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Abstract 

Determinants of Intrathoracic Adipose Tissue Volume and its Association with 
Cardiovascular Disease Risk Factors 
 
Xinggang Liu, Doctor of Philosophy, 2012 

Dissertation Directed by:  Braxton D. Mitchell, PhD, MPH 
Professor 
Epidemiology and Public Health 
 
 

Background: The volume of intrathoracic fat has been associated in some studies 

with cardiovascular diseases risk factors. To further assess the role of intrathoracic fat 

in coronary atherosclerosis risk, we measured the volume of intrathoracic fat in 910 

relatively healthy Amish adults from Lancaster County, PA, and assessed correlations 

of intrathoracic fat volume and its two subcomponents with cardiovascular risk 

factors and coronary artery calcification (CAC). Further we also explored the 

heritability and genetic determinants of intrathoracic fat volume. 

Methods and results: Intrathoracic fat, epicardial and pericardial fat volume were 

measured from EBCT scans (3-mm thickness) obtained from the right pulmonary 

artery to the diaphragm. There was high correlation between epicardial, pericardial 

and intrathoracic fat volume. Similar findings were observed while examine 

intrathoracic, epicardial and pericardial fat volume. Epicardial fat volume was 

significantly correlated with older age (p<0.001), male gender (p<0.01), and 

increasing BMI (p<0.001). Multivariate regression model was used to evaluate the 

correlation between epicardial fat volume and cardiovascular disease risk factors 

while adjusting for age, gender, family structure and BMI. Epicardial fat volume was 

associated with higher systolic (p<0.01) and diastolic (p=0.04) blood pressure, higher 

pulse pressure (p=0.02), higher levels of fasting glucose, insulin, triglycerides 

(p<0.001) and total cholesterol (p=0.05). After adjusting for BMI or waist 



 

 
 

circumference, the above associations were diminished and no longer statistically 

significant. Neither coronary calcification score nor coronary calcification presence 

(coronary calcification score>0) was associated with increased epicardial fat volume 

after adjusting for age and gender. Similar associations were found examining 

pericardial and intrathoracic fat volume. Genetic analysis revealed that intrathoracic 

fat shares both environmental and genetic determinants with other obesity traits. Our 

genome wide association analysis and targeted SNPs analysis identified several 

candidate SNPs/genes which might be specifically associated with this regional fat 

deposit. 

Conclusions: We conclude that intrathoracic fat volume is significantly correlated 

with adverse cardiovascular risk factors (although not with increased CAC) in age and 

gender adjusted models. However, the associations were not independent of BMI. 

Intrathoracic fat volume closely correlates with various obesity measurements, except 

liver fat, by sharing both similar environmental and genetic influences. 
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I. Introduction 

 

Obesity, a heterogeneous condition defined by increased adipose tissue accumulation, 

has been strongly associated with various diseases and disorders, such as diabetes 

mellitus, hypertension, dyslipidemia and atherosclerosis. Human adipose tissue, once 

considered as a lipid reservoir, is now accepted as a multi-function organ which 

interacts with body energy balance, inflammatory environment and cardiovascular 

structures.  

 

However, different fat depots have distinct metabolic characteristics and may relate to 

disease differently. Some are of greater importance due to their unique secretion 

profile and/or anatomical location. In particular, fat tissue contained in the abdominal 

visceral compartments has been identified as a unique pathogenic fat depot, due to its 

active secretion of adipocytokines and other inflammatory substances and its close 

proximity to the abdominal internal organs.1-4 Furthermore, epidemiological studies 

confirmed the incremental association of abdominal visceral fat with diseases, 

independent of general obesity or subcutaneous fat.5-7Researchers now are inclined to 

believe abdominal visceral fat is a major determinant of obesity related disease, while 

peripheral subcutaneous fat may remain as a relative passive white fat tissue or even 

exert antiatherogenic effect.2, 8  

 

While much research has focused on the visceral fat in abdominal cavity, Intrathoracic 

adipose tissue, an extra-abdominal visceral fat depot located in the thoracic cavity and 

around the heart, has only recently been studied. Researchers and clinicians 

previously considered intrathoracic fat as a relatively inactive adipose tissue that acts 
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as a lipid reservoir or a coronary artery mechanical buffer. The high correlation 

between intrathoracic fat and disease risk was overlooked.  

 

Early biopsy studies in 1950s and 1990s performed on patients with coronary artery 

disease first reported the coexistence of coronary atherosclerotic plaque and 

accumulated intrathoracic fat.9-11 Ever since the last decade, intrathoracic adipose 

tissue has received increasing attention for its potential local significance for 

cardiovascular disease. Many epidemiologic and biological studies have examined 

intrathoracic fat and confirmed its close association with cardiovascular diseases or 

risk factors. Intrathoracic fat, mainly epicardial fat had been confirmed to have 

characteristics that differ from subcutaneous fat, including smaller adipocyte size, 

different fatty acids compositions, higher protein content and higher rate of 

incorporation and break down of fatty acid.12-14 In patients with coronary artery 

diseases, fat tissue within the pericardial fat sac was also found to express higher 

levels of inflammatory factors than subcutaneous fat.15, 16 This ectopic fat 

accumulation around the heart may have interesting secretion profile of adipokines 

and inflammatory cytokines even if not significantly different from that of abdominal 

visceral fat. Furthermore, the lack of separating fascia between epicardial fat and the 

myocardium may facilitate unique interaction between heart and surrounding adipose 

tissue. It is hypothesized that Intrathoracic adipose tissue is a biologically active organ 

that potentially contributes to disease through paracrine pathways.17-19 

 

Although several epidemiological studies have evaluated intrathoracic fat’s 

association with various diseases and disease markers, some key questions warrant 

further investigation. Not enough evidence exists in the literature to support or refute 
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an impact of intrathoracic fat on relevant disease traits independent of traditional 

measures of obesity. Multiple studies have confirmed that like all other fat depots, 

intrathoracic fat accumulation correlate positively with BMI and waist 

circumferences.20-24 As a much smaller fat depot compared with abdominal visceral 

fat and total body fat, it is unclear whether variations in intrathoracic fat volume can 

make a difference in diseases or disease markers. In order to assess the incremental 

value of measuring intrathoracic fat volume over traditional obesity measurements, 

the associations with disease or disease markers need to be evaluated with adjustment 

for other well-known general obesity or abdominal obesity measurements, such as 

BMI and waist circumference.  

 

Few studies have precisely measured the intrathoracic fat and separated epicardial fat 

and pericardial fat from each other. Epicardial fat is confined within the pericardial 

sac and maintains direct contact with heart structures while pericardial fat is separated 

from heart by epicardial fat and fibrous pericardium. Some researchers suggest that 

because of the difference of anatomical locations, those two subcompartments may be 

related to diseases differently.17-19 Until now, it remains unclear whether epicardial fat 

really behaves differently from pericardial fat and few epidemiologic literatures have 

simultaneously evaluated the two in one study.  

 

No genetic study has evaluated the heritability of intrathoracic fat nor identified the 

underlying genetic contributing variants. It’s unclear to what extent the common 

variances and unexplained variations between different obesity phenotypes could be 

explained by genetic causes. Although it is well known that genes are playing 

important role in total fat deposition and deposition pattern, little is known about the 
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genetic heritability of intrathoracic fat and the effect total body fat or abdominal 

visceral fat risk genes have on this new obesity phenotype. 

 

This study was initiated to answer the above unresolved questions by assessing the 

intrathoracic in a sample of Amish population, using fine detailed imaging technology. 

We aimed to assess the correlations of this unique fat deposit to cardiovascular disease 

risk factors while adjusting for other adiposity measurements, to identify the genetic 

determinants of intrathoracic fat in a genome-wide association scheme, and to 

evaluate its association with other identified obesity candidate genes. 
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II. Background information 

 

2.1 Obesity is a significant public health problem defined by excessive fat 

accumulation 

 

Obesity and obesity related diseases have become a severe global public health 

problem. The World Health Organization estimated in 2007 about 300 million adults 

were obese world-wide and projected that in 2015, at least 700 million adults will be 

obese and at least 20 million children under the age of 5 years will be overweight25. A 

recent US national survey estimated in 2003-2004, 32.2% of US adults were obese 

and found little hope for a decreased incidence26. 

 

WHO defines obesity as ‘abnormal or excessive fat accumulation that presents a risk 

to health’. Excessive fat accumulation is usually measured by body mass index (BMI), 

calculated as the weight in kilograms divided by the square of the height in meters. 

Researchers consider BMI as a useful population-level measure of general obesity as 

it closely correlates with percentage body fat and total body fat. Obesity is defined as 

BMI equal to or greater than 30 kg/m2.  

 

The correlation of obesity to cardiovascular disease is well recognized, although 

debate remains about the relative importance of fat in different depots and the 

biological mechanisms behind the association. The incorporation of imaging 

modalities into epidemiologic studies has permitted a fine detailed characterization of 

fat accumulation in different body compartments. The most sensitive and accurate 

tools to measure the quantity of intrathoracic fat are three-dimensional Magnetic 
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Resonance Imaging (MRI)27 and Computerized Tomography (CT)28 , but both are 

expensive and complicated. In the literature, echocardiography was also used. Due to 

the fact it does not identify the boundary of delicate anatomic structures, it cannot 

quantify the volume of intrathoracic fat or the other specific parameters of the fat 

deposit.29 

 

2.2 Regional fat accumulation within visceral compartments plays an important 

role in the development of metabolic and cardiovascular diseases  

 

Adipose tissue accumulation at various sites could all be a non-specific reflection of 

positive energy balance and play an important role in the pathogenesis of obesity 

related diseases; however, different fat depots possess distinct characteristics and may 

have different impact on cardiovascular and metabolic diseases.  

 

Human adipose tissue can be classified into two major depots: peripheral 

subcutaneous fat (fat tissue under the skin) and visceral fat (fat tissue within 

abdominal and thoracic cavity). Other than different anatomical locations, these two 

also differ in cellular content and tissue structure. Visceral fat generally has a larger 

number of non-adipocyte cells that are active in inflammatory and immunology 

reactions. Visceral fat and subcutaneous fat express different level of adipokines and 

other cytokines. While subcutaneous fat is the major source for leptin, visceral fat 

expresses or secrets more adiponectin, angiotensinogen and plasminogen activator 

inhibitor-1.30-32 Increased concentrations of pro-inflammatory cytokines (TNF-a, CRP 

and IL-6) are also found in individuals with increased abdominal visceral fat.33  
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Although there are still large gaps in the understanding of how the differential 

expression of adipokines and cytokines contributes to the mechanism of disease 

pathology, epidemiological evidences have found that the association between 

visceral fat and various increased disease risks usually remains robust with adjustment 

for general obesity measures, e.g. Weight, BMI, total body fat composition.3, 34, 35  

 

2.3 Intrathoracic fat as visceral adipose tissue within thoracic cavity  

 

As an extension of abdominal visceral fat in the thoracic cavity, intrathoracic visceral 

adipose tissue is composed of almost all mediastinal visceral fat adjacent to heart. It 

can be further classified into two main sub-compartments based on their relationship 

with pericardium and their embryonic origin: fat tissue within pericardial sac 

(Epicardial Adipose Tissue) and fat tissue outside pericardial sac (Pericardial Adipose 

Tissue). Epicardial adipose tissue is in close contact with heart muscle and cardiac 

vessels, accumulating in the atrioventricular grooves along major coronary arteries. It 

originates from the splanchnic mesoderm sharing a common embryonic origin with 

abdominal visceral fat36. Pericardial adipose tissue is positioned on the external 

surface of the parietal pericardium and derives from the primitive thoracic 

mesenchyme37. Strictly speaking, there are adipose cells scattered within heart 

muscles and lung tissues, or located in the very upper portion of mediastinum, but 

they are of much smaller volume and usually not quantified or examined. 

 

2.4 Intrathoracic fat, especially epicardial fat may pose additional risk to 

cardiovascular diseases 
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Intrathoracic adipose tissue and its two subcomponents, epicardial fat and pericardial 

fat, have been noted for association with cardiovascular disease risk and potential 

local significance for coronary atherosclerosis21, 22, 24, 38-43. Moreover, in at least some 

studies, the association with cardiovascular disease risk factors or incidence persist 

even after adjustment for BMI, suggesting intrathoracic fat may pose additional risk 

for cardiovascular diseases. 38, 42, 43 a selective review of important studies regarding 

epicardial fat is in table 1. 

Table 1: A selective review of important publications regarding epicardial 
adipose tissue 
Study name, year Study sample Major finding 

Taguchi et al, 
200139 

251 male patients referred to 
internal medicine department 
who underwent thoracic 
tomography  

Paracardial fat volume is the strongest 
independent predictor for CAD disease 
diagnosis; among non-obese men, paracardial 
fat was also associated with diagnosis of CAD 

Mazurek et al, 
200315 

Paired samples of epicardial 
and subcutaneous adipose 
tissue from 42 patients of 
elective CABG surgery. 

Epicardial fat tissue harvested from CABG 
patients expressed higher levels of 
inflammatory mediators: IL-1 beta, IL-6, and 
TNF-alpha than subcutaneous fat tissue 

Lacobellis et al, 
200512 

Epicardial fat samples from 16 
patients with CABG surgery 
compared epicardial fat 
samples from 6 patient with 
valve replacement surgery 

Epicardial fat tissue harvested from CABG 
patients have lower adiponectin expression, 
compared with controls from Non-CABG 
patients 

Wheeler et al, 
200544 

80 patients randomly selected 
from sibling pairs who had 
concordant type 2 diabetes 
(out of a total 1200 
participants in a family cohort 
study of CVD and type 2 
diabetes) 

Paracardial fat volume is highly correlated with 
total abdominal visceral adipose tissue volume 
(R=0.81, p<0.0001) 

Baker et al, 200616
46 epicardial fat tissue 
obtained from CAD patients 
underwent CABG 

Epicardial fat tissue from CAD patients have 
lower adiponectin expression compared to 
samples from controls 

De vos et al, 
200845 

573 healthy postmenopausal 
women 

Increased Peri-coronary epicardial adipose 
tissue volume is associated with higher 
coronary calcification score (p=0.026), 
controlling for age, gender, weight, waist 
circumference, smoking status, BMI 

Ding et al, 200824 
159 patients aged 55 or older 
without symptomatic coronary 
heart disease 

One s.d. increment of paracardial fat volume is 
associated with 1.92 odds ratio (1.27 to 2.90) of 
having calcified coronary plaque, even after 
adjustment for weight, height, and other 
cardiovascular lab values 

Gorter et al, 
200822 

128 patients (age: 61±6) with 
suspected CAD and went 
coronary angiography 

In all coronary angiography patients, 
paracardial fat is not associated with extent or 
severity of CAD, but in lower BMI patient, 
increased epicardial fat and peri-coronary fat is 
related to CAD severity, adjusted for age, 
gender 
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Sarin et al, 200820 
151 patient with suspected 
CAD 

Patients with more than 100ml epicardial fat 
have increased CAD prevalence (46% vs. 31%, 
p<0.05), and increased metabolic syndrome 
prevalence (44% vs. 29%, p<0.05) 

Salaghi et al, 
200821 

56 cadavers randomly selected 
from a hospital forensic 
routine autopsies 

Epicardial fat measurements correlated with 
age, waist circumference and heart weight, and 
to a less extent with BMI; patient’s CAD 
staging correlate with epicardial fat volume 
(R=0.38, p=0.0034) 

Teijeira-Fernandez 
et al. 200846 

54 patients with elective 
coronary artery bypass surgery 
compared with 49 patients 
with valve surgery 

Epicardial fat tissue expresses lower 
adiponectin in patients with hypertension, 
compared with non-hypertensive control, 
adjusted for age, gender, BMI, Diabetes 
mellitus diagnosis,  

Wang et al, 200841 49 type 2 diabetics compared 
with 78 non-diabetic controls 

Diabetic patients have increased epicardial 
adipose tissue volume. Patient with coronary 
disease also have higher EAT volume (adjusted 
for age and gender only) 

Fox et al, 200923 

997 participants selected from 
Framingham heart study, 
independent of their CVD 
diagnosis 

Epicardial fat tissue is not independently 
associated with abnormality of left ventricular 
structure, after adjusting for age, gender, 
visceral obesity 

Greif et al 200940 
286 consecutive patients with 
suspected coronary artery 
disease 

Patients with confirmed atherosclerotic lesions 
had significant larger paracardial fat tissue 
volume; patients with increased paracardial fat 
volume have lower adiponectin, lower HDL 
and elevated TNF-alpha, and hsCRP, adjusting 
for age, gender, BMI 

Mahabadi et al, 
200938 

1267 participants from 
Framingham heart study, 
age>=40 for women, >=35 for 
men 

Increased epicardial fat and abdominal visceral 
fat both are associated with prevalent CVD 
diagnosis; associations were preserved in age 
and gender-adjusted model. 

