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Abstract:

Objective: To evaluate the impact of obesity on ICU mortality.

Design: Observational, retrospective, multicentre study.

Setting: Intensive Care Unit (ICU).

Patients: Adults patients admitted with COVID-19 and respiratory failure.

Interventions: None.

Primary variables of interest: Collected data included demographic and clinical characteris-
tics, comorbidities, laboratory tests and ICU outcomes. Body mass index (BMI) impact on ICU
mortality was studied as (1) a continuous variable, (2) a categorical variable obesity/non-
obesity, and (3) as categories defined a priori: underweight, normal, overweight, obesity and
Class 1l obesity. The impact of obesity on mortality was assessed by multiple logistic regression
and Smooth Restricted cubic (SRC) splines for Cox hazard regression.

Results: 5,206 patients were included, 20 patients (0.4%) as underweight, 887(17.0%) as normal,
2390(46%) as overweight, 1672(32.1) as obese and 237(4.5%) as class Il obesity. The obesity
group patients (n=1909) were younger (61 vs. 65 years, p<0.001) and with lower severity
scores APACHE Il (13 [9-17] vs. 13[10—17, p<0.01) than non-obese. Overall ICU mortality was
28.5% and not different for obese (28.9%) or non-obese (28.3%, p=0.65). Only Class Ill obesity
(OR=2.19, 95%Cl 1.44-3.34) was associated with ICU mortality in the multivariate and SRC
analysis.

Conclusions: COVID-19 patients with a BMI > 40 are at high risk of poor outcomes in the ICU. An
effective vaccination schedule and prolonged social distancing should be recommended.

© 2023 Elsevier Espana, S.L.U. and SEMICYUC. All rights reserved.

Asociacion de la obesidad en la evolucién de los pacientes criticos afectados por
COvID-19

Resumen

Objetivo: Evaluar el impacto de la obesidad en la mortalidad de la UCI.

Diseno: Estudio observacional, retrospectivo y multicéntrico.

Ambito: Unidad de Cuidados Intensivos (UCl).

Pacientes: Pacientes adultos con COVID-19 e insuficiencia respiratoria.

Intervenciones: Ninguna.

Variables de interés principales: Caracteristicas demograficasy clinicas, comorbilidades, prue-
bas de laboratorio y evolucion en la UCI. El impacto del indice de masa corporal (IMC) sobre la
mortalidad se estudié como (1) una variable continua, (2) una variable categorica obesidad/no
obesidad, y (3) como categorias definidas a priori: bajo peso, normal, sobrepeso, obesidad y
obesidad clase Ill. El impacto de la obesidad se evalué mediante regresion logistica multiple y
splines clbicos suaves restringidos (SRC) para la regresion de riesgos de Cox.

Resultados: Se incluyeron 5.206 pacientes, 20 (0,4%) con bajo peso, 887 (17,0%) con peso nor-
mal, 2.390 (46%) con sobrepeso, 1.672 (32,1%) con obesidad y 237 (4,5%) con obesidad clase lIl.
Los pacientes obesos (n=1909) eran mas jovenes (61 vs. 65 afnos, p<0,001) y con un nivel mas
bajo de APACHE Il (13 [9-17] frente a 13[10—17, p<0,01) que los no obesos. La mortalidad global
en la UCI fue del 28,5% y no fue diferente entre obesos (28,9%) y no obesos (28,3%,p=0,65).
Solo la obesidad clase Il (OR=2,19; IC del 95%: 1,44—3,34) se asoci6 con la mortalidad en la
UCI en el analisis multivariante y SRC.

Conclusiones: Los pacientes con COVID-19 con un IMC > 40 tienen un alto riesgo de mala evolu-
cion en la UCI. Debe recomendarse un calendario de vacunacion eficaz y un distanciamiento
social prolongado.

© 2023 Elsevier Espana, S.L.U. y SEMICYUC. Todos los derechos reservados.
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Background

The COVID-19 pandemic has impacted global morbidity
and mortality without precedent in the past decades.
To determine patients’ prognoses, many risk factors have
been considered. In previous pandemics, such as influenza
A(H1N1)pdm, '3 an elevated body mass index (BMI) has been
associated with worse outcomes, including a higher need for
invasive mechanical ventilation (IMV) and/or longer ICU stay.

In patients with COVID-19, the association between obe-
sity and worse clinical outcomes is still unclear.""* It has
been previously recognised that adipokines and cytokines
represent a marker of chronic low-grade inflammation char-
acteristic of abdominal obesity, which may impair immune
response and potentially have further effects on the lung
of patients affected with SARS-CoV-2 infection.'*'> Despite
the rational evidence, multiple studies and meta-analyses
have been published and could not determine that obesity
is associated with worse outcomes in patients with COVID-19
infection.'®"

Previous studies'® have reported that many patients with
COVID-19 infection had an elevated BMI. Despite these ele-
vated rates, most studies suggest that elevated BMI does not
represent an independent risk factor for mortality. More-
over, the association between high BMI and bad outcomes
has yet to be further explored in critically ill patients
affected by COVID-19 infection.*""" Interestingly, a recently
published meta-analysis'® found that obesity was associated
with an increased risk of death in patients with COVID-19.
This study was one of the very few analysing BMI, and the
results should be interpreted cautiously due to a high risk
of bias and the certainty that their evidence needed to be
better classified.

In this study, we aimed to determine the association of
high BMI with patients’ outcomes considering the lack of
adequate and definitive data, especially when considering
critically ill patients. We hypothesise that patients with obe-
sity are not at increased risk of death when admitted to
the ICU. Therefore, the study aims to evaluate the impact
of obesity on crude ICU mortality in critically ill patients
admitted by COVID-19.

Material and methods

Study design

This was an observational, retrospective cohort study with
prospectively collected data of COVID-19 patients involv-
ing 74 ICUs (seventy-two from Spain, one from Andorra,
and one from the Republic of Ireland). Between Febru-
ary 13th, 2020 and December 31st, 2021, consecutive
ICU-admitted patients with a confirmed test by positive
reverse transcriptase-polymerase chain reaction for SARS-
CoV-2 from upper or lower respiratory tract samples were
included in a large-scale patient database supported by the
SEMICYUC (Spanish Society of Intensive Care Medicine and
Coronary Units).

The need for informed consent was waived, and
the ethical board approved the study as per Institu-
tion’s Internal Review Board (Comité Etic d’Investigacio
amb Medicaments [CEIm] from Institut d’Investigacié San-

itaria Pere Virgili [lISPV] - IRB# CEIM/066/2020). Local
researchers-maintained contact with a study team mem-
ber, and participating hospitals obtained local ethics
committee approval. The study was carried out accord-
ing to the principles of the Declaration of Helsinki and
the Clinical Trials Directive 2001/20/EC of the European
Parliament relating to the Good Clinical Practice guide-
lines.

We reported results by the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
guidelines.’ The study was registered in Clinicaltrials.gov
with the reference number NCT 04948242.

Patients

Consecutive patients older than 16 years of age were
prospectively included if admitted to one of the partici-
pating ICUs with the diagnosis of acute respiratory failure
(ARF) and a COVID-19 diagnosis was confirmed by a positive
reverse transcriptase-polymerase chain reaction for SARS-
CoV-2 from upper or lower respiratory tract samples.'” The
follow-up of patients was scheduled until March 1, 2022,
which confirmed ICU discharge or death, whichever occurred
first.

Data collection

Demographic and clinical data of the patients participat-
ing in the study were recorded in a case report form. After
anonymising the data, the forms were sent to the Study
Coordinator and all the information was entered in the
COVID-19 SEMICYUC registry by two different Data Entry
Investigators and validated after data accuracy confirma-
tion. Collected data included demographic characteristics
(age, gender, height and weight), comorbidities, time course
of the illness (dates of the symptoms onset, diagnosis,
hospital admission, and ICU admission), laboratory test,
microbiologic results, radiological findings, respiratory sup-
port (non-invasive and invasive) at ICU admission and day
one, complications and organ support measures, treatments
used, and ICU outcomes.

