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Keywords:

During critical illness, obese patients have better outcomes compared to patients with normal BMI, and this is
known as the obesity paradox. The difference in comorbidity burden have been implied to be responsible for
the paradox. We performed a retrospective review from 2001 to 2012 of critically ill patients from the Medical
Information Mart for Intensive Care database. We included 11,433 patients and classified them according to
body mass index (BMI) and comorbidity burden (Elixhauser comorbidity measure). The odds of inpatient mor-
tality were lower in obese patients compared to patients with normal BMI; in group with the least comorbidity
score (Elixhauser b0) [OR: 0.47, CI (0.28–0.80), p-value 0.006] and higher comorbidity scores, (Elixhauser 1–5)
[(OR: 0.66, CI (0.46–0.95), p-value 0.02)] and (Elixhauser 6–13) [OR: 0.69, CI (0.53–0.92), p-value 0.01].
30-day mortality was also significantly lower in obese patients, in groups with the lowest (Elixhauser b0)
[OR:49, CI (0.31–0.77), p-value 0.002] as well as the highest comorbidity burden (Elixhauser N14) [OR:0.59, CI
(0.45–0.77), p-value b.001]. Subgroup analysis in patients with various comorbidities showed better outcomes
in obese patients. These findings show that the decreased odds of mortality in critically ill obese patients is inde-
pendent of the comorbidity burden or type of comorbidity.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Positive energy balance in individuals leads to weight gain, mainly
an increase in the adiposity in the body. Excess fat in adipose tissues im-
pairs health and is termed obesity. Prevalence of obesity has been in-
creasing and is ~13% in the world and up to 40% in developed
countries [1]. Obese individuals constitute about 20% of all ICU patients
[2-4]. Body mass index (BMI) is a universally accepted tool (has served
as the classical proxy) for population-level measure of obesity. In the
year 2000, WHO classified overweight and obesity in adults based on
the BMI (underweight b18.5, normal 18.5–24.9, overweight ≥25–29.9,
respiratory distress syndrome;
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t; MHO, Metabolically healthy
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).
obese 30–40 and severely obese≥40) [3]. This graded classification is
valuable as it allows for the identification of individuals and groups at
increased risk ofmorbidity andmortality providing a firm basis for eval-
uating interventions.

The effect of obesity on long-term health is well understood [5,6].
However, its impact on acute illness remains unclear. Obesity poses a
challenge to landmark identification complicating basic resuscitative
procedures like the placement of an airway or intravenous lines and
has adverse physiologic changes such as hyperglycemia [7]. There is ev-
idence to suggest that this translates into worse outcomes for obese pa-
tients in Intensive Care Units (ICUs) [8-14]. On the contrary, there is
growing data supporting a protective effect of obesity in critically ill pa-
tients. Several studies have shown a lower mortality rate for critically ill
obese patients as compared to normal weight individuals [15-20].
Others have shown an increased risk for complications such as acute re-
spiratory distress syndrome (ARDS) and acute kidney injury (AKI) in
obese patients but nonetheless, better outcomes when compared to
normal weight individuals [21,22]. This protective effect of obesity dur-
ing critical illness has been termed the ‘Obesity Paradox.’

It is prudent to include herein, the concept of metabolically healthy
obese (MHO) individuals. This term has been used to denote obese indi-
viduals who do not have chronic pathologic stigmata associated with
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excess adiposity, namely insulin resistance, unfavorable cholesterol
levels, and hypertension [23,24]. It has been stipulated that the associ-
ated comorbidities, rather than the excess weight, were responsible
for the adverse outcomes. This leads to the assumption that MHO indi-
viduals' health risk should be comparable to that of lean people. This
was supported by studies showing better outcomes in theMHO individ-
uals than the unhealthy obese and comparable outcomes to those of
lean individuals [25-29].

Hence, it is possible that improved outcomes in MHO individuals
could influence the overall outcomes in critically ill obese patients
and play a significant role in creating the obesity paradox. If this
holds true, the presence of obesity paradox would be expected to
be determined by the comorbidity burden of patients. We con-
ducted our study to evaluate the effect of comorbidity burden in
critically ill patients of different BMI classes, with an expectation
that unhealthy obese individuals should not manifest the obesity
paradox.

2. Methodology

2.1. Database description

Medical Information Mart for Intensive Care (MIMIC-III) database is
a large, single-center database comprising information relating to pa-
tients admitted to critical care units at a large tertiary care hospital
[30,31]. It contains data associated with 61,532 distinct intensive care
unit admissions admitted to critical care units at Beth Israel Deaconess
hospital between 2001 and 2012. Available data include patient demo-
graphics, height, weight, vital signs, medications, laboratory measure-
ments, procedure codes, diagnostic codes, hospital length of stay and
survival data. Specific ITEM ID is assigned to an individual procedure
and medication. Individual comorbidities to calculate the Elixhauser
Total number of ICU stays: 61532

Total number of first ICU stays: 
46168

Adult critical care patients admitted to 

medical and general surgical critical 

care unit with BMI data available: 

11433

Patients:

BMI <18.5: 446

BMI 18.5-<25: 3523

BMI 25-<30: 3703

BMI 30- <40: 2943

BMI 40 or more: 818

Fig. 1. Selection of th
score can be determined using the International Classification of
DiseasesNinth Revision (ICD-9), Clinical Modification code. The data
has been de-identified in accordance with Health Insurance Portability
and Accountability Act (HIPAA) standards using structured data cleans-
ing and date shifting [32].
2.2. Patient population

