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Objectives—To determine the associations between local (pericardial) fat and incident CV
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 cardiovascular (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 Multi-Ethnic Study of Atherosclerosis
with concomitant cardiac magnetic resonance (CMR) imaging and computed tomographic (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 CHD and stroke as a function of
pericardial and hepatic fat. Generalized additive models were used to assess the association
between CMR indices of left ventricular (LV) structure and function and pericardial fat. Models
were adjusted for relevant clinical, demographic, and cardiometabolic covariates.

Results—MESA participants with higher pericardial and hepatic fat were more likely to be older,
more frequently male, 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 (IQR 11.6-12.8 years), pericardial fat was associated with a higher
rate of incident hard ASCVD (standardized hazard ratio [SHR] 1.22, 95% confidence interval [CI]
1.10-1.35, P=0.0001; hepatic fat by CT was not significantly associated with hard ASCVD (SHR
0.96, 95% CI 0.86-1.08, P=0.52). Higher pericardial fat was associated with greater indexed LV
mass (37.8 vs. 33.9 g/m%7, highest vs. lowest quartile, £<0.01), LV mass-to-volume ratio (1.2 vs.
1.1, highest vs. lowest quartile, A<0.01). In adjusted models, a higher pericardial fat volume was
associated with greater LV mass (P<0.0001) and concentricity (P<0.0001).

Conclusion—Pericardial fat is associated with poorer CVD prognosis and LV remodeling,

independent of insulin resistance, inflammation and CT measures of hepatic fat.

Keywords
Hepatic fat; Pericardial fat; Obesity; Cardiac magnetic resonance imaging; Remodeling

INTRODUCTION

Obesity is associated with subclinical 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 pro-inflammatory 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 investigations have suggested that visceral and
hepatic fat may play a primary role in CV disease (CVD) risk and myocardial remodeling®7,
an emerging body of evidence supports the idea that pathologic expansion of pericardial fat
—aqenerally 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’®. Indeed, a case-control study conducted early during the Multi-Ethnic Study of
Atherosclerosis (MESA) demonstrated that pericardial fat, but not body mass index (BMI)
or waist circumference (markers of overall and regional adiposity), was associated with
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coronary heart disease (CHD)0. Given a potential metabolic and pro-inflammatory 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 outcomes after accounting for systemic markers of adiposity (insulin resistance and
inflammation) and measures of hepatic fat in MESA. We further sought to understand the
relationship between pericardial fat and CV structure using comprehensive cardiac magnetic
resonance (CMR) assessment of 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!l. Briefly, the MESA
is a longitudinal cohort study consisting of 6,814 men and women aged 45 to 84 years, free
of clinical CV disease at study enrollment. Participants were enrolled from July 2000
through August 2002 in Baltimore City and Baltimore County, MD; Chicago, IL; Forsyth
County, NC; Los Angeles County, CA; New York, NY; and St. Paul, MN12. At the baseline
visit (Exam 1), standardized questionnaires were used to collect information 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 (MET-min/week). Resting blood pressure, fasting blood
glucose and insulin, BMI, and dysglycemia status were also assessed at Exam 1, as
described13. The homeostatic model assessment was used to quantify insulin resistance
(HOMA-IR; fasting insulin x fasting glucose/40513). C-reactive protein was measured as
described!?.

From the initial MESA cohort studied at Exam 1, we excluded patients with missing liver
attenuation (or liver attenuation values > 200 Hounsfield units, N=201), missing pericardial
fat volume (N=25), those not included in CMR assessment of LV structure and function
(N=1,804), cirrhosis (N=9), significant alcohol use (>7 drinks per week in women and >14
drinks per week in men; N=232), and self-reported cancer (N=345) or kidney disease
(N=99), yielding 4,234 MESA participants for the final analytic sample. Protocols were
approved by the Institutional Review Board at each participating institution, and all MESA
participants provided written informed consent.

