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Abstract

Purpose Chest X-ray (CXR) severity score and BMI-based obesity are predictive risk factors for COVID-19 hospital admis-
sion. However, the relationship between abdominal obesity and CXR severity score has not yet been fully explored.
Methods This retrospective cohort study analyzed the association of different adiposity indexes, including waist circumfer-
ence and body mass index (BMI), with CXR severity score in 215 hospitalized patients with COVID-19.

Results Patients with abdominal obesity showed significantly higher CXR severity scores and had higher rates of CXR
severity scores > 8 compared to those without abdominal obesity (P <0.001; P=0.001, respectively). By contrast, patients
with normal weight, with overweight and those with BMI-based obesity showed no significant differences in either CXR
severity scores or in the rates of CXR severity scores > 8 (P=0.104; P=0.271, respectively). Waist circumference and waist-
to-height ratio (WHtR) correlated more closely with CXR severity scores than BMI (r=0.43, P<0.001; »=0.41, P <0.001;
r=0.17, P=0.012, respectively). The area under the curves (AUCs) for waist circumference and WHtR were significantly
higher than that for BMI in identifying a high CXR severity score (>8) (0.68 [0.60-0.75] and 0.67 [0.60-0.74] vs 0.58
[0.51-0.66], P=0.001). A multivariate analysis indicated abdominal obesity (risk ratio: 1.75, 95% CI: 1.25-2.45, P <0.001),
bronchial asthma (risk ratio: 1.73, 95% CI: 1.07-2.81, P=0.026) and oxygen saturation at admission (risk ratio: 0.96, 95%
CI: 0.94-0.97, P <0.001) as the only independent factors associated with high CXR severity scores.

Conclusion Abdominal obesity phenotype is associated with a high CXR severity score better than BMI-based obesity in
hospitalized patients with COVID-19. Therefore, when visiting the patient in a hospital setting, waist circumference should
be measured, and patients with abdominal obesity should be monitored closely.

Level of evidence Cross-sectional descriptive study, Level V.
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Introduction

Coronavirus disease 2019 (COVID-19), the infectious
disease caused by the novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), has a broad spectrum
of clinical presentations, from asymptomatic infection to
influenza-like symptoms all the way to severe pneumonia,
leading then to acute respiratory distress syndrome (ARDS)
[1]. Early identification of individual phenotypes is essential
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in patients who are particularly inclined to develop severe
COVID-19 and who may need hospital admission. Older
patients and those with pre-existing non-communicable
diseases (NCDs) seem more vulnerable to severe forms of
COVID-19 [2].

Obesity is a gateway to many NCDs, and people with
BMI-based obesity seem to have a high risk of hospitaliza-
tions, serious illnesses, and mortality [3]. With the rising
prevalence of obesity, awareness of its impact on communi-
cable diseases has increased [4, 5]. During the 2009 A HIN1
influenza pandemic, obesity was identified as an independent
risk factor for more severe disease and mortality in infected
individuals [6]. Moreover, patients with obesity were likely
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to develop both upper and lower respiratory tract infections
more frequently [7] and even hypoventilation-associated
with pneumonia [8, 9].

Evidence is now emerging that obesity is also a risk fac-
tor in the current SARS-CoV-2 pandemic [10, 11]. A recent
study found that COVID-19 becomes more severe as the
body mass index (BMI) increases and that hospitalized male
patients with obesity have a higher mortality rate and are
more likely to require mechanical ventilation [12, 13], with
most patients with BMI> 35 requiring intubation [14, 15].

During the current SARS-CoV-2 pandemic, chest X-rays
(CXR) have played a very important role in the early diag-
nosis and treatment of patients with suspected or confirmed
COVID-19 chest infections. It has become the primary
imaging tool for clinical management and severity strati-
fication [16—18]. Although computed tomography (CT) is
considered the most effective method for the detection of
lung abnormalities, it is characterized by a lower specificity
[19] and its routine use may be impractical especially when
there is a large inflow of patients with suspected COVID-19
chest infections [16].

To improve the risk stratification for patients with acute
respiratory infection, there are several CXR scoring systems
which can be easily replicated in different clinical settings
[17, 18, 20, 21]. A high CXR severity score has been associ-
ated with in-hospital mortality of patients with COVID-19
[22]. It is worth noting that a high CXR severity score as
well as a high BMI might be predictive risk factors for hos-
pitalization and intubation in COVID-19 patients [17]. In
addition, patients suffering from obesity have a higher risk
of CXR severity due to COVID-19 pneumonia than patients
with normal weight [23].

However, BMI is not always the best indicator of obesity
because it does not account for the amount and distribution
of body fat, which can vary markedly among people with the
same BMI scores [24]. Location is the key when it comes
to body fat.

People with obesity appear to present systemic low-
grade inflammation, higher susceptibility to infections due
to a reduced immune response, and higher morbidity and
mortality associated with infections [25-27]. The excess
of abdominal visceral fat is considered the main culprit in
inflammatory diseases linked to obesity and is an indicator
of increased ectopic fat, which might increase atherosclero-
sis and raise cardiometabolic risk [28]. It has been recently
suggested that excessive visceral adiposity may be related
to the outcome of severe COVID-19 [29-33]. Patients in a
large population-based cohort, with central obesity assessed
by their waist circumference or waist-to-hip ratio (WHR),
were also reported to be more likely to develop severe
COVID-19 [34].

