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Abstract

:

Featured Application


This study demonstrated the impact that heart fat can have in atrial fibrillation patients and its association with fibrillation recurrence after ablation treatment.




Abstract


Epicardial adipose tissue (EAT) and pericardial adipose tissue (PAT) contribute to the development of left atrial fibrillation (AF). The purpose of this study is to determine the factors influencing cardiac fat, evaluate its impact on heart function, and evaluate its role in the recurrence of AF. Cardiac MRI exams of n = 198 patients with paroxysmal AF were retrospectively analyzed to quantify EAT and PAT. Body mass index (BMI) showed significant associations with increased EAT, PAT, and total cardiac fat, particularly with the total end-systolic area (p < 0.001). Males were associated with increased PAT (r = −0.331, p < 0.001) and EAT (r = −0.168, p = 0.019). Increased PAT end-diastolic volume was also associated with an increase in LV mass (r = 0.249, p < 0.01). An inverse relationship between EAT end-systolic area and cardiac index (r = −0.220, p < 0.01) was observed. Although BMI did not significantly affect AF recurrence, overweight patients (36%) experienced slightly more AF recurrence than obese patients (33%). Obesity is substantially associated with an increase in EAT and PAT, while sex appears to play a greater role in PAT than EAT and decreased cardiac function.
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1. Introduction


Atrial fibrillation (AF), as a sustained and growing epidemic, is the most common arrhythmia among adults, leading to an increase in mortality and morbidity [1]. The pathophysiology of AF is caused by asynchronous excitation of the atria, leading to irregularities in both the atrial and ventricular contractions [2]. Age [2] and various comorbidities including obesity [3], type 2 diabetes [4] obstructive sleep apnea [5], and alcohol consumption [6] are recognized as risk factors.



Obesity, which refers to the distribution of total body fat and is measured using body mass index (BMI), is a well-established risk factor for AF [7]. Excessive body fat, particularly metabolically active visceral fat, increases inflammatory and oxidative stress on the heart, leading to atrial enlargement and electrical instability, predisposing to AF [8,9,10,11]. Obesity-related expansion of epicardial adipose tissue (EAT), a visceral fat deposit located between the myocardium and epicardium, causes microvascular dysfunction and fibrosis of the underlying myocardium, resulting in atrial myopathy that can lead to AF [12]. Epicardial fat thickness is associated with metabolic syndromes and an increased risk of cardiovascular diseases [13]. In-vivo and ex-vivo studies suggest that the accumulation of EAT can also potentially impact the left ventricle (LV) diastolic function [14,15,16]. Moreover, pericardial adipose tissue (PAT), which refers to fat deposits outside the epicardium, causes cardiovascular dysfunction [17]. An increment in PAT has been linked to a rise in the incidence, severity, and recurrence of AF seen in obesity [18]. The impact of the fat around the heart and AF remains unclear. Thus, quantifying EAT and PAT are important parameters that can help identify patients who may be at risk for cardiovascular events.



Different imaging modalities can measure cardiac fat deposits, such as cardiac computed tomography (CCT), which was proposed as a gold standard for quantifying the EAT volume. However, due to the significant amount of ionizing radiation, CCT poses a potential health risk to the patient [19]. This limitation was surmounted by the introduction of cardiac magnetic resonance imaging (MRI), which can measure cardiac function, morphology, perfusion, and myocardial tissue in a single exam with minimal, if any, impact on patients’ health. In the current study, therefore, we aim to assess the factors that influence EAT and PAT fat in AF using cardiac MRI.



The study’s hypotheses are: (1) an increase in BMI and subsequent obesity will be associated with increased cardiac fat deposition; (2) an increase in cardiac fat will have a functional impact on the heart, i.e., LV deterioration; and (3) there will be an increased incidence of AF recurrence in patients with higher cardiac fat deposits. The specific objectives of the study are: (1) to characterize parameters that influence cardiac fat; (2) to assess the effect of cardiac fat on the functional parameters of the heart; and (3) to assess the role of cardiac fat in AF recurrence.




2. Materials and Methods


2.1. Study Population


In this retrospective study, a total of 198 patients with a history of paroxysmal AF with normal systolic function, scanned between 2016 and 2021 with a standardized cardiac MRI exam, were retrospectively included from the Cardiovascular Imaging Registry of Calgary (CIROC) database. All patients were required to have a 1st referral for a cardiac MRI exam within 3 months prior to ablation procedure by their electrophysiologist. Patients with significant mitral or aortic valve disease, inappropriate/incomplete image quality (motion artifacts due to arrythmia event/incomplete acquisition), indication for re-ablation procedure, incomplete exams, or arrythmia events during the MRI examination were excluded. Those members of the study population that were found to have a normal BMI were used as the controls in this investigation, and the reference population to which the results strictly apply is therefore adults with a history of paroxysmal AF that were referred for ablation treatment and were found at the time of examination to have a normal BMI. The study utilized intakeDITM (Cohesic Inc., Calgary, AB, Canada), to coordinate and capture routine patient informed consent and self-reported health quality of life questionnaires and for standardized collection of MRI-related variables. CIROC provides access to medication prescription and usage, laboratory results, diagnostic and procedural information, device interrogation, 12-lead ECG and Holter data, vital statistics, and major cardiovascular outcomes. AF recurrence was assessed using 12-lead ECG and Holter monitoring following the ablation procedure. The most recent CIROC update output was obtained in October 2022. This study was approved by the University of Calgary’s Conjoint Health Research Ethics Board, and all subjects gave written informed consent. All research activities were in accordance with the Declaration of Helsinki.




2.2. Cardiac Magnetic Resonace Imaging Acquisition


All subjects were required to exhibit sinus rhythm during the CMR examination. Patients underwent an identical standardized MRI protocol using 3T MRI scanners Skyra/Prisma (Siemens, Erlangen, Germany) inclusive of multiplanar steady-state free-precession (SSFP) cine imaging of the 4-chamber, 3-chamber, 2-chamber, and short axis of the LV at end-expiration. Additionally, 3D magnetic resonance angiography (MRA) of the LA was performed using the administration of 0.2 mmol/kg gadolinium contrast (Gadovist®, Bayer Inc., Mississauga, ON, Canada) [20].




2.3. Standard Cardiac Magnetic Resonace Imaging Assessment


A commercial software (cvi42 v5.11, Circle Cardiovascular Imaging Inc., Calgary, AB, Canada) was used to analyze heart function from standard ECG-gated cine images. The short-axis cine images were used to measure LV end-diastolic volume (EDV), LV end-systolic volume (ESV), LV stroke volume (SV), LV mass, LV cardiac output (CO), LVEDV indexed to body surface area (BSA), LVESV indexed to BSA, LV mass indexed to BSA, and LV ejection fraction (LVEF). LA volume and LA volume indexed to BSA were measured using the bi-plane area-length method in 2- and 4-chamber views [20].




