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ABSTRACT 
Objectives: The aims of this study were, to analyze epicardial adipose tissue and pre-sternal adipose tissue 
thicknesses and the relationship of the ratio of these two parameters with radiological progression, age, gender, 
concomitant diseases, hospitalization, length of hospital stay, need for intensive care and survival status of 
COVID-19 patients.  
Methods: In this retrospective study, a total number of 204 PCR-positive COVID-19 patients, who have initial 
lung computed tomography (CT) and a second CT within 15 days due to prolonged symptoms or suspected 
complications were included. According to patterns of lung involvement at the time of diagnosis, patients were 
divided into 4 groups. In initial CT scans, epicardial adipose tissue and pre-sternal subcutaneous adipose tissue 
thickness were measured. Progression or regression of the disease is evaluated by comparing the findings in 
initial and control CTs.  
Results: The mean age, epicardial adipose tissue thickness (EAT), pre-sternal adipose tissue thickness (PAT), 
and the EAT/PAT ratio of patients with involvement in both lungs were found to be higher than those in patients 
with one lung or without lung involvement and there was a statistically significant positive correlation between 
them.  
Conclusions: This study is thought to be the first in which epicardial adipose tissue and pre-sternal adipose 
tissue were evaluated together in COVID-19 patients. Epicardial adipose tissue is a metabolically active organ 
and measurement in initial CT scans may give an easy and quick idea of the evolution of the disease.  
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COVID-19 has emerged as a multisystem complex 
infectious disease that predominantly affects the 

lungs and has become a global health problem since it 
was first identified in December 2019. It is of vital im-
portance to learn about the effects of this pandemic, 
which continues to threaten human health worldwide. 

However, it is clear that defining and understanding 
the different pathogeneses and pathways that explain 
the severity of clinical findings can facilitate the cre-
ation of possible treatment alternatives and the man-
agement of patients’ clinical findings [1].  
      Although most patients survive the disease without 
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symptoms or with mild symptoms, the disease results 
in hospitalization with severe symptoms in approxi-
mately 20% of cases, with 58% of patients requiring 
intensive care. Acute respiratory complications may 
require hospitalization in the intensive care unit for an 
extended period, and this is one of the major causes of 
mortality and morbidity in patients [2].  
      Computed tomography of the thorax is a highly 
sensitive method in the diagnosis of COVID19 pneu-
monia and in defining the severity of lung involve-
ment [3]. Epicardial adipose tissue is an active 
endocrine organ that modulates the metabolic environ-
ment of both the coronary arteries and myocardium 
[4]. Various studies have shown that EAT volume 
measured by CT is associated with lung function in 
both healthy individuals and patients with chronic lung 
disease [5, 6]. Furthermore, the relationship between 
CT-derived EAT measurement and circulating inflam-
matory markers, and cardiometabolic risk factors has 
also been demonstrated [7, 8]. There are assumptions 
that COVID-19 triggers an immune-mediated sys-
temic inflammatory response and that this inflamma-
tion affects the heart via EAT [9, 10]. Besides, EAT 
volume can potentially accelerate ectopic intrapul-
monary fat reserves and increase local lung infiltration 
[11, 12].  
      In the light of this information, the present study 
aims to analyze epicardial adipose tissue and pre-ster-
nal adipose tissue thickness and the relationship of the 
ratio of these two parameters to each other with radi-
ological progression, age, gender, concomitant dis-
eases, length of hospital stay, need for intensive care 
unit and survival status of patients.  
 
 
METHODS 
 
This retrospectively designed study examined initial 
lung CTs of patients with PCR-positive COVID19 in-
fection. Patients, who had a second CT within 15 days 
due to prolonged symptoms or suspected complica-
tions were included in the study. Patients younger than 
18 years of age, with a diagnosis of malignancy, un-
derwent thoracic surgery, and those presented with ac-
companying pleural effusion or trauma were excluded 
from the study.  
      The patients' age, gender, co-morbidities, length 
of hospitalization, need for intensive care unit, and 

survival status was researched. A total of 204 patients 
were included in the study. According to the lung in-
volvement pattern in the initial CT, 4 groups were 
formed; patients with pneumonia in both lungs (Group 
1), patients with pneumonia in one lung but more than 
one area (Group 2), patients with one focal lung infil-
tration (Group 3) and patients with normal lung find-
ings (Group 4).  
      CT imaging of all patients was performed with 
Philips Ingenuity 128 multi-slice CT device. At the 
time of diagnosis, epicardial adipose tissue thickness 
was measured at the level in the front of the right 
atrium, where it was the widest and pre-sternal subcu-
taneous adipose tissue thickness was measured from 
the mid-xiphoid bone level. Progression or regression 
evaluation was performed by comparing the findings 
in the second CTs. The relationship between epicardial 
adipose tissue thickness, pre-sternal fat tissue thick-
ness, and the ratio of these two to radiological progres-
sion, the duration of hospitalization, the need for 
intensive care and length of stay, and survival status 
were evaluated.  
      All procedures were performed by institutional 
ethics committee approval and the Declaration of 
Helsinki. Approval, numbered 2017-KAEK-120 
/2/2021.K-21, was obtained from the Ethics Commit-
tee of İstinye University.  
 
