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Abstract

Objective—Fat accumulation around the heart and aorta may impact cardiovascular (CV) health. 

The purpose of this study was to conduct a systematic investigation to examine potential 

associations of these fat depots with risk factors for CV events, which has not been done before.

Methods—Pericardial fat, periaortic fat around the ascending aorta (AA), descending aorta (DA) 

and aortic arch, and abdominal subcutaneous and visceral fat were measured by MRI in older 

adults with (n=385, 69±8 years, 52% female) and without (n=50, 69±8 years, 58% female) risk 

factors for a CV event.

Results—Individuals with CV risk factors exhibited greater fat volumes across all fat depots 

compared to those without risk factors. In analysis of covariance accounting for age, gender, race/

ethnicity, diabetes, hypertension, coronary artery disease, smoking, and BMI, individuals with risk 

factors possessed higher epicardial, pericardial, AA, DA, and abdominal visceral fat (p<0.05). 

When matched one-to-one on age, gender, race/ethnicity, and BMI, AA and DA fat were higher in 

those with versus without CV risk factors (p<0.01).

Conclusions—Older adults with a high risk for CV events have greater periaortic fat than low-

risk adults, even after accounting for BMI. More studies are needed to determine whether greater 

periaortic fat predicts future CV events.
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Introduction

Obesity is associated with increased cardiovascular (CV) morbidity and mortality.1 

However, not all overweight or obese individuals experience CV events,2 particularly 

among older adults.3 Age-related changes in body composition and fat distribution, mainly 

increased abdominal visceral fat and ectopic fat deposition, appear to play a major role in 

the pathogenesis of CV disease.4, 5 While research has largely focused on abdominal 

obesity, excess fat accumulation around the heart (i.e. pericardial fat) and proximal aorta 

(i.e. periaortic fat) may have more adverse effects on CV health given their anatomic 

location.6 These fat depots may impact adjacent tissues and organs through locally secreted 

biochemical factors that adversely affect neighboring cardiomyocytes and vascular 

endothelial and smooth muscle cells.6-9 Thus, direct assessment of fat around CV organs 

may enable better risk stratification for CV disease.

Data from the Framingham Heart Study and other studies have identified positive 

associations between total pericardial and/or periaortic fat volume and CV disease.10-15 

Moreover, associations with pericardial fat may depend on the particular location of fat 

relative to the pericardium, and fat distribution around the aorta may also be important.13, 16 

To our knowledge, there has been no systematic investigation of these fat depots in older 

adults and their relationship to CV risk. This issue remains important to address as both 

pericardial and periaortic fat are positively associated with age.13, 17 The purpose of this 

study was to perform a comprehensive assessment of epicardial fat (located within the 

pericardium), paracardial fat (located superficial to the pericardium), pericardial fat 

(epicardial and paracardial fat combined) and periaortic fat around the ascending aorta (AA), 

descending aorta (DA) and aortic arch in older adults. We also examined whether older 

adults with risk factors for a CV event have greater fat deposition than similarly aged adults 

without risk factors, accounting for overall adiposity.

Materials and Methods

Study Participants

This analysis included older men and women enrolled in two clinical studies at Wake Forest 

School of Medicine. All study participants provided written informed consent, and each 

study protocol was approved by the Wake Forest School of Medicine Institutional Review 

Board.

Individuals with CV Risk Factors—The Pulmonary Edema and Vascular Stiffness 

(PREDICT) study is a prospective study in middle-aged and older individuals designed to 

identify vascular abnormalities that predict the future development of congestive heart 

failure. Eligible participants were 55-85 years of age and were at high risk for their first 

episode of flash pulmonary edema based on the presence of at least one of the following risk 

factors:18 diabetes defined as a fasting glucose level ≥126 mg/dl;19 hypertension defined as 

a systolic blood pressure >140 mmHg, a diastolic blood pressure >85 mmHg, or use of anti-

hypertensive medications;20 or coronary artery disease based on standards established by the 

American Heart Association and the American College of Cardiology.21 Major exclusion 
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criteria included contraindication to MRI scanning (i.e. implanted electronic devices, 

intracranial metal, or claustrophobia); left main or 3-vessel coronary artery disease; 

moderate to severe aortic stenosis or other significant valvular disease; and myocardial 

infarction, acute coronary syndrome, or angina within the preceding year.

Individuals without CV Risk Factors—The HEALTHY cohort was recruited to 

provide a healthy, normal comparison group for studies of age-related health conditions. 

