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Abstract

Background: Pericardial fat has been associated with adverse cardiovascular outcomes through 

adiposity-associated inflammation and insulin resistance, which in turn are linked to cardiac 

dysfunction. We sought to evaluate the association between pericardial fat volume with cardiac 

structure and function in adults without baseline cardiovascular disease.

Methods: We analyzed data from the Multi-Ethnic Study of Atherosclerosis (MESA). Linear 

regression was used to examine the association between pericardial fat volume (by cardiac CT 

during Exam 1; 2000–2002) with cardiac function by echocardiography, six-minute walk distance 
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(6MWD), and symptom severity as assessed using the Kansas City Cardiomyopathy Questionnaire 

(KCCQ)-12 (Exam 6; 2016–2018).

Results: Among 3,032 participants, each standard-deviation (39.3 cm3) increase in pericardial 

fat volume was associated with lower (worse) absolute left atrial reservoir strain (β −0.98%; 

95%CI −1.29, −0.68; p<0.001), right ventricular free wall strain (β −0.75%; 95%CI −1.00, 

−0.51; p<0.001) and right atrial reservoir strain (β −0.59%; 95%CI −1.00, −0.19; p<0.01) after 

adjustment for potential confounders. Greater pericardial fat volume was associated with lower 

six-minute walk distances (β −5.70 m; 95%CI −10.34, −1.06; p=0.02), but not with KCCQ-12 

scores or NT-proBNP after multivariable adjustment.

Conclusions: In a population-based cohort of adults, pericardial fat volume was independently 

associated with subclinical atrial and right ventricular dysfunction and reduced six-minute walk 

distance. These distinct changes in cardiac structure and function suggests a potential mechanistic 

role for pericardial fat in early heart failure.

Graphical Abstract
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Introduction:

Pericardial adipose tissue has been linked to coronary artery disease, atrial fibrillation, and 

abnormal cardiac structure and function[1–5]. This tissue comprises both fat superficial 

to the parietal pericardium (pericardial fat) and fat located between the myocardium 

and the visceral pericardium (epicardial fat)[6]. Epicardial fat lies in direct contact with 

cardiomyocytes and secretes numerous bioactive factors which have been implicated in 

adiposity-associated inflammation and insulin resistance[3]. This in turn contributes to 

myocardial fat deposition and fibrosis[5]. Epicardial adipose tissue is also metabolically 

active, expressing high amounts of proteins associated with lipid metabolism [3, 7].
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In heart failure with preserved ejection fraction (HFpEF), pericardial adipose tissue 

is associated with increased cardiac filling pressures and more severe pulmonary 

hypertension[8]. Excessive adipose tissue around the heart has also been shown to impair 

ventricular filling by contributing to pericardial restraint in studies of heart failure patients[8, 

9]. However, most studies of pericardial fat have included individuals with existing 

cardiovascular disease without using sensitive measures of cardiac dysfunction. In particular, 

strain imaging using speckle-tracking echocardiography is capable of detecting subclinical 

abnormalities in cardiac function that has yet to be applied in this context[10]. Pericardial 

fat is associated with an increased risk for heart failure in individuals without prior cardiac 

disease[11, 12], but these studies did not explore potential mechanisms. Additionally, most 

were performed cross-sectionally, limiting interpretations on the long-term clinical as well 

as cardiac structural, functional, and mechanical effects of excessive pericardial adiposity.

Therefore, we utilized data from the Multi-Ethnic Study of Atherosclerosis (MESA) to 

examine the association between pericardial adipose tissue volume by CT with cardiac 

structure and function by echocardiography. The volume of pericardial fat determined 

by this method has been demonstrated to approximate that of epicardial fat[2] and is 

independently associated with increased risk for incident heart failure[12]. We then further 

characterized the clinical significance of these findings by examining the association of 

pericardial fat with exercise capacity and heart failure symptoms. We hypothesized that 

increased pericardial fat volume would be independently associated with abnormal cardiac 

mechanics, greater symptom burden, and reduced exercise capacity.

