BRIEF RESEARCH COMMUNICATION

Echocardiographic Reference Values for
Epicardial Adipose Tissue: Insights from a
Large Population-Based Study

Veronika A. Myasoedova, MD, PhD, Laura Petraglia, MD, PhD, Maddalena Conte, MD, PhD, Arianna Galotta, MSc,

Alice Bonomi, PhD, Valentina Rusconi, MSc, Michele Ciccarelli, MD, PhD, Adele Ferro, MD, Giuseppe Ciofti, MD,

Erika Parente, MD, Pasquale Campana, MD, Vincenzo Russo, MD, PhD, Stefano Genovese, MD, Mauro Pepi, MD,

Dario Leosco, MD, PhD, Paolo Poggio, PhD, and Valentina Parisi, MD, PhD, Milan, Naples, Roma, Baronissi, and
Castelvolturno, Italy

Epicardial adipose tissue (EAT) is increasingly recognized as a meta-
bolically active fat depot with a proinflammatory profile, contributing
to the pathophysiology of several cardiac conditions.' Its accumula-
tion is considered a novel marker of cardiovascular risk.”
Cardiovascular imaging provides a unique opportunity to evaluate
EAT within a comprehensive morphofunctional assessment of the
heart. Epicardial adipose tissue can be quantified using echocardiog-
raphy, computed tomography, or cardiac magnetic resonance imag-
ing. Among these, echocardiography remains the first-line modality
due to its accessibility and cost-effectiveness. However, its clinical util-
ity is limited by methodological inconsistencies and the absence of
standardized protocols and reference values.’

Our group previously validated echocardiographic measurement
of maximal EAT thickness at the Rindfleisch fold, demonstrating its
reproducibility and strong correlation with cardiac magnetic reso-
nance.” The present study aimed to establish age- and body mass in-
dex (BMI-) specific echocardiographic reference values for EAT
thickness and to explore its association with cardiac structural and
functional parameters in routine clinical practice.
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We retrospectively analyzed echocardiographic images from
consecutive patients referred between January 2014 and February
2025. The study was approved by Institutional Ethics Committees
(137/2023; R1812/23-CCM 1932). All examinations were per-
formed using the same echocardiographic system (Vivid E9, GE
Healthcare) by experienced operators following standardized acqui-
sition protocols and current guidelines. No exclusion criteria were
applied, ensuring a representative population sample.

Epicardial adipose tissue thickness was measured at the Rindfleisch
fold in the parasternal long-axis view. Additional details are provided
in the Supplemental Material.

A total of 4,364 echocardiographic studies were analyzed (Table).
The mean age was 57.5 * 18.3 years, and 47.1% were women.
Median EAT thickness was 11.] mm (interquartile range [IQRI,
11.0-11.3). The mean BMI was 26.7 + 4.9 kg/m?, and average
body surface area was 1.82 = 0.23 m?. Left ventricular (LV) dimen-
sions and function were within expected ranges: LV diastolic diam-
eter averaged 48.6 = 5.75 mm, septal thickness 9.4 * 1.79 mm, and
posterior wall thickness 8.8 * 1.38 mm. Indexed LV mass was
81.7 g/m” (IQR, 67.8-98.3). Diastolic function parameters included
a median E/A ratio of 0.85 and E/¢’ ratio of 7.5. Moderate or greater
valvular disease was present in 42.9% of patients, with mitral regur-
gitation (14.1%), aortic regurgitation (12.7%), tricuspid regurgitation
(18.2%), and pulmonary regurgitation (10.7%) being most frequent.
Aortic stenosis and mitral stenosis were detected in 3.4% and 0.8%,
respectively.

Epicardial adipose tissue thickness was significantly higher in pa-
tients with pathological echocardiographic findings (n = 3,253)
compared to those with normal studies (n=1,111): 12.7 mm versus
6.4 mm (P<.0001; Figure, A), even after adjustment for age, BMI,
and gender. Epicardial adipose tissue correlated positively with age
and BMI, showing a linear trend across categories (P for trend
<.0001). No gender differences were observed. In univariate anal-
ysis, EAT was associated with left atrial volume index (LAVI), E/E
ratio, right ventricle (RV) basal diameter, LV end-diastolic diameter,
LV mass, right atrial (RA) area, pulmonary artery systolic pressure
(PASP), and presence of moderate valvular disease. Conversely,
higher EAT correlated negatively with LV ejection fraction and RV
systolic function (tricuspid annular plane systolic excursion
[TAPSED.

