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Epicardial adipose tissue
thickness on transthoracic
echocardiography predicts 2-
year incident atrial fibrillation in
elderly hypertensive patients

Mintao Ma, Xiaoye Zheng, Xiaojuan Wu and Qing Xie*

Department of Ultrasound, The Affiliated Hospital of Northwest University, Xi’an, Shanxi, China

Background: Epicardial adipose tissue (EAT) promotes atrial remodeling, yet

prospective data on whether a single transthoracic-echocardiographic

measurement of EAT can identify elderly hypertensive patients at short-term

risk of atrial fibrillation (AF) are limited.

Methods: In this single-center cohort study (March 2021–June 2024), 460

hypertensive adults aged ≥65 years in sinus rhythm were enrolled; epicardial

adipose tissue thickness was measured on the right-ventricular free wall, and

participants underwent intensive multimodal rhythm surveillance for

24 months. Cox models were adjusted for age, body mass index, systolic

blood pressure, diabetes, left-atrial (LA) volume index, and β-blocker use;

performance was optimism-corrected with 200 bootstraps.

Results: During 902 person-years of follow-up, 55 participants (12.0%; 6.1

events per 100 person-years) developed incident AF. Baseline EAT was greater

in cases than in controls (7.9 ± 1.4 vs. 5.7 ± 1.2 mm; p < 0.001). Each 1 mm

increase in EAT independently conferred a 62% higher AF hazard [hazard ratio

(HR): 1.62, 95% CI: 1.29–2.04]; the optimism-corrected HR was 1.56. The

findings were consistent in those with treated obstructive sleep apnea (OSA)

(HR: 1.60) and in those without OSA (HR: 1.59; interaction p=0.93) and after

additional adjustment for high-sensitivity C-reactive protein (HR: 1.55 in 410

participants with biomarker data). Adding continuous EAT to a clinical model

improved the C-index from 0.74 to 0.79 (optimism-corrected 0.78), reduced

the Akaike information criterion by 16 points, and yielded a continuous net

reclassification improvement of 0.25 (95% CI: 0.09–0.39) and an integrated

discrimination improvement gain of 0.05. Time-specific area under the

receiver‑operating‑characteristic curves (AUCs) remained ≥0.76 and

calibration was preserved (Grønnesby–Borgan p≥ 0.60). A receiver-operating-

characteristic analysis identified 6.5 mm as the optimal EAT threshold (80%

sensitivity, 68% specificity); 24-month AF incidence rate was 24.7% above vs.

4.1% below this cut point (log-rank p < 0.001). The EAT–AF association was

robust in Fine–Gray competing-risk models and consistent across sex, obesity,

diabetes, and LA-size strata (all interaction p > 0.20).

Conclusions: Echocardiographic EAT thickness is a reproducible and

incrementally informative predictor of 2-year incident AF in elderly

hypertensive patients. Incorporating this simple metric into routine scans

could refine risk stratification and guide targeted rhythm surveillance.
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Introduction

Atrial fibrillation (AF) is themost prevalent sustained arrhythmia,

with its prevalence significantly increasing with age. Two-thirds

of patients with AF were found to be individuals over 75 years

old, and its prevalence rate can reach up to 10% or more in those

aged 80 and above (1, 2). The clinical impact of AF in the

elderly is profound, leading to poorer quality of life, increased

hospitalizations, and a higher annual death rate of 8% in those

over 75 years (1). Hypertension is the most common comorbid

condition associated with AF, exacerbating the risk of

cardiovascular complications like stroke and heart failure (3, 4). AF

is a major risk factor for serious cardiovascular events, including

stroke, which accounts for approximately 15% of all strokes, and is

associated with increased severity and mortality compared with

strokes from other causes (2, 5). The risk of stroke in patients with

AF is two to seven times higher than in those without the

arrhythmia (2). Furthermore, AF-related strokes are preventable,

yet elderly patients are paradoxically less likely to receive oral

anticoagulation (1, 5). The presence of AF in hypertensive patients

significantly increases cardiovascular mortality risk, with a hazard

ratio (HR) of 3.42 for cardiovascular deaths compared with non-AF

patients (6). This underscores the critical need for early risk

stratification and management strategies, including anticoagulation

therapy, to mitigate the thromboembolic complications associated

with AF in the elderly (3, 7). The increasing prevalence of AF,

coupled with its severe clinical consequences, highlights the

necessity for comprehensive screening and management approaches

tailored to the elderly, particularly those with hypertension, to

improve outcomes and reduce mortality (8, 9).