Methods:

Study population

MESA is a multicenter prospective cohort designed to investigate the prevalence, correlates, 

and progression of subclinical cardiovascular disease in adults without previous clinical 

cardiovascular disease[13]. MESA comprises 6,814 men and women age 45–85 years old 

recruited from six US field sites (Baltimore, Maryland; Chicago, Illinois; Forsyth County, 

North Carolina; Los Angeles County, California; New York, New York; and St. Paul, 

Minnesota) and followed over six Exams from 2000–2018. Standard methods were used to 

ascertain height, weight, body mass index (BMI), waist and hip circumference, smoking 

status (classified as never, former, or current), pack-years smoked, hypertension[14], 

diabetes[15], and metabolic syndrome[16]. Phlebotomy was performed at each Exam 

following a 12-hour fast. Participants provided written, informed consent and the 

Institutional Review Boards (IRB) at each field center approved the research. This study 

was determined to be exempt by the IRB at the University of Pennsylvania.

Participants were free of clinical cardiovascular disease at the time of recruitment. 

Standardized definitions were used to determine incident diagnoses of coronary heart 

disease (CHD), congestive heart failure (CHF), and atrial fibrillation (AF) (Supplement). 

Since right heart function may be impacted by pulmonary disease, additional covariates 

included spirometry and quantitated emphysema by computed tomography (CT) obtained 

as part of the MESA-Lung Study, which enrolled 3,965 MESA participants in 2004–2006. 

Spirometry testing was performed following ATS/ERS guidelines in 2004–06, 2010–12 and 
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2017–18 [17]. A quantitative assessment of lung density, measured as the percentage of total 

voxels within the lung field that fell below −950 Hounsfield units on the lung windows 

of cardiac CT scans was also included[18]. For those with lung measures at multiple 

timepoints, the reading most proximate to Exam 6 was chosen.

Exposure variable: Pericardial fat volume assessment

Pericardial fat volumes (which include both pericardial and epicardial fat) were determined 

using volumetric assessment of CT imaging obtained during Exam 1 (2000–2002). A subset 

of participants had repeated assessments at Exams 2 (2002–2004), 3 (2004–2005) and 4 

(2005–2007). Image acquisition and pericardial fat volume assessment have been described 

in detail previously[2].

Outcome variables:

Among MESA participants, 3,032 underwent echocardiography at Exam 6 as part of 

the MESA-Early Heart Failure Study, an ancillary study to study the mechanisms and 

phenotypes of early heart failure. All study echocardiograms were performed using 

identical dedicated GE Vivid T8 ultrasound systems (GE Healthcare, General Electric Corp, 

Waukesha, WI) with 3 SC-Rs transducers (fundamental frequency 1.5–4 MHz) for M-mode, 

2D, and Doppler acquisition. Participants were scanned in the left lateral decubitus position 

to facilitate the acquisition of clear, on-axis images as recommended by the American 

Society of Echocardiography (ASE).[19] A passive leg raise maneuver accompanied by 2D 

and Doppler imaging was also performed as part of the echo protocol. All echocardiograms 

were transferred from the field centers to the core laboratory in GE RAW format using a 

web-based PACS system (HeartIT WebPAX).

All two-dimensional, Doppler, and M-mode echocardiographic measurements were 

performed using GE EchoPAC software (version 201, GE Healthcare, General Electric 

Corp, Waukesha, WI) by two experienced research sonographers blinded to all other 

data. Measures of cardiac mechanics, chamber quantification and cardiac function were 

performed in accordance with the recommendations of the ASE[20–22]. A still image 

containing an overlay of the echocardiographic tracing was captured for each measurement 

performed and archived for review and verification by two cardiologist over-readers with 

expertise in echocardiography. Speckle-tracking analysis was also performed using GE 

EchoPAC software as described previously[23]. For ease of reporting and interpretation, 

all strain values were reported as absolute values (with lower absolute strain values 

corresponding to worse cardiac mechanics). Quality control metrics for inter- and 

intraobserver variability were performed on a sample of 100 studies as detailed in 

Supplemental Tables 1 and 2. Detailed echocardiographic methods are described in the 

Supplement.

Participants also completed the Kansas City Cardiomyopathy Questionnaire (KCCQ-12), 

a patient-reported outcome tool used to assess heart failure symptoms[24] and a subset 

(N=2486) underwent six-minute walk distance (6MWD) testing using a standardized 

protocol[25]. Log2-transformed N-terminal pro b-type natriuretic peptide (NT-proBNP) 
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levels were obtained from fasting serum samples drawn at Exam 6 as part of the Olink 

Target 96 Cardiovascular III panel (Olink Proteomics, Uppsala, Sweden).

