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Abstract
We explored whether baseline indexed epicardial fat volume (EFVi) and serial changes in EFVi were associated with increase in
coronary plaque volume as assessed by multidetector computed tomography.
We retrospectively reviewed 87 patients with coronary artery plaque, identified during either baseline or follow-up cardiac

computed tomography (CT) examinations. Each plaque volume was measured in volumetric units using a semiautomatic software
tool. EFVi was quantified by calculating the total volume of epicardial tissue of CT density �190 to �30HU, indexed to the body
surface area. Clinical cardiovascular risk factors were extracted by medical record review at the time of the cardiac CT examinations.
The relationship between EFVi and coronary plaque volume was explored by regression analysis.
Although the EFVi did not change significantly from baseline to the time of the follow-up CT (65.7±21.8 vs 66.0±21.8cm3/m3,P=

0.620), the plaque volumes were increased significantly on the follow-up CT scans. The annual change in EFVi was not accompanied
by a parallel change in coronary plaque volume (P=0.096–0.500). On univariate analysis, smoking, hypercholesterolemia, 10-year
coronary heart disease risk, obesity, and baseline EFVi predicted rapid increases in lipid-rich and fibrous plaque volumes. On
multivariate analysis, baseline EFVi (odds ratio=1.029, P=0.016) was an independent predictor of a rapid increase in lipid-rich
plaque volume.
EFVi was shown to be an independent predictor of a rapid increase in lipid-rich plaque volume. However, changes in EFVi were not

associated with parallel changes in coronary plaque volume.

Abbreviations: BMI = body mass index, CAC = coronary artery calcium, CAD = coronary artery disease, CCTA = coronary
computed tomography angiography, CHD = coronary heart disease, CV = cardiovascular, EFV = epicardial fat volume, EFVi =
indexed epicardial fat volume, ICC = intraclass correlation coefficient, MDCT = multidetector computed tomography.
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1. Introduction

Epicardial fat is the adipose tissue around the heart constrained
by the visceral pericardium.[1] Epicardial fat directly surrounding
the major epicardial coronary arteries is a rich source of free fatty
acids and numerous bioactive adipocytokines that play impor-
tant roles in the development of atherosclerosis.[2–5] Recently,
due to advances in temporal and spatial resolution, multidetector
computed tomography (MDCT) has emerged as a noninvasive
diagnostic modality that allows for simultaneous assessment of
coronary artery calcium (CAC), coronary artery stenosis and
coronary plaque, and epicardial fat volume (EFV) without
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increased radiation exposure or cost. Several studies using
MDCT have shown a relationship between EFV and
CAC,[6–9] the presence of coronary plaque,[10–12] plaque
composition,[13–15] and plaque vulnerability.[15–17] However, it
is unknown whether elevated EFV is associated with a greater
likelihood of developing atherosclerosis over time, and whether
increases in EFV are accompanied by a parallel increase in
coronary plaque volume. The relationship between serial changes
in EFV and coronary plaque volume has not yet been
investigated; therefore, the aim of the present study was to
determine whether baseline indexed EFV (EFVi) and serial
changes in EFVi are related to increase in coronary plaque
volume as assessed by MDCT.
2. Methods

2.1. Patients and clinical risk factors

We reviewed the cardiac computed tomography (CT) patient
data set from April 2007 to December 2014, retrospectively, and
there were 237 patients who underwent MDCT examination
more than once. After excluding patients who underwent
coronary artery bypass graft (n=48) and percutaneous coronary
angioplasty (n=5), we reviewed the MDCT data of the
remaining 184 patients. We also excluded patients (n=63)
who had no coronary artery plaques detected by CT and those
(n=34) who underwent cardiac CT using a different tube
voltage. As a result, this study ultimately examined data of
87 patients.
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This study was approved by the Ajou Institutional Review
Board, in which there was no need to take informed consent due
to the retrospective design.
The pretest probability of coronary artery disease (CAD) was

estimated for each patient based on age, sex, and symptoms.[18]

