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Dave A. Dongelmans4, Sander van Assen5, Ingo A. Eland6, Hazra S. Moeniralam6,
Tom P. J. Dormans7, Colin A. J. van Kalkeren7, Renée A. Douma8, Daisy Rusch9,
Suat Simsek10,11, Limmie Liu12, Ruud S. Kootte13, Caroline E. Wyers14,
Richard G. IJzerman15, Joop P. van den Bergh14, Coen D. A. Stehouwer12,
Max Nieuwdorp16, Kasper W. ter Horst1 and Mireille J. Serlie1*

1 Department of Endocrinology and Metabolism, Amsterdam Gastroenterology Endocrinology Metabolism, Amsterdam
University Medical Centre (UMC), University of Amsterdam, Amsterdam, Netherlands, 2 Department of Surgery, Amsterdam
University Medical Centre (UMC), University of Amsterdam, Amsterdam, Netherlands, 3 Department of Neurology,
Amsterdam University Medical Centre (UMC), Amsterdam Neuroscience, University of Amsterdam, Amsterdam, Netherlands,
4 Department of Intensive Care, Amsterdam University Medical Centre (UMC), University of Amsterdam, Amsterdam, Netherlands,
5 Department of Internal Medicine/Infectious Diseases, Treant Zorggroep, Emmen, Netherlands, 6 Department of Internal Medicine,
St. Antonius Hospital, Nieuwegein, Netherlands, 7 Department of Intensive Care, Zuyderland Medical Center, Heerlen, Netherlands,
8 Department of Internal Medicine, Flevo Hospital, Almere, Netherlands, 9 Department of Intensive Care Medicine, Martini Hospital,
Groningen, Netherlands, 10 Department of Internal Medicine, Noordwest Ziekenhuisgroep, Alkmaar, Netherlands,
11 Department of Internal Medicine/Endocrinology, Amsterdam University Medical Centre (UMC), VU (Vrije Universiteit) University
Medical Centre, Amsterdam, Netherlands, 12 Department of Internal Medicine and Cardiovascular Research Institute Maastricht
(CARIM), Maastricht University Medical Centre, Maastricht, Netherlands, 13 Department of Acute Internal Medicine, Amsterdam
University Medical Centre (UMC), University of Amsterdam, Amsterdam, Netherlands, 14 Department of Internal Medicine, Viecuri
Medical Center, Noord-Limburg, Venlo, Netherlands, 15 Department of Internal Medicine, Amsterdam University Medical Centre
(UMC), Diabetes Centre, Vrije Universiteit (VU) University Medical Centre, Amsterdam, Netherlands, 16 Department of Vascular
Medicine, Amsterdam University Medical Centre (UMC), University of Amsterdam, Amsterdam, Netherlands

Objective: To evaluate the association between overweight and obesity on the clinical
course and outcomes in patients hospitalized with COVID-19.

Design: Retrospective, observational cohort study.

Methods: We performed a multicenter, retrospective, observational cohort study of
hospitalized COVID-19 patients to evaluate the associations between overweight and
obesity on the clinical course and outcomes.
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Results: Out of 1634 hospitalized COVID-19 patients, 473 (28.9%) had normal weight,
669 (40.9%) were overweight, and 492 (30.1%) were obese. Patients who were
overweight or had obesity were younger, and there were more women in the obese
group. Normal-weight patients more often had pre-existing conditions such as
malignancy, or were organ recipients. During admission, patients who were overweight
or had obesity had an increased probability of acute respiratory distress syndrome [OR
1.70 (1.26-2.30) and 1.40 (1.01-1.96)], respectively and acute kidney failure [OR 2.29
(1.28-3.76) and 1.92 (1.06-3.48)], respectively. Length of hospital stay was similar
between groups. The overall in-hospital mortality rate was 27.7%, and multivariate
logistic regression analyses showed that overweight and obesity were not associated
with increased mortality compared to normal-weight patients.