The severity of patients was evaluated at 24h of ICU
admission using the Acute Physiology and Chronic Health
Evaluation (APACHE) Il score and the Sequential Organ Fail-
ure Assessment (SOFA) score.

COVID-19 diagnosis was confirmed with a positive reverse
transcription-polymerase chain reaction for SARS-CoV-2 of
collected specimens from the upper (naso/oropharyngeal
swabs) or lower respiratory tract (tracheal aspirate or bron-
choalveolar lavage).

Definitions

Body mass index (BMI) was calculated using the first height
and weight recorded during the SARS-CoV-2 ICU admission.
BMI was categorised as follows: BMI as (1) a categorical vari-
able obesity (cut-off >30)/non-obesity, and (2) as categories
defined a priori by using the World Health Organization
criteria.?®?" into underweight (<18.5 kg/m?), normal weight
(18.5-24.9kg/m?), overweight (25.0-29.9kg/m?), obesity
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which included the following: class | (30-34.9kg/m?) and Il
(35-39.9kg/m?), and the former term of ‘*morbid obesity’’
that is now classified as class Il (>=40kg/m?). Further defi-
nitions used in the study can be found in the Supplementary
material.

Objectives

Primary: The primary objective was to evaluate the impact
of Obesity on ICU mortality according to presence or absence
and the defined BMI categories.

Secondary: The secondary objectives were to deter-
mine the need for invasive mechanical ventilation (IMV), the
incidence of ventilator-associated pneumonia (VAP), days
under IMV and the development of acute kidney injury (AKI),
including the need for continuous renal replacement tech-
niques (CRRT) in patients with and without obesity.

Outcomes

The primary outcome was the crude mortality rate at ICU
discharge according to the presence or absence of high obe-
sity and according to the BMI categories defined.

Data preparation

We first assessed the value distributions and missingness of
the variables. For data quality control, continuous variables
with missing data >40% were excluded from the database.
Missing data for continuous variables were imputed using the
R-package missForestfor the statistical software R/CRAN.
The imputation was applied to impute the missing values of
PCT (18%), D dimer (15%), D-Lactate dehydrogenase (17%),
Procalcitonin (10%), and C-reactive protein (CRP) (0.6%).
Categorical data (including ICU mortality) were available for
all included patients.

Statistical analysis

No statistical sample size calculation was performed a pri-
ori, and the sample size was equal to the number of patients
admitted to the participant’s ICUs with confirmed COVID-19
during the study period. To describe baseline characteris-
tics, the continuous variables were expressed as median
(Q1-Q3 range]) and categorical variables as number of cases
(percentage). For patient demographics and clinical charac-
teristics, differences between groups were assessed using
the chi-squared test, Fisher’s exact test for categorical
variables, and the Mann-Whitney U or Wilcoxon test for
continuous variables.

The ICU admission criteria, use of antiviral, antibiotic or
co-adjuvant treatment, and also the measures that would
determine the need to intubate and type of ventilator sup-
port required (oxygenation, high flow nasal cannula [HFNC],
non-invasive [NIV] or invasive [IMV] mechanical ventilation)
were not standardized between centres. They were left
to the discretion of the attending physician, according to
SEMICYUC and the National Ministry of Health.?? They were
included in the case report form and confirmed by the medi-

cal records. We also collected hospital-level data, including
city, county, and number of hospital beds available.

Analysis plan

In the first step, a multilevel conditional logistic modelling
and the intraclass correlation coefficient (ICC) were cal-
culated (Table S1, Supplementary material) with patients
nested in hospital to characterise hospital-level variation of
ICU mortality and determine if a significant inter-hospital
variation is present.

In the second step, we describe the differences between
patients with and without obesity according to BMI cate-
gorisation. Subsequently, we present the characteristics of
the patients according to their evolution at ICU discharge.
All data, except those related to evolution, are shown con-
cerning ICU admission values.

In the third step, the relationship between BMI and lab-
oratory variables has been studied by Pearson correlation.

In the fourth step, to study the impact of obesity, BMI
categories and BMI as a continuous variable on mortality,
we used multiple logistic regression, including all varia-
bles with significance in the univariate mortality analysis.
Because the subgroup of underweight patients is very small
relative to the other subgroups, this causes the dataset to
be class unbalanced. In these cases, it is difficult to create
adequate test and training data sets, as most classifiers are
built assuming that the test data come from the same dis-
tribution as the training data. Considering that unbalanced
data will produce undesirable results, such as much lower
performance in the test data than in the training data, we
have decided to exclude this subgroup from the multivariate
mortality analysis.

For all model internal validation, the database was ran-
domly split into two subsets: (a) a ‘‘training set’’ (70%)
and (b) a ‘‘validation set’’ (30%). Models’ performance was
examined using accuracy test, sensitivity(S), specificity (Sp),
positive predictive value (PPV), negative predictive value
(NPV) and area under the ROC curve (AUC). Multicollinear-
ity was checked by calculating the variance inflation ratio
(VIF).

In the fifth step, Smooth Restricted cubic splines (RCS)
for Cox hazard regression were used to model possible
non-linear relationships between BMI and outcome. Spline
functions estimate exposure effects for specific intervals
of the exposure variable of interest (BMI) through polyno-
mial functions joined together at five knots. The estimated
associations between the exposure and the outcome were
plotted as a graphical depiction.

Finally, sensitivity analyses stratified by age, sex, dia-
betes, and hypertension were performed using adjusted
logistic regression analysis. In the age-stratified analysis, we
used a cut-off point of 63 years because 63 was the cut-off
point with the lowest HR in the smooth RCS plot (Figure S1,
Supplemental material). Results are shown as OR and 95%
Cl.

In a post hoc analysis, we evaluated the impact of class
Il obesity within the subgroup of obese patients to confirm
whether class Il obesity remains a condition associated with
increased mortality.
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5240 COVID-19 criticallyill

patients

34 patients (0.6%) excluded due to

—_— - |
l missing data

5206 COVID-19 criticallyill

patients
Non-obesity Obesity (BMI>30) |
n=3297(63.4%) n=1909(36.6%)

Underweight Nornal weight Overweight Obesity Class Ill obesity n=
n= 20 (0.4%) n=887(17%) n=2390(46%) n=1672(32.1%) 237(4.5%)
Excluded for [

mortality model Final population for mortality model
n= 5186

Figure 1  Study flow diagram.

Data analysis was performed using R software (cran.r-
project.org).

Results

Patients’ characteristics at ICU admission

A total of 5,240 critically ill patients were included in the
database, of which 34 had to be excluded due to a lack of
data on weight or height. Therefore, 5,206 patients were
included in the analysis. A detailed flowchart is displayed in
Fig. 1 by STROBE guidelines.

According to the BMI, 20 patients (0.4%) were classified
as underweight, 887 (17.0%) as normal weight, 2390 (46%)
as overweight, 1672 (32.1) as obese and the remaining 237
(4.5%) as class Ill obesity.

Due to the low incidence of underweight patients and
to make the multivariate risk models more reliable, it was
decided to exclude this population from the mortality anal-
ysis. Underweight patients were younger (59 [44-73]) years
compared to the overall population of 63 (55—71) years, but
without statistical significance (p=0.53). There was no sig-
nificant difference in severity level (APACHE 1l 12.5 vs. 13.0,
p=0.92) or degree of organ dysfunction (SOFA score (4.5 vs.
4.0, p=0.45) compared to the overall population. Finally,
the crude mortality in this group, 25% (5/20), was like that
observed in the rest of the population, 28.5% (1479/5186,
p=0.72).