Medical records were obtained by reviewing the electronic
medical database, and cardiovascular (CV) risk factors were
analyzed at the time of the cardiac CT examination. Body mass
index (BMI) was calculated in each patient, and a BMI value of
≥25kg/m2 was deemed to be obese. Systolic blood pressure of
≥140mmHg, diastolic blood pressure of ≥90mmHg, or current
use of an antihypertensive agent was considered hypertension.
Current and previous smoking histories were reviewed. Total
cholesterol of ≥200mg/dL was deemed to be hypercholesterol-
emia. A confirmed diagnosis of diabetes mellitus or current use of
any antidiabetic medication was evaluated. Finally, the 10-year
risk of coronary heart disease (CHD) was calculated using the
Framingham Risk Score.[19]
2.2. Cardiac CT examination and reconstruction

Cardiac CT examinations were performed using a Brilliance 64-
slice CT scanner (Philips Medical Systems, Eindhoven, The
Netherlands) from January 2009 to February 2011 or a Somatom
Definition Flash dual-source 128-slice CT scanner (Siemens
Healthcare, Forchheim, Germany) from March 2011 to April
2013.
Using the 64-slice CT scanner, nonenhanced imaging was

performed using 120kV and 55mAs with prospective electro-
cardiogram (ECG) triggering to calculate calcium score and
volume. Coronary computed tomography angiography (CCTA)
was performedwith retrospective ECG gating using the following
parameters: detector collimation of 64�0.625mm, gantry
rotation of 400 milliseconds, pitch of 0.2, tube voltage of 120
kV, and an effective tube current of 600 to 900mA with ECG
modulation. Contrast medium (80mL, Iomeron 400; Bracco
SPA, Milan, Italy) was administered intravenously, at a rate of
4.5mL/s. Then, 40mL of saline was administered.
Using the dual-source 128-slice CT scanner, nonenhanced

imaging was performed using 120kV and 80mAs with tube
current modulation. CCTA examinations were performed as
described previously by our research group.[20] A prospective
ECG tube current modulation technique, based on the patient’s
BMI, and the Mindose® protocol (Siemens Healthcare) were
used. Contrast medium was injected using a split-bolus
technique: first, 60 to 80mL of pure iodine-containing contrast
material (Iomeron 400; Bracco SPA) was administered intrave-
nously at 4.5mL/s, based on the patient’s body weight. Then, 40
mL of a 60%-to-40%mixture of contrast medium and saline was
administered.
2.3. Cardiac CT image analysis

Cardiac CT images were assessed by a single observer with
15 years of experience in cardiac CT. For the CAC score,
Agatston calcium scores were calculated using semiautomated
software (EBW; PhilipsMedical Systems, Best, The Netherlands),
which identified areas of at least 0.5mm2 and a density ≥130HU
as calcification. The software also measured the corresponding
calcified plaque volume.
To evaluate the coronary arteries, images at 75% R–R

intervals were used primarily for image reconstruction. If there
were severe motion artifacts, additional images at other cardiac
2

