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ABSTRACT

BACKGROUND Epicardial adipose tissue (EAT) is associated with coronary artery disease (CAD), but its relationship
with plaque progression (PP)—a predictor of major adverse cardiovascular events (MACE)—remains unclear.

OBJECTIVES This study examines the interplay between EAT, PP, and subsequent MACE.

METHODS From the PARADIGM (Progression of Atherosclerotic Plaque Determined by Computed Tomographic
Angiography Imaging) registry, serial coronary computed tomography angiography assessed plaque volume (PV),
percent atheroma volume (PAV), and PP. Rapid plaque progression (RPP) was defined as annual PAV increase =1%. EAT
volume (EATvV) and advanced plaque characteristics were measured. CAD was defined as any plaque. Multivariable
models assessed associations between EATv, plaque, PP, and RPP. The prognostic value of PP and RPP for MACE was
evaluated.

RESULTS Among 773 patients (mean age 62 + 9 years; 324 women [43%]), those with CAD had significantly higher
EATv than did those without CAD (95 cm® [Q1-Q3: 72.5-127 cm?] vs 83.5 cm® [Q1-Q3: 63-112.8 cm®]; P < 0.001).
Progression of PV, PAV, and calcified and noncalcified plaque components was significantly greater in the highest (third)
EATVv tertile (T3) than in T1 (PV: P = 0.001; PAV: P = 0.028; calcified component: P = 0.025; noncalcified component:
P = 0.022). The prevalences of PP (T1: 78.9% vs T2: 83.9% vs T3: 88.5%; P = 0.013) and RPP (T1: 25.2% vs T2: 32.3%
vs T3: 36.4%; P = 0.021) also increased across EATv tertiles. In multivariable analyses, high EATv was independently
associated with plaque, PP, and RPP across 2 different models adjusted for age, sex, body mass index, diabetes,
dyslipidemia, hypertension, hypertriglyceridemia, smoking, and statin therapy. Patients with PP and RPP had lower
10-year MACE-free survival (log-rank; P = 0.006 and log-rank; P < 0.001, respectively).

CONCLUSIONS High EATVv is independently associated with CAD presence and progression, underscoring its potential
as a marker for risk stratification and a therapeutic target for earlier or more intensive treatment.
(JACC Cardiovasc Imaging. 2026;m:m-m) © 2026 by the American College of Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS

CAC = coronary artery
calcification

CAD = coronary artery disease
CP = calcified plaque
CT = computed tomography

CTA = computed tomography
angiography

EAT = epicardial adipose tissue

EATd = epicardial adipose
tissue density

EATvV = epicardial adipose
tissue volume

HRP = high-risk plaque
LAP = low-attenuation plaque

MACE = major adverse
cardiovascular events

NCP = noncalcified plaque

PAV = percent atheroma
volume

PP = plaque progression
PV = plaque volume

RPP = rapid plaque
progression

oronary plaque burden, regardless

of the measurement method, is a

robust marker of cardiovascular
disease and strongly predicts future adverse
events.”” Coronary computed tomography
angiography (CTA) has evolved in recent
years to enable a noninvasive comprehen-
sive characterization and quantification of
coronary atherosclerosis, with multiple
studies demonstrating its prognostic
value.>® Moreover, atherosclerosis is a sys-
temic dynamic process, characterized by
plaque progression (PP), regression, and
compositional changes over time, occurring
at varying rates, which may lead to either
an unstable, rupture-prone phenotype or a
more stable, slow-growing subtype.®'° The
PARADIGM (Progression of Atherosclerotic
Plaque Determined by Computed Tomo-
graphic Angiography Imaging) study demon-
strated that, independent of statin therapy,
the rate of PP is a robust predictor of major
adverse cardiovascular events (MACE),*-*?
similar to findings observed using intravas-
cular ultrasound-defined PP."

Beyond plaque assessment, coronary CTA also

enables the characterization of epicardial adipose
tissue (EAT), which has been implicated in the gen-
esis of coronary atherosclerosis through complex

pathways,

including the secretion of pro-

inflammatory and profibrotic cytokines.'* EAT has
also been associated with the prevalence and severity
of atherosclerosis' and the incidence of cardiovas-

cular events,

16.17 even in young patients with low or

absent calcified plaque (CP).**2° In addition, it may

serve as a therapeutic target for

novel car-

diometabolic interventions.”* However, the relation-
ship between EAT, coronary PP, and cardiovascular
outcomes remains largely unexplored.

