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ABSTRACT
BACKGROUND: Severe acute respiratory syndrome coronavirus 2 has several mechanisms of action re-
lated to inflammatory responses, especially in individuals diagnosed with obesity. This hyperinflammatory
clinical profile resulting from the association between obesity and coronavirus disease 2019 (COVID-19)
may be attenuated by regular physical activity.
OBJECTIVE: The aim of this study was to review the evidence on the consequences of physical inactivity
and physical activity on COVID-19 in patients with obesity.
DESIGN AND SETTING: Narrative review at the Bahiana School of Medicine and Public Health in Salvador, Brazil.
METHODS: We searched evidence on the association of COVID-19 with physical activity and obesity us-
ing the following keywords: “covid-19,"“physical activity, and “obesity” The databases used were MEDLINE
(PubMed), ScienceDirect, and Virtual Health Library. Studies published from 2019 to 2021 and available in
Portuguese, English, and Spanish were included. The final search was conducted on September 26, 2021.
RESULTS: We identified 661 studies in the database, among which 71 were considered for inclusion
in the narrative review of the molecular aspects of COVID-19 and its relationship with physical activity
and obesity.
CONCLUSION: This literature review enabled the perception of the relationship between the molecular
mechanisms of COVID-19 and obesity. Regular physical activity had various benefits for the inflammatory
condition of the studied population, highlighting moderate-intensity..

INTRODUCTION
December 2019 was marked by the first recorded case of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2; coronavirus disease 2019, COVID-19), which affects the respi-
ratory system with a high viral load and has the potential to cause hospitalization and death.!
Since then, a global pandemic has been declared, affecting population health in two ways:
directly, from contact with the virus and its pathological evolution in the infected individual,
and indirectly, owing to the need to restrict human contact to reduce the risk of contagion, from
social isolation.? Research has been conducted to uncover the causes of infection, methods of
transmission, and effective measures of prevention, taking into account at-risk groups that need
specific attention; this highlighted the high risk for individuals diagnosed with obesity.?
Lockdowns, to reduce human-human contact and prevent the spread of SARS-CoV-2, cause
social isolation and reduce physical activity (PA), increasing the number of physically inactive
individuals; this increases their body fat percentage, making them part of the high-risk group
for COVID-19.* A recent cohort study with approximately 490 000 participants indicated that
a body mass index above 30 kg/m? is associated with a higher risk of developing a severe viral
infection, requiring hospitalization, with an odds ratio of 1.73.> This increased risk seems to be
related to inflammatory mechanisms and is associated with a worse prognosis to COVID-19,
highlighting the action of angiotensin-converting enzyme 2 (ACE2) and interleukin (IL)-6, which
are expressed in adipose tissue and, respectively, allow the entry of SARS-CoV-2 and maintain
the inflammatory state of individuals with obesity, especially those infected with the virus.>¢
Regular PA seems to attenuate weight gain and reduce the inflammation present in adults.”

A recent systematic review reported strong evidence on the relationship between PA for more
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than 150 min per week and the attenuation of weight gain in adults,
corroborating the recent World Health Organization update on PA
recommendations during the COVID-19 pandemic.”* PA seems to
reduce the inflammatory state of individuals with obesity through
molecular changes in the adipose tissue, attenuating the action of
inflammatory mechanisms, based on the expression of proteins,
such as peroxisome proliferator-activated receptor y co-activator
la (PGC-1a), that favor mitochondrial biogenesis, and activation
of molecular pathways, such as the AMP-activated protein kinase
(AMPK) pathway, that, given increased enzymatic activity, act
directly on lipid metabolism.*'

There are gaps in the literature regarding COVID-19 and its
molecular mechanisms, to the detriment of the population diag-
nosed with obesity, relating to effective methods to alleviate the
exacerbated responses to which these individuals are exposed, given

the inflammatory mechanism of these two pathologies.

OBJECTIVE
The aim of this study was to review the evidence regarding the
consequences of physical inactivity and exercise on COVID-19

in patients with obesity.

METHODS

This study was an integrative literature review. The databases used
to search for articles were MEDLINE (PubMed), ScienceDirect,
and Virtual Health Library. Articles published from 2019 to 2021,
available in Portuguese, English, and Spanish, were included,
independent of the study design. The final search was performed
on September 26, 2021.