Epicardial adipose tissue (EAT) is a visceral fat depot located

between the myocardium and the epicardium, closely associated

with the atrial myocardium due to the absence of a separating

fascia (10, 11). EAT is characterized by its high secretory and

metabolic activity, producing inflammatory cytokines, adipokines,

and profibrotic mediators that contribute to atrial remodeling,

conduction heterogeneity, and fibrosis, thereby promoting AF

(12, 13). The paracrine effects of EAT include the secretion of

proinflammatory and profibrotic adipokines, which infiltrate the

myocardium and create an arrhythmogenic substrate (12, 14).

Imaging studies using CT and MRI have established a correlation

between EAT volume and the prevalence and severity of AF

(14, 15). Transthoracic echocardiography (TTE) offers a low-cost,

widely available alternative for measuring EAT thickness, yet

prospective data on its use to predict incident AF, particularly in

high-risk hypertensive elderly populations, remain sparse (16).

Despite the potential of EAT as a prognostic tool, no established

echocardiographic cutoff exists to guide AF surveillance in

routine practice (16).

The primary objective of this study is to determine whether

baseline EAT thickness, quantified non-invasively by standard

TTE, can predict the development of AF over a 2-year follow-up

in elderly hypertensive patients. We hypothesize that greater

baseline EAT thickness confers an independently higher short-

term risk of incident AF beyond established clinical and

conventional echocardiographic factors, and that identifying an

optimal EAT threshold will significantly enhance risk

reclassification compared with traditional models alone.

Methods

Study design and participants

We conducted a prospective, single-center cohort study at the

Affiliated Hospital of Northwest University between March 2021

and June 2024. The protocol conformed to the Declaration of

Helsinki and was approved by the institutional review board of

The Affiliated Hospital of Northwest University, Xi’an No.3

Hospital. All participants provided written informed consent.

Inclusion criteria: (1) age ≥65 years, (2) essential hypertension

(clinic systolic blood pressure ≥140 mm Hg and/or antihypertensive

therapy), and (3) sinus rhythm on 12-lead ECG.

Exclusion criteria: (1) prior AF or atrial flutter; (2) moderate-

to-severe valvular disease or left-ventricular (LV) ejection fraction

<50%; (3) acute coronary syndrome or cardiac surgery within

3 months; (4) stage 4/5 chronic kidney disease, uncontrolled

thyroid disease, steroid dependence, active malignancy, or

systemic inflammatory disorder; (5), heavy alcohol intake (>14

units per week) and untreated obstructive sleep apnea (OSA);

and (6) poor acoustic window precluding EAT measurement.

Baseline assessment

Demography, medical history, smoking/alcohol status, and

medication use were recorded. Height and weight were measured

with participants wearing light clothing; body mass index (BMI)

was calculated as kg/m2. Three seated blood pressure values

(Omron HEM-907, Omron Healthcare Co., Ltd., Muko, Kyoto,

Japan) were averaged. Fasting venous blood samples provided

glucose, lipids, creatinine, thyroid-stimulating hormone, and

high-sensitivity C-reactive protein (hs-CRP).

Diagnostic continuous positive airway pressure (CPAP) reports

were obtained for the 38 participants with OSA. Diastolic function

was systematically assessed [septal e′, lateral e′, E/e′, tricuspid

regurgitation velocity, left-atrial (LA) volume] to screen for

HFpEF as recommended by the 2023 ESC focused update.

Echocardiography and EAT quantification

All scans were acquired on a Vivid E95 system (GE Vingmed

Ultrasound AS, Horten, Norway) using a 3.5 MHz transducer

following the recommendations of the American Society of

Echocardiography. Epicardial fat was defined as the echo-free

space between the visceral pericardium and the right-ventricular

(RV) free-wall myocardium.

Measurement protocol
In the parasternal long-axis (PLAX) view, EAT thickness was

measured at end-diastole perpendicular to the RV free wall,
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midway between the tricuspid annulus and the RV outflow tract,

during end-expiratory breath-hold. The mean of six consecutive

cardiac cycles was recorded.

Reproducibility
Forty-six randomly selected studies were reanalyzed:

intraobserver intraclass correlation coefficient (ICC) 0.93 (95%

CI: 0.88–0.96) and interobserver ICC 0.88 (95% CI: 0.81–0.93).