We included all adult patients over the age of 16whowere admitted
to the MICU, CCU and SICU units. Patients admitted to the cardiac and
thoracic surgical service and who stayed in the ICU for less than a day
were excluded. Patients without either height or weight data on admis-
sion were also excluded. (Fig. 1). A sensitivity analysis was performed
comparing the characteristics of patients included in the study and
those excluded due to lack of height or weight data. If the patient is
older than 89, the database sets the age to 300 at their first admission.
The median age of these patients was 91.4 years; hence 1602 patients
who met the inclusion criteria had their age replaced by 91.4 [32]. BMI
is classified according to the WHO classification(b18.5, 18.5–24.9,
25–29.9 and 30–40 and ≥ 40) [3].

Comorbidity burden is assessed by computing the Elixhauser co-
morbidity measure. It is a set of thirty comorbidities that impact pa-
tient outcome including mortality [33]. A scoring system developed
by van Walraven assigns a score to each comorbidity group that re-
flects the strength of association of each comorbidity with hospital
death. The composite of all these score forms the Elixhauser score.
The Elixhauser score can be further classified into five categories
(b0, 0, 1–5, 6–13 and ≥ 14) [34]. We have named these groups as
Group A (Elixhauser b0), Group B (Elixhauser = 0), Group C
(Elixhauser 1–5), Group D (Elixhauser 6–13), Group E (Elixhauser
≥14) henceforth.
ICU readmission on first hospital 
stay: 15056

ICU readmission on repeat 
hospitalization: 15056

Patients <16 years: 7879

Patient admitted for cardiac and 
thoracic surgery service: 12808

No weight or height data available: 
12222

ICU stays less than 1 day: 1826

e patient cohort.
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2.3. Statistical analysis

Critical illness in patientswith varying BMI and co-morbidity burden
was the main exposure, and inpatient mortality was the primary
Table 1
Characteristics of patient in different BMI classes.

Variables Total Norma
18.5–2

n (%) 11,433 3523 (

Age (median years) 67 71.5
Inter quartile (25%–75%) 54.3–78.8 55.6–8
Female sex n (%) 45.3 48.2

Ethnicity n (%)
Blacks 1047(9.2) 298(8.
Hispanic 328(2.9) 87(2.5
White 8182(72.2) 2499(7

Unknown 1229(10.9) 373(10
Others 544(4.8) 234(6.

Insurance type n (%)
Government 297(2.6) 99(2.8
Medicaid 943(8.3) 290(8.
Medicare 6586(57.6) 2202(6

Private 3513(30.7) 879(25

Self-Pay 94(0.8) 35(1)

Admission type n (%)
Elective 852(7.5) 248(7)
Emergency 10,215

(89.4)
3174(9

Urgent 366(3.1) 101(2.

ICU first service n (%)
CCU 3598(31.5) 1093(3
MICU 5472(47.8) 1692(4

SICU 2363(20.7) 738(21

Primary diagnosis n (%)
Acute myocardial infarction (STEMI and NSTEMI) 1507(13.2) 442 (1
Sepsis 1009(8.83) 299(8.
Cerebrovascular event (ischemic stroke/ intracranial hemorrhage) 699(6.11) 252(7.
Acute heart failure 499(4.4) 149(4.
Acute respiratory failure 370(3.24) 99(2.8
Arrhythmia 314(2.75) 104(2.
Pneumonia 299(2.62) 112(3.

Comorbidities n (%)
Congestive heart failure 4071(35.6) 1234(3

Cardiac arrest 439(3.9) 133(3.
Valvular heart disease 1503(13.2) 540(15
Arrhythmia 4425(38.7) 1384(3

Hypertension 6149(53.8) 1732(4

DM 3156(27.6) 699(19

Chronic kidney disease 1942(16.9) 568(16
Chronic respiratory illness (COPD/ Asthma/OSA) 2694(23.6) 818(23
HIV 87(0.8) 43(1.2
Chronic liver disease 1466(12.8) 431(12
Cancer 1280(11.2) 469(13

Severity score
Mean SOFA (SD) 4.36 (3.3) 4.28(3

ICU intervention n (%)
Transfusion of blood products 5477(48.2) 1692(4

Use of antibiotics 2696(23.7) 813(23
Hemodialysis 230(2) 51(1.5
Mechanical ventilation 1313(11.5) 381(10
Total parenteral nutrition 745(6.6) 245(7)
outcome. Secondary outcomes include ICU length of stay, hospital
length of stay, ICU readmission and 30-day mortality.