Detailed characterization of patients with COVID-19
pneumonia is essential to identify individuals or subgroups
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who are at increased levels of risk, and to be better prepared
for disease progressions and outcomes.

However, further investigation into the role of abdomi-
nal adiposity distribution in the development and course of
COVID-19 is still needed.

Therefore, the aim of this study was to find out whether
abdominal obesity could better associate with CXR severity
scores than BMI-based obesity in hospitalized COVID-19
patients.

Methods
Study setting

During the early stages of the COVID-19 pandemic, the
Lombardy Health Care Service decided to use some hos-
pitals in and around the city of Milan exclusively for the
admission and care of COVID-19-positive patients. As the
number of cases grew, our hospital, the IRCCS Policlinico
San Donato, reacted swiftly by increasing the number of
beds in the intensive care units (ICUs), and was then con-
verted exclusively into a COVID-19 hub with all medical
wards dedicated to COVID-19 patients.

Study design

This retrospective single-center study was approved by our
Ethics Committee (Ethics Committee of San Raffaele Clini-
cal Research Hospital; protocol code 37/int/2020). Specific
informed consent was waived due to the retrospective nature
of this study. The patients’ confidentiality was protected by
assigning them with anonymous identification codes. The
study, conducted at the IRCCS Policlinico San Donato, was
partially financed by the Italian Ministry of Health.

Study population

Through a review of the clinical and imaging database of
the IRCCS Policlinico San Donato in San Donato Mil-
anese, Italy, from March 9 to April 27, 2020, we identi-
fied data from 221 hospitalized patients with confirmed
COVID-19 (by positive nasopharyngeal swab for RT-PCR)
who underwent a CXR in the isolation rooms of the emer-
gency department within a maximum time interval of 12 h
and from whom anthropometric measurements (weight,
height and waist circumference) were taken in the internal
medicine and endocrinological-metabolic wards (Fig. 1).
Patients with poor-quality images due to artifacts (n=06)
were excluded. Finally, a total of 215 patients affected by
COVID-19 with optimal CXR images were included in
this study. For patients with multiple CXR examinations,
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263 hospitalized patients with confirmed COVID-19
by polymerase chain reaction of nasopharyngeal
swabs, from March 9 to April 27, 2020 in our
hospital

[ 221 patients with anthropometric measures and CXR }

( Patients without anthropometric measures
L and/or CXR (n=42)

[ 215 patients included in the study

6 patients with poor CXR images }

Fig. 1 Flowchart for inclusion and exclusion criteria of our cohort. Chest X-ray (CXR). The figure was created by an author (S.B.) using the pro-

gram Microsoft Power Point

the CXR with the shortest time interval between imaging
and symptom onset was used for this analysis.

Data collection

Upon admission to our ward, each patient’s demographic,
anthropometric and clinical history datum was added to
the hospital’s electronic clinical database, and all clinical
data were updated daily during the entire hospital stay.
We extracted the following data for this study: gender,
age, race, height, weight, waist circumference, pre-existing
comorbidities and clinical outcomes. Values of inflamma-
tory biochemical data of interleukin 6 (IL-6), oxygen satu-
ration at admission (SpO,) and oxygen therapy which were
closest in time to the CXR were also collected. Patients
were then classified according to waist circumference
thresholds: those with abdominal obesity (waist circum-
ference > 102 c¢cm for males, > 88 cm for females) and those
without abdominal obesity (waist circumference < 102 cm
for males, < 88 cm for females) [35]. According to the
CDC definition [36], patients were also classified on the
basis of their BMI as: with underweight (less than 18.5 kg/
m?), with normal weight (18 to <25 kg/m?), with over-
weight (25 to < 30 kg/m?) and with obesity (>30 kg/m?).

Anthropometric measurements

Anthropometric measurements were taken upon admission
to the internal medicine and endocrinological-metabolic
wards, with patients wearing light indoor clothing and no
shoes. All the anthropometric measurements were taken
with the assistance of the nursing staff. The standing height
was measured to the nearest 0.1 cm and weight to the nearest
0.1 kg using a scale with a stadiometer. The waist circum-
ference was measured at the umbilicus three times using an
extensible tape measure and the average of the three was
recorded. Waist-to-height ratio (WHtR) was calculated as
the waist circumference divided by the height, in centim-
eters. BMI was calculated as weight (kilograms) divided by
height (meters) squared.

CXR examination

All CXRs were taken at the bedside in the emergency
department (ED) isolation rooms, using one of two differ-
ent CXR systems (Digital GM85, Samsung Healthcare,
Seoul, South Korea; Digital FDR Go PLUS, Fujifilm,
Tokyo, Japan). Two radiologists (F.S. and S.S., with,
respectively, 15 and 7 years of experience in chest imag-
ing) independently and blindly reviewed all anonymized
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CXRs. In the case of any discordance, agreement was
reached on how to rate the pulmonary parenchyma. The
inter-observer agreement on the CXR severity scores by
the two radiologists was excellent (ICC 0.995).

