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OBJECTIVES: Obesity is a risk factor for severe coronavirus disease 2019 and 
might play a role in its pathophysiology. It is unknown whether body mass index 
is related to clinical outcome following ICU admission, as observed in various 
other categories of critically ill patients. We investigated the relationship between 
body mass index and inhospital mortality in critically ill coronavirus disease 2019 
patients and in cohorts of ICU patients with non-severe acute respiratory syn-
drome coronavirus 2 viral pneumonia, bacterial pneumonia, and multiple trauma.

DESIGN: Multicenter observational cohort study.

SETTING: Eighty-two Dutch ICUs participating in the Dutch National Intensive 
Care Evaluation quality registry.

PATIENTS: Thirty-five–thousand five-hundred six critically ill patients.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Patient characteristics and clinical 
outcomes were compared between four cohorts (coronavirus disease 2019, non-
severe acute respiratory syndrome coronavirus 2 viral pneumonia, bacterial pneu-
monia, and multiple trauma patients) and between body mass index categories 
within cohorts. Adjusted analyses of the relationship between body mass index 
and inhospital mortality within each cohort were performed using multivariable lo-
gistic regression. Coronavirus disease 2019 patients were more likely male, had a 
higher body mass index, lower Pao2/Fio2 ratio, and were more likely mechanically 
ventilated during the first 24 hours in the ICU compared with the other cohorts. 
Coronavirus disease 2019 patients had longer ICU and hospital length of stay, 
and higher inhospital mortality. Odds ratios for inhospital mortality for patients with 
body mass index greater than or equal to 35 kg/m2 compared with normal weight in 
the coronavirus disease 2019, nonsevere acute respiratory syndrome coronavirus 
2 viral pneumonia, bacterial pneumonia, and trauma cohorts were 1.15 (0.79–
1.67), 0.64 (0.43–0.95), 0.73 (0.61–0.87), and 0.81 (0.57–1.15), respectively.

CONCLUSIONS: The obesity paradox, which is the inverse association be-
tween body mass index and mortality in critically ill patients, is not present in ICU 
patients with coronavirus disease 2019–related respiratory failure, in contrast to 
nonsevere acute respiratory syndrome coronavirus 2 viral and bacterial respiratory 
infections.

KEY WORDS: body mass index; critical illness; mortality; severe acute respiratory 
syndrome coronavirus 2

The coronavirus disease 2019 (COVID-19), caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), is characterized 
by a high variation in disease severity (1). In the most severe cases, 

patients develop acute respiratory distress syndrome (ARDS) requiring inva-
sive mechanical ventilation, which is associated with high mortality. To date, 
several risk factors predicting an unfavorable disease course of COVID-19 are 
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known, including higher age, male sex, type 2 diabetes 
mellitus, hypertension, coronary artery disease, and a 
higher body mass index (BMI) (2–4). In comparison 
with obese patients suffering from other acute respira-
tory pulmonary diseases, obese COVID-19 patients are 
at higher risk of requiring admission to the ICU and 
invasive mechanical ventilation (5, 6). This BMI-related 
increased risk for ICU admission is also observed in 
obese patients with influenza pneumonia, severe acute 
respiratory syndrome coronavirus 1 infections, and the 
Middle East respiratory syndrome (7–9).

In the general population, obesity is associated with 
multiple chronic diseases which are independently as-
sociated with increased mortality compared with non-
obese patients. Also, in ICU patients, obesity may be a 
risk factor for developing ARDS and the need for me-
chanical ventilation (10). In contrast, multiple studies 
show reduced ICU and hospital mortality rates in over-
weight and obese critically ill patients compared with 
those with a normal BMI (11–13). This observation is 
known as the “obesity paradox” and several underlying 
mechanisms have been suggested, including a higher 
metabolic reserve in obese patients and differences in 
pulmonary mechanics and immunological aspects be-
tween obese and nonobese patients (14). It is currently 
unclear whether or not the obesity paradox is present in 
critically ill COVID-19 patients, as fat tissue might play 
a specific pathophysiological role in this disease, for 
instance through modulating expression of the angio-
tensin-converting enzyme 2 (ACE2) receptor which 
facilitates SARS-CoV-2 cell entry (15). Up to now, in 
smaller cohorts, either no association (16) or an inverse 
relationship between higher BMI and clinical outcomes 
after ICU admission (17–19) have been reported.

