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Abstract

Accumulating evidence suggests that obesity is a major risk factor for the initiation, progres-
sion, and outcomes of coronavirus disease 2019 (COVID-19). The European Association for the
Study of Obesity (EASO), as a scientific and medical society dedicated to the promotion of
health and well-being, is greatly concerned about the concomitant obesity and COVID-19
pandemics and their impact on health and society at large. In this perspective, we will address
the inherent immunological perturbations and alterations in the renin-angiotensin-aldoste-
rone system in patients with obesity and COVID-19, and discuss how these impairments may
underlie the increased susceptibility and more detrimental outcomes of COVID-19 in people
with obesity. Clearly, this has important implications for preventive measures, vaccination, and
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future therapeutic strategies to combat COVID-19. Furthermore, we will highlight important
knowledge gaps and provide suggestions for future research and recommendations for pol-
icy actions. Since many new reports on COVID-19 rapidly appear, the present perspective
should be seen as a focus for discussion to drive forward further understanding, research ini-

tiatives, and clinical management of COVID-19. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Coronavirus disease 2019 (COVID-19), the infectious disease caused by the novel coro-
navirus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was declared a
pandemic by the World Health Organization on March 11, 2020 [1] and continues to spread
across the globe. Although hospital admission rates for patients with COVID-19 depend on
community testing and admission criteria, it has been estimated that one in 5-10 adults has
illnesses requiring hospital admission [2], with rates of admission to the intensive care unit
(ICU) in China, Europe, and the United States ranging from 5 to 32% [3-11].

The European Association for the Study of Obesity (EASO), as a scientific and medical
society dedicated to the promotion of health and well-being, is greatly concerned about the
collision of the obesity and COVID-19 pandemics and its impact on individuals, families,
communities, health systems, and society atlarge [12]. Early identification of individuals who
are especially susceptible to developing severe COVID-19 and will be admitted to the ICU is
crucial.

Obesity is a gateway to many noncommunicable diseases (NCDs) [13, 14], and people with
obesityin general seemto have an elevated risk of hospitalization, serious illness, and mortality.
With the rising prevalence of obesity has come an increasing awareness of its impact on
communicable disease. Indeed, as a consequence of the 2009 H1N1 influenza A virus pandemic,
obesity was identified for the first time as an independent risk factor for increased disease
severity and mortality in infected individuals [15, 16]. A recent meta-analysis, which was
published in early April 2020, provided evidence that obesity-related complications are major
risk factors associated with COVID-19 [17]. Furthermore, people with obesity were more
likely to require acute care and admission to the ICU, intubation, and mechanical ventilation
[18-23], especially among those younger than 60 years [20]. A recent report from France has
provided additional evidence for the strong association between obesity and severe complica-
tions from COVID-19 [24]. Moreover, it has consistently been demonstrated that old age, male
sex, and chronic major comorbidity, including obesity, are associated with increased mortality
in patients with COVID-19 [5-8]. Since obesity and obesity-associated comorbidities often
cluster together, the independent contribution of each factor to the development and
progression of COVID-19 has not been determined in many studies. Interestingly, however, a
large prospective observational cohort study, in which more than 20,000 hospital inpatients
with COVID-19 in the United Kingdom during the growth phase of the first wave of this
outbreak were enrolled, has very recently demonstrated that obesity was an independent risk
factors for high mortality [11]. Together, these findings highlight the detrimental outcomes of
COVID-19 in people with obesity and underscore the importance of continuous obesity
management and care during the COVID-19 pandemic.

In this perspective, we will address the inherent immunological perturbations and
increased activity of the renin-angiotensin-aldosterone system (RAAS) in obesity and how
this may increase COVID-19 susceptibility in people living with obesity. Furthermore, we will
discuss therapeutic challenges, highlight knowledge gaps, and provide suggestions for future
(research) strategies.
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Obesity and COVID-19: Shared Immunological Perturbations

Evidence from studies in humans indicates that people with obesity are characterized by
systemic low-grade inflammation, higher susceptibility to infections, dampened immune
response to infectious agents, as well as higher morbidity and mortality associated with infec-
tions, and demonstrate an impaired immune response to vaccinations and antimicrobial
treatment [25-28]. In this section, we will discuss the link between obesity, immunological
perturbations, increased activity of the RAAS, and elevated susceptibility to and severity of
COVID-19. Clearly, this has important implications for prevention and treatment strategies
during the current collision of the obesity and COVID-19 pandemics.