cycles were used to obtain a better-quality image. Maximum
intensity projection, volume rendering, multiplanar reformation,
and curved multiplanar reformation were routinely constructed
using a commercial workstation (EBW, PhilipsMedical Systems).
According to the AmericanHeart Association classification, a 15-
segment model was used. If the ramus intermedius was present,
segment 16 was also used.[21,22] Coronary segments with a
diameter>2.0mmwere analyzed. However, if there were motion
artifacts that lowered the image quality, nonevaluable segments
were excluded from the analysis. Cardiac CT images were
analyzed using a picture archiving and communication system. If
an abnormal segment was identified, that coronary artery was
evaluated using an Aquarius workstation (TeraRecon, San
Mateo, CA) and the volume of noncalcified plaque was
measured. Referring to previous studies,[23–25] noncalcified
plaques were divided into 2 categories based on the CT value
(HU): low (0–49HU; deemed a lipid-rich plaque) and intermedi-
ate attenuation compositions (50–129HU; deemed a fibrous
plaque). The plaques were color coded and the volume of each
component was measured (Fig. 1). The color-coded area was
adjusted manually, including the full thickness of the vessel wall,
and surrounding tissues were excluded. The 2 curved multiplanar
reconstruction images of the baseline and follow-up CT were
displayed in parallel and then identical segments were compared
side by side using the Aquarius workstation. The lesions were
matched on baseline and follow-up images using adjacent
anatomical landmarks. We also evaluated the intracoronary
lumen density. The CT values of the proximal segments of the
right coronary artery, left anterior descending artery, and left
circumflex artery were measured and the mean intracoronary
lumen density (HU) was calculated.
EFV was assessed by 2 observers with 3- or 10-year experience

in cardiac CT. The observers were blinded to the patients’ clinical
histories, CAC scores, and CCTA results. Epicardial fat was
defined as the adipose tissue between the surface of the
myocardium and the visceral layer of the pericardium. The
border of the epicardium was traced semiautomatically. The
superior boundary of epicardial fat was set at the center of the
right pulmonary artery,[26] and the inferior extent was indicated
by the end of the pericardial sac.[24–27] The Aquarius software
automatically constructed a 3-dimensional image of the
epicardium (Fig. 2).[28,29] EFV was quantified by calculating
the total volume of the tissue in which the CT density ranged from
�190 to �30HU within the epicardium.[7,8,14,16,17,27] EFV was
reported in cubic centimeters and indexed (EFVi) to body surface
area.[30]

2.4. Statistical analysis

The Excel 2010 software (Microsoft Corp, Redmond, WA) was
used for data collection. Continuous measures are presented as
means± standard deviations. Comparisons of data between
baseline and follow-up were performed using the x2 test for
categorical data and the paired t test for continuous variables.
Interobserver agreement was estimated using the intraclass
correlation coefficient (ICC). Relationships between clinical
variables, EFVi, and plaque volume were explored by regression
analysis. Annual changes in plaque volume and EFVi were
calculated for each plaque by subtracting the values measured at
baseline CT from the values measured at follow-up. Then, the
difference valuewas divided by the time elapsed between the 2CT
scans. Annual change values in the highest tertile for each plaque
volume were considered to indicate rapid increases in plaque



Figure 1. A 54-year-old male patient with low pretest probability underwent calcium score CT (A) and coronary CT angiography (B). (A) The semiautomated
software was used to identify an area of at least 0.5mm2 with a density ≥130HU as calcified plaque, and then to measure the coronary calcium score and volume.
The calcified plaque volume of the patient was 13.61mm3. (B) Noncalcified plaque volume was measured on coronary CT angiography. Noncalcified plaque was
color-coded according to CT value (HU) and classified into low attenuation plaque (0–49HU; designated as lipid-rich plaque) and intermediate attenuation plaque
(50–129HU; designated as fibrous plaque). Lipid-rich and fibrous plaque volumes of the patient were 13.13 and 31.95mm3, respectively. CT = computed
tomography.
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volume. Logistic regression analysis was used to determine
whether baseline clinical variables and EFVi were predictors of
rapid increase in plaque volume. Variables that achieved
significance in the univariate analysis were included in a stepwise
logistic regression analysis. Statistical analyses were performed
using MedCalc (version 13.1.2.0; MedCalc Software, Maria-
kerke, Belgium). A P value <0.05 was considered to indicate
statistical significance.
3. Results

