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ORIGINAL ARTICLE

Epicardial Adipose Tissue and Outcome in Heart 
Failure With Mid-Range and Preserved Ejection 
Fraction
Gijs van Woerden, MD; Dirk J. van Veldhuisen, MD, PhD; Olivier C. Manintveld , MD, PhD; Vanessa P.M. van Empel , MD, PhD; 
Tineke P. Willems, MD, PhD; Rudolf A. de Boer , MD, PhD; Michiel Rienstra , MD, PhD; B. Daan Westenbrink , MD, PhD; 
Thomas M. Gorter , MD, PhD

BACKGROUND: Epicardial adipose tissue (EAT) accumulation is thought to play a role in the pathophysiology of heart failure 
(HF) with mid-range and preserved ejection fraction, but its effect on outcome is unknown. We evaluated the prognostic 
value of EAT volume measured with cardiac magnetic resonance in patients with HF with mid-range ejection fraction and 
HF with preserved ejection fraction.

METHODS: Patients enrolled in a prospective multicenter study that investigated the value of implantable loop-recorders in 
HF with mid-range ejection fraction and HF with preserved ejection fraction were analyzed. EAT volume was quantified with 
cardiac magnetic resonance. Main outcome was the composite of all-cause mortality and first HF hospitalizations. Hazard 
ratios (HR) and 95% CI are described per SD increase in EAT.

RESULTS: We studied 105 patients (mean age 72±8 years, 50% women, and mean left ventricular ejection fraction 53±8%). 
During median follow-up of 24 (17–25) months, 31 patients (30%) died or were hospitalized for HF. In univariable analysis, 
EAT was significantly associated with a higher risk of the composite outcome (HR, 1.76 [95% CI, 1.24–2.50], P=0.001), and 
EAT remained associated with outcome after adjustment for age, sex, and body mass index (HR, 1.61 [95% CI, 1.13–2.31], 
P=0.009), and after adjustment for New York Heart Association functional class and N-terminal of pro-brain natriuretic 
peptide (HR, 1.53 [95% CI, 1.04–2.24], P=0.03). Furthermore, EAT was associated with all-cause mortality alone (HR, 2.06 
[95% CI, 1.26–3.37], P=0.004) and HF hospitalizations alone (HR, 1.54 [95% CI, 1.04–2.30], P=0.03).

CONCLUSIONS: EAT accumulation is associated with adverse prognosis in patients with HF with mid-range ejection fraction 
and HF with preserved ejection fraction. This finding supports the importance of EAT in these patients with HF.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT01989299.
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Heart failure (HF) with mid-range or with preserved 
ejection fraction (HFmrEF; HFpEF, respectively) is 
an increasingly large health problem with high mor-

bidity and mortality and is thought to become the pre-
dominant form of HF in the coming years.1–3 However, to 
date, there are no specific therapies to reduce mortality 

in these patients, resulting in a 5-year survival rate of 
<50%.4,5 The incidence of obesity in this population is 
high, and obesity is one of the strongest predictors for 
HFpEF and HFmrEF.6–10

A specific fat depot of interest in the pathophysi-
ology of HF is epicardial adipose tissue (EAT). EAT 
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is the regional fat depot surrounding the myocardium 
within the pericardial sac, and it was demonstrated that 
patients with HFmrEF/HFpEF have higher volumes 
of EAT compared with matched controls without HF, 
despite similar body mass index (BMI).11 Furthermore, 
EAT has been linked to biomarkers of myocardial dam-
age, ventricular hypertrophy, increased cardiac filling 
pressures, and worse exercise capacity,11–14 which are 
all hallmark features of this type of HF. Very recently, it 
has been shown that EAT was also predictive of new-
onset HFmrEF and HFpEF.15,16 Whereas these asso-
ciations suggest that EAT is an important factor in the 
pathophysiology and symptomatology of HFmrEF/
HFpEF, it remains unclear whether EAT is indeed asso-
ciated with poor prognosis. We, therefore, investigated 
the prognostic value of EAT volume measured with 
gold-standard cardiac magnetic resonance imaging in 
patients with HFmrEF and HFpEF.

