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Background and aims: Overall obesity has recently been established as an independent risk factor for critical ill-
ness in patients with coronavirus disease 2019 (COVID-19). The role of fat distribution and especially that of vis-
ceral fat, which is often associated with metabolic syndrome, remains unclear. Therefore, this study aims at
investigating the association between fat distribution and COVID-19 severity.
Methods: Thirty patients with COVID-19 and a mean age of 65.6 ± 13.1 years from a level-one medical center in
Berlin, Germany, were included in the present cross-sectional analysis. COVID-19 was confirmed by polymerase
chain reaction (PCR) from nasal and throat swabs. A severe clinical course of COVID-19 was defined by hospital-
ization in the intensive care unit (ICU) and/or invasive mechanical ventilation. Fat was measured at the level of
the first lumbar vertebra on routinely acquired low-dose chest computed tomography (CT).
Results: An increase in visceral fat area (VFA) by ten square centimeters was associated with a 1.37-fold higher
likelihood of ICU treatment and a 1.32-fold higher likelihood of mechanical ventilation (adjusted for age and
sex). For upper abdominal circumference, each additional centimeter of circumference was associated with a
1.13-fold higher likelihood of ICU treatment and a 1.25-fold higher likelihood of mechanical ventilation.
Conclusions: Our proof-of-concept study suggests that visceral adipose tissue and upper abdominal circumfer-
ence specifically increase the likelihood of COVID-19 severity. CT-based quantification of visceral adipose tissue
and upper abdominal circumference in routine chest CTs may therefore be a simple tool for risk assessment in
COVID-19 patients.

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

In the context of the current unprecedented health crisis due to the
pandemic of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), evidence has emerged suggesting that obesity might aggravate
the course of coronavirus disease 2019 COVID-19 [1,2]. However, previ-
ous research has focused exclusively on an increased individual body
mass index (BMI) as a risk factor for severe COVID-19 without
distinguishing between subcutaneous and visceral adipose tissue.
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Apart from overall obesity, body fat distribution is an important risk fac-
tor for cardiometabolic outcome [1,2]. Visceral adipose tissue is often as-
sociated with metabolic syndrome, conferring an increased risk of
cardiovascular disease and type 2 diabetes mellitus with subsequent
higher morbidity [1,2]. Furthermore, although BMI is currently the
most commonly used indicator for assessing overweight/obesity in
adults and has high specificity, it is influenced by sex and age and has
an inherently low sensitivity for identifying excess fat mass [3]. Further-
more, BMI-based measures cannot distinguish between visceral and
subcutaneous fat. Here, computed tomography (CT) with noninvasive
postprocessing tools enables the differentiation and quantification of
visceral and subcutaneous fat tissue, thus allowing reliable assessment
of body fat distribution [4].

Therefore, the aim of this proof-of-concept studywas to quantify the
subcutaneous and visceral adipose tissue of COVID-19 patients using
routinely acquired chest CT scans and to compare the results with the
severity of the clinical course in terms of hospitalization with intensive
care unit (ICU) treatment and/or invasive mechanical ventilation.
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2. Material and methods

Thirty patients with COVID-19 and a mean age of 65.6 ± 13.1 years
from a level-one medical center in Berlin, Germany, were included in
the present cross-sectional analysis. Patients were treated between
March 27 and April 27, 2020 and inclusion criteria were: availability of
a (low-dose) chest CT scan with diagnostic image quality and
laboratory-confirmed COVID-19. All CT datasets were of diagnostic
image quality and none of the patients had to be excluded. COVID-19
was confirmed by polymerase chain reaction (PCR) from nasal and
throat swabs on the day of admission. To reduce the false negative
rate, at least two repeat PCRs were performed. Additional swabs were
obtained to confirm the diagnosis in patients with a positive result
and in case of negative results and persisting respiratory symptoms. A
severe course of COVID-19was defined by the requirement of ICU treat-
ment and/or mechanical ventilation. Age and sex were potential con-
founders, which were corrected for in statistical analysis.

This proof-of-concept study was prior approved by the local ethics
committee in accordance with the local laws and regulations, including
a waiver of informed consent (EA 4/140/17). It was conducted in accor-
dance with the local laws and regulations and in accordance with the
Declaration of Helsinki and Good Clinical Practice.