Other echocardiographic variables

Left-atrial volume was calculated by the biplane Simpson

method and indexed to the body surface area; the LV mass index

and the ejection fraction were derived from linear dimensions

and biplane planimetry, respectively.

Consistent with the previous protocols (17–19), EAT thickness

was quantified in the PLAX view because (a) the visceral

pericardium runs nearly parallel to the ultrasound beam in this

plane, minimizing tangential artifact; (b) the PLAX slice is acquired

in every routine transthoracic study, adding <15 s to the overall

scan time; and (c) thickness at this site shows the strongest

correlation with CT/MRI-derived total EAT volume (r≈ 0.65–0.75)

(17). To reduce beat-to-beat variability, we averaged six consecutive

end-diastolic measurements, as recommended by Eroğlu (18).

Follow-up and AF surveillance

Participants attended study visits at 3, 6, 9, 12, 18, and 24 months.

A multimodal rhythm-monitoring strategy was employed:

1. 14-day patch ECG (Zio XT; iRhythm Technologies, Inc., San

Francisco, CA, USA) at baseline, 12 months, and 24 months.

2. 48-h three-lead Holter (SEER 1000, GE Healthcare) at 6 and

18 months.

3. Handheld smartphone recorder (KardiaMobile; AliveCor, Inc.,

Mountain View, CA, USA) for daily 30-s tracings plus

symptom-triggered recordings.

4. Quarterly electronic health record screen for any interim ECG/

telemetry labeled “AF” or “flutter.”

An episode of AF/atrial flutter lasting ≥30 s on any modality

triggered endpoint adjudication by a three-physician committee

blinded to EAT measurements; discordance was resolved by

consensus. Patch studies with <90% analyzable wear time were

repeated to ensure surveillance completeness.

Sample-size calculation

Assuming a 24-month AF incidence rate of 12% and an

expected HR of 1.6 per 1 mm EAT increment, 50 events permit

a Cox model with six covariates under the 10-events-per-

parameter rule; enrollment of 460 participants (anticipating 55

events) delivered 83% power at α = 0.05.

Statistical analysis

Continuous variables were presented as mean ± SD or median

(IQR) and compared with Student’s t-test or the Mann–Whitney U

test, and categorical variables were presented as counts and

percentage. They were compared using χ
2 or Fisher’s exact test.

Standardized mean differences (SMDs) assessed covariate balance (|

SMD| > 0.10 deemed meaningful). No variable exceeded 3%

missingness. Twenty imputed datasets were generated via multiple

chained equations with predictive mean matching. Proportional

hazards and linearity assumptions were verified with Schoenfeld

residuals and restricted cubic splines (three knots). The results were

optimism-corrected with 200 bootstrap resamples; a global

shrinkage factor was applied to produce final coefficients. Model

performance was assessed with Harrell’s C-index, time-dependent

area under the receiver‑operating‑characteristic curves (AUCs) at 6,

12, 18, and 24 months (timeROC package), continuous net

reclassification improvement (NRI), integrated discrimination

improvement (IDI), and change in the Akaike information criterion

(ΔAIC). Calibration was inspected with calibration-in-the-large/

intercept, slope, and Grønnesby–Borgan χ
2 goodness of fit at

each landmark.

To explore whether the association between EAT and AF is

mediated by left-atrial enlargement, we first re-estimated the Cox

model after removing the LA volume index (LAVi). Second, we

performed a non-parametric bootstrap mediation analysis

treating the LAVi as the mediator, reporting the average direct

effect (ADE), the average causal mediation effect (ACME), and

the percentage mediated. Proportional hazards assumptions were

rechecked for all sensitivity models.

In addition, we converted EAT thickness into a binary variable

using the empirically derived ROC cutoff of 6.5 mm (≤6.5 vs.

>6.5 mm) and repeated the multivariable Cox analysis to provide

a clinically intuitive effect size.

Finally, we stratified the fully adjusted Cox model by baseline

OSA status (treated OSA vs. no OSA) and tested an interaction

term to determine whether CPAP-controlled OSA modified the

association between EAT thickness and incident AF.

All analyses were performed using R (Version 4.3). A two-

tailed p < 0.05 was considered statistically significant.