CV and adiposity imaging

CMR imaging was performed at 1.5 T at the baseline examination, as previously
described®: 1. 16, MASS software (version 4.2, Medis, The Netherlands) was used to
perform analyses at a single reading center in a blinded fashion. Computed tomographic
(CT) imaging was used to determine hepatic attenuationl’ (an index of liver fat content,
higher values indicating less liver fat content) and pericardial fat volumel? (indexed to
height), as described. Briefly, liver attenuation was measured by placement of regions of
interest (>100 mm?2) in the right hepatic lobel”. Pericardial fat included both epicardial and
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paracardial fat, as previously published0. Briefly, the boundaries of pericardial fat volume
were circumscribed by slices 15 mm above and 30 mm below the left main coronary artery
(superior/inferior) and chest wall and aorta or bronchus (anterior/posterior). Fat was defined
by attenuation (between -190 and —30 Hounsfield units), with the volume defined as sum of
fat-containing voxels.

We chose LV mass (indexed to height?7 18) and LV mass-to-volume ratio as our primary
cardiac geometry endpoints in this study. Secondary endpoints included LVEF, LV end-
diastolic volume (indexed to height?7). Rate of incident hard CV disease events was our
primary clinical endpoint with rates for all CV disease and incident HF as secondary
endpoints.

Outcomes Ascertainment

CV events in MESA were defined as “hard” CHD (non-fatal myocardial infarction,
resuscitated sudden cardiac arrest or CHD death), “hard” atherosclerotic CVD (ASCVD)
(hard CHD, stroke [not TIA], stroke death), all-cause CVD (hard ASCVD, definite angina,
probable angina followed by revascularization, other atherosclerotic death or other CV
disease death) or HF (probable HF: symptoms [e.g. shortness of breath or edema], plus HF
diagnosis by treating physician and treatment for HF; definite HF: symptoms, HF diagnosis
by treating physician, treatment for HF and one of the following: pulmonary edema or
congestion by chest x-ray, dilated ventricle or poor LV function by echocardiography or
ventriculography, or evidence of LV diastolic dysfunction)!®. Incident hard ASCVD was our
primary clinical endpoint with all-cause CVD, hard CHD, all cause mortality, stroke and
incident HF as secondary endpoints.

Statistical analysis

Baseline clinical, demographic, biochemical, and CMR indices were compared across
quartiles of pericardial and hepatic fat using one-way analysis of variance (ANOVA) or
Wilcoxon testing for continuous covariates (depending on data normality) and chi-square
test for categorical covariates. Event rate regression was performed with Poisson models to
estimate the association between pericardial or hepatic fat and rates of incident CVD (as
defined above) per year. Cox regression was performed to estimate adjusted hazard ratios.
Given the potential for non-linear associations between imaging and clinical outcomes with
pericardial and hepatic fat, we used generalized additive models (GAM) to delineate the
form of the association between pericardial fat and each imaging outcome and developed
final models using linear, quadratic and/or cubic terms as required based on visual
inspection of the results of GAMSs and confirmed by analysis of variance. Each model was
adjusted for age, sex, race/ethnicity, pericardial fat-adjusted BMI and waist circumference
residuals (as a measure of “excess” adiposity beyond that explained by pericardial fat),
cigarette smoking status, total intentional exercise, HOMA-IR, C-reactive protein, diabetes
status, systolic blood pressure, hypertension medication use, LDL and statin medication use.
Survival models were also adjusted for coronary artery calcium score. Models where
pericardial fat was the primary predictor of interest were also adjusted for hepatic fat and
vice versa. Given potential collinearity among BMI, waist circumference and liver and
pericardial fat, we utilized fat depot-adjusted BMI and waist circumference residuals in our
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regression models (as opposed to waist BMI and circumference alone); this approach has
been taken in prior epidemiologic studies to limit multicollinearity effects??: 21, Covariates
were comprehensively selected based on expert experience of the most relevant confounding
variables for which reliable assessments were available. We assessed for the presence of
effect modification by age, sex, race/ethnicity, diabetes and metabolic syndrome using
multiplicative interaction terms. Finally, we evaluated incremental value of pericardial fat
and liver steatosis in Cox models using net reclassification improvement (NRI), relative
integrated discrimination index (IDI) and c-index. Confidence intervals for NRI and IDI
were estimated using bootstrapping with 1000 resamples. SAS 9.4 (SAS Institute, Cary, NC)
and R (R project, www.r-project.org) were used for analysis, and a two-tailed P-value <0.05
was considered significant.