The difference in patient characteristics, comorbidities, and ICU in-
terventions were assessed using one-way ANOVA test, two-way
l BMI,
4.9

Underweight, b
18.5

Overweight,25–29.9 Obese,
≥30

Severe obesity,
≥40

p-
value

30.8) 446(3.9) 3703(32.4) 2943
(25.7)

818(7.15)

69.2 68.2 64.3 60.1 b0.001
2.3 53.4–81.7 55.1–78.9 53.9–74.8 50.4–69.5

61.2 38.3 44.9 56.9 b0.001

5) 51(11.5) 302(8.2) 276(9.5) 120(14.8) b0.001
) 6(1.4) 113(3.1) 104(3.6) 18(2.2)
1.6) 315(70.8) 2695(73.5) 2109

(72.3)
564(69.7)

.7) 35(7.9) 415(11.3) 321(11) 85(10.5)
7) 38(8.5) 142(3.9) 108(3.7) 22(2.7)

) 10(2.2) 90(2.4) 76(2.6) 22(2.7) b0.001
2) 46(10.3) 278(7.5) 229(7.8) 100(12.2)
2.5) 283(63.4) 2126(57.4) 1607

(54.6)
368(44.9)

.5) 106(23.8) 1181(31.9) 1007
(34.2)

322(39.4)

1(0.3) 28(0.8) 24(0.8) 6(0.7)

17(3.8) 268(7.2) 246(8.4) 73(8.9) 0.10
0.1) 419(93.9) 3303(89.2) 2601

(88.4)
718(87.8)

9) 10(2.2) 132(3.6) 96(3.3) 27(3.3)

1) 97(21.8) 1256(33.9) 947(32.2) 205(25.1) 0.004
8) 257(57.6) 1675(45.2) 1386

(47.1)
462(56.5)

) 92(20.6) 772(20.9) 610(20.7) 151(18.5)

2.6) 24(5.4) 581(15.7) 403(13.7) 57(6.9) 0.88
5) 45(10.1) 299(8.1) 272(9.2) 94(11.5) 0.06
2) 20(4.5) 240(6.5) 162(5.5) 25(3.1) b0.001
2) 16(3.6) 155(4.2) 122(4.2) 57(6.9) 0.09
) 17(3.8) 99(2.7) 101(3.4) 54(6.6) b0.001
9) 9 (2.0) 98(2.7) 81(2.8) 22(2.7) 0.60
2) 16(3.6) 82(2.2) 69(2.3) 20(2.4) 0.02

5) 156(34.9) 1266(34.2) 1068
(36.3)

347(42.4) b0.001

8) 10(2.3) 137(3.8) 131(4.5) 28(3.5) 0.16
.3) 72(16.14) 492(13.29) 334(11.4) 65(7.9) b0.001
9.3) 138(30.9) 1488(40.2) 1122

(28.1)
293(35.8) 0.001

9.2) 180(40.4) 2032(54.9) 1718
(58.4)

487(59.5) b0.001

.8) 71(15.9) 945(25.5) 1078
(36.6)

368(44.9) b0.001

.1) 79(17.7) 646(17.5) 505(17.2) 146(17.9) 0.55

.2) 134(30) 756(20.4) 719(24.4) 267(32.6) b0.001
) 8(1.8) 24(0.7) 11(0.37) 1(0.12) b0.001
.2) 44(9.9) 466(12.6) 428(14.5) 97(11.9) 0.01
.3) 69(15.5) 436(11.8) 263(8.9) 43(5.3) b0.001

.2) 4.1(2.9) 4.3(3.3) 4.49(3.5) 4.82(3.5) b0.001

8.3) 214(48.1) 1814(49.2) 1388
(47.4)

369(45.2) 0.28

.2) 109(24.5) 836(22.7) 713(24.4) 225(27.6) 0.04
) 8(1.8) 82(2.2) 70(2.4) 19(2.3) 0.06
.9) 35(7.9) 390(10.6) 376(12.9) 131(16.1) b0.001

44(9.9) 206(5.6) 198(6.8) 52(6.4) 0.004



Table 3
Subgroup analysis of inpatient mortality in patients with various comorbidities.

Inpatient mortality compared to patients with normal BMI

BMI class Odds ratio Confidence interval p-value

Congestive heart failure
Underweight 0.91 0.55–1.49 0.69
Overweight 0.75 0.59–0.96 0.02
Obese 0.73 0.56–0.95 0.02
Severe obesity 0.82 0.55–1.24 0.35

Diabetes
Underweight 0.52 0.19–1.39 0.19
Overweight 0.57 0.41–0.78 0.001
Obese 0.50 0.36–0.69 b0.001
Severe obesity 0.60 0.38–0.97 0.04

Hypertension
Underweight 0.89 0.53–1.47 0.64
Overweight 0.71 0.58–0.89 0.002
Obese 0.59 0.47–0.76 b0.001
Severe obesity 0.59 0.39–0.89 0.01
Chronic kidney disease
Underweight 0.96 0.48–1.92 0.90
Overweight 0.64 0.45–0.91 0.01
Obese 0.50 0.34–0.76 0.001
Severe obesity 0.85 0.47–1.53 0.58

Chronic respiratory illness
Underweight 1.57 0.94–2.59 0.08
Overweight 0.89 0.65–1.21 0.45
Obese 0.72 0.51–1.01 0.06
Severe obesity 0.85 0.52–1.41 0.53

Chronic liver disease
Underweight 2.21 1.02–4.79 0.04
Overweight 0.92 0.64–1.33 0.66
Obese 0.77 0.52–1.14 0.19
Severe obesity 1.17 0.64–2.13 0.61

Table 2
Odds of inpatient and 30-daymortality among different BMI classes compared to patients
with normal BMI.

