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Abstract

It has been demonstrated that obesity is an independent risk factor for worse outcomes in patients with COVID-19. Our objectives
were to investigate which classes of obesity are associated with higher in-hospital mortality and to assess the association between
obesity and systemic inflammation. This was a retrospective study which included consecutive hospitalized patients with
COVID-19 in a tertiary center. Three thousand five hundred thirty patients were included in this analysis (female sex: 1579,
median age: 65 years). The median body mass index (BMI) was 28.8 kg/m?. In the overall cohort, a J-shaped association between
BMI and in-hospital mortality was depicted. In the subgroup of men, BMI 35-39.9 kg/m? and BMI >40 kg/m* were found to
have significant association with higher in-hospital mortality, while only BMI >40 kg/m* was found significant in the subgroup
of women. No significant association between BMI and IL-6 was noted. Obesity classes II and III in men and obesity class III in
women were independently associated with higher in-hospital mortality in patients with COVID-19. The male population with
severe obesity was the one that mainly drove this association. No significant association between BMI and IL-6 was noted.

Keywords COVID-19 - SARS-CoV-2 - Novel coronavirus - Obesity - Inflammation - IL-6 - Mortality - Risk factor -
Observational study

Introduction Older age and male sex, along with chronic diseases

such as hypertension, hyperlipidemia, diabetes, heart

Coronavirus disease 2019 (COVID-19) has claimed more
than 1.25 million human lives since December 2019 when
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) emerged [1]. Almost 50 million people have had a
confirmed SARS-CoV-2 infection to date [1], the clinical
spectrum of which ranges from asymptomatic infection to
severe COVID-19 with critical illness [2].
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failure, coronary artery disease, cerebrovascular disease,
chronic kidney disease, and chronic obstructive pulmo-
nary disease, have been shown to be associated with
higher risk for severe disease and worse overall out-
comes in patients with COVID-19 [3-8].

Studies have consistently demonstrated that obesity is an
independent risk factor for hospitalization, severe disease, and
death in patients with COVID-19 [9-17]. However, it remains
unclear whether all classes of obesity are associated with
worse outcomes or whether this is specific to severe obesity.
In addition, it is unclear whether the association of obesity
with worse outcomes is sex-specific.

The pathogenetic mechanisms involved in COVID-19 in-
fection have not been fully elucidated, but it is known that a
major cause of disease severity and death is an excessive in-
flammatory host response to SARS-COV-2 that is associated
with high levels of circulating cytokines, such as interleukin-6
(IL-6) [18-21]. Obesity is considered a state of enhanced
chronic inflammation [22].
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Therefore, predisposition to systemic hyper-inflammation
has been hypothesized to be one of the main mechanisms by
which obesity leads to worse outcomes in COVID-19
[23-28]. Nevertheless, there is paucity of large observational
data connecting obesity to systemic inflammation in patients
with COVID-19.

Our primary objective in this large single-center retrospective
analysis was to investigate which classes of obesity are associat-
ed with higher in-hospital mortality in patients with COVID-19
and whether or not this is sex-specific. Our secondary objective
was to assess the association between body mass index (BMI)
and systemic inflammation as indicated by IL-6 level.

Materials and methods
Study design and patient population

We conducted a retrospective cohort study at Montefiore
Medical Center, a tertiary academic institution in the Bronx,
New York. Patients >18 years of age who presented to the
emergency room and were admitted to the inpatient medicine
service or the intensive care unit (ICU) with laboratory-
confirmed COVID-19 from March 10“', 2020, to May 1,
2020 were included. All included patients had a SARS-
CoV-2-positive result in real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) analysis of nasopharyn-
geal swab results. We excluded patients who met any one of
the following exclusion criteria: (i) patients <18 years old, (ii)
patients who tested negative for COVID-19, and (iii) patients
who were still hospitalized at the time of data collection. The
study was approved by the institutional review board (IRB) of
the Albert Einstein College of Medicine with a waiver of
informed consent (IRB number 2020-11794).

