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Association of epicardial adipose tissue with metabolic risk factors on
cardiovascular outcomes: Serial coronary computed tomography angiography study
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1-Specificity

The actual CVD event was not associated with EAT volume, warranting future studies combining qualitative assessments

Con CI us I on with quantitative ones.

Background/Aims: Epicardial adipose tissue (EAT) shares pathophysiological properties with other visceral fats and poten-
tially triggers local inflammation. However, the association of EAT with cardiovascular disease (CVD) is still debatable. The
study aimed to observe the changes and associations in EAT and risk factors over time, as well as to investigate whether EAT
was associated with CVD.

Methods: A total of 762 participants from Seoul National University Hospital (SNUH) and SNUH Gangnam Center were in-

Copyright © 2024 The Korean Association of Internal Medicine pISSN 1226-3303

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which elSSN 2005-6648
permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited. ht‘[p JIWww. kj im.org


http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2023.389&domain=pdf&date_stamp=2024-03-01

The Korean Journal of Internal Medicine Vol. 39, No. 2, March 2024

KJIM™

cluded in this study. EAT was measured using coronary computed tomography angiography.

Results: Baseline EAT level was positively associated with body mass index (BMI), calcium score, atherosclerotic cardiovascu-
lar disease (ASCVD) 10-year risk score, glucose, triglycerides (TG)/high-density lipoprotein (HDL), but not with total cholester-
ol, low-density lipoprotein (LDL). At follow-up, EAT levels increased in all groups, with low EAT groups demonstrating a sig-
nificant increase in EAT per year. Change in EAT was associated with a change in BMI, TG/HDL, and glucose, while changes
in LDL, calcium score, and ASCVD 10-year risk score were not associated. Although calcium score and ASCVD 10-year risk
score were associated with CVD events, baseline information of EAT, baseline EAT/body surface area, or EAT change was not
available.

Conclusions: Metabolic risks, e.g., BMI, TG/HDL, and glucose, were associated with EAT change per year, whereas classical
CVD risks, e.g., LDL, calcium score, and ASCVD 10-year risk score, were not. The actual CVD event was not associated with

EAT volume, warranting future studies combining qualitative assessments with quantitative ones.
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INTRODUCTION

Accumulation of adipose tissue, especially in the visceral
cavity, plays an essential role in the development of sever-
al cardiovascular diseases (CVDs), including metabolic syn-
drome, hypertension [1], dyslipidemia, insulin resistance, as
well as type 2 diabetes [2,3]. Specifically, visceral fat tissue
is recognized as an independent risk factor for cardiovascu-
lar complications [4]. The amount of visceral fat has been
reported to be associated with inflammatory-mediated cy-
tokines such as plasminogen activator inhibitor-1, tumor ne-
crosis factor-o, and interleukin-6 [5]. Moreover, visceral fat
increases due to stimulated lipid uptake and esterification in
visceral fat during the aging process [6].

Given its clinical significance, research has been directed
towards quantifying fat amounts in various areas. Epicardi-
al adipose tissue (EAT), a deposit of visceral fat located be-
tween the heart and the pericardium, is primarily composed
of white adipose tissue with small amounts of brown adi-
pose tissue [7]. EAT plays a multifaceted role for the heart,
including providing mechanical protection for the coronary
artery [8,9], contributing to myocardium energy through a
high metabolism rate of free fatty acid [10], and perform-
ing thermogenic functions [11]. Additionally, EAT produces
active biomarkers [12] that can influence heart morphology
and function, and also releases micro-ribonucleic acids to
the vascular wall, exerting paracrine effects [7].

Due to its proximity to the cardiovascular system, EAT
might more be susceptible to pronounced inflammato-
ry responses compared to typical visceral fats. Adipokines
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released from EAT can locally affect inflammation in the
nearby coronary vessel wall and stimulate atherosclerosis
progression through outside-to-inside signaling [13,14].
Furthermore, EAT has also been reported to be associated
with coronary atherosclerosis and subclinical coronary artery
disease [15-17]. Although research has suggested EAT's
involvement in metabolic risk factors and coronary calcifi-
cation [18-20], the precise contribution of epicardial fat to
CVD remains uncertain. Some studies demonstrated that
anti-atherosclerotic cytokines, such as adiponectin, secret-
ed from EAT promote cardioprotection [21,22]. Addition-
ally, other studies highlight that pericardial fat, not EAT, is
strongly associated with cardiometabolic risk and coronary
atherosclerosis [23,24].

Coronary computed tomography angiography (CCTA) is
a sensitive imaging modality that allows the accurate mea-
surement of EAT volume with high spatial resolution [25].
However, many investigations focus solely on the cross-sec-
tional view of EAT rather than the longitudinal changes,
which can be measured using CCTA. Thus, our study aims
to investigate EAT volume and its serial changes, in conjunc-
tion with other conventional risk factors, to determine its
association with CVD events.