RESULTS

Clinical and biochemical characteristics by pericardial and hepatic fat

Baseline demographic, clinical, and biochemical measures at Exam 1 stratified by
pericardial fat quartiles are shown in Table 1. Compared to those in the lowest quartile (least
pericardial fat), MESA participants in the highest quartile of pericardial fat were more likely
to be older males with dysglycemia (by diabetes status, fasting glucose, and HOMA-IR),
proatherogenic dyslipidemia (lower HDL, higher triglycerides), systemic inflammation (by
CRP, PAI-1 and fibrinogen), greater weight, and more proteinuria. We observed similar
results with hepatic fat (Supplementary Table 1)

Pericardial fat but not liver steatosis is associated with incident CV disease, independent
of systemic effects of adiposity

Over a median follow-up of 12.2 years (IQR 11.6-12.8 years), study participants
experienced 337 hard ASCVD events, 481 all-cause CVD, 193 incident HF events, hard
CHD events, 549 deaths from any cause, 219 hard CHD events and 142 strokes. The
unadjusted annualized event rates for hard ASCVD, hard CHD, death, and HF are shown in
Figure 1 and for all-cause CVD and stroke in Supplemental Figure 1. Pericardial, but not
hepatic, fat was associated with a progressive rise in risk of all-cause CVD, hard ASCVD,
and HF. In adjusted Cox regression, for each standard deviation increase in pericardial fat,
there was a 22% increase in incident hard ASCVD events (HR 1.22 [95% CI 1.10-1.35],
p=0.0001) (Table 3), with similar associations for other outcomes. Across quartiles,
increased pericardial fat was consistently associated with worsening outcomes
(Supplemental Figure 2). Conversely, there was no relationship between liver fat by CT and
any of these end points in either event rate or Cox regression models (Table 3). There was no
evidence of effect modification by sex, race, age, diabetes or metabolic syndrome.

Addition of pericardial fat to clinical parameters and coronary calcium score resulted in
favorable risk reclassification for all outcomes (NRI for hard ASCVD of 0.257 [95% ClI
0.164-0.442]) and improved risk discrimination for all outcomes except stroke (relative IDI
for hard ASCVD 5.9% [95% CI 1.5%-10.7%]). Addition of liver attenuation to clinical
models and calcium score did not result in improved risk reclassification for any outcome
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except death from any cause (NRI 0.177 [95% CI1 0.086-0.273]). Liver attenuation did not
improve risk discrimination for any of the outcomes studied.

Pericardial fat and liver steatosis are associated with adverse LV remodeling, independent
of systemic effects of adiposity and hepatic fat

Given the association between pericardial fat and outcomes, we investigated whether extent
of pericardial fat was related to cardiac geometry and function. CMR indices of myocardial
structure and function are shown in Table 2, stratified by pericardial fat. Relative to
participants in the lowest quartile, those with the highest pericardial fat volume had greater
LV mass and more concentric LV remodeling. There was no difference in LV ejection
fraction, which was preserved, by pericardial fat.

In generalized additive models (adjusted as described in Methods; Figure 2) to delineate the
form of the relationship between fat depots and CMR parameters, greater pericardial fat was
associated with increased LV mass index and LV concentricity, with increasing effects seen
with increasing pericardial fat (P-values for quadratic relations of <0.0001 for both, Table 4).
Pericardial fat appeared to exhibit a curvilinear relationship with LV ejection fraction, with a
steeper decline in LV ejection fraction at the highest levels of pericardial fat (P=0.01 for both
linear and quadratic terms). Liver attenuation was not associated with ejection fraction
(P=0.31) but did have qualitatively similar relationships with LV mass index and LV
concentricity as pericardial fat (Supplemental Figure 1). Interestingly, liver attenuation was
associated with LV end diastolic volume with a complex relationship suggesting that
increasing fatty infiltration was associated with greater dilation until a saturation point with
wide confidence intervals for those with the highest degrees of fatty infiltration.