Statistical analysis

Continuous variables were expressed as means (standard deviation) for normally-distributed 

variables, or median with interquartile range for skewed variables. Categorical variables 

were expressed as frequency (percentage). To evaluate whether pericardial fat volume 

changed over time for participants who underwent repeated assessments of pericardial fat 

volume, we performed a linear mixed effects regression of pericardial fat volume over time 

with random slopes and intercepts.

Using linear regression, we examined the association between pericardial fat volume 

measured at Exam 1 (2000–2002) with cardiac function by echocardiography measured 

at Exam 6 (2016–2018). All models were adjusted for age, sex, race, body mass index, 

waist-hip ratio, smoking history (Exam 1), hypertension and atrial fibrillation status (Exam 

6), FEV1/FVC and percent emphysema by CT (Exams 3–5; 2004–2011). Interactions of 

pericardial fat volume with baseline age, sex, and race were assessed. Multivariable models 

with RV parameters as dependent variables were additionally adjusted for LV ejection 

fraction and LV mass by echocardiography. An expanded model for pericardial fat and RV 

function adjusted for LV GLS, mitral E/e’ ratio, LA volume index, and LA reservoir strain. 

Lastly, a subset analysis was performed excluding individuals who developed AF, CHD or 

CHF over the follow-up period.

Linear regression was used to examine the association between Exam 1 pericardial fat 

volume with KCCQ-12 score, six-minute walk distance, and NT-proBNP at Exam 6 as 

secondary outcomes. All models were adjusted for age, sex, race, body mass index, waist-

hip ratio, smoking history, FEV1/FVC, and percent emphysema. Regression analyses were 

performed using STATA 15.1.

Results:

Among 6,814 participants initially recruited in MESA, we included the 3,032 participants 

who underwent echocardiography at Exam 6 (Supplemental Table 3). At baseline, this 

cohort was 53% female, with mean age 57 years and 40% White, 25% Black or African 

American, 22% Hispanic, and 13% Asian. Compared to the excluded group, our cohort was 

younger, with lower baseline prevalence of hypertension, diabetes and metabolic syndrome 

and lower pericardial fat volume. Race, gender, BMI and waist-hip ratio were similar 

between the two groups. All participants were free of cardiovascular disease at Exam 1, but 

by Exam 6, 398 (13.1%) participants had AF, 75 (2.5%) had CHF and 198 (6.5%) had CHD.

Baseline (Exam 1) pericardial fat volume (mean 73.6 cm3, standard deviation 39.3 cm3) 

was positively correlated with BMI, though there was substantial variation among those 

with high BMI (Supplemental Figure 1). Those in the highest quartile of pericardial fat 

were predominantly male, older, with greater proportion of White and Hispanic participants, 

higher BMI and greater prevalence of baseline cardiovascular risk factors (Table 1). Among 

the 3032 participants, there were 6371 observations of pericardial fat volume between 
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Exams 1–4 (average 2.1 observations per participant). Over time, mean pericardial fat 

volume increased by 1.19 cm3 per year (95% CI 1.03 to 1.36, p<0.001). Among those 

with multiple measurements of pericardial fat volume, the within-individual intraclass 

correlation (ICC) was high (ICC 0.95, 95% CI 0.94 to 0.95). Additional baseline participant 

characteristics and echocardiography measurements are summarized in Tables 1 and 2.

In univariate analysis, higher pericardial fat volume at baseline was associated with lower 

(worse) absolute LV global longitudinal strain and LA reservoir strain, in addition to other 

indices of LV systolic and diastolic function (Table 3). The association of pericardial 

fat volume with left atrial (LA) reservoir strain, and greater LV mass persisted, but 

was attenuated by adjustment for age, sex, race, site, body mass index, waist-hip ratio, 

smoking status, pack-years smoked, FEV1/FVC, percent emphysema, hypertension and 

atrial fibrillation status (Figure 1A & Table 3). Pericardial fat volume was associated with 

greater mitral E/e’ ratio, lower e’ velocity, and lower LA reservoir strain following a preload 

challenge via passive leg-raise maneuver (Table 3).