METHODS

Study population
The analysis included participants who had undergone CCTA
at least twice, with intervals of 2 years or more, between
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January 2006 and December 2019 at Seoul National Uni-
versity Hospital (SNUH) and SNUH Gangnam Center. During
this period, a total of 4,431 participants were extracted from
the SNUH Patients Research Environment, which serves as a
clinical data warehouse. Of the total participants, 814 in-
dividuals with analyzable images were selected for further
analysis, while 52 were excluded for the following reasons:
inadequate clinical information (n = 21), insufficient im-
age quality (n = 18), history of percutaneous coronary in-
tervention (PCl) or coronary artery bypass grafting (CABG)
(n = 11), and indistinct EAT delineation due to severe mo-
tion artifacts or pericardial effects (n = 2). Ultimately, a total
of 762 participants were included in the study (Fig. 1).

CCTA scan protocol and evaluation

Baseline and follow-up CCTA images were retrieved from
the Picture Archiving and Communication System of SNUH,
stored in the Digital Imaging and Communications in Med-
icine format. These images were then downloaded and
transferred to the Department of Radiology at Seoul Nation-
al University Bundang Hospital, which served as the core lab
for EAT volume measurements. Additionally, CCTA images

4,431 patients with serial (= 2) CCTA of 2 2 years
interval from January 2006 to December 2019

814 patients selected

21 patients with insufficient clinical
information

18 patients with insufficient images
e 11 patients with history of PCI or
CABG before the initial CCTA

2 patients with unclear EAT line due
to severe motion artifact or
pericardial effect

\
762 patients with 1,524 images

:

Classified into quartiles based on EAT for
baseline analysis

|
R TR T

Q1:n=191 Q2:n=190 | Q3:n=190 | Q4:n=191

Figure 1. The flow of participants through the study. CABG, cor-
onary artery bypass grafting; CCTA, coronary computed tomog-
raphy angiography; EAT, epicardial adipose tissue; PCl, percutane-
ous coronary intervention.
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were separately analyzed by two experienced radiology re-
searchers using a dedicated workstation (SyngoVia; Siemens
Healthcare, Erlangen, Germany). If discrepancies exceeding
10% of EAT volume were detected, a third measurement
was performed. The analysis was conducted independently,
without interference from the other researchers involved.
All CCTA images were measured at the same cardiac cycle
to ensure consistency, as the volume of EAT could vary be-
tween systolic and diastolic periods. Experienced researchers
manually marked an epicardial line on CCTA images, setting
thresholds at -190 Hounsfield unit (HU; lower) and -30 HU
(upper). This marking was conducted on axial scans of 0.9
mm thickness, spanning carina to heart base. Moreover,
EAT measurements, highlighted in purple, were semi-auto-
mated. Researchers checked and adjusted the outlined area
for accuracy. Cases with unclear EAT lines caused by severe
motion artifacts or pronounced pericardial effects (pericar-
dial effusion exceeding 10 mm) were excluded. Additional-
ly, images with insufficient scan range -starting below the
carina level or not reaching the heart base-were also ex-
cluded, as they could impact EAT volume measurements.
The EAT volume was computed by summing EAT measure-
ments from each scanned image, as determined through
the aforementioned methodology. To counter the influence
of height and weight variations, EAT was normalized by di-
viding it by the body surface area (BSA) for further analysis.
The annual EAT change was computed as (follow-up EAT
- baseline EAT) / baseline EAT x 100 / year. For participants
who underwent CCTA imaging more than three times with-
in the study period, the initial and final CCTA images were
chosen for analysis. A written signed informed consent was
obtained from each patient and the research was carried
out with approval from Institutional Review Board of SNUH
(IRB no H-2022-174-1107).

Clinical data acquisition

Clinical data collection for these participants was manually
secured through Electronic Medical Records (EMR). Utiliz-
ing EMR at SNUH, various clinical details were gathered,
including information from CCTA and laboratory data such
as complete blood count (CBC) and medication history.
This comprehensive data compilation was aimed at assess-
ing each participant’s cardiovascular risk. Additional med-
ical records were collected, encompassing sex, age, body
mass index (BMI), BSA, systolic blood pressure, diastolic
blood pressure, pulse rate, and lifestyle information such as
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Table 1. Clinical characteristics of participants at baseline

