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Abstract

Background

Previous studies have shown that a high body mass index (BMI) is a risk factor for severe

COVID-19. The aim of the present study was to assess whether a high BMI affects the risk

of death or prolonged length of stay (LOS) in patients with COVID-19 during intensive care

in Sweden.

Methods and findings

In this observational, register-based study, we included patients with COVID-19 from the

Swedish Intensive Care Registry admitted to intensive care units (ICUs) in Sweden. Out-

comes assessed were death during intensive care and ICU LOS�14 days. We used logistic

regression models to evaluate the association (odds ratio [OR] and 95% confidence interval

[CI]) between BMI and the outcomes. Valid weight and height information could be retrieved

in 1,649 patients (1,227 (74.4%) males) with COVID-19. We found a significant association

between BMI and the risk of the composite outcome death or LOS�14 days in survivors

(OR per standard deviation [SD] increase 1.30, 95%CI 1.16–1.44, adjusted for sex, age and

comorbidities), and this association remained after further adjustment for severity of illness

(simplified acute physiology score; SAPS3) at ICU admission (OR 1.30 per SD, 95%CI

1.17–1.45). Individuals with a BMI� 35 kg/m2 had a doubled risk of the composite outcome.

A high BMI was also associated with death during intensive care and a prolonged LOS in

survivors assessed as separate outcomes.

The main limitations were the restriction to the first wave of the pandemic, and the lack of

information on socioeconomic status as well as smoking.
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Copyright: © 2021 Sjögren et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Research data are

not publicly available due to privacy and ethical

restrictions. However, anonymized data that are

minimally required to reproduce results can be

made available from the corresponding author

(lovisa.sjogren@vgregion.se) or the Institute of

medicine prefekt-medicin@medicine.gu.se) upon

reasonable request, and upon approval from the

University of Gothenburg according to mandatory

national law.

https://orcid.org/0000-0002-3425-0900
https://orcid.org/0000-0001-9189-0093
https://orcid.org/0000-0003-2505-5596
https://orcid.org/0000-0002-4534-7150
https://orcid.org/0000-0001-8437-0639
https://doi.org/10.1371/journal.pone.0257891
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257891&domain=pdf&date_stamp=2021-10-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257891&domain=pdf&date_stamp=2021-10-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257891&domain=pdf&date_stamp=2021-10-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257891&domain=pdf&date_stamp=2021-10-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257891&domain=pdf&date_stamp=2021-10-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257891&domain=pdf&date_stamp=2021-10-13
https://doi.org/10.1371/journal.pone.0257891
http://creativecommons.org/licenses/by/4.0/
mailto:lovisa.sjogren@vgregion.se
mailto:prefekt-medicin@medicine.gu.se


Conclusions

In this large cohort of Swedish ICU patients with COVID-19, a high BMI was associated with

increasing risk of death and prolonged length of stay in the ICU. Based on our findings, we

suggest that individuals with obesity should be more closely monitored when hospitalized

for COVID-19.

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2) infection, includes a wide range of clinical presentations; from asymp-

tomatic to severe pneumonia with acute respiratory injury (ARI) or acute respiratory distress

syndrome (ARDS) in about 20% of patients seeking medical care due to COVID-19 [1–6]. The

COVID-19 pandemic with rapidly increased demand for healthcare in hospitals and intensive

care units (ICU) has placed an unprecedented strain on health care systems globally. The

cumulative number of deaths due to SARS Cov-2 was 3,916,771 according to the World Health

Organization report and the number of known cases was 180,492,131 cases [7]. Sweden was

hit hard by the pandemic with 13.880 reported deaths by June 2021 [8].

Old age, male sex, diabetes, hypertension, cardiac disease as well as liver and kidney disease

have been identified as risk factors for severe COVID-19 disease [9–12]. Obesity, a chronic

and severe disease [13–15] that increases the risk of comorbidities such as type 2 diabetes and

hypertension, was also identified as a clinical risk factor for severe COVID-19 in the early

stages of the pandemic [16–19]. Since then, several observational studies have consistently

found obesity to be associated with increased risk of more severe disease and hospitalization.