Data sources

Study data were obtained from electronic health records (Epic
systems, Verona, WI). The extracted data included age, sex,
BMI, tobacco use, history of hypertension, hyperlipidemia,
diabetes, coronary artery disease, heart failure, cerebrovascu-
lar disease, peripheral artery disease, chronic obstructive pul-
monary disease, asthma, chronic kidney disease, end-stage
renal disease, liver cirrhosis, human immunodeficiency virus
infection (HIV), other elements of the Charlson Comorbidity
Index, vital signs, complete blood count, basic metabolic pan-
el, C-reactive protein (CRP), IL-6 (obtained within 24 hours
from admission), radiographic findings, systemic treatment
with steroids or IL-6 inhibitors, intubation-mechanical venti-
lation, death, hospital discharge, and length of stay. The data
were processed and analyzed without any personal identifiers
to maintain patient confidentiality as per the Health Insurance
Portability and Accountability Act (HIPAA).
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Outcomes and statistical analysis

Patients were classified into six groups based on BMI: under-
weight (BMI <18.5 kg/m?), normal weight (BMI 18.5 to <25
kg/m?, overweight (BMI 25 to <30 kg/m?), class I obesity
(BMI 30 to <35 kg/m?), class II obesity (BMI 35 to <40 kg/
m?), and class III obesity (BMI >40 kg/m?). The primary
endpoint was in-hospital mortality. Secondary endpoints were
the need for intubation and development of severe pneumonia.
The latter was defined per the American Thoracic Society
guidelines for community-acquired pneumonia [29].

Continuous data are presented as median with interquartile
range (IQR) and categorical data as absolute and relative fre-
quencies. The ANOVA test was used to compare the contin-
uous variables, while chi-square was used for discrete vari-
ables. A logistic regression model was used to identify base-
line variables associated with in-hospital mortality, intubation,
and severe pneumonia. BMI 18.5-24.9 kg/m” was used as a
reference in order to perform dichotomous comparisons with
patients in the other BMI groups. Five multivariate models
with different definitions of our variable of interest were pre-
sented for robustness: model 1, BMI >30 kg/mz, age, sex, and
all the variables with significant univariate associations (p
value < 0.05); model 2, BMI >35 kg/mz, age, sex, and all
the variables with significant univariate associations (p value
< 0.05); model 3, BMI >40 kg/mz, age, sex, and all the vari-
ables with significant univariate associations (p value < 0.05);
model 4, BMI classified in six groups (<18.5 kg/m*; 18.5—
24.9 kg/m?; 25-29.9 kg/m?; 30 to 34.9 kg/m?; 35-39.9 kg/m?;
> 40 kg/m?), age, sex, and all the variables with significant
univariate associations (p value < 0.05); and model 5, the
variables of model 4 and IL-6. Age and IL-6 were treated as
continuous variables. Results of logistic regression are given
as the odds ratio (OR) with the 95% confidence interval (CI).
The threshold of statistical significance was p < 0.05. All
analyses were performed using STATA software (version
14.1; STATA Corporation, College Station, TX, USA).

Results

In total, 3530 patients admitted with COVID-19 were includ-
ed in this analysis (female sex = 1579, BMI <18.5 kg/m2 =82,
BMI 18.5-24.9 kg/m’> = 814, BMI 25-29.9 kg/m* = 1162,
BMI 30-34.9 kg/m? = 809, and BMI > 35 kg/m” = 663). The
median BMI was 28.8 (IQR 24.9-33.2) kg/m”. The median
age of the entire cohort was 65 (55-76) years, with significant
differences among the four groups [BMI < 18.5 kg/m?: 76
(66-83); 18.5-24.9 kg/m?: 72 (61-81); BMI 25-29.9 kg/m*:
67 (57-77); BMI 30-34.9 kg/m?: 62 (53-72); BMI > 35 kg/
m*: 59 (49-68), p < 0.001]. 6.2% of patients were active or
former smokers. Hypertension, hyperlipidemia, and diabetes
were prevalent in 62.9%, 47.4%, and 39.8% of our patients,



1965

Eur J Clin Microbiol Infect Dis (2021) 40:1963-1974

UONOJJUI SNIIA AQUSIDIJopoUNUIWI Uewny A777 ‘oseasip A1ope [eroyduad 7y ‘oseasip [euar o3e)s

-puUd FYSH S[orYE JIUAYOSI JUSISURT V7] “YUSPIOJE JB[NOSBAOIQAIND YA ‘9sedsIp Areuownd 9AIONNSQO JIUOIYD (7JO)) DSLISIP AIoUe A1euo1od (7y) ‘9seasip AQUpny o1uoIyd (7Y, ‘Xopul ssew Apoq /g

LW/ ut I (€) tsxeak ut a8k (7) ((popeu s, [uoLRjuog) SISIXS uostieduwod asimired JueoyuSis A[[eonsnels e yorym yiim suwnjod 3y SJ0udp s1903] Y Pue ‘v AQNV/IS3} arenbs-1yo 03 19521 sonfea-d (1)