Immunological Alterations in Obesity

Compelling evidence suggests that the excess adipose tissue mass in people with obesity
directly contributes to the immunological perturbations in obesity. Adipose tissue is a highly
dynamic, metabolically active organ that plays a central role in many physiological processes,
including immunity and inflammation [29, 30]. In healthy conditions, adipose tissue produces
and releases a multitude of factors, including pro- and anti-inflammatory factors, to maintain
tissue homeostasis [31]. It is well established that the enlarged fat cells (hypertrophic adipo-
cytes) in the expanded fat mass in people with obesity are characterized by a proinflam-
matory phenotype, which is closely associated with obesity-related complications and NCDs
such as type 2 diabetes, cardiovascular diseases, and several types of cancer [29, 30]. In
addition to detrimental autocrine and paracrine effects of a proinflammatory adipose tissue
microenvironment in obesity, increased secretion of multiple proinflammatory cytokines
(for example, interleukin-6 [IL-6] [32, 33]) together with reduced secretion of adiponectin by
obese adipose tissue seem to contribute to sustained low-grade systemic inflammation in
obesity and obesity-related NCDs in humans [29, 30, 34, 35].

Importantly, adipose tissue inflammation is not only caused by secretion of proinflam-
matory factors from adipocytes, but also by infiltration of various populations of specialized,
proinflammatory immune cells [30, 35]. Macrophages exert a key role as part of the innate
immune system by phagocytosis of harmful pathogens and apoptotic or necrotic cells. In
obesity, the population of proinflammatory macrophages within adipose tissue is increased,
and these cells become metabolically activated, secrete proinflammatory cytokines, and
engage in inflammatory crosstalk with other immune cells [30, 36], thereby contributing to a
proinflammatory phenotype of adipose tissue as well as systemic low-grade inflammation.

Innate immunity is the first line of defense against virus invasion. Once primed by the
earlier innate response, lymphocytes of the adaptive immune system continue the control
and removal of pathogens. Viral infection of mammals activates intracellular pattern recog-
nition receptors that sense pathogen-associated molecular patterns. The recognition of
pathogen-associated molecular patterns results in subsequent cytolytic immune responses,
mainly through type [ interferons and natural killer cells. Adaptive immunity also contributes
to viral clearance via activated cytotoxic T cells that destroy virus-infected cells, and via
antibody-producing B cells that target virus-specific antigens [37]. Thus, T cells exert a prom-
inent role in the response to infection by supporting the function and activation of other
immune cells such as macrophages, as well as by regulating the activity of different T cell
subsets, to produce pro- and anti-inflammatory factors [35]. Together, these distinct popula-
tions of immunologically adaptive immune cells play a critical role in combating pathogens.

While the majority of studies investigating the relationship between obesity and inflam-
mation have focused on the role of macrophages, more recent studies clearly point to an
important role for the adaptive immune system. Several studies have implicated proinflam-
matory T and B cell phenotypes in obesity-related adipose tissue inflammation [38]. Impor-
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tantly, obesity dampens and delays the adaptive immune response to infection, with reduced
efficacy of both T and B cell responses in obesity, as extensively reviewed elsewhere [25, 35,
36]. Many factors that could potentially impact the immune response are impaired in obesity,
including increased leptin concentrations, altered immune cell metabolism, and epigenetic
factors, and may therefore underlie the impaired immune response to infectious disease in
obesity [39]. Intriguingly, a growing body of evidence supports the notion that impaired
immunological responses to infection in people living with obesity are driven by perturba-
tions in T cell activation and function [35]. Interestingly, recent studies have demonstrated
that the innate immune system, like the adaptive immune system, is able to adopt a long-term
activated phenotype by previous encounters with microbial stimuli, leading to an increased
immune response upon secondary stimulation (“trained innate immunity”) [34]. Although
the association between obesity and trained immunity remains elusive, several known
inducers of trained immunity such as cytokines and (saturated) fatty acids are elevated in
people with obesity [34].

