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Abstract

Background—We investigated whether epicardial adipose tissue (EAT) volume and density are
related to early atherosclerosis, plaque inflammation and major adverse cardiac events (MACE,
cardiac death and myocardial infarction) in asymptomatic subjects.

Methods—EAT volume and density were quantified from non-contrast cardiac CT in 456
asymptomatic individuals (age 60.3+8.3; 68% with CCS>0) from the prospective EISNER trial.
EAT volume and density were examined in relation to coronary calcium score (CCS),
inflammatory biomarkers and MACE.

Results—EAT volume was higher and EAT density lower in subjects with coronary calcium
compared to subjects without [89 vs 74 cm3, p<0.001] [-76.9 vs —=75.7 HU,p=0.024]. EAT volume
was lowest in individuals with no coronary calcium and was significant higher in subjects with
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early atherosclerosis (CCS 1-99) [74 vs 87 cm3,p=0.016] and in subjects with more advanced
atherosclerosis (CCS=100) [89 cm3,p=0.002]). EAT volume was independently related to serum
levels of PAI-1, and MCP-1 and inversely related to adiponectin and HDL-cholesterol (p<0.05).
EAT density was inversely related to PAI-1 and LDL-cholesterol and positively associated to
adiponectin, SICAM-1 and HDL-cholesterol (p<0.05). EAT density was more significantly
associated with MACE [(HR 0.8, C195%:0.7-0.98), p=0.029] than EAT volume or CCS.

Conclusion—EAT volume was higher and density lower in subjects with coronary calcium
compared to subjects with CCS=0, with similar EAT volume in CCS<100 and CCS=100. Lower
EAT density and increased EAT volume were associated with coronary calcification, serum levels
of plaque inflammatory markers and MACE, suggesting that dysfunctional EAT may be linked to
early plaque formation and inflammation.

TOC Summary

Our quantification of EAT volume and density from non-contrast cardiac CT in 456 asymptomatic
subjects showed similar EAT volume in subjects with early and more advanced atherosclerosis.
Lower EAT density and increased EAT volume were associated with the presence of coronary
calcification, MACE, serum levels of plaque inflammatory markers and lipids, suggesting that
dysfunctional EAT may be linked to cardiovascular events, early plaque formation, metabolic
abnormality and inflammation. Thus, independent of CCS categories, measurements of EAT
volume and density from non-contrast cardiac CT provide additional information regarding the
“activity” of atherosclerosis in asymptomatic individuals.

Keywords

Epicardial adipose tissue; EAT density and volume; inflammatory biomarkers; early subclinical
atherosclerosis; metabolic abnormality; major adverse cardiovascular events

1. Introduction

The pathophysiological process responsible for coronary artery disease (CAD) is
atherosclerosis, an inflammatory disease resulting in coronary calcification (1). All stages of
atherosclerosis involve inflammatory processes with the contribution of numerous
inflammatory mediators, however, the exact mechanisms of atherosclerotic calcification
remain poorly understood (2). Epicardial adipose tissue (EAT) is a local fat depot between
the serous epicardium and the fibrous pericardium surrounding the coronary artery tree and
can be quantified from the same non-contrast cardiac CT calcium scan, which is used to
determine the Agatston-Score (Figure 1) (6). Prior research has demonstrated that increased
EAT volume is independently related to adverse cardiovascular events (7,8,10). However, it
remains unknown whether increased EAT volume is only restricted to subjects with more
advanced atherosclerosis.

Different fat compositions such as inflammatory white adipose tissue, which has lower CT
attenuation than the metabolically active and anti-inflammatory brown adipose tissue, might
have a stronger influence on the atherosclerotic process (3,4,16). Previous studies described
the quantification of visceral adipose tissue attenuation in CT as indirect measures of fat
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composition, unraveling a relationship between lower fat CT attenuation and incident
metabolic risk factors as well as worsening of cardiovascular risk factors (14,15). In contrast
to investigations of visceral adipose tissue CT attenuation, the relationship between EAT
density measured by non-contrast cardiac CT and cardiovascular disease in asymptomatic
individuals has been poorly investigated.