100°0> poqeP—1) T soqeP 1 T opeP0 € (S D ¥ (Y D€ (JOI) uerpowr xopu] AJIPIGIOWO)) UOS[IEYD)
vI1°0 (sv°0) € (L8'0) L #9°1) 61 e (000) 0 oI Iy SISOULID)
¥S1°0 (861 €1 T 81 (S9'1) 61 (86'0) ¥ (881 ¥ (€20 8L AIH
€8€°0 (+0°¢) 0T (L89) 1€ (STH) 6 (L6¢) T€ e 9 (v6°¢) 8€1 avd
0500 (18¢) sT T 9t (16°¢) St (€8°9) Lt e 9 9TH) 6v1 adsd
8€H°0 (sse) e (6¥'t) 9¢ (69%) ¥$ 9%°9) ¥t (881 ¥ (LSt) 091 VIL 10 VAD
£00°0 (T6¢) 9T (95°9) S a(9¢°¢) 6¢ 9(88°9) 96 (99°¢) ¢ (6Lt) 691 adoo
€LE0 (8¥°6) 9¢ (8°L) 09 (SS°L) L8 (90°8) 9 019 s (€T'L) €St avo
91L°0 (z$'8) 95 (I9°L) 19 (LY'L) 98 (90°6) €L (TeL 9 (90°8) 8¢ aIm[rej HesH
100°0> poq(6T'9T) 80T L9701 €8 L69) 18 »(20°9) 6F v T (S1'6) €T€ ISy
LEO0 (+6°21) S8 (LY €D) 801 OL+1) OLT @oLD) Tl (€L°00) L1 6+ TTs aio
200°0 LYTH) 6LT A06°0%) 8T¢ 68°07) 1LY (TL9%) 96¢ apo(S6'TT) 81 (8L°6%) T6ET sopqeIq
9200 JO1°TY) LLT (88°9%) 9L€ €8°6) vLS (10°6%) S6¢ Ty LE (I¥'LY) 6591 erwopidipzodAH
9€€°0 (66'19) LTY (09°19) v6¥ (68°€9) 9¢L (FS°19) 96¥ (01°99) 9% (S879) 661C uorsuoLddAH
(9) ou - A101STH

0S€°0 (16°9)6€ (CIx¥9l57 (T8°9)L9 (69°1) 79 019s (L19) 91T (%) ou - asn 00eqO],
100°0> poqe(89LY) 65 a0qe(TLES) T9 opqeLL—LS) L9 oo 18719) TL opa(€8-99) 9L (92-69) $9 (YO uerpaw - 33y
100°0> poq(ETTP) 08T 0q(P0TS) 1T (FT°09) 00L »(62°79) 008 TS € (LTSS) 1561 (%) ou - 38 JEN

(©) P ) @ (®)
£99=u 608= 91 1=t yIg=u 78=u 0€SE=N
anfeA-d SES NG 67€-0¢ TN 6'62-SC IN9 6'7C-S'81 DN $'81> INd syuoned v SonsLIvIRIRY))

syuoned Jo sonsu)oeIRyd duIeseq | d|qel

pringer

Qs



1966

Eur J Clin Microbiol Infect Dis (2021) 40:1963-1974

respectively. 8.1% had a history of heart failure, while 9.2%
had a history of asthma and 4.8% history of COPD. 14.9%
had a history of chronic kidney disease and 4.3% had ESRD.
Coronary artery disease was prevalent in 7.2% of patients.
Detailed baseline characteristics are presented in Table 1.

Patients with severe obesity were more likely to develop
severe pneumonia (BMI <18.5 kg/m?: 13.4%; BMI 18.5-24.9
kg/m?: 17.9%; BMI 25-29.9 kg/m*: 18.9%; BMI 30-34.9 kg/
m*: 21.4%; BMI > 35 kg/m*: 25.5%; p = 0.001) and to un-
dergo intubation (BMI <18.5 kg/m*: 6.1%; BMI 18.5—
24.9 kg/m*: 10.3%; BMI 25-29.9 kg/m?: 12.7%; BMI
30-34.9 kg/m?*: 16.4%; BMI > 35 kg/m* 18.6%; p <
0.001). In-hospital outcomes and data on length of stay
are presented in Table 2.

