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Objective: Recent cohort studies have identified obesity as a risk factor
for poor outcomes in coronavirus disease 2019 (COVID-19). To further
explore the relationship between obesity and critical illness in COVID-19,
the association of BMI with baseline demographic and intensive care
unit (ICU) parameters, laboratory values, and outcomes in a critically ill
patient cohort was examined.

Methods: In this retrospective study, the first 277 consecutive patients
admitted to Massachusetts General Hospital ICUs with laboratory-
confirmed COVID-19 were examined. BMI class, initial ICU laboratory
values, physiologic characteristics including gas exchange and ventila-
tory mechanics, and ICU interventions as clinically available were mea-
sured. Mortality, length of ICU admission, and duration of mechanical
ventilation were also measured.

Results: There was no difference found in respiratory system compli-
ance or oxygenation between patients with and without obesity. Patients
without obesity had higher initial ferritin and D-dimer levels than pa-
tients with obesity. Standard acute respiratory distress syndrome man-
agement, including prone ventilation, was equally distributed between
BMI groups. There was no difference found in outcomes between BMI
groups, including 30- and 60-day mortality and duration of mechanical
ventilation.

Conclusions: In this cohort of critically ill patients with COVID-19, obe-
sity was not associated with meaningful differences in respiratory physi-
ology, inflammatory profile, or clinical outcomes.

Obesity (2021) 29, 870-878.

Introduction

In the United States, from 1999 to 2018, the prevalence of obesity (conventionally defined
as a BMI of 30 kg/m? or greater) rose from 30.5% to 42.4%, and the prevalence of class
3 obesity (BMI 40 kg/m? or greater) rose from 4.7% to 9.2% (1). Obesity is associated
with an increased incidence of chronic medical conditions including heart disease, stroke,
and type 2 diabetes (1), but the relationship between obesity and critical illness remains
complex (2). Although obesity is often considered a hyperinflammatory state, investiga-
tors have observed improved outcomes among critically ill patients with obesity when
compared with patients without obesity, an observation termed the “obesity paradox” (3).
The effect of body mass on clinical features and outcomes in coronavirus disease 2019
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Study Importance

What is already known?

P Obesity has been associated with altered
pulmonary mechanics and a heightened in-
flammatory milieu, yet patients with obesity
have similar or improved outcomes in criti-
cal illness compared with patients without
obesity.

> The Centers for Disease Control and
Prevention has identified obesity as a risk
factor for the development of critical ill-
ness in COVID-19.

What does this study add?

» Respiratory physiology, including respira-
tory system compliance and oxygena-
tion, was similar between patients with
and without obesity.

» Patients with obesity did not have el-
evated inflammatory markers compared
with their counterparts without obesity,
and they tolerated standard acute res-
piratory distress syndrome therapies.

» In this critically ill cohort, there were no
differences in 30- or 60-day mortality, du-
ration of mechanical ventilation and ICU
admission, or need for tracheostomy be-
tween patients with or without obesity.

How might these results change the
direction of research or the focus of
clinical practice?

» This study supports the continued appli-
cation of standard ICU therapies includ-
ing consideration of prone ventilation
in acute respiratory distress syndrome
patients with and without obesity. More
research is needed in larger cohorts to
determine whether outcomes are differ-
ent for patients with obesity once they are
critically ill.
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(COVID-19) also remains unclear. The Centers for Disease Control
and Prevention has listed class 3 obesity (BMI > 40) as a risk factor
for severe illness from COVID-19 (4) based on observational studies.
Early reports demonstrated that obesity is associated with higher rates
of intensive care unit (ICU) admission and need for mechanical ventila-
tion (5-7), as well as overall increased mortality, in COVID-19 (5,7,8).
Although obesity may be a risk factor for developing COVID-19 criti-
cal illness, once in the ICU, the effects of obesity on pulmonary patho-
physiology and clinical outcomes remain unknown.

In this single-center study, we examined the characteristics of patients
with and without obesity admitted to the ICU with COVID-19 critical
illness. We compared baseline characteristics, ICU interventions, respi-
ratory parameters including gas exchange and mechanics, laboratory
markers of inflammation, and clinical outcomes between BMI groups.