Results

Of the 484 patients screened, 460 hypertensive adults ≥65 years

were enrolled and completed a median 23.6 months (IQR: 22.4–

24.0) of surveillance (Figure 1). Rhythm-monitoring adherence

exceeded 93% of planned wear time for all modalities; no

participant was lost to follow-up (Table 1). Fifty-five individuals

(12.0%) experienced their first-ever AF during 902 person-years

of observation, corresponding to an incidence of 6.1 events per

100 person-years (Table 1). Among the 38 participants with

treated OSA, mean on-treatment apnea–hypopnea index (AHI)

was 7 ± 3 h−1 and CPAP adherence 83% ± 9%. Diastolic indices
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were largely within non-HFpEF ranges: median E/e′ = 11 (IQR: 9–

13), and only 12 subjects (2.6%) met E/e′ >14 (Table 1).

Patients with incident AF already exhibited a more adverse

cardiometabolic profile than their non-AF counterparts. EAT

thickness was 2.2 mm greater (7.9 ± 1.4 vs. 5.7 ± 1.2 mm;

p < 0.001, SMD = 1.75) and the LA volume index was 6 mL/m2

larger (39 ± 6 vs. 33 ± 4 mL/m2; p < 0.001, SMD = 1.22). Modest

differences in body mass index (+1.3 kg/m2; SMD = 0.36) and

diabetes prevalence (+12.1 percentage points; SMD = 0.29) were

observed, whereas age, sex distribution, and systolic blood

pressure were comparable (all SMD <0.20). Missingness for any

covariate was ≤2.6%.

In the multivariable Cox model, every 1-mm increase in

baseline EAT thickness conferred a 62% higher hazard of

FIGURE 1

Participant enrollment.

TABLE 1 Baseline characteristics by incident atrial fibrillation status.

Variable Incident AF (n = 55) No AF (n = 405) p-valuea SMDb Missing, n (%)

Demographics

Age (years), mean ± SD 72.1 ± 5.6 72.0 ± 5.8 0.82 0.02 0 (0)

Gender 0.35 0.13 0 (0)

Male, n (%) 30 (54.5%) 194 (47.9%)

Female, n (%) 25 (45.5%) 211 (52.1%)

Anthropometrics

Body mass index, kg/m2 28.9 ± 3.5 27.6 ± 3.7 0.015 0.36 4 (0.9%)

Echocardiography

EAT thickness (mm), mean ± SD 7.9 ± 1.4 5.7 ± 1.2 <0.001 1.75 0 (0)

LA volume index (ml/m2), mean ± SD 39 ± 6 33 ± 4 <0.001 1.22 12 (2.6)

LV ejection fraction (%), mean ± SD 60 ± 6 61 ± 5 0.18 0.18 6 (1.3)

Clinical variables

Systolic BP (mm Hg), mean ± SD 146 ± 14 145 ± 12 0.47 0.07 5 (1.1)

Diabetes mellitusc (%) 29.1% 17.0% 0.044 0.29 0 (0)

Treated obstructive sleep apnead, n (%) 7 (12.7%) 31 (7.7%) 0.18 0.17 0 (0)

β-blocker use (%) 78.2% 60.0% 0.014 0.23 0 (0)

aStudent’s t-test, χ2 test, or Mann–Whitney U test as appropriate.
bStandardized mean difference (absolute); >0.10 indicates potentially important imbalance.
cDiabetes mellitus was defined according to the 2024 American Diabetes Association (ADA) criteria: HbA1c ≥6.5%, fasting plasma glucose ≥126 mg/dL or 2 h Oral Glucose Tolerance test

glucose ≥200 mg/dL—and considered “treated” if diet, oral agents, or insulin were documented.
dTreated OSA defined as mild-to-moderate OSA (baseline AHI 5–29 h−1) on CPAP with ≥4 h/night usage on ≥70% of nights in the preceding 3 months. Mean on-therapy AHI = 7 ± 3 h−1;

mean nightly CPAP use = 4.8 ± 1.1 h (not shown in the table).
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incident AF (HR: 1.62, 95% CI: 1.29–2.04; p < 0.001) (Table 2).

After bootstrap shrinkage (global factor = 0.87), the optimism-

corrected HR remained strong at 1.56. The LA volume index

retained independent prognostic value (optimism-corrected HR:

1.06 per mL/m2; p = 0.003), whereas age, BMI, systolic blood

pressure, and β-blocker use were not significant. Proportional

hazards and linearity assumptions were satisfied (Table 2).