Fain et al, 200847 
27 patients with critical 
coronary atherosclerosis 
diagnosis 

A novel obesity related protein (Omentin) 
mRNA was predominantly found in epicardial 
and abdominal omental fat tissue, while 
Visfatin mRNA was found in all fat tissues 
including subcutaneous fat. 

 
Note: Abbreviations: CAD: coronary artery disease; CVD: cardiovascular disease; CABG: coronary 
artery bypass graft; EAT: epicardial adipose tissue; BMI: body mass index; HDL: high-density 
lipoprotein 
 

Association with cardiovascular disease prevalence or incidence 

 

Early studies tended to be carried out in selected patients who were recruited at 

cardiovascular disease clinics or health faculties. These studies usually were limited 

by small sample size and/or their study sample usually represented end-stage patients 

with suspected advanced disease prognosis and multiple risk factors. Taguchi et al 

found intrathoracic fat volume was associated with diagnosis of coronary artery 
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disease in 251 non-obese male patients referred to internal medicine39. Greif et al 

found increased intrathoracic adipose tissue to be a strong risk factor for coronary 

atherosclerosis among 286 patients with suspected coronary artery disease, 

independent of age, sex, and BMI40. Similar report could be also found in Gorter et 

al’s 2008 study in 128 patients with suspected coronary artery disease and Sarin et 

al’s 2008 study in 151 patients. 

 

Larger studies done in the community dwelling population also suggested that 

intrathoracic fat, one or both of its two subcomponents could be associated with 

cardiovascular diseases. In the Framingham Heart Study offspring cohort of 1267 

participants, Mahabadi et al found increased epicardial adipose tissue was associated 

with cardiovascular disease diagnosis (mostly coronary artery disease), independent 

of body mass index (BMI) and waist circumference. 38 In Ding et al’s 2009 case 

control study comparing 147 coronary artery disease incident cases and 1000 controls 

from the Multi-Ethnic Study of Atherosclerosis (MESA), they found a significant 

association between intrathoracic fat and coronary heart disease incidence, which is 

robust after further adjustment for BMI and other cardiovascular disease risk 

Factors.43 

 

Association with systemic risk factors of cardiovascular diseases 

 

Prior studies have also examined the correlation between intrathoracic fat and 

systemic cardiovascular disease risk factors, mostly biomarkers measured in 

circulatory blood. Wang et al found that epicardial adipose tissue volume was 

correlated with higher fasting glucose level, cholesterol and triglyceride levels.41 
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Tadros et al reported in the Framingham Heart study, systemic IL-6, C-reactive 

protein, monocyte chemoattractant protein-1 (MCP-1) and urinary isoprostanes were 

all associated with increased intrathoracic fat.48 Rosito et al found both epicardial fat 

and pericardial fat were associated with metabolic syndrome components (higher 

triglycerides, lower HDL, hypertension and impaired fasting glucose) independent of 

BMI.42 

 

In above studies, associations diminished when adjustment was made for BMI and 

waist circumference (abdominal obesity). As it is still unclear how different 

intrathoracic fat is from abdominal visceral fat, and given the small quantity of 

intrathoracic fat, the most likely explanation for these findings is that intrathoracic fat 

may be a small extension of abdominal visceral fat and correlate with general obesity. 

It is not surprised the association between systemic inflammation markers attenuate 

after adjusting for BMI or waist circumferences.  

 

Association with local markers of cardiovascular diseases 

 

Several studies examined the association of intrathoracic fat volume with coronary 

artery calcification, which is a risk marker for subclinical coronary artery disease. In 

an early small study of 151 patients with suspected coronary artery disease, Sarin et al 

found patients with increased epicardial fat volumes had significantly higher coronary 

calcium score. 20 In 159 selected MESA participants, Ding et al found intrathoracic fat 

was associated with calcified coronary plaque, and the association was independent of 

BMI and waist circumference.24 Rosito et al reported epicardial adipose volume was 
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associated with coronary artery calcification even after adjusted for BMI and 

abdominal visceral fat volume in Framingham Heart study.42  

 

2.5 Putative biological mechanisms 

 

Intrathoracic fat tissue, mainly epicardial fat, is putatively involved in several 

pathophysiological pathways in which it acts as an endocrine or a paracrine organ 

having systemic or local metabolic/inflammatory impact.15, 21, 46, 49 Epicardial fat 

appears to have a secretion profile distinct from other fat depots (Table 2). It produces 

less leptin and adiponectin, more angiotensinogen, interleukin-6 and plasminogen 

activator inhibitor-1 than subcutaneous fat15, 21, 46, 49. Recently omentin, a novel 

adipokine closely related to type 2 diabetes and metabolic syndrome50, has been found 

to be expressed mainly in abdominal visceral fat tissue and epicardial fat tissue47. 

However, due to the difficulty of sampling epicardial fat and abdominal fat at the 

same time, there was not enough research directly compared epicardial fat with 

abdominal visceral fat. Up until now, there was no study specifically targeted 

pericardial fat and examined its pathophysiological properties. 

 

Furthermore, due to its close anatomic relationship with cardiac structures, epicardial 

fat may oppose additional risk to heart diseases through paracrine or vasocrine 

pathways that may be distinct from all other fat depots.12, 15, 16 Early human autopsy 

studies reported that coronary atherosclerotic plaques are more likely to be seen in 

epicardial coronary arteries than intramyocardial ones that lack of adjacent epicardial 

fat9, 10. In patients with coronary artery disease, epicardial fat is usually infiltrated 

with large amount of inflammatory cells, like macrophages and mast cells.15 In vitro 
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studies suggested epicardial fat could secret inflammatory mediators or metabolism 

modulating hormones that diffuse in interstitial fluid across the adventitia and media 

to reach the intima of coronary artery, or enter vasa vasora that extend directly from 

coronary artery adventitia to intima12, 15, 16. Epicardial fat may seem like an 

‘inflammatory fat pat’ surrounding the coronary arteries. In addition to the original 

intravascular inflammatory pathway, an ‘outside-to-inside’ cellular cross talk has been 

proposed to explain how extra-vascular inflammatory mediators and adipokines may 

contribute to coronary artery atherosclerosis16, 19. 

Table 2: Distinct properties of epicardial fat  
 Epicardial fat vs. all other fat tissues 
Fatty acid incorporation and 
lipogenesis 

Epicardial fat has higher levels of fatty acid incorporation and 
lipogenesis than other fat depots 

Expression of lipid metabolic 
enzymes 

Epicardial fat has lower lipoprotein lipase (LPL), stearoyl-CoA 
desaturase (SCD) and acetyl-CoA carboxylase-alpha expression 
than all other adipose tissue, indicating epicardial fat metabolism 
may under a regulation different from other depots 

Inflammatory factors secretion Epicardial fat has greater expression of inflammatory mediators 
than subcutaneous fat (IL-1β, IL-6, monocyte chemostatic protein 
[MCP-1], TNF), in patients with coronary artery disease. 

Macrophage infiltration Epicardial fat have higher level of CD45 mRNA expression 
compared with gluteal fat, in patients with coronary atherosclerotic 
lesions 

Master cell amount in fat tissue Epicardial fat have higher amount of master cell in patients with 
ruptured coronary lesion 

Adiponectin and leptin Epicardial fat has lower amount of adiponectin and leptin than 
abdominal visceral fat, or gluteal fat, in patients with coronary 
artery diseases 

Note: there was not enough information about pericardial fat 
 

2.6 Literature gaps 

 

Different studies usually defined and measured intrathoracic adipose tissue differently, 

which makes it difficult to interpret or compare results across studies. Some studies 

did not differentiate epicardial fat (inside the pericardium) from pericardial fat 

(outside the pericardium) while controversies remain whether epicardial and 

pericardial adipose tissue relates to disease risks differently. Maintaining direct 

contact with heart structures, epicardial adipose tissue has been reported in many 
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studies to express various biomarkers and closely associate with cardiovascular 

diseases or disease marker15, 21, 36, 42, 46, 47, 49. Located on the external surface of the 

parietal pericardium and separated from heart muscles and vessels by the fibrous 

pericardium, pericardial adipose tissue was not expected to have easy paracrine 

influence on the heart and considered to be less important in the proposed 

‘outside-to-inside’ cellular cross talk pathway. Some researchers believed due to the 

high correlation between intrathoracic and epicardial fat volume, it was justified to 

use intrathoracic fat and not differentiating its two sub-component. In the studies done 

by Ding et al, they found the correlation between epicardial fat volume with 

intrathoracic fat volume was as high as 0.92 (p<0.0001) and they used intrathoracic 

fat in the analysis. 24, 43 On the other hand, although epicardial and pericardial fat 

volume correlate with each other and appear to be associated with some diseases or 

disease marker similarly, not all of them. The series of publications from Framingham 

Heart Study examined epicardial fat and pericardial fat back to back; they found 

epicardial fat was associated with coronary calcification, 42while pericardial fat was 

better correlated with aortic artery calcification, systemic CRP and urinary 

isoprostanes concentration.48 

 

To answer the most important question as to whether the systemic effect of general 

obesity or abdominal obesity overweighs the local pathogenic effect of intrathoracic 

fat, all studies should adjust for established obesity measurements while evaluating 

the association between intrathoracic fat and disease traits. Early studies tended not to 

make such adjustment or were not being able to due to limited sample size. 20 Among 

studies that adjusted for BMI or waist circumference, conflicting results were found. 

Some associations attenuated, 42, 51 while others were preserved after adjustment.38, 40, 
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43 Intrathoracic fat volume correlates with general obesity measures (measured by 

BMI, body fat composition) and abdominal visceral fat volume (partially represented 

by waist circumference). It remains unclear whether quantifying intrathoracic fat 

provides meaningful value for disease risk prediction. 

 

Few studies have evaluated intrathoracic fat’s association with coronary artery 

calcification, which is an important mediator for coronary artery disease.  

 

No study has explored the genetic determinants of intrathoracic fat and few are able to 

provide evidence to support suggested pathophysiological pathways. We hypothesize 

increased intrathoracic adipose tissue is a highly heritable, complex trait with a large 

number of contributing genetic variations. A genome-wide association study may 

identify genetic markers that are both functionally linked to disease outcomes and 

differentially distributed among individuals with different visceral fat phenotypes. The 

results will help to identify important candidate gene and provide significant 

information for the pathogenesis of various obesity related diseases. Furthermore, 

given the close correlation between intrathoracic fat and other obesity traits, it is 

worthwhile exploring the shared genetic and environmental factors behind. It is 

believed genetics may play important role in regulating fat deposition, there was not 

enough researches have done to examine what effect the risk genes of general obesity 

may have on regional visceral fat deposition.  

 

2.7 Research hypotheses and specific aims 

 

The major goal of this study was to assess the association of intrathoracic fat, and its 
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two sub-components (epicardial and pericardial fat) with cardiovascular disease risk 

factors, both with and without regard to overall obesity and abdominal obesity. We 

hypothesized that epicardial fat, and or pericardial fat is a strong correlate of 

cardiovascular disease risk factors. The association may or may not preserve after 

adjusting for other established systemic adiposity measurements. The specific 

objectives of the research are to:  

 

Aim 1: assess the volume and distribution of intrathoracic adipose tissue among 

participants in the Amish Family Calcification Study (AFCS). In addition to an 

overall measurement of intrathoracic visceral fat tissue, two distinct non-overlapping 

fat depots will be measured: fat tissue within the pericardial sac (epicardial fat) and fat 

tissue outside the pericardial sac (pericardial fat). The correlation between the two 

sub-compartments will be evaluated. 

 

Aim 2: identify the individual correlates (e.g. age, sex and height) of intrathoracic 

adipose tissue volume and the degree to which intrathoracic fat co-varies with overall 

obesity and fat in other depots.  

 

Aim 3: examine the association between intrathoracic adipose tissue and 

cardiovascular disease-related traits. Targeted cardiovascular disease-related traits will 

include subclinical cardiovascular disease (coronary artery calcification scores), high 

blood pressure, abnormal fasting lipids/insulin level, and altered circulatory 

inflammatory markers. We will further test if any correlations observed between these 

traits and intrathoracic adipose tissue is independent of overall obesity and other 

obesity measurements. 
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Aim 4: evaluate the genetic determinants of intrathoracic adipose tissue, including: 

 

1) Evaluating the overall contribution of genes to the phenotypic variation (e.g., 

heritability; h2). 

 

2) Assessing evidence that genes jointly contribute to variation in intrathoracic 

adipose tissue and fat tissue in other depots. 

 

3) Performing a ‘hypothesis-free’ genome-wide association study (GWAS) to detect 

novel genes associated with variation in total and regional volume of epicardial 

adipose.  

 

4) Determining if single nucleotide polymorphisms (SNPs) previously known to be 

associated with variation in body size measures (e.g., BMI, waist circumference) are 

also associated with variation in epicardial fat. 
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III. Methods and Procedures 

 

3.1 Study participants 

 

We included in this study all participants with readable CT scan from two cohort 

studies in the Amish population: the Amish Family Calcification Study (AFCS) (2002 

to 2005) and Amish Longevity Study (2000 – present), both conducted in Lancaster 

County, Pennsylvania. The Old Order Amish in Lancaster County is a closed founder 

population living in relatively similar environments and maintaining close 

relationship with extensive family history records available. The Amish emigrated 

from Switzerland in the 1700s and maintained physically active lifestyle with no 

modern electricity and automobiles.  

 

The study design of these two studies has been previously described.52, 53 The Amish 

Family Calcification Study was initiated to identify the determinants of vascular 

calcification and to evaluate the relationship between calcification of bone and 

vascular tissue in the Old Order Amish community. Participants were recruited based 

on their participation in an earlier study of bone mineral density; later the recruitment 

was open to their first and second-degree relatives. The longevity study was based on 

Amish who lived past the age of 90 years, their offspring, and the spouses of these 

offspring.   

 

3.2 Adipose tissue volume measurement 
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3.2.1 Definition of terms  

 

The definition of intrathoracic fat terms of this study is chosen to be consistent with 

the most frequently used terminology in latest publications. 

 

1. Epicardial adipose tissue: Epicardial adipose tissue is defined as adipose tissue 

between the surfaces of the heart and visceral epicardium (within the intrathoracic 

sac).  

 

2. Pericardial adipose tissue: pericardial adipose tissue is defined as adipose tissue 

around the heart but outside of the fibrous pericardium. 

 

3. Intrathoracic adipose tissue: Intrathoracic adipose tissue is a combination of the 

epicardial (within the pericardium) and pericardial adipose tissue (in the thorax but 

outside of pericardium) from the right pulmonary artery to the diaphragm and the 

anterior chest wall to vertebral column. 

 

3.2.2 Segmentation protocol 

 

Non-contrast Electron Beam Computed Tomography (EBCT) scan was performed on 

an Imatron scanner (Imatron Inc. San Francisco, CA) in 3-mm thick contiguous slices 

with pixel size of 0.7813*0.7813 mm. For the majority of patients, the scan went from 

the root of major heart arteries to the apex of the heart and covered the full length of 

heart. Adipose tissue volumes (cm3) were measured without knowing patient’s 

coronary calcification score. Manual segmentation of the epicardial and pericardial 
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adipose tissue was done by drawing regions-of-interest (ROIs) on every selected slice. 

A threshold of -190 to -30 Hounsfield units was applied to identify adipose tissue 

voxels. Illustration of the manual segmentation could be found in Figure 1.1-Figure 

1.3 

 

Step 1: Segmentation of the Intrathoracic adipose tissue 

 

The boundary of the intrathoracic adipose tissue around the heart was determined by 

the following anatomic landmarks with the purpose of covering fat tissue in the full 

heart length. 