Dysfunctional EAT has been described as a source of inflammatory mediators and has been
implicated in the precipitation of coronary atherosclerosis through its direct contact with the
adventitia of the underlying coronary arteries, and paracrine inflammatory effects
(7,8,11,12). In addition to that, results of the Framingham Heart study suggested a
correlation between increased EAT volume and serum levels of inflammatory biomarkers
(13). However, the relationship between EAT density and serum levels of inflammatory
biomarkers has not been studied before.

Therefore, in this sub-analysis of the prospective EISNER (Early Identification of
Subclinical Atherosclerosis using Non-invasivE Imaging Research) trial we aimed to
investigate whether EAT volume and density are related to serum levels of plaque
inflammatory markers in asymptomatic subjects as a potential trigger for the development of
coronary atherosclerosis. Furthermore, we aimed to investigate whether increased EAT
volume and lower EAT density could be observed in subjects with early coronary
atherosclerosis or major adverse cardiac events (MACE, defined by cardiac death and
myocardial infarction).

2. Methods
2.1. Study population

We evaluated 456 randomly selected subjects from the EISNER 1 and 4 sub-study (n=2614)
of the prospective single-center EISNER trial (NCT00927693); in our subjects, both serum
collection of inflammatory biomarkers and non-contrast cardiac-CT were performed. The
EISNER trial represents a community-based cohort of asymptomatic subjects who
underwent complete cardiovascular risk assessment and coronary calcium scanning. The
EISNER participants were middle-aged subjects, with cardiovascular risk factors, but no
prior known CAD. Subjects with any cardiac or cerebrovascular disease or chest pain, age
>80 years, pregnancy, significant medical comorbidity or prior coronary calcium scanning
were excluded (17). The trial was conducted under the guidelines of the Cedars-Sinai
Medical Center Institutional Review Board, and all subjects gave written informed consent
for the use of their data. In a sub-analysis of 292 individuals (64%) prospective long-term
follow-up from 11/10/2000 to 10/08/2017 (mean 13.2 years + 2.1 years, median 13.5 years)
for subsequent MACE (defined by myocardial infarction and cardiac death) was performed.
MACE was confirmed by direct contact between research staff and the subjects or their first-
degree relatives, followed by a review of corresponding medical or death records by an
independent cardiologist. In the long-term follow-up, 13 patients experienced myocardial
infarctions and two patients deceased due to cardiac death.
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2.2. Cardiac computed tomography

Non-contrast CT scans were acquired using either an Electron Beam CT (EBCT) scanner (e-
Speed, manufactured by GE Healthcare, Milwaukee, WI, USA) or a 4-slice CT scanner
(Somatom Volumezoom, Siemens Medical Solutions, Erlangen, Germany) with prospective
ECG-triggering, and a tube voltage of 120 kVp; slice thickness was either 2.5 or 3.0 mm.
Each scan was analyzed using semi-automatic commercially available calcium scoring
software (Sclmage, Inc., Los Altos, CA, USA) to measure the total Agatston coronary
calcium score (CCS) as the sum of calcified plaque scores of all coronary arteries (6). CCS
was reported in three categories as no coronary calcium (CCS of 0), early atherosclerosis
(CCS 1-99) and more advanced atherosclerosis (CCS =100) (10,18).

2.3. Quantification of EAT density and volume

We defined EAT as all adipose tissue enclosed by the pericardium. EAT volume and density
were quantified using semi-automated QFAT version 2.0 software from non-contrast CT
developed at the Cedars-Sinai Medical Center (19). After estimating cardiac orientation and
aligning a heart model the pericardium was automatically segmented in the non-contrast data
sets. We used the pulmonary artery bifurcation as the superior limit and the level of the
posterior descending artery as the inferior limit of the heart. Contour and slice limits were
corrected by a CT reader with over 3 years of experience blinded to subject characteristics
and clinical data. EAT volume (reported in cm3) and density [reported in Hounsfield units
(HU)] were automatically calculated by including contiguous three-dimensional fat voxels
between the HU limits of (=190, —30) enclosed by the visceral pericardium. EAT volume
and density were assessed in relation to CCS of 0, 1-99 and =100.