METHODS
Study Population
The data that support the findings of this study are available from 
the corresponding author upon reasonable request. All patients 
who were enrolled in a recent prospective study, in which the 
diagnostic value of an implantable loop recorder in patients with 
HFmrEF and HFpEF was investigated, were part of the pres-
ent study.17 Patients were enrolled between January 2015 and 
December 2019 and were seen every 6 months at the outpa-
tient clinic for two years according to the study protocol. The 
inclusion and exclusion criteria have been previously described.17 
In brief, patients had mild to moderate HF (New York Heart 
Association functional class II–III) in combination with a hospi-
talization or emergency room visit for HF or symptom relief with 
diuretics in the past 12 months. Patients in this study were all 
well-characterized, which included an NT-proBNP (N-terminal 
pro-brain natriuretic peptide) >300 pg/mL if in sinus rhythm, or 
>900 pg/mL if in atrial fibrillation. Left ventricular (LV) ejection 
fraction had to be >40% on echocardiography, and patients were 
required to have echocardiographic evidence of functional or 
structural alterations, including septal or posterior wall thickness 
≥11 mm, or LV diastolic dysfunction (mean septal and lateral 
e′<9 cm/s, or E/e′≥13), or left atrial dilatation (left atrial volume 
index ≥34 mL/m2) or a combination of these alterations.4 As part 
of the study protocol, all patients also underwent a technetium 
99m hydroxydiphosphonate scan for the detection of wild-type 
cardiac amyloidosis. For a minority of patients, the technetium 
99m hydroxydiphosphonate scan turned out to be positive after 
inclusion into the study, and patients who tested positive were 
not excluded from the present analysis. Patients who had a myo-
cardial infarction, percutaneous intervention, or coronary artery 
bypass grafting within the last 3 months were excluded, as well 
as patients with an internal cardiac defibrillator or pacemaker, 
patients with complex congenital heart disease, or patients with 
known genetic or infiltrative cardiomyopathies. The study was 
approved by the ethics committee of the University Medical 
Center Groningen and the study conforms to the Declaration of 
Helsinki. All patients provided written informed consent.

Cardiac Magnetic Resonance Imaging Protocol 
and Analysis
Cardiac magnetic resonance imaging was performed using a 
standard protocol for the acquisition of cardiac volume, func-
tion, and mass, as previously described by our group.11,18 In 
brief, all cardiac magnetic resonance studies were performed 
using a 1.5 Tesla scanner (Philips, Amsterdam, the Netherlands 
and Siemens, Erlangen, Germany). ECG-triggered cine loop 
images were obtained during breath-hold at end-expiration, 
using a retrospectively gated cine steady-state, free-preces-
sion sequence. Approximately 15 short-axis slices from base to 
apex were obtained, including the atria.

Cine loop images were analyzed offline by 2 observers 
(G.W. and T.M.G.) using dedicated software (QMass 7.6 and 
8.1, QStrain 2.0, Medis, Leiden, the Netherlands), as previ-
ously described.11 Endocardial and epicardial borders of the 
left and right ventricle (RV) were manually delineated on the 
end-diastolic and end-systolic phases on the short-axis stacks. 
End-diastolic volumes and end-systolic volumes were automat-
ically calculated by the summation of slices multiplied by slice 

Nonstandard Abbreviations and Acronyms

BMI body mass index
EAT epicardial adipose tissue
GLP-1 glucagon-like peptide 1
HF heart failure
HFmrEF  heart failure with mid-range ejection 

fraction
HFpEF  heart failure with preserved ejection 

fraction
HR hazard ratio
LV left ventricle
NT-proBNP  N-terminal of pro-brain natriuretic 

peptide
RV right ventricle
SGLT-2 sodium-glucose co-transporter 2

WHAT IS NEW?
• This study found that accumulation of epicardial 

adipose tissue (EAT) is strongly associated with 
poor prognosis in patients with heart failure with 
mid-range and preserved ejection fraction.

• Patients with obesity with increased EAT had a 
significantly higher relative event rate compared to 
patients with obesity with low EAT.

WHAT ARE THE CLINICAL IMPLICATIONS?
• These findings support that measurement of EAT 

should be considered in patients with heart fail-
ure with mid-range ejection fraction and heart 
failure with preserved ejection fraction as part of 
clinical work-up.

• Future studies should focus on specifically reduc-
ing the amount of EAT.
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thickness method. Volumetric measurements were indexed for 
body surface area, according to the Dubois formula.19 Strain 
was measured as the total deformation of the myocardium from 
its baseline length to its maximum length and is expressed as 
a percentage. LV longitudinal strain was measured on the long-
axis cine images. Using the long-axis slices, left and right atrial 
volumes were measured by tracing the area and length of both 
atria in end-systole and end-diastole. Atrial volume was approx-
imated using the area-length method.20 Atrial reservoir strain 
were subsequently assessed.

Epicardial Adipose Tissue
EAT was manually delineated on end-diastolic short-axis slices, 
working from the most basal slice around the atria towards the 
most apical slice around the ventricles, and was defined as the 
adipose tissue situated between the outer wall of the myocar-
dium and the visceral layer of the pericardium.21 The mitral valve 
annulus position was used to differentiate between atrial and 
ventricular EAT. EAT volumes were calculated by summation of 
EAT volume of each slice using the modified Simpson rule.22 
The presence of EAT was verified by comparing the precon-
trast and postcontrast T1 times of the EAT with T1 times of the 
subcutaneous fat using T1 mapping at mid-ventricular level, as 
described previously.11 All measurements were performed by 
1 experienced investigator (G.W.) and were visually checked in 
a random fashion by 2 other investigators (B.D.W and T.P.W.), 
all blinded for patient characteristics. In addition, interobserver 
and intraobserver variability for measuring EAT was previously 
assessed (intraclass coefficient >0.90).14