 

The superior limit was set to be the slice with right pulmonary artery seen crossing the 

mid-sagittal plane. In a 3 mm thick scans, the right pulmonary artery may be seen on 

2-3 slices as it crosses the mid-sagittal plane, the lowest slice with the full course 

visible is selected to be the upper limit. This superior limit will ensure to cover slices 

about 10-15 mm above the left main coronary artery origin.  

 

The inferior extent of the adipose tissue was set by the diaphragm. To differentiate 

thoracic fat tissue from abdominal fat tissue, 3-dimentional view (axial, coronal and 

sagittal) was always used to aid tracing diaphragm.  

 

The anterior border of the volume will be defined as the sternum and other anterior 

chest wall structures. The posterior border will be defined as the vertebral column and 

the ribs. The left and right border will be set as the margin of lung tissues. 
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The total amount of adipose tissue (cm3) within above defined region will be 

measured as intrathoracic adipose tissue volume.  

 

Step 2: Segmentation of the epicardial fat and pericardial fat 

 

Second level segmentation was done by manually tracing the pericardium within 

above defined region-of-interests. Pericardium is consisted of two layers: the visceral 

pericardium and the fibrous pericardium. In rare cases when pericardial cavity is 

enlarged by pericardial fluid and the pericardial cavity is apparent, the inner margin of 

the pericardial cavity is used to delineate the pericardial fat, otherwise, the more 

visible fibrous pericardium is used. When major blood vessels (superior vena cava, 

inferior vena cava, pulmonary veins) leave heart chambers, pericardium margin was 

set at the root of vessel as it penetrates pericardium. 

 

Adipose tissue lies within pericardial sac was measured as epicardial fat and adipose 

tissue outside will be measured as pericardial fat.  
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Figure 1.1: Segmentation of adipose tissue at upper heart (right coronary artery 
visible) 

 
 
Figure 1.2: Segmentation of adipose tissue at middle heart (coronary sinus 
visible) 

 
 
Figure 1.3: Segmentation of adipose tissue at lower heart (liver level)  

 
 

3.2.3 Intrathoracic fat measurement quality assessment and control 

 

Both inter-observer and intra-observer reproducibility was evaluated. Two observers 

(Xinggang Liu and an independent expert Irfan Zeb from Los Angeles Biomedical 

Research Institute) reviewed and measured epicardial and pericardial fat volume on 

12 representative scans using above manual segmentation protocol. Inter-observer 

Intrathoracic fat  Epicardial fat 

Intrathoracic fat  Epicardial fat 

Intrathoracic fat  Epicardial fat 
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reproducibility was assessed by correlation and agreement of fat volume. Xinggang 

Liu also evaluated intra-observer reproducibility on 100 randomly chosen scans. One 

month after the initial measurement, a repeated measurement on those scans was 

performed without knowing previous measure of individual scan. Discordant reading 

was determined if the volumes of epicardial fat tissue from two repeated reading 

differ by 10% or above. We did not find any primary discrepancy in reading between 

two reviewers. Intraclass correlation coefficients and Pearson correlation coefficients 

were used to assess intra-observer validity. 

 

No important discrepancy was found in inter-observer or intra-observer 

(inter-observer: Pearson correlation of intrathoracic fat volume between two observer 

was 0.93, with p<0.001. intra-observer: Pearson correlation of intrathoracic fat 

volume within observer was 0.97, with p<0.001. Figure 2.1 and Figure 2.2). Similar 

high agreement was found in epicardial and pericardial fat volume measurements. 

 

Figure 2.1: Inter-observer reproducibility of intrathoracic fat volume 

 
Note: Pearson correlation coefficient=0.93, p<0.001 
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Figure 2.2: Intra-observer reproducibility of intrathoracic fat volume 

 
Note: Pearson correlation coefficient=0.97, p<0.001 
 

3.3 Genotyping and genotype imputation 

 

The genotyping of Amish has been completed previously and made available to this 

study. Genomic DNA was isolated from whole blood for genetic analyses. The quality 

of DNA was assessed by single-nucleotide polymorphism TaqMan genotyping and 

agarose gel electrophoresis. Additional genotyping protocol and quality control 

procedures have been described in previous published literature.54 

 

Whole-genome genotyping was performed for 795 participants using an intersection 

of Affymetrix GeneChip Human Mapping500K Array Set and Affymetrix 

Genome-Wide Human SNP Array 6.0, a set that included 442,069 SNPs. To provide a 

broader coverage of the SNPs variation in the whole genome and to enable the 

bridging of different genotyping platforms, for 542 participants, imputed SNPs array 

with 2,543,013 SNPs was constructed, in which SNPs were imputed using multipoint 

imputation method in MACH 2.0 software55.  
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3.4 Cardiovascular disease risk factor measurement 

 

All participants underwent a detailed clinical examination at the Amish Research 

Clinic in Strasburg (PA), including assessment of potential risk factors for CVD and a 

medical history interview. Examinations were conducted after an overnight fast. 

Height and weight were measured with a stadiometer and calibrated scale with shoes 

removed and in light clothing. Systolic (first phase) blood pressure (BP) and diastolic 

(fifth phase) BP were obtained in duplicate with a standard sphygmomanometer with 

the subject sitting for at least 5 minutes. Pulse pressure was defined as the difference 

between the systolic and diastolic BPs. Blood samples were obtained for 

determination of fasting glucose and lipid levels. Glucose concentrations were 

assayed with a Beckman glucose analyzer using the glucose oxidase method. Lipid 

concentrations were assayed by Quest Diagnostics (Baltimore, MD). Low-density 

lipoprotein cholesterol levels were calculated using the Friedewald equation. 

 

Coronary artery calcification scores have been measured previously using the 

Agatston method on EBCT scans. It quantifies calcifications in the coronary artery 

wall, and has been established as a good risk marker for subclinical coronary artery 

disease. We define the presence of calcification as having a score equal to or greater 

than 1. Our preliminary analysis found Coronary artery calcification (CAC) score 

follows a severely right skewed distribution and ranges from 0-6947 (mean=221, 

standard deviation=608). To address the non-normality of coronary calcification score 

(severely right skewed with several scored as 0), we natural log-transformed scores 

after adding 1 and fit linear regression, or dichotomized scores and examine the 

relationship in logistic regression. 
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3.5 Analytical strategy 

 

3.5.1 Aim 1:  

 

We examined the distribution of intrathoracic fat and its two subcomponents: 

epicardial fat and pericardial fat separately. We also examined the correlation between 

epicardial and pericardial fat utilizing scatter plots and Pearson correlation 

coefficients. 

 

3.5.2 Aim 2:  

 

We examined individual characteristics, including age, sex, BMI, and other obesity 

measurements with intrathoracic fat volume. We used scatter plot and correlation 

coefficients (parametric and non-parametric) to estimate the correlation between 

intrathoracic fat volume and continuously distributed variables, and utilized two 

sample t-tests to compare distribution of intrathoracic fat across different stratum of 

discrete variables.  

 

3.5.3 Aim 3:  

 

As Amish participants were closely related with each other, using standard statistical 

models that do not consider the covariance between related individuals violates the 

independence assumption of generalized linear model. We used the multivariate 

regression model to evaluate the association between epicardial fat volume and 
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cardiovascular disease related traits, in which epicardial fat volume was entered as 

independent variable while adjusting for known covariates (age, sex, BMI, waist 

circumference) and family structure, with various cardiovascular disease related trait 

were modeled as dependent variable. We fit two models for each cardiovascular 

disease related trait, a base model with epicardial as independent variable adjusted for 

age, sex and family structure, and a second model adjusted for age, sex, family 

structure and other obesity measurement (BMI, waist circumference). In the second 

model we forced BMI/waist circumference into the model regardless of the statistical 

significance of the parameter estimation, in order to answer the question whether 

measurement epicardial fat volume add additional predictive value for meaningful 

disease trait on top of easily obtained BMI/waist circumferences. Parameter estimates 

was computed to achieve the maximum likelihood of the model and the significance 

of parameters was evaluated by likelihood ratio tests by comparing the natural log 

likelihood of model with that variable in with a base model excluding that variable. 

 

The model and software implemented (SOLAR) has been described in previous 

publications56, 57. We modeled participants’ genetic correlation between each other by 

probability of sharing identity-by-descent (IBD) which is constructed on extensive 

family pedigree information. In order to explore the association in different sex 

groups, we also constructed separate models within male and female participants. 

 

Coronary calcification scores have been reported to be severely right skewed. To 

minimize skewed impact, we transformed the calcification score before analysis by 

adding 1 and obtaining the natural logarithm of the value of (score+1). 
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3.5.4 Aim 4:  

 

1) To examine the heritability of increased intrathoracic fat volume, we partitioned the 

overall phenotype trait variance into effects due to age, gender, the additive effects of 

genes, and a residual environment. We defined the heritability as the additive genetic 

variance divided by the total trait variance: h2. It was defined as the ratio of genetic 

variance over total phenotypic variance. We calculated the variance components using 

the kinship matrix formulas employing the observed maximum likelihood parameter 

estimates of the polygenic model. Age, gender were evaluated for their association 

with intrathoracic fat volume. The likelihood ratio test was used to test the null 

hypothesis of no genetic determination: h2=0. 

 

2) To quantify any observed correlations between intrathoracic fat and the other 

obesity measurements which can be explained by sharing common genes, we 

partitioned the correlation into shared common genes, shared risk factors, and/or other 

unmeasured non-genetic factors. A powerful way of examining these types of 

hypotheses is the multivariate extension of the traditional univariate models for 

familial resemblance. We used bivariate models that involve the partitioning of the 

phenotypic covariance matrix among the two correlated phenotypes into two 

components: the genetic covariance matrix, derived from the kinship matrix, and the 

environmental covariance matrix.  The genetic covariance matrix captures the extent 

to which the same genes influence both traits, while the environmental covariance 

matrix reflects the degree to which the correlation among traits is due to non-genetic 

factors. Hypotheses involving genetic correlations will be evaluated by likelihood 

ratio tests. The significance of shared genetic and environmental correlation was 
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evaluated by likelihood ratio tests by comparing the natural log likelihood of a more 

restricted model in which the same parameter is set to 0. 

 

3) To identify SNPs associated with increased epicardial fat volume, we performed a 

genome-wide association analysis on the AFCS sample using the available panel of 

SNPs.  We used a Mixed Model Analysis Program (MMAP) to analyze the complex 

pedigree structures of the Old Order Amish sample and address the non-independence 

between study participants. In the model we estimated the likelihood of an additive 

genetic model given the pedigree structure. We obtained parameter estimates and 

tested the significance of association using maximum likelihood methods. The above 

models were estimated using the SOLAR program. 

 

4) To examine the effects of SNPs previously associated with other obesity 

measurements (BMI, waist circumference) on epicardial fat, we abstracted risk SNPs 

from published literature (GWAS/candidate gene study/meta-analysis) and examine 

their correlation with epicardial volume in the Amish study sample. We used the 

similar Mixed Model Analysis Program in SOLAR to adjust for family pedigree 

structure and necessary covariates.  
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IV. Epidemiology findings 

 

4.1: Study sample  

 

Out of 1022 participants with CT scans available, 112 were excluded from analysis 

(94 participants’ CT scan did not cover the full length of the heart, 16 were missing 

age, sex or BMI information, 2’s CT did not cover the full length of the heart and had 

missing value in age, sex or BMI). The excluded participants were not significantly 

different from the included in other collected variables. (Table 3) 

 

Table 3: Characteristics of all available participants, included and excluded 
 Included Excluded P valuea 

Age, years 56.1±12.9 58.6±13.9 0.08 

Sex, male 404 (44.4%) 44 (45.8%) 0.79 

BMI, kg/m2 28.1±5.2 27.5±5.3 0.28 

Underweight: <18.5 6(0.7%) 1(1.1%) 0.10 

Normal:18.5-24.9 250(27.5%) 36(38.3%)  

Overweight:25.0-29.9 355(39.0%) 27(28.7%)  

Obesity: >=30.0 299(32.9%) 30(31.9%)  

Waist circumference, cm 92.2±11.4 91.7±13.4 0.76 

Liver fat, log (spleen/liver) -0.23±0.16 -0.25±0.14 0.31 

Coronary calcification 
score

209.0±543.8 229.6±607.3 0.73 

With calcification:>0 472(52.3%) 50(54.4%) 0.71 

Aorta calcification score 1414.7±4558.1 1453.2±3233.1 0.92 

SBP, mm Hg 118.6±16.5 120.3±16.7 0.37 

DBP, mm Hg 71.0±9.0 70.8±8.3 0.87 

Pulse pressure, mm Hg 47.6±12.2 49.4±13.9 0.19 

Fasting glucose, mg/dL 91.6±15.6 92.5±13.4 0.52 

Insulin, mcU/mL 12.0±6.5 11.1±4.7 0.11 

Total cholesterol, mg/dL 215.4±42.7 209.5±40.7 0.20 

HDL, mg/dL 56.5±15.1 59.7±16.2 0.06 

LDL, mg/dL 140.6±39.1 133.1±36.8 0.08 

Triglycerides, mg/dL 92.0±58.3 86.2±56.5 0.35 
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Total fat mass, kg 22644.6±9871.5 21481.8±9531.4 0.41 

Percentage fat mass 29.7±9.9 28.3±8.8 0.32 

Note: continuous variables are shown as mean ± standard deviation; categorical variables are shown as 
count (percentage). P valuea was obtained from comparison of proportions or two-sample ttest.  
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; liver fat, log transformed spleen CT attenuation/liver CT 
attenuation ratio, higher value indicates increased fat in liver. 
 

The final analysis was based on 910 subjects with good quality EBCT scans that 

covered the full length of the heart, also with complete information of age, sex and 

BMI. The majority of participants were from AFCS study (659, 72.4%) and a smaller 

proportion were from Longevity participants (218, 24.0%). 33 participants were 

enrolled in both AFCS and Longevity study. On average, participants from longevity 

study were older (mean age=64.4 vs. 52.8 years, p<0.001), had higher coronary 

calcification score (67.8%>=0 vs. 30.3%>=0, p<0.001), insulin level (13.2 vs. 11.6 

mcU/mL, p<0.01), total cholesterol (221.8 vs. 213.1 mg/dL, p=0.02), but there were 

no significant differences in obesity measures and other cardiovascular disease risk 

factors. After adjusting for age and sex, there was no longer statistical significant 

difference in coronary calcification score or total cholesterols, however, participants 

in longevity studies still tend to have higher level of fasting insulin than the ones in 

AFCS (p<0.01). 

 

Table 4 summarizes the characteristics of the included study participants. Our 

participants are all adult, age =56.1±12.9 years old, with slightly more women than 

men (44.4% were men). BMI was roughly symmetrically distributed, 

mean=28.1kg/m2 and median=27.7 kg/m2. Using the WHO definition of overweight 

and obesity, about one third of the sample (39.0%) were overweight (>=25kg/m2) and 

another one third (32.9%) were obese (>=30kg/m2). 
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Coronary artery calcification score (CAC) and thoracic aortic calcification (AC) score 

have been previously measured on EBCT scans52. 224 participants (26.8%) were not 

measured for AC. Both calcification scores were severely right skewed. Slightly more 

than half of the study sample had coronary artery calcification presence (CAC>0). A 

small proportion of the study sample had cardiovascular disease, diabetes or 

self-identified as smokers. In the significance testing of analysis, continuous 

calcification scores were log transformed after adding 1 to accommodate the skewed 

distribution. 

 

Compared with other published studies of epicardial fat volume, our study sample 

was relatively large, and consisted of generally healthy participants from a community 

population.  