EAT group (mL)
Variable Q1 Q2 Q3 Q4 Total p value
(< 84.00) (84.00-107.77) (107.77-135.39) (> 135.39)
Total 191 (25.1) 190 (24.9) 190 (24.9) 191 (25.1) 762 (100.0)
Sex, male 168 (88.0) 172 (90.5) 175 (92.1) 182 (95.3) 697 (91.5) 0.075
Age (yr) 575+7.1 59.6 £ 6.1 58.2 6.1 59.5+6.8 58.7+£6.6 0.029
Height (cm) 166.2 = 6.4 168.2 + 6.7 169.0 + 6.5 1714 £6.5 168.7 £6.8 < 0.001
Weight (kg) 639+73 69.1 + 8.1 711 £87 76.4 +8.3 70.1+£93 <0.001
BMI (kg/m?) 231 %22 242 27 24823 26.0+23 245+26 <0.001
Obesity (BMI > 25) 33(17.3) 74 (38.9) 92 (48.4) 126 (66.0) 325(42.7) <0.001
Smoking 0.302
Never 75(39.3) 59 (31.1) 53(27.9) 59 (30.9) 246 (32.3)
Ex-smoker 77 (40.3) 91 (47.9) 94 (49.5) 94 (49.2) 356 (46.7)
Current smoker 36(18.8) 37(19.5) 42 (22.1) 36 (18.8) 151 (19.8)
Alcohol 0.012
None 43 (22.5) 46 (24.2) 41(21.6) 41 (21.5) 171 (22.4)
Social 98 (51.3) 100 (52.6) 91 (47.9) 73(38.2) 362 (47.5)
Heavy 47 (24.6) 42 (22.1) 57 (30.0) 74 (38.7) 220 (28.9)
Comorbidity
HTN 55 (28.8) 88 (46.3) 80 (42.1) 99 (51.8) 322 (42.3) < 0.001
DM 22 (11.5) 33(17.4) 43 (22.6) 38(19.9) 136 (17.8) 0.033
Dyslipidemia 63 (33.0) 87 (45.8) 82 (43.2) 76 (39.8) 308 (40.4) 0.097
Statin 54 (28.3) 71 (37.4) 72 (37.9) 60 (31.4) 257 (33.7) 0.942
Calcium score (HU) 122.9 £ 279.5 124.6 £ 230.0 131.3+£282.9 2275 +560.8 152.3 £ 366.2 0.013
ASCVD 10-year risk 82+6.4 10.6 + 7.0 9967 11.6+79 10.1 £ 7.1 < 0.001
score (%)
SBP (mmHg) 118.2£14.8 1211+ 14.3 119.1 £ 15.3 120.8 £ 16.2 119.8 £ 15.2 0.236
DBP (mmHg) 755+ 10.5 77.8 £10.8 771 £11.2 78.1 £ 11.0 77.1 £10.9 0.039
Laboratory results
HbA1c (%) 58+0.7 6.0+0.6 6.1+0.8 6.1+0.8 6.0+0.7 < 0.001
Glucose (mg/dL) 101.9 £ 215 106.2 £ 19.1 110.4 £ 30.1 1M1.7 £249 107.5+24.5 < 0.001
Total cholesterol 198.1 £32.8 190.4 £ 33.9 1879 +34.0 195.0 + 37.1 192.9 +34.7 0.294
(mg/dL)
TG (mg/dL) 116.7 £ 62.6 124.0 + 64.8 135.7 £ 70.7 144.7 £ 70.5 130.3£68.0 <0.001
HDL (mg/dL) 53.4+11.8 50.4 +£10.8 495 + 10.2 49.8 + 10.5 50.7 £ 10.9 < 0.001
LDL (mg/dL) 123.9 + 30.1 120.2 +28.4 118.1 £ 31.0 122.7 £ 34.0 121.2 £309 0.569
TG/HDL 24+18 26+17 3.0+19 31+18 2.8+18 < 0.001
HR (bpm) 67.0+9.8 67.5+10.8 69.1 £ 11.6 674 +10.6 67.8 £10.7 0.442

Values are presented as number (%) or mean + standard deviation.

ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; EAT,
epicardial adipose tissue; HDL, high density lipoprotein; HR, heart rate; HTN, hypertension; HU, Hounsfield unit; LDL, low density
lipoprotein; SBP, systolic blood pressure; TG, triglycerides.
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smoking and drinking histories. Medical conditions, includ-
ing diagnosed hypertension and diabetes, were also includ-
ed. Moreover, participants’ cardiovascular family histories,
comprising coronary artery disease, angina, and stroke,
were gathered. Cases of hypertension and diabetes were
restricted to those diagnosed or under medication while
also excluding individuals with a family history of hyper-
tension and diabetes. Smoking history was categorized as
never smoked, ex-smoker, or current smoker while drinking
history was classified as none, social drinker, or heavy drink-
er. Measurements for CBC, glycated hemoglobin (HbA1c),
total cholesterol, triglyceride (TG), high-density lipoprotein
(HDL), and low-density lipoprotein (LDL) were obtained.
Data points obtained within a month prior to the timing of
the two CCTA scans were chosen. In instances where this
data was not available, the previous data was employed us-
ing the principle of last observation carried forward. In cases
where no data was present, those instances were treated as
missing values.