Echocardiography
Echocardiographic parameters were assessed according to 
the current recommendations for cardiac chamber quantifica-
tion and included: LV ejection fraction, e′ septal and lateral wall 
E/e′ ratio, and LV diastolic dysfunction grading.23 To determine 
the RV systolic pressure, the peak velocity of the tricuspid valve 
gradient signal was converted to a pressure gradient using the 
modified Bernoulli equation.23 Pulmonary artery systolic pres-
sure was calculated by adding RV systolic pressure to an esti-
mation of right atrial pressure obtained from the diameter and 
collapsibility of the inferior vena cava. For an inferior vena cava 
with diameter <2.1 cm that collapses ≥50% with a sniff, the 
right atrial pressure value of 3 mm Hg was used; an inferior 
vena cava with diameter ≥2.1 cm that collapses <50% sug-
gests right atrial pressure of 15 mm Hg. If inferior vena cava 
diameter and collapse did not fit this scenario, an intermediate 
value of 8 mm Hg was used.23 In addition, the absence of peri-
cardial effusion to ensure the reliability of EAT measurements 
was also verified on echocardiography.

Outcome
The main outcome in this study was the composite of all-
cause mortality and first HF hospitalizations. HF hospitalization 
was defined as follows: hospital admission with at least one 
overnight stay with HF being the main reason for hospitaliza-
tion and that required intravenous diuretics or an increase in 
diuretic dose. Secondary outcomes were all-cause mortality 
and HF hospitalizations separately. Follow-up time was defined 
as the time between start of the study and the occurrence of 

death or HF hospitalization or the end-of-study visit within 2 
years follow-up, whichever occurred first, as per protocol of the 
main study.17 Due to the coronavirus disease 2019 (COVID-
19) pandemic, the end-of-study visit was postponed for some 
patients, and in these patients, the total follow-up was longer 
than 2 years, with a maximum of 31 months. As a sensitivity 
analysis, we also assessed death due to cardiovascular causes, 
which was defined as death due to end-stage HF, acute coro-
nary syndrome, sudden cardiac death, or stroke. No patients 
were lost to follow-up.

Statistical Analysis
Data are presented as numbers (percentage), means±SD, or 
medians with interquartile ranges, depending on the distribution. 
Differences between groups were analyzed using the indepen-
dent samples t test, the Wilcoxon rank-sum test, 1-way ANOVA, 
the Kruskal-Wallis test, the χ2 test, or the Fisher exact test 
where appropriate. Correlations were analyzed using a Pearson 
correlation. Associations with outcome were assessed using 
univariable and multivariable Cox proportional hazard regres-
sion models. Covariates that were univariably associated with 
outcome were then adjusted using 4 different multivariable Cox 
proportional hazard regression models. We constructed the fol-
lowing multivariable Cox proportional hazard regression mod-
els for the main outcome (composite of all-cause mortality and 
HF hospitalizations), adjusting for (1) age, sex, and BMI; (2) HF 
severity (ie, New York Heart Association functional class and 
NT-proBNP); (3) comorbidities (ie, previous myocardial infarc-
tion, atrial fibrillation and renal dysfunction)24–27; and (4) all uni-
variably associated variables in a backward selection model. If a 
covariate was used both as a covariate of interest, as well as an 
adjustment covariate, then we did not report this hazard ratio. As 
a sensitivity analysis, we also assessed the association between 
EAT and outcome with forced entry of BMI in all models. Lastly, 
the relation between EAT with outcome was also assessed after 
adjustment for baseline HF medications. The Cox proportional 
hazards assumption was tested using the cox.zph() function 
in R. This function checks for proportionality assumption, by 
checking whether the Schoenfeld residuals have a trend in time. 
NT-proBNP, LV E/e′, and regional wall thickness were all non-
normally distributed and were log-transformed before the analy-
sis. Hazard Ratios (HR) and 95% CI for normally distributed 
variables are shown per SD increase or decrease. To assess the 
goodness of fit for EAT predicting outcome, Harrell C statistic 
was calculated. To discriminate between patients at increased 
risk for outcome, a receiver operating characteristic curve was 
plotted, and area under the curve was calculated within a fixed 
follow-up time of 2 years. Kaplan-Meier plots with Log Rank 
tests were used to display the relation between EAT and out-
come. Statistical analyses were performed using SPSS (Version 
23, Chicago, Illinois) and R (Version 4.0.2, Vienna, Austria). 
Statistical significance was considered achieved at a P<0.05.

