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ABSTRACT (250 WORDS) 

BACKGROUND: Increased adiposity and visceral obesity have been linked to adverse 

COVID-19 outcomes. The amount of epicardial adipose tissue (EAT) may have relevant 

implications given its proximity to the heart and lungs. Here, we explored the role of EAT in 

increasing the risk for COVID-19 adverse outcomes. 

METHODS: We included 748 patients with COVID-19 attending a reference center in 

Mexico City. EAT thickness, sub-thoracic and extra-pericardial fat were measured using 

thoracic CT scans. We explored the association of each thoracic adipose tissue 

compartment with COVID-19 mortality and severe COVID-19 (defined as mortality and need 

for invasive mechanical ventilation), according to the presence or absence of obesity. 

Mediation analyses evaluated the role of EAT in facilitating the effect of age, body mass 

index and cardiac troponin levels with COVID-19 outcomes. 

RESULTS: EAT thickness was associated with increased risk of COVID-19 mortality (HR 

1.18, 95%CI 1.01-1.39) independent of age, gender, comorbid conditions and BMI. 

Increased EAT was associated with lower SpO2 and PaFi index and higher levels of cardiac 

troponins, D-dimer, fibrinogen, C-reactive protein, and 4C severity score, independent of 

obesity. EAT mediated 13.1% (95%CI 3.67-28.0%) and 5.1% (95%CI 0.19-14.0%) of the 

effect of age and 19.4% (95%CI 4.67-63.0%) and 12.8% (95%CI 0.03-46.0%) of the effect 

of BMI on requirement for intubation and mortality, respectively. EAT also mediated the 

effect of increased cardiac troponins on myocardial infarction during COVID-19. 

CONCLUSION: EAT is an independent risk factor for severe COVID-19 and mortality 

independent of obesity. EAT partly mediates the effect of age and BMI and increased cardiac 

troponins on adverse COVID-19 outcomes. 

 

Keywords: COVID-19, Obesity, Mortality, Epicardial fat, Visceral fat  
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INTRODUCTION 

Obesity is a major risk factor for disease severity related to severe acute coronavirus 2 

(SARS-CoV-2) infection1. Patients with obesity have a higher risk for, hospitalization, 

intensive care unit (ICU) admission, invasive mechanical ventilation (IMV) and death 1,2. 

Obesity is associated with a state of low-grade inflammation, which in the setting of 

coronavirus disease (COVID-19) can result in further inflammation, endothelial dysfunction 

and a subsequent cytokine storm, increasing the risk for severe disease 2–4. In Mexico, 

obesity is highly prevalent; in particular, the accumulation of abdominal visceral adipose 

tissue (VAT) has been shown to influence COVID-19 outcomes, independent of additional 

comorbid conditions and risk factors.5-8 

Visceral obesity is associated with increased cardiometabolic burden, including risk of 

arterial hypertension, type 2 diabetes mellitus and cardiovascular disease5. Accumulation of 

VAT results in adipose tissue dysfunction, morphological changes in adipocytes, fibrosis, 

altered secretion of adipokines and increased inflammation6. VAT has proven to be related 

to increased risk for severe COVID-19 and need for intensive care.11, 12 The engagement of 

SARS-CoV-2 with angiotensin converting enzyme 2 (ACE 2) in visceral fat is thought to 

impair the function of this enzyme, resulting in increased production of angiotensin II, thus 

enhancing the production of inflammatory cytokines.11 Levels of ACE 2 mRNA in visceral fat 

correlate with body mass index; this is not the case for subcutaneous fat. Epicardial adipose 

tissue (EAT) is an ectopic fat deposit (visceral fat), located between the myocardium and 

the visceral layer of pericardium, and is thought to contribute to adverse cardiovascular 

outcomes7. EAT may play a significant role in mediating the effects of obesity on COVID-19 

outcomes due to its thoracic localization and may influence the cardiovascular complications 

of COVID-198–10. In this study, we examined the association of EAT with adverse COVID-

19 outcomes and explored potential pathways which may link the accumulation of EAT was 

mediators of well-established risk factors related to severe COVID-19.  
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METHODS 

Study population 

This study included consecutive patients evaluated at the Instituto Nacional de Ciencias 