2.1. CT imaging protocol

CT examinations of study patients were performed on two different
types of scanners: three Canon Aquilion PRIME (CAP) scanners and a GE
Lightspeed VCT (GEL) scanner. A low-dose chest CT scanwas performed
for diagnostic purposes or to evaluate the patient's current condition on
the day of admission. The CT protocol included the following imaging
parameters: highest rotation time available - 0.27 s (CAP) and 0.35 s
(GEL), 100 kV, automatic tube modulation between 10 and 100 mA
with a noise index of 27 (CAP) and 39 (GEL), collimation of 80 × 0.5
mm (CAP) and 64 × 0.625 mm (GEL), pitch factors of 1.388 (CAP) and
1.375 (GEL). Patients were positioned supine, and nonenhanced scans
in caudocranial scan directionwere obtained in deep inspiration.We re-
constructed 0.5 mm (CAP) and 0.625 mm (GEL) axial slices using soft
tissue and lung kernels (Fc01 and Fc85 (CAP), “standard” and “lung”
(GEL)) and iterative reconstruction technology (AIDR3D level “moder-
ate” (CAP), ASIR 50% (GEL)).

2.2. Data acquisition

CT fat was measured in a fully automated fashion from chest CTs
using Vital's Vitrea™ Advanced Visualization postprocessing applica-
tions (Version 7.0, Canon Medical Systems Cooperation, Otawara,
Tochigi, Japan), which was designed to isolate and quantify subcutane-
ous and visceral fat tissue based on a single slice of non-contrast en-
hanced CT data. Visceral fat area (VFA), subcutaneous fat area (SFA),
and total fat area (TFA) were quantified at the level of the mid of the
first lumbar vertebra on clinical chest CT scans routinely acquired for
COVID-19 [5,6]. Data were then exported as comma-separated values.

As outcome of interest we defined whether the patient had to be
transferred to the intensive care unit and if mechanical ventilation
was required. The Radiology Information Systemwas searched to deter-
mine if the patient had to be been transferred to the ICU and conven-
tional chest radiographs were assessed to assess if patients were
intubated.

Other patient information such as age, weight, or height was ex-
tracted from theDICOMheaders of the CT scans, if available. If this infor-
mation was missing in the DICOM headers, it was instead extracted
from patient reports, resulting in no missing data on age, weight or
height. BMI was calculated according to the common formula: weight
(kg) / [height (m)]2. Other clinical information, such as comorbidities
and laboratory data, were also extracted from patient records. Regard-
ing comorbidities, we assumed a comorbidity was not present if not
mentioned in any of the patient records over the last five years.
Acquired data were stored in tabular form and then exported as
comma-separated values for subsequent statistical analysis.

2.3. Statistical analysis

All statistical analysiswasperformed using the ‘R’ statistical environ-
ment (Version 4.0.0), including the “tidyverse” library [7,8]. Continuous
variables were tested for normal distribution using the Shapiro-Wilk
test. If normally distributed, they were expressed as mean ± standard
deviation. Otherwise, they were presented as median and interquartile
range (IQR). Spearman's correlation coefficients were calculated, if cor-
relations were assessed. The three subgroups of patients (normal ward,
ICU, and mechanical ventilation) were compared using an analysis of
variancewithmixedmodels corrected for age and sex,with the imaging
site as random intercept. Afterwards, post-hoc binary testswere applied
to compare patients on normal wards with ICU patients and patients on
wards with patients requiring mechanical ventilation. Continuous and
normally distributed variables were compared with a one-tailed
Student's t-test, while the Wilcox rank sum test was used in case of
non-normal distribution. Categorical variables were expressed as fre-
quencies and percentages and compared using Fisher's exact test or
the Chi-squared test, as appropriate. Amultivariate binomial logistic re-
gression model was employed to analyze the relationship between se-
vere clinical courses and quantitative CT features. 95% confidence
intervals for odds ratioswere calculated using bootstrapping (1000 iter-
ations). A p-value b 0.05 was considered statistically significant.

