
 

 

 University of Groningen

Epicardial adipose tissue related to left atrial and ventricular function in heart failure with
preserved versus reduced and mildly reduced ejection fraction
Jin, Xuanyi; Hung, Chung-Lieh; Tay, Wan Ting; Soon, Dinna; Sim, David; Sung, Kuo-Tzu;
Loh, Seet Yoong; Lee, Sheldonn; Jaufeerally, Fazlur; Ling, Lieng Hsi
Published in:
European Journal of Heart Failure

DOI:
10.1002/ejhf.2513

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Jin, X., Hung, C-L., Tay, W. T., Soon, D., Sim, D., Sung, K-T., Loh, S. Y., Lee, S., Jaufeerally, F., Ling, L.
H., Richards, A. M., van Melle, J. P., Voors, A. A., & Lam, C. S. P. (2022). Epicardial adipose tissue related
to left atrial and ventricular function in heart failure with preserved versus reduced and mildly reduced
ejection fraction. European Journal of Heart Failure, 24(8), 1346-1356. https://doi.org/10.1002/ejhf.2513

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1002/ejhf.2513
https://research.rug.nl/en/publications/4fba4bbb-cf72-41ef-afa4-225b7e292823
https://doi.org/10.1002/ejhf.2513


European Journal of Heart Failure (2022) 24, 1346–1356 RESEARCH ARTICLE
doi:10.1002/ejhf.2513

Epicardial adipose tissue related to left atrial
and ventricular function in heart failure with
preserved versus reduced and mildly reduced
ejection fraction
Xuanyi Jin1,2, Chung-Lieh Hung3,4, Wan Ting Tay1, Dinna Soon5, David Sim1,6,
Kuo-Tzu Sung3,4, Seet Yoong Loh7, Sheldonn Lee8, Fazlur Jaufeerally3,9,
Lieng Hsi Ling10,11,12, A Mark Richards10,11,12,13, Joost P. van Melle2,
Adriaan A. Voors2, and Carolyn S.P. Lam1,2,6*
1National Heart Centre Singapore, Singapore, Singapore; 2Department of Cardiology, University of Groningen, University Medical Centre Groningen, Groningen, The
Netherlands; 3Division of Cardiology, Department of Internal Medicine, Mackay Memorial Hospital, Taipei, Taiwan; 4Institute of Biomedical Sciences, Mackay Medical College,
New Taipei City, Taiwan; 5Khoo Teck Puat Hospital, Singapore, Singapore; 6Duke-NUS Medical School, Singapore, Singapore; 7Tan Tok Seng Hospital, Singapore, Singapore;
8Changi General Hospital, Singapore, Singapore; 9Singapore General Hospital, Singapore, Singapore; 10Department of Medicine, Yong Loo Lin School of Medicine, National
University of Singapore, Singapore, Singapore; 11Department of Cardiology, National University Heart Centre, Singapore, Singapore; 12Cardiovascular Research Institute,
National University Health System, Singapore, Singapore; and 13Christchurch Heart Institute, University of Otago, Dunedin, New Zealand

Received 23 August 2021; revised 11 March 2022; accepted 14 April 2022 ; online publish-ahead-of-print 26 June 2022

Aim Different associations between epicardial adipose tissue (EAT) and cardiac function have been suggested in patients
with heart failure with preserved (HFpEF) versus reduced and mildly reduced ejection fraction (HFrEF/HFmrEF).
However, few studies have directly compared the association between EAT and left atrial (LA) and left ventricular
(LV) function in patients with HFpEF and HFrEF/HFmrEF.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods
and results

We studied EAT thickness using transthoracic echocardiography in a multicentre cohort of 149 community-dwelling
controls without heart failure, 99 patients with HFpEF, and 366 patients with HFrEF/HFmrEF. EAT thickness was
averaged from parasternal long-axis and short-axis views, respectively, and off-line speckle tracking analysis was
performed to quantify LA and LV function. Data were validated in an independent cohort of 626 controls, 243
patients with HFpEF, and 180 patients with HFrEF/HFmrEF. For LV function, LV global longitudinal strain (GLS) was
measured in both derivation and validation cohorts. For LA function, LAGLS at reservoir, contractile and conduit
phase were measured in the derivation cohort, and only LAGLS at reservoir phase was measured in the validation
cohort. In the derivation cohort, EAT thickness was lower in HFrEF/HFmrEF (7.3± 2.5 mm) compared to HFpEF
(8.3± 2.6 mm, p< 0.05) and controls (7.9± 1.8 mm, p< 0.05). Greater EAT thickness was associated with better
LV and contractile LA function in HFrEF/HFmrEF, but not in HFpEF (p for interaction <0.05). These findings were
confirmed in the validation cohort, where EAT thickness was lower in HFrEF/HFmrEF (6.7± 1.4 mm) compared to
HFpEF (9.6± 2.8 mm; p< 0.05) and controls (7.7± 2.3 mm; p< 0.05). Greater EAT thickness was associated with
better LV and reservoir LA function in patients with HFrEF/HFmrEF but worse LV and reservoir LA function in
patients with HFpEF (p for interaction <0.05). Thickened EAT (EAT thickness >10 mm) was associated with LA
dysfunction (LAGLS at reservoir phase <23%) in HFpEF, but not in HFrEF/HFmrEF.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion Epicardial adipose tissue thickness is greater in patients with HFpEF than HFrEF/HFmrEF. Increased EAT thickness is
associated with worse LA and LV function in HFpEF but the opposite in HFrEF/HFmrEF.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Introduction
Accumulating evidence suggests that distinctive pathophysiological
processes are involved in the onset and progression of heart fail-
ure (HF) with reduced and mildly reduced (HFrEF/HFmrEF) versus
preserved ejection fraction (HFpEF).1–4 Neurohormonal activation
is considered one of the primary pathophysiological mechanisms
in HFrEF/HFmrEF, which is characterized by left ventricular (LV)
systolic dysfunction and cardiac chamber dilatation.4 Conversely,
systemic or local inflammation related to comorbidities, leading to
microvascular dysfunction, is one of the important pathophysiolog-
ical mechanisms of HFpEF, which is characterized by LV diastolic
dysfunction, stiffness, and subsequent increase of left atrial (LA)
pressure.1–3