2.4. Serum biomarkers

Serum samples were collected at the time of the CT scan and immediately centrifuged and
stored at —80 degree°C until assayed. Adipocytokines and inflammatory serum biomarkers
including interleukin 6 (IL-6), monocyte chemoattractant protein 1 (MCP-1), endothelial
plasminogen activator inhibitor 1 (PAI-1), adiponectin, vascular cell adhesion molecule 1
(VCAM-1), soluble intercellular adhesion molecule 1 (sSICAM-1), soluble endothelial cell-
selective adhesion molecule (ESAM), lymphotoxin beta receptor (LTBR), myeloperoxidase
(MPQ), neutrophil gelatinase-associated lipocalin (NGAL), macrophage inflammatory
protein 3 (MIP3A), chemokine (C-X-C motif) ligand 1 (CXCL1), peptidoglycan recognition
proteins (PGRPs), caspase 3, angiotensinogen and C-reactive protein (CRP), were measured
by an independent fully blinded laboratory (Biosite, San Diego, CA, USA). Furthermore,
BNP, BNP 3-108, CK-MB, myoglobin, troponin I, D-dimer and a fasting lipid profile were
measured in the serum samples of the individuals.

2.5. Statistical analysis

Statistical analysis was performed using SPSS software (IBM® SPSS® statistics, version 24
for Windows, Armonk, NY, USA). All continuous variables were expressed as mean +
standard deviation (SD), and categorical variables as frequencies and percentage. Group-
wise comparisons were performed with one-way analysis of variance (ANOVA) with Sidak
correction to test between pairs as well as the Kruskal-Wallis test where the assumptions for
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ANOVA could not be met. Pearson or Spearman rank correlations were calculated to
determine the relationships between EAT measures and serum biomarkers. Binary logistic
regression was performed to examine EAT measures in relation to CCS and DM. We also
evaluated the relationship between EAT measures and serum biomarkers using multivariable
linear regression after adjusting for age, BMI, log-transformed CCS and number of
traditional cardiovascular risk factors including DM, arterial hypertension, hyperlipidemia,
smoking and family history of CAD. The association of EAT measures with MACE during
follow-up was assessed using Cox regression models. A p-value of <0.05 was considered
statistically significant.

3. Results

3.1. Study population

456 subjects (mean age 60.3+8.3 years; 64% male) were included in this analysis, with
detailed characteristics of the study cohort summarized in Table 1. The mean number of
cardiovascular risk factors per subject was 1.8 and in 312 patients (68%) there was evidence
of coronary calcification.

3.2. EAT volume and density in relation to presence of coronary artery calcium

EAT volume was significantly greater in subjects with coronary calcium versus those
without coronary calcium [89 cm? (mean 95%CI:84.4-93.5 cm3), versus 74 cm3 (mean
95%CI:69.5-79.7 cm?), p<0.001] (Figure 2 and 4). However, comparing to early
atherosclerosis (87 cm3+42), more advanced atherosclerosis did not exhibit significant
difference in EAT volume (89 cm3+38, p=0.93) (Figure 4). EAT volume was also
significantly higher in subjects with DM than in those without (111 cm3+47 vs. 80 cm335,
p<0.001).

In a sub-analysis of the CCS groups CCS<100, CCS 100-399 and CCS =400, the mean EAT
volume of group CCS<100 [87 cm3, mean 95%CI:80.7-94.9 cm?3] was higher compared to
CCS group 100-399 [85.6 cm? (mean 95%C1:78.7-92.4 cm?3) p=0.998] and not significantly
lower compared to CCS group =400 [96.5 cm? (mean 95%CI: 86-106.9 cm3), p=0.537]. In
binary logistic regression analysis, EAT volume =125 cm3 was the patient characteristic with
the strongest association to DM [Odds Ratio (OR) 2.2 (95%Cl: 1.1-4.6), p=0.03], over log-
transformed CCS (p=0.014), BMI (p<0.001), family history of CAD (p=0.036) and other
risk factors (p>0.05).