The baseline patient characteristics are listed in Table 1. The mean
age of the study population was 54.8±7.9 years at the baseline
examination and 56.5±7.9 years at the follow-up examination.
The mean interval between the baseline and the follow-up CTwas
25.5±15.7 months. The study included 69 (79.3%) males.
Figure 2. A 50-year-old male patient with low pretest probability. Epicardial fat wa
visceral layer of the pericardium. (A) The border of the epicardium (yellow line) was tra
the tissue (green color) showing a CT density of �190 to �30HU within the epic
epicardial fat automatically, with the data reported in cubic centimeters. The EFV of
was 62.3m3/m2. CT = computed tomography, EFV = epicardial fat volume, EFV
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The ICC for interobserver agreement was 0.975 (95%
confidence interval: 0.962, 0.984) for baseline EFV and 0.970
(95% confidence interval: 0.954, 0.980) for follow-up EFV. Both
baseline and follow-up EFVi were positively correlated with age
and BMI (Table 2). With the exception of lipid-rich plaque
volume on follow-up CT, no index of plaque volume was
correlated with EFVi. Comparisons between the baseline and
follow-up examination results are provided in Table 3. CAC
score and coronary plaque volumes increased significantly (P=
0.010 to <0.001) on follow-up CT. The mean annual change
values were 4.1±26.8mm3/y for lipid-rich plaque, 5.9±26.8
mm3/y for fibrous plaque, and 15.1±27.0mm3/y for calcified
plaque volume. However, EFV (116.0±37.5 vs 116.6±37.4
cm3, P=0.604) and EFVi (65.7±21.8 vs 66.0±21.8cm3/m2, P=
0.620) change values between baseline and follow-up CT were
not significant. The mean intracoronary lumen density was not
s defined as the adipose tissue between the surface of the myocardium and the
ced semiautomatically. (B) EFV was quantified by calculating the total volume of
ardium. (C) The computer software constructed a 3-dimensional image of the
the patient was 119cm3, and that indexed to body surface area (EFVi; 1.91m2)
i = indexed epicardial fat volume.
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Table 1

Baseline clinical characteristics of the patients (n=87).

Characteristics Values

Age, y 54.8±7.9
Male/female 69/18
Agatston calcium score, n (%)
0 31 (35.6)
1–10 17 (19.5)
10–100 25 (28.7)
100–400 14 (16.1)

Symptom, n (%)
Atypical chest pain 17 (19.5)
Nonanginal pain 14 (16.1)
Asymptomatic 56 (64.4)

Pretest probability, n (%)
Intermediates 30 (34.5)
Low 55 (63.2)
Very low 2 (2.3)

Values are means± standard deviations or n (%).

Table 3

Serial change in clinical variables and computed tomography
measurements.

Baseline Follow-up P

Age, y 54.8±7.9 56.5±7.9 <0.001
∗

Systolic BP, mm Hg 125.6±13.0 126.6±16.1 0.559
Smoking 35 34 0.870
DM 27 27 1.000
Total cholesterol, mg/dL 179.0±35.4 181.4±31.6 0.504
HDL cholesterol, mg/dL 46.6±9.0 45.4±9.0 0.253
10-y risk, % 10.4±5.7 11.5±6.1 0.057
BMI, g/m2 25.1±3.3 25.2±3.3 0.364
Agatston calcium score 42.6±79.4 74.1±117.5 <0.001

∗

Calcified plaque volume, mm3 41.8±69.8 68.7±100.5 <0.001
∗

Noncalcified plaque volume, mm3 111.2±93.4 142.0±105.5 0.004
∗

Lipid-rich plaque volume, mm3 48.2±41.6 62.4±52.1 0.010
∗

Fibrous plaque volume, mm3 63.0±54.3 79.6±58.5 0.003
∗

EFV, cm3 116.0±37.5 116.6±37.4 0.604
EFVi, cm3/m2 65.7±21.8 66.0±21.8 0.620
Intracoronary lumen density, HU 424.5±58.1 430.3±78.8 0.811