Statistical Analysis  
      The SPSS 25.0 (IBM Corporation, Armonk, New 
York, United States) program was used to analyze the 
variables. The conformity of the data to the normal 
distribution was evaluated with the Shapiro-Wilk 
Francia test, while the homogeneity of variance was 
evaluated with the Levene test. The Kruskal-Wallis H 
test was used according to the Monte Carlo simulation 
results to compare more than two groups with each 
other according to the quantitative data, while 's test 
was used for Post Hoc analysis. The Spearman's rho 
tests were used to examine the correlations of the vari-
ables with each other. In the comparison of categorical 
variables, the Pearson Chi-Square and Fisher-Free-
man-Holton tests were tested with the Monte Carlo 
Simulation technique, and the column ratios were 
compared with each other and expressed according to 
the Benjamini-Hochberg corrected p - value results. 
While quantitative variables were expressed as mean 
(standard deviation), Median (Minimum / Maximum), 
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and Median (Percentile 25 / Percentile 75) in the ta-
bles, categorical variables were shown as n (%). The 
variables were analyzed at the 95% confidence level 
and were considered significant when the p - value 
was less than 0.05.  
 
 
RESULTS 
 
The mean age of 204 patients was 45.62 ± 16.28 years 
and 130 (65%) were male. There was no statistically 
significant difference between the groups in terms of 
gender (p = 0.119). The mean epicardial fat thickness 
was 18.89 ± 13.76 mm, and the mean pre-sternal fat 
tissue thickness was 11.75 ± 5.66 mm, and the 
EAT/PAT ratio was 1.82 ± 1.5 in the whole study 
group. All the patients were researched for concomi-
tant diseases. The frequency of diabetes mellitus and 

bronchial asthma was found to be statistically signifi-
cantly higher in patients with involvement of both 
lungs (Group 1), compared to other groups (p = 0.023 
and p = 0.032, respectively). There was no significant 
difference between the groups in terms of the frequen-
cies of hypertension, coronary artery disease, and 
chronic obstructive pulmonary disease (p > 0.05). The 
comorbidities, CT findings, and clinical features asso-
ciated with COVID-19 are summarized in Table 1. 
The mean age, epicardial adipose tissue thickness, pre-
sternal adipose tissue thickness, EAT/PAT ratio, length 
of stay in the department and intensive care unit, and 
the mortality rates of the patients in Group 1 (both 
lung involvement) were found to be statistically sig-
nificantly higher than those in the other groups (p < 
0.05) (Table 2). The mean age of the patients in Group 
1 was significantly higher than that of the patients in 
the other groups (p < 0.001). The EAT thickness of the 
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patients in Group 1 was found to be significantly 
higher than in other groups (p < 0.001). Also, the pre-
sternal fat thickness was found to be significantly 
higher in Group 1 patients compared to that in Group 
2 and Group 3 patients (p = 0.004 and p < 0.001, re-
spectively). There was no significant difference be-