After excluding underweight patients, 5186 patients are
included in the present analysis. The median age was 63
(55-72) years, 3,664 (70.6%) were men, and 55% were admit-
ted during the first pandemic wave.

Arterial hypertension (n=2358; 45.3%) and obesity
(n=1909; 36.8%) were the most frequently comorbid
reported conditions. The severity of illness was reported
with an APACHE score of Il (13 [10-17]) and a SOFA score
of 4 [3-7]) scores. A detailed clinical characteristic of the
patients and laboratory findings are displayed in Table 1.

Comparison of clinical characteristics and
management between obese and non-obese
patients

Subjects within the obesity group (n=1909) were younger
(61 vs. 65 years, p<0.001) and with a slightly lower level
of severity according to APACHE Il and SOFA scores. As
expected, obese patients had a higher frequency of comor-
bidities such as hypertension, diabetes, COPD, and coronary
heart disease than non-obese patients. Obese patients had
greater oxygenation impairment and a greater need for non-
invasive ventilation (NIV) on admission to the ICU, with
greater development of acute renal dysfunction (AKI) and
continuous renal replacement techniques (CRRT). Although
the need for IMV was not different on admission to the ICU,
it was higher 24 h after admission (60% vs. 56%, p =0.03) and
throughout the ICU stay (77% vs. 73%, p<0.001) in obese
patients compared to non-obese patients (Figure S2, Sup-
plementary material).

The clinical, laboratory and treatment characteristics, as
well as the complications of the study patients according to
the BMI categorisation, can be seen in Table 2. No significant
correlation was observed between BMI and laboratory val-
ues and laboratory derangements (Figure S3, Supplementary
material). Time to diagnosis or ICU admission was shorter
in obsessed and class Il patients. Interestingly, obese or
class Il patients did not have a higher incidence of NIV or
IMV, nor VAP (Table 2) despite receiving more corticosteroid
treatment on admission to ICU (Table S2 Supplementary
material). In contrast, the development of AKI and the need
for CRRT, days of invasive mechanical ventilation and ICU
LOS were positively associated with increasing BMI (Table 2).

Mortality analysis
Overall, ICU mortality was 28.5% (n=1479). Despite more

days of mechanical ventilation and ICU length of stay,
crude ICU mortality in obese patients was not different
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Table 1 Characteristics of 5186 critically ill patients included in the study according to presence of obesity (BMI > 30) or not.
Variable Overall Obesity No obesity p-value

(n=5186) (n=1909, (n=3277,

36.8%) 63.2%)

General characteristics and severity of illness at ICU admission
Age, median (Q1-3), years 63(55—71) 61(52—69) 65(56—72) <0.001
Male, n (%) 3664(70.6) 1271(66.6) 2393(73.0) <0.001
APACHE I, median (Q1-3) 13(10—-17) 13(9—-17) 13(10—-17) 0.01
SOFA, median (Q1-3) 4(3-7) 4(3-7) 4(3-7) 0.47
Care processes
Wave 1, n (%) 2878(55.4) 948(49.7) 1930(58.9) <0.001
Wave 2, n (%) 1283(24.8) 526(27.4) 757(23.1) <0.01
Wave 3, n (%) 1025(19.7) 435(22.8) 590(18.0) <0.001
GAP-diagnosis, median (Q1-3), days 4.6(2-7) 4.02-7) 5(3-7) 0.001
GAP-ICU admission, median (Q1-3), days 2 (0—4) 2(0—4) 1(0-3) 0.001
Laboratory findings at ICU admission
D-Lactate dehydrogenase, median (Q1-3), U/L 493(377—631) 501(385—635) 490(371—630) 0.14
White blood cell, median (Q1-3), x10° 8.8(6.4—12.4) 8.6(6.2—12.2) 9.0(6.5-12.6) 0.01
Serum Creatinine, median (Q1—3), mg/dL 0.83(0.68—1.08) 0.85(0.69—1.13) 0.82(0.68—1.05) 0.002
C-Reactive Protein, median (Q1—3), mg/mL 13.9(7.3-21.5) 13.6(7.7-21.2) 14.1(4.3—17.6) 0.67
Procalcitonin, median (Q1-3), ng/mL 0.26(0.11—-0.70)  0.22(0.10—0.66) 0.27(0.12—0.74) 0.001
Serum lactate, median (Q1—3), mmol/L 1.5(1.1-2.0) 1.4(1.1-2.0) 1.5(1.1-2.1) 0.003
D dimer, median (Q1-3), ng/mL 1200(630—3133)  1058(583—2471)  1296(666—3527)  <0.001
Coexisting condition and Comorbidities
Arterial hypertension, n (%) 2358(45.3) 985(51.8) 1373(41.9) <0.001
Diabetes, n (%) 1186(22.8) 531(27.8) 655(20.0) <0.001
Coronary arterial disease, n (%) 327(6.3) 138(7.3) 189(5.8) 0.04
COPD, n (%) 365(7.0) 182(9.5) 183(5.6) <0.001
Chronic renal disease, n (%)¢ 278(5.3) 101(5.3) 177(5.4) 0.91
Hematologic disease, n (%) 160(3.1) 53(2.8) 107(3.3) 0.36
Asthma, n (%) 329(6.3) 144(7.5) 185(5.6) 0.008
Autoimmune disease, n (%) 156(3.0) 58(3.0) 98(3.0) 0.99
Chronic heart disease, n (%) 175(3.4) 72(3.8) 103(3.1) 0.23
Neuromuscular disease, n (%) 38(0.7) 15(0.8) 23(0.7) 0.83
Basic treatment at ICU admission
Empiric Antibiotic treatment, n (%) 4224(81.5) 1536(80.5) 2688(82.0) 0.17
Corticosteroids, n (%) 3797(73.2) 1449(75.9) 2348(71.7) 0.001
Tocilizumab, n (%) 1022(19.7) 378(19.8) 644(19.7) 0.92
Oxygenation and ventilator support at ICU admission
High Flow nasal cannula, n (%) 1427(27.4) 556(29.1) 871(26.6) 0.051
Non-invasive ventilation, n (%) 335(6.4) 141(7.4) 194(5.9) 0.04
Invasive mechanical ventilation, n (%) 2155(41.6) 813(42.6) 1342(41.0) 0.27
Pa02/FiO2, mean (IQR) 127(99—155) 123(93—150) 130(101—159) <0.001
Invasive Mechanical ventilation days, median (Q1-3), 11(5-22) 11(5.2-23) 10(5-22) 0.001
Complications
Bacterial co-infection, n (%) 426(8.2) 167(8.7) 259(7.9) 0.31
Ventilator associated pneumonia, n (%) 1146(22.1) 438(22.9) 708(21.6) 0.28
Shock at ICU admission, n (%) 1633(31.5) 606(31.7) 1027(31.3) 0.78
Acute kidney dysfunction, n (%) 1302(25.1) 526(27.8) 776(23.6) 0.001
Myocardial dysfunction, n (%) 433(8.3) 148(7.8) 285(8.7) 0.30
CRRT, n (%) 462(8.9) 201(10.6) 261(7.9) 0.002
ICU LOS, median (Q1-3), days 14(7-27) 15(8—28) 14(7—-27) 0.002
ICU crude mortality, n (%) 1479(28.5) 552(28.9) 927(28.3) 0.65
Hospital Mortality, n (%) 218/3707(5.9) 63/1357(4.6) 155/2350(6.6) 0.016

Pa02/Fi02: Arterial Oxygen blood pressure/Inspired oxygen fraction; APACHE II: Acute Physiology and Chronic Health Evaluation; SOFA:
Sequential Organ Failure Assessment; Gap-diagnosis: days from onset of symptoms to diagnosis; Gap-ICU: days from hospital to ICU
admission; COPD: Chronic Obstructive pulmonary Disease; CRRT: Continuous Renal Replacement Techniques; ICU: intensive care unit,

LOS: length of stay.
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Table 2 Characteristics of 5186 critically ill patients included according to BMI categories.

