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BACKGROUND: The impact of obesity on outcomes in acute respiratory distress syndrome (ARDS) is not well understood and
remains controversial. Recent studies suggest that obesity might be associated with higher morbidity and mortality in respiratory
disease caused by SARS-CoV-2 (COVID-19 disease). Our objective was to evaluate the association between obesity and hospital
mortality in critical COVID-19 patients.

METHODS: We conducted a retrospective cohort study in a tertiary academic center located in Montréal between March and
August 2020. We included all consecutive adult patients admitted to the ICU for COVID-19-confirmed respiratory disease. Our main
outcome was hospital mortality. We estimated the association between obesity, using the body mass index as a continuous
variable, and hospital survival by fitting a multivariable Cox proportional hazards model.

RESULTS: We included 94 patients. Median [q1, g3] body mass index (BMI) was 29 [26-32] kg/m? and 37% of patients were obese
(defined as BMI > 30 kg/m?). Hospital mortality for the entire cohort was 33%. BMI was significantly associated with hospital
mortality (hazard ratio [HR] = 2.49 per 10 units BMI; 95% Cl, from 1.69 to 3.70; p < 0.001) even after adjustment for sex, age and
obesity-related comorbidities (adjusted HR = 3.50; 95% Cl from 2.03 to 6.02; p < 0.001).

CONCLUSIONS: Obesity was prevalent in hospitalized patients with critical illness secondary to COVID-19 disease and a higher BMI
was associated with higher hospital mortality. Further studies are needed to validate this association and to better understand its

underlying mechanisms.

International Journal of Obesity (2021) 45:2617-2622; https://doi.org/10.1038/s41366-021-00938-8

INTRODUCTION

The prevalence of obesity is increasing both in the general and the
critically-ill population, where one out of five hospitalized patients in
the intensive care unit (ICU) is obese [1-5]. While obesity is usually
associated with unfavorable clinical outcomes in many clinical
settings, observational data suggest that obese patients with acute
respiratory distress syndrome (ARDS) may have better outcomes [6].
This phenomenon has been named the “obesity paradox” by some
authors [2, 3]. However, the protective effect of obesity in ARDS is not
well understood and remains controversial [2, 7].

Recent studies suggest that obesity might be associated with a
higher risk of developing severe COVID-19 respiratory disease
[8-16]. A population-based analysis of a large UK biobank even
suggests a dose-response relationship between the risk of severe
COVID-19 disease and increasing BMI, waist circumference, or
waist-to-hip ratio [8]. Similar findings were also reported in a
meta-analysis involving over 100,000 patients and suggesting an
increased risk of critical COVID-19 disease (odds ratio [OR] = 1.09;
95% Cl, from 1.04 to 1.14; n=3825; six studies) and mortality
(OR=1.06; 95% Cl, from 1.02 to 1.10; n = 2704; four studies) with

each 1 kg/m? increase in BMI [17]. Other studies also report higher
mortality in hospitalized obese COVID-19 patients than in
nonobese ones [11, 18].

In the subset of patients with the most severe forms of COVID-
19 (critical COVID-19 disease, as defined by the World Health
Organization [19]), limited data are available. Few studies
measured the association between obesity and hospital mortality
in this patient population, and among those who did, most
included both critically ill and hospitalized patients with a less
severe form of the disease [11, 20-22]. Among studies that
focused on critically-ill patients, a significant harmful association
between obesity and hospital mortality has not been observed
consistently [18, 23-29]. A recent systematic review of predictors
of in-hospital mortality in COVID-19 concluded that obesity was
only associated with mortality in studies that included fewer
critically-ill patients [24]. However, these studies used ill-specified
multivariable models that did not focus on the association
between obesity and hospital mortality and used heterogeneous
obesity categorizations [14, 18, 25, 30-32]. Thus, the association
between obesity, defined as a high body mass index (BMI), and
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hospital mortality specifically in critical COVID-19 patients is not
yet well-defined.

To better define this association in the subgroup of critically il
COVID-19 patients, we conducted a retrospective cohort study. Our
primary objective was to measure the association between the BMI
and hospital mortality in patients with COVID-19 respiratory disease
requiring ICU admission. Our main hypothesis was that higher BMI
would be associated with lower hospital survival. Our secondary
objective was to describe a sample of critically-ill patients with
COVID-19 from an urban academic center in Montréal, Canada.