The aim of this study is to assess associations be-
tween BMI and mortality in critically COVID-19 
patients using data of 82 Dutch ICUs. Associations 
between BMI and clinical outcomes of critically ill 
COVID-19 patients were compared with those of ICU 
patients with non-SARS-CoV-2 viral pneumonia, bac-
terial pneumonia, and trauma patients, the latter rep-
resenting a nonpulmonary critically ill control group.

MATERIALS AND METHODS

Data Collection

Data of all patients admitted to 82 teaching and nonteach-
ing in nonurban and urban hospitals in the Netherlands 

are collected in the Dutch National Intensive Care 
Evaluation (NICE) quality registry (http://www.stich-
ting-nice.nl) (20). For this observational multicenter 
study on prospective collected data, four cohorts were 
defined: 1) all COVID-19 patients admitted to the ICU 
from January 2020 to July 2020, 2) all other non-SARS-
CoV-2 viral pneumonia patients, 3) all bacterial pneu-
monia patients, and 4) all multiple trauma patients from 
June 2015 to June 2020. Data of patients who were read-
mitted to the ICU during the same hospitalization pe-
riod were excluded, so that only data of the first ICU 
admission were used. Collected data, including patient 
characteristics (BMI, age, sex), medical history, respi-
ratory function, disease severity scores of the first 24 
hours following ICU admission, and clinical outcomes 
(length of ICU stay and hospital stay as well as inhos-
pital mortality), were anonymized before use. All four 
cohorts were divided into BMI categories (< 18.5 kg/m2, 
18.5–20 kg/m2, 20–25 kg/m2, 25–30 kg/m2, 30–35 kg/m2, 
≥ 35 kg/m2) according to the classification of the World 
Health Organization (21). The primary endpoint of this 
study was the association between BMI and inhospital 
mortality in COVID-19 patients and the other three 
cohorts, particularly because severe COVID-19 is asso-
ciated with a prolonged disease course. Also, differences 
in baseline demographic characteristics and physiologic 
data between the four cohorts and between different 
BMI categories within each cohort were investigated.

Data collection is completely standardized using 
strict definitions and subject to data quality checks 
(22). In accordance to Dutch legislation and com-
pliant with the European General Data Protection 
Regulation, there is no need to obtain consent when 
anonymous data are used.

Statistical Analyses

Unadjusted analysis of differences inpatient char-
acteristics and clinical outcomes between the four 
cohorts, and between different BMI categories within 
the cohorts was performed using chi-square tests or 
Kruskal-Wallis tests, followed by post hoc pairwise chi-
square and Wilcoxon tests, respectively. To account for 
multiple testing, a p value of less than 0.001 was consid-
ered to indicate statistical significance in all analyses. 
To assess the association between BMI and inhospital 
mortality an etiological approach was used to calculate 
the adjusted odd ratios and corresponding 95% CIs 
within each cohort. We identified confounding factors 

http://www.stichting-nice.nl
http://www.stichting-nice.nl
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that were not on the causal pathway between BMI and 
mortality based on expert opinion (intensivists and 
data scientist), literature, and availability in the data-
base. The used multivariable logistic regression models 
included the following confounders: sex, age (catego-
rized in 11 groups), chronic diagnoses (immunological 
insufficiency, renal insufficiency, chronic respiratory 
insufficiency, cardiovascular insufficiency, cirrhosis, 
malignancy, and diabetes mellitus), Acute Physiology 
and Chronic Health Evaluation (APACHE) III Acute 
Physiology Score (APS) (categorized in quintiles), need 
for mechanical ventilation, use of vasoactive medica-
tion, and lowest Pao2/Fio2 ratio (categorized in quin-
tiles) in the first 24 hours following ICU admission. As 
one may argue that a chronic diagnosis like diabetes 
mellitus may be related to both BMI and survival, we 
also explored whether or not diabetes mellitus was in-
dependently associated with mortality. To illustrate 
the association between BMI and covariate-adjusted 
inhospital mortality, the relative mortality risks (RRs) 
according to BMI in all four cohorts is plotted using a 
smooth plot function and using the BMI category of 
18.5–25.0 kg/m2 as reference.

