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A B S T R A C T   

Background: Studies have reported the association of epicardial adipose tissue (EAT) with cardiac structure and 
function as well as exercise capacity in patients with heart failure with preserved ejection fraction (HFpEF), 
yielding inconsistent results. We aimed to conduct a meta-analysis of studies on the association of EAT with 
cardiac structure and function and exercise capacity in HFpEF patients. 
Methods and Results: We searched studies examining the association of EAT quantified by echocardiography, 
computed tomography, or magnetic resonance imaging (MRI) with cardiac structure and function or exercise 
capacity in HFpEF patients through PubMed, Web of Science, and Scopus. In cases of significant heterogeneity 
(I2 > 50 %), data were pooled using a random-effects model; otherwise, a fixed-effects model was used. We 
identified five echocardiography studies (n = 825) and six MRI studies (n = 562), but found no computed to-
mography studies. In the echocardiography studies, EAT thickness correlated positively with left ventricular (LV) 
mass (Prandom < 0.01) and negatively with LV global longitudinal strain (Prandom < 0.01) and peak exercise ox-
ygen uptake (Pfix < 0.001). In the MRI studies, EAT volume correlated positively with LV mass (Pfix < 0.01), left 
atrial volume (Pfix < 0.001), and the ratio of LV early diastolic mitral inflow to early diastolic mitral annular 
velocity (E/e’; Prandom < 0.01) and negatively with LV ejection fraction (Pfix < 0.01) and LV global longitudinal 
strain (Pfix < 0.001). 
Conclusion: Our meta-analysis indicates a potential association of increased EAT with altered cardiac structure 
and function and exercise intolerance in HFpEF patients. However, our meta-analysis included only two or three 
studies for each outcome and thus further studies are necessary to confirm our findings.   

1. Introduction 

Nearly half of patients with heart failure (HF) in the community have 
preserved ejection fraction (EF), and the mortality and morbidity of 
patients with HF with preserved EF (HFpEF) are high [1–4]. Patients 
with HFpEF are often elderly and their primary chronic symptom is 
severe exercise intolerance that results in a reduced quality of life [5,6]. 
There is much evidence that altered cardiac structure and function are 
associated with the pathophysiology of HFpEF and contribute impor-
tantly to exercise intolerance in HFpEF patients [4,7–12]. 

Visceral adipose tissue is the largest fat deposit in the human body, 
and is associated with cardiovascular disease and its risk factors 

including diabetes, insulin resistance, hypertension, and dyslipidemia 
[13–15]. Epicardial adipose tissue (EAT) is defined as a fat deposit 
localized between the myocardial surface and the visceral layer of the 
pericardium [16]. Similar to visceral adipose tissue, EAT is associated 
with cardiovascular disease and its risk factors [14,15]. Although EAT 
comprises less than one-tenth the volume of visceral adipose tissue, it 
surrounds the coronary arteries and myocardium and thus may exert a 
local effect on the coronary arteries and cardiac structure and function, 
in addition to its systemic effect [14–17]. 

Recent studies have reported that increased EAT is associated with 
impaired cardiac structure and function and exercise intolerance in 
HFpEF patients [18–33]. In some studies, however, the associations did 
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not reach statistical significance. The inconsistent results may have been 
due to limited statistical power and/or variations in imaging modalities 
used to quantify EAT. Accordingly, we aimed to perform a systematic 
review and meta-analysis of studies on the association of EAT with 
cardiac structure and function as well as exercise capacity in HFpEF 
patients. 

2. Methods 

This study has been registered in the International Platform of 
Registered Systematic Review and Meta-analysis Protocols with the 
registration number of INPLASY 202420071 (https://www.doi.org;DOI: 
https://doi.org/10.37766/inplasy2024.2.0071). The present meta- 
analysis was performed according to the Preferred Reporting Items for 
Systematic Review and Meta-analysis Protocols (PRISMA-P) statement 
[34]. 

2.1. Search strategy 

Studies examining the association of EAT with cardiac structure and 
function or exercise capacity in HFpEF patients published until April 30, 
2024 were identified using PubMed, Web of Science, and Scopus. For the 
search of eligible studies, the following keywords and Medical Subject 
Headings were used: 

#1“epicardial adipose tissue” OR “epicardial fat” OR “pericardial 
adipose tissue” OR “pericardial fat” OR “cardiac adipose tissue” OR 
“cardiac fat” OR “subepicardial adipose tissue” OR “subepicardial fat” 
OR “heart fat” OR “heart adipose tissue”. 