Conclusion: In this study, overweight and obesity were associated with acute respiratory
distress syndrome and acute kidney injury, but not with in-hospital mortality nor length of
hospital stay.
Keywords: COVID-19, obesity, overweight, complications, mortality
INTRODUCTION

Severe acute respiratory syndrome coronavirus (SARS-CoV)-2 is a
novel coronavirus that causes coronavirus disease 2019 (COVID-
19). The virus first emerged in Wuhan (China) in December 2019
and rapidly spread worldwide (1). On March 11, 2020, COVID-19
was declared a pandemic by the World Health Organization. In
most cases, the infection course is asymptomatic or mild, but
symptoms progress in some patients, leading to respiratory failure
and death (2, 3). Risk factors associated with disease severity and/or
mortality include advanced age, male sex, socioeconomic
deprivation, non-white ethnicity, and the presence of
comorbidities such as hypertension, diabetes, and pre-existing
respiratory or cardiovascular disease (4–9).

Obesity is defined as a body mass index (BMI) ≥ 30kg/m2

(10). It is a debilitating condition associated with a range of
disorders such as type 2 diabetes, dyslipidemia, hypertension,
cardiovascular disease, and cancer (11). Several of the
cardiometabolic complications of obesity are risk factors for
poor COVID-19 outcomes (12). Some reports also implicate
obesity itself as a risk factor for severe COVID-19, with an
increased risk of hospitalization, intensive care unit (ICU)
admission, mechanical ventilation, and/or death (13–17).
Several explanations have been proposed, including the
presence of obesity-associated comorbidities, restrictive
pulmonary function due to increased visceral and thoracic fat
mass, low-grade systemic inflammation, and immune
dysfunction (18–20). However, given the confounding links
between obesity and other COVID-19 risk factors, it is
currently unknown whether excess body weight is an
independent risk factor for a poor COVID-19 outcome.
Therefore, we evaluated the associations between overweight
(defined as BMI 25-29.9 kg/m2) or obesity and the clinical
course and outcomes in patients hospitalized with COVID-19
during the first wave in the Netherlands.
n.org 2
METHODS

Study Design and Participants
This retrospective, multicenter, cohort study of patients with
proven SARS-CoV-2 infection admitted to one of the
participating medical centers in the Netherlands was part of
the CovidPredict consortium (CovidPredict.org). Patients
admitted during the first wave were included in the present
analysis; in the Netherlands, the first wave was defined by the
National Institute for Public Health and Environment (RIVM) as
the period between February 27, 2020, and June 30, 2020 (21).
Inclusion criteria were: i) a laboratory-confirmed SARS-CoV-2
infection using a PCR-based test, and ii) hospital admission
during the defined period. Patients were excluded from the
analyses if: i) BMI was unknown, not recorded, or <18.5 kg/
m2), or ii) age < 18 years. The study protocol was reviewed by the
medical ethics committees of the Amsterdam University Medical
Centers (Amsterdam UMC; 20.131). Given the exceptional
circumstances related to the COVID-19 crisis and in
accordance with national guidelines and European privacy law,
the need for informed consent was waived, and an opt-out
procedure was communicated by press release. One of the
participating centers (Maastricht University Medical Centre)
did collect written informed consent from all their patients.

Data Collection
Patient demographics, presenting symptoms, medical data, and
the clinical course were extracted from electronic medical
records using standardized electronic data collection forms.
The patients height and weight were registered at the
participating centers and the BMI was calculated by the
authors with the formula: weight (kg)/[height (m)]2.
Definitions that were used to record comorbid conditions are
presented in Supplemental Material S1. All collected data were
de-identified. In-hospital data were recorded from the moment
December 2021 | Volume 12 | Article 747732
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of hospital admission until either hospital discharge or death.
Clinical outcome data were recorded until December 10, 2020.

Outcomes
The primary outcome was the association between overweight/
obesity and mortality in hospitalized patients with COVID-19.
Patients were categorized into normal weight (BMI
18.5-24.9 kg/m2), overweight (BMI 25–29.9 kg/m2) and obesity
(BMI ≥30 kg/m2). Secondary outcomes were: i) COVID-19-
related symptoms, ii) complications during admission, iii) length
of hospital stay, iv) the need for and duration of mechanical
ventilation, and v) admission to the ICU.