All statistical analyses were performed using R 
Studio v1.2.1335 (Rstudio Team [2020], RStudio: 
Integrated Development for R. RStudio, PBC,  
Boston, MA).

RESULTS

Patient Characteristics

A total of 2,635 unique COVID-19 patients, 2,940 
non-SARS-CoV-2 viral pneumonia patients, 14,250 
bacterial pneumonia patients, and 15,681 trauma 
patients were included. Patient characteristics of 
the four cohorts are listed in Table 1. In short, com-
pared with all other cohorts, COVID-19 patients were 
more likely male, had a higher BMI, lower Pao2/Fio2 
ratio, and were more likely mechanically ventilated 
during the first 24 hours following ICU admission. 
Importantly, these differences do not translate into a 
higher disease severity score, as APACHE III scores of 
COVID-19 patients were lower compared with non-
SARS-CoV-2 viral and bacterial pneumonia patients. 
The lower APACHE III score in COVID-19 patients 
admitted to the ICU was mainly driven by younger 
age and lower prevalence of chronic cardiovascular 
insufficiency, history of malignancies, immunological 

insufficiency, chronic obstructive pulmonary disease, 
chronic respiratory insufficiency, and chronic renal 
failure. In contrast, the percentage of patients with di-
abetes mellitus was higher in all respiratory infection 
cohorts, including COVID-19, compared with trauma 
patients.

The distribution of BMI within the four cohorts is 
shown in Figure 1 and patient characteristics accord-
ing to BMI categories within the COVID-19 co-
hort and other three cohorts are listed in Table  2 and 
Supplemental Digital Content 1–3 (http://links.lww.
com/CCM/G614), respectively. Within the COVID-19 
cohort, patients with a higher BMI were younger, less 
likely male, and more likely to have diabetes mellitus. Of 
interest, higher BMI was neither associated with a lower 
Pao2/Fio2 ratio or the likelihood to require mechan-
ical ventilation during the first 24 hours following ICU 
admission (Table 2). A similar pattern concerning age, 
gender, and diabetes mellitus in relationship to a higher 
BMI was observed in patients with non-SARS-CoV-2 
viral or bacterial pneumonia. In the bacterial pneumonia 
cohort, a higher BMI was also related to higher likeli-
hood to require mechanical ventilation, both on ICU ad-
mission and during the first 24 hours of ICU admission.

Clinical Outcomes

Outcome variables of the four cohorts are listed in 
Table 3. In surviving patients, median ICU length of 
stay (LOS) of COVID-19 patients was five- to six-fold 
higher compared with the non-SARS-CoV-2 viral 
and bacterial pneumonia cohorts, and 18-fold higher 
than that of trauma patients (Table  3). Additionally, 
median hospital LOS was approximately threefold 
higher in COVID-19 survivors compared with the 
other three cohorts (Table 3). Comparable differences 
between cohorts were observed in nonsurvivors. The 
percentage of readmissions in the COVID-19 cohort 
was lower, whereas inhospital mortality (29.2%) was 
higher compared with all other cohorts (18.5% in 
non-SARS-CoV-2 viral pneumonia, 21.2% in bacterial 
pneumonia, and 9.3% in trauma; Table 3).

No statistically significant differences in ICU/hos-
pital LOS were present between the different BMI cate-
gories in both surviving and nonsurviving COVID-19 
patients (Supplemental Digital Content 4, http://
links.lww.com/CCM/G614). In the non-SARS-CoV-2 
viral pneumonia and bacterial pneumonia cohorts, 
28-day mortality was lower in higher BMI categories 

http://links.lww.com/CCM/G614
http://links.lww.com/CCM/G614
http://links.lww.com/CCM/G614
http://links.lww.com/CCM/G614
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(Supplemental Digital Content 4, http://links.lww.
com/CCM/G614). Inhospital mortality was also lower 
in patients with a higher BMI in the bacterial pneu-
monia cohort. In both the COVID-19 and trauma 
cohorts, no differences in 28-day mortality and inhos-
pital mortality were present between different BMI 
categories. Survival curves of the different BMI catego-
ries in the four cohorts are illustrated in Supplemental 
Digital Content 5 (http://links.lww.com/CCM/G614).