Increased pericardial fat volume was also associated with lower (worse) absolute RV free 

wall and right atrial (RA) reservoir strain (Table 4) in univariate analysis, which persisted, 

but was somewhat attenuated in multivariable models (Figure 2A & 2B). Pericardial fat 

volume was also associated with lower tricuspid annular plane systolic excursion (TAPSE), 

fractional area change (FAC) and RV s’ velocity (Table 4). These associations were largely 

unchanged after further adjusting for pulmonary artery systolic pressure, LV strain, E/e’ 

ratio, LA volume, and LA strain (Supplemental Table 4). Associations between pericardial 

fat volume with lower LA reservoir, RV free wall, and RA reservoir strain remained 

significant after excluding individuals with AF, CHD, and CHF (Supplemental Table 5). 

There were no significant interactions of pericardial fat volume by age, sex or race/ethnicity 

on any of the echo parameters tested.

Finally, increased pericardial fat volume was associated with lower (worse) KCCQ-12 (β 
per 1-SD change = −1.30, 95%CI −1.79 to −0.81, p <0.001) and higher NT-proBNP (β = 

0.16, 95%CI 0.11 to 0.21, p <0.001) in univariate analysis, which were no longer significant 

in multivariate models adjusting for age, sex, race, site, body mass index, waist-hip ratio, 

smoking status, pack-years smoked, FEV1/FVC, percent emphysema, hypertension and 

atrial fibrillation status. NT-proBNP assay values from the Olink III assay were reported 

as log2-transformed, such that each standard deviation increase in pericardial fat volume 

was associated with a 12% increase in NT-proBNP (20.16 = 1.12). In the subset of 

participants who underwent walk testing, increased pericardial fat volume was associated 

with decreased 6MWD in both univariate (β = −19.96 m, 95%CI −23.86, −16.06, p <0.001) 

and multivariable-adjusted analyses (β = −5.70 m, 95%CI −10.34, −1.06, p=0.02; Figure 3).

Discussion:

In this study of a large, racially/ethnically diverse cohort of individuals, we utilized 

comprehensive echocardiography to identify changes in cardiac structure and function 

associated with excessive epicardial fat. Greater pericardial fat volume was independently 

associated with worse cardiac mechanics and lower exercise capacity after nearly twenty 
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years of follow-up, which persisted after adjustment for potential confounders including 

overall obesity, fat distribution, lung function and other cardiovascular disease including 

atrial fibrillation. Pericardial fat volume remained associated with RV function after 

adjusting for indices of LV function, suggesting that the relationship with RV structure 

and function was not wholly secondary to LV morphology. While effect sizes we observed 

were small, we showed that increased pericardial fat was associated with sensitive and 

clinically-relevant indices of atrial and ventricular function which could be used to identify 

patients at risk for developing heart failure or to identify patients for therapies to reduce 

pericardial adipose tissue and associated inflammation[26].

Within MESA, pericardial fat volume is associated with increased risk of incident heart 

failure[12, 27]. Additionally, cross-sectional studies of pericardial fat volume with cardiac 

structure show an association with greater LV and RV mass [11, 28]. In our study, we 

found that pericardial fat volume remained associated with increased LV mass independent 

of BMI and fat distribution (waist-hip ratio). Additionally, pericardial fat volume remained 

negatively associated with LV and RV function even when restricted to individuals without 

CHD, CHF, or AF. In the LV, this manifested in higher E/e’ ratio and greater LA volume, 

suggesting higher left sided filling pressures. Associations between pericardial fat volume 

with worse diastolic function and LA strain were magnified following an intravascular 

volume challenge. This is especially compelling, as changes in LA strain in response to 

passive leg-raise are a distinguishing feature in HFpEF[29]. This overall pattern suggests 

that the effect of pericardial fat on the LV manifests primarily as diastolic dysfunction, 

which has been demonstrated in other studies[30, 31] and is consistent with the role of 

adiposity and metabolic dysfunction in HFpEF[32, 33].

In contrast, pericardial fat volume was associated with both systolic and diastolic 

dysfunction in the RV. In addition to standard metrics of RV function such as TAPSE 

and fractional area change (FAC), we also found that greater pericardial fat volume was 

associated with reduced RV strain. These associations also remained significant in models 

which further adjusted for PASP, LV strain, E/e’ ratio, LA volume, and LA strain, indicating 

that not all of the effect observed on the RV can be completely explained by RV loading 

or left-sided dysfunction. RV adaptation to disease is unique to that of the LV, owing to the 

differences in structure and contractile function between the two[34]. These differences may 

explain why we observed changes in both RV diastolic and systolic function compared to 

the LV. The location of epicardial fat, which primarily overlies the RV and may exert more 

direct paracrine effects on RV myocardium, may also help explain these findings.