Given previous reports of sex- and race-specific heterogeneity in cardiac remodeling and
risk, we used adjusted GAMs to explore the relationship between cardiac remodeling
phenotypes and sex and race (Figure 4). Women exhibited linear increases in LV end-
diastolic volume for each increment in pericardial fat volume (interaction P<0.0001) relative
to men, but no significant heterogeneity in response of LV mass, ejection fraction or
concentricity to pericardial fat by sex. By race, we observed heterogeneity in response of LV
mass and LV volume with increasing pericardial fat. Interestingly, the impact of increasing
pericardial fat appeared to be particularly harmful on LV mass and LV volume among
diabetics compared to non-diabetics. Similar heterogeneity was not seen based on the
presence of metabolic syndrome. Conversely, for liver steatosis, effect modification was only
observed for the effects of gender and race on LV mass (Supplemental Figure 4).

DISCUSSION

In this multi-racial/multi-ethnic, community-based population, pericardial fat was
significantly associated with CVD outcomes and modestly associated with cardiac structure
and function, a relationship that persisted after adjustments for C\VD and cardiometabolic
risk factors, including insulin resistance, systemic inflammation, and imaging indices of
hepatic fat. Pericardial fat was linearly associated with LV mass and concentricity,
suggesting a concentric LV remodeling phenotype with increasing pericardial fat. LV
function, on the other hand, exhibited a curvilinear association with pericardial fat, which
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after further inspection appeared to be driven by greater LV dysfunction at higher pericardial
fat in African Americans. In exploratory analyses by sex, we observed a greater LV mass
and volume in response to greater pericardial fat in women. Taken together, these results
suggest that pericardial fat (a local fat depot) may have effects on LV structure and function
and outcome, independent of the systemic impact of dysfunctional adiposity (e.g., insulin
resistance, inflammation) and hepatic attenuation (a CT measure of hepatic fat).

Obesity is strongly associated with cardiovascular disease?2, with obesity-related geometric
changes in the ventricle related to prognosis?3 24, Under normal physiologic circumstances,
pericardial (epicardial) fat is critical to normal myocardial homeostasis, serving as a local
source of free-fatty acids as metabolic fuel and in a buffering capacity for excess substrates
to prevent lipotoxicity2®. However, expansion of the pericardial fat depot that accompanies
obesity may be associated with similar biochemical consequences as visceral adipose tissue
expansion or hepatic steatosis2, including elaboration of tumor necrosis factor-a.,
interleukin-6 and -11, and lower adiponectin, potentially independent of BMI27-22_ In turn,
this pro-inflammatory milieu has been linked to abnormalities in ventricular structure30: 31
and incident HF32, Accordingly, pericardial and other similar fat depots have been
associated with prevalent abnormalities in cardiac structureb, including coronary artery

disease, hypertrophy, vascular stiffness, coronary vasomotor dysfunction, and diastolic
function®: 9. 18.29,33,34

Several seminal investigations have begun to define a role of pericardial fat relative to other
fat depots in CVD risk. In a comprehensive study of nearly 1,000 participants from the
Framingham Heart Study, clinical anthropometric indices (e.g., BMI and weight) and CT-
determined visceral and pericardial fat were associated with greater CMR-determined LV
mass and volume®. After adjustment for weight or visceral fat, associations with pericardial
fat were insignificant (except for left atrial dimension in men), prompting the conclusion that
overall obesity (or at least remote effects from visceral fat) may have a greater impact on
myocardial structure relative to any local effect of pericardial fat. In a recent, smaller study
of 75 individuals with non-alcoholic fatty liver disease, Graner et al. found that visceral
adipose tissue and hepatic triglyceride content were closely related to CMR diastolic
function’, suggesting that any associations between pericardial or intramyocardial fat with
cardiac remodeling is likely a consequence of collinearity with visceral or hepatic fat.

