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Background:Obesity was recently identified as amajor risk factor for worse COVID-19 severity, especially among
the young. The reason why its impact seems to be less pronounced in the elderlymay be due to the concomitant
presence of other comorbidities. However, all reports only focus on BMI, an indirect marker of body fat.
Aim: To explore the impact on COVID-19 severity of abdominal fat as a marker of body composition easily col-
lected in patients undergoing a chest CT scan.
Methods: Patients included in this retrospective study were consecutively enrolled among those admitted to an
Emergency Department in Rome, Italy, who tested positive for SARS-Cov-2 and underwent a chest CT scan in
March 2020. Data were extracted from electronic medical records.
Results: 150 patients were included (64.7% male, mean age 64 ± 16 years). Visceral fat (VAT) was significantly
higher in patients requiring intensive care (p = 0.032), together with age (p = 0.009), inflammation markers
CRP and LDH (p b 0.0001, p=0.003, respectively), and interstitial pneumonia severity as assessed by a Lung Se-
verity Score (LSS) (p b 0.0001). Increasing age, lymphocytes, CRP, LDH, D-Dimer, LSS, total abdominal fat as well
as VAT were found to have a significant univariate association with the need of intensive care. A multivariate
analysis showed that LSS and VAT were independently associated with the need of intensive care (OR: 1.262;
95%CI: 1.0171–1.488; p = 0.005 and OR: 2.474; 95%CI: 1.017–6.019; p = 0.046, respectively).
Conclusions: VAT is a marker of worse clinical outcomes in patients with COVID-19. Given the exploratory nature
of our study, further investigation is needed to confirm our findings and elucidate the mechanisms underlying
such association.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
rapidly caused a pandemic of Coronavirus Disease 19 (COVID-19),
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forcingpublic health authorities to lockdown. Its relatively high lethality
rate seems to be influenced by several factors, such as age, male gender
and presence of hypertension [1]. When the epicenter of the pandemic
shifted from China to Italy, Europe and then the United States, body
weightwas then suggested as an additional risk factor,with a retrospec-
tive study showing that 76% of patients admitted in intensive care for
SARS-CoV-2 were obese [2], a finding confirmed by other reports
[3–5]. This delay in such observation could be due to the difference in
the prevalence of obesity in these countries: China, and the most af-
fected Hubei area, counts less than 5% prevalence, where Italy features
one above 10%, and the US is now over 40% [6,7]. Interestingly, obesity
has been shown to be a major risk factor for COVID-19 worse prognosis
especially among the young,whereas its role seems less striking in older
subjects [8–11]. This could be in part because of additional risk factors
building up with aging, with the impact of obesity being diluted.
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However, it should be noted that theWorldHealth Organization defines
obesity as a condition characterized by abnormal or excessive fat accu-
mulation that presents a risk to health, with nomention to the BMI [6].
BMI is, in fact, an indirectmarker of excess body fat, and changes in body
composition take place upon aging [12], with progressive muscle mass
loss together with a shift from subcutaneous to visceral adipose tissue
(VAT) and an increase in total fat [13]. An abnormal fat distribution,
and in particular VAT expansion, is re-known to be associated with
low grade inflammation andwith the secretion of pro-inflammatory cy-
tokines, such as interleukin 6 (IL-6) [14]. An excessive inflammatory re-
sponse to SARS-CoV-2, as reflected by increased circulating cytokines,
profound lymphopenia and mononuclear cell infiltration in the lungs,
is thought to be a major cause of disease severity and death in patients
with COVID-19 [15]. Increased VAT expansionmay therefore play a cru-
cial role in driving the excessive inflammation described in patients de-
veloping severe complications from SARS-CoV-2 infection, and further
investigating its relationship with clinical outcomes across all ages is
now of utmost importance.

Patients with a clinical suspicion for SARS-Cov-2 infection undergo
CT scans to allow diagnosis and monitoring of the disease [16]. With
the BMI possibly telling just one part of the story, and body composition
being hard to assess in many ill patients, identifying easily collectable
markers of fat deposition associated with worse prognosis might aid
in a better stratification of patients at increased risk of developing com-
plications. Moreover, such findings could pave theway to better under-
standing themechanisms underlying the established link between body
weight and COVID-19 severity. We therefore aimed at investigating the
association of VAT depositionwith clinical outcomes such as the need of
intensive care among patients with COVID-19.