A well-powered study in the UK demonstrated an association between BMI and the risk of

hospitalization and death due to COVID-19 [20], and a case-control study using Swedish reg-

isters, found obesity to be an independent risk factor for severe disease [21]. A large multina-

tional prospective study investigating ICU outcomes found that 90 day mortality was higher in

patients with obesity [22]. Moreover, a recent Mendelian Randomization study concluded that

a high BMI is causally related to COVID-19 susceptibility and severity [23]. In addition, obe-

sity has been shown to increase the risk of prolonged hospitalization, critical illness, and need

for mechanical ventilation in association with other respiratory infectious diseases such as

influenza and pneumonia [24–28]. A prolonged length of stay (LOS) in intensive care reflects

a more severe disease with a need for long rehabilitation [29–31].

Thus, there is evidence to support a link between obesity and severe COVID-19, and

between obesity and intensive care outcomes in other respiratory infections. However, less is

known about the association between elevated BMI and death and LOS during intensive care

in patients with COVID-19.

We hypothesized that obesity has severe impact on intensive care outcomes, and aimed to

evaluate the association between obesity and death and prolonged LOS in a large cohort with

COVID-19 treated in Swedish ICUs during the first wave of the pandemic.

Materials and methods

In this national observational study, we retrieved data from the Swedish Intensive Care Regis-

try (SIR), medical records and the Swedish Passport Register on patients with COVID-19

admitted to ICUs in Sweden during the first wave of the COVID-19 pandemic. The SIR is a

national quality registry that collects data on intensive care patients in Sweden with a reported
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100% coverage for patients treated for severe COVID-19 (www.icuregswe.org). The registry

contains data on diagnoses, interventions and inpatient care from the Swedish intensive care

units. The Swedish Passport Register includes self-reported heights for all individuals holding

a passport in Sweden since 1991.

The inclusion criteria for the present study were intensive care treatment during the study

period March 6 2020, until August 23 2020, a diagnosis of COVID-19, age�18 years, and data

available on height and recent weight. Exclusion criteria were age<18 years, pregnancy, or

missing data on height or missing or outdated weight.

The study was approved by the Swedish Ethical Review Authority (Dnr 2020–03051).

Anthropomentric data and covariates

Among the eligible 2,628 patients, 1,081 had a weight registered in SIR at ICU admission. The

ICUs were subsequently approached by telephone and mail and asked to complete missing

weight and height data. About half of the sites contributed data. To ensure that current weights

were used in the study, we only included recent measurements (not more than three months

prior to ICU admission) or measurements at admission to ICU. In addition, height data was

retrieved from the Swedish Passport register (n = 1,538). For individuals missing in the Swed-

ish Passport Register, we used SIR data or completed data. The inclusions and exclusions are

presented in Fig 1.

We calculated BMI as weight in kilograms divided by squared height in meters (kg/m2) and

defined overweight as�25 kg/m2, class 1 obesity as�30 kg/m2, class 2 obesity as�35 kg/m2,

and class 3 obesity as�40 kg/m2, respectively [32]. The group with a BMI between 18 and 25

kg/m2 has been used as the reference throughout the paper, referred to as the reference group.

The comorbidities were defined according to the International classification of disease

(ICD) 10 (cardiovascular disease I00-I99; hypertension I10-I15; diabetes E10-E14; kidney dis-

ease N18; liver disease K70-K77).

The simplified acute physiology score (SAPS) 3 was developed as an instrument to balance

the performance of ICUs against the severity of their actual case-mix [33] and represents an

assessment of severity of illness at admission to ICU. Among other data, it includes chronic

diseases and acute physiological derangements [33]. All patients with data available on type of

ventilation (n = 1,180) had received mechanical ventilation.

SARS-CoV2 diagnostics

All patients were diagnosed with COVID-19 through testing for SARS-CoV-2 using real-time

reverse transcriptase-polymerase chain reaction (PCR) assays or through clinical diagnosis.

We defined primary COVID-19 as any of the following ICD10 diagnoses: U071, U072,

J09-J18, J80 or J96 as a main diagnosis.