Inherentimmunological deficits in obesity may contribute to more detrimental outcomes
in people with obesity when encountering COVID-19. As mentioned earlier, people with
obesity exhibit an impaired immune response to infectious agents, increased viral load and
life cycle, and experience poorer outcomes and recovery from infections [25-27]. In line with
an impaired immunological response to infection, reduced effectiveness of antivirals and
vaccination has been found in people with obesity [25, 26], leaving them more vulnerable to
infection. Indeed, a lower CD8+ T cell response and a more pronounced decline in influenza
antibody titers 1 year after vaccination have been reported in people with obesity compared
to individuals with normal weight [40]. The latter finding is indicative of an inadequate
immune response to influenza virus in obesity, which is likely explained by defects in acti-
vation and function of CD4+ and CD8+ T cells [41]. Taken together, perturbations in both the
innate and adaptive arms of the immune system are present in people with obesity, and this
likely has important implications for the prevention and treatment of COVID-19-associated
complications, as will be discussed later.

Immunological Alterations in COVID-19

The invasion and pathogenesis of SARS-CoV-2 are associated with the host immune
response. The antiviral immune response is crucial to eliminate the invading virus, but a
robust and persistent antiviral immune response might also cause massive production of
inflammatory cytokines and damage to host tissues [42]. The overproduction of cytokines
caused by aberrant immune activation is known as a cytokine storm. In fact, in the late stages
of coronavirus disease, including SARS, Middle East respiratory syndrome, and COVID-19,
cytokine storms are a major cause of disease progression and eventual death [43-45].

In COVID-19 patients, elevated plasma concentrations of both proinflammatory Th1 and
anti-inflammatory Th2 cytokines were found [3]. Notably, patients admitted to the ICU had
higher plasma concentrations of IL-2, IL-7, IL-10, granulocyte colony-stimulating factor,
interferon gamma-induced protein 10, macrophage chemoattractant protein 1, macrophage
inflammatory protein 1a, and tumor necrosis factor alpha compared to those not admitted to
the ICU [3]. IL-6 is a key inflammatory cytokine that plays a critical part in the inflammatory
cytokine storm, and it has been found that plasma IL-6 concentrations were above the normal
range in patients with severe symptoms of COVID-19 compared with healthy individuals and
those with milder symptoms [46-48]. IL-6-producing CD14+ CD16+ inflammatory mono-
cytes were significantly increased in patients with COVID-19, and this subset of immune cells
was further increased in patients admitted to the ICU [49]. In agreement with these findings,
in particular COVID-19 patients with severe pneumonia seem to have substantially lower
lymphocyte counts and higher plasma concentrations of a number of inflammatory cytokines,

1
Karger <



Obes Facts
DOI: 10.1159/000510719 © 2020 The Author(s). Published by S. Karger AG, Basel

Obesity Facts wow karger comy/ofa

Goossens et al.: Obesity and COVID-19: Immunological Challenges and Opportunities

including IL-6 and tumor necrosis factor alpha [3, 48, 50], providing further evidence that
cytokine storms may play a crucial role in COVID-19 severity. SARS-CoV-2 infection may
affect primarily T lymphocytes, particularly CD4+ and CD8+ T cells. Indeed, it has been
reported that CD4+ T cells, CD8+ T cells, and natural killer cells [48], as well as the expression
of interferon gamma by CD4+ T cells [47], were reduced in severely ill patients compared
with those with mild disease symptoms.