Variable Normal Overweight Obesity Class Il p-value
weight n =887 N=2390 n=1672 obesity
n=237

General characteristics and severity of illness at ICU admission

Age, median (Q1-3), years 65(58—72) 64(56—72) 62(53-70) 54(45—63) <0.001

Male, n (%) 593(66.9) 1800(75.3) 1141(68.2) 130(54.9) <0.001

APACHE II, median (Q1-3) 14(10—18) 13(10.17) 13(9—17) 13(9—18) 0.001

SOFA, median (Q1-3) 4(3-7) 4(3-7) 4(3-7) 4(3-7) 0.73

Care processes

Wave 1, n (%) 524(59.1) 1406(58.8) 852(51.0) 96(40.5) <0.001

Wave 2, n (%) 201(22.7) 556(23.3) 442(26.4) 84(35.4)

Wave 3, n (%) 162(18.3) 428(17.9) 378(22.6) 57(24.1)

GAP-diagnosis, median (Q1-3), 5(3-7) 5(3-7) 4(2-7) 4(2-7) <0.001
days

GAP-ICU admission, median 2(0—4) 2(0—4) 1.7(0-3) 1(0-3) <0.001
(Q1-3), days

Laboratory findings at ICU admission

D-Lactate dehydrogenase, 496(363—632) 488(378—631) 500(384—635) 508(391—650) 0.51
median (Q1-3), U/L

White blood cell, median 9.2(6.5-13.2) 8.9(6.4—12.4) 8.7(6.3—12.3) 8.2(6.8—11.5) 0.01
(Q1-3), x10°

Serum Creatinine, median 0.80(0.66—1.06) 0.83(0.69—1.04) 0.86(0.69—1.13) 0.81(0.66—1.08) 0.002
(Q1-3), mg/dL

C-Reactive Protein, median 13(6.5-21.8) 14.3(7.4-21.6) 13.7(7.7-21.4) 13.3(8.0—18.0) 0.18
(Q1-3), mg/mL

Procalcitonin, median (Q1-3), 0.30(0.11-0.95)  0.26(0.12—0.68)  0.24(0.11—-0.69)  0.20(0.10—0.52)  <0.001
ng/mL

Serum lactate, median (Q1-3), 1.5(1.1-2.2) 1.5(1.1-2.0) 1.45(1.1-2.0) 1.40(1.2-2.4) 0.01
mmol/L

D dimer, median (Q1-3), 1450(705—4160) 1274(649—3284) 1060(590—2526) 1008(529—-2169) <0.001
ng/mL

Coexisting condition and comorbidities

Arterial hypertension, n (%) 349(39.3) 1024(42.8) 871(47.9) 123(51.9) <0.001

Diabetes, n (%) 171(19.3) 484(20.3) 459(27.5) 72(30.4) <0.001

Coronary arterial disease, n (%) 56(6.3) 133(5.5) 132(7.9) 6(2.5) 0.002

COPD, n (%) 49(5.5) 134(5.6) 154(9.2) 28(11.8) <0.001

Chronic renal disease, n (%)¢ 59(6.6) 118(4.9) 84(5.0) 17(7.1) 0.12

Hematologic disease, n (%) 45(5.0) 62(2.6) 51(3.0) 2(0.8) 0.001

Asthma, n (%) 54(6.9) 131(5.5) 123(7.3) 21(8.8) 0.03

Autoimmune disease, n (%) 24(2.7) 74(3.1) 49(2.9) 9(3.8) 0.83

Chronic heart disease, n (%) 32(3.6) 71(2.9) 63(3.7) 9(3.8) 0.51

Neuromuscular disease, n (%) 5(0.5) 18(0.7) 14(0.8) 1(0.4) 0.89

Basic treatment at ICU admission

Empiric Antibiotic treatment, n ~ 750(84.6) 1938(81.1) 1351(80.8) 185(78.1) 0.04
(%)

Corticosteroids, n (%) 631(71.1) 1717(71.8) 1263(75.5) 186(78.5) 0.007

Tocilizumab, n (%) 165(18.6) 479(20.0) 340(20.3) 38(16.0) 0.34

Oxygenation and ventilator support at ICU admission

High Flow nasal cannula, n (%) 242(27.3) 629(26.3) 492(29.4) 64(27.0) 0.18

Non-invasive ventilation, n (%) 54(6.0) 140(5.8) 127(7.6) 14(5.91) 0.14

Invasive mechanical 358(40.4) 984(41.2) 703(42.0) 110(46.4) 0.37
ventilation, n (%)

Pa02/Fi02, mean (IQR) 132(102—168) 129(101—-157) 123(94—150) 122(84—145) <0.001

Invasive Mechanical ventilation 10(4.7-22) 10.5(5.0-22) 11(5.1-23) 13(6—26) 0.001

days, median (Q1-3),
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Table 2 (Continued)

Variable Normal Overweight Obesity Class Il p-value

weight n =887 N=2390 n=1672 obesity

n=237
Complications
Bacterial co-infection, n (%) 72(8.1) 187(7.8) 154(9.2) 13(5.5) 0.16
Ventilator associated 193(21.8) 515(21.5) 386(23.1) 52(21.9) 0.69
pneumonia, n (%)

Shock at ICU admission, n (%) 291(32.8) 736(30.8) 525(31.4) 81(34.2) 0.56
Acute kidney dysfunction, n (%) 217(24.5) 556(23.3) 459(27.5) 71(30.0) 0.006
Myocardial dysfunction, n (%)} 75(8.4) 208(8.7) 134(8.0) 15(6.3) 0.59
CRRT, n (%) 80(9.0) 181(7.6) 168(10.0) 33(13.9) 0.002
ICU LOS, median (Q1-3), days 14(7—-28) 14(7-26) 15(8—27) 16(8—32) <0.001
ICU crude mortality, n (%) 250(28.2) 677(28.3) 480(28.7) 72(30.4) 0.91
Hospital mortality, n (%) 48/637(7.5) 107/1713(6.2) 50/1192(4.1) 13/165(7.8) 0.013

Pa02/Fi02: Arterial Oxygen blood pressure/Inspired oxygen fraction; APACHE II: Acute Physiology and Chronic Health Evaluation; SOFA:
Sequential Organ Failure Assessment; Gap-diagnosis: days from onset of symptoms to diagnosis; Gap-ICU: days from hospital to ICU
admission; COPD: Chronic Obstructive pulmonary Disease; CRRT: Continuous Renal Replacement Techniques; ICU: intensive care unit,

LOS: length of stay.

(28.9%) compared to non-obese patients (28.3%). Strikingly
in-hospital mortality was higher in non-obese patients (6.6%
compared to those meeting obesity criteria (4.6% p=0.016,
Table 1). In addition, Class Ill obesity patients had hos-
pital mortality (7.8%) like normal weight patients (7.5%,
p=0.88) but higher than obese patients (4.1%, p=0.03,
Table 2). Furthermore, no higher mortality was observed
when considering only ventilated patients, 33.8% (498/1474)
vs. 34.2% (823/2409, p=0.80) for obese and non-obese
patients, respectively. Un-adjusted ICU mortality was simi-
lar over time with a trend to a lower rate in the third wave
(26.4%), concerning the second (27.6%) and first (29.6%,
p=0.11) waves.

Non-survivors were older, had higher disease severity,
had more comorbidities, and developed more complications
than survivors (Table 3). To determine if a significant inter-
hospital variation is present, multilevel conditional logistic
modelling was done with patients nested in the hospital
to characterise the hospital-level variation of ICU mortal-
ity. According to the intraclass correlation coefficient (ICC)
obtained (0.07) when considering all hospital (n=74), no
significant inter-hospital variation was observed (Table S1,
Supplementary material).