Médicas y Nutrición Salvador Zubirán (INCMNSZ), a COVID-19 reference centre in Mexico 

City between 17th March and 31st May 2020 (Supplementary Material). Subjects were 

initially assessed at triage and required either ambulatory or in-hospital care for COVID-19, 

confirmed with computerized tomography (CT) and/or via RT-qPCR test from 

nasopharyngeal swabs. All patients had moderate to severe disease as defined by National 

Institute of Health criteria. Moderate illness was defined as evidence of lower respiratory 

disease during clinical assessment or imaging and who have saturation of oxygen (SpO2) 

≥94% on air, and severe illness as SpO2 <94% on air, a ratio of arterial partial pressure of 

oxygen to fraction of inspired oxygen (PaO2/FiO2) <300 mm Hg, respiratory frequency >30 

breaths/min, or lung infiltrates >50%). All patients underwent a chest CT, and a radiologist 

determined the degree of pulmonary parenchymal disease and assessed epicardial fat 

thickness. In addition, a medical history, anthropometric measurements and laboratory tests 

were obtained. The electronic files of each patient were retrospectively reviewed to 

document the outcomes during hospitalization. All proceedings were approved by the 

research and ethics committee of the INCMNZ (Ref. 3383) and informed consent was 

waived due to the nature of the study.  

Laboratory and clinical measurements 

Clinical variables and laboratory measures were obtained at the time of initial evaluation. 

Physical examination included: weight, height, body mass index (BMI, calculated as weight 

in kilograms divided by squared height in meters), pulse oximeter saturation (SpO2), 

respiratory rate (RR), temperature and arterial blood pressure (BP). Laboratory 

measurements included: full blood count, chemistry panel including liver function tests, C-

reactive protein (CRP), fibrinogen, D-dimer, ferritin, troponin I (TPNI), erythrocyte 
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sedimentation rate (ESR) and procalcitonin levels. The blood samples were processed at 

the central laboratory of the INCMNSZ.  

Epicardial adipose tissue measurements 

All patients underwent unenhanced CT scans including low-dose CT and two ultra-low-dose 

CT protocols and commonly reported imaging features of COVID-19 pneumonia were 

captured. Thorax CT was performed using a 64-slice scanner (GE MEDICAL SYSTEMS 

Revolution EVO). Epicardial adipose tissue (EAT), the adipose tissue located between the 

visceral layer of the pericardium and the surface of the heart was measured. EAT thickness 

was measured at 3 points (right atrioventricular fossa, left atrioventricular fossa, and anterior 

interventricular fossa) in the reformatted 4-chamber view using the multiplanar 

reconstruction (MPR) tool on the workstation (19, 20, 21). The maximum thickness of the 

EAT was recorded, from the surface of the myocardium to the pericardium (measured 

perpendicular to the pericardium). The measurements were made on 2 different occasions, 

obtaining a total of 6 measurements; the average of them was used in the statistical analysis. 

Extrapericardial adipose tissue (PAT) was quantified with the volume measurement tool with 

the Carestream system of the workstation. The thickness of the thoracic subcutaneous 

adipose tissue (TscAT) was measured from the anterior border of the sternum to the skin, 

at the level of the mitral valve in the axial plane of the tomography as a surrogate for 

subcutaneous adipose tissue. The 80th gender-specific percentile of EAT thickness was 

obtained and used as the threshold to define increased EAT thickness, given the 

unavailability of population-based percentiles.  This was used in categorical analysis, which 

are supplementary to the analysis of continuous variables.  In addition, chest CT findings 

were recorded and used to evaluate severity of COVID infection.  

COVID-19 outcomes 

Outcomes included mortality and a composite of death and requirement for invasive 

mechanical ventilation, which was used to define severe COVID-19 given the potential of 
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unobserved severe cases in a setting of limited healthcare facilities. For time-to-event 

analyses, time from self-reported symptom onset prior to evaluation until last follow-up 

(censoring) or death, whichever occurred first was estimated. The COVID-19 specific 4C 

mortality score was estimated; this reflects increased risk of mortality due to COVID-1911. 