Epicardial fat has been linked to atrial conduction abnormalities[35] and AF[1] by 

promoting cardiac remodeling and fibrosis. These same mechanisms may contribute to 

impaired atrial function. In our cohort, we found that pericardial fat volume also associated 

with decreased LA and RA strain and increased atrial volumes, which persisted even 

after adjusting for the presence of AF and in sensitivity analyses restricting those with 

cardiovascular disease, including AF. Atrial function and size may be impacted by 

elevated atrial pressures, which may explain some of our findings. Since atrial strain 

imaging is emerging as a prognostic indicator in diseases such as HFpEF[23] and 

pulmonary hypertension[36], and disproportionate atrial dysfunction contributes to unique 
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pathophysiology in HFpEF[37], further studies into the effect of epicardial fat on atrial 

function are warranted, particularly in those populations.

Greater pericardial fat volume was also associated with a small, but significant decrease in 

6MWD in both univariate and multivariable-adjusted analyses, suggesting that the observed 

cardiac structural and functional changes may lead to subtle changes in exercise capacity 

even after accounting for potential confounders such as age, body habitus, lung function, and 

atrial fibrillation. Pericardial fat volume was also associated with lower KCCQ-12 scores, 

indicating more heart failure symptoms, and higher NT-proBNP in univariate analyses, 

though these associations were not significant in multivariable models. The KCCQ-12 

questionnaire was developed to describe and monitor symptom burden in heart failure 

patients and may lack the sensitivity to detect small differences in a population with 

mostly subclinical disease. Similarly, NT-proBNP may also not be significantly elevated 

in subclinical disease and might be further attenuated in patients with excess adipose tissue 

due to increased natriuretic peptide clearance and reduced secretion[38].

Strengths and limitations

This is the largest study of pericardial fat volume and echocardiographic indices of cardiac 

function to date. Our study incorporated both atrial and ventricular strain imaging, which 

have greater sensitivity to detect subclinical cardiac dysfunction. Additionally, the MESA 

cohort is ethnically diverse and is highly generalizable to the adult population in the United 

States. While many studies have demonstrated an association among patients with clinical 

cardiovascular disease, we show that this relationship is also observed in a cohort which is 

predominantly free of cardiovascular disease, suggesting that excessive pericardial adipose 

tissue is associated with a spectrum of cardiovascular dysfunction ranging from subclinical 

abnormalities to clinically-evident disease. The association between pericardial fat with 

cardiac mechanics after nearly twenty years of follow-up suggests that excess pericardial fat 

may be an early risk factor and a potential target for intervention.

There were several limitations to our study. Due to the lack of echocardiographic 

measurements for ventricular interdependence or invasive hemodynamics in our cohort, 

we do not know as to the role of pericardial restraint in our findings. MESA participants 

who died or dropped out prior to Exam 6 could not be analyzed, thus there is a 

potential for differential drop-out and selection bias favoring healthier participants than the 

general population, as evidenced by the differences in baseline characteristics between our 

cohort and the excluded participants. Finally, due to the time gap between exposure and 

outcome measures, unmeasured or residual confounding was possible. A longitudinal study 

incorporating multiple pericardial fat and echo measurements over time would help clarify 

causal relationships.

Future directions

Our study adds to the existing body of literature suggesting that excessive pericardial 

fat is not merely associated with cardiovascular disease risk, but contributes to the 

development of disease itself by highlighting the associated cardiac structural and functional 

changes seen on echocardiography. Pericardial fat, increased inflammation, and metabolic 
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dysfunction play a central role in the “metabolic HFpEF phenotype”[39] and further studies 

are warranted to help understand the direct mechanisms by which epicardial adipose 

tissue impacts atrial and ventricular function and remodeling. Additionally, identifying 

individuals with excessive pericardial fat could further risk stratify patients and identify 

potential candidates for intervention. Pericardial fat volume may decrease with intensive 

dietary and lifestyle modification or bariatric surgery[40, 41]. Newer classes of antidiabetic 

therapies, such as sodium-glucose cotransporter (SGLT)-2 inhibitors and glucagon-like 

peptide (GLP)-1 agonists have also shown promise in decreasing pericardial fat volume[41]. 