Multivariate analysis confirmed independent associations with
LAVI (8 = 0.07, P <.0001), RA area (8 = 0.15, P = .0009), and
TAPSE (8 =—0.23, P<.0001), highlighting links between EAT, atrial
remodeling, and RV dysfunction.

Among individuals with normal echocardiograms, EAT increased
progressively with age and BMI. Age-specific 95% Cls ranged from
4.56 to 5.3 mm (<30 years) to 9.31 to 13.59 mm (=70 years).
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Table Overall echocardiographic characteristics
Total Normal Pathological

N = 4,364 N =1,111 (25%) N = 3,253 (75%) P value
Age, years 57.47 = 18.33 37.35 = 14.24 64.34 = 14 <.001
Sex, female 2,053 (47.05) 591 (53.2) 1,462 (45) <.001
EAT, mm 11.1 (11.0; 11.3) 6.4 (6.2; 6.7) 12.7 (12.6; 12.9) <.001
Body surface area, m? 1.82 = 0.23 1.78 = 0.24 1.83 = 0.22 <.001
BMI, kg/m? 26.67 = 4.94 24.71 = 4.64 27.34 = 4.86 <.001
LA volume, mL/m? 30.77 (24.56; 39.09) 24.11 (21.05; 28.16) 33.96 (27.39; 42.59) <.001
E/A 0.85 (0.69; 1.3) 1.33(1.16; 1.6) 0.76 (0.62; 1.09) <.001
E’ 8(6;11) 12.5(10; 14.5) 7(5.5;9) <.001
E/E’ 7.5(6.1; 9.6) 6.17 (6.17; 7.2) 8.2 (6.7; 10.4) <.001
LV end-diastolic diameter, mm 48.6 + 5.75 46.61 + 3.86 49.34 + 6.15 <.001
LV end-systolic diameter, mm 30 (26; 34) 29 (26; 32) 30 (27; 35) <.001
IVS thickness, mm 9.39 + 1.79 8.16 + 1.2 9.84 £ 1.76 <.001
Posterior wall thickness, mm 8.78 = 1.38 7.91 = 1.01 9.1 £ 1.36 <.001
LV RWT 0.38 + 0.07 0.35 + 0.04 0.39 = 0.07 <.001
LV mass, g 151.84 (120.8; 181.9) 118.6 (101; 145.2) 163 (132.8; 194) <.001
LV mass indexed, g/m? 81.66 (67.8; 98.3) 68 (59; 77.8) 88.5 (74.4; 104.7) <.001
LV EDV, mL 92 (75; 114) 89 (74; 106) 94 (76; 118) <.001
LV ESV, mL 35 (28; 47) 32 (26; 40) 37 (29; 51) <.001
LVEF, % 60 (57; 65) 62 (60; 65) 60 (55; 64) <.001
RA max diameter, mm 49 (45; 53) 46 (42; 50) 50 (46; 55) <.001
RA min diameter, mm 35.15 *+ 6.32 33.82 = 5.3 35.63 * 6.59 <.001
RA area, cm? 14.4 (12.4;17) 13 (11; 15) 15(13; 17.3) <.001
PASP, mm Hg 30 (26; 34) 27 (24; 30) 31 (27; 35) <.001
RV basal diameter, mm 3535+ 4.8 33.97 = 4.29 35.84 = 4.88 <.001
RV middiameter, mm 26.38 + 4.73 25.9 + 4.37 26.55 + 4.83 <.001
RV long axis, mm 76.05 * 8.44 75.81 = 8.02 76.13 = 8.59 .369
TAPSE, mm 21.88 = 3.61 23.09 = 3.09 21.47 = 3.68 <.001
Ao annulus, mm 20.38 = 2.36 19.43 + 2.22 20.7 £ 2.32 <.001
Ao sinuses of Valsalva, mm 32.76 = 4.45 30.09 =+ 3.85 33.67 = 4.28 <.001
Ao root origin, mm 27.48 = 3.9 25.36 = 3.51 28.19 = 3.77 <.001
Ascending Ao, mm 33.48 = 5.04 29.14 + 3.78 34.79 * 4.62 <.001
Aortic arch, mm 28.33 = 4.52 25.29 + 3.67 29.62 *= 4.22 <.001
Descending Ao, mm 20.1 = 3.74 18.55 + 3.16 21.67 = 3.64 <.001
Abdominal Ao, mm 16 (15; 18) 15 (14; 17) 17 (15; 19) <.001
Mitral regurgitation = moderate 501 (14.13) 6 (0.9) 495 (17.3) <.001
Aortic regurgitation = moderate 220 (12.65) 1(0.9 219 (13.4) <.001
Tricuspid regurgitation = moderate 670 (18.17) 20 (2.2) 651 (23.3) <.001
Pulmonary regurgitation = moderate 298 (10.66) 44 (6.7) 254 (11.8) <.001