 

Table 4: Characteristics of included study participants (N=910) 

Age, years 56.1±12.9 

Sex, male 404 (44.4%) 

BMI, kg/m2 28.1±5.2 

Underweight: <18.5 6 (0.7%) 

Normal:18.5-24.9 250 (27.5%) 

Overweight:25.0-29.9 355 (39.0%) 

Obesity: >=30.0 299 (32.9%) 

Waist circumference, cm 
92.2±11.4, 
Nmiss=1(0.1%),Nmiss=1(0.0%) 

Liver fat, log (spleen/liver) -0.23±0.16, Nmiss=139(15.2%) 

Coronary calcification score 209.0±543.8, Nmiss=8(0.9%) 

With calcification:>0 472 (51.9%) 

Aorta calcification score 1414.7±4558.1, Nmiss=244(26.8%) 

SBP, mm Hg 118.6±16.5, Nmiss=1(0.1%) 

DBP, mm Hg 71.0±9.0, Nmiss=1(0.1%) 

Pulse pressure, mm Hg 47.6±12.2, Nmiss=1(0.1%) 

Fasting glucose, mg/dL 91.6±15.6, Nmiss=105(11.5%) 
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Insulin, mcU/mL 12.0±6.5, Nmiss=6(0.7%) 

Total cholesterol, mg/dL 215.4±42.7, Nmiss=2(0.2%) 

HDL, mg/dL 56.5±15.1, Nmiss=2(0.2%) 

LDL, mg/dL 140.6±39.1, Nmiss=7(0.8%) 

Triglycerides, mg/dL 92.0±58.3, Nmiss=2(0.2%) 

Total fat mass, kg 22.6±9.9, Nmiss=316(34.7%) 

Percentage fat mass 29.7%±9.9%, Nmiss=316(34.7%) 

Note: continuous variables are shown as mean ± standard deviation; categorical variables are shown as 
count (percentage). 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein. Liver fat, log transformed spleen CT attenuation/liver CT 
attenuation ratio, higher value indicates increased fat in liver. 
 

4.2: Volume and distribution of intrathoracic adipose tissue 

 

Epicardial adipose tissue volume is right skewed with a small proportion of 

participants having high or extremely high volume (Figure 3.1 mean=91.8cm3, 

median=83.1cm3). Epicardial fat volume constitutes about half of intrathoracic fat 

volume but the proportion varies between different individuals (Figure 3.2). 

Pericardial fat volume is also right skewed (Figure 3.3). 

 
Figure 3.1 Distribution of epicardial fat volume, histogram 
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Figure 3.2 Epicardial fat volume as percentage of intrathoracic volume, 
histogram 

 
 
Figure 3.3 Distribution of pericardial fat volume, histogram 

 
 

Epicardial fat volume closely correlates with Pericardial fat volume in a positively 

linear pattern (Figure 4), Pearson correlation coefficient=0.73, p<0.001. To 

accommodate the right skewed distribution and potential violation of 

homoscedasticity, we also computed non-parametric Spearman rank correlation and 

found a strong increasing monotonic trend between epicardial fat volume and 

pericardial fat volume (Spearman correlation coefficient=0.76, p<0.001).  
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Figure 4: Scatter plot, epicardial fat volume versus pericardial fat volume 

 
 

4.3: Individual characteristics associated with differences in intrathoracic 

adipose tissue volume. 

 

Increased epicardial, pericardial and intrathoracic fat volume is associated with male 

gender and older age. Epicardial fat volume significantly correlates with age (Pearson 

correlation coefficient=0.46, Spearman correlation coefficient=0.48, p<0.001). And 

there is significant difference in epicardial fat volume between sex groups (p<0.01). 

Male, older participants with higher BMI tend to have increased epicardial, 

pericardial and intrathoracic adipose tissue volume (Table 5). Similar findings are 

found with pericardial fat and intrathoracic fat. However, the sex difference in 

absolute volume of pericardial and intrathoracic fat seems to be larger than that of 

epicardial fat. In addition, compared with women, a higher proportion of intrathoracic 

fat consists of pericardial fat (fat tissue outside of the pericardial sac) in men.  
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Table 5: Mean epicardial/pericardial/intrathoracic fat volume by age (quartiles) 
and sex groups 
 Epicardial Pericardial Intrathoracic 
 Male Female Male Female Male Female 
All 96.6±47.2 88.0±38.9 98.6±61.8 67.3±34.8 195.2±103.3 155.3±67.3 

Age       

29-45yrs 69.9±29.6 61.3±23.5 58.1±31.3 44.5±22.1 128.1±56.5 105.7±41.1 

46-55yrs 90.0±42.7 85.3±30.4 89.9±47.8 66.9±29.5 180.0±86.1 152.2±52.6 

56-65yrs 102.6±40.6 96.3±36.8 109.7±52.3 79.3±36.7 212.3±86.3 175.6±66.9 

66-93yrs 126.0±54.5 110.6±44.6 139.8±75.9 79.6±36.7 265.9±121.3 190.2±72.5 

Note: male and female participants’ fat volume was shown in age groups defined by quartiles of whole 
sample. Number of males/females in 29-45 yrs, 46-55 yrs, 56-65 yrs and 66-93yrs subgroup is 113/130, 
88/127,101/136 and 102/113 respectively. 
  
Proportion of intrathoracic fat as epicardial fat among male and female: 51% vs. 57%, and in each age 
group: 29-45yrs (55% vs.58%), 46-55 yrs (51% vs. 57%), 56-65yrs (49% vs. 55%), 66-93 yrs (49% vs. 
59%). 
 

The sex differences in fat volumes can be observed across different age subgroups. 

It has been well documented that various established obesity phenotypes are 

associated with age. In most cases, obesity measurements associate with age in an 

approximately linear pattern. We examined the distribution of epicardial, pericardial 

and intrathoracic fat volume in age groups (by the interval of 4 years). The above 

gender differences can be observed across different age subgroups (Figure 5.1, 5.2); 

although we do see the difference in proportion of intrathoracic fat as epicardial fat 

gets larger in older subgroups (Figure 5.3). It might suggest in addition to an overall 

higher pericardial fat volume, men are accumulating fat tissue outside of the 

pericardial sac faster than women as they get older. The number of females and males 

in age older than 81 years were extremely small and the mean estimates of in each sex 

groups has large standard errors. 

 

Dividing epicardial fat volume by BMI, we get an estimate of epicardial fat volume in 

relative to BMI. As in Figure 5.4, in both males and females, older groups have higher 

ratio of epicardial fat volume/BMI, indicating an increasing accumulation of visceral 
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fat as people age. The difference in the ratio between sex groups could be explained 

by the higher epicardial fat volume and lower BMI in males, across all age groups. 

 
Figure 5.1: Mean epicardial fat volume by age, stratified by sex 

 
Note: ANOVA test of mean differences between male and female=0.003 
 
Figure 5.2: Mean pericardial fat volume by age, stratified by sex 
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Figure 5.3: Mean proportion of intrathoracic fat volume as epicardial fat by age, 
stratified by sex 

 
Note: assuming simple linear trend across age in both gender group, there’s significant difference in 
slopes (p<0.001) 
 
Figure 5.4: Ratio of epicardial fat volume/BMI by age, stratified by sex 

 
Note: assuming simple linear trend across age in both gender group (p<0.001), there’s not enough 
evidence for a significant difference in slopes (p=0.32) or intercept (p=0.76) 
 
 
Increased pericardial and intrathoracic fat volume is associated with higher body 

height, but epicardial fat volume is not. As in Figure 6.1 and 6.2, epicardial fat volume 

is not significantly associated with body size (measured by height in cm, or height 

square cm2), while increased amount of pericardial and intrathoracic fat is observed in 

participants with higher body height. (Figure 6.3-6.6) 
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Figure 6.1: Scatter plot of epicardial fat volume (cm3) with height (cm), 
p(height)=0.58 
 

 
 
Figure 6.2: Scatter plot of epicardial fat volume (cm3) with heights square (cm2), 
p(height2)=0.54 
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Figure 6.3: Scatter plot of pericardial fat volume (cm3) and height (cm), p 
(Height) <0.001 

 
 
 
Figure 6.4: Scatter plot of pericardial fat volume (cm3) and height2 (cm2), p 
(Height2) <0.001 
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Figure 6.5: Scatter plot of intrathoracic fat volume (cm3) and height (cm), p 
(Height)=0.007 
 

 
 
 
Figure 6.6: Scatter plot of intrathoracic fat volume (cm3) and height square (cm2), 
p (Height2)=0.006 
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The differential distribution of epicardial, pericardial and intrathoracic fat volume 

between sex groups cannot entirely be explained by difference in body size. Male 

participants have higher height than female participants. We explored the sex 

difference of intrathoracic fat volumes within different height subgroup to control for 

body size. As in Figure 7.1 and 7.2, there are no men shorter than 148cm and no 

women taller than 175cm. Among most subgroups in the height range of 148cm to 

174cm, men tend to have higher epicardial fat volume and pericardial fat volume than 

women of the same height subgroup. The overall difference in mean epicardial and 

pericardial fat between sex groups within the overlapping age ranges are both 

significant at p<0.05. Moreover, height is not significantly associated with pericardial 

fat volume in either males or females group. The observed association between height 

and pericardial fat volume in the whole study sample may be explained by the 

differential distribution of height and age between sex groups. 

 



43 
 

F
igu

re 7.1: M
ean

 ep
icard

ial fat volu
m

e b
y h

eigh
t an

d
 sex 

  

 

     



44 
 

F
igu

re7.2: M
ean

 p
ericard

ial fat volu
m

e b
y h

eigh
t an

d
 sex 

 

 



45 
 

In summary, we found increased epicardial, pericardial and intrathoracic fat volume in 

male, older participants. The sex differences in fat volumes can be observed across 

different age and body size (height) subgroups. The differential distribution of 

epicardial, pericardial and intrathoracic fat volume between sex groups cannot 

entirely be explained by difference of body size, while body size (measured by height, 

height square) is not associated with any of the above three fat volumes in sex 

stratified subgroups. 

 

Epicardial, pericardial and intrathoracic fat volumes are all closely associated with 

BMI, but several extreme cases exist with discordant BMI and fat volume 

measurements. Epicardial fat volume correlates with BMI in a close linear fashion. 

(Pearson correlation coefficient=0.44, Spearman correlation coefficient=0.50, 

p<0.001). Most participants with low BMI also tend to have small amount of 

epicardial fat while increased accumulation of epicardial fat are usually seen in 

participants with high BMI. However, we find several with discordant phenotypes: 

lean participants (BMI<25kg/m2) with considerable amount of epicardial fat 

accumulation (n=14), or obese (BMI>=30kg/m2) participants with low amount of 

epicardial fat (n=24) (Figure 8). 
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Figure 8: Epicardial fat volume’s correlation with BMI  

 
Note: High epicardial fat volume was defined as having volume reading in the highest quartile of all 
participants (>=115.2cm3), low epicardial volume was defined as having volume reading in the lowest 
quartile of all participants (<61.3cm3). Overweight/Obese was defined as having BMI>=25kg/m2 and 
BMI>=30kg/m2 respectively. 
 

Lean (BMI<25kg/m2) participants with high epicardial fat volume have higher 

coronary calcification scores than obese (BMI>=30kg/m2) with low epicardial fat 

volume. Comparison of the two extreme groups’ characteristics may be found in Table 

6. The lean with high epicardial fat volume participants seem to have higher coronary 

calcification score than the ones in obese with low epicardial fat group (Figure 8.1). 

The difference in coronary calcification score can be found in both means and 

medians, Wilcoxon rank test yield p value <0.01. 

 

The cross sectional design and small number of extreme cases limited our ability to 

examine the confounding effect of age and gender between extreme groups. It is 

possible that the difference in coronary calcification scores might be explained by age 

and gender as both have been found to be significantly associated with coronary 
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calcification score, and there was also notable differences in sex and age between the 

two extreme groups as the lean BMI with high epicardial fat group tends to be older 

and has a larger proportion of males. Further breaking the extreme groups by sex 

groups confirmed that the group with the highest coronary calcification score (Figure 

8.2) is the one male group that is the oldest group of all four. (Figure 8.3) Pedigree 

tracing of these38 individuals didn’t reveal any simple familiar segregation pattern, 

other than two non-identical sisters and one mother/daughter. As in Table 6.1, all of 

the four related individuals were identified as obese with low epicardial fat volume, at 

the same time having no or very low coronary calcification score (0,0,28.2 and 34.2).  

Table 6: Comparing participants with discordant BMI and epicardial fat volume 
measurement 

 
Lean/high epicardial fat volume 
N=14 

Obese/low epicardial fat volume 
N=24 

P valuea 

Sex, male 8 (57.1%) 3 (12.5%) 0.008 

 mean Median(IQR) Mean Median(IQR)  

Age 68.5 71.0(60.0 to 77.0) 46.3 43.0(38.5 to 55.0) <0.001 

Coronary Calcification 
Score 

694.1 144.0(17.1 to 701.3) 26.9 0.0(0.0 to 10.3) 0.004 

Aorta Calcification Score 5292.8 5314.2(0.0 to 7424.1) 342.7 0.0(0.0 to 288.1) 0.062 

SBP, mm Hg 122.4 121.0(119.0 to 130.0) 117.3 113.0(109.0 to 127.5) 0.186 

DBP, mm Hg 68.8 69.5(61.0 to 74.0) 72.8 71.0(65.5 to 79.0) 0.296 

Pulse Pressure, mm Hg 53.6 57.0(48.0 to 60.0) 44.4 44.5(38.0 to 50.0) 0.009 

Fasting Glucose, mg/dL 85.6 85.0(82.0 to 90.0) 91.3 89.0(84.0 to 100.0) 0.141 

Insulin, mcU/mL 9.1 9.5(6.4 to 10.7) 12.6 11.8(9.3 to 13.8) <0.001 

Cholesterol, mg/dL 213.9 198.0(185.0 to 255.0) 221.7 224.5(194.5 to 247.5) 0.411 

HDL, mg/dL 55.6 50.0(47.0 to 64.0) 56.7 55.0(46.5 to 62.5) 0.904 

LDL, mg/dL 140.9 128.8(111.0 to 163.0) 147.1 143.2(124.3 to 171.6) 0.347 

Triglyceride, mg/dL s 87.0 70.5(57.0 to 90.0) 90.0 85.0(59.0 to 105.5) 0.663 

Liver fat -0.3 -0.2(-0.3 to -0.2) -0.2 -0.3(-0.4 to -0.2) 0.704 

Note: 
P valuea was obtained from nonparametric two-sample Wilcoxon (Rank sum) test, or comparison of 
proportions (fisher’s exact test). 
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; liver fat, log transformed spleen CT attenuation/liver CT attenuation ratio, 
higher value indicates increased fat in liver. 
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Figure 8.1: Scatter plot, comparing log transformed coronary artery calcification 
score between extreme groups  

 
Note: raw discrepancy between BMI and epicardial fat volume, Wilcoxon rank sum test p=0.004 
 
 
Figure 8.2: Box plot, comparing log transformed coronary calcification score 
between extreme groups, by sex 
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Figure 8.3: Box plot, age distribution between extreme groups, by sex 

 
 
 

Table 6.1: Pedigree of participants with discordant epicardial fat volume and 
BMI 
ID Father ID Mather ID Sex Age Type 
10046 10045 27864 M 82 Lean with High Epi 
10722 10715 30012 M 60 Lean with High Epi 
10808 10794 30341 M 72 Lean with High Epi 
14395 14366 41945 F 68 Lean with High Epi 
14957 14956 44079 M 80 Lean with High Epi 
15495 15490 45881 M 77 Lean with High Epi 
15782 15781 47091 M 75 Lean with High Epi 
17814 17798 55194 M 91 Lean with High Epi 
18134 18118 56182 M 60 Lean with High Epi 
22744 17466 53951 F 40 Lean with High Epi 
24821 16831 51177 F 60 Lean with High Epi 
24911 9977 27631 F 70 Lean with High Epi 
28217 16718 50793 F 75 Lean with High Epi 
61236 17461 53932 F 49 Lean with High Epi 
16604 16597 50326 M 52 Obese with low Epi 
17296 17285 53218 M 51 Obese with low Epi 
22890 14010 40874 F 50 Obese with low Epi 
24279 16267 14075 F 71 Obese with low Epi 
30441 19792 62163 F 43 Obese with low Epi 
31259 18185 56435 F 40 Obese with low Epi 
31454 11091 31452 M 34 Obese with low Epi 
31662 17281 53202 F 61 Obese with low Epi 
31687 14516 42433 F 58 Obese with low Epi 
32676 9927 27461 F 40 Obese with low Epi 
37455 13052 37454 F 64 Obese with low Epi 
37468 18155 56298 F 47 Obese with low Epi 
41930 8972 24279 F 31 Obese with low Epi 
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46705 11125 31597 F 43 Obese with low Epi 
50851 9106 24816 F 42 Obese with low Epi 
52691 10846 30567 F 35 Obese with low Epi 
53181 14468 42261 F 58 Obese with low Epi 
53844 14010 40874 F 37 Obese with low Epi 
54472 17072 52418 F 43 Obese with low Epi 
54812 11065 31315 F 42 Obese with low Epi 
54818 7909 21025 F 40 Obese with low Epi 
54824 16546 50190 F 34 Obese with low Epi 
59752 15605 46318 F 59 Obese with low Epi 
61458 18125 56203 F 37 Obese with low Epi 
Note: pedigree tracing of above 38 individuals didn’t reveal any simple familiar segregation pattern. 
Other than two non-identical sisters (22890, 53844) and one mother (24279) and daughter (41930). All 
of the four related individuals were identified as obese with low epicardial fat volume. 
 