3. Results

In the present proof-of-concept study, we analyzed chest CT images
of 30 patients with confirmed SARS-CoV-2 infection. The study popula-
tion had a mean age of 65.6 years ± 13.1 years and included 18 men
(61.9 years ± 12.8 years) and 12 women (71.2 years ± 11.8 years, p
= 0.051). A total of 43% of the patients had to be transferred to the
ICU during treatment (n = 13), with men being affected more often
than women (9 men vs. 4 women, p = 0.47). Seven of the 13 ICU pa-
tients required mechanical ventilation (6 men vs. 1 woman, p =
0.19). Information on height and weight was available in all cases.
Tables 1 to 3 provide detailed overviews of anthropomorphic and clini-
cal patient characteristics.

3.1. Differences between patients in the ICU and normal ward

Mean BMI of all patients was 26.4 kg/m2 ± 2.9 kg/m2 (men 26.0 kg/
m2 ± 2.24 kg/m2 vs. women 26.9 kg/m2 ± 3.7 kg/m2). Patients who
were admitted to the ICU had a BMI of 26.8 kg/m2 ± 2.1 kg/m2 com-
pared to patients who did not require ICU treatment with a BMI of
26.1 kg/m2 ± 3.4 kg/m2 This difference was not significant (p = 0.46).

The median VFA was 82.4 cm2 (IQR 55.2 cm2). Men tended to have
more visceral adipose tissue than women (95.4 cm2 vs. 67.3 cm2), and
the difference was statistically significant (p = 0.014). Patients admit-
ted to the ICU had a significantly larger TFA compared to patients in
the normal ward. When looking at the different fat compartments, it
was particularly conspicuous that ICU patients had a significantly larger
VFA (96.9 cm2 ± 33.5 cm2) compared to patients in the normal ward
(70.0 cm2± 28.2 cm2, p= 0.031). Furthermore, patients requiringme-
chanical ventilation had a significantly larger VFA than patients who
could breathe freely (ICU with mechanical ventilation: 124.2 cm2 vs.
ICU and free breathing: 96.6 cm2 vs. normal ward and free breathing:
70.0 cm2, p = 0.006) (see Fig. 1 for patient case examples). CT-
derived upper abdominal circumference also significantly differed be-
tween patients in ICU (107.0 cm± 8.3 cm) and patients on the normal
ward (99.2 cm± 8.0 cm, p= 0.009) and similarly between patients re-
quiring mechanical ventilation (109.7 cm± 7.6 cm) and patients with-
out mechanical ventilation (103.8 ± 8.6, p = 0.008).



Table 1
Demographic and clinical patient characteristics.

Characteristic All patients (n = 30) BMI groups p Age groups p

b25 (n = 11) ≥25 (n = 19) ≤50 (n = 4) 51–64 (n = 7) ≥65 (n = 19)

Male/female sex – No. 18/12 7/4 11/8 1/1 4/0 4/3 10/9 0.27/0.27
Age – years 65.6 ± 13.1 68.8 ± 12.8 63.7 ± 12.2 0.96
BMI – kg/m2 26.4 ± 3 25.6 IQR 2.7 27.3 IQR 2.4 26.3 IQR 2.1 0.99
Former or current smoker – No. 4 3 1 0.13 0 1 3 1
Coexisting disorders
Any – No. 19 7 12 1 2 5 12 0.87
Hypertension – No. 15 4 11 0.45 1 4 10 0.75
Diabetes – No. 5 2 3 1 0 1 4 1
Coronary artery disease – No. 5 3 2 0.33 0 0 5 0.27
Heart failure – No. 2 1 1 1 0 0 2 1
COPD – No. 3 1 2 1 0 0 3 0.71
Bronchial asthma – No. 3 0 3 0.28 0 3 0 0.01
Chronic renal disease – No. 2 2 0 013 0 0 2 1
Active malignancy – No. 3 3 0 0.04 1 0 2 0.46

This table provides an overview of demographic and clinical patient characteristics. Values for age and BMI are presented as mean ± standard deviation if normally distributed and as
median and interquartile range (IQR) if not. p-Valueswere obtainedwith Fisher tests for the count variables age and BMI andwith ANOVA for all other variables. Abbreviations: No.: num-
ber, SD: standard deviation, BMI: body mass index, COPD: chronic obstructive pulmonary disease.

Table 2
Fat measures and laboratory findings.