Statistical analyses 

The clinical characteristics of subjects with visceral obesity (EAT > 80th percentile) were 

compared according to presence or absence of obesity, as assessed by BMI, using 

Student’s t-test or Mann-Whitney U according to variable distribution for continuous 

variables and using chi-squared tests for categorical variables. To ensure variable symmetry 

prior to modeling, the bestNormalize R package was used and identified the better 

transformation as out-of-sample normalization via 10-fold cross-validation with 5 repeats for 

all CT-derived measurements. All statistical analyses were conducted using R 4.0.2. 

Assessment of risk based on thoracic fat distribution  

The CT-derived adipose tissue measures and body-mass index (BMI) were compared 

between cases who eventually required mechanical ventilation or died during hospitalization 

and those who did not, using Student’s t-test. Linear regression analysis was used to assess 

which clinical features were independently associated with EAT thickness in COVID-19 

patients. To assess the predictive ability of each thoracic adipose tissue segment, Cox 

proportional risk regression models were generated including an unadjusted model (Model 

1) and models adjusted for age, gender and number of comorbid conditions (Model 2) and 

further adjustments by BMI to assess independent risk after adjustment (Model 3). In 

addition, the construct of increased EAT using the definition of >80th gender-specific 

percentile of EAT thickness was assessed using the same models. To assess the impact of 

thoracic adipose tissue compartments on the risk of severe COVID-19, similar models were 

adjusted using fixed effects logistic regression models. To assess the independent effect of 

BMI, Models 1 and 2 were fitted for normalized BMI values for both outcomes. Finally, we 
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included all thoracic adipose tissue depots in a multivariable Cox regression model to assess 

independency for the risk for severe COVID-19 attributable to EAT, adjusted for sex, age, 

BMI and comorbidities. 

Post-estimation simulation of mortality risk  

The 1-unit incremental risk associated with normalized EAT measures was evaluated using 

Cox regression models adjusted for age, gender, number of comorbid conditions and BMI- 

This was further stratified by BMI-determined obesity status to evaluate the independent 

effect of EAT thickness in predicting mortality risk related to COVID-19 using the simPH and 

survival R packages. 

Mediation analyses  

The first hypothesis was that EAT was partially mediating the mortality risk related to BMI, 

given the association of increases in visceral  and epicardial adipose tissue with mortality 

risk12. The secondary hypothesis was that EAT may  induce cardiac damage and that this 

could increase COVID-19 severity and  mortality risk8. Finally, we evaluated whether EAT 

may induce a hypercoagulable state via D-dimer or fibrinogen which may contribute to 

severe COVID-19 or death. To test these hypotheses, model-based casual mediation 

analyses were conducted using the mediation R package, adjusting logistic regression 

models by age, gender, number of comorbid conditions or BMI as required. Confidence 

intervals were estimated using White’s heteroskedasticity-consistent estimator for the 

covariance matrix, derived from quasi-Bayesian Monte Carlo simulation based on normal 

approximation.  

RESULTS 

Study population 

We included 748 patients with confirmed COVID-19, with a mean age of 51.22±13.62 years, 

male predominance (n=470, 63.1%), and a mean BMI of 30.25±5.71. Median follow-up was 

14.0 days (IQR 10.0-20.0) and 629 patients required hospitalization (85.5%). Overall, 138 
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patients received invasive mechanical ventilation (18.5%),164 in-hospital deaths (21.9%) 

were recorded and 236 cases of severe COVID-19 were documented (31.6%, 

Supplementary Material). Type 2 diabetes (T2D) was present in 191 patients (26.3%), 300 

patients had obesity (44.4%) and 282 were overweight (41.8%). Median EAT thickness was 

9.67mm (IQR 7.67-12.0), median TscAT was 16mm (IQR 11.0-23.0) and PAT was present 

in 451 patients (60.5%). 

