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Background and aims: Obesity has been reported to be one of the most frequent comorbidities in COVID-
19 patients and associated with higher rates of in-hospital mortality compared to non-obese patients.
Acute kidney injury (AKI) is also known to be a complication associated with obesity in critically-ill
COVID-19 patients. We aimed to investigate whether obesity was associated with increased risk of in-
hospital mortality and AKI among patients with COVID-19 treated with corticosteroids.
Methods: We utilized 9965 hospitalized COVID-19 patient data and divided patients who were treated
with corticosteroids into 6 groups by body mass index (BMI) (less than 18.5, 18.5e25, 25e30, 30e35, 35
e40, 40 kg/m2 or greater). The association between BMI and in-hospital mortality and between BMI and
incidence rate of AKI during admission among COVID-19 patients receiving corticosteroids were retro-
spectively investigated.
Results: There were 4587 study participants receiving corticosteroids (mean age 66.5 ± 15.5 years, men
56.6%, mean BMI 29.0 ± 7.2 kg/m2). The smooth spline curve suggested a J-shape association between
BMI and in-hospital mortality. Patients with BMI above 40 kg/m2 exhibited a higher in-hospital mortality
and higher incidence rate of AKI during admission compared to patients with BMI between 25 and 30 kg/
m2. The differences in in-hospital mortality and the rate of AKI were larger among patients with severe
COVID-19.
Conclusions: Class III obesity was associated with high in-hospital mortality and AKI in patients with
COVID-19 treated by corticosteroids. Clinicians must stay vigilant on the impact of class III obesity and
development of AKI to disease trajectory of COVID-19 patients.

© 2022 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by the novel
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and
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has resulted in 245,373,039 cases and 4,979,421 deaths worldwide
as of October 29, 2021 [1]. Obesity has been reported to be one of
the most frequent comorbidities in COVID-19 patients [2,3] and
known to be associatedwithmultiple cardiovascular comorbidities,
acute kidney injury (AKI) in non-COVID-19 patients in intensive
care unit (ICU), respiratory dysfunction, as well as impaired im-
mune responses and hyper-inflammatory state [4e7]. The preva-
lence of obesity among COVID-19 patients requiring mechanical
ventilation was higher than among patients with non-COVID-19
acute pulmonary diseases [8], and the mortality was significantly
higher in obese patients compared to patients with normal weight
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among COVID-19 patients [9].
A recent meta-analysis has shown that the proportion of obese

people being hospitalized with COVID-19 was almost double
compared to non-obese people, and mortality was approximately
50% higher [10]. Another meta-analysis showed that obesity was
associated with an increased likelihood of presenting with more
severe COVID-19 symptoms, developing acute respiratory distress
syndrome, requiring hospitalization and ICU admission [11]. A
study from a registry including 88 US hospitals showed that obese
patients with BMI above 30 kg/m2 had a higher risk of in-hospital
death and mechanical ventilation and that class III obesity with
BMI above 40 kg/m2 was associated with an even higher risk of in-
hospital mortality [12]. However, the proportion of patients who
were receiving corticosteroids and interleukin-6 inhibitors, which
are currently the mainstay treatment for moderate to severe
COVID-19 patients [13], was underreported since these studies
were conducted in the first wave of the pandemic. Therefore, it
remains a concern whether patients’ BMI is associated with in-
hospital mortality among patients who were treated with
corticosteroids.

In addition, development of AKI has been demonstrated to be
one of the complications associated with obesity in critically ill
patients without COVID-19 [14e16] and commonly observed in
COVID-19 patients [17,18]. Several studies have shown that devel-
opment of AKI during hospital stay is significantly associated with
higher in-hospital mortality in COVID-19 patients [19,20]. However,
the association between the degree of obesity and AKI in COVID-19
patients has not been reported.

In this context, we examined the association of in-hospital
mortality and obesity in COVID-19 patients who were treated
with corticosteroids and also examined the association between
BMI and AKI to test the possibility of whether a higher incidence of
AKI is a causal mechanism that is linking a high BMI with high in-
hospital mortality.