#2 “heart failure with preserved ejection fraction” OR “heart failure 
with normal ejection fraction” OR “diastolic heart failure”. 

#1 AND #2 for outcomes of interest. 
Literature search was also conducted by manual screening of refer-

ence lists of relevant reviews and retrieved articles. 
Two researchers (HF and TG) independently performed the literature 

search. We initially reviewed the titles and abstracts of each study, and if 
a study was considered relevant, we proceeded to read the full text. 
Disagreements were resolved by consensus. 

2.2. Selection criteria 

Inclusion criteria of studies for the present meta-analysis were: (1) 
examined HFpEF patients; (2) quantified EAT using echocardiography, 
computed tomography (CT), or magnetic resonance imaging (MRI); (3) 
measured cardiac structure and function or assessed exercise capacity; 
and (4) described the relationships of EAT with cardiac structure and 
function and exercise capacity. Only articles published in the English 
language were included. 

2.3. Outcomes 

The primary outcomes of interest were cardiac structure and func-
tion. Measures of cardiac structure or function which have been reported 
to be associated with the pathophysiology and/or prognosis in HFpEF 
patients were extracted [4,35–38]. Regarding measures of cardiac 
structure, left ventricular (LV) mass and left atrial (LA) volume were 
extracted. As to measures of LV systolic function, LV ejection fraction 
(LVEF) and LV global longitudinal strain were extracted. As to measures 
of LV diastolic function, early diastolic mitral annular velocity (e’) and 
the ratio of early diastolic mitral inflow to early diastolic mitral annular 
velocity (E/e’) were extracted given the linear relationships of e’ and E/ 
e’ with the LV diastolic dysfunction grade. Regarding measures of right 
ventricular (RV) function, RV ejection fraction (RVEF), RV fractional 
area change, tricuspid annular systolic velocity, tricuspid annular plane 
systolic excursion, and RV global longitudinal strain were extracted. The 
secondary outcome of interest was exercise capacity assessed as peak 
exercise oxygen uptake (VO2) by expired gas analysis or 6-minute walk 

distance. 

2.4. Data extraction 

Two reviewers (HF and TG) independently extracted relevant data 
from the retrieved articles, including authors, study design, number of 
participants, used modalities to quantify EAT, clinical outcomes of in-
terest, and information on the methodological quality (selection of co-
horts, assessment of outcome, etc.). Disagreements were resolved by 
consensus. 

2.5. Quality assessment 

The quality of the included studies was assessed using the revised 
and validated version of the Methodological Index for Non-Randomized 
Studies (MINORS) [39]. The global ideal score is 24 for comparative 
studies and 16 for non-comparative studies. 

2.6. Statistical analysis 

To assess the association of EAT with cardiac structure and function 
or exercise capacity, correlation coefficients between EAT and indices of 
cardiac structure and function or exercise capacity were synthesized. 
When the relationship of EAT with cardiac structure and function or 
exercise capacity was reported as a standardized regression coefficient, 
the value was converted into a correlation coefficient using a validated 
method [40]. The analyses were performed when at least two studies 
reported a correlation coefficient between EAT and indices of outcomes 
of interest. For each outcome, heterogeneity was assessed using the I2 

statistic; I2 > 50 % was considered significant. When there was signifi-
cant heterogeneity, data were pooled using a random-effects model; 
otherwise a fixed-effects model was used. The pooled analyses were 
performed separately for each modality for assessing EAT. When more 
than two studies were included for each outcome, funnel plots were 
generated to assess publication bias. A two-tailed P < 0.05 was 
considered statistically significant. For these analyses, Comprehensive 
Meta Analysis Software version 2 (Biostat, Englewood, NJ, USA) was 
used. 

3. Results 

3.1. Search results and characteristics 

The study identification and selection process are summarized in 
Fig. 1. Electronic database searches revealed five echocardiography 
studies quantifying EAT (n = 825) and six MRI studies quantifying EAT 
(n = 562). No CT studies quantifying EAT were found. 

The characteristics of the included studies are presented in Tables 1 
and 2. All included studies were non-comparative studies. The study by 
Jin et al. [28] was divided into two sub-studies due to the inclusion of 
derivation and validation cohorts (Table 1). The definition of preserved 
EF varied among the studies, ranging from > 40 % to ≥ 50 %. In all 
echocardiography studies, the evaluation of cardiac structure and 
function was conducted using echocardiography (Table 1). In all MRI 
studies, the evaluation of cardiac structure and function was performed 
through MRI, except for the assessment of LV diastolic function, which 
was examined using echocardiography (Table 2). 