The search strategy used in PubMed involved synonyms
of COVID-19, obesity, and PA identified in Medical Subject
Headings and Descriptors in Health Sciences: (((((Exercises) OR
(Physical Activity)) OR (Exercise Training))) AND (((Obesity)
OR (Obesity, Abdominal)) OR (Overweight))) AND ((((COVID
19) OR (SARS-CoV-2 Infection)) OR (COVID-19 Pandemic))
OR (Coronavirus Disease-19)).

The search was performed on the informed database. Duplicate
articles were removed and filtered, based on the inclusion criteria,
using the following order: reading of the titles, abstracts, and full
text. In addition to the search strategy, some articles were accessed

manually from reference lists.

RESULTS
The results of the search and selection strategy are shown in the

flowchart (Figure 1).

Inflammatory mechanisms of obesity
Obesity, a chronic disease associated with inflammatory

responses, can develop owing to multiple factors, including

genetic predisposition, emotional disorders, hormonal changes,
and energy imbalance between high caloric intake and low
caloric expenditure, resulting in the proliferation of excess adi-
pose tissue.!'"** This highly pro-inflammation compromises sev-
eral metabolic mechanisms, such as glycemic regulation and
beta-oxidation, and causes endothelial and vascular dysfunc-
tions.' In general, the levels of several proteins and cytokines
related to inflammatory responses are above the standards in
obese individuals. A recent literature review identified elevated
C-reactive protein levels (> 3 mg/L) in 14.4% of individuals with
normal body mass index and 36% of obese individuals."®

According to Zeyda and Stulnig,'® the greater the amount of
adipose tissue, the greater the secretion of interleukin (IL)-6, with
visceral adipose tissue being the main factor responsible for the
secretion of this cytokine, which has local and systemic mecha-
nisms of action. In addition to visceral adipose tissue, IL-6 may
originate in skeletal and smooth muscle tissue and endothelial,
liver, and pancreatic cells."*'”'® Among various possible outcomes,
the release of IL-6 from these structures results in the increased
production of triacylglycerol by the liver, inhibition of lipase and
hepatocyte insulin receptors, and, consequently, insulin resis-
tance.'®'” The positive correlation between IL-6 and C-reactive
protein (CRP) levels results in an immunoregulatory function, as
CRP is responsible for mediating the acute inflammatory response
to aggressive agents and activating the complement system, which
activates inflammatory processes and acts via the classical path-
way, in which C proteins are linked to the target microorganism,
exposing the activation sites of the system and subsequently gen-
erating the cleavage process of these components, ranging from
C1 to C9, thereby allowing defense against aggressive agents, in
parallel to antibodies.”” Elevated CRP levels are also associated
with cardiovascular and metabolic pathologies, such as type 2
diabetes mellitus.'>**

Dai et al.” have highlighted tumor necrosis factor-alpha (TNE-
) as a cytokine that also plays a crucial role in obesity. Although
not primarily synthesized in adipocytes, the messenger ribonucleic
acid for the production of TNF-a is present in adipose tissue, which
is then used for TNF-a synthesis by macrophages. Thus, TNF-a
plays an important role in adipose tissue, where the production of
cytokines such as IL-6, cellular processes such as apoptosis, and
vascular processes such as angiogenesis occur. It has been sug-
gested that a high body mass index is associated with higher levels
of TNF-a in the systemic circulation.?2

Other important inflammatory markers are adipokines, cyto-
kines secreted by adipose tissue, which affect several metabolic
pathways, as their secretion results in an immune system response
to the aggressor agent, releasing leukocytes in response to systemic
inflammation. Thus, obesity, at the molecular level, may have a

systemic inflammation origin and not only be caused by adipose
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Figure 1. Flowchart of database searches and selection process.