Characteristic All patients (n = 30) BMI groups p Age groups p

b25 (n = 11) ≥25 (n = 19) ≤50 (n = 4) 51–64 (n = 7) ≥65 (n = 19)

Total fat area (10 cm2) 15.1 IQR: 7.6 12.8 ± 4.9 15.7 IQR: 9.7 0.05 12.6 ± 7.09 26.0 ± 13.4 15.0 IQR: 4.6 0.65
Subcutaneous fat area (10 cm2) 6.2 IQR: 4.8 5.1 ± 12.0 8.4 IQR: 7.3 0.03 5.2 ± 3.6 6.2 IQR: 21.2 6.3 IQR: 3.6 0.64
Visceral fat area (10 cm2) 8.2 IQR: 5.5 7.7 ± 3.6 8.8 IQR 5.3 0.40 7.4 ± 3.8 10.8 SD: 1.6 6.6 IQR: 4.8 0.86
Upper abdominal circumference (cm) 102.5 ± 8.9 97.8 ± 7.5 105.3 ± 8.6 0.03 102.2 ± 3.7 110.4 ± 5.3 99.7 ± 9.1 0.13
C-reactive protein (mg/dL) 63 IQR: 105.3 60 IQR 97 96.1 ± 73.3 0.30 132.1 ± 122 103.2 ± 76.9 62 IQR: 92.8 0.13
White-cell count – per (103/μL) 6.2 ± 2.7 5.4 ± 2.6 6.6 ± 2.8 0.39 5.0 ± 3.5 7.1 ± 3.0 5.6 IQR: 2.7 0.97
Lymphocyte count – per (103/μL) 0.87 IQR: 0.62 0.77 IQR 0.54 0.96 IQR 0.63 0.53 1.1 ± 0.7 1.4 IQR: 2.96 0.8 IQR: 0.48 0.38
Creatinine (mg/dL) 0.91 IQR: 0.32 1.02 IQR: 1.08 0.9 IQR 0.26 0.78 0.78 ± 0.17 1 IQR: 0.22 0.99 IQR: 0.38 0.31

This table shows the distribution of fat measures and laboratory findings across different BMI and age groups. Values are presented as mean± standard deviation if normally distributed
and as median and interquartile range (IQR) if not. P-values were obtained with ANOVA for all columns. Abbreviations: IQR: interquartile range, BMI: body mass index.

Table 3
In-hospital courses of COVID-19 in the 30 study patients.

Characteristic All patients (n = 30) BMI groups p Age groups p

b25 (n = 11) ≥25 (n = 19) ≤50 (n = 4) 51–64 (n = 7) ≥65 (n = 19)

Mortality – No. 2 2 0 – 0 1 1 –
Normal ward – No. 17 8 9 0.26 2 2 13 0.21
ICU – No. 13 3 10 0.26 2 5 6 0.21
ICU with mechanical ventilation – No. 7 2 5 1 1 3 3 0.39
Number of days in ICU – No. 13.2 ± 10.2 4⁎ 14.2 ± 10.3 – 19; 7⁎⁎ 4 IQR 7.3 15.3 ± 8.3 –
ARDS – No. 5 2 3 1 0 2 3 0.61

This table provides an overview of in-hospital courses of COVID-19, including mortality, number of patients in the normal ward, intensive care unit (ICU), and ICU with intubation. Also
provided is information on the number of days in ICU and on patients with ARDS. The number of ICU days is given asmean± standard deviation if the values were normally distributed in
the respective subgroup and as median and interquartile range (IQR) if not. We used Fisher tests to calculate p-values for all count variables (mortality, normal ward, ICU, ICU with me-
chanical ventilation and ARDS) and ANOVA for group comparison regarding the number of days on the ICU. Abbreviations: No.: number, ICU: intensive care unit, ARDS: acute respiratory
distress syndrome, BMI: body mass index, SD: standard deviation, IQR: interquartile range.
⁎ The number of days in the ICU was missing for two patients, as they were transferred to another site.
⁎⁎ Only two patients were in the ICU in this subgroup.
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Differences in SFA between patients on the normal ward vs. ICU or
patients with vs. without mechanical ventilation were also significant
(p= 0.039), but with only low statistical power (0.38). The differences
in the various fat tissuemeasurements and BMI between patient groups
are summarized in Table 4. Fig. 2 provides an overview of the distribu-
tion of the different BMI and fat measures.
3.2. Association between BMI and fat area measurements