2. Methods

2.1. Population and study design

Patients included in this single center retrospective study were con-
secutively enrolled among those admitted to the Emergency Depart-
ment of Sant'Andrea Hospital, Rome, Italy, who tested positive for
SARS-Cov-2 and underwent a chest CT scan in March 2020. All patients
were subjected to two naso- and oro-pharyngeal swabs at a 24-hour in-
terval, and the specimens were tested to confirm SARS-COV2 diagnosis
through real-time reverse transcriptase (RT-PCR) (Charitè, Berlin,
Germany). Deidentified data about demographic and clinical character-
istics were collected, together with laboratory data on presentation.
Data were extracted from electronic medical records. Based on the clin-
ical and radiological assessment, the patients were subsequently ad-
dressed from the Emergency Department towards home discharge or
admitted to sub-intensive or Intensive Care Unit (ICU), and such clinical
outcome was recorded for the purposes of this study. All patients
accessing the ICU were intubated and underwent invasive mechanical
ventilation, whereas those in subintensive care did not need intubation.

Patients whose CT could not be evaluated due to severe motion arti-
fact or other technical issues such as restricted field of view for adipose
tissue quantification or CT acquired with contrast medium were ex-
cluded, as well as those for whom investigated clinical outcomes were
unavailable.

The study was approved by the local institutional review board
(IRB), andwritten informed consentwas obtained from all study partic-
ipants. When patients were unable to provide informed consent, this
was received by the next-of-kin or admitting physician.

2.2. Sample size and study power

Based on a preliminary pilot study of 20 patients, the mean ± SD
VAT in the patient population was 14,000 ± 8500 mm2. Assuming a
power of 0.80 and alpha of 0.05, 142 patientswere considered appropri-
ate to highlight an expected difference of 2000 mm2 in the VAT value.
The number of subjectswas further increased to 150 to prevent possible
missing data. Assuming an alpha of 0.05, the post-hoc power calculated
considering the mean ± SD VAT in the investigated groups with the
smaller number of patients (i.e., 23) was 89.2%.

2.3. CT acquisition technique and Lung Severity Score evaluation

COVID-19 positive patients underwent a chest CT scan to determine
the pulmonary involvement. The acquisitions were obtained on a 128-
slice CT (GE Revolution EVO, GE Medical Systems, Milwaukee, WI,
USA). Lung impairment was evaluated through a Lung Severity Score
(LSS) calculated through visual assessment by two expert radiologists
in consensus (DC and MZ with 10 and 5 years of experience respec-
tively) ranging from 0 to 40 (Fig. 1A–B) [17]. Briefly, each lung was di-
vided in 10 regions as already described [18], and for each region a
visual score of parenchymal involvement was assigned (ground-glass
opacities and consolidation), with a score 0 for absence, 1 for b50%
and 2 for N50% lung involvement.

2.4. CT fat deposition assessment

Measurements were performed by two radiologists in consensus
(MP and FPwith 6 and7 years of experience respectively) on a commer-
cially available workstation computer were the chest CTs had been
transferred (Advantage Windows Workstation, version 4.7, GE
Healthcare). To quantify abdominal visceral and subcutaneous fat, the
first slice where lung bases were no more visible at the
thoracoabdominal level was selected, adapting from a previously de-
scribedmethod (Fig. 1C) [19]. A region of interest (ROI) of the body cir-
cumference avoiding subcutaneous tissue was identified; then a HU
range corresponding to the CT histogram of adipose tissue from −250
to−50 HUwas set to automatically calculate the visceral adipose tissue
(VAT) area expressed in mm2 on the selected slice (Fig. 1D). The proce-
durewas repeated drawing a ROI including the subcutaneous tissue and
obtaining the total adipose tissue (TAT) area expressed in mm2. Subcu-
taneous adipose tissue (SAT) area expressed in mm2 was obtained as
the subtraction between TAT and VAT. Finally, epicardial fat thickness
(EFT) was measured at the level of the right coronary artery origin on
the axial plane. To reduce bias, measurements were assessed three
times and a mean of the values was recorded, expressed in millimeters.

2.5. Statistics

The Statistical Package for Social Sciences (SPSS), v.20, and R-
package (Vienna, Austria) were used for statistical analysis. Results are
presented as mean ± standard deviation (SD). Normality was assessed
with the Kolmogorov–Smirnov test. Variables not normally distributed
were log-transformed. Patients were categorized in three groups
based on the type of treatment (Home discharge, Sub-intensive Care,
and ICU). The primary endpoint was admission to ICU, which includes
requirement for intubation.

