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Abstract Background and aims: Obesity has been suggested as a possible risk factor for a more
severe course of COVID-19; however, conclusive evidence is lacking and few studies have inves-
tigated the role of BMI as a risk factor for admission to intensive care unit (ICU) and mortality.

We retrospectively analyzed a COVID-19 cohort recruited during the first 40 days of the
epidemic in Italy. We examined the association between obesity and 30-day mortality, admission
to ICU, mortality and length of hospital stay in patients with COVID-19.
Methods and results: Demographic, clinical and outcome data were retrospectively analyzed in
331 patients with COVID-19 admitted to hospital between 21 February and 31 March 2020.
The predictive effect of obesity on mortality was assessed using a Cox proportional-hazard
regression model, its effect on ICU admission and mortality in the ICU using logistic regressions,
and its effect on length of hospital stay using a linear regression.

Seventy-four of 331 patients had a BMI �30 kg/m2. Among obese patients, 21 (28.4%) required
admission in ICU and 25 died (33.8%). After controlling for sex, age, comorbidities and clinical
data, obesity was not significantly associated with mortality, mortality in ICU and length of hos-
pital stay. The effect of obesity on ICU admission remained significant after controlling for sex,
age, interstitial lung disease, heart disease and serum C-reactive protein.
Conclusions: Obese patients with COVID-19 were more likely to be admitted to ICU than non-
obese patients. However, there were no significant differences in mortality between the two
groups.
ª 2020 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Ital-
ian Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
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Introduction

The Coronavirus disease 2019 (COVID-19) outbreak, sus-
tained by a novel strain of the Coronavirus family iden-
tified as Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2), has been recently declared a pandemic
[1]. The global number of cases has now exceeded 4.5
million with a case-fatality rate of approximately 6.7%.
Potential risk factors for severe illness and mortality
include advanced age and comorbidities such as diabetes,
hypertension, cardiovascular diseases and cancer [2].
Obesity is recently emerging as an additional potential
risk factor.

According to the recommended classifications for Body
Mass Index (BMI) adopted by the World Health Organi-
zation (WHO), obesity is defined as a BMI �30 kg/m2 [3].
The prevalence of obesity in the world population has
nearly tripled in the last forty years, and obesity is now
considered a chronic disease which is often associated
with a significant increase in morbidity and mortality [4].
Moreover, a BMI �30 kg/m2 has been reported to be an
independent risk factor for the development of H1N1
pulmonary infection [5] and for Community Acquired
Pneumonia [6]. Notably, it has also been shown to corre-
late with an increased risk of developing severe MERS [7]
and to be responsible for a higher hospitalization rate
during seasonal influenza epidemics [8].

Although the pathogenesis of COVID-19 is still unclear,
a number of patients with a severe disease showed labo-
ratory evidence of systemic inflammation. This is poten-
tially triggered by a cytokine storm [9] and some
immunosuppressive drugs targeting specific molecules
seemed to be useful to reverse the disproportionate im-
mune activation found in late stages [10]. Interestingly, it
has been demonstrated that in overweight and obese pa-
tients there are increased circulating levels of adipokines
and inflammatory cytokines such as TNFa, IL-6, or C-
Reactive Protein (CRP) [11e13] which determine a chronic
low-grade inflammation that impairs the adaptive im-
mune responses to viral infections [14] and favor the
development of immune mediated diseases [15]. Lifestyle
and diet also have a role in inducing inflammation by
directly affecting cellular pathways such as STAT3, IKK,
MMP9, MAPK, COX2, and NF-Kb [16,17]. It is debated
whether obesity may induce a kind of preconditioning to
inflammatory stimuli, making patients more resistant to
Acute Respiratory Distress Syndrome (ARDS) [13]. Few
studies have investigated the role of BMI as a risk factor for
COVID-19-related mortality and speculations have been
made on whether the so called obesity paradox [13,18],
according to which obesity is associated with a decreased
mortality in patients with ARDS [19], would also hold for
COVID-19 patients.