Multivariable analyses for inhospital mortality were 
performed to adjust for differences in baseline patient 

characteristics between cohorts. For these analyses 
with BMI as covariate of interest, sex, age, chronic 
diagnoses, APACHE III APS, and need for mechan-
ical ventilation, use of vasoactive medication, and 
lowest Pao2/Fio2 ratio in the first 24 hours following 
ICU were entered as confounders. In these multivari-
able analyses, BMI remained unrelated to mortality 
risk in the COVID-19 cohort, while diabetes mellitus 
was independently associated with a higher inhospital 
mortality (Supplemental Digital Content 6, http://
links.lww.com/CCM/G614). In contrast, following 

TABLE 1. 
Patient Characteristics of the Four Cohorts

Characteristics

Coronavirus  
Disease 2019 

(n = 2,635)

Nonsevere Acute  
Respiratory Syndrome  

Coronavirus 2 Viral  
Pneumonia (n = 2,940)

Bacterial  
Pneumonia  
(n = 14,250)

Trauma  
(n = 15,681) p

Age, yr 65 (56–72) 66 (57–74)a 69 (60–77)a 60 (42–76)a < 0.001

Body mass index, kg/m2 27.8  
(25.2–31.1)

25.7  
(22.6–30.1)a

25.3  
(22.4–29.3)a

24.8  
(22.6–27.8)a

< 0.001

Male sex, n (%) 1,899 (72.1) 1,484 (50.5)a 8,414 (59.0)a 10,282 (65.6)a < 0.001

Lowest Pao2/Fio2 ratio of the 
first 24 hr in the ICU, mm Hg

118 (84–165) 168 (112–234)a 146 (97–217)a 300 (210–382)a < 0.001

Mechanical ventilation on  
ICU admission

1,272 (48.3) 1,555 (52.9)a 5,396 (37.9)a 4,904 (31.3)a < 0.001

Mechanical ventilation in first 
24 hr in the ICU

2,064 (78.3) 2,043 (69.5)a 7,768 (54.5)a 5,363 (34.2)a < 0.001

Use of vasoactive medication  
in first 24 hr in the ICU

1,758 (66.7) 1,227 (41.7)a 5,991 (42.0)a 4,409 (28.1)a < 0.001

APACHE III Acute Physiology 
Score

46 (37–57) 48 (37–62)a 53 (40–67)a 33 (24–49)a < 0.001

APACHE III score 58 (46–71) 62 (49–77)a 68 (54–84)a 45 (31–63)a < 0.001

Simplified Acute Physiology 
Score II score

37 (29–45) 37 (30–46) 39 (31–49)a 28 (20–39)a < 0.001

Medical history

 Malignancy 60 (2.3) 158 (5.4)a 1,116 (7.8)a 201 (1.3)a < 0.001

 Immunological insufficiency 195 (7.4) 442 (15.0)a 2,326 (16.3)a 364 (2.3)a < 0.001

 Chronic obstructive  
 pulmonary disease

217 (8.2) 1,382 (47.0)a 5,110 (35.9)a 1,152 (7.3) < 0.001

 Chronic respiratory  
 insufficiency

104 (3.9) 503 (17.1)a 1,846 (13.0)a 235 (1.5)a < 0.001

 Chronic renal failure 73 (2.8) 188 (6.4)a 1,186 (8.3)a 531 (3.4) < 0.001

 Chronic cardiovascular  
 insufficiency

32 (1.2) 101 (3.4)a 549 (3.9)a 357 (2.3) < 0.001

 Diabetes mellitus 500 (19.0) 589 (20.0) 2,998 (21.0) 1,450 (9.2)a < 0.001

APACHE III = Acute Physiology and Chronic Health Evaluation III.
a p < 0.001 compared with coronavirus disease 2019 using pairwise χ2 or Wilcoxon tests.
Data presented as median (interquartile range) or n (%). p values calculated using χ2  tests or Kruskal-Wallis tests across all four cohorts.

http://links.lww.com/CCM/G614
http://links.lww.com/CCM/G614
http://links.lww.com/CCM/G614
http://links.lww.com/CCM/G614
http://links.lww.com/CCM/G614
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confounder adjustment, a higher BMI was still asso-
ciated with lower mortality in the non-SARS-CoV-2 
viral pneumonia and bacterial pneumonia cohorts 
compared with the normal BMI category (Table  3). 
Furthermore, in the bacterial pneumonia cohort, being 
underweight was associated with higher mortality 
(Table 3). Similar to the crude analysis, no association 
between BMI and mortality was found in the adjusted 
analysis of trauma patients (Table  3). Odds ratios of 
contribution to mortality for all other covariates are 
listed in Supplemental Digital Content 6–9 (http://
links.lww.com/CCM/G614). Covariate-adjusted asso-
ciations between BMI and relative risk of inhospital 
mortality in the four cohorts are illustrated in Figure 2.  
In contrast to the lower RR in the highest BMI in the 
other cohorts, the RR increases in patients with the 
highest BMI in the COVID-19 cohort.