Epicardial adipose tissue (EAT) shares similar genetic features
with brown adipose tissue and is a unique visceral fat exerting both
detrimental and protective effects on modulating cardiac function
and proposed to play a pathogenic role in the development of
HF.5 The disequilibrium between these detrimental and protective
effects of EAT on the myocardium might play different pathophysi-
ological roles in the development and progression of HFpEF versus
HFrEF/HFmrEF. Previous studies reported conflicting results
about the relationship between EAT and different phenotypes of
HF.6–11 Although recent studies have shown that increased EAT in
patients with HFpEF was associated with higher right-sided filling
pressures and pulmonary hypertension,7,8 it remains unknown
whether a similar trend of association between EAT and left-sided
cardiac function is observed in patients with HFpEF versus
HFrEF/HFmrEF.

Therefore, the current study aimed to compare EAT thickness
and its association with LA and LV function using echocardiography
in two independent cohorts of HFpEF, HFrEF/HFmrEF, and control
subjects.

Methods
Study populations
The derivation group consisted of 99 patients with HFpEF and 366
patients with HFrEF/HFmrEF who were recruited from a nationwide,
prospective, multicentre, observational HF study from Singapore and
149 control participants without HF.11 Briefly, patients with HF were
either hospitalized with a primary diagnosis of HF or seen as outpa-
tients at a HF management clinic within 6 months of decompensated
HF. HFpEF was ascertained by LV ejection fraction (LVEF) ≥50% and
HFrEF/HFmrEF by LVEF <50%. Exclusion criteria were patients with
severe valve disease as the primary cause of HF, primary diagnosis
of acute coronary syndrome causing transient pulmonary oedema,
end-stage renal failure or receiving renal replacement therapy, or spe-
cific subgroups of HF including constrictive pericarditis, complex adult
congenital heart disease, hypertrophic cardiomyopathy, eosinophilic
myocarditis, cardiac amyloid, and acute chemotherapy-induced car-
diomyopathy.11 Control participants without HF were enrolled from an
ongoing, prospective, population-based cross-sectional study in Singa-
pore using door-to-door census; subjects with coronary artery disease
(CAD), valvular heart disease, and previous history of cardiac surgery
were excluded.11 Written informed consent was obtained from each
participant. All studies were performed in accordance with guidelines ..
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.. of the Declaration of Helsinki, and study protocols were approved by
the Institutional Review Boards.

Validation group
The validation cohort consisted of 243 patients with HFpEF and
180 patients with HFrEF/HFmrEF, and 626 control participants from
the MacKay Memorial Hospital, Taipei, Taiwan. Asymptomatic con-
trol participants who were willing to participate in cardiovascular
health screening survey using echocardiography were recruited from
the MacKay Memorial Hospital. Patients with HF were retrospectively
included based on the adjudicated medical history of HF between 1

June 2011 and 30 June 2013. HF diagnosis was established on the
basis of hospitalization within the past 12 months with HF symptoms
(New York Heart Association [NYHA] class II–IV) or signs fulfill-
ing Framingham criteria, and requiring intravenous diuretic therapy,
accompanied by elevated natriuretic peptide level (B-type natriuretic
peptide [BNP] ≥100 pg/ml, or N-terminal pro-B-type natriuretic pep-
tide [NT-proBNP] ≥300 pg/ml). HFrEF/HFmrEF was defined by LVEF
<50%, and HFpEF by LVEF ≥50%. Exclusion criteria for both patients
with HF and control participants included the presence of significant
and primary valvular heart diseases, idiopathic pulmonary hyperten-
sion, isolated right-sided HF from chronic lung disorders or idio-
pathic pulmonary hypertension, congenital heart disease, diagnosed
cardiomyopathies, acute coronary syndrome, and end-stage renal dis-
ease (estimated glomerular filtration rate [eGFR] <15 ml/min/1.73 m2)
or ongoing renal replacement therapy.

Echocardiography
Comprehensive transthoracic echocardiography was performed on
each participant in both derivation and validation cohorts based on
the American Society of Echocardiography guideline12 by experienced
sonographers using Vivid ultrasound systems (GE Healthcare, Chicago,
IL, USA). All echocardiographic images were digitally stored and anal-
ysed post-offline using EchoPAC software (GE Vingmed Ultrasound,
Horten, Norway). In the derivation cohort, LV volume at end-systole
(LVESV) and end-diastole (LVEDV) were measured using the biplane
Simpson method and LVEF was derived. In the validation cohort, LV
end-diastolic (LVEDD) and end-systolic (LVESD) dimensions, interven-
tricular septal (IVS) and LV posterior wall (LVPW) thicknesses were
measured in the parasternal long-axis view. LVEDV and LVEF were
derived either using the biplane Simpson method or Teichholz M-mode
method in the validation cohort. LV mass was calculated using the
Devereux formula and LA volume by the area–length method, and
indexed for body surface area, respectively, as LV mass index and LA
volume index (LAVi). LV diastolic function was assessed using mitral
valve early (E) and late (A) diastolic velocity, mean value of early dias-
tolic mitral annular lateral and septal velocity (e′) as well as the ratio
of E over mean e′ (E/e′). Two-dimensional speckle tracking echocar-
diography was performed to obtain LA (LAGLS) and LV global lon-
gitudinal strain (LVGLS, reported as the absolute value). LVGLS was
obtained and averaged from apical four-, two-, three-chamber views,
respectively. LAGLS at the reservoir, contractile and conduit phase
was acquired in the derivation cohort, whereas LAGLS only at the
reservoir phase was recorded in the validation cohort. Each LAGLS
was obtained from both apical four- and two-chamber views using the
R-R gating method and averaged for the final analysis in both deriva-
tion and validation cohorts. EAT was identified as the echo-free space
between the epicardium and right ventricular (RV) myocardium on
two-dimensional echocardiography (Figure 1).13 This was measured at

© 2022 European Society of Cardiology
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Figure 1 Anatomy of epicardial adipose tissue and example with landmark taken form the parasternal short-axis view.

end-systole in both long- and short-axis views perpendicular to the RV
free wall/outflow tract, and three measurements averaged for analysis.