Inpatient mortality 30-day mortality

BMI Odds
ratio

Confidence
interval

p-value Odds
ratio

Confidence
interval

p-value

Group A (Elixhauser b0)
Underweight 1.25 0.46–3.40 0.66 1.49 0.68–3.29 0.31
Overweight 0.76 0.47–1.22 0.25 0.77 0.51–1.14 0.19
Obese 0.47 0.28–0.80 0.006 0.49 0.31–0.77 0.002
Severe
obesity

0.96 0.51–1.80 0.9 0.89 0.51–1.57 0.69

Group B (Elixhauser = 0)
Underweight 1.16 0.45–2.98 0.76 1.21 0.52–2.79 0.65
Overweight 0.93 0.61–1.42 0.75 0.92 0.63–1.34 0.65
Obese 0.83 0.52–1.34 0.46 0.78 0.50–1.21 0.27
Severe
obesity

1 0.45–2.23 0.99 1.11 0.53–2.29 0.79

Group C (Elixhauser 1–5)
Underweight 1.47 0.79–2.73 0.22 1.41 0.79–2.51 0.25
Overweight 0.72 0.52–0.99 0.04 0.71 0.53–0.96 0.02
Obese 0.66 0.46–0.95 0.02 0.58 0.41–0.81 0.002
Severe
obesity

0.66 0.38–1.14 0.14 0.70 0.42–1.18 0.18

Group D (Elixhauser 6–13)
Underweight 1.34 0.85–2.11 0.20 1.49 0.98–2.29 0.06
Overweight 0.79 0.62–1.02 0.07 0.79 0.63–0.99 0.04
Obese 0.69 0.53–0.92 0.01 0.59 0.45–0.77 b0.001
Severe
obesity

0.79 0.48–1.30 0.35 0.61 0.37–1.02 0.06

Group E (Elixhauser ≥14)
Underweight 1.38 0.64–2.97 0.41 1.36 0.66–2.79 0.41
Overweight 0.87 0.56–1.34 0.52 0.71 0.47–1.08 0.11
Obese 0.82 0.49–1.37 0.45 0.62 0.38–1.01 0.06
Severe
obesity

0.86 0.32–2.31 0.77 0.55 0.19–1.52 0.25
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ANOVA and chi-square test. Univariate and Multivariate regression
analysis was conducted to estimate the association between exposure
and outcome. Logistic regression was conducted to estimate the odds
of mortality and readmission. Linear regression was conducted to esti-
mate the difference in length of stay. The odds ratio and corresponding
95% CIs were calculated after controlling for covariates including demo-
graphic variables (age, sex, ethnicity, admission type, insurance),
comorbidities, severity score (SOFA score) and ICU interventions (trans-
fusion, antibiotic use, hemodialysis, mechanical ventilation, and total
parenteral nutrition). All reported statistical tests were two-sided and
p value of 0.05 was considered statistically significant. All the analysis
was performed using Stata 14.0 (Stata Corp, College Station, TX).

2.4. Ethical consideration

The use of MIMIC III database for any research is pre-approved by
the Institutional Review Boards of Beth Israel DeaconessMedical Center
(Boston, MA) and the Massachusetts Institute of Technology (Cam-
bridge, MA). Hence, a formal IRB clearancewas not sought. The require-
ment for individual patient consent was waived because all health
information was de-identified.

3. Results

There were 61,532 ICU stays, out of which 11,433 patients met the
study inclusion criteria between 2001 and 2012. (Fig. 1) The demo-
graphic and clinical characteristics of our patient population is shown
in Table 1. Median age was 67 years [Inter-quartile (IQ) 25–75%:
54.3–78.8 years]. About 45% of the total study population was female,
72.2% was white and 57.6% was insured by Medicare. Acute myocardial
infarction (13.2%), sepsis (8.8%) and cerebrovascular event (ischemic
stroke and intra-cerebral hemorrhage) (6.1%) were the most common
primary diagnosis. Mean SOFA score on admission was 4.36 [Standard
deviation (SD): 3.3]. Among the ICU interventions, the rate of mechan-
ical ventilation, use of antibiotics and total parenteral nutrition was sig-
nificantly different among the different BMI classes whereas the rate of
transfusion of blood products and hemodialysis were similar.

Compared to patients with normal BMI, the adjusted odds of inpa-
tient mortality were lower in overweight patients for all the Elixhauser
groups but was statistically significant only for Group C [(OR: 0.72, CI
(0.52–0.99), p-value 0.04)]. For obese patients, the odds of inpatient
mortality was significantly decreased for Group A (Elixhauser b0) [OR:
0.47, CI (0.28–0.80), p-value 0.006], Group C (Elixhauser 1–5) [(OR:
0.66, CI (0.46–0.95), p-value 0.02)] and Group D (Elixhauser 6–13)
[OR: 0.69, CI (0.53–0.92), p-value 0.01] (Table 2). The odds of 30-day
mortality was significantly lower in overweight patients in Group C
[OR: 0.71, CI (0.53–0.96), p-value 0.02] and Group D [OR:0.79, CI
(0.63–0.99), p-value 0.04]. Similarly, the odds of 30-day mortality
were decreased in obese patients in Elixhauser Group A [OR:49, CI
(0.31–0.77), p-value 0.002], Group C [OR:0.58, CI (0.41–0.81), p-value
0.002] and Group D [OR:0.59, CI (0.45–0.77), p-value b0.001]. The
odds of inpatientmortality and 30-daymortalitywere lower in severely
obese patients but were not statistically significant (Table 2). In the
subgroup of patients with congestive heart failure (CHF) and chronic
kidney disease (CKD), both overweight [CHF - OR:0.75, CI (0.59–0.96),
p-value 0.02; CKD–OR:0.73, CI (0.56–0.95), p-value 0.02] and obese pa-
tients [CHF - OR:0.64, CI (0.45–0.76), p-value 0.01; CKD – OR:0.50, CI
(0.34–0.76), p-value 0.001] had decreased odds of inpatient mortality.
In subgroups of patients with diabetes and hypertension, the odds of in-
patient mortality were significantly lower in overweight, obese and se-
verely obese patients (Table 3).

