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Introduction 

COVID-19, caused by the SARS-CoV-2 virus, was 
first detected in December 2019. The rapid spread 
of this disease has resulted in over 6 million 
deaths and has become a global health crisis (1). 
Therefore, COVID-19 must be thoroughly 
investigated and its pathophysiology must be 
clearly understood. Current research has identified 
several risk factors for severe COVID-19, 
including age, smoking history, hypertension, 
diabetes mellitus, and obesity (2-4). Among these 
factors, obesity - particularly visceral obesity - is 
thought to exacerbate disease severity by 
increasing inflammation (5). Studies have shown 
that visceral adipose tissue (VAT) is hormonally 
active and influences metabolic regulation via the 
inflammatory cytokines it secretes (1-6). The two 
primary parameters used to assess VAT are 
abdominal visceral adipose tissue and epicardial 

adipose tissue (EAT), both measured by computed 
tomography (CT) (7). In particular, EAT has been 
shown to trigger proinflammatory cytokine release 
via angiotensin-converting enzyme 2 (ACE2) and 
to induce myocardial cell death via a paracrine 
effect (8). Routine thickness or volume 
measurements on chest CT images are used to 
assess EAT in patients. Given the success of EAT 
in predicting prognosis in chronic lung disease, 
researchers have begun to question whether EAT 
could serve as a novel biomarker for COVID-19. 
All studies to date have reported a positive 
correlation between EAT thickness or volume at 
diagnosis and COVID-19 disease severity. 
However, to our best knowledge, there is no study 
that investigates the relationship between changes 
in EAT volume - an active endocrine tissue - 
during the course of COVID-19 (9-11). 

In this study, we aimed to determine the 
relationship between changes in EAT volume 
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during the course of COVID-19 and mortality, 
while also highlighting the active role of EAT in 
the pathophysiology of the disease by examining 
its volume changes in relation to laboratory 
markers such as cardiac troponin I (cTnI), IL-6, 
D-dimer and ferritin. 

Materials and Methods 

Study Design: This study is a retrospective 
observational study conducted at our institution. 
This study was approved by the International 
Review Board of our institution (approval 
number: E1-21-2113) and was conducted in full 
accordance with the tenets of the Declaration of 
Helsinki. Informed consent could not be obtained 
from the patients because this was a retrospective 
study.  

All subjects admitted to the hospital between March 
2021 and April 2021 with a diagnosis of SARS-CoV-2 
confirmed by PCR test were analyzed. Patients' 
medical information was anonymized for research 
purposes.  Patients who had undergone two thoracic 
CT scans during hospitalization were included in the 
study. The first CT scans were taken during the 
patient’s admission to the hospital. The mean interval 
between two CT scans was 21 days.  Exclusion 
criteria are shown in Figure 1. Demographic 
information, laboratory findings, and comorbidities 
were obtained from the hospital information 
management and automation system. Additionally, 
medical histories and outcomes, including mortality 
due to COVID-19, were documented. While those 
who were hospitalized due to COVID-19 and 
survived were defined as the survivor group, those 
who lost their lives due to COVID-19 were defined as 
the non-survivor group. 

Image Acquisition and Image Evaluation: All 
scans were acquired on a 128-slice CT (GE 
Revolution EVO, GE Medical Systems, Milwaukee, 
WI, USA) with the patient in the supine position 
during inspiration and without an intravenous 
contrast agent.  Acquisition parameters included a 
tube voltage of 120 kV, a tube current of 180-300 
mA, a spiral step factor of 0.98, a collimation 
thickness of 0.625 mm, a slice thickness of 1.3 mm, 
and sharp kernel reconstruction for image clarity. 

EAT volume was assessed quantitatively using 
segmentation software (GE Medical Systems, 4.7 
version, Milwaukee, WI, USA). The density of 
EAT was determined using Hounsfield units 
ranging from -30 to -190. The superior border of 
EAT measurements was determined as the 
pulmonary trunk bifurcation. The inferior border 

of EAT was determined as the posterior 
descending coronary artery in the inferior 
atrioventricular groove. The contour of the 
epicardium was automatically drawn by the 
software and corrections were made by 
radiologists if necessary. Nine patients whose 
epicardial contour could not be clearly seen due to 
artifacts were excluded from the study. 

Statistical analysis: Statistical analyses were 
performed using the R programming language. 
Differences between the two groups were 
evaluated using the Wilcoxon rank-sum test. The 
EAT volume (cm³) values between the two groups 
were compared using an independent two-sample 
t-test, and Mann-Whitney U tests were applied to 
the cTnI and EAT volume (cm³) variables. A 
logistic regression model was constructed to 
predict survival outcomes in COVID-19 patients 
based on significant variables. These variables 
included D-Dimer, Ferritin, HDL, IL-6, LDH, 
LDL, N/L Ratio, Spleen Density (HU), Test Date, 
Total Cholesterol, cTnI, and EAT volume (cm³). 
The model's diagnostic performance was assessed 
using ROC curve analysis, and post-hoc power 
analysis was conducted for the significant p-

values.  p-value < 0.05 was considered statistically 
significant. 