RESULTS
Patient Characteristics
Among the 113 patients with HF who participated 
in the main study, cardiac magnetic resonance imag-
ing scans were not available in eight patients, leaving 
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105 patients for the present analysis (Table S1). In 2 
patients, the atria were not included in the short-axis 
measurements. In one patient, ventricular EAT could 
not reliably be measured. Analyses regarding total EAT 
were, therefore, based on 102 patients, for ventricular 
EAT on 104 patients, and for atrial EAT on 103 patients. 
Table 1 depicts the patient characteristics based on EAT 
volume higher or lower than 100 mL/m2. Patients with 
high EAT volume were on average more often men and 
had a higher BMI compared with patients with low EAT 
volume. In addition, patients with high EAT volume had 
more often coronary artery disease, diabetes mellitus 
and were more often diagnosed with severe HF. Typi-
cal examples of high- and low-EAT volume are shown 
in Figure 1A. EAT was significantly associated with 
lower LV global longitudinal strain (r=−0.21, P=0.038) 
and higher pulmonary artery systolic pressure (r=0.27, 
P=0.043).

Association Between EAT and Prognosis
During a median follow-up of 24 (17–25) months, 
24 patients (23%) were hospitalized for HF and 16 
patients (15%) died. The majority of deaths (10 
patients, 63%) were due to cardiovascular causes. EAT 
volume was associated with a higher risk of all-cause 
mortality and HF hospitalizations (Table 2). Other fac-
tors associated with all-cause mortality and HF hospi-
talizations were higher BMI, renal dysfunction, worse 
New York Heart Association functional class, higher 
levels of NT-proBNP, and RV mass. No violation of 
the proportional hazards assumption was observed. 
Total EAT volume remained associated with all-cause 
mortality and HF hospitalizations after adjustment 
for age, sex, and BMI (model 1). EAT was also pre-
dictive of all-cause mortality and HF hospitalizations 
after adjustment for HF severity (model 2) and comor-
bidities (model 3; Table 2). In the backward selection 
model, EAT also remained significantly associated with 
all-cause mortality and HF hospitalizations (model 4). 
After forced entry of BMI in all models, EAT remained 
significantly associated with outcome (Table S2). EAT 
remained significantly associated with outcome after 
adjustment for the baseline HF medications (HR, 1.91 
[95% CI, 1.30–2.83], P=0.001). No significant inter-
action for the association with the main composite 
outcome between men and women was observed (P 
for interaction=0.9). There was also no interaction 
between EAT and BMI for the association with out-
come (P for interaction=0.5) EAT was also associated 
with all-cause mortality (HR, 2.06 [95% CI, 1.26–3.37], 
P=0.004) and HF hospitalizations (HR, 1.54 [95% CI, 
1.04–2.30], P=0.03) in separate, unadjusted analyses. 
Lastly, total EAT was also associated with a composite 
of cardiovascular death and HF hospitalizations (HR, 
1.61 [95% CI, 1.11–2.34], P=0.01).

Harrell C statistic for EAT to predict the composite 
outcome was 0.67, for all-cause mortality 0.70, and for 
HF hospitalizations 0.65. The area under the curve of 
total EAT volume to identify patients with HF at increased 
risk for the composite outcome was 0.71, for all-cause 
mortality 0.72, and for HF hospitalizations 0.65. Receiver 
operating characteristic analysis demonstrated a sensi-
tivity of 73% and a specificity of 63% for total EAT of 
106 mL/m2 to detect patients with HF with increased 
risk for mortality (Figure 2). We chose to use 100 mL/
m2 EAT for further analysis for practical purposes. Fig-
ure 1B depicts the Kaplan-Meier curves when patients 
were divided according to total EAT volume 100 mL/m2.

Differences Between Obesity and EAT 
Regarding Clinical Characteristics and 
Prognosis
A significant but weak association was observed 
between BMI and EAT (r=0.24, P=0.017). Patients 
were grouped into 4 categories based on the presence 
of obesity (BMI ≥30 kg/m2) and EAT volume above 
or below 100 mL/m2 (Figure 3). Twenty-three (22%) 
patients were classified as nonobese but had high EAT 
volume, whereas 19 (19%) patients were classified as 
obese but had low EAT volume (Table S3). Patients with 
obesity with high EAT had a significantly higher relative 
event rate versus patients with obesity with low EAT 
(52% versus 16%, respectively, Log Rank, P=0.02). 
Patients without obesity with high EAT volume more 
often had coronary artery disease, type II diabetes, and 
had higher left atrial volume and lower left atrial strain 
compared to patients without obesity with low EAT vol-
ume. Interestingly, right atrial volume was also higher in 
patients with HF with high EAT volume, both in patients 
with obesity and without obesity. Of note, patients with-
out obesity with high EAT volume still had slightly higher 
BMI compared to patients without obesity with low EAT 
volume.