Since cytokine storms determine disease progression and mortality [43-45], early iden-
tification and appropriate treatment of this hyperinflammatory status are important in
patients with COVID-19 [51]. It has been proposed that a combination of clinical and labo-
ratory tests of ferritin, lymphocyte or leukocyte counts, platelet counts, erythrocyte counts,
and sedimentation rate could be used to identify patients with COVID-19 at high risk of hyper-
inflammation [51]. Interestingly, results from arecentretrospective study, stratifying patients
with COVID-19 by survival or disease severity, have suggested that percentage of circulating
lymphocytes, levels of C-reactive protein, IL-6, procalcitonin, and viral load (ORF1ab Ct) could
predict prognosis (survival/nonsurvival) and guide classification (moderate/severe/criti-
cally ill) of COVID-19 patients, with percentage of circulating lymphocytes being the most
sensitive and reliable predictor for disease typing and prognosis [52]. Of note, it has recently
been reported in the UK Biobank community cohort that the ApoE e4e4 allele predicts severe
COVID-19, independent of preexisting dementia, cardiovascular disease, and type 2 diabetes
[53]. Since apolipoprotein E exerts atheroprotective and anti-inflammatory effects (including
modulation of macrophage phenotype and CD4+ and CD8+ lymphocytes) and has previously
been implicated in viral infections [54], apolipoprotein E genotype might be considered in
prediction models for COVID-19 severity. Together, these findings imply that evaluation of
cytokine profiles and immune cell subsets in patients with SARS-CoV-2 infection, and a deeper
understanding of the underlying processes, will significantly contribute to better treatment
strategies and clinical management of COVID-19 [37].

To summarize, there are clear parallels between obesity and COVID-19 in terms of immu-
nological perturbations. As outlined above, available evidence suggests that obesity is a major
risk factor for the initiation and progression of COVID-19. Based on the available evidence, it
is tempting to postulate that increased activity of the RAAS explains why COVID-19 is more
prevalent and is related to more detrimental outcomes in people living with obesity, as will
be discussed below.

ACE2: Linking the Renin-Angiotensin System, Obesity-Related Complications, and COVID-19

The RAAS comprises several vasoactive peptides involved in many key physiological
processes in humans. The RAAS has long been recognized as an important regulator of renal
electrolyte homeostasis and blood pressure [55-57]. The dipeptidyl carboxypeptidase angio-
tensin-converting enzyme (ACE) rapidly converts angiotensin I (Ang I) to Ang II, which is the
major effector peptide of the RAAS [55-57]. Different RAAS components are present in a
variety of tissues such as the adrenal gland, kidney, liver, heart, blood vessels, brain, lung, and
adipose tissue, implying that these tissues have the ability to locally synthesize Ang II [55].
Importantly, Ang Il mediates proinflammatory signaling, thrombotic processes, cell growth,
reactive oxygen species generation, and fibrosis and contributes to pathological changes of
organ structure and function [55, 57]. Multiple lines of evidence have established that
increased RAAS activation is involved in the pathophysiology of obesity-related diseases,
including type 2 diabetes [58] and cardiovascular diseases [59].

ACE2 is a monocarboxypeptidase that mitigates the deleterious actions of Ang II by
converting it into the heptapeptide Ang-(1-7) [60, 61]. ACE2 has been identified as the func-
tional receptor for SARS-CoV-1 [62] as well as the SARS-CoV-2 receptor [63-65]. The spike
glycoprotein on the viral envelope of SARS-CoV-2 binds to ACE2 on the surface of human cells
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for intracellular invasion [64, 65]. Following binding, ACE2 activity is downregulated through
multiple mechanisms, which prevents it from converting Ang II into Ang-(1-7) [66]. The
interaction between the SARS viruses and ACE2 has been proposed as a potential factor in
their infectivity [67, 68]. Like other RAAS components, ACE2 is expressed in many tissues,
including the lungs, cardiovascular system, gut, kidneys, pancreas, testis, central nervous
system, and adipose tissue [60]. It has been suggested that alveolar macrophages expressing
ACE2 are the primary target cells for SARS-CoV-2 infection, and these activated macrophages
may play a major role in the cytokine storm during COVID-19 [69]. In agreement with this,
immune-mediated lung injury and acute respiratory distress syndrome are associated with
adverse outcomes in patients with COVID-19 [43]. Thus, ACE2 expression and/or activity in
target tissues might facilitate entry of SARS-CoV-2 spike protein, induce the cytokine storm
and, therefore, determine the severity of complications and prognosis in patients with
COVID-19 [70]. In line with ACE2 downregulation following SARS-CoV-2 binding to ACE2,
circulating Ang Il concentrations were markedly elevated in a small cohort of 12 patients with
COVID-19 compared to healthy controls and were linearly associated with viral load and lung
injury [71]. This provides a direct link between tissue ACE2 downregulation, increased Ang
Il action, and the increased risk of multiorgan damage from SARS-CoV-2 infection.