Certainly, the physiologic similarities and collinearity between fat depots renders separating
their independent contributions on cardiac risk in an observational study difficult3® 36, Most
prior work has not involved biomarkers of inflammation and insulin resistance
mechanistically central to both dysfunctional adiposity and cardiac remodeling in obesity.
Furthermore, epicardial, hepatic, and visceral fat (in conditions of nutritional excess) exhibit
a similar pro-inflammatory phenotype, suggesting that efforts to account for their
independent influences in regression models may be difficult. Collectively, these reports
suggest that visceral adiposity and hepatic fat—potentially functioning via remote endocrine
effects (e.g., adiponectin, inflammation, insulin) or indirect influence on cardiometabolic
disease (e.g., hypertension, diabetes)—may be the prime impetus for myocardial
hypertrophy and dysfunction in obesity.
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Nevertheless, there is an emerging literature implicating pericardial fat in the pathogenesis
of a variety of CV diseases37~40. Here, we demonstrate pericardial fat is associated with
incident CVD over long-term follow-up as well as cardiac structure, independent of selected
measured influences of dysfunctional adiposity, defined by cardiometabolic risk factors,
insulin resistance, inflammation, and imaging surrogates of hepatic fat content. In
exploratory analyses, we found complex sex- and race-based heterogeneity in cardiac
structural associations with pericardial fat, including greater hypertrophy and concentric LV
remodeling in females, and a non-linear relationship between pericardial fat and LV function
in African Americans. While these observations arise from secondary analyses and require
confirmation in larger, emerging multi-ethnic cohorts worldwide, they are concordant with
prior laboratory and clinical research: in animal models of obesity and diabetes, cardiac
remodeling is observed early in the pathogenesis of obesity/diabetes*!, and HF with
preserved LV ejection fraction risk is higher specifically in older, obese women*2.
Furthermore, African-Americans harbor a disproportionate risk of subclinical LV
dysfunction?3 and higher CVD-related mortality**. Given meaningful improvements in risk
discrimination and reclassification without additional radiation exposure, it would be
reasonable to consider assessment of pericardial fat in patients undergoing coronary calcium
scoring, though further efforts to define whether this approach improves outcomes merits
investigation. Indeed, imaging-based metrics of adiposity (e.g., hepatic steatosis) may be
helpful in identifying risk for metabolic diseases after statin initiation4. Overall, further
investigation into the relevance of adiposity by sex and race on subclinical remodeling and
HF risk is warranted.

The strength of our study is the combination of multi-modality imaging conducted at the
same MESA study visit to quantify hepatic and pericardial fat and CV structure and function
alongside inflammation and insulin resistance in a large, multi-ethnic/racial prospective
observational cohort. Nevertheless, our results should be viewed in the context of several
limitations. By confining our exposures to those measured at the baseline study visit in
MESA, we were able to investigate subclinical markers of cardiac remodeling concomitant
to the adjudication of liver and pericardial fat quantification in a large sample size. We did
not include quantitative abdominal visceral fat (performed after the baseline MESA visit),
which we previously found was associated with LV remodeling. Therefore, it is possible that
associations between pericardial fat and cardiac structure may attenuate (or disappear) after
adjustment for visceral fat, as in Framingham®. Nevertheless, adjustment by hepatic
attenuation, insulin resistance, and inflammation (systemic effects of visceral adiposity) did
not eliminate relationships with pericardial fat. In addition, direct MRI spectroscopic
measures of hepatic lipid content used in prior, smaller studies of this question’ would be
more specific than CT attenuation (and therefore stronger in prognostic/structural
assessments), though these were not available to us. Further investigations in larger, multi-
ethnic cohorts with detailed imaging phenotypes across all adiposity depots may further
address these relevant issues.

In conclusion, in a large, multi-racial, multi-ethnic population of American adults, we
demonstrated that pericardial fat is associated with adverse subclinical alterations in
myocardial structure, systolic function, and CVD outcomes. Pericardial fat may influence
cardiac structural and functional abnormalities independent of traditional cardiometabolic
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mechanisms of inflammation and insulin resistance. Further studies investigating
mechanisms of action of pericardial fat on cardiac remodeling as well as interventions
specifically targeting pericardial fat may mitigate future HF risk in the growing obese
population.