Statistical Analyses
Categorical variables are expressed as counts and percentages
(%). Continuous variables are expressed as mean (± standard
deviation) or median [interquartile range] for parametric and
nonparametric data, respectively. Categorical variables were
compared using the c2 or Fisher’s exact test and one-way
ANOVA with Tukey’s test. Continuous variables were
compared using the Kruskal-Wallis or Mann‐Whitney U tests,
as appropriate. Binary outcome parameters were evaluated using
logistic regression and are reported as odds ratio (OR) with a
95% confidence interval (CI). First, simple logistic regression was
used to assess outcomes in patients who were overweight or had
obesity compared with normal-weight patients. Next,
multivariate regression was used to adjust results for age, sex,
and the number of comorbidities.

All statistical analyses were performed using IBM SPSS
Statistics v26.0 (SPSS, Inc., Chicago, Illinois). Results were
Frontiers in Endocrinology | www.frontiersin.org 3
considered significant if the p-value was < 0.05. Where
appropriate, the Bonferroni method for multiple testing
correction was used.

Handling of Missing Data
We examined the data for selection bias due to missing BMI data.
Missing data analyses were performed using the c2 test for
dichotomous (i.e., ‘sex’ and ‘whether or not the number of
comorbidities was recorded’) and Little’s Missing Completely at
Random (MCAR) test with the Mann-Whitney U test for
continuous (i.e., ‘age’ and ‘length of hospital stay in days’)
variables; BMI data were handled using pairwise deletion, whereas
other variables were deleted list wise. An overview of the missing
data analyses is presented in Supplemental Materials S2, S3.
RESULTS

Participants
From February 27, 2020, until June 30, 2020, a total of 2597
COVID-19 patients were admitted to ten CovidPredict
participating medical centers in the Netherlands. After
excluding patients with missing BMI data (n=810), with
underweight (n=25), or without positive PCR-based SARS-
CoV-2 test (n=128), data from 1634 hospitalized patients with
laboratory-proven COVID-19 were included in the present
analysis. Their baseline characteristics and pre-existing
conditions are presented in Table 1.

Of 1634 included COVID-19 patients, 473 (28.9%) had
normal weight (BMI 18.5-24.9 kg/m2), 669 (40.9%) had
TABLE 1 | Demographics and baseline characteristics of hospitalized patients with COVID-19.

Normal weight (n = 473) Overweight (n = 669) Obese (n = 492) p-value

Male sex (%) 301 (63.6) 471 (70.4) 268 (54.5) <0.001
Age (years) 72.0 [60.0-79.1] 67.0 [58.0-77.0] 63.1 [53.1-74.0] <0.001
BMI (kg/m2) 23.2 [21.8-24.2] 27.3 [26.2- 28.4] 33.1 [31.2-36.1] <0.001
Active smoker (%) 18 (3.8) 26 (3.9) 20 (4.1) 0.977
Alcohol abuse (%) 10 (2.1) 24 (3.6) 8 (1.6) 0.075
Comorbidities
Hypertension (%) 181 (38.3) 301 (45.0) 266 (54.1) <0.001
Diabetes, with complications (%) 24 (5.1) 48 (7.2) 45 (9.1) 0.049
Diabetes, without complications (%) 72 (15.2) 110 (16.4) 121 (24.6) <0.001
Rheumatic disease (%) 47 (9.9) 68 (10.2) 60 (12.2) 0.441
Auto-immune disease (%) 36 (7.6) 45 (6.7) 37 (7.5) 0.812
Organ transplant 13 (2.7) 8 (1.2) 4 (0.8) 0.033
HIV and/or AIDS (%) 1 (0.2) 2 (0.3) 5 (1) 0.208
Chronic cardiac disease (%) 158 (33.4) 206 (30.8) 140 (28.5) 0.250
Asthma (%) 37 (7.8) 71 (10.6) 65 (13.2) 0.025
Other chronicpulmonary disease (%) 87 (18.4) 107 (16.0) 103 (20.9) 0.097
Chronic kidneydisease (%) 52 (11.0) 63 (9.4) 46 (9.3) 0.614
Mild liver disease (%) 12 (2.5) 13 (1.9) 21 (4.3) 0.055
Severe liver disease (%) 5 (1.1) 8 (1.2) 5 (1.0) 0.953
Chronic neurologicdisease (%) 72 (15.2) 76 (11.4) 53 (10.8) 0.069
Hematologic disease (%) 30 (6.3) 29 (4.3) 13 (2.6) 0.020
Dementia (%) 18 (3.8) 21 (3.1) 8 (1.6) 0.112
Malignancy (%) 52 (11.0) 42 (6.3) 24 (4.9) 0.001
Decemb
er 2021 | Volume 12 | Article
Comparison of demographic and characteristic data between patients with normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25-29.9 kg/m2) and obesity BMI (≥30 kg/m2).
Categorical data are count (%) and compared by c2 or Fisher’s exact tests. Continuous data are median [IQR] and compared by Kruskal-Wallis test. Definitions of comorbidities are
presented in Supplemental Table S1. An overall p-value <0.05 is considered statically significant. Post-hoc analysis between groups is presented in Supplemental Table S4.
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overweight (BMI 25-29.9 kg/m2), and 492 (30.1%) had obesity
(BMI ≥ 30 kg/m2). Patients with overweight and obesity were
younger than normal-weight patients, and more women were in
the obese group. Patients with obesity more often suffered from
hypertension, type 2 diabetes, or asthma, whereas the prevalence
of transplant organ recipiency, hematological disease, and
malignancies was lower in the obese group. The patients’
medication use registered at admission is presented in
Supplemental Table S5.

