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ABSTRACT

OBJECTIVES The study sought to determine the associations between local (pericardial) fat and incident cardiovascular

disease (CVD) events and cardiac remodeling independent of markers of overall adiposity.

BACKGROUND The impact of pericardial fat—a local fat depot encasing the heart—on myocardial function

and long-term CV prognosis independent of systemic consequences of adiposity or hepatic fat is an area of

active debate.

METHODS We studied 4,234 participants enrolled in the MESA (Multi-Ethnic Study of Atherosclerosis) study with

concomitant cardiac magnetic resonance imaging and computed tomography (CT) measurements for pericardial fat

volume and hepatic attenuation (a measure of liver fat). Poisson and Cox regression were used to estimate the annualized

risk of incident hard atherosclerotic CVD (ASCVD), all-cause death, heart failure, all-cause CVD, hard coronary heart

disease, and stroke as a function of pericardial and hepatic fat. Generalized additive models were used to assess the

association between cardiac magnetic resonance indices of left ventricular (LV) structure and function and pericardial fat.

Models were adjusted for relevant clinical, demographic, and cardiometabolic covariates.

RESULTS MESA study participants with higher pericardial and hepatic fat were more likely to be older, were more

frequently men, and had a higher prevalence of cardiometabolic risk factors (including dysglycemia, dyslipdemia,

hypertension), as well as adiposity-associated inflammation. Over a median 12.2-year follow-up (interquartile range:

11.6 to 12.8 years), pericardial fat was associated with a higher rate of incident hard ASCVD (standardized hazard

ratio: 1.22; 95% confidence interval: 1.10 to 1.35; p ¼ 0.0001). Hepatic fat by CT was not significantly associated

with hard ASCVD (standardized hazard ratio: 0.96; 95% confidence interval: 0.86 to 1.08; p ¼ 0.52). Higher peri-

cardial fat was associated with greater indexed LV mass (37.8 g/m2.7 vs. 33.9 g/m2.7, highest quartile vs. lowest

quartile; p < 0.01), LV mass-to-volume ratio (1.2 vs. 1.1, highest quartile vs. lowest quartile; p < 0.01). In adjusted

models, a higher pericardial fat volume was associated with greater LV mass (p < 0.0001) and concentricity

(p < 0.0001).

CONCLUSIONS Pericardial fat is associated with poorer CVD prognosis and LV remodeling, independent

of insulin resistance, inflammation, and CT measures of hepatic fat. (J Am Coll Cardiol Img 2017;-:-–-)

© 2017 by the American College of Cardiology Foundation.

From the aCardiology Division and Department of Medicine, Massachusetts General Hospital, Boston, Massachusetts;
bDepartment of Medicine, Wake Forest Baptist Medical Center, Winston-Salem, North Carolina; cLos Angeles Biomedical

Research Institute, Harbor-UCLA Medical Center, Los Angeles, California; dOxford Centre for Clinical Magnetic Resonance

Research, University of Oxford, Oxford, United Kingdom; eWilliam Harvey Research Institute, NIHR Cardiovascular Biomedical

Research Unit at Barts, Queen Mary University of London, London, United Kingdom; fHarvard T.H. Chan School of Public

Health, Boston, Massachusetts; gDepartment of Family and Preventative Medicine, University of California-San Diego, San Diego,

J A C C : C A R D I O V A S C U L A R I M A G I N G V O L . - , N O . - , 2 0 1 7

ª 2 0 1 7 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N D A T I O N

P U B L I S H E D B Y E L S E V I E R

I S S N 1 9 3 6 - 8 7 8 X / $ 3 6 . 0 0

h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j . j c m g . 2 0 1 6 . 1 0 . 0 2 4

http://dx.doi.org/10.1016/j.jcmg.2016.10.024


O besity is associated with subclini-
cal abnormalities in cardiovascular
(CV) structure and function that

predispose to heart failure (HF) (1–5). The
adverse CV effects of obesity are postulated
to originate in part from proinflammatory
adipose tissue depots that exert toxic effects
on the heart either locally (e.g., pericardial
fat) or remotely via inflammation or insulin
resistance. Although several recent investi-
gations have suggested that visceral and he-
patic fat may play a primary role in CV
disease (CVD) risk and myocardial remodel-
ing (6,7), an emerging body of evidence sup-
ports the idea that pathologic expansion of
pericardial fat—generally felt to be a cache
of metabolic fuel for the heart—may function
as a visceral-like fat depot, promoting atrial
fibrillation, coronary artery calcification,
and vascular disease (7–9). Indeed, a case-
control study conducted early during the

MESA (Multi-Ethnic Study of Atherosclerosis) study
demonstrated that pericardial fat, but not body
mass index (BMI) or waist circumference (markers of
overall and regional adiposity), was associated with
coronary heart disease (CHD) (10). Given a potential
metabolic and proinflammatory role for pericardial
fat, evaluating its impact on CV risk and structure is
warranted.

To address this important issue, we investigated
the association between pericardial fat and CVD out-
comes after accounting for systemic markers of
adiposity (insulin resistance and inflammation) and
measures of hepatic fat in the MESA study. We
further sought to understand the relationship be-
tween pericardial fat and CV structure using
comprehensive cardiac magnetic resonance (CMR)
assessment of left ventricular (LV) structure and
function. We hypothesized that greater pericardial fat

would be associated with poorer CVD outcomes and
prevalent abnormalities in LV structure and function
by CMR.

METHODS

STUDY POPULATION. The overall design of the MESA
study has been described previously (11). Briefly, the
MESA study is a longitudinal cohort study consisting
of 6,814 men and women 45 to 84 years of age, free of
clinical CV disease at study enrollment. Participants
were enrolled from July 2000 through August 2002 in
Baltimore City and Baltimore County, Maryland;
Chicago, Illinois; Forsyth County, North Carolina; Los
Angeles County, California; New York, New York; and
St. Paul, Minnesota (12). At the baseline visit (exam 1),
standardized questionnaires were used to collect in-
formation on demographics, income and education,
medical history, medication use, smoking status,
alcohol use, and physical activity. Physical activity
was calculated based on duration and intensity of
total intentional exercise (metabolic equivalent
minutes/week). Resting blood pressure, fasting blood
glucose and insulin, BMI, and dysglycemia status
were also assessed at exam 1, as described (13). The
homeostatic model assessment was used to quantify
insulin resistance (homeostatic model assessment
for insulin resistance [HOMA-IR]; fasting insulin �
fasting glucose/405) (13). C-reactive protein was
measured as described (14).

From the initial MESA cohort studied at exam 1,
we excluded patients with missing liver attenuation
(or liver attenuation values >200 Hounsfield units,
n ¼ 201), missing pericardial fat volume (n ¼ 25),
those not included in CMR assessment of LV structure
and function (n ¼ 1,804), cirrhosis (n ¼ 9), significant
alcohol use (>7 drinks per week in women and >14
drinks per week in men; n ¼ 232), and self-reported
cancer (n ¼ 345) or kidney disease (n ¼ 99), yielding
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