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Objective: Increased epicardial adipose tissue (EAT) has been identified as a risk factor for the development of
coronary artery disease (CAD). However, the exact role of EAT in the development of CAD is unclear. This study
aims to compare EAT volumes between healthy controls and individuals with stable CAD and a history of
myocardial infarction (MI). Furthermore, associations between clinical and biochemical parameters with EAT
volumes are examined.

Methods: This retrospective cross-sectional study included 171 participants from the United Kingdom Biobank
(56 healthy controls; 60 stable CAD; 55 post MI), whom were balanced for age, sex and body mass index (BMI).
EAT volumes were quantified on end-diastolic cardiac magnetic resonance (CMR) imaging short-axis slices along
the left and right ventricle and indexed for body surface area (iEAT) and iEAT volumes were compared between
groups.

Results: iEAT volumes were comparable between control, CAD and MI cases (median [IQR]: 66.1[54.4-77.0] vs.
70.9[55.8-85.5] vs. 67.6[58.6-82.3] mL/m?, respectively (p > 0.005 for all). Increased HDL-cholesterol was
associated with decreased iEAT volume ( = -14.8, CI = -24.6 to —4.97, p = 0.003) and suggestive associations
(P-value < 0.05 and > 0.005) were observed between iEAT and triglycerides (f = 3.26, CI = 0.42 to 6.09, p =
0.02), Apo-lipoprotein A (f = -16.3, CI = -30.3 to —2.24, p = 0.02) and LDL-cholesterol (p = 3.99, CI = -7.15 to
—0.84, p = 0.01).

Conclusions: No significant differences in iEAT volumes were observed between patients with CAD, MI and
healthy controls. Our results indicate the importance of correcting for confounding by CVD risk factors, including
circulating lipid levels, when studying the relationship between EAT volume and CAD. Further mechanistic
studies on causal pathways and the role of EAT composition are warranted.

1. Introduction which obesity contributes to the onset and progression of CVD is un-

known and several theories have been proposed, involving different

Cardiovascular diseases (CVD) are the leading cause of mortality
globally [1]. CVD preventive management is important in reducing
progression of coronary artery disease (CAD) and is based on individual
CVD risk estimates [2]. Obesity has been shown to be one such inde-
pendent risk factor for CVD [1,3-5]. The exact mechanism through

pathways and levels of risk [6]. In the last decades, research has focused
on the contribution of local visceral adipose tissue (VAT) deposits, as
they appear to be more directly linked to CVD compared to obesity
[5,7,8]. Epicardial adipose tissue (EAT) is the metabolically active VAT
deposit in the epicardial space that is in direct contact with the heart.
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EAT and the myocardium share the same microcirculation, and func-
tional paracrine and vasocrine interactions have been suggested to foster
the development of CVD [9-12]. Growing evidence suggests that EAT
releases adipokines that promote atherosclerosis, suggesting that EAT
might be involved in the development of CAD [3,13-16].

Previous studies have established a significant association between
EAT and CAD, assessed by echocardiography and computed tomography
[17-25]. Even though CT can objectively assess total fat volume sur-
rounding the heart, Cardiac Magnetic Resonance (CMR) imaging is su-
perior for quantifying EAT, due to its excellent soft tissue contrast,
making it possible to separate EAT from the different fat layers sur-
rounding the heart [26,27]. So far, only one study investigated associ-
ations of EAT volumes in regard to the severity of CAD, measured on
CMR images. Doesch et al. reported that decreased EAT volumes in se-
vere CAD patients when compared to healthy controls were dependent
of left ventricular function (LVF), suggesting a multifactorial relation-
ship between EAT and CAD severity [19]. Although several studies
suggest a significant association between EAT and CAD severity, the
observed differences in EAT volume between patients with different
CAD stages might be susceptible to confounding by group-related pa-
tient characteristics and traditional cardiovascular risk factors.

The aim of this study is therefore to compare EAT volumes on CMR
between different stages of CAD, corrected for confounding. Further-
more, we aim to explore the associations of EAT volumes with genetic
and non-genetic risk factors, to obtain more insights in potential causal
pathways.