VFA and BMI showed amoderate correlationwith a correlation coef-
ficient of r=0.53 (95% CI 0.40–0.73, p b 0.001). It is noteworthy that the
correlation was stronger for men than for women (r = 0.59 vs. r =
0.52). CT-derived upper abdominal circumference and BMI also showed
amoderate correlation with a correlation coefficient of r=0.59 (95% CI
0.41–0.78, p b 0.001). Again,men showed a slightly stronger correlation
between BMI and CT-derived upper abdominal circumference com-
pared to women (r = 0.62 vs. r = 0.58).
3.3. Association between fat area measurements and COVID-19 severity

As VFA and CT-derived upper abdominal circumference differed sig-
nificantly between patients who required ICU treatment and/or



Fig. 1. Patient examples using the automated post-processing application. Shows two case examples of a lean and an obese patient with COVID-19. 1a–c show a chest (1a) and abdominal
CT scan (1b) of an obese 27-year-old male patient. 1c shows CT-based fat quantification of the subcutaneous (blue color) and visceral adipose tissue (red color) with a visceral fat area of
68.3 cm2, a subcutaneous fat area of 88.5 cm2, and a CT-derived upper abdominal circumference of 109.1 cm. 2a–c show a chest (2a) and abdominal CT scan (2b) of a lean 51-year oldmale
patient. 2c shows CT-based fat quantification of the subcutaneous and visceral adipose tissuewith a visceral fat area of 15.4 cm2, subcutaneous fat area of 20.8 cm2, and a CT-derived upper
abdominal circumference of 95.9 cm. Of these two patients, the one with the higher fat content had more severe pulmonary COVID-19 infection.

Table 4
Differences in fat measures between patient groups.

Measurement Normal ward ICU and free breathing ICU and mechanical ventilation p-Values Power

Total fat area (cm2) 135 IQR 61.8 204.4 ± 86.9 237.3 ± 134.3 0.005* 0.85
Subcutaneous fat area (cm2) 56.2 IQR 33.8 107.57 ± 72.8 73 IQR 59.7 0.039* 0.38
Visceral fat area (cm2) 70.0 ± 28.2 96.9 ± 33.5 124.2 ± 65.9 0.005* 0.98
Upper abdominal circumference (cm) 99.2 ± 8.0 103.8 ± 8.6 109.7 ± 7.6 0.011* 0.76
BMI (kg/m) 26.1 ± 3.4 27.3 ± 2.2 26.4 ± 2.2 0.579 0.09

This table gives an overview of differences in fat measures between three patient groups: Group 1 included patients in the normalward, group 2 included patients treated in the ICUwith-
out mechanical ventilation, group 3 included patients treated in the ICUwithmechanical ventilation. Values for the groupswere expressed asmean± standard deviation if normally dis-
tributed and as median and interquartile range (IQR) if not. All differences were assessed using analysis of variance (ANOVA). Significant p-values aremarkedwith an asterisk. The power
analysis was performed post priori. Abbreviations: BMI: body mass index, ICU: intensive care unit.

4 A. Petersen et al. / Metabolism Clinical and Experimental 110 (2020) 154317
mechanical ventilation and patients who did not require ICU treatment
or mechanical ventilation, a logistic regression analysis was conducted.
Two models each were constructed for VFA and CT-derived upper ab-
dominal circumference, the first unadjusted for any confounder, the
second adjusted for age and sex. Table 5 gives an overview of the odds
ratios derived from logistic regression analysis. An increase in VFA by
10 square centimeters was associated with a higher likelihood of ICU
treatment and a higher likelihood of mechanical ventilation. The odds
ratio, as derived from the model adjusted for age and sex, was 1.37
(95% CI 1.07–1.89) regarding ICU treatment. This means that patients
were 1.37 times more likely to require ICU treatment than patients
with 10 cm2 less VFA. Similarly, those patients were also 1.32 (95% CI
1.04–1.91) times more likely to require mechanical ventilation com-
pared to patients with 10 cm2 less VFA.