2.4. Epicardial and Pericardial Fat Assessment


An expert reader was provided with a complete series of 4-chamber images and performed blinded segmentation of the epicardial (EAT) and pericardial (PAT) adipose tissue. EAT was defined as the hyperintense signal within the pericardium surrounding the ventricles. PAT was defined as the fat adjacent but outside the pericardium. The segmentation was performed using an automate pipeline developed and validated by Daude et al. [19]. The end-systolic (ES) and end-diastolic (ED) frames were used for the quantification of EAT and PAT.




2.5. Statistical Analysis


The statistical analysis was performed using SPSS version 29.0 with statistical significance set to a p-value of 0.05. Normality of the data was assessed by the Kolmogorov–Smirnov test. If data were not normally distributed, non-parametric tests were used. The descriptive statistics of the study population and functional parameters of the heart were stratified by body mass index (BMI). Continuous variables were expressed as mean ± standard deviation (SD) and categorical variables as absolute numbers and percentages. Differences among BMI groups for the variables were assessed by one-way ANOVA or Kruskal–Wallis H test and corrected using Bonferroni adjustment. Intergroup comparisons were performed by T-tests for parametric data and Mann–Whitney U test for non-parametric data. Spearman’s and Pearson’s correlations were used to assess the correlation between the different cardiac fat parameters and functional parameters of the heart, as well as correlate cardiac fat to demographic variables like sex and age.





3. Results


3.1. Demographics


Table 1 compares the demographic and clinical features of the AF patients across normal (18.5 to 24.9 kg/m2), overweight (25 to 29.9 kg/m2), and obese (>30 kg/m2) BMI categories. This study included 198 patients, ranging in age from 22 to 83 years. Obese patients were generally younger (57.4 ± 10.4 years) than overweight patients (60.0 ± 9.5 years), despite having a higher BMI and body surface area (34.0 ± 3.2 kg/m2, 2.3 ± 0.2 m2) relative to overweight patients (27.2 ± 1.5 kg/m2, 2.1 ± 0.2 m2). Comorbid conditions such as diabetes (75% and 25%), hypertension (34.6% and 49.1%), and hypercholesterolemia (42.3% and 50%) were more common in overweight and obese patients, respectively. Interestingly, there was no significant difference in stroke risk (p = 0.059) between BMI groups, with the most prevalent CHA2DS2-VASc score of 1 indicating moderate risk for all BMI categories. Obese patients were more likely to be using anticoagulants (30%), beta blockers (21.5%), and antiarrhythmic drugs (21.5%), but overall medication consumption was highest in overweight patients.




3.2. Factors Influencing Different Cardiac Fat Parameters


Table 2 highlights a significant increase in both the end-systolic and end-diastolic phases of all EAT, PAT, and total cardiac fat areas with obesity. The end-diastolic fat area was found to be less than the end-systolic area in all cardiac fat parameters, which can be attributed to the compression effect of the myocardium on the fat during ventricular diastole. BMI, age, and sex’s correlation with EAT, PAT, and total cardiac fat areas is demonstrated in Table 3. BMI exhibited a significant association with all parameters, particularly with total end-systolic area (r = 0.458, p < 0.001). Male sex had a higher association to PAT and total cardiac fat area, most notably with PAT area in 4-chamber view (r = −0.331, p < 0.001). Age weakly correlated with EAT end-systolic (r = 0.172, p = 0.016) and EAT end-diastolic (r = 0.19, p = 0.008) areas, but not with PAT. A higher PAT area in end-systolic and end-diastolic phases in males than females was observed across all BMI groups (see green brackets in Figure 1c–e). However, a larger total cardiac fat area was observed in males than females only across overweight and obese patients but not in normal-weight patients (see green bracket in Figure 1f,g). In normal-weight patients (yellow box plot in Figure 2), the area of EAT, PAT, and total cardiac fat in end-systolic phase is significantly higher in >60 years age group than 40 to 50 years age group (see green brackets in Figure 2a,c,f, p < 0.05). Similar results were obtained with the areas of EAT and PAT in end-diastolic phase (top upper green bracket in Figure 2b,d) but not with total cardiac fat (Figure 2g). This may suggest that cardiac fat parameters increase with age in normal weighted patients with paroxysmal AF. In overweight patients, there were larger EAT areas in end-diastolic phase in the age group 50 to 60 years compared with age group 40 to 50 years (see lower green bracket Figure 2b, p < 0.05). In obese patients, we observed an apparent trend of the EAT areas in the end-systolic and end-diastolic phases increasing with age until 60 years, at which point there showed a slight drop, although not statistically significant (Figure 2a,b). Notably, EAT and PAT were not associated with CHA2DS2-VASc stroke-risk score, suggesting that cardiac fat may be an independent marker of AF.




3.3. Functional Parameters and Cardiac Fat


Table 4 summarizes the anatomical and functional characteristics of the heart in our patient population in relation to BMI groups. The LA volume increased with BMI for both patient and indexed values. In the left and right ventricles, patient EDV and ESV also increased with BMI. However, when indexed to account for BSA, ventricular volumes decreased, indicating reduced heart functionality with increased body fat. Similarly, patients’ LV mass significantly increased with obesity (126.2 ± 32.6 g); however, indexed values revealed a decrease in mass in obese patients (55.1 ± 11.8 g/m2) compared to normal patients (56.0 ± 9.8 g/m2). Obese patients exhibited a significantly reduced cardiac index (2.9 ± 0.6 L/min/m2) compared to normal patients (3.2 ± 0.6 L/min/m2), but no significant decrease in left and right ventricular ejection fraction (EF) across BMI was noted. Table 5 illustrates the association between cardiac fat and functional parameters. A positive correlation between LV mass and PAT areas was evident, with the PAT area in 4-chamber view displaying the highest association (r = 0.279, p < 0.01). Conversely, a negative correlation was observed between EAT end-systolic area and cardiac index (r = −0.220, p < 0.01), suggesting that an increase in EAT may be associated with a decreased functional capacity of the heart. Scatter plots for these correlations are shown in Figure 3.




3.4. Obesity and AF Reccurrence


Table 6 demonstrates that the frequency of AF recurrence was highest in overweight patients (36.4%), followed by obese (33.3%) and normal-weight patients (20.2%). However, there was no significant difference in AF recurrence rates among the groups (p = 0.298). Obese patients had the longest days until recurrence (80.1 ± 131.1 days), followed by normal-weight (69.0 ± 86.7 days) and overweight patients (53.3 ± 59.3 days). The Kaplan–Meier graph in Figure 4 also illustrates this concept, showing a trend of longer time to AF recurrence in obese patients compared to normal and overweight patients. Subjects with recurrence demonstrated increased, but not significant, EAT (EAT end-systolic: 14.94 ± 5.61 cm2 vs. 14.84 ± 7.42 cm2, p = 0.945; EAT end-diastolic: 14.22 ± 5.64 cm2 vs. 12.9 ± 5.86 cm2, p = 0.337).