Presenting Symptoms and Findings
Reported symptoms at the time of hospital admission were mostly
consistent with those previously reported for COVID-19 patients:
the most frequently reported symptoms for all patients were fatigue/
malaise (81.6%), fever (77.0%), and dyspnea (74.9%) (22). An
overview of all reported COVID-19 symptoms in the patients
with normal-weight, overweight, and obesity is presented in
Table 2. Patients in the overweight and obese groups more often
reported cough, dyspnea, headache, and chest pain.

At admission, patients with obesity presented with higher
plasma glucose concentrations than patients with normal-weight
and overweight (7.3 [6.2-9.8], 6.8 [5.9-8.0], and 6.9 [6.1-8.6] mmol/
L, respectively; p<0.001 and p=0.013, respectively). Lactate
dehydrogenase was higher in patients who were overweight than
the normal-weight group (356 (281-473) vs 329 [246-441] IU/L;
p=0.038). C-reactive protein and creatinine concentrations did not
differ between the groups (Supplemental Table S7).

Complications During Hospital Admission
There was a high incidence of complications among the
hospitalized patients with COVID-19: 290 (61.3%) patients
with normal-weight, 430 (64.3%) overweight, and 278 (56.5%)
obesity developed one or more complications (Supplemental
Table S8). Importantly, 11.3%, 13.5%, and 8.7% of patients in the
Frontiers in Endocrinology | www.frontiersin.org 4
normal-weight, overweight, and obese groups, respectively, had
missing data on complications during hospital admission
(Supplemental Material S3c). Nevertheless, patients who were
overweight or had obesity did not appear to have an overall
increased probability for any complication. There were some
specific complications associated with overweight or obesity
(Table 3). Most notably, patients who were overweight or had
obesity had a higher probability of acute respiratory distress
syndrome (ARDS) (OR 1.70 (1.26-2.30) and 1.40 (1.01-1.96),
respectively) and acute kidney injury (AKI) (OR 2.29 (1.28-3.76)
and 1.92 (1.06-3.48), respectively) during COVID-19 infection.
There were no differences in vascular complications, including
pulmonary embolism and deep venous thrombosis.

ICU Admission
Out of 1634 hospitalized patients with COVID-19, 467 (28.6%)
patients were admitted to the ICU, most often for respiratory failure
and the need for mechanical ventilation. Since patients with severe
comorbidities may have had a non-ICU admission policy, we only
provide descriptive data for this outcome. Within the normal-
weight, overweight, and obese groups, 104 (22.0%), 223 (33.3%),
and 140 (28.6%) patients, respectively, were admitted to the ICU.

Length of Hospital and ICU Stay, and Days
on Mechanical Ventilation
Overall, patients with COVID-19 stayed a median [IQR] of 10
[4-26] days in the hospital. There were no differences in length of
hospital stay between the normal-weight, overweight, and obese
groups (Figure 1A). In addition, there were no group differences
in the number of days in the ICU (Figure 1B). The number of
days on a ventilator was higher in the overweight than in the
normal weight group (Figure 1C and Supplemental Table S9).
Adjustment for age, sex, and the number of pre-existing
conditions did not alter these results.
TABLE 2 | Symptoms at presentation.