METHODS

Study design and setting

We conducted a retrospective cohort study at the Centre Hospitalier de
I'Université de Montréal (CHUM), a 800-bed tertiary academic center
located in Montréal. The CHUM's ICU is a 66-bed mixed medical and
surgical unit with 24 h staff coverage, and serves as a regional reference
center for advanced respiratory support. This study was approved by the
CHUM research ethics board.

Study population

We included all consecutive adult patients (over 18 years old) admitted to
the ICU during their hospital stay for a COVID-19-related respiratory
disease between March and August 2020. This time period corresponds to
the first wave of the COVID-19 pandemic in Canada. We included patients
who were admitted directly from the emergency department, transferred
from a regular hospital ward for progressive respiratory failure, or referred
from another hospital. All included patients had pneumonia as diagnosed
by an attending physician and SARS-CoV-2 infection confirmed by PCR
performed on either a nasopharyngeal swab or an endotracheal specimen.
We excluded patients admitted to the ICU with a positive SARS-CoV-2 PCR
for any indication other than pneumonia.

At the beginning of the study period, local criteria to consider an ICU
admission were oxygen supply exceeding 5L/min, increased work of
breathing after evaluation by the treating physician, or requirement for
advanced respiratory support (high-flow nasal cannula, bi-level non-
invasive ventilation, mechanical ventilation, or extracorporeal membrane
oxygenation), in addition to usual criteria for admission to a critical
care unit (hypotension, altered state of consciousness, among others). As
the first wave progressed, indications to transfer patients to the ICU
became more conservative, and high-flow nasal cannula was offered
as a treatment on the wards. A long-lasting need for bi-level non-invasive
mechanical ventilation for acute respiratory failure always required an
ICU admission.

Data measurements and variables

Our exposure of interest was BMI. Weight and height used to calculate BMI
were measured at the ICU admission, and collected retrospectively by chart
review. For the description of our cohort, we defined obesity as BMI
exceeding 30kg/m? and dichotomized patients accordingly, although we
used BMI as a continuous variable for our statistical analyses. We also collected
baseline demographics and comorbidities, organ-support interventions and
hospital length of stay. Hospital length of stay was defined as the time
elapsed between hospital admission and hospital discharge, in days.

Our main outcome was survival at hospital discharge. Patients
discharged alive were censored at discharge, and patients still hospitalized
were censored at the date of data collection (November 11, 2020). We
extracted data from manual chart review.

Statistical analysis
We described baseline patient characteristics and comorbidities using mean
(standard deviation) or median (quartiles 1 and 3) for continuous variables,
and proportions for categorical variables. We reported all variables
descriptively in obese and nonobese patients as defined previously. Height
was missing for seven observations, and was imputed using the mean
population value for Canadians (161 cm for women, 175 cm for men) [33].
We estimated the association between BMI and survival at hospital
discharge using a Cox proportional hazards models (where the main
independent variable was BMI expressed as a continuous variable to
maximize statistical power). Based on clinical relevance, we included age
(as a continuous variable), sex, hypertension, and diabetes as potential
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confounders. We tested the proportionality assumption with visual
inspection of a Schoenfeld residuals graph and by a Harrel and Lee test.
Since the proportionality assumption did not hold for the BMI variable, we
fitted a linear time-dependent coefficient [34]. The relation between age
and survival was not linear and was best fitted using restricted cubic
splines with four knots, based on a visual inspection of the Martingale
residuals and the lowest Akaike Information Criterion [35]. As a visual
exploratory analysis, we plotted stratified Kaplan-Meier survival curves to
estimate survival at 30 and 60 days according to obesity status
(dichotomized as BMI < or >30 kg/m2). We also explored the effect of the
calendar date of admission on our main outcome. Finally, as a post-hoc
exploratory analysis, we fitted a multivariable Cox model to analyze the
effects of organ support initiated on the first day of hospital admission
on mortality after validation that the risk proportionality assumption
was met. We set out alpha level at 0.05 and reported results with 95%
Wald confidence intervals. We used R (R foundation, version 3.6.2) for
all analyses.