Finally, among individuals in whom excessive pericardial fat volume impairs diastolic filling 

within the limited pericardial space, pericardiotomy has also been proposed as a therapeutic 

option[9].

Conclusion

In this large, diverse cohort of elderly adults free of baseline cardiovascular disease, 

pericardial fat volume was associated with distinct atrial and ventricular abnormalities 

by echocardiography after nearly twenty years of follow-up and remained independently 

associated with cardiac function after adjusting for overall adiposity (i.e., BMI and waist-hip 

ratio) and other potential confounders. These distinct changes in cardiac structure and 

function are accompanied by decreased 6MWD, suggesting a potential mechanistic role for 

pericardial fat in early heart failure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Speckle tracking strain applied to 3032 elderly participants in MESA cohort

• Pericardial fat volume associated with worse biatrial and right ventricular 

strain

• Pericardial fat volume associated with lower six-minute walk distances

• Pericardial fat worsens cardiac mechanics and may result in early heart failure
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Figure 1: 
Association between pericardial fat volume with percent absolute left atrial reservoir, with 

lower values indicating worse function. The model is adjusted for age, sex, race, site, 

body mass index, waist-hip ratio, smoking status, pack-years smoked, FEV1/FVC, percent 

emphysema, hypertension and atrial fibrillation status.
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Figure 2: 
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Association between pericardial fat volume with percent absolute right ventricular free wall 

strain (A) and right atrial reservoir strain (B), with lower values indicating worse function. 

The model is adjusted for age, sex, race, site, body mass index, waist-hip ratio, smoking 

status, pack-years smoked, FEV1/FVC, percent emphysema, LVEF and LV mass by echo, 

hypertension and atrial fibrillation status.
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Figure 3: 
Association between pericardial fat volume with six-minute walk distance. The model is 

adjusted for age, sex, race, site, body mass index, waist-hip ratio, smoking status, pack-years 

smoked, FEV1/FVC, percent emphysema, hypertension and atrial fibrillation status.
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Table 2:

Echocardiogram Measurements

N 3032

Left ventricular parameters

 Global longitudinal strain, % (N=2765) 20.0 (18.2, 21.7)

 Ejection fraction, % (N=3032) 63.0 (60.0, 66.0)

 Mass index, g/m2 (N=3029) 80.3 (68.6, 95.8)

 Mitral E/A ratio (N=2886) 0.9 (0.7, 1.1)

 Average E/e’ ratio (N=2944) 9.5 (7.8, 11.7)

Left atrial parameters

 Volume index, ml/m2 (N=2993) 26.9 (22.4, 32.4)

 Reservoir strain, % (N=2905) 27.0 (23.0, 30.9)

Right ventricular parameters

 Free wall strain, % (N=2904) 24.7 (21.4, 28.3)

 Tricuspid annular plane systolic excursion, cm (N=3026) 2.1 (1.9, 2.3)

 Estimated pulmonary artery systolic pressure, mmHg (N=2382) 32.2 (28.4, 37.0)

 Fractional area change, % (N=3027) 39.9 (37.2, 42.9)

 Free wall s’ peak velocity, cm/s (N=2916) 13.7 (11.9, 15.8)

 Ratio of left ventricular and right ventricular end diastolic areas (N=3027) 1.5 (1.3, 1.6)

 Tricuspid E/A ratio (N=2848) 1.2 (1.0, 1.4)

 Tricuspid E/e’ ratio (N=2815) 4.0 (3.3, 4.9)

Right atrial parameters

 End systolic area, cm2 (N=3027) 16.3 (13.8, 19.0)

 Reservoir strain, % (N=2940) 32.1 (26.7, 38.0)

For ease of reporting and interpretation, all strain values were reported as absolute values (with lower absolute strain values corresponding to worse 
cardiac mechanics).