To further examine extreme cases with discordant BMI and epicardial fat volume 

controlling for potential confounding effect of age and sex, residuals of the two 

measurements were scattered plotted after adjusting for age and sex (Figure 9). The 

lean with high epicardial fat volume was identified as having BMI residuals in the 

lowest quartile and epicardial fat volume residuals in the highest quartile (N=11), the 

obese with low epicardial fat volume was identified as having BMI residuals in the 

highest quartile and epicardial fat volume in the lowest quartile (N=13) (Figure 9, 

Table 7). The two extreme groups were not significantly different from each other in 

collected variables, except fasting glucose and triglycerides level after adjusting for 

age and sex (Table 7.1). The high correlation between BMI and epicardial fat volume 

leaves limited possibilities for distinguishing effects.  

 

Pedigree tracing of above 24 individuals did not reveal any simple family segregation 

pattern other than two siblings: 11108 and 11109 who were both identified as obese 

(by BMI adjusted for age and sex) and having low epicardial fat volume (adjusted for 

age and sex) (Table 7.2). Family pedigree data and genome-wide SNPs data indicate 

those two participants were identical twins (Figure 9.1). However, none of their other 
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two siblings or their mother has extreme discordant BMI/epicardial fat volume 

reading. 

Figure 9: Participants with discordant BMI and epicardial fat volume, after 
adjusting for age and sex 

 
Note: residuals of BMI and epicardial fat volume after adjusting for age and sex were obtained and 
grouped by quartiles. The lean with high epicardial fat volume was identified as having BMI residuals 
in the lowest quartile and epicardial fat volume residuals in the highest quartile (N=11), the obese with 
low epicardial fat volume was identified as having BMI residuals in the highest quartile and epicardial 
fat volume in the lowest quartile (N=13). 
 
Table 7: Participants with discordant BMI and epicardial fat volume, after 
adjusting for age and sex 

  Epicardial fat volume residuals, by quartile 

  q1 q2 q3 q4 

BMI 
residuals, 
by 
quartile 

q1 122 68 26 11 

q2 63 76 54 35 

q3 29 44 80 73 

q4 13 40 67 109 

Note: residuals of BMI and epicardial fat volume after adjusting for age and sex were obtained and 
grouped by quartiles. The lean with high epicardial fat volume was identified as having BMI residuals 
in the lowest quartile and epicardial fat volume residuals in the highest quartile (N=11), the obese with 
low epicardial fat volume was identified as having BMI residuals in the highest quartile and epicardial 
fat volume in the lowest quartile (N=13). 
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Table 7.1: Comparing participants with discordant BMI and epicardial fat 
volume residuals 

 
Lean/high epicardial fat volume 
N=11 

Obese/low epicardial fat volume 
N=13 

P valuea 

Sex, male 2 (18.2%) 5 (38.5%) 0.276 

 mean Median(IQR) Mean Median(IQR)  

Age 59.2 64.0(48.0 to 71.0) 62.2 61.0(58.0 to 69.0) 0.7526 

Coronary Calcification 
Score 

503.1 0.0(0.0 to 244.8) 404.8 28.1(16.8 to 253.3) 0.1616 

Aorta Calcification Score 3030.1 0.0(0.0 to 2.4) 1236.2 1155.5(0.0 to 2511.3) 0.3385 

SBP, mm Hg 113.8 113.0(101.0 to 119.0) 129.2 130.0(123.0 to 134.0) 0.0543 

DBP, mm Hg 68.3 67.0(60.0 to 81.0) 74.8 77.0(68.0 to 80.0) 0.2046 

Pulse Pressure, mm Hg 45.5 46.0(38.0 to 53.0) 54.4 50.0(46.0 to 57.0) 0.1525 

Fasting Glucose, mg/dL 89.3 84.0(82.0 to 90.0) 103.8 92.0(88.0 to 101.0) 0.0335 

Insulin, mcU/mL 9.5 9.0(5.6 to 12.4) 12.7 11.7(9.1 to 13.8) 0.0956 

Cholesterol, mg/dL 211.4 186.0(182.0 to 216.0) 228.8 231.0(200.0 to 266.0) 0.2822 

HDL, mg/dL 64.3 60.0(52.0 to 74.0) 52.7 51.0(44.0 to 60.0) 0.0682 

LDL, mg/dL 134.3 121.0(111.0 to 145.0) 153.9 155.0(137.0 to 186.6) 0.1609 

Triglyceride, mg/dL s 64.4 62.0(42.0 to 90.0) 111.1 105.0(86.0 to 114.0) 0.0158 

Liver fat -0.22 -0.21(-0.30 to -0.17) -0.29 -0.30(-0.35 to -0.25) 0.1849 

Note: 
P valuea was obtained from nonparametric two-sample Wilcoxon (Rank sum) test, or comparison of 
proportions (fisher’s exact test). 
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; liver fat, log transformed spleen CT attenuation/liver CT attenuation ratio, 
higher value indicates increased fat in liver. 
 
 
Table 7.2: Pedigree of participants with discordant epicardial fat volume and 
BMI residuals (adjusted for age and sex) 
ID Father ID Mather ID SEX Type 
10808 10794 30341 1 Lean with High Epi vol 
17463 17461 53932 1 Lean with High Epi vol 
22744 17466 53951 2 Lean with High Epi vol 
22947 19168 59709 2 Lean with High Epi vol 
24821 16831 51177 2 Lean with High Epi vol 
31642 17460 53931 2 Lean with High Epi vol 
40902 9977 27631 2 Lean with High Epi vol 
45249 16755 10915 2 Lean with High Epi vol 
46246 15587 46244 2 Lean with High Epi vol 
55447 16443 49771 2 Lean with High Epi vol 
61236 17461 53932 2 Lean with High Epi vol 
10873 10860 30602 1 Obese with low Epi vol 
11108 11107 31511 1 Obese with low Epi vol 
11109 11107 31511 1 Obese with low Epi vol 
16604 16597 50326 1 Obese with low Epi vol 
17296 17285 53218 1 Obese with low Epi vol 
22890 14010 40874 2 Obese with low Epi vol 
24279 16267 14075 2 Obese with low Epi vol 
31048 7970 21204 2 Obese with low Epi vol 
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37455 13052 37454 2 Obese with low Epi vol 
41444 15781 47091 2 Obese with low Epi vol 
50012 16499 50011 2 Obese with low Epi vol 
53181 14468 42261 2 Obese with low Epi vol 
59752 15605 46318 2 Obese with low Epi vol 

Note: pedigree tracing of above 24 individuals didn’t reveal any simple familiar segregation pattern 
other than two siblings: 11108 and 11109 who were both identified as obese (by BMI adjusted for age 
and sex) and having low epicardial fat volume (adjusted for age and sex).  
 
Figure 9.1 Family pedigrees of individual 11108 and 11109 
 

 
Note: Boxes were color coded to indicate the ratio of BMI and epicardial fat volume residuals (by 
quartiles) after adjusting for age and sex. Blank boxes indicate relatives without BMI and epicardial fat 
volume measurements. 4 3 2 1.3 1  
 

To evaluate the correlation between epicardial fat volume and other obesity 

measurements, Pearson correlation coefficient and partial correlation efficient 

adjusted for age and sex are calculated (Table 10). Epicardial, pericardial and 

intrathoracic fat volumes tend to closely correlate with each other and with various 

established obesity measurements. One exception is with liver fat, measured by the 

log transformed value of spleen attenuation value divided by the value of liver. 

Although increased liver fat accumulation seems to be positively correlated with all 

other fat measurements, none of the linear correlations was strong.  

 

The lack of strong linear association between liver fat and general obesity 

measurement has been documented in previous studies.58-60 however, it is believed 

11108 11109 44109 1111131517

21968

3151111107 54101 13985 13988
11083; 11064; 11050; 11041; 

11117
44764; 62161; 11040
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that liver fat content should be closely related to abdominal visceral fat,61 and several 

studies have found high correlation coefficient between waist circumference and liver 

fat. It is suggested that exposure to fatty acid releases from abdominal visceral fat 

may have direct influence in the fat accumulation in the liver.61 In our study, liver fat 

was not strongly associated with waist circumference and the strength of positive 

linear association is not stronger than that with BMI. In addition, epicardial fat 

volume has been considered as part of the visceral fat and there was only a weak 

linear association between epicardial fat volume and liver fat. The above findings 

indicates in our Amish sample, liver fat is relatively uncorrelated with all other 

obesity measurements, the potential biological mechanisms underlying the distinct 

decreased association need to be further explored. 
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4.4: Association between epicardial adipose tissue volume and cardiovascular 

disease risk factors 

 

In unadjusted models, epicardial and pericardial fat volume were both associated with 

increased coronary and aortic artery calcification scores, higher blood pressure, worse 

fasting glucose/insulin profile, lower HDL and higher triglyceride levels (Table 11.1 

and 11.2) in males and females. The associations tend to follow a linear 

positive/negative pattern. One exception was with LDL in males, we did not find it is 

linearly associated with increased epicardial/pericardial fat volume. 

 

Neither coronary calcification score nor coronary calcification presence (defined by 

coronary calcification score>0) was associated with increased epicardial fat or 

pericardial fat volume after adjusting for age and sex and family structure. (Table 11.3, 

Table 11.4, Figure 10.1, Figure 10.2) We observed increased epicardial fat volume and 

higher coronary calcification score simultaneously in older participants. Our analyses 

provided no evidence for an association between epicardial fat volume and coronary 

calcification score following adjustment for age and gender. Further adding BMI into 

the covariates didn’t make epicardial or pericardial fat volume become significant in 

model. 

 

In models adjusted for age, sex and family structure (Table 11.3), epicardial fat 

volume was associated with higher systolic blood pressure (p<0.001), diastolic blood 

pressure (p<0.001), pulse pressure (p<0.001), fasting glucose (p<0.001), insulin 

(p<0.001), triglyceride (p<0.001) and lower high-density lipoprotein cholesterol 

(p<0.001). Higher low-density lipoprotein cholesterol was also observed in 
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participants with increased epicardial fat volume, but the association was not 

statistically significant at 0.05 level (p=0.66). However, after adjusting for BMI or 

waist circumference, the above associations all became non-significant; data don't 

support any straight linear relationship between epicardial fat volume and above 

cardiovascular disease risk factors.  

 

Similar findings were found for pericardial fat volume in age, sex and family structure 

adjusted models. (Table 11.4) The associations of several of these cardiovascular risk 

factors with pericardial fat volume were attenuated with additional adjustment for 

BMI or waist circumference. However, unlike epicardial fat volume, increased 

pericardial fat volume remained significantly associated with higher insulin, lower 

HDL and higher triglyceride levels even after adjusting for BMI (Table 11.4). 
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Table 11.1: Mean cardiovascular disease risk factors by quartiles of epicardial 
fat volume  

Male Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Coronary Calcification 
Score 

163.4±474.2 181.3±371.5 385.0±731.7 593.1±948.0 

Aorta Calcification Score 333.6±955.7 510.8±2225.1 1716.9±4107.7 4465.6±10935.5 

Log CAC 2.0±2.6 2.5±2.7 3.4±2.9 4.2±2.9 

Log AC 2.0±2.9 2.5±3.1 4.2±3.6 5.1±3.8 

SBP, mm Hg 111.9±9.8 117.0±15.7 121.1±12.9 125.5±15.8 

DBP, mm Hg 68.7±6.9 72.1±9.0 74.7±9.0 74.0±10.2 

Pulse Pressure, mm Hg 43.2±8.2 45.0±11.5 46.5±10.2 51.5±11.8 

Fasting Glucose, mg/dL 89.0±18.2 91.1±15.8 93.9±21.8 95.6±11.0 

Insulin, mcU/mL 8.5±3.5 10.7±4.3 11.8±4.5 14.3±9.5 

Cholesterol, mg/dL 211.1±42.5 210.2±39.9 208.8±36.2 206.7±38.3 

HDL, mg/dL 58.6±13.9 53.1±13.5 49.8±11.7 47.0±11.3 

LDL, mg/dL 140.1±40.1 139.7±34.9 139.7±35.3 138.2±34.2 

Triglyceride, mg/dL  61.8±24.9 84.7±51.0 96.9±50.8 106.5±64.7 

Female Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Coronary Calcification 
Score 

32.8±144.8 69.4±195.5 134.9±450.2 214.0±503.1 

Aorta Calcification Score 426.1±1418.6 1068.9±2852.0 1256.4±2431.1 2875.7±6114.1 

Log CAC 0.9±1.8 1.7±2.3 2.0±2.4 2.7±2.7 

Log AC 1.7±2.9 3.2±3.4 4.3±3.4 5.3±3.4 

SBP, mm Hg 108.8±13.2 115.7±14.9 123.4±18.6 126.0±19.1 

DBP, mm Hg 66.4±7.6 69.2±8.8 71.6±8.3 72.4±9.2 

Pulse Pressure, mm Hg 42.4±9.5 46.5±9.8 51.8±15.0 53.6±14.3 

Fasting Glucose, mg/dL 87.1±14.8 87.5±11.7 93.6±13.2 94.8±15.4 

Insulin, mcU/mL 10.2±7.4 12.0±5.9 13.0±4.6 14.8±7.5 

Cholesterol, mg/dL 209.2±42.6 216.6±42.7 223.7±44.9 232.2±46.1 

HDL, mg/dL 65.2±15.2 60.1±15.6 57.2±15.2 57.6±15.1 

LDL, mg/dL 129.5±38.7 139.7±39.1 144.9±41.5 151.6±43.4 

Triglyceride, mg/dL  74.6±59.0 83.4±40.3 107.6±66.6 117.0±70.1 

Note: CAC, coronary artery calcification score; AC, aortic artery calcification score; BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein. 
To accommodate the severe skewed distribution of calcification scores, natural log transformation of 
the raw values+1 are applied before being modeled as dependent variable. 
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Table 11.2: Mean cardiovascular disease risk factors by quartiles of pericardial 
fat volume  

Male Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Coronary Calcification 
Score 

144.2±463.5 205.4±436.7 239.0±558.8 730.5±987.2 

Aorta Calcification Score 473.9±2248.9 846.9±2706.6 1017.2±2458.4 4555.8±10942.9 

Log CAC 1.6±2.5 2.7±2.7 3.0±2.6 4.7±2.7 

Log AC 1.7±2.8 2.8±3.3 3.2±3.5 6.2±3.0 

SBP, mm Hg 111.0±9.3 116.5±12.1 123.2±16.1 124.9±15.7 

DBP, mm Hg 68.9±6.6 71.6±7.8 74.7±10.1 74.2±10.3 

Pulse Pressure, mm Hg 42.2±8.5 44.8±8.8 48.5±11.8 50.7±12.2 

Fasting Glucose, mg/dL 87.1±8.6 90.3±18.2 92.9±14.6 98.9±21.8 

Insulin, mcU/mL 8.4±3.0 10.1±4.5 12.0±4.1 14.8±9.4 

Cholesterol, mg/dL 208.5±40.0 213.9±41.0 207.5±36.0 207.0±39.8 

HDL, mg/dL 61.7±13.6 52.8±13.2 48.4±9.4 45.5±10.9 

LDL, mg/dL 134.9±35.8 145.5±39.7 139.5±32.8 137.7±35.3 

Triglyceride, mg/dL  59.5±24.7 77.8±37.2 97.7±51.0 115.0±69.2 

Female Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Coronary Calcification 
Score 