4. Discussion


Our findings indicate that obesity and its subsequent deposition of cardiac fat significantly impacts both the anatomical and functional characteristics of the heart, predisposing to atrial fibrillation. All cardiac fat parameters, including EAT, PAT, and total cardiac fat area, are substantially associated with an increase in BMI. Moreover, an increase in BMI was also associated with a decrease in functionality, as indicated by reduced cardiac indices in obese patients.



Our findings demonstrate that BMI is significantly associated with EAT, PAT, and total cardiac fat area, making obesity pivotal in atrial fibrillation. In the context of cardiovascular diseases, including AF, EAT has been shown to have a direct relationship with obesity and BMI [21,22]. The relationship stems from the shared embryological origin of EAT with the epicardial layer of the myocardium, resulting in no connective tissue layer separating the two [22]. Therefore, excessive deposition of EAT causes direct fibrofatty infiltration and the release of inflammatory mediators such as interleukin-1-beta, interleukin-6, tumor necrosis factor-alpha, and monocyte chemoattractant protein-1 that, via paracrine mechanism, cause atrial fibrosis and AF [21].



Furthermore, EAT contains abundant ganglionated plexi that might contribute to the recurrence of AF [23,24,25,26]. In our study, overweight and obese AF patients showed higher recurrence compared to normal. EAT inflammatory activity has been reported as being higher in patients with AF than in controls, and it was shown to be greater in the left main artery than in the subcutaneous or visceral thoracic tissue [23]. An increased EAT could affect the ganglia function and impact the atrial substrate remodeling, and thereby, the maintenance of AF [25]. The association of the regional distribution of fat was not evaluated in the current study. However, regional EAT increment may be associated with AF nesting [25]. The latter remains an important question to address in future studies.



Our study also reveals an association between PAT and BMI in the setting of paroxysmal AF. On the other hand, Wong et al. demonstrated significant associations of PAT with AF presence, severity, and post-ablation outcomes, independent of systemic adiposity measures like BMI and BSA, suggesting that PAT may be a possible independent biomarker of AF [27]. However, this might be attributable to the use of volume measurements compared to area measurements in our study.



Sex and age also impact cardiac fat and AF. Our findings reveal slight sex differences for EAT and PAT deposition, with male sex having a stronger correlation to PAT area than EAT. In fact, across all BMI groups, males had significantly higher PAT areas compared to females. Men tend to have higher visceral fat deposition, which includes EAT and PAT, whereas women have more subcutaneous fat deposits [28]. Gill et al. also illustrated that PAT volume is positively associated with BMI and is significantly higher in men than in women. However, in the context of metabolic syndrome and other cardiometabolic risk measures that are similar for various cardiovascular diseases including AF, the association of PAT was found to be stronger in women compared to men [29]. Nonetheless, sex seems to play less of a role in EAT than PAT, as in our study, there was no significant difference between the area of EAT in the hearts of normal, overweight, or obese males and their female counterparts. Conversely, Zhu et al. demonstrated higher total EAT volume in male AF patients and higher peri-atrial/total EAT ratio in post-menopausal females, alongside a greater rate of post-ablation AF recurrence [30]. Further exploration into sex differences in cardiac fat deposition is needed.



Advancing age, a well-established AF risk factor, may affect cardiac fat dynamics [2]. Our results demonstrate significant EAT and PAT area differences in normal-weight patients between age groups 40 and 50 years and over 60 years, suggesting that epicardial fat naturally increases with age. Indeed, previous studies have found EAT to be 22% thicker in patients aged 65 years and older, corroborating the notion of age-related increase [22,31]. This could be partially attributed to the hormonal changes that come with aging or to medications that manage comorbid conditions.



With respect to anatomical and functional parameters, we observed that patients’ LV mass significantly increased with obesity and was positively correlated with EAT and PAT. However, when indexed by BSA, LV mass was reduced among obese patients and had no association with cardiac fat. Our data suggest eccentric and not concentric LV changes, indicating increased preload rather than afterload, which might be consistent with increased BMI. This implies that the relationship between LV mass and cardiac fat is influenced by body size adjustment, suggesting that LV mass may be linked to larger body size rather than solely cardiac hypertrophy. This aligns with findings by Nerker et al. and Fox et al., who propose that in the context of CAD, the influence of obesity on cardiac remodeling may overcome the local consequences of both EAT and PAT [32,33]. The central obesity and visceral adipose tissue may raise LV afterload, eventually resulting in LV remodeling as a compensatory mechanism, which comprises an increase in LV diameter, volume, and mass [32]. Thus, it seems that obesity’s impact on LV mass and cardiac structure may extend beyond local cardiac fat deposits.



EAT and PAT in our patient population also exhibited negative correlations with functional aspects such as LV-Cardiac Index (CI), which reflects cardiac output (CO) adjusted by BSA [34]. Although, to our knowledge, no clear EAT/PAT-CI relationship in the setting of AF has been established, it is recognized that higher BMI is associated with an enlarged left atrium, subsequently increasing stroke volume and CO [3]. Prolonged elevated output leads to LV enlargement and hypertrophy, eventually resulting in diastolic dysfunction and systolic impairment [3]. Indeed, AF is known to increase the risk of heart failure along with EAT [15,16,35].



Obese patients with AF tend to be younger than patients with a normal BMI, which was also the case in our patient population. The impact of age may explain our findings, given that age is a key predictor of all-cause mortality in AF [3]. Moreover, obese patients tend to have more comorbidities, warranting stricter treatment strategies for rhythm control and anticoagulation, potentially influencing their outcomes [3]. Thus, the roots of the obesity paradox likely stem from the complex interactions of several contributing factors, requiring further exploration in future studies. In our study, EAT did not show an association with AF recurrence. However, other studies have demonstrated that EAT can be associated with AF recurrence [36].



Our study has certain limitations that warrant consideration. Firstly, this was a single-center investigation, and our findings may not fully represent broader populations. We were limited to the records captured by our local registry. The normal BMI group served as a control group and reference for other BMI groups. An appropriate control match was not conducted. We focused solely on area measurements of EAT and PAT and did not consider volume measurements. The automate machine learning model is only able to quantify EAT and PAT following similar patterns to those used in the training dataset. The latter limited our capacity to define and quantify regions not included in the model. Additionally, due to the constraints of our available data, we were unable to analyze the potential effects of underweight individuals (BMI < 18.5). Although BMI is acknowledged as a significant cardiovascular risk indicator, it must be noted that it is limited in predicting total adiposity due to the contribution of subcutaneous adipose mass [37].