Methods

Participants

In this retrospective, observational cohort study, we examined the first
311 consecutive adult patients admitted to an ICU at Massachusetts
General Hospital in Boston, Massachusetts from March 14, 2020, to
May 3, 2020. The Massachusetts General Brigham Institutional Review
Board provided ethical approval for this study. We included patients
aged 18 years or older with laboratory-confirmed severe acute respira-
tory syndrome coronavirus 2 infection within the 14 days prior to ICU
admission. We excluded patients who were transitioned to comfort-
focused care shortly after hospital admission (n = 11). Patients trans-
ferred from an external hospital ICU (n = 23) were also excluded,
leaving a cohort of 277 patients. We divided patients into four groups
according to BMI class (patients without obesity, BMI < 29.9 kg/m?;
patients with class 1 obesity, 30 to 34.9 kg/m?; class 2 obesity, 35 to
39.9 kg/m?; class 3 obesity > 40 kg/m?).

Registry data

We collected demographics, past medical history, presenting symptoms,
laboratory values, and clinical variables from the electronic medical re-
cord. Detailed ICU parameters were collected for the first 6 days of
ICU admission. Initial laboratory values were collected within the first
72 hours of ICU admission, based on the first available value. Fluid bal-
ance assessment through central venous pressure (CVP) and total body
fluid balance were collected as clinically available. ICU characteris-
tics were collected for patients managed with mechanical ventilation
(n =249; 89.9%), including ventilatory support settings, gas exchange,
and respiratory mechanics. A ratio of arterial oxygen partial pressure
(Pa0,) to fraction of inspired oxygen (FiO,) was calculated for endo-
tracheally intubated patients, as a measure of hypoxemia (9). Data on
targeted maneuvers for treatment of acute respiratory distress syndrome
(ARDS) (prone ventilation, paralysis, inhaled nitric oxide, veno-venous
extracorporeal membrane oxygenation [ECMO]) as well as incidence
of renal replacement therapy and shock (defined as any vasopressor
requirement) were also collected on patients managed with mechanical
ventilation. Compliance of the respiratory system was calculated based
on an inspiratory breath hold maneuver using the following formula:
compliance = change in lung volume(VT)/(plateau pressure — positive
end-expiratory pressure [PEEP]). Clinical management occurred at the
discretion of the treating physician. Hospital treatment guidelines recom-
mended ventilation with tidal volumes less than 6 mL/kg predicted body
weight, early consideration of prone ventilation for PaO,:FiO, < 200,
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and conservative fluid management. As has previously been described
(10,11), a seven-category ordinal scale was recorded at 30 days from
ICU admission: dead, hospitalized on invasive mechanical ventilation
or ECMO, hospitalized on noninvasive ventilation or high-flow nasal
cannula, hospitalized on supplemental oxygen, hospitalized not on sup-
plemental oxygen, not hospitalized with limitation in activity, or not
hospitalized without limitation in activity. Other outcomes recorded at
30 and 60 days included extubation status, need for reintubation, tra-
cheostomy placement, number of days requiring ventilatory support,
number of ICU days, and mortality. Reintubation for mechanical circuit
dysfunction (e.g., kinked endotracheal tube, balloon rupture) were ex-
cluded. ICU admission days were recorded during the initial stay of any
given admission.

Statistical analysis

Continuous variables, reported as means with standard deviation or as
medians with interquartile range (IQR) for nonnormal distributions,
were compared between groups with 7 tests or nonparametric tests,
as appropriate. Categorical variables, reported as counts and percent-
ages, were compared between groups with y? tests or Fisher exact
tests, as appropriate. Survival rates between BMI groups were com-
pared using Kaplan-Meier estimates and the log-rank test for equality
of survival curves. A two-sided P < 0.05 was considered statistically
significant. All analyses were performed using Python 3.0 (Python
Software Foundation, www.python.org) and GraphPad Prism version
9.0 (GraphPad Software, San Diego, California).

Results

Patients

We studied 277 patients admitted to the ICU with COVID-19 (Table 1).
There were 139 patients without obesity (BMI < 29.9), 77 patients with
class 1 obesity (BMI 30-34.9), 32 patients with class 2 obesity (BMI
35-39.9), and 29 patients with class 3 obesity (BMI > 40). Median
overall age was 60 years; patients without obesity were older than pa-
tients with obesity (median age 66 [IQR 54-76] vs. 56 [IQR 46-66],
P < 0.05). There was a high prevalence of diabetes and hypertension in
both groups. There was a higher prevalence of preexisting heart failure
in patients without obesity compared with patients with obesity (13%
vs. 9%, P < 0.05). The groups did not otherwise vary significantly with
regard to sex, ethnicity, race, or smoking history.