The models were constructed using ICU mortality as the
dependent variable, and the independent variables included
were: (1) age, (2) APACHE Il, (3) SOFA, (4) serum lactate, (5)
C-RP, (6) PCT, (7) serum creatinine, (8) WBC count, (8) LDH,
(9) D dimer, (10) hypertension, (11) Haematologic disease,
(12) chronic renal failure, (13) COPD, (14) chronic heart fail-
ure, (15) chronic coronary artery disease, (16) diabetes, (17)
invasive mechanical ventilation on ICU admission, (18) AKI,
(19) myocardial dysfunction, (20) presence of shock on ICU
admission and the variable related to BMI as considered for
the study.

When the BMI was included as a continuous variable
in the model (BMI model), it was observed that BMI was
independently associated with mortality (OR=1.02, 95%Cl
1.01-1.04). However, when obesity was included in the mul-
tiple regression model (model 1) as a dichotomous variable,

it was observed that obesity was not independently associ-
ated with mortality (OR=1.17 [95%Cl 0.99-1.18]) (Fig. 2A).
The performance of the BMI and 1 model were similar (Table
S2 and Figure S4, Supplementary material).

Finally, when BMI categories were included in the
model (model 2), only Class Ill obesity (OR=2.19; 95% Cl:
1.44-3.34) was found to be independently associated with
mortality (Fig. 2B). The performance of both models (1
vs. 2) was similar (Table S3, Supplementary material). This
behaviour was also observed when performing the Cox pro-
portional hazards regression model with a smooth, restricted
cubic spline (Fig. 3).

Sensitivity analysis

The sensitivity analysis results can be seen in Figure S5 of
the Supplementary material. In stratified analyses, the asso-
ciation of obesity with ICU mortality varied by age and sex,
with a significant association of Class Il obesity only among
patients younger than 63 years and male. Interestingly, Class
Il obesity was associated with a higher mortality risk in non-
diabetic patients and was not associated with hypertension.

Post-hoc analysis

Of the 1909 obese patients, 237 (12.4%) met the criteria for
Class lll obesity. Patient characteristics can be seen in Table
S4 of the Supplementary material. The groups were very
similar except for age (54 vs. 62 years, p <0.001) and the fre-
quency of male sex (54.9% vs. 68.2%, p<0.001), which was
lower in class Ill patients. ICU stay was more extended (16 vs.
15 days, p <0.001) in class lll patients, without differences in
crude mortality at ICU discharge (30.4% vs. 28.7%, p=0.64)
but achieving significance in-hospital mortality (7.8% vs.
4.1%, p=0.04).

The characteristics of the subgroup of obese patients
according to their evolution in the ICU are shown in Table S5
of the Supplementary material. Significant variables (age,
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Table 3 Characteristics of 5186 critically ill patients included in the study according to ICU outcome.

Variable @0verall Survivors No-survivors p-value

(n=5186) (n=3707, (n=1479,

71.5%) 28.5%)

General characteristics and severity of illness
Age, median (Q1-3), years 63(55—71) 61.0(52—69) 69.0(62—75) <0.001
Male, n (%) 3664(70.6) 2581(69.6) 1083(73.2) 0.01
APACHE II, median (Q1-3) 13(10—17) 12(9—16) 16(12—20) <0.001
SOFA, median (Q1-3) 4(3-7) 4(3-6) 6(4-8) <0.001
Care processes
Wave 1, n (%) 2878(55.4) 2025(54.6) 853(57.7) 0.11
Wave 2, n (%) 1283(24.8) 928(25.0) 355(24.0)
Wave 3, n (%) 1025(19.7) 754(20.3) 271(18.3)
GAP-diagnosis, median (Q1-3), days 4.6(2-7) 4.6(2-7) 4.6(2-7) 0.33
GAP-ICU admission, median (Q1-—3), days 2 (0—4) 2.0(0—4) 2.0(0—4) 0.67
Laboratory findings at ICU admission
D-Lactate dehydrogenase, median (Q1-3), U/L 493(377—631) 474(264—600) 560(435—728) <0.001
White blood cell, median (Q1-3), x10° 8.8(6.4-12.4) 8.6(6.3—12.0) 9.6(6.7—13.9) <0.001
Serum Creatinine, median (Q1—3), mg/dL 0.83(0.68—1.08) 0.80(0.66—1.00) 0.96(0.74—1.31) <0.001
C-Reactive Protein, median (Q1—3), mg/mL 13.9(7.3-21.5) 13.2(7.0-20.4) 15.6(8.5—24.0) <0.001
Procalcitonin, median (Q1-3), ng/mL 0.26(0.11-0.70)  0.22(0.10—0.56) 0.40(0.15—1.18) <0.001
Serum lactate, median (Q1—3), mmol/L 1.5(1.1-2.0) 1.6(1.2-2.1) 2.0(1.4-2.7) <0.001
D dimer, median (Q1-3), ng/mL 1200(630—3133)  1050(574—2340) 1790(814—5230) <0.001
Coexisting condition and Comorbidities
Obesity, n (%) 1909(36.8) 1357(36.6) 552(37.3) 0.65
Normal weight, n (%) 887(17.1) 637(17.2) 250(16.9) 0.91
Overweight, n (%) 2390(46.0) 1713(46.2) 677(45.8)
Obesity, n (%) 1672(32.2) 1192(32.2) 480(32.5)
Morbid obesity, n (%) 237(4.6) 165(4.4) 72(4.8)
Arterial hypertension, n (%) 2358(45.3) 1507(40.7) 851(57.5) <0.001
Diabetes, n (%) 1186(22.8) 749(20.2) 437(29.5) <0.001
Coronary arterial disease, n (%) 327(6.3) 172(4.6) 155(10.5) <0.001
COPD, n (%) 365(7.0) 207(5.6) 158(10.7) <0.001
Chronic renal disease, n (%)¢ 278(5.3) 147(4.0) 131(8.9) <0.001
Hematologic disease, n (%) 160(3.1) 86(2.3) 74(5.0= <.0.001
Asthma, n (%) 329(6.3) 235(6.3) 94(6.3) 1.00
Autoimmune disease, n (%) 156(3.0) 107(2.9) 49(3.3) 0.47
Chronic heart disease, n (%) 175(3.4) 92(2.5) 83(5.6) <0.001
Neuromuscular disease, n (%) 38(0.7) 27(0.73) 11(0.74) 1.00
Basic treatment
Empiric Antibiotic treatment, n (%) 4224(81.5) 2980(80.4) 1244(84.1) 0.002
Corticosteroids, n (%) 3797(73.2) 2700(72.8) 1097(74.2) 0.34
Tocilizumab, n (%) 1022(19.7) 748(20.2) 274(18.5) 0.19
Oxygenation and ventilator support at ICU admission
High Flow nasal cannula, n (%) 1427(27.4) 1130(30.5) 297(20.1) <0.001
Non-invasive ventilation, n (%) 335(6.4) 235(6.3) 100(6.7) 0.62
Invasive mechanical ventilation, n (%) 2155(41.6) 1332(35.9) 823(55.6) <0.001
Pa02/Fi02, mean (IQR) 127(99—155) 132(106—160) 116(84—142) <0.001
Invasive Mechanical ventilation days, median (Q1-3), 11(5-22) 10(4.6—21.0) 14(7.0—24.0) <0.001
Complications
Bacterial co-infection, n (%) 426(8.2) 263(7.0) 163(11.0) <0.001
Ventilator associated pneumonia, n (%) 1146(22.1) 727(19.6) 419(28.3) <0.001
Shock, n (%) 1633(31.5) 1005(27.1) 628(42.5) <0.001
Acute kidney dysfunction, n (%) 1302(25.1) 615(16.6) 688(46.5) <0.001
Myocardial dysfunction, n (%)} 433(8.3) 177(4.7) 255(17.2) <0.001
CRRT, n (%) 462(8.9) 157(4.2) 305(20.6) <0.001
ICU LOS, median (Q1-3), days 14(7-27) 14(7—-28) 16(8—26) 0.08