The characteristics of the patients in the included studies are sum-
marized in Sup. Tables 1 and 2. EAT volume varied widely probably due 
to differences in volume calculation methodologies across the studies 
(Sup. Table 2). 

3.2. Qualitative analysis of echocardiography studies 

3.2.1. Cardiac structure 
Three studies examined the relationship between EAT thickness and 
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LV mass index [21,26,27]. A significant positive correlation between 
EAT thickness and LV mass index was observed in two studies [26,27], 
while no significant correlation was found in one study [21]. One study 
examined the relationship between EAT thickness and left atrial volume 
index but found no significant correlation [21]. 

3.2.2. LV systolic function 
Two studies examined the relationship between EAT thickness and 

LVEF but found no significant correlation [21,26]. Three studies 
examined the relationship between EAT thickness and LV global longi-
tudinal strain [26,28]. A significant negative correlation between EAT 
thickness and LV global longitudinal strain was observed in two studies 
[26,28], with no significant correlation found in one study, which was 
the derivation cohort of the study by Jin et al.[28]. 

3.2.3. LV diastolic function 
Two studies examined the relationships of EAT thickness with E/e’ 

and e’ [21,26]. A significant positive correlation of EAT thickness with 
E/e’ and a significant negative correlation of EAT thickness with e’ were 
observed in one study [26], while no significant correlations were found 
in the other study [21]. 

3.2.4. RV function 
One study examined the relationship between EAT thickness and RV 

fractional area change but found no significant correlation [21]. No 
studies reported the relationship of EAT with RVEF, tricuspid annular 
systolic velocity, tricuspid annular plane systolic excursion, or RV global 
longitudinal strain. 

3.2.5. Exercise capacity 
Three studies examined the relationship between EAT thickness and 

peak VO2, all of which found a significant negative correlation 
[20,21,27]. No studies reported the relationship of EAT with the 6-min-
ute walk distance. 

3.3. Qualitative analysis of MRI studies 

3.3.1. Cardiac structure 
Three studies examined the relationship between EAT volume and 

LV mass index [18,22,32]. A significant positive correlation between 
EAT volume and LV mass index was observed in one study [22], while no 
significant correlation was found in the other two studies [18,32]. Two 
studies examined the relationship between EAT volume and left atrial 
volume index, both of which found a significant positive correlation 
[18,22]. 

3.3.2. LV systolic function 
Three studies examined the relationship between EAT volume and 

LVEF [18,22,32]. A significant negative correlation between EAT vol-
ume and LVEF was observed in two studies [18,22], while no significant 
correlation was found in the other study [32]. Three studies examined 
the relationship between EAT volume and LV global longitudinal strain, 
all of which found a significant negative correlation [18,31,33]. 

3.3.3. LV diastolic function 
Three studies examined the relationship between EAT volume and E/ 

e’ [18,22,33]. A significant positive correlation of EAT volume with E/e’ 
was observed in two studies [18,33], while no significant correlation 

Fig. 1. Selection process for studies included in our meta-analysis.  
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was found in the other study [22]. One study examined the relationship 
between EAT volume and e’ but found no significant correlation [18]. 

3.3.4. RV function 
Two studies examined the relationship between EAT volume and RV 

global longitudinal strain but found no significant correlation [18,33]. 
One study examined the relationship between EAT volume and RVEF 
but found no significant correlation [18]. No studies reported the rela-
tionship of EAT with RV fractional area change, tricuspid annular sys-
tolic velocity, or tricuspid annular plane systolic excursion. 

3.3.5. Exercise capacity 
One study examined the relationships of EAT volume with peak VO2 

and 6-minute walk distance and found significant positive correlations 
[19]. 

3.4. Quantitative analysis of echocardiography studies 

The correlations of EAT thickness with cardiac structure and function 
and exercise capacity on echocardiography studies are shown in Fig. 2. 
EAT thickness significantly correlated with LV mass (pooled correlation 
coefficient [95 % CI] = 0.196 [0.053, 0.331], Prandom < 0.01; I2 = 59.6 
%), LV global longitudinal strain (− 0.265 [-0.425, − 0.088], Prandom <

0.01; I2 = 78.7 %), and peak VO2 (− 0.370 [-0.454, − 0.280], Pfix <

0.001; I2 = 0 %), but not with LVEF (0.065 [-0.044, 0.173], Pfix = 0.245; 
I2 = 0 %), E/e’ (0.199 [-0.186, 0.532], Prandom = 0.311; I2 = 88.8 %), or 
e’ (− 0.262 [-0.599, 0.155], Prandom = 0.215; I2 = 90.5 %). Funnel plots 
for each outcome are shown in Sup. Fig. 1. 