Adding continuous EAT thickness to the clinical model

improved Harrell’s C-index from 0.74 to 0.79 (optimism-

corrected 0.78) and lowered the Akaike information criterion by

16 points (Table 3). Net reclassification was significant

(continuous NRI 0.25, 95% CI: 0.09–0.39) and the integrated

discrimination index rose by 0.05 (Table 3). Time-specific AUCs

for the full model were stable—0.80 (6 months) to 0.76

(24 months)—with calibration slopes ∼1.0 and non-significant

Grønnesby–Borgan χ
2 statistics (all p≥ 0.60, Table 3), indicating

excellent agreement between predicted and observed risks.

A receiver-operating-characteristic analysis identified 6.5 mm

as the optimal EAT cut point (80% sensitivity, 68% specificity)

(Table 4). Kaplan–Meier curves (Figure 2) showed a 24-month

cumulative AF incidence rate of 24.7% for EAT >6.5 mm vs.

4.1% for ≤6.5 mm (log-rank p < 0.001).

In the 410-participant subset with hs-CRP data, adding hs-CRP

to the fully adjusted Cox model barely changed the EAT effect size

(HR: 1.55, 95% CI: 1.22–1.98). A mediation analysis showed that

hs-CRP accounted for ∼12% of the total EAT–AF pathway

(ACME: 0.06, ADE: 0.38; both p < 0.01), suggesting a modest

inflammatory component but a predominantly direct association

(Table 5).

The EAT–AF relationship persisted when (i) death was

modeled as a competing risk (Fine–Gray HR: 1.55, 95% CI:

1.22–1.97) and (ii) 38 patients with antihypertensive-class

changes were excluded (HR: 1.66, 95% CI: 1.30–2.13) (Table 6).

Excluding participants with OSA (n = 38) or E/e′ > 14 (n = 12)

did not materially alter the hazard per 1 mm EAT increment

(HR: 1.59 and 1.58, respectively; both p < 0.001). Additional

adjustment for baseline HbA1c in the multivariable model

yielded an optimism-corrected HR of 1.55 (95% CI: 1.24–1.95)

(Table 6). Excluding the LAVi from the covariate set increased

the EAT hazard ratio to 1.77 (95% CI: 1.40–2.23, p < 0.001),

indicating modest attenuation by atrial size. The mediation

analysis demonstrated that the LAVi accounted for 23% of the

total EAT–AF effect (ACME = 0.11, ADE = 0.38, both p < 0.001),

supporting a partially—but not exclusively—mediated pathway

(Table 6). When EAT was analyzed dichotomously, values

>6.5 mm conferred an adjusted hazard ratio of 5.1 (95% CI: 2.7–

9.6, p < 0.001) relative to ≤6.5 mm, underscoring the sharp risk

gradient at this threshold.

Effect sizes were consistent across sex, obesity status, diabetes,

LA-size strata, and baseline OSA status (Table 7). In 38 participants

with treated, CPAP-adherent OSA, the HR per 1 mm EAT

increment was 1.60 (95% CI: 1.05–2.43), compared with 1.59

(95% CI: 1.24–2.05) in 422 participants without OSA (interaction

p = 0.93).

Multiple imputation with predictive mean matching for

variables with ≤2.6% missingness altered the apparent C-index

by <0.01 (Table 8), confirming that incomplete data had

negligible influence on discrimination or effect estimates.

TABLE 2 Multivariable Cox model (penalized and optimism-corrected).

Predictor (per unit) Apparent HR 95% CI p Bootstrap shrinkagea Optimism-corrected HR

EAT thickness, 1 mm 1.62 1.29–2.04 <0.001 0.87 1.56

LA volume index, 1 mL/m2 1.07 1.03–1.13 0.003 0.87 1.06

Age, 1 year 1.02 0.99–1.06 0.14 0.87 1.02

BMI, 1 kg/m2 1.04 0.98–1.11 0.18 0.87 1.04

Systolic BP, 10 mm Hg 1.09 0.94–1.26 0.25 0.87 1.08

β-blocker use 0.91 0.49–1.70 0.77 0.87 0.90

aGlobal shrinkage factor estimated from 200 bootstrap resamples.

TABLE 3 Apparent vs. optimism-corrected model performance.