The length of ICU stay was longer for severely obese patients in
Elixhauser groups A [0.89 days, CI (0.29–1.51), p-value 0.004], Group
C [1.49 days (0.34–2.63, p-value 0.01], Group D [1.77 days (0.68–2.85,



Table 4
Length of ICU stay and length of hospitalization among different BMI class compared to patients with normal BMI.

ICU length of stay (days) Hospital length of stay (days)

BMI Coefficient Confidence interval p-value Coefficient Confidence interval p-value

Group A (Elixhauser b0)
Underweight −0.34 −1.34 - 0.66 0.51 0.69 −1.33–2.70 0.51
Overweight −0.05 −0.49 - 0.39 0.83 −0.42 −1.33–0.48 0.36
Obese 0.27 −0.19 - 0.73 0.25 0.28 −0.65–1.20 0.55
Severe obesity 0.89 0.29–1.51 0.004 0.96 −0.27–2.19 0.12

Group B (Elixhauser = 0)
Underweight −0.52 −1.68 - 0.64 0.38 −0.92 −3.05–1.20 0.39
Overweight 0.27 −0.19 - 0.73 0.25 −0.34 −1.18–0.51 0.43
Obese 0.42 −0.09 - 0.93 0.10 −0.16 −1.08–0.78 0.74
Severe obesity −0.02 −0.95–0.90 0.96 0.61 −1.09–2.31 0.48

Group C (Elixhauser 1–5)
Underweight 0.11 −1.38–1.59 0.89 −0.04 −2.85–2.78 0.98
Overweight −0.02 −0.72–0.67 0.95 −0.43 −1.74–0.88 0.52
Obese 0.85 0.10–1.60 0.03 0.67 −0.75–2.09 0.36
Severe obesity 1.49 0.34–2.63 0.01 2.19 0.30–4.36 0.04

Group D (Elixhauser 6–13)
Underweight −1.41 −2.48 - -0.33 0.01 −1.03 −3.13–1.08 0.34
Overweight 0.28 −0.28–0.84 0.33 0.49 −0.59–1.58 0.38
Obese 0.55 −0.07–1.16 0.08 1.40 0.20–2.59 0.02
Severe obesity 1.77 0.68–2.85 0.001 0.84 −1.27–2.96 0.43

Group E (Elixhauser ≥14)
Underweight −1.21 −3.43–1.02 0.29 0.28 −4.99–5.54 0.92
Overweight 0.75 −0.50–1.99 0.24 −0.23 −3.19–2.74 0.88
Obese 0.41 −1–1.94 0.57 1.05 −2.31–4.42 0.54
Severe obesity 3.32 0.52–6.12 0.02 1.53 −5.10–8.16 0.65
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p-value 0.001] and Group E [3.32 days (0.52–6.12, p-value 0.02]. Obese
patients in group C [0.85 days (0.10–1.60, p-value 0.03] also had a lon-
ger length of ICU stay. The hospital length of stay longer for severely
obese patients in Group C [2.19 days (0.30–4.36, p-value 0.04] and
obese patients in Group D [1.40 days (0.20–2.59, p-value 0.02]
(Table 4). There was no significant difference in the odds of ICU re-
Table 5
Odds of ICU readmission among different BMI class compared to patients with normal
BMI.

ICU readmission

BMI Odds ratio Confidence interval p-value

Group A (Elixhauser b0)
Underweight 1.43 0.57–3.55 0.45
Overweight 0.95 0.60–1.50 0.84
Obese 1.07 0.68–1.69 0.76
Severe obesity 1.02 0.56–1.85 0.94

Group B (Elixhauser = 0)
Underweight 0.58 0.13–2.52 0.47
Overweight 1.03 0.65–1.64 0.91
Obese 0.72 0.42–1.24 0.23
Severe obesity 1.77 0.83–3.78 0.14

Group C (Elixhauser 1–5)
Underweight 1.31 0.66–2.62 0.44
Overweight 0.81 0.56–1.15 0.23
Obese 0.75 0.51–1.10 0.15
Severe obesity 0.54 0.25–1.05 0.07

Group D (Elixhauser 6–13)
Underweight 1.03 0.59–1.79 0.92
Overweight 0.79 0.59–1.06 0.12
Obese 0.86 0.62–1.17 0.33
Severe obesity 0.73 0.40–1.31 0.29

Group E (Elixhauser ≥14)
Underweight 1.87 0.85–4.12 0.12
Overweight 1.01 0.62–1.64 0.98
Obese 0.62 0.34–1.13 0.12
Severe obesity 0.64 0.19–2.05 0.45
admission in various BMI groups among different Elixhauser classes
(Table 5).