DISCUSSION
In this study, we found that increased EAT volume was 
significantly associated with the composite outcome of 
all-cause mortality and HF hospitalization in patients with 
HFmrEF and HFpEF, independent of BMI, HF sever-
ity, and several comorbidities. In addition, patients with 
obesity and high EAT had a significantly higher relative 
event rate compared to patients with obesity and low 
EAT. These data support the concept that accumulation 
of EAT is important in the pathophysiology of HFmrEF 
and HFpEF and the assessment of EAT may therefore 
be considered in the work-up of these patients with HF.

In concordance with our study, Pugliese et al28 very 
recently also reported that higher EAT was associated 
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Table 1. Patient Characteristics Based on High or Low EAT Volume

 
EAT <100 mL/m2 
(n=52)

EAT ≥100 mL/m2 
(n=50) P value

Age, y 73±8 72±9 0.57

Sex, females 31 (60%) 18 (36%) 0.017*

Body mass index, kg/m2 28.4±5.6 31.3±5.5 0.009*

Systolic blood pressure, mm Hg 143±19 139±24 0.41

Diastolic blood pressure, mm Hg 73±15 72±13 0.77

Medical history, (%)

 Systemic hypertension 41 (79%) 40 (80%) 0.89

 Atrial fibrillation 30 (58%) 32 (64%) 0.51

 Coronary artery disease 12 (23%) 26 (52%) 0.003*

 Chronic obstructive pulmonary disease 9 (17%) 10 (20%) 0.73

 Diabetes 15 (29%) 28 (56%) 0.005*

 Renal dysfunction† 24 (46%) 26 (52%) 0.56

 NYHA class, n(%) 0.018*

  II 35 (67%) 22 (44%)  

  III 17 (33%) 28 (56%)  

Medications, (%)

 ACE inhibitor/ARB 34 (65%) 32 (64%) 0.88

 Beta blocker 43 (83%) 47 (94%) 0.08

 Loop diuretics 48 (92%) 45 (90%) 0.68

 MRA 21 (40%) 20 (40%) 0.97

 Statins 30 (58%) 29 (58%) 0.98

 Insulin (n=43)* 6/15 (40%) 16/28 (57%) 0.28

Laboratory tests

 NT-proBNP, ng/L 1406 [703–2066] 1758 [799–3217] 0.19

 Creatinin, mmol/L 100 [83–132] 119 [94–155] 0.023*

 Hemoglobin, mmol/L 8.2 [7.6–8.9] 8.2 [7.0–9.1] 0.74

Echocardiography

 LV ejection fraction, % 54±7 53±6 0.26

 LV E/e′ 11 [8–18] 13 [9–15] 0.67

 Mean septal/lateral e′ 7.3±2.1 7.8±2.0 0.29

 LV diastolic function grading (n=21) (n=18) 0.23

  Dysfunction grade I 9 (43%) 8 (44%)

  Dysfunction grade II 12 (57%) 7 (39%)  

  Dysfunction grade III 0 (0%) 3 (17%)  

 LV end-diastolic diameter, mm 49±7 50±8 0.43

 LV mass, g/m2 98±30 109±45 0.16

 Regional wall thickness 0.40 [0.35–0.49] 0.39 [0.35–0.47] 0.64

 RV systolic pressure, mm Hg (n=67)* 33±9 36±16 0.39

 PA systolic pressure, mm Hg (n=56)* 38±9 45±17 0.09

Cardiac MRI

 Ventricular EAT, mL/m2 57.4±12.4 91.6±15.9 <0.001*

 Atrial EAT, mL/m2 20.1±8.5 35.4±14.9 <0.001*

 LV ejection fraction, % 52.8±9.3 52.6±7.7 0.88

 LV end-diastolic volume, mL/m2 87.6±26.3 91.2±24.0 0.47

 LV mass, g/m2 57.0±20.4 56.5±23.9 0.91

 LV global longitudinal strain, % 17.5±5.4 15.8±4.5 0.10

(Continued )



van Woerden et al Epicardial Fat and Outcome in Heart Failure

250Circ Heart Fail. 2022;15:e009238. DOI: 10.1161/CIRCHEARTFAILURE.121.009238 March 2022

with adverse prognosis in patients with HFpEF. In the 
study by Pugliese et al,28 EAT was measured as thickness 
on echocardiography, rather than total volume quantifica-
tion, and may have led to an underestimation or overesti-
mation of total EAT volume, as a 3-dimensional structure 
was estimated with a 2-dimensional measurement. Nev-
ertheless, the finding by us and Pugliese et al28 further 
supports the notion that EAT is an important prognostica-
tor in these patients with HF. The finding that EAT volume 

is associated with poor outcome in patients with HFmrEF 
and HFpEF is in line with other studies investigating the 
association between EAT and prognosis in patients with 
type II diabetes and coronary artery disease but also in 
individuals without cardiovascular disease.15,16,29–32 The 
mechanistic link between EAT accumulation and impaired 
outcome in HFmrEF and HFpEF is unknown, yet mul-
tiple mechanisms have been proposed.33 EAT accumu-
lation may contribute to myocardial steatosis, but may 

Figure 1. Typical examples of high and low epicardial adipose tissue (EAT) and Kaplan-Meier curves based on high or low EAT.
A, Typical examples of high EAT volume and low EAT volume on cardiac magnetic resonance imaging. B, Kaplan-Meier curves for the combined 
outcome, all-cause mortality, and heart failure hospitalization stratified for EAT ≥100 mL/m2. LA indicates left atrium; LV, left ventricle; No., 
number, RA, right atrium; and RV, right ventricle.