tween Group 1 and Group 4 in this respect (p > 0.05). 
In the comparison of Group 2, 3 and Group 4 patients 
to each other in terms of epicardial adipose tissue 
thickness, EAT/PAT ratio, and pre-sternal adipose tis-
sue thickness, no statistically significant difference 
was found (p > 0.05).  
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While a significant positive correlation was found be-
tween epicardial adipose tissue thicknesses and age, 
length of hospital stays, and follow-up periods in all 
patient groups (r = 0.518, p < 0.001; r = 0.250, p < 
0.001; and r = 0.270 p < 0.001, respectively), no cor-
relation was found between the length of intensive 
care stays (r = 0.117, p = 0.103). Again, there was a 
significant positive correlation between pre-sternal 
adipose tissue thickness and age, length of hospital 
stays, and follow-up periods of the patients (r = 0.219, 
p = 0.002; r = 0.230, p = 0.001; and r = 0.219 p = 
0.002, respectively), but no correlation was found be-
tween the pre-sternal adipose tissue thickness and the 
duration of intensive care unit (r = 0.024, p = 0.743).  
All groups showed a significant positive correlation 
between the EAT/PAT ratio and age (r = 0.407, p < 
0.001). A significant positive correlation was found 
between epicardial fat thickness, EAT/PAT ratio, and 
age in patients with involvement in both lungs (r = 
0.251 p = 0.021, r = 0.266 p = 0.014). There was a sig-
nificant positive correlation between epicardial adi-
pose tissue thickness and ward length of stay in 
patients with involvement in both lungs (r = 0.216, p 
= 0.047). There was also a significant positive corre-
lation between epicardial fat measurement and age in 
patients with involvement in one-lung (r = 0.460. p < 
0.001) (Table 3).  
      In the comparison made according to the progres-
sion of the control CT findings of the patients in Group 
1 and Group 2, it was found that there was no differ-
ence between EAT thickness, and the EAT/PAT ratio 
of the patients with and without progression (p > 0.05). 
However, in the evaluation of all patients, EAT thick-
ness and the EAT/PAT ratio of patients with progres-
sive CT findings were found to be statistically 
significantly lower (p < 0.001 and p < 0.001, respec-
tively).  
 
 
DISCUSSION 
 
The current study determined that there was a statisti-
cally significant positive correlation between epicar-
dial adipose tissue thickness, pre-sternal adipose tissue 
thickness, EAT/PAT ratio, age, and the length of hos-
pital stays of patients diagnosed with COVID-19. The 
mean age, EAT thickness, pre-sternal adipose tissue 
thickness, and the EAT/PAT ratio of patients with in-

volvement in both lungs were found to be significantly 
higher than those in patients with involvement in one 
lung or without lung involvement.  
      A high BMI (> 28 kg/m2) and diabetes mellitus 
were defined as two different independent risk factors 
that were also associated with the severity of COVID-
19 disease. According to the reports of the Center for 
Disease Control and Prevention of the People's Re-
public of China, cardiovascular diseases, chronic res-
piratory diseases, hypertension, diabetes mellitus and 
cancer increase the risk of death in patients diagnosed 
with COVID-19 [13]. These diseases mentioned in the 
published report occur as a result of chronic immune 
activation in the adipose tissue, liver, pancreas, and 
vascular system [14]. The contribution of obesity to 
the increase in inflammatory markers as a result of im-
mune activation is very important. The relationship 
between hypertension, cardiovascular disease, dia-
betes mellitus, respiratory disease pathogenesis, and 
obesity also supports this statement [15, 16]. In this 
study, the frequency of diabetes mellitus and asthma 
bronchial was found to be statistically significantly 
higher in patients with involvement of both lungs 
compared to that of other groups.  
      In previous studies, abdominal visceral adipose 
tissue measured by CT is associated with critical ill-
ness in COVID-19 patients [17], but there is not suf-
ficient data on thoracic fat stores. EAT measurements 
using CT are strongly associated with abdominal vis-
ceral adiposity and metabolic risk factors and coronary 
atherosclerosis [18, 19]. Considering the high spatial 
resolution of CT and the discrete attenuation values of 
adipose tissue, EAT volume and density can be meas-
ured easily and precisely [20]. Structural and func-
tional properties of visceral and subcutaneous adipose 
tissue differ from each other. There are molecular, 
physiological, clinical, and prognostic differences be-
tween subcutaneous and visceral adipose tissue in ad-
dition to the anatomical region and cellular structure. 
The visceral adipose tissue found in the mesentery and 
omentum has more cellular, vascular, and neural in-
nervation structure compared to the subcutaneous adi-
pose tissue and contains more inflammatory and 
immune cells, less preadipocyte differentiation capac-
ity, and a large number of large adipocytes [21]. It is 
thought that the imbalance between anti- and pro-in-
flammatory adipokine secretion from EAT may play 
a role in the formation of the cytokine storm in criti-
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cally ill COVID-19 patients. The relationship between 
EAT thickness and lung involvement in patients diag-
nosed with COVID19 disease in the current study may 
be important.  
      Different results have been shared in a few publi-
cations in the literature evaluating the relationship be-
tween EAT thickness and COVID-19 disease findings. 
In the study by Grodecki et al. [21], EAT thickness 
and EAT attenuation were reported to be associated 
with clinical worsening and mortality. Deng et al. [22], 
reported that EAT attenuation was lower in patients 
with severe COVID-19 compared to patients with 
mild disease, and EAT volume was found to be signif-
icantly higher in patients with severe COVID-19 dis-
ease. However, in a retrospectively designed study by 
Iacobellis et al. [23], non-gated CT scans of mild and 
severe COVID-19 patients were evaluated, and EAT 
thickness was not significantly different among pa-
tients with different severities of COVID-19, but EAT 
attenuation increased significantly with the increase in 
the severity of COVID-19 [24]. In the current study, 
epicardial adipose tissue and pre-sternal fat thickness 
were found to be antly higher in patients with involve-
ment in both lungs.  
      While the disease primarily affects the respiratory 
tract, it can lead to multi-organ failure and can be fatal. 
Acute respiratory complications may require hospital-
ization in the intensive care unit for a long time and 
constitute one of the major causes of mortality and 
morbidity in these patients [25].  
      Patients admitted to the intensive care unit are 
generally older and have multiple morbidities, includ-
ing hypertension and diabetes. Factors associated with 
increased mortality are advanced age, comorbid dis-
eases (hypertension, diabetes, cardiovascular diseases, 
chronic lung diseases, and cancer), high disease sever-
ity score, high D-dimer, high C-reactive protein levels, 
and high serum ferritin levels, lymphopenia, and sec-
ondary infections [26].  
      This study is thought to be the first study in which 
epicardial adipose tissue and pre-sternal adipose tissue 
were evaluated together in patients diagnosed with 
COVID-19. A significant positive correlation was 
found between epicardial fat thickness and EAT/PAT 
ratio and age in patients with involvement of both 
lungs. Again, a significant positive correlation was 
found between epicardial adipose tissue thickness and 
service length of stay in patients with involvement of 