Lastly, a review was conducted to determine whether cor-
onary artery disease had manifested during the follow-up
period. CVD events and new cases of coronary artery dis-

Table 2. Changes of EAT volume over time

KJIM™

ease were identified based on the presence of 50% ste-
nosis in the CCTA findings at the follow-up assessment or
if coronary artery lesions exhibited progression during the
follow-up period and necessitated either PCl or CABG.

Statistical analysis

Data are presented as mean + standard deviation, or a num-
ber with percentages, or as an odds ratio (OR) with a 95%
confidence interval (Cl). The Agatston score for calcium was
categorized as follows: 0 HU, 0.1-100 HU, 100.1-400 HU,
and > 400 HU [26]. The atherosclerotic cardiovascular dis-
ease (ASCVD) 10-year risk score percentages were classified
into the following categories: 0-5%, 5-7.5%, 7.5-20%,
and > 20% [27].

To analyze the relationship between EAT (divided into
quartiles) and risk factors, t-tests and Mann-Whitney
U-tests were employed. The association between changes
in EAT and risk factors over time was examined using simple
regression models, receiver operating characteristic curve
(ROC) curve analysis, and Pearson’s chi-square test. Statis-
tical significance was determined as p < 0.05. All analyses
were performed using the SPSS software package (version

Variable Q1 Q2 Q3 Q4 Total p value
Baseline
EAT (mL) 68.5+ 11.3 96.1+6.6 1208 +77 166.8 + 26.1 1131 £39.2 <0.001
BSA (m?) 1.7+0.1 1.8+0.2 1.8+0.1 19+0.1 1.8+0.2 <0.001
EAT/BSA (mL/m?) 40.0+6.6 53.8+5.2 66.6 + 6.7 87.8 +13.9 62.1+19.7 <0.001
Weight (kg) 639+73 69.1 + 8.1 711 +87 76.4 +8.3 701 +9.3 <0.001
BMI (kg/m?) 23122 242+23 248+23 260+2.3 245+26 <0.001
Follow-up
EAT (mL) 787+189  1077+166 1307+180 181.2+380 1246+449 <0.001
BSA (m?) 1701 1.8+01% 18+0.1% 19+0.1 1.8+0.1 <0.001
EAT/BSA (mL/m?) 458+104  60.4+100 72.2+10.2 957 +19.2 68.6 + 22.5 <0.001
Weight (kg) 64.1+7.4 68.5+8.3 707 89 757 £9.4 69.8 +9.5 <0.001
BMI (kg/m?) 232+21 242 +2.1 247 £24 258+2.5 245+25 <0.001
EAT change per year (%/yr) 2.7 +4.509 25+38 12+37" 13£299 19+38 0.001

Values are presented as mean + standard deviation.

BMI, body mass index; BSA, body surface area; EAT, epicardial adipose tissue.
AThere were significant differences among each quartile of BSA at baseline and follow-up except between Q2 and Q3 at baseline
and follow-up BSA (Adjusted p for baseline BSA = 0.130, adjusted p for follow-up BSA = 0.179 by post-hoc comparison).

PAdjusted p = 0.012.
9Adjusted p = 0.003.

EAT change per year = (follow-up EAT - baseline EAT) / baseline EAT x 100/ year.
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26.0; IBM Corp., Armonk, NY, USA).

RESULTS

Baseline analysis
A total of 762 participants (age 58.7 + 6.6 yr, 91.5% males)
were included (Table 1). The interval duration between the
two computed tomography (CT) scans was 2,237 + 984
days. Participants were grouped into quartiles according to
the baseline EAT volume, < 84.00 mL, 84.00-107.77 mL,
107.77-135.39 mL, and > 135.39 mL, respectively. Approx-
imately, 42.7% of the participants were obese with a BMI
of 24.5 + 2.6 kg/m?, and the prevalence of hypertension
and diabetes mellitus was 42.3% (p < 0.001) and 17.8%
(p = 0.033), respectively. A significant difference was ob-
served between Q1 and Q4 for hypertension (28.8% vs.
51.8%, respectively) and diabetes (11.5% vs. 19.9%, respec-
tively). Height, weight, and BMI exhibited a positive associa-
tion with EAT volume at baseline. The association between
smoking and EAT displayed no significance (p = 0.302),
while for alcohol consumption (p = 0.012), heavy drinkers
were prevalent in Q4.