 RV ejection fraction, % 53.4±9.8 51.7±10.9 0.40

 RV end-diastolic volume, mL/m2 77.4±18.5 85.7±20.7 0.036*

 RV mass, g/m2 15.6±4.2 19.0±4.6 <0.001*

 LA volume, mL/m2 56.7±18.9 67.7±23.5 0.010*

 LA reservoir strain, % 16.0±10.8 11.5±6.6 0.012*

 RA volume, mL/m2 40.1±19.2 52.0±24.6 0.008*

 RA reservoir strain, % 19.0±13.7 18.1±13.3 0.72

Quantitative data are presented as mean±SD or median with interquartile ranges. Qualitative data are presented as n 
(%). ACE indicates angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; EAT, epicardial adipose tissue; 
eGFR; estimated glomerular filtration rate; LA, left atrial; LV, left ventricular; MRA, mineralocorticoid receptor antagonist; 
MRI, magnetic resonance imaging; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart As-
sociation; PA, pulmonary artery; RA, right atrial; and RV, right ventricular.

*P value <0.05.
†eGFR <60 mL/(min·1.73 m2) for ≥3 months.

Table 1. Continued

 
EAT <100 mL/m2 
(n=52)

EAT ≥100 mL/m2 
(n=50) P value
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Table 2. Cox Regression Analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value P value P value

Unadjusted  Model 1*  Model 2†  Model 3‡  
Model 4§ 
(EATt)∥  

Model 4§ 
(EATv)∥  

Age 1.34 (0.93–1.92) 0.11           

Sex 0.89 (0.44–1.80) 0.74           

Body mass index 1.46 (1.02–2.08) 0.040¶   1.37  
(0.94–2.01)

0.10 1.41  
(0.98–2.03)

0.06     

SBP 0.84 (0.59–1.18) 0.32           

DBP 0.74 (0.52–1.05) 0.09           

Medical history

  Systemic hyper-
tension

0.82 (0.35–1.91) 0.64           

 Atrial fibrillation 0.88 (0.43–1.79) 0.72           

 CAD 1.50 (0.67–3.37) 0.28           

 COPD 0.60 (0.21–1.72) 0.34           

 Diabetes 1.06 (0.52–2.16) 0.88           

 Renal dysfunction 2.69 (1.26–5.73) 0.010¶ 2.30  
(1.05–5.04)

0.038¶ 2.21  
(1.00–4.86)

0.049¶   3.00  
(1.35–6.67)

0.007¶ 2.80  
(1.25–6.25)

0.012¶

NYHA class 2.66 (1.27–5.58) 0.010¶ 2.19  
(0.98–4.91)

0.06   2.56  
(1.22–5.37)

0.013¶     

Laboratory tests

 LnNT-proBNP 1.64 (1.07–2.49) 0.022¶ 1.72  
(1.10–2.69)

0.017¶   1.46  
(0.94–2.25)

0.09     

 Hemoglobin 0.63 (0.45–0.89) 0.008¶ 0.61  
(0.44–0.85)

0.004¶ 0.67  
(0.47–0.97)

0.034¶ 0.62  
(0.43–0.89)

0.010¶ 0.61  
(0.44–0.86)

0.005¶ 0.63  
(0.45–0.89)

0.008¶

Echocardiography

 LVEF 1.09 (0.77–1.53) 0.63           

 LnE/e′ 1.81 (0.48–6.85) 0.39           

 Mean sept/lat e′ 1.15 (0.76–1.74) 0.51           

 LVEDD 0.88 (0.60–1.29) 0.51           

 LV mass 1.22 (0.92–1.64) 0.17           

 LnRWT 0.94 (0.36–2.45) 0.89           

Cardiac MRI

 Total EAT 1.76 (1.24–2.50) 0.001¶ 1.61  
(1.13–2.31)

0.009¶ 1.53  
(1.04–2.24)

0.030¶ 1.78  
(1.22–2.60)

0.003¶ 1.88  
(1.30–2.70)

0.001¶   

 Ventricular EAT 1.77 (1.26–2.48) 0.001¶ 1.66  
(1.18–2.34)

0.004¶ 1.57  
(1.10–2.25)

0.013¶ 1.70  
(1.19–2.43)