CXR severity score

The readers rated pulmonary parenchymal involvement
using a semi-quantitative severity score already validated
for COVID-19 pneumonia assessment [21, 37]. First, the
lungs were divided into six zones (three per lung) on fron-
tal chest projection: the upper zone (from the lung apex
to the aortic arch profile), the middle zone (lung hilum,
from the aortic arch profile to the lower margin of the
lower pulmonary vein), the lower zone (from the lower
margin of the lower pulmonary vein to the diaphragm),
Fig. 2. CXR was classified with a severity scale expressed
as a continuous variable. For each zone, a score of 0-3 in
1-point increments was assigned: 0, normal lung paren-
chyma; 1, interstitial involvement only; 2, radiopacity of
less than 50% of the visible lung parenchyma; 3, radiopac-
ity of 50% or more of the visible lung parenchyma (Fig. 3).
The scores of the six lung zones were then added together
to obtain an overall CXR score ranging from O to 18. In
our population, CXR severity scores ranged from O to 17.

Fig.2 An example of a chest
X-ray. Chest X-ray (CXR); R
Right (R); Antero-posterior

(AP). Each CXR was divided
into three parts for each lung:
upper zone (from the lung apex
to the aortic arch profile), mid-
dle zone (lung hilum, from the
aortic arch profile to the inferior
margin of the inferior pulmo-
nary vein), and lower zone
(from the inferior margin of the
inferior pulmonary vein to the
diaphragm)

High CXR severity score

A CXR severity score of 8 or more was associated with the
involvement of at least four out of six lung segments (cor-
responding to 67% of lung involvement). The optimal cut-
off value of 8 points has been recently associated with poor
prognosis in patients with COVID-19 [22]. For this reason,
we used a cut-off of 8 to indicate a high CXR severity score.
This enabled the clinical staff to stratify the patients’ risks
very quickly.

Oxygen therapy

The need for and invasiveness of oxygen therapy, within
12 h after hospitalization, were rated as follows: mild, when
the patient did not require O,; moderate when the patient
required O,; severe when the patient required non-invasive
ventilator support (continuous positive airway pressure,
CPAP) but was not intubated; critical when the patient
required intubation.

Pre-existing comorbidities

Pre-existing comorbidities, such as hypertension, diabe-
tes mellitus, ischemic cardiomyopathy, atrial fibrillation,
chronic obstructive pulmonary disease, chronic kidney
failure, bronchial asthma, or chronic heart failure, were
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Fig.3 Three chest X-rays in COVID-19 patients with different lung
parenchyma disease grades. Chest X-ray (CXR). a CXR severity
score 3; b CXR severity score 13; ¢ CXR severity score 16

identified from the patients’ clinical history and electronic
medical records.

Statistical analysis

Categorial variables were described as frequency and
percentages, and continuous variables as a mean + SD or
median and interquartile range (IQR), as appropriate. The
means for continuous variables were compared using inde-
pendent group t-tests when the data were normally distrib-
uted, otherwise the Mann—Whitney test was applied. Catego-
rial variables were compared using the X2 test or Fisher’s
exact test. Correlations between continuous variables were
evaluated according to Spearman Rho. To evaluate the accu-
racy of waist circumference, the WHtR and BMI in relation
to a high CXR severity score, receiver operating charac-
teristic (ROC) curves were used. The area under the curve
(AUC) was taken as the summary discrimination measure.
The AUCs were compared with the method of DeLong et al.
[38].

We used Poisson regression models with a robust error
variance [39] to identify the clinical determinants (with
univariate p <0.1 and forcing age into the model), inde-
pendently associated with a high CXR severity score (> 8),
using risk ratios (RR) and 95% confidence intervals (CI).
The analyses included continuous variables (age, IL-6 and
SpO,) and categorial variables (gender, race, smoking,
abdominal obesity, BMI-based obesity, and comorbidities).

All statistical tests were two-sided. p <0.05 was consid-
ered significant. All analyses were made with SAS 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

Clinical characteristics of patients, based
on different adiposity indexes

We classified our study population according to differ-
ent adiposity indexes, adopting waist circumference as
an indicator of abdominal fat distribution and BMI as an
indicator of general fatness. The clinical characteristics of
patients with and without abdominal obesity or with nor-
mal weight, with overweight and with BMI-based obesity
are shown in Table 1. No patient was underweight and
only 6.5% (n=14) had a BMI of between 35 and 40 kg/mz,
while 1.4% (n=3) had a BMI over 40 kg/mz. In the overall
population, CXR severity scores ranged from 0 to 17 and
48% (n=103) of patients had a high CXR severity score
(>8). Patients with abdominal obesity had significantly
higher CXR severity scores (Fig. 4a) and higher rates of
CXR severity scores > 8 than those without abdominal
obesity (P <0.001; P=0.001, respectively) (Table 1),

@ Springer



350 Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2022) 27:345-359

Table 1 Clinical characteristics of patients with COVID-19 based on adiposity indexes