Pa02/FiO2: Arterial Oxygen blood pressure/Inspired oxygen fraction; APACHE II: Acute Physiology and Chronic Health Evaluation; SOFA:
Sequential Organ Failure Assessment; Gap-diagnosis: days from onset of symptoms to diagnosis; Gap-ICU: days from hospital to ICU
admission; COPD: Chronic Obstructive pulmonary Disease; CRRT: Continuous Renal Replacement Techniques; ICU: intensive care unit,
LOS: length of stay.
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A
OR (95% C.1.)
T 2447
Acute kidney injury 557 2.44(2.05-2.89)
Myocardial Dysfunction T I * 2.27(1.76-2.93)
Haematological disease T e 2.10(1.39-3.16)
Invasive Mechanical Ventilation 12 * 2.27(1.76-2.93)
Coronary disease 1_1‘f 1.20(0.89-1.62)
Obesity —_—r— 1.17(0.99-1.38)
COPD rETM 1.15(0.87-1.51)
Chronic heart disease 1_0§ 1.11(0.74-1.66)
Diabetes mellitus 1.@" 1.09(0.91-1.31)
SOFA score - 05:3[_, 1.08(1.05-1.12)
Age : 0'2,, 1.05(1.05-1.06)
APACHE Il score 6_% 1.02(1.0-1.03)
CRP 1>'U 1.01(1.00-1.02)
Serum creatinine 1;6‘1* 1.01(0.99-1.02)
WBC count 1’,31 1.01(1.0-1.02)
Arterial hypertension 1'v1 1.01(0.85-1.19)
Serum lactate ,;‘ 1.0(0.99-1.01)
PCT * 1.0(1.0-1.01)
LDH 4 1.0(1.0-1.0)
D dimer o 39 1.0(1.0-1.0)
Chronic renal failure X 0.99(0.71-1.39)
Shock at ICU admission 0'36 0.96(0.8-1.16)
0.71 1.21 1.71 221 2:71 321
OR
Signif. codes: “*** 0.001 **'0.01 “*’ 0.05.
B
OR (95% C.1.)
Acute kidney injury 2-25."2‘41"‘ 2.44(2.06-2.90)
Myocardial Dysfunction 570 2.25(1.74-2.91)
Class III Obesity R T s 2.19(1.44-3.34)
Haematological disease 1 437 - 2.18(1.44-3.30)
Invasive Mechanical Ventilation 175 * 1.43(1.21-1.70)
Obesity W 1.26 (0.99-1.60)
Coronary disease T8 1.24(0.92-1.67)
Chest X-ray infiltrates cut-off WAl 1.22(1.03-1.44)
Overweight I Lo 1.21(0.97-1.51)
COPD 00+ 1.15(0.87-1.52)
Chronic heart disease R 1.09 (0.73-1.64)
Diabetes mellitus T 1.09(0.91-1.31)
SOFA score 1 oo™ 1.08 (1.05-1.12)
Age 1102® 1.06 (1.05-1-06)
APACHE Il score 1 0= 1.02(1.01-1.03)
CRP e 1.01(1.0-1.02)
Serum creatinine 1= 1.01(0.99-1.02)
WBC count - 1.01(1.0-1.02)
Serum lactate * 1.0(0.99-1.01)
PCT ~ 1.0 (1.0-1.01)
LDH * 1.0(1.0-1.0)
D dimer ? 1.0(1.0-1.0)
Chronic renal failure o 1.0(0.72-1.40)
Arterial hypertension oo 0.99 (0.83-1.17)
Shock at ICU admission -+ 0.97 (0.81-1.17)
0.72 1.22 172 222 272 322
OR

Signif. codes: “***/0.001 “**’0.01 *’ 0.05 .

Figure 2 Forest plot of the logistic regression model for mortality when obesity has been included as a dichotomous variable (A)
or when it has been included according to BMI categories (B).

male, APACHE II, SOFA, serum lactate, C-RP, PCT, serum
creatinine, WBC count, LDH, D dimer, arterial hyperten-
sion, Haematologic disease, chronic renal failure, COPD,
chronic heart failure, chronic coronary artery disease, dia-

betes, invasive mechanical ventilation on ICU admission,
Pa02/Fi02 at ICU admission, AKI, myocardial dysfunction,
presence of shock on ICU, bacterial coinfection ventilator-
associated pneumonia and obesity/class Ill were included in
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Smooth Hazard Ratio for BMI
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Figure 3  Additive Cox models with penalised smooth splines

adjusted by confounding factors.

the mortality regression model. Class Ill obesity was main-
tained as a variable independently associated with mortality
in ICU (Figure S6).

Discussion

We found that overall obesity was not associated with worse
clinical outcomes manifested by mortality, need for invasive
mechanical ventilation at ICU admission, or higher incidence
of VAP compared to non-obese patients. Interestingly, criti-
cally ill patients with COVID-19 patients characterised with
Class Il obesity were independently associated with a higher
ICU mortality. Of note, patients with obesity spent more days
under invasive mechanical ventilation and consequently had
a more extended ICU stay than non-obesity patients.

The value of this manuscript is that previous studies
were performed on non-critically ill patients with a lim-
ited sample size. Our results coincide with those reported
by Petrelli CM et al.* but disagree with those observed by
other authors.>""" Petrilli CM et al.* observed in 990 criti-
cally ill patients in New York State that only a BMI>40 was
independently associated with mortality (HR 1.71, 95% CI
1.10-2.7). In contrast, Pefiuelas O et al.,"" in a multicenter
study that included 868 patients with COVID-19 who required
invasive mechanical ventilation, did not observe that obe-
sity was associated with increased mortality. However, the
study only considered obesity as a dichotomous variable,
and this analysis coincides with our results in evaluating
obesity as a dichotomous variable and highlights the need
to study obesity by differentiating those patients with Class
Il obesity criteria. Other studies present results that are
difficult to interpret. Docherty AB et al.’ reported in more
than 20,000 hospitalised patients with SARS-CoV-2 infection
in the United Kingdom that obesity was a strong predictor of
mortality (HR 1.33, 95% confidence interval [CI] 1.19-1.49)
after adjusting for other comorbidities. However, only 17% of
them were ICU patients and the impact of obesity in this sub-
group of critically ill patients is not reported. Bello-Chavolla
OY et al.® reported that obese patients, compared to non-
obese patients, had a higher mortality rate (13.5% vs. 9.4%).
However, this study only included 3% of critically ill patients,
so the results should be interpreted with great caution.

Contrary to expectations, we did not observe a greater
need for mechanical ventilation in obese patients com-

pared to non-obese patients on admission to the ICU.
Neither did we observe a more significant application of
non-invasive ventilation despite a more remarkable alter-
ation in oxygenation on admission to the ICU. However,
obese patients were ventilated at a higher rate than non-
obese patients during their ICU stay. We hypothesise that
this more significant need for MVI may be related to abdom-
inal fat deposition, increasing the respiratory workload to
lift the chest wall. In addition, obesity may increase intra-
abdominal pressure and restrict the downward movement of
the diaphragm.?® All these alterations may lead to a more
significant and earlier ventilatory failure during COVID-19
infection, which justifies our findings.