For continuous variables, a one-way ANCOVA was conducted to
compare the distribution of the clinical, biochemical and CT-derived ad-
iposity parameters and LSS among the three different levels of care con-
trolling for age and gender, and a post-hoc multiple comparison LSD
adjusted was conducted. Chi-Square test/Fisher's exact test was used
for categorical variables. Pearson's correlation coefficient was used to
investigate the level of association between continuous variables.

To assess the presence of additive interaction of investigated vari-
ables on ICU admission, three indices were calculated [20] using the
R-package “interactionR”: (1) the relative excess risk due to interaction
(RERI), (2) the proportion of disease among those with both exposures
that is attributable to their interaction (AP), and (3) the synergy index
(SI). A RERI of one means no interaction or perfect additivity. A RERI
of greater than one means positive interaction or more than additivity.
A RERI of less than one means negative interaction or less than



Fig. 1. Pulmonary involvement and fat analysis in a chest CT scan of a COVID-19 patient. (A–B) Ground glass opacities can be seen peripherally in the lower lobes, typical radiological
pattern of COVID-19; (C) the first slice where lung bases are no more visible at the thoracoabdominal level where visceral adipose tissue (VAT), and total adipose tissue (TAT) are
quantified: fat is identified in green. Subcutaneous adipose tissue was calculated by subtraction. (D) Histogram analysis of CT numbers, with a range of CT numbers classified as fat
was−50 to −250. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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additivity. RERI ranges from zero to infinity. An AP of zeromeans no in-
teraction or perfect additivity. An AP greater than zero means positive
interaction or more than additivity. An AP of less than zero means neg-
ative interaction or less than additivity. AP ranges from−1 to+1. The SI
is the ratio of the combined effects and the individual effects. An SI of
one means no interaction or perfect additivity. An SI of greater than
one means positive interaction or more than additivity. An SI of less
than one means negative interaction or less than additivity. SI ranges
from zero to infinity. The confidence interval for the three additive in-
teraction measures was calculated according Hosmer and Lemeshow
[21]. In Fig. 2B–D only the SI value has been represented as estimate of
the interaction term; SI and the other indexes (AP and RERI) are repre-
sented in the Supplementary Tables 1, 2 and 3.

Univariate and multivariate logistic regression models were per-
formed to analyze the relationship between the admission to ICU as
the dependent variable and clinical, biochemical, CT-derived adiposity
parameters and LSS as independent variables. Univariate analysis was
performed by converting continuous variables into dummy dichotomic
variables based onmedian values,while continuous variableswere used
for multivariate analyses. To build a multivariate logistic regression
modelwith ICUadmission as thedependent variable, we used a forward
stepwise approach as previously reported [5] and investigated the fol-
lowing models/variables; model 1: multivariate analysis including age
(quartiles) and gender, together with variables with significant univar-
iate association (p value ≤0.05) analyzed one by one as regressors (age
+ gender + lymphocytes; age + gender + CRP; age + gender +
LDH; age + gender + D-dimer; age + gender + LSS; age + gender +
TAT; age + gender + VAT; the variable age was adjusted for gender
only); model 2: multivariate analysis including all statistically signifi-
cant variables of the univariate analysis as regressors in one single
model; model 3: multivariate analysis including all the variables of
model 2 with the addition of hypertension, ACEi or ARB use prior to ad-
mission anddiabetes as clinically important variables. The forward step-
wise selectionmethod does not provide ORs and 95% CI for the variables
not retained in the model because they do not significantly improve
prediction. Therefore, only the variables with statistically significant re-
sults were added in the table, reporting their OR and 95% CI, [R2]. For the
forward stepwise analysis, a P-IN=0.05 and a P-OUT=0.10were used.
The effect estimate is reported as Nagelkerke's R2, which informs on
how much the model explains the variance of the dependent variable.
The ORs represent the mean change in the dependent variable per one
unit of change in the independent variable while holding other predic-
tors in the model constant. Variance inflation factor (VIF) values were
lower than 4.0, suggesting the absence of multicollinearity between in-
cluded variables [22]. The results were considered statistically signifi-
cant when p b 0.05.

ICU admission was used as the gold standard for nonparametric
clustered receiver operating characteristic (ROC) analysis to evaluate
the predictive utility of the models. By comparing observed and calcu-
lated ICU admission, sensitivity and specificity were plotted in ROC
form. When a perfect correlation of predicted versus observed ICU ad-
mission was found, the ROC area under curve (AUC) was equal to 1,
whereas random assignment of outcome led to an AUC of 0.5.