EAT density was significantly lower in subjects with coronary calcium compared to subjects
with no coronary calcium [-76.9 HU (mean 95%Cl: -77.6 to —76.2 HU) vs —75.7 HU
(mean 95%Cl: -76.4 to —=74.9 HU), p=0.024]. In comparison of three CCS categories no
significant difference was observed in the mean EAT density between subjects with no
coronary calcium (=75.7 HU£4.07) and subjects with early atherosclerosis (=75.8 HU+3.98,
p=0.552). However, more advanced atherosclerosis was associated with lower EAT density
(=77.9 HU£4.90) when compared to subjects with no coronary calcium (p=0.002) (Figure
3). Furthermore, subjects with more advanced atherosclerosis showed a significant lower
EAT density compared to subjects with early atherosclerosis (p=0.011) (Figure 3). As CCS
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increased from 0 to 100-399 and then to =400, the mean EAT density decreased from —-75.7
HU to —78.2 HU (mean 95%CIl: -79.7 to —76.6 HU, p=0.01) and then to —78.5 HU (mean
95%Cl: —80.6 to —76.4 HU, p=0.023) respectively.

In bivariate correlation analysis EAT density was inversely correlated to EAT volume (r=
-0.69, p<0.001), BMI (r=-0.21, p=0.001), log-transformed CCS (r=-0.17, p=0.006) and
CCS categories (r=—0.18, p=0.004). The presence of DM or other patient characteristics
such as age, arterial hypertension, hyperlipidemia, smoking and family history of CAD were
not correlated with EAT density.

3.3. EAT density and volume in relation to serum levels of inflammatory biomarkers and

MACE

In bivariate correlation analysis EAT density was significantly correlated with serum levels
of adiponectin, SICAM-1 and HDL-cholesterol and inversely correlated with PAI-1 and
triglyceride (Table 2). In multivariate regression analysis adjusted for age, BMI, EAT
volume, CCS and number of cardiovascular risk factors, EAT density was independently
positively correlated with serum levels of adiponectin, SICAM-1 and HDL-cholesterol and
inversely correlated with PAI-1, LDL-cholesterol and triglyceride (all p<0.05, Table 2).

As summarized in Table 3, in bivariate correlation analysis increased EAT volume was
significantly correlated with serum levels of PAI-1, MCP-1, VCAM-1, triglyceride,
myoglobin and inversely correlated with adiponectin, angiotensinogen and HDL-cholesterol
(all p<0.05), while CCS was not significantly correlated with levels of serum biomarkers
(p>0.05). In multivariate regression analysis adjusted for age, BMI, CCS and number of
cardiovascular risk factors, EAT volume remained independently associated with PAI-1,
MCP-1 and triglyceride and inversely associated with adiponectin and HDL-cholesterol (all
p<0.05, Table 3).

292 (64%) subjects completed long-term follow-up (mean long-term follow-up 13.2 years

+ 2.1 years, median 13.5 years). In univariate analysis, the subjects who experienced cardiac
death or myocardial infarction had significantly higher EAT volumes and significantly lower
EAT densities compared to subjects without MACE [135 cm?3 (mean C195%: 111.4-158.6
cm3) versus 79.3 cm? (mean C195%: 75.4-83.2 cm?), p<0.001] and [-81.3 HU (mean
Cl195%: —83.6.4 to —79.0 HU) versus —75.8 HU (mean C195%: —76.3 to —=75.3 HU,
p<0.001]. In multivariable Cox analysis adjusted for log-transformed CCS and ASCVD risk
score (Pooled Cohort Equations), EAT volume =125 cm3 was the only variable
independently associated with MACE [(Hazard Ratio (HR) 4.6, C195%: 1.6-13.1), p=0.004]
(Table 4). When EAT density was included, EAT density was more significantly associated
with MACE [(HR 0.8, CI195%: 0.7-0.98), p=0.029] than EAT volume or log-transformed
CCS [(HR 1.5, CI95%: 1.1-2.1), p=0.017] (Table 4).