DISCUSSION

In the present study, the association between BMI and 
inhospital mortality was investigated in critically ill 
COVID-19 patients, and compared with non-SARS-
CoV-2 viral pneumonia, bacterial pneumonia, and 
trauma patients admitted to the ICU. While COVID-
19 patients had a higher BMI compared with the other 
cohorts, no relationship between BMI and mortality 

was found in critically ill 
COVID-19 and trauma 
patients, while a higher 
BMI was associated with 
lower mortality in the 
other respiratory infec-
tion cohorts. Furthermore, 
being underweight was re-
lated to higher mortality 
in bacterial pneumonia 
patients.

Previous studies in non-
selected patient popula-
tions reported increased 
susceptibility to SARS-
CoV-2 in patients with 
higher BMI (23, 24). Also, 
obesity has been identi-
fied as important risk fac-
tors for an unfavorable 
disease course in patients 
with COVID-19 requir-

ing admission to the ICU and mechanical ventilation, 
ultimately translating in an overall higher mortality 
in overweight patients (3–6). This may have led to 
the assumption that patients with a high BMI have a 
worse prognosis at any stage of COVID-19. For crit-
ically ill COVID-19 patients, conflicting results have 
emerged from relatively small studies (16–19). As 
such, it remained unclear whether obese and/or un-
derweight patients are also at higher risk for poor clin-
ical outcome once they are in the ICU compared with 
critically ill COVID-19 patients with a normal weight. 
This is of particular interest, because previous studies 
in non-COVID-19 critically ill patients rather demon-
strated an inverse relationship between BMI and mor-
tality (11–13), which was coined the obesity paradox. 
In this large multicenter study including several thou-
sand COVID-19 patients, no increased mortality rates 
were observed for COVID-19 patients in the higher 
BMI categories. However, while we confirm the obesity 
paradox in the non-SARS-CoV-2 viral and bacterial 
pneumonia patients, we did not observe a lower mor-
tality risk in overweight/obese critically ill COVID-19 
patients either. In response to the absence of a protec-
tive role of a higher BMI in critically ill COVID-19 
patients, one may argue that overweight/obese patients 
in the ICU are therefore at a relative disadvantage when 

Figure 1. Distribution of body mass index for the coronavirus disease 2019 (COVID-19), 
nonsevere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) viral pneumonia, bacterial 
pneumonia, and multiple trauma cohorts. The proportion of patients with overweight and obesity 
was notably higher in COVID-19 patients compared with the other cohorts.

http://links.lww.com/CCM/G614
http://links.lww.com/CCM/G614
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suffering from COVID-19 compared with other respi-
ratory infections.

Several explanations can be put forward for the dis-
crepancy regarding the relation between BMI and mor-
tality in nonselected COVID-19 patient populations in 
previous studies and critically ill COVID-19 patients 
in our study. First, it might be argued that differences 
in reasons for ICU admission between patients from 
different BMI categories play a role. Since it is known 
that obese patients are more likely to develop atelectasis 
than patients with a normal weight, obese COVID-19 
patients may more likely be admitted to the ICU for 

mechanical respiratory support and possibly also ear-
lier in their disease course, while the reason for ICU 
admission inpatient with normal weight may more 
often be severe systemic inflammation and/or failure 
of other organs. If so, this should translate into dif-
ferences in disease severity on ICU admission, which 
is the most important prognostic factor for survival. 
However, this is not supported by our data, as disease 
severity scores were similar between the different BMI 
categories and were also included as confounder in the 
multivariable analyses. Furthermore, we recently dem-
onstrated that inflammatory variables do not differ 

TABLE 2. 
Patient Characteristics of Body Mass Index Categories in the Coronavirus Disease  
2019 Cohort

