DE GRUYTER

Diagnosis 2021; 8(1): 5-16

Review

Diletta Onorato*, Giovanni Carpené, Giuseppe Lippi and Mairi Pucci

Updated overview on the interplay between

obesity and COVID-19

https://doi.org/10.1515/dx-2020-0111
Received August 11, 2020; accepted October 14, 2020;
published online November 19, 2020

Abstract: The worldwide spread of coronavirus disease
2019 (COVID-19) has generated a global health crisis and
more than a million deaths so far. Epidemiological and
clinical characteristics of COVID-19 are increasingly re-
ported, along with its potential relationship with over-
weight and/or obesity. Therefore, we aim here to review the
current scientific literature on the impact of overweight
and/or obesity among hospitalized patients who have
developed severe or critical forms of COVID-19. Following
PRISMA guidelines, our literature search identified over
300 scientific articles using the keywords “obesity” and
“COVID-19”, 22 of which were finally selected for reporting
useful information on the association between overweight/
obesity and disease severity. In particular, in 11 out of the
14 studies (79%) which evaluated the association between
obesity and disease severity providing also a risk estimate
(i.e., the odd ratio; OR), the OR value was constantly >2.
Although the studies were found to be heterogeneous in
terms of design, population, sample size and endpoints, in
most cases a significant association was found between
obesity and the risk of progressing to severe COVID-19
illness, intensive care unit admission and/or death. We can
hence conclude that an increased body mass index shall be
considered a negative prognostic factor in patients with
COVID-19, and more aggressive prevention or treatment
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shall hence be reserved to overweight and/or obese
patients.

Keywords: coronavirus disease; COVID-19; obesity; review.

Introduction

In December 2019 a new virus belonging to the Coronaviridae
family has been identified as the responsible pathogen of a
new pneumonia-like illness [1]. This novel virus, which has
been finally defined severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is a zoonotic pathogen origi-
nated by spillover from bats in Wuhan, China, from where the
infection has then spread all around the world [1]. SARS-CoV-
2 belongs to the beta coronavirus subfamily, which is known
for other similar viruses responsible of two previous epidemic
diseases, i.e., the severe acute respiratory syndrome (SARS) in
2002 and the Middle-East respiratory syndrome (MERS) in
2012, respectively [2, 3]. SARS-CoV-2 rapidly spread from
China, infecting Europe (with the first case in Italy on 28th
February 2020), America, Australia and Africa. On the 11th
March 2020 the pandemic state has been finally declared by
the World Health Organization (WHO) [4].

SARS-CoV-2 is responsible of an illness that has been
defined COVID-19, which is characterized by a heteroge-
neous spectrum of clinical manifestations, from asymp-
tomatic disease to development of pulmonary involvement
(with pneumonia and/or acute respiratory distress syn-
drome; ARDS), up to systemic dissemination with multiple
organ failure and high risk of death [5]. The incubation
period is typically comprised between 1 and 14 days.
Although respiratory involvement is the most frequent
complication in symptomatic people, this frequently
needing mechanical ventilation and intensive care unit
(ICU) admission, the first set of symptoms may include
visual, olfactory, gastrointestinal and skin disturbances,
encompassing also fever, headache, dry cough, fatigue,
ageusia, anosmia and diarrhea [6].

The current figures of SARS-CoV-2 infection reveal that
the virus has already infected nearly 43 millions of people
worldwide, causing over 1.156.000 deaths [7]. Although the
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virus can virtually infect all individuals, with no clear
distinction of sex, age and diseased status, the clinical
progression seems to be strongly influenced by a number of
demographic and clinical factors, which would need to be
accurately and timely identified for providing the most ac-
curate care to the patients according to their health condi-
tion and disease state [5]. In particular, the information
garnered so far seemingly attests that elderly subjects are
more vulnerable to COVID-19, and carry a higher risk of
developing severe illness, being admitted to the ICU and
dying [8]. Males are also more susceptible than females to
progress towards severe COVID-19 illness [9], but the pres-
ence of some associated pathologies can substantially
amplify the pathogenic potential of SARS-CoV-2 [10].
Notably, a number of studies have described worse clinical
outcomes in COVID-19 patients with hypertension and dia-
betes [11-13]. These two chronic conditions are associated
with endothelial injury and dysfunction, and would hence
represent important predisposing factors for increased risk
of mortality and morbidity. In a meta-analysis conducted by
Li et al., 28.8% of COVID-19 patients in ICU had hyperten-
sion, while this proportion was only 14.1% in those not
needing ICU care [14]. Similarly, Onder et al. reported an
extraordinary prevalence of diabetes, as high as 35.5%, in
355 Italian patients who died for COVID-19 [15].