For CT-derived upper abdominal circumference, each additional
centimeter of circumference was associated with a 1.13-fold (95% CI
1.02–1.3) higher likelihood of ICU treatment and a 1.25-fold (95% CI
1.05–1.68) higher likelihood of mechanical ventilation.
4. Discussion

In the present proof-of concept study, subcutaneous and visceral ad-
ipose tissuewas automatically quantified in routinely acquired chest CT
scans of COVID-19 patients at the level of thefirst lumbar vertebra using
a post-processing application, which was not previously validated for
fat measurements in COVID-19 patients. Apart from the total fat area,
we identified visceral adipose tissue and CT-derived upper abdominal
circumference as significant indicators of severe courses of COVID-19,
while BMI was not an indicator in our analysis. A severe course was as-
sumed when a patient needed ICU treatment and/or mechanical
ventilation.

In 2016, the World Health Organization estimated that 1.9 billion
adults were overweight and of these, over 650 million were obese
[9]. Overall obesity is a state of low-grade systemic inflammation,
which contributes to the development of metabolic diseases, such
as dyslipidemia or type 2 diabetes mellitus, andmaymodify immune
responses, making the immune system more susceptible to infection

Image of Fig. 1


Fig. 2. Distribution of different weight and fat measures. Distribution of abdominal circumference (in cm), body mass index (BMI), subcutaneous fat area (SFA, cm2), total fat area (TFA),
and visceral fat area (VFA) across different binary parameters. Line 1 represents the distribution of these fat measures across two age groups (b65 vs. ≥65 years). Line 2 represents the
distribution of these fat measures across the two sexes (male, female). Line 3 represents the distribution of these fat measures for intensive care unit (ICU) patients vs. patients in
normal wards. Line 4 represents the distribution of these fat measures between freely breathing and mechanically ventilated patients. Abbreviations: BMI: body mass index, SFA:
subcutaneous fat area, TFA: total fat area, VFA: visceral fat area.

5A. Petersen et al. / Metabolism Clinical and Experimental 110 (2020) 154317
[10]. This could also play an important role in the pathogenesis of re-
spiratory disorders [11]. In the context of influenza virus infection,
obesity has been suggested to impair memory CD8+ T cell responses
to infection, resulting in more severe lung pathology and higher
Table 5
Multivariate logistic regression analysis for ICU treatment and mechanical ventilation.

Variable Odds ratio

Unadjusted for age and sex
Visceral fat area (per 10 cm2) 1.36
Upper abdominal circumference (per 1 cm) 1.13
Total fat area (per 10 cm2) 1.11
Visceral fat area (per 10 cm2) 1.30
Upper abdominal circumference (per 1 cm) 1.17
Total fat area (per 10 cm2) 1.08

Adjusted for age and sex
Visceral fat area (per 10 cm2) 1.37
Upper abdominal circumference (per 1 cm) 1.13
Total fat area (per 10 cm2) 1.13
Visceral fat area (per 10 cm2) 1.32
Upper abdominal circumference (per 1 cm) 1.25
Total fat area (per 10 cm2) 1.28

This table provides the odds ratios for ICU treatment and mechanical ventilation, derived from
viations: CI: confidence interval, ICU: intensive care unit.
mortality [12]. Particularly central obesity with intra-abdominal de-
position of visceral fat tissue has been closely linked to cardiometa-
bolic disorders [13]. Visceral adipose tissue, known to be more
metabolically active than subcutaneous adipose tissue, has unique
95% CI Outcome

1.08–1.86 Patient in ICU
1.03–1.29 Patient in ICU
1.02–1.28 Patient in ICU
1.05–1.81 Mechanical ventilation
1.04–1.37 Mechanical ventilation
0.99–1.19 Mechanical ventilation

1.07–1.89 Patient in ICU
1.02–1.3 Patient in ICU
1.03–1.29 Patient in ICU
1.04–1.91 Mechanical ventilation
1.05–1.68 Mechanical ventilation
1.06–1.80 Mechanical ventilation

multivariate logistic regression analysis, unadjusted and adjusted for age and sex. Abbre-

Image of Fig. 2
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endocrine functions and secretes a variety of adipokines and pro-
inflammatory cytokines, including TNF, C-reactive protein, interleu-
kin 6 (IL-6), and leptin [12,14]. Apart from insulin resistance and
metabolic syndrome, elevated IL-6 levels are known to be related
to chronic inflammatory airways disease, and recent studies report
higher levels of IL-6 in COVID-19 non-survivors [15,16]. Early find-
ings from Italy suggest that IL-6 receptor inhibition by administra-
tion of the monoclonal antibody tocilizumab might improve
respiratory function in COVID-19-related acute respiratory distress
syndrome [17]. In addition, leptin was previously found to be related
to airway reactivity, and initial findings suggest that leptin levels are
elevated in COVID-19 patients with more severe pulmonary inflam-
mation [18,19].