Thoracic fat distribution and COVID-19 severity 

Cases with severe COVID-19 had greater EAT thickness, and BMI with no significant 

difference in PAT and lesser TscAT compared to non-severe COVID-19. In fatal cases, EAT 

thickness and PAT volume were significantly higher; BMI was greater but failed to reach 

statistical significance and TscAT showed no difference between fatal and non-fatal cases 

(Figure 1). When stratifying cases according to BMI-defined obesity, those who had 

increased EAT were older, had worsened respiratory parameters, altered coagulation and 

overt inflammation, and had higher rates of severe outcomes and intubation as well as 

higher mortality scores independent of BMI status (Table 1). EAT thickness was 

independently associated with male gender (β=-0.236, 95%CI -0.382, -0.090), oxygen 

saturation (β=-0.014, 95%CI -0.019,-0.008) and higher 4C mortality scores (β=0.063, 95%CI 

0.039, 0.087, adjusted R2=0.103). In a second model, EAT thickness was associated with 

increased levels of ultrasensitive cardiac troponins (β=0.0002, 95%CI 0.00005, 0.0004), BMI 

(β=0.034, 95%CI 0.021, 0.048) and age (β=0.017, 95%CI 0.011, 0.023, adjusted R2=0.081), 

even after adjustments for C-reactive protein levels.  

EAT thickness is an independent predictor of COVID-19 mortality 

Using Cox regression analysis, EAT thickness was a predictor of COVID-19 mortality and 

severe COVID-19, even after adjustment for age, gender, number of comorbid conditions 

and BMI (Tables 2-3). Using post-estimation simulation, we observed monotonic increases 

in mortality risk with increasing normalized EAT thickness both in obese and non-obese 
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subjects (Figure 2).  Subjects who had increased EAT had higher risk of both mortality and 

risk for severe COVID-19. Similarly, after assessing the independent effect of other adipose 

tissue segments, PAT volume was associated with increased mortality in univariate 

analyses but failed to retain significance after adjustments for age, gender, number of 

comorbid conditions and BMI. Similarly, TscAT thickness was associated with increased risk 

of mortality and severe COVID-19 after adjustment for age, gender, and number of comorbid 

conditions but after adjustment for BMI this association failed to maintain statistical 

significance. In contrast, BMI was associated with both mortality and severe COVID-19 even 

after adjustment for covariates (Tables 2-3).  

In multivariable analyses for mortality, increased EAT was the only compartment which 

independently showed increased risk of mortality (HR 1.26, 95%CI 1.07-1.48), with no 

significant risk attributable to TscAT (HR 1.08, 95%CI 0.85-1.35) or PAT (HR 1.12, 95%CI 

0.93-1.34) after adjustment for sex, BMI, age and comorbidities. For severe COVID-19, we 

similarly observed increased risk for EAT (OR 1.33, 95%CI 1.12-1.59) but not for TscAT (OR 

0.98, 95%CI 0.77-1.25) or PAT (OR 0.87, 95%CI 0.72-1.09), after adjustment for similar 

confounders. This confirms an independent contribution of EAT compared to other thoracic 

adipose tissue compartments for adverse COVID-19 outcomes. 

EAT partially mediates the effect of BMI on COVID-19 mortality 

Given the association of BMI, and increased cardiac troponins on COVID-19 mortality, 

severe COVID-19 and EAT thickness, two causal mediation models were explored. We 

explored EAT thickness as a mediator of BMI and in increasing risk of COVID-19 mortality 

and severe COVID-19 (Figure 2). EAT thickness mediates 19.4% (95%CI 4.67-63.0%) of 

the effect of BMI on the risk of severe COVID-19, and 12.8% (95%CI 0.03-46.0%) of the 

effect of BMI on risk of  COVID-19 mortality, after adjustment for age, gender and number 

of comorbid conditions (Table 4). 

EAT-induced heart damage mediates COVID-19 adverse outcomes 
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The second causal mediation model explored whether increased risk for COVID-19 

outcomes was partially mediated by EAT-induced heart damage (Figure 3). Cardiac 

troponins mediate 24.2% (95%CI 4.8-62.0%) of the effect of EAT on the risk of severe 

