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Abstract
Very early on clinicians around the world reported that in addition to aging and various heart pathologies, excess of body weight,
especially obesity is a major risk factor for the severity of COVID-19 infection. The multitude of symptoms that have been described
from human patients likely arises from the broad distribution of ACE2, a member of the angiotensin receptor family, the receptor
for SARS-CoV-2, among which adipose tissue is a prominent one. We previously discussed some of the potential contributions of
adipose tissue to the infection severity. While most of them have been supported by the recent literature novel hypothesis have also
emerged, which will be discussed here. Moreover, recent pieces of evidence also support the notion that individuals with a high risk
of severe disease are found at both extremes of the body mass index. Altogether these potential causes that lead to increased risk of
severe forms of COVID-19 by deviation from standard BMI values open up for specific research and consideration of treatment of this
population.
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Introduction
Coronaviruses are one of the viruses causing the
common cold, a disease that has never had a cure nor any
effective prevention [1,2]. They form are a large family of
enveloped, positive-sense, single-stranded RNA viruses
that infect a broad range of vertebrates, and for which bats
are believed to be an important reservoir [3]. Since late
2019, the occurrence of a variant strain exhibiting stronger
virulence and efficient cross-contamination in humans
has been responsible for a severe pandemic crisis and has
been called severe acute respiratory syndrome coronavirus
(SARS-CoV-2).
The Angiotensin-Converting-Enzyme 2 (ACE2), a type
I transmembrane metallocarboxypeptidase involved in
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the Renin-Angiotensin system (RAS) was undoubtedly
identified as the major receptor used by viral spike proteins
of SARS-CoV2 and thus for viral cell entry [4,5]. Supporting
these observations anti-ACE2 and anti-spike antibodies
block cellular entry of SARS-CoV-2 [6,7]. The large pattern
of ACE2 expression likely explains the large number of
cells that can be infected by SARS-CoV-2, which in turn
explains the multitude of the organ affected and symptoms
that have been found in COVID-19 patients [8]. These
various clinical manifestations show that the infectious
pathology COVID-19 is also a systemic disease, that is
to say characterized by a diffuse attack simultaneously
affecting many tissues and organs. Although most patients
will naturally overcome the disease, 5-10% will need
hospital care treatments and among those a subgroup of
patients with severe COVID-19 will experience “cytokine
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storm syndrome” referring to the overproduction of
immune cells and cytokines, which are associated with
a surge of activated immune cells into the lungs, within
one to two weeks following the onset of symptoms. This
cytokine storm likely dampens innate adaptive immunity
against SARS-CoV-2 infection [9]. Among those patients,
overweight and obese people are by far over-represented,
which prompted us to examine the role of adipose tissue
excess in disease outcomes [10].

Body Mass Index and COVID-19: A Link in
Disease Severity
Indeed as of March 2020, clinicians around the world
were reporting an unusually high number of obese patients
with severe forms of COVID-19. Very quickly, studies were
able to show that the prevalence of obesity, or adipositybased chronic disease, was high, between 40% and 50%
in intensive care, and that obesity also increased the risk
of needing to be placed under mechanical ventilation. The
crucial importance of body mass index (BMI, defined as
the ratio of kg body weight to square height in meter) was
reported worldwide and obesity is now recognized as the
second strongest independent predictor for hospitalization
after old age [10]. The frequent co-occurrence of obesity
with either diabetes mellitus, cardiovascular disease or
kidney disease can clearly confound or at least make
more difficult the identification of the independent role of
obesity in the severity of SARS-CoV-2 infection. Systematic
reviews and meta-analysis confirmed an independent

contribution of obesity in severity and mortality, but also
pointed out that risk stratification and effective control
strategies for the COVID-19 should also be done according
to comorbidities, age, and gender differences specific
to geographical location [11,12]. Altogether these data
pointed to the adipose tissue as a potential key player in
the severity of COVID-19. It must be also pointed that
at the other end of the spectrum, very low BMIs are also
associated with an increased risk of a severe form of
COVID-19 [13]. Through the analysis of nearly 7 million
patients in the UK, it was found that a curve representing
the severity over BMI presented a U-shape form, with a
BMI of 23 kg/m2 being the lowest part of the curve (Figure
1). In fact, for hospital admissions, risk began to increase
linearly above a BMI of 23, whereas the increase in the
risk of death began to increase linearly at a slightly higher
BMI of 28 [13]. Another important aspect of these findings
is that BMI influence is negligeable for the elderly, but
important for the young [13]. Hence, among 18-39-yearold, each BMI point increases by 9% the risk of being
hospitalized. It would thus be wise that the vaccination
policies around the world consider young obese as priority
targets when there is a shortage of vaccines.