Normal weight Overweight Obese p-value

Fatigue/malaise 343 (79.4) 512 (82.6) 379 (80.1) 0.367
Fever 321 (74.3) 471 (77.7) 363 (78.6) 0.270
Dyspnea 295 (66.1) 490 (76.9) 379 (80.1) <0.001
Coughing 122 (30.0) 230 (39.2) 162 (37.2) 0.009
Diarrhea 124 (30.0) 176 (29.8) 161 (35.3) 0.123
Nausea and/or vomiting 93 (23.0) 157 (26.8) 121 (27.2) 0.311
Myalgia 74 (20.3) 127 (24.4) 105 (26.1) 0.156
Headache 61 (16.7) 120 (22.6) 114 (27.5) 0.001
Chest pain 55 (13.5) 118 (20.2) 102 (22.7) 0.002
Abdominal pain 54 (13.2) 84 (14.4) 74 (16.5) 0.391
Rhinorrhea 48 (13.4) 64 (12.6) 70 (17.0) 0.143
Confusion 70 (17.0) 76 (13.1) 52 (11.7) 0.071
Sore throat 35 (9.8) 52 (10.2) 51 (12.6) 0.391
Anosmia 21 (6.4) 32 (6.7) 35 (9.2) 0.273
Hemoptysis 12 (2.9) 24 (4.2) 18 (4.1) 0.571
Arthralgia 10 (2.8) 21 (4.1) 12 (3.0) 0.528
Wheezing 14 (3.6) 15 (2.8) 11 (2.6) 0.682
Dece
mber 2021 | Volume 12 | Article
Difference in presenting symptoms during admission between patients with normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25-29.9 kg/m2) and obesity BMI (≥ 30 kg/m2). Data are
count (%) and compared by chi-square test or Fisher’s exact test. An overall p-value <0.05 is considered statically significant. Post-hoc analysis between groups is presented in
Supplemental Table S6.
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Clinical Outcomes: Destination After
Discharge and Mortality
Of the 1414 patients for whom final outcome data were available,
1023 (72.3%) patients were discharged alive. There were no
group differences in the destination after discharge (Table 4).

A total of 391 (27.7%) patients died in the hospital: 124
(29.9%%), 166 (28.9%), and 101 (23.8%) in the normal-weight,
Frontiers in Endocrinology | www.frontiersin.org 5
overweight, and obese groups, respectively. Both univariate and
multivariate logistic regression analyses demonstrated no
difference in death amongst patients who were overweight or
had obesity hospitalized with COVID-19, as compared to those
with normal weight. Alternatively, using stepwise logistic
regression, we observed that male sex [OR 1.65 (1.28–2.13)],
age [OR 1.07 (1.06-1.09)], and the number of pre-existing
TABLE 3 | Association of overweight and obesity with complications during admission.

Overweight vs normal weight,
unadjusted

Obesity vs normal weight,
unadjusted

Overweight vs normal
weight, adjusted

Obesity vs normal weight,
adjusted

Overall complications 1.14 (0.89-1.45) 0.82 (0.63-1.06) 1.19 (0.93-1.52) 0.96 (0.73-1.25)
Pulmonary complications
ARDS 1.73 (1.29-2.33) 1.22 (0.88-1.68) 1.70 (1.26-2.30) 1.40 (1.01-1.96)
Bacterial pneumonia 1.33 (0.90-1.95) 1.00 (0.65-1.53) 1.25 (0.85-1.84) 1.02 (0.66-1.58)
Aspergillosis pneumonia 1.07 (0.43-2.64) 1.26 (0.50-3.17) * *
Pneumothorax 0.8 (0.36-1.67) 0.35 (0.13-0.99) * *
Cardiac complications
Congestive heart failure 0.45 (0.23-0.89) 0.84 (0.45-1.57) 0.50 (0.25-0.99) 1.13 (0.59-2.17)
Endocarditis, myocarditis or
pericarditis