5. Conclusions


Our findings indicate that obesity, and its subsequent cardiac fat deposition, has a significant impact on the anatomical and functional characteristics of the heart, predisposing to AF. Significant correlations were found between cardiac fat parameters EAT, PAT, and total cardiac fat area, and higher BMI levels. An increased BMI was also associated with a decrease in functionality, as indicated by reduced cardiac indices in obese patients.







Author Contributions


Conceptualization, J.G.; methodology, F.P.-Z., D.H. and J.G.; software, J.G.; validation, F.P.-Z., D.H. and J.G.; formal analysis, F.P.-Z. and D.H.; investigation, F.P.-Z., D.H. and J.G.; resources, J.G.; data curation, F.P.-Z., D.H. and J.G.; writing—original draft preparation, F.P.-Z. and D.H.; writing—review and editing, J.G.; visualization, F.P.-Z. and D.H.; supervision, J.G.; project administration, J.G.; funding acquisition, J.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by The University of Calgary, URGC SEM #1054341; J.G. start-up funding. Unrestricted research funding was provided by Siemens Healthineers and the Stephenson Cardiac Imaging Centre. We acknowledge the support of the Natural Science and Engineering Research Council of Canada/Conseil de recherche en science naturelles et en génie du Canada, RGPIN-2020-04549 and DGECR-2020-00204.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Conjoint Health Research Ethics Board of the University of Calgary (REB13-0902 was approved on 18 June 2014).




Informed Consent Statement


Written informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The anonymized data presented in this study are available upon request from the corresponding author. The data are not publicly available due to privacy and ethical restrictions.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Magnussen, C.; Niiranen, T.J.; Ojeda, F.M.; Gianfagna, F.; Blankenberg, S.; Njølstad, I.; Vartiainen, E.; Sans, S.; Pasterkamp, G.; Hughes, M.; et al. Sex Differences and Similarities in Atrial Fibrillation Epidemiology, Risk Factors, and Mortality in Community Cohorts: Results From the BiomarCaRE Consortium (Biomarker for Cardiovascular Risk Assessment in Europe). Circulation 2017, 136, 1588–1597. [Google Scholar] [CrossRef] [PubMed]

	



Staerk, L.; Sherer, J.A.; Ko, D.; Benjamin, E.J.; Helm, R.H. Atrial Fibrillation Epidemiology, Pathophysiology, and Clinical Outcomes. Circ. Res. 2017, 120, 1501–1517. [Google Scholar] [CrossRef]

	



Vyas, V.; Lambiase, P. Obesity and Atrial Fibrillation: Epidemiology, Pathophysiology and Novel Therapeutic Opportunities. Arrhythmia Electrophysiol. Rev. 2019, 8, 28. [Google Scholar] [CrossRef] [PubMed]

	



Matsumoto, C.; Ogawa, H.; Saito, Y.; Okada, S.; Soejima, H.; Sakuma, M.; Masuda, I.; Nakayama, M.; Doi, N.; Jinnouchi, H.; et al. Incidence of atrial fibrillation in elderly patients with type 2 diabetes mellitus. BMJ Open Diabetes Res. Care 2022, 10, e002745. [Google Scholar] [CrossRef]

	



Lindsay, B.D.; Nalliah, C.J.; Sanders, P.; Kalman, J.M. Clinical Review Obstructive Sleep Apnea Treatment and Atrial Fibrillation: A Need for Definitive Evidence. J. Cardiovasc. Electrophysiol. 2016, 27, 1001–1010. [Google Scholar]

	



Larsson, S.C.; Drca, N.; Wolk, A. Alcohol consumption and risk of atrial fibrillation: A prospective study and dose-response meta-analysis. J. Am. Coll. Cardiol. 2014, 64, 281–289. [Google Scholar] [CrossRef]

	



Neefs, J.; Boekholdt, S.M.; Khaw, K.T.; Luben, R.; Pfister, R.; Wareham, N.J.; Meulendijks, E.R.; Sanders, P.; de Groot, J.R. Body Mass Index and Body Fat Distribution and New-Onset Atrial Fibrillation. Sub study of The European Prospective Investigation Into Cancer and Nutrition in Norfolk (EPIC-Norfolk) Study. Nutr. Metab. Cardiovasc. Dis. 2019, 29, 692. [Google Scholar] [CrossRef] [PubMed]

	



Greif, M.; von Ziegler, F.; Wakili, R.; Tittus, J.; Becker, C.; Helbig, S.; Laubender, R.P.; Schwarz, W.; D’anastasi, M.; Schenzle, J.; et al. Increased pericardial adipose tissue is correlated with atrial fibrillation and left atrial dilatation. Clin. Res. Cardiol. 2013, 102, 555–562. [Google Scholar] [CrossRef] [PubMed]

	



Verhagen, S.N.; Vink, A.; van der Graaf, Y.; Visseren, F.L.J. Coronary perivascular adipose tissue characteristics are related to atherosclerotic plaque size and composition. A post-mortem study. Atherosclerosis 2012, 225, 99–104. [Google Scholar] [CrossRef]

	



Sequeira, D.I.; Ebert, L.C.; Flach, P.M.; Ruder, T.D.; Thali, M.J.; Ampanozi, G. The correlation of epicardial adipose tissue on postmortem CT with coronary artery stenosis as determined by autopsy. Forensic Sci. Med. Pathol. 2015, 11, 186–192. [Google Scholar] [CrossRef] [PubMed]

	



Farias-Itao, D.S.; Pasqualucci, C.A.; Nishizawa, A.; da Silva, L.F.F.; Campos, F.M.; Bittencourt, M.S.; da Silva, K.C.S.; Leite, R.E.P.; Grinberg, L.T.; Ferretti-Rebustini, R.E.d.L.; et al. B Lymphocytes and Macrophages in the Perivascular Adipose Tissue Are Associated with Coronary Atherosclerosis: An Autopsy Study. J. Am. Heart Assoc. 2019, 8, e013793. [Google Scholar] [CrossRef] [PubMed]

	



Willar, B.; Van Tran, K.; Fitzgibbons, T.P. Epicardial adipocytes in the pathogenesis of atrial fibrillation: An update on basic and translational studies. Front. Endocrinol. 2023, 14, 1154824. [Google Scholar] [CrossRef]

	



Bornachea, O.; Vea, A.; Llorente-Cortes, V. Interplay between epicardial adipose tissue, metabolic and cardiovascular diseases. Clin. Investig. Arterioscler. 2018, 30, 230–239. [Google Scholar] [PubMed]