Classical risk indicators, such as coronary calcium score

The Korean Journal of Internal Medicine Vol. 39, No. 2, March 2024

(p = 0.013) and the ASCVD 10-year risk score, exhibited
a significant correlation with EAT. From laboratory results,
HbA1c, glucose, TGs, HDL, and TG/HDL were associated
with EAT (all p < 0.001), while total cholesterol (p = 0.294)
and LDL (p = 0.569) were not. Among these, except for
HDL, which demonstrated a negative association, HbAc,
glucose, and TGs, TG/HDL exhibited a positive association
with EAT volume.

EAT characteristics at baseline and follow-up
At baseline, the average EAT was 113.1 £ 39.2 mL, with
EAT/BSA at 62.1 + 19.7 mL/m? (Table 2). During follow-up,
both EAT and EAT/BSA increased to 124.6 + 44.9 mL and
68.6 + 22.5 mL/mZ, respectively. Weight and BMI displayed
no significant change between the baseline and follow-up
measurement (weight: from 70.1 £ 9.3 kg t0 69.8 + 9.5 kg;
BMI: from 24.5 + 2.6 kg/m? to 24.5 + 2.5 kg/m?2). Unlike
weight, BMI, and BSA remained relatively unchanged (BSA:
from 1.8 £ 0.2 m2to 1.8 + 0.1 m2). Furthermore, all groups
exhibited an increased mean EAT and EAT/BSA at follow-up.
Significant differences in BSA were observed among each
quartile at both baseline and follow-up, except for between
Q2 and Q3 in both instances.

Groups with initially low EAT levels exhibited a pro-

Table 3. Clinical characteristics of participants according to EAT change per year

Variable EAT change (%/yr) p value (calculated between
<-5(n=24) -5to 5 (n=637) >5(n=101) <-5and > 5 groups)
BMI (kg/mz) -49+46 -0.7 £4.1 3.1+48 < 0.001
Calcium score (HU) 3519 +616.9 391.8 +711.3 118.8 + 174.7 0.100
ASCVD 10-year risk score (%) 3.0+79 51+64 42 +6.3 0.241
SBP (mmHg) 09+ 14.0 1.1+£17.2 0.8+174 0.810
DBP (mmHg) -2.6+11.5 0.1+127 -1.4+£14.3 0.617
Laboratory results
HbA1c (%) -02+£04 03+72 01+£04 < 0.001
Glucose (mg/dL) -4.8 +18.3 3.1+220 79 +18.0 < 0.001
Total cholesterol (mg/dL) -17.5 £ 40.1 -17.5+41.3 -16.9+34.6 0.866
TG (mg/dL) -33.8 +62.0 -13.7+£70.2 -2.3+54.0 0.010
HDL (mg/dL) 32+6.2 1.0+89 2.1+£94 0.001
LDL (mg/dL) -14.1 £22.8 -7.7 +£29.4 -6.7+24.3 0.217
TG/HDL (mg/dL) -19.8 +46.3 2.1+£652 18.6 +70.0 0.001

Values are presented as mean + standard deviation.

ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; DBP, diastolic blood pressure; EAT indicates epicardial adi-
pose tissue; HDL, high-density lipoprotein; HU, Hounsfield unit; LDL, low-density lipoprotein; SBP, systolic blood pressure; TG, tri-

glyceride.
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nounced yearly increase in EAT. Specifically, Q1 demonstrat-
ed a change of 2.7 + 4.5% per year, while Q4 displayed a
change of 1.3 £ 2.9% per year. Upon comparison among
the groups, statistically significant differences were ob-
served solely in EAT changes between Q1 and Q3/4. The
p-value for the comparison between Q1 and Q3 was 0.012,
and between Q1 and Q4, the value was 0.003.

Association between the changes in EAT and
risk factors over time

The participant population was divided according to the EAT
change per year; +5%/yr and -5%/yr were selected arbitrari-
ly as criteria for clinical and statistical importance. Clinical

R? = 0.189
p < 0.001

BMI change (kg/m?)

m EAT change (%/year)
1,000
2
800 R? = 0.026 -
p < 0.001
600
400

200

TG/HDL chagne

-200

150

-150
-100
-150
-200
-250

Glucose (mg/dL)
o

E EAT change (%]/year)

KJIM™

characteristics of participants according to EAT change per
year were compared (Table 3). EAT increased in parallel with
BMI, TG/HDL, and glucose over time (all p < 0.001). Other
risk factors did not exhibit a significant difference. More-
over, BMI, TG/HDL, and glucose were considered significant
risk factors, and LDL, calcium score, and ASCVD 10-year risk
score were selected as comparative risk factors for simple
regression analysis. The association and correlation coeffi-
cients (R2) between EAT change per year and BMI, TG/HDL,
glucose, LDL, calcium score, and ASCVD 10-year risk score
are illustrated by scatter plots (Fig. 2). Although BMI, TG/
HDL, and glucose demonstrated significant association with
EAT change, R? of the single parameter was very low.