A sensitivity analysis was performed comparing the characteristics
and outcomes between patients included in the study and those ex-
cluded due to lack of height or weight measurements. The two popula-
tion were similar in terms of age and ethnicity, but the excluded
population had higher percentage of females. The patients included in
the study had higher percentage of CCU admissions, cardiac diagnoses
of admission and comorbidities. However, the mean Elixhauser score
and the percentage of population in different Elixhauser classes were
similar. The occurrence of primary outcome of inpatient mortality was
similar in both the groups. (Supplement 1).

4. Discussion

In our study, we classified critically ill patients according to their co-
morbidities burden using the Elixhauser score. Subsequently, we com-
pared outcomes between the different BMI classes within the various
Elixhauser Groups while adjusting for individual comorbidities.
We found that obese and overweight individuals had decreased risk of
inpatient and thirty-daymortalitywhen compared to normalweight in-
dividuals, regardless of the difference in comorbidity burden. Under-
weight patients on the other hand, consistently had worse outcomes
when compared to any other weight class. If MHO individuals were
influencing the manifestation of the obesity paradox, we would expect
to see the paradox only in the lower comorbid groups (groups A, B
and C). Notwithstanding that expectation, our study showed a consis-
tent trend of lower mortality with increasing BMI regardless of the co-
morbidity burden.

Several hypotheses have been proposed to explain this unantici-
pated mortality benefit of obesity in critically ill patients. First, obesity
may be protective by altering the immune milieu in the body which
helpful during critical illness. This phenomenon is referred to as precon-
ditioning. Obese patients have higher levels of adipokines and inflam-
matory mediators, such as leptin and interleukin-10 secreted by fat
cells. These cytokines may attenuate the inflammatory response and
thus improve survival during critical illness [35,36]. In addition, it has
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been shown that during critical illness, the adipose tissuesmacrophages
shift from theproinflammatoryM1 to anti-inflammatoryM2phenotype
[37].

Additionally, obese individuals are thought to have a survival benefit
because these patients have additional nutritional reserves, which can
provide substrate during critical illness [38]. In a study by Harris et al.,
the survival disadvantage for BMI categories b25.0 kg/m2 was minimal
or unobservablewhen compared to higher BMI categorieswhen enteral
nutrition was provided early in their critical illness. Among the cohort
that did not receive early enteral nutrition, obese patients had a signifi-
cant survival benefit [39]. This study supports the hypothesis that pres-
ence of additional nutritional reserves in the obese may also be
responsible for the obesity paradox. Also, disparities in processes of
care may explain better outcomes in obese patients. Obese patients
have higher physical care requirements and diminished physiologic re-
serve. This may lead practitioners to triage obese patients to higher
levels and standards of personal care [40].

The strength of our study is that we conducted our comparison only
among individuals with similar comorbidity burden and performed ad-
justment forwide array of confounders. The sensitivity analysis showed
no significant difference in the comorbidity burden as well as the pri-
mary outcome between the patients included in the study and those ex-
cluded because of lack of height or weight measurement. This further
suggests the robustness of our findings. Our study has several limita-
tions. Similar to prior studies, we were unable to adjust for the effect
of fluid retention on BMI classification and for the selection bias of
triaging similarly ill obese patients to higher level of care than non-
obese patients [18,40]. Also, the use of BMI as a measure of obesity has
been called into question [41-45]. However BMI, even with its limita-
tions, continues to be the most widely used measure of obesity and
was utilized in our study. Additionally, we used ICD-9 codes to deter-
mine the comorbidities for calculation of Elixhauser score. The fact
that these codes are generated for reimbursement purposes could
impact its precision in reflecting the comorbidities. Despite this limita-
tion, Elixhauser has been shown to outperform other comorbidity in-
dexes when used with an administrative data and was used in our
study [46].
5. Conclusion

Our study demonstrates that a higher than normal BMI is associated
with decreased mortality in critically ill patients, regardless of the type
of comorbidity or the comorbidity burden. The presence of themortality
benefit in patients with the least comorbidity burden, similar to those
with higher comorbidity burden, helps refute the hypothesis that met-
abolically health obese patients contribute to the obesity paradox.
There is a need of prospective studies, with defined patient selection
and treatment protocols, to further delineate the effect of BMI on the
outcomes of critically ill patients.
Funding source

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.
Declarations of interest

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jcrc.2019.05.004.
References

[1] Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL. Trends in obesity
among adults in the United States, 2005 to 2014. Jama 2016;315(21):2284–91.

[2] Lewandowski K, Lewandowski M. Intensive care in the obese. Best Pract Res Clin
Anaesthesiol 2011;25(1):95–108.

[3] Organization WH. Obesity: preventing and managing the global epidemic. World
Health Organization; 2000.

[4] Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence of
overweight and obesity in the United States, 1999-2004. Jama 2006;295(13):
1549–55.

[5] Collaboration PS. Body-mass index and cause-specific mortality in 900 000 adults:
collaborative analyses of 57 prospective studies. Lancet 2009;373(9669):1083–96.

[6] Aune D, Sen A, Prasad M, Norat T, Janszky I, Tonstad S, et al. BMI and all cause mor-
tality: systematic review and non-linear dose-response meta-analysis of 230 cohort
studies with 3.74 million deaths among 30.3 million participants. Bmj 2016;353:
i2156.

[7] Leonard KL, Davies SW, Waibel BH. Perioperative management of obese patients.
Surg Clin 2015;95(2):379–90.