Contrary to this observation, Bello-Chavolla et al.,® in a
cohort of over 50,000 patients hospitalised for SARS-CoV-
2, reported a higher need for ventilatory support in obese
patients than non-obese patients (5.2% vs. 3.3%). However,
the study only included 3% of ICU patients (n=1893) and
did not analyse these patients specifically, so the results do
not apply to the ICU population. Furthermore, data from
France’ evidenced a higher need for mechanical ventilation
(OR=7.36 [1.63-33.14] in critically ill patients with COVID-
19 with BMI>35 vs. those with BMI<25. Finally, a recent
meta-analysis?* reported that obesity is a significant risk fac-
tor for invasive mechanical ventilation (IMV) in patients with
COVID-19. This association with obesity was only observed
when body mass index (BMI) was considered a categorical
variable. In contrast, when exposure-effect risk was calcu-
lated using the robust error meta-regression method, BMI
was associated with IMV in a nonlinear fashion, and these
data are in the direction of our results.? Differences in pop-
ulation characteristics, risk analysis methodology, and the
need for mechanical ventilation may explain the differences
between studies.

Obesity has been associated with the secretion and
expression of proinflammatory cytokines.'*'> Although we
did not observe a higher level of inflammation or a significant
correlation between controlled inflammatory biomarkers
(CRP, PCT, D-dimer) and BMI, it is noteworthy that the pres-
ence of AKI and the need for CRRT was higher as BMI was
higher than 30kg/m?, which could be related to a higher
level of inflammation that cannot be assessed with the usual
biomarkers.

Finally, our study has shown discrepancies in the results
depending on how BMI is analysed. It seems to be associated
with mortality if BMI is analysed as a continuous variable
(OR=1.02). At the same time, this impact does not appear
if it is analysed as a cut-off point to define obesity (BMI > 30)
but reappears for Class Ill obesity when studying four cut-off
points. According to the first analysis, mortality increases by
2% for each point increase in BMI. However, this relationship
should be interpreted with caution since it is possible that
the impact of the increase in BMI is not similar if it is still
within the overweight range or if this increase conditions the
fulfilment of the criteria for passing from obesity to Class Il
obesity. We consider that this relationship between BMI and
mortality risk is best reflected in Fig. 3 (smooth HR), where
it is observed that only high BMI values increase the risk of
mortality.

Our study has important strengths. It is a multicentre
study with a large number of critically ill patients and
a robust statistical analysis, which confers homogeneity,
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internal validity and power to its results. However, it also
has significant limitations that should be acknowledged.
The first limitation is that it is a study on critically ill
patients attended almost exclusively in Spain. Therefore,
these findings can only be extrapolated to other types of
patients or other healthcare systems with prior validation.
Second, although our study confirmed the positive associa-
tion between COVID-19 severity and class Il obesity, we do
not have data on the type of fat in our patients. Since vis-
ceral adiposity has been reported to be more predictive of
the risk of death than subcutaneous fat, our results should
be interpreted cautiously in the context of an observational
study during the pandemic due to classifying obesity only by
BMI, which may overlook the role of the distribution of fat
and sarcopenia, which may increase the risk of death.

Third, due to the characteristics of the registry, no data
on evolution at hospital discharge have been recorded.
Although this data is essential to measure hidden mortality
after hospital discharge, the in-hospital mortality of 7% sug-
gests a high post-hospital survival rate. On the other hand,
our focus has been on short-term mortality, most closely
related to acute illness.

Fourth, the characteristics of pulmonary mechanics in
ventilated patients may vary concerning the presence or
absence of obesity. Due to the characteristics of the
database developed during the pandemic, no data on
aspects of pulmonary mechanics that could be related to
patient outcomes were recorded, so the results of the
present study should be assessed with this limitation in
mind.

Finally, we have not found differences between markers
of obesity-associated systemic inflammation. Considering
that we did not have data on more specific biomarkers of
inflammation, such as IL-1 or TNF, our findings should be
interpreted with caution, as the inflammatory state sec-
ondary to obesity may be underestimated. However, these
biomarkers are only sometimes used in routine practice.

Conclusion

Our results corroborate international recommendations,
which strongly recommend that patients with a BMI of
40kg/m? or higher are at high risk of poor COVID-19 results
and should, therefore, strongly consider the need for an
effective vaccination plan and prolonged social distancing.

Author contributions

AR, IML, GM, ED, MB, CF, MS, JMC, AE, JSV, RZ, LS, MBS, and
JG had substantial contributions to conception and design
of the work.

ST, AR, JCPL, SSC, JCB, MVO, ACB and AAM had substantial
contribution for data acquisition.

AR, IML, MB, ED, RZ, MS, JMC and JSV had substantial
contribution for data analysis and interpretation of data for
the work.

AR, IML, ED, GM, and MB drafting of the manuscript.

MIR, JJG, RZ, LFR, MBS and JG critically reviewed the
draft manuscript.

The corresponding author (AR) had full access to all the
data in the study and takes responsibility for the integrity of

the data and the accuracy of the data analysis. All authors
approved the final version of the manuscript. The views
expressed in this article are those of the authors and not
necessarily those of the SEMICYUC.

Declarations section

- Ethical Approval and Consent to participate

The study was approved by Institution’s Internal Review
Board (Comité Etic d’Investigacio amb Medicaments [CEIm]
from Institut d’Investigacid Sanitaria Pere Virgili [IISPV] -
IRB# CEIM/066/2020) and each participating site with a
waiver of informed consent.

- Availability of supporting data

The data supporting the conclusions of this study are
available from the Sociedad de Medicina Intensiva, Critica
y Unidades Coronarias (SEMICYUC), but restrictions apply to
the availability of these data, which were used under SEMI-
CYUC authorization for the present study and are therefore
not publicly available. However, the data can be obtained
from the corresponding author (AR) upon reasonable request
and with the permission of SEMICYUC.

Funding

This study was supported by the Spanish Intensive Care Soci-
ety (SEMICYUC) and Ricardo Barri Casanovas Foundation (AR,
MB). The study sponsors have no role in the study design,
data collection, data analysis, data interpretation, or writ-
ing of the report.

Acknowledgements

To the COVID-19 SEMICYUC Investigators listed in Appendix
2 (supplementary material).

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/
j.medine.2023.08.003.

References

1. Diaz E, Rodriguez A, Martin-Loeches I, Lorente L, Del Mar Martin
M, Pozo JC, et al., HIN1 SEMICYUC Working Group. Impact of
obesity in patients infected with 2009 influenza A(H1N1). Chest.
2011;139(2):382-6, http://dx.doi.org/10.1378/chest.10-1160.

2. Mertz D, Kim TH, Johnstone J, Po-Po L, Science M, Kuster SP,
et al. Populations at risk for severe or complicated influenza ill-
ness: systematic review and metaanalysis. BMJ. 2013;347:f5061
[PMID: 23974637] doi:10.1136/bm;j.f5061.

3. Fezeu L, Julia C, Henegar A, Bitu J, Hu FB, Grobbee DE, et al.
Obesity is associated with higher risk of intensive care unit
admission and death in influenza A (H1N1) patients: a system-
atic review and meta-analysis. Obes Rev. 2011;12:653-9 [PMID:
21457180] doi:10.1111/j.1467-789X.2011.00864.x.

4, Petrilli CM, Jones SA, Yang J, Rajagopalan H, O’Donnell L,
Chernyak Y, et al. Factors associated with hospital admission
and critical illness among 5279 people with coronavirus disease
2019 in New York City: prospective cohort study. BMJ. 2020,
http://dx.doi.org/10.1136/bmj.m1966, 369:m1966.

5. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Nor-
man L, et al. Features of 20 133 UK patients in hospital with

153


https://doi.org/10.1016/j.medine.2023.08.003
https://doi.org/10.1016/j.medine.2023.08.003
dx.doi.org/10.1378/chest.10-1160
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0010
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0015
dx.doi.org/10.1136/bmj.m1966

A. Rodriguez, |. Martin-Loeches, G. Moreno et al.

10.

1.

12.

13.

. Bello-Chavolla 0Y, Bahena-Lopez

covid-19 using the ISARIC WHO clinical characterisation pro-
tocol: prospective observational cohort study. BMJ. 2020:369,
http://dx.doi.org/10.1136/bmj.m1985.