Median IL-6 was 38.1 (16-80) pg/mL. No significant associ-
ation between BMI group and IL-6 level was noted (BMI < 18.5
kg/m?*: 45.7 pg/mL; BMI 18.5-24.9 kg/m?: 43.4 pg/mL; BMI
25-29.9 kg/m?: 39.5 pg/mL; BMI 30-34.9 kg/m*: 35.5 pg/mL;
BMI > 35 kg/m?: 34.2 pg/mL; p = 0.714). The levels of inflam-
matory markers are presented in Table 3. A sensitivity analysis
was performed after exclusion of patients that received steroids
or IL-6 inhibitors during the hospitalization. The median IL-6 in
this cohort (N=2389) was lower compared to the total cohort
(32.3 vs. 38.1 pg/mL). Similar to the initial cohort, no significant
association between BMI group and IL-6 level was noted
(Supplementary table 1). A further descriptive analysis demon-
strated that (a) deceased patients had significantly higher median
IL-6 level compared to median IL-6 levels in survivors (92.4 vs.
28.4 pg/mL, p <0.001); (b) men had significantly higher median
IL-6 levels than women (43.5 vs. 30.3 pg/mL, p = 0.037); (c)
median IL-6 levels gradually increased while the age groups
increased, but this association was not statistically significant
(p=0.062); and (d) median IL-6 levels gradually decreased while
the BMI group increased, but this association was not statistically
significant (p= 0.729) (Fig. 1). The areas under the curves (AUC)
for all inflammatory markers predicting mortality were also com-
puted and ranged from 0.387 to 0.921 (Supplementary Table 2).

Logistic regression analyses
In-hospital mortality

Univariate associations with in-hospital mortality were examined
for the available baseline demographic and clinical characteristics
and are presented in Table 4. In the multivariable analysis
(Table 5, panel A), BMI >30 kg/m2 (model 1, OR: 1.27; 95%
CI: 1.07-1.51; p = 0.006), BMI > 35 kg/m* (model 2, OR: 1.49;
95% CI: 1.20-1.85; p < 0.001), and BMI > 40 kg/m?* (model 3,
OR: 1.68; 95% CI: 1.23-2.29; p = 0.001) all were found to have
significant associations with higher in-hospital mortality. When
BMI was analyzed based on conventional classification (<18.5
kg/m?, 18.5-24.9 kg/m?, 25-29.9 kg/m?, 30-34.9 kg/m?, 35—
39.9 kg/m?, > 40 kg/m?) compared with reference group 18.5—
24.9 kg/m?, patients with BMI of 35-39.9 kg/m? and > 40 kg/m?
were found to have significantly higher in-hospital mortality
(model 4, OR: 1.44; 95% CI: 1.06-1.96; p = 0.020 and OR:
1.92;95% CI: 1.35-2.72; p < 0.001, respectively). Another mul-
tivariate analysis was performed, which included age, sex, BMI,
and the Charlson Comorbidity Index (instead of individual base-
line comorbidities). This analysis replicated the findings of the
main analysis and is presented in Supplementary Table 3. A J-
shaped association between BMI and risk for death was demon-
strated (Fig. 2).

Severe pneumonia

Univariate associations with the outcome of severe pneumo-
nia were examined for available baseline demographic and
clinical characteristics and are presented in Table 4. In the
multivariable analysis (Table 5, panel B), BMI >30 kg/m?
(model 1, OR: 1.57; 95% CI: 1.31-1.87; p < 0.001), BMI >
35 kg/m2 (model 2, OR: 1.71; 95% CI: 1.38-2.11; p < 0.001),
and BMI > 40 kg/m2 (model 3, OR: 1.61;95% CI: 1.21-2.15;
p=0.001) were found to have significant associations with the
development of severe pneumonia. When BMI was analyzed

Table 2 In-hospital outcomes
Outcomes - no. (%) All patients BMI <18.5 BMI 18.5-24.9 BMI 25-29.9 BMI 30-34.9 BMI >35 p-value
n=3530 n=82 n=814 n=1162 n=809 n=663
(@) (b) (© d O]

In-hospital mortality 963 (27.28) 33 (40.24)de 250 (30.71)d 317 (27.28) 198 (24.47)""’ 165(24.89)" 0.002
Severe pneumonia 719 (20.37) 11 (13.41) 146 (17.94)° 220 (18.93)° 173 (21.38) 169(25.49)bc 0.001
Intubation 493 (13.97) 5(6.10)° 84 (10.32)% 148 (12.74)° 133 (16.44)° 123(18.55)™* <0.001
Length of stay 6 (3-10) 6 (3-9) 6 (3-10) 6 (3-10) 6 (3-9) 6 (3-10) 0.669

(1) p-values refer to chi-square test/ ANOVA, and the letters denote the columns with which a statistically significant pairwise comparison exists
(Bonferroni’s method); (2) BMI in kg/m2 ; (3) length of stay in median (IQR) days

BMI body mass index, /QR interquartile range
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based on the conventional classification (<18.5 kg/mz, 18.5—
24.9 kg/m?, 25-29.9 kg/m?, 30-34.9 kg/m?, 35-39.9 kg/m?, >
40 kg/m?) compared with reference group 18.5-24.9 kg/m?,
the 30-34.9 kg/m?, 35-39.9 kg/m?, and > 40 kg/m” groups
were found to have significant associations with the develop-
ment of severe pneumonia (model 4, OR: 1.44;95% CI: 1.11—
1.87; p =0.006, OR: 1.97;95% CI: 1.44-2.69; p < 0.001, and
OR: 2.10; 95% CI: 1.49-2.97; p < 0.001, respectively).