[8] Bercault N, Boulain T, Kuteifan K, Wolf M, Runge I, Fleury J-C. Obesity-related excess
mortality rate in an adult intensive care unit: a risk-adjusted matched cohort study.
Crit Care Med 2004;32(4):998–1003.

[9] Bochicchio GV, Joshi M, Bochicchio K, Nehman S, Tracy JK, Scalea TM. Impact of obe-
sity in the critically ill trauma patient: a prospective study. J Am Coll Surg 2006;203
(4):533–8.

[10] Brown CV, Neville AL, Rhee P, Salim A, Velmahos GC, Demetriades D. The impact of
obesity on the outcomes of 1,153 critically injured blunt trauma patients. J Trauma
Acute Care Surg 2005;59(5):1048–51.

[11] El-Solh A, Sikka P, Bozkanat E, Jaafar W, Davies J. Morbid obesity in the medical ICU.
Chest 2001;120(6):1989–97.

[12] Goulenok C, Monchi M, Chiche J-D, Mira J-P, Dhainaut J-F, Cariou A. Influence of
overweight on ICU mortality: a prospective study. Chest 2004;125(4):1441–5.

[13] Nasraway Jr SA, Albert M, Donnelly AM, Ruthazer R, Shikora SA, Saltzman E. Morbid
obesity is an independent determinant of death among surgical critically ill patients.
Crit Care Med 2006;34(4):964–70.

[14] Neville AL, Brown CV, Weng J, Demetriades D, Velmahos GC. Obesity is an indepen-
dent risk factor of mortality in severely injured blunt trauma patients. Arch Surg
2004;139(9):983–7.

[15] Arabi YM, Dara SI, TamimHM, Rishu AH, Bouchama A, Khedr MK, et al. Clinical char-
acteristics, sepsis interventions and outcomes in the obese patients with septic
shock: an international multicenter cohort study. Crit Care 2013;17(2):R72.

[16] Hogue CW, Stearns JD, Colantuoni E, Robinson KA, Stierer T, Mitter N, et al. The im-
pact of obesity on outcomes after critical illness: a meta-analysis. Intensive CareMed
2009;35(7):1152.

[17] Hutagalung R, Marques J, Kobylka K, Zeidan M, Kabisch B, Brunkhorst F, et al. The
obesity paradox in surgical intensive care unit patients. Intensive Care Med 2011;
37(11):1793.

[18] Oliveros H, Villamor E. Obesity and mortality in critically ill adults: a systematic re-
view and meta-analysis. Obesity 2008;16(3):515–21.

[19] Pickkers P, de Keizer N, Dusseljee J, Weerheijm D, van der Hoeven JG, Peek N. Body
mass index is associated with hospital mortality in critically ill patients: an observa-
tional cohort study. Crit Care Med 2013;41(8):1878–83.

[20] Sakr Y, Elia C, Mascia L, Barberis B, Cardellino S, Livigni S, et al. Being overweight or
obese is associated with decreased mortality in critically ill patients: a retrospective
analysis of a large regional Italian multicenter cohort. J Crit Care 2012;27(6):714–21.

[21] Ni Y-N, Luo J, Yu H, Wang Y-W, Hu Y-H, Liu D, et al. Can body mass index predict
clinical outcomes for patients with acute lung injury/acute respiratory distress syn-
drome? A meta-analysis. Crit Care 2017;21(1):36.

[22] Zhi G, Xin W, YingW, Guohong X, Shuying L. “Obesity paradox” in acute respiratory
distress syndrome: asystematic review and meta-analysis. PLoS One 2016;11(9):
e0163677.

[23] Durward C, Hartman TJ, Nickols-Richardson SM. All-cause mortality risk of metabol-
ically healthy obese individuals in NHANES III. J obes 2012;2012.

[24] Kramer CK, Zinman B, Retnakaran R. Are metabolically healthy overweight and obe-
sity benign conditions?: a systematic review and meta-analysis. Ann Intern Med
2013;159(11):758–69.

[25] Ortega FB, D-c Lee, Katzmarzyk PT, Ruiz JR, Sui X, Church TS, et al. The intriguing
metabolically healthy but obese phenotype: cardiovascular prognosis and role of fit-
ness. Eur Heart J 2012;34(5):389–97.

[26] Meigs JB, Wilson PW, Fox CS, Vasan RS, Nathan DM, Sullivan LM, et al. Body mass
index, metabolic syndrome, and risk of type 2 diabetes or cardiovascular disease. J
Clin Endocrinol Metabol 2006;91(8):2906–12.

[27] Hosseinpanah F, Barzin M, Sheikholeslami F, Azizi F. Effect of different obesity phe-
notypes on cardiovascular events in Tehran lipid and glucose study (TLGS). Am J
Cardiol 2011;107(3):412–6.

[28] Voulgari C, Tentolouris N, Dilaveris P, Tousoulis D, Katsilambros N, Stefanadis C. In-
creased heart failure risk in normal-weight people with metabolic syndrome com-
pared with metabolically healthy obese individuals. J Am Coll Cardiol 2011;58
(13):1343–50.

[29] Kip KE, Marroquin OC, Kelley DE, Johnson BD, Kelsey SF, Shaw LJ, et al. Clinical im-
portance of obesity versus the metabolic syndrome in cardiovascular risk in
women: a report from the Women's ischemia syndrome evaluation (WISE) study.
Circulation 2004;109(6):706–13.