COVID-19 and 29.6% (95%CI 3.9-100.0%) of the effect of EAT on the risk of COVID-19 

mortality adjusted for age and gender. Finally, we identified that EAT may mediate risk of 

death in COVID-19 via increased fibrinogen levels by about 15.2% (95%CI 3.8-47.0%), and 

risk for severe COVID-19 by about 13.5% (95%CI 4.0-29.0%), adjusted for age, sex, BMI 

and comorbidities. Regarding cardiovascular events, there were 19 registered myocardial 

infarctions, of whom 13 died. EAT thickness is a significant predictor of myocardial infarction 

in COVID-19 (OR 1.78, 95%CI 1.09-2.97); increased EAT thickness increased risk for 

myocardial infarction in COVID-19 (OR 2.83, 95%CI 1.07-7.31), after adjustment for age, 

gender and comorbid conditions 

DISCUSSION 

In this study, EAT thickness shows a significant association with COVID-19 severity and 

mortality independent of BMI, age, and comorbid conditions. Subjects with increased EAT 

had higher levels of COVID-19 severity markers independent of BMI. Overall, EAT thickness 

was associated with decreased oxygen saturation, male gender, and increased COVID-19 

severity, and showed an independent association with increased ultrasensitive cardiac 

troponin levels. Furthermore, EAT thickness partly mediated the effect of BMI related risk on 

COVID-19 adverse outcomes and may lead to a pro-coagulant state with myocardial 

damage in the setting of severe COVID-19.  

The effect of EAT on risk of COVID-19 mortality and severe COVID-19 was independent of 

the other thoracic adipose tissue compartments. TscAT and PAT did not show an increased 

risk for adverse outcomes or mortality independent of BMI. This finding is probably explained 

by the unique characteristics of each thoracic fat compartment. Extra-pericardial adipose 

tissue (PAT) is located on the outer surface of the fibrous pericardium, it differs from 
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epicardial adipose tissue (EAT) in its embryonic origin and blood supply13. It receives 

nourishment from the pericardiophrenic artery, while EAT has the same embryonic origin as 

visceral abdominal fat and is supplied by the coronary arteries. Presence of PAT is 

associated with obesity-related diseases similar to TscAT. Researchers evaluating 

pericardial fat (this includes both extrapericardial fat and epicardial fat) have reported an 

independent association with risk of cardiovascular disease14. This is in line with our results, 

confirming that adipose tissue distribution, in particular the presence of visceral adiposity 

more so than total adipose tissue, may play a significant role in modulating the adaptive 

responses to SARS-CoV-2 infection, and thus increase disease severity in COVID-1915.   

The metabolic and inflammatory role of VAT and its role in cardiovascular and metabolic 

health is well documented16. Beyond the risk associated with whole-body adipose tissue as 

assessed by BMI, VAT depots significantly contribute to the increased cardiovascular risk 

profile and low-grade pro-inflammatory state observed in patients with obesity17. Increased 

accumulation of VAT has been associated with increased deposition of ectopic fat, 

particularly in the liver and in the epicardium as EAT18. Notably, EAT shares microcirculation 

with the myocardium, favoring the rapid exchange of metabolic and inflammatory products19; 

the implication of this anatomical relationship suggests that, under acute or chronic 

inflammatory conditions, these interactions might prove deleterious to cardiovascular 

function. Increased epicardial adipogenesis induces the secretion of pro-inflammatory 

adipokines which contribute to atrial and ventricular damage7,12,19. In the setting of COVID-

19, EAT is postulated to play a role in generating the imbalance between the production of 

anti and pro-inflammatory adipokines, thus contributing to the enhanced cytokine storm and 

multisystem involvement documented in severe COVID-198. In this study, EAT thickness 

was a significant predictor of adverse biochemical profiles, severe COVID-19 and increased 

mortality independent of BMI. 
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Using mediation analyses, EAT thickness was shown to play a significant role in mediating 

the risk of severe COVID-19 and mortality attributable to increasing BMI. Other authors have 

shown that increased VAT deposition has a greater predictive value for adverse COVID-19 

outcomes and overall cardio-metabolic risk compared to BMI alone as a measure of whole-

body adiposity. Adipose tissue dysfunction may be particularly relevant in younger cases 

and may display dysfunction based on specific anatomical locations, particularly when 

comparing subcutaneous to visceral adipose tissue distribution20–23. These results are 

consistent with previous findings in this population and further contribute to the 

characterization of the mechanisms underlying the risk attributable to aging and obesity in 

severe COVID-19 25–28.  Increased BMI has been shown to increase the risk of severe 

COVID-19; however, as BMI is an imperfect measure of body composition, this effect may 

be partly mediated by the relationship between BMI and EAT. Increased chronological age 

has similarly been shown to increase risk of severe COVID-19 and this effect may be partly 

mediated through the effect of age in increasing metabolically unfavorable fat depots, 

including VAT and EAT. Therefore, cases with low BMI but increased EAT were generally 

older; conversely, cases with increased BMI and increased EAT were as young as non-

obese cases and cases without increased EAT. This interplay shows that EAT may increase 

risk in cases otherwise perceived as low risk, including lean and younger individuals. 