Intubation

Univariate associations with the outcome of intubation were
examined for the available baseline demographic and clinical
characteristics and are presented in Table 4. In the multivari-
able analysis (Table 5, panel C), BMI >30 kg/m” (model 1,
OR: 1.77; 95% CI: 1.44-2.18; p < 0.001), BMI > 35 kg/m*
(model 2, OR: 1.68; 95% CI: 1.32-2.13; p < 0.001), and BMI
> 40 kg/m2 (model 3, OR: 1.58; 95% CI: 1.15-2.18; p =
0.005) were found to have significant associations with a need
for intubation. When BMI was analyzed based on the conven-
tional classification (<18.5 kg/m>, 18.5-24.9 kg/m>, 25-29.9
kg/m?, 30-34.9 kg/m?, 35-39.9 kg/m?, > 40 kg/m*) compared
with reference group 18.5-24 kg/m?, the 30-34.9 kg/m?, 35—
39.9 kg/m?, and >40 kg/m* groups were found to have signif-
icant associations with need for intubation (model 4, OR:
1.88; 95% CI: 1.38-2.56; p < 0.001, OR: 2.26; 95% CI:
1.56-3.26; p < 0.001, and OR: 2.43; 95% CI: 1.63-3.61; p
< 0.001, respectively).

Subgroup analysis

A sex-based subgroup analysis for the outcome of mortality
was performed and is presented in Table 6. In the subgroup of
men, BMI 35-39.9 kg/m2 (model 1, OR: 1.99;95% CI: 1.31-
3.00; p <0.001) and BMI>40 kg/rn2 (model 1,0R: 2.26;95%
CI: 1.33-3.84; p < 0.001) were found to have significant as-
sociation with higher in-hospital mortality, while only BMI
>40 kg/m2 (model 1, OR:2.26;95% CI: 1.33-3.84; p < 0.001)
was found significant in the subgroup of women. Similar re-
sults were demonstrated when IL-6 was added to the model
(model 2).

Interleukin-6

IL-6 analyzed as a continuous variable per 10 pg/mL was
found to have significant univariate associations with higher
mortality, development of severe pneumonia, and need for
intubation (Table 4, OR: 1.06; 95% CI: 1.03-1.09, p <
0.001; OR: 1.03; 95% CI: 1.01-1.05, p = 0.001; and OR:
1.02; 95% CI: 1.01-1.04, p = 0.002; respectively). The sig-
nificant associations remained after the multivariate adjust-
ments (Table 5).

Levels of inflammatory markers

Table 3

p-value

n=369

(e

BMI >35

BMI 30-34.9

BMI 25-29.9

BMI 18.5-24.9

BMI<18.5
n=814
(®)

All patients

Missing data

Lab result - median (IQR)

n=809

1162

n=

n=82

(d

(©

(@)

0.714

342 (13.2-71.6)
11.2 (5-18.9)

45.7 (22.4-89.1) 43.4 (18.6-91.7) 39.5 (16.9-85.9) 35.5 (14.6-73.5)
9.2 (4.2-18.3) 9.6 (4.2-18.2) 9.4 (43-17.3°
11.2 (2.8-22)

38.1 (16-80)

1956
543
23

IL-6

0.013

11.7 (5.5-19.9)¢
13 (3.4-23.1)

10.6 (4.6-18.6)
11.5 (2.9-22.5)
5.8 (2.5-13.1)
72 (5.5-9.9)
5.5(3.8-8)

CRP - initial

0.053

11.6 3.3-23.3)

52.1-11.2)

10.1 2.2-21.1)
6 (2.8-14.2)

10.2 (2.9-19.4)
6.6 (3-16.5)

CRP - maximum

CRP - final

0.316

5.4 (2.1-12.15)
7 (5.3-9.4)

6.2 (2.6-13.7)

547
281
283
282

<0.001
<0.001
0.005

7.3 (5.4-9.5)°
5.5 (3.8-7.5)°
1.1 (0.7-1.4)

7.4 (5.6-10.2)
5.6 (4.1-8.3)¢

7.2 (5.4-10.6)

7.5 (5.9-11.2)°%
5.7 (4.2-8.9)

WBC - initial

5.2 (3.7-7.5)>
1(0.7-1.47

5.6 (3.8-8.8)%
0.9 (0.6-1.3)*

Neutrophils - initial

1(0.7-1.3)*

0.8 (0.6-1.3)>d¢

1(0.7-1.4)