40.3±155.3 65.4±214.7 197.3±590.6 148.3±316.1 

Aorta Calcification Score 625.1±1911.4 845.3±1923.3 1585.3±3125.2 2476.6±5918.6 

Log CAC 1.0±1.9 1.5±2.2 2.3±2.6 2.6±2.5 

Log AC 2.1±3.1 3.0±3.4 4.3±3.5 5.1±3.4 

SBP, mm Hg 110.5±14.5 114.0±13.5 122.1±18.4 127.1±19.8 

DBP, mm Hg 67.1±7.4 69.1±8.4 71.5±9.2 71.9±9.1 

Pulse Pressure, mm Hg 43.4±10.6 45.0±9.2 50.6±13.3 55.2±15.1 

Fasting Glucose, mg/dL 86.2±14.7 89.6±12.2 91.4±14.5 95.9±13.8 

Insulin, mcU/mL 10.3±7.6 10.8±4.1 13.5±5.5 15.4±7.5 

Cholesterol, mg/dL 202.1±42.0 221.9±44.8 230.6±44.8 226.7±42.6 

HDL, mg/dL 64.8±14.4 62.1±16.5 59.1±15.6 54.2±13.9 

LDL, mg/dL 124.1±38.7 143.0±41.5 150.4±40.7 148.0±39.8 

Triglyceride, mg/dL  68.5±53.1 84.3±43.3 107.2±67.0 122.4±68.9 

Note: CAC, coronary artery calcification score; AC, aortic artery calcification score; BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein. 
To accommodate the severe skewed distribution of calcification scores, natural log transformation of 
the raw values+1 are applied before being modeled as dependent variable. 
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Table 11.3: Regression effect sizes of epicardial fat volume with cardiovascular 
disease risk factors  

Male Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.97±0.14,p<0.001 0.06±0.13,p=0.647 0.04±0.16,p=0.801 

Log AC 1.41±0.21,p<0.001 -0.14±0.16,p=0.401 -0.16±0.20,p=0.407 

SBP, mm Hg 4.97±0.73,p<0.001 3.49±0.81,p<0.001 0.16±0.96,p=0.867 

DBP, mm Hg 1.60±0.48,p=0.001 2.08±0.53,p<0.001 -0.28±0.63,p=0.655 

Pulse Pressure, mm Hg 3.36±0.55,p<0.001 1.41±0.58,p=0.017 0.44±0.72,p=0.540 

Fasting Glucose, mg/dL 3.27±0.94,p=0.001 2.92±1.04,p=0.005 -0.19±1.28,p=0.884 

Insulin, mcU/mL 2.14±0.31,p<0.001 2.31±0.35,p<0.001 0.36±0.41,p=0.370 

Cholesterol, mg/dL -0.79±2.09,p=0.706 -2.40±2.33,p=0.304 2.66±2.85,p=0.351 

HDL, mg/dL -4.14±0.68,p<0.001 -3.92±0.76,p<0.001 -0.11±0.88,p=0.898 

LDL, mg/dL 0.10±1.94,p=0.959 -1.54±2.18,p=0.479 2.17±2.66,p=0.416 

Triglyceride, mg/dL  16.32±2.67,p<0.001 15.53±2.99,p<0.001 4.08±3.58,p=0.254 

Female Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.87±0.13,p<0.001 0.10±0.13,p=0.449 0.04±0.15,p=0.772 

Log AC 1.82±0.21,p<0.001 0.07±0.16,p=0.672 0.18±0.18,p=0.321 

SBP, mm Hg 8.03±0.96,p<0.001 4.68±1.03,p<0.001 0.51±1.13,p=0.651 

DBP, mm Hg 2.50±0.49,p<0.001 2.33±0.55,p<0.001 0.21±0.61,p=0.727 

Pulse Pressure, mm Hg 5.53±0.71,p<0.001 2.35±0.74,p=0.002 0.30±0.83,p=0.717 

Fasting Glucose, mg/dL 3.73±0.86,p<0.001 3.48±0.96,p<0.001 1.05±1.07,p=0.324 

Insulin, mcU/mL 2.04±0.37,p<0.001 2.25±0.42,p<0.001 0.35±0.45,p=0.434 

Cholesterol, mg/dL 10.64±2.52,p<0.001 3.38±2.75,p=0.221 1.71±3.16,p=0.589 

HDL, mg/dL -2.91±0.88,p=0.001 -3.82±0.99,p<0.001 -0.20±1.09,p=0.857 

LDL, mg/dL 9.60±2.34,p<0.001 3.79±2.58,p=0.142 1.24±2.95,p=0.674 

Triglyceride, mg/dL  19.61±3.46,p<0.001 16.95±3.90,p<0.001 3.18±4.30,p=0.460 

Note: Regression coefficients were estimated by effect size of fat volume per 50cm3 (approximately 1 
standard deviation of epicardial/pericardial fat volume). 
 
CAC, coronary artery calcification score; AC, aortic artery calcification score; BMI, body mass index; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein. 
To accommodate the severe skewed distribution of calcification scores, natural log transformation of 
the raw values+1 are applied before being modeled as dependent variable. 
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Table 11.4: Regression effect sizes of pericardial fat volume with cardiovascular 
disease risk factors  

Male Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.88±0.11,p<0.001 0.15±0.10,p=0.141 0.20±0.13,p=0.122 

Log AC 1.28±0.15,p<0.001 0.08±0.12,p=0.498 0.16±0.15,p=0.298 

SBP, mm Hg 4.12±0.55,p<0.001 3.04±0.63,p<0.001 0.36±0.78,p=0.643 

DBP, mm Hg 1.29±0.36,p<0.001 1.76±0.41,p<0.001 -0.21±0.51,p=0.687 

Pulse Pressure, mm Hg 2.83±0.42,p<0.001 1.28±0.46,p=0.005 0.57±0.58,p=0.332 

Fasting Glucose, mg/dL 4.63±0.73,p<0.001 4.99±0.84,p<0.001 3.88±1.09,p<0.001 

Insulin, mcU/mL 1.83±0.24,p<0.001 2.09±0.27,p<0.001 0.56±0.33,p=0.093 

Cholesterol, mg/dL -0.49±1.58,p=0.757 -1.91±1.82,p=0.293 2.59±2.32,p=0.266 

HDL, mg/dL -4.28±0.49,p<0.001 -4.56±0.57,p<0.001 -2.23±0.71,p=0.002 

LDL, mg/dL 0.46±1.47,p=0.754 -0.85±1.69,p=0.617 2.71±2.15,p=0.210 

Triglyceride, mg/dL  15.58±1.97,p<0.001 16.34±2.27,p<0.001 9.25±2.88,p=0.001 

Female Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.88±0.15,p<0.001 0.17±0.14,p=0.225 0.13±0.17,p=0.453 

Log AC 1.70±0.25,p<0.001 0.02±0.17,p=0.926 0.19±0.22,p=0.395 

SBP, mm Hg 8.29±1.09,p<0.001 5.02±1.11,p<0.001 -0.93±1.32,p=0.479 

DBP, mm Hg 2.20±0.55,p<0.001 1.86±0.60,p=0.002 -1.54±0.70,p=0.029 

Pulse Pressure, mm Hg 6.10±0.79,p<0.001 3.16±0.79,p<0.001 0.61±0.97,p=0.531 

Fasting Glucose, mg/dL 4.91±0.92,p<0.001 4.69±0.99,p<0.001 1.77±1.25,p=0.157 

Insulin, mcU/mL 3.09±0.40,p<0.001 3.33±0.44,p<0.001 1.14±0.52,p=0.030 

Cholesterol, mg/dL 9.98±2.84,p=0.001 3.09±2.96,p=0.297 0.57±3.70,p=0.878 

HDL, mg/dL -5.73±0.97,p<0.001 -6.79±1.04,p<0.001 -3.11±1.27,p=0.015 

LDL, mg/dL 9.57±2.62,p<0.001 4.11±2.76,p=0.137 0.60±3.44,p=0.861 

Triglyceride, mg/dL  29.75±3.77,p<0.001 28.02±4.07,p<0.001 14.05±4.99,p=0.005 

Note: Regression coefficients were estimated by effect size of fat volume per 50cm3 (approximately 1 
standard deviation of epicardial/pericardial fat volume). 
 
CAC, coronary artery calcification score; AC, aortic artery calcification score; BMI, body mass index; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein. 
To accommodate the severe skewed distribution of calcification scores, natural log transformation of 
the raw values+1 are applied before being modeled as dependent variable. 
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Figure 10.1: Log transformed coronary calcification score and epicardial fat 
volume, scatter plot with loess regression fit.  

  
Y axis: residuals of log transformed coronary calcification score (after adjusting for age and sex), X 
axis: Epicardial fat volume (cm3), smoothing parameter=0.3 
 
 
Figure 10.2: Log transformed coronary calcification score and pericardial fat 
volume, scatter plot with loess regression fit.  

 
Y axis: residuals of log transformed coronary calcification score (after adjusting for age and sex), X 
axis: Pericardial fat volume (cm3), smoothing parameter=0.4 
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In contrast to a recent report from the Framingham Heart Study42, in which epicardial 

fat was found to be independently associated with increased coronary calcification, 

triglycerides, blood pressure, fasting glucose, and lower HDL independently of age, 

sex and BMI, we found that BMI tended to attenuate associations of epicardial fat 

with cardiovascular risk factors. At the same time, we do observe that Framingham 

Study sample does possess less favorable cardiovascular risk profiles than the Amish. 

To explore whether the difference in association findings could be attributable to 

difference of cardiovascular disease risk profile, we also evaluated the associations 

between epicardial fat and pericardial fat within several high risk subgroups to 

explore possible differential associations of epicardial fat volume and disease risk 

factors among participants with high cardiovascular disease risk and among those 

with evident calcification of arteries.  

 

As shown in Table 11.5 and 11.6, we identified 558 (61.3% of 910) participants with 

high cardiovascular disease risk on the basis of having at least two of the following 

conditions: overweight or obese (BMI>=25kg/m2 ), high systolic blood pressure 

(>=140mmHg), high diastolic blood pressure (>=90mmHg), impaired fasting glucose 

(>=110mg/dL), high insulin level (>=10mcU/mL), high LDL (>=160mg/dL), low 

HDL (<=40mg/dL) and high triglyceride level (>=200mg/Dl).  

 

Among these 558 high risk participants, we did not find epicardial fat volume to be 

significantly associated with artery calcification in age/sex/BMI-adjusted models. In 

addition, several significant associations observed in total study sample (n=910) 

diminished in the high risk subgroup, possibly due to reduced sample size and power. 

One exception was in the male high risk subgroup, epicardial fat volume became 
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marginally significant associated with decreased log transformed aortic artery 

calcification in age/BMI adjusted models. However, the direction of effect of 

epicardial was reversed from positive to negative after adjustments and we failed to 

replicate similar association in females. 

 

Similarly, most of the significant associations between pericardial fat and 

cardiovascular risk factors in age/sex adjusted models became non-significant in the 

high risk subgroups. However, higher triglyceride level remains to be significantly 

associated with pericardial fat volume in males and females and some significant 

association between fat volume and disease risk factors may still be found in one sex 

group, including HDL in females and fasting glucose in males. 

 

To evaluate the association of epicardial/pericardial fat volume with log transformed 

calcification scores in participants with evident calcification, we identified 472 

participants with coronary calcification score>0 and 354 with aortic calcification 

score>0. As shown in Table 11.7, 11.8 and 11.9, in unadjusted models, epicardial fat 

volume and pericardial fat volume tend to be still associated with increased 

calcification scores. But with further adjustments for age or age and BMI, none of the 

associations remained significant. 
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Table 11.5: Regression effect sizes of epicardial fat volume with cardiovascular 
disease risk factors, high risk subgroup 

Male Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.83±0.26,p=0.002 -0.01±0.23,p=0.967 -0.06±0.28,p=0.842 

Log AC 1.23±0.40,p=0.003 -0.64±0.25,p=0.015 -0.60±0.32,p=0.060 

SBP, mm Hg 2.85±1.56,p=0.070 1.19±1.70,p=0.486 -4.06±1.94,p=0.039 

DBP, mm Hg 0.11±1.04,p=0.912 0.80±1.15,p=0.488 -2.50±1.32,p=0.061 

Pulse Pressure, mm Hg 2.74±1.11,p=0.015 0.39±1.14,p=0.729 -1.56±1.37,p=0.257 

Fasting Glucose, mg/dL 0.45±2.43,p=0.854 -0.23±2.70,p=0.932 -3.50±3.38,p=0.303 

Insulin, mcU/mL 1.39±0.78,p=0.076 2.05±0.86,p=0.018 -0.01±1.01,p=0.989 

Cholesterol, mg/dL -0.21±4.18,p=0.961 -3.80±4.54,p=0.404 8.95±5.23,p=0.089 

HDL, mg/dL -1.25±1.03,p=0.229 -1.59±1.14,p=0.166 1.11±1.34,p=0.408 

LDL, mg/dL -1.03±3.90,p=0.792 -4.76±4.29,p=0.270 7.93±4.80,p=0.101 

Triglyceride, mg/dL  12.56±6.32,p=0.049 14.02±6.97,p=0.046 2.05±8.37,p=0.807 

Female Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.59±0.26,p=0.022 -0.19±0.24,p=0.432 -0.17±0.27,p=0.532 

Log AC 1.43±0.41,p=0.001 -0.33±0.33,p=0.323 -0.05±0.37,p=0.883 

SBP, mm Hg 6.23±2.18,p=0.005 2.56±2.28,p=0.264 -0.53±2.49,p=0.831 

DBP, mm Hg 0.91±1.03,p=0.378 0.73±1.13,p=0.515 -0.61±1.23,p=0.619 

Pulse Pressure, mm Hg 5.32±1.59,p=0.001 1.83±1.61,p=0.257 0.08±1.77,p=0.962 

Fasting Glucose, mg/dL 1.69±2.01,p=0.404 2.39±2.20,p=0.280 2.48±2.47,p=0.316 

Insulin, mcU/mL 0.76±0.73,p=0.300 1.61±0.79,p=0.043 0.30±0.85,p=0.727 

Cholesterol, mg/dL -1.50±4.95,p=0.762 -5.44±5.39,p=0.314 2.88±5.83,p=0.622 

HDL, mg/dL -0.11±1.60,p=0.945 -1.63±1.73,p=0.348 0.77±1.88,p=0.683 

LDL, mg/dL -2.67±4.72,p=0.572 -5.38±5.16,p=0.298 1.94±5.59,p=0.729 

Triglyceride, mg/dL  1.57±8.18,p=0.848 4.25±8.97,p=0.637 -0.83±9.97,p=0.934 

Note: Regression coefficients were estimated by effect size of fat volume per 50cm3 (approximately 1 
standard deviation of epicardial/pericardial fat volume). 
 
558 high cardiovascular disease risk participants were identified who have 2 or more of the following 
risk factors: 1. BMI>=25kg/m2; 2. Systolic blood pressure>=140mmhg; 3. Diastolic blood 
pressure>=90mmhg; 4. Fasting glucose >=110mg/dL; 5. Insulin>=10mcU/mL; 6. LDL 
level>=160mg/dL; 7. HDL<=40mg/dL; 8. Triglyceride level>=200 mg/dL. 
 