[30] Goldberger AL, Amaral LA, Glass L, Hausdorff JM, Ivanov PC, Mark RG, et al.
Physiobank, physiotoolkit, and physionet. Circulation 2000;101(23):e215–20.

[31] Pollard T, Johnson III A. The MIMIC-III clinical database. Version; 2017.

https://doi.org/10.1016/j.jcrc.2019.05.004
https://doi.org/10.1016/j.jcrc.2019.05.004
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0005
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0005
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0010
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0010
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0015
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0015
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0020
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0020
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0020
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0025
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0025
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0030
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0030
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0030
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0030
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0035
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0035
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0040
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0040
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0040
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0045
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0045
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0045
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0050
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0050
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0050
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0055
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0055
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0060
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0060
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0065
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0065
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0065
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0070
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0070
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0070
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0075
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0075
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0075
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0080
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0080
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0080
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0085
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0085
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0085
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0090
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0090
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0095
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0095
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0095
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0100
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0100
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0100
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0105
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0105
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0105
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0110
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0110
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0110
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0115
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0115
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0120
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0120
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0120
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0125
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0125
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0125
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0130
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0130
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0130
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0135
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0135
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0135
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0140
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0140
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0140
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0140
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0145
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0145
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0145
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0145
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0150
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0150
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0155


31P. Acharya et al. / Journal of Critical Care 53 (2019) 25–31
[32] Johnson AE, Pollard TJ, Shen L, Li-wei HL, Feng M, Ghassemi M, et al. MIMIC-III, a
freely accessible critical care database. Sci data 2016;3:160035.

[33] Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbiditymeasures for use with ad-
ministrative data. Med Care 1998;36(1):8–27.

[34] van Walraven C, Austin PC, Jennings A, Quan H, Forster AJ. A modification of the
Elixhauser comorbidity measures into a point system for hospital death using ad-
ministrative data. Med Care 2009:626–33.

[35] Hauner H. Adipose tissue inflammation: are small or large fat cells to blame?
Diabetologia 2010;53(2):223.

[36] Hauner H. Secretory factors from human adipose tissue and their functional role.
Proc Nutr Soc 2005;64(2):163–9.

[37] Langouche L, Marques MB, Ingels C, Gunst J, Derde S, Vander Perre S, et al. Critical
illness induces alternative activation of M2 macrophages in adipose tissue. Crit
Care 2011;15(5):R245.

[38] Hurt RT, Frazier TH, McClave SA, Kaplan LM. Obesity epidemic: overview, patho-
physiology, and the intensive care unit conundrum. J Parenter Enteral Nutr 2011;
35(5_suppl):4S–13S.

[39] Harris K, Zhou J, Liu X, Hassan E, Badawi O. The obesity paradox is not observed in
critically ill patients on early enteral nutrition. Crit Care Med 2017;45(5):828–34.
[40] O'Brien Jr JM, Philips GS, Ali NA, Aberegg SK, Marsh CB, Lemeshow S. The association
between body mass index, processes of care, and outcomes from mechanical venti-
lation: a prospective cohort study. Crit Care Med 2012;40(5):1456–63.

[41] Joseph B, Zangbar B, Haider AA, Kulvatunyou N, Khalil M, Tang A, et al. Hips don't lie:
waist-to-hip ratio in trauma patients. J TraumaAcute Care Surg 2015;79(6):1055–61.

[42] Öhrvall M, Berglund L, Vessby B. Sagittal abdominal diameter compared with other
anthropometric measurements in relation to cardiovascular risk. Int J Obes (Lond)
2000;24(4):497.

[43] Paolini J-BM, Mancini J, Genestal M, Gonzalez H, McKay RE, Samii K, et al. Predictive
value of abdominal obesity vs. body mass index for determining risk of intensive
care unit mortality. Crit Care Med 2010;38(5):1308–14.

[44] Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K, et al. Gen-
eral and abdominal adiposity and risk of death in Europe. N Engl J Med 2008;359
(20):2105–20.

[45] Seidell J, Andres R, Sorkin J, Muller D. The sagittal waist diameter and mortality in
men: the Baltimore longitudinal study on aging. Int J Obes Relat Metab Disord
1994;18(1):61–7.

[46] Sharabiani MT, Aylin P, Bottle A. Systematic review of comorbidity indices for ad-
ministrative data. Med Care 2012;50(12):1109–18.

http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0160
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0160
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0165
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0165
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0170
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0170
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0170
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0175
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0175
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0180
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0180
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0185
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0185
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0185
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0190
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0190
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0190
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0195
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0195
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0200
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0200
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0200
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0205
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0205
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0210
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0210
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0210
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0215
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0215
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0215
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0220
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0220
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0220
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0225
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0225
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0225
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0230
http://refhub.elsevier.com/S0883-9441(18)31757-X/rf0230

	The paradox prevails: Outcomes are better in critically ill obese patients regardless of the comorbidity burden
	1. Introduction
	2. Methodology
	2.1. Database description
	2.2. Patient population
	2.3. Statistical analysis
	2.4. Ethical consideration

	3. Results
	4. Discussion
	5. Conclusion
	Funding source
	Declarations of interest
	Appendix A. Supplementary data
	References