tissue dysfunction.” Adipokines are also directly linked to vascu-
lar homeostasis; the microcirculation present in the adipose tissue
can be compromised by the growth and increase in the number of
adipocytes, resulting in deficient local and systemic circulation.
This creates the need for angiogenesis to avoid severe impairments,
such as adipocyte necrosis and worsening of adipose tissue inflam-

mation, induced by hypoxia in obese individuals.?*-*

Obesity and COVID-19
The mechanism of action of COVID-19 may be related to inflam-
matory immune responses caused by contact between the virus
and pulmonary epithelium. Individuals with impaired immune
responses, as well as those affected by chronic non-communi-
cable diseases, have previous inflammatory conditions; thus,
they are prone to complications caused by this infection, among
whom individuals diagnosed with obesity are at greater risk.*

In a recent literature review, Stefan et al.** identified that the
risk of this infection worsening is greater in obese patients, espe-
cially in those with high levels of visceral fat. This occurs because

visceral adipose tissue is one of the major factors responsible for the

expression of inflammatory mediators related to obesity.** Moreover,
excess adipose tissue, especially visceral adipose tissue, is associ-
ated with the greater presence of T cells with reduced immune
response owing to metabolic dysregulation caused by obesity. This
reduced immune response is linked to the decreased functional
activation of CD4 and CD8 T cells and the presence of ACE2.3+%
ACE, which is also expressed in adipose tissue, acts as a receptor for
SARS-CoV-2 in a way that favors the maintenance of the inflam-
matory state in obese individuals and, consequently, increases the
risk of serious outcomes.*®* Dysregulated immune responses to
the virus tend to compromise other systems that were not previ-
ously infected owing to the presence of infected macrophages in
the systemic circulation and impaired generation of antibodies,
which cause immune suppression in infected obese individuals.®

Immune dysregulation, which tends to occur in obese indi-
viduals affected by COVID-19, may be related to a phenome-
non known as hypercytokinemia or “cytokine storm.”* However,
Brandio et al.** have indicated that the initial immune response
is very weak considering the high SARS-CoV-2 viral load, which

justifies the excessive recruitment of cytokines. This mechanism of



action is aggravated by viral overload in epithelial cells, especially in
the lungs, causing the collapse of these structures. Thus, hypercyto-
kinemia can occur in individuals infected with SARS-CoV-2 owing
to high levels of cytokine expression, mediated by the high initial
viral load.*"*? Elevated levels of IL-1, IL-2, and IL-6 are detected in
severely ill individuals, despite being present since the early stages
of COVID-19.* Therefore, the high expression of these interleuk-
ins, associated with high concentrations of alpha interferons, beta
interferons, and Th1 cells, promotes the constant maintenance of
the inflammatory state, resulting in a “cytokine storm.”* Overall,
the dysfunctional visceral adipose tissue in obese individuals pro-
motes an inflammatory state after SARS-CoV-2 infection, which
impairs their pulmonary structures and, consequently, increases
the probability of morbidity and mortality.*>*

Another concern with SARS-CoV-2 infection in the obese pop-
ulation is the occurrence of hypercoagulation in the pulmonary
structures, which increases the risk of venous thrombosis and pul-
monary embolism. Coagulopathies arise from the hyperinflamma-
tory state, especially in lung structures, in obese patients infected
with SARS-CoV-2; these are more evident in the more severe stages
of COVID-19. The levels of D-dimer, a blood marker of throm-
bin levels that is associated with cytokines during hypercytoki-
nemia, are elevated in individuals affected by this coronavirus.”
Hypercoagulation is responsible for the change in D-dimer levels,
providing insight into the mechanism of COVID-19 worsening in
obese individuals. D-dimer levels are further elevated in critically
ill hospitalized patients and are associated with worse outcomes in
obese individuals.** The French Society of Vascular Medicine sug-
gests that obese individuals with COVID-19 are more susceptible to
longer hospital stays and intubation times.* This scenario increases
the risk of lung injuries and small blood vessel injuries. Thus, given
the reduced mobility during hospitalization and hypercoagulability
caused by multiple lesions, obese individuals should receive treat-
ment for thromboembolism to avoid the worsening of this disease.*

Obstructive sleep apnea syndrome (OSAS) may be a risk factor
for the worsening of COVID-19 in obese patients. Strausz et al.®
have indicated that there is no difference in the risk of contract-
ing COVID-19 between obese individuals with OSAS and those
without the disorder; however, there is a greater risk of the wors-
ening of the disease in obese individuals with OSAS.