both lungs.  
 
Limitations  
      While the retrospective design of our study, the 
presence of a relatively low number of patients, and 
the absence of body mass index data can be counted 
as shortcomings of the study, the combined evaluation 
of EAT and subcutaneous adipose tissue in patients 
with a diagnosis of COVID-19 can be considered 
strengths.  
 
 
CONCLUSION 
 
In conclusion, our current knowledge indicates that in-
flammation plays an important role in the develop-
ment and progression of COVID-19 disease. The 
epicardial adipose tissue which is a metabolically ac-
tive organ is accepted as a new marker of inflamma-
tion, it can be easily analyzed on CT scans. Especially 
in patients with both lung involvement, we can say 
that morbidity and mortality of COVID-19 patients in-
crease with increasing EAT/PAT ratio.  
 
Authors’ Contribution  
      Study Conception: FST, ŞYT; Study Design: FST, 
ŞYT; Supervision: FST, ŞYT; Funding: N/A; Materi-
als: N/A; Data Collection and/or Processing: FST, 
ŞYT GK; Statistical Analysis and/or Data Interpreta-
tion: FST; Literature Review: FST, ŞYT; Manuscript 
Preparation: FST and Critical Review: FST, ŞYT.  
 
Conflict of interest  
      The authors disclosed no conflict of interest during 
the preparation or publication of this manuscript.  
 
Financing  
      The authors disclosed that they did not receive any 
grant during conduction or writing of this study.  
 
 
REFERENCES 
 
1. Huang C, Wang Y, Li X. Clinical features of patients infected 
with 2019 novel coronavirus in Wuhan, China. Lancet 
2020;395:497-506.  
2. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epi-
demiological and clinical characteristics of 99 cases of 2019 
novel coronavirus pneumonia in Wuhan, China: a descriptive 

The European Research Journal   Volume 9   Issue 5   September 2023 846



Eur Res J 2023;9(5):840-847            Epicardial and pre-sternal fat associated with extent of COVID-19 pneumonia