Ao, Aorta; EDV, end-diastolic volume; ESV, end-systolic volume; IVS, interventricular septum; LA, left atrial; LVEF, LV ejection fraction; RWT, rela-

tive wall thickness.

Data are presented as mean * SD, n (%), or median (IQR).

Body mass index—specific intervals ranged from 4.16 to 5.91 mm (in
underweight subjects) to 7.16 to 8.79 mm (obese). These reference
values may support cardiovascular risk stratification. These data
were integrated into a decision tree to support individualized inter-
pretation of EAT values in clinical practice (Figure, B).

In this large real-world cohort, we provide the first echocardio-
graphic age- and BMI-specific reference values for EAT thickness us-
ing a standardized and validated measurement technique.
Additionally, EAT measured at the Rindfleisch fold was significantly
higher in patients with structural or functional cardiac abnormalities,
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Figure (A) Epicardial adipose tissue thickness visualization and measurement in the parasternal long-axis view at the level of the
Rindfleisch fold. Epicardial adipose tissue is visualized between the visceral layer of the pericardium and the myocardium. Distribu-
tion of EAT thickness in individuals with normal vs pathological echocardiographic findings. Violin plots display the distribution, me-
dian, and IQR of EAT thickness in subjects with structurally and functionally normal echocardiograms (yellow) and those with
pathological findings (orange). (B) Decision tree illustrating the reference thresholds for normal EAT stratified by age and BMI. The
diagram demonstrates how normal EAT values vary based on both age and BMI categories. Ao, Ascending aorta; LA, left atrium.

supporting its role as both a disease marker and a potential contrib-
utor to cardiac remodeling and disease progression. While causality
and prognostic implications cannot be inferred from this retrospective
analysis, these thresholds offer a practical framework for contextual-
izing EAT measurements during routine echocardiography. To facili-
tate immediate clinical adoption, we developed an online calculator
(https://eat-normal-value.netlify.app/) that translates age- and BMI-
specific reference values into an easily applicable decision-support
tool.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://doi.
org/10.1016/j.ech0.2026.02.015.

REFERENCES

1. lacobellis G, Lonn E, Lamy A, et al. Epicardial fat thickness and coronary ar-

tery disease correlate independently of obesity. Int ] Cardiol 2011;146:
452-4.

2. Yan WF, Wang |, Li Y, et al. Epicardial adipose tissue volume is associated

with impaired left ventricular strain in patients with metabolic syndrome:
the mediating role of myocardial energetic efficiency. Cardiovasc Diabetol
2025;24:325.

3. Chong B, Jayabaskaran ], Ruban J, et al. Epicardial adipose tissue assessed by

computed tomography and echocardiography are associated with adverse
cardiovascular outcomes: a systematic review and meta-analysis. Circ Car-
diovasc Imaging 2023;16:e015159.

4. Parisi V, Petraglia L, Formisano R, et al. Validation of the echocardiographic

assessment of epicardial adipose tissue thickness at the Rindfleisch fold for
the prediction of coronary artery disease. Nutr Metab Cardiovasc Dis 2020;
30:99-105.


https://eat%2Dnormal%2Dvalue.netlify.app/
https://doi.org/10.1016/j.echo.2026.02.015
https://doi.org/10.1016/j.echo.2026.02.015
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref1
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref1
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref1
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref2
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref2
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref2
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref2
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref3
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref3
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref3
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref3
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref4
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref4
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref4
http://refhub.elsevier.com/S0894-7317(26)00089-1/sref4

	Echocardiographic Reference Values for Epicardial Adipose Tissue: Insights from a Large Population-Based Study
	Supplementary Data
	References