0.72 (0.18-2.89) 0.46 (0.08-2.54) * *

Cardiac arrhythmia 1.05 (0.71-1.57) 0.73 (0.47-1.15) 1.15 (0.77-1.73) 0.93 (0.58-1.49)
Cardiac ischemia 1.21 (0.43-3.36) 0.78 (0.24-2.56) * *
Neurologic complications
Seizure 0.87 (0.26-2.86) 0.37 (0.07-1.92) * *
Cerebrovascular accident 1.37 (0.57-3.25) 1.05 (0.40-2.75) * *
Coagulation disorders
Pulmonary embolism 1.25 (0.78-1.98) 0.89 (0.52-1.52) 1.18 (0.73-1.89) 1.01 (0.58-1.74)
Deep venous thrombosis 1.20 (0.60-2.41) 0.59 (0.24-1.42) 1.08 (0.54-2.18) 0.55 (0.22-1.35)
Disseminated intravascular
coagulation

1.18 (0.28-4.96) 0.32 (0.03-3.08) * *

Bacteremia 1.41 (0.91-2.20) 1.15 (0.71-1.86) 1.31 (0.84-2.05) 1.21 (0.74-1.99)
Anemia requiring transfusion 1.03 (0.68-1.57) 0.71 (0.44-1.15) 1.02 (0.67-1.55) 0.70 (0.43-1.14)
Rhabdomyolysis/myositis 1.28 (0.53-3.07) 2.40 (1.04-5.50) 1.18 (0.49-2.84) 2.35 (1.01-5.47)
Acute renal failure/injury
requiring dialysis

2.31 (1.35-3.94) 1.73 (0.97-3.10) 2.29 (1.28-3.76) 1.92 (1.06-3.48)

Gastrointestinal hemorrhage 2.70 (0.75-9.74) 1.88 (0.47-7.58) * *
Liver failure 0.91 (0.35-2.32) 0.58 (0.19-1.78) * *
Delirium 1.17 (0.85-1.62) 0.93 (0.65-1.33) 1.29 (0.92-1.79) 1.17 (0.81-1.69)
December 2021 |
Multivariate logistic regression analyses comparing patients who are overweight (BMI 25-29.9 kg/m2) or have obesity (≥ 30 kg/m2) to normal weight patients (BMI 18.5-24.9 kg/m2).
Adjusted analyses includes age, sex, and the number of comorbidities. Data are OR (95% CI).
*Analyses were not performed, because fewer than 40 events occurred.
A B C

FIGURE 1 | Length of hospital and ICU stay, and days on mechanical ventilation in hospitalized patients with COVID-19. Length of hospital (A) and ICU stay (B),
and days on mechanical ventilation (C) in COVID-19 patients with normal weight, overweight, and obesity. Data are presented as violin plots, with median (vertical
line) and IQR (vertical dashes). Post-hoc Mann-Whitney-U test showed a significant difference in the duration of mechanical ventilation between the overweight and
normal weight group, *p = <0.001. The table containing media [IQR] and statistical test result are presented in Supplemental Table S7.
Volume 12 | Article 747732

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


van Son et al. Mortality in Hospitalized COVID Patients
conditions [OR 1.33 (1.24-1.43)] associated independently with
death during hospital admission.
DISCUSSION

Data from this retrospective multicenter cohort study of
hospitalized COVID-19 patients during the first wave of the
pandemic in the Netherlands demonstrates that patients who
are overweight or have obesity do not have an increased
probability of in-hospital mortality nor an extended length of
hospital stay as compared to normal-weight patients. However,
both patients with overweight and obesity have an increased
probability of developing ARDS and AKI during admission for
COVID-19.

It is important to note that in this cohort the prevalence of
overweight and obesity was 40.9% and 30.1%, respectively; while
in the Dutch population in 2019 the prevalence of overweight
and obesity amongst those aged 65-75 years (i.e., the age range in
our cohort) was 42.5 and 17.7%, respectively (23). This indicates
that patients with obesity were overrepresented in our cohort of
hospitalized COVID-19 patients. This finding is in line with
previous reports describing the increased probability of
hospitalization for COVID-19 in patients with obesity (13, 24).
Two possible explanations for this observation are that: i) obese
individuals may be more prone to infection with SARS-CoV-2
(due to increased risk of exposure; time spent indoors; contact
with healthcare professionals; immunological, or other factors),
or ii) individuals with obesity and COVID-19 may be at higher
risk of severe COVID-19 disease requiring hospital admission.
Obese individuals have an altered immune system with chronic
low-grade inflammation (25), and previous studies have
implicated obesity to negatively impact immune function and
response to viral infections and vaccines (26–28). Additionally,
increased visceral adiposity has been linked to an elevated risk for
adverse outcomes in septic ICU patients (29). Moreover, once
admitted, the overweight and obese groups in our cohort had
increased probability of ARDS and AKI; a finding that is
consistent with previous reports (30). However, despite this,
we found no increased probability of overall in-hospital
complications or death in COVID-19 patients who are
overweight or have obesity.