	



Nakanishi, K.; Fukuda, S.; Tanaka, A.; Otsuka, K.; Taguchi, H.; Shimada, K. Relationships between Periventricular Epicardial Adipose Tissue Accumulation, Coronary Microcirculation, and Left Ventricular Diastolic Dysfunction. Can. J. Cardiol. 2017, 33, 1489–1497. [Google Scholar] [CrossRef]

	



Hogea, T.; Noemi, N.; Suciu, B.A.; Brinzaniuc, K.; Chinezu, L.; Arbănași, E.M.; Kaller, R.; Carașca, C.; Arbănași, E.M.; Vunvulea, V.; et al. Increased Epicardial Adipose Tissue and Heart Characteristics Are Correlated with BMI and Predict Silent Myocardial Infarction in Sudden Cardiac Death Subjects: An Autopsy Study. Diagnostics 2023, 13, 2157. [Google Scholar] [CrossRef] [PubMed]

	



Hogea, T.; Suciu, B.A.; Ivănescu, A.D.; Carașca, C.; Chinezu, L.; Arbănași, E.M.; Eliza, R.; Kaller, R.; Arbănași, E.M.; Muresan, A.V.; et al. Increased Epicardial Adipose Tissue (EAT), Left Coronary Artery Plaque Morphology, and Valvular Atherosclerosis as Risks Factors for Sudden Cardiac Death from a Forensic Perspective. Diagnostics 2023, 13, 142. [Google Scholar] [CrossRef]

	



Shah, R.V.; Anderson, A.; Ding, J.; Budoff, M.; Rider, O.; Petersen, S.E.; Jensen, M.K.; Koch, M.; Allison, M.; Kawel-Boehm, N.; et al. Pericardial, But Not Hepatic, Fat by CT Is Associated with CV Outcomes and Structure: The Multi-Ethnic Study of Atherosclerosis. JACC Cardiovasc. Imaging 2017, 10, 1016–1027. [Google Scholar] [CrossRef]

	



Al-Rawahi, M.; Proietti, R.; Thanassoulis, G. Pericardial fat and atrial fibrillation: Epidemiology, mechanisms and interventions. Int. J. Cardiol. 2015, 195, 98–103. [Google Scholar] [CrossRef]

	



Daudé, P.; Ancel, P.; Gouny, S.C.; Jacquier, A.; Kober, F.; Dutour, A.; Bernard, M.; Gaborit, B.; Rapacchi, S. Deep-Learning Segmentation of Epicardial Adipose Tissue Using Four-Chamber Cardiac Magnetic Resonance Imaging. Diagnostics 2022, 12, 126. [Google Scholar] [CrossRef]

	



Kramer, C.M.; Barkhausen, J.; Bucciarelli-Ducci, C.; Flamm, S.D.; Kim, R.J.; Nagel, E. Standardized cardiovascular magnetic resonance imaging (CMR) protocols: 2020 update. J. Cardiovasc. Magn. Reason. 2020, 22, 17. [Google Scholar] [CrossRef]

	



Batal, O.; Schoenhagen, P.; Shao, M.; Ayyad, A.E.; Van Wagoner, D.R.; Halliburton, S.S.; Tchou, P.J.; Chung, M.K. Left atrial epicardial adiposity and atrial fibrillation. Circ. Arrhythm. Electrophysiol. 2010, 3, 230–236. [Google Scholar] [CrossRef] [PubMed]

	



Wu, Y.; Zhang, A.; Hamilton, D.J.; Deng, T. Epicardial Fat in the Maintenance of Cardiovascular Health. Methodist Debakey Cardiovasc. J. 2017, 13, 20. [Google Scholar] [CrossRef]

	



Mazurek, T.; Kiliszek, M.; Kobylecka, M.; Skubisz-Głuchowska, J.; Kochman, J.; Filipiak, K.; Królicki, L.; Opolski, G. Relation of Proinflammatory Activity of Epicardial Adipose Tissue to the Occurrence of Atrial Fibrillation. Am. J. Cardiol. 2014, 113, 1505–1508. [Google Scholar] [CrossRef] [PubMed]

	



Couselo-Seijas, M.; Rodríguez-Mañero, M.; González-Juanatey, J.R.; Eiras, S. Updates on epicardial adipose tissue mechanisms on atrial fibrillation. Obes. Rev. 2021, 22, e13277. [Google Scholar] [CrossRef]

	



Singhal, R.; Lo, L.-W.; Lin, Y.-J.L.; Chang, S.-L.; Hu, Y.-F.; Chao, T.-F.; Chung, F.-P.; Chiou, C.-W.; Tsao, H.-M.; Chen, S.-A. Intrinsic Cardiac Autonomic Ganglionated Plexi within Epicardial Fats Modulate the Atrial Substrate Remodeling: Experiences with Atrial Fibrillation Patients Receiving Catheter Ablation. Acta Cardiol. Sin. 2016, 32, 174–184. Available online: http://www.ncbi.nlm.nih.gov/pubmed/4816916 (accessed on 30 October 2023).

	



Avazzadeh, S.; McBride, S.; O’brien, B.; Coffey, K.; Elahi, A.; O’halloran, M.; Soo, A.; Quinlan, L. Ganglionated Plexi Ablation for the Treatment of Atrial Fibrillation. J. Clin. Med. 2020, 9, 3081. [Google Scholar] [CrossRef] [PubMed]

	



Wong, C.X.; Abed, H.S.; Molaee, P.; Nelson, A.J.; Brooks, A.G.; Sharma, G.; Leong, D.P.; Lau, D.H.; Middeldorp, M.E.; Roberts-Thomson, K.C.; et al. Pericardial Fat Is Associated with Atrial Fibrillation Severity and Ablation Outcome. J. Am. Coll. Cardiol. 2011, 57, 1745–1751. [Google Scholar] [CrossRef]

	



Camhi, S.M.; Bray, G.A.; Bouchard, C.; Greenway, F.L.; Johnson, W.D.; Newton, R.L.; Ravussin, E.; Ryan, D.H.; Smith, S.R.; Katzmarzyk, P.T. The Relationship of Waist Circumference and BMI to Visceral, Subcutaneous, and Total Body Fat: Sex and Race Differences. Obesity 2011, 19, 402. [Google Scholar] [CrossRef]

	



Gill, C.M.; Azevedo, D.C.; Oliveira, A.L.; Martinez-Salazar, E.L.; Torriani, M.; Bredella, M.A. Sex differences in pericardial adipose tissue assessed by PET/CT and association with cardiometabolic risk. Acta Radiol. 2018, 59, 1203–1209. [Google Scholar] [CrossRef]