3. Results

One hundred and fifty patients were enrolled, 64.7% male, with a
mean ± SD age of 64 ± 16 years, ranging from 22 to 97 years old.
Over a half (58.6%) was affected by hypertension, 22% was diabetic,
16.8% had a history of cardiovascular disease, 10.3% had kidney failure,

Image of Fig. 1


Fig. 2. ICU admission requirement (%) per visceral adipose tissue area quartile (VAT Q) in the study population (A), stratified by age group (≤65, N65 years) (B), gender (C), and lung
severity score (LSS) (high or low based on the population LSS median value) (D). Data are expressed as % and SD. P for interaction term, interaction of VAT accumulation and age
(figure B), gender (figure C), and lung severity score (LSS) (figure D) on ICU admission, is from a synergy index (SI) analysis. The SI is the ratio of the combined effects and the
individual effects. An SI of one means no interaction or perfect additivity. An SI of greater than one means positive interaction or more than additivity. An SI of less than one means
negative interaction or less than additivity. SI ranges from zero to infinity (figures B, C and D). P for within group analysis is from a Chi-square test (figure A; subgroups for figures B, C
and D).
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and 9.3% had a recent or current history of malignancy. Of those with a
diagnosis of hypertension, 61% was on either Angiotensin Converting
Enzyme inhibitors (ACEis) or Angiotensin II Receptor Blockers (ARBs).
Following the access to the emergency department, 15.3% were
discharged for home monitoring, 61.3% were admitted to Sub-
intensive Care, and 23.3% required intubation and therefore accessed
ICU (Table 1).

When evaluating patients based on the clinical outcome and
adjusting by gender, age was unsurprisingly significantly different
across groups, being increasingly higher from home monitoring to
ICU. Different from what previously reported, male gender propor-
tion was not significantly different across groups. Among biochemi-
cal markers of inflammation, age- and gender- adjusted C Reactive
Protein (CRP) and Lactate dehydrogenase (LDH) were significantly
higher in patients with worse clinical outcomes, D-dimer levels
trended higher (p = 0.073), whereas lymphocyte absolute count as
well as body temperature on presentation were not different. LSS
was worse in those accessing ICU as expected (p b 0.0001). TAT
was not significantly different upon clinical outcome categorization,
although trend higher levels were observed at increasing clinical se-
verity (p = 0.067). Patients requiring intubation did not therefore
show a significantly higher TAT compared to those not in need of in-
tubation. Conversely, VAT was significantly different across groups,
and post-hoc analysis revealed it being higher in those requiring in-
tubation and thus accessing ICU compared to those discharged for
home monitoring and those admitted to sub-intensive care, both
groups not needing intubation. The same could not be affirmed re-
garding SAT and EFT, as patients did not show any difference based
on clinical outcome (Table 1).

Upon categorization by VAT quartiles, a rise in ICU admission was
observed with increasing VAT accumulation (p = 0.009; Fig. 2A), and
patients belonging to the highest VAT quartile required ICU admission
significantly more than those in the second VAT quartile (p = 0.026)
(Fig. 2A).

Stratifying by age, 65 years being themedian age of the study popu-
lation, RERI, AP, and SI, reflecting the interaction between age and VAT
accumulation in contributing to ICU admission, consistently indicated
a positive interaction on an additive scale, meaning that the combined
effect of age and VAT seems to be more than the sum of the effects
(1.75, 0.43, and 2.32, respectively, Supplementary Table 1). However,
this interaction was not significant (p = ns, Fig. 2B). On an exploratory
basis, we further performed a subgroup analysis and observed a trend
increased need of ICU admission per higher VAT accumulation in the
age group N65 years (p=0.084, Fig. 2B); within this subgroup, a signif-
icant differencewas observed between the fourth and secondVAT quar-
tile (p = 0.0394, Fig. 2B).

Image of Fig. 2


Table 1
Baseline demographic and clinical characteristics of the study population.