4. Discussion

There are three main findings in our study investigating the relation of EAT density and
volume quantified using non-contrast cardiac CT with early coronary atherosclerosis, plaque
inflammatory markers and MACE in asymptomatic subjects. First, EAT volume was
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significantly increased in subjects with early atherosclerosis compared to subjects with no
coronary calcium, and similar to subjects with advanced atherosclerosis; suggesting
increased EAT volume might not be restricted only to more advanced atherosclerosis.
Second, mean EAT density and volume were significantly related to serum levels of lipids
and plaque inflammatory markers. Third, increased EAT volume and lower EAT density
were related to MACE.

4.1. EAT volume and density in relation to presence of coronary artery calcium

In our study EAT volume was significantly higher in subjects with coronary calcium
compared to subjects with no coronary calcium, however, without significant difference in
subjects with a CCS of 1-99 compared to CCS 100-399 or CCS >400. Mahabadi et al.
described an association of EAT volume with coronary events even among subjects with no
or early atherosclerosis (CCS<100) potentially supporting the hypothesis that EAT might be
linked with future coronary events through different mechanistic pathways than coronary
calcification, such as a link to early and noncalcified plagque burden (10). Our study further
showed that subjects in early atherosclerosis group had higher amounts of epicardial fat,
similar to advanced atherosclerosis.

EAT density was significantly lower in subjects with coronary calcium or a CCS =100
compared to subjects with a CCS of 0. The study of Franssens et al. also described an
association between lower EAT density and greater extent of coronary artery calcification
(4). Recently Abazid et al. reported that lower EAT density (HR 0.879; 95%C1:0.817-0.946;
p=0.001) is independently associated with a higher prevalence of subclinical CAD as
defined by a CCS>0.

Brown adipose tissue, a metabolically active adipose tissue with anti-inflammatory and anti-
apoptotic effect, is in contrast to white adipose tissue related to higher CT attenuation and
more common in the healthy state (4,16,20). Our finding that lower EAT density is related to
higher BMI and higher CCS, as recently described for lower CT attenuation of visceral
adipose tissue (14,15), suggests the presence of inflammatory white EAT is linked to higher
cardiovascular risk.

4.2. EAT volume and density in relation to serum levels of lipids and inflammatory
biomarkers and MACE

In multivariate regression analysis EAT volume and density were associated with serum
levels of lipids. Hell et al. also reported that EAT density was inversely correlated to plasma
levels of LDL-cholesterol and triglyceride and positively correlated with plasma levels of
HDL-cholesterol (24). In the study of Harada et al. increased EAT volume was also related
to serum levels of triglyceride and HDL-cholesterol (32). This association of lipid levels and
EAT measures may be explained by the established association between increased EAT
volume and metabolic syndrome as well as by the storage of triglycerides in EAT to supply
free fatty acids for myocardial energy production (5).

In our study, increased EAT volume was independently associated with serum levels of
PAI-1 and MCP-1 and inversely associated with serum levels of adiponectin, which was
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described previously (27,28). To our knowledge this is the first description of a significant
positively association of EAT density with serum levels of adiponectin and inversely
correlation with serum levels of PAI-1, independently of potential confounders such as EAT
volume, age, cardiovascular risk factors, BMI and CCS.

Monocyte chemoattractant protein 1 (MCP-1) is an adipocytokine that recruits monocytes
into the developing atheroma and might play a central role in vascular inflammation and
progression of atherosclerosis (29).

The activity of plasminogen activator inhibitor-1 (PAI-1) has been shown to play a key
role in thrombus formation upon unstable atherosclerotic plague rupture through the
inhibition of fibrin clot breakdown (30). A close correlation between plasma level of PAI-1
with increased rate of myocardial infarction was described previously (31).

Adiponectin is secreted by adipose tissue and a low adiponectin expression has been
reported to be associated with acute coronary syndrome and progression of atherosclerosis
because of its anti-inflammatory and anti-atherogenic effects (23). In the study of Otake et
al. a reduced serum level of adiponectin was associated with an increase in necrotic core
ratio in both culprit and non-culprit lesions in patients with acute coronary syndrome (9).