2. Materials and methods

2.1. Subjects

In this retrospective study, we first identified 9965 hospitalized
patients with laboratory-confirmed COVID-19 infection by using
medical records at the Mount Sinai Health System in New York,
USA, between March 1, 2020, and March 30, 2021 [21e24].
Confirmation of COVID-19 infectionwas based on a nasopharyngeal
swab, which was tested using a reverse transcription polymerase
chain reaction. We excluded 51 patients who were younger than 18
years old and 349 patients whowere transferred to another facility.
Then, we limited the patient population to those who received
corticosteroids during admission (N ¼ 4751). Finally, we excluded
125 patients who did not have information of BMI and 39 patients
who had extreme BMI (<10 kg/m2 or >60 kg/m2), resulting in 4587
patients in the final cohort.

2.2. Baseline characteristics and treatments during admission

Comorbidities were characterized based on the International
Classification of Disease (ICD) 10 codes. All vital signs and blood
tests were recorded at the time of admission. The estimated
glomerular filtration rate (eGFR) was reported by laboratory
department in basic metabolic panel which was calculated by using
TheModification of Diet in Renal Disease equation [25]. Continuous
variables are presented as mean ± standard deviation or median
[interquartile range] depending on the data distribution, and cat-
egorical variables were expressed as percentages. We also identi-
fied treatments that were provided during admission, including
2

convalescent plasma, remdesivir, tocilizumab, therapeutic anti-
coagulation, and prophylactic anticoagulation.

2.3. The definition of obesity and categorization

The exposure of interest in this study was BMI. BMI was studied
as a continuous variable in our first analysis using a smooth spline
curve. We also divided the patients into 6 groups: BMI�18.5 kg/m2

(underweight), 18.5 < BMI�25 kg/m2 (normal weight),
25 < BMI�30 kg/m2 (overweight), 30 < BMI�35 kg/m2 (class I
obesity), 35 < BMI�40 kg/m2 (class II obesity), BMI>40 kg/m2 (class
III obesity) [26].

2.4. Outcomes definition

The primary outcome of interest was in-hospital mortality, and
the secondary outcome was the incidence of AKI observed during
admission. AKI was defined according to kidney disease improving
global outcomes (KDIGO) criteria stratified by the difference of
creatinine level; stage 1: 1.5e1.9 times baseline or �0.3 mg/dL in-
crease; stage 2: 2.0e2.9 times baseline; stage 3: 3 times or creati-
nine >4.0 mg/dL compared to baseline creatinine that was obtained
on admission [25].

2.5. Statistical analysis

Differences in baseline characteristics between groups were
evaluated, using the c2 test for categorical variables and t-test or
Wilcoxon test for continuous variables depending on the distribu-
tion. A multivariate logistic regression model with a spline curve
function was created to estimate the association between BMI and
in-hospital mortality as well as association between BMI and inci-
dence of AKI during admission. The following variables were
included: age, sex, race, asthma, chronic obstructive pulmonary
disease, obstructive sleep apnea, hypertension, diabetes mellitus,
human immunodeficiency virus, cancer, atrial fibrillation, coronary
artery disease, heart failure, peripheral artery disease, chronic viral
hepatitis, alcoholic/non-alcoholic liver disease, estimated glomer-
ular filtration rate (eGFR), blood urea nitrogen, white blood cell
count, hemoglobin, d-dimer, vital signs, therapeutic anti-
coagulation, prophylactic anticoagulation, remdesivir, tocilizumab,
and treatment with convalescent plasma, admission to intensive
care unit, endotracheal intubation [27,28]. We also analyzed the
association between the aforementioned six categories of BMI (the
overweight categorywas used as a reference group) and in-hospital
mortality as well as the association between BMI and the incidence
of AKI during admission by adjusting covariates listed above.
Finally, we investigated the association of BMI and in-hospital
mortality in a subgroup of patients with severe COVID-19 infec-
tion, which was defined by the presence of ICU admission and/or
endotracheal intubation.

All statistical analyses were performed using R (version 3.6.2, R).
P-values <0.05 considered statistically significant.

This study was approved by the institutional review boards of
Icahn School of Medicine at Mount Sinai (#2000495) and con-
ducted in accordance with the principles of the Declaration of
Helsinki. The waiver of patients’ informed consent was also
approved by the institutional review boards.

3. Results

Among 4587 study participants, patients with higher BMI were
younger, had more comorbidities, including asthma, obstructive
sleep apnea, and diabetes mellitus, higher serum lactate dehydro-
genase, lower serum urea nitrogen, and received more treatments



Table 1
Baseline characteristics and treatments stratified by obesity category.