BMI = body mass index, BP = blood pressure, DM = diabetes mellitus, EFV = epicardial fat volume,
EFVi = indexed epicardial fat volume, HDL = high-density lipoprotein.
∗
Statistically significant (P<0.05).
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significantly different (424.5±58.1 vs 430.3±78.8HU, P=
0.811) between baseline and follow-up CT examinations.
The mean annual changes in EFV and EFVi were 0.8±8.0cm3/

y and 0.5±4.8cm3/m2/y, respectively. The annual change in EFVi
was not accompanied by a parallel change in coronary plaque
volume (P=0.286 for lipid-rich plaque, 0.500 for fibrous plaque,
and 0.096 for calcified plaque) (Fig. 3). The mean annual change
values in plaque volume in the highest tertile were 32.4±17.9
mm3/y for lipid-rich plaque, 32.6±18.5mm3/y for fibrous
plaque, and 39.5±35.3mm3/y for calcified plaque (Table 4).
On univariate analysis, predictors of rapid increases in lipid-

rich and fibrous plaque volumes were smoking, hypercholester-
olemia, 10-year CHD risk, obesity, and baseline EFVi (Table 5).
Diabetes mellitus was the only significant predictor of a rapid
increase in calcified plaque volume. On multivariate analysis,
10-year CHD risk was an independent predictor of rapid
increases in lipid-rich (odds ratio [OR]=1.184, P=0.002) and
fibrous (OR=1.413, P<0.001) plaque volume. Baseline EFVi
(OR=1.029, P=0.016) was an independent predictor of a rapid
increase in lipid-rich plaque volume, but not fibrous plaque
volume (Table 6).
Table 2

Correlations between clinical variables and indexed epicardial fat vo

Baseline EFVi

R2

Age, y 0.165
Systolic BP, mm Hg 0.001
Diastolic BP, mm Hg 0.013
Total cholesterol, mg/dL 0.001
HDL cholesterol, mg/dL <0.001
10-y CHD risk, % 0.019
BMI, g/m2 0.076
Agatston calcium score 0.001
Noncalcified plaque volume, mm3 <0.001
Lipid-rich plaque volume, mm3 0.011
Fibrous plaque volume, mm3 0.004

Calcified plaque volume, mm3 0.002

BMI = body mass index, BP = blood pressure, CHD = coronary heart disease, EFVi = indexed epicar
∗
Statistically significant (P<0.05).
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4. Discussion

Epicardial fat tissue produces several different hormones,
adipokines, and vasoactive substances.[2] The development of
coronary atherosclerosis is linked to EFV.[3–5] Several previous
studies reported a relationship between EFV and coronary
plaque or CAD.[10–12,29] Djaberi et al[10] reported that EFV is a
significant predictor of coronary atherosclerosis after adjusting
for CV risk factors. Sarin et al[11] and Iwasaki et al[12] showed
that higher EFV (>100mL) was associated with the presence and
severity of CAD. Bastarrika et al[29] showed that patients with
significant coronary artery stenosis had significantly greater EFV
than those without significant CAD. However, there have been
no previous studies on the relationship between EFV and
coronary plaque volume. To the best of our knowledge, the
present study is the first to assess this relationship.
First, we investigated the relationship between EFVi and

coronary plaque volume and found that EFVi was correlated
lume.

Follow-up EFVi

P R2 P

<0.001
∗

0.155 <0.001
∗

0.730 0.066 0.016
∗

0.289 0.010 0.363
0.748 <0.001 0.862
0.974 <0.001 0.859
0.199 0.055 0.029

∗

0.010
∗

0.053 0.033
∗

0.754 <0.001 0.997
0.905 0.027 0.129
0.324 0.052 0.033

∗

0.583 0.008 0.397
0.706 <0.001 0.977

dial fat volume, HDL = high-density lipoprotein.