This study aimed to evaluate the relationship be-

tween baseline EAT, coronary plaque burden, and PP
on serial coronary CTA.
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METHODS

STUDY DESIGN AND POPULATION. The PARADIGM
registry is a multinational observational registry that
prospectively collected clinical, procedural, and
follow-up data on patients who underwent clinically
indicated serial coronary CTA at an interscan interval
of =2 years from 13 sites, in 7 countries, between
2003 and 2015.?” The study protocol was approved by
the institutional review boards of all participating
centers. For the present analysis, we excluded pa-
tients with uninterpretable coronary CTA (n = 234)
and those with suboptimal coronary CTA image
quality, precluding accurate measurements of EAT
(n = 104). The final cohort included 773 patients
(Supplemental Figure 1).

CORONARY CTA ACQUISITION AND ANALYSIS.
Coronary CTA acquisition and analysis were per-
formed using standardized protocols consistent with
current professional recommendations from the So-
ciety of Cardiovascular Computed Tomography.**>4
Coronary CTA data sets were transferred to a core
laboratory for analysis by Level III experienced
readers using semiautomated plaque analysis soft-
ware (QAngioCT Research Edition v2.1.9.1, Medis
Medical Imaging Systems) with manual correction as
previously published.?>?® The methodology for
advanced plaque quantification has been extensively
described in previous publications.?”-?® Serial coro-
nary CTA data sets were co-registered using
anatomical reference points for lesion-level longitu-
dinal assessment, as previously described in the
PARADIGM registry.'*>?° Total coronary plaque
burden was quantified by summing plaque volumes
(PVs) across all analyzed segments to derive total PV
(mm?). Plaque characteristics were derived according
to previously reported definitions in the published
reports, including CP and noncalcified plaque (NCP),
the latter encompassing low-attenuation plaque
(LAP)."»*> In accordance with prior studies on the
PARADIGM registry,'»*>?° the following definitions
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were used to characterize longitudinal plaque burden
and progression. Percent atheroma volume (PAV) was
calculated as (PV/vessel volume) x 100. Total PV
progression was defined as a positive change in PV
between follow-up and baseline scans. Progression of
individual plaque components was defined as an
absolute increase in CP or NCP volumes. PAV pro-
gression was calculated as the difference between
follow-up and baseline PAV values, and annualized
PAV progression was derived by dividing this differ-
ence by the interval between coronary CTA scans (in
years). Rapid plaque progression (RPP) was defined
as an annualized increase in PAV of =1%.

EAT QUANTIFICATION. EAT measurements were

performed on contrast-enhanced axial
cardiography-synchronized coronary CTA recons-

electro-

tructions using a standard convolution kernel.
Images were exported in DICOM format to a dedi-
cated workstation equipped with QFAT software
(v2.0, Cedars-Sinai Medical Center),>°->' which uses a
convolutional deep learning algorithm for fully
automated quantification of EAT volume (EATV).
Using this method, the EAT was automatically
segmented. The superior limit of the heart was
defined as the pulmonary artery bifurcation, and the
inferior limit was defined as the posterior descending
artery. EATv (cm?®) and mean EAT density (EATd)
(HU) automatically calculated from 3-
dimensional fat voxels between the HU limits
of —195 and —15 HU enclosed by the visceral peri-
cardium, as previously validated for EAT quantifica-
tion on coronary CTA.*>*** Manual adjustments were

were

made as needed by 3 experienced operators (Sup-
plemental Figure 2).