JP, Antonio-Villa NE,
Vargas-Vazquez A, Gonzalez-Diaz A, Marquez-Salinas A,
et al. Predicting mortality due to SARS-CoV-2: a mech-
anistic score relating obesity and diabetes to COVID-19
outcomes in Mexico. J Clin Endocrinol Metab. 2020,
http://dx.doi.org/10.1210/clinem/dgaa346.

. Simonnet A, Chetboun M, Poissy J, Raverdy V, Noulette J,

Duhamel A, et al. High prevalence of obesity in severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) requir-
ing invasive mechanical ventilation. Obesity (Silver Spring).
2020, http://dx.doi.org/10.1002/0by.22831.

. Liu M, Deng C, Yuan P, Ma J, Yu P, Chen J, et al. Is there

an exposure-effect relationship between body mass index and
invasive mechanical ventilation, severity, and death in patients
with COVID-19? Evidence from an updated meta-analysis. Obes
Rev. 2020;21:e13149, http://dx.doi.org/10.1111/0br.13149.

. Mundi MS, Patel JJ, Elfadil OM, Patel J, Patel |, Nanda

S, et al. When pandemics collide: the interplay of obe-
sity and COVID-19. Curr Gastroenterol Rep. 2021;23(26),
http://dx.doi.org/10.1007/s11894-021-00822-5.

Anderson MR, Geleris J, Anderson DR, Zucker J, Nobel
YR, Freedberg D, et al. Body mass index and risk for
intubation or death in SARS-CoV-2 infection a retrospec-
tive cohort study. Ann Intern Med. 2020;173(10):782-90,
http://dx.doi.org/10.7326/M20-3214.

Penuelas O, del Campo-Albendea L, Gonzalez de Aledo AL, Aiion
JM, Rodriguez_Solis C, Mancebo J, et al. Long-term survival
of mechanically ventilated patients with severe COVID-19: an
observational cohort study. Ann Intensive Care. 2021;11:143,
http://dx.doi.org/10.1186/s13613-021-00929-y.

Pouwels S, Ramnarain D, Aupers E, Rutjes-Weurding L, van
Oers J. Obesity may not be associated with 28-Day mortal-
ity, duration of invasive mechanical ventilation and length
of intensive care unit and hospital stay in critically ill
patients with severe acute respiratory syndrome Coronavirus-
2: a retrospective cohort study. Medicina. 2021;57:674,
http://dx.doi.org/10.3390/medicina57070674.

Silva FM, Lima J, Teixeira PP, Grezzana GB, Figueiro
M, Colombo T, et al. Risk of bias and certainty of
evidence on the association between obesity and mor-
tality in patients with SARS-COV-2: an umbrella review
of meta-analyses. Clin Nutr ESPEN. 2023;53:13e25,
http://dx.doi.org/10.1016/j.clnesp.2022.08.014.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

154

Nishimura S, Manabe |, Nagasaki M, Eto K, Yamashita H, Ohsug-
iet M, et al. CD8+ effector T cells contribute to macrophage
recruitment and adipose tissue inflammation in obesity. Nat
Med. 2009;15:914-20, http://dx.doi.org/10.1038/nm.1964.
Giamarellos-Bourboulis EJ, Netea MG, Rovina N, Aki-
nosoglou K, Antoniadou A, Antonakos N, et al. Complex
immune dysregulation in COVID-19 patients with severe
respiratory failure. Cell Host Microbe. 2020;27:992-1000,
http://dx.doi.org/10.1016/j.chom.2020.04.009, e3.

Zhi G, Xin W, Ying W, Guohong X, Shuying L. ‘‘Obesity
paradox’’ in acute respiratory distress syndrome: a system-
atic review and meta-analysis. PLoS One. 2016;11:e0163677,
http://dx.doi.org/10.1371/journal.pone.0163677.

Nie W, Zhang Y, Jee SH, Jung KJ, Li B, Xiuet Q. Obesity survival
paradox in pneumonia: a meta-analysis. BMC Med. 2014;12:61,
http://dx.doi.org/10.1186/1741-7015-12-61.

Carbonell R, Urgelés S, Rodriguez A, Bodi M, Martin-Loeches
I, Solé-Violan J, et al. Mortality comparison between the first
and second/third waves among 3,795 critical COVID-19 patients
with pneumonia admitted to the ICU: a multicentre retro-
spective cohort study. Lancet Reg Health Eur. 2021;11:100243,
http://dx.doi.org/10.1016/j.lanepe.2021.100243.

Ghaferi AA, Schwartz TA, Pawlik TM. STROBE reporting guide-
lines for observational studies. JAMA Surg. 2021;156(6):577-8,
http://dx.doi.org/10.1001/jamasurg.2021.0528.

World Health Organization (WHO). Laboratory testing
for 2019 novel coronavirus (2019-nCoV) in suspected
human cases [accessed Jan 22, 2023]. Available in

https://www.who.int/publications/i/item/10665-331501.
Physical status: the use and interpretation of anthropometry.
Report of a WHO Expert Committee. World Health Organ Tech
Rep Ser. 1995;854:1-452.

Ministerio de Sanidad. Documento técnico. Manejo clinico
del COVID-19. Unidades de Cuidados Intensivos. https://
www.mscbs.gob.es/profesionales/saludPublica/ccayes/
alertasActual/nCov/documentos/Protocolo_manejo_clinico_uci-
COVID-19.pdf.

Mundi MS, Patel JJ, Elfadil OM, Patel J, Patel I, Nanda
S, et al. When pandemics collide: the interplay of obe-
sity and COVID-19. Curr Gastroenterol Rep. 2021;23:26,
http://dx.doi.org/10.1007/s11894-021-00822-5.

. Foldi M, Farkas N, Kiss S, Zadori N, Vancsa S, Szako L, et al. Obe-

sity is a risk factor for developing critical condition in COVID-19
patients: a systematic review and meta-analysis. Obes Rev.
2020;21:e13095, http://dx.doi.org/10.1111/0br.13095.


dx.doi.org/10.1136/bmj.m1985
dx.doi.org/10.1210/clinem/dgaa346
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.1111/obr.13149
dx.doi.org/10.1007/s11894-021-00822-5
dx.doi.org/10.7326/M20-3214
dx.doi.org/10.1186/s13613-021-00929-y
dx.doi.org/10.3390/medicina57070674
dx.doi.org/10.1016/j.clnesp.2022.08.014
dx.doi.org/10.1038/nm.1964
dx.doi.org/10.1016/j.chom.2020.04.009
dx.doi.org/10.1371/journal.pone.0163677
dx.doi.org/10.1186/1741-7015-12-61
dx.doi.org/10.1016/j.lanepe.2021.100243
dx.doi.org/10.1001/jamasurg.2021.0528
https://www.who.int/publications/i/item/10665-331501
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
http://refhub.elsevier.com/S0210-5691(23)00248-6/sbref0100
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/Protocolo_manejo_clinico_uci_COVID-19.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/Protocolo_manejo_clinico_uci_COVID-19.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/Protocolo_manejo_clinico_uci_COVID-19.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/Protocolo_manejo_clinico_uci_COVID-19.pdf
dx.doi.org/10.1007/s11894-021-00822-5
dx.doi.org/10.1111/obr.13095

	Association of obesity on the outcome of critically ill patients affected by COVID-19
	Background
	Material and methods
	Study design
	Patients
	Data collection
	Definitions
	Objectives
	Outcomes
	Data preparation
	Statistical analysis

	Analysis plan
	Results
	Patients characteristics at ICU admission
	Comparison of clinical characteristics and management between obese and non-obese patients
	Mortality analysis
	Sensitivity analysis

	Post-hoc analysis
	Discussion
	Conclusion
	Author contributions
	Funding
	Acknowledgements
	Appendix A Supplementary data
	References