2. Methods
2.1. Study design

Data for this retrospective cross-sectional analysis were obtained
from the United Kingdom (UK) Biobank, of which the study protocol was
described in detail previously [28]. Briefly, the UK Biobank is a cohort
study that recruited over 500,000 volunteers aged 40-69 years from the
general population at 22 assessment centers throughout the UK. The
present study was performed under application number 12,010 of the
UK Biobank resource.

2.2. Study population

Individuals with available CMR short-axis cine images in the UK
Biobank sub study, were selected for analysis. Subjects having non-
caucasian ethnicity, active smoking, systolic blood pressure (SBP) >
160 mmHg, diastolic blood pressure (DBP) > 100 mmHg, BMI > 35 kg/
m2, history of diabetes mellitus, cardiomyopathy, cardiac surgery,
pacemaker/implantable cardioverter-defibrillator, history of cancer, or
subjects who underwent radiotherapy were excluded for analyses,
because of potential confounding. Diagnoses were captured by consul-
ting Hospital Episode Statistics records using ICD codes and self-
reported answers from questionnaires. CAD was defined according to
the International Classification of Diseases, Ninth revision (ICD-9) codes
414 and Tenth Revision (ICD-10) codes 124, 125 and Z95.5, covering
acute and chronic ischemic heart diseases including replacement,
transluminal balloon angioplasty, and other therapeutic transluminal
operations on coronary artery, but not angina pectoris [29,30].
Myocardial infarction covering acute or with a stated duration of 28
days or less from onset was defined according to ICD-9 codes 410, 412
and ICD-10 codes 121-123 and 1252 [29,30]. Hyperlipidemia was defined
according to ICD-10 codes E78.4 and E78.5 [29]. UK Biobank ICD-codes
derived from linkage to hospital inpatient records. The identified in-
dividuals were divided into three groups: healthy controls, participants
with stable CAD, and participants with a history of myocardial infarction
(MI). All individuals with MI available in UK Biobank were randomly
linked to individuals with CAD and healthy controls in a 1:1:1 fashion,
balanced for age, sex and BMI. Age was rounded to the nearest whole
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number, BMI was rounded to the nearest even number. If no exact link
could be made, MI cases were excluded.

2.3. Cardiac magnetic resonance imaging

All CMR studies were performed on a clinical wide bore 1.5 Tesla
MRI scanner (MAGNETOM Aera, Syngo Platform VD13A, Siemens
Healthcare, Erlangen, Germany). No pharmacological stressor or
contrast agent was administered [31]. A standard protocol for cardiac
function was used during a 20-minute CMR [32]. A full short-axis stack
of balanced steady state free precession (bSSFP) cines was acquired,
planned for covering the left and right ventricle. A flip angle of 80° was
used, slice thickness was 8 mm with a 2 mm slice gap, pixel size was 1.8
x 1.8 mm, and temporal resolution was 32 ms interpolated to 50 phases
per cardiac cycle. TR and TE were 2.6 and 1.10 ms, respectively.

2.4. CMR analysis

One observer analyzed all CMR short axis images using dedicated
post-processing software (Circle Cardiovascular Imaging (CVi42)
version 5.10.1, Calgary, Alberta, Canada), according to a standardized
protocol (Supplement 1). Cardiac adipose tissue was quantified on all
short axis slices (base to apex) in end-diastolic phase (Fig. 1). EAT was
defined as the volume between the outer wall of the myocardium and
the visceral pericardium. Paracardial adipose tissue (PAT) was defined
as the volume between the fibrosa of the parietal pericardium and the
mediastinal parietal pleura. Pericardial adipose tissue (PeAT) was
defined as the sum of EAT and PAT. Left ventricular end-diastolic vol-
ume (EDV) and end-systolic volume (ESV) were determined by con-
touring endocardial and epicardial borders in the left ventricle from the
mitral valve to the apex. Papillary muscles were excluded from endo-
cardial volume. The analyst determining the cardiac fat volumes was
blinded to other patient characteristics. Interobserver variability was
assessed by re-analysis of random set of 290 CMR images by a second
observer blinded to other patient characteristics. EAT volumes mea-
surements had excellent intra-rater reliability (ICC = 0.98) and good
inter-rater reliability (ICC = 0.82).

2.5. Biomarkers

A wide range of blood and urine biomarkers from all 500.000 UK
Biobank participants have been determined at baseline visit, following a
strict sample handling and storage protocol [33]. For this study, all
available blood and urine biomarkers were studied in relation to EAT
volume, corrected for group effects.