Obesity is characterized by increased activation of the systemic and local adipose tissue
RAAS [55, 57]. Since the expression of several RAAS components is increased in adipose
tissue of people with obesity and Ang Il has deleterious effects in multiple organs, itis tempting
to postulate that ACE2 in adipose tissue may provide a critical link between obesity, NCDs,
and the susceptibility to and severity of COVID-19. Moreover, since aging is accompanied by
an increased abdominal fat mass, it may well be that the adipose tissue-SARS-CoV-2-RAAS
axis atleast partially contributes to the higher risk of COVID-19-associated complications and
more detrimental outcomes in elderly. Clearly, further mechanistic studies in humans are
needed to elucidate the interplay between the RAAS and SARS-CoV-2.

Therapeutic Strategies to Combat COVID-19: Challenges and Opportunities

Until now, there is no approved effective vaccine or drug for SARS-CoV-2 infection, and
the mostcommon treatment for patients with COVID-19is supportive care.Certain compounds
have been shown to inhibit SARS-CoV-2 infection in cell culture models [72, 73]. Interestingly,
a SARS-CoV-2 hACE2 transgenic mouse infection model has recently been developed [74].
The infected mice generated typical interstitial pneumonia and pathology that were similar
to those of COVID-19 patients. Strikingly, pre-exposure to SARS-CoV-2 could protect these
mice from severe pneumonia [74]. Since there is currently no specific antiviral therapy against
SARS-CoV-2, the hACE2 mouse may provide a valuable preclinical model to investigate
potential vaccines and therapeutic agents before moving to clinical trials in humans.

In response to the COVID-19 pandemic, an overwhelming number of clinical trials have
been registered to testa variety of preventive and therapeutic strategies [75]. Since COVID-19
rapidly evolved and requires immediate clinical treatment due to its relatively high mortality,
extensive preclinical evidence concerning the feasibility, safety, and efficacy of pharmaco-
logical interventions is mostly lacking [75]. Thus, the scientific quality of many clinical
COVID-19 studies is of serious concern. Although multiple antiviral drugs have been used in
clinical practice [5, 76], their safety and efficacy remains to be established. Current COVID-19
studies are mainly based on repurposing existing pharmacological agents with proven effec-
tiveness in other conditions that seem to share a comparable pathophysiology with COVID-19
[77]. This approach takes advantage of existing detailed information on human pharma-
cology and toxicology to enable rapid clinical trials and regulatory review.
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Immune-Modulating Drugs

Given the importance of immune imbalance in the pathogenesis of SARS-CoV-2 infection,
several immune-modulating drugs that regulate different aspects of inflammation are
currently being tested for their efficacy in the treatment of severe COVID-19 [37, 75]. Since
hyperinflammation is an important determinant of tissue damage, organ failure, and disease
outcome in COVID-19, immunosuppression might reduce mortality in patients with severe
symptoms [43, 51]. Of note, antiviral immunity is required to recover from COVID-19, which
implies that the use of (broad) immunosuppressants in patients with this disease should be
carefully considered, taking the extent of (hyper)inflammation, viral load or replication
status, disease stage, and pharmacokinetics ofimmunosuppressantsintoaccount, in particular
in more vulnerable populations such as people with obesity.

