)

0.18

0.052

0.30 (0.11-0.84)

0.02

1.22 (0.82-1.83)

0.32

Dyslipidemia, n (%)
(%)

BMI >25 kg/m2, n 0.40 (0.16-1.01)
(%)
LDL-cholesterol,

1.01 (0.99-1.02)

0.16

0.99 (0.97-1.03)

0.79

mg/dl
HDL-cholesterol,
mg/dl
Epicardial or pericoronary fat

EAT 1.04 (0.73-1.50)

0.82

PAT ratio

6.45 (1.68-24.8)

0.01

PAT ratio; low tertile

1.0

Ref

PAT ratio; mid tertile

1.27 (0.45-3.62)

0.65

1.22 (0.41-3.61)

0.72

PAT ratio; high tertile 3.13 (1.13 -8.64)

0.03

3.55 (1.20-10.49)

0.02

Average
thickness, mm

Abbreviations: LDL = low-density lipoprotein; EAT = epicardial adipose tissue; PAT =
pericoronary adipose tissue.
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Table 4 Multivariate logistic regression analysis for vulnerable plaques with NRS
Odds ratio (95% confidence interval)

P-value

4.87 (1.50-15.85)

0.008

BMI >25 kg/m , n (%)

0.35 (0.13-0.95)

0.04

Average EAT thickness

1.36 (0.91-2.04)

0.13

PAT ratio; low tertile

1.0

Ref

PAT ratio; mid tertile

1.10 (0.38-3.19)

0.86

PAT ratio; high tertile

3.64 (1.23-10.83)

0.02

Current smoking, n (%)
2

Abbreviations: NRS; Napkin-ring sign; LDL = low-density lipoprotein; EAT = epicardial
adipose tissue; PAT = pericoronary adipose tissue.
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Table 5 Multivariate logistic regression analysis for echo-attenuated plaque
Odds ratio (95% confidence interval)

P-value

1.58 (0.52-4.85)

0.42

BMI >25 kg/m , n (%)

0.24 (0.08-0.72)

0.01

Average EAT thickness

1.26 (0.82-1.92)

0.29

PAT ratio; low tertile

1.0

Ref

PAT ratio; mid tertile

0.65 (0.20-2.08)

0.47

PAT ratio; high tertile

3.38 (1.13-10.14)

0.03

Current smoking, n (%)
2

Abbreviations: LDL = low-density lipoprotein; EAT = epicardial adipose tissue; PAT =
pericoronary adipose tissue .
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