Statistical analysis
Data were presented as mean± standard deviation, median (25th, 75th
percentile), or number (%) for continuous with a normal distribution,
continuous but skewed and categorical variables, respectively. Corre-
spondingly, inter-group differences were tested using one-way analysis
of variance (ANOVA), Kruskal–Wallis test or Mann–Whitney U test
and the chi-square test, as appropriate for data type. Univariable and
multivariable linear regression was used to test the association of EAT
with LA, LV functional parameters, adjusted for age, sex, body mass
index (BMI), atrial fibrillation (AF), CAD, hypertension, diabetes, con-
trol or HF phenotypes, LAVi, and LVEDV. Standardized beta coefficients
and corresponding p-values were presented. Furthermore, we tested
for interaction by different HF phenotypes (HFpEF vs. HFrEF/HFmrEF)
on the association of EAT thickness with LA/LV function in both deriva-
tion and validation cohorts. In both derivation and validation cohorts,
logistic regression was used to assess the association between thick-
ened EAT with LA/LV dysfunction, as well as the association between
LA dysfunction and HF symptomatic status based on the NYHA func-
tional class (NYHA class ≥II vs. <II). The current study defined thick-
ened EAT as EAT >10 mm, LV dysfunction as LVGLS <16%, and LA
dysfunction as LAGLS at reservoir phase <23%. Clinically relevant sub-
group analysis (AF vs. sinus rhythm, LVEF <35% vs. >65%, BMI >40 vs.
<20 kg/m2, age >80 vs. <40 years) of the EAT thickness was performed
in both derivation and validation cohorts. Lastly, sensitivity analysis was
performed for patients with HFmrEF (LVEF 41%–49%) in both deriva-
tion and validation cohorts. All statistical analyses were performed
using SPSS (version 26, SPSS Inc, Chicago, IL, USA) and RStudio version
1.2.5033. A p-value <0.05 was considered statistically significant.

Results
Clinical characteristics
Clinical characteristics of patients with HFrEF/HFmrEF and HFpEF,
as well as controls of both derivation and validation cohorts are
summarized in Tables 1 and 2, respectively. ..
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.. In the derivation cohort, patients with HFpEF were more likely

to be older (64.6±11.0 years) than patients with HFrEF/HFmrEF
(57.4±11.3 years) and controls (58.3± 10.8 years). Patients
with HFpEF were more often women (37.4%) than patients
with HFrEF/HFmrEF (16.4%), while controls (53.7%) were
more often women as compared to patients with HFpEF and
HFrEF/HFmrEF. Patients with HFpEF had higher BMI (29.2± 6.3
vs. 27.0± 5.6 kg/m2) and were more likely to have hypertension
(84.9% vs. 62.4%), diabetes (66.7% vs. 52.3%), AF (31.2% vs.
16.6%), and less likely to have CAD (47.4% vs. 63.9%), as com-
pared to patients with HFrEF/HFmrEF (all p< 0.05). Prevalence of
NYHA functional class ≥II in patients with HFpEF (64.9%) versus
HFrEF/HFmrEF (55.4%) was not statistically different (p = 0.093).
Patients with HFrEF/HFmrEF had higher levels of biomarkers,
including NT-proBNP (median 987.5 vs. 557.5 pg/ml), growth
differentiation factor-15 (GDF15, 2015.4 vs. 1775.2 pg/ml), and
high-sensitivity troponin T (hsTnT, 21.7 vs. 16.7 pg/ml) than
patients with HFpEF. Patients with HFpEF or HFrEF/HFmrEF had
higher levels of biomarkers, including NT-proBNP, GDF15, hsTnT,
ST2, and galectin-3 than controls (Table 1). Moreover, patients
with HFrEF/HFmrEF were more likely to have a medication history
with angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker (ACEi/ARB) (31.1% vs. 27.3%), diuretics (80.5% vs. 62.6%),
and beta-blocker (65.9% vs. 53.3%), compared to patients with
HFpEF. Patients with both HFpEF or HFrEF/HFmrEF had more
history of medications, including ACEi/ARB, beta-blocker and
statins, than controls (Table 1).

Similar differences were observed in the validation cohort
(Table 2).

Echocardiographic characteristics
Echocardiographic measurements in patients with HFrEF/HFmrEF
and HFpEF, and controls in the derivation and validation cohort are
presented in Tables 1 and 2, respectively.