Metric Clinical
model

+EAT
thickness

Δ

(EAT− clinical)

Harrell C-index 0.74 0.79/0.78a +0.05

Akaike information

criterion

448 432 −16

Continuous NRI — 0.25 (0.09–0.39) —

IDI — 0.05 —

aOptimism-corrected C-index shown in italics.

TABLE 4 Time-specific discrimination and calibration (Grønnesby–Borgan test).

Landmark
(months)

Time-dependent
AUC

Calibration slope Calibration
intercept

Grønnesby–Borgan χ
2

(df = 8)
p

6 0.80 1.05 −0.02 5.8 0.67

12 0.79 1.03 −0.01 6.2 0.62

18 0.78 1.01 −0.01 6.4 0.60

24 0.76 1.02 −0.02 6.1 0.63

Overall (C-index) 0.79/0.78a — — — —

aOptimism-corrected C-index.
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Discussion

Our prospective cohort demonstrates that EAT thickness

measured by routine transthoracic echocardiography is a

powerful, independent predictor of new-onset AF in elderly

hypertensive patients over a period of 2 years. Each 1 mm

increase in EAT thickness conferred a rise in AF risk after

adjustment for age, BMI, blood pressure, left-atrial size, and

medication use, underscoring its additive pathophysiological

contribution beyond conventional factors. A discrimination

analyses identified 6.5 mm as the optimal echocardiographic

threshold, above which the cumulative AF incidence quadrupled

compared with lower values. Incorporating EAT into a standard

clinical model improved the C-index from 0.74 to 0.79 and

yielded a net reclassification index of 0.25, confirming

meaningful clinical restratification. Importantly, the EAT–AF

association remained robust in competing-risk models, after

exclusion of patients who changed antihypertensive therapy, and

across sex, obesity, diabetes, and left-atrial size strata, indicating

both statistical stability and broad applicability of the biomarker

in this high-risk population.

Our findings align with growing evidence from CT and MRI

studies showing that elevated EAT volume is closely linked to AF

development and HFpEF progression, especially in patients with

FIGURE 2

Kaplan–Meier curve for AF-free survival.

TABLE 5 Inflammatory-marker sensitivity and mediation.

Analysis (hs-CRP
subset)

Events/
total

Effect
size

95%
CI

p

Cox model (per 1 mm

EAT) + hs-CRP

49/410 HR: 1.55 1.22–1.98 <0.001

Mediation—ACME

(hs-CRP)

— 0.06 0.02–0.10 0.004

Mediation—ADE (direct) — 0.38 0.22–0.55 <0.001

% effect mediated — 12% — —

TABLE 6 Sensitivity and competing-risk analyses.

Analysis Events/
total

HR (per 1 mm
EAT)

95%
CI

p

Primary Cox 55/460 1.62 1.29–2.04 <0.001

Dichotomized EAT

>6.5 mm

55/460 5.1 2.7–9.6 <0.001

Fine–Gray (death

competing)

55/460 1.55 1.22–1.97 <0.001

Excluding medication

changes

47/422 1.66 1.30–2.13 <0.001

Excluding participants

with treated OSA

48/422 1.59 1.24–2.05 <0.001

Excluding elevated

filling pressure

(E/e′ > 14)

53/448 1.58 1.24–2.01 <0.001

Model without LAVi 55/460 1.77 1.40–2.23 <0.001

Mediation (LAVi as

mediator)

— ACME 0.11 0.06–0.17 <0.001

ADE 0.38 0.22–0.55 <0.001

% mediated≈ 23% — —

Ma et al. 10.3389/fcvm.2025.1650423

Frontiers in Cardiovascular Medicine 06 frontiersin.org

https://doi.org/10.3389/fcvm.2025.1650423
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


hypertension and other cardiovascular diseases (20–23). While

these cross-sectional and longitudinal imaging studies have

identified volumetric thresholds—ranging from approximately

110 to 130 cm3
—for predicting postoperative AF or incident

HFpEF (21, 22, 24, 25), our work adds a novel dimension by

focusing on echocardiographic EAT thickness in a purely elderly

hypertensive cohort. Previous echocardiographic investigations in

mixed populations, including patients with coronary artery

disease or obstructive sleep apnea, have also demonstrated

associations between EAT thickness and recurrent or new-onset

AF (14, 26). However, those studies typically lacked the

prospective design and specific emphasis on elderly individuals

with long-standing hypertension. Notably, the 6.5 mm threshold

identified in our sample falls within the range of previously

reported echocardiographic cutoffs (5.0–7.0 mm), underscoring

both the consistency and the unique applicability of our cutoff to

an exclusively elderly hypertensive population (27).