All patients No intubation Intubation p

n (%) 150 (100) 115 (76) 35 (23)

Home therapy
(a)

Subintensive CU
(b)

Intensive CU
(c)

n (%) 23 (15) 92 (61) 35 (23)

Demographic and clinical characteristics
Age (years) 64.15 ± 15.69 62.91 ± 19 61.95 ± 14.87c 70.77 ± 13.91†,b 0.009
Male gender N(%) 97 (64.7) 17 (11.3) 57 (38) 23 (15.3) 0.556
Lymphocytes (∗103/μL)§ 1.28 ± 1.46 1.27 ± 0.72 1.21 ± 0.57 1.49 ± 2.85 0.654
CRP (mg/dL) 8.74 ± 8.32 7.42 ± 8.89c 6.83 ± 7.01c 14.62 ± 8.61†,a,b b0.0001
LDH (U/L) 339.5 ± 129.7 343.1 ± 124.6 311.2 ± 103.5c 408.6 ± 165.5†,b 0.003
D-dimer (ng/mL) 570.15 ± 952.5 407.5 ± 422.6 451.19 ± 589.8 975.18 ± 1625.5 0.073
Temperature (°C) 37.6 ± 0.98 37.5 ± 1.11 37.5 ± 0.89 37.8 ± 1.09 0.104
Hypertension N(%) 65 (58.6) 12 (66.7) 41 (59.4) 12 (50.0) 0.54
Cardiovascular Disease n(%) 18 (16.8) 1 (5.6) 15 (22.4) 2 (9.1) 0.13
ACEi/ARB N(%) 25 (61.0) 3 (33.3) 15 (68.2) 7 (70.0) 0.15
Diabetes N(%) 24 (22.0) 3 (16.7) 18 (26.5) 3 (13.0) 0.34
Malignancy N(%) 10 (9.3) 4 (22.2) 5 (7.5) 1 (4.5) 0.11
Kidney failure N(%) 11 (10.3) 0 (0) 10 (14.9) 1 (4.5) 0.11

Radiological characteristics
LSS 16.70 ± 8.37 13.83 ± 7.79c 14.76 ± 7.21c 23.69 ± 7.92†,a,b b0.0001
TAT (mm2) 28,076.90 ± 14,016.29 24,877.85 ± 13,813.71 26,936.17 ± 13,415.86 32,844.06 ± 14,866.94 0.067
VAT (mm2) 14,331.51 ± 8372.32 12,014.00 ± 7585.72c 13,679.66 ± 7807.05 17,343.56 ± 9561.3†,a 0.032
EFT (mm)§ 6.93 ± 2.54 6.41 ± 2.66 6.86 ± 2.04 7.45 ± 3.48 0.713
SAT (mm2) 13,745.39 ± 8506.76 12,863.85 ± 8598.83 13,256.51 ± 8122.65 15,500.50 ± 9382.40 0.186

Data expressed as mean± SD, or N (%); p is from a one-way ANCOVAwith multiple comparison LSD adjusted for age and gender or Chi-Square test/Fisher's exact test for categorical var-
iables. Letters denote the columns with which a statistically significant pairwise comparison exists. The results were considered statistically significant when p b 0.05. Percentage of pa-
tients on ACEi/ARB is calculated on the hypertensive subpopulation. p b 0.05 are highlighted in bold. CU, Care Unit, ICU, Intensive Care Unit; CRP, C reactive protein; LDH, Lactate
dehydrogenase; ACEi, Angiotensin-Converting-Enzyme inhibitor; ARB, Angiotensin II Receptor Blocker; TAT, Total Fat Area; VAT, Visceral Fat Area; SAT, Subcutaneous Fat Area; EFT, Epi-
cardial Fat Thickness; LSS, Lung Severity Score.

† Denotes a statistically significant difference between intubation and no intubation.
§ Denotes a Ln transformed variable to achieve normal distribution (Lymphocytes and EFT: Mean ± SD= 0.0316 ± 0.2229; 18,605 ± 0,41,905, respectively).
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Similarly, upon gender stratification, AP, and SI, but not RERI, indi-
cated a positive interaction on an additive scale between VAT accumu-
lation and gender (0.18, 1.51 and 0.41, respectively, Supplementary
Table 2), however, once again the interaction term was not significant
(p = ns, Fig. 2C). The exploratory subgroup investigation showed that
male subjects confirmed what observed in the general population (p
=0.025, Fig. 2C); conversely, female subjects did not confirm this find-
ing (p = 0.249, Fig. 2C). Within the male subgroup, subjects with VAT
belonging to the fourth quartile were significantly more in need of ICU
admission compared to those in the second quartile (p = 0.0126, Fig.
2C).