Outcomes

To investigate the importance of high BMI for outcomes reflecting severe COVID-19 during

intensive care in both survivors and non-survivors, we evaluated the association between BMI

and the composite of death during intensive care and LOS in survivors�14 days. We also eval-

uated the impact of BMI on these outcomes separately. We used LOS in survivors exceeding

14 days as a marker of more severe disease based on a previous study that reported a median

length of stay of 14 days for patients treated in the ICU for COVID-19 [34]. As an exploratory

outcome, we also evaluated pulmonary embolism (defined as ICD10 code I26).
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Statistical analyses

Descriptive characteristics are presented as mean (standard deviation [SD]) for continuous

variables and n(%) for dichotomous variables. We compared means using student´s t test and

frequencies using chi-square test. We tested the number of men vs women using a binomial

test. Associations were evaluated using logistic regression models. The models include the out-

come as dependent variable, and the exposure (BMI as a continuous or dichotomous variable),

and covariates as independent variables, and are presented as odds ratios (ORs) with 95%

Fig 1. Flow chart of inclusion in the present study cohort. SIR = Swedish Intensive Care Registry.

https://doi.org/10.1371/journal.pone.0257891.g001
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confidence intervals (CI). The models were adjusted for covariates sex, age, presence of any

(one or several) of the comorbidities (including cardiovascular disease, hypertension, diabetes,

kidney and liver disease) and SAPS3 at ICU admission, as specified. We used linear regression

with similar modelling for the continuous outcome length of stay. Possible interactions were

evaluated by addition of interaction terms in the logistic regression models. Possible non-lin-

ear associations were evaluated by inclusion of a quadratic term for BMI. A p-value <0.05 for

was interpreted as statistically significant.

Results

In this nationwide register study, 2,628 eligible patients treated in ICUs during the study

period, had a PCR verified or clinical COVID-19 diagnosis (Fig 1). 1,649 (63%) fulfilled the

inclusion criteria (Fig 1). The included study cohort had a mean age of 60.1 years (SD 13.0)

and were predominantly male (74%, p<0.001). A majority (95.6%) of the study cohort had

PCR verified SARS-CoV-2 infection. Clinical characteristics are listed in Table 1 and S1 Table.

Overweight and obesity and the association with the composite outcome

A majority of the study cohort had a high BMI; 78.3% were overweight or had obesity (�25kg/

m2), 39.4% had obesity (�30kg/m2) and 14.9% had class 2 or 3 obesity (�35kg/m2). There

were significantly more women than men with a BMI above 30 kg/m2 (p<0.001) (S1 Table).

The groups with overweight or different classes of obesity were significantly younger than the

reference group, and had lower SAPS3 at ICU admission compared to the reference group, but

only differed marginally regarding comorbidities (Table 2 and S1 Table). The number of

underweight individuals (�18.0kg/m2) were too few to be analyzed as a separate group

(n = 15).

We found a significant association between BMI as a continuous variable and the compos-

ite outcome death during intensive care or LOS in survivors�14 days (OR per SD increase:

1.30 95%CI 1.16–1.44 adjusted for age and sex), and this association remained also after

adjusting for presence of any (one or several) of the comorbidities cardiovascular disease,

hypertension, diabetes mellitus, liver or kidney disease (Table 3, Panel A). In the same model,

male sex (OR 1.69 males vs females, 95%CI 1.34–2.13), high age (OR 1.03 per year 95%CI

1.02–1.03) and presence of any of the comorbidities (OR 1.95, 95%CI 1.58–2.4) was also signif-

icantly associated with the composite outcome.

BMI was only marginally associated with SAPS3 at ICU admission (variance explained r2 =

1.4%). To determine if SAPS3 at ICU admission still might be a partial mediator of the associa-

tion between BMI and the composite outcome, we compared the logistic regression models

with and without inclusion of SAPS3 as a covariate, revealing essentially unchanged point esti-

mates (ORs 1.29 and 1.30, Table 3, Panel A). These findings indicate that the association

between BMI and the composite outcome is not mediated via severity of illness as assessed by

SAPS3 at ICU admission.

The risk of the composite outcome was significantly increased for class 1 obesity in the fully

adjusted model (adjusted for age, sex, comorbidities and SAPS3) and doubled for class 2 and 3

obesity together (BMI� 35 kg/m2) in all the adjusted models, compared with the reference

group (Table 3, Panel A). The test for non-linearity was non-significant (p for quadratic term

for BMI>0.05), and no significant interactions between BMI and the covariates were detected.