The aim of this study is to examine the correlation
between obesity, 30-day mortality and admission to
Intensive Care Unit (ICU) in patients with a confirmed
diagnosis of COVID-19 who had been admitted to a tertiary
referral hospital in Northern Italy.
Methods

Patients

This study is a retrospective analysis of the SMAtteo COvid
19 Registry (SMACORE) cohort. The SMACORE cohort in-
cludes patients with confirmed diagnosis of COVID-19
disease referred to our Hospital, Fondazione IRCCS Poli-
clinico San Matteo in Pavia. The SMACORE database in-
cludes demographic, clinical (symptoms at admission and
comorbidities), laboratory data, treatment and outcome
(admission to ICU, death, discharge). In this study, data
were extracted from patients hospitalized between 21st
February and 31st March 2020. Follow-up included data
available until 30th April. The SMACORE study was
approved by our Institutional Review Board. Medical re-
cords were reviewed and anonymized data abstracted on
standardized data collection forms. Demographic data
included sex and age. Clinical data included symptoms on
admission, CRP, comorbidities (history of cancer, active
cancer, heart disease, hypertension, diabetes and obesity)
and imaging data (X-ray evidence of interstitial lung dis-
ease). Obesity was defined as BMI �30 kg/m2. Primary
outcomes included 30-day in-hospital mortality rate.
Secondary outcomes were ICU admission needing for
invasive mechanical ventilation, mortality in the ICU, and
hospital length of stay.

RNA assay

SARS COV-2 infection was confirmed by a positive viral
RNA from respiratory samples determined by specific real-
time reverse transcriptaseepolymerase chain reaction (RT-
PCR) targeting RNA-dependent RNA polymerase and E
genes according to WHO guidelines and Corman et al.
protocols [20].

Statistics

Data for continuous variables are presented as means and
standard deviation or, in case of non-normality, medians
and interquartile ranges (IQR). Data for categorical vari-
ables are presented as frequencies and percentages.
Comparisons between obese and non-obese patients were
performed using chi-square tests for categorical variables,
Mann Whitney tests for non-normal continuous data and
t-tests for normal continuous data. Incidence, mechanisms
and patterns of missing data were then explored. Data
were deemed to follow a Missing At Random mechanism
and multiple imputation with predictive mean matching
(20 datasets, 30 iterations) was employed to account for
missing data. This approach was chosen since multiple
imputation, contrarily to listwise deletion, reduces bias in
parameter estimates and standard errors while maintain-
ing the original relationships among variables [21]. Quality
of imputed data was ascertained comparing distributions
of imputed datasets with the one with complete data.
Multiple imputed datasets were then employed to perform
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the subsequent regressions. The predictive effect of obesity
on mortality was determined using an univariate survival
curve analyses and a multivariable Cox proportional-
hazard regression model. Results are reported as Hazard
Ratios (HR) and 95% Confidence Intervals (CI). The pre-
dictive effect of obesity on ICU admission and mortality in
the ICU was assessed using multivariable logistic re-
gressions. Results are reported as Odds Ratios (OR) and
cutoffs for small, medium and high effects, were 1.68, 3.47,
and 6.7 [22]. Finally, to determine the predictive effect of
obesity on length of stay we used a multivariable linear
regression. In all the multivariable regression models, the
effect of obesity was adjusted by including sex, age, pres-
ence of interstitial pneumonia at admission, CRP levels and
PF ratio at admission, antiviral and antibiotic treatment,
and main comorbidities (tumor, heart disease, hyperten-
sion, diabetes) as covariates. Respective assumptions of
each regression model were checked. Significance
threshold was set at aZ .05. The analyses were performed
using R (version 3.6.0) packages base [23], mice [24] and
survival [25].
Table 1 Characteristics of 427 consecutive patients with laboratory-confi

Total sample

(n Z 427) Missin

Demographic features
Female sex 136 (31.8%) 0%
Age 67 � 21 0%
Clinical manifestations
RF � 22 131 (51%) 40%
Fever (BT � 37,5 �C) 327 (95%) 19%
Cough 167 (48%) 19%
Dyspnea 212 (62%) 20%
Dyarrhea 28 (8%) 20%
Fatigue 44 (13%) 20%
X-ray imaging
Interstitial pneumonia 283 (83%) 21%
Laboratory data
CRP > 10 mg/dl 233 (56%) 2%
PF ratio < 260 137 (52%) 38%
Comorbidities
Obesity 80 (24%) 22%
Tumor 22 (6%) 20%
Heart disease 98 (28%) 19%
Hypertension 174 (50%) 19%
Diabetes 66 (19%) 19%
Treatment data
Antibiotic therapy 297 (96%) 28%
Antiviral therapy 263 (87%) 29%
Outcome data
Length of stay (median (IQR)) 8 (12.5) 0%
ICU admission 92 (22%) 0%
Mortality in patients admitted

in ICU (n Z 92)
39 (9%) 0%

Death 139 (33%) 0%

Note. Percentages are calculated based on the cases without missing data
Abbreviations: RF Z respiratory frequency; BT Z body temperature; PF
(fiO2).
a Comparison between obese and non-obese patients based on chi sq

continuous data, or t-tests for normal continuous data.
Results

Four-hundred and twenty-seven patients were included in
this analysis.