Total (215)  Abdominal obesity BMI classes
No 102 (47%) Yes 113 (53%) p-value Normal Overweight  Obesity n=54, (25%) p-value
weight n=74, n=287,
(34%) (41%)
Demographic information
Age, years®, no. (%)  62.7+14.05 61.6+15.0 63.7+13.1 0.275 63.6+14.8 63.9+13.7 59.6+134 0.169
<40 12 (6) 99 3(3) 5@ 5(6) 24
(40-50] 26 (12) 13 (13) 13 (11) 8 (11) 7(8) 11 (20)
(50-60] 57 (26) 25 (24) 32 (28) 15 (20) 22 (25) 20 (37)
(60-70] 49 (23) 22 (22) 27 (24) 20 (27) 22 (25) 7 (13)
>70 71 (33) 33 (32) 38 (34) 26 (35) 31 (36) 14 (26)
Gender, no. (%) 0.129 0.001
Male 145 (67) 74 (73) 71 (63) 38 (51) 65 (75) 42 (78)
Female 70 (33) 28 (27) 42 (37) 36 (49) 22 (25) 12 (22)
Race, no. (%) 0.132% 0.909*
Caucasian 191 (89) 92 (90) 99 (88) 66 (89) 77 (89) 48 (89)
Latin-American 12 (6) 44 8(7) 34 5(6) 4(7)
African 4(2) 0(0) 4(3) 1() 2(2) 1(2)
Asian 4(2) 3(3) 1) 3(4) 1(D) 0(0)
Arabic 4(2) 3(3) 1() 1(1) 2(2) 1(2)
Smoke, no. (%) 0.648%* 0.932%
Current smoker 28 (13) 12 (12) 16 (14) 9(12) 14 (16) 509
Former smoker 4(2) 1(1) 3(3) 1(1) 2(12) 1(D)
Never smoked 147 (68) 71 (70) 76 (67) 51 (69) 61 (70) 35 (64)
NA 36 (17) 18 (17) 18 (16) 13 (18) 10 (12) 13 (24)
Anthropometric measurements
Weight (kg)* 79.6+£16.6 71.5+12.7 86.9+16.4 <0.001 64.5+9.5 80.7+8.9 98.5+13.4 <0.001
Height (cm)? 170.0+10.0 169+10 17010 0.379 169+ 10 17110 169+ 10 0.335
Waist (cm)? 99.7+134 89.4+9.2 109.0+9.1 <0.001 88.2+10.8 101.5+84 112.4+10.0 <0.001
Waist male (cm)? 103.0+12.1 93.3+7.2 1123+7.6 <0.001 91.7+10.1 102+7.3 113.3+104 <0.001
Waist female (cm)*  93.7+14.2  79.1+5.3 103.4+8.9 <0.001 84.5+10.3 100.0+11.2 109.4+7.9 <0.001
WHItR? 0.6+0.1 0.5+0.1 0.6+0.1 <0.001 0.5+0.06 0.6+0.05 0.7+0.1 <0.001
BMI (kg/m?)? 27.5+4.9 249+3.7 29.8+4.7 <0.001 22.6+1.8 275+1.3 34.0+3.5 <0.001
Adiposity status
Abdominal obesity, <0.001
no. (%)
Yes 113 (53) - - - 17 (23) 49 (56) 47 (87)
No 102 (47) - - - 57 (77) 38 (44) 7 (13)
BMI classes, no. (%) <0.001
Normal weight 74 (34) 57 (56) 17 (15) - - - -
Overweight 87 (41) 38 (37) 49 (43) - - - -
General obesity 54 (25) 7@ 47 (42) - - - -
Comorbidities, no. (%)
Hypertension 87 (41) 40 (39) 47 (42) 0.751 19 (26) 41 (47) 27 (50) 0.001
Diabetes mellitus 31(14) 10 (10) 21(19) 0.067 709 15 (17) 9(17) 0.320
Ischemic cardiomyo- 16 (7) 99 7(6) 0.447 4(5) 9 (10) 3059 0.570
pathy
Atrial fibrillation 13 (6) 7(7) 6(5) 0.646 5(7) 7 (8) 1(2) 0.459%*
Chronic Obstructive 10 (5) 5(0) 54) 1.000* 4 (5) 4(5) 2(1) 0.9179*
Pulmonary Disease
Chronic Kidney 8 (4) 5(5) 3(2) 0478* 3 (4) 2(2) 3(5) 0.465*
Failure
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Table 1 (continued)

Total (215)  Abdominal obesity BMI classes
No 102 (47%) Yes 113 (53%) p-value Normal Overweight  Obesity n=54, (25%) p-value
weight n=74, n=287,
(34%) (41%)
Bronchial asthma 5(@2) 2(2) 3(2) 1.000* 1(1) 4(5) 0(0.0) 0.295*
Chronic heart failure 5 (2) 1(1) 44 0.372  0(0.00) 4(5) 1(3) 0.195
Clinical features, no. (%)
Chest x-ray
CXR severity 7 (4-10) 6 (3-9) 9 (6-11) <0.001 7 (3-10) 7 (5-10) 9 (5-11) 0.104
score®
High CXR severity 103 (48) 36 (35) 67 (59) 0.001 33 (45) 39 (45) 31(57) 0.271
score (>8), no.
(%)
Biochemical inflammation marker
Interlebukin 6 (pg/ 87 (23-357) 32 (11-145) 150 (55-693) <0.001 44 (9-211) 80 (28-320) 181 (55-814) <0.001
mL)
SpO, at admission®  95% (91-96) 95% (92-96) 94% (89-95)  0.792  95% (92-97)  95%(91-96) 94% (92-96) 0.638
Oxygen therapy, no. 0.249 0.215%*
(%)
Mild, O, not neces- 37 (17) 23 (22) 14 (12) 16 (22) 14 (16) 7 (13)
sary
Moderate, O, neces- 124 (58) 57 (56) 67 (60) 41 (55) 53 (61) 30 (55)
sary
Severe, CPAP neces- 44 (20) 19 (19) 25 (22) 11 (15) 19 (22) 14 (26)
sary
Critical, needs intu- 10 (5) 33) 7 (6) 6(8) 1(1) 3(6)
bation in ICU
ICU, no. (%) 12 (6) 5(5) 7 (6) 0439  6(8) 2(2) 4(7) 0.207*
Days of hospitaliza- 21.3+13.6 203+11.1 21.5+12.8 0.468 20.1+13.5 20.6+11 222+11.2 0.601
tion?
Death, no. (%) 4(2) 0(0) 4(4) 0.124*% 1(1) 1() 2(4) 0.540*