2.6. Genetics

Genome-wide genotyping data was available for all participants in
the UK Biobank database. The genotyping process has been described in
more detail previously [34]. Genetic Risk Scores (GRSs) constructed
from single-nucleotide polymorphisms (SNPs) were used as a proxy
measure for BMI, waist-hip ratio (WHR), total cholesterol and triglyc-
eride levels, in order to assess whether GRSs based on known variants
were associated with cardiac adipose tissue volume.

2.7. Statistical analysis

Continuous variables were presented as mean + standard deviation
(SD) or median and interquartile range (IQR), depending on distribu-
tion. Discrete and dichotomous variables were reported as frequencies
with the respective percentages. Mean and median differences in base-
line characteristics and cardiac fat volumes between groups were
compared using one-way ANOVA and Kruskal-Wallis tests, depending
on distribution. To compare cardiac fat volumes in each group with the
controls, Mann-Whitney U test or Student’s T-test was used, depending
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Fig. 1. Short-axis MR slices for different levels (basal to apical). Red: myocardium, Green: Visceral pericardium, Yellow: Mediastinal parietal pleura. Green star:
Epicardial Adipose Tissue; Yellow star: Paracardial adipose tissue. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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Fig. 2. Study population selection. BMI: body mass index; CAD: coronary artery disease; CMRI: cardiac magnetic resonance imaging; DBP: diastolic blood pressure;
MIL: myocardial infarction; MRI: magnetic resonance imaging; SBP: systolic blood pressure; UK: United Kingdom.
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on distribution. The Chi-squared test was used to evaluate differences in
categorical variables between the groups. Cardiac adipose tissue vol-
umes were indexed for body surface area (BSA) (iEAT, iPAT, iPeAT),
which is widely used for indexing cardiovascular parameters to reduce
body size related variation [35,36]. Intra- and interrater reliability was
assessed using intra-class correlation coefficients (ICCs). In order to
investigate the influence of genetic variances on EAT and iEAT, genetic
risk scores (GRSs) based on BMI, WHR, total cholesterol and
triglycerides-related SNPs were constructed for analysis. To study the
relationship between clinical, biochemical, and genetic parameters with
cardiac fat volumes, linear multilevel mixed-effects analysis were per-
formed, in order to correct for group effects and predictors defined at
group level. The model was adjusted for age and sex. For genetic asso-
ciations, the first five principal components and the chip used for gen-
otyping were added to the model. According to Benjamin et al. a P-value
< 0.005 was considered statistically significant [37]. A P-value between
0.05 and 0.005 was considered suggestive of statistical significance.
Estimated sample size to show a minimal difference of 19 mL EAT be-
tween the groups was n = 60, assuming 77% power and alpha 0.05 [38].
Statistical analyses were conducted with STATA version 15.0 (Stata-
Corp. 2017, Stata Statistical Software: Release 15. College Station, TX:
StataCorp LLC).
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3. Results
3.1. Baseline characteristics

A total of 180 age-, sex-, and BMI-balanced individuals with avail-
able short-axis cine images were identified in the UK Biobank database
(60 healthy controls, 60 MI, and 60 CAD). 9 participants were excluded
due to incomplete CMR studies and 171 subjects remained in final
analysis (Fig. 2), with 56 controls, 60 CAD and 55 MI. All anthropo-
metric measurements were comparable between control, CAD and MI
group (Table 1). Hyperlipidemia and the use of statins, ACE-inhibitors
and calcium channel blockers were more common in CAD and MI
groups compared to controls. LDL-cholesterol (LDL-C), total cholesterol
and Apolipoprotein B (Apo-B) levels were increased in controls
compared to CAD and MI cases.

Strong positive associations were found between unindexed EAT
volumes and anthropometric parameters including BMI, BSA, LBM, and
WHR (Supplementary Table 1), and fat volumes were therefore indexed
for BSA in further analysis.