In the derivation cohort, patients with HFrEF/HFmrEF had
larger LVEDV (136.6± 52.2 ml) and LVESV (93.7± 42.2 ml), lower

© 2022 European Society of Cardiology
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Table 1 Demographic, laboratory and echocardiographic characteristics of the derivation cohort

Control
(n = 149)

HFpEF (n = 99) HFrEF/HFmrEF
(n = 366)

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 58.3±10.8 64.6± 11.0a 57.4±11.3c
< 0.01

Female sex 80 (53.7) 32 (37.4)a 61 (16.4)b,c
< 0.01

Systolic BP (mmHg) 131.0±16.5 137.4± 21.5a 125.2± 21.0b,c
< 0.01

Diastolic BP (mmHg) 76.1±10.2 73.0± 13.1a 72.2±13.8b
< 0.01

Heart rate (bpm) 70.4±10.9 73.5± 11.4a 75.2±13.7b
< 0.01

Body weight (kg) 65.7±12.7 75.1±16.7a 74.1±17.8b
< 0.01

BMI (kg/m2) 25.0± 3.9 29.2± 6.3a 27.0± 5.6b,c
< 0.01

Hypertension 39 (26.7) 79 (84.9)a 222 (62.4)b,c
< 0.01

AF 1 (0.7) 29 (31.2)a 59 (16.6)b,c
< 0.001

Diabetes 12 (8.1) 62 (66.7)a 185 (52.3)b,c
< 0.01

Stroke 2 (1.3) 14 (14.9)a 29 (8.1)b,c
<0.01

COPD 3 (2.0) 7 (7.4)a 31 (8.7)b,c
<0.01

NYHA class ≥II NA 63 (64.9) 199 (55.4) 0.093

NYHA class <II NA 34 (35.1) 160 (44.6)

ACEi/ARB 6 (4.02) 27 (27.3)a 115 (31.1)b,c
<0.01

Diuretics NA 62 (62.6) 298 (80.5)b,c
<0.01

Beta-blocker 11 (7.4) 53 (53.3)a 244 (65.9)b,c
<0.01

CCB 18 (12.1) 37 (37.4)a 36 (9.7)b,c
<0.01

Statin 36 (24.2) 72 (72.7)a 271 (73.2)b <0.01

eGFR (ml/min/1.73 m2) 98.3± 24.7 66.7± 27.0a 68.9± 23.6b
<0.01

Haematocrit (%) 41.0± 4.2 41.3± 5.6 39.6± 6.4c 0.10

NT-proBNP (pg/ml) 37.6 [21.2, 70.4] 557.5 [147.2, 1427.0]a 978.5 [375.4, 2483.0]b,c
<0.01

GDF15 (pg/ml) 546.3 [430.6, 792.1] 1775.2 [1016.3, 3364.7]a 2015.4 [1207.0, 3365.5]b,c
<0.01

hsTnT (pg/ml) 4.8 [3.2, 8.3] 16.7 [9.6, 30.3]a 21.7 [12.3, 35.3]b,c
<0.01

ST2 (ng/ml) 25.9 [20.4, 31.2] 29.8 [22.7, 40.3]a 28.3 [22.6, 39.0]b
<0.01

Galectin-3 (ng/ml) 6.5 [5.1, 8.2] 9.2 [7.2, 11.3]a 8.9 [7.0, 10.9]b
<0.01

LVEDV (ml) 89.0± 24.8 82.5± 31.5 136.6± 52.2b,c
< 0.01

LVESV (ml) 32.3±14.6 34.3± 14.9 93.7± 42.2b,c
< 0.01

LVEF (%) 64.2± 5.8 60.4± 7.7a 33.1±13.0b,c
< 0.01

E velocity (m/s) 0.68± 0.15 0.79± 0.29a 0.76± 0.27b
< 0.01

A velocity (m/s) 0.58± 0.16 0.78± 0.23a 0.60± 0.32c
< 0.01

E/A ratio 1.2± 0.5 1.0± 0.7 1.7±1.5b,c
< 0.01

e′ lateral velocity (cm/s) 9.9± 2.7 7.5± 3.8a 6.4± 3.0b,c
< 0.01

E/e′ ratio 4.2±1.1 15.8± 8.5a 13.4± 5.6b
< 0.001

LAGLS (reservoir) (%) 46.3± 7.3 20.7± 9.5a 17.7± 9.5b,c
< 0.01

LA dysfunction 0 (0) 46 (59.7)a 211 (70.8)b,c
< 0.001

LAGLS (contractile) (%) 20.9± 5.1 9.3± 7.7a 8.5± 6.4b,c
< 0.01

LAGLS (conduit) (%) 25.4± 6.5 11.6± 6.6a 9.3± 5.3b,c
< 0.01

LVGLS (%) 21.2± 3.0 14.1± 4.4a 9.6± 3.7b,c
< 0.01

LV dysfunction 5 (5.2) 51 (65.4)a 284 (95.0)b,c
< 0.01

EAT (mm) 7.9±1.8 8.3± 2.6 7.3± 2.5b,c
< 0.01

Values are given as mean ± standard deviation, n (%), or median [25th, 75th percentile].
ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; CCB, calcium channel
blocker; COPD, chronic obstructive pulmonary disease; E/A, the ratio of mitral valve early to late diastolic velocity; EAT, epicardial adipose tissue; E/e′ , the ratio of mitral valve
early diastolic velocity over mean value of lateral and septal mitral annular early diastolic velocity; eGFR, estimated glomerular filtration rate; GDF15, growth differentiation
factor-15; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction;
hsTnT, high-sensitivity troponin T; LA, left atrial; LAGLS, left atrial global longitudinal strain; LV, left ventricular; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular
ejection fraction; LVESV, left ventricular end-systolic volume; LVGLS, left ventricular global longitudinal strain; NA, not available; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; NYHA, New York Heart Association.
ap< 0.05 for comparison of HFpEF versus controls.
bp< 0.05 for comparison of HFrEF/HFmrEF versus controls.
cp< 0.05 for comparison of HFrEF/HFmrEF versus HFpEF.
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Table 2 Demographic, laboratory and echocardiographic characteristics of the validation cohort

Control

(n = 626)

HFpEF (n = 243) HFrEF/HFmrEF

(n = 180)

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 63.1±12.2 71.1±10.5a 65.9± 15.2b,c
< 0.01