Finally, increased EAT accumulation was shown to be associated with increased cardiac 

damage and an increased hypercoagulable state through its effect on fibrinogen levels, thus 

contributing to risk for COVID-19 severity and mortality. Increased expression of ACE II in 

whole-body and visceral adipose tissue in persons with obesity has been proposed as a 

potential mechanism for increasing the risk of COVID-19 by promoting viral spread and 

shedding and by amplifying the inflammatory responses 24–26. Increased risk of 

cardiovascular complications in COVID-19 have been associated with the pro-thrombotic 

and inflammatory adaptive responses to SARS-CoV-2 infection as well as direct damage to 
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the myocardium9,27,28. Increased EAT thickness was associated with increased risk of in-

hospital myocardial infarction and was associated with increased cardiac troponin levels, 

possibly indicating direct cardiovascular injury. Since EAT is only a measure of ectopic fat 

deposition around the myocardium, it can be considered complementary to BMI. Hence, it 

may be most useful to assess risk for potential cardiac involvement in COVID-19.  

This work has certain strengths and limitations. The study analyses a large number of 

patients in whom EAT thickness was measured at admission and who were followed 

throughout hospitalization to record COVID-19 relevant outcomes. Furthermore, this work is 

novel as it assesses the different types of intrathoracic adipose tissue, including EAT, sub-

thoracic and extra-pericardial in addition to whole-body adipose tissue measures such as 

BMI. Using mediation analyses, the degree of contribution of EAT in risk of severe disease 

and mortality was also quantified. Limitations include the use of EAT thickness instead of 

volume; this was because the CT scans on admission were simple scans in which volume 

could not be assessed. There were only a small number of recorded cardiovascular events, 

this means the full impact of EAT on COVID-19 cardiovascular complications could not be 

evaluated. The results only apply to moderate or severe infection as mild cases were not 

included due to the nature of case recruitment. The study was carried out at a single COVID-

19 centre, and the findings may not be representative at a population level. Finally, since 

abdominal CT scans were not available for most patients, the contribution of thoracic vs. 

abdominal fat could not be assessed, an area which should be evaluated in future studies.   

In conclusion, EAT thickness was associated with increased risk for severe COVID-19 and 

mortality compared to other types of intrathoracic adipose tissue. EAT was also associated 

with increased cardiac troponin levels, suggesting it may play a role in the risk for 

cardiovascular complications in COVID-19. Furthermore, EAT appears to be a mediator of 

the effect of  BMI on adverse disease outcomes. This work contributes to the body of 
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evidence suggesting that EAT may be an important protagonist in adverse metabolic and 

inflammatory responses to SARS-CoV-2.  
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TABLES 

Table 1. Comparison of demographic and clinical markers of COVID-19 patients comparing epicardial adipose tissue thickness (EAT) 

(increased >80th sex-specific percentile or not) stratified by obesity status as defined by body-mass index (BMI).  

Parameter Overall 

Non-Obese 

P-value 

Obese 

P-value 
EAT not-

increased  

(n=368) 

EAT 

increased 

(n=74) 

EAT not-

increased 

(n=230) 

EAT 

increased  

(n=76) 

Age (years) 51 (41-61) 51.5 (13.7) 56.9 (15.2) 0.006 48.4 (12.9) 52.5 (13.8) 0.002 

Male Sex (%) 470 (63.1) 227 (62.2) 49 (66.2) 0.602 149 (64.7) 45 (59.2) 0.944 

Low-Socioeconomic 

Status (%) 
530 (71.2) 262 (71.9) 53 (71.6) 0.682 161 (71.8) 54 (71.1) 0.682 

Severe outcome 

(%) 
236 (31.5) 91 (24.7) 34 (45.9) 0.003 78 (33.9) 33 (43.5) 0.025 

Intubation (%) 138 (18.4) 46 (12.5) 19 (12.5) 0.006 54 (23.4) 19 (25) 0.002 

Mortality (%) 164 (21.9) 67 (18.2) 22 (29.8) 0.036 48 (20.8) 27 (35.5) 0.182 
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Arterial 