Our study is also the first to show that subjects who experienced cardiac death or myocardial
infarction had significantly higher EAT volume and significantly lower EAT density
compared to subjects without MACE. In multivariable Cox analysis adjusted for CCS and
ASCVD risk score, EAT volume =125 cm? was the only variable independently associated
with MACE, consistent with previous studies (8,10). Interestingly, EAT density, when
included in the Cox analysis model, was more significantly associated with MACE than
EAT volume suggesting that the measurement of EAT density in addition to EAT volume in
non-contrast cardiac CT datasets might add valuable information in improving
cardiovascular risk assessment in asymptomatic individuals. Lu et al recently reported that
subjects with high-risk plaque had significantly lower mean EAT density compared to
subjects without high-risk plaque (21). Though this relationship did not remain significant in
multivariable analysis (21), the composition of EAT might play an important role in the
development of high-risk plaque features increasing the risk for MACE.

Adipose tissue with lower CT attenuation is related to adipocyte hypertrophy and
hyperplasia following excess lipid accumulation in diet-induced obesity and insulin
resistance (4,14,25). This unfavorable metabolic and dysfunctional state is associated with
systemic low-grade inflammation (4,14,25). Adipocyte hypertrophy leading to a reduced
capillary density, can induce hypoxia resulting in necrosis among the adipose tissue and
might trigger an inflammation process to induce coronary atherosclerosis through its direct
contact with the coronary arteries (12,15,26). In summary, inflammatory white adipose
tissue, which has lower CT attenuation than the metabolically active and anti-inflammatory
brown adipose tissue, might trigger the atherosclerotic process (4,16).

From our results, the serum level of plaque inflammatory markers, the presence of coronary
calcium and MACE were associated to an increased EAT volume and to lower EAT density.
Such excess and potentially inflammatory EAT has been implicated in the precipitation of
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coronary atherosclerosis through its direct contact with the adventitia of the underlying
coronary arteries, and paracrine inflammatory effects (7,8,11,12). Indeed, convincing data
indicate that dysfunctional EAT emits adipocytokines through paracrine or “vasocrine”
mechanisms, interacts directly with the underlying coronary vasculature (7,11,12,27). Our
findings support the hypothesis that a dysfunction of EAT may be linked to subclinical
atherosclerosis in asymptomatic subjects not only by shared cardiovascular risk factors but
also through its underlying source of inflammatory mediators potentially triggering
atherosclerosis (11). Consequently, the CT measurements of quantity and quality of EAT
might add valuable information in the cardio-vascular risk assessment of asymptomatic
individuals.

Our study represents a large, community-based cohort of asymptomatic subjects without
known CAD, utilizing precise semi-automated methods to measure EAT volume and density,
and availability of a large panel of serum biomarkers. To our knowledge, our study is the
first to examine EAT density as well as volume and in relation to inflammatory serum
biomarkers and MACE in asymptomatic subjects. Thus, the interference between serum
levels of plaque inflammatory biomarkers and EAT measures requires further investigation.

5. Limitations

Several other limitations of our study deserve additional consideration besides the single-
center design. Injection of contrast media was not done because of the population-based
study design including asymptomatic subjects. Consequently, measurements of noncalcified
plaque features, coronary artery stenosis and pericoronary fat were not possible. The
EISNER trial included only asymptomatic subjects with no prior history of CAD. Thus, our
results may not be applicable to symptomatic subjects or subjects with known CAD, but are
rather more representative of the general asymptomatic population.