Community-dwelling older adults aged ≥60 years who were non-smokers; sedentary (<120 

minutes of vigorous exercise per week);had no acute or chronic medical disorders, including 

hypertension or diabetes; and were not taking any medications except aspirin for primary 

prevention were recruited for this cohort.22

MRI Assessment of Fat Volume

MRI scans were performed on a 1.5T Siemens Avanto scanner (Siemens Medical Solution, 

Erlangen, Germany) with a phased-array surface coil applied to optimize signal to noise 

within the images. To determine the volume of pericardial and periaortic fat, axial images 

were acquired of the chest from the diaphragm to the aortic arch using a prospectively ECG-

gated, T1-weighted, breath-held, black-blood, single-shot, turbo-spin echo sequence. 

Abdominal fat was determined in a single axial slice positioned at the level of the second 

lumbar vertebra, as described previously.23, 24 Images acquired for the purpose of 

determining thoracic and abdominal fat volumes were analyzed offline using sliceOmatic™ 

software (version 4.2 rev10, Tomovision, Montreal, CA). Regions of interest were drawn, 

and the cross-sectional fat area was quantified by summing the pixels within the segmented 

portions of the image and multiplying by the pixel surface area. Fat volumes were calculated 

by multiplying the cross-sectional areas by the slice thickness.

Analysis of Thoracic Fat Depots

The Threshold mode was used to separate fat from the thorax and the remaining portions of 

the heart using specific anatomic landmarks. In brief, the anterior border of the volume was 

defined by the chest wall and the posterior border by the descending aorta and spinal 

column. Epicardial fat (Figure 1, red color) and paracardial fat (Figure 1, blue color) were 

measured from the bottom of the left ventricle (LV) to the aortic root (at the level of the 

mitral valve leaflets) (Figure 1, slices 1-5). To define the pericardium (Figure 1, green 

color), 8-10 control points were manually placed and a smooth closed contour was 

automatically generated based on a Catmull-Rom spline function. Pericardial fat 

volumes(i.e. the sum of epicardial fat and paracardial fat) were calculated for two regions 

from 1) the LV to the aortic root (Figure 1, slices 1-5) and 2) the aortic root to the main 

pulmonary artery (Figure 1, orange color, slices 6-8). Pericardial fat was then summed 

across all 8 slices to obtain a total pericardial fat volume. Fat around the AA and DA was 

measured in a single slice at the level of the main pulmonary artery, prior to the bifurcation. 

The slice cutting through the middle of the pulmonary artery was identified (Figure 1, slice 

9), and then AA fat (purple color) was defined by a circle with a diameter 10 mm greater 

than the aortic diameter, while DA fat (yellow color) was defined by the pulmonary vein 

anteriorly, the spinal column and spinal vessel posteriorly and postero-medially, and the 

lung fields laterally. Aortic arch fat, defined by the manubrium anteriorly, lung fields 
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laterally, and spinal column posteriorly, was measured from above the pulmonary 

bifurcation to the top of the arch, prior to the branching vessels (Figure 1, slices 10-11, pink 

color). A coronal image highlighting the corresponding axial slices used to quantify 

pericardial and periaortic fat is shown in Figure 2.

All scans were analyzed by a single reader. To determine the intra-observer variability of the 

fat volume measurements within each compartment, images from 12 randomly selected 

PREDICT participants were reanalyzed and intra-class correlation coefficients (ICC) were 

calculated. The intra-observer ICC were 0.87 for epicardial fat, 0.98 for paracardial fat, 0.89 

for pericardial fat (above the aortic root), 0.95 for AA fat, 0.90 for DA fat, and 0.91 for 

aortic arch fat.

Analysis of Abdominal Fat Depots

Abdominal fat was segmented into subcutaneous and visceral compartments. Visceral fat 

was defined as fat within the mesentery and omentum and bounded by the muscular 

abdominal wall. Subcutaneous fat was defined as fat lying outside of the abdominal wall. 

Abdominal fat compartments were segmented using an automated algorithm (Morpho 

mode) followed by manual correction of misclassified pixels. The inter-observer ICC were 

0.944-0.976 and 0.996 for visceral and subcutaneous fat, respectively.24

Measurement of Other Clinical Variables

Demographics (i.e. age, gender, race/ethnicity) and smoking history were obtained by 

questionnaire. Systolic and diastolic blood pressures were measured using a conventional 

mercury sphygmomanometer. Body weight was measured using a standard calibrated scale. 

Height was measured using a wall-mounted stadiometer. Blood samples were collected by 

venipuncture in the morning following an overnight fast. Laboratory variables, including 

lipids, glucose, and C-reactive protein, were measured using standardized procedures.

Statistical Analysis

All statistical analyses were performed using SAS 9.3 (Cary, NC). Clinical characteristics 

and fat volumes were compared between individuals with and without CV risk factors using 

Chi-square tests for categorical variables and Student's t-tests for continuous variables. 