3.2. Epicardial adipose tissue volumes in controls versus coronary artery
disease and myocardial infarction

Median iEAT volumes were 66.1 mL/m? (IQR: 54.4-77.0),70.9 mL/

Table 1

Baseline characteristics.
Baseline characteristics p-value

Control (n = 56) CAD (n = 60) MI (n = 55)

Age, mean (SD) 60.6 “4.7) 60.9 (4.6) 60.7 (4.5) 0.96
Sex (Male), n (%) 46 (82) 49 (82) 44 (80) 0.95
BMI(kg/m2), median (IQR) 27.0 (24.9-28.3) 26.9 (24.5-28.9) 27.0 (24.7-28.7) 0.93
Weight(kg), mean (SD) 80.0 (10.5) 81.0 (10.9) 77.8 (11.3) 0.28
Height(cm), mean (SD) 173 (8.2) 173 (7.6) 170 9.4) 0.12
LBM (kg), median (IQR) 58.8 (54.2-63.9) 60.0 (53.0-65.3) 58.9 (53.7-65.0) 0.67
WC (cm), mean (SD) 92.1 9.4) 92.3 9.5) 90.9 (8.9) 0.71
WHR 0.92 (0.08) 0.92 (0.07) 0.91 (0.07) 0.63
CVD risk factors, n(%)
Hypertension 34 (61) 24 (40) 24 (44) 0.06
Hyperlipidemia 18 (32) 56 93) 51 93) 0.001
Familiy history — Heart Disease 25 (45) 44 (73) 34 (62) 0.007
Past smokers
Smoked on most or all days 16 (29) 23 (38) 23 (42) 0.32
Smoked occasionally 5 9 3 5) 5 ()] 0.64
Just tried once or twice 11 (20) 7 12) (16) 0.50
Never smoked 24 (43) 26 (43) 18 (33) 0.43
Medication, n(%)
Statins 19 (34) 54 (90) 50 1) <0.001
Beta-blockers 1 (2) 9 (15) 11 (20) 0.01
ACE-inhibitors 3 (5) 18 (30) 35 (64) <0.001
Diuretics 6 (11) 7 (12) 8 (15) 0.81
Calcium channel blockers 7 a3 19 (32) 5 9 0.003
Biomarkers
TG (mmol/L), median (IQR) 0.02 (0.02 - 0.03) 0.02 (0.01 -0.03) 0.02 (0.01 - 0.03) 0.23
LDL-C (mmol/L), mean (SD) 0.10 (0.02) 0.08 (0.02) 0.08 (0.02) <0.001
HDL-C (mmol/L), mean (SD) 0.04 (0.01) 0.03 (0.01) 0.03 (0.01) 0.07
Total cholesterol (mmol/L), mean (SD) 0.15 (0.02) 0.13 (0.03) 0.13 (0.03) <0.001
Apo-A (mmol/L), mean (SD) 0.05 (0.01) 0.05 (0.01) 0.05 (0.01) 0.39
Apo-B (mmol/L), mean (SD) 0.03 (0.01) 0.03 (0.01) 0.03 (0.01) 0.002
HbA1lc (mmol/L), mean (SD) 35.2 (3.57) 36.1 (3.60) 35.85 (3.30) 0.37
Cr (umol/L), mean (SD) 81.5 (13.3) 79.4 (12.0) 81.4 (14.9) 0.64
CRP (mg/dL), median (IQR) 1.28 (0.66 — 2.26) 1.21 (0.62 - 2.36) 1.04 (0.63 - 2.20) 0.88
Hb (g/dL), mean (SD) 14.7 (1.06) 14.9 (1.09) 14.7 (0.88) 0.47
Haemodynamics, mean (SD)
SBP (mmHg) 138 (12.6) 139 (13.4) 136 (12.6) 0.42
DBP (mmHg) 111 (8.9) 110 (9.6) 108 (8.9) 0.30
MAP (mmHg) 100 (7.6) 97 (8.2) 96 (8.3) 0.016
HR (BPM) 67 (10) 65 (12) 63.4 (11 0.13

P-values for differences between the three groups were obtained using the one-way ANOVA and Kruskall-Wallis tests, depending on distribution. ACE: angiotensin-
converting enzyme; Apo: Apolipoprotein; BMI: body mass index; Cr: creatinine; CRP: c-reactive protein; DBP: diastolic blood pressure; HbAlc: Hemoglobin Alc; Hb:
hemoglobin; HDL-C: high-density lipoprotein cholesterol; HR: heart rate; LDL-C: low-density lipoprotein cholesterol; MAP: mean arterial pressure; TG: triglycerides.
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Table 2
CMR characteristics.