6. Conclusion

EAT volume was significantly increased in subjects with coronary calcification without a
significant difference in EAT volume in subjects with early or advanced atherosclerosis,
suggesting increased EAT volume might not be restricted to subjects with more advanced
atherosclerosis. Lower EAT density and increased EAT volume were associated with
presence of coronary calcification, serum levels of plaque inflammatory markers and lipids
as well as with MACE, suggesting that dysfunctional EAT may be linked to adverse cardiac
events, early plague formation, metabolic abnormality, and inflammation. Thus,
measurements of EAT volume and density from non-contrast cardiac CT add information
regarding the “activity” of the atherosclerotic process, potentially adding meaningful to
cardio-vascular risk assessment in asymptomatic individuals, independent of coronary
calcium score categories.
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Figure 1.
Epicardial adipose tissue (EAT) quantification. Figure showing 3-D EAT quantification of a

55 years old asymptomatic (BMI 29.6 kg/m2) man with a history of hyperlipidemia, an EAT
volume of 225 cm?3 and a coronary calcium score (CCS) of 35.5. EAT is highlighted in
purple color.
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Figure 2.
Coronary calcium score (CCS) categories and epicardial adipose tissue (EAT) volume.

Figure showing different degrees of CCS and EAT volume. Epicardial fat (purple) was
identified on approximately the same slice in three different study individuals. The CCS and
EAT volume increases from Figure 2a—2c. a CCS 0 and EAT volume 41 cm3, b CCS 73.8
and EAT volume 111 cm3, ¢ CCS 538.6 and EAT volume 112 cm?.
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Figure 3.

Epicardial adipose tissue (EAT) density and coronary calcium score (CCS) categories.

Figure showing the relation of mean EAT density to CCS categories.

J Cardiovasc Comput Tomogr. Author manuscript; available in PMC 2019 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Goeller et al.

140

Mean EAT volume (cm3)
¥ 58 8 38 8 B

o

p=0.0014
p=0.016 p=0.93
[ | [ |
87 cm? 89 cm?
74 cm®
ccso CCS 1-99 CCS2100

Coronary calcium score categories
CCSO mCCS1-99 mCCS=2100

Figure 4.

Epicardial adipose tissue (EAT) volume and coronary calcium score (CCS) categories.

Figure showing the relation of mean EAT volume to CCS categories.
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Demographic and clinical characteristics of the study population. Mean + SD are included for continuous

variables.

Demographic and clinical characteristics

Overall cohort (n=456)

Demographics

age

Male

BMI (kg/m?)

CCS 0/CCS 1-99/CCS =100

60.3+8.3 years
291 (64%)
27.2+4.7
31.5%/31.5%/37%

Diabetes mellitus
Hypertension
Hyperlipidemia

Smoking

Family history of CAD
ASCVD risk score
Cholesterol level
HDL-/LDL-cholesterol level

Systolic/diastolic blood pressure

Cardiovascular risk factors, lipid levels and blood pressure

51 (11%)
252 (56%)
314 (70%)
44 (10%)

137 (30%)
11395
207.3+42.0
53.7£16.3/127.0437.5
133.1+17.4/82.4+10.6

Medication (%)
Lipid-lowering medication

Antihypertensive medication

149 (34%)
147 (36%)

Cardiac CT measurements

Coronary calcium score 2344514
EAT volume (cm3) 83.9+38.0
EAT density (HU) -76.2+4.32
Prospective follow-up (n=292)

Duration of follow-up (years) 13.2+2.1
Myocardial infarction and cardiac death 15/292

BMI denotes body mass index; CAD, coronary artery disease; CCS, coronary calcium score; EAT, epicardial adipose tissue; HU, Hounsfield units;

SD, standard deviation; ASCVD risk score, lifetime risk for atherosclerotic cardiovascular disease.
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Table 4

Multivariable Cox analysis of patient characteristics and major adverse cardiac events

Patient characteristics Hazard Ratio (95% CI) p-value

Model 1

ASCVD risk score - 0.83
Log-transformed CCS 1.2 (0.99-1.5) 0.053
EAT volume 2125 cm® 4.6 (1.6-13.1) 0.004

Model 2 (=Model 1 + EAT density)

ASCVD risk score - 0.72
Log-transformed CCS 15(1.1-2.1) 0.017
EAT volume 2125 cm3 2.3 (0.6-8.8) 0.2
EAT density 0.8 (0.7-0.9) 0.029
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