3.5. Quantitative analysis of MRI studies 

The correlations of EAT volume with cardiac structure and function 
on MRI studies are shown in Fig. 3. EAT volume significantly correlated 
with LV mass (pooled correlation coefficient [95 % CI] = 0.174 [0.048, 

0.294], Pfix < 0.01; I2 = 0 %), left atrial volume (0.268 [0.142, 0.386], 
Pfix < 0.001; I2 = 0 %), LVEF (− 0.207 [-0.325, − 0.082], Pfix < 0.01; I2 =

0 %), LV global longitudinal strain (− 0.245 [-0.353, − 0.131], Pfix <

0.001; I2 = 0 %), and E/e’ (0.171 [0.056, 0.282], Prandom < 0.01; I2 =

74.8 %), but not with RV global longitudinal strain (− 0.162 [-0.326, 
0.011], Pfix = 0.06; I2 = 0 %). Funnel plots for each outcome are shown 
in Sup. Fig. 2. 

4. Discussion 

In the present study, we conducted a meta-analysis of studies 
examining the relationship between EAT and cardiac structure and 
function and exercise capacity in HFpEF patients. In the echocardiog-
raphy studies, greater EAT thickness was associated with increased LV 
mass and reduced LV global longitudinal strain and peak VO2. Similarly, 
in the MRI studies, a higher EAT volume was associated with increased 
LV mass, left atrial volume, and E/e’ as well as reduced LVEF and LV 
global longitudinal strain. Thus, our findings indicate that increased 
EAT is associated with abnormal cardiac structure and function as well 
as exercise intolerance in HFpEF patients. 

A previous meta-analysis of studies evaluating the association of EAT 
volume quantified by CT with cardiac structure and function reported 
that EAT volume was associated with altered cardiac structure and 
function, including LV hypertrophy, left atrial dilation, and LV diastolic 
dysfunction [41]. However, the study populations in the previous meta- 
analysis primarily comprised community-dwelling subjects and patients 
referred for cardiovascular risk stratification or cardiac CT due to sus-
pected coronary artery disease. The present meta-analysis is significant 
in extending the reported association of EAT with abnormal cardiac 
structure and function to HFpEF patients. Furthermore, our meta-anal-
ysis is important in demonstrating the association of EAT with exercise 
intolerance in HFpEF patients. 

Although our meta-analysis does not elucidate the precise mecha-
nisms underlying the observed correlation between EAT and impaired 

Table 1 
Characteristics of echocardiography studies.  

Study, 
year 

Study design Definition 
of 
preserved 
EF 

No. of 
patients 

Method of 
quantifying 
EAT 

Cardiac structure 
and function 
outcomes* 

Exercise 
capacity 
outcomes 

Summary of findings Multivariate 
analysis 

Quality 

Koepp, 
2020  
[20] 

Retrospective EF ≥ 50 % 169 EAT thickness … Peak VO2 EAT thickness correlated 
negatively with peak VO2. 

No 8 

Gorter, 
2020  
[21] 

Retrospective EF > 45 % 75 EAT thickness LV mass index, Left 
atrial volume index, 
LVEF, e’, E/e’, RV 
fractional area change 

Peak VO2 EAT thickness correlated 
negatively with peak VO2. EAT 
thickness did not correlate with LV 
mass, left atrial volume index, 
LVEF, e’, E/e’, or RV fractional area 
change. 

No 6 

Lin, 
2021  
[26] 

Retrospective EF > 45 % 51 EAT thickness LV mass index, LVEF, 
e’, E/e’, LV global 
longitudinal strain 

… EAT thickness correlated positively 
with LV mass and E/e’ and 
negatively with LV global 
longitudinal strain. EAT thickness 
did not correlate with LVEF or e’. 

Yes# 6 

Pugliese, 
2021  
[27] 

Prospective EF ≥ 50 % 188 EAT thickness LV mass index Peak VO2 EAT thickness correlated positively 
with LV mass and negatively with 
peak VO2. 