Demographic features, comorbidities, clinical outcomes
are reported in Table 1. In univariate analyses, obese and
non-obese patients were different in terms of CRP >10 mg/
l, hypertension, diabetes, length of stay and ICU admission
rates, as well as missing data frequencies. The multiple
imputation procedure converged and imputed data fol-
lowed plausible distributions and employed in the
following regression models.

Univariate survival curves showed no significant dif-
ferences in mortality between obese and non-obese pa-
tients (log-rank test p-value Z 0.34) (Fig. 1). After
accounting for demographic, clinical and treatment vari-
ables, the multivariable Cox proportional-hazard regres-
sion model showed that the effect of obesity was not
significant (Table 2).

In contrast, in the multivariable logistic model per-
formed to assess the effect of obesity on ICU admission, the
rmed COVID-19.

Stratified by obesity

BMI � 30 BMI< 30

g % (n Z 80) (n Z 252) p valuea

31 (39%) 72 (29%) 0.12
65 � 12.3 66.7 � 14.4 0.31

32 (40%) 86 (34%) 0.39
72 (90%) 214 (85%) 0.80
35 (44%) 114 (45%) 0.62
57 (71%) 142 (56%) 0.09
8 (10%) 18 (7%) 0.64
12 (15%) 24 (10%) 0.30

67 (84%) 184 (73%) 0.08

55 (69%) 141 (56%) 0.05
37 (46%) 90 (36%) 0.19

3 (4%) 15 (6%) 0.65
18 (23%) 72 (29%) 0.25
49 (61%) 107 (42%) 0.01
24 (30%) 36 (14%) <0.01

66 (83%) 197 (78%) 0.28
65 (81%) 164 (65%) 0.12

12 (14.5) 9 (12) 0.04
26 (33%) 48 (19%) 0.02
10 (12%) 18 (7.1%) 0.93

26 (33%) 89 (35%) 0.74

in the corresponding variables.
ratio Z arterial partial pressure of oxygen/fractional inspired oxygen

uare tests for categorical data, Mann Whitney tests for non-normal
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effect of obesity was significant (Table 2). The size of this
effect was small.

Finally, the effect of obesity was not significant on both
death in the ICU and length of stay (Table 2).

Discussion

The role of obesity in the development of severe COVID-19
and mortality has not yet been thoroughly addressed, even
though existing studies point to a correlation between
COVID-19 and some major consequences of obesity, such
as arterial hypertension, cardiovascular disease and dia-
betes [2]. Our study offers some perspective on this matter
among those recently conducted in Italy. Although obesity
is considered to be a global pandemic, outcome data from
obese COVID-19 patients are lacking. For instance, a recent
report describing the epidemiology and risk factors in
5700 patients hospitalized for SARS-CoV-2 infection, re-
ported a 41% prevalence of obesity, omitting to report the
outcome of this specific subgroup [26].
Figure 1 Univariate survival mortality curves in o
The main finding of the present paper is that obese
patients with COVID-19 are more likely to be admitted to
ICU than people with a BMI <30 kg/m2. In contrast, obesity
does not influence overall survival, survival in ICU and
length of hospital stay. Our data are in agreement with
previously reported evidence of obesity being a hitherto
unrecognized risk factor for need for critical care [27],
more severe disease [28], and use of invasive mechanical
ventilation [29]. In line with this, two French retrospective
studies found a higher proportion of obese patients
admitted to ICU for COVID-19-related ARDS compared
with subjects hospitalized for severe acute pulmonary
conditions due to other causes [30,31].

Although the pathogenesis of COVID-19 is still unclear,
increasing evidence suggests that systemic hyper-
inflammation, similar to cytokine release syndrome (CRS),
might be related to a more severe disease. Since adipose
tissue increases the release of pro-inflammatory cytokines,
obesity is associated with low-grade chronic inflammation
and a systemic acute-phase response with an elevation of
bese and non-obese patients with COVID-19.