CAC, coronary artery calcification score; AC, aortic artery calcification score; BMI, body mass index; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein. 
To accommodate the severe skewed distribution of calcification scores, natural log transformation of 
the raw values+1 are applied before being modeled as dependent variable. 
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Table 11.6: Regression effect sizes of pericardial fat volume with cardiovascular 
disease risk factors, high risk subgroup 

Male Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.90±0.19,p<0.001 0.17±0.19,p=0.364 0.22±0.23,p=0.335 

Log AC 1.38±0.31,p<0.001 -0.38±0.23,p=0.098 -0.27±0.28,p=0.336 

SBP, mm Hg 3.35±1.20,p=0.006 2.23±1.37,p=0.107 -1.40±1.60,p=0.382 

DBP, mm Hg 0.25±0.81,p=0.761 0.95±0.93,p=0.308 -1.58±1.08,p=0.146 

Pulse Pressure, mm Hg 3.10±0.84,p<0.001 1.28±0.92,p=0.166 0.18±1.12,p=0.876 

Fasting Glucose, mg/dL 5.56±1.94,p=0.005 6.40±2.21,p=0.004 7.07±2.67,p=0.009 

Insulin, mcU/mL 1.19±0.61,p=0.051 1.91±0.69,p=0.007 0.35±0.82,p=0.673 

Cholesterol, mg/dL 0.88±3.21,p=0.784 -2.47±3.68,p=0.503 8.65±4.27,p=0.045 

HDL, mg/dL -1.40±0.79,p=0.079 -1.95±0.91,p=0.035 -0.03±1.10,p=0.977 

LDL, mg/dL -0.78±2.98,p=0.793 -4.36±3.40,p=0.203 6.03±3.88,p=0.122 

Triglyceride, mg/dL s 14.03±4.78,p=0.004 17.53±5.51,p=0.002 10.84±6.79,p=0.113 

Female Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.77±0.27,p=0.006 0.23±0.24,p=0.343 0.39±0.28,p=0.169 

Log AC 1.37±0.48,p=0.005 -0.04±0.36,p=0.915 0.46±0.41,p=0.264 

SBP, mm Hg 4.00±2.37,p=0.094 1.05±2.34,p=0.653 -3.13±2.61,p=0.233 

DBP, mm Hg -0.25±1.10,p=0.820 -0.51±1.15,p=0.659 -2.53±1.29,p=0.051 

Pulse Pressure, mm Hg 4.25±1.73,p=0.015 1.56±1.64,p=0.342 -0.60±1.86,p=0.749 

Fasting Glucose, mg/dL 2.65±2.10,p=0.209 3.11±2.19,p=0.156 3.67±2.59,p=0.157 

Insulin, mcU/mL 1.41±0.79,p=0.076 2.02±0.81,p=0.014 0.61±0.90,p=0.501 

Cholesterol, mg/dL -7.66±5.28,p=0.148 -10.75±5.45,p=0.050 -2.47±6.14,p=0.688 

HDL, mg/dL -5.52±1.66,p=0.001 -7.00±1.68,p<0.001 -5.84±1.93,p=0.003 

LDL, mg/dL -7.90±5.00,p=0.116 -9.96±5.18,p=0.056 -2.72±5.84,p=0.642 

Triglyceride, mg/dL s 21.05±8.61,p=0.016 24.44±8.95,p=0.007 24.85±10.31,p=0.017 

Note: Regression coefficients were estimated by effect size of fat volume per 50cm3 (approximately 1 
standard deviation of epicardial/pericardial fat volume). 
 
558 high cardiovascular disease risk participants were identified who have 2 or more of the following 
risk factors: 1. BMI>=25kg/m2; 2. Systolic blood pressure>=140mmhg; 3. Diastolic blood 
pressure>=90mmhg; 4. Fasting glucose >=110mg/dL; 5. Insulin>=10mcU/mL; 6. LDL 
level>=160mg/dL; 7. HDL<=40mg/dL; 8. Triglyceride level>=200 mg/dL. 
 
CAC, coronary artery calcification score; AC, aortic artery calcification score; BMI, body mass index; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein. 
To accommodate the severe skewed distribution of calcification scores, natural log transformation of 
the raw values+1 are applied before being modeled as dependent variable. 
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Table 11.7: Regression effect sizes of epicardial fat volume with cardiovascular 
disease risk factors, only those with calcification 

Male Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.41±0.13,p=0.001 0.04±0.11,p=0.756 0.07±0.15,p=0.650 

Log AC 0.61±0.16,p<0.001 -0.12±0.14,p=0.371 -0.21±0.16,p=0.204 

Female Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.33±0.15,p=0.033 0.08±0.15,p=0.579 0.25±0.17,p=0.152 

Log AC 0.58±0.16,p=0.001 0.16±0.13,p=0.238 0.16±0.15,p=0.307 

Note: Regression coefficients were estimated by effect size of fat volume per 50cm3 (approximately 1 
standard deviation of epicardial/pericardial fat volume). 
 
CAC, coronary artery calcification score; AC, aortic artery calcification score. To accommodate the 
severe skewed distribution of calcification scores, natural log transformation of the raw values+1 are 
applied before being modeled as dependent variable. 
 
Table 11.8: Regression effect sizes of pericardial fat volume with cardiovascular 
disease risk factors, only those with calcification 

Male Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.36±0.09,p<0.001 0.06±0.09,p=0.459 0.13±0.12,p=0.277 

Log AC 0.41±0.12,p=0.001 -0.07±0.10,p=0.451 -0.15±0.12,p=0.223 

Female Unadjusted Age adjusted Age and BMI adjusted 

Log CAC 0.14±0.17,p=0.415 0.00±0.16,p=0.989 0.19±0.20,p=0.327 

Log AC 0.42±0.19,p=0.031 0.12±0.15,p=0.430 0.10±0.19,p=0.590 

Note: Regression coefficients were estimated by effect size of fat volume per 50cm3 (approximately 1 
standard deviation of epicardial/pericardial fat volume). 
 
CAC, coronary artery calcification score; AC, aortic artery calcification score. To accommodate the 
severe skewed distribution of calcification scores, natural log transformation of the raw values+1 are 
applied before being modeled as dependent variable. 
 

Table 11.9: Regression effect sizes of epicardial fat volume with odd of having 
calcification using different cut-off point for calcification 

Male Unadjusted Age and sex adjusted Age, sex and BMI adjusted

Coronary calcification score 
  

>0 1.67(1.48 to 1.89), p<0.001 1.05(0.90 to 1.23), p=0.559 0.90(0.75 to 1.08), p=0.255 

>100 1.77(1.54 to 2.05), p<0.001 1.16(0.98 to 1.38), p=0.083 1.17(0.96 to 1.43), p=0.126 

>200 1.80(1.53 to 2.11), p<0.001 1.16(0.96 to 1.40), p=0.127 1.18(0.95 to 1.48), p=0.142 

>400 1.78(1.48 to 2.16), p<0.001 1.10(0.88 to 1.38), p=0.395 1.16(0.89 to 1.52), p=0.265 

Aortic calcification score 
  

>0 1.85(1.58 to 2.15), p<0.001 0.88(0.70 to 1.11), p=0.278 0.96(0.74 to 1.24), p=0.749 

Note: Regression coefficients were estimated by effect size per quartile increase of fat volume. 
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V. Genetic findings 

 

5.1 Overall contribution of genes to the phenotype variations 

 

The overall contribution of genetic factors and two important covariates (age, sex) 

were evaluated in the multivariate variance component model. Heritability (h2) was 

estimated by the proportion of variance attributable to the additive genetic effects on 

phenotype variance after adjustment of age and sex. Statistical significance testing for 

h2 was carried out by likelihood ratio test using the SOLAR software program56, 57. 

 

The heritability of epicardial, pericardial and intrathoracic fat volume was 0.48 

(p<0.001), 0.28 (p<0.001) and 0.34 (p<0.001) respectively (Table 12). The amount of 

variation explained by residual environment for epicardial, pericardial and 

intrathoracic fat volume was 0.29, 0.45 and 0.39. 

Table 12: heritability of measured fat volumes 
 Proportion of Variance explained 

Phenotypes Age, sex Genetic (h2r)
Residual 
Environmental 

Epicardial fat volume 0.23, p<0.001 0.48, p<0.001 0.29 
Pericardial fat volume 0.27,p<0.001 0.28, p<0.001 0.45 
Intrathoracic fat volume 0.27, p<0.001 0.34, p<0.001 0.39 

 

 

5.2 Evidence of shared genetic determinants in epicardial adipose tissue and fat 

tissue in other depots 

 

To evaluate to what extent our observed correlation between different obesity 

measurements (ρP) are due to shared genetic (ρG) and environmental factors (ρE), we 

used bivariate variance component models to partition the phenotypic correlation 
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between obesity phenotypes into components attributable to the same additive genetic 

effects and the environmental effects, while adjusting for age and sex. Based on the 

heritability of the two traits (h12 and h22), the phenotypic correlation between the 

traits can be expressed as a weighted sum of their genetic and environmental 

correlations, namely, ρP =ρG [(h12h22)] 1/2 +ρE [(1 - h12) (1 - h22)] 1/2. 62 the genetic 

correlation may be interpreted as a measure of the degree of pleiotropy between 

different obesity traits, with value of genetic correlation equal to 0 indicating no 

shared genetic variance. 

 

All obesity phenotypes share a considerable proportion of environmental background 

with each other. In table 13, all the positive estimates of the environmental correlation 

between different obesity phenotypes indicate that some common environmental 

factors jointly influenced all obesity traits in the same direction.  

 

Similarly, most obesity traits shared some common genetic influences with each other, 

except liver fat (liver/spleen density ratio). The genetic correlation between liver fat 

and all other obesity traits did not differ significantly from 0 with relatively large 

standard error. In contrast, the genetic correlations of epicardial fat with BMI, Waist 

circumference, total fat mass, percentage body fat and liver fat were 0.36±0.12, 

0.43±0.10, 0.40±0.10, 0.35±0.13,-0.02±0.19, respectively. The genetic correlations 

between epicardial and other obesity measurements are all significant at p<0.05 level 

except with liver fat.
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5.3 A ‘hypothesis-free’ genome-wide association study (GWAS) to detect novel 

genes associated with variation in total and regional volume of epicardial 

adipose tissue. 

 

Gnome-wide association of epicardial fat volume was performed using a mixed model 

approach that models variation in epicardial fat volume as a function of age, sex, 

SNPs genotype, and a polygenic component to account for the family relatedness 

among study subjects. Two platforms of genetic SNPs data were available for analysis, 

the imputed and directly genotyped, with N=542 and 795 respectively. The QQ-plots 

for two platforms were in Figure 11.1 and 11.2. We have limited power to detect a 

modest effect in a genome-wide association study: Examining epicardial fat volume 

as a continuous quantitative trait, a sample size of 795 independent patients will 

provide a power of 0.80 to reject the null hypothesis for SNPs with marginal 

R2=0.034 (proportion of variation explained by the marginal effect of certain SNP), 

by significance of an alpha level of 0.00001, two-sided test. 

 

For the directly genotyped and imputed data, we selected those SNPs with minor 

allele frequency>=0.05 and with p value <10E-05 to ensure that they are not rare SNPs 

carried by several outlier participants with extreme phenotype value. As in Tables 14 

and 15, a total of 33 SNPs, annotated to cluster within/around 17 genes were modestly 

associated with epicardial fat volume. However, we did not identify any common 
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SNPs with p value <10E-08 (which is the threshold of significance after Bonferroni 

correction of multiple testing for the directly genotyped. The majority of the top hits 

(28/33) were from the imputed SNPs, 5 out of 33 were from the 450K (directly 

genotyped). 

 

Table 14: Top hit SNPs associated with increased epicardial fat volume 
(p<10E-05), in the Affymetrix Genechip Mapping 500k and 6.0 intersect (450K) 
and imputed panel 
 

RSNUM 

EFFECT/NON-EFFECT 

ALLE;EFFECT 

ALLELE FREQ 

BETA_SNP SNP_TSCORE_PVAL CHR GENE SOURCE

rs13065846 G/A;0.25 10.42452 4.67E-06 3 TMEM212 450K 

rs16830350 T/A;0.20 -11.6413 9.46E-06 3 IQCJ 450K 

rs17497475 C/A;0.50 -9.54634 8.90E-06 4 Unknown 450K 

rs418007 T/C;0.90 -14.7069 5.36E-06 19 SHKBP1 450K 

rs6788037 G/A;0.78 -11.4661 5.01E-06 3 TMEM212 450K 

rs1041517 C/T;0.19 23.63716 8.92E-06 10 SEC23IP Imputed 

rs10732706 C/T;0.33 11.78989 6.56E-06 9 FUT7 Imputed 

rs112029 C/T;0.83 -13.4714 3.50E-06 10 BAG3 Imputed 

rs11762367 C/T;0.36 11.86829 5.85E-06 7 SEMA3D Imputed 

rs11971371 C/T;0.37 12.10662 5.75E-06 7 SEMA3D Imputed 

rs11977652 C/G;0.64 -11.9571 5.85E-06 7 SEMA3D Imputed 

rs12774619 A/G;0.69 -11.1632 9.54E-06 10 INPP5F Imputed 

rs13301354 C/T;0.67 -11.4982 5.89E-06 9 FUT7 Imputed 

rs16855095 A/G;0.75 -14.8064 2.77E-06 2 LRP1B Imputed 

rs17647248 A/T;0.37 12.17616 5.32E-06 7 SEMA3D Imputed 

rs17647464 A/G;0.65 -11.8357 5.86E-06 7 SEMA3D Imputed 

rs196213 A/G;0.31 12.76109 1.86E-06 10 INPP5F Imputed 

rs196223 A/G;0.30 13.17218 1.65E-06 10 INPP5F Imputed 

rs196225 A/G;0.70 -12.8565 2.44E-06 10 INPP5F Imputed 

rs196255 C/T;0.69 -12.9566 1.42E-06 10 INPP5F Imputed 

rs2109501 C/T;0.65 -11.8033 5.86E-06 7 SEMA3D Imputed 

rs2176675 C/T;0.76 -14.9626 4.50E-06 9 ABCA2 Imputed 

rs2190208 C/T;0.64 -11.9287 5.84E-06 7 SEMA3D Imputed 

rs4440948 A/G;0.80 -12.8119 7.57E-06 10 PRLHR Imputed 

rs6604 A/G;0.29 15.28321 8.24E-06 9 NPDC1 Imputed 

rs7038280 C/T;0.29 14.63849 5.85E-06 9 NPDC1 Imputed 

rs7047770 A/G;0.66 -13.2352 5.28E-06 9 C9orf139 Imputed 
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rs764077 A/G;0.64 -11.5398 7.17E-06 7 SEMA3D Imputed 

rs7791983 A/G;0.64 -11.5522 6.34E-06 7 SEMA3D Imputed 

rs8946 C/G;0.27 12.55431 1.28E-06 10 BAG3 Imputed 

rs10249710 A/G;0.09 -34.308 4.21E-06 7 PTPRN2 Imputed 

rs4852514 C/T;0.09 25.80 4.58E-06 2 CTNNA2 Imputed 

rs7304888 A/T;0.08 40.06 3.55E-06 12 TMEM132B Imputed 

 

Note: the SNPs were obtained from three platform of SNPs panels: Imputed chip (n=542), 450K chip 

(n=795). The gene for each SNP was identified as the annotated gene maintaining the closest proximity 

with SNP. 

 

Figure 11.1: QQ-plot for epicardial fat volume, 450K 
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Figure 11.3: QQ-plot for epicardial fat volume, imputed 

  

 

Figure 11.2: Manhattan plot for epicardial fat volume, 450K 

 

Figure 11.4: Manhattan plot for epicardial fat volume, imputed 
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Table 15: Genes housing top hit SNPs of epicardial fat volume 

Gene Frequency Function/related diseases 

SEMA3D 9 Schizophrenia, Brain tumor 

INPP5F 5 Cardiac hypertrophic responsiveness. 

BAG3 2 Multi functional, heart failure due to dilated cardiomyopathy. 

FUT7 2 Colorectal carcinoma metastases. 

NPDC1 2 neural proliferation, differentiation and control 

TMEM212 2 Obesity, schizophrenia and bipolar disorder. 

ABCA2 1 Alzheimer's disease. 

PTPRN2 1 Insulin-dependent diabetes mellitus, neuronal signaling 

C9orf139 1 Unclear 

IQCJ 1 Unclear 

LRP1B 1 Unclear 

PRLHR 1 Unclear 

SEC23IP 1 Unclear 

SHKBP1 1 Unclear 

SPATA16 1 Unclear 

CTNNA2 1 Unclear 

TMEM132B 1 Unclear 

 
 

5.4.1 The effects of genes previously known to be associated with variation in 

other obesity measurements on epicardial fat. 

 

List of 32 validated BMI risk SNPs identified by CHARGE consortium (p 

value<5.00E-08 in joint analysis) were examined in the Amish participants.63 Their 

associations with various obesity measurements in Amish participants were evaluated 

by mixed model in which SNP effect was adjusted for age, sex and residual 

heritability attributable to family structure. We also created a genotype score using 

those 32 risk loci by summing the number of copies of the high BMI allele across all 

loci and examined the predictive value of the genotype score with various obesity 

phenotypes. 
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As in Table 16, only very small number of the BMI risk SNPs was significantly 

associated with obesity phenotypes in Amish (with p value<0.05). However, the 

direction of effects was better replicated with BMI and percentage body fat, than with 

waist circumference and epicardial fat volume.  