ICU admission characteristics

The modified Sequential Organ Failure Assessment score on ICU
admission was not different between patients without obesity versus
with obesity (median 6 [IQR 4-8] vs. median 6 [IQR 4-8], P = 0.34)
(Supporting Information Table S1). On the initial day of ICU admis-
sion, patients without obesity versus patients with obesity had no
difference in PaO,:FiO,; ratio (median 208.0 [IQR 135.0-266.0] vs.
183.3 [136.6-243.8], P = 0.16), driving pressure (median 10.5
cmH,0 [IQR 9.0-12.0] vs. 11.0 cmH,0 [9.0-13.8], P = 0.07), or
static compliance of the respiratory system (36.0 cmH,O [IQR 29.0-
44.0] vs. 33.0 cmH,0 [17.0-41.0]; P = 0.06) (Figure 1, Supporting
Information Table S2). Plateau pressures were lower in patients with-
out obesity compared with patients with obesity (20.0 cmH,0 [IQR
18.0-22.0] vs. 22.5 cmH,0 [IQR 20.3-25.0], P < 0.05) on the day
of ICU admission. Initial applied PEEP was also lower in patients
without obesity compared with patients with obesity (10.0 cmH,0
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Figure 1 Respiratory parameters for the first 6 days of ICU admission by BMI class. Circles indicate individual patient values. N indicates the number of patients with
an observation on each ICU day. Box plots show the 25th, 50th (median), and 75th percentiles. The Mann-Whitney U test was used to compare groups without
obesity (BMI < 30) and groups with obesity (BMI > 30); *P < 0.05, **P < 0.005, ****P < 0.0005. C,s, compliance of the respiratory system; FiO,, fraction of inspired
oxygen; PaO,, partial pressure of arterial oxygen; PEEP, positive end-expiratory pressure.
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[IQR 8.0-12.0] vs. 10.0 cmH,0 [IQR 10.0-12.0], P < 0.05). Although
the median PEEP was 10.0 cmH,O in both groups, the rank-sum was
lower in patients without obesity, and this difference was confirmed
using the Chernoff-Savage statistic (12). Initial CVP measurements
were lower in patients without obesity compared with patients with
obesity (median 7.0 cmH,0 [IQR 4.0-10.0] vs. 9 cmH,0 [IQR 7.0-
12.0]; P = 0.04) (Supporting Information Table S3). The ICU Day
1 total body balance was not different between patients without and
with obesity (median 0.42 L [IQR -0.18 to 1.31] vs. 0.28 L [IQR
—-0.26 t0 0.91], P = 0.08) (Supporting Information Table S2). COVID
ordinal scale calculated on day 6 of ICU admission, the last day of
detailed physiologic recording for ICU patients, was not different
between patients without and with obesity (median 5 [IQR 1-6] vs. 5
[IQR 2-6], P = 0.62) (Supporting Information Table S4).

Laboratory studies

Using available serum laboratory values during the first 72 hours of
ICU admission (Table 2), ferritin values were higher in patients without
obesity compared with patients with obesity (1,012 ug/L [IQR 568-
1,803] vs. 788 ug/L [IQR 405-1,390]; P < 0.05). D-dimer was higher
in patients without obesity compared with patients with obesity (1,329
ng/mL [IQR 858-2,182] vs. 1,205 ng/mL [IQR 802-1,920]; P = 0.05).
Other inflammatory biomarkers including lactate dehydrogenase,
erythrocyte sedimentation rate, C-reactive protein, and interleukin-6
(IL-6) were not different between groups. Serum bicarbonate, procal-
citonin, white blood cell count, and natriuretic peptide test were also
not different between groups. We also examined clinically available lab
values on day 6 with no significant differences (Supporting Information
Table S5).

ICU interventions

There was no difference in ICU interventions provided during the first
6 days of ICU admission (Table 3) between patients with and without
obesity. These included prone ventilation (49% vs. 60%; P = 0.11), pa-
ralysis (23% vs. 29%; P = 0.39), inhaled nitric oxide (16% vs. 23%;
P =0.23), renal replacement therapy (7% vs. 12%; P = 0.18), or use
of vasopressors (98% vs. 95%; P = 0.28). No patients without obesity
were treated with ECMO, whereas 3% of patients with obesity received
this therapy (P = 0.12).

Outcomes

There was no difference in measured clinical outcomes between pa-
tients without and with obesity (Figure 2). There was no difference at
60 days between patients without and with obesity in number of days
in the ICU (median 17 days [IQR 7-23] vs. 17.5 [11-25.75], P = 0.78),
number of days on mechanical ventilation (median 17 days [IQR 9-24]
vs. 17 [13-26.25], P = 0.70), need for reintubation (13% vs. 10%, P =
0.78), or tracheostomy placement (28% vs. 29%, P = 0.84). Survival
among patients without and with obesity was similar at 30 days (72%
vs. 80%, P =0.17) and 60 days (71% vs. 78%, P = 0.23). In an analysis
limited to ICU survivors, the number of days in the ICU and number
of days requiring mechanical ventilation were not different between
groups (Supporting Information Table S6). The median hospital days
to death among nonsurvivors were also not different (Supporting
Information Table S7). Univariate analyses confirmed the association
between age and modified Sequential Organ Failure Assessment score
on ICU admission with mortality, consistent with prior studies (13,14)
(Supporting Information Table S8).