200
150

100

LDL change (mg/dL)
8

6,000

5,000 R? = 0.007 P
p=0.126

4,000

3,000

2,000

1,000

Calcium score change
(HUs)

-1,000
-25 -20 -15 -10 -5 0 5 10 15 20 25
EAT change (%/year)

R? < 0.001
p=0.808

20

ASCVD 10-year risk
score (%)

EAT change (%/year)

Figure 2. Impact of EAT change per year on change of clinical characteristics (Scatter plots). Scatter plots display associations between
EAT change per year and BMI (A), TG/HDL (C), and glucose change (E). In comparison, they did not display a correlation between EAT
change per year and LDL (B), calcium score (D), and ASCVD 10-year risk score change (F). R? and p values were calculated through simple
regression analysis. ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; EAT, epicardial adipose tissue; HDL, high-densi-
ty lipoprotein; HU, Hounsfield unit; LDL, low-density lipoprotein; TG, triglyceride.
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Association with CVD event

We analyzed the association between baseline EAT, fol-
low-up EAT, EAT/BSA, and CVD events stratified by statin
use. However, no statistically significant relationship was
observed between changes in EAT and the occurrence of
CVD events based on statin use (Table 4). To compare the
risk-predicting power of EAT, the association between CVD
event and calcium score, ASCVD 10-year risk score, baseline
EAT, baseline EAT/BSA, and change of EAT per year was
plotted as ROC curve (Fig. 3). Only the calcium score and
ASCVD 10-year risk score demonstrated significant predict-
ability (area under the curve: 0.753 vs. 0.574, p < 0.001 for
calcium score and p = 0.007 for ASCVD 10-year risk score,
respectively). Neither baseline EAT nor EAT change over
time displayed any significant predictability of CVD events.
According to the baseline characteristics, an increase in EAT
quartile was associated with an increase in calcium score.
Subsequently, we conducted multiple regression analy-
ses based on the change in calcium score, confirming that
HbA1c, weight, baseline TG, and age were independent
predictors of calcium score change (8 > 0, all p < 0.05) (Sup-
plementary Table 1).

Lastly, to determine if adding EAT to an existing risk pre-
diction engine has additional effects, the CVD event rate
was re-analyzed by dividing the change of EAT into three
groups according to calcium score and ASCVD 10-year
risk score (Fig. 4). The re-analyzed group with the lowest
calcium score displayed a p value of 0.508, followed by
>0.999 and 0.673 for the intermediate and highest groups,
respectively. Similarly, for the ASCVD 10-year risk score, the
lowest, intermediate, and highest re-analyzed groups had
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p values of 0.585, > 0.999, and > 0.999, respectively. In
summary, no additive effect of EAT change per year on top
of the conventional risk prediction markers was observed in
any group.

DISCUSSION

The current investigation validated the precise measurement
of EAT volume and its sequential changes through CCTA.

1.0 A Calcium score
A .
e, s ASCVD 10-year risk score
/ P
0.8 . S ~—— Baseline EAT
. S 4 ——— Baseline EAT/BSA

0.6 f /'/_‘ 2 Change of EAT per year
> A .
£ {7 Reference line
= o
E 04 A
= r |
v £ i
e 3 n’r’ o

02| &4

(S
by
0 T T T T 1
0 0.2 0.4 0.6 0.8 1.0
1-specificity
AUC (95% CI) p-value

Calcium score 0.753 (0.708-0.799) < 0.001
ASCVD 10-year risk score 0.574 (0.521-0.627) 0.007
Baseline EAT 0.472 (0.420-0.523) 0.306
Baseline EAT/BSA 0.459 (0.408-0.511) 0.140
Change of EAT per year 0.499 (0.441-0.556) 0.958

Figure 3. ROC curve for the impact of clinical characteristics on
CVD event. ASCVD, atherosclerotic cardiovascular disease; AUC,
area under the curve; BSA, body surface area; CVD, cardiovascu-
lar disease; Cl, confidence interval; EAT, epicardial adipose tissue;
ROC, receiver operating characteristic.