Characteristics

BMI 
 < 18.5 kg/m2 

(n = 10)

BMI  
18.5–25 kg/m2  

(n = 592)

BMI  
25–30 kg/m2  
(n = 1,196)

BMI  
30–35 kg/m2  

(n = 565)

BMI  
≥ 35 kg/m2  
(n = 272) p

Age, yr 73 (66–75) 67 (58–73) 65 (58–72) 63 (54–71)a 59 (49–67)a < 0.001

Male sex, n (%) 4 (40.0) 444 (75.0) 927 (77.5) 381 (67.4) 143 (52.6)a < 0.001

Lowest Pao2/Fio2 ratio of the 
first 24 hr in the ICU, mm Hg

121 (73–190) 126 (89–175) 120 (86–165) 112 (77–155) 106 (76–150) 0.30

Mechanical ventilation  
on ICU admission

3 (30.0) 286 (48.3) 599 (50.1) 265 (46.9) 119 (43.8) 0.24

Mechanical ventilation in  
first 24 hr in the ICU

7 (70.0) 453 (76.5) 947 (79.2) 440 (77.9) 217 (79.8) 0.65

Use of vasoactive medication 
in first 24 hr in the ICU

8 (80.0) 407 (68.8) 802 (67.1) 373 (66.0) 168 (61.8) 0.28

APACHE III Acute  
Physiology Score

57 (43–75) 48 (38–60) 46 (36–56) 46 (37–57) 46 (37–55) 0.15

APACHE III score 73 (59–86) 61 (49–75) 59 (47–71) 57 (44–71) 56 (43–68) 0.03

Simplified Acute Physiology 
Score II score

50 (46–58) 37 (30–46) 37 (29–45) 36 (30–45) 34 (27–43) 0.42

Medical history

 Malignancy 0 (0) 23 (3.9) 27 (2.3) 6 (1.1) 4 (1.5) 0.03

 Immunological insufficiency 0 (0) 55 (9.3) 77 (6.4) 40 (7.1) 23 (8.5) 0.18

 Chronic obstructive  
 pulmonary disease

0 (0) 52 (8.8) 83 (6.9) 53 (9.4) 29 (10.7) 0.13

 Chronic respiratory  
 insufficiency

0 (0) 22 (3.7) 40 (3.3) 25 (4.4) 17 (6.2) 0.21

 Chronic renal failure 0 (0) 14 (2.4) 31 (2.6) 23 (4.1) 5 (1.8) 0.24

 Chronic cardiovascular  
 insufficiency

0 (0) 8 (1.4) 16 (1.3) 6 (1.1) 2 (0.7) 0.86

 Diabetes mellitus 0 (0) 86 (14.5) 212 (17.7) 131 (23.2)a 71 (26.1)a < 0.001

APACHE III = Acute Physiology and Chronic Health Evaluation III, BMI = body mass index.
a p < 0.001 compared with BMI 18.5–25 kg/m2 using pairwise χ2 or Wilcoxon tests.
Data presented as median (interquartile range) or n (%). p values calculated using χ2 tests or Kruskal-Wallis tests across all five categories.
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between obese and nonobese critically ill COVID-19 
patients (25), arguing against BMI-related immu-
nological differences that may explain discrepancies 
in ICU admission characteristics between BMI cat-
egories. Second, although multiple covariates were in-
cluded in the multivariable logistic regression analysis, 
residual confounders might still be present, such as the 
prevalence of smoking, chronic use of immunomodu-
latory drugs, socioeconomic status, and ethnicity.

In keeping with previous reports describing a sur-
vival benefit in ICU patients with a higher BMI (11, 12), 
we confirm a relation between higher BMI and lower 
mortality in ICU patients suffering from non-SARS-
CoV-2 viral pneumonia and bacterial pneumonia. 
It is tempting to speculate why this obesity paradox 
is not observed in COVID-19 patients. It has been 

hypothesized that obese patients display a more an-
ti-inflammatory phenotype (26, 27). As briefly alluded 
to before, we previously investigated circulating levels 
of various inflammatory cytokines, including the an-
ti-inflammatory mediators interleukin-10 and inter-
leukin-1 receptor antagonist in critically ill COVID-19 
patients, but found no differences between obese and 
nonobese patients (25). Therefore, this suggested un-
derlying mechanism of the obesity paradox may not 
be present in critically ill COVID-19 patients but only 
in ICU patients with other etiologies. Furthermore, it 
has been postulated that the higher circulating choles-
terol and lipid levels in patients with a higher BMI may 
result in more effective binding of endotoxin, thereby 
removing an important inflammatory trigger. This 
may provide an explanation for the survival benefit 