Figure 3. A 43-year-old male patient with an intermediate pretest probability underwent baseline cardiac CT (A–D). The baseline EFV was 54.0cm3 (A, B), calcified
plaque volume was 380.1mm2 (C), and noncalcified plaque volume (D) was 289.4mm2 (lipid-rich plaque volume, 103.9mm2; fibrous plaque volume, 185.5mm2).
After 31 months, follow-up CT images (E–H) showed no rapid annual change in EFV (D 1.9cm3/y) or EFVi (D 1.0cm3/m2/y). Although the calcified plaque volume (D
62.9mm3/y) increased rapidly, the noncalcified plaque volume (lipid-rich plaque volume, D 9.4mm3/y; fibrous plaque volume,D 1.2mm3/y) did not. CT= computed
tomography, EFV = epicardial fat volume, EFVi = indexed epicardial fat volume.
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significantly and positively with age and BMI, which accords with
previous reports of a strong association between EFV and
obesity[2] and BMI.[31,32] However, with the exception of lipid-
rich plaque volume on follow-up CT, no index of plaque volume
was correlated with EFVi (Table 2). Second, we investigated
serial changes in EFVi and coronary plaque volume, which could
be helpful to determine the relationship between EFVi change and
coronary plaque progression. The EFVi did not change
significantly from baseline to the time of follow-up CT, although
plaque volumes increased significantly on follow-upCT (Table 3).
Therefore, the annual change in EFVi was not accompanied (P=
0.096–0.500) by a parallel change in any index of coronary
plaque volume. Third, we investigated whether baseline
characteristics, including EFVi, were predictors of rapid increase
in plaque volume. In addition to smoking, hypercholesterolemia,
Table 4

Plaque and epicardial fat volume according to tertile group.

Measurements Lowest tertile

Baseline lipid-rich plaque volume, mm3 4.6±4.7 (0.0–15.1)
Follow-up lipid-rich plaque volume, mm3 9.0±8.8 (0.0–28.3)
Lipid-rich plaque volume change, mm3/y �20.9±19.5 (�72.5 to �3.5)
Baseline fibrous plaque volume, mm3 5.7±5.8 (0.0–22.2)
Follow-up fibrous plaque volume, mm3 13.3±13.5 (0.0–42.5)
Fibrous plaque volume change, mm3/y �18.7±21.9 (�85.4 to �1.2)
Baseline calcified plaque volume, mm3 0.0±0.0 (0.0–0.0)
Follow-up calcified plaque volume, mm3 1.7±3.3 (0.0–9.2)
Calcified plaque volume change, mm3/y �1.3±4.6 (�18.7 to 1.7)
Baseline EFVi, cm3 44.4±5.7 (34.2–53.1)
Follow-up EFVi, cm3 45.2±6.1 (43.3–54.1)
EFVi change, cm3/y �4.1±3.1 (�14.9 to �1.0)

Values are mean± standard deviation (range). EFVi = indexed epicardial fat volume.
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10-year CHD risk (Framingham Risk Score), and obesity,
baseline EFVi was a predictor of rapid increases in lipid-rich and
fibrous plaque volumes on univariate analysis (Table 5). After
controlling for CV risk factors, baseline EFVi remained a
significant independent predictor of a rapid increase in lipid-rich
plaque volume (Table 6). However, baseline EFVi was not an
independent predictor of a rapid increase in fibrous plaque
volume.
CAC score measured byMDCT may reflect the overall burden

of coronary atherosclerosis and may predict the risk of future CV
events better than the Framingham Risk Score.[33] An association
between a high CAC score and large EFV has been reported by
several studies.[6–9] Gorter et al[6] and Bettencourt et al[9]

observed that EFV was positively related to the CAC score.
Ahmadi et al[7] observed that EFV was higher in both males and
Mid tertile Highest tertile

42.4±14.7 (17.5–62.9) 97.6±23.5 (63.0–141.2)
54.4±14.8 (28.4–77.6) 123.8±33.1 (79.3–194.1)
0.8±3.2 (�3.1 to 9.3) 32.4±17.9 (12.3–76.3)