Chloroquine and Hydroxychloroquine. Chloroquine and hydroxychloroquine, initially
used as antimalarial drugs and widely used in several infectious, rheumatological, and other
immunological diseases [78], are currently under investigation for the prevention and
treatment of COVID-19 [37, 75]. These agents both increase the endosomal pH required for
SARS-CoV-2 endocytosis and cell fusion, and chloroquine further interferes with glycosyl-
ation of the SARS-CoV-2 receptor, ACE2 [79]. In line with these findings, it has recently been
shown that chloroquine is highly effective in the control of SARS-CoV-2 infection in vitro [72].
The use of antimalarial drugs such as (hydroxy)chloroquine was associated with lower
infection risk compared to other immunosuppressants [80, 81]. Although results of a small,
uncontrolled trial suggested that hydroxychloroquine accelerated virus load reduction and
disappearanceinpatients with COVID-19 [82], thisstudyhasbeen criticized [83]. Furthermore,
a randomized clinical trial indicated that hydroxychloroquine treatment may have clinical
benefits in patients with COVID-19 [84]. Importantly, however, no evidence of clinical efficacy
has been reported [85-87], and a retrospective analysis of data from patients hospitalized
with confirmed SARS-CoV-2 infection even demonstrated increased overall mortality in
patients treated with hydroxychloroquine [88]. Moreover, since (high-dose) chloroquine
may induce arrhythmias, caution is needed on the use of (hydroxy)chloroquine to treat
COVID-19 [89].

Selective JAK1/JAK2 Blockade. Selective blockade of Janus kinase (JAK) by synthetic
molecule compounds (i.e., targeted syntheticimmunosuppressants) may reduce viral invasion
and induce immune suppression. Indeed, it has been predicted that the selective JAK1 and
JAK?2 inhibitor baricitinib might reduce the ability of the SARS-CoV-2 virus to infect lung cells
[90]. In addition, the immunosuppressive function of baricitinib might also be of benefit to
the hyperactive immune status in severe cases of COVID-19 [37]. Another specific JAK1/JAK2
inhibitor, ruxolitinib, has been successfully used for the treatment of secondary hemophago-
cytic lymphohistiocytosis [37], a disease entity that like COVID-19 is also characterized by an
uncontrolled cytokine storm [91]. Several clinical trials are underway to assess the efficacy
of these selective JAK1/JAK2 blockers [37, 75].

Blockade of Cytokine Receptors. Blockade of proinflammatory cytokine receptors and its
downstream signaling pathways using monoclonal antibodies (i.e., biological immune-modu-
lating drugs) seems a potential intervention to combat the inflammatory cytokine storm in
patients with COVID-19. Tocilizumab, arecombinant humanized monoclonal antibody against
the IL-6 receptor, binds both the membrane and soluble forms of the IL-6 receptor, thereby
suppressing the JAK signal transducer and activator of transcription signaling pathway, thus
lowering the release of inflammatory molecules [92]. Many clinical trials to examine the
efficacy of this agent are currently ongoing, but promising results of tocilizumab treatment in
severe COVID-19 cases have recently been reported, with suggested remission of lung lesions
in 95% of patients [93]. Likewise, since IL-1 was increased in some patients with COVID-19
[3], blockade of the proinflammatory IL-1 pathway might reduce hyperinflammation in
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COVID-19. Indeed, a retrospective cohort study of patients with COVID-19, acute respiratory
distress syndrome, and hyperinflammation managed with noninvasive ventilation outside of
the ICU showed that IL-1 blockade with high-dose anakinra in patients with COVID-19 was
safe and associated with clinical improvement in 72% of patients [94]. Obviously, confir-
mation of efficacy will require controlled clinical trials that are currently ongoing [37, 75].
Other immunosuppressants that are currently being tested for their potential in patients with
COVID-19 include leflunomide, which also inhibits virus replication, and thalidomide [37].
Furthermore, due to their rapid immunosuppressive effect, corticosteroids are frequently
used in hyperinflammatory conditions (including COVID-19) to control immune-mediated
damage of lung tissue. Although the efficacy of corticosteroids in patients with COVID-19
remains to be further investigated, promising first results of the large Randomised Evaluation
of COVID-19 Therapy (RECOVERY) trial have very recently been published [95]. These prelim-
inary data indicated that in patients hospitalized with COVID-19, dexamethasone treatment
(6 mg once daily for up to 10 days versus usual care) reduced 28-day mortality among those
receiving invasive mechanical ventilation or oxygen at randomization, but not among patients
not receiving respiratory support [95]. Alternative immune-modulating strategies currently
under clinical investigation for the treatment of COVID-19 include stem cell therapy and
convalescent plasma treatment [37, 75], but the results of these trials are not yet available. It
is likely that the many controlled clinical trials that are currently ongoing will reveal whether
certain of these immune-modulating drugs may prove beneficial in patients with COVID-19.