study. Lancet 2020;395:507-13.  
3. Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, et al. Sensi-
tivity of chest CT for COVID-19: comparison to RT-PCR. Radi-
ology 2020;296:E115-7.  
4. Fitzgibbons TP, Czech MP. Epicardial and perivascular adipose 
tissues and their influence on cardiovascular disease: basic mech-
anisms and clinical associations. J Am Heart Assoc 
2014;3:e000582.  
5. Kwack WG, Kang Y-S, Jeong YJ, Oh JY, Cha YK, Kim JS, et 
al. Association between thoracic fat measured using computed 
tomography and lung function in a population without respiratory 
diseases. J Thorac Dis 2019;11:5300-9.  
6. Long BD, Stojanovska J, Brown RKJ, Attili AK, Jackson EA, 
Ognenovski V. Increased epicardial fat volume is independently 
associated with the presence and severity of systemic sclerosis. 
Acad Radiol 2017;24:1473-81  
7. Franssens CT, Nathoe HM, Leiner T, van der Graaf Y, Visseren 
FL. Relation between cardiovascular disease risk factors and epi-
cardial adipose tissue density on cardiac computed tomography 
in patients at high risk of cardiovascular events. Eur J Prev Car-
diol 2017;24:660-70.  
8. Goeller M, Achenbach S, Marwan M, Doris MK, Cadet S, 
Commandeur F, et al. Epicardial adipose tissue density and vol-
ume are related to subclinical atherosclerosis, inflammation and 
major adverse cardiac events in asymptomatic subjects. J Car-
diovasc Comput Tomogr 2018;12:67-73.  
9. Malavazos AE, Goldberger JJ, Iacobellis G. Does epicardial 
fat contribute to COVID-19 myocardial inflammation? Eur Heart 
J. 2020;41:2333.  
10. Kim I-C, Han S. Epicardial adipose tissue: fuel for COVID-
19-induced cardiac injury? Eur Heart J 2020;41:2334-5.  
11. Watanabe M, Risi R, Tuccinardi D, Baquero CJ, Manfrini S, 
Gnessi L. Obesity and SARS-CoV-2: a population to safeguard. 
Diabetes Metab Res Rev 2020:e3325.  
12. Malavazos AE, Corsi Romanelli MM, Bandera F, Iacobellis 
G. Targeting the adipose tissue in COVID-19. Obesity 
2020;28:1178-9.  
13. Huang R, Zhu L, Xue L, Liu L, Yan X, Wang J, et al. Clinical 
findings of patients with coronavirus disease 2019 in Jiangsu 
province, China: a retrospective, multicenter study. PLoS Negl 
Trop Dis 2020;14:e0008280. 
14. Andersen CJ, Murphy KE, Fernandez ML. Impact of obesity 
and metabolic syndrome on immunity. Adv Nutr 2016;7:66-75).  

15. Yu S, Xing L, Du Z, Tian Y, Jing L, Yan H, et al. Prevalence 
of obesity and associated risk factors and cardiometabolic comor-
bidities in rural northeast China. Biomed Res Int 
2019;2019:6509083.  
16. Kabat GC, Kim MY, Lee JS, Ho GY, Going SB, Beebe-Dim-
mer J, et al. Metabolic obesity phenotypes and risk of breast can-
cer in postmenopausal women. Cancer Epidemiol Biomarkers 
Prev 2017;26:1730-5.  
17. Watanabe M, Caruso D, Tuccinardi D, Risi R, Zerunian M, 
Polici M, et al. Visceral fat shows the strongest association with 
the need of intensive care in patients with COVID-19. Metabo-
lism 2020;111:154319.  
18. Rosito GA, Massaro JM, Hoffmann U, Ruberg FL, Mahabadi 
AA, Vasan RS, et al. Pericardial fat, visceral abdominal fat, car-
diovascular disease risk factors, and vascular calcification in a 
community-based sample: the Framingham heart study. Circula-
tion 2008;117:605-13.  
19. Lin A, Dey D, Wong DTL, Nerlekar N. Perivascular adipose 
tissue and coronary atherosclerosis: from biology to imaging phe-
notyping. Curr Atheroscler Rep 2019;21:47.  
20. Talman AH, Psaltis PJ, Cameron JD. Epicardial adipose tis-
sue: far more than a fat depot. Cardiovasc Diagn Therapy 
2014;4:416-29.  
21. Grodecki K, Lin A, Razipour A, Cadet S, McElhinney PA, 
Chan C, et al. Epicardial adipose tissue is associated with the ex-
tent of pneumonia and adverse outcomes in patients with 
COVID-19. Metabolism 2021;115:154436.  
22. Deng M, Qi Y, Deng L. Obesity as a potential predictor of 
disease severity in young COVID-19 patients: a retrospective 
study. Obesity (Silver Spring) 2020;28:1815-25.  
23. Iacobellis G, Secchi F, Capitanio G. Epicardial fat inflamma-
tion in severe COVID-19. Obesity (Silver Spring) 2020;29:2260-
2.  
24. Ibrahim MM. Subcutaneous and visceral adipose tissue: 
structural and functional differences. Obes Rev 2010;11:11-8.  
25. Bouadma L, Lescure FX, Lucet JC, Yazdanpanah Y, Timsit 
JF. Severe SARS-CoV-2 infections: practical considerations and 
management strategy for intensivists. Intensive Care Med 
2020;46:579-82.  
26. Phua J, Weng L, Ling L, Egi M, Lim CM, Divatia JV, et al. 
Intensive care management of coronavirus disease 2019 
(COVID-19): challenges and recommendations. Lancet Respir 
Med 2020;8;506-17. 

847               The European Research Journal   Volume 9   Issue 5   September 2023

This is an open access article distributed under the terms of Creative Common 
Attribution-NonCommercial-NoDerivatives 4.0 International License.

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