1JC Heart & Vasculature 40 (2022) 101006

CMR characteristics

Control (n = 56) CAD (n = 60) MI (n = 55)
Cardiac function parameters
EDV (mL) 120.7 (23.8) 128.0 (34.1) 135.1 (33.9) 0.05
ESV (mL) 45.2 (13.4) 48.1 (16.3) 56.2 (20.3) 0.002
LVEF (%) 62.9 (6.3) 63.6 9.1) 59.2 (7.5) 0.008
Cardiac adipose tissue
EAT (mL), median (IQR) 127.4 (100.6-149. 6) 141.5 (106.8-170.5) 124.7 (108.3-159.3) 0.13
PAT (mL), median (IQR) 133.4 (98.0-183.2) 126.7 (103.7-168.0) 125.9 (95.2-186.2) 0.92
PEAT (mL), median (IQR) 247.7 (209.7-330.0) 272.6 (217.4-334.8) 267.3 (213.1-329.3) 0.65
iEAT (mL/m?), median (IQR) 66.1 (54.4-77.0) 70.9 (55.8 - 85.5) 67.6 (58.6 — 82.3) 0.18
iPAT (mL/m?), median (IQR) 68.7 (51.3-92.9) 68.4 (55.1 - 82.7) 64.6 (51.0-91.9) 0.96
iPEAT (mL/m?), median IQR) 131.1 (106.6 — 166.1) 138.0 (117.7 - 169.0) 140.7 (117.0 - 163.8) 0.71
Ratio EAT/PEAT, median (IQR) 0.86 (0.76 - 1.13) 1.00 (0.79 - 1.24) 1.03 (0.77 - 1.24) 0.32

P-values for differences between the three groups were obtained using the one-way ANOVA test and Kruskal-Wallis test, depending on distribution. EDV: end-diastolic
volume; EAT: epicardial adipose tissue; PAT: paracardial adipose tissue; ESV: end-systolic volume; iEAT: indexed epicardial adipose tissue; iPAT: indexed paracardial

adipose tissue; iPeAT: indexed pericardial adipose tissue.
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Fig. 3. Cardiac adipose tissue volumes and EAT/PAT ratio in CAD and MI versus controls. Violinplots showing iEAT (A), iPAT (B), iPeAT (C) volumes (mL/m2)
and EAT/PAT ratio in controls, CAD and MI study groups. Inter-group differences in cardiac adipose tissue volume were tested using the Mann-Whitney U tests. The
Kruskal-Wallis test was used to test overall differences in cardiac adipose tissue volume between the three groups. CAD: coronary artery disease; MI: myocardial
infarction; iEAT: indexed epicardial adipose tissue; iPAT: indexed paracardial adipose tissue; iPeAT: indexed pericardial adipose tissue.

m? (IQR: 55.8 - 85.5) and 67.6 mL/m? (IQR: 58.6 — 82.3) in control, CAD
and MI cases, respectively (Fig. 3A). No significant differences were
found in iEAT volume among the three groups (p = 0.13). Also, iPAT
(Fig. 3B), iPeAT (Fig. 3C) volumes and EAT/PAT ratio (Fig. 3D) were not

statistically different between the three groups.

3.3. Multilevel mixed-effects analysis of biomarkers on epicardial adipose
tissue volume

Increased HDL-Cholesterol (HDL-C) levels were associated with
decreased iEAT volume (f = -14.8, 95% CI —24.6 - —4.97, p = 0.003)
when correcting for age, sex and group (Table 3). Increased triglyceride
levels were suggestively associated with increased iEAT volume (p =
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Table 3
Multilevel mixed-effects analysis of biomarkers and left ventricle parameters on
iEAT volumes.