Lymphocytes - initial

(1) p-values refer to ANOVA, and the letters denote the columns with which a statistically significant pairwise comparison exists (Bonferroni’s method); (2) BMI in kg/m?, IL-6 in pg/mL, CRP in mg/dL,

WBC in 10? /L, neutrophils 10° /uL, lymphocytes in 10° /uL
BMI body mass index, IQR interquartile range, CRP C-reactive protein, IL-6 interleukin, WBC white blood cell count
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Abbreviations: BMI=body mass index, IL-6=interleukin 6
Discussion

Our study investigated whether there is an association of obe-
sity in men and women with in-hospital outcomes in 3530
consecutive patients who were hospitalized due to COVID-
19 in a tertiary medical center in the Bronx, New York. In
addition, our study attempted to assess the role of systemic
inflammation using IL-6 levels as a surrogate in the outcomes
of obese inpatients with COVID-19. The main findings can be
summarized as follows: (1) obesity classes II and III, but not
class I, appeared to be an independent risk factor for in-
hospital death in men with a stronger association as obesity
class increases. (2) Obesity class III, but not classes I and II,
appeared to be an independent risk factor for in-hospital death
in women. (3) The outcomes of in-hospital death, male sex,
and increasing age were associated with higher IL-6 level, but
there was no clear association between BMI and IL-6 level.
One of the main findings of our study is that obesity is
associated with increased in-hospital mortality in patients with
COVID-19. A J-shaped association between BMI and mortal-
ity was demonstrated with a lower predicted probability of
death in the normal BMI range. BMI <18.5 kg/m* seemed to
be associated with increased predicted probability of mortali-
ty. It is known that underweight has been associated with
higher all-cause mortality. However, it should be mentioned

@ Springer

that number of patients in this group was too small to draw
definite conclusions [30]. Subgroup analysis revealed that the
male population with severe obesity (obesity classes II and IIT)
is the one that mainly drives this association. While several
studies have repeatedly shown a strong association of severe
obesity with increased mortality in patients with COVID-19
[11, 12, 17, 31-33], only Tartof et al. in a retrospective study
from California that involved almost 7000 patients have pre-
viously demonstrated that obesity in men is probably a stron-
ger risk factor than obesity in women [10]. Similar to our
findings, analysis of the overall cohort revealed that obesity
classes II and III, but not class I, were independently associ-
ated with in-hospital death; the subgroup analysis also re-
vealed that obesity might play a more profound role in risk
for death in male patients compared to female patients [10].
The different pattern of adipose tissue distribution between
sexes might help explain the disproportionate impact of severe
obesity in the outcomes of men compared to women. Men
tend to have more adipose tissue distributed in the central or
abdominal region, also known as the android phenotype,
whereas women tend to have more peripherally distributed
subcutaneous fat, also known as the gynoid phenotype
[34-36]. The android phenotype carries greatest risk for met-
abolic disorders [34-36]. The gynoid phenotype may have a
less inflammatory phenotype [37]. In contrast, visceral fat has
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Table 4  Univariate analysis

Variable

Hospital mortality
OR (95% CI), p-value

Severe pneumonia
OR (95% CI), p-value

Intubation
OR (95% CI), p-value

Male sex

Age per 10 years

BMI >25?

BMI >30

BMI >35@

BMI >40?

BMI <18.5%
25-29.99

30-34.9%

35-39.9%

> 40(3)

Congestive heart failure
Coronary artery disease
Diabetes

Chronic kidney disease
ESRD

COPD

Tobacco use
Hypertension
Hyperlipidemia
Asthma

HIV

Cirrhosis

Peripheral vascular disease
CVA or TIA
Interleukin-6 per 10 pg/mL

1.25 (1.07-1.45) p=0.004
1.64 (1.55-1.75) p<0.001
0.75 (0.64-0.89) p=0.001
0.80 (0.68-0.93) p=0.003
0.86 (0.71-1.04) p=0.125
0.91 (0.69-1.19) p=0.477
1.52 (0.95-2.42) p=0.078
0.85 (0.69-1.03) p=0.097
0.73 (0.59-0.91) p=0.005
0.73 (0.55-0.96) p=0.026
0.77 (0.57-1.04) p=0.094
2.07 (1.62-2.66) p<0.001
1.54 (1.18-2.02) p=0.002
1.27 (1.09-1.48) p=0.002
1.95 (1.61-2.37) p<0.001
1.32 (0.93-1.87) p=0.122
2.34 (1.71-3.20) p<0.001
1.39 (1.03-1.86) p=0.029
1.23 (1.05-1.43) p=0.011
1.28 (1.10-1.48) p=0.001
1.00 (0.77-1.29) p=0.988
0.91 (0.55-1.53) p=0.732
1.90 (1.02-3.56) p=0.044
2.05 (1.45-2.89) p<0.001
1.68 (1.21-2.33) p=0.002
1.06 (1.03-1.09) p<0.001