STATISTICAL ANALYSIS. Continuous variables are
presented as mean + SD for normal distributions and
as median (Q1-Q3) for non-normal distributions. The
normality of continuous variables was assessed using
the Shapiro-Wilk test. Categorical data are presented
as count with percentage. Comparisons across groups
were performed using 1-way analysis of variance for
normally distributed continuous variables or the
Kruskal-Wallis test for non-normally distributed
variables, and for categorical variables, the Pearson
chi-square test. Correlations between baseline EATv
and total, CP, and NCP volumes were assessed using
Pearson correlation (r) with 95% CI and confirmed
with Spearman rank correlation. Cumulative MACE
rates were estimated using the Kaplan-Meier method
and compared using the log-rank test. EATv was
analyzed both as a continuous variable and by tertiles
of its distribution. Participants were categorized into
3 groups on the basis of EATvV tertiles. The association
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between EATv and coronary atherosclerosis was
examined using multivariable linear and logistic
regression models, including covariates with known
historical relationship relevance with <10% missing
data. Model 1 was adjusted for nonmodifiable risk
factors (age and sex), whereas model 2 was adjusted
for modifiable risk factors (body mass index,
diabetes, dyslipidemia, hypertension, hyper-
triglyceridemia, smoking, and statin use). To eval-
uate the potential influence of extreme values,
sensitivity analyses were performed excluding pa-
tients with EATv >200 cm?® (n = 18) (Supplemental
Figure 3). The relationship between EATv and coro-
nary artery disease (CAD) risk was modeled using a
spline cubic logistic regression model (3 knots), with
the median EATv value set as the reference for
comparisons. A 2-sided value of P < 0.05 was
considered significant. Statistical analyses were per-
formed using R version 4.3.1 (R Foundation for Sta-
tistical Computing).

RESULTS

BASELINE POPULATION CHARACTERISTICS. A total
of 773 patients (mean age 61.6 + 9.4 years;
324 (41.9%) women) were enrolled. At baseline,
587 patients (76%) had CAD. Baseline characteristics
are summarized in Table 1. Overall, the lower EAT
tertile corresponded to =77 cm? (low EATv [T1]), the
middle tertile to 77 to 113 cm? (moderate EATv [T2]),
and the upper EAT tertile to >113 cm? (high EATv
[T3]) (Supplemental Table 1). Men exhibited signifi-
cantly higher EATv than did women (96.0 cm? [Q1-
Q3: 70.0-132.0 cm?®] vs 89.5 cm® [Q1-Q3: 67.8-
117.0 cm?], respectively; P = 0.021). Over a median
follow-up period of 8 years, median PV increased
significantly from 49.4 mm3 [Q1-Q3: 3.9-147.9 mm?]
at baseline to 96.9 mm? [Q1-Q3: 19.5-223.4 mm?]
(P < 0.0001). Similarly, PAV increased from 3%
[Q1-Q3: 0.2%-8.6%] to 5.3% [Q1-Q3: 1.3%-13.4%];
P < 0.0001). Overall, PP was observed in 647 patients
(83.7%) whereas 241 (31.2%) exhibited RPP. Among
patients without plaque at baseline (n = 186),
62 (33.3%) developed new plaque during follow-up.

EAT AND CAD. Patients with coronary artery plaque
at baseline had significantly higher EATv than did
those without CAD (95 cm? [Q1-Q3: 72.5-127 cm?] vs
83.5 cm® [Q1-Q3: 63-112.8 cm?]; P < 0.001), even after
indexing for body mass index (P = 0.003). No dif-
ferences were present in EATd (P = 0.379) (Figure 1,
Supplemental Table 2). Baseline EATv was signifi-
cantly associated with total PV (r = 0.15 [95% CI:
0.08-0.22]; P < 0.001 and p = 0.16; P < 0.001). Similar
associations were observed for both CP (r = 0.11
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TABLE 1 Baseline Population Characteristics Stratified by EATv Tertiles
Overall EATv: T1 EATv: T2 EATv: T3