Individuals with OSAS have high levels of oxidative stress and
are prone to acute respiratory distress syndrome; thus, OSAS is a
risk factor for the worsening of COVID-19 in obese patients.” Some
studies have shown that the onset of severe lung injuries, such as
acute respiratory distress syndrome, after SARS-CoV-2 infection,
is a stress coupling mechanism in gravity-dependent and active
stress caused by nuclear factor-kB, which provokes an exacerbated
pro-inflammatory response under stress.”>>* Among the causes for

this, repetitive episodes of apnea and the consequent reduction in

oxygen saturation stand out. Thus, OSAS can contribute to hospi-
talization and the use of artificial mechanical ventilation.*
Cellular mechanisms contribute to the effects of OSAS in obese
patients with coronaviruses. Sleep apnea episodes can cause hypox-
emia and, consequently, an inflammatory state, as the low concen-
tration of oxygen in the arterial blood stimulates the release of IL-6
and TNF-o. As a result, the immune response is dysregulated and
the respiratory condition worsens, increasing the susceptibility
of obese individuals with COVID-19 to acute respiratory distress
syndrome.*' This indicates the need for a differentiated approach
to treatment in obese patients with OSAS affected by this corona-
virus, as this population is more susceptible to respiratory failure

and, consequently, more severe outcomes (Figure 2).>>*

Physical exercise and obesity: Health consequences
associated with COVID-19

Physical exercise may be one of the key measures to improve the
inflammation in obese individuals with COVID-19.” Regular
physical exercise can reduce the number and size of adipocytes,
as well as reduce the inflammatory response and associated with
immune dysregulation mediated by excess adipose tissue .**
A reduction in cytokine expression can be considered a bene-
fit of physical exercise in this population because, among vari-
ous mechanisms, TNF-a induces an increase in the levels of pro-
tein phosphatase 2C; this reduces the activity of AMPK, which is
directly linked to the oxidation of fatty acids in muscle and liver
tissue and, consequently, control of adiposity.* The entire pro-
cess of lipid metabolism can benefit from regular physical exer-
cise, which will reduce obesity and the occurrence of problems in
individuals affected by this coronavirus.”

Physically inactive obese individuals with COVID-19 should
participate in regular physical exercise to experience the positive
effects of physical exercise on the immune system; the volume
and intensity of exercise are crucial factors underlying the bene-
ficial effects of physical exercise in this population.”® High inten-
sity (> 75% VO, max) and prolonged (> 60 min) physical exer-
cise can result in an immunosuppressive effect, especially in those
with systemic impairment, owing to several acute physiological
responses, such as micro injuries in target muscles and the con-
sequent increase in the production of ferritin and creatine kinase,
which are important markers of muscle inflammation and injury.®
Creatine kinase, in particular, is found at greater concentrations
in environments with high energy demand, such as muscle tissue,
during high-intensity physical exercise.®" Mechanical stress caused
by excessive muscle contractions, associated with metabolic stress,
promotes, in addition to tissue microdamage, an increase in the
production of prostaglandins and leukotrienes, accumulation of
mitochondrial calcium accumulation, and levels of reactive oxy-

gen species, which cause inflammation.®*** The latter results in the
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Figure 2. Adipose tissue secretes several pro-inflammatory cytokines, acute phase proteins, and adipokines (1) into the circulation (2),
contributing to systemic low-grade chronic inflammation. Obesity-related inflammatory cytokines, in addition to pro-inflammatory molecules
related to intrapulmonary (3) SARS-CoV-2, decrease the activation of effector cells in the immune system, which suppresses the immune
function and host defenses; in addition, apoptosis of epithelial and pulmonary endothelial cells occurs (4), which can cause lung injuries (5).

production of receptors for cytokines, such as IL-6 and TNF-o,
and exacerbated functional activation of immune system defense
cells; for example, the levels of natural killer cells increase 3-fold
compared with pre-exercise levels.*

Aerobic exercise of low (< 50% VO, max) and moderate (> 50%
and <75% VO, max) intensities lasting up to 60 min does not result
in exacerbated inflammatory responses in obese individuals; conse-
quently, the risk of immunosuppression is low, demonstrating the
beneficial potential of such exercise in the post-COVID-19 recovery
period.”*>** In obese individuals, regular physical exercise reduces
body fat levels, regulates the immune system, and reduces the hyper-
inflammatory state, resulting in improved outcomes in those with this
coronavirus.'® Several molecular factors related to the better progno-

sis of these individuals are mediated by regular physical exercise.””