Underweight
(BMI<18.5) N ¼ 170

Normal weight
(18.5&BMI<25)
N ¼ 1231

Overweight
(25&BMI<30)
N ¼ 1460

Class I obesity
(30&BMI<35)
N ¼ 932

Class II obesity
(35&BMI<40) N¼ 436

Class III obesity
(BMIS40) N ¼ 358

p

Baseline Characteristics
Age, year (mean, SD) 73.05 (16.37) 71.45 (14.76) 66.68 (14.67) 64.50 (14.57) 61.44 (15.38) 57.01 (15.26) <0.001
Male, n (%) 100 (58.8) 753 (61.2) 903 (61.8) 480 (51.5) 209 (47.9) 147 (41.1) <0.001
Race, n (%) <0.001
WHITE 46 (27.1) 387 (31.4) 435 (29.8) 271 (29.1) 139 (31.9) 94 (26.3)
BLACK 42 (24.7) 199 (16.2) 255 (17.5) 198 (21.2) 104 (23.9) 110 (30.7)
HISPANIC 34 (20.0) 270 (21.9) 385 (26.4) 260 (27.9) 107 (24.5) 87 (24.3)
ASIAN 25 (14.7) 146 (11.9) 97 (6.6) 34 (3.6) 8 (1.8) 7 (2.0)
OTHERS 23 (13.5) 229 (18.6) 288 (19.7) 169 (18.1) 78 (17.9) 60 (16.8)
Comorbidity, n (%)
Asthma 5 (2.9) 50 (4.1) 100 (6.8) 67 (7.2) 38 (8.7) 49 (13.7) <0.001
COPD 16 (9.4) 83 (6.7) 68 (4.7) 61 (6.5) 24 (5.5) 27 (7.5) 0.045
Hypertension, 59 (34.7) 484 (39.3) 526 (36.0) 341 (36.6) 161 (36.9) 141 (39.4) 0.48
Diabetes mellitus 22 (12.9) 288 (23.4) 332 (22.7) 220 (23.6) 120 (27.5) 100 (27.9) 0.002
Chronic Kidney

Disease
20 (11.8) 170 (13.8) 153 (10.5) 92 (9.9) 53 (12.2) 35 (9.8) 0.040

Obstructive Sleep
Apnea

2 (1.2) 7 (0.6) 18 (1.2) 36 (3.9) 28 (6.4) 30 (8.4) <0.001

Obesity 0 (0.0) 11 (0.9) 59 (4.0) 115 (12.3) 112 (25.7) 126 (35.2) <0.001
HIV 59 (34.7) 484 (39.3) 526 (36.0) 341 (36.6) 161 (36.9) 141 (39.4) 0.48
Cancer 25 (14.7) 132 (10.7) 134 (9.2) 79 (8.5) 32 (7.3) 21 (5.9) 0.005
Atrial Fibrillation 15 (8.8) 127 (10.3) 102 (7.0) 75 (8.0) 31 (7.1) 31 (8.7) 0.054
Heart Failure 17 (10.0) 128 (10.4) 115 (7.9) 63 (6.8) 45 (10.3) 32 (8.9) 0.036
Coronary Artery

Disease
19 (11.2) 221 (18.0) 213 (14.6) 132 (14.2) 52 (11.9) 35 (9.8) 0.001

Peripheral Vascular
Disease

6 (3.5) 84 (6.8) 66 (4.5) 32 (3.4) 14 (3.2) 14 (3.9) 0.002

Chronic Viral
Hepatitis

3 (1.8) 15 (1.2) 17 (1.2) 8 (0.9) 3 (0.7) 2 (0.6) 0.69

Alcoholic, non-
Alcoholic Liver
Disease

1 (0.6) 33 (2.7) 44 (3.0) 26 (2.8) 19 (4.4) 10 (2.8) 0.23

Admission vital signs (median, IQR)
Temperature max, �C 37.8 [37.4, 38.6] 38.0 [37.4, 38.8] 38.1 [37.4, 38.9] 38.0 [37.4, 38.9] 38.1 [37.5, 39.1] 38.2 [37.4, 39.1] 0.008
Heart Rate, beats/min 88.5 [78.0, 102.0] 94.0 [80.0, 106.0] 95.0 [82.0, 108.0] 95.0 [83.0, 108.0] 95.0 [86.0, 108.0] 99.0 [87.0, 112.0] <0.001
Respiratory Rate,

breaths/min
18.0 [18.0, 20.0] 20.0 [18.0, 22.0] 20.0 [18.0, 22.0] 20.0 [18.0, 22.0] 20.0 [18.0, 24.0] 20.0 [18.0, 23.8] <0.001