Associations of biomarkers and left ventricle parameters on iEAT volume

Total study group (n = 171)

[i} 95% CI p-value
Blood cells
Leukocytes, 107 cells/L 0.62 —~1.07 - 2.30 0.48
Monocytes, 10° cells/L 8.36 —10.1-26.8 0.38
Monocytes, % 0.53 —-1.12-1.96 0.59
Basophill, 10° cells/L —42.5 —141.8-56.9 0.40
Basophill, % —0.86 —10.5 - 8.80 0.86
Neutrophill, 10° cells/L 0.35 —~1.85-2.56 0.75
Neutrophill, % —0.05 —0.41-0.31 0.79
Eosinophill, 10° cells/L 9.19 —~15.4-33.8 0.46
Eosinophill, % 0.40 —-1.38-2.18 0.66
Lymphocytes, 10° cells/L 2.15 —2.49 - 6.78 0.36
Lymphocytes, % 0.02 —0.40-0.43 0.94
Platelets, 10° cells/L —0.02 —0.07 - 0.02 0.34
Biomarkers
TG (mg/dL) 3.26 0.42-6.09 0.02
CRP (mg/dL) 0.17 —0.07 - 0.41 0.17
Haemoglobin -1.99 -5.31-1.33 0.24
Creatinine (umol/L) 0.14 —0.62 -0.90 0.72
HbAlc (mmol/L) 0.80 —0.03 -1.62 0.06
Apo-A (g/L) -16.3 -30.3-(-2.24) 0.02
Apo-B (g/L) -11.9 -23.5-(-0.23) 0.05
HDL-C (mg/dL) —14.8 —24.6 - (-4.97) 0.003
LDL-C (mg/dL) -3.99 —7.15-(-0.84) 0.01
Total cholesterol (mg/dL) -3.14 —5.56 - (-0.71) 0.01
Use of medication
Statins (n,%) 8.32 2.31-14.3 0.007
Beta-blockers (n, %) 11.3 3.11-19.4 0.007

Interaction analysis

Statins#HDL-C -11.7 —-21.7 - (-1.73) 0.02
Statins#LDL-C —3.04 —6.45-0.38 0.08
CVD risk factors
Family history 2.73 —2.90 - 8.35 0.34
[i] 95% CI p-value
Past smokers
Smoked on most or all days 2.46 —3.22-8.14 0.40
Smoked occasionally 2.59 -7.68 -12.9 0.62
Just tried once or twice —0.49 —7.97 - 6.99 0.90
Never smoked —3.36 —8.88-2.16 0.23
SBP 0.15 —0.07 - 0.37 0.17
Left ventricle parameters
EDV (mL) 0.03 —0.07 -0.12 0.61
ESV (mL) 0.04 —-0.13-0.21 0.65
LVEF (%) 0.05 —0.30 - 0.40 0.78

Adjusted for age, sex and group. Apo: Apolipoprotein; Cr: creatinine; CRP: c-
reactive protein; EDV: end-diastolic volume; ESV: end-systolic volume; HbAlc:
Hemoglobin Alc; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; LVEF: left ventricle ejection fraction; TG: tri-
glycerides. SBP: systolic blood pressure.

3.26, 95% CI 0.42-6.09, p = 0.02), while increased levels of Apo-
lipoprotein A (f = -16.3, 95% CI —30.3 - —2.24, p = 0.02) and LDL-C
(B =-3.99, 95% CI —7.15 - —0.84, p = 0.01) were suggestively associ-
ated with decreased iEAT volume. The negative association between
HDL-C and iEAT volume was suggestively larger in combination with
statins after interaction analysis (p = -11.7, 95% —21.7 - —1.73, p =
0.02). (Table 3).

3.4. Multilevel mixed-effects analysis of left ventricle parameters on
epicardial adipose tissue volume

Both EDV (135.1 + 33.9 mL vs. 120.7 + 23.8 mL, p = 0.02) and ESV
(56.2 £ 20.3 mL vs. 45.2 £+ 13.4 mL, p = 0.002) were increased in MI
cases compared to controls (Table 2). Left ventricle ejection fraction
(LVEF) was decreased in MI cases compared to CAD and controls (59.2
+ 7.5 vs. 62.9 £+ 6.3 and 63.6 + 9.1 respectively, both p < 0.003). No
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significant associations between left ventricle volumetric and functional
parameters and iEAT volume were observed (Table 3). Associations
between left ventricle parameters and iEAT volume by group are pro-
vided in Supplementary Table 2.

3.5. Multilevel mixed-effects analysis of genetic risk scores on epicardial
adipose tissue volume

No relationship between genetic risk, expressed in GRS, between BMI
(p = 0.68), WHR (p = 0.67), total cholesterol (p = 0.89) and tri-
glycerides (p = 0.25) and EAT volumes was observed (Table 4).