No abdominal obesity (Waist circumference < 102 cm for males, <88 cm for females); Abdominal obesity (waist circumference > 102 cm for
males, > 88 cm for females); Normal weight (BMI from 18.5 to <25 kg/m?); Overweight (BMI from 25 to <30 kg/m?); Obesity (BMI>30 kg/
m?). Not available (NA); Body Mass Index (BMI); Waist-to-height ratio (WHtR); Chest x-ray (CXR); Interleukin 6 normal value < 10 pg/mL;

Oxygen saturation at admission (SpO,)

Categorial variables presented as number (percentage), and continuous variables as mean (+SD)* or median (interquartile range)®. To compare
variables between different groups, the Xz test or *Fisher’s exact test was used for categorial variables

while there were no significant differences between
patients with normal weight, with overweight or with
BMlI-based obesity (P=0.104; P=0.271, respectively),
(Table 1, Fig. 4b).

IL-6 values were significantly higher in patients with
abdominal obesity than in those without (P <0.001) as
well as in patients with overweight and with BMI-based
obesity compared to those with normal weight (P <0.001)
(Table 1, Fig. 4c, d).

There were no differences in age between patients with
and without abdominal obesity or between BMI classes
(P=0.275; P=0.169) (Table 1). No significant gender
differences were found between patients with or with-
out abdominal obesity (P =0.129), although there were
more male patients with overweight or who suffered

from BMI-based obesity than those with normal weight
(P=0.001) (Table 1).

There was no statistical difference in SpO, at admission
between patients with and without abdominal obesity or
between patients with normal weight, with overweight and
with BMI-based obesity (P=0.792 and P=0.638, respec-
tively), although a trend toward lower SpO2 on admission
was observed in patients with abdominal obesity compared
to those without (Table 1).

There were no differences in the need for and level of
invasiveness of oxygen therapy within the first few hours
of hospital admission between patients with and without
abdominal obesity (P=0.249) or with normal weight, with
overweight or those with BMI-based obesity (P=0.215)
(Table 1).

@ Springer



352 Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2022) 27:345-359

<0.0001

204
T 1

CXR severity score
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Fig.4 Chest X-ray severity scores of patients with and with-
out abdominal obesity (a) and BMI classes (b), and IL-6 values of
patients with and without abdominal obesity (¢) and BMI classes
(d). Chest X-ray (CXR); Interleukin 6 (IL-6); Body Mass Index
(BMI). No abdominal obesity (Waist circumference<102 cm for

Also, in terms of the length of the hospital stays (in days),
there was no difference between patients with and without
abdominal obesity or between patients with normal weight,
with overweight or who suffered from BMI-based obesity
(P=0.468 and P=0.601, respectively) (Table 1).

In our sample 4 patients died from COVID-19 complica-
tions. All of them had abdominal obesity and 2 of them were
also affected by BMI-based obesity (Table 1).

In our cohort, hypertension, diabetes, cardiovascular dis-
ease, chronic kidney failure and bronchial asthma were the
most common comorbidities. Diabetes was more frequent
in patients with abdominal obesity than in those without,
but the difference was not significant (P =0.067) (Table 1).
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males, <88 cm for females); Abdominal obesity (waist circumfer-
ence> 102 cm for males, > 88 cm for females); Normal weight (BMI
from 18.5 to <25 kg/m?); Overweight (BMI from 25 to <30 kg/m?);
BMI-based obesity (BMI>30 kg/m?); The figure was created by an
author (V.M.) using the program GraphPad—Prism 7

Hypertension was significantly more common in patients
with overweight or with BMI-based obesity than in those
with normal weight (P=0.001) (Table 1).

Adiposity indexes and clinical features

Waist circumference and WHtR showed a higher correlation
with CXR severity scores than BMI (r=0.43 [0.30-0.55],
P<0.001; r=0.41 [0.28-0.53], P<0.001; r=0.17
[0.04-0.29], P=0.012, respectively).

IL-6 correlated more closely with both waist circumfer-
ence and WHtR than BMI (r=0.46 [0.33-0.58], P <0.001;
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r=0.45 [0.32-0.57], P<0.001; r=0.34 [0.21-0.46],
P <0.001, respectively).

SpO, at admission correlated negatively with both waist
circumference and WHtR (r=-— 0.17 [— 0.29 to — 0.04],
P=0.025;r=-0.18 [- 0.30 to — 0.05], P=0.017, respec-
tively), while no significant correlation was found with BMI
(r=—0.07 [- 0.19 t0 0.06], P=0.389).

SpO, at admission and IL-6 significantly correlated
with CXR severity scores (r=— 0.45 [— 0.57 to — 0.32],
P<0.001; r=0.48 [0.35-0.59], P<0.001, respectively).

ROC analysis

ROC curves were used to assess the identifying ability of
waist circumference, WHtR and BMI in relation to a high
CXR severity score (> 8). The best cut-off for a high score
(> 8) for waist circumference was 102 cm in men and 86 cm
in women, 0.58 for WHtR and 27.7 for BMI. The AUCs
for waist circumference and WHtR were significantly

higher than those for BMI to identify a high CXR severity
score (>8) (0.68 [0.60-0.75] and 0.67 [0.60-0.74] vs 0.58
[0.51-0.66], P=0.001) (Fig. 5).