No 8 

Jin, 
2022  
[28] 

Prospective 
(derivation 
cohort) 

EF ≥ 50 % 99 EAT thickness LV global longitudinal 
strain 

… EAT thickness did not correlate 
with LV global longitudinal strain. 

No 8 

Jin, 
2022  
[28] 

Retrospective 
(validation 
cohort) 

EF ≥ 50 % 243 EAT thickness LV global longitudinal 
strain 

… EAT thickness correlated 
negatively with LV global 
longitudinal strain. 

No 6 

EAT indicates epicardial adipose tissue; EF, ejection fraction; e’, early diastolic mitral annular velocity; E/e’, the ratio of early diastolic mitral inflow to early diastolic 
mitral annular velocity; LV, left ventricular; peak VO2, peak exercise oxygen uptake; RV, right ventricular. 
Quality was assessed by the MINORS score. The global ideal score is 16 for non-comparative studies. 
*Evaluated using echocardiography. 
#Adjusted for age, sex, body mass index, hypertension, diabetes, dyslipidemia, prior cardiovascular diseases, and estimated glomerular filtration rate. 

H. Fukuta et al.                                                                                                                                                                                                                                 



IJC Heart & Vasculature 54 (2024) 101444

5

cardiac structure and function and exercise intolerance in HFpEF pa-
tients, several plausible explanations exist. First, EAT is known to 
modulate the secretion of systemic adipokines. Increased EAT volume 
has been linked to elevated leptin secretion and diminished adiponectin 
levels [42]. This dysregulation in adipokine profile has been associated 
with LV hypertrophy and LV dysfunction [43–47], which are common 
finding in HFpEF patients [4]. 

Second, coronary artery disease and coronary microvascular 
dysfunction may serve as a connecting mechanism between EAT and the 
altered cardiac structure and function observed in HFpEF patients. Many 
studies have reported the association of EAT with the severity of coro-
nary artery disease [16 17]. Moreover, it is becoming increasingly 
apparent that EAT is linked with coronary microvascular dysfunction 
[16,17]. Numerous studies have documented the frequent occurrence of 
coronary artery disease and coronary microvascular dysfunction in 
HFpEF patients [48,49]. 

Third, prior research, including our own, has demonstrated a sig-
nificant association between EAT and aortic stiffness [50–52]. Increased 
epicardial fat can exacerbate aortic stiffening, leading to elevated pulse 
wave velocity and early wave reflections in the central aorta [53]. These 
alterations in vascular dynamics contribute to delayed LV relaxation, 
thereby elevating diastolic filling pressure, especially during times of 
increased heart rate such as exercise [54–56]. Additionally, reduced 
aortic pressure in diastole may compromise coronary perfusion, poten-
tially causing subendomyocardial ischemia, thereby exacerbating car-
diac dysfunction, particularly in HFpEF patients with coronary artery 
disease [57]. 

Moreover, reduced levels of circulating natriuretic peptides, 

attributed to enhanced expression of natriuretic peptide clearance re-
ceptors in adipose tissue, may serve as a potential intermediary between 
increased EAT deposition and cardiac dysfunction. Natriuretic peptides 
play pivotal roles in maintaining cardiovascular homeostasis, exerting 
natriuretic, vasorelaxant, and antifibrotic effects, thus mitigating car-
diac hypertrophy and fibrosis [58]. 

Taken together, the interplay between EAT, coronary artery disease 
and microvasculature dysfunction, adipokines, vascular stiffness, and 
natriuretic peptide levels likely contributes to the development and 
progression of the cardiac structural and functional abnormalities 
observed in HFpEF patients. However, further mechanistic in-
vestigations are warranted to fully elucidate these complex pathways 
and potential therapeutic targets. 

There are several limitations to the present study. First, the limited 
number of studies included in our meta-analysis and inconsistencies in 
the reporting of outcomes of interest resulted in a meta-analysis with 
only two or three studies for each outcome. Our findings demonstrated 
statistical significance when all included studies individually yielded 
significant findings, yet failed to achieve significance when these studies 
did not. This highlights a limitation of our study and emphasizes the 
need for caution in interpreting our findings. Second, not all reported 
correlation coefficients were adjusted for potential confounders. The 
observed associations of EAT with altered cardiac structure and function 
and exercise intolerance might reflect these potential confounders. 
Third, several studies included in our meta-analysis defined preserved EF 
as an EF of greater than or equal to 40 % or 45 %, which is inconsistent 
with the definition of preserved EF in the diagnostic criteria of HFpEF 
[59,60]. 