Systolic Blood
Pressure, mmHg

125 [113, 140] 129 [115, 145] 129 [116, 145] 132 [119, 147] 132 [119, 148] 130 [116, 146] <0.001

Diastolic Blood
Pressure, mmHg

72.0 [65.0, 83.0] 73.0 [65.0, 82.0] 75.0 [67.0, 84.0] 77.0 [68.0, 85.0] 77.0 [68.0, 86.0] 74.0 [65.0, 85.8] <0.001

Oxygen Saturation, % 88.0 [76.3, 92.0] 88.0 [78.0, 91.5] 88.0 [78.0, 91.0] 88.0 [80.0, 91.0] 88.0 [79.0, 91.0] 88.0 [71.0, 91.0] 0.42
Admission laboratory tests (median, IQR)
White Blood Cell,

10^3/mL
7.0 [5.0, 10.8] 7.3 [5.2, 10.5] 7.1 [5.3, 10.2] 7.1 [5.1, 10.0] 7.0 [5.3, 9.7] 6.8 [5.2, 9.8] 0.68

Hemoglobin, g/dL 12.3 [10.5, 13.8] 13.0 [11.2, 14.2] 13.4 [11.9, 14.5] 13.3 [11.9, 14.7] 13.2 [11.9, 14.6] 13.3 [11.9, 14.6] <0.001
BUN, mg/dL 23.0 [15.3, 39.8] 21.0 [14.0, 36.0] 19.0 [13.0, 29.0] 17.0 [12.0, 28.0] 18.0 [11.5, 29.5] 15.0 [11.0, 25.0] <0.001
Creatinine, mg/dL 0.93 [0.73, 1.40] 1.04 [0.77, 1.55] 1.00 [0.79, 1.45] 0.97 [0.76, 1.44] 1.00 [0.80, 1.57] 0.97 [0.76, 1.40] 0.066
eGFR, mL/min/1.73m2 71.9 [49.5, 101.6] 64.9 [41.7, 92.0] 70.5 [46.0, 92.3] 71.8 [45.4, 92.7] 67.4 [42.0, 93.4] 72.2 [46.4, 94.8] 0.011
AST, U/L 37.0 [25.0, 64.0] 41.0 [28.0, 63.0] 44.0 [29.0, 71.0] 42.0 [28.0, 64.5] 43.0 [28.0, 65.0] 40.0 [28.0, 63.0] 0.025
ALT, U/L 23.0 [15.0, 40.3] 28.0 [18.0, 44.0] 32.0 [20.0, 55.0] 30.0 [20.0, 54.0] 34.0 [21.0, 56.0] 31.0 [20.0, 49.0] <0.001
CRP, mg/L 71.9 [28.8, 156.0] 94.1 [44.5, 172.4] 100.7 [45.6, 177.2] 95.8 [47.3, 172.8] 85.7 [47.1, 156.4] 107.7 [52.2, 168.6] 0.028
LDH, U/L 349.0 [251.0, 478.0] 386.0 [291.0, 3.0] 410.0 [305.0, 562.3] 414.0 [312.0, 523.0] 400.0 [312.0, 556.0] 427.0 [312.0, 587.0] <0.001
Procalcitonin, ng/mL 2.05 (7.49) 1.39 (7.19) 1.92 (13.51) 1.11 (8.53) 0.45 (1.37) 1.40 (11.18) 0.150
D-dimer, mg/mL 1.77 [1.02, 3.05] 1.56 [0.84, 2.82] 1.25 [0.76, 2.29] 1.12 [0.65, 2.14] 1.16 [0.63, 2.01] 1.10 [0.62, 2.03] <0.001
INR 1.1 [1.0, 1.3] 1.1 [1.0, 1.3] 1.1 [1.0, 1.2] 1.1 [1.0, 1.2] 1.1 [1.0, 1.2] 1.1 [1.0, 1.2] <0.001
PTT, sec 34.2 [30.4, 38.7] 33.8 [30.0, 38.2] 32.9 [29.6, 37.1] 32.5 [29.5, 36.6] 32.4 [29.2, 35.5] 31.5 [28.7, 35.2] <0.001
Treatments during admission, n (%)
Therapeutic

Anticoagulation, n
(%)

67 (39.4) 528 (42.9) 646 (44.2) 431 (46.2) 216 (49.5) 155 (43.3) 0.111

Prophylactic
Anticoagulation, n
(%)