CXR severity scores and IL-6 among patients
with different adiposity indexes

We examined CXR severity scores and IL-6 in the three
categories of BMI in relation to the concomitant presence
of abdominal obesity phenotype (Table 2). CXR severity
scores were higher in patients with abdominal obesity than
in patients without abdominal obesity among the subgroup
of patients with overweight (P <0.001) and those with BMI-
based obesity (P =0.043). Even in the subgroup of patients
with normal weight, there was a trend towards higher CXR
severity scores in those with abdominal obesity, although
these were not statistically significant (P =0.094).

IL-6 values were higher in patients with abdominal
obesity phenotype than in patients without abdominal

Fig.5 AUCsS of waist circum-
ference, waist-to-height-ratio
and body mass index for
establishing a high chest X-ray
severity score. Waist-to-height-
ratio (WHtR) and Body Mass
Index (BMI); Receiver Operat-
ing Characteristics (ROC). The
figure was created by an author
(V.M.) using the program SAS
9.4 (SAS Institute Inc., Cary,
NC, USA)
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Table 2 Chest x-ray severity
score and IL-6 values among
patients with different adiposity
indexes

Abdominal obesity p-value
No Yes
n=102 (47%) n=113 (53%)
Normal weight n="74 (34%) n=57 (77%) n=17 (23%)
CXR severity score 6.0 (3.0-9.0) 9.0 (6.0-11.0) 0.094
IL-6 values 21.0 (8.0-100.0) 140.0 (70.0-724.0) <0.001
Overweight, n =87 (41%) n=38 (44%) n=49 (56%)
CXR severity score 7.0 (3.0-8.0) 8.0 (5.0-10.0) 0.043
IL-6 values 41.0 (19.0-178.0) 96.0 (45.0-328.0) 0.046
BMI-based obesity, n=54 (25%) n="7 (13%) n=47 (87%)
CXR severity score 2.0 (0.0-4.0) 10.0 (7.0-12.0) <0.001
1L-6 values 52.0 (27.0-169.0) 222.0 (80.0-889.0) 0.047

No abdominal obesity (Waist circumference < 102 cm for males, < 88 cm for females); Abdominal obesity
(waist circumference > 102 cm for males, > 88 cm for females); Normal weight (BMI from 18.5 to <25 kg/
m?); Overweight (BMI from 25 to <30 kg/mz); BMI-based obesity (BMI>30 kg/mz), Chest x-ray (CXR);
Interleukin 6 (IL-6) normal value < 10 pg/mL

Continuous variables as median (interquartile range)

obesity among the subgroup of patients with normal
weight (P <0.001), with overweight (P =0.046) and those
with BMI-based obesity (P =0.047).

Risk factors associated with a CXR severity score > 8

Poisson regression with a robust error variance analysis was
carried out to identify the risk factors associated with a high
CXR severity score (> 8) in hospitalized COVID-19 patients
(Table 3). A univariate analysis showed that abdominal

Table 3 Univariate and

-7 R . Univariate Multivariate
multivariate logistic regression
for the evaluation of risk factors RR (CI195%) p-value RR (CI95%) p-value
associated with high chest x-ray
severity score (>8) Age 1.01 (0.99-1.02) 0.234 1.00 (0.99-1.01) 0.849
Race
Caucasian vs Non-Caucasian 0.79 (0.55-1.16) 0.235 -
Gender
Male vs Female 1.35 (0.97-1.90) 0.072  1.35(0.97-1.87) 0.078
Smoke 0.95 (0.62-1.46) 0.805 -
Comorbidities
Abdominal obesity 1.68 (1.24-2.28) <0.001 1.75(1.25-2.45) 0.001
BMI-based Obesity 1.28 (0.96-1.71) 0.088 1.02 (0.74-1.39) 0.915
Hypertension 1.35 (0.99-1.83) 0.055 1.17 (0.84-1.65) 0.355
Diabetes Mellitus 1.24 (0.88-1.75) 0.227 -
Ischemic cardiopathy 1.03 (0.61-1.72) 0924 -
Chronic heart failure 1.23 (0.59-2.57) 0.571 -
Atrial fibrillation 0.94 (0.51-1.73) 0.843 -
Chronic Obstructive Pulmonary Disease ~ 0.81 (0.38-1.77) 0.604 -
Bronchial asthma 1.65 (1.04-2.62) 0.035 1.73 (1.07-2.81) 0.026
Chronic Kidney Failure 0.76 (0.31-1.88) 0.551 -
IL-6 (pg/ml) 1.03 (1.01-1.05) 0.002 1.00 (0.99-1.03) 0.313

SpO, at admission

0.96 (0.94-0.97) <0.001 0.96 (0.94-0.97) <0.001

Abdominal obesity (waist circumference > 102 cm for males, > 88 cm for females); Normal weight (BMI
from 18.5 to <25 kg/m?); Overweight (BMI from 25 to <30 kg/m?); BMI-based obesity (BMI > 30 kg/m?);
Interleukin 6 (IL-6); Oxygen saturation at admission (SpO,); Risk ratio (RR); Confidence Interval (CI)
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obesity (RR: 1.68, 95% CI: 1.24-2.28, P <0.001), bronchial
asthma (RR: 1.65, 95% CI: 1.04-2.62, P =0.035), BMI-
based obesity (RR: 1.28, 95% CI: 0.96-1.71, P=0.088),
IL-6 values (RR: 1.03, 95% CI: 1.01-1.05, P=0.002) and
SpO, at admission (RR: 0.96, 95% CI 0.94-0.97, P<0.001)
were significantly associated with a CXR severity score > 8.
On a multivariate analysis, considering variables associated
in univariate models with p < 0.1 and forcing age, abdominal
obesity (RR: 1.75,95% CI: 1.25-2.45, P=0.001), bronchial
asthma (RR: 1.73, 95% CI: 1.07-2.81, P=0.026) and SpO,
at admission (RR: 0.96, 95% CI: 0.94-0.97, P <0.001) were
still independently associated with high CXR severity scores
(=8).