Table 2 
Characteristics of MRI studies.  

Study, 
year 

Study 
Design 

Definition 
of 
preserved 
EF 

No. of 
Patients 

Method of 
quantifying 
EAT 

Cardiac structure 
and function 
outcomes* 

Exercise 
capacity 
outcomes 

Summary of findings Multivariate 
analysis 

Quality 

van 
Woerden, 
2018 [18] 

Prospective EF > 40 % 64 EAT volume LV mass index, 
Left atrial volume 
index, LVEF, LV global 
longitudinal strain, e’, 
E/e’, RV global 
longitudinal strain, 
RVEF 

… EAT volume correlated 
positively with left atrial 
volume and E/e’ and negatively 
with LVEF and LV global 
longitudinal strain. EAT 
volume did not correlate with 
LV mass, e’, RV global 
longitudinal strain, or RVEF. 

No 8 

Haykowsky, 
2018 [19] 

Prospective EF ≥ 50 % 100 EAT volume … Peak VO2, 
6-minute 
walk 
distance 

EAT volume correlated 
positively with peak VO2 and 6- 
minute walk distance 

No 10 

Wu, 
2020 [22] 

Prospective EF ≥ 50 % 163 EAT volume LV mass index, 
Left atrial volume 
index, 
LVEF, E/e’ 

… EAT volume correlated 
positively with LV mass and left 
atrial volume index and 
negatively with LVEF. EAT 
volume did not correlate with 
E/e’. 

No 10 

Nakamori, 
2023[31] 

Retrospective EF ≥ 50 % 150 EAT volume LV global longitudinal 
strain, RV global 
longitudinal strain 

… EAT volume correlated 
negatively with LV global 
longitudinal strain and RV 
global longitudinal strain. 

Yes† 8 

Shao 2024 
[32] 

Prospective EF ≥ 50 % 17 EAT volume LV mass index, 
LVEF 

… EAT volume did not correlate 
with LV mass index or LVEF. 

No 10 

Schulz 2024 
[33] 

Prospective EF ≥ 50 % 68 EAT volume LV global longitudinal 
strain, E/e’, RV global 
longitudinal strain 

… EAT volume correlated 
negatively with LV global 
longitudinal strain. EAT 
volume did not correlate with 
E/e’ or RV global longitudinal 
strain. 

Yes‡ 8 

EAT indicates epicardial adipose tissue; EF, ejection fraction; e’, early diastolic mitral annular velocity; E/e’, the ratio of early diastolic mitral inflow to early diastolic 
mitral annular velocity; LV, left ventricular; peak VO2, peak exercise oxygen uptake; RV, right ventricular. 
Quality was assessed by the MINORS score. The global ideal score is 16 for non-comparative studies. 
*Evaluated using MRI, except for LV diastolic function (e’ and E/e’) which was evaluated using echocardiography. 
†Adjusted for age, sex, and body mass index. 
‡Adjusted for age, body mass index, diabetes, dyslipidemia, and sex. 
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Fig. 2. Forest plots showing the correlation coefficients of epicardial adipose tissue thickness with left ventricular (LV) mass (a), LV ejection fraction (EF; b), LV 
global longitudinal strain (c), the ratio of early diastolic mitral inflow to early diastolic mitral annular velocity (E/e’; d), early diastolic mitral annular velocity (e’; e), 
and peak VO2 (f) in echocardiography studies. 
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Fig. 3. Forest plots showing the correlation coefficients of epicardial adipose tissue volume with left ventricular (LV) mass (a), left atrial volume (b), LV ejection 
fraction (EF; c), LV global longitudinal strain (d), the ratio of early diastolic mitral inflow to early diastolic mitral annular velocity (E/e’; e), and right ventricular (RV) 
global longitudinal strain (f) in MRI studies. 
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5. Conclusion 

Our meta-analysis indicates a potential association of epicardial fat 
with altered cardiac structure and function and exercise intolerance in 
HFpEF patients. However, it is important to note that our meta-analysis 
was limited by the inclusion of only two or three studies for each 
outcome. Therefore, further research is necessary to validate our find-
ings. Nevertheless, our findings underscore the need for further research 
to elucidate the pathophysiological mechanisms linking epicardial fat to 
abnormal cardiac structure and function and exercise intolerance in 
HFpEF patients. This exploration has the potential to inspire the 
development of innovative treatments tailored to this patient 
population. 

6. Systematic review registration 
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