J Am Soc Echocardiogr. Author manuscript; available in PMC 2023 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Min et al. Page 20

Table 3:

Association between pericardial fat volume and left heart parameters

Univariable β (95% CI) Multivariable β (95% CI)

LV parameters

Global longitudinal strain, % (N=2621) −0.55 (−0.67, −0.42)*** −0.10 (−0.26, 0.05)

Ejection fraction, % (N=2872) −0.56 (−0.76, −0.36)*** 0.04 (−0.22, 0.29)

E/A ratio (N=2736) −0.02 (−0.03, −0.01)** −0.01 (−0.02, 0.01)

E/e’ ratio (N=2790) 0.51 (0.36, 0.65)*** 0.16 (−0.01, 0.33)

Mitral e’ velocity, m/s (N=2840) −0.23 (−0.30, −0.16)*** −0.02 (−0.11, 0.07)

LV mass, grams (N=2870) 17.63 (15.95, 19.32)*** 3.80 (1.71, 5.89)***

LA parameters

LA volume, cm3 (N=2837) 1.17 (0.82, 1.52)*** 1.14 (0.33, 1.95)**

LA reservoir strain, % (N=2755) −1.54 (−1.77, −1.30)*** −0.98 (−1.29, −0.68)***

Preload challenge

Global longitudinal strain, % (N=2486) −0.45 (−0.57, −0.32)*** −0.06 (−0.23, 0.11)

E/A ratio (N=2727) −0.03 (−0.04, −0.02)*** −0.01 (−0.02, 0.01)

E/e’ ratio (N=2772) 0.34 (0.22, 0.46)*** 0.24 (0.09, 0.39)**

Mitral e’ velocity, m/s (N=2794) −0.34 (−0.41, −0.26)*** −0.20 (−0.29, −0.10)***

LA reservoir strain, % (N=2697) −1.94 (−2.24, −1.65)*** −1.30 (−1.69, −0.91)***

For ease of reporting and interpretation, all strain values were reported as absolute values (with lower absolute strain values corresponding to 
worse cardiac mechanics). β coefficients are presented as the mean change in the outcome variable per standard-deviation increase in pericardial 

fat volume (1sd = 39.3 cm3). Multivariable models are adjusted age, sex, race, site, body mass index, waist-hip ratio, smoking status, pack-years 
smoked, FEV1/FVC, percent emphysema, hypertension and atrial fibrillation status. For preload challenge, indices were measured following a 
passive leg-raise maneuver

*
p < 0.05

**
p < 0.01

***
p < 0.001.
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Table 4:

Association between pericardial fat volume and right heart parameters

Univariable β (95% CI) Multivariable β (95% CI)

RV systolic function

Free wall strain, % (N=2751) −1.33 (−1.52, −1.14)*** −0.69 (−0.94, −0.45)***

TAPSE, cm (N=2863) −0.03 (−0.04, −0.01)*** −0.05 (−0.07, −0.03)***

PASP, mmHg (N=2257) 0.84 (0.51, 1.16)*** 0.27 (−0.15, 0.69)

RV FAC, % (N=2864) −0.72 (−0.88, −0.56)*** −0.24 (−0.45, −0.03)*

RV s’ velocity, m/s (N=2766) 0.01 (−0.11, 0.13) −0.17 (−0.32, −0.02)**

LV:RV ratio (N=2864) −0.03 (−0.04, −0.02)*** −0.01 (−0.03, −0.001)*

RV diastolic function

Tricuspid E/A ratio (N=2701) −0.04 (−0.05, −0.03)*** −0.01 (−0.02, 0.01)

Tricuspid E/e’ ratio (N=2671) 0.24 (0.18, 0.30)*** 0.20 (0.12, 0.27)***

RV e’ velocity, m/s (N=2751) −0.23 (−0.36, −0.10)** −0.21 (−0.37, −0.04)*

RA parameters

RA end-systolic area, cm3 (N=2864) 1.12 (0.98, 1.27)*** 0.38 (0.20, 0.56)***

RA reservoir strain, % (N=2787) −1.50 (−1.81, −1.20)*** −0.59 (−1.00, −0.19)**

For ease of reporting and interpretation, all strain values were reported as absolute values (with lower absolute strain values corresponding to 
worse cardiac mechanics). β coefficients are presented as the mean change in the outcome variable per standard-deviation increase in pericardial 

fat volume (1sd = 39.3 cm3). Multivariable models are adjusted age, sex, race, site, body mass index, waist-hip ratio, smoking status, pack-years 
smoked, FEV1/FVC, percent emphysema, LVEF and LV mass by echo, hypertension and atrial fibrillation status

*
p < 0.05

**
p < 0.01

***
p < 0.001
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