RAAS-Modulating Drugs

The “SARS-CoV-2-RAAS axis” may provide an opportunity to leverage the different
aspects of RAAS inhibitors to mitigate the viral-induced injuries and disease severity in
patients with COVID-19. ACE inhibitors and Ang II type 1 receptor blockers (ARBs) mitigate
the deleterious effects of unopposed Ang II action through the Ang II type 1 receptor [55],
which in turn decreases blood pressure, inflammation, and lung injury, among other bene-
ficial effects [66]. Given the link between obesity, increased RAAS activity, (adipose tissue)
inflammation, and more detrimental outcomes of COVID-19 in people living with obesity, it
is interesting to note that long-term ARB treatment also decreased the adipose tissue gene
expression of macrophage infiltration markers in people with obesity [96]. Furthermore, it
has previously been demonstrated in rodents that ACE inhibitors and ARBs may upregulate
ACE2 expression [97], which might in theory increase viral entry into the cell. Therefore, it
has been speculated that such modulation of RAAS activity might be harmful in people at risk
or in patients with COVID-19 [98, 99]. Noteworthy, however, ACE2 levels are often high in
diseased states, likely secondary to high RAAS activity [66]. In contrast, it has been hypoth-
esized that ACE2 may be beneficial rather than detrimental in patients with lung injury, based
on preclinical data and retrospective human studies demonstrating that RAAS inhibition
decreases lung injury and improves survival, while simultaneously decreasing viral load in
animal models with viral infections that utilize the ACE2 receptor [66, 70]. Importantly,
however, the effects of RAAS modulators on tissue-specific ACE2 levels and activity in humans
are currently not well understood. Several recent reports have consistently found that the use
of RAAS inhibitors was not associated with the risk of SARS-CoV-2 infection, the risk of severe
COVID-19 among those infected, or the risk of in-hospital death among those with a positive
test [100-104]. Further controlled clinical trials are needed, and underway, to investigate the
safety and efficacy of RAAS inhibition and treatment with recombinant human ACE2 to tackle
the COVID-19 pandemic, as well as to provide a better mechanistic understanding of the
effects of RAAS modulation on tissue-specific ACE2 levels [75]. Importantly, the putative
cardiometabolic consequences of pharmacological agents directly targeting ACE2 should be
carefully investigated.
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Generating More Reliable Data under Time Constraints

It is likely that multiple disease peaks will occur before herd (population) immunity is
established. A major scientific challenge will be to align the results of small clinical studies
during the current “first COVID-19 peak” and, based on these outcomes, initiate a set of well-
controlled large clinical trials in later disease peaks to provide the scientific evidence needed
for approval of pharmacological agents to combat the COVID-19 pandemic.

Inadequate preclinical studies impose a high risk of failure in clinical trials and may
increase the risk of ambiguous findings. Traditional systematic reviews and meta-analyses
only retrospectively include published studies to provide an evidence base for interventions
[105]. With respect to COVID-19, most of the registered COVID-19 trials have small patient
sizes, and it will take quite some time before data are published [75]. In order to maximize
the value of small clinical studies with suboptimal study designs and to minimize bias of
ongoing and future COVID-19 trials, prospective meta-analysis approaches may be considered
[106]. Prospective meta-analyses predefine eligible studies for inclusion before the results of
these clinical trials have been published in order to objectively address planned high-priority
research questions for which previous evidence is scarce, but where new studies are rapidly
emerging [107]. Since this approach may serve as an innovative solution to generate reliable
data for guiding clinical management and regulatory decision-making [107], results from
several clinical trials that are investigating the same intervention for patients with COVID-19
with compatible study designs and outcome measures could be combined. Importantly, this
approach would require methodological expertise as well as the willingness and feasibility to
work together and share data [106].