(N =773) (n = 266) (n = 254) (n =253) P Value
Age, y 61.58 + 9.39 60.16 + 9.53 61.94 + 9.03 62.71 + 9.44 0.006
Women 324 (41.9) 17 (44.0) 121 (47.6) 86 (34.0) 0.005
Hypertension 476 (61.7) 150 (56.4) 155 (61.3) 171 (67.6) 0.032
Atrial fibrillation 88 (11.4) 29 (10.9) 31(2.2) 28 (11.1) 0.880
Hyperlipidemia 230 (29.8) 73 (27.4) 80 (31.6) 77 (30.4) 0.561
Diabetes 235 (30.4) 79 (29.7) 69 (27.3) 87 (34.4) 0.209
Fx CAD 183 (23.7) 54 (20.3) 59 (23.2) 70 (27.7) 0.140
CAD 109 (14.1) 39 (14.7) 36 (14.2) 34 (13.4) 0.922
CVA 68 (8.8) 22 (8.3) 22 (8.7) 24 (9.5) 0.884
PAD 7 (0.9) 3(1.1) 1(0.4) 3(1.2) 0.574
BMI 24.69 (3.05) 23.53 (2.70) 24.80 (2.87) 25.80 (3.15) <0.001
Smoking 289 (37.4) 88 (33.1) 88 (34.6) 13 (44.7) 0.013
Statin 365 (47.2) 118 (44.4) 123 (48.4) 124 (49.0) 0.510
Creatinine, mg/dL 0.90 (0.80-1.06) 0.90 (0.80-1.02) 0.90 (0.80-1.00) 0.98 (0.89-1.10) <0.001
Glucose, mg/dL 100.00 (92.00-116.00) 99.00 (91.00-111.00) 99.00 (91.00-116.25) 102.00 (93.00-119.00) 0.146
TC, mg/dL 177.00 (150.00-206.00) 174.00 (147.25-204.00) 182.50 (154.00-206.75) 177.00 (149.00-206.00) 0.168
LDL-C, mg/dL 110.00 (84.00-134.00) 107.00 (79.00-131.00) 113.50 (90.75-137.00) 109.00 (84.00-134.00) 0.166
HDL-C, mg/dL 47.00 (40.00-55.00) 48.00 (40.00-56.25) 47.00 (40.75-56.00) 46.00 (40.00-52.00) 0.058
TG, mg/dL 123.50 (89.00-175.25) 112.50 (82.00-166.75) 123.50 (91.00-168.25) 134.00 (96.75-183.50) 0.004
CRP, mg/dL 0.88 (0.41-1.85) 0.75 (0.39-1.31) 0.91 (0.40-2.30) 1.00 (0.48-2.32) 0.156

Values are mean + SD, median (Q1-Q3), or n (%), unless otherwise indicated. Bold P values are statistically significant.

BMI = body mass index; CAD = coronary artery disease; CRP = C-reactive protein; CVA = cerebrovascular accident; EATv = epicardial adipose tissue volume; Fx = family history; HDL-C = high-density
lipoprotein-cholesterol; LDL-C = low-density lipoprotein-cholesterol; PAD = peripheral artery disease; T1 = first epicardial adipose tissue volume tertile; T2 = second epicardial adipose tissue volume
tertile; T3 = third epicardial adipose tissue volume tertile; TC = total cholesterol; TG = triglyceride.

[95% CI: 0.04-0.18]; P = 0.003 and p = 0.13;
P < 0.001) and NCP components (r = 0.16 [95% CI:
0.09-0.22]; P < 0.001 and p = 0.17; P < 0.001)
(Supplemental Figure 4).

Stratification by EATYv tertiles revealed a stepwise
increase in baseline total PV (T1: 36.7 mm? [Q1-Q3: O-
113.5 mm?3]; T2: 53 mm?3 [Q1-Q3: 8.2-126.9 mm?3]; T3:
81 mm? [Q1-Q3: 11.3-206.7 mm?]; P < 0.001) and PAV
(T1: 2.1% [Q1-Q3: 0%-6.7%]; T2: 3% [Q1-Q3: 0.7%-
8.2%]; T3: 3.9% [Q1-Q3: 0.6%-10.7%]; P = 0.002).
These differences persisted at follow-up, with PV
increasing across tertiles (T1: 67 mm? [Q1-Q3: 11.5-
183.3 mm?3]; T2: 92 mm?3 [Q1-Q3: 24-205.8 mm?3]; T3:
131.4 mm?3 [Q1-Q3: 35.6-324.6 mm?3]; P < 0.001), along
with PAV (T1: 4.3% [Q1-Q3: 0.8%-11.1%]; T2: 5.6%
[Q1-Q3: 1.8%-13.2%]; T3: 6.7% [Q1-Q3: 1.9%-16.2%];
P = 0.005) (Supplemental Table 3). In multivariable
linear regression analyses, high EATv was indepen-
dently associated with baseline PV after adjustment
for age and sex (B = 37.2 [95% CI: 10.2-64.3];
P =0.007) and the association remained significant in
a second model when adjusting for modifiable car-
diovascular risk factors (B = 51.54 [95% CI: 22.15-
80.94]; P < 0.001) (Table 2).

Furthermore, advanced plaque composition ana-
lyses revealed a progressive increase in CP volume

across EATvV tertiles at both baseline (P < 0.001) and
follow-up (P = 0.004). Similarly, NCP volume (base-
line: P < 0.001; follow-up: P < 0.001) and LAP volume
(baseline: P < 0.001; follow-up: P < 0.001) were
progressively higher across tertiles (Supplemental
Table 3).