We carefully mitigated potential confounding from common

comorbidities linked to AF. Only patients with well-controlled,

CPAP-adherent OSA (median on-treatment AHI 7 h−1) were

enrolled, and a sensitivity analysis excluding these individuals

produced indistinguishable effect estimates. Diabetes was defined

by contemporary American Diabetes Association thresholds and

the EAT–AF relationship remained significant after explicit

HbA1c adjustment. Although HFpEF was not a formal exclusion,

a comprehensive diastolic assessment revealed that <3% of

participants had elevated filling pressures; removing this subset

did not change the association, implying minimal bias.

Our study deliberately quantified EAT in the single PLAX view

over the right-ventricular free wall, adhering to previous protocols

(28–30). This plane aligns the visceral pericardium parallel to the

ultrasound beam, creating a crisp fat–pericardium interface with

minimal tangential artifact; the measurement adds <15 s to

routine transthoracic echocardiography and shows the highest

agreement with CT/MRI-derived EAT volume in patients with

coronary artery disease and type 2 diabetes mellitus (31). We

recognize that a single-site thickness cannot capture regional

periatrial fat heterogeneity that characterizes persistent AF and

HFpEF. Alternative parasternal short-axis or apical four-chamber

views and emerging 3D/speckle-tracking techniques do improve

spatial coverage but prolong scan time and still lack validated

cutoffs for elderly hypertensive cohorts (20, 32). Although

volumetric CT or MRI offers true three-dimensional mapping,

radiation exposure, high cost, long acquisition/processing times,

and contraindications in frail elderly or chronic kidney disease

populations limit their use for population-level screening or serial

monitoring in hypertension clinics (33, 34). Notwithstanding a

potential underestimation of absolute fat burden, our single-slice

surrogate remained a robust, independent predictor of 2-year

incident AF even after controlling for treated OSA, left-atrial size,

and hs-CRP (35). Future work should integrate multisite echo

metrics or low-dose CT volumetry to refine thresholds across

diverse diseases. Thus, PLAX-based EAT assessment is inexpensive

and highly reproducible for bedside risk stratification, yet our

single-center, single-site design warrants external validation and an

exploration of regional EAT distribution.

An echocardiographic analysis in our elderly hypertensive cohort

confirmed that an EAT thickness >6.5 mm is an independent, 5-fold

predictor of 24-month incident AF after adjustment for LA size, hs-

CRP, and adequately treated OSA (20, 36). Mechanistically, EAT

promotes AF through a potent paracrine inflammatory milieu rich

in cytokines and adipokines, which fosters atrial fibrosis and

conduction abnormalities (37–39). This inflammatory burden

appears even more pronounced in conditions of hypertension and

obesity, where pressure and volume overload accelerate adverse

remodeling, particularly in the left ventricle and atria (40, 41). In

our mediation model, hs-CRP accounted for ∼12% of the EAT–AF

pathway, indicating that inflammation contributes but does not

fully explain the risk, with additional input from LA enlargement.

In addition, fatty infiltration and direct proximity of EAT to the

myocardium can modulate autonomic ganglionated plexi, shifting

TABLE 8 Missing data strategy and impact on discrimination.

Variable Missing, n (%) Imputation method Apparent C-index ΔC-index vs. complete case

Body mass index 4 (0.9%) Predictive mean matching 0.79 <0.01

LA volume index 12 (2.6%) Predictive mean matching 0.79 <0.01

Systolic BP 5 (1.1%) Predictive mean matching 0.79 <0.01

hs-CRP 6 (1.3%) Predictive mean matching 0.79 <0.01

Global model — — 0.79/0.78a —

aOptimism-corrected value.

TABLE 7 Subgroup effects and interaction testing.