RESULTS

A total of 94 adult patients were included. The median [q1, 3] age
of the cohort was 61 [46,76] years old and 66% (n = 63) of patients
were men. Median [q1, 3] BMI was 29 [26, 32] kg/m? and 37% (n
= 35) of patients were obese (Table 1).

On the first day of their hospital admission, 60% of patients
needed oxygen therapy, 41% were intubated, and prone
positioning was initiated in 15% of patients (Table 2). During
their overall ICU stay, 66% (n = 62) of patients required invasive
mechanical ventilation. Prone positioning was performed at least
once in 48% of patients (n=45). Almost all patients received
antibiotics during their ICU stay (97%), and 32% were given
corticosteroids. Two patients received an antiviral drug combina-
tion (lopinavir/ritonavir) in the context of a research protocol. No
patients were given remdesivir or hydroxychloroquine. The
median [q1, g3] duration of mechanical ventilation was 20 [9,
32] days (Table 2) and the overall median [q1, q3] hospital length
of stay was 26 [11, 47] days (Tables 2 and S1). Obese patients had
numerically longer ICU length of stay and duration of mechanical
ventilation (Table 2). A numerically higher proportion of obese
patients received vasopressors, oxygen therapy, invasive mechan-
ical ventilation and prone positioning on the day of admission and
a numerically higher proportion of obese patients received
vasopressors and invasive mechanical ventilation during their
hospital stay (Table 2). No important difference was observed on
the use of pharmacological therapies between groups (Table 2).

Hospital mortality was 33% (n = 31) for the entire cohort, 43% in
obese patients and 27% in nonobese patients (Table 3, Figs. 1 and
S1). A higher BMI was significantly associated with higher hospital

Table 1. Baseline characteristics.

Variable Whole BMI <30 BMI > 30
cohort (n=59) (n=35)
(n =94)

Age, years 60 (15) 63 (14) 57 (16)

Sex (female) (%) 31 (33) 19 (32) 12 (34)

BMI, kg/m? 29 [26, 32] 27 [23, 28] 35 [32, 40]

Diabetes (%) 25 (27) 16 (27) 9 (26)

Hypertension (%)? 43 (46) 22 (37) 21 (60)

Chronic pulmonary 9 (10) 5(8) 4(11)

disease (%)

Chronic kidney 21 (22) 11 (19) 10 (29)

disease (%)

Data are reported as mean (standard deviation), count (proportion,
expressed in %) or median [quartiles q1, g3].

BMI body mass index.

Two missing values in the BMI < 30 kg/m? group.
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mortality (hazard ratio [HR] = 2.49 per ten units of BMI increase;
95% Cl, from 1.69 to 3.70; p < 0.001) (Table 4). After adjusting for
age, sex, diabetes and hypertension, BMI remained associated
with hospital mortality (adjusted HR = 3.50, 95% Cl 2.03-6.02; p <
0.001), with a significant decremental effect over time after
hospital admission (HR=0.97 per ten units of BMI increase and
any passing day; 95% Cl, from 0.94 to 0.99; p = 0.043) (Table 4 and
Fig S2). As an exploratory analysis, the calendar date of hospital
admission had no effect on overall survival (HR=1.00; 95% Cl,
from 0.99 to 1.02; p = 0.99). Organ support therapies initiated on
the day of hospital admission (oxygen therapy, vasopressors,
invasive mechanical ventilation, prone positioning, ECMO) were
variably associated with hospital mortality (Table S2).

DISCUSSION

This study is the first report of a large Canadian cohort specifically
investigating the effect of obesity on hospital survival of critical
COVID-19 patients using BMI as a continuous variable. We found a
significant association between BMI and hospital mortality that

Table 2. Hospital and ICU stay characteristics.