Upon stratification by LSS, RERI, AP, and SI, suggested a positive in-
teraction on an additive scale between VAT accumulation and LSS
(3.67, 0.42, and 1.88, respectively, Supplementary Table 3), but once
again the interaction term was not significant (p = ns, Fig. 2D). How-
ever, the explorative subgroup analysis suggested that patients in the
high LSS group (when LSS was higher than the LSS median value) and
belonging to the highest quartile of VAT deposition were admitted to
ICU more frequently (0.022 for high LSS, Fig. 2D). Patients in the low
LSS group did not confirm this finding (p = 0.431, Fig. 2D).

Uncorrected correlation assessment of continuous variables showed
that, as expected, VAT and TAT were directly correlated with other adi-
posity markers, but also with LSS and biochemical inflammation
markers. SAT and EFT, despite showing a correlation with some inflam-
mation markers on top of the expected one with the other fat markers,
failed to be significantly correlated with LSS. Age was found to be di-
rectly correlated with LSS, PCR and D-Dimer among radiological and
biochemical markers of inflammation and disease. EFT was also posi-
tively correlated, whereas temperature showed a negative association
(Table 2).

Univariate associations with the need of ICU admission were
assessed for all baseline demographic and clinical characteristics, to-
gether with available biochemical and radiological parameters.
Increasing age (expressed in quartiles), all investigated inflammation
markers (Lymphocytes, CRP, LDH, D-Dimer), LSS, TAT as well as VAT
were found to have a significant univariate association (Table 3). Multi-
variate logistic regression analyses showed that, when correcting for
age and gender, of the variables found to have an association with the
need of ICU admission, lymphocytes and D-dimer lost significance
(Table 3, Multivariate model 1). A second multivariate logistic regres-
sion analysis model including in onemodel all variables found to be sig-
nificantly associated with the need of ICU admission in the univariate
logistic regressions showed that CRP levels and the LSS explained
36.8% of the clinical outcome (R2 = 0.368) (Table 3, Multivariate
model 2). When adding to the model variables deemed to be clinically
relevant based on previous reports (presence of diabetes, the use of
ACEi/ARB, and hypertension) [23–26], it was found that the log likeli-
hood for the model including LSS and VAT z-score (R2 = 0.533) better
explained the clinical outcome compared to the log likelihood for a
baseline model, with VAT showing a stronger association with the
need of ICU admission compared to the LSS (OR: 2.474 vs 1.262, respec-
tively) (Table 3, Multivariate model 3). The diagnostic efficacy of this
model was quantified by receiver operating characteristic (ROC)
curve, and the area under the curve (AUC) was 0.654 (95% CI: 0.572–
0.73, p = 0.0056).

4. Discussion

We report that visceral deposition of fatwithin the abdomen is inde-
pendently associated with worse clinical outcomes upon SARS-CoV-2
infection. Interestingly, VAT accumulation seems to have a stronger
linkwith theneed of ICU admission and therefore intubation as opposed
to other relevant parameters, such as severity of interstitial pneumonia,
markers of inflammation, age, gender or comorbidities. Upon stratifica-
tion, it seems that higher VAT is associatedwith an increased need of in-
tensive care in subjects over 65 and in male gender, and among those



Table 2
Pearson's correlation matrix between investigated continuous variables.

VAT TAT SAT LSS EFT§ CRP LDH D-Dimer Temperature Lymphocytes§

Age 0.094 0.032 −0.040 0.285⁎⁎ 0.260⁎⁎ 0.195⁎ 0.069 0.225⁎⁎ −0.169⁎ −0.020
VAT 0.827⁎⁎ 0.379⁎⁎ 0.241⁎⁎ 0.183⁎ 0.243⁎⁎ 0.247⁎⁎ 0.130 0.167 0.051
TAT 0.833⁎⁎ 0.237⁎⁎ 0.263⁎⁎ 0.209⁎ 0.271⁎⁎ 0.209⁎ 0.150 0.100
SAT 0.153 0.253⁎⁎ 0.105 0.200⁎ 0.213⁎ 0.083 0.114
LSS 0.145 0.509⁎⁎ 0.593⁎⁎ 0.181⁎ 0.055 −0.136
EFT§ −0.040 0.143 0.188⁎ −0.133 0.108
CRP 0.409⁎⁎ 0.141 0.084 −0.118
LDH 0.233⁎⁎ 0.106 −0.184⁎

D-Dimer 0.067 −0.016
Temperature 0.031

Correlations are reported as Pearson correlation coefficient. p b 0.05 are highlighted in bold. TAT, Total Fat Area; VAT, Visceral Fat Area; SAT, Subcutaneous Fat Area; EFT, Epicardial Fat
Thickness; LSS, Lung Severity Score. CRP, C Reactive Protein; LDH, Lactate Dehydrogenase.