Obesity and COVID-19: Critical Care Physiology Wolf et al.

Discussion

Our observational cohort study of 277 critically ill patients with
COVID-19 found no significant differences in respiratory physiology
or elevations in inflammatory markers in critically ill patients with obe-
sity compared with patients without obesity. These findings are notable
given the long history of studying the impact of obesity in critical ill-
ness and more recent data associating obesity with poor outcomes and
critical illness in COVID-19.

Obesity is a known risk factor for the development of ARDS (15,16).
The increased chest wall and abdominal weight in patients with obe-
sity can lead to decreased lung volumes and decreased compliance of
the respiratory system. Patients with obesity are more likely to have
regional atelectasis, which results in lower lung volumes and lower
measured respiratory system compliance, as well as hypoxemia due
to ventilation-perfusion mismatch or shunt. Patients with obesity also
have an increased risk of aspiration and complicated intubations which
can precipitate and worsen lung injury (2,17). Additionally, although
many targeted maneuvers for treatment of ARDS, including prone ven-
tilation and neuromuscular blockade, are feasible in patients with obe-
sity, patients with very high BMI have traditionally been excluded from
large clinical trials in ARDS (18,19).

Patients with obesity can also have elevated resting levels of inflam-
matory markers (20), which may suggest a state of chronic inflamma-
tion and oxidative stress. Adipose cells can contribute up to 30% of
circulating levels of IL-6 in the resting state (21); additionally, patients
with obesity have elevated levels of tumor necrosis factor, IL-8 (20),
endothelin-1 (22), and von Willebrand’s factor (23). Given this resting
inflammatory milieu, some authors have proposed that patients with
obesity are at increased risk for acute lung injury in the setting of respi-
ratory insults (24).

Despite the heightened inflammation and potential management chal-
lenges associated with obesity, some studies in ICUs have demon-
strated better outcomes for critically ill patients with obesity; this
finding has been termed the “obesity paradox” (3). Early retrospective
studies examining the relationship between obesity and critical illness
outcomes generally found patients with obesity to have an increased
risk of critical illness (25-28) but similar (29) mortality compared with
patients without obesity. More recent publications have had contradic-
tory results. Meta-analyses (30-32) and cohort studies (33) examining
outcomes in ICU patients with obesity have shown either no effect on
mortality or a protective effect. Conversely, a large cohort study of
patients with sepsis found increased risk for development of ARDS and
duration of mechanical ventilation among patients with obesity (34).
These contradictory results raise questions about confounding factors
and comparability of background disease states. Moreover, patients
with very high BMI are often not included in ARDS trials (18,19).

Several hypotheses have been proposed to explain the “obesity para-
dox.” Patients with obesity may be misclassified as having ARDS when
instead they may have atelectasis from elevated pleural pressures (2) and
heavy chest walls, which can be mistaken for lung infiltrates on imaging.
Thus, they may be included in ARDS trials despite having a more benign
cause for hypoxemia. Alternatively, patients with obesity may represent
a distinct patient population because of underlying medical comorbid-
ities (3). It has also been hypothesized that patients with obesity may
receive less fluid resuscitation, leading to less lung injury (35), and that
patients with obesity may have higher metabolic reserve to sustain them
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TABLE 3 ICU interventions for the first 6 days of ICU admission by BMI class, by number (%)

Obesity and COVID-19: Critical Care Physiology Wolf et al.
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ECMO, extracorporeal membrane oxygenation; iNO, inhaled nitric oxide; RRT, renal replacement therapy.

during critical illness (3). Another interesting hypothesis is that patients
with obesity may be preconditioned to inflammation due to higher rest-
ing inflammatory state and are thus able to withstand critical illness (36).
For example, patients with obesity and respiratory failure have been
reported to have lower levels of inflammatory cytokines such as IL-6 and
IL-8 during periods of respiratory failure (37) and thus may tolerate the
critical illness better. Lastly, it has been posited that patients with obesity
undergo fewer interventions in the ICU and are therefore protected from
iatrogenesis. All of these hypotheses remain largely speculative.