When the analyses were re-performed including only individuals 55 years of age or less, the

same pattern was seen (S2 Table).
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Associations between obesity and death during intensive care

BMI as a continuous variable was associated with the risk of death during the ICU stay (OR

per SD increase 1.20, 95% CI 1.05–1.37, adjusted for age and sex). Importantly, this association

remained also after adjustment for comorbidities and SAPS3 at ICU admission (Table 3, Panel

B). We further observed a significant association between class 1 obesity, compared with the

reference group, and the risk of death during intensive care, but for class 2 and 3 obesity the

association did not reach statistical significance (Table 3, Panel B).

Association between obesity and length of stay in survivors

Individuals with class 2 and 3 obesity had significantly longer LOS than the reference group

(Table 2). We evaluated the association between BMI and the risk of LOS�14 days in survivors

and found that BMI is a determinant of prolonged LOS in all models evaluated (Table 3 Panel C).

Class 2 and 3 obesity together was associated with a doubled risk of LOS�14 days (OR 2.11 95%

CI 1.41–3.18; Panel C, fully adjusted model 3) compared with the reference group. One SD higher

BMI was associated with 1.35 days longer intensive care among survivors (95% CI 0.58–2.11) in a

linear regression model adjusted for age, sex, comorbidities and SAPS3 at ICU admission.

Exploratory and sensitivity analyses

In a less powered exploratory analysis, we evaluated the association between BMI and the risk

of pulmonary embolism. Only 71 patients had a registered pulmonary embolism during the

Table 1. Cohort description.

N Total cohort Males Females

Sex n(%) 1,649 1,649 1,227 (74.4) 422 (25.6)

Age (years) 1,649 60.1 (13.0) 59.9 (12.8) 60.6 (13.6)

BMI kg/m2 1,649 29.5 (6.1) 29.2 (5.6) 30.4 (7.4)

Weight (kg) 1,649 89.2 (20.5) 91.7 (19.8) 81.7 (20.9)

Height (cm) 1,649 173.7 (9.6) 177.2 (7.7) 163.8 (7.2)

Lab-verified COVID-19 1,649 1,577 (95.6) 1,175 (95.8) 402 (95.3)

Length of stay (days) 1,649 14.6 (13.7) 15.3(13.9) 12.6 (12.9)

Length of stay�14 days n(%) 1,649 661 (40.1) 524(42.7) 137 (32.5)

Death during stay at ICU (n(%) 1,649 333(20.2) 260(21.2) 73 (17.3)

Pulmonary embolism n(%) 1,649 71(4.3) 53(4.3) 18(4.3)

Comorbidities
CVD n(%) 1,649 544 (33.0) 419 (34.1) 125 (29.6)

Hypertension 1,649 317 (19.2) 238 (19.4) 79 (18.7)

Diabetes n(%) 1,649 193 (11.7) 142 (11.6) 51 (12.1)

Kidney disease n(%) 1,649 38 (2.3) 32 (2.6) 6 (1.4)

Liver disease n(%) 1,649 21 (1.3) 12 (1.0) 9 (2.1)

ICU scores/variables at admittance
SAPS3 1,648 53.9 (10.7) 53.5 (10.7) 55.1 (10.7)

PaO2 (kPa) 1,438 10.5 (8.1) 10.5 (8.1) 10.5 (7.9)

FiO2 (%) 1,097 70.0 (21.0) 69.3 (21.1) 72.1 (20.4)

SOFA 555 3.92 (3.4) 3.8 (3.3) 4.3 (3.5)

A cohort of 1,649 Swedish men and women treated at intensive care units during the first wave of the corona virus pandemic 2020. The data is presented as mean (SD)

for continuous variables and n(%) for dichotomous variables. SD = standard deviation, BMI = body mass index, CVD = cardiovascular disease, SAPS = simplified acute

physiology score, PaO2 = partial pressure of oxygen, FiO2 = fraction inhaled oxygen, SOFA = sequential organ failure assessment score.

P<0.001 men vs women.

https://doi.org/10.1371/journal.pone.0257891.t001
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ICU stay. No significant association was seen between class 2 or 3 obesity and the risk of pul-

monary embolism (OR 0.63, 95%CI 0.25–1.56), adjusted for age, sex, comorbidities and

SAPS3 at ICU admission, compared with the reference group.