What are the Connections between
Extremes BMI and COVID-19 Severity?
Bodyweight excess is a well-established respiratory
disease risk factor and is very often associated with
other comorbidity factors in multifactorial pathologies

Figure 1: Schematic representation of possible contributions of extreme BMI in COVID-19 disease severity.
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often associated with metabolic inflexibility. On one
side, alterations in respiratory mechanisms found in
overweighted persons include increased airway resistance,
impaired gas exchange, reduced respiratory volume
and lower lung muscle strength. This is of particular
importance as respiratory failure is one of the most severe
symptoms of COVID-19. In the other side, high BMI is
closely associated with increased cardiac pathologies,
coronaropathy, as well as diabetes, all also at higher risk of
severe forms of COVID-19 [10].
Serum levels of ACE2 receptors are higher in the obese
patient [14] and are abundantly expressed in the adipose
tissue that was thus suggested to represent an additional
reservoir of the virus as many other pathogens including
several viruses are found in the adipose tissue [15]. The
fact that adipose tissues are often located in close vicinity
of virus entry sites (respiratory and alimentary tracks)
further supports this hypothesis. Another interesting
observation is that viruses like Hepatitis C Virus were
shown to use the extremely abundant lipid droplets in
liver adipocytes adipose as a platform for virus replication
and assembly. Although data establishing that viral loads
are indeed proportional to adipose tissue mass in patients,
these observations suggest that this model is plausible and
worth investigating. Of interest, it was recently reported
that in a group of COVID-19 patients, the elderly showed
a positive linear correlation between BMI and levels of
SARS-CoV-2 virus in exhaled aerosol, which may suggest a
higher viral load, at least in the lungs of these patients [16].
Lipids generally found in excess in the obese patient
can also provide an important source of energy needed
for viral replication and are known to play a key role in
the various membrane trafficking steps necessary for the
completion of the viral cycle [17]. Of note among these
lipids, cholesterol and phosphatidic acid (PA) seem to
play a particularly important role for numerous viruses.
Accordingly, it was recently found that SARS-CoV-2
requires cholesterol for viral entry and the formation of
syncytia, a specific structure required for viral fusion after
interaction of the viral spike protein and the cellular ACE
receptor [18]. In support of the role of cholesterol in severe
COVID-19 cases, an association of serum HDL-cholesterol
with the risk of severe SARS-CoV-2 infection was recently
reported [19]. Furthermore, preprint data also suggest that
PA metabolism is vital for the formation of the doublemembrane vesicle replication organelles used by SARSCoV-2 for viral production [20]. It is, therefore, possible
that lipid bioavailability and lipid metabolism alterations
occurring in the obese patient may improve key steps of
the SARS-CoV-2 life cycle and thus leading to the severity
of the disease.
Hypertrophic adipocytes, in particular in the visceral
white adipose tissue, recruit polarized macrophages that
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induce low-grade systemic inflammation through the
production of excessive amounts of inflammatory cytokines
including several interleukins and TNF-α. Adipose tissue
can thus act as a reservoir for the production and secretion
of IL-6 which may amplify the cytokine storm and
contribute to higher mortality in COVID-19. In addition,
the high cytokine levels secreted from hypertrophic fat
cells into the bloodstream, including IL-6, can reach the
lungs and counteract the termination of the anti-viral
immune response and thereby promote a cytokine storm
in COVID-19 patients with severe disease development.
Cytokines stimulate lipid mobilization through activated
lipolysis by adipocytes triggering the release of large
amounts of free fatty acids [21]. This massive cytokinemediated lipolysis could induce a burst of unbuffered
circulating free fatty acids in the blood, with detergent-like
properties further aggravating virus-mediated cytolysis.
In agreement with an alteration of lipid metabolism
severity of the disease in COVID-19 patients was positively
correlated with a decrease in cholesterol levels [22-23].
Of note the development of this hypolipidemic profile
and the severity of COVID-19 that could reflect metabolic
deficiency in the liver, the most active lipoprotein producer
could also explain why lower BMI was also found to be at
higher risk [13]. It is of note that the lowest BMI in the
general population has also been associated with reduced
life expectancy presumably through greater vulnerability
to diseases resulting from reduced energy storage. Indeed,
the fat tissue represents the most abundant stock of
energy available once the short-lived glycogen has been
consumed.
The lipid-derived lipokines that include the eicosanoid
family of inflammatory mediators are also recognized as a
major player in inflammation and are massively produced
by the adipose tissue. They are generated from 20-carbon
polyunsaturated fatty acids mostly released from cell
membrane phospholipids by the action of phospholipases,
especially phospholipase A2 [24]. The adipose tissue uses
these lipokines to communicate with distant organs and
depending on the type of diet, these lipokines might be
anti- or pro-inflammatory.
The adipose tissue has been more recently appreciated
as an endocrine organ secreting hormones such as
Plasminogen Activator Inhibitor-1 (PAI-1) a serine
protease inhibitor inactivating urokinase and plasminogen
activators [25]. Interestingly, PAI-1 adipocyte production
is higher in visceral adipose depots [26], which may favor
thrombosis often associated with COVID-19 severity.
Leptin is another hormone secreted predominantly by the
adipose tissue. In addition to its role in energy regulation,
leptin promotes inflammatory reactions by acting on the
leptin receptor present on immune cells of both the innate
and adaptive immune system. Leptin increases monocyte
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and macrophage proliferation and thus increases the level
of immune factors and cytokines such as TNF-α and some
interleukins. Increased leptin levels of patients with obesity
thus also contribute to chronic low-grade inflammation
associated with obesity. Conversely low levels of leptin in
malnourished people, like often found for elderly people,
suppresses the immune response and makes these people
more susceptible to infections.
SARS-CoV-2 infection also causes a significant reduction
in circulating lymphocytes and T-cells. The activation and
function of CD4+ and CD8+ T-cells are reduced in people
with overweight or obesity. Metabolic changes in T-cells
associated with an impaired memory T-cell response were
observed, which makes people with obesity more prone to
reinfection suggesting that an alteration of the adaptative
immune system is also likely to explain some part of the
increased vulnerability of overweight people to the disease.
Obesity is accompanied by low-level inflammation starting
from the adipose tissue but progressing to many other
metabolic organs. Hence as discussed previously obese
patients start with an already challenged immune system,
which could explain the over-amplified cytokine storm
response of the immune system [10].
The microbiota is another aspect that has more recently
been suspected to be linked with severe forms of COVID-19.
Some people have a pathological microbiota and a more
permeable intestinal barrier, which promotes the passage
of the virus through the intestine, through a digestive
gateway. Although this is only one hypothesis, it is likely
that obese patients display more frequently an alteration
of their intestinal barrier. Furthermore, it is now well
established that obesity is associated with gut microbiota
dysbiosis, associated with reduced diversity in bacterial
genes [27]. As gut microbes are also active producers of
host metabolites, an appealing hypothesis could be that
some of them participate in inappropriate viral responses
to SARS-CoV-2 in obesity.
Finally, the adipose tissue is also a potential link between
obesity and hypertension as it expresses all the proteins
of the RAS system. Furthermore, the adipose tissue
RAS regulates the expression of adipose tissue-derived
endocrine factors including prostacyclin, nitric oxide, PAI1, and leptin [28].