These observations are important for clinicians because they
indicate that the presence of overweight or obesity per se should
not influence important clinical decisions during in-hospital
COVID-19 care, including decisions regarding ICU admission
or the initiation of mechanical ventilation.
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Our observation that overweight and obesity are not
independent factors for in-hospital mortality may seem
contrary to previous reports and popular media coverage (31–
33), but several possible explanations are available. Firstly,
obesity disproportionally impacts the lower socioeconomic
classes (34, 35); in countries where income affects healthcare
availability, this may confound COVID-19 outcomes in obese
individuals (36), whereas both emergency care and the care for
chronic conditions (including the cardiometabolic complications
of obesity) are widely accessible, independent of socioeconomic
status, in the Netherlands. Secondly, the median BMI of the
obese group was 33.1 kg/m2, with only 44 patients classified as
severely obese (i.e., BMI ≥ 40 kg/m2). In other cohorts, in-
hospital mortality was increased in patients with severe obesity
(BMI ≥ 35 kg/m2), but not in patients who had overweight or
class 1 obesity (BMI 25-34.9 kg/m2) (33, 37, 38). A recent large
multicenter study found that increased risk of death was limited
to class 3 obesity (BMI ≥ 40 kg/m2) (39). Additionally, a meta-
analysis confirmed this non-linear relationship between BMI and
poor outcome in patients with COVID-19, in which the
association became increasingly stronger from BMI 30-35 kg/
m2 onwards (40). Thirdly, as described previously increased
visceral adipose tissue is associated with adverse outcomes in
ICU patients (29). More recent studies have corroborated this
finding in patients with COVID-19 (41–43). In our cohort
anthropomorphic data on body composition was not available.
Measuring visceral adiposity with computed tomography scans
to assess the risk for adverse outcomes in patients admitted with
COVID-19 would not be feasible in the clinical practice.
However, waist circumference and waist-to-hip ratio are
simple and inexpensive methods to measure abdominal obesity
and have proven to predict obesity-related health risks and
mortality (44, 45). It would be interesting for future studies to
add the measurement of waist circumference and/or waist-to-hip
ratio as a supplement to BMI to predict adverse events and
mortality in patients hospitalized with COVID-19. Lastly,
patients who are overweight or have obesity may be at
increased risk of severe COVID-19, requiring hospital
admission, with similar outcomes once they are admitted; this
would still make overweight/obesity a risk factor for COVID-19
related morbidity/mortality from a population point of view.

We found several group differences in specific complications
during admission. Patients who were overweight or had obesity
more frequently developed ARDS and, on average, patients who
were overweight required longer mechanical ventilation.
Notably, prolonged mechanical ventilation was not observed
in patients with obesity. The data on mechanical ventilation
TABLE 4 | Destination after discharge for COVID-19 patients with normal weight, overweight, or obesity who were discharged alive.

Normal weight (n = 291) Overweight (n = 408) Obese (n = 324)