To test the robustness of the observed associations we also performed sensitivity analyses

excluding individuals who did not have COVID-19 as primary diagnosis (n = 97). These analy-

ses revealed materially similar results (S3 Table).

Discussion

In this register-based study, we present detailed and recent BMI characteristics and associa-

tions with intensive care outcomes for a large cohort with COVID-19 in Swedish ICUs during

the first wave of the COVID-19 pandemic. We demonstrate a significant association between

high BMI and increased risk of the composite outcome death and prolonged LOS in patients

with COVID-19 after adjusting for age, sex and comorbidities. Importantly, this association

was not mediated via severity of illness at ICU admission. Individuals with a BMI> 35 kg/m2

had a doubled risk of death or prolonged intensive care. A high BMI was also associated with

death during intensive care and a prolonged LOS in survivors assessed as separate outcomes.

Previous studies, both observational [11, 18, 20, 21, 35, 36] and studies using the Mendelian

randomization approach [23], have consistently found higher susceptibility and severity of the

COVID-19 disease course in individuals with obesity. A UK study including almost 7 million

individuals concluded increased risk of hospitalization and death due to COVID-19 in individ-

uals with obesity, but only a small sample of the included patients had a recent BMI measure-

ment (i.e. within the past year) [20]. Another study that included over 17 million adults

observed increased risk of COVID-19 related death with increasing obesity [11]. Of note, the

study accepted weight measurements as old as 10 years before inclusion in the study and there-

fore, associations between a recent BMI and mortality could not be evaluated [11]. The COVI-

D-ICU group found severe obesity to be a predictor of early mortality before 14 days, but did

Table 2. Cohort characteristics across BMI strata.

BMI categories

Reference group Overweight Obesity 1 Obesity 2 and 3

N = 343 N = 641 N = 404 N = 246

BMI (kg/m2) 22.9(1.7) 27.4(1.4)��� 32.1(1.4)��� 40.4(5.3)���

Age (years) 63.1(13.1) 61.6(12.4) NS 58.1(12.1)��� 54.613.6)���

Length of stay (days) 13.6(13.7) 14.8(12.9) NS 14.9(14.4) NS 15.1(12.8) �

SAPS3 at admission 56.3(11.6) 54.0(10.3)�� 52.6(10.2) ��� 52.3(10.7)���

CVD n(%) 108 (31.5) 225 (35.1)NS 132 (32.7) NS 75 (30.5) NS

Hypertension n(%) 55 (16.0) 138 (21.5)� 75 (18.6) NS 49(19.9) NS

Diabetes n(%) 31(9.0) 74 (11.5) NS 54 (13.4) NS 32 (13.0) NS

Kidney disease n(%) 9 (2.6) 15 (4.4) NS 10 (2.5) NS 4 (1.6) NS

Liver disease n(%) 6 (1.7) 9 (1.4) NS 3 (0.7) NS 3 (1.2) NS

Characteristics according to BMI strata presented as mean (SD) or n(%). Student´s t test (for continuous variables) and Chi square test (for dichotomous variables) vs

the reference group (�18, <25 kg/m2).

��� p<0.001

�� p<0.01

�p<0.05, NS = not significant.

Reference group = �18, <25 kg/m2; Overweight =�25, <30 kg/m2; Obesity 1 = �30, <35 kg/m2; Obesity 2 and 3 =�35 kg/m2.

BMI = body mass index, SAPS = simplified acute physiology score, CVD = cardiovascular disease.

https://doi.org/10.1371/journal.pone.0257891.t002
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not report the association between BMI and death specifically during the ICU stay, or length

of stay in the ICU among survivors [22]. Furthermore, one previous Swedish study [21] found

an increased risk of severe COVID-19 in patients with obesity with the most pronounced

excess risk in individuals younger than 56 years of age. The study, lacking actual BMI data,

defined obesity based on the presence of the diagnosis E66 during the last 15 years in the

National Patient Register. As the ICD code E66 in the Swedish National Patient Register does

not reflect the true prevalence of obesity in Sweden (37), the association between BMI (as a

continuous variable) and outcomes, or the separate associations for overweight and different

classes of obesity, could not be evaluated in that study [21]. In the present study, using up-to-

date BMI data, we found that a high BMI was associated with increased risk of death and pro-

longed intensive care in patients with severe COVID-19 after adjustment of age, sex and

comorbidities. BMI was significantly associated with the composite outcome after further

adjustment for SAPS3, indicating that the associations observed were not mediated via severity

Table 3. BMI and BMI categories and the risk of composite outcome, death during ICU or ICU stay over 14 days.