1.34 (1.13-1.58) p=0.001
1.08 (1.03-1.14) p=0.004
1.28 (1.05-1.55) p=0.015
1.35 (1.14-1.59) p<0.001
1.4 (1.18-1.76) p<0.001
1.38 (1.05-1.82) p=0.023
0.71 (0.37-1.37) p=0.307
1.07 (0.85-1.35) p=0.575
1.24 (0.97-1.59) p=0.081
1.56 (1.16-2.10) p=0.003
1.57 (1.14-2.15) p=0.006
1.34 (1.01-1.78) p=0.041
1.11 (0.82-1.52) p=0.494
1.35 (1.14-1.59) p<0.001
1.64 (1.33-2.03) p<0.001
1.73 (1.21-2.48) p=0.003
1.40 (0.98-2.00) p=0.062
1.22 (0.88-1.68) p=0.237
1.02 (0.86-1.20) p=0.861
1.04 (0.88-1.23) p=0.643
1.05 (0.79-1.39) p=0.749
1.26 (0.75-2.12) p=0.389
1.83 (0.94-3.55) p=0.074
1.45 (0.98-2.13) p=0.061
1.17 (0.81-1.72) p=0.393
1.03 (1.01-1.05) p=0.001

1.34 (1.11-1.63) p=0.003
0.99 (0.93-1.04) p=0.609
1.64 (1.29-2.10) p<0.001
1.62 (1.34-1.96) p<0.001
1.54 (1.23-1.92) p<0.001
1.47 (1.08-2.00) p=0.015
0.56 (0.22-1.43) p=0.229
1.27 (0.95-1.69) p=0.101
1.71 (1.28-2.29) p<0.001
1.96 (1.39-2.78) p<0.001
2.00 (1.38-2.90) p<0.001
0.83 (0.57-1.20) p=0.320
0.91 (0.63-1.33) p=0.638
1.17 (0.96-1.41) p=0.120
121 (0.94-1.56) p=0.142
1.01 (0.63-1.61) p=0.982
1.18 (0.77-1.80) p=0.440
1.03 (0.69-1.52) p=0.889
0.85 (0.70-1.03) p=0.095
0.90 (0.74-1.09) p=0.293
1.03 (0.74-1.42) p=0.881
1.23 (0.67-2.25) p=0.499
1.27 (0.56-2.89) p=0.565
1.04 (0.64-1.69) p=0.874
0.71 (0.43-1.19) p=0.206
1.02 (1.01-1.04) p=0.002

(1) BMI in kg/m2 ; (2) dichotomous variables, reference groups: BMI <25, <30, <35, and <40 kg/m2 , respectively; (3) ordinal variable, reference group:
BMI 18.5-24.9 kg/m?; (4) age was analyzed as a continuous variable, and 10 years was used as a unit of time for easier interpretation of OR (95% CI)

OR odds ratio, CI confidence interval, BMI body mass index, ESRD end-stage renal disease, COPD chronic obstructive pulmonary disease, H/V human
immunodeficiency virus infection, CVA cerebrovascular accident, 77A transient ischemic attack

been shown to demonstrate greater pro-inflammatory charac-
teristics than subcutaneous fat [38]. In addition, excessive vis-
ceral adipose tissue has a negative impact on lung function by
reducing chest wall compliance, forced expiratory volume,
and forced vital capacity [39].

One of the hypotheses of this study was that obesity in-
creases the risk for death in patients with COVID-19 mainly
via predisposition to systemic hyper-inflammation, which is a
well-described possible mechanism in the COVID-19 litera-
ture [40—43]. The association between systemic inflammation
and obesity in our population was assessed mainly via [L-6
level. IL-6 is a member of the pro-inflammatory cytokine
family that induces the expression of variety of proteins re-
sponsible for acute inflammation and exerts a pleiotropic ef-
fect on inflammation, immune response, tissue regeneration,
hematopoiesis, and metabolism [44—46]. Rapid production of