Discharged to home 231 (79.4%) 327 (80.1%) 258 (79.6%)
Discharged to a nursing home 12 (4.1%) 14 (3.4%) 14 (4.3%)
Discharged to a rehabilitation unit 44 (15.1%) 67 (16.4%) 52 (16.0%)
Palliative discharge 4 (1.4%) 0 (0.0%) 0 (0.0%)
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shows a large interquartile range which could explain the need
for a larger sample size to reach statistical significance. Two
possible explanations for the increased ARDS probability in the
overweight and obese group are: i) reduced lung volume and
compliance due to the presence of adipose tissue around the rib
cage, abdomen, and within the visceral cavities (46, 47), which
impairs alveolar gas exchange (48, 49), and ii) increased airway
hyperresponsiveness due to the chronic inflammatory state
(50–53). It is important to note that even though patients
with overweight and obesity more often developed ARDS
they did not have a higher mortality rate. This observation
has more frequently been described and is also referred to as
‘the obesity paradox’ (54). Several studies, including two large
meta-analysis, have reported that obesity was associated with
an increased risk of ARDS; however, lower risk of mortality
(54–57). The underlying mechanisms of ‘ the obesity paradox’
remain unclear. A possible explanation could be an altered
inflammatory response. Animal studies have shown that obese
rodents with acute lung injury (ALI) had an anti-inflammatory
phenotype which, after acute infection, could protect the lungs
from further damage due to severe inflammation (58, 59).
Additionally, lower circulating pro-inflammatory cytokines
have been reported in humans with obesity and ALI (60).
Next, patients who were overweight or had obesity also more
often developed AKI requiring dialysis. Several factors such as
age, diabetes, hypertension and baseline serum creatinine
concentrations are associated with an increased risk for AKI
in patients with COVID-19 (61). In this cohort, there was a
higher prevalence of hypertension and diabetes in patients with
overweight and obesity which could affect the renal function in
these groups (62, 63). However, our analysis corrected for these
factors and baseline creatinine concentrations did not differ
between the groups. Nevertheless, obesity is known to be an
independent risk factor for developing kidney disease (64, 65).
The pathophysiology behind an increased risk of kidney disease
in obesity is not completely understood, but factors such as
peripheral insulin resistance, pro-inflammatory state,
glomerular hyperfiltration, and dyslipidemia could increase
the risk for AKI during illness (66–68). Moreover, in patients
admitted to the ICU an increased BMI has previously been
described to be an independent risk factor for developing AKI
(69, 70). A finding which more recently has also been reported
in patients with COVID-19 (71).

This retrospective study has several strengths and limitations.
It describes a large cohort of hospitalized COVID-19 patients in
the Netherlands, with relatively large normal-weight, overweight,
and obese groups; it is a multicenter study, spanning both
academic and general hospitals throughout the Netherlands;
and the CovidPredict database records detailed individual
patient data on pre-existing conditions, signs and symptoms at
the time of hospital admission as well as events occurring during
the hospital stay.

The first and most important limitation is that 46.3% of
admitted patients in the original dataset had missing BMI data;
given our primary outcome, these patients had to be excluded
from all analyses. One may hypothesize that BMI is selectively
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registered in severely ill patients, thereby introducing bias. We
performed several missing data analyses (Supplemental
Materials S2, S3) to gain insight into the missing data. These
analyses showed some minor and, in our opinion, clinically
irrelevant differences between groups. Even though we do not
think that these slight differences are likely to meaningfully
impact our results on mortality outcome, a possible selection
bias on registering BMI cannot be excluded. Secondly, we were
unable to correct for socioeconomic status and ethnicity; factors
associated with COVID-19 prevalence and mortality (72, 73).
Thirdly, a small number of patients was discharged to another
hospital (3.0%) after which they were lost to follow-up. Fourthly,
during the first wave of the pandemic, there was no nationwide
protocol on the treatment of COVID-19, which led to differences
in treatment strategies between the participating hospitals.
During the first wave in the Netherlands, the two most
prescribed medications were hydroxychloroquine and
remdesivir (74). More recent insights suggest that both have
little-to-no effect on the need for mechanical ventilation, length
of hospital stay, or overall mortality (75). Therefore, we do not
believe that heterogeneity in therapeutic strategies introduced
any bias. Fifthly, our data merely represents patients admitted to
the hospital. Hence, we cannot exclude a bias introduced by
hospital admission policies per se. Sixthly, patients with severe
comorbidities may have had a non-ICU admission policy;
introducing a bias in the main outcomes. Therefore, ICU
admission rates were reported as descriptive data only. Finally,
we stress that these data only apply to hospitalized patients with
COVID-19.

In conclusion, during the first wave of the pandemic in the
Netherlands, patients with obesity were overrepresented
amongst hospitalized patients with COVID-19. Overweight
and obesity were associated with the development of ARDS
and AKI, but not with in-hospital mortality nor with the
duration of hospital stay.
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