N (cases) Unadjusted model Adjusted model 1 Adjusted model 2 Adjusted model 3

Panel A: Composite outcome
OR per SD (95%SD) OR per SD (95%SD) OR per SD (95%SD) OR per SD (95%SD)

BMI continuous 1,649 (848) 1.14(1.03–1.26) 1.29(1.16–1.43) 1.30(1.16–1.44) 1.30(1.17–1.45)

BMI category OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI)

Reference group 343 (166) Reference Reference Reference Reference

Overweight 641 (325) 1.10(0.84–1.43) 1.12(0.85–1.46) 1.10(0.83–1.44) 1.14(0.87–1.51)

Obesity 1 404 (210) 1.15(0.87–1.54) 1.36(1.00–1.84) 1.35(0.99–1.83) 1.40(1.03–1.92)

Obesity 2 and 3 246 (142) 1.46(1.05–2.02) 2.00(1.39–2.87) 1.97(1.36–2.85) 2.02(1.39–2.94)

Panel B: Death during intensive care
OR per SD (95%SD) OR per SD (95%SD) OR per SD (95%SD) OR per SD (95%SD)

BMI continuous 1,649 (333) 0.97(0.86–1.10) 1.20(1.05–1.37) 1.20(1.05–1.37) 1.19(1.04–1.36)

BMI category OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI)

Reference group 343 (69) Reference Reference Reference Reference

Overweight 641 (132) 1.03(0.74–1.43) 1.12(0.80–1.57) 1.10(0.79–1.55) 1.23(0.87–1.75)

Obesity 1 404 (83) 1.03(0.72–1.47) 1.49(1.01–2.20) 1.48(1.00–2.18) 1.54(1.04–2.30)

Obesity 2 and 3 246 (45) 0.89(0.59–1.35) 1.41(0.89–2.23) 1.37(0.86–2.17) 1.43(0.89–2.30)

Panel C: LOS �14 days in survivors
OR per SD (95%SD) OR per SD (95%SD) OR per SD (95%SD) OR per SD (95%SD)

BMI continuous 1,316 (515) 1.21(1.08–1.35) 1.29(1.14–1.45) 1.30(1.16–1.47) 1.31(1.16–1.48)

BMI category OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI)

Reference group 274 (97) Reference Reference Reference Reference

Overweight 509 (193) 1.11(0.82–1.51) 1.09(0.80–1.49) 1.08(0.79–1.47) 1.09(0.79–1.49)

Obesity 1 321 (127) 1.19(0.86–1.67) 1.25(0.89–1.77) 1.26(0.88–1.79) 1.29(0.91–1.85)

Obesity 2 and 3 201 (97) 1.70(1.17–2.47) 2.06(1.38–3.08) 2.08(1.39–3.12) 2.11(1.41–3.18)

Odds ratios (95% confidence intervals) for the composite outcome, death during intensive care or length of stay (LOS) at intensive care unit over 14 days, was calculated

using logistic regression models. Adjusted model 1 is adjusted for age and sex, adjusted model 2 is adjusted for age, sex and comorbidities (presence of any of

cardiovascular disease, hypertension, diabetes mellitus, liver- or kidney disease, n = 615), and adjusted model 3 is adjusted for age, sex, comorbidities and SAPS

(simplified acute physiology score) 3. The reference group refers to individuals with BMI�18, <25 kg/m2.

Panel A: Total n = 1,649; composite outcome n = 848 (death during intensive care n = 333; LOS over 14 days n = 515).

Panel B: Total n 1,649, death during stay at ICU, n = 333.

Panel C: Total n = 1,311; LOS over 14 days in survivors, n = 515.