Female sex 301 (48.1) 152 (62.6)a 60 (33.3)b,c
< 0.01

Systolic BP (mmHg) 139.1± 20.7 137.1± 21.1 147.1± 26.8b,c
< 0.01

Diastolic BP (mmHg) 79.1±12.6 74.5±11.8 83.8± 17.3b,c
< 0.01

Heart rate (bpm) 71.9±14.2 73.1±16.1a 84.5± 18.3b,c
< 0.01

BMI (kg/m2) 26.6± 4.4 26.4± 4.1 25.3± 4.8b,c
< 0.01

Diabetes 566 (90.4) 137 (56.4)a 63 (35.0)b,c
< 0.01

Hypertension 525 (83.9) 171 (70.4)a 70 (38.9)b,c
< 0.01

AF NA 64 (26.3) 34 (18.9) 0.073

CAD 106 (16.9) 119 (49.0)a 112 (62.2)b,c
< 0.01

Stroke 18 (2.9) 22 (9.1) 14 (7.8) < 0.01

NYHA class ≥II NA 134 (55.1) 103 (57.2) 0.67

NYHA class <II NA 109 (44.9) 77 (42.8)

ACEi/ARB 372 (59.4) 152 (62.6) 156 (86.7)b,c
<0.01

Diuretics 131 (20.9) 97 (39.9)a 148 (82.2)b,c
<0.01

Beta-blocker 340 (54.3) 157 (64.6)a 145 (80.6)b,c
<0.01

CCB 353 (56.4) 108 (44.4)a 13 (7.2)b,c
<0.01

Statin 221 (35.3) 102 (42.0)a 98 (54.4)b,c
<0.01

Triglyceride (mg/dl) 133 [92, 184] 116 [78, 168]a 126 [88, 197]c 0.013

Cholesterol (mg/dl) 188 [161, 217] 180 [154, 206] 197 [161, 236]b,c
<0.01

LDL-cholesterol (mg/dl) 110 [88, 137] 103 [82, 125]a 106 [82, 134]b 0.036

HDL-cholesterol (mg/dl) 43 [36, 51] 43 [37, 54] 39 [32, 48]b,c
<0.01

Fasting blood glucose (mg/dl) 128 [111, 153] 110 [101, 141] 138 [101, 185]b,c
<0.01

hsCRP (mg/dl) 0.18 [0.09, 0.40] 0.21 [0.09, 0.49] 0.21 [0.06, 0.56] 0.56

eGFR (ml/min/1.73 m2) 78.3± 28.9 58.6± 28.5a 49.5± 28.6b,c
< 0.01

BNP NA 89 [31, 275] 605 [188, 1480]c
< 0.01

LVEDD (mm) 46.6± 4.5 46.7± 4.8 54.2± 9.3b,c
< 0.01

LVESD (mm) 30.1± 3.6 30.7± 4.3 43.1±11.9b,c
< 0.01

IVS (mm) 10.1± 1.6 10.1±1.7 9.7± 2.0c 0.01

LVPW (mm) 10.1± 1.6 10.3±1.7 9.8±1.9c 0.016

LVMi (g/m2) 89± 22 94± 27a 110± 35b,c
<0.01

LVEF (%) 64.3± 6.5 62.9± 6.8 39.5± 20.0b,c
<0.01

E/A ratio 1.0± 0.5 1.0± 0.8 1.5± 1.2b,c
<0.01

LAVi (ml/m2) 19.4± 7.8 26.2±13.7a 32.8± 15.8b,c
<0.01

LAGLS (reservoir) (%) 27.3± 7.7 23.1± 7.1a 20.8± 3.4b,c
< 0.01

LA dysfunction 137 (27.7) 106 (47.3)a 129 (72.1)b,c
< 0.01

LVGLS (%) 18.5± 2.9 17.1± 3.6a 15.2± 2.0b,c
< 0.01

LV dysfunction 109 (18.0) 83 (34.7)a 99 (55.0)b,c
< 0.01

EAT (mm) 7.7± 2.3 9.6± 2.8a 6.7±1.4b,c
< 0.01

Values are given as mean ± standard deviation, n (%), or median [25th, 75th percentile].
ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BP, blood pressure; BMI, body mass index; BNP, B-type natriuretic
peptide; CAD, coronary artery disease; CCB, calcium channel blocker; E/A, the ratio of mitral valve early to late diastolic velocity; EAT, epicardial adipose tissue; eGFR,
estimated glomerular filtration rate; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with
reduced ejection fraction; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; IVS, interventricular septal wall thickness; LA, left atrial; LAGLS, left atrial
global longitudinal strain; LAVi, left atrial volume index; LDL, low-density lipoprotein; LV, left ventricular; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular
ejection fraction; LVESD, left ventricular end-systolic diameter; LVGLS, left ventricular global longitudinal strain; LVMi, left ventricular mass index; LVPW, left ventricular
posterior wall thickness; NA, not available; NYHA, New York Heart Association.
ap< 0.05 for comparison of HFpEF versus controls.
bp< 0.05 for comparison of HFrEF/HFmrEF versus controls.
cp< 0.05 for comparison of HFrEF/HFmrEF versus HFpEF.
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Table 3 Association of epicardial adipose tissue with left atrial/left ventricular function in the derivation and
validation cohorts

Derivation cohort Validation cohort
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Standardized
𝛃 coefficient

p-value pinteraction

(LA/LV GLS x HF
group [HFpEF vs.
HFrEF/HFmrEF])

Standardized
𝛃 coefficient

p-value pinteraction

(LA/LV GLS x HF
group [HFpEF vs.
HFrEF/HFmrEF])

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LAGLS (contractile) LAGLS (reservoir)