4. Discussion

In this retrospective cross-sectional analysis, we did not observe
significant differences in EAT volume between the control, CAD, and MI
groups. Interestingly, increased HDL-C was associated with decreased
EAT volume, independent of age, sex, and group allocation. Together
this may suggest that previous associations between EAT and CAD re-
flected residual confounding rather than a true association.

Contradictory to our findings, previous studies did report significant
differences in EAT quantities comparing groups with various CAD
stages, and suggested a causal relationship between EAT quantity and
CAD severity [17-23,39,40]. However, these studies applied no or poor
strategies to protect against confounding. In our study, we minimized
confounding by studying an age-, sex- and BMI-balanced population
without extremes of several cardiovascular risk predictors. We observed
no difference in EAT volumes between patients with stable CAD, pre-
vious MI, and healthy controls, suggesting that there is no direct rela-
tionship between EAT volume and CAD progression, when adequately
correcting for confounding. Our findings are in line with another study,
in which the association between EAT and CAD was lost after adjust-
ment for CVD risk predictors [41]. These results illustrate the impor-
tance of correcting for confounding and investigating causal pathways of
associations. Another explanation for the absence of an association be-
tween EAT volume might be the importance of EAT quality rather than
EAT volume. Both Pandey et al. and Antonopoulos et al. show that not
EAT quantity but EAT quality is an independent predictor of obstructive
CAD by using CT-measured attenuation [42,43]. However, Hell et al.
demonstrated that variations in CT attenuation might also occur due to
partial volume effects and image interpolation rather than differences in
tissue composition or metabolic activity [44]. Given the findings of these
studies (Antanopoulos and Pandey et al.) and since it has been estab-
lished that epicardial adipose tissue interacts with the coronary vascu-
lature as well as the myocardial wall in a bidirectional manner, accurate
quantification of true epicardial fat is essential when studying the role of
fat in CAD [45]. CMR is the gold standard for soft tissue characteriza-
tion. We therefore used CMR images to accurately quantify solely EAT in

Table 4
Multilevel mixed-effects analysis for genetic risk scores and EAT volumes.

Associations of genetic parameters and EAT volume

Total study group (n = 171)

[i] 95% CI p-value

Genetic Risk Scores

BMI —4.78 -27.7-18.1 0.68
WHR —8.80 —48.6 - 31.0 0.67
Total cholesterol 0.55 -22.0-23.1 0.89
Triglycerides 12.9 —8.97 - 34.8 0.25
BMI* -3.05 -13.9-7.82 0.58
WHR* 5.97 -12.9-24.9 0.54
Total cholesterol* -0.97 -11.7 -9.76 0.86
Triglycerides* 7.72 —2.66 - 18.1 0.15

Adjusted for age, sex, group, the first five principal components and the chip
used for genotyping. BMI: body mass index; WHR: waist hip ratio.
" BSA-indexed EAT (iEAT) volume was used in analysis.
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which the coronary arteries are embedded, instead of total pericardial
adipose tissue [46]. Most previous CT studies assessing fat volume
quantified total pericardial adipose tissue volume, consisting of both the
epicardial and paracardial layers, because no distinction can be made
between these layers using CT. Pericardial fat was unjustly referred to as
epicardial fat by these studies, due to discrepancies and ambiguities in
the definition and nomenclature among different authors [47]. In
contrast to most CT studies, we quantified true epicardial fat volume,
which contains perivascular adipose tissue of the coronary arteries,
enabling us to precisely study the role of local fat volume on CAD and to
study associations with separate cardiac fat layers, - pericardial, para-
cardial and epicardial. Local differences in fat composition and inflam-
mation in epicardial fat, that have been linked to adverse events, could
not be assessed because no CT-images were available [48].

We showed that increased HDL-C is associated with decreased EAT
volume. In addition, we showed that increased triglycerides levels are
suggestively associated with increases in EAT volume. In literature,
decreased HDL-C and increased triglyceride levels have been reported as
markers for the atherogenic dyslipidaemia complex and were indepen-
dently associated with an increased risk of CAD [49-55]. This means, for
example, that when EAT volume is quantified in individuals with severe
CAD who also tend to have decreased HDL-C values, CAD progression in
these individuals might be related to decreased HDL-C values rather
than increased EAT volumes. The fact that decreased HDL-C and
increased triglycerides are associated with both CAD progression and
EAT volume underlines the importance of correcting for these factors
when studying the relationship of EAT and CAD.