	



Zhu, J.; Zhuo, K.; Zhang, B.; Xie, Z.; Li, W. Sex Differences in Epicardial Adipose Tissue: Association with Atrial Fibrillation Ablation Outcomes. Front. Cardiovasc. Med. 2022, 9, 905351. [Google Scholar] [CrossRef]

	



Conte, M.; Petraglia, L.; Poggio, P.; Valerio, V.; Cabaro, S.; Campana, P.; Comentale, G.; Attena, E.; Russo, V.; Pilato, E.; et al. Inflammation and Cardiovascular Diseases in the Elderly: The Role of Epicardial Adipose Tissue. Front. Med. 2022, 9, 844266. [Google Scholar] [CrossRef]

	



Nerlekar, N.; Muthalaly, R.G.; Wong, N.; Thakur, U.; Wong, D.T.L.; Brown, A.J.; Marwick, T.H. Association of volumetric epicardial adipose tissue quantification and cardiac structure and function. J. Am. Heart Assoc. 2018, 7, e009975. [Google Scholar] [CrossRef]

	



Fox, C.S.; Gona, P.; Hoffmann, U.; Porter, S.A.; Salton, C.J.; Massaro, J.M.; Levy, D.; Larson, M.G.; D’Agostino, R.B.; O’Donnell, C.J.; et al. Pericardial Fat, Intrathoracic Fat, and Measures of Left Ventricular Structure and Function. Circulation 2009, 119, 1586–1591. [Google Scholar] [CrossRef]

	



Patel, N.; Durland, J.; Makaryus, A.N. Physiology, Cardiac Index; StatPearls: St. Petersburg, FL, USA, 2022. [Google Scholar]

	



Iacobellis, G. Epicardial adipose tissue in contemporary cardiology. Nat. Rev. Cardiol. 2022, 19, 593–606. [Google Scholar] [CrossRef] [PubMed]

	



Conte, M.; Petraglia, L.; Cabaro, S.; Valerio, V.; Poggio, P.; Pilato, E.; Attena, E.; Russo, V.; Ferro, A.; Formisano, P.; et al. Epicardial Adipose Tissue and Cardiac Arrhythmias: Focus on Atrial Fibrillation. Front. Cardiovasc. Med. 2022, 9, 932262. [Google Scholar] [CrossRef] [PubMed]

	



Bakkum, M.J.; Danad, I.; Romijn, M.A.J.; Stuijfzand, W.J.A.; Leonora, R.M.; Tulevski, I.I.; Somsen, G.A.; Lammertsma, A.A.; van Kuijk, C.; van Rossum, A.C.; et al. The impact of obesity on the relationship between epicardial adipose tissue, left ventricular mass and coronary microvascular function. Eur. J. Nucl. Med. Mol. Imaging 2015, 42, 1562. [Google Scholar] [CrossRef] [PubMed]








[image: Applsci 13 12005 g001] 





Figure 1. Area of EAT, PAT, and total cardiac fat stratified by sex and BMI, suggesting that sex may play more of a role in PAT than EAT, with higher deposition in males across all BMI groups. (a,c,f) illustrates the respective fat parameter within end-systolic phase, and (b,d,g) within end-diastolic phase. (e) illustrates PAT area in 4-chamber view. The box plots were generated by SPSS using the areas for EAT, PAT, and total cardiac fat with respect to sex and BMI. Within each sex group (male and female), box plots are colored according to BMI categories (normal, overweight, and obese, as shown in the top-left legend). Blue brackets on top of the box plots represent differences in EAT, PAT, and total cardiac fat within BMI categories in each sex group, whereas the green brackets represent differences in cardiac fat across sex within the same BMI group. * within the box represents p < 0.05 as measured by one-way ANOVA, independent samples T-test or Mann–Whitney U test; ** indicates p < 0.001; EAT, Epicardial adipose tissue; and PAT, pericardial adipose tissue. 
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Figure 2. Area of EAT, PAT, and total cardiac fat stratified by age groups and BMI. Cardiac fat parameters may increase with age in normal-weight patients with paroxysmal AF. (a,c,f) illustrates the respective fat parameter within the end-systolic phase, and (b,d,g) within the end-diastolic phase. (e) illustrates PAT area in 4-chamber view. The box plots were generated by SPSS using the areas for EAT, PAT, and total cardiac fat with respect to five age groups (<30, 30–40, 40–50, 50–60, and >60 years) and BMI. Within each age group, box plots are colored according to BMI categories. Blue brackets on top of the box plots represent differences in EAT, PAT, and total cardiac fat within BMI categories in each age group, whereas the green brackets represent differences in cardiac fat across different ages within the same BMI group. * within the box represents p < 0.05 as measured by one-way ANOVA or Mann–Whitney U test; ** indicates p < 0.001; EAT, Epicardial adipose tissue; PAT, pericardial adipose tissue; and BMI, body mass index. 
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Figure 3. Scatter plots of cardiac fat vs cardiac function stratified by BMI. (a) An increase in PAT area in 4-chamber view is associated with an increase in LV mass, particularly in overweight and obese patients. (b) An increase in total fat area is correlated to a decrease in cardiac index, most notably in overweight patients. PAT: pericardial adipose tissue; LV: Left ventricle; and BMI: body mass index. 
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Figure 4. Kaplan–Meier survival analysis curve for atrial fibrillation recurrence in relation to BMI. The Log Rank (Mantel-Cox) p-value for overall comparison is 0.552. 
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Table 1. Demographic and clinical characteristics of atrial fibrillation patients in relation to BMI.
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BMI

	
Normal (n = 45)

	
Overweight (n = 79)

	
Obese (n = 74)

	
p-Value






	
Demographics

	

	

	

	




	
Age (years)

	
56.1 (±12.1)

	
60.0 (±9.5)

	
57.4 (±10.4)

	
0.071




	
Sex n (% men)

	
31 (15.5%)

	
56 (28.0%)

	
57 (28.5%)

	
0.187




	
Sex n (% women)

	
14 (7.0%)

	
23 (11.5%)

	
17 (8.5%)




	
Height (cm)

	
178.6 (±8.5)

	
177.3 (±10.2)

	
177.4 (±9.8)

	
0.265




	
Weight (Kg)

	
73.4 (±8.1) †

	
85.9 (±10.7) ‡

	
107.1 (±15.3) #

	
<0.001 **




	
Body Mass Index, BMI (kg/m2)

	
23.0 (±1.4) †

	
27.2 (±1.5) ‡

	
34.0 (±3.2) #

	
<0.001 **




	
Body Surface Area, BSA (m2) a

	
1.9 (±0.1) †

	
2.1 (±0.2) ‡

	
2.3 (±0.2) #

	
<0.001 **




	
Smoke b

	
1 (±1)