Hypertension (%) 
212 (29.2) 88 (24.9) 23 (31.9) 0.277 73 (32.2) 28 (37.3) 0.039 

Type 2 diabetes (%) 

Time since DM2 

diagnosis (years) 

191 (26.3) 

7 (3-14.8) 

87 (24.6) 

8 (5-14.5) 

23 (32.3) 

6 (2-12.5) 

0.226 

0.370 

55 (24.2) 

6 (1-15) 

26 (34.7) 

6 (5-10) 

0.857 

0.773 

Smoking status (%) 47 (7.7) 21 (7.26) 6 (7.25) 0.792 16 (8.2) 4 (6.2) 0.826 

CKD (%) 26 (3.6) 14 (3.2) 4 (5.5) 0.780 3 (1.3) 5 (6.7) 0.345 

CVD (%) 19 (2.6) 9 (2.6) 1 (1.4) 0.868 6 (2.6) 3 (4.0) 0.774 

Cirrhosis (%) 6 (0.82) 2 (0.05) 1 (1.4) 0.999 2 (0.8) 1 (1.3) 0.998 

BMI (kg/m2) 30.4 (11.2) 
27 (25.1-

28.7) 
27.5 (25-29) 0.061 33.2 (31-37) 34.1 (31-36) 0.013 

Respiratory Rate 

(rpm) 
28 (11.2) 25 (20-30) 30 (26-36) <0.001 26 (22-33) 28 (24-39) <0.001 

Heart Rate (bpm) 101 (18.6) 102 (90-113) 103 (90-115) 0.529 102 (90-115) 107 (90-115) 0.385 
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Systolic Arterial 

Pressure (mmHg) 

121 (110-

132) 

120 (110-

130) 
120 (110-130) 0.587 127 (113-135) 

128 (111-

134) 
0.771 

Diastolic Arterial 

Pressure (mmHg) 
75 (69-80) 73 (69-80) 70 (66-80) 0.397 78 (70-82) 76 (68-80) 0.343 

Oxygen saturation 

(%) 
86 (77-89) 88 (80-90) 79 (63-87) <0.001 85 (79-89) 82 (60-87) <0.001 

C-reactive protein 
14.3 (7.1-

22.4) 

14.93 (9.02-

23.20) 

19.3 (10.8-

28.5) 
<0.001 14.4 (7.9-21.2) 19 (9-28.6) <0.0001 
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TABLE 2. Cox proportional risk regression models to predict mortality related to COVID-19 using CT-scan derived fat measures and 

BMI transformed using repeated out-of sample 10-fold cross-validation and the definition of visceral obesity as epicardial fat thickness 

values >80th sex-adjusted percentiles for the population. Model 1: Univariate, Model 2: Ajusted for age, gender and comorbid 

conditions, Model 3: Adjusted for age, gender, comorbid conditions and BMI 

Model 

Model 1 Model 2 Model 3 

HR (95%CI) P-value HR (95%CI) 
P-

value 
HR (95%CI) 

P-

value 

Epicardial fat thickness 1.290 (1.108-1.501) 0.001 1.212 (1.033-1.423) 0.019 1.180 (1.003-1.389) 0.047 

Extrapericardial fat volume 1.223 (1.036-1.445) 0.018 1.108 (0.924-1.328) 0.269 1.049 (0.870-1.265) 0.616 

Subthoracic fat volume 1.067 (0.907-1.256) 0.434 1.230 (1.019-1.483) 0.031 1.117 (0.889-1.404) 0.343 

Body-mass index 1.091 (0.931-1.280) 0.283 1.262 (1.042-1.529) 0.018 - - 

Increased EAT (>p80, sex-

based ) 
1.570 (1.123-2.196) 0.008 1.433 (1.023-2.009) 0.037 1.409 (1.006-1.975) 0.046 
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TABLE 3. Logistic regression models to predict severe COVID-19, using CT-scan derived fat measures and BMI transformed with 

repeated out-of sample 10-fold cross-validation and the definition of increased epicardial fat thickness (EAT) values >80th sex-

adjusted percentiles for the population. Model 1: Univariate, Model 2: Adjusted for age, gender and comorbid conditions, Model 3: 

Adjusted for age, gender, comorbid conditions and BMI. 