EAT AND PP. Patients with PP and RPP were
older and exhibited a higher cardiovascular risk
profile; detailed characterization is provided in
Supplemental Tables 4 and 5. In univariable analyses,
baseline EATv was associated with PP (b = 0.23
[95% CI: 0.08-0.39]; P = 0.003) (Supplemental
Table 6). b denotes the regression coefficient ()
derived from the linear regression model (Y = a + BX)
and represents the change in PP associated with in-
crease in baseline EATv. These findings were
confirmed in sensitivity analyses excluding patients
with extreme EATv (>200 cm?) (b = 0.22 [95% CI:
0.04-0.39]; P = 0.013). When stratified by EATv ter-
tiles, higher EATv was associated with higher fre-
quency of PP (T1: 78.9%; T2: 83.9%; T3: 88.5%; P =
0.013) and RPP (T1: 25.2%; T2: 32.3%; T3: 36.4%; P =
0.021) (Figure 2, Supplemental Table 7). Restricted
cubic spline regression analysis showed a linear
relationship between EATv and the presence of RPP
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(nonlinearity; P = 0.833) (Supplemental Figure 5).
Patients with higher EATv exhibited greater pro-
gression in total PV (T1: 16.8 mm® [Q1-Q3: O-
77.9 mm?3]; T2: 33.3 mm? [Q1-Q3: 0-76.8 mm?3]; T3:
39.3 mm? [Q1-Q3: 7-123.7 mm?3]; P = 0.001) and total
PAV (T1:1.1% [Q1-Q3: 0%-4.2%]; T2: 1.6% [Q1-Q3: 0%-
4.5%]; T3: 2% [Q1-Q3: 0.2%-5.3%]; P = 0.028) (Ta-
ble 3). Similarly, a higher annualized change in PAV
was present with increasing EATv (T1: 0.3% [Q1-Q3:
0%-1%]; T2: 0.4% [Q1-Q3: 0%-1.3%]; T3: 0.5% [Q1-Q3:
0.05%-1.5%]; P = 0.023) (Figure 3). Advanced
computed tomography (CT) plaque characterization
revealed greater progression in both CP and NCP
volumes across EATv tertiles, with a more pro-
nounced increase observed in the NCP component
(CP: T1: 9.9 mm? [Q1-Q3: 0-37.4 mm?3]; T2: 11.6 mm?3
[Q1-Q3: 0.6-40.2 mm3]; T3: 17.1 mm? [Q1-Q3: 1.8-
49.4 mm?3]; P = 0.025 and NCP: T1: 1.3 mm? [Q1-Q3: 0-
30 mm?3]; T2: 5.3 mm> [Q1-Q3: 0-34.4 mm?3]; T3:
12.9 mm? [Q1-Q3: 0-50.7 mm?3];
P = 0.022) (Figure 3, Central Illustration). No signifi-
cant differences in LAP volume progression were re-
ported by EATYv tertiles.

In multivariable linear regression analyses, high
EATv (>113 cm?®) was independently associated with
PP after adjustment for nonmodifiable CV risk factors
(B = 16.12 [95% CI: 1.82-30.42]; P = 0.027). This as-
sociation remained significant in a second model af-
ter adjusting for major modifiable cardiovascular risk
factors (B = 17.71 [95% CI: 2.36-33.05]; P = 0.024)
(Table 2). Consistent findings were observed in
multivariable logistic regression analyses assessing
the relationship between EATv and RPP, with EATv
remained independently associated in both models
(model 1 [per 10 mm? EATv]: OR: 1.04 [95% CI: 1.003-
1.08]; P = 0.033 and model 2 [per 10 mm? EATv]: OR:
1.04 [95% CI: 1.003-1.08]; P = 0.038) (Tables 2 and 3).

PP AND MACE-FREE SURVIVAL. During a median
follow-up of 4.2 years, 92 MACE occurred (79 re-
vascularizations, 22 early revascularizations, 10
deaths, and 3 nonfatal myocardial infarctions).
Although EATv was associated with PP, it was not
associated with MACE (log-rank; P = 0.55)
(Supplemental Figure 6). Kaplan-Meier analysis
revealed significantly lower 7-year MACE-free sur-
vival in patients with PP and RPP than in those
without progression (log-rank; P = 0.003 and log-
rank; P < 0.001, respectively) (Figure 4).