Univariate 0.14 0.008 <0.01 −0.23 <0.001 <0.01

Model A 0.17 <0.001 – −0.19 <0.001 –

Model B 0.18 0.003 – −0.19 <0.001 –

Model C 0.16 0.006 – −0.19 <0.001 –

LVGLS

Univariate 0.12 0.022 0.01 −0.11 <0.001 <0.01

Model A 0.06 0.064 – −0.18 <0.001 –

Model B 0.09 0.075 – −0.17 <0.001 –

Model C 0.07 0.142 – −0.18 <0.001 –

AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure
with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LAGLS, left atrial global longitudinal strain; LAVi, left atrial volume index; LVEDV, left
ventricular end-diastolic volume; LVGLS, left ventricular global longitudinal strain.
Model A: adjusted for age, sex, AF, BMI, hypertension, diabetes, CAD, and HF group.
Model B: adjusted for variables from model A and LVEDV.
Model C: adjusted for variables from model B and LAVi.

absolute values of LVGLS (9.6± 3.7%) and worse LV diastolic func-
tion (lower e′ velocity and E/A ratio), compared to both patients
with HFpEF and controls. Compared to controls, patients with
HFpEF had similar LV sizes (LVEDV, 82.5± 31.5 vs. 89.0± 24.8 ml,
p> 0.05), but significantly worse LV systolic (LVGLS, 14.1± 4.4% vs.
21.2± 3.0%), diastolic (e′ velocity, 7.5± 3.8 vs. 9.9± 2.7 cm/s), and
LA function evaluated by LAGLS assessments at all phases, includ-
ing reservoir (20.7± 9.5% vs. 46.3± 7.3%), contractile (9.3± 7.7%
vs. 20.9± 5.1%), and conduit (11.6± 6.6% vs. 25.4± 6.5%)
phase (all p< 0.05). LA dysfunction was most prominent in
patients with HFrEF/HFmrEF (70.8%) among groups, and patients
with HFpEF (59.7%) had more LA dysfunction than controls
(p< 0.01).

Echocardiographic characteristics of the validation cohort
resembled those of the derivation cohort (Table 2).

Association between epicardial adipose
tissue and left atrial/left ventricular
function in the derivation cohort
In the derivation cohort, patients with HFrEF/HFmrEF had
lower EAT thickness (7.3± 2.5 mm) than patients with HFpEF
(8.3± 2.6 mm, p< 0.05) and controls (7.9±1.8 mm, p< 0.05).
Although mean EAT thickness was greater in HFpEF compared to
controls, this difference did not reach statistical significance. In the
entire derivation cohort, greater EAT thickness was associated
with better LA function (LAGLS at contractile phase, standardized
β coefficient 0.16, p = 0.006, and LAGLS at reservoir phase,
standardized β coefficient 0.11, p = 0.017), independent of age, ..
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.. sex, AF, BMI, hypertension, diabetes, CAD, control/HF group,
LVEDV and LAVi. EAT thickness was not associated with LAGLS
at conduit phase (standardized β coefficient 0.04, p = 0.50),
and the association of EAT thickness with LAGLS at reservoir
phase in HFpEF versus HFrEF/HFmrEF was marginally different
(p for interaction = 0.08). Greater EAT thickness was associated
with better LV function (LVGLS, standardized β coefficient 0.12,
p = 0.022), but the association was attenuated after multivariable
adjustment (standardized β coefficient 0.07, p = 0.14) (Table 3).
These associations differed by HF phenotype – greater EAT
thickness was associated with better contractile LA function
(LAGLS at contractile phase, standardized β coefficient 0.15,
p = 0.02) and LV function (LVGLS, standardized β coefficient
0.13, p = 0.03) in HFrEF/HFmrEF, but not HFpEF (LAGLS at
contractile phase, standardized β coefficient− 0.21, p = 0.13;
LVGLS, standardized β coefficient− 0.19, p = 0.17; Figure 2). The
association of EAT with better contractile LA and LV function in
patients with HFrEF/HFmrEF remained significant after adjusting
for age, sex, AF, BMI, hypertension, diabetes, CAD, and LA/LV
size. The associations of thickened EAT (EAT >10 mm) with LA
and LV dysfunction are provided in online supplementary Table S1.
Although the point estimates showed increased odds of LV and LA
dysfunction with thickened EAT in HFpEF, in contrast to reduced
odds in HFrEF/HFmrEF, these associations were not statistically
significant. LA dysfunction was associated with worse symptomatic
status (based on NYHA functional class ≥II) in both HFpEF (odds
ratio [OR] 3.63, 95% confidence interval [CI] 1.34–9.83, p< 0.01)
and HFrEF/HFmrEF (OR 3.03, 95% CI 1.80–5.12, p< 0.01) in the
derivation cohort.
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Figure 2 Bar charts comparing epicardial adipose tissue (EAT) in patients with heart failure with preserved (HFpEF) versus reduced/mildly
reduced ejection fraction (HFrEF/HFmrEF) versus control patients, and differential association of EAT with left atrial and left ventricular function
in HFpEF versus HFrEF/HFmrEF in the derivation cohort. *p< 0.05 for comparison of HFpEF versus controls. †p< 0.05 for comparison of
HFrEF/HFmrEF versus controls. ‡p< 0.05 for comparison of HFrEF/HFmrEF versus HFpEF. EFT, epicardial fat thickness; LAGLS, left atrial
global longitudinal strain; LVGLS, left ventricular global longitudinal strain.
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Association between epicardial adipose
tissue and left atrial/left ventricular
function in the validation cohort
In the validation cohort, EAT thickness was similarly lower
in patients with HFrEF/HFmrEF (6.7±1.4 mm) as compared to
patients with HFpEF and controls. Patients with HFpEF also had
significantly higher EAT thickness (9.6± 2.8 mm) as compared
to control patients (7.7± 2.3 mm). Unlike the derivation cohort,
greater EAT thickness was associated in the entire validation
cohort with worse reservoir LA (LAGLS at reservoir phase, stan-
dardized β coefficient− 0.19, p< 0.001) and LV function (LVGLS,
standardized β coefficient− 0.18, p< 0.001), independent of age,
sex, AF, BMI, hypertension, diabetes, CAD, control/HF group,
LVEDV and LAVi. The differential association between EAT thick-
ness and reservoir LA/LV function in patients with HFpEF ver-
sus HFrEF/HFmrEF was confirmed (Figure 3). Greater EAT thick-
ness was associated with worse reservoir LA (LAGLS at reservoir
phase, standardized β coefficient− 0.29, p< 0.01) and LV (stan-
dardized β coefficient− 0.17, p< 0.01) function in HFpEF, but bet-
ter reservoir LA (LAGLS at reservoir phase, standardized β coef-
ficient 0.14, p = 0.066) and LV (standardized β coefficient 0.27,
p< 0.01) function in HFrEF/HFmrEF. The association of EAT with
LVGLS remained significant even after adjusting for age, sex, AF,
BMI, hypertension, diabetes, CAD, and LVEDV in patients with
HFrEF/HFmrEF and HFpEF. However, the associations of EAT with
LAGLS at reservoir phase were attenuated after adjustment. Thick-
ened EAT (>10 mm) was associated with LA dysfunction (LAGLS
at reservoir phase <23%, OR 2.15, 95% CI 1.26–3.66, p = 0.005)
in patients with HFpEF, but not in patients with HFrEF/HFmrEF
despite a higher prevalence of LA dysfunction in HFrEF/HFmrEF
(72.1%) than HFpEF (47.3%, p< 0.01). Moreover, LA dysfunction
was associated with worse NYHA class function (OR 5.10, 95% CI
2.87–9.08, p< 0.01) in HFpEF, but not in HFrEF/HFmrEF (OR 1.71,
95% CI 0.89–3.31, p = 0.13). Turning to the left ventricle, thick-
ened EAT was marginally associated with LV dysfunction (LVGLS
<16%, OR 1.68, 95% CI 0.98–2.98, p = 0.06) in HFpEF, but not
in HFrEF/HFmrEF (online supplementary Tables S1–S3). Results of
the subgroup analysis are presented in the online supplementary
material.