Spearman correlation coefficients were used to examine relationships among pericardial, 

periaortic, and abdominal fat depots and BMI for each risk group. Analysis of covariance 

was used to examine whether the individual fat depots were independently associated with 

risk group after accounting for age, gender, race/ethnicity, diabetes, hypertension, coronary 

artery disease, smoking and BMI. An interaction term was initially included to determine 

whether the associations between risk group and the fat depots were modified by BMI. We 

found no significant group × BMI interactions; therefore, interaction terms were not 

included in the final models. In order to more carefully control for the effects of total 

adiposity, we also performed one-to-one matching to identify a subset of individuals with 

CV risk factors who were similar to individuals without CV risk factors based on gender 

(100%), race (100%), age (±4 years), and BMI (±5 kg/m2).Similar comparison analyses 

were performed for the matched individuals. For all tests, a p-value ≤0.05 was considered 

statistically significant.
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Results

Clinical Characteristics of Individuals With and Without CV Risk Factors

Compared to individuals without CV risk factors, those with risk factors were more likely to 

be non-white (p=0.002), with higher body weight (p<0.0001), BMI (p<0.0001), and serum 

triglyceride (p=0.0005), glucose (p<0.0001), and C-reactive protein (p<0.0001) levels. 

These individuals also had lower serum levels of total (p=0.002) and HDL cholesterol 

(p<0.0001) (Table 1), and ∼60% were taking statins. As shown in Table 2, all of the fat 

volumes (except for abdominal subcutaneous fat) were higher in individuals with versus 

without risk factors (all p<0.01). In the analysis of individuals matched one-to-one on age, 

gender, race and BMI, differences in aortic arch fat were slightly attenuated (p=0.052), 

however, all other fat depots remained higher in those with risk factors for a CV event 

(p<0.05).

Correlations Among Pericardial, Periaortic, and Abdominal Fat Depots and BMI

Correlations among all the adiposity measures can be found in Supplementary Tables 1 and 

2 for individuals with and without CV risk factors, respectively. Epicardial, paracardial, and 

pericardial fat depots were correlated with the periaortic fat depots in those with risk 

factors(r=0.29-0.66, p<0.0001 for all), while only DA fat was associated with these fat 

depots in individuals without risk factors. Correlations between epicardial and paracardial 

fat(r=0.61-0.68, p<0.0001) and between AA and DA fat (r=0.38-0.39, p<0.01) were modest, 

but significant, in both groups. Pericardial fat (below the aortic root) and total pericardial fat 

were highly correlated with their components (r=0.74-0.97, p<0.0001 for all). In general, 

epicardial, paracardial, pericardial and periaortic fat depots were correlated with abdominal 

visceral fat in both groups (r=0.35-0.75, p≤0.01). In contrast, abdominal subcutaneous fat 

was only associated with paracardial fat and pericardial fat depots (p<0.05). BMI was 

associated with paracardial fat, all of the pericardial fat depots, and DA fat in individuals 

without CV risk factors. All fat depots except pericardial fat (above the aortic root) and AA 

fat were associated with BMI in those with CV risk factors.

Linear Regression Models for the Association of Study Group with Fat Depot

The mean differences in fat volumes between individuals with and without CV risk factors 

based on analysis of covariance are shown in Table 3. These results indicated that after 

accounting for age, gender, race/ethnicity, diabetes, hypertension, coronary artery disease, 

smoking, and BMI, individuals with CV risk factors had significantly greater epicardial fat 

(p=0.02), total pericardial fat (p=0.02), AA fat (p<0.0001), DA fat (p<0.0001), and 

abdominal visceral fat (p=0.006) compared to those without CV risk factors. In the matched 

analysis, AA and DA fat remained significantly different between groups, with the high-risk 

group having approximately 1.6 cm3 more AA fat (p=0.001) and 0.8 cm3 more DA fat 

(p=0.006) than the low-risk group. The differences in AA and DA fat between groups were 

unchanged after further adjustment for abdominal visceral fat (1.7±0.5 cm3, p=0.006 and 

1.0±0.3 cm3, p=0.003, respectively).
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Discussion

This study compared pericardial and periaortic fat depots in older adults with and without 

risk factors for a CV event. The main finding was that individuals with CV risk factors had 

significantly greater pericardial and periaortic fat volumes compared to those without risk 

factors, even after accounting for BMI. In addition, when directly matched one-to-one for 

age, gender, race/ethnicity and BMI, periaortic fat around the AA and DA remained 

different between risk groups. These findings suggest that excess accumulation of periaortic 

fat is strongly associated with CV risk in this population. Thus, measurement of periaortic 

fat deposition may provide additional information regarding CV risk stratification in older 

adults.