Angiotensin-2 converting enzyme and adipose tissue
ACE2 is expressed in adipocytes and acts as a receptor for
COVID-19 SARS-CoV-2. Its expression tends to decrease in

response to regular physical exercise because the size of adipo-
cytes decreases. Considering the high expression of this enzyme
in dysfunctional adipose tissue,” the reduction of body and vis-
ceral adipose tissue, mediated by physical exercise, may enable
a reduction in the risk of infection and degree of inflammation.
Regular physical exercise, associated with reductions in lipid
profile and dysfunctional adipose tissue as one of the major out-
comes, may result in a reduction in the inflammatory condition
of this population, considering that excessive visceral adipose tis-
sue in individuals with obesity is related to the release of adipo-
kines and other inflammatory cytokines, such as IL-1, IL-2, IL-6,

and alpha and beta interferons.”

Nitric oxide and lung and vascular health

The inflammation of endothelial and vascular dysfunction in indi-
viduals with obesity and COVID-19 reduces circulating nitric oxide
and increases free radical levels.>** Free radicals, which are pro-

duced owing to oxidative stress in this population, contribute to a
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worse prognosis in the inflammatory condition and, consequently,
a worse clinical respiratory outcome.®**® Regular PA has positive
hemodynamic effects, such as increased vasodilation and angiogen-
esis, mediated by the increased supply of nitric oxide; this is facil-
itated by the increase in nuclear factor kB levels and consequent
increase in the expression of the nitric oxide synthase enzyme in
endothelial and neuronal cells caused by physical effort and mus-
cle contraction.*® This cascade of events results in the activation of
AMPK via the canonical pathway. The progressive increase in the
adenosine diphosphate/adenosine triphosphate ratio in the cellular
environment mediates the phosphorylation of the AMPK enzyme;
this results in gene regulation and the increased expression of the
PGC-1o protein, favoring mitochondrial biogenesis and, owing
to the translocation of glucose transporter type 4 to the mem-
brane, glycolytic metabolism and lipid oxidation, reducing the lipid
and inflammatory profile in individuals with obesity.” Given this
mechanism of action of nitric oxide on the vascular endothelium,
the maintenance of homeostasis and local blood flow may be pro-
moted.® Thus, regular moderate aerobic exercise may facilitate the

recovery of obese individuals from COVID-19.%

PGC-1a and free fatty acids

PGC-1a is a transcriptional coactivator that is involved in the
control of several biological mechanisms involved in energy
metabolism. For example, a recent study showed the ability of
the PGC-1a protein to inhibit the production of IL-6 in hepato-
cytes, highlighting the possible benefit of this mechanism in clin-
ical conditions involving high levels of inflammation.®® Regular
moderate-intensity physical exercise tends to increase the expres-
sion of PGC-1a because, during physical exercise, the increase in
muscle contractions increases the calcium concentration in the
sarcoplasm; this results in the activation of calcium-dependent
proteins, which alter the phosphorylation state of some tran-
scription factors, such as nuclear factor of activated T cells, and
transcription of genes associated with physical exercise, such as
PGC-10.°*¥ PGC-1a stimulates the production of irisin, a hor-
mone involved in lipid metabolism, especially in adipose tis-
sue, and the immune system, modulating the activity of macro-
phages.”®”" This can reduce the inflammatory picture, increase
the enzymatic capacity for free fatty acid oxidation, increase

mitochondrial biogenesis, and improve respiratory function.*»¢

CONCLUSION

Once exposed to SARS-CoV-2, a hyperinflammatory state
and worse prognosis, with a greater risk of hospitalization, are
observed in obese individuals. However, regular moderate-inten-
sity PA seems to exert a protective effect against the worsening of
health and mortality and is an important tool in the post-infec-

tion recovery phase in this population.
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