DISCUSSION

In this comprehensive analysis involving serial cor-
onary CTA with semiautomated quantification of
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FIGURE 1 Association Between EAT and Presence of Coronary Artery Plaque at
Baseline Computed Tomography
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whole-heart coronary plaque and deep learning-
derived EATv, we demonstrated that increased
baseline EATv was significantly associated with both
the presence and burden of coronary atherosclerosis
at baseline and follow-up. Furthermore, higher
baseline EATv was independently associated with PP
and RPP, with the NCP component showing approx-
imately 7-fold greater increase than CP. Finally,
consistent with prior published reports, both PP and
RPP were associated with an increased incidence of
MACE.

Cardiac CT enables a comprehensive approach for
cardiometabolic risk stratification by simultaneously
assessing coronary artery stenosis, whole-heart pla-
que characterization, and EAT quantification.
Emerging evidence suggests that adversely remod-
eled and dysfunctional EAT serves as a source of pro-
inflammatory adipokines and cytokines, thereby
contributing to the development and progression of
CAD.'*** In this analysis, and in alignment with
previous studies, we confirmed that increasing EATv
is associated with a higher prevalence of coronary
plaque. Furthermore, advanced plaque quantifica-
tion revealed that patients with higher EATv exhibi-
ted a significantly greater baseline coronary plaque
burden, as well as a greater amount of each plaque
subtype: CP, NCP, and LAP. In a recent large
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TABLE 2 Multivariable Linear Regression Analyses on Plaque Volume, Plaque Progression Volume, and Rapid Plaque Progression
Model 1 Model 2 Model 3
B 95% ClI P Value B 95% ClI P Value B 95% ClI P Value
Plaque volume, mm?
High EAT volume, T3 37.23 10.16-64.3 0.007 51.54 22.15-80.94 <0.001 52.13 22.74-81.53 <0.001
Progression plaque volume, mm?
High EAT volume, T3 16.12 1.82-30.42 0.027 17.71 2.36-33.05 0.024 18.11 2.78-33.44 0.021
OR 95% CI P Value OR 95% CI P Value OR 95% CI P Value
Rapid plaque progression
EAT volume, 10 cm? 1.04 1.003-1.07 0.033 1.04 1.003-1.08 0.038 1.04 1.003-1.08 0.033

Bold P values are statistically significant. Model 1: adjusted for age and sex. Model 2: adjusted for modifiable cardiovascular risk factors (BMI, diabetes, hypertension, hyperlipidemia, hypertriglyceridemia,
smoking, and statin therapy at baseline). Model 3: adjusted for modifiable cardiovascular risk factors (BMI, diabetes, hypertension, hyperlipidemia, hypertriglyceridemia, smoking, and statin therapy at

follow-up).

EAT = epicardial adipose tissue; other abbreviations as in Table 1.

systematic review and meta-analysis involving 70
observational studies comprising 41,534 subjects,
Mancio et al'® found that EATYv is linked to coronary
stenosis, coronary events, and myocardial ischemia,
irrespective of cardiovascular risk factors. Interest-
ingly, no association was observed between EATv
and coronary artery calcification (CAC). The authors
proposed that EAT may influence coronary athero-
sclerosis through distinct mechanisms, independent
of CAC, potentially driving the development of NCP
and high-risk plaque (HRP). Supporting this concept,
Nerlekar et al,>® in a pooled analysis of 9 studies,
demonstrated that increasing EATv was significantly
associated with the presence of HRP, with patients

contrast, we observed a higher prevalence of baseline
CP, NCP, and LAP with increasing EATv, suggesting a
broader association between EAT and overall coro-
nary plaque burden regardless of the component.
Moreover, we have previously demonstrated that
higher EATv is associated with the presence, extent,
and quantitative burden of CAD in young symptom-
atic adults undergoing clinically indicated coronary
CTA, including a significant association with NCP in
patients without evidence of coronary calcification
(CAC score 0).”°

The novelty of our findings lies in the demon-
strated association between increased EATv and both
PP and RPP, the latter of which has been shown to

harboring HRP exhibiting markedly higher EATv. In  carry greater clinical relevance.”® Indeed, the
FIGURE 2 Incidence of Rapid Plaque Progression Stratified by Different EATv Tertiles
Plaque Progression Rapid Plaque Progression
P=0.013 P =0.021
100% 4 ' 100% 4 '
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EATv = epicardial adipose tissue volume.
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Adipose Tissue Volume Tertiles