Discussion

In this study, we analyzed the impact of different adipos-
ity indexes on CXR severity scores in a hospitalized cohort
affected by COVID-19. We observed that abdominal obe-
sity phenotype was more closely associated with the risk
of serious COVID-19-related lung abnormalities than was
BMI-based obesity.

Patients with abdominal obesity showed significantly
higher CXR severity scores and had higher rates of CXR
severity scores > 8 compared to those without abdominal
obesity, while patients with normal weight, with overweight
and those with BMI-based obesity had no significant differ-
ences in CXR severity scores or in the rates of CXR severity
scores > 8. The score of 8 for CXR has been recently associ-
ated with in-hospital mortality of patients with COVID-19
[22].

The correlation of CXR severity scores with waist cir-
cumference and WHtR was higher than correlation with
BMI classes. Therefore, there was also a significant differ-
ence in the AUCs of waist circumference and WHtR com-
pared to BMI when detecting high CXR severity scores.
Moreover, among the subgroup of patients with overweight
and those with BMI-based obesity, those with a concomi-
tant presence of abdominal obesity phenotype had signifi-
cantly higher CXR severity scores. Also, in the subgroup of
patients with normal weight, there was a trend toward higher
CXR severity scores in those with a concomitant presence
of abdominal obesity phenotype, although this did not reach
statistical significance probably due to the small sample size
of this subgroup.

Recently, Stefan et al. [40] stressed that anthropometric
indexes, such as waist and hip circumferences, are impor-
tant to better estimate the risk of complications in patients
with COVID-19, in addition to the standard hospital param-
eters including BMI. Although BMI is widely used to define
BMlI-based obesity, further characterizing patients by assess-
ing fat distribution and abdominal obesity might be a more

accurate way to stratify patients [16, 34, 40, 41]. Therefore,
waist circumference is widely used in clinical practice as a
required criterion for the diagnosis of metabolic syndrome,
which has recently been associated with a higher risk of
serious illness with COVID-19 [41, 42].

Recent data found that patients with central obesity
assessed by waist circumference threshold and WHR, had
a higher risk of severe COVID-19 [34]. Another study has
suggested that visceral adipose tissue and CT-derived upper
abdominal waist circumference increase the likelihood of
severe COVID-19 in overweight patients who do not meet
the diagnostic criteria for BMI-based obesity [32].

Patients with obesity are predisposed to respiratory dys-
function, and have an increased risk of severe asthma and
hypoventilation-associated pneumonia [8, 9, 43]. Toussie
et al. [17] have already demonstrated that both CXR severity
scores and BMI-based obesity were independent predictors
for hospitalization and intubation in COVID-19 patients.
However, in their study, anthropometric parameters of fat
distribution (e.g. waist circumference) were not available,
so that any prediction and comparison of potential outcomes
was not possible [17]. In our study, we found that SpO, at
admission correlated negatively with waist circumference
and WHItR, while no significant correlation was found with
BMI. In addition, when performing a multivariate analysis,
our results indicated that abdominal obesity and SpO, at
admission were independently associated with a high CXR
severity score. A previous study reported that obesity was
a strong independent contributor to low SpO,, with a nega-
tive correlation between BMI and SpO,; nevertheless, the
authors had not investigated a possible correlation with indi-
cators of abdominal fat distribution [9].

In this study, we did not observe significant differences
in the need for and invasiveness of oxygen therapy between
patients with and without abdominal obesity or with normal
weight, with overweight or those with BMI-based obesity.
The inconsistent results may be due to the small size of each
subgroup.

A recent study reported that visceral fat deposition within
the abdomen seems to have a stronger association with the
need for ICU admission and intubation for COVID-19 than
other parameters, such as severity of interstitial pneumo-
nia, markers of inflammation, age, gender or comorbidities
[33]. This supports the suggestion that upper trunk fat can
contribute to respiratory drive and gas exchange impair-
ment [44]. Excessive fat in the chest walls and abdomen
has a high mechanical impact on lung functionalities [8].
Abdominal obesity and excess visceral fat adversely affect
the chest walls and lung compliance due to their accumula-
tion, increasing intra-abdominal pressure and mechanical
compression of the diaphragm, lungs, and chest cavity [8].