Results 

Among 134 patients (76 women and 58 men), 
included in the study 64 patients (47.7%) died due 
to COVID-19. The mean age of those who died 
was 70.2 years, whereas the mean age of the 
survivors was 61.1 years.  36 (56%) of the group 
of non-survivors and 40 (57%) of the group of 
survivors were male. There was no difference 
between the two groups in terms of gender.  
Significant differences were observed in the 
laboratory markers of IL-6, D-dimer, ferritin, 
cTnI, LDL, and total cholesterol between the two 
groups (p < 0.001; 0.002; 0.04; <0.001; 0.01 and 
0.03, respectively).  The non-survivor group 
demonstrated elevated levels of D-dimer, IL-6, 
cTnI, and ferritin in comparison to the survivor 
group (Table 1). On the CT scan taken at the time 
of first hospitalization, the EAT volume was 132 

cm3 (± 37.84) in the survivor group and 148.9 

cm3 (± 64.29) in the non-survivor group. The 
change in EAT volume between two CT scans 
were evaluated for each patient (Fig 2). Upon 
evaluating the changes in EAT between the two 
groups, a significant difference was observed 
(p<0.001) (Fig. 3).  EAT  volume decreased  more  
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Table 1: Comparison of Groups In Terms of Laboratory Markers 

Laboratory Findings Non-survivor group (n: 64) Survivor group (n: 70) p value 

CRP 0.10 ± 0.082 3.79 ± 21.79 0.98 

cTnI 665.03± 2422.6 13.49 ± 33.10 <0.001* 

D-dimer 5.38 ± 6.88 3.16 ± 6.34 0.002* 

Ferritin 3032.27 ± 7884.40 418.70 ± 430.58 0.04* 

IL6 412.95 ± 1489.67 328.43 ± 1688.81 <0.001* 

LDL 71.26 ± 40.44 93.52 ± 43.74 0.01* 

Total cholesterol 128.00 ± 59.02 157.03 ± 65.29 0.03* 

Triglyceride 150.72 ± 99.22 68.91 ± 95.54 0.1 

Data are shown as mean ± SD 
CRP: C-reactive protein; IL6: Interleukin 6; LDL:  low-density lipoprotein, cTnI: Cardiac Troponin I 

*p value < 0.05 was considered statistically significant 

 

 
Fig. 1. Flowchart of the study 

 
in the non-survivor group than in the survivor 
group. 

ROC curve analysis was conducted to evaluate the 
power of EAT volume changes and laboratory 
markers to predict mortality (cTnI, IL-6, D-dimer,  

 
Fig. 2. EAT volume change in a patient who died due 
to COVID-19. a) EAT volume measurement on CT 
taken at the time of application.  b) EAT volume 
measurement on CT taken 21 days after application  

 

 
Fig. 3. EAT volume (cm3) change distribution by 
group 
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Fig. 4 ROC curve analysis of EAT volume changes 
and laboratory markers (cardiac troponin I, IL-6, D-
dimer and ferritin) 

 
and Ferritin). The optimal cut-off value for EAT 
volume change was −3.78%, corresponding to a 
sensitivity of 87.5% and a specificity of 74.3% 
(AUC 0.867) (Fig. 4).  When power assessment 
was performed on data with significant p-values, 
cTnI (AUC 0.92) and EAT volume change (AUC 
0.86) showed the highest power to predict 
mortality (Fig. 3).  In contrast, ferritin (AUC 0.64) 
exhibited the lowest power to predict mortality.  

Discussion 

COVID-19 primarily targets the respiratory 
system, but it has been reported in the literature to 
lead to multiple organ failure by impacting various 
systems, including the heart, kidneys, and 
vasculature, ultimately increasing mortality and 
morbidity (12). 

VAT, located in the mesentery and omentum, has 
a more complex cellular, vascular, and neural 
structure than subcutaneous adipose tissue. It 
contains more inflammatory and immune cells, 
less preadipocyte differentiation capacity, and a 
greater number of large adipocytes (13).  

EAT is a component of VAT, and in particular, it 
and the myocardium share a microcirculation that 
allows rapid exchange of inflammatory and 
metabolic chemicals (11). This anatomical 
relationship implies that under acute or chronic 
inflammatory conditions, these interactions may 
adversely affect cardiovascular function. Changes 
in epicardial adipogenesis trigger the secretion of 
pro-inflammatory adipokines that contribute to 
atrial and ventricular damage (14,15). In the 

context of COVID-19, EAT is thought to play a 
role in creating an imbalance between the 
production of anti-inflammatory and pro-
inflammatory adipokines, thereby contributing to 
the enhanced cytokine storm and multisystem 
involvement observed in severe COVID-19 cases 
(9). Increased EAT accumulation has been shown 
to correlate with increased cardiac injury and a 
hypercoagulable state through its influence on 
fibrinogen levels, thereby increasing the risk of 
COVID-19 severity and mortality. The 
prothrombotic and inflammatory adaptive 
responses to SARS-CoV-2 infection, combined 
with direct myocardial injury, have been associated 
with a higher risk of cardiovascular complications 
in COVID-19 (16,17). Greater EAT thickness was 
associated with an increased risk of in-hospital 
myocardial infarction and elevated cardiac 
troponin levels, possibly indicating direct 
cardiovascular injury. Our results are consistent 
with existing findings in the literature indicating 
that troponin levels are a robust biomarker of 
cardiac damage associated with SARS-CoV-2 
infection. Furthermore, our results indicate that 
EAT volume change may serve as a valuable 
biomarker in the assessment of cardiac effects 
associated with the disease.  