Table 2 Results of regressions investigating the effects of obesity on mortality, ICU admission, death in ICU, length of hospital stay.

Mortalitya ICU admissionb Death in the ICUb Length of stayc

HR 95% CI OR 95% CI OR 95% CI B 95% CI

Female sex 0.73 0.44e1.19 0.73 0.39e1.38 0.36 0.08e1.68 0.68 �1.96 to 3.32
Age 1.10 1.07e1.12 0.99 0.97e1.01 1.15 1.06e1.24 �0.12 �0.22 to �0.03
RF � 22 1.02 0.60e1.73 2.18 1.02e4.63 1.13 0.21e5.94 3.94 0.57 to 7.32
Interstitial pneumonia 1.41 0.70e2.84 1.77 0.58e5.42 0.98 0.09e10.72 0.76 �3.18 to 4.71
CRP > 10 mg/dl 1.24 0.81e1.91 2.29 1.21e4.38 1.44 0.26e8.02 3.51 1.03 to 5.99
PF ratio < 260 2.55 1.52e4.25 2.27 1.07e4.89 2.63 0.42e16.44 1.25 �1.77 to 4.28
Tumor 0.80 0.34e1.89 0.67 0.13e3.53 1.16 0.06e23.1 �0.61 �5.76 to 4.53
Heart disease 1.11 0.71e1.74 0.49 0.21e1.12 2.31 0.29e18.54 �0.23 �3.54 to 3.07
Hypertension 0.77 0.51e1.17 0.75 0.39e1.43 0.83 0.21e3.33 1.01 �1.87 to 3.89
Diabetes 1.29 0.78e2.15 0.75 0.34e1.68 0.73 0.12e4.43 1.09 �2.65 to 4.84
Antibiotic therapy 0.76 0.24e2.52 0.37 0.07e1.93 0.45 0.01e17.9 0.42 �6.21 to 7.05
Antiviral therapy 0.52 0.27e1.04 1.36 0.46e4.03 1.03 0.1e11.03 4.67 0.38 to 8.97
Obesity 1.03 0.65e1.67 1.96 1.03e3.75 1.65 0.38e7.15 1.19 �1.88 to 4.26

Notes. The analyses were performed on multiple imputed datasets.
Abbreviations: HR Z hazard ratio; OR Z odds ratio; RF Z respiratory frequency; BT Z body temperature; PF ratio Z arterial partial pressure of
oxygen (PaO2)/fractional inspired oxygen (fiO2).
a Cox proportional hazard regression.
b Logistic regression.
c Linear regression.
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acute-phase protein levels such as CRP [32]. However,
assuming that CRP values might properly reflect the in-
flammatory status of our patients, no significant differ-
ences were found in CRP values between obese and non-
obese patients in this cohort. This finding suggests that
additional factors may contribute to the aforementioned
COVID-19 severity in obese individuals.

Of note, similarly to observations in pulmonary compli-
cations during influenza virus infections, obese patients tend
to have a better outcome [19] even though obesity is classi-
fiedasa risk factor for severediseases [33]. This phenomenon
is known as obesity paradox and might be explained by a
potentially protective role of excessive fat accumulation
which might result in a more advantageous environment to
withstand a significant breakdown in patients' caloric intake
frequently occurring in intensive-care settings, such as sepsis
or ventilator-induced lung injury [18].

However, it must be conceded that a blind BMI classi-
fication has limitations, being unable to discriminate
muscular from adipose tissue.

Another possible explanation of the paradox is that
clinicians tend to consider patients with obesity at higher
risk of worse outcome, resulting in their earlier admission
and a more aggressive and timely management [34].

It is controversial whether mild obesity (BMI between
30 and 35) should be considered as a risk factor for higher
mortality, as according to some reports, mortality trends of
obese patients increased proportionally to grade of obesity
[35e37]. On the other hand, a meta-analyses of 239 pro-
spective studies showed a strong association between all-
grade obesity and mortality in never-smokers patients
without pre-existing diseases [38]. In the present study,
since actual BMI values were unavailable, we could not
stratify patients according to BMI ranges and perform
comparisons between different grades of obesity. This
study has also further limitations, including the relatively
small sample size and the retrospective design.
In conclusion, the obesity paradox may also apply to the
COVID-19 context, despite the difficult management of
obese patients in the ICU setting, in terms of ventilation
and nursing. Thus, obesity should not be considered a
determinant factor in the unsuccessful outcome of inten-
sive care.
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