Table 4. Association between EAT and cardiovascular disease events in terms of statin usage

Variable Q1 Q2 Q3 Q4 Total p value
Baseline EAT (mL) < 84.00 84.00-107.77 107.77-135.39 > 135.39
Statin (n = 506) 16 (11.7) 13 (10.8) 16 (13.6) 10 (7.6) 55 (10.9) 0.496
No statin (n = 256) 5(9.3) 15 (21.4) 14 (19.4) 8 (13.3) 42 (16.4) 0.241
Follow-up EAT (mL) <9244 92.44-118.40 118.40-149.70 > 149.70
Statin (n = 506) 17 (12.7) 16 (12.2) 11 (9.5) 11 (8.8) 55 (10.9) 0.686
No statin (n = 256) 10 (18.2) 12 (19.7) 11 (14.9) 9 (13.6) 42 (16.4 0.777
Baseline EAT/BSA (mL/m?) < 4759 47.59-59.91 59.91-74.20 > 74.20
Statin (n = 506) 16 (11.9) 13 (10.6) 16 (13.4) 10 (7.7) 55 (10.9 0.505
No statin (n = 256) 9(16.1) 12 (17.6) 13 (18.6) 7(17.1) 41(16.1) 0.705

Values are presented as number (%).
BSA, body surface area; EAT, epicardial adipose tissue.
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Figure 4. CVD event rate with EAT change per year grouped by risk prediction markers. Analyzed CVD event and EAT change per year
grouped by calcium score (A) and ASCVD 10-year risk score (B). ASCVD, atherosclerotic cardiovascular disease; CVD, cardiovascular dis-

ease; EAT, epicardial adipose tissue; HU, Hounsfield units.

Notably, the study demonstrated the association with oth-
er conventional clinical parameters. The key conclusion can
be summarized as follows: 1) Individuals with unfavorable
risk factors displayed a larger EAT volume in comparison to
their counterparts. 2) Variations in BMI, TG/HDL ratio, and
glucose levels were associated with annual changes in EAT.
In contrast, no evident connection was observed between
LDL levels, calcium score, ASCVD 10-year risk score, and
the aforementioned changes. 3) No established link existed
between CVD and parameters related to EAT, emphasizing
the necessity for future research integrating in-depth assess-
ments of EAT's qualitative attributes. 4) The calcium score
emerged as a predictive factor for CVD events, and HbAc,
weight, baseline TG, and age exhibited positive correlations
with both EAT quartile and calcium score changes.

At baseline analysis, BMI, calcium score, and ASCVD 10-
year risk score demonstrated a positive association with EAT
volume. Among the laboratory results, HbA1c, glucose,
TGs, and TG/HDL displayed a positive association with EAT
volume, while HDL exhibited a negative association, and LDL
displayed no correlation. Participants with unfavorable met-
abolic risk factors were classified into the high EAT quartiles.
In this study, we conducted a detailed re-analysis. EAT was
normalized by dividing it by BSA, thus minimizing variations
related to height and weight. According to quartiles, EAT/
BSA demonstrated a positive correlation with EAT volumes.
In the follow-up phase, the patterns persisted, with those in

https://doi.org/10.3904/kjim.2023.389

the low EAT quartiles still displaying the lowest EAT levels.
However, when assessing EAT change as a percentage per
year relative to baseline, all groups exhibited positive mean
changes. Remarkably, the groups with the highest EAT had
the smallest increase. In EAT change analysis, risk factors like
BMI, TG/HDL, and glucose decreased in groups exceeding
5% EAT loss but increased in those with over 5% EAT gain.
Simple regression analysis confirmed these patterns. How-
ever, LDL, calcium score, and ASCVD 10-year risk score ex-
hibited no such associations. Additionally, BMI, TG/HDL, and
glucose emerged as meaningful indicators of EAT change,
hinting at their role in reflecting the impact of insulin re-
sistance on EAT volume. The lack of correlation with LDL
suggests additional mechanisms influencing EAT changes.
This influence emphasizes the connection between EAT and
medical conditions such as diabetes, obesity, and elevated
TG levels, suggesting an increased likelihood of metabolic
syndrome. The potential role of EAT in predicting metabolic
syndrome is noteworthy, especially in patients undergoing
CCTA for health screening. Therefore, the measurement
of EAT in CCTA could function as an additional benefit for
evaluating the risk of developing the metabolic syndrome.
In this study, classical risk indicators, calcium score, and
ASCVD 10-year risk score exhibited significant associations
with CVD events, with the calcium score demonstrating the
most notable link, followed by the ASCVD 10-year risk score.
Notably, traits related to EAT, such as baseline EAT, baseline
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EAT/BSA, and annual EAT change, displayed no connection
to CVD events. However, changes in calcium scores demon-
strated positive correlations with HbA1c, weight, baseline
TG, and age. Recognizing these factors as substantial con-
tributors to CVD events, it can be inferred that conventional
risk factors—HbA1c¢, weight, baseline TG, and age—play a
more significant role in CVD through changes in calcium
rather than EAT volume. Previous research indicated a link
between visceral fat and obesity, underscoring its involve-
ment in CVD and metabolic disorders like hypertension, ab-
normal lipid levels, insulin resistance, and type 2 diabetes
[2]. Some studies link EAT to metabolic risk factors, CVD,
and coronary calcification [18,19], but the exact associa-
tion of EAT with CVD remains uncertain. In our study, the
relationship between EAT change and CVD events under-
went further examination by categorizing participants into
three groups based on calcium score and ASCVD 10-year
risk score. Within each group, participants were once more
subdivided based on EAT change per year using criteria
of + 5% per year. However, none of the groups exhibit-
ed significant outcomes concerning CVD events, and the
CVD ratio displayed no discernible trend when compared to
EAT change. A recent study suggested no such correlation
between perivascular adipose tissue and calcified plaque
volume [28]. Other studies also reported that epicardial and
pericardial fat lack association with coronary artery calcifi-
cation [29,30]. Therefore, deep perspectives are needed to
examine the relationship between the histologic quality and
density of components as well as the natural course of EAT
rather than the quantitative volume.