§ Denotes a Ln transformed variable to achieve normal distribution (Lymphocytes and EFT: Mean ± SD= 0.0316 ± 0.2229; 1.8605 ± 0.41905, respectively).
⁎ p b 0.05.
⁎⁎ p b 0.01.
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with high LSS, having higher VAT is associated with increased ICU
admission. However, it should be noted that the number of patients re-
quiring ICU admission in each subgroup was small leading to non-
significant interaction terms between subgroups (gender, age, severity
score). Subgroup analysis needs therefore to be considered exploratory
and should be taken with caution, but it can lay the path for future
studies.

The pathophysiology underlying the suggested link is likely
multi-stranded. First, obesity is associatedwith complement systemhy-
peractivation, chronic inflammation, and presence of comorbidities
such as diabetes and hypertension proposed in turn to be risk factors
Table 3
Univariate and multivariate logistic regression analyses for ICU admission.

Variable Univariate Multivariate

(1)

OR (95% CI) p-value [R2] OR (95% CI) p-value [R2

Demographic and clinical variables
Gender (male) 1.062 (0.48–2.35) p = 0.882 [0.000]
Age (years) 1.7 (1.21–2.49) p = 0.003 [0.094] 1.733 (1.206–1.491) p =
Lymphocytes (∗103/μL) 0.49 (0.22–1.06) p = 0.034 [0.01]
CRP (mg/dL) 12.1 (0.22–1.06) p = 0.0001 [0.274] 1.107 (1.053–1.163) p =
LDH (U/L) 2.53 (1.08–5.93) p = 0.033 [0.055] 1.005 (1.002–1.009) p =
D-dimer (ng/mL) 4.62 (1.91–11.17) p = 0.001 [0.134]
Temperature (°C) 1.84 (0.84–4.05) p = 0.13 [0.125]
Hypertension 1.56 (0.63–3.87) p = 0.338 [0.013]
Cardiovascular disease 2.32 (0.49–10.95) p = 0.288 [0.019]
ACEi/ARB 0.77 (0.25–2.43) p = 0.658 [0.005]
Diabetes 2.15 (0.58–7.98) p = 0.251 [0.021]
Malignancy 2.49 (0.30–20.75) p = 0.400 [0.013]
Kidney failure 2.8 (0.34–23.14) p = 0.339 [0.017]

Radiological variables
LSS 5.79 (2.34–14.35) p = 0.0001 [0.165] 1.173 (1.101–1.249) p =
TAT (mm2) 2.22 (0.99–4.93) p = 0.049 [0.041] 1.59 (1.057–2.392) p =
VAT (mm2) 3.13 (1.36–7.19) p = 0.007 [0.081] 1.577 (1.051–2.365) p =
EFT (mm) 1.29 (0.60–2.76) p = 0.504 [0.005]
SAT (mm2) 1.60 (0.73–3.50) p = 0.239 [0.015]

Notes: Univariate analysis was performed by converting continuous variables into dummy dich
tivariate analyses. To build a multivariate logistic regression model with ICU admission as the
variables/models: (1) multivariate analysis including age (quartiles) and gender, together with
gressors (age + gender + lymphocytes; age + gender + CRP; age + gender + LDH; age + g
variable age was adjusted for gender only). (2) Multivariate analysis including all statistically s
variate analysis including all the variables of model 2 with the addition of hypertension, ACEi
stepwise selectionmethod does not provide ORs and 95% CI for the variables not retained in the
with statistically significant results were added in the table, reporting their OR and 95% CI, [R2].
estimate is reported as Nagelkerke's R2

, which informs on how much the model explains the v
variable per one unit of change in the independent variable while holding other predictors in
Age in years. Pearson coefficient values are highlighted in bold when correlation was statist
CRP, C reactive protein; LDH, Lactate dehydrogenase; ACEi angiotensin-converting-enzyme in
SAT, Subcutaneous Fat Area; EFT, Epicardial Fat Thickness; LSS, Lung Severity Score.
for COVID-19 poor prognosis [27]. Furthermore, visceral adipose tissue
is capable of secreting Interleukin-6 [28], whose levels were found to
be retrospectively increased in COVID-19 non-survivors [25]. SARS-
CoV-2 seems to infect cells through an Angiotensin-converting enzyme
2 (ACE2)-dependent mechanism, a receptor also expressed by fat, in-
cluding ectopic reservoirs [29], and an additional direct proinflamma-
tory role of COVID-19 in the adipose tissue may therefore possibly
contribute to the observed results.