Variable Whole BMI < 30 BMI > 30
cohort (n =59) (n = 35)
(n =94)

Hospital LOS 26 [11, 47] 25[13,44] 26 [8, 53]

ICU LOS 13 [6, 29] 12 [6, 24] 14 [3, 35]

Organ support on the day of hospital admission

Any vasopressor (%) 37 (39) 20 (34) 17 (49)

Any oxygen therapy (%) 56 (60) 30 (51) 26 (74)

Invasive mechanical 39 (41) 19 (32) 20 (57)

ventilation (%)

Prone positioning (%) 14 (15) 6 (10) 8 (23)

ECMO (%) 4 (4) 1(2) 3(9)
Treatments during the ICU stay

Antibiotics (%) 91 (97) 57 (97) 34 (97)
Antivirals® (%) 22 1(2) 1 (3)
Corticosteroids (%) 30 (32) 19 (32) 11 (31)
Organ support during the ICU stay

Any vasopressor (%) 70 (74) 40 (68) 30 (86)
Invasive mechanical 62 (66) 36 (61) 26 (74)
ventilation (%)

Duration of invasive 20 [9, 32] 19 [9, 28] 25 [9, 34]
mechanical

ventilation (days)

Prone positioning (%) 45 (48) 28 (47) 17 (49)

ECMO (%) 4 (4) 1) 3(9)

Data are reported as mean (standard deviation), count (proportion,
expressed in %) or median [quartiles q1, g3].

ECMO extracorporeal membrane oxygenation, ICU intensive care unit.
“Lopinavir/ritonavir.
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remained significant after adjustment for some potential
confounders.

Our findings are consistent with a recent meta-analysis of 30
observational studies in which a subgroup analysis on seven
studies reporting mortality and including 17,646 patients reported
similar results in a population of patients with COVID-19 of varying
severity (OR = 1.49; 95% Cl, from 1.20 to 1.85; P = 69%; n =
17,646) [36]. As previously mentioned, these results came mostly
from non-critically ill patients. Interestingly, a similar trend was
also observed during the HIN1 influenza pandemic, where
epidemiological studies reported an association between obesity
and worse clinical outcomes in a general and non-critically ill
population [37, 38]. Our data support similar effects of obesity in
critical COVID-19 patients, albeit characterized by BMI instead of
obesity categories.

Obese patients needed more organ support therapies on the
day of admission and throughout their hospital stay. These
observations might suggest that they were either sicker or treated
more aggressively by physicians. The former would be concordant
with the observed higher mortality among obese patients while
the latter would suggest that some of the supportive therapies
were potentially deleterious. Such organ support are thus
potential markers of a more severe disease in obese patients or
potential mediators of the association between a higher BMI and a
higher mortality. These effects should be further studied.

Our study seems to be externally valid. The 30-day mortality in
our cohort (28%; 95% Cl, from 18 to 37%) was similar to the 28-day
mortality reported in contemporary cohorts of critically-ill patients
with COVID-19 (25-29%) [39-42]. These mortality rates, and our
overall hospital mortality of 33%, are also comparable to those
reported in the LUNG-SAFE trial (hospital mortality ranging from
34.9 to 46.1%, depending on ARDS severity), which suggests that
patients with critical COVID-19 have a similar survival compared to
other patients with ARDS [43]. Sixty-six percent of the patients in
our cohort were intubated during their ICU stay, which is
comparable to other cohorts in Montréal (57%) [41], New York
City (79%) [42] and Washington state (71%) [44], but lower than in
France (80%) [39] or Italy (88%) [45]. Thus, our patients had similar
mortality than many other reported cohorts, but a lower incidence
of mechanical ventilation than European cohorts. We also
reported a prevalence of obesity among critical COVID-19 patients
of 37%, which is higher than the general Canadian population
(24%) [1], but comparable to a large French cohort of critical
COVID-19 patients (41% of patients with a BMI> 30 kg/m?) [39].
These observations may suggest that obesity is over-represented
in critical COVID-19, although this association should be validated
in a population-based study.

The association we observed between a higher BMI and excess
mortality in critical COVID-19 seems in contradiction with the
“obesity paradox” previously described in “classic” ARDS patients
[2, 4]. Possible explanations for this survival benefit are that obese
patients might present a higher fraction of atelectasis than
nonobese patients for the same degree of hypoxia (offering more
‘treatable’ profile), and that there might be a bias toward early ICU
admission of obese ARDS patients, due to clinicians’ fear of an
unfavorable evolution [4]. Such a potential bias toward improved

Table 3. Hospital mortality and estimates of survival.

Whole cohort (n =94)
31 (33)

0.72 [0.63-0.82]

0.57 [0.44-0.72]

Outcome

Hospital mortality (%)
30-day survival [95% CI®
60-day survival [95% CI®
BMI body mass index.