Previous data from the Framingham Heart Study demonstrate that higher volumes of DA fat 

are strongly associated with an adverse CV risk profile, as well as greater aortic diameter, 

calcification and stiffness.15, 17, 25, 26 Interestingly, among men and women with normal 

amounts of abdominal visceral fat, those with high DA fat(i.e. >90th percentile of healthy 

individuals) had a significantly greater prevalence of CV disease compared to those with 

normal DA fat, even after adjusting for the total volume of abdominal visceral fat.15 The 

authors suggested that increased DA fat in the absence of increased abdominal visceral fat 

may reflect a type of “metabolic obesity” that contributes to increased CV risk. Moreover, 

Britton et al. recently reported that higher DA fat is associated with a 31% higher risk of 

incident CV disease.27 The results of the present study are consistent with an adverse role of 

DA fat and extend the findings to AA fat, which has never been examined before. Although 

animal studies support the pathological relevance of aortic arch fat,8, 28 the small number of 

low-risk individuals with these data precluded our ability to fully test for an association. 

Nevertheless, our findings highlight the importance of increased periaortic fat and its 

potential utility as a clinical risk determinant of future CV events in older adults.

There are several potential mechanisms that could explain the higher periaortic fat volume 

observed in individuals with CV risk factors. Nearly all blood vessels are surrounded by a 

layer of fat that is thought to play a role in modulating vascular tone through the secretion of 

an adipocyte-derived relaxing factor.29-31 However, this anti-contractile effect becomes 

impaired in pathological settings, which may reflect adipose tissue dysfunction.32 Animal 

studies show that with both aging and diet-induced obesity periaortic fat is increased, 

accompanied by increased inflammation, oxidative stress, and vascular smooth muscle cell 

proliferation.28, 33, 34 Similarly, in humans, increased macrophage infiltration and altered 

adipokine expression have been found in periaortic fat surrounding atherosclerotic 

aortas.8, 35 Thus, periaortic fat exhibits a local paracrine effect that may ultimately 

contribute to obesity-related CV disease in older adults.

A number of studies have shown that epicardial, paracardial, and/or pericardial fat also have 

local effects that adversely influence LV structure, diastolic function, coronary 

atherosclerosis, and myocardial perfusion.12, 36, 37 However, we found no association 

between these fat depots and CV risk after matching the study groups on age, gender, race/

ethnicity, and BMI. Similarly, abdominal visceral fat was not independently associated with 

risk group in the matched analysis, despite its known role in the pathophysiology of CV 
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disease. These data suggest that pericardial and abdominal fat depots are not strongly related 

to CV risk in this population of older adults after closely accounting for overall adiposity.

In conclusion, in this study, we performed a comprehensive assessment of fat around the 

heart and aorta in two clinically-relevant groups of older men and women: one that included 

individuals with major risk factors for congestive heart failure and another that included 

healthy, age-matched individuals without these risk factors. We found positive correlations 

between pericardial, periaortic, and abdominal fat depots and BMI in both groups that varied 

in strength. While all of the fat volumes were significantly greater in the individuals with 

CV risk factors, after carefully matching the study groups to account for total adiposity, we 

found that only AA and DA fat were significantly higher in those with versus without risk 

factors for a CV event. The use of both analysis of covariance and matching allowed for 

better control of potentially confounding variables, demonstrating that group differences in 

the fat volumes were largely explained by differences in CV risk factors. However, since 

this was a cross-sectional study, we cannot determine whether excess periaortic fat 

contributes to the future development of hypertension, diabetes, and coronary artery disease, 

or accumulates as a consequence of pre-existing risk factors. In addition, the potential 

underlying mechanisms cannot be determined, as we were not able to examine local factors 

associated with increased fat deposition. Nevertheless, the present findings indicate that 

older individuals at high CV risk have greater fat deposition around the aorta, which likely 

reflects not only increased visceral adiposity, but also vascular abnormalities that predispose 

to CV events. The PREDICT study involves a well-characterized cohort with 

comprehensive assessments of visceral adiposity, CV structure and function, and CV events 

over 7 years of follow-up. Thus, future analyses will allow us to answer important questions 

related to the prognostic ability of CV fat depots in this high-risk population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Segmentation of epicardial fat (red), paracardial fat (blue), pericardial fat above the aortic 

root (orange), AA fat (purple), DA fat (yellow), and aortic arch fat (pink) from a 

representative PREDICT participant. The pericardium (green) was manually drawn to 

distinguish epicardial and paracardial fat on slices from the bottom of the LV to the aortic 

root.
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Figure 2. 
Coronal image corresponding to the axial planes used to segment pericardial and periaortic 

fat depots. Slices 1-5 were used to quantify epicardial fat, paracardial fat, and pericardial fat 

(below the aortic root). Slices 6-8 were used to quantify pericardial fat from the aortic root 

to the main pulmonary artery (i.e. above the aortic root). Slice 9 was used to quantify AA 

and DA fat at the level of the main pulmonary artery, prior to the bifurcation. Slices 10-11 

were used to quantify aortic arch fat from above the pulmonary bifurcation to the top of the 

arch, prior to the branching vessels.
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