In this analysis, we investigated how EAT, known 
to be an important prognostic biomarker in 
cardiovascular disease, changes during the clinical 
course of COVID-19, which is known to cause 
direct cardiac damage, including myocarditis. Due 
to the high spatial resolution of CT and the 
distinct attenuation values of adipose tissue, EAT 
volume and changes in EAT can be measured 
accurately and precisely (13,18). Recent literature 
has shown a positive correlation between EAT 
volume and COVID-19 disease severity (19,20). 
Although there is some variation between studies, 
it has been reported that the disease is more 
severe in patients with an EAT volume of 
approximately 97 cc and above (19,20).  

Although several studies have investigated the 
relationship between EAT volume and COVID-19 
disease severity, our study is unique in highlighting 
the dynamic changes in EAT over time in 
COVID-19 patients that lead to mortality and in 
demonstrating the relationship between volume 
change and mortality. Furthermore, we highlighted 
that a decrease in epicardial adipose tissue volume 
of 3.78% or more during the clinical course of 
COVID-19 is highly valuable for predicting 
mortality. The decrease in EAT volume over time 
in COVID-19 patients who succumb to the 
disease may be attributed to the fact that EAT and 
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myocardium share the same microvascular 
circulation. Thus, the microvascular perfusion of 
the myocardium is compromised, affecting its 
metabolic functions and biochemistry. However, 
further multi-center, multi-participant clinical, and 
radiological correlated studies are required to 
confirm this hypothesis.  

The levels of CRP, d-dimer, ferritin, cardiac 
troponin, and IL-6 have shown to be elevated in 
patients with COVID-19 and can also be 
considered significant predictors of adverse 
clinical outcomes (21). The meta-analysis by Lippi 
et al. showed that elevated cTnI, a cardiac 
biomarker, can detect cardiac damage and predict 
disease progression (22). In our study, of all the 
laboratory markers, cTnI had the highest 
predictive value for mortality. The high diagnostic 
power of these biomarkers indicates a significant 
potential for use in clinical applications. 

The present study highlights the significant role of 
EAT volume changes in predicting mortality in 
patients with COVID-19. The findings 
demonstrate that a decrease in EAT volume 
exceeding 3.78% during hospitalization is a robust 
predictor of mortality, emphasizing its potential as 
a novel biomarker for risk stratification. 
Furthermore, the microvascular and endocrine 
interactions between EAT and the myocardium 
highlight its active contribution to the 
pathophysiology of the disease, including 
inflammatory and thrombotic processes. 

This study further validates the predictive utility 
of cardiac cTnI alongside EAT volume changes, 
both of which demonstrated high diagnostic 
power in mortality prediction. These findings 
provide a deeper understanding of the interplay 
between inflammation, cardiac injury and adipose 
tissue dynamics induced by SARS-CoV-2. 

The need for further studies with larger, 
multicenter cohorts and prospective designs is 
indicated to confirm these results and explore the 
long-term implications of EAT volume changes. 
The integration of EAT volume assessment with 
other laboratory markers in clinical practice holds 
the potential to enhance prognostic accuracy and 
guide individualized treatment strategies for 
patients with severe acute respiratory syndrome 
caused by the novel coronavirus. 

Limitations: This study has several limitations. 
First, its retrospective design inherently limits the 
ability to establish causality and introduces 
potential selection bias. Second, we did not 
include long-term follow-up data, which could 
provide valuable insights into the persistence of 

EAT volume changes and their long-term impact 
on cardiovascular health and overall prognosis in 
COVID-19 patients. Further prospective studies 
with larger cohorts and extended follow-up 
periods are warranted to confirm and expand 
upon our findings. Third, BMI, a major 
determinant of visceral adiposity and EAT 
volume, was not available for all patients and 
therefore could not be incorporated into the 
analysis. This omission may confound the 
relationship between EAT dynamics and mortality, 
as baseline adiposity could influence both EAT 
volume and clinical outcomes. Fourth, the cohort 
reflects patients from early 2021, a period before 
widespread vaccination and before standardized 
treatment protocols, including routine use of 
corticosteroids and antiviral agents. Consequently, 
the applicability of our findings to contemporary 
patient populations may be limited. Finally, the 
pathophysiological mechanisms we propose to 
explain the association between decreases in EAT 
volume and mortality—such as microvascular 
injury, metabolic stress, and altered adipokine 
profiles—are hypothetical and were not directly 
investigated in this study. Future mechanistic and 
prospective studies integrating imaging, 
biochemical, and clinical data are needed to 
validate these hypotheses. 
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