90 (52.9) 647 (52.6) 745 (51.0) 472 (50.6) 206 (47.2) 189 (52.8) 0.50

Remdesivir, n (%) 44 (25.9) 399 (32.4) 484 (33.2) 346 (37.1) 150 (34.4) 120 (33.5) 0.056
Tocilizumab, n (%) 6 (3.5) 48 (3.9) 74 (5.1) 43 (4.6) 35 (8.0) 32 (8.9) <0.001
Convalescent plasma,

n (%)
29 (17.1) 222 (18.0) 307 (21.0) 202 (21.7) 101 (23.2) 73 (20.4) 0.12

Abbreviations: SD ¼ standard deviation, IQR ¼ interquartile range, BMI ¼ body mass index, COPD ¼ chronic obstructive pulmonary disease, HIV ¼ human immunodeficiency
virus, BUN ¼ blood urea nitrogen, eGFR ¼ estimated glomerular filtration rate, AST ¼ asparate aminotransferase, ALT ¼ alanine aminotransferase, CRP ¼ c reactive protein,
LDH ¼ lactate dehydrogenase, INR ¼ international normalized ratio, PTT ¼ partial thromboplastin time.

M. So, M. Takahashi, Y. Miyamoto et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 16 (2022) 102373
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Table 2
In-hospital events and outcomes by BMI category.

Underweight
(BMI<18.5) N ¼ 170

Normal weight
(18.5&BMI<25)
N ¼ 1231

Overweight
(25&BMI<30)
N ¼ 1460

Class I obesity
(30&BMI<35) N¼ 932

Class II obesity
(35&BMI<40) N ¼ 436

Class III obesity
(BMIS40) N ¼ 358

p

AKI, n (%) 52 (30.6) 407 (33.1) 435 (29.8) 257 (27.6) 136 (31.3) 124 (34.6) 0.061
Acute VTE, n (%) 3 (1.8) 12 (1.0) 16 (1.1) 11 (1.2) 4 (0.9) 3 (0.8) 0.94
Cerebral Infarction,

n (%)
1 (0.6) 14 (1.1) 9 (0.6) 3 (0.3) 1 (0.2) 2 (0.6) 0.20

Intracerebral
Hemorrhage, n
(%)

0 (0.0) 0 (0.0) 2 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0.73

ICU admission, n
(%)

37 (21.8) 324 (26.3) 435 (29.8) 272 (29.2) 150 (34.4) 130 (36.3) <0.001

Endotracheal
Intubation, n (%)

22 (12.9) 210 (17.1) 290 (19.9) 178 (19.1) 95 (21.8) 90 (25.1) 0.003

Death, n (%) 57 (33.5) 359 (29.2) 399 (27.3) 220 (23.6) 108 (24.8) 105 (29.3) 0.015

Abbreviations: BMI ¼ body mass index, AKI ¼ acute kidney injury, VTE ¼ venous thromboembolism, ICU ¼ intensive care unit.
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with tocilizumab. ICU admission rate and endotracheal intubation
rate were highest among the BMI�40 kg/m2 group (Tables 1 and 2).

The smooth spline curve suggested a J curve association in BMI
and in-hospital mortality, and the inflection point was located
within the overweight category group (i.e., BMI between 25 and
30 kg/m2) (Fig. 1). Compared to overweight patients with BMI be-
tween 25 and 30 kg/m2, class III obesity patients with BMI>40 kg/
m2 had significantly higher adjusted in-hospital mortality. Under-
weight patients with BMI�18.5 kg/m2, normal-weight patients
with 18.5 < BMI�25 kg/m2, class I obesity patients with
30 < BMI�35 kg/m2, class II obesity patients with 35 < BMI�40 kg/
m2 showed no significant difference in in-hospital mortality
compared to overweight patients with BMI between 25 and 30 kg/
m2 (Table 3).

As to the secondary outcome, a smooth spline curve also sug-
gested a J curve association in BMI and the in-hospital incidence of
AKI (Fig. 2). Class III obesity patients with BMI above 40 kg/m2 had a
significantly higher risk of in-hospital AKI compared to overweight
patients with BMI between 25 and 30 kg/m2 (OR [95% CI]: 1.52
[1.06e2.18], P ¼ 0.024) (Table 3). Notably, patients with AKI
Fig. 1. The association of BMI with in-hospital mortality in COVID-19 patients with cortico
disease, obstructive sleep apnea, hypertension, diabetes mellitus, human immunodeficiency
disease, chronic viral hepatitis, alcoholic/non-alcoholic liver disease, estimated glomerular fi
vital signs, therapeutic anticoagulation, prophylactic anticoagulation, remdesivir, tocilizum
tracheal intubation.
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(N ¼ 1,411, 30.8%) had significantly higher mortality compared to
those without (60.1% versus 12.6%, P < 0.001).