EAT measurement in many studies often uses CCTA,
which is considered the standard method, but the recent
focus is on EAT's cross-sectional view due to ongoing con-
troversies. The longitudinal perspective of EAT and its rela-
tion to CVD needs further exploration. This study examines
EAT changes and risk factors over time, investigating their
correlation and whether EAT directly links to CVD, contrast-
ing with classical indicators like calcium score and ASCVD
10-year risk score.

This study had certain limitations. First, the fact that this
study collected data from two centers in South Korea may
render the analysis underpowered to demonstrate a sig-
nificant association between EAT and CVD, posing a risk
of type 2 error. For a total of 762 participants, the power
of three EAT-related variables for predicting CVD, baseline
EAT, baseline EAT/BSA, and change of EAT per year were
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0.05, 0.13, and 0.18, respectively. Had the retrospective
study included data from multiple centers and a large pop-
ulation, along with high-quality data, the study might have
yielded more meaningful results.

Although the results should be interpreted with caution,
it is worth noting that our study had the largest sample size
among research conducted with a paired set. Second, the
participants of this study do not represent the general pop-
ulation. The majority of the individuals who visited SNUH or
SNUH Gangnam Center for examinations resided mostly in
the urban area. Additionally, the fact that over 90% of the
participants were male could introduce some limitations in
the interpretation despite the lack of statistical significance.
Third, the criteria of -5% and 5%/year for a change of EAT
were defined arbitrarily in this study for analysis. Consider-
ing the distribution of participants, it was determined that
only those with more than 5% change had clinically signifi-
cant changes. The participants who demonstrated less than
5% of EAT change were few, which might have led to sta-
tistically insignificant results. Fourth, when the population
was grouped according to calcium score and ASCVD 10-
year risk score, the number of people was not divided by ter-
tile or quartile but based on clinical cutoff criteria. Due to a
shortage of participants in the greatest criterion, (> 400 HU
and > 20%), they were combined with the following group:
100-400 HU and 7.5-20%. Lastly, as a retrospective study,
the intervals between baseline and follow-up examination
varied among participants. Moreover, obtaining accurate
statistical data on variables like BMI, TG/HDL, LDL, calcium
score, etc., at fixed time intervals poses a significant chal-
lenge. The prolonged time gap between the two CT scans,
coupled with limited time-based adjustments, necessitated
the consideration of aging, even when focusing on patients
for health screenings.

In conclusion, some metabolic risks, e.g., BMI, TG/HDL,
and glucose, were associated with volume and EAT change
per year. However, classical CVD risks, e.g., LDL, calcium
score, ASCVD 10-year risk score, did not demonstrate an
association. The actual CVD event was not associated with
EAT volume, warranting future studies combining qualita-
tive assessments with quantitative ones. As some risk fac-
tors such as TG/HDL and glucose related to insulin resistance
were associated with EAT, future studies with extended ob-
servation periods focused on insulin resistance are needed.
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KEY MESSAGE

adipose tissue (EAT), left coronary artery plaque morphology,

1. Participants with worse risk factors demonstrated
more volume of EAT than others.
2. BMI, TG/HDL, and glucose were associated with
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Supplementary Table 1. Multivariable linear regression analysis showing independent predictors for calcium score changes

Variables B VIF p value
HbA1c (%) 0.123 1.038 0.004
Weight (kg) 0.118 1.092 0.007
Baseline triglyceride (mg/dL) 0.094 1.087 0.032
Age (yr) 0.085 1.041 0.046

VIF, variance inflation factor.
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