Subgroup Events
(n)/total

(n)

HR per
1 mm
EAT

95%
CI

Interaction
p

Sex

Male 28/224 1.66 1.23–2.25 0.62

Female 27/236 1.58 1.15–2.18

Obesity (BMI ≥30 kg/m2)

Yes 18/137 1.71 1.24–2.42 0.48

No 37/323 1.59 1.22–2.20

Diabetes

Present 16/85 1.68 1.18–2.41 0.76

Absent 39/375 1.60 1.24–2.07

LA volume tertile (mL/m2)

≤34 14/301 1.54 1.06–2.23 0.24

>34 41/159 1.69 1.26–2.27

OSA status 0.93

Treated CPAP-

adherent OSA

7/38 1.60 1.05–2.43

No OSA 48/422 1.59 1.24–2.05
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the vagal-sympathetic balance and precipitating arrhythmogenic

changes (13, 42). Importantly, EAT is modifiable: caloric restriction

and aerobic-interval training reduce EAT by 10%–15%, and

pharmacological approaches using GLP-1 receptor agonists (≈28%

shrinkage) or SGLT2 inhibitors (≈14% shrinkage) have

demonstrated parallel declines in AF burden (43). From a

procedural standpoint, the Europace 2025 study showed that high-

power, short-duration posterior-wall ablation lesions lowered

12-month AF recurrence with less collateral damage (44). These

molecular and electrophysiological alterations collectively establish a

substrate conducive to AF initiation and perpetuation, consistent

with the observed association between every 1-mm increment in

EAT thickness and a 65% higher hazard for developing AF in our

cohort. Single-view PLAX screening, coupled with low-dose CT

follow-up, has proven feasible even in frail chronic kidney disease

and elderly cohorts, supporting longitudinal EAT tracking in future

GLP-1/SGLT2 intervention trials (45). Targeting EAT volume

and inflammation, therefore, represents a promising therapeutic

avenue for reducing the incidence of AF in elderly hypertensive

populations (44). While our prospective design and bedside-feasible

imaging are clear strengths, limitations include single-site EAT

measurement, a modest treated-OSA subgroup, and the absence of

direct CT/MRI validation. Overall, strategies that shrink epicardial

fat and personalize ablation energy delivery may together curb the

growing AF burden in aging hypertensive populations.

Our data suggest that epicardial fat is situated upstream in the

atrial remodeling cascade. Although a greater EAT thickness was

associated with a larger LAVi, the relationship with incident AF

persisted after rigorous adjustment and only ∼23% of the effect

was mediated through atrial enlargement. Experimental studies

show that EAT-derived proinflammatory and profibrotic

cytokines can directly trigger atrial fibrosis and autonomic

dysfunction, processes that precede overt chamber dilation.

Accordingly, EAT thickness appears to be both a driver and a

biomarker of cumulative atrial cardiomyopathy in elderly

hypertensive patients.

From a practical standpoint, integrating EAT thickness

measurement into routine TTE workflows is both feasible and

clinically relevant for elderly hypertensive patients (46). In

individuals exceeding the 6.5 mm threshold—especially those

with stage 2 hypertension or additional risk factors—prolonged

rhythm surveillance could facilitate early detection of AF (47).

This work should be interpreted as a hypothesis-generating study.

Its single-center design may limit generalizability across healthcare

systems, ethnic groups, and echocardiographic platforms.

In addition, epicardial adipose tissue was quantified at a single

echocardiographic site (parasternal long-axis over the right-

ventricular free wall); while practical and reproducible, this

approach cannot capture regional periatrial fat heterogeneity

or total EAT volume and may introduce measurement

misclassification. Despite intensive multimodal rhythm surveillance,

brief or intermittent subclinical atrial fibrillation episodes could still

have been missed, and residual confounding from unmeasured

behaviors or inflammatory mediators cannot be excluded. The

number of incident events, although adequate for the prespecified

multivariable modeling with bootstrap shrinkage, remains modest;

therefore, optimism-corrected discrimination and calibration

estimates require external validation. Finally, we did not perform a

head-to-head validation of echocardiographic EAT thickness

against CT/MRI volumetry within this cohort. Collectively, these

considerations underscore the need for confirmation in larger,

prospective, multicenter cohorts that include diverse populations

and harmonized, multisite, or volumetric EAT protocols before

routine clinical implementation.

In conclusion, our findings demonstrate the role of

echocardiographic EAT thickness as a simple, reproducible

biomarker that predicts short-term AF risk in elderly

hypertensive patients. Early identification of elevated EAT

thickness may enable clinicians to adopt targeted monitoring and

preventive measures—potentially improving outcomes and

addressing the growing burden of AF in this high-risk population.
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