In a subgroup analysis among severe COVID-19 patients who
required ICU admission and/or endotracheal intubation, class III
obesity patients with BMI above 40 kg/m2 had significantly higher
in-hospital mortality compared to overweight patients with BMI
between 25 and 30 kg/m2 (Supplemental Table 1).

4. Discussion

Using large data of hospitalized COVID-19 patients receiving
corticosteroids, we found that patients with class III obesity
(BMI�40 kg/m2) had significantly higher in-hospital mortality, as
well as a higher incidence of in-hospital AKI, compared to over-
weight (25�BMI<30 kg/m2) patients. These findings were consis-
tent with most of the previous reports, which reportedly included
fewer patients who were treated with corticosteroids, the current
standard treatment for COVID-19. Our findings highlight the
importance of obesity as a meaningful risk factor of in-hospital
mortality and development of AKI even among the COVID-19
steroids treatment. Adjusted for age, sex, race, asthma, chronic obstructive pulmonary
virus, cancer, atrial fibrillation, coronary artery disease, heart failure, peripheral artery
ltration rate (eGFR), blood urea nitrogen, white blood cell count, hemoglobin, d-dimer,
ab, and treatment with convalescent plasma, admission to intensive care unit, endo-



Table 3
The adjusted odds ratio for in-hospital mortality and incidence of acute kidney injury by body mass index category in COVID-19 patients with corticosteroids treatment.

Adjusted* OR of in-hospital mortality[95%CI] P value Adjusted* OR of AKI [95%CI] P value

Reference; 1 1
Overweight (25�BMI<30, kg/m2)
Underweight (BMI <18.5) 1.37 [0.83e2.24] 0.22 1.16 [0.70e1.89] 0.57
Normal weight (18.5�BMI<25) 1.03 [0.80e1.32] 0.83 1.19 [0.94e1.51] 0.15
Class I obesity (30�BMI<35) 0.92 [0.69e1.24] 0.60 0.96 [0.74e1.26] 0.79
Class II obesity (35�BMI<40) 1.16 [0.78e1.71] 0.47 0.99 [0.69e1.40] 0.95
Class III obesity (BMI�40) 1.90 [1.26e2.86] <0.001 1.52 [1.06e2.18] 0.024

Abbreviations: OR ¼ odds ratio, CI ¼ confidence interval, BMI ¼ body mass index.
*Adjusted for age, sex, race, asthma, chronic obstructive pulmonary disease, obstructive sleep apnea, hypertension, diabetes mellitus, human immunodeficiency virus, cancer,
atrial fibrillation, coronary artery disease, heart failure, peripheral artery disease, chronic viral hepatitis, alcoholic/non-alcoholic liver disease, estimated glomerular filtration
rate (eGFR), blood urea nitrogen, white blood cell count, hemoglobin, d-dimer, vital signs, therapeutic anticoagulation, prophylactic anticoagulation, remdesivir, tocilizumab,
and treatment with convalescent plasma, admission to intensive care unit, endotracheal intubation.
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patients treated by corticosteroids.
The higher mortality observed in COVID-19 patients with

obesity has been well-documented in multiple observational
studies; however, the proportion of corticosteroids use among
these patients was underreported. Despite under treatment with
corticosteroids which was expected to counteract and suppress the
immune reaction, class III obesity (BMI�40 kg/m2) was associated
with higher mortality in our study. This was also observed in a
subgroup analysis among patients with severe COVID-19 infection
requiring ICU admission and/or endotracheal intubation and the
effect was much larger. There are several possible explanations for
these findings. It is known that adipose tissue, especially visceral
fat, is associated with chronic inflammation resulting from immune
cell activity in dysfunctional visceral adipose tissue. Multiple
proinflammatory adipokines such as tumor necrosis factor-a and
interleukin (IL)-6 are known to be produced by visceral adipose
tissue [29]. COVID-19 infection-induced hyper-inflammatory state
can be more prominent in obese patients due to their predisposi-
tion to hyper-ferritinemia as well [30], thus obesity with higher
BMI level is supposedly related to a higher level of cytokine release
to the extent that corticosteroids or other anti-inflammatory agents
are not sufficient to suppress the response. This also leads to a
question if the fixed dose of corticosteroids are equally effective in
Fig. 2. The association of BMI with the incidence of acute kidney injury in patients with c
monary disease, obstructive sleep apnea, hypertension, diabetes mellitus, human immunode
artery disease, chronic viral hepatitis, alcoholic/non-alcoholic liver disease, estimated glome
dimer, vital signs, therapeutic anticoagulation, prophylactic anticoagulation, remdesivir, to
endotracheal intubation.