Model 
Model 1 Model 2 Model 3 

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value 

Epicardial fat 

thickness 
1.407 (1.200-1.654) <0.001 

1.342 (1.137-

1.589) 
<0.001 

1.296 (1.094-

1.539) 
0.003 

Extrapericardial 

fat volume 
1.218 (1.025-1.448) 0.025 

1.035 (0.858-

1.248) 
0.714 

0.948 (0.778-

1.153) 
0.594 

Subthoracic fat 

volume 
0.991 (0.849-1.156) 0.906 

1.191 (0.993-

1.430) 
0.060 

1.021 (0.814-

1.281) 
0.856 

Body-mass index 1.181 (1.011-1.382) 
 

0.037 
1.305 (1.092-

1.568) 
0.004 - - 
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Increased EAT 

obesity (>p80, 

sex-based ) 

2.050 (1.417-2.959) <0.001 
1.839 (1.254-

2.688) 
0.002 

1.743 (1.184-

2.557) 
0.005 
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TABLE 4. Causal mediation models. Firstly, evaluating the effect of age and BMI, on COVID-19 outcomes via epicardial fat 

thickness. Secondly, the role of epicardial adipose tissue thickness on COVID-19 outcomes via cardiac troponins. Abbreviation: 

ACME: average causal mediation effects; ADE: average direct effects 

Causal 

Mediation 

Model 

Outcome 

(Y) 

Effector 

(E) 

Mediator 

(M) 

ACME 

(95%CI) 

ADE 

(95%CI) 

Total Effect 

(95%CI) 

Proportion 

Mediated 

(95%CI) 

1 
Severe 

COVID-19 

BMI (kg/m2) 
Epicardial fat 

thickness 

0.0109 

(0.0018-0.020) 

0.0457 

(0.0080-0.090) 

0.0566 

(0.0186-

0.090) 

19.4% 

(4.67-

63.0%) 

Epicardial fat 

thickness 

Cardiac 

troponins 

0.0148 

(0.0030-0.030) 

0.0465 

(0.010-0.800) 

0.0613 

(0.0232-

0.100) 

24.2% 

(4.8-

62.0%) 

2 
COVID-19 

Mortality 
BMI (kg/m2)  

0.00710 

(0.00014-0.020) 

0.048 

(0.010-0.090) 

0.0554 

(0.0173-

0.100) 

12.8% 

(0.03-

46.0%) 
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Epicardial fat 

thickness 

Cardiac 

troponins 

0.0115 

(0.0022-0.0200) 

0.0274 

(-0.0033, 0.060) 

0.0389 

(0.0061-

0.0700) 

29.6% 

(3.9-

100.0%) 
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FIGURE LEGENDS 

 

Figure 1. Boxplots comparing transformed levels of epicardial fat thickness, pericardial fat, subthoracic fat and body-mass index 

(BMI), according to severe vs. non-severe COVID-19 (IVM, A-D) or COVID-19 mortality (E-H). 
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Figure 2. Post-estimation simulation of the risk of epicardial fat thickness transformed by repeated out-of sample 10-fold cross-

validation adjusted for age, gender, comorbid conditions and BMI (A) stratified in non-obese (B) and obese (C) cases with confirmed 

COVID-19. 
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Figure 3. Diagrams of causal mediation models evaluating the role of epicardial adipose tissue (EAT) thickness as a mediating factor 

of the impact of  body-mass index (BMI) on severe COVID-19 and mortality (COVID-19 outcome). Secondary causal mediation 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted December 29, 2021. ; https://doi.org/10.1101/2021.03.14.21253532doi: medRxiv preprint 

https://doi.org/10.1101/2021.03.14.21253532
http://creativecommons.org/licenses/by-nc-nd/4.0/


 29 

models were developed to investigate the association of ultrasensitive cardiac troponins and fibrinogen as mediators of the 

relationship between EAT and adverse COVID-19 outcomes via direct heart damage or a pro-coagulant state. 
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