It has been now definitely established that SARS-CoV-
2 enters the host cell by binding to the transmembrane
enzyme angiotensin-converting enzyme 2 protein (ACE2),
which is widely expressed in a variety of human tissues. In
a recent analysis, Li et al. found that ACE2 is strongly
expressed in the adipose tissue, at an even higher extent
than in cells of lower respiratory tract [16]. The adipose
tissue would hence represent a natural reservoir for
SARS-CoV-2 [17], potentially increasing the overall sys-
temic viral load and thereby the risk of unfavorable clin-
ical progression [18]. On the other hand, it is also widely
known that obesity, with excessive visceral fat, is asso-
ciated with chronic inflammatory conditions and magni-
fied release of pro-inflammatory cytokines into the
bloodstream, which might then provide an important
milieu for development or amplification of the paradig-
matic “cytokine storm” observed in COVID-19 patients
with severe illness [19]. Obese subjects have also
decreased expiratory reserve volume, functional capacity
and respiratory compliance, along with reduced dia-
phragmatic excursion and impaired pulmonary function
in supine position, which would all contribute to make
pulmonary ventilation very challenging in COVID-19 pa-
tients with severe pulmonary involvement [20].

These important aspects, combined with recent studies
demonstrating that ACE2 is over-expressed in adipocytes,
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persuaded us to carry out a critical review of the current
scientific literature on the impact of overweight and/or
obesity among hospitalized patients at risk of developing
severe or critical forms of COVID-19 [21].

Materials and methods

To perform our systematic review, we carried out an electronic search in
Medline (PubMed interface) and Scopus, using the keywords
“COVID-19” OR “SARS-CoV-2” OR “coronavirus 2019” AND “obesity” OR
“overweight”, up to 7th July 2020, applying a restriction to articles
published in English and in accordance with the Preferred Reporting
Items for a Systematic Review and Meta-analysis (PRISMA) guidelines
[22]. The reference list of all documents was reviewed for identifying
additional potentially eligible studies. The title, abstract and full text of
the articles identified according to our search criteria were analyzed by
two authors, and were considered eligible for inclusion in this literature
review if they were case series (sample size >10) or observational studies
reporting clear extractable data on body mass index (BMI) in laboratory-
confirmed COVID-19 patients, and compared BMI between patients with
severe or non-severe disease or between survivors and non-survivors.
Reviews, case reports and other editorial material with no original data
were excluded (Figure 1). Disagreement arising during the selection
assessment were resolved by discussion and consensus. The data
extracted included: authors, year of publication, country, type of study,
number of patients, number of obese or overweight subjects, age, sex,
BMI cut-off for obesity, outcome (death or severe infection), severe
infection criteria (ICU admission, need for invasive mechanical venti-
lation, presence of at least one respiratory distress such as >30 breaths/
min, Sat <93%, FIO2 defined as the ratio of partial pressure of oxygen
and fraction of inspired oxygen <300 mmHg) and correlations between
BMI and disease severity (Table 1).

Results

A total of 22 studies [21, 23-43] were finally selected out of
over 300 scientific articles preliminarily identified according
to our search criteria (Table 1). The cohorts of patients in
these studies were extremely heterogeneous for ethnicity,
age, comorbidities, degree of overweight/obesity and clin-
ical outcome, so that performance of a meta-analysis was
unfeasible. We decided to not compare all the studies as
they were performed with different statistical methods
which made impossible combine them and proceed with a
statistically relevant analysis. Therefore, we limited our
specific analysis to the 14 studies which evaluated the as-
sociation between obesity and COVID-19 severity and re-
ported a clear risk estimate (i.e., the odds ratio; OR). 11 of
such investigations [21, 23-31, 38, 40, 41, 43] reported an OR
value >2 (totaling 2058 total patients, 852 obese), two other
studies reported an OR value <1 and the remaining investi-
gation reported an intermediate value (Figure 2).