Although large, randomized, controlled trials of SARS-CoV-2 vaccines are currently the
most efficient, generalizable, and scientifically robust path to establishing vaccine efficacy,
controlled human infection models (CHIMs) have also been proposed as a strategy for accel-
erating SARS-CoV-2 vaccine development [108]. CHIMs require infecting healthy persons
with a well-characterized microorganism in order to study pathogenesis, characterize the
immune response, and elucidate the efficacy of vaccines or therapeutics. SARS-CoV-2 CHIMs
could minimize the uncertainty about exposure or disease acquisition inherent in field trials,
thereby reducing the number of participants needed to establish the desired end point, and
elucidate the duration ofimmunity conferred by vaccines undergoing field trials [108]. Impor-
tantly, ethical considerations related to SARS-CoV-2 CHIMs have been raised as to whether
the societal benefits are sufficient to justify the risks posed by deliberately exposing humans
to SARS-CoV-2 [109-111].

Furthermore, it is crucial to obtain a better understanding of putative interindividual
differences in treatment responses. This may, among others, be related to differences in health
status, pharmacokinetics (i.e., reduced drug clearance in individuals with impaired liver or
kidney function) [37], and vaccine effectiveness [112]. Therefore, careful characterization of
patients (i.e., detailed phenotyping) is crucial to optimize treatment responses for different
subgroups of patients, taking age, sex, body fat mass and distribution, and (distinct) obesity-
related complications into account, among other factors. Since obesity is a major risk factor for
the development and progression of COVID-19, consideration of the adiposity-based chronic
disease conceptual framework of obesity [113] may be of particular importance in this case.

Concluding Remarks
Improved strategies to deal with the dual challenges posed by the obesity and COVID-19

pandemics are urgently needed. To accomplish this, a better understanding of disease patho-
physiology and progression as well as vaccination and treatment opportunities are required.
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The current COVID-19 pandemic highlights the importance of understanding shared disease
pathophysiology, which may steer therapeutic choices to prevent or dampen the complica-
tions of COVID-19, especially in vulnerable populations with higher risks of worse clinical
outcomes such as people living with obesity and related NCDs. Detailed phenotyping of
patients with COVID-19 is essential to identify individuals or subgroups at increased risk of
developing this disease and to better predict disease progression and outcomes. In particular,
the putative role of (abdominal) adipose tissue in the development and progression of
COVID-19 warrants further investigation.

The many ongoing clinical trials in patients with COVID-19 will likely reveal the potential
effects of different therapies. At the same time, the rapidly emerging clinical data require
ongoing scrutiny to understand not only the risks and benefits of single drugs to tackle
COVID-19, but also the interaction with pharmacological agents commonly used in people
with obesity and related NCDs, including type 2 diabetes and cardiovascular diseases, who
are especially at risk of or hospitalized with SARS-CoV-2 infection.

The issues discussed in this perspective have important implications for people living
with obesity, health systems, and society at large. The COVID-19 pandemic will pass, but it is
likely that multiple peaks will follow in the near future. In the past few months there have
been a tremendous number of misleading claims about COVID-19, mostly on social media,
intended to cause confusion about vaccination as a way to protect against infection.
Researchers can and should contribute to tackling deliberately misleading and/or false infor-
mation, for example by collaborating with organizations responding to such disinformation
and by engaging the public in scientific discussions [114]. Researchers must report research
findings accurately and in an unbiased manner and should be transparent about all scientific
aspects throughout the hopefully successful journey to safe and effective COVID-19 vaccines
and treatments.

The EASO will continue collaboration and discussion with its members and relevant
stakeholders to discuss important issues related to preventive measures, access to care,
vaccination, and future therapeutic strategies to combat the COVID-19 pandemic, and will
continue to advocate for the importance of research and surveillance during and after the
COVID-19 pandemic. The EASO therefore calls on the European Commission and all member
states to work together to ensure that prevention and intervention strategies to manage
obesity and related NCDs are more readily available. Obesity should be prioritized because of
its major impact on the development of NCDs, especially during the present COVID-19
pandemic, but also thereafter to dampen the number of future COVID-19 cases. Since many
new reports on COVID-19 rapidly appear, the present perspective should be seen as a focus
for discussion to drive forward our understanding, research initiatives, as well as clinical
management of COVID-19.
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