0.003¶   1.66  
(1.16–2.36)

0.005¶

 Atrial EAT 1.29 (0.99–1.68) 0.055           

 LVEF 1.10 (0.77–1.56) 0.61           

 LVEDV 0.93 (0.65–1.33) 0.68           

 LV mass 1.21 (0.88–1.67) 0.24           

 LV GLS 0.85 (0.60–1.21) 0.36           

 RVEF 0.92 (0.64–1.31) 0.63           

 RVEDV 1.15 (0.83–1.60) 0.40           

 RV mass 1.43 (1.03–1.99) 0.033¶ 1.50  
(1.06–2.14)

0.02¶ 1.35  
(0.95–1.91)

0.09 1.44  
(1.04–1.99)

0.03¶     

 LA volume 1.36 (0.98–1.89) 0.07           

 LA reservoir strain 0.68 (0.44–1.06) 0.09           

 RA volume 0.95 (0.67–1.37) 0.80           

 RA reservoir strain 0.99 (0.70–1.41) 0.94           

CAD indicates coronary artery disease; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; EAT, epicardial adipose tissue; EATt, total EAT; EATv, ventricular EAT; GLS, 
global longitudinal strain; HR, hazard ratio; LA, left atrial; Ln, natural logarithm; LV, left ventricular; LVEDD, left ventricular end-diastolic diameter; LVEDV, left ventricular end-diastolic volume; LVEF, 
left ventricular ejection fraction; MRI, magnetic resonance imaging; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; RA, right atrial; RV, right ventricular; 
RVEDV, right ventricular end-diastolic volume; RVEF, right ventricular ejection fraction; RWT, regional wall thickness; SBP, systolic blood pressure; and sept/lat, septal/lateral.

*Adjusted for age, sex, and body mass index.
†Adjusted for NYHA functional class and NT-proBNP.
‡Adjusted for previous myocardial infarction, atrial fibrillation, and renal dysfunction.
§Adjusted for all univariably associated variables in backward selection model.
∥Due to collinearity between total EAT and ventricular EAT, the backward selection model was performed with total EAT and with ventricular EAT separately.
¶P value <0.05.
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also be related to the infiltration of adipose tissue into 
the adjacent myocardium.34 EAT and the underlying myo-
cardium are intricately intertwined, as the relation with 
the microcirculation is not obstructed by a basal layer.35 
Therefore, when systemic inflammation and metabolic 
disorders cause EAT to proliferate, this may lead to a shift 
from normal functional EAT, to proinflammatory function-
ing EAT that may harm the underlying myocardium in a 
local, paracrine manner causing microvascular dysfunc-
tion and fibrosis.35 However, the accumulation of EAT 
could also have mechanical consequences, for instance 
by causing pseudo pericardial constriction.12,13 It has been 
shown that increased EAT in HFpEF patients with obesity 
is associated with increased LV eccentricity index, indicat-
ing pericardial restraint.13 Compared with HFpEF patients 
without obesity, HFpEF patients with obesity have 
higher right-to-left-sided filling pressures in addition 
to increased wedge pressure. This constrictive pattern 
correlates with increased EAT within a fixed pericardial 
space.13 Additionally, EAT has been shown to release pro-
inflammatory adipokines that have the capacity to affect 

the adjacent myocardium.36,37 The accumulation of EAT 
has been associated not only with ventricular hypertro-
phy, diastolic dysfunction, and increased cardiac filling 
pressures but also with endothelial dysfunction and atrial 
fibrillation, all of which are highly prevalent in HFmrEF 
and HFpEF.12–14,34,38–40

EAT may have a different impact on HFpEF and HFm-
rEF. The study by Kenchaiah et al15 showed that EAT 
accumulation was particularly associated with new-onset 
HFpEF and to a lesser degree to HFmrEF. However, in an 
earlier study by our group, we did not observe significant 
differences in EAT between these patient populations.11 
Considering HFmrEF patients are suggested to behave 
more similar to patients with HFrEF than patients with 
HFpEF in terms of prognosis,41 EAT may have a different 
pathophysiological pathway in HFpEF than HFmrEF, in 
which the burden of visceral adiposity and its impact on 
the heart may be lighter in HFmrEF. However, whether 
there indeed is a pathophysiological difference in EAT 
accumulation between patients with HFpEF and HFm-
rEF needs to be established.

EAT has been related to atrial fibrillation in the litera-
ture, also in the setting of HFmrEF/HFpEF.11,42 A recent 
study found that accumulation of EAT is strongly related 
to electroanatomical alterations, as well as increased atrial 
fibrosis.34 In the present study, we found that patients with 
a low BMI but increased EAT had higher atrial volumes 
and worse atrial function. In addition, patients with low BMI 
but high EAT also had more often coronary artery disease 
and diabetes. These findings suggest that a patient with 
normal bodyweight but with increased EAT volume may be 
at a higher risk for developing atrial fibrillation compared 
to a patient with normal bodyweight and low EAT volume. 
Therefore, directly targeting EAT beyond overall obesity 
for therapy may positively impact atrial fibrillation, even in 
patients with a normal BMI. Of course, these hypothesis-
generating results need further study in this regard.