TABLE 3. 
Clinical Outcomes of the Four Cohorts and Odds Ratios of Inhospital Mortality of Body 
Mass Index Categories in the Multivariable Logistic Regression Model, With Body Mass 
Index 18.5–25 kg/m2 Used As Reference Category

Outcomes

Coronavirus  
Disease 2019 

(n = 2,635)

Nonsevere Acute  
Respiratory Syndrome  

Coronavirus 2 Viral  
Pneumonia (n = 2,940)

Bacterial  
Pneumonia  
(n = 14,250)

Trauma  
(n = 15,681) p

LOS ICU of survived 
patients, d

18 (10–33) 4 (2–8)a 3 (2–7)a 1 (1–3)a < 0.001

LOS ICU deceased 
patients, d

10 (5–18) 5 (2–9)a 4 (1–8)a 2 (1–6)a < 0.001

LOS hospital of survived 
patients, d

31 (19–46) 11 (7–18)a 12 (7–20)a 9 (5–16)a < 0.001

LOS hospital of deceased 
patients, d

12 (6–19) 7 (3–13)a 7 (3–13)a 5 (2–10)a < 0.001

Number of readmissions 11 (0.4) 48 (1.6)a 1,348 (8.6)a 238 (1.5)a < 0.001

28-d mortality, n (%) 660 (25.0) 507 (17.2)a 2,858 (20.1)a 1,394 (8.9)a < 0.001

Inhospital mortality, n (%) 769 (29.2) 545 (18.5)a 3,019 (21.2)a 1,456 (9.3)a < 0.001

Odds ratios, kg/m2

 BMI < 18.5 1.92 (0.51–7.13) 1.50 (0.95–2.37) 1.88 (1.57–2.25) 1.23 (0.86–1.78)  

 BMI 18.5–25 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)  

 BMI 25–30 0.95 (0.75–1.21) 0.78 (0.61–0.99) 0.78 (0.70–0.86) 0.9 (0.78–1.03)  

 BMI 30–35 0.87 (0.65–1.16) 0.76 (0.55–1.04) 0.81 (0.70–0.93) 0.99 (0.79–1.23)  

 BMI ≥ 35 1.15 (0.79–1.67) 0.64 (0.43–0.95) 0.73 (0.61–0.87) 0.81 (0.57–1.15)  

BMI = body mass index, LOS = length of stay.
a p < 0.001 compared with coronavirus disease 2019 using pairwise χ2 or Wilcoxon tests.
Covariates used for the multivariable logistic regression analyses included sex, age, medical history (chronic diagnoses), Acute Physi-
ology and Chronic Health Evaluation III Acute Physiology Score, vasoactive medication, mechanical ventilation, and Pao2/Fio2 ratio on 
ICU admission.
Data presented as median (interquartile range) or n (%). p values calculated using χ2  tests or Kruskal-Wallis tests across all four cohorts.



Copyright © 2021 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Kooistra et al

e8     www.ccmjournal.org January 2022 • Volume 50 • Number 1

in obese patients infected with Gram-negative bac-
teria, which likely constitute a substantial part of our 
bacterial pneumonia cohort. Furthermore, endotoxin 
binding may also plays a role in case of translocation 
of bacteria and/or their products from the gut, which 
is commonly observed in sepsis patients, also in those 
not infected with Gram-negative bacteria. Although a 
recent small study reported the presence of circulating 
endotoxin in critically ill COVID-19 patients (28), it 
is unclear whether this is a widespread phenomenon 
in this disease and does not explain the difference be-
tween the COVID-19 and non-SARS-CoV-2 viral 
pneumonia cohorts in terms of the BMI-mortality rela-
tionship. Of interest, adipose tissue, especially visceral 
fat, may play a pathophysiological role in COVID-19 
disease (15). Adipokines such as leptin may enhance 
pulmonary inflammation and exacerbate respiratory 
failure (29). Also, the ACE2 expression is higher in adi-
pocytes of people with obesity and diabetes mellitus 
(30), suggesting that fat tissue may function as a res-
ervoir for the virus. Although its relevance has yet to 
be elucidated, our findings may be a reflection of this 
pathophysiological role of adipose tissue.