With the shift of COVID-19 epicenters to Europe and now especially
North and South America, the impact of obesity on COVID-19 may gain
in importance, as these two continents have some of the highest preva-
lence of obesity worldwide, with obesity taking on epidemic propor-
tions [20]. While previous investigators already identified overall
obesity as a risk factor for severe courses of COVID-19, they only used
BMI to measure obesity [21–24]. Compared to recent COVID-19 studies
from New York and Lille [24,25], which used BMI as a measure of obe-
sity, our ICU patients were of similar age (65.6 ± 13.1 years) as the pa-
tients fromNewYork (median67, ICR 56–77years),while patients from
Lille were younger (median 60, ICR 51–70 years) [26]. Regarding me-
dian BMI, the Lille center found that COVID-19 patients with a BMI ≥
35 kg/m2 required mechanical ventilation significantly more often
than COVID-19 patients with a BMI below 25 kg/m2 [24]. In a New
York patient population, especially a BMI ≥ 40 kg/m2 was identified to
be among the factors most strongly associated with hospitalization of
COVID-19 patients [25]. Another study from New York by Palaiodimos
et al. examined a minority-predominant population and found that se-
vere obesity was independently associated with a higher in-hospital
mortality [27]. Zheng et al. reported patients with metabolic associated
fatty liver disease and obesity (BMI N 25 kg/m2) to have a 6-fold higher
risk for a severe course of COVID-19 [2]. By comparison, we found a
more than 1.37-fold higher likelihood of ICU treatment and a more
than 1.32-fold higher likelihood of mechanical ventilation for an in-
crease in VFA by 10 cm2 (adjusted for age and sex).

A current study by Deng et al. found that obesity could also increase
severe courses of COVID-19 in younger patients, especially in thosewith
damages of liver and kidneys [28]. Kass et al. also reported, that obesity
could shift severe COVID-19 to younger ages after examining the corre-
lation between BMI and age in COVID-19 patients admitted to the ICU at
different university hospitals in the United States [29]. Most recently,
Stefan et al. underlined the importance ofmeasuring anthropomorphics
and metabolic parameters, such as BMI, waist and hip circumferences
and levels of glucose and insulin, in addition to the evaluation of stan-
dard hospital parameters in order to improve individual risk assessment
of COVID-19 patients [1].

It should be noted that the utility of BMI in assessing obesity de-
pends on the assumption of a close correlation of anthropomorphic
measures with direct measures of obesity, such as total body fat or vis-
ceral and subcutaneous adipose tissue [24]. Here, several studies sug-
gest that, for the same BMI, the amount of body fat is heavily
influenced by age and sex, as women tend to have more fat than men
with the same BMI, while older persons tend to have more body fat
than younger persons with the same BMI [30,31]. This is in line with
our correlation coefficient of 0.56 for VFA and BMI and the consistently
moderate correlation coefficients reported in the literature, ranging
from 0.61 to 0.71 after adjustment for age [26,32,33].

By using CT-based quantification of the visceral and subcutaneous
adipose tissue, we chose a more comprehensive approach to measure
potential obesity, which allowed us to separately determine different
fat compartments such as the subcutaneous and visceral fat area. This
is essential as body fat distribution was previously established as an in-
dependent risk factor for cardiometabolic outcomes in the general
population, next to obesity [2]. Although the post-processing applica-
tion used in the present study (Vitrea™) was not previously validated
for fat measurement in COVID-19 patients, it has been validated for ab-
dominal fatmeasurement by using cryosection photographs and CT im-
ages from the NIH Visible Human Project [34,35]. In addition, it was
reported that visceral fat areas obtained froma single slice andwaist cir-
cumference obtained at the level of the umbilicus (approximately L4 or
L5) were highly correlated to the total visceral fat volume [36,37]. Here,
it has to be pointed out, that we obtained the fat measurements at the
level of the first lumbar vertebra instead of the fourth or fifth vertebra,
as the lower levels were not included in the chest CT scans. Kuk et al.
previously investigated if themeasurement site for visceral and abdom-
inal subcutaneous adipose tissue in CT scans would alter associations
with the metabolic syndrome and found no significant difference be-
tween Th12-L1, L1-2 and L4-L5 [38]. Therefore, it appears that the first
lumbar vertebra (L1) may similarly be used for fat measurement. Still,
our deviatingmeasurementmethod (measurement at the level of L1 in-
stead of L4/5) has to be recognized as a potential shortcoming.