	
1 (±1)

	
2 (±1)

	
0.327




	
Caffeine c

	
3 (±1)

	
4 (±1)

	
4 (±1)

	
0.111




	
Alcohol d

	
3 (±1)

	
3 (±1)

	
3 (±1)

	
0.069




	
Comorbidities

	

	

	

	




	
Diabetes

	
0

	
3 (75%)

	
1 (25%)

	
0.333




	
Hypertension e

	
3 (5.5%

	
19 (34.6%)

	
27 (49.1%)

	
0.086




	
Hypercholesteremia

	
1 (3.9%) †

	
11 (42.3%)

	
13 (50%) #

	
0.001 *




	
Stroke Risk Score

	

	

	

	




	
CHA2DS2-VASc Score

	
1.4 (±0.9)

	
1.7 (±1.0)

	
1.8 (±1.01)

	
0.059




	
Score 0 (n)

	
6

	
6

	
6

	




	
Score 1 (n)

	
20

	
29

	
29

	




	
Score 2 (n)

	
14

	
27

	
22

	




	
Score 3 (n)

	
4

	
12

	
11

	




	
Score 4 (n)

	
1

	
4

	
5

	




	
Score 5 (n)

	
0

	
1

	
1

	




	
Medications

	

	

	

	




	
Anti-arrhythmic

	
15 (7.5%) †

	
47 (23.5%)

	
43 (21.5%) #

	
0.004 *




	
Anti-coagulant

	
37 (18.5%)

	
69 (34.5%)

	
60 (30%)

	
0.182




	
Beta-blocker

	
26 (13%)

	
47 (23.5%)

	
45 (22.5%)

	
0.316




	
ACE inhibitor or ARB

	
7 (3.5%)

	
20 (10%)

	
29 (14.5%) #

	
0.005 *




	
Statins

	
8 (4%)

	
22 (11%)

	
19 (9.5%)

	
0.149




	
Non-dihydropyridine calcium channel blocker

	
5 (2.5%)

	
20 (10%) ‡

	
7 (3.5%)

	
0.006 *




	
Lab results

	

	

	

	




	
Total cholesterol (mmol/L)

	
4.5 (±0.9)

	
4.7 (±1.3)

	
4.6 (±1.1)

	
0.314




	
Low-density lipoprotein, LDL (mmol/L)

	
2.4 (±0.6)

	
2.7 (±1.0)

	
2.7 (±0.9)

	
0.233




	
High-density lipoprotein, HDL (mmol/L)

	
1.5 (±0.4)

	
1.3 (±0.5)

	
1.2 (±0.3) #

	
0.038 *




	
Triglycerides, TG (mmol/L)

	
1.3 (±0.6)

	
1.7 (±0.8)

	
1.6 (±0.7)

	
0.129








Continuous variables are expressed as mean ± SD and categorical variables as absolute numbers and percentages. Percentages are of each BMI group. * p-value < 0.05 assessed by Kruskal–Wallis H test and adjusted using Bonferroni adjustment for multiple comparisons; ** p < 0.001; a measured by Mosteller equation; b Smoked or vaped nicotine products within the past 10 years, 1, no products; 2, ≤1 products per day; 3, 1–10 products per day; 4, >10 per day; c Past 3-months (on average) caffeine (coffee, tea, or other caffeinated drinks), 1, none; 2, 1 cup per month; 3, 1–2 cups per week; 4, 1–2 per day; d Past 3-months (on average) alcohol, 1, none; 2, 1–3 per month; 3, 1–2 per week; 4, 1–2 per day; e both treated and untreated hypertension were considered; †, difference between group 1 and 2, p < 0.05; ‡, difference between group 2 and 3, p < 0.05; #, difference between group 1 and 3, p < 0.05. Intergroup comparisons were performed by T-tests for parametric data and Mann–Whitney U test for non-parametric data.













 





Table 2. Cardiac fat parameters in relation to BMI.
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	Normal (n = 45)
	Overweight (n = 79)
	Obese (n = 74)
	p-Value





	Epicardial Adipose Tissue (EAT)
	
	
	
	



	EAT End-systolic area (cm2)
	10.8 (±4.5) †
	14.7 (±5.7) ‡
	17.6 (±5.1) #
	<0.001 **



	EAT End-diastolic area (cm2)
	10.4 (±4.8) †
	13.9 (±5.7) ‡
	16.5 (±4.9) #
	<0.001 **



	Pericardial Adipose Tissue (PAT)
	
	
	
	



	PAT Area in 4-Chamber view (cm2)
	24.9 (±17.6) †
	35.2 (±16.6) ‡
	48.1 (±21.7) #
	<0.001 **



	PAT End-systolic area (cm2)
	12.8 (±9.8) †
	18.9 (±10.7) ‡
	25.6 (±12.2) #
	<0.001 **



	PAT End-diastolic area (cm2)
	11.8 (±9.8) †
	17.7 (±9.6) ‡
	24.5 (±11.5) #
	<0.001 **



	Total cardiac fat (EAT + PAT)
	
	
	
	



	Total end-systolic area (cm2)
	23.6 (±13.8) †
	33.6 (±15.6) ‡
	43.1 (±16.2) #
	<0.001 **



	Total end-diastolic area (cm2)
	22.1 (±14.12) †
	31.6 (±14.5) ‡
	40.9 (±15.2) #
	<0.001 **







Variables are expressed as mean ± SD. ** p < 0.001 assessed by Kruskal–Wallis H test and adjusted using Bonferroni adjustment for multiple comparisons; †, difference between group 1 and 2, p < 0.05; ‡, difference between group 2 and 3, p < 0.05; and #, difference between group 1 and 3, p < 0.05.













 





Table 3. Correlation between cardiac fat parameters and demographic characteristics.
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	BMI
	Age Ranges a
	Sex b





	Epicardial Adipose Tissue (EAT)
	
	
	



	EAT End-systolic area (cm2)
	0.389 **, <0.001
	0.172 *, 0.016
	−0.167 *, 0.20



	EAT End-diastolic area (cm2)
	0.429 **, <0.001
	0.190 **, 0.008
	−0.168 *, 0.019



	Pericardial Adipose Tissue (PAT)
	
	
	



	PAT Area in 4-Chamber view (cm2)
	0.434 **, <0.001
	NS
	−0.331 **, <0.001



	PAT End-systolic area (cm2)
	0.434 **, <0.001
	NS
	−0.296 **, <0.001



	PAT End-diastolic area (cm2)
	0.432 **, <0.001
	NS
	−0.282 **, <0.001



	Total cardiac fat (EAT + PAT)
	
	
	



	Total end-systolic area (cm2)
	0.458 **, <0.001
	NS
	−0.267 **, <0.001



	Total end-diastolic area (cm2)
	0.443 **, <0.001
	0.145 *, 0.043
	−0.258 **, <0.001







Pearson’s correlation was performed for parametric data, and Spearman’s correlation was conducted for non-parametric data. All variables are expressed as correlation coefficient r, p-value. * Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed). a 5 age ranges were considered: less than 30, between 30 and 40, between 40 and 50, between 50 and 60, and older than 60; b male sex was assigned a value of 1 and female of 2. Age ranges were considered a continuous variable. A negative correlation indicates tendency towards males. BMI, Body mass index; NS, Not significant p > 0.05.