56.1±21.3 (22.4–87.3) 127.2±29.3 (87.6–188.6)
78.9±18.2 (43.2–106.2) 146.6±28.1 (109.1–199.7)
3.9±4.9 (�0.7 to 13.5) 32.6±18.5 (15.2–89.7)
12.0±9.7 (0.0–32.5) 113.5±82.6 (37.3–342.3)
29.5±18.2 (9.7–67.5) 175.0±112.8 (67.8–543.0)
7.1±3.4 (2.0–12.6) 39.5±35.3 (12.9–167.5)
62.0±6.9 (53.4–72.5) 90.6±15.9 (73.1–134.5)
61.9±5.0 (54.5–70.5) 90.9±17.1 (70.8–135.1)
0.2±0.7 (�0.8 to 1.4) 5.4±3.7 (1.5–14.2)

http://www.md-journal.com


Table 5

OR for prediction of rapid plaque increases (univariate analysis).

Lipid-rich plaque Fibrous plaque Calcified plaque

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 1.025 (0.969–1.085) 0.389 1.033 (0.976–1.093) 0.262 1.046 (0.988–1.108) 0.120
Hypertension 2.510 (0.721–8.743) 0.153 1.523 (0.432–5.370) 0.517 1.094 (0.315–3.799) 0.888
Smoking 3.148 (1.248–7.939) 0.014

∗
3.947 (1.543–10.096) 0.003

∗
2.036 (0.821–5.045) 0.124

DM 1.269 (0.490–3.288) 0.625 1.604 (0.623–4.130) 0.329 3.231 (1.244–8.393) 0.015
∗

Hypercholesterolemia 3.388 (1.240–9.258) 0.017
∗

5.833 (2.056–16.551) <0.001
∗

0.503 (0.164–1.536) 0.212
Low HDL 0.459 (0.137–1.535) 0.186 0.459 (0.137–1.535) 0.186 0.655 (0.210–2.039) 0.456
10-y CHD risk 1.198 (1.076–1.335) <0.001

∗
1.397 (1.198–1.628) <0.001

∗
1.055 (0.975–1.142) 0.177

Obesity 2.678 (1.069–6.710) 0.033
∗

2.678 (1.069–6.710) 0.033
∗

0.933 (0.381–2.284) 0.879
Statin treatment 0.855 (0.329–2.222) 0.747 1.080 (0.421–2.771) 0.872 1.358 (0.534–3.455) 0.522
Baseline EFVi 1.032 (1.009–1.055) 0.004

∗
1.023 (0.001–1.045) 0.032

∗
1.014 (0.994–1.035) 0.181

CHD = coronary heart disease, CI = confidence interval, DM = diabetes mellitus, EFVi = indexed epicardial fat volume, HDL = high-density lipoprotein, OR = odds ratio.
∗
Statistically significant (P<0.05).
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females with higher CAC scores. However, in our study, EFVwas
not significantly related to CAC score or calcified plaque volume.
Nakanishi et al[27] reported that an increase in EFV was
associated with a greater progression of CAC. At follow-up, EFV,
EFVi, and the degree of change in EFVi (%) were higher in the
high progression group than in the low progression group.
However, our result does not accord with this previous report.[27]

In our study, the increase in calcified plaque volume was not
accompanied by an increase in EFVi in serial studies (Fig. 3).
Yerramasu et al[34] reported that the median EFV was
significantly higher in patients who progressed compared with
in those who did not progress (93.1 vs 68.8cm3, respectively, P<
0.001). However, our results showed that baseline EFVi did not
predict a rapid increase in calcified plaque volume. Our data
agree with the results of Otaki et al[30] who reported that neither
baseline EFV nor the change in EFV over time was associated
with accumulation of CAC after a median follow-up of 4 years in
low-risk patients.
Despite extensive research, the mechanistic understanding of

atherosclerotic calcification in humans remains limited.[35] In the
progression of atherosclerotic lesions, recurrent plaque rupture
and hemorrhage with subsequent healing might lead to calcified
plaque.[36] In addition, CAC growth under treatment with statins
represents plaque repair rather than continuing plaque expan-
sion.[37] Therefore, calcified plaque seems to arise from
preexisting plaque. Lipid-rich plaque, however, occurs relatively
early in the process of atherosclerosis, which might be more
affected by EFV compared with calcified plaque. In a report by
Greif et al,[38] EFV was elevated in patients with exclusively
noncalcified plaque, compared to in those with mixed and
Table 6

OR for prediction of rapid plaque increases (multivariate analysis).