Sensitivity analysis in the derivation
and validation cohorts
In sensitivity analysis, patients with HFmrEF (LVEF 41%–49%,
n = 64) had similar clinical characteristics as compared to patients
with HFrEF (LVEF <40%) in the derivation cohort, including BMI
(27.5± 5.2 vs. 26.8± 5.6 kg/m2, p = 0.41), AF (18.7% vs. 16.1%,
p = 0.36), CAD (61.9% vs. 64.3%, p = 0.40), hypertension (70.3%
vs. 60.6%, p = 0.09), diabetes (50.0% vs. 52.7%, p = 0.40), and
EAT thickness (7.9± 2.3 vs. 7.2± 2.5 mm, p = 0.09). Similar find-
ings of clinical characteristics and EAT thickness (6.7± 1.2 vs.
6.7±1.4 mm, p = 0.87) between patients with HFmrEF (LVEF
41%–49%, n = 25) and patients with HFrEF (LVEF <40%) were
observed in the validation cohort. After excluding those with ..
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.. HFmrEF, findings regarding EAT in both derivation and validation
cohorts remained consistent.

Discussion
From the present study comparing EAT thickness and its
association with LA and LV function in patients with HFpEF,
HFrEF/HFmrEF, and control subjects we can draw main conclu-
sions as follows. First, EAT thickness was greatest in patients
with HFpEF and lowest in patients with HFrEF/HFmrEF. Second,
greater thickness of EAT was associated with worse reservoir or
contractile LA and LV function in patients with HFpEF but better
reservoir or contractile LA and LV function in HFrEF/HFmrEF.
Despite a higher prevalence of LA dysfunction in HFrEF/HFmrEF
than HFpEF, thickened EAT was associated with LA dysfunction in
HFpEF but not HFrEF/HFmrEF, suggesting a potential mechanistic
link between EAT thickening and LA dysfunction in HFpEF.

Several studies compared EAT thickness and mass between
patients with HFpEF and control subjects. Van Woerden et al.14

found that EAT mass, assessed by magnetic resonance imaging
(MRI), was greater in patients with HFpEF than control subjects.
Similarly, Obokata et al.15 showed that EAT thickness, assessed by
echocardiography, was greater in patients with HFpEF compared
to control subjects. In contrast, Haykowsky et al.6 showed that
EAT mass, measured by MRI, was lower in obese HFpEF patients
than control subjects. Studies comparing EAT thickness and mass in
patients with HFrEF/HFmrEF versus control subjects also showed
inconsistent results. Doesch et al.10 showed lower EAT mass in
patients with HFrEF than control patients, and Iacobellis et al.16

found lower EAT thickness in patients with HFrEF/HFmrEF and
AF as compared to patients with AF alone without HF. Only few
studies compared EAT between patients with HFpEF, HFrEF, and
controls. Wu et al.17 found that patients with HFrEF had lower
intramyocardial fat than patients with HFpEF and control patients
despite greater EAT mass by MRI in patients with HFrEF (41 g)
versus HFpEF (31 g) and control patients (26 g). The most recent
study by Pugliese et al.18 found that patients with HFrEF/HFmrEF
had the lowest EAT (3 mm) by echocardiography and patients
with HFpEF had highest EAT (8 mm) than controls (5 mm). Thus,
our findings were consistent with most, but not all studies, in
showing that EAT thickness is greatest in HFpEF and lowest in
HFrEF/HFmrEF.