 





Table 4. Anatomical and functional characteristics of the heart in atrial fibrillation patients in relation to BMI.
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	BMI
	Normal (n = 45)
	Overweight (n = 79)
	Obese (n = 74)
	p-Value





	Left Ventricle (LV)
	
	
	
	



	LV-EDV (mL)
	161.7 (±31.8)
	161.7 (±30.5) ‡
	177.4 (±38.0) #
	<0.001 **



	LV-ESV (mL)
	62.9 (±17.8)
	65.2 (±18.7) ‡
	71.8 (±20.5) #
	0.01 *



	LV-Mass (g)
	107.0 (±21.8)
	107.6 (±26.6) ‡
	126.2 (±32.6) #
	<0.001 **



	LV-EF (%)
	61.0 (±8.3)
	59.9 (±7.1)
	59.5 (±8.0)
	0.14



	Indexed LV-EDV (mL/m2) a
	84.5 (±14.0) †
	78.3 (±11.9)
	77.3 (±12.9) #
	<0.001 **



	Indexed LV-ESV (mL/m2) a
	32.8 (±8.3)
	31.5 (±7.8)
	31.3 (±8.0)
	0.21



	Indexed LV-Mass (g/m2) a
	56.0 (±9.8) †
	51.8 (±10.3)
	55.1 (±11.8)
	0.03 *



	LV-Cardiac Index (L/min/m2) a
	3.2 (±0.6) †
	2.7 (±0.4)
	2.9 (±0.6) #
	<0.001 **



	Left Atrium (LA)
	
	
	
	



	LA-Volume (mL)
	73.0 (±20.8) †
	88.2 (±32.4) ‡
	100.1 (±30.7) #
	<0.001 **



	Indexed LA-Volume (mL/m2) a
	38.3 (±11.4)
	43.1 (±16.5)
	43.9 (±13.1) #
	0.04 *



	Right Ventricle (RV)
	
	
	
	



	Patient RV-EDV (mL)
	178.5 (±47.0)
	174.6 (±41.3) ‡
	191.0 (±48.6)
	0.03 *



	Patient RV-ESV (mL)
	80.1 (±26.5)
	78.9 (±26.4)
	86.3 (±27.5)
	0.09



	RV-EF (%)
	55.3 (±7.7)
	55.5 (±7.5)
	55.1 (±6.6)
	0.32



	Indexed RV-EDV (mL/m2) a
	92.9 (±20.4) †
	84.3 (±16.4)
	83.0 (±17.4) #
	0.01 *



	Indexed RV-ESV (mL/m2) a
	41.6 (±11.8)
	37.9 (±11.1)
	37.4 (±10.2) #
	0.04 *







All variables are expressed as mean ± SD. * p-value < 0.05 assessed by Kruskal–Wallis H test and adjusted using Bonferroni adjustment for multiple comparisons; ** p < 0.001; a parameter was indexed by body surface area (BSA); EDV: End-diastolic volume; ESV: End-systolic volume; EF: Ejection Fraction. †, difference between group 1 and 2, p < 0.05; ‡, difference between group 2 and 3, p < 0.05; and #, difference between group 1 and 3, p < 0.05.













 





Table 5. Correlation of cardiac fat parameters with structural and functional characteristics of the heart.
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	Indexed LV-EDV a
	LV-EDV
	LV-ESV
	LV-Cardiac Index a
	LV-Mass
	Indexed RV-EDV a
	LA-Volume





	Epicardial Adipose Tissue (EAT)
	
	
	
	
	
	
	



	EAT End-systolic area (cm2)
	−0.166 *, 0.02
	NS
	NS
	−0.220 **, <0.01
	0.188 **, 0.01
	−0.173 *, 0.02
	NS



	EAT End-diastolic area (cm2)
	−0.183 *, 0.01
	NS
	NS
	−0.211 **, <0.01
	0.157 *, 0.03
	−0.168 *, 0.02
	NS



	Pericardial Adipose Tissue (PAT)
	
	
	
	
	
	
	



	PAT Area in 4 Chamber view (cm2)
	NS
	0.159 *, 0.03
	0.179 *, 0.01
	NS
	0.279 **, <0.01
	NS
	0.156 *, 0.04



	PAT End-systolic area (cm2)
	−0.146 *, 0.04
	NS
	0.164 *, 0.02
	−0.207 **, <0.01
	0.224 **, <0.01
	NS
	NS



	PAT End-diastolic area (cm2)
	NS
	0.176 *, 0.02
	0.194 **, 0.01
	−0.163 *, 0.03
	0.249 **, <0.01
	NS
	0.174 *, 0.02



	Total cardiac fat (EAT + PAT)
	
	
	
	
	
	
	



	Total end-systolic area (cm2)
	−0.174 *, 0.02
	NS
	NS
	−0.213 **, <0.01
	0.217 **, <0.01
	−0.154 *, 0.03
	NS



	Total end-diastolic area (cm2)
	NS
	NS
	0.156 *, 0.03
	−0.184 *, 0.01
	0.224 **, 0.01
	NS
	0.164 *, 0.03







Pearson’s correlation was performed for parametric data, and Spearman’s Correlation was conducted for non-parametric data. All variables are expressed as correlation coefficient r, p-value. * Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed). a parameter was indexed by body surface area (BSA). LV: Left Ventricle; EDV: End-diastolic volume; ESV: End-systolic volume; and NS: Not significant p > 0.05.













 





Table 6. Atrial fibrillation recurrence in relation to BMI.
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	BMI
	Normal (n = 45)
	Overweight (n = 79)
	Obese (n = 74)
	p-Value *





	Frequency of recurrence n(%)
	40 (20.2%)
	72 (36.4%)
	66 (33.3%)
	0.298



	Days until recurrence
	69.0 (±86.7)
	53.3 (±59.3)
	80.1 (±131.1)
	0.321







Continuous variables are expressed as mean ± SD and categorical variables as absolute number and percentage. * p-value was assessed by Kruskal–Wallis H test and adjusted using Bonferroni adjustment for multiple comparisons.
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