BMI is limited in providing information about a patient’s 
visceral fat status. A previous study found that visceral adi-
posity was associated with incident HF, especially HFpEF, 

Figure 2. Receiver operating characteristic curve showing 
the identification of patients at increased risk of all-cause 
mortality by epicardial adipose tissue (EAT) volume.
AUC indicates area under the curve.

Figure 3. Scatterplot between body 
mass index (BMI) and epicardial 
adipose tissue (EAT) volume, 
rendering 4 groups based on obesity 
and EAT volume.
Percentages are relative event rates for 
the composite of all-cause mortality and 
heart failure hospitalizations per group.
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after adjusting for BMI in a multiethnic cohort.43 In line 
with this, we observed a rather weak association between 
BMI and EAT volume, supporting that BMI is not a specific 
estimator of EAT volume. Moreover, one-fifth of our popu-
lation was classified as not being obese, whereas EAT vol-
ume was substantial. In addition, patients without obesity 
and increased EAT volume more often had type II diabetes 
and coronary artery disease compared to patients without 
obesity and low EAT volume. These data are in line with a 
large post hoc analysis from the TOPCAT trial (Treatment 
of Preserved Cardiac Function in HF with Aldosterone 
Antagonist), which showed that patients with abdominal 
adiposity had the highest risk for all-cause mortality.44 The 
question still remains whether EAT is a surrogate marker 
of overall adiposity in patients with obesity or whether EAT 
plays an active role in the pathophysiology of patients with 
HFmrEF and HFpEF and needs to be further elucidated.

Interestingly, patients with high EAT volume also had 
increased right atrial volumes compared to patients with 
low EAT volume. Furthermore, EAT was positively asso-
ciated with increased pulmonary artery systolic pres-
sure. These findings are in line with previous data that 
showed an association between EAT and right-sided fill-
ing pressures and may suggest that an abundance of 
EAT tissue surrounding the heart may lead to right heart 
overload in particular.12 This is important, as RV dysfunc-
tion is strongly associated with worse outcome in these 
patients with HF.45

Clinical Implications
Our data show that EAT accumulation is associated with 
worse outcome in patients with HFmrEF and HFpEF, and 
measurement of EAT may, therefore, be considered in 
the work-up and clinical follow-up of these patients with 
HF. Future studies should focus on therapies specifically 
designed for reducing the amount of EAT.15,35 These poten-
tial therapies include intense lifestyle changes leading to 
significant weight reduction, specific drugs that reduce vis-
ceral adiposity such as GLP-1 (glucagon-like peptide 1) 
receptor agonists, SGLT-2 (sodium-glucose co-transporter 
2) inhibitors, bariatric surgery, or direct surgical resection 
specifically for patients without obesity with disproportion-
ate high EAT.35,46–49 Statins and metformin use may poten-
tially ameliorate the proinflammatory character of EAT.35,50 
Randomized clinical trials are urgently needed to evaluate 
the potential benefits of such therapies. Clearly, at this 
moment, it is unknown whether these approaches will be 
able to improve treatment and outcomes in HFpEF/Hfm-
rEF, and it needs to be further investigated whether thera-
pies that specifically reduce EAT indeed improve outcomes.

Limitations
First, this was a study with a relatively small sample size, 
therefore we could not investigate extensive multivariable 

associations with outcome. Second, when measur-
ing EAT, we could not entirely rule out the presence of 
pericardial effusion. However, the T1 values of the EAT 
depots corresponded with the T1 times of subcutane-
ous fat and not water. Third, the cutoff value for when 
EAT is increased may differ in other HF populations and 
in other countries and needs external validation in other 
cohorts. Fourth, due to enrollment of both patients with 
a recent hospitalization for HFpEF/HFmrEF, as well as 
patients with chronic HFpEF/HFmrEF, the generaliz-
ability of these results may be limited. Fifth, this was a 
small region cohort with limited inclusion of other ethnic 
groups. Sixth, although sleep-disordered breathing is an 
important factor in HFpEF, especially in the obese phe-
notype, we did not routinely perform polysomnography at 
baseline. Lastly, to adjust for the potential confounding 
effects of global adiposity, the gold-standard would be 
measuring abdominal visceral adipose tissue using mag-
netic resonance imaging or computed tomography imag-
ing. However, we did not have abdominal images at our 
disposal and chose to use BMI as a surrogate for global 
adiposity instead.

Conclusions
EAT accumulation is associated with adverse progno-
sis in patients with HFmrEF and HFpEF. This finding 
underscores the importance of EAT in these patients 
with HF.
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