It has been recently reported that obesity is a risk factor for both devel-
oping critical illness and mortality in COVID-19 patients. Cohort stud-
ies from multiple countries have found patients with obesity (BMI > 30)
are more likely to develop critical illness (5,6,38-40), require mechan-
ical ventilation (5,6,39-41), and have overall higher mortality rates
(5,8,41). A recent cohort study by Anderson et al. noted higher rates
of intubation or death among patients with class 3 obesity, which was
primarily observed in patients younger than 65 years (42). This study
also did not find differences between patients with and without obesity
in their measurement of inflammatory markers including C-reactive
protein, erythrocyte sedimentation rate, troponin, or D-dimer (42).

Given these prior findings in patients with obesity and COVID-19, it is
notable that in our critically ill cohort, patients with and without obesity
had similar severity of illness based on respiratory pathophysiology vari-
ables and similar outcomes, including 60-day mortality and ICU length
of stay. Our cohort is distinct from prior studies. First, much of the prior
data on obesity in COVID-19 describes the risk of patients developing
severe illness. Our study instead examines outcomes among a select
population that is already critically ill. Although obesity appears to be
a risk factor for severe illness in COVID-19, our data suggest that once
critically ill, patients with obesity demonstrate similar respiratory phys-
iology and inflammatory profiles as patients without obesity. Second,
our patients without obesity were older than the patients with obesity;
otherwise, our patients had largely similar baseline characteristics. It is
not clear whether this finding represents a relatively older, unhealthy
group without obesity or a relatively younger, healthy group with obe-
sity, but this distribution may have placed patients at similar risk for poor
outcomes irrespective of BMI. In the cohort study by Anderson et al., the
increased mortality observed with class 3 obesity was largely in patients
under 65 years old (42). Our cohort without obesity was significantly
older, which may have outweighed the effects of obesity. Third, our
cohort without obesity had lower CVP values and thus may have expe-
rienced fewer adverse effects of volume overload. However, it is also
possible that the difference in CVP values between the groups was due
primarily to different PEEP and pleural pressures, which can affect CVP.

Another key finding in our study was the similar inflammatory mark-
ers between the groups, with the exception of ferritin and D-dimer,
which were higher in patients without obesity. On examination of
other inflammatory biomarkers in COVID-19, some have suggested
that IL-6 (43), IL-10 (44), and/or serum ferritin (32) were indepen-
dent discriminators for severe disease. The lack of difference between
patients with and without obesity in an already critically ill cohort,
and the similar outcomes between the groups, again suggests that
weight may not be the discriminatory factory in inflammatory status
in critical illness.

There are a number of interventions that have been shown to improve
outcomes in ARDS, including prone ventilation, and it is notable that
there was no difference in the degree of application of these therapies
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Figure 2 Sixty-day Kaplan-Meier survival estimates and ICU outcomes by BMI class. Groups without obesity (BMI < 30) and with obesity (BMI
> 30) are compared. There were no missing data. ICU, intensive care unit; IQR, interquartile range.

between BMI classes. This finding supports the feasibility of providing
the same standard of care to all patients, irrespective of BMI. The equal
distribution of standard therapies for ARDS may, in part, explain the
similar outcomes seen between BMI classes.

Patients with obesity did have higher PEEP application and plateau
pressures during the first 6 days of ICU admission. This finding is not
unexpected, given the respiratory physiology of obesity, with increased
chest wall and abdominal weight leading to elevated pleural pressures.
Higher PEEP is often necessary to maintain alveolar recruitment, par-
ticularly in sedated and recumbent patients. Importantly, PaO,:FiO,
ratio and driving pressure, both of which have been associated with
prognosis in ARDS, were not different between the groups. These find-
ings also suggest that the higher PEEP application in patients with obe-
sity did not result in lung overdistention.

To our knowledge, this is the largest cohort to date of critically ill
patients with obesity and COVID-19 for which detailed, serial physio-
logical and laboratory value measurements are available. Additionally,
we provide 60-day outcomes data, which is longer than many other
studies of COVID-19 critical illness. There are several limitations to this
study. First, this is a single-center study and ICU parameters were only
measured over the first 6 days of ICU admission. Second, we could not
account for outcomes after 60 days. Third, the study did not character-
ize the distribution of excess weight, which can alter pleural pressures
and ventilatory mechanics, or to discern metabolic health outside of
weight class (45). Fourth, we could only report clinically available labo-
ratory values. Future studies should include larger numbers of patients,
as well as detailed information about metabolic status and ventilator
mechanics, including pleural pressures through esophageal manometry,
to evaluate the effects of obesity in the COVID-19 population.
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In conclusion, in this cohort of critically ill patients with COVID-19,
obesity was not associated with meaningful differences in respiratory
physiology, inflammatory profiles, or clinical outcomes.O
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