Clinical Perspectives

Competency in Medical Knowledge

The quantity of pericardial fat, but not the degree of hepatic steatosis as measured by CT
attenuation, was related to cardiovascular outcomes and improved risk discrimination and
reclassification. Although both metrics were related to left ventricular geometry and
function, the relationships were generally stronger for pericardial fat.

Translational Outlook

Quantification of pericardial fat among patients in whom a calcium score CT is performed
may have clinical value. Additional studies are required to confirm and to evaluate the cost
effectiveness of this added measure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Associations between pericardial and hepatic fat and cardiovascular events
Event rate regression for association between pericardial (panel A) or hepatic (panel B) fat

and annualized rates of all-cause death (red), hard cardiovascular (CVD) events (cyan), hard
coronary heart disease (CHD) events (green) and heart failure (purple). Fully adjusted p-
values are presented.
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Figure 2. Relationships between pericardial fat and left ventricular geometry and function
Associations for LV mass (panel A), LV mass-to-volume ratio (panel C) and ejection

fraction were curvilinear (panel D), with significant quadratic terms (Table 4). There was no
significant relationship noted between pericardial fat and LV volume (panel B). Graphs and

p-values are derived from fully adjusted generalized additive spline models with grey bands
represent 95% confidence intervals.
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Figure 3. Modification of relationships between pericardial fat and left ventricular geometry and
function by sex, race and diabetes

Plots in top row (A-D) evaluate effect modification by sex (male=red, female=cyan) while
the middle row (E-H) evaluate effect modification by race (white=red, Chinese=green,
black=blue, Hispanic=purple) and the lower row (I-L) evaluate effect modification by
diabetes (non-diabetic=red, diabetic=cyan).
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Table 4
Linear models for association with cardiac remodeling parameters

Adjustments as specified in text. Abbreviations: LVMI, LV mass index; LVEDVI, LV end-diastolic volume
index; LVMtoV, LV mass-to-volume ratio; LVEF, LV ejection fraction

Predictor Outcome Estimated B Coefficient Standardized B Coefficient ~ Adjusted P-Value
Pericardial Fat (ml/m)  LVMI (g/m?) Quadratic: 0.0004 + 0.00004 Quadratic: 0.12 + 0.01 Quadratic: <0.0001
LVEDVI (ml/m?)  Linear: 0.005 + 0.005 Linear: 0.02 + 0.02 Linear: 0.30
LVMtoV (g/ml) Quadratic: 0.00001 + 0.000001  Quadratic: 0.12 + 0.02 Quadratic: <0.0001
LVEF (%) Linear: 0.04 £ 0.02 Linear: 0.12 + 0.05 Linear: 0.01
Quadratic: —0.0003 + 0.0001 Quadratic: —12 £+ 0.05 Quadratic: 0.01
Liver LVMI (g/m?) Linear: —0.07+ 0.01 Linear: —0.10 + 0.01 Linear: <0.0001
Attenuation (HU)
LVEDVI (mI/mZ) Linear: 0.12 £ 0.04 Linear: 0.20 £ 0.07 Linear: 0.004
Quadratic: —0.001 + 0.0004 Quadratic: —0.26 + 0.07 Quadratic: 0.0002
LVMtoV (g/ml) Linear: —0.005 + 0.002 Linear: —0.24 + 0.07 Linear: 0.0007
Quadratic: 0.00004 + 0.0000 Quadratic: 0.18 £ 0.07 Quadratic: 0.01
LVEF (%) Linear: 0.01+0.01 Linear: 0.02 + 0.02 Linear: 0.27

Adjusted for age, sex, race/ethnicity, excess BMI, excess waist circumference, cigarette smoking status, total intentional exercise, HOMA-IR, C-
reactive protein, diabetes status, systolic blood pressure, hypertension medication use, LDL and statin medication use. Models where pericardial fat
was the primary predictor of interest were also adjusted for hepatic fat and vice versa.
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