A strength of this work is that it represents the larg-
est study to date investigating the relation between 
BMI and mortality in critically ill COVID-19 patients. 

Furthermore, we included three different relevant com-
parison groups. This study also has limitations. First, 
the very small number of underweight COVID-19 
patients illustrates that patients with a low BMI are less 
likely to become critically ill, but hampers assessment 
of the association between underweight and mortality, 
which was associated with higher mortality in the bac-
terial and non-SARS-CoV-2 viral (trend) pneumonia 
patients. Second, due to the larger sample size of the 
bacterial pneumonia cohort, the statistical power to 
detect the presence of an association between BMI 
and mortality is higher than in the COVID-19 cohort. 
However, the obesity paradox was also present in the 
non-SARS-CoV-2 viral pneumonia cohort, which is 
similar in size as the COVID-19 cohort. Furthermore, 
in both the non-SARS-CoV-2 viral and bacterial pneu-
monia cohorts, the lowest mortality was observed in 
the group with the highest BMI (> 35 kg/m2), whereas 
increased odds for mortality were observed for this 
BMI category in the COVID-19 cohort, although 
this did not reach statistical significance. Therefore, it 
seems unlikely that the absence of the obesity paradox 
in COVID-19 patients is the consequence of limited 
statistical power. Third, one may argue that surge ca-
pacity issues may have influenced our observations. In 
the Netherlands, we did not reach conditions in which 
COVID-19 patients could not be admitted to the ICU 
if required. However, ICUs did work hard and beyond 
their normal capacity. As a consequence, one would 
expect a selection of higher BMI COVID-19 patients 
with less comorbidities and lower age to be admitted 
to the ICU, and this would plausibly translate into a 
better prognosis of these patients. The opposite was 
observed: COVID-19 patients with a higher BMI did 
not have a better outcome, in contrast to non-SARS-
CoV-2 ICU patients. Fourth, besides Pao2/Fio2 ratio, 
no statements can be made about the effect of indi-
vidual clinical variables on mortality. Nonetheless, 
the most important clinical variables are included in 
APACHE III score, which was used as covariate in the 
multivariable analyses. Finally, clinical variables are 
only recorded during the first 24 hours following ICU 
admission in the NICE database. Therefore, possible 
differences between BMI categories and cohorts in the 
development of complications during ICU stay (e.g., 
the development of secondary infections or thrombo-
embolic events) could not be assessed. However, such 
serially collected data would especially be valuable if 

Figure 2. Relative inhospital mortality risks according to 
body mass index (BMI) in the four cohorts. BMI of 25.0 kg/
m2 was used as reference. Relative risks were adjusted for sex, 
age, chronic diagnosis, Acute Physiology and Chronic Health 
Evaluation III Acute Physiology Score and need for mechanical 
ventilation, use of vasoactive medication, and lowest Pao2/Fio2 
ratio in the first 24 hr following ICU admission. The mortality risk 
decreases with higher BMI in the nonsevere acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) viral pneumonia, bacterial 
pneumonia, and trauma cohorts, but not in coronavirus disease 
2019 (COVID-19) patients.
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a relationship between BMI and mortality was appar-
ent in COVID-19 patients, which was not the case. 
Therefore, it appears unlikely that significant differ-
ences in relevant variables and complications between 
BMI groups would emerge from a longitudinal dataset.

CONCLUSIONS

In conclusion, the obesity paradox, which is the in-
verse J-shaped association between BMI and mortality 
in critically ill patients, is not present in critically ill 
patients with COVID-19–related respiratory failure in 
contrast to non-SARS-CoV-2 viral and bacterial res-
piratory infections. Nevertheless, once admitted to 
the ICU, obese COVID-19 patients also do not have 
a higher risk for mortality than patients with normal 
weight. As such, we argue that triage decisions for ICU 
admission of COVID-19 patients should not be based 
on BMI. Whether the lack of an association between 
BMI and mortality in COVID-19 patients is the result 
of a specific pathophysiological role of (visceral) fat or 
other factors related to BMI has yet to be elucidated.
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