Potential explanations behind our observation of greater EAT
thickness in HFpEF than in HFrEF/HFmrEF can be twofold. First,
patients with HFpEF generally have a higher BMI compared to those
with HFrEF/HFmrEF,16,19 suggesting greater overall adiposity which
may also be reflected by greater excess epicardial fat deposition. A
second explanation for our finding that EAT thickness was lower
in HFrEF/HFmrEF than HFpEF might be that HFrEF/HFmrEF hearts
are more dilated and the same amount of fat is distributed over a
larger surface, leading to lower thickness.10,20–22

The most important and novel finding of the present study was
that there was a differential association between EAT thickness
and LA/LV function in patients with HFrEF/HFmrEF and HFpEF.
The initial discrepant association of EAT thickness with LA/LV
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Figure 3 Bar charts comparing epicardial adipose tissue (EAT) in patients with heart failure with preserved (HFpEF) versus reduced/mildly
reduced ejection fraction (HFrEF/HFmrEF) versus control patients, and differential association of EAT with left atrial and left ventricular function
in HFpEF versus HFrEF/HFmrEF in the validation cohort. *p< 0.05 for comparison of HFpEF versus controls. †p< 0.05 for comparison of
HFrEF/HFmrEF versus controls. ‡p< 0.05 for comparison of HFrEF/HFmrEF versus HFpEF. EFT, epicardial fat thickness; LAGLS, left atrial
global longitudinal strain; LVGLS, left ventricular global longitudinal strain.
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function in the derivation versus validation cohorts might be
explained by the different proportions of patients with HFpEF
versus HFrEF/HFmrEF, with HFrEF/HFmrEF patients constituting
a larger proportion of the entire derivation cohort, and HFpEF
patients comprising a larger proportion of the entire validation
cohort. The relationship between EAT thickness and contractile or
reservoir LA/LV function in both derivation and validation cohorts
were influenced by HF type, independent of age, sex, BMI, LA and
LV size (p for interaction <0.05 for both derivation and validation
cohorts) – greater EAT thickness was associated with better
contractile or reservoir LA and LV function in HFrEF/HFmrEF,
but not in HFpEF. Besides, LA dysfunction was associated with
thickened EAT in HFpEF, but not in HFrEF/HFmrEF. Doesch et al.10

found that lower EAT mass was associated with worse LV systolic
function in patients with HFrEF, which is in line with our findings.
Two other studies showed that increased amounts of EAT in
patients with HFpEF were associated with higher right-sided filling
pressures and pulmonary hypertension.7,8

A potential explanation for this differential association between
EAT and cardiac function in HFpEF versus HFrEF/HFmrEF might
be related to a different fat quality or composition in patients
with HFpEF versus HFrEF/HFmrEF. For instance, a predominance of
white fat in EAT among patients with HFpEF may exert cardiode-
pressive effects; whereas brown fat in EAT among patients with
HFrEF/HFmrEF may be metabolically efficient and help improve
cardiac function and contractility.2,5,24 Studies have suggested that
brown fat-like EAT is actively engaged in lipid and energy home-
ostasis and serves as a source of energy via the transmit of free
fatty acids, and the oxidation of free fatty acids accounts for up to
70% of cardiac energy production.5,13,24 Indeed, an experimental
study found remarkably reduced brown fat-related gene expres-
sion of EAT in HFrEF/HfmrEF as compared to controls, which
further supports this hypothesis.5,9 Alternatively, we postulate that
excess fat accumulation in EAT in HFpEF may be prone to inflam-
mation, promoting microvascular inflammation and fibrosis via the
release of inflammatory cytokines to the adjacent myocardium (e.g.
adiponectin) resulting in atrial and ventricular dysfunction.2,24,25

Indeed, prior studies have demonstrated the presence of coro-
nary microvascular dysfunction and myocardial inflammation in
HFpEF,24–28 and EAT has been associated with myocardial fibrosis in
HFpEF, but not in HFrEF/HFmrEF.11 Collectively, the different com-
position and quality of EAT between HFrEF/HFmrEF and HFpEF
might explain the differential association between EAT thickness
and LA/LV function.

Limitations
A direct causal relationship between EAT and cardiac function can-
not be concluded from these observational cross-sectional results.
We did not have sufficient information on biomarkers of inflam-
mation to perform mediation analyses. We defined HFrEF as a
LVEF <50%, and therefore included patients with HFmrEF. How-
ever, increasing data suggest that in terms of aetiology and response
to therapies, HFmrEF is more like HFrEF than HFpEF,29 and sensi-
tivity analyses excluding patients with HFmrEF in the current study
gave similar results. Different association of EAT with LAGLS at ..
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.. contractile versus reservoir phase in the derivation versus valida-
tion should be mentioned. Of note, despite differences between
LAGLS at reservoir versus contractile phase, all the trends regard-
ing LAGLS among different groups and its association with EAT
in HFpEF versus HFrEF/HFmrEF were similar between derivation
and validation cohorts. The current study only assessed the quan-
tity and not the quality of EAT, and measured EAT only over the RV
free wall – a limitation intrinsic to echocardiography as an imaging
tool to assess EAT. However, ∼75% of total EAT is estimated to
be located over the right ventricle, and in our prior study using
both MRI (for total EAT mass) and echocardiography (EAT thick-
ness) to assess EAT in each patient, there was consistency in the
group patterns (HFpEF vs. HFrEF/HFmrEF vs. controls) by both
techniques.11

Conclusions
In two independent cohorts, EAT thickness was greater in patients
with HFpEF than HFrEF/HFmrEF. We found opposing relationships
between EAT thickness and left-sided cardiac function in patients
with HFpEF versus HFrEF/HFmrEF, whereby greater EAT thickness
was associated with worse contractile or reservoir LA/LV function
in HFpEF, but better contractile or reservoir LA/LV function in
HFrEF/HFmrEF.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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