Remarkably, we observed also a negative association between LDL-C
and iEAT. A possible explanation might be that 72% of our patients was
on statin therapy, and lower LDL-C might reflect patients with more
intensive statin therapy at higher cardiometabolic risk which might be
linked to higher iEAT. Indeed, in a sensitivity analysis between LDL-C
within patients with statin therapy a negative trend between LDL-C
and iEAT was observed (B-3.9 95%-CI: —7.8 — 0.11, P = 0.056),
whereas in the patients without statins no significant associations were
observed (p: 0.91, 95%-CI: —7.0 — 8.8, P = 0.817).

Nevertheless, a causal pathway between EAT and CAD progression
through interaction of EAT with blood lipids might still exist, for
instance by paracrine and vasocrine effects exerted by EAT on coronary
vasculature, potentially under influence of blood lipids. The potential
interaction between EAT, blood lipids and CAD has also been reported in
the study of Colom et al., in which Apo-A was strongly related to the
development of subclinical atherosclerosis and the accumulation of
epicardial fat [56]. Furthermore, other studies demonstrated that EAT
stores triglycerides, which results in EAT production of free fatty acids
and adipokines for the energy supply of the underlying myocardium,
suggesting that EAT together with TG are able to exert effects on
neighbouring tissues [10,53]. In addition, inflammatory markers such as
interleukin-6 (IL-6), might also take part in the atherosclerotic process in
CAD [57,58]. As EAT is considered as a source of several inflammatory
mediators, inflammatory status in EAT might be involved in the devel-
opment of CAD [59,60]. Unfortunately, inflammatory markers like IL-6
were unavailable for our study. However, the precise mechanisms
through which EAT might promote CAD still remains unclear and
further investigation to unravel the extensive web of confounding var-
iables explaining potential relationships between EAT and CAD is
needed.

To our knowledge, this is the first study to assess EAT volumes in
relation to genetic predisposition for BMI, WHR, cholesterol and tri-
glycerides. We found no significant associations between EAT volumes
and genetic risk scores for BMI, WHR, cholesterol and triglycerides,
suggesting lifestyle might have a larger effect on EAT volume than ge-
netic predisposition. However, these results should be interpreted with
caution because the sample size is relatively small to study genetic
predisposition.
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4.1. Future perspectives

Large longitudinal studies with extensive follow-up investigating the
association between EAT and CAD progression should be conducted to
provide a definite conclusion on the exact mechanism of EAT in CAD
severity. These studies should minimize confounding by adjusting fac-
tors associated both with EAT and CAD. In addition, further studies
investigating the potential causal relationship between blood lipids, EAT
and CAD progression are warranted.

4.2. Strengths and limitations

We used strict exclusion criteria to rule out confounding by risk
predictors related to both EAT and CAD progression. Therefore, external
validity and associations between EAT volume and CVD risk factors with
removed extreme values might be limited. Since there is a tradeoff be-
tween internal and external validity, we chose a strict population
enabling us to study of the distribution of EAT volumes among CAD
severity groups without confounding. However, residual confounding
might have occurred, due to the inclusion of individuals with some risk
factor prevalence. The definition of CAD in our study includes a broad
spectrum of disease. In literature EAT volume increases gradually in
early CAD progression, but decreases in further stages of CAD [19,61].
This might have leveled out increased EAT volumes of early CAD stages
and decreased volumes of late CAD stages in our CAD population. EAT
and other fat layers might play a different role in CAD pathophysiology
[12].

5. Conclusions

We found no differences in EAT volumes among patients with pre-
vious MI, stable CAD and healthy controls in an age-, sex- and BMI-
balanced population without extremes of traditional CVD risk factors.
Our findings might suggest that there is no independent relationship
between EAT volume and CAD progression. We observed that decreased
HDL-C and increased TG levels, which are strongly related to CVD, were
associated with increased EAT volume. In addition, the results of this
study indicate the importance of correcting for confounding by CVD risk
factors, such as HDL-C and triglyceride levels, when studying the rela-
tionship between EAT volume and CAD. Further mechanistic studies
that study in depth-lipid profiles including adipokines and their asso-
ciations with EAT volumes and quality are warranted.
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