TABLE 3 Advanced Plaque Progression Characterization in Absolute Values, PAV, and Annualized Change in PAV Stratified by Epicardial

m T2 T3

(n = 266) (n =254) (n = 253) P Value
Difference plaque volume, mm? 16.8 (0-77.9) 33.3 (0-76.8) 39.3 (7-123.7) 0.001
Difference noncalcified volume, mm? 1.3 (0-30) 5.3 (0-34.4) 12.9 (0-50.7) 0.022
Difference calcified volume, mm? 9.9 (0-37.4) 11.6 (0.6-40.2) 17.1 (1.8-49.4) 0.025
Difference LAP, mm? 0 (-0.1to 0) 0(-0.2t00.2) 0 (-0.6 to 0.6) 0.571
Total PAV, % 1.12 (0.0-4.18) 1.58 (0.00-4.50) 2.01 (0.24-5.28) 0.028
Total PAV per year, % 0.30 (0.00-1.00) 0.43 (0.00-1.32) 0.53 (0.05-1.47) 0.023

Values are median (Q1-Q3), unless otherwise indicated. Bold P values are statistically significant.
LAP = low-attenuation plaque; PAV = percent atheroma volume; other abbreviations as in Table 1.

relationship between EATv and coronary atheroscle-
rosis progression remains insufficiently character-
ized. To date, only a few studies have explored this
association, primarily using noncontrast CAC score-
based assessments. In the Heinz Nixdorf Recall
cohort, higher EATv was independently associated
with CAC progression, particularly in younger par-
ticipants (<55 years of age) and those with mild
obesity.'® Similarly, in a cohort of 333 asymptomatic
diabetic patients without prior CAD, EATv was
significantly associated with both baseline CAC
scores (OR: 1.13 [95% CI: 1.04-1.22]; P = 0.04) and
CAC progression (OR: 1.12 [95% CI: 1.05-1.19]; P <
0.001) after adjustment for conventional obesity
metrics and cardiovascular risk factors.*® One limi-
tation in these studies is the suboptimal value of CAC
as a measurement of PP because of its inability to
visualize NCP and measurement variability. Our
study builds on these prior findings by using coro-
nary CTA-derived whole-heart plaque quantification
in a large population, allowing a comprehensive
assessment of both CP and NCP components. In a
small retrospective study (n = 64; 192 vessels) using
baseline and follow-up clinically indicated coronary
CTA with segment-level quantitative plaque burden
analysis, Psaltis et al®” demonstrated that baseline
EATv was significantly higher in patients with ste-
notic segments as well as in those exhibiting PP or
new plaque formation. Notably, baseline EATv was
identified as the sole independent predictor of coro-
nary atherosclerotic PP or new plaque development
in multivariable analysis (P = 0.014). Furthermore, in
a single-center study of 131 patients undergoing serial
quantitative coronary CTA 12 months apart after
percutaneous coronary intervention, higher baseline
EATv was independently associated with the pro-
gression of HRP features in nonculprit lesions. An
EATv threshold of =107 cm? was identified as optimal

for predicting HRP progression, further highlighting
the contributory role of EAT in adverse plaque
remodeling.?® These studies, though informative,
were limited by small sample sizes and single-center
designs. Our study represents the largest to date to
evaluate the association between EAT and coronary
PP using coronary CTA plaque quantification in the
entire coronary tree. Importantly, we also found a
linear association between EATv and RPP, with
higher EATv linked to increased risk, which may
reflect a particularly aggressive atherosclerotic
phenotype. Furthermore, higher EATv was associ-
ated with a significantly greater progression of the
NCP component, a higher-risk phenotype, compared
with the CP component. However, no significant as-
sociation was observed between EATv and the pro-
gression of LAP.

Although EATv was associated with atheroscle-
rosis progression, it did not demonstrate a significant
association with MACE in our study, underscoring
the need for further investigation to determine its
incremental prognostic value within the complex,
multifactorial process of PP. Nevertheless, the rela-
tionship between PP and RPP has been indepen-
dently associated with significantly higher rates of
MACE,*® as reported in the principal PARADIGM
study."”” In our analyses, baseline EATv was inde-
pendently associated with both PP and RPP, sug-
gesting that EATv may serve as an early predictor of
these phenomena and help guide the implementation
of more aggressive preventive therapies or serve as a
specific target for dedicated therapies.