In our COVID-19 population we found that - apart from TFA - VFA
and CT-derived upper abdominal circumference were associated with
ICU treatment and/or mechanical ventilation. Differences in SFA were
also statistically significant, but with only low statistical power, while
BMI did not show any significant association with severe courses of
COVID-19. However, it has to be acknowledged that the mean BMI
was quite low in our study population, with most of the patients being
overweight, but not obese. Thismight explainwhy BMIwas not a signif-
icant indicator in our patients. On the other hand, this observation high-
lights the importance of visceral adipose tissue as a potential indicator
of COVID-19 severity in overweight patients with an increased amount
of visceral fat tissue who do not meet the criterion for obesity.

To our knowledge, this is the first study that specifically identifies
visceral fat and CT-derived upper abdominal circumference as potential
risk factors for severe courses of COVID-19. These indicators can be de-
terminedwithout the need for further imaging simply by performing an
automated postprocessing analysis of a standard chest CT scan, pro-
vided that it was acquired during routine diagnostic workup. However,
it should be noted that a CT-based measurement is obviously not less
costly than an anthropomorphic measurement of waist circumference.
But other than conventional anthropomorphic measurements, CT-
based measurements also allow for an assessment of the visceral and
subcutaneous adipose tissue. In addition, even simple measurements,
such asmeasurements of the waist circumference, can be more difficult
to obtain in critically ill patients. Given that some COVID-19 patients are
extremely ill, such easy-to-determine parameters may be of clinical
relevance.

The present proof-of-concept study has several limitations: firstly,
anthropomorphic measures were derived from DICOM headers or pa-
tient records and might have been reported by the patients with possi-
ble bias. Secondly, regarding comorbidities, we also extracted this
information from the patient records, assuming a comorbidity was not
present if not mentioned in any of the patient records over the last
five years.We are aware, that this approachmight lead to biased results
for the presence of comorbidities. Besides there were also missing data
on laboratory data. However, as this datawas only provided in the sense
of additional clinical information and not included in any analysis, we
believe, that this does not affect the results of the present study. Thirdly,
the post-processing application used for the fat measurements was not
previously validated for fat measurements in COVID-19 patients. Be-
sides, CT-based fat measurements were performed at the level of the
first lumbar vertebra instead of the fourth or fifth vertebra and we
used the upper abdominal circumference instead of the abdominal cir-
cumference. This may have affected the reliability of our fat measure-
ments. Finally, a major limitation is the small sample size and the
single-center cross-sectional design. Retrospective epidemiological
studies in larger populations aswell as autopsy studies and clinical trials
with the aim to identify individuals most at risk of becoming infected or
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of developing complications will be needed for a better selection of in-
dividual safety measures. Also, it will be important to determine if it is
possible to employ prophylactic and therapeutic measures
(e.g., treatment modulating the complement system or IL-6 secretion),
and if there are long-term consequences of COVID-19 infection on the
health of patients with overweight and increased amounts of adipose
tissue. Finally, the pathophysiological link between obesity, overweight,
visceral adipose tissue and respiratory disease will have to be further
investigated.

5. Conclusions

Going beyond the recently established association between BMI-
based obesity and severe courses of COVID-19, our results suggest that
body fat distribution is also important, with visceral adipose tissue
and CT-derived upper abdominal circumference significantly increasing
the likelihood of severe courses of COVID-19. Hence, CT-based quantifi-
cation of visceral adipose tissue and upper abdominal circumference
might be a simple tool for risk assessment in COVID-19 patients.
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