Although the design of our study does not allow for a causal relation-
ship to be found, our findings led us to hypothesize that VAT accumula-
tion may work behind the scenes to cause some of the conditions
(2) (3)

] OR (95% CI) p-value R2 = 0.368 OR (95% CI) p-value R2 = 0.533

0.003 [0.094]

0.0001 [0.256] 1.091 (1.019–1.169) p = 0.012
0.003 [0.183]

0.026 [0.312] 1.121 (1.042–1.206) p = 0.002 1.262 (1.071–1.488) p = 0.005
0.026 [0.167]
0.028 [0.168] 2.474 (1.017–6.019) p = 0.046

otomic variables based on median values, while continuous variables were used for mul-
dependent variable, we used a forward stepwise approach and investigated the following
variables with significant univariate association (p value ≤.05) analyzed one by one as re-
ender + D-dimer; age + gender + LSS; age + gender + TAT; age + gender + VAT; the
ignificant variables of the univariate analysis as regressors in one single model. (3) Multi-
or ARB use prior to admission and diabetes as clinically important variables. The forward
model because they do not significantly improve prediction. Therefore, only the variables

For the forward stepwise analysis, a P-IN= 0.05 and a P-OUT= 0.10were used. The effect
ariance of the dependent variable. The ORs represent the mean change in the dependent
the model constant. The results were considered statistically significant when p b 0.05.

ically significant at the p b 0.05 level and below. OR, Odds ratio; CI, confidence interval;
hibitor; ARB, angiotensin II receptor blocker; TAT, Total Fat Area; VAT, Visceral Fat Area;
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currently suggested to be risk factors for poor prognosis. Noteworthy,
our results are in line with a previous report suggesting that ectopic
fat depositionwithin the liver is strongly associated to COVID-19 clinical
severity among obese subjects [30]. However, Non-Alcoholic Fatty Liver
Disease is hard to be diagnosed as a chest CT scan only is performed in
COVID-19 patients, and our findings are therefore more likely to pro-
duce an immediate clinical impact.

Among the great variety of ectopic fat deposition sites, epicardial fat
represents a marker of systemic inflammation [31], and a role has been
hypothesized in the worse evolution of patients with COVID-19 and
obesity [32,33]. Interestingly, no correlation was observed with pulmo-
nary disease severity, hinting that this specific reservoir may have no
role in the increased need of intubation correlatedwith obesity, possibly
retaining one in cardiac manifestations related to COVID-19, which was
not investigated in the present study.

Our study has several limitations. First, the sample size was rela-
tively small, leading to small subgroup sizes upon stratification analysis
by age or gender. However, the sample size exceeded that calculated
based on a preliminary pilot study, and the post-hoc power was 89.2%.
The nature of this study was retrospective, and only selected biochem-
ical and clinical parameters were available, together with a partial clin-
ical history, making correction for some possible confounders not
possible. Also, other hard outcomes such as mortality could not be re-
trieved in the study population, as many patients were transferred to
other COVID centers due to governmental directives. Moreover, anthro-
pometric parameters (i.e. BMI) were unavailable, and a comparison in
outcomes prediction was therefore not performed. Furthermore, this
was not a mechanistic study, and the pathophysiology underlying the
findings, possibly involving the inflammatory role of visceral adipo-
cytes, could not be clarified.

Some strengths should also be acknowledged. The age distribution
of our study populationwaswider than that ofmany reports.Moreover,
not only the need of intubation was available, but also a categorization
between patients in need of sub-intensive care as opposed to those
whose clinical conditions were good enough to be discharged for
home monitoring could be retrieved. Finally, to the best of our knowl-
edge, this is the first study investigating fat deposition, thus indirectly
body composition, in patients with COVID-19, and the assessedmarkers
did not require additional instrumental tests, leading to a possible im-
mediate clinical applicability.

In conclusion, our preliminary findings suggesting that increased
visceral accumulation of fat is associated with worse COVID-19 severity
might aid in further confirmatory studies, on the one hand investigating
VAT as a useful clinical marker, and on the other hand elucidating the
underlying pathophysiology.
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