Interestingly, ectopic fat depots have been highlighted
as new markers of major COVID-19 complications [29,
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33, 45, 46]. A recent study reported that in patients with
SARS-CoV-2 visceral adiposity and high intramuscular fat
deposition were independent risk factors for critical illness
[31]. However, they did not find differences in BMI [31]. In
addition, Deng et al. [29] not only confirmed that obesity is
a major and independent risk factor for COVID-19 compli-
cations in young adults [47], but also pointed to ectopic and
visceral fat depots as new markers of that risk. The authors
found that CT imaging showed significantly higher fatty
liver and epicardial adipose tissue (EAT) in severely and
critically ill patients with COVID-19 under 40 years old
compared with those with a milder form of the disease [47].
The higher risk for people with obesity of developing severe
COVID-19 cardiac and pulmonary injuries can be attributed
to multiple factors, such as a chronic inflammatory status, a
delayed immune response and possibly fat tissue serving as
a reservoir for the virus [48]. However, ectopic and visceral
fat accumulation is an additional mechanism which may not
be immediately identifiable. We now face a different pheno-
type of the high-risk patient who is much younger and who
certainly suffers from obesity but with prominent visceral
obesity [30]. The findings of Deng et al. [29] may provide
new insights to untangle the intricate, and still unclear, phys-
iopathologic pathways leading to COVID-19 organ damage.
EAT has been recognized as highly inflammatory and dense
with macrophage infiltrates [49] which can cause upregula-
tion and increase the release of pro-inflammatory cytokines,
such as IL-6 [50]. The role of EAT in causing and worsening
COVID-19 cardiac complications has recently emerged [51].
It has been recently reported that EAT inflammation was
linked to more severe COVID-19 in hospitalized patients
with abdominal obesity phenotype [46] and it is associated
with the quantitative burden of COVID-19 pneumonia [52].

In our study, we showed that IL-6 values correlated more
closely with both waist circumference and WHtR than with
BMI. We also found a significant correlation of IL-6 con-
centrations with CXR severity scores. It is worth noting that
IL-6 values were higher in patients with abdominal obe-
sity phenotype than in patients without abdominal obesity
among the subgroup of patients with normal weight, with
overweight and those with BMI-based obesity.

Abdominal obesity is responsible for a pro-inflammatory
state due to abnormal adipokine and cytokine secretion [25,
48]. The distribution of adipose tissue has a major influ-
ence on the immune system [53]. The elevated inflamma-
tory cytokine levels observed in patients with high visceral
fat may be associated with increased obesity-associated
morbidity in infections [25, 48]. Recent studies have shown
that IL-6 is an independent risk factor for developing severe
COVID-19 [49, 54] and visceral adipose tissue is one of the
primary sources of IL-6 secretion [55]. The creation of an
auto-regenerating inflammation loop in this pro-inflamma-
tory condition by the recruitment of immune cells impairs

@ Springer

the immune system [56]. In this condition, a viral infection
could simply start a weakened immune response, leading to
a cytokine storm with an overproduction of pro-inflamma-
tory cytokines. The cytokine storm could lead to the vascular
hyper-permeability and multi-organ failure seen in severe
cases of COVID-19 [57, 58]. Interestingly, another factor,
which could contribute to an increase in IL-6 secretion, is
growth hormone deficiency [59], which is characterized
by an abnormal fat distribution and increased visceral fat
accumulation [60]. It has recently been hypothesized that
growth hormone (GH) insufficiency may be the missing link
between obesity, male gender, age, and COVID-19 severity
and that patients with COVID-19 might benefit from recom-
binant GH treatment [61].

Strengths and limits

As far as we know, this is the first study, which has inves-
tigated the relationship between abdominal obesity pheno-
type and CXR severity scores in hospitalized COVID-19
patients. There are several limitations to our study. First, it
was a retrospective, single-center study with a small sam-
ple group. Most patients were of Caucasian ethnicity so the
applicability of the waist circumference threshold to other
ethnic groups requires further investigation. Second, waist
circumference assessment is subject to operator variability
and this could have led to some bias. Moreover, due to the
need to take patients’ anthropometrics measurements while
standing, they were not measured in those who arrived at
the hospital in a critical condition and who have therefore
not been included in our study. This might represent a limit
of the study since it probably excluded some of the more
seriously ill patients. Third, we extracted the information
on comorbidities from the patients’ records, assuming there
was no comorbidity if none was mentioned. Finally, we did
not use CT or MRI as a direct method for the detection of
abdominal visceral fat. However, in daily clinical practice, it
is not always possible to use these techniques and therefore
indirect measures, such as waist circumference, are possibly
useful in the initial examination of hospitalized COVID-
19 patients. Nevertheless, our study offered new insights
into the detailed classification of hospitalized patients with
COVID-19, adopting threshold values of waist circumfer-
ence as indicators for abdominal obesity, which might be
associated to the severity of lung abnormalities better than
BMI.

What is already known on this subject?
The literature supports the claim that CXR severity scores

and BMI-based obesity are independent predictors of hos-
pitalization of COVID-19 patients. It has been shown that
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abdominal visceral obesity increases the risk of complica-
tions in COVID-19 patients; however, the evidence is limited
and the extent of these associations is not fully understood.

What your study adds?

The study shows that abdominal obesity phenotype rather
than BMI-based obesity is an independent risk factor for a
high CXR severity score in hospitalized COVID-19 patients.
Moreover, abdominal fat distribution defined by waist cir-
cumference might be better than BMI in indicating a high
CXR severity score. In clinical hospital practice, the waist
circumference should be assessed and patients with abdomi-
nal obesity phenotype should be monitored closely.

Conclusion

This study showed that abdominal obesity is better associ-
ated with a high CXR severity score than BMI-based obesity
in hospitalized COVID-19 patients. Therefore, when visiting
the patient in a hospital setting, subjects with abdominal
obesity should be monitored closely.
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