Finally, EATv, but not EATd, was associated with
coronary PP. Although the relationship between EATv
and coronary atherosclerosis is well established,'® the
association between CT-derived EATd and coronary
disease remains controversial.>® An important limi-
tation of global CT-derived EATd is its inability to
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FIGURE 3 Plaque Volume Progression Stratified by EATv Tertiles
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(A) Total plaque volume progression and PAV progression between scans; annualized change in PAV stratified by EATV tertiles. (B)
Progression of noncalcified and calcified plague volume components. PAV = percent atheroma volume; T1 = low epicardial adipose tissue
volume; T2 = moderate epicardial adipose tissue volume; T3 = high epicardial adipose tissue volume; other abbreviation as in Figure 2.
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CENTRAL ILLUSTRATION Advanced Plaque Progression Characterization Stratified by EATv
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EATv = epicardial adipose tissue volume; PP = plaque progression; RPP = rapid plaque progression.

capture localized inflammatory activity at the tissue- has been shown to vary according to acquisition pa-

vessel interface. Although pericoronary adipose tis-
sue attenuation reflects focal inflammatory signaling
adjacent to the coronary wall, global EATd represents
an average measurement across the entire epicardial
fat depot and may therefore dilute spatially relevant
inflammatory signals.*° In addition, CT-derived EATd

rameters and seasonal changes, which may further
limit its reliability as a longitudinal imaging
biomarker.>*#' In contrast, total EATv may better
reflect the cumulative burden of bioactive EAT, acting
as a sustained reservoir of metabolic and inflamma-
tory risk.'®*° Consistent with this interpretation, 1
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FIGURE 4 Kaplan-Meier Curve for MACE-Free Survival
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Kaplan-Meier analysis was performed in 767 patients. (A) Kaplan-Meier analysis of plaque progression. (B) Kaplan-Meier analysis of rapid plaque progression.
MACE = major adverse cardiac events.

prior study has shown EATv—but not EATd—to be
independently associated with myocardial
ischemia.*® Together, these findings suggest that
EATv may represent a more robust marker for longi-
tudinal PP whereas global EATd has inherent meth-
odological and spatial limitations in this context,

although further studies are warranted.>***

STUDY LIMITATIONS. This study has several limita-
tions that should be acknowledged. First, selection
bias was introduced, as only patients with at least 2
coronary CTA scans were enrolled. Second, it is
plausible that patients with worsening symptoms
were referred for invasive evaluation before under-
going second coronary CTA and were therefore not
enrolled in the registry. As a result, the study popu-
lation likely reflects a lower-risk CAD cohort,
consistent with the observed low rate of hard clinical
events. Caution is therefore warranted when gener-
alizing these findings to higher-risk populations.
Third, EAT was quantified using coronary CTA rather
than noncontrast CT, which is more commonly used;
however, prior studies have shown high compara-
bility between the 2 methods, supporting the validity
of our measurements. Fifth, PP was observed in
83.7% of the cohort, with only a minority of patients
showing no progression. This high prevalence might
reduce the ability to contrast patients with

progression from those without and may limit the
interpretability and generalizability of the reported
associations. Finally, given the retrospective nature
of the study design, large population-based pro-
spective registries of serial coronary CTA are war-
ranted to validate these findings. However, in the
absence of formal guideline recommendations for the
routine use of serial coronary CTA in CAD evaluation,
an observational registry such as PARADIGM offers a
unique opportunity to assess disease progression and
subgroup differences across the natural history of
coronary atherosclerosis.

CONCLUSIONS

EAT is independently associated with PP and RPP but
not with MACE. Patients with PP and RPP exhibited a
higher incidence of MACE. Quantification of EAT may
refine clinical stratification by identifying individuals
at a higher likelihood of CAD progression who may
benefit from earlier or
interventions.

intensified preventive
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PERSPECTIVES

provide incremental insight into coronary atherosclerosis

outcomes.

based risk assessment and preventive strategies can guide
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COMPETENCY IN MEDICAL KNOWLEDGE: Baseline quan-
tification of epicardial adipose tissue (EAT) on coronary CTA can

biology and early risk stratification by identifying patients prone
to plaque progression and subsequent adverse cardiovascular

TRANSLATIONAL OUTLOOK: Future studies should deter-
mine whether integrating EAT quantification into coronary CTA-

earlier therapeutic interventions and improve clinical outcomes.
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