Lipid-rich plaque Fibrous plaque

OR (95% CI) P OR (95% CI) P

10-y CHD risk 1.184
(1.062–1.320)

0.002∗ 1.413
(1.201–1.663)

<0.001∗

Obesity Not included in
the model

3.757
(1.141–12.370)

0.030∗

Baseline EFVi 1.029
(1.005–1.053)

0.016∗ Not included in
the model

CHD = coronary heart disease, CI = confidence interval, EFVi = indexed epicardial fat volume,
OR = odds ratio.
∗
Statistically significant (P<0.05).
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calcified plaque. It is therefore likely that EFV is associated with
plaque formation per se, rather than plaque calcification.[34]

Rajani et al[17] reported that EFV is greater in patients with
coronary plaque. However, they compared patient groups with
and without coronary plaque. In contrast, our study population
included only patients with coronary plaque. Moreover, they
evaluated it according to coronary plaque type. However, plaque
can also mix with various components, the volume of which we
measured in our study. Therefore, the predictive ability of EFVi in
our study is relevant to the plaque composition, but not the type
of plaque.
In previous reports,[39–42] the association between epicardial

fat and CAD has been evaluated using echocardiography.
However, assessment of epicardial fat by echocardiography is
not optimal, because the method is highly acoustic and time-
window-dependent, is associated with difficulties in differentiat-
ing between epicardial and pericardial fat,[43] and has low
reproducibility.[44] MDCT is a more accurate and highly
reproducible method of quantifying EFV due to its higher spatial
resolution.[45,46] However, volumetric quantification of epicar-
dial fat using CT is time-consuming, requires an advanced cardiac
imaging workstation, and should be performed only by an
experienced observer.[47] Manual tracing of the pericardium is
also somewhat difficult at the bifurcation level of the pulmonary
artery, and there may be a partial volume averaging effect near
the diaphragm. Nevertheless, in our study, the ICC for
interobserver agreement was very high (0.975 for baseline
EFV and 0.970 for follow-up EFV).
This study had several limitations that should be considered.

First, the study was a retrospective observational trial with a
limited number of heterogeneous patients. Therefore, potential
biases cannot be ruled out despite use of multivariate regression
analysis, especially because the model has not been evaluated.
Second, the study population was derived from a single center,
and was composed exclusively of ethnic Koreans who were
referred for CCTA. Therefore, the results cannot be generalized
to a wider population. Third, information regarding lifestyle
(e.g., dietary changes and exercise) and treatment that may have
affected EFV was not available. However, the EFVi was indexed
by body surface area to correct for weight fluctuations between
CT examinations. Fourth, it is somewhat doubtful that the
accuracy of CCTA is sufficient for detecting small noncalcified
atherosclerotic plaques. In addition, the CT density of the plaque
can be affected by the contrast media used within the coronary
artery,[48] and serial MDCT for obtaining EFV is subject to
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interscan variability. Regarding this limitation, we found that the
intracoronary lumen density was not significantly different (P=
0.811) between baseline and follow-up CT examinations. Finally,
we did not evaluate stenosis severity or plaque instability.
In conclusion, in addition to the 10-year CHD risk based on the

Framingham Risk Score, EFVi was shown to be an independent
predictor of a rapid increase in lipid-rich plaque volume.
However, changes in EFVi were not associated with parallel
changes in coronary plaque volume.
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