IL-6 contributes to host defense during tissue injury and in-
fection, but its excessive release may lead to hyper-
inflammation [45, 46]. Abdominal visceral adiposity has been
associated with significantly higher IL-6 concentrations re-
gardless of race or sex [47]. Our findings suggest that higher
IL-6 levels correlate well with male sex and increasing age,
two of the strongest risk factors for death in patients with
COVID-19[11, 41, 42, 48, 49]. It was also demonstrated that
IL-6 seems to be a strong predictor for in-hospital death, a
finding that is supported by the existing literature [41,
50-53]. However, contrary to our hypothesis, we found no
correlation between higher BMI and IL-6 level. In fact, a trend
towards higher IL-6 level in patients with normal BMI was
noted. Similar to our finding, a significantly smaller study
from New York revealed no significant difference in IL-6
level among patients from different BMI groups [54].
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Table 6  Sex-based subgroup analysis for the outcome of mortality

Variables Model 1 Model 2
Women Men Women Men
n=1567 n=1932 n=683 n=881

OR (95% CI), p-value

OR (95% CI), p-value

OR (95% CI), p-value

OR (95% CI), p-value

Age per 10 years

1.62 (1.45-1.81) p < 0.001

BMI <18.5? 1.92 (0.89-4.12) p=0.094
25-29.9@ 1.19 (0.83-1.69) p=0.349
30-34.9% 1.08 (0.74-1.58) p=0.680
35-39.9? 1.09 (0.69-1.74) p=0.712
>40@ 1.72 (1.05-2.81) p=0.031

Interleukin-6 per 10 pg/mL

1.91 (1.73-2.10) p < 0.001
1.01 (0.51-2.00) p=0.975
1.00 (0.76-1.31) p=0.997
1.25(0.91-1.72) p=0.161
1.99 (1.31-3.00) p=0.001
2.26 (1.33-3.84) p=0.002

1.52 (1.27-1.82) p < 0.001
1.14 (0.21-6.19) p=0.879
1.12 (0.65-1.94) p=0.685
1.02 (0.57-1.81) p=0.956
1.07 (0.51-2.25) p=0.858
1.35 (0.64-2.86) p=0.435
1.04 (1.00-1.09) p=0.079

1.98 (1.69-2.33) p < 0.001
0.71 (0.23-2.14) p=0.539
1.18 (0.75-1.85) p=0.469
1.74 (1.05-2.89) p=0.033
1.63 (0.82-3.24) p=0.162
2.28 (0.96-5.42) p=0.062
1.08 (1.03-1.12) p < 0.001

(1) BMI in kg/m? ; (2) reference group, BMI 18.5-24.9 kg/m? ; (3) mortality is adjusted for the variables found to have significant univariate associations
with congestive heart failure, CAD, diabetes, CKD, COPD, tobacco use, hypertension, hyperlipidemia, cirrhosis, PAD, CVA, or TIA; the multivariate
associations of these variables with mortality are presented in the Supplementary table 5; (4) age was analyzed as a continuous variable, and 10 years was
used as a unit of time for easier interpretation of OR (95% CI)

OR odds ratio, CI confidence interval, BMI body mass index, CAD coronary artery disease, CKD chronic kidney disease, COPD chronic obstructive

pulmonary disease, PAD peripheral artery disease, CVA cerebrovascular disease, 7/A transient ischemic attack

To our knowledge, our study is one of the largest to date
demonstrating the differences in the impact of obesity in the
in-hospital outcomes between men and women with COVID-
19 and the largest study to measure the association of BMI
with systemic inflammation, as indicated by IL-6, in patients with
COVID-19. Our study has several limitations. First, this was a
retrospective design involving electronic medical records, which
is suboptimal compared to a prospective study utilizing a more
accurate follow-up assessment. Second, the rapidly changing
management of patients with COVID-19 infection might have
affected our results, although it is highly unlikely that could have
significantly affected the associations of interest.

In conclusion, in this large cohort of hospitalized patients
with COVID-19, we found that obesity classes II and III in
men and obesity class III in women were associated with
higher in-hospital mortality even after adjusting for other per-
tinent potentially confounding factors, including but not lim-
ited to hypertension, diabetes, coronary artery disease, and
chronic kidney disease. No significant association between
BMI and IL-6 was noted. Particular attention should be paid
in protecting the population living with severe obesity from
SARS-CoV-2 with priority to vaccination access, remote
work, telemedicine, and other measures given the higher
risk of adverse outcomes once they are diagnosed with
COVID-19. In addition, patients with severe obesity di-
agnosed with COVID-19 should be treated with partic-
ular attention given the high risk for worse outcomes.
While we recognize the limitations, we hope that our
study will contribute to the understanding of the differ-
ent impact of obesity in various subgroups of patients
with COVID-19 and the pathogenetic mechanisms that

@ Springer

lead to worse outcomes. Further studies are needed to
confirm our data, and pilot clinical trials would be use-
ful to assess whether pharmacotherapy targeting the vis-
ceral adipose tissue may improve outcomes.
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