DE GRUYTER

Records identified through
“Scopus” database

(n=307)

Onorato et al.: Obesity and COVID-19 severity =—— 7

|

Additional records identified
though “Pubmed” database

(n=315)

)

Records after duplicated removed

(n=311)
Records screened Records excluded “off
— topic”
(n=311)
(n=282)
. Full-textarticles excluded
Full-textarticles . !
assessed foreligibility [———> because COVID-19diagnosis

(n=29) criteria notdefined (n=7)

Studiesincludedin
qualitative synthesis
(n=22)

The death rate as endpoint was evaluated in a limited
number of studies. Pettit et al. [38] reported that obesity
(defined as BMI>30 kg/m?) was a significant predictor of
death, with an OR of 1.7 (95% CI, 1.1-2.8). These findings
were confirmed by Docherty et al. [36], who prospectively
followed-up 20133 patients with COVID-19, and reported
33% increased risk of death in those with unspecified
obesity (hazard ratio, 1.33; 95% CI, 1.19-1.49). In the analysis
of Klang et al. [31], BMI >40 kg/m* was found to be inde-
pendently associated with mortality, especially in the pop-
ulation aged <50 years (OR, 5.1; 95% CI, 2.3-11.1), whereas
this association was found to be less pronounced in older
subjects (aged 50 years or older; OR, 1.6; 1.2-2.3). Finally,
Palaiodimos et al. [30] studied 200 COVID-19 patients and
also found that a BMI>35 kg/m?* was significantly associated
with the risk of death (OR 3.78; 95% CI, 1.15-9.83).

Discussion

The aim of this article was to review the current scientific
literature to identify clinical studies exploring the potential
relationship between overweight/obesity and unfavorable
COVID-19 progression. Although a broad heterogeneity
was found in the investigations in terms of study design
(some were prospective, others retrospective), sample size,
ethnical origin, definition of overweigh/obesity, presence
of co-morbidities and clinical endpoints (Table 1), a sig-
nificant association between overweight and disease
severity can be clearly seen. This would hence represent an

Figure 1: Flow diagram of the literature
search and selection process in the
systematic review.

important aspect that shall be considered when planning
the most suitable preventive and therapeutic measures for
managing patients with COVID-19, since overweight/obese
patients may be especially vulnerable to the adverse con-
sequences of SARS-CoV-2 infection.

Notably, ACE2 expression is higher in adipose tissue than
in lower respiratory tract, and adipocytes shall hence be
considered a major target of SARS-CoV-2 infection, as well as
potential viral reservoirs [44, 45]. Obesity is also frequently
accompanied by increased circulating levels of pro-
inflammatory biomarkers such as interleukin 6 (IL-6) and
C-reactive protein (CRP), thus underpinning the potential pro-
inflammatory role of adipose tissue, characterized by
enhanced expression of cytokines, which could ultimately
contribute to induce lymphocytes apoptosis [21]. Interest-
ingly, thrombotic episodes, either localized or disseminated,
frequently complicate severe SARS-CoV-2 infections, even in
patients undergoing systemic anticoagulation therapy
[46, 47]. Since obesity has been consistently associated with
an increased risk of developing venous thromboembolism
[48], the prothrombotic potential of obesity shall be consid-
ered another reasonable mechanism to explain unfavorable
progression of COVID-19. Finally, obesity is associated with a
globally impaired pulmonary function, which may ultimately
render overweight or frankly obese COVID-19 patients less
responsive to mechanical ventilation used for managing
respiratory distress [20, 49].

In conclusion, the results of this critical literature re-
view would contribute to confirm that overweight and/or
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Figure 2: Confidence intervals of the ORs
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obesity seem to have a substantial impact on the risk of
developing severe/critical SARS-COV-2 infections, so that
overweight/obese COVID-19 patients shall be targeted with
more aggressive preventive or therapeutic measures to
prevent unfavorable outcomes. Further studies shall also
be planned to investigate the interplay between low BMI
and the pathogenesis of COVID-19.
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