BMI = body mass index, OR = odds ratio, CI = confidence interval, LOS = length of stay.

https://doi.org/10.1371/journal.pone.0257891.t003
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of illness as assessed by SAPS3 at ICU admission. By defining a composite outcome including

death during intensive care and LOS over 14 days in survivors, we capture more severe illness

both in survivors and non-survivors. The results from the present study establish class 2 and 3

obesity (BMI over 35 kg/m2) as a risk factor for the composite outcome death during intensive

care and prolonged intensive care in patients with COVID-19. Moreover, given the findings of

increased impact of obesity in younger individuals [21], we performed analyses restricted to

patients younger than 55 years. We found materially similar associations in individuals 55

years or younger as in the complete cohort including individuals of all ages above 18 years.

We observed a significant association between BMI and the risk of death during intensive

care, and with the risk of a prolonged LOS, evaluated as separate outcomes. Importantly, we

found increased risk of death in individuals with class 1 obesity (�30 kg/m2). For class 2 and 3

however, the association did not reach statistical significance, supposedly due to insufficient

power. A prolonged LOS reflects a more severe course of disease and is associated with greater

functional impairment in survivors [29–31]. We found that individuals with class 2 or 3 obe-

sity had an almost two-fold risk of ICU LOS over 14 days, compared to patients without over-

weight or obesity. In a large prospective study, 94% of all participating ICUs reported that the

COVID-19 pandemic led to a need of extended number of ICU beds [22]. Thus, a prolonged

LOS is an important factor not only for the individual patient but also as an important factor

for health care, putting excess strain on ICUs during the COVID-19 outbreak.

The mechanisms behind a more severe COVID-19 in patients with obesity are not fully

known but may include impairments in the adaptive immune response [37], cardiometabolic

and thrombotic derangements [38], and alterations in lung function [39]. However, the associ-

ations observed in the present study were essentially unaltered after adjustment for both

comorbidities, including cardiovascular disease, hypertension, diabetes, liver and kidney dis-

ease, and severity of illness assessed as SAPS3 at ICU admission. Notably, SAPS3, including

chronic diseases and acute physiological derangements but not body weight or BMI, showed

only minor differences with little clinical importance between the different overweight and

obesity strata, compared with the reference group.

In the present cohort including patients with COVID-19 in intensive care in Sweden, 39%

of the included individuals had a BMI over 30 kg/m2. Our findings confirm an overrepresenta-

tion of obesity in the study cohort, compared to the background population [35] and the popu-

lation in intensive care [14, 37], as previously described [11, 18, 20–22, 36]. We also confirmed

a large overrepresentation of men in the included cohort, approximately three times as many

men as women [22].

In contrast to previous studies reporting thromboembolic complications in 17% of patients

with severe COVID-19 admitted to the ICU [22], the incidence of thromboembolism was only

4%. This discrepancy with other studies is likely explained by underreporting in the present

study.

The strengths of the present study include the large population-based cohort with detailed,

current BMI data. Moreover, the study population reflects Sweden nationwide, including

ICUs from district, county and regional/university hospitals in both rural and urban areas of

Sweden. The limitations include the lack of data regarding socioeconomic factors, smoking,

and that we only have data for the first wave of the pandemic.

In conclusion, in this nationwide study of patients with COVID-19 in intensive care, we

could demonstrate that a high BMI was associated with increased risk of death during inten-

sive care and prolonged stay in the ICU. Importantly, the observed associations were not

mediated via severity of illness at ICU admission. The results establish obesity as an indepen-

dent risk factor for severe outcome from intensive care in patients with COVID-19. Based on

our findings, we advocate that BMI is included in the severity scoring for patients with
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COVID-19 admitted to intensive care, and suggest that individuals with obesity should be

more closely monitored when hospitalized for COVID-19.
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Methodology: Lovisa Sjögren, Erik Stenberg, Jari Martikainen, Torsten Olbers, Jenny M.

Kindblom.

PLOS ONE Impact of obesity on intensive care outcomes in patients with COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0257891 October 13, 2021 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257891.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257891.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257891.s003
https://doi.org/10.1371/journal.pone.0257891


Project administration: Lovisa Sjögren, Jenny M. Kindblom.
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Validation: Lovisa Sjögren, Jenny M. Kindblom.

Writing – original draft: Lovisa Sjögren, Jenny M. Kindblom.
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