 

Similar findings could be found in the association between genotype score and 

various obesity phenotype (Table 17). In Amish participants, the genotype score 

(constructed by 32 BMI risk SNPs) were better associated with BMI than with 

percentage body fat and epicardial fat volume. Although only 1.28% of the variation 

of BMI were explained by the genotype score, the association was significant at 0.05 

level with p=0.0087. The genotype score has no significant association with 

percentage body fat, epicardial fat volume and liver fat.  
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Table 17: Value of a predictive score constructed with 32 BMI risk SNPs on 
BMI/percentage body fat/epicardial fat volume/liver fat 
 

Obesity phenotype Parameter estimate P value R square explains 

BMI 0.172 0.0087 1.28% 

Percentage body fat 0.146 0.142 0.21% 

Epicardial -0.213 0.676 0.03% 

Liver fat -0.002 0.594 0.06% 

 
 

5.4.2 Association between cardiovascular risk candidate SNPs and epicardial fat 

volume. 

 

21 candidate SNPs associated with coronary artery disease (SNPs retrieved from the 

National Human Genome Research Institute GWAS database by searching by 

‘Coronary artery disease’ with p value<10E-05; http://www.genome.gov/26525384) 

and 1 Tagging SNP for APOC3 gene64 were identified and we examined their 

associations with epicardial fat volume, as in Table 18. Although the above SNPs have 

been associated with differential HDL- and LDL-cholesterol profile, subclinical 

atherosclerosis, and various cardiovascular disease traits, none of them was 

significantly associated with epicardial fat volume. 
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VI. Discussion 

 

6.1 Summary of findings 

 

In this study, we measured the volume of intrathoracic adipose tissue and its two 

sub-components: epicardial fat and pericardial fat. We confirmed that all three 

intrathoracic fat volumes are closely correlated with each other. However, our 

measurements of intrathoracic fat volumes have slightly different distribution pattern 

from other published literature in community dwelling sample. 21, 49, 65 Amish 

intrathoracic volumes are all right skewed while most of other literature reported more 

symmetrically distributed pattern. 

 

Compared with Framingham study, Amish participants have comparable BMI but less 

epicardial fat and pericardial fat, with Framingham study reporting mean 

BMI=28.2±5.1, mean epicardial fat volume=124 ±50 cm3, and mean pericardial fat 

volume=115±63 cm3, compared with 28.1±5.2, 92±43cm3, and 81±51cm3 respectively. 

At the same time, Framingham study has slightly older mean age and more male 

participants, with higher waist circumferences and worse cardiovascular disease risk 

profile and higher diabetes prevalence. It is worth noting the Amish participants were 

generally healthier than other comparable community dwelling U.S. population, they 

at the same time possess lower visceral fat accumulation in abdomen and intrathoracic 

cavity. The physically active life style and genetics may both contribute to above 

finding. With very similar measurement protocol for intrathoracic fat, we do not 

expect the difference could be attributed to differences in measurement.  
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Increased intrathoracic, epicardial and pericardial fat volume is associated with older 

age, male gender, and higher BMI. However, compared with females, male 

participants have a significant lower proportion of fat distributed within the epicardial 

sac in relative to total intrathoracic fat (51% vs. 57%, p<0.001) and the differences 

can be observed in each age subgroup. None of the intrathoracic fat volumes or the 

proportion of intrathoracic fat as epicardial fat is significantly associated with height 

or height squared. Adjusting for height or height squared did not change the above 

gender differences in absolute fat volume or relative proportion. 

 

Epicardial fat volume correlates with age (Pearson correlation coefficient=0.46, 

Spearman correlation coefficient=0.48, p<0.001) and BMI (Pearson correlation 

coefficient=0.44, Spearman correlation coefficient=0.50, p<0.001) in positive linear 

pattern. In addition, we also found an increased amount of epicardial fat in relative to 

BMI in older participants, and the trend of increases over years seems to be positive 

linear.(Figure 10.1) 

 

There are two major findings in the association between intrathoracic fat and disease 

related traits. First, epicardial adipose tissue volume was significantly associated with 

multiple cardiovascular risk factors in age and gender adjusted models. However the 

observed correlation between epicardial fat volume and cardiovascular risk factors all 

become non-significant after adjusting for BMI or waist circumference. Second, 

epicardial fat volume also appeared to be positively correlated with coronary artery 

calcification score, but the significant association was not preserved in age and gender 

adjusted model. Adding BMI or waist circumference into the adjusted variables did 
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not yield significant changes to the findings either. There is a similar pattern of 

association between pericardial fat volume and disease related traits. 

 

In the context of current literature, our study mainly looked at the association between 

intrathoracic fat and systemic markers in a community-based sample. Our study 

replicates most of the finding of the Framingham study in age and gender adjusted 

model,42 however, our significant associations do not persist after adjusting for other 

obesity measurements, while in Framingham Heart study, Rosito et al reported 

significant incremental effect of intrathoracic fat on top of BMI on triglycerides, 

high-density lipoprotein, hypertension and impaired fasting glucose in multivariate 

adjusted models.42 Also we did not see any association between epicardial fat and 

coronary calcification in age and gender adjusted model.  

 

There are several possible explanations for the above findings. Epicardial fat 

constitutes part of the general adiposity and may be an extension of abdominal 

visceral fat; any mechanism that links adipose tissues or visceral fat tissues to diseases 

may also apply to epicardial fat. Also, as epicardial fat volume tends to be correlated 

with general obesity measurements, epicardial fat could be a reflection of general 

obesity (visceral obesity) and the association observed with diseases may not persist 

after adjusting for general obesity (visceral obesity).  

 

Although intrathoracic fat tissue, mainly epicardial fat, expresses and secretes 

biomarkers related to hypertension, glucose intolerance, and adverse lipid profile and 

might have a secretion profile distinct from other fat depots15, 21, 46, 47, 49, 50. 

Intrathoracic fat is rather a small fat accumulation relative to all other major fat depots, 
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an incremental endocrine effect to those systemic biomarkers in addition to BMI or 

abdominal visceral fat may not be easily detected. We have only one marker of 

subclinical atherosclerosis in the analysis (coronary calcification score) and a panel of 

cardiovascular risk factors measured in the circulatory blood or plasma. It is possible 

that those CV risk factors are influenced by multiple adipose depots and overall fat or 

abdominal fat may have higher impact than the small depot of intrathoracic fat.  

 

Our Amish participants are generally healthy and do not have clinical cardiovascular 

disease. We might be underpowered to detect the association between intrathoracic fat 

and cardiovascular diseases, including coronary calcification.  

 

Our findings do not suggest that epicardial is better correlated with examined CV risk 

factors than pericardial fat, or intrathoracic fat. As reported in previous studies, we 

also observed a high correlation between epicardial and pericardial fat volume. The 

correlation between those two sub-components with the total intrathoracic fat volume 

is even higher. Although as some literatures suggested, epicardial and pericardial fat 

may be very different from each other in biological functions and can contribute to 

disease in unique mechanisms, the close correlation between the two makes it harder 

to differentiate them purely basing on statistical testing. In addition, if the potential 

local pathological effect of intrathoracic fat can be overwhelmed by the systemic 

effect of general obesity or both epicardial and pericardial acts merely as a reflection 

of general obesity, it is difficult to differentiate the two sub-components of 

intrathoracic fat.  

 

We found that intrathoracic fat volume and two of its subcomponents are moderately 
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heritable. However, the estimate of heritability (h2) was higher for epicardial fat 

volume than pericardial fat volume. This finding may indicate that epicardial fat 

volume is more genetically determined than pericardial fat is, altering environment 

may have less impact on epicardial fat than on pericardial fat.  

 

Not surprisingly, all adiposity measurements seem to correlate with each other, and 

the level of correlation differs between different pairs. While it is hard to directly 

compare the correlation coefficients between different correlation pairs due to the fact 

that those measurement were constructed in very different way and of different scale, 

it is worth noting that there is high correlation between epicardial fat and pericardial 

fat, moderate correlation between epicardial fat and BMI, waist circumference, and 

high correlation between total fat mass and percentage body fat mass. The only 

exception was liver fat, measured by log transformed ratio of spleen CT attenuation 

divided by liver CT attenuation. The level of correlation was markedly low between 

liver fat and all other obesity measurements. This pattern is better examined when we 

partitioned the correlation into genetic correlation and environmental correlation. 

Including liver fat, all obesity measurements shared a moderate degree of 

environmental contribution, measured by ρE. While all other obesity measurements 

have a moderate shared genetic contribution, our data did not support there is any 

significant shared genetic contribution between liver fat and all other obesity 

measurements, including epicardial fat. The above findings might indicate that liver 

fat is the only obesity measurement which seemly possesses a unique genetic profile, 

different from all other. 

 

Given the close correlation between epicardial fat volume and BMI, we did not find 
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many participants with discordant measurement of BMI and epicardial. After 

adjusting for age and sex, we identified 11 lean individuals (BMI residuals in the 

lowest quartile) with high epicardial fat volume (epicardial fat volume in the highest 

quartile) and 13 with BMI obese individuals with low epicardial fat volume. Those 

two extreme groups were not significantly different from each other in age, sex and 

most measured cardiovascular disease risk factors.  

 

To identify the existence of apparent familial aggregation pattern among those 

participants with extreme phenotypes and further aim for possible rare genetic 

variations which may have major effect on phenotypic variations, we traced those 24 

individuals in the pedigree data and found two identical twins, both of whom were 

obese with lower epicardial fat volume. Our data didn’t show a clear family pattern 

among their close direct relatives.  

 

The presence of highly related individual who are concordant for having an extreme 

value of the phenotype may suggest the presence of rare genetic variants with large 

effect sizes shared by these individuals. If resources are unlimited, exome whole 

genome sequencing of these highly related individuals with extreme trait values might 

lead to the identification of functional variants.  

 

We evaluated 32 identified BMI risk SNPs in the Amish sample, most BMI risk SNPs 

identified by large GWAS consortiums are related to genes which have more universal 

impact on the dietary intake and whole body energy balance. Those 32 risk SNPs 

seem to be better replicated with BMI as phenotype than epicardial fat volume. It can 
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be observed from the direction of effect, level of statistical significance and the 

variances explained by the genetic score.  

 

For our GWAS analysis, also underpowered due to the very large number of SNPS 

tested and the relatively modest sample size. While this is the first GWAS looking at 

epicardial fat volume, instead of stick to the traditional stringent cut-off point with 

Bonferroni correction (by which our GWAS will have no significant SNPs finding), 

we used p<E-05 as the cut-off point to select SNPs from GWAS data, which make our 

selected SNPs prone to from inflated type I error. We ended up with only 31 SNPs 

which might worth future follow-up. Of those 31 SNPs, 5 were near the INPP5F gene, 

which had been suggested to be involved in cardiac hypertrophic responsiveness,66 2 

were near the BAG3 gene, which has been cited for heart failure due to dilated 

cardiomyopathy,67, 68 and 2 near the TMEM212 gene, which could be related to 

obesity69. Other SNPs were matched to genes with non-relevant function or with 

unknown function. 

 

6.2 Strengths 

 

This study is novel in its specific aims focusing on identifying the incremental 

association of epicardial fat volume on cardiovascular disease related trait, on top of 

already defined obesity measurement, such as BMI and waist circumference. Prior to 

this analysis, there was only Framingham study which had collected similar 

measurement of epicardial fat and evaluated cardiovascular disease trait in a large 

community dwelling sample. Most other prior studies were of small sample size, 

obtained from selective patients who came to clinics for cardiovascular disease 
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treatment/consultation. Often the reported associations between epicardial fat volume 

and disease traits or risk factors were not adjusted for BMI, or waist circumference, or 

abdominal visceral fat volume. 

 

This study was able to collect a relatively complete set of obesity measurements, 

including weight, BMI, waist circumference, total body fat mass, percentage body fat 

mass and liver fat. We also further evaluated the shared genetic and environmental 

correlation between all obesity measurements and provided potential explanation for 

observed high correlation or lack of close correlation between various obesity 

phenotypes. Our results confirmed the close correlation between epicardial fat volume 

and other established obesity measurements, including BMI, percentage body fat, and 

waist circumferences. We also quantified the correlation between epicardial fat 

volume and pericardial fat volume, and suggested the close correlation between the 

two can be explained by sharing similarity in both environmental and genetic 

influences. Such close correlation between epicardial fat volume and other obesity 

measurements present challenges to studies aiming to confirm epicardial fat volume 

as a unique fat depot which behaves differently from all other depots. However, liver 

fat, only moderately correlated with all other obesity measurement, might be a unique 

adiposity trait which is determined by very different genetic factors.  

 

To our knowledge, this is the first study showed that epicardial fat is of moderate 

heritability and able to look at the genetic determinant of epicardial fat volume. Our 

Amish population is well suited for genetic studies, as it is closed founder population 

having homogenous socioeconomic status and lifestyle. Although due to sample size 

issue, our GWAS study didn’t found any strong target SNPs with established 
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correlation with cardiovascular disease or adiposity regulatory function, our findings 

contribute to the body of knowledge on genetic determinant of regional adiposity and 

help to plan future bigger genome-wide association studies. 

 

6.3 Limitations 

 

As much of the value of studying epicardial fat volume is to test the evidence of its 

contribution to diseases through local mechanism, our study has only one disease 

marker which might be subjected to more local impact: coronary artery calcification 

score. Even with that, our participants sample were generally healthy, the association 

between epicardial fat and coronary disease may be masked. To better answer the 

question whether pericardial/epicardial/intrathoracic fat contributes to cardiovascular 

disease through unique local mechanisms, the associations may need to be confirmed 

in longitudinal studies with sufficient incident disease. 

 

BMI and waist circumference are proxy measures of fat deposition that do not capture 

fat distribution patterns and do not differentiate between subcutaneous fat and visceral 

fat. The absence of a direct measure of abdominal visceral adiposity is, in fact, a 

major limitation to this study. Compared with intrathoracic fat, abdominal visceral fat 

is a much larger entity and it has been associated with many cardiovascular disease 

risk factors previously. It is believed that abdominal visceral fat could have great 

impact on those circulation markers as a potential pathogenic fat depot. On the other 

hand, being about one tenth of the volume of abdominal fat, if intrathoracic fat is not 

functionally different from abdominal visceral fat, or the differences are not evident 

enough to override the impact of the larger visceral fat in abdomen, it is reasonable to 
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assume no incremental effect of intrathoracic fat on systemic cardiovascular disease 

risk factors on top of abdominal fat. Having a direct measure of abdominal visceral fat 

and subcutaneous fat would perhaps have enabled us to tease out the independent 

effects of intrathoracic fat on CV risk by identifying significant statistical association 

in models adjusted for age, sex, abdominal fat and/or subcutaneous fat. 

 

The cross-sectional design of the study limits our abilities to establish causality. Given 

the close correlation between obesity measurements, although we don’t see any 

incremental value of epicardial fat volume on top of general obesity traits, we cannot 

rule out the possibilities that epicardial fat may be of certain unique importance to 

cardiovascular disease.  

 

With our study sample being ethnically homogeneous as Amish, our results may not 

be directly generalizable to other population or other ethnic groups. Particularly, 

Amish participants were generally being more physically active than other community 

dwelling population, and they were of common descendent and closely related to each 

other, sharing similar life style. 

 

Our GWAS study was limited by having only modest number of participants. Even by 

applying a much higher cut-off point for significance to account for multiple testing, 

our findings of risk SNPs may not be complete and need to be re-examined in samples 

powered with increased number of participants.  

 

6.4 Conclusion 
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In this study of intrathoracic adipose tissue in Amish, we found epicardial fat, 

pericardial fat and intrathoracic fat are all associated with various cardiovascular 

disease risk factors, although most associations only hold true in age and gender 

adjusted models, not independent of traditional measures of obesity. Genetic analysis 

revealed that intrathoracic fat does share both environmental and genetic determinants 

with other obesity traits. Our genome wide association analysis and targeted SNPs 

analysis identified several candidate SNPs/genes which might be specifically 

associated with this regional fat deposit.  
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