Conclusion and Perspectives
Although vaccination remains the most effective strategy
to reduce contamination among the population and
the load on intensive care units, the current shortage of
vaccines worldwide imposes alternative options in health
care politics. For instance, the development of effective
treatments is still a major goal and this includes specific
treatments for high-risk patients among the obese
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population. As reviewed here and elsewhere [10,29-32],
deviation from a BMI value of 23 increases the risk of
severe forms of COVID-19 either through the metabolic
consequences of undernutrition or through the many
consequences of excess adipose tissue. Mediterranean diet
has been proposed to be the base for nutrition to reduce
the severity of severe COVID-19 [33]. Other lifestyle
interventions, including physical activity, may also prove
to be beneficial, not only by improving the general health
status of the population, but also indirectly by reducing the
deleterious effect of the fat tissue listed here. Unfortunately,
the succession of confinements and restrictions associated
with anxious communication by the media have worsened
the situation as the general population has gained weight.
The current reduction in restriction opens for some hope
on this side too and we believe that the health authorities
should now take advantage of the situation to address the
obesity issue with non-anxious messages.
Key future research priorities will be to establish whether
BMI affects vaccine efficacy, and to understand whether
people outside the BMI range considered to be healthy
(18–25 kg/m2) are at increased risk of post-COVID-19
sequelae. Further careful epidemiological study of these
and other emerging questions, including vaccine efficiency
among obesity will inform the ongoing public health
response to this new disease that is likely here to stay.
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