BMI <30 (n =59)
16 (27)

0.80 [0.69-0.91]
0.59 [0.42-0.83]

BMI > 30 (n = 35)
15 (43)

0.60 [0.45-0.80]
0.51 [0.35-0.74]

@Kaplan-Meier survival (S) estimates with 95% confidence intervals. Mortality may be computed by 1 - S.
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Fig. 1 Kaplan-Meier curve for hospital survival. Unadjusted

Kaplan-Meier curve of hospital survival probability for the entire
cohort (n=94) until 100 days. 95% confidence intervals illustrated
as shaded areas.

Table 4. Multivariable Cox model of hospital survival.

Variables HR (95% Cl) P value
Unadjusted

BMI (per 10 units) 2.49 (1.69-3.70) <0.001
BMI*time (days) 0.97 (0.95-1.00) 0.05
Adjusted

BMI (per 10 units) 3.50 (2.03-6.02) <0.001
BMI*time (days) 0.97 (0.94-0.99) 0.043
Age Non-linear 0.119
Sex (female) 1.26 (0.56-2.85) 0.568
Diabetes 0.55 (0.23-1.32) 0.183
Hypertension 1.38 (0.59-3.24) 0.448

Hazard ratios are presented with their 95% confidence intervals.
BMI body mass index, HR hazard ratio.

survival from preemptive admission in obese patients may come
from more aggressive and earlier interventions and monitoring in
these patients compared with nonobese patients [2]. These
potential advantages for obese patients may have been lost
during the first wave of the COVID-19 pandemic, since an early ICU
admission policy was applied to all patients requiring relatively
low levels of oxygen supplementation (~5L/min or estimated
FiO, > 40%). Previous studies in ARDS included a heterogeneous
patient population, since many etiologies of ARDS were con-
sidered. If obesity itself was associated with the incidence of ARDS,
and some factors also associated with ARDS had a stronger effect
on mortality than obesity, a conditioned analysis may have
suggested a biased protective effect of obesity on mortality
through a collider-stratification bias. Such bias has been reported
in other highly selected populations, such as patient with
cardiovascular diseases [46]. By selecting a homogeneous
population of patients with critical COVID-19, we may have
prevented such a bias.

Our study has some limitations. We did not include ventilator
data and arterial blood gas results to further describe ventilator
settings and lung physiology, which may limit the face compar-
ability of our study. We did not use esophageal manometry in any
patient, a technique that suggested some benefits in obese
patients, but did not improve overall outcomes in ARDS patients
[47]. Relatively few patients received steroids, since the majority of

SPRINGER NATURE

the patients were enrolled before the publication of the
RECOVERY trial [48]. Even though there is no biological rationale
to purport that steroids could have a differential effect in obese
patients, such an intervention may have decreased overall
mortality and reduced the potential risk associated with obesity.
We also explored the effect of potential mediators, such as organ
support therapies initiated on the day of admission, on hospital
mortality using an outcome determination model. This model has
several limitations. First, to better define the mediating role of
these therapies in the association between BMI and mortality,
formal mediation analyses would have been required. Such a
causal inference approach is beyond the current work’s objectives
[49]. Thus, we did not include BMI in our aforementioned model to
prevent the estimation of a direct effect (without estimating
properly the complementary indirect effect) as well as to prevent
collider-stratification bias [50]. Second, invasive mechanical
ventilation may have been offered only to patients with a better
baseline prognosis, limiting the interpretation of our estimated
coefficients. Moreover, our results are limited by the overall small
sample size and the limited available degrees of freedom to adjust
for all potential confounders. Thus, we may not exclude potential
residual confounding, such as previous fitness and other
comorbidities. However, we included all patients requiring an
ICU admission in one of the largest Canadian cohort of critical
COVID-19 patients during the first wave of the pandemic and used
well-specified models to measure the effect of a higher BMI on
hospital mortality. The use of BMI as a continuous variable
increased statistical power compared to any obesity categoriza-
tion previously published [18, 25, 30-32].

CONCLUSION

Obesity was prevalent in our cohort of hospitalized patients
presenting a critical COVID-19 and was independently associated
with higher hospital mortality. Further studies are needed to
better understand the pathophysiological mechanisms underlying
this observation and to identify potential interventions to improve
outcomes in this population.
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