5

patients with higher body weight. Obesity is also related to
immobility and dyspnea at baseline, which tends to mask the
worsening course of respiratory status leading to late presentation
to the hospital when the inflammatory response is already too
severe to control with immunosuppressants. Another consider-
ation is that other factors related to obesity can play more roles
leading to higher mortality, such as dysfunctional lung mechanics
due to reduction in lung volume, increased airway resistance and
impaired diaphragmatic mobility, which may be considered to be
an explanation for larger effect of class III obesity to COVID-19 pa-
tients who required ICU admission and/or endotracheal intubation
and ventilator management.

We used overweight group as a reference to compare the out-
comes of other groups because the inflection point was located
within the range of overweight group. While this finding leads to a
question whether or not overweight is protective, none of the
previous studies have reported the protective effect of being over-
weight compared to normal weight or obesity groups. A recent
retrospective study showed both underweight and obesity are
associated with increased risk of developing acute lung injury and
secondary infection compared to normal weight [31]. This study
also demonstrated that low serum albumin or low serum pre-
albumin level were more common in underweight and obesity
orticosteroids treatment. Adjusted for age, sex, race, asthma, chronic obstructive pul-
ficiency virus, cancer, atrial fibrillation, coronary artery disease, heart failure, peripheral
rular filtration rate (eGFR), blood urea nitrogen, white blood cell count, hemoglobin, d-
cilizumab, and treatment with convalescent plasma, admission to intensive care unit,
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group. Our study results showed J-curve association between BMI
and in-hospital mortality. Although the adjusted in-hospital mor-
tality did not show significant difference between underweight
patients and other BMI groups, only a small portion of patients
were categorized in underweight (170/4587) group and they were
older, had higher rate of cancer and received less treatments. This
result suggests that underweight patients weremoremalnourished
and leading to numerically higher in-hospital mortality.

The risk of developing AKI during COVID-19 admission was
higher in class III obesity compared to overweight patients in our
study. Several mechanisms of developing AKI in patients with
obesity have been reported. Obese patients often suffer from
obesity-related hypoventilation and sleep apnea, leading to cor-
pulmonale and subsequent venous congestion [32]. Further,
venous congestion is experimentally related to increased renal
venous pressure and decreased urine formation [33]. The patho-
physiology of COVID-19-associated AKI is reported to include acute
tubular injury, collapsing glomerulopathy, and endothelial injury or
thrombotic microangiopathy in studies of renal histology [34]. A
significantly higher incidence of AKI in class III obesity was pre-
sumably mediating the association between the higher BMI and
higher in-hospital mortality. Clinicians should be aware of the
significance of class III obesity in paitents’ COVID-19 disease course
and stay vigilant on kidney function and use of nephrotoxic agents.

Our study has limitations. First, this is a retrospective analysis,
and unmeasured confounders such as baseline mobility and res-
piratory functions, patients’ vaccination status, doses of glucocor-
ticoid therapy and others are potentially present and unadjusted
which resides in the study design itself. In addition, the timing of
symptom onset in COVID-19 was not taken into account and pa-
tients with severe obesity may present later to hospitals. Finally,
this is a large but single-center study in New York City, and
therefore, the generalizability of the study findings to other states
in the US and other countries should be examined in future studies.

5. Conclusions

Among patients who received corticosteroids for COVID-19,
class III obesity was associated with higher in-hospital mortality
and a higher incidence rate of AKI during admission compared to
overweight patients. This implicates that clinicians should keep in
mind class III obesity patients with COVID-19 has a higher risk of
death and AKI during hospital stay and be more cautious about
using nephrotoxins or contrast imaging studies. The pathophysi-
ology behind the relation between obesity and mortality among
COVID-19 patients is multifactorial and warrants further studies.
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